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[12] Oten coatings with the nore |iquidus character
are beneficial in broken filanent. protection and
wet'ti ng-w cking-compatibility with resin matrices."-
However, the ability of these coati ngs to tack bond
adjacent filaments and induce high "strand integrity"

may be detrinental in proceSS| ng where penetratl on of
fluid into the filament bund
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can r gdogie Tﬂtlsbﬁfph&aaﬁlk tlhiesshe beditod UcB Roweisiensl Apslightion

e AL A e
geessgg i6B16,88 0 tliad Uyly SBNILPSEONYS, 688 e ach 301189 GEBIE862 filed
{AE’@Et 3960. Eﬁé%bﬁ'&%eé‘ﬁ@@?&ﬁt 1918 o@t | east one '

|ber tacmesso the glass fiber '
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| east part of their surface;Z-and the coating

conposi ti-on conprises di spersed particles ranging in
size from10 nmto 50nm wherein the particles are
effective in reducing the tackiness of the coated

gl ass fiber; and solvent in an anobunt to give a total
SO|IdS content |n the range of around 0.5 to 60



[15] Figure 2 is a perspective view of a coated fi ber
strand at least partially coated with a sizing
conposition and a secondary coating conposition
according to the present invention on at Ieast a
portion of the sizing conposition; %
FYRA8 %78 a perspective view of a coated f|B [US2005/002694
strand at |east partially coated with a sizing .
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mchm aig e. 6{1_5% a schematic diagram of a nethod for
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- J028E akd gekfr&asbﬂ qulrtp, graph showing the results of

averi@[%!) Eg{r}(ﬁ iy n&; sdg e asurls nts_ for DA%SO.
yarns coa Higere PYRICRBGYING s ghiffiency or effectiveness
qbapoé of these processing s[eR9)] TiFerg ue‘ﬁar&u—é]eBSremag’rs&pﬁbeﬁ e\oBghgs that
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coat ed bi nder  conta
aﬁwﬁl‘pta? fingfp@ gt intgfgpment bonding, dijbitRibrpgios ame breskagegrf griss fibers;

b& Rembapid With 4 @%H'vbﬁe@f)f rﬁgt'n? e als; Qﬁ?&%&é‘%‘?béoc{ @%—out and

bg_)?rs % bi nder_ cont al ni ng wat er
e aky ‘z%faafﬁ%s Mk el dr&ddifiere ool befqartlwlaﬂmm\@ﬁtageous i
treadoatiigs vieud Cmrﬁmbleaﬁnﬂ ek Sif- -R3 wémgjecfuﬁﬂrﬁéni toRcréeer

oROVIRAF LRI A0 R BEaRTlosto Bop Pl hroperdistiEsiooed

PMC?EFS)”Q steps in a fabfig igrmikgopediting whibe ceintaiing taetmode tmanhs
L&y

e B B chlc o MRl ahl BBy b8 B Bgertes.
of abrasion and breakage of the fibers during
processing but may al so provide at |east one of the
fol l owi ng properties:.reduced tackiness, strands with
spatially separated fibers (filanments), reduced
degree of interfilanment bondi ng, good wet-through,
wet - out and di spersion properties in formation of
conposites. As fully defined below, a "strand"
conprises a plurality of individual fibers, i.e., at



[036] According to certain enbodi nents, the coated

fibers and fiber strands of the present invention nmay

possess high strand openness. As used herein, the

term "high strand openness” neans that the strand has

an enl arged cross-sectional area and that the

filaments of the strand are not tightly bound to one

anot her. The high.strand openness can facilitate

penetgaf i mlad@moheﬂwemfom propentieximpatied fodfter glasoby the surface

strand bundl es. Str

PR A PR et TOSEIoR P a f RO, o g RRe coatings et

P& liduid u@,l”@mim)b asticiyn gr. tacky characteristics 1q g Apsemigholdtiarngnts may
nne ta%i oints,
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rﬁghenditfent:&teoffnabé BWi. a1 gstppineerack of brom\/ﬁi@n@m] tbﬁéﬁﬂtwtéfﬂ yarmn
, r expansi on; good flexural strength; good
b,reﬁ? HHHWI %ond st rength; and good hydrol ytic
- st ab[012} yOftén eatingheith *é@|"§3tf‘aH‘Béd‘tsé‘hﬁﬁa@‘@éﬁﬁe&ﬁ“%ﬁc’q}\lé't%?ke”
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suppor an
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da@riap‘eabﬁuﬁ Pl&gcesacﬁa u‘I[cg.gieﬁﬁllgg n% l? gg E{r}e Irjgfw%gt texturl 51 bulking,
aﬁ@fnﬁfré@ﬂtucbrﬂwu&ﬁre@ﬂisfwdr o f@mmﬂ fer gttasm@nforpeﬁ‘ mnog SOrThus

theIe. % 24 ne%g fcizé g%kﬂ(rﬁ%?é éé?:tuc@‘" iber tAKRESE k&AiIE @Pb@&ent tack

ﬁ)}f\ges 896- 897 and -
bb!ﬁ@@TﬂRﬁdﬁEG@ﬁ filappesty P@oﬂ@ﬁi’ AIPX gr at i on:

El ect rochem cal | nduced .Fai | ur
Boar @32ain d*cgg@m%m L aSp?‘itQ'g%e '\Smﬁ%vﬁg ed Igs%ggfwr%gm comprising
i ncor&@&aﬁsﬁé@}ésé ﬂbérf ang¢e herein. Fiber strands in
accordance w resent _in t i
e 11 aghdiee gner HepB AL oo BabRF. sfthat 6 Ritiinces o e gass
fgiér F:‘?ﬂu&ﬁé tdduBea amebrainabe bartialet cargle imsizari@ayn ¥ 50 nm.

I ed hol es. [039] As descri t%edra%gn o smon wherein
typl @@bt{]f ah b @ihE0sgPety trepeisarovises 3 319851 TPeT § 88? RY

ass yarns and fabric made therefrom qo 10nmt050

tfssemtla@ carampsiiah GempagRSH PRESRESFARES AR NSRS A4S
o, @RBiBhe n_%@ﬁ%leg laea 8 gvandediiongthé tegkinde o gissgibers coated
cértai n enbodi nents, the present |n£ t'@”:f@&¥£@ﬁ§sd@s
with throehatiog caraRasitiag: Aathsehalt i ARSIV G $78nT &

SHBRAK i 3Rk &10.5tEsh whigRtpdrednoar ds that elininate
one or nore non-val ue added processing steps fromthe.

fabri inef: iB pRMidAH RO éthbd for seduainigrige fackiness of a
[E&% ](s)w tﬁg?ﬁcgtﬁérea%%ewq hef: B rige

qual i or use in electronic packaging
B fiberadrodant co@phisingadvant ages of the present
I nvent tIOI‘IB ﬁn%% h@r‘fi%ph‘ Bfmb ?F%QQ RSerRF QRCKkOA c@é‘tﬁwlgezomposmon

tinme, capl equi pnent, reduced 10
v\fmhsnm thelvaatitig qmgmsdnon @bmprtw'@em&é Farticies TRRIING G siFe rom

{g) %j I} R e G Q’E%ﬁ@éﬂ\rb%reducmg the[t4€diness of the glass
0 cC

ertal n enbodi ments,

fibalvmfnducm mna|sgwelptrla@n@§500ﬁb@ffﬁ98‘ée ‘P@'Verﬂqﬁg{ﬂ?ﬁg%r%‘iev‘ fanging

%‘%5%36""&@@ drE@fds from contact with other solid
ect's as portions of a w nding, weaving or

kn| tting device, or by interfilanment abrasion by

sel ecting fiber strands havingga uni que coating of

the present invention. 41] According to

certain enbodi nents, the present invention also

‘provides nmethods to reduce the tackiness of fibers



"James Mark et al. Inorganic Polyners Prentice Hall

Pol ymer Sci ence and Engi neering Series, publication

of The Institute for Interconnecting and Packagi ng

El ectronic Crcuits (June 1997), which are

specifically incorporated by reference herein.

[51] Non-limting exanples of suitable non-glass .

fiberizabl'e inorganic materials include ceramc

maI3 rIer P lb’Lﬁiﬂ anothst dspeoh thear bipdejdedar hethod gf r@ﬂbdzih@damage to glass
Rbisi C C

bl Aoy BHETDOXL A 806h BUETORECH B G Ao weaning.

Pk f'zﬁlsnfémaqilg@ripﬁuwg pHiing, braiging denddatitting) wherein the method

@6 Nﬂe@%@ndd&ﬁﬁ l p

e e S IR pro 85 v 8 D EBno i oated glase
%%r"lmfé%ﬁ‘e organic polyneric materials include those

f or neghefchataY BREY ﬂ%rg favd § Hﬁ)&tlﬁé—réwc%‘ rel e%'? Q'Elz%;)treatment on

astic p yesters (such as pol yethyl ene
FQ?@SEF?E Bftg‘f"és 2@ but yl ene ter epht hal ate),
acr yl the sodtitg @Brmpssife &cﬁa%rhéb@ H‘sbér’sé@éﬁrﬁrc]@&la\‘tﬁﬂnﬁ §ef from 10

B R P R gty o ik ieina i eenase of e coatec

glesdt fiben) aadboldentim s avbuthe give @368I sdidy &b Th RBHange of around
{T%tstbovgg, f.or reparl ng and processing.such fibers are
di’scutee dpgf engt h in the Encycl opedi a of Polyner
SC|ence and Technol ogy, Vol. 6 (1967) at pages.
5051 CirbteilptotideR GRPARERbEEatRIng £

r ef ren% Wﬂéeﬁlg[hérsas%eﬁt, tre I[ gZ] ! I't 1's underst oocg nct:onai drag on
pére ad sheoyare spoligdreves ableastropesf pamgﬁommwﬁﬁalt@ method
and conbi nations of fibers formed from of- the
e MR BB AT CaP A oRtP A aers: EAATg ey 7eross the
aﬂieih@Shéﬁd:acMyeswelyarriﬁlﬁjetser m strand enconpasses at

ﬁast two different fibers nmade fromdiffering
¥igeli zabl e materi al s. According to certain

enbodhaevdts]d gitbefilidrd bavesd maistlse-cfdutdtbrepitlas ehd sizing treatment on

at | east one type of glass

%ﬁ% bérp&ttﬁ%*gﬁ%%%%ﬁ&n&y instead or in addition

cont ahacaesting comnppsiionofoniprises dispersed partlclqm]\glﬁ'g]m ssze_ from 10

i ,

1 5 S0, AT 8 beMdds ORI EURAHORLER B r thdcoatea
@ékffsl fibeq ahgh SQIM@tm an apatnt tegide pdotalrglidsheantart & the range of around
@gt&ﬁﬂmﬁﬁ eh%%tfl bers 12 fornmed fromany fiberizable
mat eri a own In'the art as discussed above. Thus, '
't he - dp$ﬁu§§wdmeghagsﬂmhmamgsMﬁﬂBQMmmmmmqy@ﬁmbﬁdhﬁnmmnofme

Rl ﬁ%nﬁ;ﬁﬁ*ﬁfﬂ“%lﬁﬁ% er HARicdd BhSedl
BB 8 sraBlls, KieR taer Gl e Tl RS Rop tn e
appeperd drawings-t Inathe grvingsi al | of the fibers 12 of

f | ber[oﬂ] r qeilird 9 ik p&rlased&zb@slewtof b I&Mﬁ&ﬁ i snal‘{c?ataeég@b!ﬁﬁaﬂy

coa co can bé a resi
SIS i SR rpeeREn dtreorhe S M BESEn YRR Ton 17 of
t he ot acemrelBisod pérla&dhvebeew ol2 coa‘t&ﬂﬁmﬂ Istagnd & least partially

enbhodi nent 0Si ti on My a
Rl IR el 8 LB R S Pt la BepGngo e
Hredest ingardionl o 61 leeetdaMIQi'hé ﬂnemlem p¢rwr§mpnbond| ng -
bet a
D20 B8 Pl A5l 0060 RS A AR Mol
Gp@ﬁg iR aGZingtcarpostion. gt sRcekdary Rerthy BpPasilon sp @t Iegs a porhon
of fh@@zﬁ‘@k@ﬁ‘lp@ﬁih&ﬁl rAnB G t@rﬂ:@@%‘éh@ccﬁrﬁﬂsﬂh&hb&&dﬂd $8Fe present

reakage, nbi nati on ther eof 19 at page
oG i ot Eoh BBYOT RLDF BorRTeY BpredeEpeRter
Accopdinorigere adt taabp planbiedi oterdomposifaprodceaccbiigo the present
hp%Q%pnt on the entire outer surface 16 or periphery

"Phe fibers 12. [ 55] The coating
conpl®s8lt i Fdmse &fis BHep per siewtof brigtaittaccording yo the pagasioti@ntion;
coati ng conpositions, such as aqueous, resin
conpati bl e coating conpositias. Al though safety
i ssues may be inplicated, the coating conpositions



[64] The particles 18 may be wax-Iike or non-waxy.
The term "non-waxy' neans the materials from which
the particles are forned are not wax-like. As used
herein, the term "wax-|ike" means materials conposed
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herein, the term"conposite material" neans a
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have at | east one property e.g., hardness, at their

surface that is different fromthe property, e.g.

hardness, of the internal portions of the particle

beneath its surface. For exanple, the surface of the

particle can be nodified in any manner well known in
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m nerals shown in Figs. 18 and 19, respectively, of
- H van Qphen, Cay Colloid Chem stry, (2d Ed. 1977)
at page 62, which are speC|f|caIIy i ncor por at ed by
reference herein. A layer” %; a crystal lattice is a
conbi nati on of sheets, whiclris a conbination of
pl anes of atonms. (See M nerals in Soil Environnments
Soi'l” Sci ence Soci ety of Anerica (1977) at pages
196-199, which is specifically incorporated by
reference herein). The assenbl age of a | ayer and
interlayer material (such as cations) is referred to
as a unit structure.



[079] Hydrates contain coordi nated water, which
coordinates the cations in the hydrated material and
cannot be renoved without the breakdown of the

structure, and/or structural water, which occupies

i (YQPQHHTEEE in the structure to add to the  PCI/US2005/002694
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synthetic, organic polyneric materials. Suitable
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limted to, thernosetting materials and thernoplastic
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pol yur et hanes, . and m xtures of any of the foregoing.
A specific, non-limting exanple of a synthetic
polynmeric particle forned froman epoxy material is
‘an epoxy microgel particle. Representative polyneric,
organic materials include polyethyl enes, such as high
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- ted by reference. synt
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PonRE S Berinted DS RSB Rshad niee Feasinea Aarbthat can
coated with particles falling within the sizes
di scussed above exhi bit good wet-through and wet - out
characteristics when inpregnated with a polyneric
matrix material . [97] It wll be recognized by
one skilled in the art that m xtures of one or nore
particles 18 having differeft average particle sizes
19 can be incorporated into the coating conposition
in accordance with the present invention to inpart
the desired properties and processing characteristics
to the fiber strands 10 and to the products
subsequent|ly made therefrom For exanple, different
sized particles and/or particle types can be conbi ned



1-1.516 mca 2.8-3.2n kaolinite 2.0-2.518 gypsum
1.6-219 calcite (calciumcarbonate) calciumfluoride .
421 zinc oxide 4.522 al um num 2.52a copper 2.5.324

[ rv%‘zoﬂ&?%ss@ gol d 25-326 nickel 52/ palladi um 4,828,:0s002654

p atrnum - )
become entangled in solution or in the solid state’. As used herem the term “fiberizable”
means a material capable of betng formed inlo a generally contmuous filament, fiber,

- strand or yam.

_ [049] According to certain embodiments, the fibers 12 are formed from an

| inorganic, fiberizable glass material. Fiberizabie glass 'materials useful inrthe preéent

- invention include but are not imited to those prepared from fiberizable glass
compositions such as "E-glass”, "A-glass®, "C-glass", “D-glass”, ‘R-glass”, "S-glass”, and
E-glass derivatives, ‘As used herein, “E-glass derivatives” means glass compositions that
'irnclu'de minor amounts of fluorine and/or boron and'mérst prefe_rab!y are fluorine-free
and/or boron-free. Furthermore, as used herein, “minor amounts of fluorine” means less

A than 0.5 weight percent fluorine, preferably less ?hén 0.1 weight percent fluorine, and
“minor amounts of boron” means less than § weight percent boron, préferably less than 2

. weight percent boron. Basait.an'd mineral wool are examples of other fiberizable glass
materials useful in the present invention. Preferred glass fibers are formied from E-glass
or E-glass derivatives. Such compositions are well known to those skilled in the art and

- further discussion thereof is not believed to be necessary in view of the present
disclosure. - ' -

[050] The glass fibers of the preéent invention can be formed in any suitable
method known in the art, for forming glass ﬁbéré. For example, glass fibers can be
formed in a direct-melt fiber forming operation Of in an indirect, or mafble’-melt, fiber

~ forming dperation In a direct-meit fiber forming operation, raw materials are combined,

melted and homogenlzed in a glass melting furnace. The molten glass moves fromthe - °

furnace to a forehearth and into fiber forming apparatuses where the molten glass is
aftenuated into continuous glass fibers. In a marble-melt giass forming operatlon pieces
or marbles of glass having the final desired glass compos:tlon are preformed and fed into
. ‘a'bushing where they are melted and atienuated into continuous glass fibers. If a
premelter is used, the marbles are fed first into the premelter, melted, and then the
metted glass is fed info a flber forming apparatus where the gfass is attenuated to form -
continuous fibers. In the present invention, the g_lass fibers are preferably formed by the
direct-melt fiber forming operation. For additional informaﬁon.relating o glass
compositions and methods of forming the glass fibers, see K. Loewenstein, The
VManufactunnq Technoloqy of Continuous Glass Fibres, (3d Ed. 1993) at pages 30—44
47-103, and 115-165; U.S. Patent Nos. 4,542,106 and 5,789,329, and IPC-EG-140
“Specification for Finished Fabric Woven from ‘E’ Glass for E’rihted Boards” at page 1, a

' James Mark et al. Inorganic Polymers, Prentice Hall Polymer Science and Engineering Series,

-10-
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(1992) at page 1 which is hereby incorporated by reference,
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[0102] In one exanple, and without limiting the

present invention, an .inorganic particle formed from

an inorganic material such as silicon carbide or
aThdAPskd tride can be provided with a sili G rmceesinosos
carbonate or nanoclay coating to forma useful ,
conmposite particle. In another enbodi ment, the
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cc\féﬁﬁ'@ €0 KS&neﬂE? §5hle$es %P%Qst%e%ﬁ‘ t%%%@%@’éﬁe& e% goes riot require
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| exa % nﬁg‘?‘? F‘d&)ééa ; e'hg.eer réq ﬁomhqsﬁlgpﬁgihe present '
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[0104] The thermal ~conductivity of a material can be
determ ned by any nethod known to one skilled in the -
art. For exanple, lithe thermnl. conductivity of the
material to be tested range5~from 0.001 Watts per
meter K to 100 Watts per meter K, the thernal
conductivity of the material can be determ ned using
the preferred guarded hot plate-nethod according to
ASTM C-177-85 (which is specifically incorporated by "~
reference herein) at a tenperature of 300K. |ithe

- thermal conductivity of the material to be tested



(original scale) boron nitride 200 1.7 x 2 boron
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alum numnitride 200 greater than 10 940 gallium
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generalfy to the size 19 of the partuc[es 18 posmoned between the ad;acent fibers. The
size 19 of particles 18 may be chosen such that interstitial spaces 21 are minimized by,
for example, using pariac!es with a size of 35 mm, or any alternative size or combination
of sizes that does not substantially reduce interstitial binding of adjacent fibers 23, 25.

[059] According to certain embodiments, particles 18 of the present invention
may be discrete particles. Asrused herein, the term “discrete” means that the particles do
not tend to coalesce or combine to form continuous films under conventional processing
conditions, but instead substantially retain their individual distinctness, and generally
retain their mdxvndual shape or form. The discrete partlcles of the present invention may
undergo shearing, i.e., the removal of a layer or sheet of atoms in a particle, necking, i.e.,
a second order phase transition between at least two particles, and partiai coalescence
during conventional ﬁ_bé_r prbcessing’, and still be considered to be “discrete” particles.

4 [060] According to certain embodiments, the particles 18 of the present
invention are dimensionally stable. As used herein, the term “dimensionally stable
paﬁicies" meéns that the particles will geﬁeraily maintain their average -pa'rticle size and

_shape under conventional fiber brocessing conditibns, such as the forces generated
between adjacentrﬁber‘s during weaving, ro.ving and other processing operaﬁ.ons, so as to
maintain the désired interstitial spaces 21 between adjacent fibers 23, 25. In other '
words, dimensionally stable particles preferably will not crumble, dissolve or substantially
deform in the coating compaosition to form a particie having a maximum dimension less
than its selected average particle size under typical glass fiber processing conditions,
such as exposure to temperatures of up o 25°C, or up to 100°C, or up to 140°C.
Ad’ditionaily, the particies 18 should not substantially enlarge or ex\pand in size under
glass fiber processing conditions and, more particularly, under composite processing
conditions where the processing temperatur‘es can exceed 150°C: As used herein, the
.phrase “shouid not substanhafly enlarge in size” in reference to the particles means that’
" the part;cles should not expand or increase in size to more than approx;mately three
times their initial size during processing. Furthermore, as used herein, the term -
“dimensionally stable particles” covers both crystalline and non-crystalline particles.

[061] Accofding to certain embodiments, the coating compositions of the
present invention are substantially free of heat expandable particles. As used herem the .
term “heat expandabie particles” means partlc!es filled with or contamang a material, '
which, when exposed to temperatures sufficient to volatilize the material, expand or
substantially enlarge in size. These heat expandable particles therefore expand due to a

phase change of the material in the particles, e.g., a blowing agent, under normal
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[065] In cerlain embodlmems of the present mvenhon the pamcles 18 are .
nsﬂete d:mens:onaliy stable, non-waxy particles,
[066] The parhcles 18 can have any shape or conf” iguration desired. Although
not limiting in the present invention, examples of suitable particle shapes include 7
spherical (such as beads, microbeads or hollow spheres), ellipsoid, cubic, platy o}
acicular (elongated or fibrous). Additionally, the particles 18 can have an ihiernal :
‘ structure that i is ho!low porous or void free, ora combmatlon thereof; e.qg. a holiow center
‘with porous or solid walls. For more mformatlon on suntabie partlcle characteristics see
- H.Katz etal. (Ed.), Handbook of Fillers and Plastlcs (1987) at pages 8-10, which are

- specifi c:aliy incorporated by reference herein. 7
{067] The particles 18 can be formed from materials selected from polymeric

and non-polymeric inorganic materials, polymeric and non-polymeric organic materials,

- 2 L. H. Sperling Introduction of Physical Polymer Science, John Wiley and Sons, Inc. (1986) at
pages 2-5, which are specifically incorporated by reference herein.
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46 M croel ectroni cs Packagi ng Handbook at page 36,

whi ch i.s hereby incorporated by reference. 47 A

Weiner (Ed.), Carbide, Nitride and Boride Materials

Synt hesi s and Processing, (1997) at page 654. 46
F%’Pé‘t’@@ﬁ”’%—’v\ear Lubrication at page 27, 49 PCT/US2005/062694
M croel ectroni cs Packagi ng Handbook at page 905,

Vﬂbh@hsﬂe&néﬁ@ﬁ eﬁtb)éntj ﬂﬁ;ﬁﬂrﬁ@ bledng af by foredadie nELusedBerein, the term
| Dictiona

L ALK G N T——
reebet @nareclemid o2 @G51cDE T8 53 PEH £SO 0640026 Wforfalibesd J. E.
(hﬁaqpét aql)at }3?@& %Svr“ 81{?9{3&?6%@9&%%& rcmy ﬂgﬁelﬁee%cles egeﬁnc eAs used
(hmem dedpim "p@b’ﬁtelflpr@tgé'r‘§)“3I\R§'ﬁ§" mpasdyetstic miyrg¢rr¢anatenais.

$6RlsGthai Iy?r?é'rg%wa%ﬁ 1s%n@ Adtudd PQySatcirhale aﬁéh Vingla Backbone
1055?30?3.C 1253 3. 5454 di a?r%%d 530055 g A packbone
repeat unit based on carbon

7 [068] An “organic material’, as used herein, means carbon coniainin_g_
: E:onripbunds wherein the carbon is typically bonded to itself and to hydrogen, and oftento
oth_ér elements as well, and excludes binary combounds such as the carbon oxides, the
carbides, carbon diéulﬁde, etc.; such ternary compounds as the ﬁreta[lib cyanides,
‘metallic carbonyis, phosgene, carbony! sulfide, efc.; and cérbon—contain%ng lonic
compounds sﬁch as the metai!ic c‘arbonates,-such as cal¢ium carbonate and sodium
carbonate. See R. Lewis, Sr.. Hawley's Condensed Chemical Dictionary, (12th Ed. 1993)
at'pages 761-762, and M. Siiberberg, Chémis’ujr The Molecular Nature of Matter and
Chénge (1996) at page 586, which are specifically incorporated by reference herein.
[069] As used herein, the term "inorganié materials” means any material that is

not an organic material.
' {070] As used herein, the term “composite materaal’ means a combmatlon of two

~ormo ore differing materials. The particles formed f from comp_os:te materials generally
have at least one property e.g., hardness, at their surface that is different from the
property, e.g., hardness, of the internal portions of the particie beneath its surface. For
eitarhple, fhe surface of the particle can be modified in any manner well known in the art,
including, but not fimited to, chemically or physically changing its surface characteristics
using techniques known in the arl, such that the surface hardness of the particle i is equal
‘o or less than the hardness of the glass fibers while the hardness of the partlcle beneath :
the surface is greater than the hardness of the glass fi bers For examp!e a parhcfe can '
be formed from a primary material that is coated clad or encapsulated with one or more
secondary malerials to form a composite particle that has a softer surface. In yet another
alterhative embadiment, particles formed from composite‘materiais can be formed froma
primafy material that is coa?éd, clad or encapsdiaied with a different form of the primary

material. For more information on particles useful in the present invention, see G.

*W. Pushaw, et-al. “Use of Micronised Waxes and Wax Dispersions in Waterborne Sysiems”

Polymers, Paint, Colours Journal, V.189, No. 4412 January 1999 at pages 18-21 which are
specifically |nc0rporated by reference here;n
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Wypych, Handbook of F i!lérs, 2nd Ed. (1999) at pages 15-202, which are specifically
incorporated by reference herein. :

[071] Representative non-polymeric, inorganic materials useful in forming the
particles 18 of the present invention include inorganic materials selected from grabhite,
metals, oxides, carbides, nitrides, borides, sulfides, silicates, carbonates, -su!fateé and
hydroxides. A non-limiting example of a s-uita_ble inorganic nitride from which the particles
18 are formed i$ boron nitride, a preferred embodiment of the present invention. Boron
nitride particles having a-hexagonal crystal structure are particularly preferred. A non-
limiting example of a useful morgamc oxide is zinc oxide. Suitable i inorganic sulfi des
include molybdenum disuliide, tantalum disulfide, tungsten disulfide and zin sulfide.
Useful i inorganic silicates include aluminum silicates and magnesium silicates, such as
vermxcu!:te Swtable metals include molybdenum, platinurn, paliadium, nickel, alummum
copper, gold, lron siiver, alloys, and mixtures of any of the foregomg _

1072] In certain embodiments of the invention, the particles 18 are formed from
. solid fubricant materials. As used hrererin, the term “solid tubricant™ means any solid used

- between two surfaces to provide p_rotection‘ from damage durihg're_!aﬁve movement
and/or to red\uce friction and wear. In certain embodiments, the solid lubricants are

i inorganic solid fubricants. As used herein, "ihorganic solid lubricant” maéns that the solid
lubricants have a characteristic crystalline habit which causes them to s-hear into thin, flat

 plates which fe’adi[y slide over one énother and thus broduce 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. See R. Lewis, Sr Hawteys Condensed
Chemical Dsctaonarv, (12th Ed. 1993) at page 712, thc:h is spec:f' ically lncorporated by
reference herem Friction is the resistance to sliding one solid over another., F. Clauss,
Solid Lubricants and Self—Lubﬁcatl‘nq Solids {1972) at page 1, which is specifically
incorporated by reference herein. Additiohakly, in certain embodiménts,' the size 19 and

- amount of the particles 18 may be chosen to reduce the tackiness of the coating layer 14

by, with'out‘Wishing'to be based by theory, preventing the formation of a continuous film o
of binder between the fiber surface and thé contact surface, as discussed above. o
[073] In certain embodiments of the invention, the pérticies 18 have a famellar -
structure. Particles having a lamellar structure are cormnposed of sheets or plates of
atoms in hexagonal array, with strong bonding within the sheet and weak van der Woaals
bonding between sheets, providing low shear strength between sheets. A non- ~fimiting
example of a lamellar structure is a hexagonal crystal structure. K. I_uderna Friction,
Wear, Lubrication (1996) at page 125, Solid Lubricants and Seif-Lubricating Solids at
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51 Friction, War, Lubrication at page 27. 52

Handbook of Chem stry and Physics CRC Press (1975) at
pages 12-54. 53 Handbook of Chenistry and Physics CRC
Press (71st Ed. 1990) at pages 12-63, which is hereby
|ﬁ’i§%?°ﬁﬁ?7§¥°éd by reference. 54 Handbook of CheR{BUF3H05/002694
and Physics CRC Press (71st Ed. 1990) at page 4-158,
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materials such as nylon 6,6.

. [o76] Non-llmttmg examples of particles formed from boron nitride that are

: suitable for use in-the present inventign are ﬁOLARTHERM@ 100 Series(PT 120, PT -
140, PT 160 and PT 180); 300 Series (PT 350} and 600 Series (PT 620, PT 630, PT 840
and PT 670)' boron nitride powder particles, c-ommercialliy available from Advanced
Ceramiés~-Corporation of Lakewood, Ohio. "‘Polar'fh'erm@ Th'erfnally Conductive ‘Fillers

-~ for Polymenc Malerials”, a techmcal bulietin of Advanced Ceramlcs Corporatxon of
L:akewood, Ohio (1996} which is specifically incorporated by reference herein. These
particles have a thermal conduct:wty of 250-300 Watts per meter °K at 25°C, a dielectric
_constant of 3.9 and a volume resistivity of 10" ohm-centimeters. The 100 Series powder
particles have an average particle size ranging from 5 1o 14 micrometers, the 300 Series
powder particies have an average pamcle size ranging from 100 to 150 mrcrometers and
the 600 Series powder particles have an average particle size ranging from 16 to greater
than 200 micrometers. In particular, as reported by its supplier, POLARTHERM 160
particles have an average particle size of 6 to 12 micrometers, a particle size range of

submicrometer to 70 micrometers, and a particle size distribution as follows: -
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" Mcroel ectroni cs Packagi ng Handbook at page 37. n

. Mcroel ectronl cs Packagi ng Handbook at page 37. 75
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According to this distribution, ten percent of the POLARTHERM® 160 boron nitride
particles that were measured had.an average particle size greater than 18.4
micrometers. As used herein, the “average parhc]e size” refers to the mean particle size
of the particles.

[077] The average particle size of the particles according to the present
in\?eniion cén be measured acéording to knowﬁ' faser scattering techniques. In one non-
limiting embodiment of the present invention, the particles size is measured using a
Beckman _C‘oufter'L‘S 230 laser diffraction particle size instrument, which uses a laser

* beam with a Wave length of 750 nm to measure the size of the particles and assumes the
pari:cle has a spherical shape i.e., the “particle size” refers to the smallest sphere that’
will completely enclose the particle. For example particles of POLARTHERM® 160
boron nitride particles measured using the Beckman Coulter LS 230 pamcie size
analyzer were found to have an average particle size was 11.9 micrometers with particles -
ranging from submicrometer to 35 micrometers and having the fo!léwing distribution of .

particles: .

%> | 0 50 | 90

Size (pm) 20.6 “11.3 40

,-'i::":mrdﬁﬁg fo this distribution, ten percent-of the-POLARTHERM@) 160 boron nitride
particles that were measured had an average pa-r’sicle size grealer than 20.8
micrometers. ' oo

[078] In another non-limiting embodiment of the present invention, the particles
18 are formed from inorganic matenals that are non-hydratable. As used herem “non- -
- hydratable” means that the i morganlc particles do not react with molecuies of water to
form hydrates and do not contain water of hydratlon or water of crystalllzahon. A
- “hydrate” is produced by the reaction of molecules of water with a substance in which thé
H-OH bond is not split. See R. Lewis, Sr., Hawley's Céndensed Chemical Dictionary,
(12th Ed. 1893) at pages 609-610 and T. Perros, Chemistry, ( 1967) . at pages 186- 187,
which are specn‘” cally incorporated by reference herein. In the formulas of hydrates, the

addition of the water molecules is conventlonally indicated by a centered dot, e.g.,
3MgO#4Si0,#H-0 (talc), Al,05#2S8i0,02H,0 (kaolinite). Structurally, hydratab!e inorganic

materials include at least one hydroxyl group within a layer of a crystal lattice (but not
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101081 It will be appreciated by one skilled in ‘the

art that particles 18 of the coating conpoeltlon of

t W& 9983: i nvention can include any conbi naP¢HRS2895/002694
m xture of particles 18 discussed above. Mre .
s peloiling badrbxyl graps mittichoufacé plandsi aig uhl etriit @8 @R naterials which

. d ) .

S e
 t Hercivig efkealinge diven in g .- &blanege 3Flelis, Mitthéll, @andainﬁereﬁs di&oil

d@eﬁé@ubr NG ah? g?%hﬁmmﬁ ruc“ﬂéaé{f 1C15‘an£§1 ?A&S% geral shown in

different and em C sane
%Qﬁ i'§ dPATP-Sereetisio peid tWaé@}PhPﬁeQéﬂﬁﬂgﬁnﬁMam {2ERS977) at
Crige sa,omcfmﬁre gpé&ﬂﬁﬂ*)’ h@drﬁora@‘a @9 ‘réf&@ﬁ@a hé?QiHP!?\' & ez“@f at stal

as, up per
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Pack
an%'faw réetemi fHuch apaelicng) in gefB(BBCMO@s @elnd strudaiec s

Pac ka@i7o0 FydHaesdbatkn 950&“@(@:1 ﬁ{e/[ \«ﬁ'[ﬁcliv c%%rdmales the cations in the
: roel ectroni cs Packagl ng roel ectron
I’B rlal and cannot be rernoved without the breakdown of the structure, and/or
str_ucturaf waier which occupies interstices in the struc;ture 1o add to the electrostatic

. energy without upsetting the balance of charge. R. Evans, An Introduction to Crvsial

Chemistry {1948) at page 276, which is specifically incorporated by reference herein.
Generalfy the coating compos;nons contam no more than 50 weight percent hydratable
- particles. In certain embodiments of the present invention, the coafing composition is
essentially free of hydratable particles. As used 'herein,‘the'term’ “essentially free of
h.ydratable particles” means the coating corﬁposition comprises less than 20 weight
percent of hydfat'ab!e particles on a total solids basis, such as less than 5 weight percent,
. orsuch as iess than 0.001 weight percent. ln‘certain embodiments of the preeent
- invention, the particles 18 are formed from a non-hydratable, inorganic solid lubncant
material, ' )
[080] The coating compositions according to certain embodiments of the
' present invention can contain particles formed from hydratabie or hydrated :norgamc
maienels in liew of or |n addition to the non-hydratable i :norganlc materials. discussed
| above Non-limiting examples of such hydratable inorganic materials are clay mineral
phy!los:llcates including micas (such as muscovite), talc, montmorillonite, kaolinite and
gypsum. As explained above according to certain embodiments particles formed from
such hydratable or hydrated materials constitute no more than 50 weight percent of the
'partrc!es in the coatmg composition.
[081] In another embodiment of the present mventuon the particles 18 can be
formed from non-polymeric, organic matenals. Exampies of non-polymeric, organic
materials useful in the present invention include but are not limited to stearates {(such as

zinc stearate and alurinum stearate), carbon black and stearamide,
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primary size in an anmount- effective to coat or
i npregnate the portion of the strands, for exanple by
di pping the coated strand in a bath containing the
secondary coating conposition, spraying the secondary
coating conposition upon the coated strand or by




[0192] The tertiary powdered coating can al so include
one or nore polynmeric materials such as are dlscussed
above, such as acrylic polyners, epoxies, or
PaL ¥ 948hiRS conventional stabilizers and oth
nndlflers known in the art of such coatings,
na% in dry [fomder form [0193] I n one

Sl?é?f‘ters A Fringlbhardpgssnel 'RGHBIPS: e %{fggﬂabMa!ps, pgrdpgss scale
- f vhien sndicatestihd leRisile fastth Aslsiareoat @ swfatcla Ra BRI 0 a scaIe of

coat y4 |on [ to at | east
p8?9t fedin O%hea"@m baitnes 3}3&% gss i o 996’ﬁ@“¥ [35gps from 45065,
sambin @angraldy(mtlik Nieas (b} Hahdbook ofPhérsiktngaral ROk EIRE Press

| . f h A
TBLPE) ApoEPor il el G50 bR D e 0, ke
‘c@ﬁ?ﬁdf@?ﬁigﬁh@ Mobs'diaeingas valed efsheapatidlesd! & mektablygasdesdrom 0.5 to

PO 0o he
P o nériesSHRRRABI vt P il LARBIRRE partices formed from

fingygRAC mategipls suiabje 19RKES i(Hs/PreEAY EMeWioD Rregiysn irdpkie A below.
coating of a sizing conposition applied to at least a
“portion of a surface of at |east one of said fibers,
a secondary. coating conposition conprising a :
polymeric material applied to at -Least a portion of
the prinary conposition, and a tertiary coating
conposition conprising |lanellar particles applied to
at least a portion of the secondary coati-ng.

[0194] In one enbodinent, at |east one of the
coatings in each of the foregofng enbodi nents is
different. In another enbodinent, at |east two of the
coatings in each of the foregoing enbodi rents are the
sane. Additionally, the tertiary coating can be a

- residue of an aqueous .enmul sion or. a powdered coating .
conposition. The coating conpositions conprise one or
nore coati ng conponents di scussed above.

