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Application Serial No. of B. Novich et al. entitled “Inorganic Particle-

20 Coated Glass Fiber Strands and Products Including the Same” filed same date as
the instant application, and U.S. Patent Application Serial No. of
B. Novich et al. entitled “Inorganic Particle-Coated Glass Fiber Strands and Products
Including the Same” filed same date as the instant application.

25 This invention relates generally to coated fiber strands for reinforcing
composites and, more specifically, to coated fiber strands that are compatible with a
matrix material that the strands are incorporated .into.

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

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



In the case of conposites or lamnates fornmed fromfiber strands woven into
fabrics, in addition to providing good wet-through and good wet - out
propertl%@} opddle 5 strands, it is desirable that the cogti/ggmosdohe
surfaces of the fibers strands protect the fibers from abrasion during
processing, provide for good weavability, particularly on air jet |oons
and be conpatible with the polyneric matrix material into which the fiber
strands are incorporated. However, many sizing conponents are not
conpatible with the polyneric matrix materials and can adversely affect
adhesion 1 I I material . For
exanpl e, %&%}wﬁ%kﬁﬁr%éﬁ& éfn’@%ﬁwaﬁge ngﬁnﬁyh%éﬁgéﬁﬁﬁp%ﬁ%\%%gr textile
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cleaning steps are detrinmental to the strength | ass fibers, are
not al ways eampatiblewith theqelisrgrin matiixmeateials gnd pan a‘i’\fﬁfﬁﬁtaff?@il adhggieB i al s
and cany snﬁa[;E | t Hor oduct s.
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and are genmugf be/renmvedamneﬂqbefebmo/mamo inpregedtisawitngthie polyemaici gnall t he
i nconpatible sizing materials. In addition, since the weaving process can
be quite abM3&"Ge to the fiber glass 30 yarns, those yarns used as warp

yarns ayg typi ca#hé/réiﬁ@a%iﬁsthtrsbnaregia%nﬁﬁnmc‘swg meterialsCPe PHeQredsing
weavi ng, commnﬁ referred to as "slashin oat yarns wth
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fi bers. The slas sl ze I's generall l1ed over the prinary size that
was previ ouatqpnmhplhedaby expasing the aoyen fahsncéo @lgvated temperatures for extended

periods of time to thermally decompose the sizing(s) (commonly referred to as heat-

20 cleaning). A conventional heat-cleaning process involves heating the fabric at 380°C
for 60-80 hours. However, such heat cleaning steps are detrimental to the strength
of the glass fibers, are not always completely successful in removing the
incompatible materials and can further contaminate the fabric with sizing
decomposition products. Other méthods of removing sizing materials have beén

25 tried, such as water washing and/or chemical removal. However, such methods
generally require significant reformulation of the sizing compositions for compatibility
with such water washing and/or chemical removal operations and are generally not
as effective as heat-cleaning in removing all the incompatible sizing materials.

In addition, since the weaving process can be quite abrasive to the fiber glass

30 yarns, those yarns used as warp yarns are typically subjected to a secondary coating
step prior to weaving, commonly referred to as “slashing’, to coat the warp yarns

with an abrasion resistance coating (commonly referred to as a “slashing size") to
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the fiber form ng operation. However, since typical slashing sizes are also
not generally conpatible with the polyneric natrix materials, they too
must be meoovewdsd fromthe woven fabric prior to its i ncorpEnsbe/zase nto the
resin. Furthernore, to inprove adhesi on between the de-greased or de-oiled
fabric and the polyneric resin, a finishing size, typically a silane
coupling agent and water, is applied to the fabric to re-coat the gl ass
fibers in yet another processing step (comonly called "finishing"). 10
Al'l of these non-val ue added processing steps: slashing, de-greasing or de-
oi | i ng, and Helpmhdimixg, abragiveewsar 6fabé iglasp fibersc (The ldlinh SiZel isgererdllyc oSt .

Additionally t he ner.a require si nlflca vest nent ital
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remai ns & Negdin ki wosH faBAS pridBlits GREbradcaiiPintcthe 98gn. Or nore of the

fol l owi ng: inhibit abrasion and breakage of glass fibers; be conpatible

with a w de vari etythermasg, te imprave adhesion Memmﬁdﬁegméﬁied efstsdoiledifakric and

wet - t hr ough t

particul arl yé}%aéldt\‘;I ﬁt gﬂ-‘ee[glﬁge% §Fh.§|l.m t'L) Pﬁg@g%ﬁgg?:%dr?%fwgi g%%P ﬁQnd 8tre H air

j et weavings aqpl‘qmertlne fabric te reeacat the glass fibers iryyetramothee prooessing stepoul d be

advant ageous & on val ue added processing steps in a fabric
e AEE fife

form ng oper nlngthefabrlc quality required for
el ectroni@ supporAll afapése:mn-omeeauded pragessingisteporsiapbing, Hegraasing or de-

properties. 5Th Qi ng su y, as.well as the followng detailed
Gestr 1 pt1 on e B3 TRRERE, hEd=sh iR ndeion F1o froesB st AriBRoeBbd wher
read in COﬂJtHQFbéﬁlé}aW ﬁeﬁuir@&gnﬁl@ﬂﬂnﬁl\%%trﬂéﬂ% Bgﬁital éﬁhlblhéntcb'n@vlbms Figure 1
is a perspective view of a coated fiber strand at | east partially coated

with a coatiMgreovanig aqdsd 'E@émngfrtaetf%bftcr?ésﬁ?'é@émﬂh t%rﬂfpt“ﬁﬁsmsc? fAsgure 2
IS a perspecddnigad ttbidé d&nﬁ@@bﬁ@débn@%&e@&ﬁﬁ@ at |east partially coated

with a sizi ng co osition and secondar codatin corrp03|t|0n accordi ng to
the predent i nvgh?ftft?'tﬂham m@nlcbragtedetow@ improvirg tha efficiency gr effentivenassefi; -4
WO 01/ 09054 RQ @g ssn g}%@? ‘?héér% &vﬁﬂﬁé@&cﬁeb‘é‘ﬁms"d G Pfor éoa%géed
fiber stran st zin osI Tl

secondary cdaai can mnptphsh ommoomoaet ofl tee $allowingo mhlhurabmdsuon and breakage of
glass fibers; be compatible with a wide variety of matrix materials; and provide for
good wet-out and wet-through by the matrix material. In addition, it would be
20 particularly advantageous if the coatings were compatible with modern air-jet
weaving equipment to increase productivity. Furthermore, it would be advantageous
to eliminate the non-value added processing steps in a fabric fornﬁng operation while
maintaining the fabric quality required for electronic support applications and
providing for good laminate properties. T
25 The foregoing summary, as well as the following detailed description of the
preferred embodiments, will be better understood when read in conjunction with the
appended drawings. In the drawings:
Figure 1 is a perspective view of a coated fiber strand at least partially coated
with a coating composition according to the present invention;
30 Figure 2 is a perspective view of a coated fiber strand at least partially coated
with a sizing composition and a secondary coating composition according to the

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

conposi tweru/obesti gure 4 is a top plan view of a conposit equoshorv4saccor di ng
to the present invention; Figure 5is a top plan view of a fabric
according to the present invention; Figure 6 is a schematic diagramof a
met hod for assenbling a fabric and formng a | amnate according to the
present invention; 10 Figure 7 is a cross-sectional view of an electronic
support according to the present invention; Figures 8 and 9 are
Cross-sectional Fgeres3 iefa paripegotios eicandi@akioztad fibenfstrand atleesttpactidlly coajzdor t

according to,.the present jnvention; schemati,c di agram of a
net hod for W'mﬂ?'ﬁg’geﬁ?"?ﬁéF‘PUr%s?wngawléaF%8?’"8?5'6%‘?" E{rg?Sta?np%fg%anoni c
support; Fitgy %melcdnspo%moa Nghd/h eMisy caatiig ¢dmpdsitiohtdcabiding toltke présant y
cutting edge; gure 12 is a schematic of a drill hole pattern; and Figure

13 is a di d@YQiWPBP“(ﬁt ieast @ paeionf the seprpdary $eRtING COARRSHAN. t he present

inventian have "*lgﬂr'e(w& aq‘aﬁtd!é}gwé\b%? a%thgﬁié’proagctmc@f)ﬁr@lwhé BrisBht S
abrasi on and breakage of the fibers during processing but also provides at

| east one dhvertienf ol | owi ng propertles good wet -t hrough, wet-out and

di sper st on_br opegblSs Ish EALERN Bl of b (ARSI tofe bidsbkt fgkiupad bel o 2

"strand" conpriseés a pIur ers Y east
fibers. As used Figumibis a §c:mn1am$ idiagtamefia snethed tosassemblingra tabnc hedcoat ed

fiber stra of t sent n additional material, for
exanpl e, TGE 3 ?Wfp'}ag%ia?cc?r 8%&0%'2 r;%?egmtw]vgetoﬁwg of a fabric i ncorporatl ng
t he coa1@d fi berFigtreanid a-erobs-sectional ieva opan gleetronic sapport acavedirg tadhet o f orm
a lamnate. Good.|lanminate strength, good thernmal stability, good

hydrol ytic %’Féﬂ?tl"?‘{e)? IoM. e., resistance to mgration of water along the

fiber/polynmeric pglrds’s afi ©atedtrobsibitionsiliewd ONalRMiIdtO hddmihts 6B&h i Vity in
t he presence 30 of high hum dity, reactive acids and al kalies and

conpat i bi | i ¢GRI SYPPP rqcéPSfi"lﬂ‘m tb%PSFﬁEPti iBveieP; x material's, which can
elimnate the neggdy,fedio k%@ﬁbﬁﬁtl&'&%g?&ﬁbfE%ethé’d’%r'f&ngﬁléh apbdlrelieat or

pressuri zed wat er “cl eani ng? rior to lamnation, are -5 WO 01/ 09054
PCT/ USC 20lapey of febyicrofiaineleditoniecsuppPlt i cs whi ch can be exhibited by the

coated fiber strgads ff istddendViGs 8Pk dhilfMIGSAtRHY the primary cutting edge;
Figure 12 is a schematic of a drill hole pattern; and
Figure 13 is a diagram of circuit patterns.
The fiber strands of the present invention have a unique coating that not only
20 preferably inhibits abrasion and breakage of the fibers during processing but also
provides at least one of the following properties: good wet-through, wet-out and
dispersion properties in formation of composites. As fully defined below, a “strand”
comprises a plurality of individual fibers, i.e., at least two fibers. As used herein,
“composite” means the combination of the coated fiber strand of the present |
25 invention with an additional material, for example, but not limited to, one or more
layers of a fabric incorporating the coated fiber strand combined with a polymeric
matrix material to form a laminate. Good laminate strength, good thermal stability,
good hydrolytic stability (i.e., resistance to migration of water along the
fiber/polymeric matrix material interface), low corrosion and reactivity in the presence
30 of high humidity, reactive acids and alkalies and compatibility with a variety of
polymeric matrix materials, which can eliminate the need for removing the coating,

and in particular heat or pressurized water cleaning, prior to lamination, are other

-5-



Preferably, the coated fiber strands of the present invention provide good
processability in weaving and knitting. Low fuzz and hal os, | ow broken
filament WOlopwoss strand tension, high fliability and | owPCTSE0e/20389 t i ne
are preferred characteristics, individually or in conbination, provided by
the coated glass fiber strands of the present invention that preferably
facilitate weaving and knitting and consistently provide a fabric with few
surface defects for printed circuit board applications. In addition,
coated fiber strands of the present invention can be suitable for use in an
10 air jet wesirablgcharacesisticsAshiols ean he eghihited by thejcsategdiber aliandsefithe a t ype
of fabric weaving in.which the fill yarn (weft) is inserted into the warp
shed by a bIPs& en(t)ﬁweetb‘?ﬂ)ressed air fromone or nore air jet nozzles. The
coated fiber stramdferalytthe cpateddiber strangistof tre presérdrimbentiomproride gondque

coating that can facilitate thernmal.. conduction ong coat ed rfaces of the
(Thers 15 PGAPSRRIY mweavieB DR RIGIE: Lot BRBRBS BY LIfren AP P aR ™
circuit bpargrand4risisdAlghthiabing ankildensedibn tie dre seftred oharattedsticsan

provi de a nmechanismto pronote heat dissipation froma heat squrce (such
as a chip orindivideallyior imFerningtien. mEpvidest Rithe roated:glassdiner strands A y from
the el ect rog&rﬁ% ﬁ@ﬁﬁ&% ﬁ:af‘?%férﬁﬁfy@é{ﬁtbt@m&ﬂving dridkriBhg BRQEaEMtestly and/ or

deteriorati circult conmponents, glass fibers and 20 pol yneric

mat ri x nat erpravide Afabricowittetewysurtaserdefrotssfop printad cisewitleeard @pplicationsy In
preferably prowide ' %Lﬁ VBhiioh ehasesdi tbhGsdMidni X
material, | 'é(;o%)’tloqac%}tg# gitr;%{ﬁnitag?g %gh?%f.‘lor Eadg%éhtﬁjcl}hssi pat ?%%%%ng distr inbut I on,
t her eby t@duaii jeywdavdifg peessl As ubed hereine jaitjebweaviagi dneanspatyee of fabre

el ectronic circuit. bgard. a i Veis RO L 4Ql LeL4 abL k.t 25 The
coated gl assw??vmagr'"ﬂ%%@?q@fyaﬁ{aﬂepdr)ésg'é‘%?&%ﬁ'bte@onhgg&r?r RF e%%?\gélbgla%}/gfssen or
el i m nat e t heonireskeidcir frova @hpaT mdreGirtjittatozelety conductive materials in the
matrix resin, which inproves |amninate manufacturin rations and | owers
Costly matrix it PoRled (b Sranan o BEAEroR NG en HeanE bavar usfe cd
fiber strandgaghg i cBh Pachithte ithareidl conduRtien 8loAY catedsufacedufghe fitkds st r and
openness. As used herein, the term"high strand openness” neaps that the

strand hh& aWhenlused as acoptinuapsdeinifaemeantdar amhelestronic CFRUItROBERSHER of t he
strand are écﬁaté%)glg# %%?%f e bSO irkeARch carPhrolid8 R michurismtd Srofdee
I'gh”stran I

anot her. The openness can facilitate penetration or wet out of
matri x mat er hedt slissipation fremsa heatdouraediseeh aa ghipArcisuit) alengithe prinfereeal ar

lam nates, of Lhe BL&5& Heal Ewgynm)f?ﬂhe TRfohit RBMmponents and thereby inhibit
thermal degradation and/or deterioration of the circuit components, glass fibers and

20 polymeric matrix material. The coated glass fibers of the present invention
preferably provide a higher thermal conductivity phase than the matrix material, i.e.,
a preferential path for heat dissipation and distribution, thereby reducing differential
thermal expansion and warpage of the electronic circuit board and improving solder
joint reliability. -

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

The coated fiber strands of the present invention preferably possess high

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

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



the fiber strands of the present invention, preferably possess at |east one
of the 5 followi ng properties: |ow coefficient of thermal expansion; good
fl exural wonengsh; good interlam nar bond strength; and gowarshgeh4sd ytic
stability, i.e., the resistance to mgration of water along the
fiber/matrix interface. Additionally, electronic supports and printed
circuit boards of the present invention nmade fromthe fiber strands in
accordance with the present invention preferably have at |east one of the
followi ng 10 properties: good drillability; and resistance to netal

m grati on (rdtsightlebeundad one ansthecalhe High-stnaod opemndsawan fadildategianetration CAF) .