[0195] The various enbodi nents of the coated fiber
strands di scussed above cah be used as conti nuous
strand or further processed into diverse products

- such as chopped strand, tw sted strand, roving and/or
- fabric, such as wovens, nonwovens (lncludlng but not
"I|n1ted to un|d|rect|onal bi axial and triaxia
fabrics), knits, nats (both chopped and conti nuous
strand mats) andrnultilayered fabrics (i.e

overl aying |ayers of fabric held together by
stitching or sone other material to forma

- three-di nensional fabric structure). In addition, the
coated fiber strands used as warp and weft (i.e

fill) strands of a fabric can be non-tw sted (al so
referred to as untwisted or zero twist) or tw sted
prior to weaving and the fabric can include various
conbi nati ons of both twi sted and non-twi sted . warp
and weft strands. [0196] Certain enbodi nents of
the present invention may include an at | east
partially coated fabric conprising at |east one of
the fiber strands conprising a plurality of fibers

di scussed in detail above. Thus, an at |east
partially coated fabric nade fron1each of the

di scl osed fiber strands conprising a plurality of
fibers is, therefore, contenplated in the present

i nvention. For exanple, according to one enbodi nent
of the present invention th is an at | east
partially coated fabric congilsing at | east one
strand conprising plurality of fibers, the coating
conprising an organi c conponent and | anell ar ,
particles having a thermal conductivity of at least 1
Watt per neter K at a tenperature of 300K

[0197] In one enbodi nent of the present invention,
the coating conpositions according to the present

%rcmhszoosmozesm



adapted to reinforce an electronic support is nmade by
a nethod conprising the steps of: (a)

~obtaining at least one fill yam conprising a

(DU)""""I\)S""DJLQQJ_'QJ_O_"_"QJ""

-net hods Tor inrRepi ti Nng abr agi ve wear of ag# T ber
| ;e ‘ I i by slid
ontact Wi tﬂa@ﬂ'l”ﬂgce asperifies of a sol fd obj ect

plurality of fibers and having a first resin
mmnaﬁt/omsse coating on at |east a portion of teaewtoosmo2604
| east one fill yam (b) obtaining at |east
one warp yarn conprising a pl'ﬁa{b‘f’é Aty of fibers and
having a second resin connatl e_coating on at | east
a|porti on Rifitidemattial east onle waMphs/ Aaminess@riginal scale)

(cﬁ—mavrnag—he—g—t—%—eaﬁ—em%k—l—y-&ﬁn—a-ﬁgﬁt he—at
| ¢dast one Olr%-'v \dﬁ having a | oss on ignition of |ess

t%an 2. 5 per gxa:pb:teby wei ght tio form a faboie"adapt ed
I CI ™ Ul S{U UT. L . 15r 02111
addi tn%lﬁbqemm‘ﬂmg”{%&nt of tﬁg present i vLentlan a
bric is asseatbl ed by (a) gli di ngI y conf-dct  ng at
rast cl[JUIlI of —a—first—dgtass—fi+ber Stfa Aty
nprising a D Grality of gllass fibers Ravi g on at
past a portﬁta@hnimf surfaces |t hereof a c@d-2.60
ccordimg—to the—preyious—enbodi e etttret
ndi vi dual | vg)g;r | n conbi nat iton, which_i mFlbzﬁ
hr asi Gcitgesiciush cethenalel f acds of the plurdlity of
ass T O8LEun filiosie 01 Mg contact wttr-surface
sperities of a portion of 3 fabric asse Iv device,
he surfaceZ’aéséF’?tl es having a Mhs' hardifess val ue
i C i urk Nan_a NVohg—hardness WE=
05/ n77RR‘2D(‘TI\/R?nnRI 002694! value of glass fibers of
he first gl 88%efiber strand; and (b) i nd-&Bweavi ng
e TirsSt glapdy 11 ber Strang Wi th a secoRdAFTber
bric. [0212] Furt hpr

rrbodl ments oM he pr esent inventl on are@brected to

L
1T

Q

'orrpri si ng: p!atmum (a) appl'yi ng a coatingzonpositiion
ceot-aRg—to of—the—previous—enbedi-nept g —elther |
ndi vi dual | y E\F in conbinatfon, to. at | g3t a portion }

of a surface of at least one glass fiber of a glass
fiber_strand; (b) at least partially drying

Q

B KNELERETFRSIoh VO LObEQEIN @odsh ét%g?egiﬁ&ﬁcrf ik P&Ebyﬁﬁcﬁ@ﬁgted by

rel’aasenbmg a residue of the conposn

1?

m@fpotdtwbateféra&st one gI ass fiber, such

28

i on upon at
WtemtEdde FOdstry hesicl CRe 8sks O0ES) gl [RGSF-22. :
fgugs, Sy igwley’s Conden ("2th &Y. 1999 et tageTe3ofhich is

m rtg;_v._q_ee,ﬂ_m&ilg@g@ﬂam
i nggea—@m LS B A SRS AR
ham dJQ‘uéM?daC!hrctFoﬁa@ e &d. 1§d§% @M%% ﬁéﬁéby

hat abr asi ve

gl Fazxs fiber of the gl ass

-r -b's‘ ' ?*Pwet"nz% he surface asperities
m‘ﬁﬁ g,u Fi gz¢ “i nhi bited by the coating -
[ ,;;pwegg bencat:onatpag 213] As above, the conponents

BctrdrhWeErOﬂIbh&@__é{%@Qazm these enmbodi nents can be

smmzmmmam@emonents di scussed above,

Aelbool gl Ghienyig thyeieee papedad?- al so be sel ected from
Sl 3 sics atpage F-429514] The coated fi ber

sics at na
sy percIAjoN |F ucts formed therefrom

Dk

%etbboﬁsfdh Bistrp A cthy hiahh o2 FL2Ci ted above, can be used
mandm)ommemfwatwméncﬁmpégle@azzl ons, for exanple, as

rei nforcenents 410 for relnforC|ng pol ynmeric matrix
materials 412 to forma comwsite 414, such as is
shown in Fig. 4, which will be discussed in detai
bel ow. Such applications include but are not limted
to lam nates for printed circuit boards,

rei nforcenents for tel ecomuni cations cables, and
vari ous. ot her. conposites. ' [ 0215] The coated
strands and fabrics of the present invention are,



WD 2005/ 077853PCT/ US2005/ 002694 [0223] The
conpatibility and aerodynam c properties of different
yarns with the air jet weaving process can be

determ ned by the foll owi ng nethod, which wll
JERENHTH5hbe referred to herein as the "Air JBET/US2005/002694
. Transport Drag Force" Test Method. The Ar Jet

TrRNSPOTT DI %k JidEE TEST 15[ USEd 10 NEagE Rt ie
attractive ar pulling force (“drag.force’) exerted

upon the yarn as the yarn is pulled into the air jet
nozzl 1y A?ﬁeﬁﬁn@@a&f\/et e M’dh% hefdness Qcél@ie?até@efohﬁéjresmtance of

each arn sa e is fed at a rate of 274 meters
?ﬁ * Wf@ﬁ%?pfws)%@rdmﬁtﬂ GerAi ﬁWB%’He%\‘S e ipepntrgiention
neeaib:e faitﬁerjc@iterﬁp&téls artibles tHéDAle MNoardi44 af heir @03ace that is

U 0 B oS RO B o e e
Sloee mﬂflﬂ@fyaaﬂdeﬁg:hmuﬁzﬂ abbveg thecamfacareftibe particle can be modified in
.Qr%PrﬂHﬁ{e‘? bidh kyowﬁ'l ﬂ'tﬂea;m ﬁ] u% éﬂln%ﬁfmlgﬁttb C(Plremlcat lly changing the

Spart anbur g, an akr
garticlk’p F%@aﬁ@d@aﬁﬁwsmt wﬁw@ ﬁ@@wnﬁq@araé aual@th)at the surface

%ﬂl%s oﬁlﬁe%é&lcmte% thaf oPB&ld! tPhe ‘ﬂaidﬂewttl?%%l?ﬂnﬁﬁérshwhlle the
arn en |

b F]ysétOf stk beneo diiuaee @rgrﬁf%r\}ﬁ%fb@e&ardness & the Glass
iitezs ukeantiter afterhiive g pantiflo caebé thimgd fromeedrin@ie fiaeMal that is

&b%?eqi %:IES o}’éﬁ‘c‘a yL{IétQ(? wﬁ\'} gné gr mgre s%?%?é%]r rgﬁilﬁ:zalgttjygjarr? &cgrgposﬂe
eteriaithat hﬁas§oﬂfar$ur§eceu§éierr@gvedy Bersirtislef can bedbatadem a primary
' rﬁﬁt@ﬁﬁﬁhaﬁ@@cd&ied}’éé@ oPEHRb & Fated Rth é%lf@m\ %n‘é QPR lp'nﬁ'a%g/ materiatl -

force measurenents . are nor nal oVe
e dorm ?ré‘?r@‘?osft%ﬁﬁf%'ab‘f”atyﬁé‘ma SPHEr WrigRe-Mass of a one
Cent {{OE2B N b@ﬁ@{ahqpﬂa‘ abfcﬂ%lﬂwdwnnhﬁg ﬂﬁt&éé&]ﬂﬁderﬂlﬁﬁ ‘anh&?amc

paél ncF qtléerp aro P ?'Eﬁafr}?rﬁmﬁ?tﬁﬁl u&q % snlzc)on car%wgé}g'éaiugﬂn%n itride can
hehmodiethwities silfa, earbonagg er danbday ofating & panna usetfobitcenpobite
da?tlcfé" &n BHIRES en‘?tfofdfn'xe%? rtﬁcT InBe sq%ﬂ% p%ﬂ cf(]-:s Ryn g% ?ea%{z]e% vmﬁi?%:cupﬁng

t he densi nper a
ﬁgsﬁtdtﬁwng f@f@?lﬁw Geesble eiﬁoafaleeim tpcmétne g themgm@am@esand

ft:rﬁtiﬁoﬁ@zl@l ®ipahIs oPEdsdNH fntcptf]effllnklﬁfrﬁtdgnn%?zaﬁ‘BP(KB%hnkab!e resin.
ever a arn. produ

S RO Rpu SpriSrreleRbenin b halenLNer 3o ainss Folgmn 7, ne 20
tRtiobgr solimn Bliinel 148, @ieh 9 smaﬂ;ﬁbﬂaté@ﬁel@ihﬁﬁ réfeXentO4 U8 silane
cggﬁiﬁg zdgéntg’ %%IU%Q 8Iy%yr1 sc"}_)cfyggaté alerlno or Qarbamyl functiona! silane coupling

- agents. In another non-limiting example, a silane coupling agent with alkyl side chains

can be reacted with the surface of an inorganic particle formed from an'inorganic'oxide to
provide a useful composite particle having a “softer” surface. Other examples include
cladding, encapsulating or coating particles formed from non-polymeric or polymeric

~ materials with differing non-polymeric or polymeric materials. A spéciﬁc noen-limiting
example of such composite particles is DUALITE, which is a synthetic polymeric particle
coated with calcium carbonate that is commercially available from Pierce and Stevens

Corporation of Buffalo, NY.

*! R Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71% Ed. 1990) at page 4-158.
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[ 0225] For exanpl-e, the Gam Mass of a one centineter
l ength of ‘G5 yarn is(rt (9 x 104/2)2) (400) (2.6

grans per cubic centineter) (1 centineter length of -
yarn) = 6.62 x 104 gram mass For D450 yarn, the G am

Maeszoost7dss84 x 104 gram mass. The rel ative dpafus2e0s/002694
force per unit mass ("Air Jet Transport Drag Force")

I( 3 : g ﬁl @g&r)@t [;% @a?%éren?!r)#hnghﬂg tﬁs{}ﬁrgse[ ﬁ:n it eig? pﬂ'@(lﬂﬁ] réYBEQrte thei‘math‘f
ohfukivesi. 6. ,dqrefpﬁa@mrﬂg@ aé!ﬁergngt wnﬁe@p@@f aFenst@xaviaite per meter K,
f ﬁforeﬁpré%i’ﬁb'!yeat @asﬁ 5 Wzﬁfsrber hetdr Iiken%gggéé)%‘ﬁaé t%ﬁwpﬁréat% of 300K. Ina

rreas#tpﬁrrent of % orce i$
JBP PP BPqd 'W’&gﬁhﬁaﬁ igles 48 Baieaa thewnab gorsiudivity abet Ienst 1 Watt
6p&aneterl)4uch 0@ 1¢bé4 5 QraR ;fe@ hreter RemeSdféR ﬂaastﬁm‘ﬁferature of 300K.

0226 Jet Jransport Dra .
yggﬂaﬁam le trqe ltjl—[seeraal c]8 ;‘iﬁ? H‘;ﬁ' ofm dgesgnayder g jeag iq 25 Watts per meter
| Brfushes a@i@m B VWritstper trieter i esienéxainpleen ld=01 00 Watts per meter K,

t T
ook 0 @508 S0, Dol il U0 b v
t FRRAvCtty Pdiee rirtialestropess fmsm 5 &y 20000Msts pef megarik, fmrexample from
f 25 to@parpl@is pél&ﬂé&@r k! Qh 1Q@cR0%H 1b QOMBQggﬁQQ} KEr %€ another

arn, such as from 12
ﬁ 3%6”13[5’ ”gifﬂ %P@%V\E’éﬁs PgF Qﬁ;eﬁgs@eqﬁur%ﬂaq{ @ temperature of 300K. As
[B22 Ferehthdraal ¢(md0cftrvil§1 enwngmrﬁro;bew RPthe PRrticR that describes its

. %‘bﬁgftg'trggsférqlegg{h%u]go rltS% gefe:ﬁg_t ngngo ,\ﬁ%gn $I ﬁn a%QgStensed Chemical

digtiopann(t ethdgdp @Qﬂ&) abpager 305t wtﬁc!u:lsrspmrﬁcallyorabdipor&té@fbyaéference
&reﬂ:mdl sclosed in "Fabrics Around the Wrld", a

technLq%al bulletin of d ark-Schwebel I nc. of :
Ander ¥514 B thameah pendutivity eba Bpteriabiapbeidgtermined by any method

skpm fo apalskiyied 'ﬁQI@é’ HOr péragdalle! i?fh%rtﬁé?ﬁﬁl dRB&HDx (;l;l?ﬁe material to

idirectio am nate wh
g‘%‘“’@ ST @P@“ W}é g @Pteg[%ﬁ%fﬁ%%weﬁs @%’dﬁetpw-éhe termal
- Fasiictvity otthe maeettaéchn e dehenﬁrmmmg HieCHrefRfred guarded hot plate

HRaRRlockRUng (AP - 1B Gl i L E AR G bt ol i hoe

gl as a/ar ns

E%[Iew ?taﬁ ﬁ@pﬁf"f’@@ S?ﬁe’ aH. 1 1f *@@ rthamfaltqonytamwty qb&te rBaterial to be tested
cagts freh QUQVa(t@QJeV\@feEbr)F@B ﬁ?o@ﬁ%)n@ %elf r‘n!eiler % alPQ ﬁepr%al conductlwty of

tﬁ‘gq’@te”"“l’lﬁ%‘%ﬁ d?%%{ﬁl“?eé’ ‘tsmgcth?@'é%d%# s Nggsprep methog e¢®rdlng to
Rl 5'(3-@8%hlm¢§13£e)clfncalydn®rﬁo?@édi By W@rﬂme HeRdin bfl‘ﬁblﬁer words,

W@'gggrtd)ad 9& plzgg’ m%t%ﬁ%tp L}&e %ﬁﬁnﬁ g%g/?}%tr@ggsf fram 0.001

ounces pe quar e
YVzHp per @Qt?fl *étm%q Wettpe raetgt !ésH trfa tbemaywrmcnv&y Stavke100 Watts

P Abter Wi yaRRea bt N 3%n¥&rr5%h§dﬁﬁg fOG% us'e:ldI 9 r%gnaeg fim30t0

ﬁﬁ%{l nmeters (44 warp
FUs RRL ety '%S'trﬁ(ﬁ“e(t@ﬁscal‘/t@)usﬁﬁr D and f| Il yans;
has d0105pimiab ghaaed Botgrits kiv@wa, QEué}déd?ﬁbt altr;l %ﬂ%&%uécontammg

068 h f ab
4 @B%gd “%agsqq”%‘l & esi?”?’&ﬁ%’tﬂp %e%'@g%%g% upjtsy edgpinsulation, a
t?’ﬁp%{‘?mf canbsniedi setondagy gucadfzing a0émperhialy deﬁs&r&ﬂacﬁo&’t%&ﬁ'm is

t 10
d@é@% tgst?\lﬁélﬁisﬁ h%lg lc*e)ﬁﬁfé??. gss pieﬂle & Zeranrﬁg%gﬁecgor( gither side of
{rzg hegtingenitayithfthe ppwﬁﬁ gacpeof the] siEcimarsas contdct with the

a@%@ hédtﬁ); U, pﬁ@%p&#altds i fHeH %eatgg% ffle ggg}ﬁg%last ierﬁaéar%:ture and

hteméora € p Lh re '",%té?rs 5

o %fe@wt %’P"’E@ 5 Hednd b?@rdy stgigarQnordesteady state
(about 1.38 ounces per square yard). A non-limting
exanpl e, of a fabric style using D900 E-gl ass fiber

yarns is Style 106, which hag-110 warp yans and 110

- fill yarns per 5 centinmeters (56 warp yarns and 56
fill yarns per inch); uses 5 5.5 1x0 (D900 1/0) warp-.
and fill yarns; has a nomnal WO :

2005/ 077853PCT/ US2005/ 002694 fabric thickness of
0.033 mllimeters (about 0.013 inches); and a fabric
wei ght of 24.4 grans per square neter (about 0.72



greater than 20 wei ght percent on a total solids

basis of discrete particles which have a Mhs'

har dness val ue whi ch does not exceed a Mohs'™ hardness

val ue of at |east one of said glass fibers; and (b) a

" EHOROHBBer i al . [ 0237] Anot her enbodi REATUS2805/002604
directed to a reinforced conposite conprising at

| @agitiorDis ecrﬁm\l%er thahéﬁﬁﬂwq%fpéésﬁgﬁ&oﬂg}a}?@ lsBinple¥ aﬁ& the
erein the

TR BT oRdaN & o5 b R ich P <o Tbsureas fhermal
TONAGHEY YRS om@sampism.semnfamlm BirRahe follbWing fotkuta (1):
wei ght percentHQ 3%L2t solids basis of discrete
- particles whichRa hs' hardness val ue whi cf
adesimbts tbx seeaheathivbiess ohthe damples wad Hés Wk adérab@athe combined

| ass fibers. [0238] An additiona
%ﬁﬁﬁgﬁﬁiﬁ¥ﬂ% "the present invention is directed to a
~ rei nf Be@Ed sdelrysH that hermatedingity biyherthdraabtondndivity will more
Guileay dﬁ&bﬁ@ %eqmgérfewgd ajrmlgtg(ﬁlmn%p&famal ﬁ’éﬁ e R Srea,

the strand coat ed i_a reSin co nposi tion
é%ﬁ%‘P!iJ &5 Riglonoed drif ap f'fﬁy Toe terselepdugyingr éP*@@*e‘ﬂ gietasial in Table
ArigincioeddEiniTable Bsel ected from organic materi al s,

and otn ARG freliharEorine R A Shogpe Festdin e

hrgsent invealicew theg papiales B dediiady InssistivieR@hate high electrical resisfivity,

mc For, exanpl .
TS S ol U O B G 18 s o

Pigh fleptdead W%ﬁﬁgﬂyéew eeventionsl ghaciionic piecwit besigizapdiidatiens can inhibit

REDSMHISctTRL SR due th BHRAR CorRRINERY thfbugm biﬂ*o?cement For =
non- heat eXﬁandabIe co osite material s, J

Fheciafy 2ppiicatiops 168?39@90?'??5 boards for nllqgg\g@ﬂe rﬁqf@ fm@q:yéﬁpgerence
afd diddroaghéticggeddiendeepplicatons) paitiltb € hAagIagh tib&nsal resrstwlty

IEp T —

orc 05|
Tt Bng - conponents di scussed above, and additi onal
conponents can al so be selected fromthose recited
above. [0240] WMatrix materials useful in
certain enbodi nents of the present invention include,
for exanple, thernosetting materials such as
t hernosetting polyesters, vinyl esters, epoxides
(contai ning at | east one epoxy or oxirane group in
t he nol ecul e, such as pol yglycidyl ethers of
pol yhydri c al cohols or thiols), phenolics,
aninoplasts, t hernosetti ng pol yurethanes, derivatives
. of any of the foregoing, and m xtures of any.of the
f or egoi ng. Matrix materials for formng |am nates for
printed circuit boards are, according to certain
enbodi nents, FR-4 epoxy resins, which are
polyfunctional epoxy resins such as difunctiona
broni nat ed epoxy resins, polyindes and |liquid
crystalline polyners, the conpositions of which are
well know to those skilled in the art. If further
informati on regardi ng such conpositions is-needed,
see Electronic Material s HandbookTM ASM
I nternational (1989) at pages 534-537, which is
specifically incorporated by reference herein. WO
2005/ 077853PCT/ US2005/ 002694 [ 0241]
Non-limting exanples of suitable polyneric
t hernopl astic matrix materials include polyolefins,
pol yam des, thernopl astic pol yuret hanes and
t her nopl asti c pol yesters, viflyl polyners, and
m xtures of any of the foregoing. Further exanples of
useful thernoplastic materials include polyimdes,
pol yet her sul fones, pol yphenyl sulfones, ,
pol yet her ket ones, pol yphenyl ene oxides, pol yphenyl ene
sul fi des- polyvinyl chlorides and pol ycarbonates.
-[0242] An exenplary natrlx material fornulation



(c) at least partially curing the at least partially
coated fabric to forma prepreg |ayer; and

(d) lam nating two or nore prepreg |ayers together to
forma |l am nate adapted for use in the electronic

NP PBAT7853 [0252] The conponents of the wOAid20@R02694
used in the foregoing enbodiments directed to

rei nforced | am nates can bqﬁ@ﬁée&t ed fromthe coating
conmponents di scussed above addi ti onal conponents

canneibaic Belids el [ethezuial qonrudtivins ¢ Flediitat Beailion | Mohs' hardness
[ 0253}htAddi ti onal nRrs gslaenpodi TYRRY _the -

pr esen? i.nventi on(\gre ?trge@ped to prép?gg'é for aﬁongma] scale)
el ectronic supgort conprising an ‘atcehté@@eerarti ally -

coabg@n hiyifd C qONpr I Shi? at_t east ™ ofig, hpler —strand——w=

iscussed I n detail abaye Thuk prepregs for an

oo oo

el e Rpsehideipdor t medt rom epch of the discl gsed 9.5°

aalihGe pe&YpRicE §1 Ng at14g@ast ong fiber strand are -
/ the bresent inventjom.

SATYRABEYRer | enbodi 289t of thegfﬁa%m"ioﬁ\#{jﬁnion.i%‘w

{di rgembmd-nitad@repreg Tor7eAN el ecfroni c Support;, e

_nr epr-eg—-cohPprig i hg ( ¥ material ; and t )

| agliym g'ﬁﬁph@ﬁ legr eas@ fabricl conprising at |gast -

one:i;éarbcﬁrbnséra d, at ima‘st a pPorikao® B X158 “at \g¥echtar than 9%
i & ritr\ Inn\ll nn a r‘h IC r‘nrrn:-'n“l bl e \/\ﬂ.f']‘m
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contained in the electronic circuit board.
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[0273] In another non-limting enbodi nent of the

present invention, the electronic support can be in

-the formof a nultilayered electronic circuit board
constructed by | am nating together one or nore
aveadosafisss Circuit boards (described above) wdi@ngmors04
~or nore clad | am nates (descri bed above) and/or one

or nore prepregs (described above). If desired,

addi tional electrically conductive |ayers can be
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by reference herein) with netal cladding conpletely
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prepreg forned froma Style 7628, E-glass fabric and

an FR-4 polyneric resin having a T9 of 140C and

tested according to I PCTM 650, No. 2.4.4 (which is
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percent of the sizing conposition on a total solids
basis. In another non-limting enbodi nent, the
particles have a m ni num average particle dinension
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mcroneters. In a further non-limting enbodi nent,
the particles have a Mohs' hardness value that is
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treatnment with the finishing size, the fabric is

i npregnated with a conpatible polymeric matrix
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i nvention may be have an overaII | oss on ignition
ranging form for exanple, 0.1 to 1.6 percent, such
as ranging from0.4 to 1.3 percent, and such as
between 0.6 to 1 percent. _35 [ 0295] In anot her,
non-limting enbodi nent of the present invention, the
warp yarn has an el ongated cross-section and hlgh

" strand openness. As used herein, the term"el ongated
cross-section” nmeans that the warp yam has a
generally flat or ovul ar cross-sectional shape. High
strand openness, discussed above, refers to the



[0305] As previously discussed, in typical fabric
form ng operations, the conventional sizing

conmposi tions applied.to the glass fibers and/or yans
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coating conposition. The resin-conpatible coating
conposition can include, for exanple and anong ot her
things, particles to be adhered to the glass fiber.
[0308] The glass fiber prod#6t can be any type of

gl ass fiber product, as discussed previously herein.
Exanples include a glass fiber strand, a glass fiber
yarn, a glass fiber prepreg, a glass fiber fabric,

any conbi nation thereof, or any part- thereof. For

i nstance, according to certain enbodi nents, there is

a glass fiber prepreg that includes at |east one
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the present invention are resin compatible and do not require remaval from the fiber
strands or fibers prior to fabric processing. For example, the coating compositions
according to certain embodiments of the present invention are compétible with matrix
materials used to make printed circuit boards (discussed below), such as epoxy resin

compatible,
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[0130] The pblymeric film-forming materials can be water soluble, emuisifiable,

.dispersible and/or curable. As used herein, “water soluble” means that the polymeric
~ materials aré capable of being essenﬁaliy uniformly blended and/or molecularly or
ionically dispersed in water to form a true solution. See Hawley's at page 1075, which is
specifically incorporated by reference herein. "Emuisifiable” means that the polymeric 7
materials are capable of forming an essentially stable mixture or being suspended in
water in the presence of an emulsifying agent. See Hawley's at page 461, which is
specifically incorporated by reference herein. Non-limiting examples of suntabie
emulsifying agents are set forth below. “Dispersible” means that any of the components
of the polymeric materials are capable of being distributed throughout water as finely
divided particles, such as a latex. See Hawley's at page 435, which is specifically
incorporated by reference herein. The uniformity of the dispersion can be ini;reased by
the addition of wetting, dispersing or emulsify‘ing agents (surfactants), which are -
discussed below., “Curable” means that the polymeric materials and other components of
the sizing composition are capable of being coalesced into a film or crosslinked to each
other to change the physical properties of the polymeric matenals See Hawley s at page
331, which is specifically incorporated by reference herein.

~ [0131] In addition ) or in lieu of the film forming materials discussed above, the ‘
coating compositions of the present invention may comprises one or more glass fiber
coupling agénts such as organo-silane coupling agents, transition metal coupling agents,
phosphonate coupling agents, aluminum coupling agents, amino~cbntaining Werner
coupling agents, and mixtures of any of ihe foregoing. These coupling agents typically
have dual functionality. Each metal or silicon atom has attached to it one or more groups
wh‘ich can either react with or compatibilize the fiber surface and/or the components of
~ the resin métrix.' As used herein, the term “compatibilize” means that the groups are
chemically attracied,‘but not bonded, to the fiber surface and/or the components of the
coating compasition, for example by polar, wetting or solvation forces. In one non-
limiting embodiment, each metal 6r gilicon atom Eas_ attached to it one or more
hydrolyzable groups that allow the coupling agent to react with the glass fiber surface,
and one or more functional groups that allow the coupling agent to react with
components of the resin matrix. Examples of hydrolyzable groups include:.

0O H O R | |
Il | I
-OR", -0-C-R? -N—C-R? -O-N=C-R’, -0-N=CR®, and
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the monohydroxy and/or cyclic Cg-Carresidue of a 1,2- or 1,3 glycol, wherein R' is C;-C,
alkyl: R?is H or C,-C, alkyi; R® and R* are independently selected from H, C.C, alkyl or
- Cg=C; aryl; and R® is C,-Cy alkylene. Examples of suitable compatibilizing or functional
groups include epoxy, glycidoxy, mercépto, cyano, allyl, alkyl, urethano, carbamate, halo,
isocyanato, ureido, imidazolinyl, vinyl, acrylato, methacrylato, amino or polyamino groups.

[0132] Functional organo-silane coupling agents can be used in the present
invention. Examples of useful functional organo silane coupling agents include gamma-
aminopropyltrialkoxysilanes, gamma-isocyanatopropyltriethoxysilane, vinyl- |
trialkoxysilanes, glycidoxypropyitrialkoxysifahes and ureidopropylirialkoxysilanes.
Functional organo-silane coupling agents include A-187 gamma-glycidoxy-
propyltrimethoxysilane, A-174 gamma-methacryloxypropyitrimethoxysilane, A-1100
gamma—aminopropyltri'ethoxysiiane silane coupling agents, A—1 108 amino silane couplfng
agent and A-1160 gamma-ureidopropyltriethoxysilane (each of which is commermally
available from CK Witco Corporation of Tarrytown, New York). The organo silane
coupling agent can be at least partially hydrolyzed with water prior to application to the
fibers, such as at a 1:1 stoichiometric ratio or, if desired, applied in unhydrolyzed form.
The pH of the waler can be modified by the addition of an acid or a base to lnltiate or -
‘speed the hydrolysis of the coupling agent as is well known in the art.

[0133] Suitable transition metal coupling agents include titanium, zirconium,
yitrium and chromium coupling agents. Suitabie tiianate coupling agents and zirconate
coupling agents are commercially available from Kenrich Petrochemical Company.
Suitable chromium complexes are commercially available from E.I. DuPont de Nemours

. of Wilmington, Delaware. The amino-containing Werner-type coupling agents are
complex compounds in which a trivalent nuclear atom such as chromium is coordinated
with an organic acid having amino functionality. Other metal chelate and coordinate type
coupling agents known to those skilled in the art can be used herein.

{0134] The amount of coupling agent generally ranges from 1 to 99 weight
percent of the coating composition on a total solids bésis. In one embodiment, the
amount of coupling agent ranges from 1 to 30 weight percent of the coating composition
on a total solids basis, such as 1 to 10 weight percent, such as preferably 2 to 8 weight
percent.' )

[013;5] The coating combositiohs of the presentrinvention can further comprise
one or more softening agents or surfactants that impart a uniform chargé to the surface
of the fibers causing the fibers to repel from each other and reducing the friction between

the fibers, so as to function as a lubricant. Although not réquired, the softening agents

-40-
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may be chemically different from other components of the coating composition. Such
softening agents include cationic, non-ionic or anionic softening agents and mixtures
thereof, such as amine salts of fatty acids, alkyl imidazoline derivatives such as CATION
X, which is commercially available from Rhone Poulenc/Rhodia of Princeton, New Jersey,
~ acid solubilized fatty acid amides, condensates of a fatty acid and poIYethylene imine and
amide substituted polyethylene imines, such as EMERY@ 6717, a partially amidated
polyethylene imine commercially available from Cognis Corporation of Cincinnati, Ohio.
While the coating composition can comprise up to 60 weight percent of softening agents,
according lo certain embodiments the coating composition comprises less than 20'weight
percent, such as less than 5 weight percent, of the softening agents. For more
information on softening agents, see A. J. Hall, Textile Finishing, 2nd Ed. (1957) at pages
108-115, which are specifically incorporated by reference herein.

[0136] .The coating compositions of the present invention can further include one -

or more lubricious materials that are chemically different from the polymeric materials
and softening agents discussed above to impart desirable processing characteristics to
the fiber strands during weaving. Suitable lubricious materials can be selected from oils, -
waxes, greases, and mixtures of any of the foregoing. Non-fimiting examples of wax
materials useful in the present invention include aqueous soluble, emulsifiable or
dispersible wax materials suchr as vegetable, animal, mineral, syntheﬁc or petroleum
waxes, e.g. paraffin. Oils useful in the present invention include both natural oils, 7
_ semisynthetic oils and synthetic oils. According fo certain embodiments, the amount of
“wax or other lubricious material can range from 0 to 80 weight peréent of the sizing
composition on a total so!ids'basis,-such as from 1 to 50 weight percent, such as from 20
to 40 weight percent, such as from 25 to 35 weight percent. “

[0137] According lo certain embodiments lubricious materials include waxes and
. oils having polar charai:teristic's, and such as highly cryslalline waxes having polar '
~characteristics and melting points above 35°C, such as above 45°C. Stch 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 compared to fiber strands
coated with sizing compositions containing waxes and oils that do not have polar -
characteristics. Exemplary lubricious materials having polar characteristics include
esters formed from reacting (1) a monocarboxlyic acid and (2) a mohohydric alcohol.
Non-limiting examples of such fatty acid esters useful in the present invention include
cetyl palmitate, {(such as is available from Stepan Company of Maywood, New Jersey as
KESSCO 653 or STEPANTEX 653), cetyl myristate (also available from Stepan
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[0139] The coating compositions of the present invention can addﬁionaliy include
one or more other lubricious materials, such as non-polar petroleum waxes, in lieu of or
in addition to of those lubricious materials discussed abov_e, Non-limiting examples of
- non-polar petroleum waxes include MICHEM® LUBE 296 micro&wqtaliihe wax,
POLYMEKON® SPP-W microcrystalline wax and PETROLITE 75 microcrystalline wax
which are commercially available from Michelman Inc. of Cincinnati, Chio and Baker
Petroiite, Polymer Division, of Cumming, Georgia, respectively. According to certain
embodiments, the amoprit of this type of wax can be up {6 10 weight percent of fhe total
solids of the sizing composition. | ) |

[0140] The coating compositions of the present invention can also include a resin
reactive diluent 1o further improve fubrication of the coated fiber strands of the present
invention and provide good processability in weaving and knitting by reducing the
polential for fuzz, halos and brdken filaments during such manufacturing operations,
while maintaining resin compaiibility-‘ As used herein, “resin reactive diluent” means that
the diluent includes functional groups that are capable of chemically reacting with the
same resin with which the coating composition is compatible. The diluent can be any
tubricant with one or more functional groups that react with a resin system, preferably
functional groups that react with an epoxy resin system, and more preferably functional
groups that react with an FR-4 epoxy resin system. Non-limiting examples of suitable
lubricants include lubricants with amine groups, alcohol groups, anhydride groups, acid
groups or epoxy groups. A non-limiting example of a lubricant with an arnine group is a
modified polyethylene amine, e.g. EMERY 6717, which is a partially amidated
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which is commercially available from CK Wilco Corporation of Tarrytown, New York.
Although not limiting in the present invention, 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. ,

- [0141] In another embodifnent. the coating compositions of the present invention
can comprise at least one anionic, nonionic or cationic surface active agent. As used
herein, “surface active agent” means any material which tends to lower the solid surface
tension or surface energy of the cured composition or coating. For putposes 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 'eagér 5.

, [0142] The at least one surface active agent canbe selected from amphiphiiic,
reactive functional group containing polysiloxanes, amphiphilic fluoropolyniers,
polyacrylates and mixtures of any of the foregoing. With reference to water-soluble or
water-dispersible amphiphilic matefials, the term “amphiphilic™ means a polymer having a
generally hydrophilic polar end and a water-insolubte ge nerally hydrophobic end.
Nonlimiting examples of suitable amphiphilic ﬂubropolymers include fluoroethylene-alkyi
vinyl ether alternating copolymers (such as those described in U.S. Patent No.
4,345,057j a'vailable from Asahi Glass Company under the tradename LUMIFLON;
flucrosurfactants, fluoroaliphatic polymeric esters commercially avaifable from 3M of St.
Paui, Minnesota under the tradename FLUQORAD; functionalizéd perfluorinated materials,
such as 1H,1H- perﬂuoro—nonano[ commercially available from FluoroChem USA; and
perflucrinated (meth)acrylate resins. Other nonlimiting examples of suitable anionic
surface active agents include sulfates or sulfonates.

[0143] Nonlimiting examples of suitable nonionic surface active agents include

those containing ether linkages and which are represented by the following general
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formula: RO(R'O),H; wherein the substituent group R represents a hydrocarbon group
containing 6 to 60 carbon atoms, the substituent group R’ represents an alkylene group
'containing 2 or 3 carbon atoms, and mixtures of any of the foregoing, and n is an integer
ranging from 2 to 100, inclusive of the recited values such as SURFYNOL nonicnic
polybxyethy!ene surface active agents from Air Products Chemicals, Inc.; PLURONIC or
TETRONIC from BASF Corporation; TERGITOL from Union Carbide; and SURFONIC
from Hunisman Corporation. Other examples of suitable nonionic surface active agents
include block copolymers of ethylene oxide and propylene oxide based on a glycol such
as ethylene glycol'c'»r propylene ngcbl including those available from BASF Corporation
under the general trade designation PLURONIC.

[0144] Nonlimiting examples of suitable cationic surface active agents.include
acid salts of alkyl amines; imidazoline derivatives; ethoxylated amines or amides, a .
cocoamine ethoxylate; ethoxylated fatty amin_eé; 'and glyceryl esters,

[0145] Other examples of suitable surface active agents inciude homopolymers
and copolymers of acrylate monémers, for example polybutylacrylate and copolymers
derived from acrylate monomers (such és ethyl (meth)acrylate, 2-ethylhexylacrylate, butyl
{(meth)acrylate'and isobutyl acrylate), and hydroxy ethyl(meth)acrylate and (meth)acrylic
acid monomers,

[0146] The amount of surface active agent can range from 1 to 50 weight percent _
of the coating composition on a total solids basis.

[0147] The coating compositioﬁs can additionally include ocne or more emulsifyfng
agents for emulsifying or dispersing components of the coating compositions, such as

~ the particles 18 and/or lubricious materials. Non-limiting examples of suitable emulsifying

agents or surfactants include po}ybxyaikylene block copolymers (such as PLURONIC™
F-108 polyoxypropylene-polyoxyethylene copolymer which is commerdcially available from
BASF Corporation of Parsippany, New Jersey, (PLURONIC F-108 copolymer is available
in Europe under the tradename SYNPERONIC F-108), ethoxylated alkyl phenols (such
as IGEPAL CA-630 ethoxylated oct;)lphenoxye.thanol which is commercially available
 from GAF Corporation of Wayne, New Jersey), polyoxyethylene octylpheny! glycol

" ethers, ethylene oxide derivatives of sorbito! esters (such as TMAZ 81 which Is commer-
cfalfy available BASF of Parsippany, New Jersey), polyoxyethylated vegetable oils (such
as ALKAMULS EL-719, which is commercially availablé from Rhone-Poulenc/Rhodia),
ethoxylate.d alkylphenols (such as MACOL OP-10 SP which is also commercially
available from BASF) and nonylphenol surfactants (such as MACOL NP-6 and ICONOL
NP-6 which are also commercially available from BASF, and SERMUL EN 668 which is
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hydroxide can be added to the coating composition for coating stabilization, if desired.
Waier, such as deionized water, may be included in the coating composition in an
amount sufficient to facilitate application of a generally uniform coating upon the strand.
According to certain embodiments, the weight percentage of solids of the coating
composition generally ranges from 1 to 20 weight percent.

[0150] In one embddiment, the coating compositions of the present invention are
substantially free of glass materials. As used herein, “substantiaﬂy free of glass
m_éteﬁa[s” means that the coating compositions comprise less than 50 volume percent of
glass matrix materials for forming glass composites, such as less than 35 volume
percent. According to certair.]' embodiments, the coatiﬁg compositions of the present
invention are essentially free of glass materials. As used herein, “essentially free of glass
materials” means that the coating compositions comprise less than 20 volume percent of
glass matrix materials for forming glass composites, preferably less than 5 volume
percent, and more preferably is free of glass materials. Examples of such glass matrix
materials include black glass ceramic matrix materials ar éluminosilicate matrix materials

such as are well known to those skilled in the art.
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a pmpﬁty of fibers i is at least pamaily coated with a resm compatlble coatmg composition
on at least a portion of a surface of at least one of said fi bers, the resin compatible
coating composition comprising: (a) a plurality of discrete particles formed from materials -
selected from non-heat expandable organic materials, inorganic polymeric materials,
non-heat expandabie composite materials and mixtures thereof, the particles having an
aQei’age pariicle size sufficient to allow Strand wet out; (b) at least one lubricious material
different from said plurality of discrete particles; and (c) at least one film-forming material.
The compbnems in these embodiments can be sé!ected from the coating components
discussed above. Ina fuhher embodiment, the plurality of discrete particles provide an
interstitial space between the at least one of said fibers and at least one adjacent fiber.
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[0155] In another embodiment, a fiber strand comprising a plurality of fibers is at

least partially coated with a resin compatible coating composition on at least a portion of

a surface of at least one of said fibers, the resin compatible coating compositien
comprising: (a) a plurality of particles comprising (i} at least one particle formed from an
organic material; and (i) at least one particle formed from an inorganic material selected
from boron nitride, graphite and metal dichaicogenides, wherein the plurality of particles
have an average particle size sufficient to allow strand wet out; (b) at least one lubricious
material different from said plurality of discrete pamcies and {c) at least one t” Im- formlng
material. _ )

[0156] In yet another embodiment, a fiber strand comprising a plurality of fibers is
at least partially coated with a resin compatible coating composition on at least a portion
of a surface of at least one of said fibers, the resin compatible coatirtg composition
comprising: (a) a plurality of discrete particles formed from materials selécted from
organic materials, inorganic polymeric materials, composite materials and mixtures
thereof, the particles having an average particle size, measured according to laser
scattering techniques, ranging from 0.1 to 5 micrometers; (b) at least one lubricious
material different from seid plurality of discrete particles; and (c) at least.one film-forming '
material. ‘ _ _ : '

[0157] In a further embodiment, the resin compatible coating compositions set
forth above contain {a) 20 to 60 weight percent of the plurality of discrete particies on
total solids basis, such as 35 to 55 weight percent, such as 30 to 50 weight percent, (b)‘ 0
to 80 w\eight percent of the at least one lubricious material on a total solids basis, such as
from 1 to 50 weight percent and such as from 20 to 40 weight percent, and (c) 1 to 60
weight percent of the at least one film-forming material on lotal solids basis, such as 5 to
50 weight percent, such as 10 to 30 werght percent

[0158] In another embodiment of the present invention, a fiber strand comprlsmg
a plurality of fibers is at least partially coated with a resin compatible coating composition

) on at léast a portion of a surface of at least one of said ﬁbers. the reein compatible |
coating composition comprising: (a) a plurality of discrete, non-waxy particles formed
from materials selected from organic materials, composite materials and mixtures
thereof, the particles having an average particle sfze, measured according to leser
scaltering techniques, ranging from 0_.“11t0 5 rnir_:rometere; and (b) a_t least one lubricious
material different from said plurality of discrete particles.

[0158] In still another embodiment of the present invention, a fiber strand

comprising a plurality of fibers is at least partially coated with a resin compatible coating
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composition on at least a portion of a surface of at least one of said fibers, the resin
compatible coating composition comprising greater than 20 weight percent on a total
solids basis of at least one particle selected from inorganic particles, organic hollow
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 of said fibers.

{0160] In another embodiment of the present invention, a fiber strand comprising
a plurality of fibers is at least partially coated with a resin compatible coating composition
on at least a portipri of a surface of at least one of said fibers, the resin compatible
co.aﬁng composition comprising (a) at least one lamellar, inorganic particles having a
Mohs’ hardness value which does not exceed the Mohs’ hardness value of at least one of
said fibers; and (b) at least one polymeric material. '

[0161] In an additional embodiment of the bresent invention, a fiber strand
comprising a plurality of fibers is at least partially coated with a resin compatible coating
combosition on ét least a portion of a surface of at least one of said fibers, the resin
compatible coating compositioh comprising (a) at least one hollow, non- heat'expandable
organic parlicle; and (b) at least one Iubncmus malenal dlfferent from the at least one
hollow organic particle.

[0162] The components in each of the foregoing embodiments can be selected
from the coating components discussed above, and additional components can also be
sélected from those recited above.