See Tummal a_ (E | ect r.oni ckagi ng Handbook, (1989) at
pages 896- 8@7‘”%&%5"" Pb@ lﬁ?ﬁ'ﬁafgﬁ& ?%F'be ?‘F%S‘é‘ﬁ’éw#@ar M grati on:
El ectrochemi cal | gompesitedarainl pymrérnarﬁrnafasedf tvré Iprét@nt idoertitm, aradle from
Assenbl i es” (f1997 which are l’_agecr ficall rat ﬂ%% reference 15

t

herein. Fi bioe Toef standsioh theresent inventipy. pr ﬁF—f" ﬁfs? & PHH& h good

drillabigi tﬁbuomger@aerﬁeeaﬁ;w SUericnt Iopmefmaerl ewaaéroﬁt? oagredﬁrai étlrémgtend good
| ocati onal accurac drill ed hol es. describ above pical fabric

f or mi ng ope®ead -am%mmmed §hﬁ?gé'@t§’}€’g9°fqdﬂyrd'°|!§|°a§§%b"9ar'r?s thﬁ@?‘%tﬁ??ﬁ:torrade
therefrom tm garfra'wd%% @ f#e ﬂseﬁﬁr;tran frace. "AdditisHady, elé@ronitcty

sl ashi ng, eani ng an I ni shi ng e pr esent |nvent|on pre rany
provi des rreambplrsmted cirauitrioagdsf ofithe presentinyention made fearn thenfikerstrppds ins and

printed o KaUdar@Riiind Bakel hA R ORI A5RAoRE BEEBSORARS ©P°

fromthe fa ormn rocess provi‘di ng aving quality
sui t abl ®Of opropeEresrgce:ldetrllahnhty,(anqmsismylcego aetal inugratiom falsatdierechtbvant ages of

preferred e di.ment th ent nyention in d reduced

producti on ‘g%}ﬁ dc-an ¢ émeﬁfﬁp ?85(5*) %%ﬁ I“éfama!ﬂw@# €3 oduced fabric
handl i ng an .dr@érearmtrsack@gg! r-raabmok, (no89) raypayed esecabﬁanuapqgrawee
properties., The present | nventi on alc\%3 F‘F es E]ods | nh i.t abrasive
wear of fi bérectechamigal Migstions flectiochpmica g\( h'@f“"%%F?' redindcinted Witng as

portions of gards RN PEserBiRRS! rr@ggﬁQNrﬁéh Kral dpletifiBallyaMddrSorafid BrefetbRéd | | anent
abrasi on_by selecting fiber 'strands havi ng a uni que coating of the present

i nvent i bd. ~ bereipp Kikgretiands p@ERcoSROre vith ¢he prgsentiaventiop yitb goge drifakyjlity
speci ficatig e &t'?fe ohéeﬂomo&hﬁeé?%w Hﬂmngéﬁ@w&mg{ od%@ﬁé&'.rré’é Wi se

i ndi cated, a r's expressing quantiti I ngredi ents, action
condrtrons drzﬂlﬁdmﬁdﬁs{orth used in the specification and clains are to be

under stood as bej Q%egaﬂ) Ij a%gvé,QyﬁJ:A| fé&?&fé‘%ﬁa oBgraEiQr?s ﬁr%r% "sﬁtgﬁggt]inélﬁber

Accordi ngly,
glass yarns and fabric made therefrom to several non-value added processing steps,

20 such as slashing, heat-cleaning and finishing. The present invention preferably
provides methods of forming fabrics, laminates, electronic supports and printed
circuit boards that eliminate non-value added processing steps from the fabric
forming process while providing fabrics having quality suitable for use in electronic

- packaging applications. Other advantages of preferred embodiments of the presen‘t~ -

25 invention include reduced production cycle time, elimination of capital equipment,
reduced fabric handling and labor costs, good fabric quality and good final product
properties.

The present invention also provides methods to inhibit abrasive wear of fiber
strands from contact with other solid objects, such as portions of a winding, weaving

30 or knitting device, or by interfilament abrasion by selecting fiber strands having a

unique coating of the present invention.



5 unless indicated to the contrary, the numerical paraneters set forth in
the following specification and attached clains are approxi mations that
may var ywiepesdssng upon the desired properties sought topbeusbi/zused by
the present invention. At the very |least, and not as an attenpt to limt

t he application of the doctrine of equivalents to the scope of the clains,
each nunerical paraneter should at |east be construed in 10 light of the
nunber of reported significant digits and by applying ordi nary roundi ng
techni ques. Notwi thstanding that the nunerical ranges and paraneters
setting forth theForlih®porpasepes this spheificatioansdihenthandn themperatingekamplest he

nunerical values set forth in he specific exanples.are reported as
precisely afr ?th&’w'ﬁﬁﬂpdr'ﬁ?ﬁ'é‘{* iaﬁgyﬁ\%gﬁﬁefprq@ WapLes qfﬁngZ?%‘ﬁrgtFy contain
certain errQegctiCanalibhs, andeslbith 0ged inahe specifdation and claihes/aratto b8 f ound in
their respective testing nmeasurenents. Referring now to EL;A%Q?I’@WV erein

Il

li ke nuner alunderdeedaebeing adifieddm Al Instances GU AR terp pakaut | n Fig. 1

a coated d i hjesitindibsled o HRBINtraN thenutheHcdl paramaters Eétiertis inktRe foleRiigdi Ny to
t he present 1nvention. As used herein, "strand" nmeans a 20 plurality of

i ndi vi dual fspeeifisatian and attached gleims afe FnppRfimatisdhatiieasyary ABPINGWRAS | se
fi bers nmade L fLhert | | d i S can
al so be r eftg% rd gé“%ﬁﬁégé“@%%ﬁrﬁﬁg‘gf gir%ﬁr{fégf@b@? ,pﬁ%gtn@%kﬁn&i tlr{edua
filament. Alledsiugid nattas dn attemptdo timié the applicatiomefdhe doctring dfcequiviatents tb2

i or omot er s, pgots iR e A Pupie R8 pardth BT b BNGhel e coPShbdif >0

present 1@V dight 6Mthe humbet of repoited sigaifidarg digitseand Hyapplyirigrardipanymdunding
applications, the average nom nal fiber dianeter preferably ranges from5
to 7 microrfBE¥UESThe fibers 12 can be formed fromany type of fiberizable

material known t ONofWRASENEKG thtthd AurhBecalFandes Gind iarigndterlgaskttinglfbreh theor gani ¢
materials, fiberizable organic 30 material m xt ures. of aniy of the

s and
f oregoi ng. THead reRRpLfitee &Yen'éﬂ'g%fﬁiaepfﬁi‘!’%?tf%ssth@a{w"ﬁéw@i"laW@? sﬁtaﬁftﬁﬂ?je or
natural ly OCtﬁF lspb&fic BRrfpI& bR repBRed ks bteRielylad pssitid. Aty AuméRBratuet e t hat
the fiberizable Inorganic and organic materials _can also be polyneric -8
WO 01/ 09054 ReRvesdiiezentyocontain ceftain erropsnepessarierasuling fme the standas yneri ¢

oL BB TRt i UGS, 5 Comosed of o0 |
sol ution or in thRefeaingha tut &Y. 1,Avheunsiodiké apmierals indisatedikenelenferiter i zabl e
means a mat et iroanh&?t‘? ﬂ1be|ree isosth\t?ver';i quﬁ!-'lg}c qrangéjaté@ hgel’astr%ﬁgqb%'oh%ﬁ&ﬂ&QpWQM? of
fibers 12, according to the present invention. As used herein, "strand" means a
20 plurality of individual fibers, i.e., at least two fibers, and the strand can comprise
fibers made of different fiberizable materials. (The bundle of fibers can also be
referred to as “yarn”). The term “fiber” means an individual filament. Although not
limiting the present invention, the fibers 12 preferably have an average nominal fiber
diarneter ranging from 3 to 35 micrometers. Preferably, the average nominal fiber
25 diameter of the present invention is 5 micrometers and greater. For “fine yarn”
applications, the average nominal fiber diameter preferably ranges from 5to 7
micrometers.
The fibers 12 can be formed from any type of fiberizable material known to
those skilled in the art including fiberizable inorganic materials, fiberizable organic
30 materials and mixtures of any of the foregoing. The inorganic and organic materials
can be either man-made or naturally occurring materials. One skilled in the art wili

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

-8-



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

m nor amounts of fluorine and/or boron and nost preferably are
fluorine-free and/or boron- free. Furthernore, as used herein, "m nor
amount s of f imateliaie" Asresershéreins thenterm Opdlymenisi materigle means afmatenial fiermed
preferably | i f | "ol t.s of
Bor on means TR, rABRbiesuAS, GodEh BERho hulAL b Gom@ et o Riked GUEAEY
wei ght per cetiiatizan decorBaeatangzddn solotisradr intied salid state’a s weddierein, Hbe term
fiberizable ,glass materials useful in the.prgsent. invention. Preferred

gl ass fibers 1z B'Fn@ﬁan'ﬂ"?m#g-'%lcﬁ%%bl%?%"gq ﬁgge%@.t? 98??78@ cagtipyous
conposi ti gns ﬂm‘nﬁéﬁt\ﬁlﬂer,@ﬂg}ﬂﬂotpamtlose skilled in the art and further

di scussion thereof_is not belleved to be necessary in yview of the present

di scl osure. 20 Th&rgedly. the,fbers 42 argformed framyan iRYEARICHPEZALIBSIASS ned i n

any sui tabl e mgfBiid1otidensiMie brés]§ P@at@r(fjans udeil i Me@ré&rﬂirﬁ?ﬁticfﬂ iRGlde bitdre
e

exanple, glass fibers can b ormed in a direct-nmelt fiber form ng

operati on or nehiiraited tedhesecrrepaied ftany fikerizable glass s@MPOsiEens SFhAsCFalasn. 1n a
direct- mel t bhADfssh SbHIAR-CRREBLLOR-ofall, FRLREL LAY BldlassRINLGIRE, ALE! t o

and honogeni zed 1 n ‘a ass' mefting rnace. nol t gl ass noves from
the furnd€e twsed hersircliegiash dendatives’omeameglassocampagitiops thadinglusle miner e t he

mol ten gl ass j t . ' ' | | l.e-Jrel t
ol ase for m Agespls SHEHRE BhabLasigR shEHRE prdtay ahe el behrdlr Bfr™™
desi red gl asdreec druptheintiorenasansediheréior meidoreamountofi flubdnel rheris lass thhe 105 t hey
are nelted and. .attenuat ed. i ntofcor]t'ﬁnu?%s (9I1ass gi bers..1f. a rde‘mﬂ.l ter is
used, the marfRIgY PSFaent tiipring, prefarably Igss than G f weight pereep fuoting Andomingr ¢
Hal | Pol ynmer ahfdumBcer barsh” pgndaess than 59adight PercdeAbtdn direfebdity IbssuhanlR i s
hereby incorporated by reference. -9 WO 01/09054 PCT/ USQ0/ 20459 first into
the prendi® emveightpeesgnt bergns Banalt ard mineral wagl areexampiesof ioffies figerizable;

formng appgifkysathss ﬁséft]ﬁn%@?n%séﬁt iddnBON aPRferted JIRsIMRhidYeRked f i bers.
In the present invention, -the glass fibers are preferably formed by the

di rect-nelt ffiopeE-glagsmar fyolaspdenimatives. Suph compositionmare wegldimnemnitethasel at i ng
ekt oo TR [0S ARSIl P Bond bonl 5 o ek
view of the present disclosure.

20 The glass fibers of the present invention can be formed in any suitable
method known in the art, for forming glass fibers. For example, glass fibers can be
formed in a direct-melt fiber forming operation or in an indirect, or marble-melt, fiber
forming operation. In a direct-melt fiber forming operation, raw materials are
combined, melted and homogenized in a glass melting furnace.” The molten gléss

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

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

! James Mark et al. Inorganic Polymers, Prentice Hall Polymer Science and Engineering
Series, (1992) at page 1 which is hereby incorporated by reference.
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Conti nuous G ass Fibres, (3d Ed. 1993) at pages 30-44, 47-103, and 115-165;
uU. S Patent Nos 4,542,106 and 5, 789, 329; and | PC-EG 140 " Specification
for Fini ks ﬁrlc Wwven from'E Gass for Printed Boangs (Plgge 1, a
publicati on o Institute for Interconnecting and Packag| ng é ctronic
Crcuits (June 1997), which 10 are specifically incorporated by reference
herein. Non-limting exanples of suitable non-glass fiberizable inorganic
materials include ceramic materials such as silicon carbide, carbon,
graphite, nullite, alum num oxide and piezoelectric ceramc materials.
Non-1 i m t | NG sﬁ’ftﬂmeegremelﬁeﬁ %%Eéa' Qn{j H&rthéﬂwltﬁd‘bﬁéﬁ% fedTR{cPd fifdrIorniieg ude
cotton, cellulose tura 15 rame, henp, sisal and wool.
Non- | i mi t i n@peamiys wherefths glasals ettefrtuatad todenecentipuaus fibess) ymheirresant er i al s

i ncl ude those f '
t her nopl ast |"&V P?ﬁeg? g[agm{g ugﬁaq'gg ? Taﬁ’mntgﬁgy %ﬂer eiﬁ}[‘ﬂwelltg[b%m;oﬂ@}ng
pol ybut yl enebpbﬁtaﬁhtﬂmabadh&c)nal mfomhat-s relaﬁng]toegiamcyamqtimiandim@bws of

ol yol efins, ol yur s and Vi | | cohol).
Ron ol 558 itoing M Gagifisets e A L HbweRSleiy The Mehbidb o Pachhbidiy of | "oho!)
net hgds Ef or thrﬂnﬂﬂédé"@}lca%g t#lu 69 Q86 EdnJ993yLat baggrmm-mmm as, mnis’sleﬁeh% tISJ%SLngt h
in the Encyclopedi a o ol yme at
pages 505- ¥1F? QWN%%S& 51;9§(§"F’| iﬁ’? 55?eﬁegq58r§‘§q98 ggg?'@?agt"aﬁ%’ gl?eecf | t
i s under st 0Gehid PoRinGrshs ‘0 IGISEPRT PRl Biardéat phgé hea @hbmnmbem@l S and
25 conbi nations of fibers fornmed fromany of the above mat eélg%)s ca

used in the Inglitetedar Intesgannerting and PH@SQQI"!QOE'GWB‘?’E‘E)QEFU“SMB"? syvhig d
enconpasgss b sbg&ﬁ " 8,&;"% @rbe;,r}gfet.é,{&r@rgnde fromdiffering fiberizable

materials. In"a prefe odi ment, the fiber strands of the present
i nvention cont ai er-hmélagtexemlegltﬁ§yltableeﬁn-glﬂ8ts fibeiizable wetganigmateralsi n

other types 'R%IHéé ggrraﬁ'nc r’\)‘lgte;l'_ Q% ﬂcﬂ%%’gll c’oﬂ‘éﬁ{ﬁ amoln %@ﬁ( %emgmtgcussed

t
generally in ass b one Skilled in
the art woulgslumintier stiderand hmzoelbetns t:emmic Mtersahs Nanpwtmg examples o2 f or ned

fromany fiber,i erial. known in the art a

PCT/ US00/ 204%’9?36'8%8[1@%%88\%“3‘?%'3 '"‘%“h‘ge %‘t@eué%"."é‘%etvﬁa@% Ql?q%%gt/sﬂalxh t er ms
of gl ass18i b@pfie, Hep, 8%al mwl |Nbri—|ﬁn‘tlhgéeﬁéthﬁles bf buitablelfitsarizable drganiv/e.

Wth continued reference to Fig fQ{fne%, r ef e{r ed errbo‘g,r nent,, at . | east one

and pr ef er abPglymeric materigls "F‘F'%Qﬁ §‘°f9 PolyAmydes (5UGh a3 RYORARY et
| nvention haygnfds) 5théﬁa{@ﬂas¥|é pfyedte?® tuch s poRRfidniedBrepbiRiiste ahtly a residue
of a coating conposition,
polybutylene terephthalate) acrylics (such as polyacryionitriles), polyolefins,
polyurethanes and vinyl polymers (such as polyvinyl alcohol). Non-glass fiberizable
20 materials useful in the present invention and methods for preparing and processing
such fibers are discussed at length in the Encyclopedia of Polymer Science and

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

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

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

br eakage woonebmsabl y, the layer 14 is present on the ent pce/usgd/aissurface
16 or periphery of the fibers 12. The coating conpositions of the present

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

vol atil e organic solvents such as al cohol or acetone as needed, but

preferably akudselatobe S TRbs, 10 MRBlSSion S il Wl idmd §1RIAe e Rdapplies
conposi tions of the present invention can be used as prinary sizing

conposi t i ongergfalnio @E@H?R!&P?"S discussed akpver coating compositions. As used
herein, in a prefggy %tﬁﬂ@@?ﬂfé‘i‘éﬂ&e {J‘Ie:? dﬁ”é J)r S? e b%&lﬁf‘éi’\t dtieast 3h&! N9”

refers to any coating conposition a ers. The terns "primry
si ze" or "pandmreferablyialipf thexfikars 1@ o&fberaﬂtnang 1@@frﬂ’(%we$em inveptiorebiavenat he

fibers P1£b %BLﬁH éq%[;&hfpﬂan%F L) arég uegof, aT E'@atlhﬁrc oSRGRRTY
bgeontia s R A BhpoR

si ze", secog ary secon

conposi ti onst lapstia pohlbm 17 hnétl'fa Swiaseaﬂ 6 of thetfibersa‘m)ﬂm pranecnhe cﬁberasmfac&ar y

size. The t "rertd S| ze ry. oati ng"

rean coat i nit T a8epeE dlni paceastd e Bhiiiet Bdakdte. i oaiRah of o

secondary sil4és prEbemeormatelntigSommmcepalorpdn;bnery btthtifibers 12ef ore the fi ber

s - - |ncorpora dinto a fabrjic or it can p | ed to the fiber after
ﬁ ténvgn @1,

the fiber is 25 i g&pﬁmga?%pqsmogsgffmrpgen are PueierP Xﬂ%uqoéﬂﬁrl c. In

an al teqpat bdaim?réya@bdsmahs andl iforé 9ré1§rabrylaa%eous $&5i® dompaible &batingy”
addltlonally refer to a coating conposition (also known as a "Tinishing

si ze") appl FempPegtionse Althougl nat ﬁféfer@ﬂ forsalety degronsi tha coaling camrasitions| y al |
of a conven&é@a&kta.nmmeeéaganegmms@ueh sg é\d&tﬂﬂF&%Q&h 38Mhelasd N

renoved by heat or chem cal” treat nent .e., finishing size 1s appl i ed
to bare 30 prefgrablyiase freeiofisuepenivanisl Amltnorwllvabe pgatfngrqampwtloeeaf ther ei n,

ol ass 1§ ber BRsBrERIBRnta belTRRRS iy SeadofdRREns iilor ARBhY é,f’aéi‘e

-11 WO 0%/ 0siemg d?@iibtllﬁﬂrﬁmﬁmsfl bers wll be |ncorporat ed such that the

coating corrp03|t n r selected coatin nents ,,achl,eve " at | east one
s Sy e St M

of the fol | owi ng™§ FErelL.n g prefersd i §FF®

i ncor por at i Bizingftrefdr e amtdsoanng&bmpoahor( spmbdastrbwuées gTIeRr Mg mmary
de-oiling), faciljtates od wet-out and wet - throup%g of the matrix materi al

during 5 coPRe e BTN, 'eesgqqugoarﬁ?ammmg%'wnra ed g d8e%Se product s

havi ng desi n@flediately after formation of the fibers. The terms “secondary size”, “secondary

20 sizing” or “secondary coating” mean coating compositions applied to the fibers after
the application of a primary size. The terms “tertiary size”, “tertiary sizing” or “tertiary
coating” mean coating compositions applied to the fibers after the application of a
secondary size. These coatings can be applied to the fiber before the fiber is — -
incorporated into a fabric or it can be applied to the fiber after the fiber is -

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

30 (glass fibers incorporated into a fabric form.

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

applied to the glass fibers is compatible with the matrix material into which the glass

-11-



physi cal properties and hydrolytic stability. The coating conposition of

the present invention conprises one or nore, and preferably a plurality of
particl ewd®ddost when applied to at | east one fiber 23 ofcrhmsoopisse al ity

of fibers 12 adhere to the outer surface 16 of the at |east one fiber 23

and 10 provide one or.nore interstitial spaces 21 between adjacent gl ass

fibers 23, 25 of the strand 10 as shown in Fig. 1. These interstitial
spaces 21 correspond generally to the size 19 of the particles 18

positi oned between the adjacent fibers. The particles 18 of the present

i nvention afipeddrvll Bé&’ido)‘pdfa&drsebletmtﬁé adating cAmpusitioh (dreekicted ddating er m
"di screte" neans th t he parie! es fo ?él tend to oaI sce ? 15 conbi ne

88 oithe e f

to form conFPﬁ'BBﬁ%"tF AhievER R PR WMBB &Rt IFHES but

i nstead subsgémpidl %'nbb’tor |ﬁ&&ﬁ6rahbﬁlrﬂo thecth il widteril) $§Uch<‘dsﬂ§}8<$e—gwadln?%ﬁer ally
retain their individ

ape or form The discret tlcleso t he
present i nv&stalfg). rfaglltamogcyvthg&an%yet—thr@gh Qfﬁ@eP@eFBV@P tegigl duringy ey or
sheet of gat %Bﬁvédﬁoﬁal%f;&ésgln‘ﬁ , arfdG8 &I findl Bmpodite sfbaneksqfadﬁ»@ delnée
transition between at [east "two particles, and partial 20 coal escence

during conv@hvasnoaiairomrb@earpi bydrelyliggabiityd still be considered to be
‘discrete” partigh@s, a?{ff,& g{a)rglé{aéelﬁérﬁﬁstﬂg gfeggehhﬁvé]{ti%ﬁ%ﬁhdngg?%é BPmdfe and

preferably di mensi 6n& erern di nrensi'onal | y
st abl e part ipréfessblyna plusalityhat particesptd that Wben applied tgah taast one filer230fthe hei r

average particl e a a nd enti.o

condi '? i ogs Iﬁy Qtﬁﬁ{éqgcﬂdgg's%etﬁgiﬁ%s‘étfﬁgu% cﬁfﬁaed}f l?%%tt %%f@:g??@%ﬁ?l ng
weavi ng,10 O\ﬁrélﬂde’wﬁ’e Bk. ﬁnere at@mi&ssmeepe rbetwaawsadjmnaglats@fmmsaim of the
desired interstitial a ti_g ena}g{aget fibers 23, 25. ot her
wor ds. i norsGROR DI SONBR Eichd fPere Cless L FoRey 2iqorenBoic ferinspil 0

di ssol ve or falbss a9idf e Harﬂélé@ﬂﬂ’pbﬁtnéﬂ'éﬂ bémaéﬂﬂr@ apagensfibéren to forma
particle having a maxi mum di nension |less than its 30 sel ected average

particle si Zheagtigles 13 ptiae ngesentinvention aie prefeeblyAisciale Rartigles. Asksed as

exposure 1o Prm Ry nitReh @tol e ffesc@t More - 12
WO 01/ 09054 %@8@%‘8‘?@%&% e%g?ga@gl tre ;ﬁ{rtgd 140Cn Agdl ti onalsl y, the

particl d5 1&osthing t¢ famn continsious films ¥ eenpwe@ttonaipr@ﬁsana cppditipnse buhder
0 el e IUEST SRR i e ABTu BRI QrRALl A erbraly BRI ERMDOS ! ©

processi ng conditTons rocessing tenperatures can exceed 150C
As used her andividtdishppe asmrmsﬁcbnld[bqrme pactln:!zetsaoiltmeapﬂeyemnmrglemmaym ze" 5in

e e 5 TR PR B L e SR B R
during proceassid¥bcond order phase transition between at least two particles, and partial
20 coalescence during conventional fiber processing, and still be considered to be
“discrete” particles.
The particles 18 of the present invention are preferably dimensionally stable.
As used herein, the term “dimensionally stable particles” means that the particles will
generally maintain their average particle size and shape under conventional ﬁber
25 probessing conditions, such as the forces generated between adjacent fibers during
weaving, roving and other processing operations, so as to maintain the desired
interstitial spaces 21 between adjacent fibers 23, 25. In other words, dimensionally
stable particles preferably will not crumble, dissolve or substantially deform in the
coating composition to form a particle having a maximum dimension less than its
30 selected average particle size under typical glass fiber processing conditions, such

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

e.g., a bl opiehéraByaipito 1408 AdarioRallyptheosstidleso Slshoultmbtisubstantidlly estagent | vy,
the term "non-heat expandable particle" refers to a particle that does not

expand due 8 p¥Rand id g yader glasklibRiPEpsessing ﬁ°ﬂ‘!’i@°'}§aﬁ'1di' moge Patigwa ™ hor nal
fiber procegghdGonthodits Pgﬂr%ssi Eondiflor heét8 RHroBeYsiryf tempBratiires @8A

i nvention, the coating ositions conprise at |east one non-heat
expandabl e exceedi1908C. 26 uSed dergin,the pheasedshouldmet sybsipatigiy eplarge in sige

hol | ow particles wt t ral A I AR g | t of
the. precan: RN, e REREES resiihkiine pan@|ed ol Fof ol LD ©
non-sol i d i sizé & metecthan approymsatelyithneedimesrthi¢ivinitial sizé durag processing.ei n, t he

term"substantjally free of heat, expangabl e .particles”" .. st han 50
wei ght perchFh?{f“q%ﬁ' s used AReelBy ‘Qeég'ﬂ‘?i rlnggs@rl‘@ugsfagfea?arggg%i}i?vgéé)%%si s,
nor e pref er ghksiallinesdhdittatcrpstaNing phiticleer cent . More preferably, the coating

conpositions of the present invention e essentially fre f hea
exggndabl e Preietably, .°9§§'“%§8WPH§'F'%'F§1?P$ﬁ8r?s§P Veég'géﬁf? a‘ﬁtﬁ%’f‘ e’éhﬁ? %feat

expandabbe RgstdxpaRgable PEARRS! A& (uedittdeif D @srint *hes SipaRdatie pattiers” t han 20
wei ght percent of heat _expandable particles on a total solids basis, nore
pref erabl y messspreicles filled with osgopafringa material. whieh, whep &XxBetsH tPess t han

0.001 wei ghte PELGRALS %fgéi%nt\(pvgl%{iﬁ&%%é nﬁ)&gﬁéﬂ%méﬁ&bs{éﬁﬁawﬁlh@e% 18 are

pr ef erabl y non-waxy. erm "non-waxy" neans the materials from which the
particl es asizef Jheee heatexpandabia paiticles therefpse gxpanddsiug to atphase ehangeefx- | i ke"

L,al .' ! hai
naving an ayerRgEPRERIRPRIERR. ¢ athioWRG R L Ader NI AGREARRMY |01 o°
at ons2. 35 | gonditiony. ef @iseqdergiybtint teemn t'nari-h¢dtexpareable: particle’mefersito a he

- iy paPeriElestat s Tt Proat %2 Phaft Frahos B Fednabtebh MGt oi Mo

desired. Al haedhori@l fiber processing conditions, and, in one embodiment of the present

)

invention, the coating compositions comprise at least one non-heat expandable
particle.

20 Generally, the heat expandable particles are hollow particles with a central
cavity. In a non-limiting embodiment of the present invention, the cavity can be at
least partial filled with a non-solid material such as a gas, liquid, and/or a gel.