{0163] In one embodiment of the present invention, a fiber is coated with a
composition comprising an organic component and lamellar particles having a'thermal
conductivity of at least 1 Watt per meter K at a temperature of 300K. In another
embodlment a fiber is coated with a composmon compnsnng an organic component and -
non-hydratabie, lamellar particles. In yet another embodiment, a fiber is coated with a
composit;on comprising at least one boron-free lamellar particle having a thermal
conductivity greater than 1 Watt per meter K at a temperature of 300K. In still another
embodiment, a fiber is coated with a composition comprising at least one lameliar particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of 300K.
In yet another embodiment, a fiber is coated with a composition cor‘ﬁprising at least one
alumina-free, non-hydratable inorganic particle having a thermal conductivity greater than
1 Watt per meter K at a temperature of 300K.

[0164] In another embodiment of the present invention, a fiber is coated with a
composition comprising (a) a plurality of discrete particles formed from materials selected

from non-heat expandable organic materials, inorganic polymeric materiais, non-heat
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expandable composite materials and mixtures thereof, the particles having an average '
 particle size sufficient to allow strand wet out, (b) at least one lubricious material different
from said plurality of discrete particles, and {c) at least one film-forming material. In yet
another embodiment, a fiber is coated with a composition comprising (a) a plurality of
particles comprising (i) at least ane particle formed from an organic material, and (ji) at
least one particle formed from an Inorganic material selected from boron nitride, graphite
and metal dichalcogenides, wherein the plurality of particles have an average particle
size sufficient to allow strand wet out, (b) at least one lubricious material different from
said plurality of discrete parhcles and (c {c) at least one film-forming material.

[0168] In still another embodiment, a fiber is coated with a compaosition
comprising (a) a plurality of discrete particles formed from materials selected from
organic materials, inorganic polymeric materials, composite materials and mixtures
thereof, the particles having an average particle size, rﬁeasured according to laser
scattering techniques, ranging from 0.1 to 5 micrometers, (b) at ieaét one lubricious
material different from said plurality of discrete particles, and (c} at least one film-forming
material. ' )

( [0166] In another embodiment of the present inventibn, a fiber is coated with a
composition comprising (a) a plurality of discrete, non-waxy particles formed from
materials selected from organic materials, composite materialé and mixtures théreof, the
particlés having an average particle size, measured according to laser scattering
techniques, ranging from 0.1105 micrometers, and {b) at least one lubricious material
different from said p!ur'aii'ty of discrete particles. In yet ahothe"r embodiment, a fiber is
coated with a comp'osition comprising a resin compatible coating composition comprising
at least one coating comprising greater than 20 weight percent on a total solids baéis of a
plurality of particles selected from 'inorganic particles, organic hollow particies and
-composite particles, said particles having a Mohs’ hardness value which does not exceed
the Mohs' hardness value of said g!ass fiber,

[0167] In another embodiment of the present invention, a fiber is coated with a
composition comprising (é) a plurality of lamellar, inorganic particles, and (b) at least one
polyméric material. In still another embodiment, é fiber is coated with a composition
comprising (a) a plurality of hollow, non-heat expandable organic particles, and (b) at
least one polymeric material different from the at least one hollow organic particle. In an
additional embodiment, the present invention, a fiber is coated with a resin compatible
coating composition having a primary coaling of a sizing composiﬁon on at least a portion

of a surface of said fibers and a secondary coating comprising a residue of an aqueous
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composstlon comprlsmg POLARTHERM@ PT 160 boron nitride powder and/or ORF’AC
BORON NITRIDE RELEASECOAT-CONC 25 dispersion, PVP K-30 polyvinyl pyrrolidone,
A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo *
silane coupling agent, ALKAMULS EL-719 polyoxyethylated vegetable oil, EMERY®
-6717 partially amidated po_lyéthylene imine, RD-847A polyester, DESMOPHEN 2000
. polyester, PLURONIC F-108 polyoxypropylene-polyoxyethylene copolymer, ICONOL NP-
6 alkoxylated nonyt phenol and SAG 10 anti-foaming material. If desired, this particular
embodiment can optional further include ROPAQUE® HP-1055 and/or ROPAQUE@ OP-

96 styrene-acrylic copolymer hollow spheres.
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Fl exural Strength Fl exural Modul us Short Beam Shear
Strength Pascals psi Pascals Psi Pascals psi B 4.9 x
108 71534 2.4 x 1018 3465000 2.6 x 10-' 3742 R " 5.0

x 108 72215 2.4 x 1018 3450600 2.5 x 107 -3647 695

WO 2005/077853 PCT/US2005/002694

[0172] In' another non-limiting embodiment of fabric for use in electronic circuit
boards of the present invention, at least a portion of at least one of said glass fibers of
the fiber strand of the present invention has applied thereto a residue of an aqpedus
sizing composition comprising POLARTHERM® PT 160 boron nitride powder and/or
ORPAC BORON NITRIDE RELEASECOAT-CONC 25 dispersion, RD-847A polyester,
PVP K-30 polyvinyl pyrrolidone, DESMOPHEN 2000 polyester, A-174 acrylic-functionat
organo silane coupling agent, A-187 epoxy-functional organo silane coupling agent,
PLURCNIC F-108 polyoxypropylene-polyoxyethylene copolymer, VERSAMID 140
polyamide, and MACOL NP-6 nonyl phenol. If desired, this particular embodiment can _
optionai further include ROPAQUE® HP-1055 and/or ROPAQUE® OP-96 styrene-acrylic
.cepolymer hollow spheres.

~ [0173] In still another non—limiting embodiment for weaving fabric for usé in
laminated pﬁnted circuit boards, at least a portion of at least one of said glass fibers of
the fiber strand of the present invention has applied thereto a residue of an aqueous
primary coating composition comprising ROPAQUE@ HP-1055 and/or ROPAQUE® OP-
96 styrene-acrylic copolymer hollow spheres, PVP K-30 polyvinyl pyrrolidone, A-174
acrylic-functional organo silane coupling agents and A-187 epoxy-functional organo
silane coupling égents, EMERY® 6717 partiai'iy amidated polyethylene imine,
STEPANTEX 653 cetyl palmitate, TMAZ 81 ethylene oxide derivatives of sorbitol esters,
MACOL OP-10 ethoxylated alkylphenol and MAZU DF-136 anti-foaming material.
Although not required, this parﬁcu!ar embodiment preferably further includes
POLARTHERM® PT 160 boron nitride powder and/or ORPAC BORON _NITRIDE
RELEASECOAT-CONG 25 dispersion.

[0174] In yet another non-limiting embodiment of fabric for use in electronic circuit
boards of the present invention, at least a portion of at least one of said glass fibers of

- the fiber strand of the present invention has apblied thereto a residue of an aqueous
coating composition comprising DESMOPHEN 2000 polyester, A-1 74 acrylic-functional
organo silane coupling agéﬁt, A-187 epoxy-functional organo silane coupling agent,

, PLURONIC F-108 polyoxypropylene-polyoxyethylene copolymer, VERSAMID 140
polyamide, MACOL NP-6 nonyl phenol, POLYOX WSR 301 poly(ethylene oxide) and
DYNAKOLL Si 100 rosin. In addition, this particular embodiment further includes
ROPAQUE® HP-1055 and/or ROPAQUE® OP-96 styrene-acrylic copolymer holiow
spheres, and/or POLARTHERM® PT 160 boron nitride powder and/or ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 dispersion.
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4.3 x 108 62959 2.3 x 1018 3360800 2.3 x 10" 3264
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‘Sanpl @179 Thé 38Side TR RkibYEof P RE S Mvertbn can be prepared by any
_suitable method such as conventional mixing well known 1o those skilled in the art. For
exanﬁple,'the components discussed above are diluted with water to have the desired
weight percent .soiids and mixed together. The particles 18 can be premixed with water,
emulsified or otherwise added to one or more 'compon,ent_s of the coating composition
prior to mixing with the remnaining components of the coating.
[0178] Coating compositions according 1o the present mventnon can be applied in

| many ways, for exampie by contactmg the filarnents with a roiler or belt applicator,
spraying or other means. The coated fibers may be dried at room temperature, at
elevated temperatures or any combination thereof. The dryer removes excess moisture

from the fibers and, if present, cures any curable sizing compaosition components. The
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Friction force (grans) 24.7 18.3 23.9 381 Nunber of
broken filanments per yard of yarn 2.0 1.0 3.8 1.0

[0345] As shown in Table 1E, Sanples A and B, which.
are coated with sizing conpositions containing boron

W tdosieryssacor di ng to the present invention, hagndsewsooeos
broken filaments and low frictional force when
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GH1 (:(]VPOEFNT ON TOTAL SOLI
\é\ﬁm%gggg%%ggﬁ_sence and degree of crosslinking, i.e., the crosslink density,
can be determined by a variety of methods, such as dynamic mechanical thermal

- analysis (DMTA) using a Polymer Laboratories MK It DMTA analyzer conducted under
nitrogen. This method determines the glass transition temperature and crosslink density

~of free films of coatings or polymers. These physical properties of a cured material are
related to the structure of the crosslinked network, - \

. [0180] According to this method, the length, width, and thickness of a sample to
be analyzed are first measured, the sample is tightly mountéd io the Polymer ‘
Laboratories MK Il apparatus, and the dimensional measurements are entered into the

apparatus, A thermal scan is run at.é heating rate of 3°C/min, a frequency of 1 Hz, a
‘ strain of 120%, and a static force of 0.01N, and sample measurements occur every two
-seéonds. The mode of deformation, glass transition temperature, and crosslink density
of the sample can be determined according to this method. Higher crosslink density
valves indicate a higher degree of crosslinking in the coating.

[0181] The amount of the coating composition present on the fiber strand is, for
example, less than 30 percent by weight, such as less than 10 percent by weight,' such
as between 0.1 to 5 percent by weight as measured by loss on ignition (LOI). The |
coaling composition on the fiber strand can be a residue of an aqueous coating
composition or a powdered coating composition. In one embodiment of the invention, the
LOlis less than 1 percent by weight. As used herein, the term “loss on'ignilion“ means

_ the weight percent of dried coating composition present on the surface of the fiber strand

as determined by Equation 1: i , ‘ o

LO= 100 X [(Wary-Woae)Wan} (Eq. 1)
wherein Wy, is the weight of the fiber strand plus the weight of the coating

composition after drying in an oven at 220°F (about 104°C) for 60 minutes and Wi is
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G H Conp. Sanple Y EPON 826 12b 16. 12 63. 54 60.98 PVP
K-30 129 1.31 5.18 4.97 ALKAMILS EL-719 130 1.63 6. 44
6.18 | GEPAL CA-630 141 1.63 6.44 6.18 KESSCO PEG 600w

0.79 3.11 2.98 A-187 133 3.17 12.51 -
WO 2005/077853 PCT/US2005/002694

the weight of the bare fiber strand after heating the fiber strand in an oven at 1150°F
{about 621°C) for 20 minutes and cooling to room temperature in a dessicator,

[0182] After the application of a primary size, i.e., the initial size applied after fiber
formation, the fibers are gathered into strands having, for example, 2 to 15,000 fibers per
strand, such as 100 to 1600 fibers per strand. '

[0183] A secondary coating compaosition can be apphed to the pnmary size in an
amount effectwe to coat or impregnate the portion of the strands, for example by dipping
the coated strand | in a bath containing the secondary coating composition, spraying the
secondary coating composition upen the coated strand or by contactmg the coated
strand with an applicator as discussed above. The coated strand can be passed through
a die to remove excess coating composition from the strand and/or dried as discussed |

‘above for a time sufficient to at least partially dry or cure the secondary coating
composition. The method and apparatus for applying the secondary coating composition
to the strand is determined in part by the configuration of the strand material. The strand
can be dried after application 6f the secondary coating composition in a manner well
known in the art.

[0184] Suitable secondary coating compositions can include one or more film-
forming materials, lubricants and other additives such as are discussed above. The
secondary coating can be different from the prirﬁary‘ sizing composition, i.e., it (1)
contains at least one component which is chemically different from the components of the

-sizing composntlon or (2) contains at least one component in an amount which is 7 '
different from the amount of the same component contained in the 5|zgng composition.
Non-limiting examples of suitable secondary coating compositions including polyurethane
are disclosed in U.S. Patent Nos. 4,762,750 and 4,732,751., which are specifically
incorporated by reference herein.

{0185} As used herein, it should be understood that the term “amount effective”
refers to én amount sufficient to provide the referenced p-roperty. For example, “an
amount effective to reduce tackiness” refers to an amount sufficient to reduce tackiness.

~ Inthe context of, for example, “a size and amount of particles are effective to reduce the

tackiness of the fiber bundie” it should also be understood that it is the combination of
size and amount of the particles that are effective to reduce the tackiness of the fiber
bundle. As used herein, unless indicated to Ihe_c;i)ntrary, the phrase “a size and amount
of particles are effective” does not suggest that both the size and the amount mt}st be,

independent of the other property, effective in providing the recited function.
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powdered coating composition, such as, a powdered coating composition comprising

lamellar particles on at least a portion of the primary coating.

[0187] In an alternative embodiment, the parﬁcles of the secondary coating
composition comprise hydrophilic inorganic solid particles that absorb and retain water in
the interstices of the hydrophilic particles. The hydrophilic inorganic solid particles 6an
absorb water or swell when: in contact with water or participate ina chemicél reaction with
- the water to form, for exa*npiez a viscous gel-like solution which biocks or inhibits further
ingress of water into the interstices of a telecommunications cable which the coated glass
fiber strand is used to reinforce. As used hereln “absorb” means that the water
penetrates the inner structure or :nterstlces of the hydrophilic material and is substantially
retained therein. See Hawley's Condensed Chemical Dictionary at page 3, which is
spec:lt"fcaﬂy incorporated by reference herein. *Swell” means that the hydrophilic particles
expand in size or volume. See Webster's New Collegiate Dictionary {1977) at page
1'1 78, which is specifically incorporated by reference herein. For-example, the hydrophilic

particles may swell after contact with water to at least one and one-half times their
original dry weight, such as two to six times their original weight. Non-limiting examples
of hydrophilic inorganic solid lubricant particles that swe!ll include smeclites such as
vermiculite and montmorillonite, absorbent zeclites and inorganic absorbent gels.
According to certain embodiments, these hydrdphilic particles are applied i‘n powder form
over tacky sizing or other tacky secondary coating materials.

[0188] In one embodiment of the present invention, a fiber strand comprising a

plurality of fibers is at least partially coated with a resin compatible coating composition
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componen i an amount which is different from the amount of the same component
contained in the primary sizing or secondary coating composition.

{0191} In this embodiment, the secbndary coating composition comprises one or
more poiyfnéric materials discussed above, such as polyurethane, and the tertiary
powdered coating composiiion cornprises solid pa.rticle.s, such as the POLARTHERM®
boron nitride particles, and hollow particles, such as ROPAQUE® pigments; which are
discussed above. The powdered coating can be applied by, for example, passing the
* strand having a liquid secondary coating composition applied thereto through a fluidized
bed or spray device to adhere the powder paﬁicies to the tacky secondary coating
composition. Alternatively, the strands can be assembled into a fabric 912 before the
Iayér of tertiary coating 920 is applied, as shown in Fig. 9. Composite or laminate 910, _
which cémbines fabric 912 with a resin 914, also includes an electrically conductive layer
922, similar to the construction shown in Figure 8 which will be discussed later in greater
detail. The weight percent of powdered solid particles adhered to the coated fiber strand

-56-



F GH Conp. Sanple Y full bobbin 0.887 0.241 greater
than 10 0.065 0.192 136 grans (3/10 pound) O. 856
0.017 greater than 10 0.013 0.320 272 grans (6/10

pound) 0.676 0.030 greater than 10 0. 101
WO 2005/077853 PCT/US2005/002694

310 can range from 0.1 to 75 weight percent of the total weight of the dried strand, for
example from 0.1 to 30 weight percent. o |

[0192] The tertiary powdered coating can also include one or more polymeric
materials such as are discussed above, such as acrylic polymers, epoxies, or polyolefins,
conventional stabilizers and other modifiers known in the art of such coatings, wh:ch may
be in dry powder form,

[0193] In one embodiment, a fiber strand comprising a plurality of fibers is at least
partially coated with a primary coating of a sizing composition applied to at least a portion
of a surface of the at least one fibef, a secondary coating composition comprising a
polymeric material applied to at least a portion of the primary composition, and a tertiary
coating composition comprising discrete particles applied to at least a portion of the
secondary coating. In another embodiment, a fiber strand comprising a plurality of fibers
is at least partially coated with a primary coating of a sizing composition applied to at _
least a portion ofé surface of at least one of said fibers, a secondary coating composition
comprising a polymeric material applied to at least a portion of the pfimary composition,
and a tertiary coating composition compnsmg famellar particles applied to at least a
portion of the secondary coatlng ) _

[0194] In one embodiment, at least one of th'éﬁ"c'owatings in each of the foregoing
embodiments is different. In another embodiment, at least two of the coalings-in each of
tmmmwmaWMMwmmHMQmeNMmemmmmWWMWQMMa7
residue of an aqueous emulsion or a ‘powdered coating composition. The coating
compositions corhprise one or\more coating components discussed above.

[0195] The various embodiments of the coated fiber strands discussed above can
be used as continuous strand or further processed into diverse preducts such as
chopped strand, twisted strénd, =rovin§ and/or fabric, such as wovens, nonwovens
(including but not limited to unidirectional, biaxial and friaxial fabrics), knits, mats (both
chopped and continuous strand mats) and multilayered fabrics (i.e. overlaying layers of
fabric held together by stitching or some other material {o form a three-dimensional fabric
structure). In addition; the coated fiber strands used as warp and weft (i.e. fill) strands of
a fabric cén be non-twisted (also referred to as untwisted or zero twist) or twisted prior to
weaving and the fabric can include various combinations of both twisted and non-twisted .
h warp and weft strands. _

- [0196] Certain embodiments of the present invention may include an at least
partially coated fabric comprising at least ane of the fiber strands comprising a plurality of
fibers discussed in detail above. Thus, an at least partially coated fabric made from each

57-



0.192 GATE TENSI ON (nunber of hairs per neter)
Gate 2 - 0.039 - 0.0235 . 0.721 Gate 3 _ 0.025 0.028

0.571 Gate 4 - 0.0125 - 0.068 0.4795

WO 2005/077853 . PCT/US2005/002694

of the disclosed fiber strands comprising a plurality of fibers is, therefore, contemplated in
he preéent invention. For example, according to one e'mbo'diment of the present
invention there is an at least partially coated fabric comprising at least one strand
comprising plurality of fibers, the coating comprising an organic component and famellar
particles having a thermal conductivity of at least 1 Watt per meter K at a temperature of
300K. '

[G187] In one embodiment of the present invention, the coating compositions
according to the present invention are applied to an individual fiber. In another
~ embodiment, the coating is applied to at least one fiber strand. In another embodiment,
fhe coating composition according to the present invention is applied to the fabric. These
aliernative embodiments are fully discussed below. '

[0198] Although the prior discussion is generally directed toward applying the
coating composition of the present invention directly on glass fibers after fiber forming
and subsequently incorporating the fibers into a fabric, the present invention also
includes embodiments wherein the coating composition of the present invention is
applied to a fabric. The coating composition can be applied to a fabric, for example, by
applying the coatihg toa ;’iber-strand before the fabric is manufactured, or by applying the
coating to the fabric after it has been manufactured using various téchniques well known
in the art. Depénding on the processing of the fabric, the coating composition of the
bresent invention can be applied either direcily to the glass fibers in the fabric or to
another coating already on the glass fibers and/or fabric. For example, the glass fibers
can be coated with a conventional starch-oil sizing after forming and woven into a fabric,
The fabric can then be treated to remove starch-oil sizing prior to applying the coating
. composition of the present invention. This sizing removal can be accompfished using
techniques well known in the art, such as thermal treatment or washing of the fabric. In
this instance, the coating composition would directly coat the surface of the fibers of the
fabric. If any portion of the sizing corhposiiion initially applied to the glass fibers after
forming is not removed, the coating compositioh of the present inventibn would then be
applied over the remaining portion of the sizing composition rather than directly to the
fiber surface. ‘

[0199] In another embodiment of the present invention, selected components of
the coating composition of the present invent_ién can be applied to the glass fibers
immediately after forming and the remaining components of the coating composition can
be applied to the fabric after it is made. In a manner similar to that discussed above,

some or all of the selected components can be removed from the glass fibers prior to
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coating the fibers and fabric with the remaining components. As a result, the remaining
| components will either directly coat the surface of the fibers of the fabric or coat those
selected components that were not removed from the fiber surface.

[0200] In another embodiment according to the present invention, a fabric
comprising at least one strand comprising a plurality of ﬁbefs is at least partially coated
with a primary coating and a secondary coating on at least a portion of the primary
coating, the secondary coating comprising particles of an inorganic material having a
thermal conductivity greater than 1 Watts per meter K at a temperature of 300K,

© [0201] In another embodiment, a fabric comprising at least one strand compfising
a plurality of fibers is at least partially coated with coating comprising (a) lameliar,
inorganic particles having a Mohs' hardness value which does not exceed the Mohs'
hardness va‘!ue of the at least one glass fiber, and (b) a film-forming material.

[0202] in yet andther embodiment, a fabric cornprising at least one strand
comprising a plurality of fibers is at least partially coated with a coating comprising (a)
metallic particles ha\)ing a Mohs' hardness value which does not exceed the Mohs'
hardness value of the at least one glass fiber, the metallic particles being selected from
indium, thallium, tin, coppef, zinc, géid and silver, and (b) a film-forming material.

[0203] In another embodiment, a fabric cpmpriéif;g at least one sirand comprising
a plurality of fibers is at least partially coated with a primary-coating and a secohdary
coatirig‘cﬁ at least a portion of the primary coating, the secdndary cdating comprising a
plurality of hydrophilic particles Which absorb and i'etain water in the interstices of the
hydrophilic particles.

[0204] In still another embodiment of the present invention, a fabric comprising at
least one strand comprising a plurality of fibers has a resin compatible coating
composition on at least a poﬁion of a surface of the fabric, the resin compatible coating
. compoésitioh comprising (a) a plurality of discrete partic!es formed from materials selected
from organic materials, inorganic polymeric materials, composite materials and mixtures
thereof, the particles having an average particle size, measured according'to laser
- scattering, ranging from 0.1 to 5 micrometers, (b) at least one lubricious material different
from said pluraliiy of discrete particles, and (c) at least one film-forming material,

[0205] In another embodiment, a fabric comprising at least one strand cbmprising
a plurality of fibers has a resin compatible coating composition on at least a portion of a |
surface of the fabric, the resin compatible coating composition comprising (a) a plurality |

of discreteﬁ. non-waxy particles formed from materials selected from organic materials,
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composite materials and mixtures thereof, and at least one lubricious material different
from said plurality of discrete parficles. |

[02086] In arother embodiment of the present invention, a fabric comprising at
least one strand comprising a plurality of fibers has a resin compatible coating
- compaosition on at least a portion of a surface of the fabnc the resin compatible coating
composition comprising (a) a plurality of hollow organic particles, and (b) at least one
polymeric material different from the hollow organic particles.

- [0207] Another embodiment of present invention is directed to a fabric comprising
at least one strand comprising a plurality of fibers, wherein at least a portion of the fabric -
- has a resin compatibie coating with a loss on ignition of rénging frdm 0.11o0 1.6, and an
air permeability, measured according to ASTM D 737, of no greater thén 10 standard
cubic feet per minuté per square foot. _

_ [0208]} As used herein, "air perméabi!ity” means how permeable the fabric is to
flow of air therethrough. Air permeability can be measured by ASTM D 737 Standard
Test Method for Air Permeability of Textile Fabrics, which is specificatly incorporated by
reference herein. _
[0209] These components used in these various embodiments can be selected
-from the coating components discussed above, and additional components can also be
. selected from those recited above.
[0210] According to certain embodiments of the present invention, a fabric
. adapted to reinforce an electronic support is made by a method comprtsmg the steps of:
(a) obtaining at least one filf yarn compnsmg a plurality of fibers and having a
first resin compatible coating on at least a portion of the at least one fill yamn;
_ {b) | obtaining at least one warp yarn comprising a plurality of fibers and having
a second resin compatible coating on at least a portion of the at least one warp yarn; and
{c) weaving the at least one fill yarn and the at least one warp yarn having a
loss on ignition of less. than 2.5 percent by weight to form a fabric adapted to reinforce an
elef:tronic support. | | o
__ [0211] In an additional embodiment of the present invention, a'fabric is
assembled by (a) s]tdlngly contactlng at least a portion of a first glass fiber strand
comptising a plurality of glass fibers having on at least a portion of surfaces thereof a
coating according to any of the previous embodiments, either individually or in
combihatioh, which inhibit abrasive wear of tﬁe surfaces of the plurality of glass fibers, in
sliding contact with surface asperities of a partion of a fabric assembly device, the
surface asperities having a Mohs” hardness value which is greater than a Mohs’ hardness
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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. ' __

[0212] Further embodiments of the present invention are directed to methods for
inhibiting abrasive we_ar of a fiber strand compriéing at least one glass fiber by sliding

. contact with surface asperities of a solid object comprising:

(a) applying a coating cdmposition according to any of the previous
embodiments, either individually or in éombination, to at least a portion of a surface of at
least one glass fiber of a glass fiber strand;

| (b} at least partially dryfrig the composition to form a sized glass fiber strand
having a residue .of the composition upon at least a portion of the surface of the at least
one glass fiber; and

(c) sliding at least a portion of the glass fiber strand to contact surface
asperities of a solid object, the surface asperities having a hardness value which is
greater than a hardness value of the at least one glass fiber, such that abrasive wear of

" the at least one glass fiber of the glass fiber strand by contact with the surface asperities
of the solid object is inhibited by the coating composition.

" [0213] As above, the components of the coatings used in these embodtments can
‘be selected from the coating components discussed above, and additional components
-can also be selected from those recited ébove; '

i02i4] The coated fiber strands 10, 210, 310 and products formed therefrom,
such as the coated fabrics recited above, can be used in a wide variety of applications,
for example, as r,einforcemen'ts 410 for reinforcing polymeric matrix materials 412 to form

a composite 414, such as is shown in Fig. 4, which will be discussed in detail below.
Such applications include but are not limited to laminates for printed circuit boards,
reinfbrcéments for telecommunications cables,-and various other composites.

-[0215] The coated strands and fabrics of the present invention are, accordmg to
certain embod:ments compatible with typical polymeric matrix res:ns used to make
electronic supports and printed circuit boards. In addition, accerding to certain
embodiments the coated fiber strands are suitable for usqﬁgg__air—jet looms, which are
commoﬁly used to make the reinforcing fabrics for such applications. Conventional
siging 'composftions applied to fibers 10 be woven using air-jet looms include components

such as starches and oils that are generally not compatible with such resin systems. It

“““fias been obsérved that weaving characteristics of fiber strands coated with a coating

composition comprising particles 18 in accordance with the present invention
approximate the weaving characteristics of fiber strands coated with conventional
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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 paricles
18 of the instant invention function in a manner simitar to the starch component of -
conventional starch/oil sizing compositions during processing and air-jet weaving by
providing‘ the necessary fiber separation and air drag for the air jet weaving operation but
- function in a manner different from the corwentioﬁa!r compositions by providing
compatibility with the epoxy resin system. For example, the particles 18 contribute a dry,
po;ﬁrder characteristic to the coating similar to the dry lubricant characteristics of a starch
_ coating. ' |

[0216] In the coated strands of certain embodiments of the present invention, the
particles can advantageously provide interstices between the fibers of the strand which
facilitate flow of the matrix materials therebetween to more quickly and/or uniformly wet-
out and wet-through the fibers of the strand. Additionally, the strands b‘refefably have
high strand openness (discussed above) which also facilitates flow of the matrix material
into the bundles. Surprisingly, in certain embodiments, the amount of particles can
exceed 20 weight percent of the total solids of the coating composition applied to the
fibers, yet still be adeduately adhered to the fibers and provide strands having handling
characteristics at least comparable to strands without the particle coating.

[0217] Referring now to Fig. 8, according to certain embodiments of the coated
strands of the present invention is that laminates 810 made from fabrics 812 _
inéorporating the coated strands can have good coupling at the interface between the
fabric 812 and the polymeric matrix material 814. Good interfacial coupling can provide
for good hydrolytic stability and resistance to metal migration (previousiy discussed} in
gléctronic supports 818 made from laminates 810. 7

[0218] In ancther non—limitihg embodiment shown in Fig. 5, coated fiber strands
510 made according to the present invention can be used as warp and/or weft strands
514, and 516 in a knit or woven fabric 512 reinforcement, preferably to form a laminate |
for a printed circuit-board (shown in Figs. 7-9). Although not required, the warp strands
514 can be twisted prior to use by any conventional twisting technique known to those
skilled in the art. One such technique uses twist frafnes to impart twist to the strand at
0.51t0 3 turns per inch. The reinforcing fabric 512 can preferably inciude 5 to 10b warp
strands 514 per centimeter (about 13 to 254 warp strand per incuh) 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. 8), although any
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EeAMPLsbctBas a shuttle loom, air jet loom or rapier loom, but preferably is formed using |

-an air jet loom. Air jet looms are commercially available from, for example, Tsudakorna
of Japan as Model Nos. 103, 1031 1033 or ZAX; Sulzer Ruti Model Nos. L-5000, L-5100
or L-5200 which are commercially available from Sulzer Brothers LTD. of Zurich,
Switzerland; and Toyoda Model No. JATE10. ' .

| [0220] As set forth in the figures, air jet weaving refers to a type of fabric weaving

using an air jet loom 626 {shown in Fig. 8) in which the fill yarn (weft) 610 is inserted into
the warp shed by a blast of compressed air 614 from one or more air jei ,noﬁles 618
{shown in Figs. 6 and 6a), as discussed above. The fill yarn 610 is propelled across the
width 624 of the fabric 528 (about 10 to about 60 inches), and more preferably 0.91
meters {gbout 36 inches) by the compress;ed air. ‘

[0221] The air jet filling system can have a single, main nozzle 6186, but also may
have a plurality of supplementary, relay nozzles 620 élong the warp shed 612 for
providing blasts of supplementary air 622 to the fill yarn 610 to maintain the desired air
pressure as ‘-the yarn 610 traverses the width 624 of the fabric 628. The air pressure
{gauge} supplied fo the main air nozzie 616 rangés from, for example, 103 t0 413
kiloPascals (kPa) (about 15 16 about 60 pounds pér square inch (psi)), such as 310 kPa
{(about 45 psi). The style of main air nozzle 616 can be a Sulzer Ruti neéﬁle air jet nozzle
unit Model No. 044 455 001 which has an internal air jet chamber having a diameter 617
‘of 2 millimeters and a nozzle exit tube 619 having a length 621 of 20 centimeters
{commercially available from Sulzer Ruti of Spartanburg, North Carolina). According to
certain embodiments, the air jet filling system has 15 to 20 ‘supplementary air nozzles 620
which supply auxiliary blasts of air in the direction of travel of the fill yarn 610 to assist in
propefﬁng the yarn 610 across the loom 626. The air pressure (gauge) supplied to each
supplementary air nozzle 620 preferably ranges from 3 to 6 bars.

[0222] Thé fil 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 such as 274 meters
(é‘bmit 300 yards) per minute, The fili yarn7610 is fed into the main nozzle 618 through a .
clarmp. A blast of air prbpels a predetermined length of yarn (approximately equéf to the
desired width of the fabric) through the confusor guide. When the insertion is completed,
the end of the yarn distal to the main nozzle 618 is cut by a cutter 634.
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which has an internal air jet chamber having a diameter 617 of 2 millimeters and a nozzle
exit tube 619 having a length 621 of 20 centimeters (commercially available from Sulzer
Ruti of Spartanburg, North Carolina) at an air pressure of 310 kiloPascals (about 45
pounds per square inch) gauge. A tensiometer is posutzoned in contact with the yarn ata
position prior to the yarn entering the air jet nozzle. The tensiometer provides a-
measurement of the gram force (drag force) exerted upon the yarn by the air jet as the
yarn is pulled into the air jet nozzle.

[0224] The drag force per unit mass can be used as a basis for relative
comparison of yarn samples. For relative comparison, the drag force measurements are
normalized over a one centimeter length of yamn. The Gram Mass of a one centimeter
length of yarn can be determined according to Equation 2:

~ Gram Mass = (n (d72)%) (N) (Pgass) {1 centimeter length of yarn)  (Eq. 2)

where d is the diameter of a single fiber of the yarn bundie, N is the number of
fibers in the yarn bundle and py.s is the density of the gtass\a't a temperature of 25°C
(about 2.6 grams per cubic centimeter). Table C lists the diameters and number of fibers
inayarn for‘severar typical glasé fiber yarn products.

TABLE C
Yarn type o Fiber Diameter | Number of Fibers in Bundle
(centimeters)
G75 9x10% ' 400
G150 | 9x 107 200
E225 ' 7Xx10° 200

. D456 572 x 10 200

{0225] For example, the Gram Mass of a one centimeter length of G75 yarn is(n
(9 x 107%2)%) (400) (2.6 grams per cubic centimeter) (1 centimeter length of yam) = 6.62 x
10" gram mass. For D450 yarn, the Gram Mass is 1.34 x 10™ gram mass. The relative
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7 [0226]) The Air Jet Transport Drag Force of the yarn used to form a woven fabnc

for a laminate according to the present mvention, determined according to the Air Jet
Transport Drag Force Test Method discussed above, may be greater than 100,000 gram
force per gram mass of yarn, or, for example, rahge from 100,000 to 400,000 gram force
per gram mass of yam, such as from 120,000 to 300,000 gram force per gram mass of
yarn.

[0227] The fabric of the present invention s, according to certain embodiments,
woven in a style whicﬁ is suitabie for use in a laminate for an electronic support or printed
circuit board, such as are disclosed in “Fabrics Around the World”, a technical bulletin of
Clark-Schwebel, Inc. of Anderson, South Carolina (1995), which is spec_:iﬁcally
incorporated by reference herein. The laminates can be a unidirectional laminate
wherein most of the fibers, yams or strands in each layer of fabric are oriented in the
. same direction. | ‘

[0228] For example, a' non;limiting fabric style using E225 E-glass fiber yarns is
Style 2116, which has 118 warp yarns and 114 fill (or weft) yarns per 5 centimeters (60
~ warp yarns and 58 fill yarns per inch); uses 7 22 1x0 (E225 1/0) warp and fill yarns; has a
norminal fabric; thickness of 0.094 millimeters (about 0.037 inches); and a fabric weight (or
basis weight) of 103.8 grams per square meter (about 3.06 cunces per square yard). A
non-limiting example of a fabric style uSIng G75 E-glass fiber yarns is Style 7628, which
has 87 warp yams and 61 fill yarns per 5 centimeters (44 warp yarns and 31 fill yaras per
inch}, uses 9 68 1x0 (G75 1/0) warp and fill yams; has a nominal fabric thickness of
0.173 millimeters (about 0.0068 inches); and a fabric weight of 203.4 grams per square
meter (about 6.00 ounces per square yard). A non-limiting example of a fabric style
using D450 E-glass fiber yarns is StyEe 1080, which has 118 warp yarns and 93 fill yarns
per S centimeters (60 warp yarns and 47 fill yarns per inch); uses 5 11 1x0 (0450 1/0)
warp and fill yarns; has a nominal fabric thickness of 0.053 millimeters (about 0.0021
inches), and a fabric weight of 46.8 Qrams per square meter (about 1.38 ounces per
square yard). A non-limiting example.of a fabric style using D900 E-glass fiber yarns is
Style 106, which has 110 warp yarns and 110 fill yarns per 5 centimeters (56 warp yamns
and 36 fill yarns per inch); uses 5 5.5 1x0 {D900 1/0) warp and fill yarns; has a nominal
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fabric thickness of 0.033 millimeters {about 0.013 inches); and a fabric WEEght of 24.4
grams per square rﬁétef (about 0.72 ounces per square yard). Another non-timiting -
example of a fabric style using D800 E-glass fiber yamns is Style 108, which has 118 warp
yarns and 93 fill yams per 5 Céntimeters {60 warp yarns and 47 fill yarns per inch); uses 5
5.5 1x2 (D00 1/2) warp and fill yarns; has a nominal fabric thickness of 0.061 millimeters
{(about 0.0024 inches); and a fabric weight of 47.5 grafns per square meter (ahout 1.40
ounces per square yard). A non-limiting example of a fabric style using both E225 and
D450 E-glass fi ber yarns is Style 2113, which has 118 warp yarns and 110 fill yarns per 5
centimeters (60 warp yarns and 56 fill yarns per inch): uses 7 22 1x0 (E225 1/0) warp
yarn and 5 11 1x0 (D450 1/0) fili yarn; has a nominal fabric thickness of 0.079 millimeters \
(about 0.0031 inches); and a fabric weight of 78.0 grams per square meter (about 2.30
ounces per sql}are yard). A non-limiting example of a fabric style using both G50 and
G75 E-glass fiber yérns is Style 7535 which has 87 warp yarns and 57 fill yarns per 5
centimeters (44 warp yai'ns and 29 fill yarns 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 millimeters
{about 0.0079 mches) and a fabric wetght of 232.3 grams per square meter (about 6.85
ounces per square yard) ' : :
[0229] These and other useful fabric sty!e 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 l-’ackagmg Electronic Circuits (June 1997), which
s specrf’ ically incorporated by reference herein. Although the aforementloned fabric
styles use twisted yarns, it is contemplated that these or other fabric styles using zero-
twist yarns or rovings in conjunction with or in Iiéu of twisted yarns can be made in
accordance with the present invention.

' [0230] In an embodiment of the present invention, some or all of the warp yarn in
the fabric can have fibers coated with a first resin cornpatible sizing composition and
some or all of the fill yam can have fibers coated with a second resin compatible coating :
differing from the first composition, i.e., the second composition (1) contains at least one
component which is ‘chemically.different or differs in form from the components of the
first sizing composition; or (2) contains at least one component in an amount which is
different from the amount of the same component contained.in the first sizing

7 composmon
[0231] Referring now to Fig. 7, the fabric 712 can be used to form a composite or
laminate 714 by coating and/or impregnating with a matrix material, preferably a

polymeric film-forming thermoplastic or thermosetting matrix material 716. The
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?QE ; EP@éﬁéggg?e:ﬁfQngeanihe present invention are directed to a reinforced

composite comprising at least one partial coated fiber strand comprising a plurality of
fibers discusse_d in detail above. Reinforced com;josites made from each of the
disclosed fiber strands comprising a plurality of fibers are therefore contemplated by the
present invention. For example, one embodiment of the présent invention is directed to a
reinforced composite compﬁsing a ‘mat’rix material and at least one partially coated fiber
strand comprising a plurality of fibers, the coating comprising an organic component and
tamellar particles having a thermal conductivity of at least 1 Watt per meter Kata
temperature of 300K, " '

[0233] Another embodiment of the present invention is directed to a reinforced
composite 'compfising (a) an at least partially coated fiber strand comprising a pihra]ity of
fibers, the coating comprising at least one lamellar particle, and (b) a matrix material.

10234} Yet another embodiment is directed to a reinforced composite comprising
(a) an at least partially coated fiber strand comprising a plurality of glass fibers, the
coating comprising a residue of an aqueous composition comprising {i) a plurality of
discrete particles formed from materials selected from organic materials, inorganic
polymeric materials, composite materials and mixtures thereof; (ii)‘at feast one lubricious
material different from said plurality of discrete particles; and (iii) at least one film-forming
material; and (b) a matrix material.

' N [0235] Still another embodiment of the present invention is directed to a

_ reinforced composite comprising at least one fiber strand and a matrix material, wherein
the reiﬁforced composite further comprises a residue of an agueous composition

- comprising (a}a plurality of discrete particles formed from materials selected from
organic materiafs, inorganic polymeric materials, composite materials and mixtures
thereof; (b) at least one lrubricious”rri‘iéterial different from 'sgid plurality of discrete
particiesi and (c) at least one film-forming material. 7

[0236] Ancther embodiment of the present invention'is directed to a reinforced
composite comprising (a) an at least partially coated fiber strand comprising a plurality of

glass fibers, the coating comprising a residue of an aqueous composition comprising
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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; and {b) a matrix material.

[0237] Another embodirﬁent is directed to a reinforced composite comprising at
least one fiber strand comprising a plurality of glass fibers and a matrix material, wherein
the reinforced composite further comprises a residue of an agqueous composition
comprising greater than 20 weight percent on a total solids basis of discrete particles
wh:ch have a Mohs’ hardness value which does not exceed a Mohs’ hardness value of at
least one of said glass fibers. _ o

[0238] An additional embodiment of the present invention is directed to a
reinforced composite comprising (a) at least one fiber strand comprising a plurality of
glass ﬁbérs. 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 aﬁd mixtures thereof, wherein the discrete

. particles have an average particle size less than § micrometers; and (b) a matrix material.
For example, the plurality of discrete particles may be formed from materials selecled
from hbn~he’at expandable organic materials, inorganic polymeric materials, non-heat
expandable composite materials, and mixtures of any.of the foregoing.

[0239] The components of the coatingé and resin compatible compositions used
in the foregoing embodiments directed to reinforced composites can be selected from the
coating components discussed above, and additional components can also be selected
from those recited above.. - ‘ .