As used herein, the term “substantially free of heat expandable particles”
means less than 50 weight percent of heat expandable particles on a total solids

25 Dbasis, more preferably less than 35 weight percent. More preferably, the coating
compositions of the present invention are essentially free of heat expandable
particles. As used herein, the term “essentially free of heat expandable particles”
means the sizing composition comprises less than 20 weight percent of heat
expandable particles on a total solids basis, more preferably less than 5 weight

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

I ncl ude 10 spherical (such as beads, m crobeads or holl ow spheres), cubic,
platy or vagiogodoss (el ongated or fibrous). Additionally, the/ysaorteshes 18
can have an internal structure that is hollow, porous or void free, or a
conbi nation thereof, e.g. a hollow center with porous or solid walls. For
nore information on suitable particle characteristics see H Katz et at.
(Ed.), Handbook of Fillers and Plastics (1987) at pages 9-10, which are 15
specifically incorporated by reference herein. The particles 18 can be
forned from nat ervial pari@é<£t8 ack frefenatplp hymeaixy. Tneltermdnopwaxemeans tier gani ¢
materials, polyneric and non-polyneric, organi c nater.i al osi t
materials, dnefeHalR{igmwhigh t%@arg%/lq AE® fPHP%‘Sa'ier{&’.‘ W%"'hg'egsﬁ'gggirﬁﬁ,re'?'htget erm
"pol ynmeri c iypfph Gaai-keMRiddht Matem@@Bompostel prifdrilCofiireatdnaledtapdrogrborizack bone
repeat 20 unit based on an el enent or e|enents ot tgrer an carbon. For nore
i nf or mat i on chains having an\ayekage; cagpon ghain leagthranging fram ‘quga'l‘l y

i ncor por & edhyuczef erence herein. As used herein, the term"polyneric
organi c mater]l Ars® means synthetic polynmeric materials, sem synthetic

pol ymeri c nat er i dnonemefamed embogmm}/ﬁh@ pregest inyeationa thepartigled 48 b thee

repeat unit REsell iRnfigh SRlisdete MmesRRRN stIE Honkaxy gitideed her el n,

nmeans car bo al ni ng compoun e carbon’i's typically bonded
to itself and to Typatides 180an baveeany shaperasicopfiguratign desired.; Atheugh eetuct i on

f Physical ,Pal. Sci ' C ,
o5 uhi on Arateg Bing PresrOnye iR, Herilet B ranE mahRs siebdl Hidla PRI
et | at . "wg sﬁhf%%glaidhmc%ééﬂs,eaicwhba\dﬁgr Bol\llomesmftzﬁss dubid{\ataiy goacpiteulayst ens"
P mer s, al nt, ours Jouy nal . anuar es
o ST oh lalaoateaist ibroudl Additanall IRS palieies 1B sAn FaRE Bhitpil sPiatiR0e
01/ 09054 PCThLISIPoRSW Tdro 61RNY Fed or\Wedombiritidn theréofdes. hiholow centepaithds
such as the carbon oxi des, carbid carbon disul fi

s t he | es, ge, etc.., such
ternary conpRATAESosolidnaliseFar mpke pieimatien on swiablg particle sharaGtarstics seR gene,

carbonyl sul fji g, pLe gEd.ﬁ%nGBBQPGFﬂﬁH?E 3hd PRELIEONI0BT7) SIQPHIRY BN, WHih a t he
netal |l ic carbonates, such™as cal cium car bonat e and sodium 5 carbonate. See

R Lew s15 Srspeciisalydncarp@atatidpisrefereneaberain. Di ctionary, (12th Ed. 1993) at

pages 761-762, a”‘f'g%’b@%%?‘éé%ﬁﬁ%ﬁ fGTheel f£drh %ﬁ!§€\%lé@%|?§t@b o 8o Gna VAt t er

and Change (1996) I'Ch are specifica I ncor por ated by
r ef er ence hengri-polyrericiinerhanir raaterialshpolymerc anhoonypelymeriaprganid atenidlsns any
material t hatt:ori'ngosqgtmaterials, and mixtures of any of the foregoing. As used herein, the term
“polymeric inorganic material” means a polymeric material having a backbone repeat
20 unit based on an element or elements other than carbon. For more information see
J. E. Mark et al. at page 5, which is specifically incorporated by reference herein. As
used herein, the term “polymeric organic materials” means synthetic polymeric
. materials, semisynthetic polymeric materials and natural polymeric materials having
a backbone repeat unit based on carbon. - . '
25 An “organic material”, as used herein, means carbon containing compounds

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

2 L. H. Sperling Introduction of Physical Polymer Science, John Wiley and Sons, Inc. (1986) at
pages 2-5, which are specifically incorporated by reference herein.

3 W. Pushaw, et al. “Use of Micronised Waxes and Wax Dispersions in Waterborne Systems”
Polymers, Paint, Colours Journal, V.189, No. 4412 January 1999 at pages 18-21 which are
specifically incorporated by reference herein.
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10 an organic material. As used herein, the term"conposite material"™ neans
a conbination of two or nore differing materials. The particles forned
from conpasor@osmt eri al s generally have a hardness at thecr/usw/tdase t hat
is different fromthe hardness of the internal portions of the particle
beneath its surface. Mire specifically, the surface of the 15 particle can
be nodified in any manner well known in the art, including, but not

limted to, chemcally or physically changing its surface characteristics
using techniques known in the art, such that the surface hardness of the

particl e i scpfitnts b9 wel aldeS&lddes birdne chrapsitris such as the @irisasosiddwetise whil e
the hardness of the particle beneath the surface is reaeég(lFthan t he

har dness of calRides) garbon disuifide. efg. sUGh IRENATY compgunds; BENdESed from
a primary ”ﬁ{é?élh@&arbbﬁﬁls'&o%@éﬁ@@artfoh@%uﬂﬂdeeét@aléﬁd|c§ibéﬁ-cohta’iﬁhg)ibﬂlcor nor e

secondary materials to forma conposite particle that has a softer
surface. In C?@Pomﬂﬁ stich ag the melallic earbapaies.fish as galclunt sarkonale Apd sediym

conposi t fpysToN I f oat ed,
clad or g’ncapsuf‘bf}eéS IE&%QS‘?H r‘@% H‘C?P%éﬂéé& %é@%?%%nﬁat QrZFrEFB For

nmore i nforMQQ@mtmgpaﬁﬁﬂﬂﬁasamc‘aMt GilberbergnChemisty dbedoleculasNatuie ofsee G

g\ﬁgﬁu cal l W(@gﬁgfg%n%égﬁ%?% %& sP%@ é‘%?%'?l?a\}%%&(:h are

non- pol ymer referencehgesinc materials useful in formng the particles 18 of
the present invention .incl.u nor gani ¢ _.mat l,s_sel ect ed fr [a hite,
netal s, oxi des, &?r‘[ﬁe&ekere'ﬂr Frtﬁf&q"?{S?"'aé'??e’ﬁ?ﬁ fIERANS angm %%ﬂqerp%at% At
carbonafes, angariit mtéraland hydroxi des. A non-liniting exanple of a
suitable inorganic nitride fromwhjch the Earttai;les 18 ar 0 S boron

faorne
nitride, a preferiSiFedissRinnBRted "OMPosy iMEANS HMPipgios qﬂr'? Pl de

particles h?tYer%ﬁ%nhSW@ﬁﬁé ?hé!? ﬁicle%tférlr'ﬁédﬁ&n ébﬁposﬁbﬁh%@r@l%/g@ﬂ&%ﬂy
PCT/ US00/ 20459 particularly preferred. A non-limting exanple of usef ul

i nor gani ¢ okedeaihardness at theiruirfacs that is @ﬁﬁrﬁﬁﬂﬁ%lﬂ&e B f‘?ﬁfe%f th?rt‘,‘f“ﬂﬂél
mol ybdenum ?ﬁ‘ﬁ'ng 'of fhe 6&9&!@&#%&%% 'erfgf‘eu MBrénéb%EﬁEaI@v' ﬁfé'éuh‘g@e af‘thez' ne

sul fide. Inorganic silicates In | um num”™ silicates and
magnesi l]|51 s ipartichet can bsmoldlﬁad ivanyrimanhéer well Ismvmabltrze anbtingluding, butiget 5

rrpl ybdenum g&état '%%E\Ernrﬁ%llk?ggHg%lcaﬁk%hghglnﬁltél urmé@chg% irstrcsgﬂg r%) i r on,

silver, all oregol ng none n-limting
enbodi nent @écﬁnhﬁresrlmawhumthe Arhesuplatltat thecsurfb8e aafdnbss nﬁde piartmla isequal to

| ubri cant nat re| ter I ubr ant nmeans any
solid used l?é WA%BJSW‘??@ B?‘%ﬁ?‘?ﬁwﬁ q]esFroé AR during

relative beneath the surface is greater than the hardness of the glass fibers. For example a

20 particle can be formed from a primary material that is coated, clad or encapsulated
with one or more secondary materials to form a composite particle that has a softer
surface. In yet another alternative embodiment, particles formed from composite
materials can be formed from a primary material that is coated, clad or encapsulated
wtth a different form of the primary material. For more information on particles> useful

25 in the present invention, see G. Wypych, Handbook of Fillers, 2nd Ed. (1999) at
pages 15-202, which are specifically incorporated by reference herein.

Representative non-polymeric, inorganic materials useful in forming the

particles 18 of the present invention include inorganic materials selected from
graphite, metals, oxides, carbides, nitrides, borides, sulfides, silicates, carbonates,

30 sulfates and hydroxides. A non-limiting example of a suitable inorganic nitride from
which the particles 18 are formed is boron nitride, a preferred embodiment of the

present invention. Boron nitride particles having a hexagonal crystal structure are
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10 novenent and/or to reduce friction and wear. |In one enbodi nent, the
solid lubricants are inorganic solid lubricants. As used herein, "inorganic
solid | ukyoepeios4 neans that the solid |lubricants have a poBmsel/mdsst i C
crystalline habit which causes themto shear into thin, flat plates which
readily slide over one another and thus produce an antifriction

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

fi ber surface, and an adjacent solid surface, at |east one of which is in
notion. See R Lews, Sr., Hawl ey's Condensed Chemical Dictionary, (12th
Ed. 1993) atpartiba»ﬂ#lyué’ferrébl AhonSinsifies exdnesie by a useforinorganie dxidy is giher ence
herein. Friction is the resistance to slidin §ﬁ? d ov another F.

O auss, Sol i¥fideyRyitakieiaorgagic sulfides !DG[S’P?@%&'YW%“B’BM Jﬁ?ﬁ?‘f

which is s pQGﬁgjﬁéﬁBi’sMIfdé‘ sea Eiﬁ& abfde PUseRl MbRARR siliéBted frichide: alurﬂm@ﬁe
non-limting enbodi nent of the invention, the particles 18 have a |anellar

structure. Piicatesiang rn@gnqsgmasrllm [sHeh 36 versmigHlite. a$‘ét9@l9rm6*§5d"@f‘d% heets or
pl at es of at FY [ et
AhERpddh Be LR 0 palaRi. el SRR, géyggf gﬂld"'ﬁr bR vt QIS

and vveak et'ween ets ow shéar
strength betamdernlxﬁtieshfeanysnfthe fooggaingri t i ng exarrpl e of a Iarrel | ar structure

I s a hexagonal S CiH | cation
(1996) at page 1 éotn%&opglmtﬁ %@%dﬁ'{ﬁgn{é&gﬁ%?ﬁ@lﬁ'br |e%n| a@o?'%e g“&%‘?pages
19- 22, 42- S54ron Selild/lubficang inatédia)s. 905ué@ﬂ;er&h%él@rna‘fsdlldmrlcmﬁnwéns:anpbeI [,
"SO|Id Lubrlc nts", Bound bri cation of Warl

Literature, %QE%’F@H%WI# °8FP‘H?09’$@8€&8{5 8'@}9998"39 r%at@'@s

202- 203, 10\/f1|rﬁ6\/e'1hﬁ@1t%hal‘oﬂd @ahbe/fricﬂsmaﬂ@mhsdntvner@iwm therseiid. | nor gani c

solid particles having a lanellar fullerene (buckyball) str ,cture ar,,e al so
useful in t HebrigaptssARinqragnin solisubrcagts\ApYs QJXP@H’%WCE nt

Non-1imti nqnsaﬁ%rmbﬁme%n& Mbﬁ@éﬂt@h% £ tharastehstd drgstalineE Rt iicls &éwetsur e

that are useful form ng the particles 18 of the present invention
i ncl ude bor dhe'il’iltP rShG@" intodhigpatitatesywhigh r@@'ﬁél'%@‘@ﬂl%é@“oﬁ‘ﬁba"d tharsc |

gypsum kaold, ﬁi&c% arpé'rktﬁﬂlétg Lbei@Q?l fféd?gétgrese gl’ié ﬂ'lf%r sEHL% dsOfref @rgglpl'ﬁ\é(t ures

of any of t oregol n rre mater oron nit
graphitels msglads fd:ec Isanifaneg end desdjagent solig surfage, et Ieaﬁyorufofwwh i§ &y mgtidmg.

oy o dle AR R AR CORLBI ALY ey 1d) ppreru
tungsten di geigerv 1Qewh&hds ﬁfbedﬂmatgsmocbrpara}ed)by tefierehce bereinn gfnctmm rsrtbe
erbodi ment, }eglgta?xgé Ecls glldlensg c:>Ln8e &ﬁﬁ ovgrr gr?oqh ' ?:mc?ausls ngol%al.ulb%cas Qs and Self-
Lubricating Solids (1972) at page 1, which is specifically incorporated by reference
20 herein.
In one non-limiting embodiment of the invention, the particles 18 have a

-

lamellar structure. Particles having a lamellar structure are composed of sheets or
plates of atoms in hexagonal array, with strong bonding within the shest and weak
van der Waals bonding between sheets, providing low shear strength between-

25 sheets. A non-limiting example of a lamellar structure is a hexagonal crystal

structure. K. Ludema, Friction, Wear, Lubrication (1996) at page 125, Solid

Lubricants and Self-Lubricating Solids at pages 19-22, 42-54, 75-77, 80-81, 82, 80-
102, 113-120 and 128; and W. Campbell, “Solid Lubricants”, Boundary Lubrication;
An Appraisal of World Literature, ASME Research Committee on Lubrication (1969)
30 at pages 202-203, which are specifically incorporated by reference herein. inorganic
solid particles having a lamellar fullerene (buckyball) structure are also useful in the

present invention.
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10 lubricant material having a lanellar structure. A non-limting exanple
of an inorganic solid lubricant material having a lanellar structure for
use i n t weoovedoshg conposition of the present invention iPETHS0@R0489t i de,
preferably boron nitride having a hexagonal crystal structure. Particles
formed fromboron nitride, zinc sulfide and nontnorillonite. also provide
good whiteness in conposites with polyneric matrix 15 materials such as
nylon 6,6. Non-limting exanples of particles formed fromboron nitride
that are suitable for use in the present invention are POLARTHERMr) 100
Series (PT 120, AYort-HmitingRRamplesafcultable sGiterizdbadeg & ameliaTstBEtyredimat 600

comrer oi al | AraySPUABroibg 18 BertBRE 18 s HereRet St o BUA Bk, .0 o
Snalt gr | argl arg'ghtahgl(g H)eéilidﬁha&iobymﬁesl,d-umgj t:l:: gypdune rkaolinite, Emdn;eneadmuunm o
Lakewood, CHPYde: 159'%5 s“'ﬂ/&% Eﬂg i"'g’r&gfﬁ?c‘? ANy z&’l fP%mo}d?fgﬁeﬁ %r ence

herein. Ehesaclode bb&h@ﬁrnb@@aﬂﬂd‘lﬁ‘iéi”QHdl@ﬁlﬁé@éﬁldb‘s tandoﬁux&%k&%y\eam& per
meter K at 25C, a dielectric constant of 3.9 and a vol une reS|st|V|ty of

1015 ohm 25 feesgpinge (RYitableynatal gighalgogenidesdnelede malvbdenum disylfidean aver age

particle sizZgolBisHun disbleRitfetantaldi dRUdRTRINSAISm didtfeniil) trRsteRisUmMe”
particles have an average particle size ranging from 100 to 150

m croneters tamt?%é'SG@O'dSe?n‘ég“ﬁéﬂﬂé@f apypftheiferedriide an average part i cI e

si ze ranging fron r,
reported by its gh:?g’I | erwﬁ&@m ag%@gﬁ%ﬁégf rz;‘véerp'gg%%b%%ggg
particl Qi Aabrifantmaterisphaning adameltas stractgeg. t A aba-ligiiting example offan i morgamc

Fol Tows: 17T PaugbaieRRrHClin BRfkGr it efledf ol Shpg ibhiisifen,

0.6 Accor di ngf theptesest idvesitionlisiboron, nitride, meﬁecabiy borbn niteddtbvidgl &ihEekdgonall 60

boron nitride art | es_t an aver article size
greater tharPy ¥ '45" tg?oﬁ@a@egv#eg&geﬁ Lbr?é‘?ré?' e, ﬁ'@“&\)@ﬁga@‘g particle size"
refers to thfofmtillowte d1Sd provhiesdobd whitehBSs inadompdlsiss wilth Bolgmer@aritriarticl e
size of the particles according to the present invention can be neasured

accor di nP t gnRieHRls susk @p "¥eR&®@ri ng techni ques. In one non- liniting
enbodi ment of t henpy gnftiRg dxBiPs Hpartidis Bahéd ﬁbﬁasbo'fér?ﬁtrld% tﬂﬁaa?ﬂ%%m%@' ng a

Beckman Coul ter LS 230 | aser diffraction particle size instrunent
uses a | aserfor use in the present invention are POLARTHERM® 100 Series (PT 120, PT 140,
PT 160 and PT 180); 300 Series (PT 350) and 600 Series (PT 620, PT 630, PT 640
and PT 670) boron nitride powder particles, commercially available from Advanced
20 Ceramics Corporation of Lakewood, Ohio. “PolarTherm® Thermally Conductive
Fillers for Polymeric Materials”, a technical bulletin of Advanced Ceramics
Corporation of Lakewood, Ohio (1996), which is specifically incorporated by
reference herein. These particles have a thermal conductivity of 250-300 Watts per
meter °K at 25°C, a dielectric constant of 3.9 and a volume resistivity of 10 ohm.-
25 centimeters. The 100 Series powder particles have an average particle size ranging
from 5 to 14 micrometers, the 300 Series powder particles have an average particle
size ranging from 100 to 150 micrometers and the 600 Series powder particles have
an average particle size ranging from 16 to greater than 200 micrometers. In
particular, as reported by its supplier, POLARTHERM 160 particles have an average
30 particle size of 6 to 12 micrometers, a particle size range of submicrometer to 70

micrometers, and a particle size distribution as follows:
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10 beamwith a wave length of 750 nmto neasure the size of the particles
and assunes the particle has a spherical shape, i.e., the "particle size"
refers tewobeosessml | est sphere that will conpletely encl opernkenpasdicl e.
For exanple, particles of POLARTHERMr) 160 boron nitride particles
measured using the Beckman Coulter LS 230 particle size analyzer were
found to have an average particle size was 11.9 15 mcroneters with
particles ranging from subm croneter to 35 mcronmeters and having the
followi ng distribution of particles: %> 10 50 90 Size (pm 20.6 11.3 4.0
According to this difstridguiion] teqopercent @&p the PG_@BTHERI'V(r) 160 boron
nitride particles tlhat—were—reastred—hag—an—average—parttete¢ Si ze greater
than 20.6 20 i cromet €988 (WA ahot &4 nont | i n’¥4 ng_Enbofi®rent [of the present
invention, the particles 18 are formed frominorganic nmaterials that are
non- hydr at akteordiAg ta fhigidibiibefion, t€émpereertyod thet B@LARTHERM@ i@ botdmenifrider gani c
particles do not react wth al es of water Ito B\K %ﬁs and do not
contai n wat R3MEes A were H}?aﬁ?reﬁg'? AnGverase fariqle size Pfﬁ? er ydrate" is
produced meHﬂ@mété?&t A8Uséd hérelne tel “averafe paiticle shid” efersStolthé aieah paticlevhi ch
the HOH bond is not split. See R Lews, Sr., Hawl ey's Condensed Chem cal
Di cti ona%y, Siga of themarticlem3) at pages 609-610 and T. Perros, Chenistry,
(1967) at pageSTﬂéévééé Whicllsizd & tA@ Ogsh.aewcwrdingqstmm&&q ifdertiBher ence
herein. In the -18 WO O /89054 PCT/ USQO 20459 formul as of hydrates, the
addi ti on of carhlee mgasureguiceerdingdokgown fasens¢atieang fechpiguest Bueneory cent er ed
dot, e.qg. Fg{%

Structural | Y, ﬁ?gr at E%'%'{ttoﬁg'(ré) éﬁ?%cn%gngé’teé@né?ﬁez nc Ié%gﬁggsrﬂn%ggs%re%h]gmﬁydroxyI
group Wit hi Ieclandlragleult&vﬁ.SaZmIysera'ilffrbeﬁml pectiqle aize instrumeot, whichyusesds @ser

groups | e sur.face_ plane f ni ct whi ch
absorb teee?m V’f"}?eﬂ ‘P’a\ﬁj@f‘g@e&gﬁéﬁ&s{%&é@s}% aep %fﬁbe gg {t‘l?:(fgeﬁ)ad %f or exanpl e
as shown i nagdumnestthe patticke ids X gsHericaltshape Man, the “particle 8iz8" refdrspatiee 34 of J.
Mtchell, Fundanental s of Soi 76) .and as sho

in .t
structure ofmallest sphere tllaqvg@gqmﬂlp{%&%ﬂcéos%ﬁamzaplﬁ%ﬁF3)§ exirgm@nhgrilggg of
respectivel POLﬁhTHERM@WG@HUﬁ&nmtrGeapén%sJ Pk8sUrbE UiRg the BéckindrlColdifef 7)  at

page 62, which are specifically 10 incorporated by reference herein. A
"layer" of kS2BPpagicl size ae@v:eg\A@r%&Hﬂﬂr‘i@h?\lﬁna%ﬁve@%e?@clwq;wa?§1e?

conbi naj §OC| ‘?éroﬁ%@?%tﬂfpaﬂfc%g’?r}é r'?gi%M QBhAtrSnieter 8985 mlé’aﬁieﬁé}%ﬁat s, Soil

Sci ence ety of Anerica pages 196-199, which is
having the following distribution of particles:
% > 10 50 90
Size (um) 20.6 113 4.0

According to this distribution, ten percent of the POLARTHERM® 160 boron nitride
particles that were measured had an average particle size greater than 20.6
20 micrometers. _

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

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

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

pages 186-187, which are specifically incorporated by reference herein. In the
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specifically incorporated by reference herein). The assenbl age of a | ayer
and interlayer material (such as cations) is referred to as a unit

st ruct ur V0 0BoY8§4r at es contai n coordi nated water, which c®ETdiNeRESIt he
cations in the hydrated material and cannot be renoved w thout the
breakdown of the structure, and/or structural water, which occupies
interstices in the structure to add to the electrostatic energy w thout
upsetting the bal ance of charge. R Evans, An Introduction to Crystal-
Chem stry (1948) at page 276, which is specifically 20 incorporated by

ref erence hiermilas ofhydrates| the adddioo @ thengateo mutesiutesgs sonventianally irglicated e t han

50 wei ght percent, hydrat abl n Q I ment of
t he pr esen!tobx ATENEr dg} §g§§i§ 4?‘%’0%)%&% c? ﬁ (?%E%ldéfn% 2&{;&9&& gnt ially
f ][eﬁ gf t h)élstrr@dtabhy? mfétamémorgmc Hfatetialcinciute at least mmy‘mgﬁouplw.wrf ree
of hydrata

artlce s the coating, conpositio rlseslesthan
20 wei ght p%fadég? f JErysta Wéﬁeégﬁm% "ﬁ&f‘f’f%hg’émé}agéf’%t'%ﬂ‘ PB% Piages Q? nor e
preferabby 4 @siisiriidtlredortRathils whithcaitorb Wakr GRIheiPsGifledMneslopdy than 0. 001
wei ght percent. In one enbodi nent of the present invention, the particles

18 are for neapillanpastiomdar example a5sBown jihgAtiusture of kaplinitgygivern i Fige3-8r i al .

Th t t 30
par i o s {ATRRR Ty oy MGREE Fpuatlen s ol ol Hetalior (1078 ah0 B SRR ANEL Cu o

or in addi strusture®f iteanth2-1Hgyar mingrials shnwngaﬁlgﬁ 8 tandi18l espedtivelyseitH.above.

Non-limtin t

miner ol phy LSRR ERy Lot hohi 8 AEER IRP) I8 Bats BE b ok HeBnEalY .
(such asOnumeorpbtated by edferene herair. i Al“layert’ of alcastal hattiee iaraccomtjirsation of\s
expl ai ned abov articles forned. fromsuch hydratghl e or. rat ed

mat eri al s %5‘1‘%’ é{ﬁ] 'é@n%otmtf'ﬁ?tl?"rﬂ;p %Q?ﬁ“%&%@%ﬂ%ﬂt of the
particles i an\mwm:ém& ISt Sciehte Societyor Arﬁelhdih amvmtrpayébqosmeet wﬁl‘ch ishe
present invention the particles 18 can om nogﬁ) rrerl c,

organi ¢ nat $Recifically Eﬁ%’r?ﬁf%%d BY ’ﬁ"f%’ﬁ"ﬁ%h?’i%?)l JI he(ﬁséﬁ'r"ﬁb ge @ dyseful in
the present mté?l‘é?é‘rt Hth%an(shHl‘i’ﬁs Rhfiord) B r@fétrréd'tmafs@uﬁlpstﬁ]cﬁﬁéat es (such as
zinc stearate and al um num stearate), carb and stearanide. |In yet
anot her 18nbodi neHydigtes ¢antain é@@rﬁtnareﬂ/‘e#erydvhlcn ﬁ@rs@atq%hésatmswaﬁhebe 10
formed 11O dioledaRAtErinyE Fidval %v.thuenshb'a?békdawafmtﬁ& ufp, useful
i norgani c polyneric na erla s |nc u pol yphosphazenes, anes),

pol ysi | oxanand/opstrucfrabwatee syhighobgaupies interstices in tpgls;rnemre:togeidéq them
silicones, glggtrcqs]tétﬁcuér?e%gf &mﬁ‘&l}i upsetting the balance of charge. R. Evans, An

Introduction to Crystal Chemistry (1948) at page 276, which is specifically

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

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

The coating compositions according to the present invention can contain

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

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

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

i s TOSPEMNRLé1/0905¢ which is a particle formed from cross-| i PEpUS@vioes9anes and
is commercially available from Toshiba Silicones Conpany, Ltd. of Japan

In still another enbodi ment of the present invention, the particles 18 can
be forned fromsynthetic, organic polyneric materials. Suitable organic
polymeric materials include, but are not limted to, thernosetting
material s and thernoplastic 20 materials. Suitable thernosetting materials

i RCl uFIe thenmmﬁgl hftgasqghc?]ﬁdmuscovuémdlc necHtebllonite ckaylimite and gylpsum. /-}s
pnenol i cs am nop asts thernosettin 0]0) m xtures o any
of the foredPlaedaboye.nartides fogned fr q“ﬁé“@&@%‘%°@?y%éaqﬁ‘? T

synthetic p@e\ﬁa&my Comfiiite ?\b‘?nc‘;r@rtﬁﬁ%é WRIGhEPeredDeY tHERbR1idIéd inithe 8batRgOXy
m crogel particle. 25 Suitable thernoplastic materials include

t her nopl ast icompesifieat ers, pol ycar bonates, pol yol efins, acrylic polymers,
pol yami dgs, ther npRLafkt 6mbB&i [ %@?ﬁ%enylh(?é(r{tloﬁodhyﬁﬂ&lesaf%dﬁﬁg ures of

any of the foregoing. Preferre stic esters include, but are
not limted fomeqommennwobnmrtceompmcrraataws EWMBQPQD%EOW@?%MM'W e and