[0240] Matrix materials useful in certain embodiments of the present invention
include, for example, thermosetting materials such as thermosetting polyesters, viny!
ésters, epoxides (containing at least one epoxy or oxirane group in the molécule, such as
polyglycidy! ethers of polyhydric alcohols or thiols), phenolics, aminoplasts, thermosetting

. polyurethanes, derivatives of any of the foregoing, and mixtures of any of the foregoing.

“Matrix materials for forming laminates for printed circuit boards are, according to certain
embodiments, FR-4 epoxy resins, which are polyfunctional epoxy resins such as
difunctional brominated epoxy resins, polyimides and liquid crystalline polymers, the
compositions of which are well know to those skilled in the art. if further :nformatro.n

regardmg such compositions is needed, see E!ectromc Materials Handbook™, ASM

International (1989) at pages 534-537, whlch is specifically incorporated by reference

herein.
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[0241]) Non-limiting examples of suitable polymeric thermoplastic matrix materials
include polyolefins, polyamides, thermo'plastic polyurethanes and thermoplastic
plolyesters, vinyl polymers, and mixtures of any of the foregoing. Further examples of
* useful thermoplastid materials include polyimides, polyether sulfones, polyphenyl
sulfones, polyetherketones, 'pofypheny!ene oxides, polyphenylene sulfides, polyacetals,
* polyviny! chiorides and polycarbonates. -

[0242] An exemplary matrix material formulation consists of EPON 1120-A80
epoxy resin (commercially available from Shell Chemical Company of Houston, Texas),
diéy’andiamide, 2-methylimidazole and DOWANOL PM glycol ether (commercially
available from The Dow Chemical Co. of Midland, Michigan).

[0243] Other components which can be included with the polymeric matrix
material and reinforcing material in the composite include colorants or pigmenits,
lubricants or processing aids, ultraviblet light (UV) stabilizers, antioxidants, other fillers
and exteﬁders. In one ermbodiment, inorganic materials are included With the polymeric
matrix :material. These inorganic materials include ceramic materials and metallic
materials, and can be selected from the Enorganic materials described in detail above.

[9244] The fabric 712 can be coated and impregnated by dipping the fabric 712 in
a bath of the polymeric matrix rhaterial 716, for example, as discussed in R. Tummala
(Ed.), Microelectronics Packaging Handbook, {1989} at pages'895—896, which are
specifically incorporated by reference herein. More genera-l'ly, chopped or continuous
fiber strand reinforcing material can be dispersed in the matrix material by hand or any

suitable automated feed or mixing device which dis_‘iribtites the reinforcing material
generally evenly throughout the polymeric matrix material. For example,-the reinforcing
material can be dispersed in the polymeric matrix material by dry blending all of the
-~ components concurrently or sequentially. ' '
[0245] The polymeric matrix material 716 and strand can be formed into a
composite or laminate 714 by a variety of methods which are dependent upon such
factors as the type of polymeric matrix material used. For example, for a thermosetting
matrix material, the composite ¢an be formed by compression or injection molding,
pultrusion, filament winding, hand lay-up, spray-up or by sheet molding or bulk molding
followad by compression or injection molding. Thermosetting polymeric matrix matérials
can be cured by the inclusion of crosslinkers in the matrix material and/or by the -
application of heat, for example. Suitable crosslinkers useful fo crosslink the polymeric
matrix material are discussed above. The temperature and curing time for the

thermosetting polymeric matrix material depends upon such factors such as, but not
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IEr%:;l’ed to, the type of polymeric matrix material used, other additives in the matrix system
" and thickness of the composite.

-{0248] For a thermoplastic matrix material, suitable methods for forming the
composite include direct molding or extrusion compounding followed by 'injéction molding.
Methods and apparatus for forming the composite by the above methods are discussed
in I. Rubin, Handbook of Plastic Materials and Technology (1990) at pages 955-1062,
1178-1215 and 1225-1271, which are specifically incorporated by reference herein.

[0247] Additional embodiments of the present invention are directed to reinforced

laminates adaptéd for an electronic support comprising an at ieast partially coated fabric
comprising at least one fiber strand discussed in detail above. Thus, reinforced laminate
adapted for an electronic support made from each of the disclosed fabrics comprising at
least oﬁe fiber strand are therefore contemplatéd by the present invention. For example,
one embodiment of the present invention is directed to a reinforced laminate adapted for
an electronic support comprising a matrix material and an at least one partially coated
fabric comprising at least one fiber strand, the coating comprising an organic component
and lamellar particles having a thermal conductivity of at least 1 Watt permeterK ata
temperature of 300K. In a further embodiment, the coating is compatible with the matrix’
material in the reinforced laminate adapted for an electronic support. '

[0248] An additional embodiment of the present invention is directed to a
reinforced laminate adapted fof an electronic support, the laminate compfiéing (@)a
nﬁat_rix material, and at least one non-degreased fabric comprising at least one fiber
strand, at feést.a'portion of the at least one fabric having a coating which is compatible
with the matrix material in said reinforced laminate adapted for said electronic support.
Another embodiment of the present invention is directed to a retnforced laminate 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-fi inishing resin
compatible coating composition on at least a portion of a surface of the fabric.

[0249] As used herein, a “non-degreased fabric” is a fabric that has not
undergone a conventional fiber process removing non-resin compatible sizing materials
from the fabric. As discussed above, heat cleaning and water-jet washing, in addition to
scrubbing are examples of such conventional fiber processes. As used herein, a “non-
finishing” resin compatible coating composition refers to therr'esin compatible coating
compositions discussed above that are not used in conventional fiber finishing processes.
For example, a non-finishing resin compatible coating composition refers to the primary,
secondary and/or tertiary coating composition discussed above, but does not refer to
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{0251] (a) obtaining a fabric adapted to remforce an electronic support farmed
by weaving at least one fill yarn comprising a plura!ity of fibers and havmg a first resin
compatible coaling on at least a portion of the at least one fill yarn and at least one warp
yarn comprising a plurality of fibers and having a second resin compatible coafing on at
least a portion of the at least one warp yarn, .

{b) at least partially coating‘ ét least a portion of the fabric with a matrix
material resin; ' ,

{c)  atleast partially curing the at least partially coated fabric to form a prepreg
layer; and ' -

(d) laminating two or more prepreg Iayers together to form a laminate adapted
for use in the electronic support.

[0252] The components of the coatings used in the foregoing embodiments
directed to reinforced laminates can be selected from the coating components discussed
. above, and additional components can also be selected from those recited above.

[0253] Additional preferred embodiments of the present invention are directed to _
prepregs for an electronic support comprising an at least partially coated fabric
comprising at least one fiber strand discussed in detail above. Thus, prepregs for an
electronic support made from each of the disclosed fabrics comprising at least one f[ber
strand are therefore contemplated by the present invention. :

{0254] Another embodiment of the present invention is directed a prepreg for an
electronic support, the prepreg comprising (a) a matrix material, and at least one non-
degreased fabric comprising at least one fiber strand, at least a portion of the at least one
fabric having a coating which is compatible with the matrix material in said prepreg for
said electronic support. ?et another embodiment of the present invention is directed to a
prep;reg for an electronic suppont, the prepreg comprisihg (a) a matrix material, and (b) at
least one fabric Comprising at léast one fiber strand and having a non-finishing resin

compatible coating composition on at least a portion of a suiface of the fabric.
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portion of the at least one fabric in the electronic support. An additional embod:ment is
darected to an electronic suppoﬁ ‘comprising (a) at least one fabric cornpnsmg at least
one fiber strand and having a non-finishing resin compatible coating composition on at
least a portion of a surface of the fabric; and (b) at least one matrix material on atleasta
portion of the at least one fabric in the electronic support.

[0260] Yet another embodiment of the present invention is directed to é method
of forming an electronic support, the method comprising the steps of:

' (a) obtammg a fabnc adapted to reinforce an electronic support formed by
weawng 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 Ieast one fill yarn and at least one warp
yarn comprising a plurality of fibers and having a second resm compatible coating on at
least a portion of the at Ieast one warp yarn; A

(b) at least partially coating at least a portion of th(_e fabric with a matrix

material resin; _

(c) at least partially curing the coating into-the at jeast a portion of the fabricto

form a prepreg layer; and
' {d) laminating one or more prepreg layers together with one or more
electrically conductive layers to form the electronic support. .

[0261] Ina furiher preferred embodiment, the at least one fabric and the at least
one matrix form a first cornposite iayer in the electronic supporl. In another further
preferred embodiment, the electronic support further comprises a second composite
layer different from the first composite layer. : 7

' [0262] An additional embodiment is directed to an electronic circuit board
comprising (a) an electronic suppoert comprising (i) at least one non-degreased fabric
corﬁprising at least one fiber strand, at least a portion of the at least one non—degreased
fabric having a coatmg whlch Is compatible with a matrix material, ad (i) at least one '
matrix material on at [east a portion of the at least one fabric in the electronic support;
and (b) an electronically conduciive layer, the support and the conductive layer being
contained in the electronic circuit board. B

[0263] An additional embodiment is directed to an electronic circuit board _
comprising (a) an electronic support comprising (i) at least one fabric comprising at least
one fiber strand and having a non-finishing resin compatible coating composition on at
least a portion of a surface of the fabric; and (ii} at least one matrix material on atleasta

portion of the at least one fabric in the electronic support; and (b) an electronically
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conductive fayer, the support and the conductive layer bemg contained in the electronic
circuit board.

[0264] In a further embodiment, the electrically conductive layer is positioned

' édjacent to a selected portion of the electronic support. In another further embodiment,
the at ieaet one fabric and the at least one matrix form a first composite layer. In yet
“another embodiment, the electronic support further cemprises a second composite layer

different from the first composite layer. The electrically conductive layer can be, for
example, positioned adjacent tc a selected portion of the first and/or second composite
layers electronic support. ) |

[0265] Another embodirﬁeni of the present invention is directed to a method of
forming a printed circuit board, the method comprising the steps of:

{a)  obtaining an electronic support comprising one or more electrically
conductive Iayers and at least one fabric adapted to reinforce the electronic support
formed by weaving at least one fill yarn comprising a plurality of fibers and having a first
resin compatible coating on at ieast a portion of the at least one fill yamn and at least one
warp yern comprising a plurality of glass and having a second resin compatible coating
on at least a portion of the at least one warp yamn; and '

(b) patterning at least orie of the one or more electrically conductive layers of
the electronic support to form a printed circuit board.

[0266] The components of the coatings used in the foregoing embodiments
directed 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. B

7 [0267] If de'sired, apertures or holes (also referred to as “vias”) can be formed in
the-electronic supports, to allow for electrical interconnection between circuits and/or
_components on opposing surfaces of the electronic support, by any convenient manner
known in the art, including but not limited to mechanical drilling and laser drilling. More
specifically, referring' to Fig. 10, an aperture 1060 extends through at least one layer
1062 of fabric 1012 of an electronic support 1054 of the present invention. The fabric
1012 comprises coated fiber strands comprising a plurality of glass fibers having a layer
that is compatible with a variety of polymeric matrix materials as taught herein. In
~forming the aperture 1060, electronic eUppoﬂ 1054 is positioned in registry with an
aperture forming apparatus, such as a drill bit 1064 or laser tip. The aperture 1060 is
formed through a portion 1066 of the at least one layer 1062 of fabric 1012 by drilling
using the drifl 1064 or laser.
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[0268] According fo certain embodiments, the laminate has a deviation distance
after drilling 2000 holes through a stack of 3 laminates at a hole density of 62 holes per
square centimeter (400 holes per square inch) and a chip load of 0.001 with a 0.46 mm
(0.018 inch) diameter tungsten carbide drill of no greater than 36 rmicrometers. In an
additional embodiment, the laminate has a drill tool % wear after drilling 2000 holes

| through a stack of 3 laminates at a hole density of 62 holes per square centimeter (400
holes per square inch} and a chip load of 0.001 with a 0.46 mm {0. 018 inch) dlameter
tungsten carbide drill of no greater than 32 percent.

[0269] In further embodument, afluid stream comprising an inorganic lubricant is
dispehsed proximate to the aperture forming apparatus such that the inorganic lubricant
contacts at least a portion of an interface between the aperture forming apparatus and
the electronic support. The inorganic Iubricant may be, for example, selected from the

_ inorganic lubricant described in detail above.

:[0270} Another embodiment of the present invention, is directed to a method for
forming an aperture through a layer of fabric of an electronic system support for an
electronic circuit board comprising: o

(1) positioning an electronic system support comprising a portion of a layer of
fabric comprising a éoated fiber strand comprising a resin compatible coating
composition on at least a portion of a surface of the fabric, in which an aperlure is to be
formed in registry with an aperture formmg apparatus; and

) (2) forming an aperture in the portion of the layer of fabric. ]

[0271] After formation of the apertures, a layer of electrically conductive material

- is deposited on the walls of the aperture or the aperture is filled with an electrically
conductive material to facilitate the required electrical interconnection between one or
more electrically coﬁductive layers (not shown in Fig. 10) on the surface of the electronic
. support '1 054 and/or heat dissipation. The vias can extend partialty through or entirely
through the eiectronic support and/or printed circuit board, they can be exposed at one or
both surfaces of the electronic support and/or printed circuit board or they can be
completed buried or conta;ned within the electronic support andfor circuit board (“buried
via”). _ _
[0272] The electrically conductive layer 820 shown in Fig. 8 can be formed by any .
method well known to those skilled in the art. For example, but not limiting the present
invention, the electrically conductive layer can be formed by faminating a thin sheet or foil
of metallic material onto at least a portion of a side of the semi-cured or cured prepreg or

laminate. As an aiternative, the electrically conductive layer can be formed by depositing
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a layer of metallic material onto at least a portion of a side of the semi-cured or cured
prepreg or laminate using well known techniques including but not limited to electrolytic
plating, electroless plating or sputiering.. Metallic materials suitable for use as an
electrically eondt:ctive layer include but are not limited to copper, silver, aluminum, gold,
tin, tin-lead aflbys pailadium and combinations thereof,

{0273] In another nor-limiting embodiment of the present invention, the electronic
support can be in the form of a multilayered electronic circuit board constructed by
laminating together one or more electronic circuit boards (described above) with one or
more clad laminates (described above) and/or one or more prepregs (described above).
if desired, additional eieetricaliy conductive layers can be incorporated into the electronic
support, for example along a portion of an exposed side of the multilayered electronic
circuit board. Fudhefmore, if required, additional circuits can be formed from the
electrically conductive layers in a manner discussed above. It should be appreci‘éted that
depending on the relative positions of the layers of the multilayered electronic circuit
board, the board can have both internal and external circuits. Additional apertures are
formed, as discussed earlier, partially through or compiletely through the board to aliow
electrical interconnection between the layers at selected locations. It should be
appreciated that the resulting structure can have some apertures that extend completely
through the structure, some apertures that extend only partially through the structure, and
some apertures that are completely within the structure.,

) [0274] The thickness of the laminate forming the electronic support 254 is, for

example, greater ‘tharf 0.051 mm (about 0.002 inches), such as from 0.13 mm (abeut
0.005 inches) to 2.5 Enm (about 0.1 inches). For an eight ply laminate of 7628 style
fabric, the thickness is generally 1.32 mm (about 0.052 inches). The number of layers of
fabric in a laminate can vary based upon the desired fhickness of the laminate.

[0275] The resin content of the laminate can range, for example, from 35 to 80
weight percent and more preferabfy 40 to 75 weight percent. The amount of fabric in the
‘laminate can range, for example,. from 20 to 65 weight percent, such as from 25 to 60
weight percent.

[0276] Fora Iaminate formed from woven E-glass fabric and using an FR-4 epoxy
resin matrix material having a minimum giass transition temperature of 110°C, the

~ minimurn flexural strength in the cross machine or w:dth direction {generally
perpendicular to the Iongltudmai axis of the fabric, i.e., in the fill dtrectlon) is, for example,
greater than 3 x 107 kg/m?, for example, greater than 3.52 x 107 kg/m? (about 50 kpsi),
such as greater than 4.9 x 107 kg/m?(about 70 kpsi) according to IPC-4101 “Specification
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larnznate of iess than 5. 5 percent such as ranging from 0.01 to 5.0 weight percent,
according to IPC Test Method 2.4.41 (which is specifically incorporated by reference
herein). Each such laminate can contains eight layers of 7628 style fabric, although
styles such as, but not limited to, 106, 108, 1080, 2113, 2116 or 7535 style fabrics can
alternatively be used. In addition, the laminate can incorporate combinations of these
fabric styles. Laminates having low coefficients of thermal expansion are generally less
susceptiblé to expansion and contraction and can minimize board distortion.

{0278] The instant invention further contemplates the fabrication of multitayered
laminates and electronic circuit boards which include at least one composite layer made
according to the't‘eachings herein and at least one composite layer made in a manner
different from the composite layer taught herein, e.g. made using conventional glass fiber

compos_.ite_- technology. More sbecificél[y and as is well known to those skilled in the art,
| traditionally the filaments in continuous glass fiber strands used in weaving fabric are
treated with a starch/oil sizing which inciudes partially or fully dextrinized starch or
ramylose hydrogenated vegetable oil, a cationic wetling agent, emulsifying agent and
waler, mcludmg but not limited to those disclosed in Loewenstein at pages 237-244 (3d
Ed. 1993}, which is specnf cally incorporated by reference herein. Warp yarns prodqced
from these strands are thereafter freated 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. Pate!jt No. 4,530,876 at column 3, line 67 through column 4, line 11, which is
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COMPONENT T U Conparative Sanple Z thernopl astic

pol yurethane film formng pol yner.' 45 31.35 28.75

34.5 thernopl astic pol yurethane film form ng

pol ymer 146 46.9 43.1 51.7 pol yoxyal kyl ene pol yol
cBBSINIE’SD. 3 0. 27 0.3 epoxi di zed pol yester | BEFTS8P002694
6.55 6.0 7.22 ganma-am nopropyl triethoxysilane - :
cawpepifically ircgepotal@d By 2feBere Merefya nTis opeeatidaps ﬁmyfhonly referred to as

LhiABIAROAS bRy ALt 2D wRH §0%he starchioll size are generally not
compatible with the polymeric matrix material used by composite manufacturers and the
fabric is thus cleaned to remove essenlially all organic material from the surface of the
glass fibers prior to impregnating the woven fabrib. This can be accomplished in a
variety ways, for example by scrubbing the fabric or, more commonly, by heat treéting
the fabric in a manner well known in the art. As a result of the cleaning operation, there
is no suitable interface between the po!ymeric rmatrix material used to impreghate the
fabric and the cleaned glass fi ber surface, so that a coupling’ agent must be applled to
the glass fiber surface. This operation is sometime referred to by those skilled in the art
as finishing. The coupling agents most commonly used in finishing operations are
silanes, including but not limited to those disclosed in E. P. Plueddemann, Silane
Coupling Agents (1982) at pages 146-147, which is specifically incorporated by réference
herein. Also see Loewenétein at pages 249-256 (3d Ed. 1993). After treatment with the
sitane, the fabric is impregnated with a compatible polymeric matrix material, squeezed
between a set of metering rolis and dned to form a semicured prepreg as discussed
above it should be appreciated that in the present invention depending on the nature of
the sizing, the cleaning operation and/or the matrix resin used in the composite, the
stashing and/or finishing steps can be eliminated. One or more prepregs incorporating
conventional glass fiber composite technology can then be combined with one or more

prepregs incorporating the instant invention to form an electronic support as discussed
above, and in particular a multilayeréd laminate or electronic circuit board. For more
information regarding fabrication of electronic circuit boards, see Electronic Materials
Handbook™, ASM International (1989) at pages 113-115, R. Tummala (Ed)),
Microelectronics Packaging Handbook, (1989) at pages 858-861 and 895-909, M. W.
Jawitz, Printed Circuit Board Handbook (1997) at pages 9.1-8.42, and C. F. Coombs, Jr.
(Ed ), Printed Circuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are spec:f ically
incorporated by reference herein,

[0279] The composites and laminates forming the electronic supports of the

instant invention can be used to form packaging used in the electronics ihdustry, and
more particularly first, second and/or third level packaging, such as that disclosed in
Tummala at pages 25-43, which is speciﬁcali-y incorporated by reference herein. In
addition, the present invention can also be used for other packaging levels.

[0280] The present invention, in one non-limiting embodiment, the flexural

strength of an unclad laminate, made in accordance with the present invention from 8
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3.0 218 3.34 am no-functional organo silane coupling
agent 0.1 0.12 0.14 RELEASECOAT-CONC 25 14/ 9.1 16.7
0 Wiiteness Index -16.3 -15.0 -20.7 Yell owness | ndex _
39.3 38.1 42.7 [0364] As is shown in Table 5,

Seolossrrdssand U, each coated with a sizing  peraszoosooess
conposition containing boron nitride particles

. ' t i j d | ower - .
TR 500 s BERSE A I D .4 potmens
Begiphaving T, o 14099 drairtedted amdoaﬁritggm IMTMB%D’S; gxonma._z; (which Is
i A o . i i ) . (Y
SR8 5 00 48 I s oo b oo
RAYRH PESSQGFRF(2RpYifoR weigpBiarcels) when RFEd pruligits thesyarp
kiRGction BEHE fabtia sl ab ?re%%? Haft aﬂ%lo Wﬂ%ﬂn;%%ascals when

BB EERaTedl bRert kit | ds ani oni o particle
char gie28 an thather onainithly cadiment B the PRRERNFenforDife@hort
sy 0 BelohE l  SEAA PR EE AR oo
peefiar Eomalayeas aepies otiprepreg sorowed Hmwi M8ty 2628 Elglass fabric and
R L e
&h&héﬁ@@@ﬁi@any incorporated by reference herein) using a span length to thickness
ratio of 5, is,-for example, greater than 7400 pounds per square inch (about 51
megaPascals) _when-tested paralle! to the warp direction of the fabric, such as greater
than 5600 pounds per square inch {(about 39 megaPascals) when tested parallel to the fill :
direction of the fabric. A

[0282] In another non-limiting embodiment of the present invention, the short
beam shear strength of an unclad laminate, made in accordance with the present
‘invention from 8 layers or plies of prepreg formed from a Style 7628, E-glass fabric and
an FR-4 polymeric resin having a T, of 140°C and tested according to ASTM D 2344-84
using a span length to thickness ratio of 5 and after being immersed in boiling water for
24 hours, is, for e)karnple, gre\'ater than 5000 pounds per square inch (about 34
megaPascals} when tested parallel to the warp direction of the fabric, such as greater
than 4200 pounds per square inch (about 30 megaPascals) when tested parallel to the fill
direction of the fabric.
B [6283] The bresént invention also includes a method for reinforcing a matrix
material to form a composite. The method comprises: (1} applying to a fiber strand
reinforcw:irig" material at least one primary, secondary and/or tertiary coating com’position'
~ discussed in detail above comprising particles which provide interstitial spaces between
adjacent fibers of the strand; (2) drying the coating to form a coating upon the reinforcing
material; (3) combining the reinforcing material with the matrix material; and (4) at least
partially curing the matrix material to provide a reinforced composite. Although not
limiting the present invention, the reinforcing material can be combined with the polymeric
matrix material, for example by diépersing it in the matrix material. According to certain
embodiments, the coating or coatings form a substantially uniform coating upon the

reinforcing material upon drying. In one non-fimiting embodiment of the present
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[0285] it should be understood that in & spherical particle, for example, the
average particle dimension will correspond to the diameter of the particle. As a further
example, for an eliipsoidal particie the average particle dimension will correspond to the
average of its major and minor axes. In a rediangularly shaped particle, for example, the
average particle dimension will refer to the length, width or height of the particle. Thus,
generally, “average particle dimension” refers to the average of the characteristic
dimensions of a particle.

[0286] In a further non-limiting émbodiment, the particles have a Mohs’ hardness
value that is less than a Mohs® hardness value of any gfass fibers that are contained in
the fiber strand. _

[0287] The present invention also includes a method for inhibiting hydrolysis of a
matrix material of a fiber-reinforced composite The method comprises: (1) applying to a
fiber strand reinforcing matenal at least one primary, secondary and/or tertiary coatmg
composut:on discussed’in detail above comprising greater than 20 weight percent on a
total solids basis of discrete particles; (2) drying the coating to form coating upon the
reinforcing material; (3) cbm'bining the réinforcing material with the matrix material; and

(4) at least partially curing the matrix material to provide a reinforced composite. For
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prior to impregnating the woven fabric. This can be accomplished in a variety ways, for
example by scrubbing the fabric or, more cohmon-ly, by heat treating the fabricin a
manner well known in the art. As a result of the cleanihg operation, there is no suitable
interface between the polymeric matrix material used to impregnaté the fabric and the
cleaned-glass fiber surface, so that a coupling agent must be applied to the glass fiber
surface. This operation is sometime referred to by those skilled in the art as finishing.

Typically, the finishing size provides the fabric with an LOI less than 0.1%.
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Thermal Diffusivity (m2/sec) radial axial _
circunferential Sanple 0.37 0.33 0.49 Conparative

Sanple 0,38 0.38 0.57 [0372] Referring to

Table 7, the values of thermal diffusivity for the
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coeffi ci ent pansi on
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itinder ¢®t pendtratibn Stpgiyree® rein materials into the warp yarn bundle during
subsequent processing steps, such as pre-impregnation, even after the removal of the
slashing size.

[0293] Aithough slashing is not detrimental to the bresent invention, according to
certain embodiments slashing is not used or is used in reduéed amounts. Therefore,
according o certain embodiments of the present invention, the warp yarns are not
subjected {0 a slashing step prior to weaving and are substantially free of slashing size
residue. AS used herein, the term “substantially free” means that the warp yarns have
less than 20 percent by weight, such as less than 5 percent by weight of slashing size
residue. According to certain embodiments of the present inventiori, the warp yarns are
not subjected to a slashing step-prior to weaving and are essentially free of slashing size
residue, As used herein, the term “essentially free” means that the warp yarns have less
than O.Spercent by weight, such as less than 0.1 percent by weight, for example, 0
percent by weight of a residue of a slashing size on the surfaces thereof. However, if the
warp yarns arevsu'bjected o a secondary coating operation prior to wea_vihg, the amount
of the secondary coating applied to the surface of the warp yarns prior to weaving, can
be for example, less than 0.7 _percent by weight of the sized warp yarn.

[0224] In one embodiment of the present invention, the loss on ignition of the
warp yarns is, for example, less than 2.5 percent by weight, such as less than 1.5
percent by weight, such as less than 0.8 percent, during weaving. In addition, the fabric

of the present invention may be have an overall loss on ignition ranging form, for
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[0374] As shown in Table 8, for |am nate Sanples.
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made in accordance with the present invention, by reducing or eliminating paths of

ingress for moisture into the laminates and electronic supports. This can also have a

positive effect in reducing the tendency of printed circuit boards made from such

laminates and electronic supports to exhibit elecirical short failures due to the formation
-of conductive anodic filaments when exposed, under bias, td humid conditions,

[0296] The degreé of strand openness can be measured by an F-ihde:k test. In
the F-index test, the yarn to be measured is passed over a series of vertically aligned
rollers and is positioned adjacent to a horizontally disposed sensing device comprising a
light emitting surface and an opposing light sensing sdrf‘ace, such that a veriical axis of
the yarn is in generally parallel alignment with the light emitting and light sensing

* surfaces. The sensing device is mounted at a vertical height that positions it about half-
way between the vertically aligned rollers and the horizontal distance between the yarn
and the sensing device is controlled by movihg the rollers toward or away from the
sensing déﬁfibe. As the yarn passes over the rollers (typically at about 30 meters per
minute}, depending on the openness of the strand, one or more poﬂions of the yarn can
eclipse a portion of the Iight emanating from the emitting surface thereby triggering a
response in the light sensing surface. The number of eclipses are then tabulgted for a
given length of yarn (typically about 10 meters) and the resuiting ratio (i.e., number of
eclipses per unit length) is considered to be a measure of strand openness.

[0297] 1t is believed that the tight warp yarn structure of fabric woven from
conventional, slashed glass fiber yarns as well as the low openness of such yarns as

discussed above, results in these conventional fabrics having an air permeability that is
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higher than the air permeability of certain fabrics of the present invention, which include,

for example, an elongated warp yarn cross-section ahd higher warp yarn openness. In
one, non-limiting embodiment of the present invention, the fabric has an air permeability,
as measured by ASTM D 737 Standard Test Method, of no greater than 10 standard
cubic feet per minute per square foot (about 0.05 standard cubic meters per minute per
square meter}, for example, no greater than 5 cubic feet per minute per square foot (1.52
standard cubic meters per minute per square meter), such as no greater than 3 cubic
feet per minute per square foot (0.91 standard cubic meters per minute per square
meter). In another embodiment of the invention, thé 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 than 10 standard cubic feet per minute per square foot, more preferably no
greatér than 5 cubic feet per minute per square foot, and most preferably no greater than
3 cubic feet per minute per square foot. |

[0288] Although not meant to be bound or in any way limited by any particular
theory, it is postulated that warp yarns having elongated or flat cross-sections can also
lend to improved drilling performance in laminates made from fabrics incdrporatin'g the
warp yarns. For example, since the cross over points between the warp and fill yarns i'n
fabrics having warp yarns with elongated cress-sections will have a lower profile than
-conventional fabrics incorporé;ting warp yarns having circular cross-sections, a drifl bit
drilling through the fabric will contact fewer glass fibers during drilling and thereby be
subjected to less abrasive wear.

[0299] As previously discussed, in one embodiment of the present invention, both
the warp yarns and the fill yams can have, for example, a resm compatible primary
coating composition applled thereto dunng forming. The resin compatible primary
coating composition applied to the warp yarn can be the same as the resin compatible
primary coating composition applied to the fill yarn or it can be different from the resin
compatible primary coating composition applied to the fill yam. As used herein, the
phrase “different from the resin compalible primary coating composition applied to the fill
yarmn" in reference to the resin compatible primary coating compaosition applied to the
warp yarn means that at least one component of the primary coating composition applied

to the warp yam is present in an amount differen_t from that component in the primary
coating composition applied to the fill yarn or that at least one compornent present in the
primary coating composition applied to the warp yarn is not present in the primary coating
composition applied to the fil} yém or that at least one componént present in the primary
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gamma- et hacryl oxypropyl tri met hoxysil ane which is

ngrﬁﬁg rcsanabslmbnaaﬁghéda@ ke ffllry%m ;%f(ot\rﬂré%gtl g‘?ﬁpﬁ@frﬁ%}/ 2Bt

E\ith t@a aﬁ@leﬁé?ﬂlﬂv@ﬁ%y?rﬁﬁ ne \Nhl ch i s comerci al I y |
avai | @bb@ Ihsnnadctgn dndaitpg eaibboimeafl ofthéfleBBAkdvention, the glass

Py 040 LR T O s ROBAERS hen 260
$HRABEQED cutiGcadtid@ied. InROPAGUEEr ORNIBNidR), Breferdll. dnbodiment, the E-
5%?%'%0%& *nﬁ:fsa gty@ 7%28% fabric, produce a fabric having a tensile
strength parallel to the warp direction that is greater than the strength (in the warp '
direction) of conventionally heat—cleaned and finished fabrics of the same style.

.[0301] In one non-limiting embodiment of the presenti invention, the resin
compatible primary coating composition can be substantially free of “tacky” fim-forming
materials, i.e., the primary coating composition comprises, for example, less than 10
percent of “facky” film formmg materials by weight on a totai solids basis, such as less
than & percent by weight on a total solids basis.

[0302] In one embodiment, the resin compatible primary coating composition is
essentially free of “tacky” film-forming materials, i.e., the primary coating composition
comprises, for example, less than 1 percent by weight on a total solids basis, such as

_less than 0.5 percent by weight on a total solids basis, for instance less than 0.1 percent
by weight on a total solids basis of tacky fim-forming materials., Taéky film-forming
materials can be detrimental to the weavability of yarns to which they are applied, such
as by reducing the air-jet transportability of fill yarns and causing warp yarns to stick to
each other. A specific, non-limiting example of a tacky film-forming material is a water-
soluble epoxy resin film-forming material. 7

' [0303] An alternafive method of forming a fabric for use in an electronic support
~ application according to the present invention will now be discussed generally. The
method comprises the“steps of: (1) t;biainihg‘ af 7iuféa$t one fill yarn comprising a plurality
of glass fibers and having a first resin compatible coating applied to at least a portion
thereof; (2) obtaining at least one warp yarn comprising a plurality of glass fibers and

having a second resin compatible coating applied to at least a portion thereof; and {3)

weaving the at least one fill yarn and the at least one warp yam having a loss on ignition
of less than 2.5 percent by wéight io form a fabric adapted to reinforce an electronic
support. ‘

' [0304] A method of formin;; a laminate adapted for use in an electronic support
will now be discussed generally. The method comprises a first step of cbtaining a fabric
formed by weaving at least one fili yarn comprising a piurality of glass ﬁbérs and having a
first resin compatible coating applied to at least a portion thereof and at least one warp
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WO 2005/077853 PCTfU520051002694
“According to certain embodiments, this glass fiber product can be at least partiaily coated
with a coating that is a residue of a resin—compétibie coating composition. The resin-
compatible coating composition can include, for exarmple and among other things,
particles to be adhered to the glass fiber. _

[0308] The glass fiber product can be any type of glass fiber product, as
discussed previously herein. Eﬁ?amples include a glass fiber strand, a glass fiber yarn, a
'giass fiber prepreg, a glass fiber fabric, any combination thereof, or any part thereof. For
instance, according to certain embodiments, there is a glass fiber prepreg that includes 7
at least one glass fiber with adhered particles. The glass fiber product may include any
type of glass fibers, as discussed previously herein. Examples include E-glass fibers,
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and mixtures of
any of the foregoing. ' , 7 o

[0309] According to certain embodiments, the adhered particles héve an average
dimension ranging from 10 nm to 10 um. For example, the particles may have an
average diameter ranging from 10 nm to 5 pm, such as from 10 nm to 2 um, such as 10
nm‘loOGpm including 35nm1005,um 50 nmto 0.4 ym, 0.1 um 0 0.2 um, 25 nm to
50 nm, and 0.4 Hm 1o 0.6 ym, :ncIudmg any combinations or subcombinations of the
minima and maxima of these ranges.

[0310} According to certain embodiments, the average particle dimensions can
have a generally single peaked distribution. For example, all particles could have the
same average particle dImehsion or, as another example, the particles could have a
distribution of average particle dimensions, such as a Gaussian {i.e, bell-shaped) .
distribution, so that the average particle dimensions range above and below some mean
value. . | ‘

{0311} According to certain embodiments, the average particle dimension may
have a multimedal distribution. . For exampie, the average particles dimensions may have

" a bimodal d:stnbutson Higher modal distributions, such as trimodal, may also be used
according to certain embodiments. 7

[031_2] For exarnple, the distribution of particle diameters may have a first
maximum in- the range of from 10 nm t0 0.1 ym and a second maximum in the range of
from 0.1 um to 10 um. As another example, the distribution of partlc!e diameters may

~ have a first maxu"num in the range of from 25 to 50 nm and a second maximum in the
range of from 0.4 to 0.6 pm. According to still another example, the distribution of
particle diameters may have a first maximum and a second maximum both in the range

of from 10 nm to 10 um.
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Mbelsproduct includes small particles having an average particle dimension of not
more than 0.1 #m, and the small particles are present in an amount ranging from 0.5% to
25% by weight relative to a fotal weight of the coating on the fiber product.

[0316] According to certain embodiments, the particles may be formed from
materials selected from polymeric and non-polyméric inorganic materials, polymeric and
non-polymeric organic materials, composite materials, and mixtures of any‘of the
foregoing, as discussed previously herein. For example, the glass fiber product may

rinclude a mixture of organic particles and inorganic particles, or any other mixture of
particle compositions. ‘

[0317] Inorganic particles may be selected from, for example, particles wholly or
partially composed of boron nitride, molybdenum disulfide, graphite, molybdenum
diselenide, tantalum disuifide, tantalum dise!emde tungsten dtsulf de tungsten
d:selemde mixtures thereof, and as discussed prewously herein.

{0318} Organic particles maybe selected particles wholly or partially composed of
polyethylene, polymethylmethacrylates, polystyrenes, polyamides, aramids, thermoplastic
polyesters, thérmop%astic polyurethanes, polyethylene terephthalate, polybutylene
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terephthalate, acrylic polymers, polyacrylonitriles, polyolefins, polyurethanes, vinyl
polymers, polyvinyl alcohol, polyesters, viny! esters, epoxy materials, phenolics,

- aminoplasts, polycarbonates, polyolefins, mixtures of any of the foregoing, and as
discussed previously herein. As another example, the particles may include polymeric
organic particles, such as, particles wholly or partiaflly composed of polyethylene,
polystyrene, and mixtures of any of the foregoing.

[0319] According to certain embodiments, there may be at least two different
parlicles included in the fiber product. For example, there may be first particles and

~.second particles, where the first particles differ from the second particles m at least one
parameter. The parameter may be selected from, for example, size, shape, density,
organic composition, inorganic composition, hydrophilicity, hydrophobxcﬁy, lipoophiticity,
hpophobfcnty and crystallographic structure. By using first and second partlcles having at
least one different parameter, properties of the fiber product can be further tailored, such
as with respect to tackiness and strand openness, as discussed previously with respect
foa muftlmodal distribution of average particle dimensions.

[0320] According to certain embodiments, the partlcle size, the amount of
| pamcles or any combination thereof, is effective io reduce the tackiness of the glass
fiber product but without substantially increasing the tractive tension of the glass fiber

| product. For example, according to certain embodiments the tackiness of the glass fiber
product is reduced without increasing the tractive tension by more than 10% at at Jeast

© one pressure ranging from 25 to 40 PSI Measurements of tractive tension, which’
correlates with strand openness, are described in Exampie 20.

[0321] According to certain embodimefits, the particle size, the amount of

particles, or any combination thereof, is effective to reduce the tackiness of the glass
fiber product by at least 10%, such as, for example at least 25%, 45%, or 50%.
According to certain embodiments, the particle size, the amount of particles, or any
combmatlon thereof, is effective 1o reduce the tackiness of the glass fiber product by at
}east 50 g, such as at least 100 g.

[0322] According to certain embodiments, the partlcle size, the amount of
particles, or any cornbination thereof, is effective to reduce the tackiness of the glass
fiber and either spatially separate the filaments or reduce a degree of interfi Iament

" bonding, or both. Thus, according to certain embodiments, there is a glass fiber product
wherein the tackiness is reduced and the tractive tension is increased relative to an
otherwise comparable glass fiber product lacking the particles.
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m gﬁmontams at least 2%, at least 4%, or at least 5%, of dispersed particles
relative to the total solids content of the coating compositiori. The coating composition
can be, fbr example, a primary sizing, secondary sizing, tertiary sizing, slashing

| composition, or any cdn{binatidn or mixture thereof. The coating on the fiber product
may thus be formed from one composition, or more than one composition, with particles
present in some but not necessarily all of multiple coating compositions. Further, the
types (including size) and amounts of particles in and between any of muttiple
compositions may vary. ‘ ‘ ' _

- [0325] According to certain embodiments,-the coating composition used to at
least partially coat the fiber product contains dispérsed particles where the particle size,
the amount of particles, or any cbmbination thereof, is effective to reduce the tackiness of
the glass fiber product coated with the coating composition. The coating cornposition
may also co'ntain water (or another solvent or diluent or any combination thereof with or
without the water) in an amount effective to give a total solids content in the range of 0.5
EC; 60 weight percent. The total solids content can also range, for example, from 1 to 30
wéi‘ght percent. |

[0326] According to certain embodiments, the coating composition contains little
or no lubricants that are soluble in the coating composition. Although such lubricants
may be present according to certain embodiments, as shown in Example 24, it has been
found that the use of coating compositions containing particles can provide the same,
nearly the same, and sometimes even greater tackiness reduction for coated fiber
products as compared to coating compositions éontaining lubricants, both with and

~ without paﬁicles, For example, according to certain embodiments, the cdating
composition contains less than 1%, Such as 0%, of lubricants chosen from water-solubie
polymers, hydrocarbon oils, waxes, cationic lubricants, surfactants, soaps, and mixtures

thereof.
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[0327] According to certain embodiments, there is a method for reducing the
tackiness of a glass fiber product The method includes coating at least a portion of the
glass fiber product with a coating composition. The coating composition includes
dispersed parlicles where the particle size, the amount of particles, or any combination
thereof, is effective to reduce the tackiness of the coated glass fiber product. The
coating composition may also contaxn water (or another soilvent or diluent or any
combination thereof with or without the water) in an amount effective to give a total solids
content ranging from 0.5 to 30 weight percent.

[0328] According to certain embodiments, the method can further include
additional steps or processes, such as, for example, impregnating the glass fiber product
with at least one resin. According to this exemplary embodiment, the glass fiber product
includes at least two glass fi bers, and the coating composition includes the dispersed
particles such that the particle size, the amount of particles, or any combination thereof
is effective to separate the at least two glass fibers sufficient to allow for resin
impregnation between the at least two glass fibers. Further accordir{g to this exemplary
embodiment, the composition may also contain water (or another solvent or diluent or
any combination thereof with or without the water) in an amount to give a total saolids
content in the range of 0.5 to 30 weight percent. According to certain embodiments, the
coating method may be performed on at least one of the glass fibers prior to forming a
glass fiber product that contains more than one glass fiber.