I hyl s
i ted to, TORgapASrEhE e BsEhT Alerth b ile i are hor Rl ¥ stg Bt e 680D 0054
PCT/ US00/ 204s%indsteérate antl alamjriunt sieatatefecarbomblackiand sieatamides of styrene

d | i id I t aj nij. t
on-11m t1 g exanBIESTERRGAmEmER SR feprl eps b ARERE cBrfnpean
acryl i c 1Qppabed frérhendrghait: Emwn)ean&'i&;als/\/rm@mumitiag @Rraraplag o€ useful
non- cr ossl i nki ngwsol id acr

cl e epul si on, - ROPAQUE( r P.5 10556,
whi ch is an IBY9gtie PONBIFIE| EH‘?’F%? fﬂch’ee pg{yygu.ﬂg\aa%r?eﬁ Pely%f‘é?h)ﬂq y@"%ﬂﬁ‘?het i C
pi gent haV';ﬂﬁ&g’éréanéE‘ ﬁblgn@hs&um#r;sdlﬁhencsseaamum Sifdon€s, é?ﬂﬂhﬁﬁire@éfa’?’@ 5
percent by ‘welght ercent void vol une RCPA(}J OP-96' and

ROPAQUE( ) qthgmmg,\m §ne<aﬁCenqru@mﬂna gxamplg oh aparticle Tarmes iamen
non-fil mefH&@ge 3@5@?@ r%élglgﬁilsgﬁaﬁ?é"fdf'ﬁ@é'w?th@f:l?éé'é%i InQelﬁ’tidHﬂ?'TbSiB@ﬁ@_r‘s' on

havi ng a parti m croneters and solids content of 30.5
percent 1y weiights,a particlRGRr@dE(an) cops dinked soxaprscnd is cammereiallyoyatiakie
non-filmforgnn synthetic pignent dispersion
havi ng a parfm@%§§é¥§§'@§?@ﬁ)é§%bgnycIr?'gdrre sa%and a solids content of 36.5
percent by wei ghtin stihahotbér ¢mbsdimeptdfithe prqsantmmér&smtheparhmﬁsdlwanwe

available Ty om FROm SntheliE 4o LB e AL mabirah SRR orGSRE BEMANL 2

materials include, but are not limited to, thermosetting materials and thermoplastic

20 materials. Suitable thermosetting materials include thermosetting polyesters, vinyl
esters, epoxy materials, phenolics, aminoplasts, thermosetting polyurethanes, and
mixtures of any of the foregoing. A specific, non-limiting example of a preferred
synthetic polymeric particle formed from an epoxy material is an epoxy microgel
particle. |

25 Suitable thermoplastic materials include thermoplastic polyesters,
polycarbonates, polyolefins, acrylic polymers, polyamides, thermoplastic
polyurethanes, vinyl polymers, and mixtures of any of the foregoing. Preferred
thermoplastic polyesters include, but are not limited to, polyethylene terephthalate,
polybutylene terephthalate and polyethylene naphthalate. Preferred polyolefins

30 include, but are not limited to, polyethylene, polypropylene and polyisobutene.
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15 The particles 18 according to the present invention can also be forned
from sem synthetic, organic polyneric materials and natural polyneric

mat eri al wo#g090se2ed herein, a "semisynthetic material" isPaTASeMEA |y

nodi fied, naturally occurring material. Suitable sem synthetic, organic
polyneric materials fromwhich the particles 18 can be formed include, but
are not limted to, cellulosics, such as 20 nethyl cellul ose and cel | ul ose
acetate; and nodified starches, such as starch acetate and starch

hydr oxyet hyl ethers. Suitable natural polyneric materials fromwhich the
See R J. P@refprremml:caplyms insludercopalymersial Gtyspneachan psplic asids

Chent ech, Februar e ile

| ndustry" SéB?ré%%rajn% "?éar\siglgﬁéﬁ] ﬁ?é@%‘;@ m gﬁﬁ“ﬁ{bﬂ@aé)%on;&és 6fr§n{ﬁ%&

Pga:idel (ph |) aolyneatiepdrticles farméd Sem g achylict copolypeer age Bh@RLF@X@ Bt85§dlvhlch

" E(r) _HP- 1055, Ho here Pi Nt fo rd

Coat i ngs" od$ BBQPaT{fQEO"&/%ﬁSF n%sqlpo%@gﬁ%ﬂg 'Eélg‘s% é%{fﬁﬁ%w

Phi | adel @i a4,058€ RHoH 1% aRi cpaglie, prmefi Iri:rfohﬁﬂhg,fstymndaecg'hoy polvymnpeymthetct by

reference. 7 See product technical bulletin entitled; $1 tectu
Iﬁiﬁlgﬁptent QL?

al
Coati ngs- REIGMERihaVingA HE migrmetpr pariige SgeeA 87 pf@@'? I?JX/ai | abl e
from Rohm angeibltamdePss pécentlvid W%EW@PAMW-Q@@@ RDPP\NE@ which is

her eby i ncor por at ed by reference. 6 RCPA Eg% HP- 54 E(r) OP-96
are the sarré'"?réﬂé? avhichrafe idantieal gach keing apAP ‘Weeﬂmé M8p- 543P in
t he paint H@,Q%} gqﬁ‘ IHavind&a Qqablgmfldghjstr 9 See
pr oduct technl cal ul gﬁilﬂmgﬁtél é&dg%r%%lnte(\:’?‘%ra? i

Coatin
g- 96, n% hArlcrorﬁejam Piofidsrontennph 30.5 pogentipaveight, @nﬂ $8Hﬁ®é% ~
npany, i
i ncor por at e @qﬁ‘k %P!as?aésn%gﬁ%%{de\hg%ii}"gg%%é% %%@C%)&gbdgogm%ar t In(t:r}egg 18 can
be f Ol’h med : rmgmdm,ddlmersnam @aving al panidescsizerof G40 miciomietars and a aou@s]coment
starch; pol ypept.i des uch . S an
natural rub H%rcﬁ'ﬂﬁsqyaw t rﬁacﬁ oﬁtﬁg%ﬁgﬁwﬁ% el ngsr‘gﬁﬁﬁ‘gpﬁ'x a%li
present i nvefdrh ®ohni &ed Hebs/cefnpeny of Philadelphias Péanyi\mnia)r med fr om
hydr ophobi ¢ polyneric materials to re tion by

the coat®® str andTh?\Bﬂ'-t'F'PWPlaﬁﬁmgif‘&ntﬁq%éprﬁﬁe'gd%‘ﬁ“h% )b ﬁ%ur % 18 6“ M

materials i f‘é‘én&iéﬁxthé&tc afg%nwol)lm@ﬁé.ﬂdtehalsmbyﬁtdml ;ﬁjmnen@mbwmpwsersed
pol ystyrene and poly yl met hacryl ate. Non-limtin xanpl es of
pol yst yrene erpiv) 9 n%&rBlSYﬁ’(bﬂfd@aﬁfPlA@\EE"l‘?m'Fﬁlylms@lfecgdaﬂéﬁ( PYCURRngo6,

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

and starch hydroxyethy! ethers. Suitable natural polymeric materials from which the

4 See R. J. Perry “Applications for Cross-Linked Siloxane Particles” Chemtech, February 1999
at pages 32-44.

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

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

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

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

¢ See product technical bulletin entitled: “Architectural Coatings- ROPAQUE® OP-96, The All
Purpose Pigment”, April 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylvania at page 1, which is hereby incorporated by reference.
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10 ROPAQUE(r) HP-543P, and ROPAQUE(r) OP-62 LO pignents (each discussed
above). In another non-limting enbodi nent of the present invention,

pol yneri evgped/édosd es 18 are forned from pol yneri c mat eri apeT/igw/gssa gl ass
transition tenperature (T9) and/or nmelting point greater than 25C and
preferably greater than 50C. 15 In still another non-limting enbodi nent of
the present invention, the particles 18 can be hollow particles forned
frommaterials selected frompolynmeric and non- pol yneric inorganic
materials, polyneric and non-polyneric organic materials, conposite
material s, padicles NBWadeforrney lmfudéhﬁutfam agdin'ﬂ'@d tdpolysancharidgs.suahps es  of
suitable materials fromwhich the hol cl.es an be

descri bed Zga%Pe‘prB@elsr e W@f%ﬁ?&g hyw(gf:? W?J(?Fylgrgé Hgﬁlj{)agrt icle
useful in pripePhnd giiSpbicha. are ROPAQUE(r) HP- 1055, ROPAQUE(r) OP-96,

ROPAQUE(r) HP-543P,  and ROPAQU OP-62 LO nent ach di scussed
above) . (FZ)I’ ot hein ﬂ%nomi‘mtmrﬁj“m é‘gﬂlﬁprﬁ H‘\/Veﬂi'?'% B%ly‘i’ﬁ'a‘ltj can be

useful ig t PSmEfegsl%rﬁre 'fmlfﬂ'&ﬁ h§&@phébbic Bél&r'heﬁé nidkeriasd.-reduckSt fimitat  pages

437- 452, which are specifically incorporated by 25 reference herein. The
particles 1mqsmtembsprptlonéaydbapoatgd stanbsNen-bimiting examples 9f 8¥eh on can be

present in ﬁ ﬁR l?bgf}m %U?rpﬁ?ﬁ%@ﬂwc Ln%'rﬂ:?lu'nﬂﬁ %Iyet@l&ﬁ‘é sol vents,

such as A coho prefe l'ess t 5 weight percent),
can be i ncI pdlgﬂrapylelnbepolyhtgrpeesandmolymmémsihecrylate eNm-h!inéﬁg examgiesiofed. A

I t I f df
2 nor gant BoREDEegoRel PR el AR BB RORRIIEE RS 1A T 1 672
di spersion No%wg@hp aaePcam ROPAQUE® IQR-62 £ Oprigrnents deachrdisvasseed and i s

comercially ava| | abl e from ZYP Coatings, Inc. of -22 WO 01/09054
PCTI USOQ 202B9V€)ak Ri dge, Tennessee. "ORPAC BORON NI TRI DE

REL EASECOAT{{Cehther Ron-firfiltiA 'eﬁiﬂodbﬁédt of the présehY inventidn, pgl‘ymehapamcies 18
specifically i ncorporat ed reference _herejn. Accord Hg)@ (% th@; t echni cal
bul | etin, tiaee fasmed frgm P?'M@eﬂﬁmqtﬂaé%h?“i’f‘&%E?S%Frﬁmm" teipgratule yer age

particle sizgypf n{efl‘litlﬁ_‘ bl réatet ﬁ'faﬂ%b@a%d%i’éfeﬂaﬁﬁl' gtéstedth@Arsoeot of 5

magnesi um al um num I cate to bind the boron nitride particles to. the
substrafi® to whileistif arotherspen-kmising pmbagiment af the prssahipuentionathe RAIES  he

Coul ter LS 183N Be ISR et ol Mo nalafbe Telelsd i HauRere ohe Bet . or
6.2 mi cr ometpelymerici mdargaplarmatehais. prodymog riccanicr nan-pRlMEr erganie materials
m croneters c%pn%ogl e ma erlarllse afng rrlugtvﬁnrensgof any of the foregoing. Non-limiting examples of
suitable materials from which the hollow particles can be formed are described
20 above. Non-limiting examples of a hollow polymeric particle useful in present
invention are ROPAQUE® HP-1055, ROPAQUE® OP-96, ROPAQUE® HP-543P,
and ROPAQUE® OP-62 LO pigments (each discussed above). For other non-
limiting examples of hollow particles that can be useful in the present invention see
H. Katz et al. (Ed.) (19875 at pages 437-452, which are specifically incorporatec-i‘by
25 reference herein.

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

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

nitride particles in water and is commercially available from ZYP Coatings, Inc. of
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10 distribution of particles: %> 10 50 90 Size (pm 10.2 5.5 2.4
According to this distribution, ten percent of the ORPAC BORON N TRI DE
RELEASEC®MTOONE 25 boron nitride particles that were neararamboby2esan
average particle size greater than 10.2 mcroneters. 15 O her useful
products which are comrercially avail able from ZYP Coatings include BORON
NI TRI DE LUBRI COAT(r) paint, and BRAZE STOP and WELD RELEASE products.
Specific, non-limting exanpl es of enul sions and di spersions of synthetic
polymeric particles formed fromacrylic polynmers and copol yners incl ude:
RHOPLEX( 1) ®aigBidger Temrmssael é@BﬁAGd?p@BOblsNﬂ R%%LEWDEX{QQNG,%ZSIO

whi ch 20 i I r n_havin sol.ids content of
45 percent ‘%'&h bHF&[ d-‘cY F s, Indhsis fa%ﬁ‘?:?@,{{}g?rgﬂﬁ?%%)f refencEnuL S ON
E- 2321" whi hﬂnelns Aa:cbmtrcg to thisttérztwqal balletipahy eronatitidei partidiayin tiys predolct ds
content of 45 percent b nd a glass transition tenperature of
105C. ROPA éﬂﬁq&%ﬁﬁ@ﬁsﬁf"%’gj’ "%%Q'ﬂ?e%ﬁ apd e hpresnt akhi ch are
suppl i eds a&nagtfbsﬁﬁﬁ-raﬁjnqmﬂhéﬁmoaﬁe 19 b thie BoRorsniffide Yarticlds t9QRe BGISrE toPT Operty
sheet entitled: " | ex -623, Sel f-Crosslinki ng Acrylic Binder of

| ndustri al Wﬁ'\‘/\ﬂ\%‘i’i ersi r'%ﬁpﬁl'%?'WEPF%ltéesﬁ'F%ﬁf BAG BRBONConpany,

Phi | adel phi rmg)éA\ggu; | f nce.
See pr oducga%rR (I)Iggr ty s heetQle\-rlﬁtﬁilmt)'lqdgd2I S%JEﬁf ﬁg?ar? gd%%%tggcstgscﬁﬁ'ﬁ Q&c{uﬁ%ﬁﬂ.§

Coat i ngs- RArtigle Bize Zpalyzer fogod an gverape pediclersize eldhhneiownaers, Wimpany,

Phi | adel phi nce. -23
W0 01/ Gona P DY sulfflciomads: S ARIorhdGR B0 faif e BEMRETCS, ¢
per cent1®y digrigition mﬁt@ﬁ(r) CP— 62 LO (di scussed above), which is
supplied as a di sperstoeffav ar-t--el-es—s+ze—pF—0-—40—m-¢roneters and a
solids content of 36.5 D/é|>cent 5@. ghtl _an89 ROPRQUEE®) HP] 1055

(di scussed above), whlsma (;ﬁn)suppl |1@dz as [a di5,|5er5| pn hay ng a 5 solids
content of 26.5 percemt—by werght;—at wch—are—comercial |y avail abl e

from Rohm
particul ar I@%Fd@r r g%rmr%ﬂ&éﬁn l:gt}' ﬂ?&%}%ﬂh@%@ﬁ?&%@gﬁﬂ or{dl@ﬁe coating
conposi ti orREcEﬂ@E@@ﬁTaC@NﬂZ& koroh nittide ma:lesmat weoe grasareddvadianl e,
parti cul arl oro |tr|de arti uIarIyaboron nitride
avai | abl e SE ?358@5‘??&3%3@%%2 P%-and/ or ORPAC BORON NI TRI DE
REL EASEX®BOAT- CO\ICDthéﬂ dseful products which are commercially available from ZYP Coatings

include BORON NITRIDE LUBRICOAT® paint, and BRAZE STOP and WELD

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

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

1° See product property sheet entitled: “Rhoplex® GL-623, Self-Crosslinking Acrylic Binder of
Industrial Nonwovens”, March 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylvania, which is hereby incorporated by reference.