[0329] According to certain embodiments, there is a method of (a) i mcreasmg
interfi ber separation in a fiber texturizing process and/or (b) | increasing fiber
entanglement in a fiber bulking process, comprising using in the process coated glass
fibers having a moisture-reduced residue of a sizing ireatment on at least part of their
surface. The coating composition may contain, for example and among other things,
dispersed particles of a size and amount-effective to (1) increase the interfiber separation

~or (2) increase thé fiber e’nténgl_ement among the coated glass fibers. According to

7 ceriain embodiments, the coating composition may include solvent in an amount to give a
total solids content in the range of around 0.5 to 60 weight percent. Increased
entanglement may include, for example, increased Jooping of the fibers to yield increased
entanglement, According' to certain embodiments, such as where texturizing and bulking
process are coincidental or sequential, interfiber separation and fiber entanglement may
both be increased, and the coating compos:tron may comprises dispersed particles of a
size and amount effective to increase both (1) the interfiber separation and (2) the fiber

entanglement among the coated glass fibers. For example, it has been qualitatively
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i
observed that using fibers coated with a coating containing ROPAQUE OP—QB@; {which
contains 0.5 ym holiow sbhere polystyrene particles) the bulk of the fiber product could
be increased.

[0330} According to certain embodiments, there is a method of reducing damage

‘to glass fibers during processing, such as the glass fiber processing discussed elsewhere

herein. Examples of such processing include forming, twisting, warping, -weaving, roving,
fitament winding, bulking, texturizing, braiding, knitting, or any combination thereof.

According to this embodiment, the method includes conducting the processing using

warp yarh that containing coated Aglass fibers, The warp 'yarn can Endude, for example,

fine yarn. ;

[0331] According to this exemplary embodiment, the coated glass fibers have a
moisture-reduced residue of a sizing treatment on at least part of their surface such that
particles are adhered to the coated glass fibers. The coating compossition accordingto
this embodiment includes dispersed particles where the particle size, the amount of
particles, or any combination thereof, is effective to reduce the tackiness of thé coated
glass fiber. The coating compositions may also contain water (or another solvent or
diluent or any combination thereof with or without the water) in an amount to give a total
solids content in the range of around 1 to 30 weight percent. According to certain
embodiments, the method includes reducing the stripping back of broken fibers, and
feeding the warp yam from a wound source of fiber, ‘

| [0332] According to certain embodiments, there is a method of reducing frictional
- drag on yarn as the yarn is pulled over a surface. The surface may be, for example,
~packages or yarn guides. The method includes using a yari, such as fine yarn, that
includes coated glass fibers, and feeding the yamn across the surface. The coated glass
fibers have a moisture-reduced residue of a sizing treatment on at least part of their
surface, and the coating composition includes dispersed particles where the parlicle size,
the amount of particles, or any combination thereof, i_s effective to reduce the tackiness of
the coated glass fiber. The coating compositions may also water (or another solvent or
diluent or any combination thereof with or without the water) in an amount to give a total
solids content in the range of 0.5 to 60 weight percent.
[0333] Commercially available particle sources that may be used according to
certain embodiments of the present invention include EPI-REZ™ Resin 3522-W-60%
from Resolution Performance Products (Houston, Texas), which is a nonionic, aqueous

- ¥ Resolution Performance Products, Product Bulletin for EPI-REZ™ Resin 3522~
- W-80 (SC:1560-01).
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coated glass fi _ber strand was twisted to form a yarn and wound onto bobbins in a similar

manner using conventional twisting equipment. Sample B,,. was coated with aqueous
forming size composition B, but vacuum dried at a temperature’ of 190°F for about 46
hours. Samples A-F each had loss on ignition values of less than 1 weight percent.r
Samples Chi and Dy; had loss on Jignition values of 1.59 and 1.66 welght percent

respectively

. 8 www.camd.lsu. edu/msds/plpolymethylmethacry!ate htm
www advceramics. com/acc/products/polartherm_fillers.
Bayer Product Information, PROTOLUBE® HDA (Product code SB15465)

(November 2002},
-93-



FLEXOL EPOin; 0 O 7.3 Weight percent solids 3.4 3.5

3.4 LA 0.42 0.39 0.30 [ 0385] Each of the
aqueous si ze conpositions of Table 10 was used to

coat glass fibers formng G 75 E-glass fiber strands.
Buoboos/omssd gl ass fiber strand was dried, tw BCEOS265/002694
forma yarn, and wound onto bobbins in a simlar

manner usi ng conventional $A®is 189 equi pnent.
e. DD vas” eval.uated hy

0386}—-The yarn..of -Sanpl
onparing the coated yanMHEIGHTRRRCENBOECAMPRNENT ON TOTAL
i zi ng conposi tion sinmilar to Sanpl gobpPPasK t hout

epoXi-di 7or‘| lHnseedioil (hor einafter " (‘nnm.'-]r ative

a
TT—C

anpl e 1"). This conpafi son' i ncl uded SANRFS
nspecttBOMPm‘NaNTe appear angeé of & 7!628; stylgje Tlabrg C

\z Al r et—loom The taoven

R mo—at JI g
o? as the fill Var?Ba tWwedd d3t§’87‘ SB7dliasd
iDESMGRHENMdDoNE Ph fibelf cemted] wohh aodi T &yent pesin
erpatbhl-e--SiZi-g—cerppsi-t-ontBO0_as-the \,aﬁ_)arn. Ht
\/Ego éé’?g%gvgﬁat fabric V\Q)VGI’] wPt h %/%?51 coat gd \R/i.th
ﬁ?ﬂhbﬁ?[ﬂﬁ“exhl bited | ess Imose|.fozZ oo the g arig12d 6354
oH fuzz—atecoptiact bi-pi-s+on—the

l{o ﬁ] especially at the yaqn ac;,gE? ﬁ'ﬁ' 1\5\7?& 1.31 5.18
cé\n’tﬁé\'rgd to fabric woven @3th yard ceatZeJIBM‘tm 317 | 1251

- F . \ 1

fal N QQr.n
T

(wwnullvc oallplc I—No— 1 v Wov-e-h--4S+Hrg
_incoro%atlnq fibers caat‘é' vvitﬁl'@np es|EE o F ,0
Réctd8e of the hi gh in/tid anpudt loB.4Ruyas.pb$erved| o
-(- LE.JJRBNII ?_lb ﬂﬂﬂj_b UCI eV - trat ‘:’i S—€O |u! TPt S

fthe. resu o? an LA _levello ;S'qranoreqwored t 0
@%ﬁc@%@ss fuzz fofmatGon.| 1@ tlhé7grpsat | 163 | 644
IIQEQQAWMOIHIS antT oy paggd-tigty-gn—Foofat—tgast
Q.40 for the sizing copmpositidns di scgssad 0aboveﬁi S 0

{ BHEAYEES Eb-718dlce fuzp fdtmatfi ot durPng] weav ng63 | 6.44

FKEREES FEG 600 ' [ 0387 ] gTe yjargs [of gSanpigesTAgwg B3 17
nd-CC and a Conparatijde Sanplle 2141 (yaln coated i

Ok NR-8rch/oi | sizijng)3ferd 88alluaiéd &° several ©
phySical properties, such as toss onmTgmtiomttot

Bidh-d48A pﬁﬁgﬂ%élphhlbﬁ i c&ﬁhércrﬁy%@ilatﬁ@%ééﬁ%wﬁ%&%? Columbus, R

die results are shown 1n Ta

- (N

Qf O o M

ad
105(:33 €O cut €6

ankhal 1 A Ao

. 'EmERMOP pEN 2600 bigehyiadi: kdippamBsbich slcymav@ialadvbiRbfk feMBayer Corp.

@Hrgmatfeb'i‘%af@r of Danbury, Connecticut. 1" The
??26\7&%5@3#@*1 it @RJ@T‘W‘@'S aveflgite from Sheifberoical Co yof Houston

ng s(thl !poeomngermz?\ci abl 0 A j: de‘SI t eid
1@|Pa5 ﬁ- %gﬁny r rd e oz \% s o lcals of Wayne,

nder The yarn has ust r| es
‘%@mgmrad @Igcltmmrdpﬂhhlethf»tyhﬁhe @huﬁﬁ&dﬁ&ﬁdﬁc:&i@%b@ﬁﬂé ﬁﬁh @$Witco
QEW@" °é§@1T¥f0|Wbé1*ew\émh coated with PPG I ndustries,
174 %P%ﬁ%’r yltr@'nqtf@éysllane which is commercially available from CK

] h
W@gggrb&ﬁho (ﬂ&ﬁ' a' 1 Weglaquo%hr? (_?Igené Whi%l’]@ IS tc%llm;arrgglm zwalable Eom CK

W
'S PRERANIOPFSI0B |p&§bx§£ir¥dy@ﬁ@p@6x§eh@leﬁ@éoﬁ$lyr¥@ Wl l&fw :sQ:t)mthr%taily
%ua&sﬁm&ﬁamﬁm O PGB aIEENEDIERRE1 11 0N) each
gﬁﬁgyxé CAS3ethoxylatet ncty[mhemamtganmmhmh is comn{eﬁ:&&@:]waﬁatehom GAF
C)?r %% & Ry Air Drag Force or_ tension by
Hg t he S’Hﬁdst”“'ah 1 GRDGIP Pl igbi o Caonit Copy g Circinnat,
- ”FfﬁLl@vaﬁJLé%QQ 1 Q’ﬁcﬁﬁ@etrﬁﬁ{ed Uéd@lébl@ oﬁ Q!ﬁ QHgtbnﬁn&agﬁ%Léﬂgﬁe from Rhone—
Pb@ersi on net er applied a tension to t
aREB SR CRAG SG0wolyethYidne igiptad momhilarant exter,alhich Fmﬁr%roﬂally &Bilable from
Sipan Gomeawiff Ehigfoo1episPa (20 pounds per square inch).
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eval uated for Friction Forc@®4by applying a tension of
20 granms to each yarn sanple as the sanple is pulled
at a rate of 274 nmeters (300 yards) per mnute
through a pair of conventional tension neasurement
devi ces having a stationary chrone post of 5
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[0391] During testing, Sanple BB and Conparative

Sample 2 were tested at the same tinme as a first
quantity of glass fiber yarn coated with sizing
conposi tion Sanple AA (hereinafter designated as
SRS Aéss) and Sanple CC was tested at the sEdaEEuzﬁsm_
as a second quantity of glass fiber yarn coated wt

si zing conposition Sanple AA (hereinafter designated

as Sanple AA4). Sanples AA3, AA4 and BB were 2.8

wei ght percent solids. TABhBMA (CONFAR 3.1 wei ght

[eT Cent SOl o Conpar at [ Wha ST PEREE AT RS Com W STAC]
gercent solid. Table 11 %arrpl e 3 B& ﬁlﬂb E'd
(Iwei ght percent) 0.42 0.49 1.11 O. @@S'Bﬁﬁlﬁi Dr ag
(jgrams) 56. 2 5T. 2 52,9158 8 53372 FITgR|BIEE0OT Ce
grans)-53. 6 :
"COMPONENT A B C ] E F
EMERY 6717 '° 0 0 0 0 0.40 | 1.56
EMERY 6760 ''° 0 0 | 421 | 4.06 0 0
| POLYOX WSR-301 ™7 0.6 0 0 0 0 0
POLARTHERM PT 160 T 1.0 1.0 0 0 {7478 | 1.00
RELEASECOAT-CONC 25 ™ 0 0 | 1.05 | 1.01 0 0

[0336] Comparative samples of commercial products 631 and 633 D-450 starch-
oil coated yarns; 690 and 695 starch-oil coated yarns and 1383 G-75 yarns which are
commercially available from PPG Industries, Inc. were also evaluated. in addition, three
Comparativé Samples X1, X2 and X3, each coated with the same aqueous forming
composition X set forth in Table 1B below, were also tested. Comparative Sample X1
had 2.5 weight percent solids. Comparative Sample X2 had 4.9 weight percent solids

and was air dried for about 8 hours at 25°C. Comparative Sample X3 had 4.6 weight
percent solids.

¥ MACOL NP-6 nonylpheno! surfactant which is commerciaily available from BASF of Parsippany,
New Jersey. ' : ,

"'* EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

"1 EMERY® 6760 lubricant which is commercizally avéilable Cognis Corporation of Cincinnati,
Ohio,

"7 POLYOX WSR-301 poly(ethylene oxide) which is commercially available from Union Carbide
Corp. of Danbury, Connecticut.

"% POLARTHERM® PT 160 boron nitride powder particles, which are commercially available from
Advanced Ceramics Corporation of Lakewood, Chio.

'Y 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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ava:lab!e from BASF Corporation of Parsippany, New Jersey. Py mercially
Ohl\éERSAMID 140 polyamide which is commercially available from Cognts Comp. of Cincinnati,
126 '
MACOL NP-6 nonylphenoi i
New Joraey. ylpheno!l surfactant which is commercially available from BASF of Parsippany,
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15 psi 46.10 42.50 42.23 47.47 42.33 20 psi 56.20
51.20 52.94 58.84 53.18 25 psi 67.33 60.30 64.13
69.45 67.66 WD 2005/ 077853PCT/-US2005/ 002694 30 psi

77.34 70. 84

WO 2005/077853 . PCT/US2005/002694
TABLE 1C
Sample No. Yarn Type | LOI (%) | Drag Force Air Jet Transport
{gramyg.ee) Drag Force
(gramigree per
_ QraMamoss)
A G-75 0.35 685 103,474
B | G75 | 0.30 849 128,248
Boe G75 0.35 550 143,587
c D-450 0.52 37.33 278,582
D | D450 | 040 71 351,493
E_ 1 G75 |- 035 ] 793 119,789
F ' G-75 0.35 832 125,680
Comparative Samples
631~ D-450 16 21.45 160,075
633" | D450 13 | 381 284,328
690* G-75 1.0 108.23 163,480
695 G75 70 | 10046 151,752
1383 G-75 0.75 14.47 21,858
X1 G75 | 033 364 54,985
X2 _ G-75 0.75 9.0 28,701
X3 ~ D-450 1.37 12.04 89,851
Cor . D-450 1.59 9.00 67,164
D D450 1.66 1043 77,836

* Coated with starch-oil sizing formulations.

{0339] As shown in Table 1C above, each of the yarns A-F coated with polymeric’
matrix material compatible sizing compositions according to the present invention had Air
Jet Transport Drag Values greater than 100,000, Only the starch-oil sized commercial
strands, which are generally incompatible with the polymeric matrix materials discussed
above, had Air Jet Transfao'rt Drag Values great_ér than 100,0600. Sample yarns Cy; and
Dy, which had polymeric matrix compatible coatings, had Air Jet Transport Drag Values
tess than 100,000 because of high coating levels on the yarns,' i.e., loss on ignition

- POLYOX WSR-301 poly{ethyiene oxide) which is commercially available from Union Carbide
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75.74 75.29 77.63 35 psi 89.42 89.96 85.96 83.70
82.74 40 psi 104.97 101.21 98.48 87.23 92.18 45 psi
113.41 107.74 110.34 99.91 102.91 TEST 1

WG 2005/077853 PCT/US2005/002694

greater than 1.5%, which inhibited separation of the fibers, or filamentization, of the yam
by the air jet. ‘

[0340] To evaluate laminate strength, 7628 style fabrics (style parameters
discussed above) were formed from samples of 695, Sample B and Samhle Byac G-75
yarns (discussed above), respectively. Eight plies of each fabric sample were laminated
with a FR-4 resin system of EPON 1120-A80 epoxy resin (commercially available from

- Shell Chemical Company of Houston, Texas), dicyandiamide, 2-methylimidazole and
DOWANOL PM glycol ether (commercially available from The Dow Chemical Co. of
Midland, Michigan) to form laminates. , _

[0341] Each laminate was evaluated for flexural strength {maximum failure
stress) tésﬁng according to ASTM D-780 and IPC-TM-650 Test Methods Manual of the
Institute for Interconnecting and Packaging Electronics {December 1994) (which are
spéciﬁcally incorporated by reference herein) with metal cladding completely removed by
etching according to section 3.8.2.4 of IPC-4101 and for interlaminar shear strength
{short beam shear strength) using a 15.9 millimeter (5/8th inch) span and crosshead
speéd of 1.27 millimeters {0.05 inéhes) 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.

Table 1D ,
Sample Fiexural Strength Flexural Modulus Short Beam Shear
Strength
Pascals psi Pascals Psi Pascals psi
B 49x10° | 71534 | 2.4x10™ | 3465000 | 2.6 x 10° | 3742
Biac 5.0x 10" 72215 | 2.4x 10" | 3450600 | 2.5x 107 | 3647
695 43x10° | 62959 | 23x10™ | 3360800 | 2.3x 10" | 3264

[0342] As shown in Table 1D, Laminate Samples B and B, prepared according
to the present invention had higher flexural strength-and modulus values and similar short
beam shear strength when compared to laminate samples prepared from 695 starch-oil
coated glass fiber yarn, ’ .

[0343] Samples A and B and Comparative Samples 1383 and X1 were also
evaluated for Friction Force by applying a tension of 30 grams to each yarn sample as
the sample is pulled at a rate of 274 meters (300 yards) per minute through a pair of

Corp. of Danbury, Connecticut.
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full bobbin 0.170 0.882 0.032 1.735 0.066 227 grans
(05 pound) 0.160 0.648 0.041 0.904 0.075 4540 grans
(10 pounds) 0.098 1.348 0.008 0.518 0 022 TEST 2

Setting 2

WO 2005/077853 PCT/US2005/002694

conventional tension measurement devices having a stationary chrome post of about 5
centimeters (2 inches) diameter mounted therebetween to displace 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 1F below. The Friction Force test is
intended to simulate the frictional forces to which the yarn is subjected during weaving
operations. ' '

[0344] Samples A and B and Comparative Samples 1383 and X1 were also
evaluated for broken filaments using an abrasion tester. Two hundred grams of tension
were applied to éach_ test sample as each test sample was pulled at a rate of 0.46 mefers
(18 inches) per minute for five minutes through an abrasion testing apparatus. Two test
runs of each sample and comparative sample were evaluated and the average of the
number of broken filaments is reported in Table 1E below. The abrasion tester consisted
of two pa-faliel rows of sieel reeds, each row being positioned 1 inch apart. Each test

- yafn sample was threaded between two adjacent reeds of the first row of reeds, then
threaded between two adjacent reeds of the second row of reeds, but displaced a
distance of one-half inch between the rows of reeds. The reeé:ls were displaced back and
forth over é_-four inch length in a direction parallel to the direction of yarn travel at a rate

of 240 cycles per minute.

TABLE 1E
Samples
A B Comparative Comparative
Sample No. Sample No.
7 1383 X1
Friction force (grams) 24.7 | 183 239 ) 38.1 -
Number of broken 20 | 1.0 38 1.0
filaments per yard of yarn ‘

[0345]) As shown in Table 1E, Samples A and B, which are coated with sizing
compositions containing beron nitride according to the present invention, had few broken

filaments and low frictional force when compared to the Comparative Samples.
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0.683 5.017 0.119 0.372 0.011 Setting 3 0.753 4.772
0.083 0.450 0.017 Setting 4 0.713 3.753 0.147 0.367
0.017 Setting 5 1.267 4.025 0.150 0.811 0.061 Setting

6 1.608 8.383

WO 2005/077853 PCT/US2005/002694

EXAMPLE 2

[0346] Each of the components in the amounts set forth in Table 2A were mixed
to form aqueous forming size compositions G and H according to the present invention
and a Comparative Sample Y in a similar manner to that discussed above. Less than 1
weight percent of acetic acid on a total weight basis was included in each composition.

'[0347] Each of the aqueous forming size compositions E and F of Table 1A in

Example 1 and G, H and Comparative Sample Y of Table 2A were coated onto G-75 E-
glass fiber strands. Each of the forming size compositions had between 6 and 25 weight

percent solids.

- 128

TABLE 2A
WEIGHT PERCENT OF COMPONENT
ON TOTAL SOLIDS BASIS
SAMPLES
COMPONENT -- G H | Comp. Sample Y
EPON 826 & 16.12 63.54 60.98
PVP K-30 7@ 131 518 . 4.97
ALKAMULS EL-719 ™ 1.63 6.44 6.18
IGEPAL CA-630 ™' 1.63 6.44 8.18
KESSCOQ PEG 600 ™4 0.79 3.11 2.98
A-187 ™ 3.17 12.51 12.00
EMERY 6717 0.40 156 150
PROTOLUBE KD ™ 0 0 4.61
| POLARTHERM PT 160 ™ 0 0 0

128 EDGIN 826 which is commercially available fromi Shell Chemical of Houston, Texas.

New Jersey.

* ALKAMULS EL-719 polyoxyeihyiated vegetable oil which is commercially available from Rhone-

Poulenc.

PVP K-30 polyvinyl pyrrolidone which is commercially

available from ISP Chemicals of Wayne,

3 IGEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from GAF
Corporation of Wayne, New Jersey. :

2 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available from
Stepan Company of Chicago, fliinois. . -

33 A 187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK Witco
Corporation of Tarrytown, New York. :

- " EMERY® 6717 partially amidated polyethylene imine which is commercislly available from
Cognis Corporation of Cincinnati, Chia,

5 PROTOLUBE HD high density polysthylene emulsion which is commercially available from
Sgbron Chemicals of Birmingham, New Jersey. -
** POLARTHERM® PT 160 boron nitride powder particies, which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohjo. '
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0.322 0.286 0.044 Setting 7 4.128 6.517 0.611 0.403
0.058 Setting 8 4.472 14.800 0.978 0.406 0.128

[0396] As can be seen in Table 5, sizing Sanples AA

BB and CC have an air drag conparable to that of
Cooparsatisse Sanple 2 (starch/oil binder). EXApEREs2863/002694
[0397] Electri caI grade | am nates nade from prepregs

R r o O In \:nr RS hg noe.ci Forent
sig| ﬁ‘é%ﬁ% &BS)Ng%ere telst 44/Bo bval %t e t heirO
drilling properties, and nore sSpecifically (1) the

drill dtod I t hr oug
Che | L EER coBlectdidss Ber Bl e Btivd oot B 206 Wt onto
thobkigs igra ditnialt mannerugingtdosvdntional sdisting eGoipend. ‘Kaayamé of

TR P ER By HBEhFL S Bl et

| SCUSSe ear C ) I"C 1IN
waErlesiernd G puhibited sayrte sizing sbeddingi dyriegl tWistingi ¢

comm[O@h@' The v éf@%k@tefsr@maﬁh %K‘lp%h\‘/@@%;ﬁ!@%ﬂ& evaluated for
%tlfl S 7628-71 fabric in

A9 I BrrreTIManper g E&‘B’l‘i’ﬁliel 13"1":19@9 e thet B@r@f Qré‘ﬂf"é'éles were
dietehniaed EP.:S tvm obpakinplee a$thélpP@sar%s trﬂhitgf&:l uh%lﬁé QBaEdch yarn
RE e AR meedpuaier bty 3y Ry P20 ey of Yo at 200
FSIRSS per, mmutelusmg esiirisly dlodkbiio. B @4Nabipkerafilameatidetbciavehich is
@@rﬁﬁ‘letp P@y ém&g@é frbl%SSDLl Iﬂféma?ioﬂa’? ﬁ% Mﬂnﬁ %’Hege e yalyes represent

avai | | ass yarn
W@\Péfﬁfasﬂpbm%wfﬁr@ewqmuctad p@évyr bebhingref ?B@hyaﬁm Oheroken

piamesiValues WR r3PEHdGHoAB RS WS 0RRH Q%Q}%lﬁbugabéeegréﬁé(ano
P%LP‘I%E?I%ZF &Cq?.grtga ?él?.p %g:ﬁlgr@n }qs_rf l?nr\]NO-LEI‘(l)é farom?he Ilaobbm ast s

[0350] Each yarn was also evaluated for Gate Tension testing are set forth in

Table 2B below. The number of broken filaments measured according to the Gate
Tension Method is determined by unwinding a sample of yarn from a bobbin at 200
meters/minute, threading the yamn through a series of 8 parallel ceramic pins and passing
the yarn through the Shirley broken filament detector discussed above to count the
number of broken filaments. "

7 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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COMPONENT SAMPLE HH RD- 847A 182 27.0 , DESMOPHEN 2000 -

183 36.2 PVP K-30184 9.0 Table 13A (Cont'd)

COVPONENT SAVPLE HI -1

A-187188 2.1 A-174188 4.4
PLURONI C F-108 187 9.0 VERSAM D 140 188 4.4 NMACOL

NBOGYEEE783 4 POLARTHERM PT 160 19 0.9 PCT/US2005/002694
RELEASECOAT- CONC 25191 1.5
‘TABLE 2B
. Sample
"NUMBER OF BROKEN E F G H Comp.
FILAMENTS PER METER Sample
OF YARN \ Y
full bobbin 0.887 | 0.241 | greater | 0.065 | 0.192
than 10
136 grams (3/10pound) | 0.856 | 0.017 | greater | 0.013 | 0.320
' ' than 10 .| 7
272 grams (610 pound) | 0.676 | 0.030 | greater | 0301 | 0.193
than 10 ’
GATE TENSION (number
of hairs per meter) _ ‘
Gate 2 5 0.039 - 0.0235 | 0.721
Gate 3 - 0.025 - 0.028 | 0571
Gate 4 - 0.0125 - 0.068 | 0.4795
Gate 5 - 0.015 : 0.093 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 " 0.0695 - 0.31 1.0835
, Gate 8 - 0117 - 0.557 7.81
AR DRAG (grams) |
“25psi | Bobbin 1 - 10.420 X 10.860 | 11.610
Bobbin 2 - 10.600 - 7850 | 11.610
30 psi Bobbin 1 - 11.660 . 12.500 | 13.680
Bobbin 2 " 12.200 - 8540 | 13.850
35 psi Bobbin 1 n 13.490 - 14.030 | 15.880
Bobbin 2 - 13.530 - 9570 | 15.630
40 psi Bobbin 1 - 14.740 - 14110 | 17.560
| Bobbin 2 - T 14.860 - 11.010 | 17.610
45 psi Bobbin 1 - 16.180 . 16.390 | 19.830
| “Bobbin 2 - 16.680 - 12.700 | 18.950
50 psi Bobbin 1 - 17.510 R 19.280 | 22.410
Bobbin 2 : 17.730 - 14.000 | 20.310
55 psi Bobbin 1 - 19.570 N 23350 | 29.350
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acetic acid <0.1 [0398] Prepregs were prepared
by a hand | ay-up procedure that involved applying
standard FR-4 epoxy resin (EPON 1120-A80 resin
avai | abl e from Shell 182 RD- 847A pol yester resin,
Wb sddsihBsaonmer ci al |y avail abl e from Borden GhemiGalsmozess
of Col unbus, GChio. 189 DESMOPHEN 2000 pol yet hyI ene
pat e di I ish i s commer avai l a
%ayer Cor nP B?Mglﬁ ts't clhur gh, Deﬁér’tgé\s/q nia. 1 4%8\%%’8”] 66 580 l
ponV|nyI pyrrolidone, which is commercially
avai | 4
AL R T e e g PP arEifthie ot
‘F%mE'Sﬁ#e’? eper q'"ilg é\}%‘? P’&B‘Pfé 'Wﬁﬁtﬁf‘@éd\ﬁeﬂ%fé"sdejﬁ'pﬁirﬂatasm resistance

fhfan Traer CMﬁ@dﬁﬁuve@Mp@V kt is b8feved Mral i se results are not concluswe since

ri met hoxysil an

05’r gyedd aF‘% %\)@W% EX‘PF%WPW rEB %%ﬁg}pgfqt%eﬁgmple‘(
Waich wbswnor, pré@wt W@aknpleb8EZHPtddRBNtedTth abrat®8 properties of the yarn,
pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, which is
comercially - avail abl e from BASF Cor porati on of
Parsi ppany, New Jersey. 1B8ANEHSAM D 140 pol yani de,
whi ¢

hos:2) GRRHBY t‘ﬁb%brlngor%vtgq_%%P&g P fo?ﬂ{ |RTI39£ 3A were mixed

C ncinnati,
loderarqugRys f%m!r'e RiZp §OrRpRRIONG |*%ihtoygta{>la-?lcr:<aﬁtne tg therprasas

igfenbod. SEWEOM@Q’ §igy compokiion R@s/ﬁ%ﬂé@ﬂ“@a Rimiibb Branner to

B P S 2o AR Bor Ve oRiroaldctetscadit g total weignt basi
veor ipgvded in radf cooglostiood, Chio.  Chenical Co.) to the

fabri 'I@M’gﬁagﬁoﬂgé’ Q%lﬂitogg k’{%pﬂng dghz% do gw?)ggit: n%tolfa‘%lﬁqm was coated

fabri

qh2Ed 8rfoglass ﬁbeo%t@vdﬁo Each @fdh%fozremms:zatcempasrtwmwd 10 weight
demtjgo;,aQSF) until the desired gel tinme of 124

seconds at -171C (about 340F) was reached. The

prepregs were trimed to 46 cmby 46 cm (18 inch by

18 | nch) sections and wei gaBUEt3A determine resin

nnnnn f'\nl AL pr anraonc Al fh L cl ncoentents ol 44

per cent 2 per cent were| usgﬁg'lw-&%%R%@BEQ&u%QMPONENT ON
| am nati ng procedure. [ 03980 TAL SPLATSBMSISE
i o d

st-aeked-8—hi-gh—and—relded—in—a—Wabash-Press—for 70
minutes at 177C (350F) land at 345 newSAMELERR (500

psi). AOMPGBENAN nat es| wat e pol ded W tMoul awpQeTomparative
foil layers. The | am nates shpwed vafious |evel s cg mole 7
air entrapment. It is believed that the |agk of | “2MP€
haauppiaste polvwreibace flenpear &4t e r 842 ng i n§1.35 345
ﬁoﬁﬂh@gtﬂyg@ﬂ@ontrl buted jto thils condifion. [fool \\ear

Anal ySi § [0400] [The filst serles ofltestg were
hemipastiereyrehanafime t|héikear 6.2t hp 50r18l | 46i% | The17
folrfinyBalymWEAS expressed jin terjms of "drill [ip pgrcent

cul atled .usilna the formul B drilll

R kYRDRPolyaLEoPalyTeD [x @8I -|Pf)0-®, hBse P, 03 0.33
apokitizadl poWyeHidt 1&drichme  pr|i nﬁgucutm Ng| €d@F Ple. 55 W dUH 55

of thepripary cuttingledg fter.the allotted lhol es

SRAVER-BFINOPERY Referrirfg 46 Rig.2AL,| tRE w d%ﬁ 1702.76

of the prlnary cutting edge 7Z 01 the dr 174

}f? ‘{Jcpo ; %er heral edge qf the dr rcemsopd.s

ar;t— gp aﬁ ]llé?é Fe%ﬁ ?%rﬁgr Eiﬁgte g?ﬂ?:l %awscos:tyof 400

é;llfiﬁ is |([§}gomg Fr}%t 25¢4¢1€ was pe

BrHat ngiblasﬁoaﬁly&téi’foaéea@blﬁﬁ&tﬁ&we(aﬂbe%@ﬂ&ﬁﬁﬁiloﬁkﬁgﬂﬁg)a dtidsltodent of 62

pefceR0BH piAbH@.10 881 dvaaby pdritlecdze arig brmabolt 0.§ tosabdut 2.58@crometers.
mm (0.074 inch) thick paper core phenolic coated

backup. Drilling 3 |lam natetO&t one tine is generally
standard practice in the industry. The drill tip
percent wear was determned for two drill dianeters:

0.35 nm (0.0138 inches) and 0.46 mm (0. 018 i nches).

Both drills were a series 508 tungsten carbide drill
avai l able from Tulon Co., Gardenia, California. The
chip load during drilling was held constant at 0.001



was 100 inches (254 cm per
the spindl e speed was 80,000 rpns and the
m nut e.

drill,

insertion rate was 80 inches (203 cn) per

m nut es.

For the 0.46 mm

retraction rate of 2.54 m(lOOO i nches) per

ame 2Y549778% mm (0. 065 i nch) upper drill
bot h t ool

hel d constant for

di aneters.

A

m nut e

As used

head |RGH/YS2042802694

"f?i%@lbf},ﬂsﬂar@rdobbhnaea@@nt' | (T

tip was wi_t h

L

Teans e
riawn _allove t hd

drsta
upper

ceth
surf

' 3$a"t"H% uf e&??PFP&V'e

'@idthoX\B Ferdeb iy %gSntbase
attern-showd—i-n

[ 0491]
on a 500 hg

d

TRS dr

i 13-2¢
le dri
d._30

ifp 3d&r

['1ing

haol e

HRTinp-Sepcigpaborgangagiafien by
swpingligesk (section 128

which includ

1116 chht(o.
0),

f ol | owed

281 ng
by 10

h Ol

hol e

(sectilon—128 QDY

fnlln%%d

;q:Ern ( QEF.’r?‘izs ;’TThe

4¥:
a hol

s

e den

nor

hoI es in each sec.ti on wgre drl Ied at

ol e pa

1

“fbsscﬁ‘nf;'ﬁ"ﬂ ch setatre LCH.L Abt-ef 1hn! dper
squar e”i nc { The pattenn \Mts 1eat ¢d Ioﬁr ge’”

addi ti onal tines for a tot al of 2000 hol es. The

drillingf Uni | i
2000 P OmpRER Sl sabine 8P a Spd ot Thorisgipies and
the ICOTIT@StatIQe aasplel &rmra thn@lcm e d7at £i70°g! fer h@ aetonds at 7 MPa

% ; Egl ﬁﬁ)emg ng r( gs«?&% ﬁg%lih? r“gt%r a(ﬁ%ﬁé §|d f}%' u‘?chesf)gpaques

evue
%M@Qmeab pas egdualethins tensllegitrength itepsilp eloogaiomesdtensiie

nbgunsl écbbrdfn@ fio @Q‘?Mrmthcg?l)%ﬂgl\ﬂsi@mllaﬁst@ﬁ (hoé'ndtf'&uxghn?lﬁdulus

f
P28 ST LATEEL o et e

adcbiding to ST BiMidthodD1256 hadhk @laks Bontérms peific@beoanpl € HH

e 1 199 TR BB palfhe tes R Uststeorpide o o fifine
usirigld coanuerttienal offon 641 malBigredh. Average drill tip
percent wear
TABLE 3B
_ Samples
units K L Y N Comp.
Sample Z
Tensile Strength kpsi 271 27.6 27.3 27.4 26.2
| MPa | 1869 | 100.34 | 188.27 | 188.96 | 180.68
 Tensile Elongation | % 332 | 337 | 336 | 342 3.32
Tensile Modulus mpsi 148 | 1.55 147 1.44 1.51
GPa 10.2 - 10.7 101 9.9 104
Flexural Strength | kpsi | 44.6 | 463 | 457 | 455 420
] MPa 307.6 319.3 315.2 3138 303.4
Flexural Modulus | mpsi 152 | 156 1.54 1.54 15
GPa 10.5 10.7 10.6 10.6 10.6

40

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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34.0 24.4 Test 3 0.46 mmdia. drill

10 10 Average d

rill

Nunmber of tools

tip percent wear- 30.8- 29.3

[ 0403] As can be seen in Table 13B, Sanple HH in
Tests 1 and 2, which includes glass fiber filanents

ovabedomssdn a sizing as taught herein that iSpcr/uszo0s002694
corrpatlble vvlth Iamnate mat rix resins, exhi bi ted

S ] m pe ft at 2000

b TPt T B Wi | nériads Ghhsd 1t 116
f Ianeﬁnsmﬁhat had to be heat cleaned priof to be ng
cpatedwth—=a st TCONt N fernisty $TZ4176~
Test 3 _showed onl Sﬂg? rolcgr?lal ??r'gpo enEn inlsldgrj'iul 4.92
t pUW@*“é@ﬁt‘Z%ar’ folaini { 24.8pe| | 8R8d [t HR#t1 t hi £0i% Hue22.0
th thefgges thaf the CNG-7 drilling maching used |n

this test was.older ;m*l affaorlded leds _contgol durjng

the drilling tegtkMan|t$e4n| 1970 206848 | I8$% 193.28
NBCNERGs E&REhtT OF Te5TS| 13aRd 2 3XpCqt il F Y 354
[0404]—A commonlnetriciused tio _asseds the frj (11 ng

performance of a lamnate is hole |ocational

accur peys) ﬂ'&lsiﬁw}heﬁ Tapeagy

e R 5ot

SRAEES

fromit

1885 fitae skl %ét@@wttn b8 nitride
e | ocation

h
&?32% e Tie Ve DRl fmeAvacpesie

stmrf@‘cmd]ﬁoutm:d Hvatitnpact [peopertizs @nd bindlaBtehgi efiigtic #dknodulus,

ﬂgéx’tm

MRS O

I'S expecte

 hoifid 56k

the

!'II'IO

i

a&']z

oca

APl

ack

Broaérﬂgﬁ,\gﬁ?r‘j@mpared toa

PW@@@HVG@@WI@é}mmwmlbc mmmentstve*miaﬁd oot chtitaineordrotiteide in

h)ﬂ&@é 6

devi at i on

t'he di's

Q& nfordehndi Whed %tm @Wgsfnrﬁnﬁgg

di st ance

tance

s{ﬁnla‘? c?ndltlons

E‘et'mafo"?mﬁfés drnsie skiengtiy é“‘i’jP?thF%'dz%’F@aéwaﬂEt@mﬁF%O@
ofsehfed. | am nate to the intended true center of the

hol e.

500 hol e sequence di scussed above was repeated 4

The devi ati on di stance was neasured after- the

tines, i.e., after each tBEXAMBLEI4 ed a tot al of 2000
hol
lgstes[giris-l}:??Ea%ﬁ%&tgg'cgﬁggﬁeﬂl%e?ﬁe X\fﬁéun@ﬁ% lgs FBES Flvyeé%mlxed

9denn arveseioning ske |ce@pwetmsd=rﬁhrqueu Stmwgma tOthéGrenent

intbrdds Eé‘@i‘@qu%@‘fﬁ?ﬂ%ﬁg 88k b&%p@ﬁ%n%sldrﬂ%‘i’m Eusluﬁ far

pe di scussed above was used 1 n th ﬂ:f%nnerto
Gerdeet bt a5s T, WPEBLPT haoell 249 omadbidONEIObasi
waEscladed it bach cvegiokition rate was 80 i nches per mnute
for ey he .t est re ed ei ght
ti rreﬁogé %gggﬁﬂE%n? %9%%"7 mrgus'?a??ﬁ"p\g’%g?rﬁ ‘&ne'l%h[e 4&0‘#% coated
e B-Yigkesnipanstrinds. feeh df thklforming size dodntaSitiofkatizEdel 0 weight
the result of the focational accuracy test
GG and Sanple NH after drilling 2000
GG Sanpl e HH nunber of

neLus,
for Control

hol es. Table 13C Control
drills 8
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. . . 38 28
8 average deviation distance (mcroneter)

[ 0406] %s can be seen, Sanple HH exhibited a | ower

devi ati on di stance than Controlh G|G, y\,hl ::2 :2 Sged s
articul ar significance when t e lam na

g‘?‘@é?”é@i”’l"%*ni cgsupport i ncor porat i ng atl a_rtgcra] trﬁéi:ﬂésﬁﬂﬁf%%%
holes and circuits. This is_consi s.ten Wi

drill_tip percent wear dat aTABLESA | Tqb! e 13B above.
Mre specifically, 1t would qQNEWPE‘RCEﬁ?@F CONPONENT ON
| gm nates that exhibit |ess dr!ll ti ercen )

‘wduld also exhibit |ess devidtion di $OIAESHBHEABASIS

the drill tips would be sharger Tor a io'ﬁ’sSAMPLEg"J“C'"

arvimn ECANVPLE—14 [040Q7] 1 n Exanple 14,
itional OrT % BI per cent ar tlest & wer R 8
Hetreerdastic polpgethacalimgbadag || anopat 45 GADET gt ——

“AA, BB and KK incorpgratingja 7628 styl e
igﬂ"g&m discussed earlier vwere te t_edbfgr fr:alglsl
pOPTiRPasinpo!ywseihaneTiie-forming ¢ BA4SONT T GB.1J. - ; WIS
bdhymitek8? f abric from A ark-Sghvvebel, Inc. The .
pbti-cs—i-n—Sanpl es AA, BB ang KK wefe woven [fromfil
N CRiIsrePRolforRlyMen ber s| c@@2ed|w 078 eS0T | 027

Frt Talal O Ao v anm

' I igant L augitt— T fabt¢—9 i L_l,m..Fl'Te.J;l___
m??ﬁﬁﬁiﬁdgwéygﬁtr espect| yve € hnd rpfya 4.8
a%f']’i’éa Q8¥°PY'bers coated wi t H.8 df fT@®nt [pOIABTET 1T 1,84
Hiigthoxysiiahe coupling aggadt | bl e cloati ng fonpositionl92.

|

| ARV aght—Percent—of [Conponent s on Tot al
Sg;;élfngqsahgglg?%m?%r Si zi ng used i A28anpl e2. KK Y\EI T#F 2.22

ErROENTSIare GDPRENEGSRt ON TOTAL SOLI OS BASI S | SAMPLE
[ o t -4 A-1871 1.9 At1741
e~ ional organo silane 0.1 0.12 0412

< IO DO

B

=

L L

0.1
coupling agent
'POLARTHERM PT 160 ™= 33.3 - 16.7 0 0
VANTALC 2003 & | 0 0 16.7 33.3
loss on ignition (%) 0.52 0.81 0.80 0.64

[0358] Composite samples of each of the above coated glass fiber samples and
the Comparative Sample Z of Table 3A above were extrusion molded to produce 400 x
400 x 2.5 millimeters (16 x 16 x 0.100 inches) plaques under the conditions set forth in

Example 3 above, Each specimen was evaluated for: tensile strength, tensile elongation

tensile modulus, notched and unnotched lzod impact strength as discussed in Example 3
above at the glass contents specified below.

*! Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,
anionic particle charge, particle size of about 2 micrometers, a PH of 7.5 and a viscosity of 400

~ centipoise (Brookfield LVF)at 25°C. '

" Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of 62
percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5 micrometers.
"* POLARTHERM® PT 160 boron nitride powder particles, which are commercially available from
Advanced Cerarnics Corporation of Lakewood, Ohio,

* VANTALC 2003 talc powder particles, which are commercially available from R.T. Vanderbilt
Company, Inc. of Norwalk, Connecticut. .
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3.8 EMERY 6717 196 1.9 SAG 10 191 0.2
RELEASECOAT- CONC 25 198 3.8 1" The warp yarn was PPG
I ndustries, Inc.'s commercially available fiber glass
yarn broduct designated as G 75 glass fi ber yarn

Q@@b@@gmssh PPG | ndustri es, Inc.'s 1383 bi ndquT[g52005/002694
PVP K-30 pol yvinyl pyrroli done which is commercially.

' I m,| SP Ch New J
Toan 1060 THE Bt ba HER RtpPd o TSI GG Eibiagss of 3.175
i millivetare (€3 akh)yanaheadidrabteeoffM6@Miliete (anlasposing & BOnter
Qfolo-rr'ﬂ'{eféf Werp %ZQ Jf Fi‘a l?a’%s %‘léénafha dhng G \Aﬁragtﬁng:é:s funnel flow

amma- net hacry propy OXYsI
3@?%?@ f@nﬂlgﬁt%d/@n mml%s sfrcbonrer gWss fileer CFhp durael veas aighteen

Tdhey tdﬁg’%nd h@d"’a X@gelﬁ{ee%%@ch d:an%%%@l Bd 3t'thR ¥ 5 ai o inch

am dat e ﬁ Cﬁéene imne which IS  comerci

L0 B E‘efbrﬂ ﬁ|f‘é"”€b‘f’$>’b‘ﬁtﬁﬁtieéﬁ“‘é)?he@fi’ﬁt\f\’?ﬁf&?‘?fded for 20
@oinads of Qé’mpfe nSAérial & ﬂtjiht thrdugR elFgnrEnt Biel @—1 OWSP&aIL%tes the

g’%ﬁ ' @ﬁé@ cdtq fer %pgﬁo\ﬁamentagg ;xty grams o sample,

eenw C
260 5160%7(858 P@’E/SMQZM@IE(D (6eHd WACIUASTEHIERNCES NHG6/10 which are

EQ;?%%?C/%ZI@ g%{%&e QroPﬁfeﬁ{Q%'al‘?Hm%%Q C%%a% 'agd g%é%%‘lgnal foam type
antistatic dryer sheet were enclosed in a 4 liter stainless steel beaker and vibrated using
a Red Devil paint shaker Model 5400E3 for six minuies. The vibrated material was -
screened using No. 5 and No. 6 U.S. Standard testing sieves. The weight percent of fuzz
material collected on the screens as a percentage of original sample is reported below.

[0361] Tabie 4B presents the resulls of tests conducted on composites formed
using Samples. P-S and Comparative Sample Z using nylon 6,6 matrix resin.

TABLE 4B
' Sample
units P Q R S Comp.
' ‘ Sample Z
Tensile Strength kpsi | 205 | 286 | 287 | 277 | 298
Mpa 2035 | 197.2 | 197.8 | 191.0 | 2041
“Tensile Elongation % 303 | 305 | 208 | 297 301
Tensile Modulus kpei 1866 | 1779 | 1720 | 1741 1748
- “Gpa 12.86 | 12.26 | 11.86 | 120 | 12.05
nolched 170D lbdin | 210 | 196 | 104 | 198 | 226
Impact '
| kJIm? 890 | 831 | 823 | 755 | 058
unnoiched IZOD | fiibfin | 249 | 234 | 22.8 | 322 26.4
Impact o
kJm? | 10558 | 69.22 | 96.67 | 6443 | 11194
Actual Loss on 7 081 | 052 | 0.80 | 064 117
Ignition |
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ALKAMULS EL-719 23 2.5 ICONOL NP-6 24 4.2 LOL (%

0. 35 [ 0408] The fabrics were subsequently

formed into prepregs with an FR-4 epoxy resin having

a Tg of 140C (designated 4000-2 resin by Nelco

MWt WPHHT$68nal Corporation of Anaheim Cal i f orRGTAYS2005/002694

The si zing conpositions were not renoved fromthe

fapD|1g4pr| or to|prepsegding.z L<Prri0[1;at es gwre| nade Qy g1
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[0364] As is shown in Table 5, Samples T and U, each coated with a sizing
composition containing boron nitride parﬁéles according to the present invention, had
lower whiteness indices in nylon 6,6 than a Comparative Sample Z of a similar
formulation which did not include boron nitride. ' '

_ _ EXAMPLE &
'{0365] Five layers of ADFLO-C™ needled chopped glass fiber mat, which is
cormmercially available from PPG Industries, Inc., were stacked 1o form a mat having a

"*® Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,
anionic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
centipoise {Brookfield LVF) at 25°C.

Thermoplastic polyester-based polyurethane agueous 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.
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DYNAKOLL Si 100 26 26.60 26.58 - 20.46 16.08
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[0368] Referring to Table 6, the thermal conducﬁvity at a temperature 300K of the
test sample coated with boron nitride particles according to the present invention was
greater than the thermal conductivity of the Comparative Sample which was not coated

with boron nitride particles.

EXAMPLE 7

[0369] Filament wound cylindrical composites were prepared from samples of G-
75 yarn coated with sizing G of Example 2 above and 1062 glass fiber yarn that is
- commercially available from PPG industries, Inc. vThe cy[iriders were prepared by

drawing eight ends of yarn from a yarn supply, coating the 'yarn with the matrix materials
set forth below, and filament winding the yarn into a cylindrical shape using a
conventional filament winding apparatus. Each of the cylinders was 12.7 centimeters (5
_inches) high, had an internal diameter of 14.6 centimeters (5.75 inches) and a wall 7
~ thickness of 0.635 centimeters (0.25 inches).

[0370] The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
(_cbm_rnercially available from Shell Chemical), 80 parts AC-220J methyl tetrahydro
phthalic anhydride {commercially available from Anhydrides and Chemicals, Inc. of
Newark, New Jersey), and 1 part ARALDITE® DY 062 benzy! dimethyl amine accelerator
(commercially avaitable from Ciba-Geigy). The filtament wound cylinders were cured for
two hours at 100°C and then for three hours at 150°C.

[0371] The radial thermal diffusivity (thermal conductivity/(heat capacity x
density)) of each test Sémple in air was determinéd by exposing one ‘side of the cylinder
wall of the sample to a 6.4 kJ flash lamp and sensing the temperature change on the
opposite side of the wall using a CCD array infrared camera at a rate of up to 2000
frames per second. Thermal diffusivity values were also determined along a length of the
yarn (circumferential) and along a length or height of the cylinder (axial). The test results

are set forlh below in Table 7.
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SAMPLES COVPONENTS LL MM NN 00 PP

WO 2005/077853 PCT/US2003/002694
TABLE 7
Thermal Diffusivity (mm®/sec)
‘ radial axial circumferential
Sample 0.37 0.33 0.49
Comparative Sample 0.38 0.38 0.57

[0372] Referring to Table 7, the values of thermal diffusivity for the test sample _
{which was coated with a small amount of boron nitride) are less than those of the
comparative sample, which was not coated with boron nitride. Air voids in the filament
wound cylinder and the small sample area tested are factors that may have influenced

these results.

_ EXAMPLE 8
[0373] The coefficient of thermal expansion in the z-direction of a laminate

{(“Z-CTE"}, i.e., écross the thickness of the laminate, was evaluated for Jaminate samples,
éach containing eight layers of 7628 style fabric prepared from samples of B,,, coated
yarn (discussed in Example 1) and 695 starch-oil coated yarns (discussed in Example 1)
{Conirol). The laminate was prepared using the FR-4 epoxy resin discussed in Example
1 above and clad with copper according to IPC Test Method 2.4.41, which is specifically
incorporated by reference herein. The coefficient of thermal expansion in the z-direction
was evaluated for each laminate sample at 288°C accord;ng to IPC Test Method 2.4.41.

The resulis of the evaluations are shown in Table 8 below.

| Table 8

Sample Z-CTE (%)
Sample B, 1 4-.'"!0
Sample B,z:1 -(retest) - 4.41
Sample B,uc2 4.06
Sample B2 (retest) ' ' 2.8
Sample Byac3 ' 4.17
Sample B,..3 (retest)  4.26
Controf 1 5.0
Control 2 54
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00 SYNPERONI C F-108 211 9.98 - - - POLARTHERM PT
160 212 5.46 5.45 - - 6.00 6. 00 EUREDUR 140 213 4. 43

- - - - - 205 POLYOX WBR 301 pol y(ethyl ene oxi de)
which is commercially available from Uni on Carbi de

WwObRsofssDanbury, Connecticut. 26A-174 . PCT/US2005/002694
ganmma- 5thacryl oxypropyl trimet hoxysilane which'i’s

commercially available from CK Wtco Corp. of
Tarr WMS Newn p Fable 8, for laminate Samples A1-A3 according to the present -

invention, the coefficients of thermal expansion in the z-direction of the laminates are less

than those of Control Samples 1 and 2, which were prepared from 695 starch-oil coated -

yarn.

EXAMPLE 9

[0375] Each of the components in the amounts set forth in Table 9A were mixed
to form agueous primary size compositions AA, BB and CC according to the present
invention. Each aqueous primé];y sizing composition was prepared in a similar manner to
that discussed above. Less than 1 weight percent of acetic acid on a total weight basis
was included in each composition. Each of the aqueous sizing compositions of Table 9A
was coated onto fibers forming G-75 E-glass fiber strands.

[0376] Each of the coated glass fiber strands was dried, twisted to form yarn, and
wound onto bobbins in a similar manner using conventional twisting equipment. The
yams coated with the sizing compositions exhibited minimal sizing shedding during

twisting.

TABLE 9A |
WEIGHT PERCENT OF COMPONENT
~ ON TOTAL SOLIDS BASIS
o SAMPLES
COMPONENT AR BB cC
PVP K30 ® ' 14.7 147 13.4
STEPANTEX 653 ™ 300 20.9 273
A187 ™ 18 78 16
A-174™ 3.7 3.7 33
EMERY 6717 ™2 N 24 | 24 52
MACOL OP-10 ™ ) 1.6 1.6 15 .

8 pyP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of Wayne,

New Jersey. .
13 STEPANTEX 653 which is commercially available from Stepan Company of Maywood, New

Jersey.
%0 A-187 gamma-glycidoxypropyltrimethoxysitane which is commercially available from CK Witco

Corporation of Tarrytown, New York.
™1 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from CK

Witco Corporation of Tarrylown, New York.
2 EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.
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207- A- 18/ ganma- gl yci doxy- propyl tri nmet hoxysi |l ane
which is comercially available fromCK Wtco Corp.

of Tarrytown, New York. 206 DYNAKOLL Si 100 rosin
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Eur dpean_counterpart to PLURONIC F-1
POLARPRAGHPOPI#D "boron nifri dé2.powdér whbch ip 38
“conm IFAISEE i 2 mAdvgnCed Cer ¢S 53
Cor ation_of |akewpod L0 13_EYURE 140{ i s "a
pol JARLAKTHERMPT W80 ch i s kcomme®cial [y av@il ab) e 26om

Ci ba GBI gy, Bel giunt WD 2005/ 077853PCTHUS26051-002694
PLU F-108 214 - 9.83 10.81 7.56 8.40 5.94 MACOL
NP- g(?ﬁ\l%%’ Yamsesizedyrithdhe sach of thersizyg opeRaaitieTs (A40BB Bed CC)

were used as fill yarn in weaving a 7628 style fabric using a Sulzer Ruti Model 5200 air-

jetloom. The warp yamn was a twisted G-75 E-glass fiber strand with fiber coated with a
different resin compatible sizing composition'®. The fabrics were subsequently
prepregged with an FR-4 epoxy reéin having a Tg of 140°C (designated 4000-2 resin by
Nelco International Corporation of Anaheim, California). The sizing compbsitions were
not removed from the fabric prior to prepregging. Laminates were made by stacking 8-
plies of the prepregged material between two fayers of 1 ounce copper and laminating
them together at a temperature of 355°F (about 179°C), pressure of 300 pounds per
square inch (about 2.1 megaPascals) for 150 minutes (tofal cycle time). The thickness of
the laminates without copper ranged from 0.043 inches (about 0.11 centimeters) to 0.050
inches (about 0.13 centimeters). |

[0378] After forming, the laminates (designated AA, BB and CC according to the
fiber strands from which they were made) were tested as indicated below in Table 9B. .
During festing, laminate BB tested at the same time as a first laminate made from glass
fiber yarn coated with sizing composition Sample AA (hereinafter designated as Laminate
Sample AA1). Ata laler date, laminate CC was tested at the same time as a second

5% MACOL OP-10 ethoxylated alkylphenol; this malerial 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. : -

™ TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey. _

158 MAZU DF-136 anti-foaming agent which is commercially available from BASF Corp. of
Parsippany, New Jersey. T

'*® ROPAQUE® HP-1055, 1.0 micron particle dispersion which is commercially available from
Rohm and Heas Company of Philadelphia, Pennsylvania.

'*T ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from Rohm
and Haas Company of Philadelphia, Pennsylvania,

'*® ORPAC BORON NITRIDE RELEASECOAT-CONG 25 baron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

*** POLARTHERM® PT 160 boron nitride powder which is commercially available from Advanced
Ceramics Corporation of Lakewood, Ohio.

"*® The warp yarn was PPG Industries, Inc.’s commercially available fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG industries, Inc.'s 1383 binder.
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laminate made from glass fiber yarn coated with sizing compaosition Samp]e CC

(hereinafter des:gnaied as Laminate Sample AA2).

JABLE 9B

Laminate Sample
[ Test Units | AAT™ | BB° AR o
Average Thickness inches 0.048 | 0.048 | 0.053-0.055 0.053-0.055
Solder Float seconds 409 386 235 253
Solder Dip seconds 320 203 243 242
Flexural Strength “kpsi 98 | 102 91 g0
Warp Direction® _
Flexural Strength kpsi 8 | 81 | 73 72
Weft Direction'®

* based on 2 samples
** based on 3 samples

[0379] The solder float test was conducted by floating an 4 inch by 4 inch square
(10 16 centimeters by 10.16 centimeters) of the copper clad laminate in a eutectic lead—
tin solder bath at 550°F (about 288°C) until blistering or delamination was observed. The
time until the first biister or delamination was then recorded in seconds.

[0380] The solder dip test was conducted by cutting a sample of the laminate,
removing the copper from the sample‘by etChing,. smoothing the cut edges of the sample
by polishing and placing the sample in a pressure cooker at 250°F (about 121°C) and 15
pounds per square inch (about 0.1 megaPascals) for 60 minutes. This test is the
pressure cooker test referred to in the following table. After the 60 minute exposure, the
sample was removed from the pressure cooker, patted dry and dipped into a eutectic
lead-tin solder bath at 550°F (about 288°C) until blistering or delamznation was observed
The time until the first blister or delamination was then recorded in seconds.

[0381] The flexural testing was conducted according to the IPC standard
indicated. _

[0382] The laminates AA, BB and CC made using fiber strands sized with sizing
compaositions AA, BB and CC respectively, had accepiable properties (shown in Table

9B) for use as electronic supports for printed circuit boards.

1:; Per IPC-TM-650 “Flexural Strength of Laminates (At Ambient Temperature), 12/84, Revision B,
’ Ihid. :
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EXAMPLE 16
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(MiaddraidarSomgd| ([e2oulds pdhaind ICC) nagged [fromy@. 05 15.4
Eﬁ%g@ﬁm(about 0.127 centimeters) to 214 PLURONLE

- pol voxvipr opyl ene- pol ypxyet hyl eng copol ynel

~which is cormercially avail abl'e from BASF Cor poration

of- Par si ppany
- nonyl phenol s
avai Il
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ati,

Je grﬁem

N 2ot weight hisisrwase

ishhsiee irséa@h cokip6ditidns commerci al |y avail able from ZYP

218 ROPAQUE
which is
comercial |y avai | abl e frdmvireloRaPEREERT CFOCBRBPBNENT ON

- Coatings, Inc.

"OP-96, 0.55 micron partic

Phi | adel phi a,
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tio of the sa&mHLEBgth to

sanpl e thickness during testing was 5. Table 16 Test

-Units AA BB CC Control

Shor

t

Beam Pounds per 7787

1%&@'7}"(7-73@50 No. 2.6.2.1, “Water Absorption, Metal Clad Plastic Laminates”, 5/86, Revision

2 Per IPC-TM-650, No. 2.3.4.3, “Chemical Resistance of Core Materials to Methylene Chlonde

5/86.

"® Per IPC-TM-650, No. 2.4.8, “Peel Strength: As Received, After Thermal Stress, After Process
Chemlca?s . 1/86, Revision B.
* Per IPC- TM 650, No. 2.4.40, " ‘Inner Layer Bond Strength of Multilayer Printed Circuit Boards

- 10/87.
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7382 Shear Strength, No Boil, Warp square inch
(megaPascal s) (54) (56) (54) (51) Direction

Sanpl e I nches 0.060 0.050 0.056 0.055 Thickness

(centineters) (0.152) (0.127) (0.142) (0.140)

WO 2005/077853 PCT/US2005/002694
~ COMPONENT DD EE FF
PVP K-30™ 12.3 11.7 12.3
STEPANTEX 653 ™ 25.0 23.9 25.0
TMAZ 81"% 35 . 3.9 2.7
MACOL OP-10 ™ 1.8 2.0 1.4
POLARTHERMPT 160 " 2.4 2.3 24
EMERY 6717 ' 2.0 2.0 2.0
A-174™7 3.1 2.9 3.1
A-187"7 1.5 1.4 15
RELEASECOAT-CONC 25 ™ 5.7 55 5.6
MAZU DF-136 ' ' 0.2 0.2 0.2

-

Table 10 (Cont'd)

WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS

SAMPLES

- COMPONENT DD EE FF

ROPAQUE OP-96 """ 35.2 33.7 35.3
FLEXOL LOE ™ 7.3 10.5 0

"*” PVP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of Wayne,

New Jersey. _

"°® STEPANTEX 653 cetyl palmitate which is commercially available from Stepan Company of
Chisago, llinois.

'™ TMAZ 81 ethylene oxide derivative of a sorbitdl ester which is commercially available BASF of

Parsippany, New Jersey, _
7® MACOL OP-10 elhoxylated alkylphenot; this material is similar to MACOL OP-10 SP except that

OP-10 SP receives a post freatment to remove the catalyst; MACOL OP-10 is no longer
comrmercially available. Co

7! POLARTHERM® PT 160 boron nitride powder particles, which are commercially available from
Advanced Ceramics Corporation of Lakewood, Chio.

2 EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.

B A174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York, 7 _
74 A-187 gamma-glycidoxypropylirimethoxysilane which is commercially available from CK Witco
Corporation of Tarryiown, New York.

'™ ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
dispersion of about 25 weight percent boron nitride particles in water commercially available from
ZYP Coatings, Inc. of Oak Ridge, Tennessee. _

'"® MAZU DF-136 anti-foaming agent which is commercially available from BASE Company of
Parsippany, New Jersey. '

7 ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from Rohm
and Haas Company of Philadelphia, Pennsylvania.

8 FLEXOL LOE epoxidized linseed oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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N=13 Short Beam Pounds per 6626 7594 7118 5506
Shear Strength, No Boil, Fill square inch
(megaPascal s) (46) (52) (49) (38) Direction

Sanpl e ,
WO 2005/077853 ' PCT/US2005/002694
FLEXOL EPO ™ 0 0 73
Weight percent solids 3.4 35 34
LOI __ | 0.42 039 0.30

[0385] Each of the aqueous size compositions of Table 10 was used to coat gléss
fibers forming G-75 E-glass fiber strandé. Each coated glass fiber strand was dried,
twisted tb form a yarn, and wound onto bobbins in a similar manner using conventional
twisting equipment. , 7

[0386] The yarn of Sample DD was evaluated by comparing the coated yarn to
yarn coated with a sizing composition similar to Sample DD but without the epoxidized
linseed oil (hereinafter “Comparative Sample 17). This comparison included visual
inspection of the appearance of a 7628 style fabric woven on an air jet loom. The woven
fabric used Sample DD as the fill yarn a twisted G-75 E-glass fiber strand with fiber
coated with a different resin compatible sizing composition™ as the warp yarn. it was
obsérved that fabric woven with yarn coated with Sample DD exhibited less loose fuzz on
the fabric as well as less collected fuzz at contact points on the loom, especially at the
yarn accumulator, when compared fo fabric woven With yamn coated with Comparative
Sarhple 1. No fabric was woven using yarn incorporating fibers coated with Samples EE
or FF because of ihé high initial amount of fuzz observed on the loom. It is believed that
this condition was the result of an LOI level lower than required to prevent excess fuzz
formation. In the presénf invention, it is anticipated that an LOI of at least 0.40 for the
sizing compositions discuésed above is required to reduce fuzz formation during

weaving.

EXAMPLE 11 :
[0387] The yarns of Samples AA, BB and CC and a Comparative Sample 2''
{yarn coated with a étarchloii sizing) were evaluated for several physical properties, such
as loss on ignition (LOI), air jet compatibility (Air Drag) and Friction Force. The results

are shown in Table 11.

" FLEXOL EPO epoxidized soybean oil cornmercially available from Union Carbide Corp. of
Danbury, Connecticut.

* The warp yarn was PPG Industries, In¢.'s commercially available fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.’s 1383 binder.

"®! The yarn was PPG Industries, inc.'s commercially available fiber glass yarn designated as G-75
glass fiber yarn coated with PPG Industries, Inc.’s 695 starch/oil binder.
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I nches 0.061 0.050 0.060 0.055 Thi ckness N=13
“(centineters) (0.155) (0.127) (0.152) (0.140) Short
Beam Pounds per 5695 6522 5081 4929 Shear Strength,
24 Hour Boil, square inch (negaPascal s) (39) (45)

WaPlo0s/0349s Warp Direction  PCT/US2005/002694

[0388] The loss on ignition (weight percent of solids of the forming size
composition divided by the total weight of the glass and dried forming size composition)
of each Sample is set forth i Table 11.

[0389] Each yarh was evaluated for Air Drag Force or tension by feeding the yam
at a controlled feed rate of 274 meters (300 yards) per minute through a checkline
tension meter, which applied a tension to the yarn, and a Ruti two millimeter diameter air
nozzle at an air pressure of 138 kPa (20 pounds per square inch).

[0390] The Samples and Comparative Sample 2 were also evaluated for Friction
Force by applying a tension of 20 grams to each yarn sample as the sample is pulled at a
rate of 274 meters (300 yards) p;er minute through a pair of conventional tension
measurement devices having a stationary chrome post of 5 centimeters (about 2 inches)
diameter mounted therebetween to displace the yarn 5 centimeters from a straight line
path between the tension measurement devices. The difference in force in grams is set
forth in Tabie 11 below. The Friction Force test is intended to simulate the frictional
forces to which the yarn is subjected during weaving operations. _

[0391] During testing, Sample BB and Comparative Sample 2 were tested at the
same time as a first quantity of glass fiber yarn coated with sizing composition Sample
AA (hereinafter designated as Sample AA3) and Sa‘mple CC was tested at the same time
as a second quantity of glass fiber yarn coated with siZing composition Sample AA
(hereinafter designated as Sample AA4). Samples AA3, AA4 and BB were 2.8 weight
percent solids. Sample CC was 3.1 weight percent solid. Comparative Sample 2 was

5.9 weight percent solid.

Table 11 _
Sample
AA3 [ BB 2 | AAd | cC
LOI (weight percent), 042 | 049 | 111 | 0.38 | 0.37
- - | Air Drag (grams) 56.2 | 51.2 | 529 | 588 | 532
Friction force (grams) 536 | 615 | 951 | 488 | 68.9

[0392] From Table 11, it can be seen that sizing Samples AA, BB and CC have
an air drag comparable to that of Comparative Sample 2 (starch/oil binder). Furthermore,
~ the lower friction force in Samples AA, BB and CC indicates that the yam is more easily
_removed from thé loom accurmnulator during weaving when compared to Comparative

Sample 2.
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Sanmpl e I nches 0.061 0.051 0.057 0.057 Thickness N=13
(centineters) (0.155) (0.2130) (0.145) (0.145) Short
Beam Pounds per 5266 5832 5179 4116 Shear Strength,

24 Hour Boil, Fill square inch (negaPascal s) (36)
WO 2005/077853 PCT/US2005/002694

- EXAMPLE 12

[0393] The yams of Samples AA, BB and CC and Comparative Sample 2 were
evaluated for Air Drag in a similar manner to Example 11 above, except that the Air Drag
values were determined for a bobbin sample at the pressures indicated in Table 12.

[0394] Each yarn also was evaluated for average number of broken filaments per
1200 meters of yarn at 200 meters per minute using a Shirley Model No. 84 041L broken
filament detector, which is commercially available from SDL International Inc. of England
{(shown in Table 12 as Test 1). The broken filament values are reported from sections

+ taken from a full bobbin, the same bobbin after removing 227 grams (0.5 pounds) and
the same bobbin after removing 4540 grams (10 pounds) of yarn. Each yarn was further
evaluated for the number of broken filaments at increasing levels of tension and abrasion
(shown in Table 12 as Test 2). I.n Test 2, a sample of yarn was unwound from a bobbin
at 200 meters/minute, threaded in a serpentine m‘énh‘e’r 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 broken filament detector (discussed above) to
count the number of broken filaments. The spacing of the pins on the tensioning device
was varied using different dial settings to provide various levels of tehsion in the yarn.

- This particular test used a Model UTC-2003 tensioning device commercially available
from Steel Heddle Co. of South Carolina. The broken filaments was reported in number
of broken filaments per meter of yarn.

[0395] The results of these tests for Samples AA, BB and CC and Comparative
Sample 2 are set forth in Table 12 below. Ina manner similar to that discussed above in
Example 11, Sample BB and Comparativé Sample 2 were tested at the same time as a
first quantity of glass fiber yarn coated with sizing composition Sample AA (hereinafter
designated as Sample AA5) and_at a latter date Sample CC was tested at the same time
as a second quantity of glass fiber yarn coated with sizing composition Sample AA

(hereinafter designated as Sample AAB). .

TABLE 12
Sample -
AR5 BE | 2 | AAB | ¢C
AIR DRAG (grams)
15 psi " T 4610 | 4250 | 4223 | 4747 | 2233
20psi . 56.20 | 5120 | 52.94 | 58.84 | 53.18
25 psi 67.33 | 6030 | 64.13 | 69.45 | 67.66
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(40) (36) (28) Direction Sanmpl e I nches 0.063
0. 051 0.062 0.056 Thickness N=13 (centineters)
(0.160) (0.130) (0.157) (0.142) [0420) The
short beam shear strengths of the test |an nates

(%%@@%npl es AA, BB, CC) in both the V"arpx%‘}%s%o%)oozssm

directi ons both before and after vvater boi |,

ob u t-o—be-htgher—th kg 91 e *h!S
TN E 43?]5%")] 10 e aad 7763
frp¥esigl ass fiber strapd9.42 2e898b6t h &5.2(? ngn83.70d 82.74
con rtronCC—given—tnTab) " OA 1"‘ Bcap-er-9—ahd
wa %b) arns nade PPG | ndugg‘?l eg, 1'(21‘?01 sgf%[g%s 87.23" | 92.18
copdersti al |y avai |l able f|1ﬁ3341 d I ‘_etﬁr'smy anno,tsnoidlﬂﬁtgw\f r 02,91
WOVETT T 1Tt 0 __”\hn st y'i e—Habrte—trst Rg—af—at+—j +—o6/H
Thie fabric vas subsequent!|y prepregged and | ami nated
t of fllbbehbgopper cl ad | anj wat7es | ad.sdestri.b& [aboras 1N0.066
EXI JFars (0.5 pound) 6.160 | 0.648 | 0.041 | 0904 | 0.075
4540 grams (10 pounds) 0.098 1.348 0.008 0.518 0.022
TEST 2
Setling 2 -0.683 5.017 0.119 0.372 0.611
1 Setting 3 0.753 4.772 0.083 0.450 0.017
Setling 4 T 0.713 3.753 0.147 0.367 0.017
Setting 5 1.267 4.025 0.150 0.811 0.961
Setling 6 7 1.608 | 8.383 [ 0.322 0.286 0.044
Setting 7 ‘ 4.128 6.517 0.611 0.403 0.058
Setting 8 | 4.472 14.800 0.978 0.406 0.128

[0396] 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).

EXAMPLE 13
[0397] Electrical grade laminates made from prepregs incorporating fabrics with

yarns having different sizing compositions were tested to evaluate their drilling properties,
~and more specifically (i) the drill tip wear of drills used 1o drill holes through the laminates

and (i) the locational accuracy of the holes drilled through the laminates. Control GG

and Sample HH were laminates incorporating a 7628 style fabric as discussed earlier.
The fabric in Control GG was a heat cleaned and silane finished fabric commercially
- available from Clark Schwebel and identified as 7628-718. The fabric in Sample HH was
woven from fill yarn comprising glass fibers coated with a resin compatible sizing as
taught herein and shown in Table 13A. Itis believed that the fabric also included Sample
" HH as the warp yamn. However, it is possible that the warp yarn could have been PPG
Industries, Inc.’s 1383 commercially available fiber glass yarn product. The glass fibers
woven into Sample HH had a loss on ignition of 0.35 percent.

-121-



[0422] Copper clad |amnate CC (as descri bed above in
Exanpl e 9) was subsequently processed (i.e., drilled,

pl ated and patterned) into test boards having a
plurality of test patterns for testing netal
rwgeasomassper f or mance. More particul arly, eackciosaoe002694
i ncluded three sets of seven simlar circuit patterns
1310 as shown in Fig. 13. g](? i@é of patterns was
oriented along the X-axis board, another al ong

t he Y-axi s weighhPelveat of Canporenthon Tol SolidaiB4&Sisangl e

across the board. Each.circuit.pattern 1310 incl uded

50 rows of five dri ?‘Trg ’H%Vﬁ%JTg%’Z"g%E%ﬁ havi ng a

di amet ¢r of 13.5 m IgompBRERTCENt er -t 0- cenf 8AMBPAHHD
m 40 to

betweeph_hol.es in_adjacent rows ranging fro
54.7 m RD-84mAd¥i | 1ing these holes, two boaf ds aver e

st acke-i—l-ol%epher_sg_ggax—bm»-emﬂ_d_be_d-qued_Ln_a&
si ngl e| BEPMOPRIENH®0Ati on. Al ternating rows of38l es

. oy

In each lg‘t L were—interconnected—by—busi-bar 1314
and Ieaﬁg along a first major surface of PRe
board as SMOWT TT F1 0. Tzbf 134 {ConPapdsS Wer € sof uerTe
to each bus bar for codNECITon to a power source.
Each c|rcuit furtheconmedNeENd a 1K ohm surlf S&EMPLE HH
resi st pr—-1322 to-—ensure-that—i-f—onecircuiit. failed,

power BAEBTY to the remaining circuits woul d ba?
mil nt QZ%_§9'4135Eabh board Wears soaked— 17674 (172.‘3)
dei oni water for ten mnutes to renove lany Bl der

flux reﬁﬂigi)@,."@qﬂ ised. [he boards were 1nen piaced
in a chanber at égéc (185F) and 85% rel ati Ve hu?ﬁadity,
and a [NERsAMIDt140C%current was conti nuouslly apphl ed
across|-the patterns. Every 200 hours the ghanher wad

shut ot Me-&fanber door was opened to lal | o5t he

+ il .; wudat + | h nn
patter o—-st-abi-H-ze afbi-ert—ab—terparat-ure——add

fs re—ta
the i st BHFERMETSOnce for each patterr wasd®

neasurqm—‘mrﬁ_ L anpte ££
boards\an(?\ts\%go&n r ol ?Br)oards. The control] boards

wer e nafetid 4tid- he same way as the Sanple CG boapds byt
used danventional heat-¢leaned and finjishdd fabrics}
Each board included 21 circuit patterns (i.e., three
set s @fosp PM [ ' i, [ AT =T o A2
cir ,CLEi tsFt eeg}fbgg v?éé%‘ b%g? %Btbge Sad I#eUP%éB%ggkedgggﬁﬁmteﬁe
PBlYG STangEFicd ena Pea (FRQN (10 BERbresiiGy2HaHe e Ghel
hours are given below in Table 17 where the tabl ed
" ®DwazA pol@steiesin wWiizB is commpaiahefasbinirbh sbiyen BResids o dolumbus,
Qhesi st ance. WD 2005/ 077853PCT/ US2005/ 002694 TABLE 17

] %%MQFH%W@Q@@P‘WW@ adipaipdiel, wihichGSoremmetciat-Biad@0roBayer Corp.

- ohiA , Pe ]
_ i@%sﬁg%% 'po!%@yp:ﬁlébne?vqgchﬁg §dmr§e'?8£u§; a\paila:\lble7froés}n2|8a"%?mr% icsﬂs gf Wayne,
W ey. -

'* A-187 gamma-glycidoxypropyttrimethoxysilane, which is commercially available from CK Witco

Corporation of Tarrytown, New York.

S A-174 gamma-methacryloxypropylirimethoxysilane, which is commercially available from CK

Witco Corporation of Tarrytown, New York.

'*T PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially

1aa\éailable from BASF Corporation of Parsippany, New Jersey.

180 VERSAMID 140 polyamide, which is commercially available Cognis Corp. of Cincinnati, Ohio.
MACOL NP-6 nonyl phenol surfactant, which is commercially available from BASF of

Parsippany, New Jersey.

% POLARTHERM® PT 160 boron nitride powder particles, which are commerciaily available from

Advanced Ceramics Corporation of Lakewood, Ohio.

Ll
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1101070200108 10101083210 z10" 36 32
30 0 [ 0424] The Sanpl e CC boards had fewer
shorts than the control boards after 200 hours of
exposure. After 400 hours of exposure, all the

KQobpl79ar d patterns had failed. For purposeg@inosneces
this test sanple, "short" refers to an insulation

resi stance val ue of | ess than 1050hns. EXAMPLE 18
Chemical Co.) to the fabrics using a paintbrush. The resin saturated fabric was

immediately “dried” and B-staged in a vented hot air oven for 3t0 3.25 minutes at 163°C
{(about 325°F) until the desired gel time of 124 seconds at 171°C (about 340°F) was
reached. The prepregs were trimmed to 46 cm by 46 cm (18 inch by 18 inch) sections
and weighed to determine resin content. Only prepregs with resin contents of 44 percent
* 2 percent were used in the subsequent laminating procedure. '

[0399] Prepregs were stacked 8 high and molded in a Wabash Press for 70
minutes at 177°C (350°F) and at-345 newtons/cm2 (500 psi). All the laminates were
molded without copper foif layers. The laminates showed various levels of air
entrapment. It is believed that the lack of vacuum assist and temperature ramping during

lamination contributed to this condition.

Tool Wear Analysis
[04G0] The first series of tests were conducted to évaluate‘ the wear of the drill tip.
The tip wear was expressed in terms of “drill tip percent wear” which was calculated
using the formula:
drill tip percent wear = 100 x (P-P;)/P;
where  P; = initial width of the primary cutting edge
P; = width of the pnmary cutting edge after the allotted holes

were dr:lled

Referring to Fig. 11, the width 1170 of the primary cutting edge 1172 of the drill 1174 was
measured at the peripheral edge of the drill tip. _

The drilling was conducted using a single head drilling machine. The drilling was
perfbrmed on 3-high éiacks of laminates (discussed above) with a 0.203 mm (0.008 inch)
thick aluminum entry and 1.88 mm (0.074 inch}) thick paper core phenolic coated back-
up. Drilling 3 laminates at one time is generally standard practice in the industry. The
drill tip percent wear was determined for two drill diameters: 0.35 mm (0.0138 inches)
and 0.46 mm (0.018 inches). Both drills were a series 508 tungsten carbide drill available
from Tulon Co., Gardenia, California. The chip load during drilling was held constant at
'0.001 for each tool. As used herein, “chip load” means the ratio of the drill insertion rate
measured in inches per fninute to the spindle speed measured in revolutions per minute
(rpm). For the 0.35 mm drill, the spindle speed was 100,000 rpm and the insertion rate

'*! ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available from
ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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[ 04251 Each of the conponents in the anpunt set forth

in Table 18A were m xed to form aqueous resin

conpati ble primary size Sanple RR according to the
present invention. Less than 1 wei ght percent of
ageees/owessd on a total weight basis was i ncl uRIEAUS2605/002694
the conposition. Sanple RR was applied to glass

fWabema ifcRESTI288 cf) pbr .Emgieas Sonﬁh@@ﬁﬁ $hrh @A She s'Bw:eC%ta@ Gllas
S wWere WI

fib
SO0 ghree S R bR S0 Fivnes CBAFTAPe TaRiE: AlSason rae
©bRBe Nt (1008 Inched) pei MmELRENRTESS mm0O66 dahpappecatil hiad limit was
35% T 8 '
Arbhelle ot ool Tnftedtd AR il el gearm e
Mtf@NWPLEWRRWDﬂrSWAm:@ t@é’u;@eDESF@HEmeza)ﬁiﬁate
725 Sfpady fae@ rm%p%%gﬁ% R?ééf%%%@ﬁérﬁuﬁ%ﬂbaé@a'oﬁrb so;o hole drilling

commercl a aval | rom Bor em cal

el %ﬁﬁh@”ﬂ 'mﬁlgo 12 ydishipatydep3ehole drilisd iy PP smdy 10.16 cm
qﬂwmt:re byli @lch) MbBEIC e¢t@nqgm;exon¢vaédl by 188 dbled il £16 b0 hole

BRWER (o143 YeBins PG ek vk Bk 48 ratigAsepion 2289). The
Rolés - ehﬁldSeet:oA wiekd JROsY 6t &hdle 82} oP6 DhIE=RBANYIard 4éhntimeter
?4%5 h%leAber square inch). The pattern was repeated three additional times for a total of
2000 holes. The drilling for Tests 1 and 2 was done using a Uniline 2000 single head
dfilling machine and the drilling for Test 3 was done tjsing a CNC-7 single head-driiling
machine. Both machines are available from Esterline Technologies, Bellevue,
Washington. _ ' |

[0402] Table 13B shows the drill tip percent wear of the drill for Control GG and -
Sample HH for the 0.35 and 0.46 mm diameter drills after drilling 2000 holes in the |
‘pattern discussed above. Each test was started with a new drill bit.

* Table 13B
| Control GG | Sample HH
Test1 ~ Number of tools 3 3

0.35 mm dia. drill Average drill tip 28.8 222

percent wear

Test 2 Number of tools 20 | 20
- 0.46 mm dia. drill- Average drill tip 34.0 244
percent wear
Test 3 Number of tools : 1-0. 10
0.46 mm dia. drill Average drill tip 30.8- 29.3

percent wear

[0403] As can be seen in Table 13B, Sampie HH in Tests 1 and 2, which includes

glass fiber filaments coated with a sizing as taught herein that is compatible with laminate
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MACOL NP-66 5.4 POLARTHERM PT 160 227 0.9
RELEASECOAT- CONC 25228 1.5 acetic acid <0.1

[ 0426] Each of the conmponents in the anpunt set forth

in Tabl e 18B was mi xed to form agqueous resin

GRORALLPLE prinary size Sanple SS according tllgbf/{?s%usmozs%
present invention. Sanple SS was applied to

fibers formng G 75 E-glass fiber strands: and t he

s Al dEsiRpe PR *Wsﬁ stofif %ﬁﬂg)ﬂ lesy el tiropare’t Wadk alies ReQP Jaigsrihan

haehtanGGOWhigh irfludés gﬁ@éhh:%r I8 ReMe W padio t@l‘ﬂé@ﬂ@éﬂed r to

hﬁo Gal n\%?af 52*;8‘3 n,ﬁ@_g@% ﬂncgzégeségghﬂwé\p riyzqmargmai

F*marcm&enqom byzvmmgdrcqmy wead hud @ ischelimhiddhatitisis Gal@Re GedhdtYhat the

agg%'ﬁ:gil}ﬁa Ha%ﬁ%]e §§’eacrﬂ %‘H& Fég‘l \ﬁaﬁ {mé"%)‘.ﬁ %ﬁ‘or@gw e‘ég corﬁb’%?lgwg the

OX SI ane

i ‘é’"'@@ﬁ?ﬁéﬂ@héﬂ'ﬁ Vquﬁﬁlﬁrl@ng mmlmsegﬁeﬂealsn &% 2.| nc.
of Tarrytown, New York. 224 A-174

amm- net hacryl oxypropyl tri met hoxysil ane, which is
g‘cﬂfﬂ’i?ﬁ'ﬁq"ymﬂal lable from OSi Specialties, Inc. of

Tar r y [men] AN@Wm@Mﬂein@@seﬁk&ngM dﬁllﬁh& %erformance of a Iamlnate is

- RRIBART RGei: MR Rl R Rt itnce o the acual

Fevesoqatiam fromientdeted docati@ 5T HéEE&%MdBnehﬂ@aﬁ)tdkymﬁh dﬁver surface of |
%‘é E&tohflaﬁ'l%%msc;f%' flllalr'xyna?evﬁéélﬂa'le% {r{eodnl g}%{c]e% g‘e lammate stack, since

it is expected that this hole location wouid have the largest discrepancy from the intended

or *true” hole location. This difference was assessed in terms of the "deviation distance”,
i.e., the distance from the actual true center of the drilled hole on the surface of the
laminate to the intended trug center of the hole. The deviation distance was measured
‘after the 500 hale sequence discussed above was repeated 4 times, i.e., after each tool
drilled a total of 2000 holes The deviation distance was measured for the last drilled 100
hole pattern, i.e., the last drilled section 582. The holes were drilled using a 0.46 mm
{0.018 inch) diameter series 508 drill from Tulon Co. of the type discussed above. As
was used in the tool wear test, the spindle speed for the drill was 80,000 rpms and the
insertion rate was 80 inches per minute for a chip load of 0.001. The test was repeated
eight times for each Control GG and Sample HH with each test starting with a new drill.