'! See product property sheet entitled: “Building Products Industrial Coatings- Emulsion E-
2321", 1990, available from Rohm and Haas Company, Philadelphia, Pennsylvania, which is
hereby incorporated by reference.
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| east one thernoplastic material, particularly a copol yner of styrene and
an acrylic nononer, and nore particularly a copol yner avail abl e under the
tradenamyo GIW8P$QUE(r) . The particles 18 are sel ected to apdi/ess/missaver age
particle size 19 sufficient 15 to effect the desired spacing between

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

i ncorporated into a sizing conposition applied to fibers 12 to be
processed on air jet loons is preferably selected to provide sufficient
spaci ng between at |east two adjacent fibers to permt air jet transport
of the fiber0.55 misrdmeters aod esslidsheoritentrof 305 pescemt E&ewgight RQ!?}%Q}E@ | oont

t fol N whi t i to th
warp shed’ byP B op el SRlsLSuen |s EPIIh S Wibdriich hal RSl it d P 17
a manner Wweldizeksf@MIO tricrbmetees akd bisetids corttérd ofi86.5 perceatiby weight; emdrrpl e, the
i 18 t ed ti
appl i od to MaerBUES BEPfies GisPissndavey BACE Horpled P HPFTSon BRI Al 1
sel ect ed g 0 JHigy bétestdfi26® ﬁé?berﬂrbi}'qhé]ghtbﬁl vRtictesrel cormhertiofly avhilablerftont i ber s
to 25 permt_good wet-out and wet- qh of the fiber strand 10. Although

not |imitindR¢hinend "}ﬂaémpqr%f’éﬁthf'iﬁf-'ph?}é’%‘&ﬂ'\’%’l'@es 18 preferably have an

average size, nMeapy stiliad)dpreferid e‘iﬁ@édurﬁérhtﬂﬂtﬂe%r@&rﬁﬂ%nﬂ&f tﬁ@céﬁtﬂ@t er
than 1000 microneters, nore preferably 0.001 to 100 microneters, ~and nost

preferably composiiongemprises afmixtueselat eash oneingraanisrrarticle, padisulasly Horon
spect fi ¢, NOfirk dd MrBRACUIER oBfor!difigl biSIABIe UrAKPIRE!Rdenbiie_aver age

particle size particles least 0.1 mcrometers,
pref erably ROLABTHERM® and/or ORAAG BORON NIERIGE: SREIFWEC@AWTQQUGEQM atto 5

i or omet or < ‘e SR e BiRas il Parilaty 24 ‘?"%‘F PRI adek,

t he parti clmséndehane nisite pasicaely pasopolymer availableUndestheitsadgaaraeal | y
smal | er than_the verage di aneter of the fibers 12 to which the coating
conposi tion '39':8‘9&’ It has been observed that tw sted yarns nmade from

fiber strands 10 h@é/bmcles hewps sdidcrell te abhieRsartiarade Parfitle SRe Y 9sdufficit
conposi tion conprising particles 18 having average particles sizes 19

di scussekb aterifectihe sigviterd m@%ﬁwﬁﬁﬁﬁﬁlé@’ﬁ@ﬂﬁc |F8F1an§ﬁ@61 thg avBEASReen
adj acent fibgys 18%{ hh%:q #emnt:o@ohté@hw‘@%&%' dorpbsitibn ﬁthe%' tb ﬁb@lts 12

transport across mai nt ai ni n Integri e fiber
strand 10 artd herprocesisad onzicjeploamsds ﬂaferahly@e@ntedrt@ PWé'tde(ﬁnff QLQMISE%Q'@Q i stics

when i npr eongs t\%gexma l%agt tJvQ a%?éo\émafﬂe(}s f@ﬁérh‘?& é‘fpjteﬁ'iér%bon of the fiber strand 10
across the loom. As used herein, “air-jet loom” means a type of loom in which the fill
20 yarn (weft) is inserted into the warp shed by a blast of compressed air from one or
more air jet nozzles in a manner well known to those skilled in the art. In another
example, the average size 19 of the particles 18 incorporated into a sizing
composition applied to fibers 12 to be impregnated with a polymeric matrix material
is selected to provide sufficient spacing between at least two adjacent fibers to
25 permit good wet-out and wet-through of the fiber strand 10.
Although not limiting in the present invention, the particles 18 preferably have
an average size, measured using {aser scattering techniques, of no greater than
1000 micrometers, more preferably 0.001 to 100 micrometers, and most preferably
an average size of from 0.1 to 25 micrometers.
30 In a specific, non-limiting embodiment of the present invention, the average
particle size 19 of the particles 18 is at least 0.1 micrometers, preferably at least 0.5

micrometers, and ranges from 0.1 micrometers to 5 micrometers and preferably from
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I n anot her specific, non-limting enbodi nent of the present invention, the
average particles size 19 of particles 18 is at least 3 mcroneters,

pr ef er ablwoat/odesast 5 mcronmeters, and ranges from 3 to PeAQUSwOREEGHEL €r S,
preferably 5 to 1000 mcroneters, and nore preferably 10 to 25
mcronmeters. It is also preferred in this 15 enbodi nent that the average
particle size 19 of the particles 18 corresponds generally to the average
nom nal dianeter of the glass fibers. It has been observed that fabrics
made with strands coated with particles falling within the sizes discussed
above exhi bits micoametets tol2 micgdmeteds. wetancanbadimerntcf the present invantion,the egnat ed

s ar PAGf BT bt okt Lht PSR AR R B, o
aver age par average slianesterldf tlcaﬂbérs 12rtoowi1mhrtae eohtmgtammﬁwtnonwapmngdcumesi tion
I n accordan th |nvent on tq. inpart, t desi red perties
and processi ﬁﬁ" Bﬁt’i "c‘f@g Eg YRgs M ?mﬁlbgﬁ% §1§813¥W9 ﬁlay?h“graoducts
subsequemt | yegiséeoftd srirkdry @mind\edrapsaitmi donpibing patticidseresmdvirg awdagear ti cl es
can be 25 conbjned in aé{l)roprl ate anounts togé)row de straH,ds havi ng good

air jet traRayigles sizes 9stisqussed,abaye qganadvantageonslyprevide sutrigient $paciNgy  good
vet - out and pugleeh! toﬁé&ﬁt fideh p9CiLo ﬁérhﬁ%.r—,&lmvsbmyqséualrxfétttratnep&braSI ve

wear by contact w asperities of adjacent fibers and/ or ot her solid

obj ects or ﬁﬁ'toéﬁ the loomh wbile maintginingdhe intrarity efdhe feer %Itﬁﬂdn"é) ayel previgingg and
subsequent Q@ﬁé Q&t-trﬁbiﬂhu%ﬁ e *trb@laf%rc err@é( e ﬁ#b;r@%ﬁéf@d Wﬁl;’i"é" as used

herei n, neans scraping or ¢ |ts surface or
br eakagd Qof polyirtedic sndigix matertal.onal contact wit h art icles, edges or entities

broduce dammge t 51 FeTebic: EhIpRgs &%%éﬁ«aFr’%ét&é%?é%e%?o%seﬁ%ﬁﬁ%“ e
speci fi cal | vaverage partickisaikeblo ofpattices ¢8 Isaat ésast 3 ﬁd)crametasvmferaﬁly i Ibast

strands causes, detri ect e fiber str s strand
br eakage duriMig" 0,5?%}‘6@5'51“41@3“95%’0%31‘%&6 dBENL S ﬁ%&‘i‘u @9 as woven
cloth and coenpofietdrs, antthére &efem@m;aaewzsxﬁﬁéremamls.nnrwéxacbwfem @apis. In
the formng step, for exanple, fibers, particul arl_%lagl ass fibers, contact

solid d§ e@nsbogwt&atéh%\tem# Ea’aﬁlﬁ i 19efdhgyRart 48ico5espands o spi ral

before bei Ngendiaib theaderdgh NofHind! dmaga thé GlabSibeérs. AIRNBYN BBENEY T ONS,
such as knitting or weaving, the glass fiber strand contacts solid objects

such as por thasfebriss mase wntfb%tran;_i@ ceatedwith pastigies falling withingthe gizeg slicgssed
kni tting deyheed e\t §odttleARFGR dndGvet\ut B%fScteristics when impregnated with a

polymeric matrix material.

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

25 combined in appropriate amounts to provide strands having good air-jet transport

| properties as well to provide a fabric exhibiting good wet-out and wet-through
characteristics.
Fibers are subject to abrasive wear by contact with asperities of adjacent
fibers and/or other solid objects or materials which the glass fibers contact during

30 forming and subsequent processing, such as weaving or roving. “Abrasive wear”, as

used herein, means scraping or cutting off of bits of the fiber surface or breakage of

fibers by frictional contact with particles, edges or entities of materials which are hard
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16 of the contacting glass fibers 12. Exanpl es of portions of a | oom which
contact the glass fibers include air jets and shuttles. Surface asperities
of thesewapbi/gospj ects that have a hardness val ue great epciisov/ot of the
gl ass fibers can cause abrasive wear of the glass fibers. For exanple,
many portions of the twst frane, |loomand 15 knitting device are forned
fromnetallic materials such as steel, which has a Mohs' hardness up to
8.512. Abrasive wear of glass fiber strands fromcontact with asperities

of these solid objects causes strand breakage during processing and
surface def esough to podehecdamansdtn the fiherse Segl kaﬁ_-u_emé at BAgR $29 adhichjisi ch

I ncreases g‘?@élﬁcaﬂ% §Pd&?£t§8fby %@%rﬁ:@ﬁ{erelgoAE%sWe'WéHr%?f lﬂ&rs?rﬁhéf@c in

one non-lim esent 1 nvention artic 18
have a har ddetxmamaltwemﬂsltc thedfitees strendsmuered$ strang brealsagee@glngtplnmesamgequal

to, a hardnes Iue f the of the

particles aﬁﬂgaf"i E% %tfén B§Ha§t§ 5&853 WS%I@‘ gﬁc{/%‘?\ve%% onal hardness

rzngazurensnt urgmédsed,m&aswhndaqufakm:sg@bstBu nel | ha(rjdness blut is preferably
et erm ned accordi r ne sgal e whic .

i ndicates the rénihg fr\;’g“'g@rsgﬁpcFP’Fé‘gF??eaﬁg/grsof)""%ﬁ‘é!a'%sl?ﬁ%@beﬁ CQ"*“?é"P@?'IdaI on

a scal e of QBfécfs%Jcﬂ%s aWétaﬂWéﬂmertmgrsmﬁad\aakaw@rw‘or@lpﬁtslaae?orb%m eneral 'y

ranges from4.5 6.5, and generally 6. R Wast (Ed book of

Chenmistry aM@UPﬂ}@P @éormppﬁi@@@ Ip 1Mas§gmbyg>@epa_tlggs sheh @ﬁ kf‘@'ng or
speci fi cal | We'aofﬁgr@\‘érg?%s%q'ﬁgysﬁéﬁoe&?rﬁﬁﬁs RSKEotects Quémésspcﬁﬂor%"@%’é fB&t . the

Mohs' har dness val ue o e particles 18 preferab @é ranges from 12
HandbooR Oof assemblytappacatus (Bgy sileemaar kpilling device) wh adggdhe gurfaces

PCT/ USOOY 20439 tlQe ?orﬁgct?lg lg-r’r%g f@!@lﬁ?u Bl ARGSS of rﬂgﬁs T2 BEMEHHEN E‘Q'gaét' mting

exanpl es of particles romT'norgani c S suita use in
t he present thnengleas fi b)eTsmomdgal aigjets and Shalides. ﬁlmélce\aspélfalbs of thepa soliccokjects

TS N SRR AT ot e Mot B e A S B e
2.0-2.518 wear of the glass fibers. For example, many portions of the twist frame, loom and

15 knitting device are formed from metallic materials such as steel, which has a Mohs'
hardness up to 8.5'2. Abrasive wear of glass fiber strands from contact with
asperities of these solid objects causes strand breakage during processing and
surface defects in products such as woven cloth and composites, which increases
waste and manufacturing cost.