[0405] Table 13C shows the result of the locational accuracy test for Control GG
and Sample HH after drilling 2000 holes.

Table 13C
Control GG | Sample HH
number of drills ‘, 8 8
average devia_tion distance (micrometer) 38 . 28

[0406] As can'be seen, Sample HH exhibited a fower deviation distance than
Control GG, which is of parlicular significance when the laminate is used as an electronic

support incorporating a large number of holes and circuits. This is consistent with the
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226 MACOL NP-6 nonyl phenol surfactant, which is
commercial |y available from BASF of Parsippany, New
Jersey. 227 POLARTHERMO PT 160 boron nitride powder
particles, which are commercially available from
Asteansedis€er am cs Corporation of Lakewood, OhpOr/ugdsooz694
ORPAC BORON NI TRI DE. RELEASECOAT- CONC 25, which is

C&m’[ﬁrp%h%h{ Ve Bt Q’Qlﬂiﬁ if ¥R ﬁ»ﬁ)abggét Mgga;spelcﬁig?lfgt it WS ve

dge, Tennessee. . _an et
f‘?’@ﬁ?‘%ﬁiﬂ‘ leBlinptes W\ﬁ %@516@!7 #d m@lvewsw@wmagq exhibit less

Al 23 disthAcDbdral & thd 3 Beouf HelSHRe3 fo?- ﬁénd%p%ﬁé%f drillings.
234 91.1 PLURONI C F-108 236 9.11 ALKAMILS EL- 719

9.11 MACOL OP-10-SP 237 4.57 EPI REZ 3522 236_ 20. 9
acetic acid 2.6 . 1@XAKPLEamNs sized with

\,S\gmﬂ) yaﬁﬁ,nag na(ﬁn%veradpﬁﬁ%q"@ég%%%egp \?%%:143%5 \gvg\rre conducted.
ddenticsl grpde lamindies Gonterd JhareiBampies 44,|BB arwBKK dlebofatida 7628
Fond BBc %gf\eéaggg%gﬁﬁ flerferé ik kBB PR Eht Yebl! FiieTabricin

rom rles

Ci”f"g’bUr"@if 76Pg1{1A 8 Jabyia iom QarkrSshyietiel, éﬁc tTh;e f‘atzmaatm 6Iamples AA,
SBEIHIKK weBFovah $r‘én‘)’ﬂl%l’h dcﬂ{pﬂs@g §8<Sri b%tré( E@atécﬁ@ﬁﬂ g resun

I arns had an
FOPRILICR T S isdof iy b SRk PO i d o6l ddAEaiow tspectvely,
ainq;b olrpvyany havilgcgibsd fibeengasidivitm difaéntipdBrRas et tRaterial

fblé&%l E&né{%t% {9 about 2 to about 2.5% The
res[‘ﬁk X@rl C ha [

t1ng an LO ranging from1.6 to 1.9%
Iable 14A
* Weight Percent of Components on Total Solids Basis

for Sizing used in Sample KK

WEIGHT PERCENT OF
COMPONENT ON TOTAL
SOLIDS BASIS
SAMPLE
COMPONENT KK
PVP K-30 ' 13.4
A-187 ™ 1.9
, AT74 T T Y
. EMERY 6717 ™ 19
T [8AG 10 ' 0.2
[ RELEASECOAT-CONC 25 ™ 3.8

2 The warp yarn was PPG Industries, Inc.'s commetcially available fiber g!ass yarn product
demgnated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.

® PVP K-30 polyvinyl pyrralidone which is commercially available from ISP Chemicals of Wayne,
New Jersey. -

% A-187 gamma-glycidoxypropylirimethoxysilane which is commercially avaitable from CK Witco
Corporatlon of Tarrytown, New York,

= A-174 gamma-methacryloxypropyltrimethoxysitane which is commerc:a!ly available from CK
Witco Corporation of Tarrytown, New York,
"*® EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.
"7 SAG 10 anti- foamang material, which is commercially avaitable from CK Witco Corporation of

- Greenwich, Connectlcut
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[0428] Each fabric was tested for air pernmeability
according the test procedures established in ASTM D
737 Standard Test Method for Air Perneability of
Textile Fabrics. The average air pernmeability for the

b hdoSnasens i s shown bel ow in Table 18C 231]9:'1?/1}52005/002694
ALUBRASPI N 226 partially am dated pol yet hyl ene 1'mne,

whi ch i Pb!tuARf E ﬂl'F”'ly‘IbCO‘”“’. labl-p—from un%cg Cor P- of
Par si pphhy. Newu R 231A- 1f4
ganma- rr=Rﬁe&§ﬁ719tlz°8xypr opyl tri met hoxysilang3whi ch Ts

N-t-co—Corpborat-ton—of

commerc errfrom-Ck-W-t-e6—Co ot
Tarryt o, OW c’)\ir@obZSZA- 187 - 31U
gamma- g| PVRONIF-0p§ 't r i met hoxlysiTane waiah s

conmer c romC-W-teo—Cotspor-att-en—of

Tarryto W YOI k.~ 2A-1 100 fami no- f unéty onal or ggno
si | ane E@NGLIP-Bgent whi ch i s| commer ci alz y avai l al:l3e
from - ( 434

epaxy resin, whigch is connerciaLIv avai | alll e

from SHQ! (Bheni cal Conpany of Houst on, 0-F&xas. 236

PLURONI CTMF-T08 pot yoxypr opyfeme=pot-yoxyet-hytene

Copol yner _which is commercially avail abl e from BASF

Cor pé@s | gHe GripmperesyasRAueNMOIEd drlg preps®s with|ak/BRH Spoxy

rekin Fiddnge |T§ @K y&l‘b}(ﬁ@digﬁﬂtéde@@b@bbﬁn gﬂr Neb lrﬁé}nétﬁ)nai Corporation
0

' (1%/%“ L5l @ a‘tl%?g%r?ga{:%gorg&t@%n@ﬁ@ ﬁ%\l rga]%lv%q.,frcprg the fabric prior

te ermmggmel |Lymmmslmbé matie byrstiBASHY a:pirqalof gfe ;Pefiré% ﬁﬁwlﬁhéxand
sol L | S+ no

SRR I By, SRR AL

@j@ e Gf3SPiduebont 179%) aressura/d 300 pounds per square inch (about 2.1

n?é@;@ﬁé&:%l%?ﬁﬁ &g ﬁr@rﬁ%‘;(r éQ Qﬁrgg f}mg PO ti8%esfbf the laminates with

Per neab eet per m nute pe

cgeﬁ%f@g]eggp (@ﬁ%ipqﬂes Sehayt %mg_c:ghtﬁ-[ﬂ QESmpehes (about 0.165cm). In

forming the laminates, eight prepregs were stacked with copper layers in the foflowing

o)

arrangement: _

one 1 ozAt® shiny copper layer

three prepreg layers
one 1 oz/ft? RTF {reverse treated fdil) copper layer
two prepreq layers

one 1 oz/ft? RTF copper layer
three prepreg layers

one 1 oz/it* shiny copper layer

198

ORPAC BORON NITRIDE RELEASECOAT CONC 25 boron nitride dispersion which is
commercnally 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,

® RD-847A polyester resin which is commercially available from Borden Chemicals of Columbus,

OChio.
' DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer Corp..
of Pittsburgh, Pennsylvania.
2 Pl URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
avaliabfe from BASF Corporation of Parsippany, New Jersey.

7 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from Rhone-
Poulenc

** ICONOL NP-6 alkoxylated nony! phenol which is commercraliy available from BASF Corporation
of Parsippany, New Jersey.

-127-



2.8 Sanple SS 1.6 As can be seen in Table 18C, the

air perneability for the woven fabrics incorporating
Sanples A and Bis significantly | ower than that of

the fabric woven with the Control Sanple. EXAVPLE 19
[Wa2@fno7ressl e 19 i ncludes additional nonlim tingg/US2005/002694
sizing fornulations applied to glass fibers that were
subsequently woven into a fabric. Less than 1 weight

B oS omnaiea e Homas o5 P aRd B EnHsseNE0dshes).
a Tot @hosjolHedsiliBa s cEHAVRGNENg §mmh@ 2000 sﬁanghgad-Mlllmg
SRS L RIS R 35 55 Bt ocksied e
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 mm (0.0135 inches) tool diameters, series 80 tungsten carbide drill available from
Tulon Co., Gardenia, California. The chip load during drilling was held constant at 0.001,
with a spindle speed of 95,000 rpm and insertion rate of 95 inches (241 cm) per minutes.
The drill retraction rate was 90 inches (2.29 m) per minute and the upper drill head limit
was 0.059 inches (1.5 mm) upper drll head limit,
[0410] The drill ﬁp percent wear was examined based bn a 1500 and 2500 hole
" drilling -patte}n. The holes in each section were drilled at a Hole density of 28 holes per
square centimeter (about 178 hole pef square inch).
' [0411] Table 14B shows the drill tip percent wear of the Control JJ and Samples
"AA, BB and KK after drilling 1500 and 2500 holés. Each set of holes was started with a
new drill bit and each stack of laminates had ten 1500 hole groupings and ten 2500 hole
groupings. Three stacks of laminates.of each fabric type were drilled so that the drill tip
percent wear for 30 drills were measured for each sample. -

Table 14B
Drill Tip Pércent Wear
T Sample AA Sample BB Sample KK | Control JJ
1500 holes ‘ 21.5 19.5 1.8 24.9
2500 holes '-28.~07 _~ 24.3 253 28.3

[0412] As can bé seen in Table 14B, Samples AA, BB and KK, which includes
glass fiber filaments coated with a sizing as taught herein that is compatible with laminate
,matri)f resins, exhibited significantly less percent wear after 1500 holes than Control J,
which includes glass fiber filaments that had to be heat cleaned prior to being coated with
a silane containing finishing sizing. Aﬁer 2500 holes, the amcunt of drill tool percent
wear for Samples AA, BB and KK is still less than for Control JJ but less pronounced.
This is to be expected since the majority of the tool wear will occur during the earlier

drilled holes rather than the last holes drilled in a grouping.
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12.6 1.7 1.91.9 1.8 1.7 A-174244 3.4 3.8 3.8 3.7

3.5 EMERY 6717243 2.3 1.9 2.5 2.4 2. 4" NMACOL OP-1e4

1.5 1.71.6 1.6 - '

WO 2005/077853 PCT/US2005/002694

[0413] Based on the above, although not limiting in the present invention,
prepregs fnade with glaés fiber fabric coated with a polymeric matrix compatible sizing as
taught herein can have a drilling tip percent wear of no greater than 32 percent, such as
no greater than 30 percent, for example, no greater than 25 percent, as determined after
drilling 2000 holes through a stack of 3 laminates, each laminate including eight
prepregs, at a hole density of 400 holes per square inch and a chip Ioad of 0.001 with a
0.46 mm (about 0.018 inch) diameter tungsten carbide driil.

[0414] In addition, based in the above, although not limiting in the present
'invehtion, prepregs made with glass fiber fabric coated with a polymeric matrix
compatible sizing as taught herein can have, for example, a deviation distance of no
greater than 36 micrometers, such as not greater than 33 micrometers, for instance not
greater than 31 micrometers, as determined afler drilling 2000 holes through a stack of 3'
taminates, each laminate including eight prepregs, at a hale density of 400 holes per
square inch and a chip load of 0.001 with a 0.46 mm (about 0.018 inch) diameter
tungsten carbide drill. ' '

[0415] Although not meaning to be bound by any particular theory, it is believed
that the presence of a solid lubricant in the glass fiber coating composition disclosed
herein, and in one particular embodiment, 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 drill wear and improvement
in locationa! accuracy of the drilled holes.

[0416] improved drilling properties in laminate made with glass fibers coated with
a resin compatible sizing as taught herein provides several advantages. First, longer drill
life means that each drill bit can drill more holes before resharpening or disposal. In
addition, because the locational accuracy of the holes drilled through the laminates of the
present invention is greater than that for conventional laminates, it is expected that more
than three laminates can be stacked for drilling at a single time with the same accuracy
as that achieved in a 3 laminate stack of conventional laminates. Both of these
advantages result is a more cost effective drilling operation. Furthermore, the locational
accuracy of the holes drilled in the laminates is improved so that the quality of the

~electronic support incorporating the laminate in improved.

EXAMPLE 15
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TMAZ-81 245 3.0 3.4 3.3 3.1 239 PVP K-30 pol yvinyl
pyrrolidone which is cormercially available from| SP
Cheni cal s of Wayne, New Jersey. 240 STEPANTEX 653

which is comrercially avail able from Stepan Conpany

OO B4R, New Jersey. 241A-187 _ PCT/US2005/062694
gama- gl yci doxypropyl tri met hoxysi | ane which is

conmejodi gl The faﬂmiirigﬁéﬂnﬁ:lésrm) rram.ﬂ Ydreesehbidttionbl PiboBiments of

SRTRERTUE I 30 L6 RE Profleaty SPt ssiedwipeihesamples
g‘ﬁ’l‘rﬁ@r*@i\fﬁhbgbeavamdamcb from CK Wtco Corporation of

Tarrytown, New York. 243 E ( 5) 6717 partially
m dat ed polyethyl ene im nm&ch is commercially

avai | abl e from Cogni s rpONElGPﬁmPBPRCE)\!M)'mEMiPONENT ON
Chi o. 244 MACOL OP-10 ethoxyl at ed 8 IS
material js_simlar to CQ03-16 Z@excgﬂg f\ﬁg]

OoP- 10 SP rece| ves a post treatnment tosaemgs the

@"f#’ SN0 2005/ 87'7‘35'#(:# r&%@écgfgbﬁgﬁ%ig”’ QQ
WS U. 2 V. o6 88= [0 61°9 0437 | 047 | 034
A-174 e 368 | 431 | 474 | 332 | 368 | 261
A87 5 | 174 | 208 | 229 | 160 | 1.78 | 1.26
"DYNAKOLL Si 100 2 26.60 | 26.58 ~ | 2046 , _ 7608
SERMUL EN 668 2 T3z | - - - )
| DESMOPHEN 2000 40.58 | 39.93 | 43.92 | 30.75 | 34.14 | 24.15
Table 15 {Cont'd.).

WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS

SAMPLES
COMPONENTS i [ mM [ NN oo [ PP ] QG
SYNPERONIC F-108 *"! 9.98 - - - A
POLARTHERMPT 160 ** | 546 | 545 - - 6.00 | 6.00
EUREDUR 140 4.43 - - - - -

208 POLYOX WSR 301 poly(ethylene oxnde) which is commercially avallable from Union Carbide

Corp. of Danbury, Conneclicut.

A-174 gamma-methacryloxypropyitnmethoxysﬂane which is commercially available from CK
Wnco Corp. of Tarrytown, New York,

7 A-187 gamma-glycidoxy-propyitrimethoxysilane which is commercially available from CK Witco
Corp of Tarrytown, New York.

® DYNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Sweder.
% SERMUL EN 668 ethnxylated nonylphenol which is commercially available from CON BEA,

- Benelux.

#1° DESMOPHEN 2000 polyester polyol which is commercially available from Bayer. Corp. of
Pltisburgh Pennsylvania. '

' SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer; it is the European
Counterpart to PLURONIC F-108.

2 POLARTHERM PT 160 boron nitride powder which is commercially available from Advanced
Ceramics Corporation of Lakewood, Ohio.

*® EUREDUR 140 is & polyamide resin, which is commercially available from Ciba Geigy, Belg:um.
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40. 7 RELEASECOAT- CONC 25248 4.2 6.4 4.5 POLARTHERM
PT 160249 2.7 2.6 2.8 able 19 (cont'd) COVPONENT

Sanple TT Sanple UU Sanpl e W Sanpl e WV Sanpl e )0( SAG
10259 0.2

WO 2005/077853 PCT/US2005/002694
PLURONIC F-108 #** - 983 | 1081 | 756 { 840 | 504
MACOL NP-8 2% - .1 328 | 360 | 252 | 280 | 1.08
VERSAMID 140 #® - 436 | 480 | 336 | 373 | 264
RELEASECOAT-CONC 25 %7 364 | 3.63 - - 400 | 4.00
ROPAQUE OP-g6 ' - - 29.23 | 30.00 | 35.00 | 35.00
est. % solids in coating 5.4 5.6 5.1 7.3 6.5 9.3

EXAMPLE 16

[0418] Unclad laminates were made from the materials and by the processes as
described in Example 9, except that no copper was used during lamination. Each of the
unclad laminates were then cut into 52, 1 inch x 1/2 inch (about 2.54 centimeter x about
1.27 centimeter) rectangular pieces. About half of fhe pieces were cut parallel to the
warp direction and about half of the piece were cut parallel to the fill direction. 26
rectaﬁgular pieces from each laminate (13 cut parallel to the warp direction and 13 cut
parallel to the fill direction) were then placed in reflux apparatus with water and the water
was brought 1o a boil. The water was allowed to bail 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 bolled. An unclad contro} Iaminaté made using a conventional heat-
cleaned and finished fabric in the same manner as described above in Example 9 for
making the test laminates, was also fabricated and tested according to the above
procedure. _ -

[0418] The short beam shear strength of both the boiled and unboiled piece were
then measured according to ASTM D 2344;84._ The result of the testing are giveh below
in Table 8, where Unclad Samples AA, BB and CC cdrrespond to laminates made using
fabrics (described in Example 9) having ﬁbers‘ sized with sizing compositions AA; BB,
CcC, respectivefy. As discussed above, the control sample was made using a
conventional heat-cleaned and finished fabric. The thickness of the test laminates
(Unclad Samples AA, BB and CC) ranged from 0.050 inches (about 0.127 centimeters) to

' PLURONIC F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially available
from BASF Corporation of Parsippany, New Jersey. . . :
“#15 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of Parsippany,
New Jersey,

#® VERSAMID 140 polyamide resin which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

7 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Ozk Ridge, Tennessee.

*** ROPAQUE OP-98, 0.55 micran particle dispersion which is commercially available from Rohm
and Haas Company of Philadelphia, Pennsylvania.
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RD-847A° 23.2 DESMOPHEN 2000 492 31.2
PLURONI C F-108 288 8.5 ALKAMULS EL-719 284 3.4

| CONOL NP-6'

WO 2005/077853 PCT/US2005/002694

0.063 inches (about 0.160 centimeters). The ratio of the span length to sample thickness

during testing was 5.

Table 16

Test Units AA BB CcC Control
[ Short Beam Pounds per 7787 | 8477 | 7769 7382
Shear Strength, square inch (54) (56) (54) (51}
No Boil, Warp {megaPascals)
‘Direction o
Sample Inches 0.060 0.050 0.056 0.055
‘Thickness ‘ (centimetérs) (0.152) | (0.127) | (0.142) | (0.140)
N=13 ) ‘
Short Beam Pounds per 6626 7594 7118 5506
Shear Strength, square inch {46) (52) (49) (38)
No Boil, Fill (megaPascals)
| Direction )
Sample Inches 0.061 0.050 0.060 0.055
 Thickness N=13 (centimeters) | (0.155) | (0.127) | (0.152) | (0.140)
“Short Beam Pounds per 5695 6522 5081 4929
Shear Strength, square-inch (39) (45) (35) (34)
24 Hour Boil, (megaPascals)
Warp Direction
Sample inches 0061 | 0.051 | 0057 | 0.057
Thickness N=13 {centimeters) (0.155) | (0.130) | (0.145) {0.145)
Short Beam Pounds per 5266 5832 5179 4116
Shear Strength, square inch (36) (40) (36) (28)
24 Hour Boil, Fill | (megaPascals) ' g
Direction |
Sample - Inches 0.063 0.051 0.062 0.056
Thickness N=13 {céntimeters) (0.160) | (0.130)} | (0.157) (0.142)

[0420] 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 io be higher than the control sample in this testing.
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3.4 FLEXCL EPO4b" 13.6 30.0 12.6 [ 0430]
Fromthe foregoi ng description, it can be seen that
the present invention provides glass fiber strands
havi ng an abrasion-resistant coating which provide

GPgpokekem®l stability, low corrosion and re ro&hdoYn02694
in the presence of high humdity, reactive acids an

al kalies and conpatibility with a variety of

pol ymeric matrix materi aIéMMﬂéﬁ.strands can be

tw st gdor Fig D%Q%de f‘r@ﬁx@@‘aﬁsﬁfb@r Srdn8y L.siQQd wﬁtlf@?iﬁ? gorﬂ%smon
g:rc conti nuous 245 MAZ- 81" et hyl ene oxi de: deriva

Hveyr g bl 8|9Aé§15é?m9€ﬁﬁéﬁd wgm@@fﬁ?éﬂ%ﬂ?%ﬁ’?@ 'Wﬁﬁﬂﬁ%\ms 1383
fcbmn‘ieB:Pa‘BE a@ﬂléble fibér dhevs YaPIpacict WS WRES BiYo ?%@tyﬁ%bﬁc using

2 AR T PR o B e os A P e ey copper
247 lﬂmwﬂgscmcvé)mﬁampbmn particle dispersion
whi ch
Corpay P2 CHTRF G880 AN BB s s
: MWM@@%@EW@MWBW Pstigyeedrintaitest bersds havinga
v s oF lté%ﬂpdﬂblrmo} ﬁstﬁ-@rﬁﬁél%@ah% &éfﬂ*%ﬁfkﬂee Mdr& BaricfRarly, each

atin l.nc ennessee,
BRaTajar e vse 1o TGS BLHBR e P&&erﬁaﬂaéﬁ’ aSuioeR 5 §9. 13. One
cel frpattrad Wys meateldadmng e )omué\dm@ GeadCaialigr @fng the Y-axis of

88%8! gr"nc%] th?rd a#b%geav)ﬁg g%e a(hross t%% g%,g.r gaglr ?Igfuﬂ pattern 1310

?ﬁviaﬂerdaiﬂ @WF» pbﬁvrecklffw bajes CIRpeachtirdng efdizGratarofil 8.6 mil., and a
EORRR6 bR spacid ba%egﬁﬁé}em'azé%é%[ﬁ o@%h Cgﬁ’ﬂbmo' t§54.7 mil. In

commercially avail from

@ilingi s holg 0 bramspyecRaten|tonste: polnaeboth ceyié be drilled in a
ﬁﬁ@!@ aiilngibpdratioh C hltérﬁatﬁ@ﬂﬂﬁd 6fihalels ¥n Sachi daﬁ@ﬂnﬁné‘ré f8rconnected by

Pj.t P |

R P e st B Boa 5 s BB R Tasary Biey e, asshnn i Fig
th pbirg leeds whiectoldeseddto wawT isddal ;or avraielctids te af poosr BABle, Each
&%Pﬁfnﬂ&r' ;Qau&gd o M?Q R o?&(e%ﬁﬁe“tﬁéﬂn%:?m failed,

-719 po yoxyet at e
R,%‘f?ﬁé'l‘ﬂﬂ halpitye m'n'w'réwarwcmdﬁ@mmﬂe Fech besd waos@ked in

6 (&M(’B)((}’éiéﬂtfé@ vﬂaﬁé}%r 1o RHRlesWh Fhhove inG QBB fﬁi& ?ééldﬁe and

RS SRR e e R s i
humidity, and a 13.5 volt DC current was continuously applied across the patterns. Every

- 200 hours the chamber was shut down, the chamber door was opened to allow the
patterns to stabilize to ambient lab temperature, and the insulation resistance for each
pattern was measured.

[0423]) There were two Sample CC boards and two control boards. The control
boards were made in the same way as the Sample CC boards but used conventional
heat-cleaned and finished fabrics. _Each board included 21 circuit patterns (i.e., three
sets of seven circuit patterns) for a total of 42 circuits tested for both the Sample CC
boards and the control boards. The results for 200, 400 and 1000 hours are given below
in Table 17 where the tabled values are the number of patterns with the specified

resistance.
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strand mat or woven or knitted into a fabric for use

in a wde variety of applications, such as

reinforcenents for conposites such as printed circuit
boards.' EXAMPLE 20 [0431] Effects of 35 nm

am® DoH7mssparti cl es on tacki ness were neasur edr/uki005/002694
was found that the addition of 35 nm pol yet hyl ene
~particles to a binder conpgaipt QR can reduce the
tackiness of a coating for mthe binder wthout

Si Wﬁ!ﬁlﬁfa@rﬁﬂ%ﬂ%\‘cﬁectl ng t he S@trmh?rﬁcl ntegrity| It Guatol
alfgo~to hat—the pn styre
particl :tgﬁlt\ﬁg a b| dgpyg‘!\én éuce Lhe Ugg‘lﬁ%e;s 0 'G'OHrs
cdati ng Bbetred frdm t He bi pder whil ¢ at %4 he sane t42re
sijgni fTcapely decreasiqigt{e Tgterfjtamgtt—bpnding
[Q432].The neasurgd effects of the 85 nmand]/0.5 pm
pgrticl es'®n frictliondl tehsiod of pinddr copted O
fijlrament sigare Sunmari zgd v thg Tab{ e 2@A A —sh
the_arlrhflnn of bath 35 nmand Q. 5 pmparticles were
eflfecti v n reduging ¥riction® The|fridtion|val ue@
anfé based@dn the aver ages pf ZQUU SpMpir s, Wt 0

17

t\,em-H-iALeo_peadJ_r npl e ength of 0.5
yards pet'Oanpl e, g yar'n sp%éed of 28% yarps per 0
maute, and W Ch TT T aments Tavimg - anaver age dranetet

of 9 ,um Standard devi ations for the neasurenents

“are sifégA The Sampie CSdhmards had fewar ishertsstharrtheconten boards after 200

walrd esexpoove. 3Q6r @Ot MR &Bxﬁ&ﬂf@&ﬁh‘é cﬁ'ﬁ‘t@cﬁ l%ﬁ'ﬁr%ﬁﬁerns had failed.
aI ues tha t he u

ur%c?,rgf gi thls)ses samphﬁﬁ? ﬁ&rﬁz t&r%p%{lqtlaﬁ rezﬂstqrﬁ% value of less
ﬁaslw dfimeder conposition (no additional particles) is
shown in Table 20B (see also Table 21A, B). The
bi nder fornmul ati on having 35 nm pol yet hyl ene
~particles is based on a SAMPLE]18 or nul ati on nodified
by t hesze Cﬁéch %ﬂth@fcom%ﬁﬁnJWnt Eﬁ féf:llrﬁnﬂ'aglezl eWlwere Prixed

of, 35 nt yl ene particles In
lodet aggoUsy '"u%qwef*bl? BYHEY §12F SRR RR geeprding fn the plesent

Bpdreive pads\tisdryT @BighPRiidancdRfelicadidses 1) wellfit 643 WaY iflciuded

iQn difie

B SRl S rER ey wlied a5 e sorgtha Grrp sypiess fier
gighes-e Tipotoptadyglassdibpesttandd wereitwistedeo birmdetwisted yam and wound
SRETB&Hirts!
Y R NG T TR

3 b PT05%560-Bi nder with 5.2 wt. % 35 nm
pol yet hyI ene particles 14Ga6KL4s®) Binder with 5.8 wt.
/,,, 0.5 pm.,holl qw sphere pol ystyrene particles 163
(18.1) 25é”e'9httﬁfzet HSonRientiPr datal SpliduBags |
commercially ava| | abl eorfggmﬁ[ymmzﬁ@r bi de Corp, of

Dan bl.e 205 Basic Binder
ConFo& ti on Sol i d&@enPRERTt s Vi ght % PO YGAMWRER R 1

RD-847A 2%® 27.0

DESMOPHEN 2000 #° . | 36.2

2(;9 RD-847A polyester resin, which is commercially available from Borden Chemicals of Columbus,
hic.

* DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer of
Pittsburgh, Pennsylvania.
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0. 6 DESMOPHENE 2000 43.9 PLURONI C F-108 10.8 MACOL
NP6 3.6 Dynakoll SI 100 29.2 AMVONI UM HYDROXI DE 0.0
ACETIC ACID 0.0 VERSAM D 140 4.8 ACETIC ACID 0.0
A-174 4.7 A-187 2.3 Theoretical solids in final

ovop@sH1BHBN 5. 16% PCT/US2005/002694
PVPK-30 ' . 9.0
A-187-222 | 2 1
A-174 2 - _ 4.4
PLURONIC F-108 ¢ | 9.0
VERSAMID 140 #° 4.4
MACOL NP-g #* ‘ ' 5.4
POLARTHERM PT 160 % — | 0.8
'RELEASECOAT-CONC 262 ‘ 15
| acetic acid ~ . . <0.1

[0426] Each of the components in the amount set forth in Table 18B was mixed to
form aqueous resin compatible primary size Samb‘ie S8 according to the present
invention. Sample SS was applied to glass fibers forming G-75 E-glass fiber strands and
the strands were not twiéted. The coated, untwisted yarn had an LOI of 0.7%.

Table 18B
Pounds of Component per 100 Galions
of Sampie SS Sizing

COMPONENT SAMPLE SS
MAPEG 600 DOT **° 9.24
ALUBRASPIN 226 2 1.9

2! pyp K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of Wayne,
New Jersey.

22 p_187 gamma-glycidoxypropyltrimethoxysilane, which is commercially available from OSi
Sgecialties, Inc. of Tarrytown, New York. :
! A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York. , _

4 PLURONIC™ F.108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parsippany, New Jersey, .

25 yERSAMID 140 polyamide, which is commercially available from General Mills Chemicals, Inc.
8 MACOL NP-6 nonylphenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey. )

" POLARTHERM® PT 160 boron nitride powder particles, which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio. -

25 ORPAC BORON NITRIDE RELEASECOAT-CONGC 25, which is commercially available from
ZYP Coatings, Inc. of Oak Ridge, Tennessee.

%isan ethyoxylated di-tallate from BASF Corp.
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[0434] Effects of 35 nmand 0.5 pmparticles on the
strand openness of binder coated filanents were al so
neasured, using an air drag test to neasure the ease

of separating filaments in 0-75 1.0 turn/inch yarn.

T 20084718635 are summarized in the Figure 14, BIBUE005/002694
the data represented by the synbol corresponds to

the filamentg gp& €d Wi DT ey
conposi tion_no containing _added parti¢les (See Thble
20B), the dat-88% &presented by the synbol 5% r esponds
to the st arW;.dc. eofRpostt-on—that—further
includes 5.12"WY% of 35 rimparticles, and%He dat a
represent ed gpoN gePSt A Corresponds tp thg,gramdard
bi nder confdosition_that further includes 5.8% of]the
0.5 pm partipé—l‘-’é?é?NICF 108 235[ 0435] The tfact®vid tengion
val ues showr i m—n—FgurerH4—ate—basged on
t he aver ageé%gm&%é!‘s?n%l es wth 33 readpﬁas er
sanpl e and [ ROTOleai1gsP Per point. The sappfe Iength
was O. ya ds—-and thn \/nrn cnnnd Wwas 87 yard/m' ut e.

The st andaf & R4 3832%0n of the mean is gené@-&l |y

ranged frofLZeicQeRY0 Oof the Tean vatue[ for ch—poi nt .
For the ya 1th no addition of particlés to tjhe
standard bi nder conposition and those with the

adldl 1 1ba27] Varrsi 200 B $4fliEoRR BAG SELARE AL LSV BLEGPY (o wett

of the nean increase i
YA RhAavoven intp F 8% slyle fabise Acconinel yguy whick wias a commercially

é\faﬂétﬂé GLE-BREYBASted $ﬂ§'h@ﬁn§ﬂl§br9 cbfled GRSPOS 635 ngg -and

e cor responds to th
ot BB b SR e by ee v AR RHer st the sGentrol
Barhplelpasbasvdieven into a 7628 E@Iéii’ﬁ}nrx]:Thﬁe kizad leaf*bﬂaﬁdqm%b@ﬁbl yarns
b g i t hr ou
BEELTSE 114" PSP BERS v 1 S8 Sl iyt atconol
oFwositiomipehincreesadl the LObof the wgrp yarrhiogihouli 2 tochbagt 25%) Twe
r@édlhr?ﬁ&ﬁrﬁ%a@%n%@ﬁ% f"r&nﬁ%%fﬂéa)er s with only the

sta (2 g % .. The nm parti cl'es have not i nduced
‘{? hi ﬁé}‘ (BBic Wet esiedder Tiremrrkiify pgogrring the tasd pregedures

t he
esfablidhedfin hanmmt 737 Standard ﬁ@é@\?&th%"ﬂéﬁl\lr Wertnlfba%illﬁr@f B xtile Fabncs

T 00890 Dbty R DR ok EroaS Socth el BT SRS

reduced by several-fold without a reducing the

interfilanent bonding (strand integrity).
Additianally, 5% by weight addition of 0.5 pm.

“BALUBFOASPEN Z6PBrBIGALAR G pBRUlRAK RS ShcaS cOMRRS LG Qvé@%re from
i & Pprgppap ecopt ed fibers, but, in contrast
Egl\ﬁECbrp L fr, Nelaa) ted fib but , t
i %@P‘é?c Vﬁme'Iffé@elhOKhéer@ w@lcpmcgannencneilmanable from GK
§?1 ama_ Al New¥os di ng éstrandlnte rity
c af,o,g h, ﬁ“:f’\ﬁo O’Hﬁ'ﬁ'ﬂ‘f I CMBRATCRy 8y ff°6‘ Witco

dain fb&%rﬁél dnolsBanb 8bd 4 Qs & B

\fgfitad@@rptdrﬁ&n ST/ 1aWh, WeR AL atp@é%%% £ a'neﬁ?'geréa'ﬁ%a"gme from CK
I ERIDND B8P dpbey resdre hibioiadbmgeoblyasiiane asm Shdimemnics dabhpany of

Hf‘l’f’é’“bTQ’i%Fer coatl ng, while the 35 nmparticles allow

a%aL,H;E X ?213 p'%vprwgy?mOw}h&ewmlmeamm is céromercially
p@fg‘n@g??l ve :gﬂgér 3Jc ate? Heeq PP 8§ Ve %?c’”}"gelnf‘f?;i'ﬁg‘?gab&ﬁf"’m Rhone-
T mhcoreor-1bhem dﬂh&@lafm\élkﬂ&eﬂMchﬁ isehingeRiakaiRbl YR BASF Corp. of
Pagienay, New Jerseybel i eved that the particles reduce

C Bigbeagen b stllddiskrhprebe A gyoad &:hg epdsdy FesinemBnET @Ghical Company of
Heustep.disyesr educi ng the friction of the coated
filaments. EXAMPLE 21 [ 0438] Eval uati ons of
effects of 0.5 pm particl est¥bated on D 450 yarns
wer e conduced by conparing yarns coated with a
standard bi nder conpositions with yarns d wth binder
- conpositions that further included particles. The
conpositions of the ers are shown in the
following tables, with the solids conponents |isted
in Tabl e 21A and all the conponents, grouped together



PLUR(]\IIC F-108 10.8 8.5 ICONOL NP-6 3.6 2.
SI 100 29.2 22.9 VERSAM D 140 4.8 3.8 A-1

8
74

Dynakol |
4.7 3.7

A-187 2.3 1.8 ROPAQUE OP-96 21.6 Table 21B All
Components (granms per gallon) Standard Bi nder

WO 2005/077853

Table 18C

PCT/US2005/002694

Air Permeability
(standard cubic feet per minute

per square foot)
Control Sample 41
| Sample RR 2.8
Sample 88 16

‘As can be seen in Table 18C, the air permeability for the woven fabrics incorporating

Samples A and B is significantly iower than that of the fabric woven with the Control

- Sample.

EXAMPLE 19

[0429] Table 19 includes additional nonlimiting sizing formulations applied to
glass fibers that were subsequently woven into a fabric. Less than 1 weight percent of

acetic acid was included in each compaosition.

3

Table 19
Weight Percent of Component on a Total Solids Basis ,
‘ m’.}m?—*iﬁ\i? NT Sample TT | Sample UU | Sample VV | Sample Ww | Sample XX
PP K30 137 135 153 147 42
i EX 55570 279 13.6 126
. 1.7 1.9 19 18 1.7
A-174" 3.4 3.8 3.8 37 3.5
EMERY 67172 2.3 1.9 25 24 2.4
MACOL OP-107* 1.5 17 16 16
TMAZ-81°7 3.0 3.4 3.3 3.1

%% PVP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of Wayne,

New Jersey.

*** STEPANTEX 653 which is commercially available from Stepan Company of Maywood, New

Jersey.

1 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercial
Corporation of Tarrytown, New York.

y available from CK Witco

27174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from CK

Witco Corporation of Tarrytown, New York.
¥ EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio,

4 MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL OP-10 SP except that
OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer

commerciaily available.
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Bi nder with 22% 0.5 pm particles POLYOX WER 301 12
0.9 Hot Water 11.4 11.4 DESMOPHENE 2000 85.7 66.7
PLURONIC F-108 21.1 16.4 1CONOL NP-6 7 5.5 Hot Water

24.7 24.7 Dynakol |

WO 2005/077853

S

100 57 44.4 AMVONI UM HYDROXI DE

PCTAIS2005/002694

MAZU DF-1367% 0.2 0.3 0.2 0.2
'ROPAQUE OP-96%" 39.3 43.9 42.3 40.7
RELEASECOAT-CONG 257" 4.2 6.4 45
POLARTHERMPT 1607 27 26 2.8
Table 19 (cont’d)

COMPONENT Sample TT | Sample UU | Sample VV | Sample ww Sample XX
SAG 10 S 0.2
RD-847A" 23.2
DESMOPHEN 2000 #* 31.2
PLURONIC F-108 ®° 8.5
ALKAMULS EL-719 ** 34
ICONOL NP-6 *° 3.4

{ FLEXOL EPO®® 13.6 30.0 12.6

[0430] From the foregoing description, it can be seen that the present invention
provides glass fiber strands having an abrasion-resistant coating which provide good
 thermal stability, low corrosion and reactivity in the presence of high humidity, reactive
acids and atkalies and compatibility with a variety of polymeric matrix materials. These

strands can be twisted or chopped, formed into a roving, chopped mat or continuous

*° TMAZ-81 ethylene oxide derivative of a sorbitol ester which is ¢

BASF Corp. of Parsippany, New Jersey.

246

f:?rsippany, New Jersey.
. 2

MAZU DF-136 anti-foaming agent which is commerciall

and Haas Campany of Philadelphia, Pennsylvania.

248

ROPAQUE® OP-96, 0.55 micron particle dispersion which is commerciall

cormmercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

249

POLARTHERM® PT 180 boron nitride

Ceramics Corporation of Lakewood, Ohio.

0 SAG 10 anti-foaming material, which is commerciall

Greenwich, Connecticut.

' RD-847A polyester resin which is commerciall

Chio.

2 DESMOPHEN 2000 polyeth

of Pittsburgh, Pennsylvania.

3 PLURONIC™ F-108 polyoxypro
available from BASF Corporation o
#* ALKAMULS EL-719 polyoxyeth

Poulenc.

% JICONOL NP-6 alkoxylated nonyl

of Parsippany, New Jersey.
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y available from BASF Corp. of

ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is

ﬁylene—polyoxyet_hylen_e copolymer which is commercially
f Parsippany, New Jersey,
ylated vegetable oil which is commercially available from Rhone-

ommercially available from
y available from Rohm

powder which is commercially available from Advanced
y available from CK Witco Corporation of
y available from Borden Chemicals of Columbus,

ylene adibate diol which is commercially available from Bayer Corp.

phenol which is commercially available from BASE Corporation-



0.1 0.1 Hot Water for Inversion 821.1 821.1 Hot
Water 231.6 231.6 ACETIC ACID 2.7 2.1 VERSAM D 140
9.4 7.3 CGold Water 263.4 263.4 -ACETIC ACID 2.2

WO 2005/077853 PCT/US2005/002694

strand mat or woven or knitted into a fabric for use in a wide variety of applications, such
as reinforcements for composites such as printed circuit boards. |
| EXAMPLE 20
[0431] Effecis of 35 nm and >O.5 um particles on tackiness were measured. It was
found that the addition of 35 nm polyethylene particles to a binder compaosition can
reduce the tackiness of a coating formed from the binder without significantly affecting
the strand integrity. It was also found that the addition of 0.5 um polystyrene particles to
a binder can reduce the tackiness of a coating formed from the binder while at the same
time significantly decreasing the interfilament bonding.

_ [0432] The measured efiects of the 35 pm and 0.5 ym particles on frictional
tension of binder coated filaments are summarized in the Table 20A. As shown, the
‘ad'dit-ion of both 35 nm and 0.5 um particles were effective in reducing friction. The
friction values are based on the averages of 2000 samples, with twenty five readings per
sample, a length of 0.5 yards per sample, at a yarn speed of 287 yards per minute, and
with filaments having an average diameter of 9 ym. Standard deviations for the
~ measurements are shown in Table 20A in parenthesis. Friction values above 300 g
tension represent measurement values that exceeded the upper limit of the tensiometer.

[0433] The formulation of the basic binder composition (no additional particles) is
shown in Table 20B (see also Table 21A, B). The binder formulation having 35 hm
polyethylene particles Is based on a siandard’ formulation modified by the addition of
PROTOLUBE HDA® to yield 5.2 wt. % of 35 nm polyethylene paﬂibles in the binder
ceanposition. The binder formutation having 0.5 ym holiow sphere polystyrene particles is
based on the standard binder formulation modified by the addition of ROPAQUE OP-96®
to yield 5.8 wt % of 0.5 um hollow sphere polystyrene particles in the binder composition.

| \ ‘Table 20A
Response of Binder to Particle Addition

Binder | - - Frictional Tension {g)
Basic Binder Composition >300
Binder with 5.2 wi. % 35 nm polyethylene particles 140 (21.9)
Binder with 5.8 wt. % 0.5 um hollow sphere 163 (18.1)
' po!ystyrene particles

20 FLEXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut,
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1.7 A-174 9.3 7.2 A-187 4.5 3.5 ROPAQUE OP- 96
139.7 Theoretical solids in final conposition
5.16% 5. 13% 10440] It was observed that upon
war pi ng the D-450 yarn coated with a binder :
OBOpWSPTBBN containing 0.5 pm particl es ther ePERUL003M02694
breaks and there and no broken filanments in the conb.
In contrast, the D450 yarn coated with the

conpar abl erghapggr d bi nder conposition that |acked
the 0.5 pmparticles could not even be run due to a
hi gh BasjeBingér Gameposiion WO :

SIS L JRemE CT US20054 072694 [0441] A

r-Ser Fl?g (MWinterthtr, ISwi tzer|l and) Package
PaH ¥ WaRS8T Anal yizer was %i|so used to eval uate the
VBBMADHENR 300D N t gnsi on widigl |e paying-out D-450 bobbi ns

RlURBIIC FBGET S/ minute. Thgginst runment cal cul ates a
Paclkagae Performance-Factor (" PPF") based on the
b‘%‘??% lf”cc")ns in tension. Tﬁ@ PPF is a neasure of the
| PRkl SbH¥hi p bet ieen t h&®Ri|gh | evel transient tension
- ANKIONEIMIEIRMADS 0 by sna@gg on the package, and the
Wﬁvel tenstron—variggions caused by fri cti onal
raq on the yarnias it is pulled over the package and
VERSAMR 1 ¥es. ” The |PPF val 484 were neasured for pirn
AcHETIciAQIBCKages. X1 mum bensi on val ues, indicative of

At Teststance tg removiggiyarn fromthe bobbi ns,
WLZ;@L—_[OMZ] As shown in Figure
57" nmeasurenentsjwere maf@ |for fibers coated with a

‘the particle binder and the standard bi nder, for
I wWoebreiltal3elidd il fmaoT at 0TV 886 ¢ and production scal e
‘,ggﬁe%mégrrents wer ¢ conducted. As shown, the addition

0 pmparticles reduced the PPF val ues by
approximately 6-fold, from approxi mately 65-75 to
appr @asapkEREMs 4235 A %n%&'ﬁ%ﬂi@@é@ﬂe%ﬁbg@?%ﬁée@ ot Binder

redg?ed y 50% from arpgr oxi mat elal 10- g
coated filaments were also measured, using an air drag test to measure the ease of

separéting filaments in G-75 1.0 turnfinch yarn. The results are summarized in the
Figure 14, where the data represented by the Symboi L 4 corrésponds to the filaments
coated with the standard binder compositicn no containing added particles (see Table
20B), the data represented by the symbol B corresponds to the standard binder
composition that further includes 5.2 wi% of 35 nim particles, and the data represented by
symbol A corresponds to the standard binder compasition that further includes 5.8% of
the 0.5 ym particles. '

[0435] The tractive tension values shown for each point in Figure 14 are based
on the averages of 1400 samples with 33 readings per sample and 200 readings per
point. The sample length was 0.5 yards and the yarn speed was 287 yard/minute, The
sta‘ndard' deviation of the mean is generally ranged from 2 1o 5% of the mean value for
each point. For the yarns with no addition of particles to the standard binder composition
and those with the addition of 35 nm particles, the standard deviation of the mean

. increased to about 12 o 1 8% of the mean value at air pressures where the yam is in
transition between tension < 40 g to tension > 60 g. The region between 40 to0 60 g

corresponds to the transition between a tight filament bundle to an open filament bundle.
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[0443] The effects of the addition of 0.5 pm

particles were also investigated for air jet

transport on a Ruti 5100 loom (Sultex Limted, Ruti,

Swi tzerland) as an indirect physical neasure of

wo etos/omsand i nterfil ament bondi ng. As shown pdT/us2005/002694

Figure 16, the particle addition significantly

| Mpr qeesk] the taictive tedsidr ganepsd in tfe yahrepdsking tisrough an air jet
ver i [ ur e e

SR BY PRI ark Geelied IR e cupois esving pyrion air

tﬂrag ki 'y aarpyesysanetswomeered duithe fibers with enly e germtard bndex. The 35

rﬁ:ﬁ\ﬂaﬁlglﬁé’ﬂé% @glr.%t,@emé MR PeL U And BRI exmndipg of

interru yarn sticking to the netal surfaces o
Padlagestinul at or . ' [0444] Friction and-air drag

meas L[OQJT? l'ﬂhﬁs (wiata &g @}l\? Fégélﬂﬁh bﬂ@f?ﬂntpaﬂkle§ the tackmess as

e S0 rEITT o o ol b A red Oxasiaripd wihgut
rledmmg the intdrilomedigmingiag éstrand irtageity) s Aaditeatiyy sefeumwabht@ﬂdmon
pférﬁ ?Q?t 91@5 §|§8 \J&Hjl %S {Pue taci%]lgsst Pg n{eggtﬂrgc‘?gf g\g nc‘ao{'n rﬁg&e coated

S an | nprove orce exer
fiparsn blbiymtcnetmﬁ to the swallebxaniPles: the 0.5 um parti¢iguBlicetiche

ﬁﬁﬁﬁa‘r‘:@n?bérﬁﬁ\g' (Munt@{;nty%f c%éﬁmé‘ RUMRerff by drH?é t W%@ut wishing

additives onthe friction bi hder coate

ipRepeyndaly heeats beligned Hiat the Onpyma aaraﬁle@fsw@mseparate the

fmm/mééi/ﬁ récl'l]cm’grthé tHcE&ondMgSoflé‘él}édemfﬁiah%ﬁis tﬂﬂ tRél Bh&gl_rﬁzbatmg,
9 9 sol i

il e T hartPs A Siieal Soriek Bendin adieoopE Bmants for Tk

bbotihete qogurt ddtaesottwparhicieshae stkitists incedimingethe Sridtibrs bretdekiness of

ﬂapnemmle%%@@do@lg s&me%agﬂaﬁgé%d Qrs%%ﬁa%dt:@aq‘alge'"b%rmc}es

-accord e manner 1 n
requse gentagt of fg| indep goatimg wilh thei syfare, @M?MS’B@UWME fiskenof the
cost¥d ahehtssol ubl e I ubricant, the om ssion of which is

di scussed WO 2005/07785 PCT/ US2005/ 002694 further in
Exanpl e 23. As shown in éﬁ@@ﬁb—f—“ . the biggest .
i npr asieBaliations bfcifiects of 66 yed bmrmtddeﬁ; [AY50 yarns were

0 o)
$§Ju%%@%;ﬁ&%ﬁpa{?’ﬁé ggr% cg'%{ecggwcrbg /an artdrﬂafr{qgie ?,Pé'n%g%ons with yarns
PR@F@_&BEdGFTQBDQSim s I fireheer mm%mfd%m\éﬂ’@rﬂom)asmons of the

‘zB'ﬁ @rg %Fe &@J\P 5] EHerbfﬁ)w:lfﬁ {AgiEL Wlt}‘:ﬁh%?d“&? Eﬁm%r{%ﬁté’d E%B "i}k'géblle 21A

an @H t@e Go‘ﬂéﬁ"ﬁ’@ g@ugeql)tcgeiher according to the manner in which they are
mixed, listed in Table 21B. The 0.5 ym particles were from ROPAQUE OP-96®, which

was added to provide 21.6 wi% of the 0.5 um particles based on {otai solids content of
the bfnder,g:ompésii‘ion. '

[0439] In the evaluations, two 2.4 Ib pirn build bobbins were twisted from each
forming package. A warper, operating at speeds varying from 140 yards/minute to 300
yards/minule, was used to evaluate the payout of the bobbins, Approximately 23,000
yards were removed from the bobbins dunng the payout trlal

Table 21A
Solids Components Standard Binder with 22%
(weight %) Binder 0.5 ym particles
POLYOX WSR 301 0.6 0.5

-141-



0.0 0.0 0.0 Al ubraspin'm?22725/ 6.0 6.0 5.9 5.8
|

¥

ACETIC ACCD 0.0 0.0 0.0 0.0 Z-6032258 10.0 10.0 9.9

9.7 257 AlubraspinTM 227 is a silylated pol yam ne

pol ymer | ubricant which is manufactured by BASF
C‘B?%@ISIQWF;% of Parsippany, New Jersey, and i sPCT/US2005/602694

disclosed in U S. Pat.
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No. 5,354,829. 258 Z-6932 is a

and ani ne
C group in
and, M. WO

PEEEOPHIN®OZIOCT] CONT alqaigNg Vi Nyl berngy
TPLGEBNE Fapgt et rethegystyh— norﬂﬂg'i
1 et hanol e ro 1DONC&‘9€§[}NG(G')COFD. ﬁl‘sl
B AB53PCTMS2005/ 862694 Tabl e 228 Al conponent s
Pygeka¥si or galjl on) 292 229 ’
VERSAMID 140 4.8 38
A174 47 37
A187 2.3 1.8
ROPAQUE OP-96 21.6



Bi nder 0% Particle Additive Content 19%2% 4% Dynakol |
SI 100 252 219.2 217.5 213.7 Hot Water for Inversion

-252 219. 2 217. 5 213.7 Hot Water -0 27.6 53 107.6
Protolube H D A 0.0
WO 2005/077853 ‘ PCT/US2005/002694
Table 21B
. 3 H 0,
All Components Standard Binder with 22%
(grams per gallon) Binder 4 0.5 ym particles
POLYOX WSR 301 | 121 0.9
Hot Water 11.4 11.4
DESMOPHENE 2000 85.7 66.7
PLURONIC F-108 211 16.4
JCONOL NP-8 71 55
- Hot Water 247 24.7
Dynakoll S 100 57 | 444
AMMONIUM 0.1 01
HYDROXIDE
Hot Water for 1 8211 8211
Inversion ‘ :
Hot Water ' 2316 , 23156
ACETIC ACID 27 2
VERSAMID 140 9.4 7.3
""Cold Waler ' 2634 2634
"ACETIC ACID 221 17
FA174 9.3 72
A187 1 45 35
ROPAQUE OP-96 139.7
Theoretical solids in 5,16% 5.13%
final composition

[0440] It was observed that upon warping the D-450 yarn coated with a binder
compositfon containing 0.5 ym particles there were no breaks and there and no broken .
filaments in thé comb. In contraét, the D-450 yarn coated with the comparable standard
binder composition that lacked the 0.5 um pariicles could not even be run due to a high

leve! of breaks.
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12 23.03 46.8 Hot Water 1453.6 1264 1254.5
1232.4 ACETIC ACID 12.1 10.5 10.5 10.3 Al ubraspin im
227 pH adjusted (down) to 5.0 + 0.5 by adding 1.0

gram acetic acid per gallon. 36.3 31.6 31.4 30.8
WO 2005/077853 PCT/US2005/002694

[0441] A Rieter-Scragg (Winterthur, Switzerland) Package Performance Analyzer
was also used to evaluate the variability in tension while paying-out D-450 bobbins at 200
meters/minute. The instrument calculates a Package Performance Factor ("PPF") based
on the variations in tension. The PPF is a measure of the relationship between the high
level transient tension excursions, caused by snags on the package, and the lower level
tension variations caused by frictional drag on the yarn as it is pulled over the package
and yarn guides. The PPF values were measured for pirn build packages. Maximum
tension values, indicative of the resistance to removing yarn from the bobbins, were also
measured,

[0442] As shown in Figure 15, measurements were made for fibers coated with a
the particle binder and the standard binder, for which both laberatory scale and
produciion'scale measurements were conducted. As shown, the addition of 0.5 ym
particles reduced the PPF values by approximately 6-fold, from approximately 65-75 to
approxumately 12. The maximum tension value was also reduced by 50%, from
approxrmateiy 16-11gto5q.

[0443] The effects of the addition of 0.5 ym particles were also investigated for
air ;et transport on a Ruti 5100 loom (Suitex Limited, Ruti, Sw:tzerland) as an indirect
physical measure of friction and interfilament bonding. As shown in Figure 16, the
particle addition significantly improved the air-jet transport of the fibers, reducing the
average air jet pressure to approximately 0.9 bar. The fibers coated with binders lacking
any particles could only be opefated few a few seconds at 2.0 bar pressure before
weaving was interrupted by yarn sticking to the metal surfaces of the accumulétor.

{0444] Friction and air drag measurements (not shown) demonstrated that a
mgmﬁcant decrease in friction and increase in air drag accounts for the improved air Jet
weavrng The lower friction decreases the resistance to removal of yam from an
accumulator, and the increased alir drag reflects an improved tractive force exeried on
the yarn by the air flow.

EXAMPLE 22
_ [0445] To evaluate the impact of various amounts of particle additives on the
friction of binder coated fibers, PROTOLUBE HD-A®, which, as noted previously,
confains 35 nm particles, was used in test binders at 0%, 1%, 2%, and 4% based on total
solids conte-nt. The cémpositions of the binders are shown in rt'he following tables, with
-the solids components listed in Table 22A and all the components, grouped together
according 1o the manner in which they are mixed, listed in Table 22B. Thesé binder

composilions lacked any water soluble lubricant, the omission of which is discussed
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Wat er wei ghed at roomtenperature Water into

container.- with stirrer. 19 16.5 16.4 16.1 Acetic acid
added to water with stirrer running. 3.8 3.3 3.3 3.2
Z-6032 added to the acetic acid/ water solution with

Yo Loo®077833NNi Nng 75.9 6665.5 64.4 Add the sol UdPik2005/002694
stirred for 1 hr. very slowy to the anobunt of water

RIAGWNN h%rﬁ%ﬂyu%t Rs §|t16vH hSurd ‘?Ir,e g s? r@@é\?e%n?%?’ idion

Add the d solution Trom't e
teductioioneyried af RpTReN!agRs etwaand % B il 1 Aarsbleitimrin this

e bEuAirg vinGh24 APROIKDINGEEE. O gr am i ner enent s of
acetic acid to 1 gal

Table 22A

Binder Particle Additive Content

Solids component (weight %) 0% 1% 2% 4%

Dynakoll S1 100 83.4 83.0 82.2 80.5

Protolube H.D.A. 0.0 1.0 2.0 40
"ACETIC ACID | 0.0 0.0 0.0 0.0
Alubraspin™ 22727 6.0 6.0 5.9 58
ACETIC ACID | 0.0 0.0 0.0 0.0
2-6032°° 10.0 10.0 }9.9 9.7

=T Alubraspin™227 is a silylated polyamine polymer lubricant which is

manufactured by BASF Corporation of Parsippany, New Jersey, and is disclosed
ggau .S. Pat. No. 5,354,829.

Z-6932 is a silane product contammg vinylbenzy! and amine organic and a
trimethoxysilyl i morgamc group in methanol from DOW CORNING® Corp,
Midland, MI..
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WD 2005/ 077853PCT/ US2005/ 002694 EXAMPLE 23

[ 0446]
variable on the frictional
coated fi bers,
N 240508 t he i ncl usi on of
| ubricants,
particles.

in the follow ng tabl es,

wat er

sol ubl e
and wth and w thout the inclusion of -

The conpositions of the binders are shown

with the solids conmponents

listed in Table 23A and aITahﬁngon'ponents

In order to exam ne the effect of different
properties of binder
conparative tests were conducted with

PCTIS2005/002694

gr ouped

Iaygrrme
i xed, | ﬁs{!eghijﬁ Eiia;%l e 23B. Tri g]'&d%éﬂraét‘ @M’f'@ﬁ Gaptent
eval uat ¢granes per gallam)al behayi ogoe,of |fihers lcoajed 0
ith a standard binder with the {ollovggcg i 4%
coympaeiltSIdeal variable, wth{2s2 regenp as'z‘n;own 112137
L as—verti-cal—ifd :
ic%@iraeigﬁ%ﬁgs!nf’%rsﬂnbers coat edMé\? BilRder s 213.7
ﬁcon‘posi tion that conprised a vvater sol ubl e T upri ca%t
- . . cles: the data lshown as
g% '%afqul corresponds to fi b@ers coaé® wi t|PJ bi ngdp7.6
THaRAsHd HIMAL Nat conpri sed I ogpi cant 151 0% ~LZ\Y) 46.8
and narf|cles (4. 0% PROTOLUBE HD-A) | The ddt’a Showp
as angl ed fill corresponds tpo fiber$ coated with a
UIIpUbI tronm—tthat—contia ned o neersekyble
fHuo{W%‘%Ft and no particles; akiﬁ;%e a%? sho 1232.4
MEEIM@IDH I corresponds t12.11 ber spsoat edosth 4103
: lsed-nb lybridant and X
L 363 TABBEG23A [1B1gb) i o 30.8
th@:qugtda ((jm)gbts%&@yer 1 Bindef 2 Binder 3
Qder 4 POLYOXMBR3O 0°1.0 1.0 PpakoHI. 100 83.0
| @97‘90@%'5399%%?&% 227 6.0 6.D 6.0
gallon '
Water | 19 165 16.4 161
 weighed at room temperature Water
into container with stirrer. ’
Acetic acid 3.8 3.3 33 3.2
added to water with stirrer running. '
Z-6032 75.9 66 65.5 64.4
A added to the acetic acid/water
solution with stirrer running

Add the solution stirred for 1 hr. very slowly to the amount of water shown below
with stirring.

Water 303.6 264 262 257.4

Add the diluted solution from the preéeding line to the main mix tank. Adjust the &

pH of the final binder mix to 4.0 + 0.2 by adding 8.0 gram increments of acetic
acid to 1 gal
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6.0 Z-6032 10.0 10.1 9.9 10.0 PROTOLUBE HDA 0.0 0.0
4.0 4.0 WO 2005/ 077853PCT/ US2005/ 002694 TABLE 23B

Al'l conponents (grans per gallon) Binder 1 Binder 2
Bi nder 3 Binder 4 POLYOX WER 301 0 2 2 0 Hot Water O
WO 2005/077853 PCTUS2005/002694

EXAMPLE 23
~ [0446] In order to examine the effect of different variable on the frictional
properties of binder coated fibers, comparative tests were conducted with and without the
inclusion of water soluble lubricants, and with and without the inclusion of particles. The
compositions of the binders are shown in the following tables, with the solids components
listed in Table 23A and all the components, grouped together according to the manner in
which they are mixed, listed in Table 23B. Trials were conducted to evaluate the
frictional behavior of fibers coated with a standard binder with the following compositional
variable, with the results as shown in Figure 18 where ihe data shown as vertical fill
corresponds io fibers coafed with a binder composition that comprised a water soluble
lubricant (1.0% POLYOX®), and no particles; the data shown as solid fill corresponds to
fibers coated with a binder éomposition that comprised lubricant (1.0% POLYOX®) and
particies (4.0% PROTOLUBE HD-A); the data shown as angled fill corresponds to fibers
‘coated with a binder composition that contained no water soluble lubricant and no
particles; and the data shown as horizontal il corresponds to fibers coated with a binder
composition that comprised no lubricant and particles (4.0% PROTOLUBE HD-A).

TABLE 23A
Solid Compounds - | Binder1 | Binder2 | Binder3 | Bindor 4
(weight %) ' .7
BOLVEK WSR 301 0 10 10 0
Drnekod 61100 830 83.9 79.2 80.0
Alubraspin'™ 227 8.0 60 . 6.0 16.0
76032 ' 70.0 10.1 9.9 10.0
PROTOLUBEHDA 00 100 |40 40
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-409. 5 409.5 0 Dynakol | SI 100 172.6 172.6 2.1

172.9 Hot Water 172.6 172.6 1042.7 172.9 Hot
Wat er 995.4 995. 4 -
WO 2005/077853 7 PCT/US82005/002694
TABLE 238
All components * Binder 1 Binder2 | Binder3 | Binder4
(grams per gallon)
POLYOX WSR 3071 [0 2 2
Hot Water 0 409.5 409.5 0
Dynakoll SI 100 172.6 172.6 21 - [1729
HotWater 172.6 172.6 10427 | 1728
Hot Water 19954 0954 10427
ACETIC ACID 83 8.3 8.7 8.7
“Alubraspin ™ 227 249 24.9 126.1 26.1
pH adjusted {(down) to 5.0 + '
0.5 by adding 1.0 gram
acetic acid per gallon.

Water 13 13 135 13.5
Weighed at room | o
temperature Water into

container with stirrer.

ACETIC ACID 26 26 27 5.7
Added to water with stirrer ‘ |

running.

Z-6032 B2 52 54 54
Added to the acetic
acid/water solution with

stirrer running

 Add the solution‘stirred for 1 Hr. very slowly to the amount of water shown below

with stirring.

Water 207.9 207.9 216 216
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1042.7 ACETIC ACID 8.3 8-3 8.7 8.7 Alubraspin Im 227
pH adj usted (down) to 5.0 + 0.5 by adding 1.0 gram
acetic acid per gallon. 24.9 24.9 26.1 26.1

Wat er Wi ghed at roomtenperature Water into
Voormos1es with stirrer. 13 13 13.5 13. 5 ACEHIZ/USZhilBr002694.

Added to water with stirrer running.
Add the diluted solution from the preceding line to the main mix tank.

Adjust the pH of the final binder mix to 4.0 by adding acetic acid
Protolube H.DA. 0 “Jo 3856 38.6

[0447] POLYOX® (Dow Chemical Company) is a water-solubie resin that contain
nonionic, high molecular weight water-soluble poly (ethylene oxide) polymers. The
polymer molecular weights in POLYOX® range from 100,000 to about 8,000,000, and
POLYOX® is thought to e_gchibit many properties that are typical of other classes of
walter-soluble polymers — ir'mcluding lubricity, binding, water retention, thickening, and film
formation. The binders without PROTOLUBE HD-A had a 5.5% solids content, and the
binders with PROTOLUBE HD-A has a 5.8% solids content. The pH was adjusted 0 5.0
for each of fhe four binder compaositions. The 20-Ib forming péckage_s were twisted -
without oven drying. The twist level was 1.0 turns/fin, with 2 doffs and the bobbins were
standard 10-Ib bottle buiid. '

[0448] As shown in Figure 18, at all bobbin weights the inclusion of particles
(solid fill, lubricant and particles; horizontai fill, particle with no lubricant) decreased the
frictional tension relative to lubricant alone {vertical fill} or no additives (angled fill).
Further, in some cases the particles alone, in the absence of POLYOX®, yielded lower
‘ansion than the combination of particles and lubric_ant. Even where the pariicle/lubricant
“wrmbination yielded a lower mean frictional tension than the particles alone, the mean
fctional tension values were close in view of the 11-25% standard deviations.

[0448] Note that friction values above 400 g tension represent measurements
that exceeded the upper fimit of .the tensiometer. The friction values shown for each
point are the avérage of two bobbins with the value measured for each bobbin being the 7
mean for 200 éamples with 25 readings per sémple and afength of 0.5 yards per sample
at yarn speed of 287 yards/min. The standard deviation of the mean was typically in the
range of 11 to 25% of the mean vaiue.

{0450] 1t will be appreciated by those skilled in the art that changes could be
hade to the embodiments described above without departing from the broad inventive
concept thereof, It is understéod. therefore, that this invention is not limited to tﬁe
pariicular embodiments disclosed, but it is intended to cover modifications that are within

the spirit and scope of the invention, as defined by the appended claims.
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2.6 2.6 2.7 2.7 Z-60325252 Added to the acetic
acid/water solution with stirrer running 5454 Add the
solution stirred for-1 hr. very slowy to the anount

WHAT MaCleXIMEOMN bel ow with stirring. VWater207.9207.9
216216 WD 2005/ 077853PCT/ US2005/ 002694 Add t he
diluted solution fromthe preceding line to the main
m x1.t/aglkss Ashr pedduch eopidrisihgt he final binder mx to

4.0 Q%E%ddin% a E%lc cid Protolube FI.D. A 0038.638. 6
104474 EE%@,ES§ wP®heni cal Conpany) is a
vvalt ;m*rm?eﬁ amie@ec:] wotha at kast c{?@ﬁi@é@”ﬁb:@ﬁ,@oqmﬁt&?e fﬁcihe_ssdof)the glass
.ol ecul.ar I ght wat er - sol, e poly (ethyl ene_ oxi de
fioe Bicich S rechied e anihe, SEEer e e 4OV BVRO
T any e §lasefitkd Prétlot Aczortityito FaiR00 vwhRekin &dat ?éas}/@ﬁ@?iia% fiber

s o B 0 B ol o s e 53 comtng
compoetioali witeréitiid ebdtyrg cohpabingn isveicted dre Atrb&iR-compatible coating

n%g%ﬁkenlng, and filmformation. The binders w thout
COMARBYRALLI BE RD-A had a 5.5% solids content, and the

bi rel@v glass fiber PRALELAREIMY 1 das B whefiih 81 disks fiber ﬁrodu'c’f is
h con{ent. Th%.pH was, ad ust@% to 5.0 for each of the
ChopgLTOB A RRAS TOERHRIG eSS PREYSD- 7 Blapd RN RieIaG IaTgesglass
fibemabgect W sted w t hout oven drying. The tw st ‘| evel was

1.0 turns@in, wth 2 doffs and tFe bobbi ns were .

st &nQdHIFSTHET BRETS FETMIRINGCR 9'ass fiber preghigspoomedingig giaim 1.

I n sEAg s fib8r pridudl dechRiHY 18 g WhetdiethearidklshveTan

rticles (solid fill lubricant and particles;

a
avelage drpensian fepging fiogt 19 pdowPtWino | ubri cant)

de@r pafgad fibBepiodustdcep@ing e REHiAN, WAbRNH e dafticles have an

| ubrji cant al one @vertlcal fill) or no additives
aVﬂPEﬂ&Mﬁf%Wﬂ@T@”ﬁdWﬂ@ﬁ?mﬁﬂ59 cases the particles

al gng,gldsa fibBeprabsaneeodingROMR(r )vheﬂéirﬁﬂh@%rtg:%ave a

tensi gn t han the conbi nation of particles an
m”mqmﬁ%'85“@9“%&%ﬁ?“ﬁ%ﬁﬁémWﬁ@&B%?ticIe/Iubricant

,, (nbination yielded a | ower nean frictional tension
than the particles alone, the nean istional tension
val ues were close.in view of the 11-25% standard

devi ati ons. [0449] Note that friction val ues
above 400 g tension represent neasurenents that
exceeded the upper limt of the tensioneter. The
friction values shown for each point are the average
of two bobbins with the val ue neasured for each:
bobbi n bei ng the nean for 200 sanples with 25

readi ngs per sanple and a length of 0.5 yards per
sanpl e at yarn speed of 287 yards/mn. The standard .
devi ati-on of the nmean was typically in the range of
11 to 25% of the nean val ue. 10450] It wll be
appreci ated by those skilled in the art that changes
could be nmade to the enbodi nents descri bed above

wi t hout departing fromthe broad inventive concept
thereof. It is understood, therefore, that this
invention is not limted to the particular

enbodi nents di sclosed, but it is intended to cover
nodi fications that are within the spirit and scope of
the invention, as defined by the appended cl ai ns.
WHAT IS CLAI MED | S: 1. A glass fiber product,
conprising: at |least one glass fiber; and

particles adhered to the at |east one glass fiber, so
that the tackiness of the glass fiber product is
reduced, wherein the particles range in size 10 nmto
50 nm
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2. A glass fiber product according to claiml1,
wherein the at | east one glass fiber is at |east
partially coated with a coating, wherein the coating
I's @ A glessliizergioduct eatdrdigg todpiosT tvrensin Weepagticies have a bimodal
. n S sel ected froma
d'Sf?'B dr? %3&%@8§%é@%{5 'ng conposition. 3. A
gI aSsA gllabseﬁqurpwtﬂm:t aamahngi iangjaitro7, otresrem 1he dikiebetion df heyverage

parﬁg ?%ﬁn fns §@§gg?so%k Pt %‘?‘neu'?n Htﬁg gﬁ]glglboﬁr%gar ie prf éo 35nmanda
secand nmxg\hmsm the bengef efo‘rom 25 nm to 50 nd. A glass f |dber
r.di.n

glrg glass rer%)ron cfal %&8[@%{0 %rrélr &vgg?ai hae(:(ﬁ%%?%o é} %verage
parhcﬂe dinggngiohs cminﬁnsema filse mpairiune ked a Basehdanadvemeag ¢he range of
ko 1 ns| g@ ranging from10 nmto 35 nm 6. A

n& ad8 ¥ Ph&M product according to claim1l1l, wherein the

parti. &l gisssl’fmee pmﬁuaﬁarcag:%gjiomml T whesshgthegiidtrilnmiod of average

b d
parfifh iaPRigP 5oprissn 2 e Rk EIAT Bt BEfarRi R hm oty the range

of froxr 10 nadalB5aihst ri buti on of average di nensi ons.
roduct accor di

b 7
unce e PR O Ry G D et P alicies prg poectes
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I STEI DUL |

accar di to claimy7 n.th n. of .
o o B R PR e ot Bh&el PRl tie ars grmeentin
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rmX| min.her
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an amlﬁfrﬁ ramgirlgefrcdh Sta td0B0% o walighaveativgeo pastal weight of the coating.

?TIH)III%FFBI‘H f@ﬁgBrPgHateacng tﬁff%a XI wgqus%dw%paﬁfc%gdare presentin
an é\lt:hﬂourvf\r@g&%ﬁr%m be&s% Itbhf RERAQy \@@ﬂﬂ’dbf\@ e tﬁia&wmﬁt of the coating.
erein. t i strjbution.of a e partjcle
i ienaituns ToghBiorkieso Rt SRS fRBLnG peticiss pomerise

smallgpeHRIER Haembfa dignfdne;ohaaiﬂget rabrefthan® 10 umaha whrdkiithe small
ass 1 per uct Cor
partifs iy Frane B ap Rt AP ErEBLEht § ShPy Rl bepive o a total

Wefglﬁbflh@k@étmg:ubl c ellipsoidal particles, and-

o s B b oS eprging to oo d; whiydiTiBe paitfes am selected

fromahergﬂh:e&‘;ﬁﬁtclssno@’an&m’tﬂesr ahalcﬁglpéméma@t:c@é to 60% by
t ot al the coati

i gh | t t X
T 19 gles Bher ot SesBetRibodt S R ovedsoR S Aot comprise
inorgdied ﬁarﬁc}éQ @el@@téﬂ frehesorah @itfide Wbd&aﬁurﬂ rd:saim@ng raphlte

molxﬁgpg E%\tg%)tp6oosﬁ¥dev,\?air9§ rcF §§ aggquﬁ%lr u?flde

tungﬁeﬂ@%‘e‘lexﬁ@@h&hﬂﬁtuf& tBk@iom 2, vvhe;el n the parti cl eE
are_present in an anmount rom Q. % 5%
Se T8k SRSF Hpo R Fera e HaAgN . bR e Baitpg e Selected
fromlfigarfic phitisiesf i ber product accordlng to cla|n12
wherejn th articles c nprlse hﬁg articles havin
8 o lert oSt AR GBI 1. MR NG PAR S i Selected
fromtdﬂ%a%gaﬂé% ofpgﬁwstmlaaa @b@n@tt@&rﬂéﬁnat@lm palpstwenéawlyamdes,
om relative to a tota
aramygs, lﬂ’pgm@a%uls ichaoiyestzrsmﬁegrfgplaﬂlcgq%getggrﬂ?ér pgly%tbweye
tereRiS4te] paytulyishaidiednthabrr atriiid feyrhes! palyRBylaiiRiles, polyolefins,
- selected frominorganic particles, organic particles,
and conposite particles. 18. A gl ass fi ber
product according to claim17, wherein the particles
. conprise inorganic particles selected from boron
nitride, nolybdenum disulfide, graphite, nolybdenum
di sel enide, tantalumdisulfide, tantalumdiselenide,
tungsten disul fide, tungsten disel enide, and m xtures
t her eof . 19. A gl asg4fi ber product according
to claiml1, wherein the particles are selected from
organi ¢ particles. . 20. A glass fiber product



24. A glass fiber product according to claima1,
wherein the particles conprise a mxture of organic
particles and inorganic particles. 25. A
polgurathengs, yinyl peividenst pelpdoy dicebolt poiydstérm vinyl whters iepoyhwaterials,
e . . : 0 -
el S e R e b Cerbpdbe RRNIThE IR Biary of e foregoing.
t he2 5 dcgash fiwr piasluebagdaording logdaim ombepsn Hreegpaeticies comprise
: Lze, shape, density, organic
p°'§'§%§°gér§??'%h,%}’%r gani ¢ composi tion, hydrophilicity,
hy d22 phgibsclibey prddupbagzrdingciotajgiml 1, phpteibite payticienmbmprise
| hic structure. 26. A glass fiber
po‘%%t@%%éag%%?di ng to claim1, wherein the particle
Si z28. ifsgledsifibet preglutivagoediirgetotdimt laekiereds theqfartidies are selected
I ' .t hout substantially increasing
frorﬁﬁg&f%r é%:'ﬁ?\é/segééé%@ﬁo%a c'ﬁt‘l ﬁ'he gl ass fiber product.
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: e . rticl ' i.s..effective to.reduce the
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according to claim2, wherein the coating conposition
conprises at | east 4% of dispersed particles relative
to the total solids content of the coating

_ conposi tion. 37. A glass fiber product
according to claim2, wherein the coating conposition
conprises at | east 5% of dispersed particles relative
to the total solids content of the coating
conposi tion. 38. A glass fiber product
according to claim2, wherein the coating conposition
is at |least one of a primary sizing, secondary
sizing, tertiary sizing, and a slashing conposition.
39. A glass fiber product according to claima1,
wherei n the product conprises fibers sel-ected from
E-glass fibers, D-glass fibers, S-glass fibers,
Qglass fibers, E-glass derivative fibers, and
m xtures of any of the foregoing. 40. A gl ass
fi ber coating conposition, qghperein the coating
conposition conprises dispersed particles ranging in
size from10 nmto 50 nm wherein the particles are




48. A nethod for reducing the tackiness of a glass
fi ber product, conprising: coating at |east a
portion of the glass fiber product with a coating
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rping. .weaving, roving, filanment w nding, -
Coaﬁ&?ﬂpﬁ%'tf%‘; bul ki ng, braiding, and knitting; wherein
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-conprizes dirieast 5% ofrdispersdd purticlad eiive id he ttarddlied esntémtef the
ffective in reducing the tackiness of the coated
coa@ga%cgn;?qsﬁngpz and solvent in an anobunt to give a total
solids content in the range of around 1 to 30 wei ght
‘percent. 52, A nethod according to claim51, wherein
the nmet hod conprises reducing the stripping back of
broken fibers, and feeding the warp yarn froma wound
source of fiber. 53. A nethod according to
claim51, wherein the warp yarn conprises fine yarn,
54. A Method of reducing frictional drag on yam as
the yarn is pulled over at |east one of packages and
yarn gui des, the nethod conprising using a yam
conprising coated glass fibers; and feeding the yarn
across the at | east one of packages and yarn gui des,
wherei n.the coated glass fibers have a
noi st ure-reduced residue of a sizing treatnent on at
| east part of their surface, and t he coating
conposition conprises dispersed particles ranging in
size from10 nmto 50 nm wherein the particles are
effective in reducing the tackiness of the coated
glass fiber, and solvent in an anpbunt to give a total
solids content in the range of around 0.5 to 60
wei ght percent. 55. A nmethod according to
claim 54, wherein the yam conprises fine yam

153



56. A nethod of increasing fiber entangl enent in a
fi ber bul ki ng process, conprising bul ki ng
‘coated glass fibers having a noisture-reduced residue

of 38.4\ glasefi iter peaduehaccordirg tol abaist 2, pénerein thet ¢naiing composxtloh is
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40. A glass fiber coating composition, wherein the coating compeosition comprises
dispersed particles ranging in size from 10 nm to 50 nm, wherein the particles are
effective in reducing the tackiness of glass fibers coated with the coating composition;
and solvent in an amount effective to give a total solids content in the range of 0.5 to 60
weight percent. ‘

41. A glass fiber cdating composition 'acc'ording fo claim 40, wherein the total
solids content is in the range of 1 to 30 weight percent.

42 A glass fiber coating composition according to claim 40, wherein the particles
have an average dimension ranging from 10 nm to 35 nm. '

43. A glass fiber coating composition according to claim 40, wherein the particles
have an average dime’nsion ranging from 25 nm to 50 nm. |

44, A glass fiber coating‘ composition according to claim 40, wherein the particles
are selected from inorganic particies, organic particles, and composite particles.

45. A coating composition according to ctaim 40, wherein the particles comprise
polymeric organic particles '

45, A coating composition according to claim 40 wherein the pamcles are
selected from hollow particles and soiid particles

47. A coatlng compeosition according to claim 40, wherein the coating composition
comprises less than 1% of lubricants chosen from water-soluble polymers, hydrocarbon
oils, waxes, cationic lubricants, surfactants, and sdaps. '

-48. A method for reducing the tackiness of a glass fiber product, comprising:

-coating at least a portion of the glass fiber product with a coating composition,
wherein the coating composiﬁon comprises dispersed particles ranging in size frorm 10
nm to 50 nm, wherein the particles are effective in reducing the tackiness of the glass’
fiber product; and solvent in an amount eﬁecﬁ\}e to give a total solids content ranging
from 0.5 o 30 weight percent

49. A method according to claim 48, wherein the particles have an average

particle dimension ranging'from-10 nm to 35 nm.
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_ 50, A nﬁéthod according to claim 48, wherein the particles have an average
_ pérﬁc{e dimension ranging frém 25 nm to SO nm. '
51. A method of reducing damage to glass fibers during at least one process
" ¢hosen from forming, twisting, warping, weaving, roving, i filament winding, texturizing,
bulking, braiding, and knitting; wherein the method comprises conducting the at least one

process using warp yarn comprising coated glass fibers, wherein
the coated glass fibers have a moisture-reduced residue of a sizing treatment on

at least part of their surface, and

the coating compaosition compnses dispersed particles ranging in size from 10 nm
to 50 nm, wherein the particles are effective in reducing the tackiness of the coated glass
fiber; and solvent in an amount to give a total solids content in the range of around 1 to 30
weight percent. }

52, A method according to claim 51 wherem the method compnses reducing the
siripping back of broken fibers, and feedlng the warp yamn from a wound source of fiber.

53. A method accordlng to claim 51, wherein the warp yarmn compnses fine yarn:

54. A method of reducmg frictional drag on yarn as the yarn is pulled over at least
one of packages and yarn guides, the method compnsmg usmg a yarn comprising coated

glass fi bers and feedmg the yarn across the at least one of packages and yarn gu1des

whereln .
the coated glass fibers have a mo;s’sure—reduced residue of a sizing freatment on

at 1east part of their surface, and
the coating composrhon comprises d:spersed particles ranging in size from 10

nm 10 50 nm, wherein the particles are effective in reducing the tackiness of the coated

glass fiber; and solvent in an amount to give a__tota] solids content in the range of around

0.5 to 60 weight percent.
55. A method according to claim 54, wherein the yam compnses fine yam.
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56. A method of increasing fiber entanglement in a fiber bulking process,
comprising

bulking coated glass fibers having a moisture-reduced residue of a sizing
treatment on at ieast part of their surface, ,

wherein the coating composition comprises dispersed particles ranging in size
from 10 nmn to 50 nm, wherein the particles are effective in increasing the fiber
entangiement among the coated glass fibers; and solvent in an amount fo give a total

solids content in the range of around 0.5 to 60 weight percent.
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