20 To minimize abrasive wear, in one non-limiting embodiment of the present
invention, the particles 18 have a hardness value which does not exceed, i.e., is less
than or equal to, a hardness value of the glass fiber(s). The hardness values of the
particles and glass fibers can be determined by any conventional hardness
measurement method, such as Vickers or Brinell hardness, but is preferably

25 determined according to the originali Mohs’ hardness scale which indicates the
relative scratch resistance of the surface of a material on a scale of one to ten. The
Mohs' hardness value of glass fibers generally ranges from 4.5 t0 6.5, and is
generally 6. R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press
(1975) at page F-22, which is specifically incorporated by reference herein. In this

30 embodiment, the Mohs’ hardness value of the particies 18 preferably ranges from

2 Handbook of Chemistry and Physics at page F-22.
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gypsum 1.6-219 calcite (calciumcarbonate) 320 Calciumfluoride 421 zinc
oxi de 4.522 alum num 2. 523 copper 2.5-324 iron 4-525 gold 2.5-326
ni ckel 53VoPabdeadi um 4. 828 13 K Ludermm, Friction, War, pCulusi@ziuson,

(1996) at page 27, which is hereby incorporated by reference. 14 R Wast

(Ed.), Handbook of Chem stry and Physics, CRC Press.(1975) at page F-22.
15 R Lews, Sr., Hawl ey's Condensed Chem cal Dictionary, (12th Ed. 1993)
at page 793, which is hereby incorporated by reference. 16 Haw ey's

Condensed Chemical Dictiona , (12th Ed. 1993) at page.11.13, which is
her eby i ncoo.pas @ ethelMohisthandeassvallss dfasvenal aorclimiting ezamples of patticles
Dictionary, (12th_Ed.. 1993) at e 784, . which is herepy incorporated b
reference.y 189G &’BBb'W@angglg?”'g%&é fﬂﬁﬁ?&tlhﬁtprﬁﬁ?&g%ﬁ?%" ar%s?“f%‘rfabogk
of Chem stryTamed AbpievCS at page F-22. 20 Friction, War, Lubrication at
page 27. 21 Friction, War, Lubrication at page 27. 22 Friction, War,
Lubrication at page 27. 23 Friction, Weafablgdori cation at page 27. 24
Handbook of ‘ﬁwmwr—pﬁgrﬁ%hs. KatdhEss iiﬁaf)écakje”ib ry
and Physi cs pt+—page— pan & antbook—oet—Chem—stry—and; STcS—at —fPagg
F-22. 27 Hapdbeek—etf wrgﬂ‘;"L??‘e are—Phystes—at—page—+ —28—Hanrdbook] of
i H DPhyusice o190 E.22 27 \vp 01l 000E4 DPEPIVICONY 20460~ T
oot 24y pral ey Riehueduntdisuide. =0 o+ 00054 FLle Seema0450Rapl € A
talc 1-1.5'
mica 2.8-3.2"7
kaolinite 2.0-2.5%
gypsum 1.6-2"°
calcite (calcium carbonate) 3%
Calcium fluoride 4%
zinc oxide 4.5%
aluminum 2.5%
copper 2.5-3%
iron 4-5%
gold 2.5-3%
nickel 5%
Palladium 4.8%

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

4 R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (1975) at page F-22.

5 R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 793,

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

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

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

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

2 Friction, Wear, Lubrication at page 27.

2! Friction, Wear, Lubrication at page 27.

2 Friction, Wear, Lubrication at page 27.

= Friction, Wear, Lubrication at page 27.

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

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

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

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

28 Handbook of Chemistry and Physics at page F-22.
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silver 2.5-430 zinc sulfide 3.5-431 As nmentioned above, the Mhs' hardness
scale relates to the resistance of a material to scratching. The instant

i nvent i owd begoesore further contenplates particles 5 thapchaserzsdpar dness
at their surface that is different fromthe hardness of the internal
portions of the particle beneath its surface. Mdre specifically, and as

di scussed above, the surface of the particle can be nodified in any manner
well known in the art, including, but not limted to, chem cally changi ng
the particle's surface characteristics using techniques known in the art
such that the surface 10 hardness of tTIabIepa((L‘ontbl)a Is less than or equal to
the hardnesg—of_the glass . fibers while hehardness—gi—t-he—particle
beneath thelsurface Igpd?tlﬂﬂmar than the hardnpcc of tH3% glass fihers| As
another altfrnative. a p#¥¢icle can he formed froma2i#fmry nmaterial that
is coated, ¢lad or_encamssMifisieed with oné or nore sec@fi4ly materials |to
forma corrp05|te material that has a softer surface. Alternatively, a
particle can 15 Be nientioned above, mq)MioharlyardrmSSIsbaib relates to thecresistahce of ad or

encapsul ated with a differ ter to forma
conposi te nﬁlag'qaép ?%’%Fh'ﬁﬂs Lrﬁgé’z#?rg]ﬂnve E] gﬁeéefore H% gﬁ%‘flﬂteseﬁ’ﬁgn‘ﬁst hout
|'i m tingst hthap haveea hatdhesahi ma;r saﬁawmgardmerem&rdm tHechdramesschf tieom an
inorganic material such as si car e or &Ium um O . nitride can be

provi ded wi thteraalfqriions of the B%ma'?ieaﬁaﬁ'?dﬁo%rfaﬁe -cUats FREA"G al|ly0 AR #Susef ul

conposi t e pgiskiigse -abbile, 3RO bliticd \GFthé pBHitleEanDeABdifed M dy dthe? WeR! | ng
agent with alkyl side ‘chai ns can be reacted with the surface of an

i nor gani ¢ phRewrindhe grtnisalugingnbutaet limied imickemicalie changinadhe gartigla s ef ul
composi te pgydrid a%\{érréac@us.ﬁgfté&,h u'éE'kﬁ?\gﬁm thgahesrucﬁmé%wm ude

cl addi ng, encapsul ating or coa artic formed from 25 non-pol yneric
or pol yh@r i bardaess otthe particle nallefsrsetharmgrmual totherhardness of {hel glass fibers while

t I f
oot e, et B partfle e da R Bufac s BHER SRAR R RS0 B0, 1 5
Chemistry agtis?lﬁya'sc&sednoﬂmgelt&n%ﬂve &]pditlcld‘easbe (dime)d frdria B ghivioaky of
Ch t d.Ph 71st at 4- 158, -2
01/ 00054 PCHRSRTSS B9t e S AABSHATRG L Bt el SorstpC et ca
Wi th cal ci U fothROEsMSbsitd Matérsal titdt e laCioitet Yurfacel |Adehreativelgra Partitle@annd

St evens Cor gor ation of Buffal o, NY.
e formed from a primary material that is coated, clad or encapsulated with a

differing form of the primary material to form a composite material that has a softer
surface.
in one example, and without limiting the present invention, an inorganic

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

20 nitride can be provided with a silica, carbonate or nanoclay coating to form a usefui
composite particle. In another non-limiting example, a silane coupling agent with
alkyl side chains can be reacted with the surface of aii innarganic particie formed from
an inorganic oxide to provide a useful composite particle having a “softer” surface.
Other examples include cladding, encapsulating or coating particles formed from

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

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

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

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

31 R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71 Ed. 1990) at page 4-
158.
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I n one enbodi ment of the present invention, the particles 18 are thermally
conductive, i.e., preferably have a thermal conductivity of at l|least 0.2
Watts peswdonedoss K, nore preferably at |least 0.5 Watts peCTOSI®L04K9
measured at a tenperature of 300K In a non-limting enbodi nent, the
particles 18 have a thermal conductivity of at least 1 Watt per neter K
nore preferably at least 5 Watts per neter K, neasured at a tenperature of
300K. In a preferred enbodinent, the thermal conductivity of the particles
is at least 25 Watts per neter K, nore preferably at |east 10 30 Watts per
meter K, andwisigieis arsyreheticgiotymdricypaaticlé ecated Wb cHitiuns capbonatettimat i, neasur ed
at a tenperature of

nbodi h h
conducti vit >F°6?m‘?rf‘?éa"?5§?’?'fa€}eef§°rp%|&@8§ ag? %Fﬁevrgkg OEQ%%'%? rBSUffSL\o t :; i

25 81(‘) e{/\gbl y |hrdh@e25bdmemﬁ th&ﬁrtesemem;eammrth&pamvee 1Braeé eemivblly f r om 30 to
tts per net er and nost prerer raom to tts per
neter K, nea&anrdﬁﬁt'vﬁ .8, Eﬁ?f?réﬁ‘éfé\a&? Gﬁﬁerﬁﬁ?g@%ﬂ@t"ﬁg qjjégl?aﬁbﬁq’xa S P¢fer nal

conduct i V§ t Ymef&R RN #ndrd BradéraBRy dt Yeadt 0. 5tW§ndO9értm@tb6Kt mahsed af hlaah V\féﬁa&xre
ability to transfer heat through itself. See R Lew's, Sr.

Condensed ChefrA00K! miadiandimiting emm%lweﬁathqmweaﬂi%ﬁa\g%amhamr&vc gty

speci fical | ygl R e t t f

apmaterl al Zand? ggtvgértﬁp H-ﬁet{??kaﬁn;?}% tﬁﬁéﬁy%‘e%novm to one ski | feljv: nyt ﬁe
art. For exampas;redfatalhmnperembfmﬁmmmpreteyredfembmhmwmeutmrmab be tested
ranges fromO 0 t r t r mal

conguct I Vi ty %Wé r?&?'ee?‘%ﬂ teié agg%%%ﬁ%@&} Ense? %’K ?ﬁérgp? ré‘f][a & rbtrh;;% Iggﬁar ded
hot pl at0 Nne3dhWwhtts o hbiterd, tamd/éﬁih/h(‘oréiﬁef&‘éb{ym il&dst 1130 Wattsigfer ouzltéryK

i ncorporated b refe ence he ei nhﬁog%a' gﬁ‘? {,\fé Q" Fr mal

25 conduct i VIE§SYEd ta 8 toperp ”é? P &g ?;fé% ?'P Bgthg DEFUR et er
Kto 1200 Védrdacinaty oftiesparticled mlglééﬂﬁbmf&toCZUMuNéﬂte\/péMnéﬂ‘erthremalyl al can

be determ ned using the q‘arde ot flux sensor_ nethod 8 ding to ASTM
C-518-91 (whF@R 2540 200R ¥Yattsgar meter k. JrersRaeterlly f'?'@f3@rt8@9§ Natis By, 1 n

ot her wor ds, mbRf K3 4Rl RSt g@ferﬁblg\at m 180 {6Cb00WhEs Pér HERAK mehbéretieanal

conductivity ranges from ts per neter 30 Kto 20 Watts per neter

K. 1f thebt hfemmratem&@pt(wwsegw mnvbftqnéugé'rtv neans te preprityRfar ded

hot flux se ‘aﬁ% t tS, per

meter K, ei Pﬁg %ﬁgtégsnch %?E%ggﬂ%%gg%é 3?)54 PCT. Us%&l'ggzléggg In Itohe

guar ded hot k : St lictioniany|(42th Eh 1883 atPage 308 whinl i

guar ded heatépe%lf% fl)}mcér%ra?ég(by}e%rgnp Rérleﬂg pl ates, two cooling units, edge

i nsul ati on,

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

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

25 conductivity of the material to be tested ranges from 20 Watts per meter K to 1200
Watts per meter K, the thermal conductivity of the material can be determined using
the guarded hot flux sensor method according to ASTM C-518-91 (which is
specifically incorporéted by reference herein). In other words, the guarded hot plate
method is to be used if the thermal conductivity ranges from 0.001 Watts per meter

30 Kto 20 Watts per meter K. If the thermal conductivity is over 100 Watts per meter K,
the guarded hot flux sensor method is to be used. For ranges from 20 to 100 Watts

per meter K, either method can be used.
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a tenperature controlled secondary guard, and a tenperature sensor read-out
systemis used to test two essentially identical sanples. The sanples are
pl aced owdimobdaer side of the guarded heating unit wth powUSEmoss% e faces
of the specinmens in contact with the auxiliary heating units. The
apparatus is then heated to the desired test tenperature and held for a
period of time required to achieve thernmal steady state. Once the steady
state condition is achieved, the heat flow (Q passing through the sanples
and the tenperature difference (AT) across the sanples are 10 recorded. The
aver age t her mal lodhegoaidedthpt plaﬂ&:meﬂfodtaeuamplmmase apranatgaicontamirgda usi ng

the follow l.a ( T t

t hi ckness (ﬁl‘%{‘{’]eed’@% Lgkta%” %— A“éﬁm&gaaaa oF %Ioﬁl"lm l(’:rtﬁ)tr?blg egl}qglflgg&of t he
sanpl es. 1% {empetatued coteolied lseeondae/ g(mrerami & tempdrature) bensor remdrmlt
conductivity will nore

i.ckly dis heat _gener at ed du
drilling opdFgm Wﬁetddﬂ]t‘%éwﬂ(?g%e'ﬁ'ﬁ e“‘@iﬁ?‘f‘ﬂe‘?a i eﬁ?mp&%?gaéa P[ﬂﬁf’-aP"u p
life. The tdiperBideo?Hligidrdéd Meélfng&ﬁﬁt&ﬂﬂﬂﬁe raspbegnteaface@of thelpecimehsin. ncl uded
in Tabl e B. Althou%h not required, in another enbodi nent useful in the

present i nveamtacswith the ap}qgarpg degling wits, (Iheapparatus s then haatad ie thedesireday e

hi gh el ect rtbglatlan{?%%tﬁlte' %d: Neld for®% perf&@‘b‘?tiﬁ!@z reﬁbl?é‘d tro' dchieve Warfal ¥lehyy Or eat er
t han 1000 m croohm cm of particles havin el ectri cal reS|st|V|ty

is pref er r edfateoOnasrthe rstea@lm&ltate P@@d'ﬂ@h‘ﬁ@cbleweg-l the %Ga? PP Rassingons  to
ot o1 L O Srlonhe Shinpfed ar! (A0 fripdlifird BTERRZEIATPRLLS feSahipiiSars I OUgD

t he relnfor speci alty ‘applications as circurt boards for
m cr onaM®, r2bomdadi d hieravqr@edyenmul eofductivitye(Kag)cbf éheesamplen igthen calicnlateds er ence

applications rticles ving high electrical resistivity are not
required. iﬁl‘ ﬁ"ﬂﬂqlf?rg‘é’?%&)ance of selected materials in Table Ais

i ncluded in Tabl e B. ' -30KWC=-Q@LOAA PCT/ USOCQ 20459 Tabl e B(y norganic
Solid Thermal conductivity Electrical Resistance Mhs' hardness Materi al

(Wm K at ¥oRpinlnisthe aMﬁ’l?Be(“?dF'F"Q’isﬁé’f thecsamples adh e STadsAoe ni t ri de

20032 1.7 XcohMiRaP aredof thosanpREOosphi de 35035 - 9.536 al um num phosphi de
13037 -

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

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

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

25 radio frequency interference and electromagnetic interference applications, particles
having high electrical resistivity are not required. The electrical resistance of

selected materials in Table A is included in Table B.



alum numnitride 20038 greater than 101939 940 galliumnitride 17041 -

gal I i um phosphi de 10042 - silicon carbide 27043 4 x 105 to | x 106 44
greater tw@n1/B954 silicon nitride 3046 1019to 102047 948 poEMUEhl/245 OXi de
24049 - 950 32 G Slack, "Nonnetallic Crystals with H gh Thernal
Conductivity, J. Phys. Chem Solids (1973) Vol. 34, p. 322, which is
hereby incorporated by reference. 33 A. Winer (Ed.), Carbide, Nitride and
Boride Materials Synthesis and Processing, (1997) at page 654. 34
Friction, Wear, Lubrication at page 27. 35 G Slack, "Nonnetallic Crystals
with Hi gh Thermal Conduct|V|ty, J. Phyi@hﬁﬁm Sol i ds (1973) Vol . 34, p.

325, whic , cam - 7 <
T (o enengh o B | DR E

Condensed | Chefl?
her eby i ng¢or por

—

Hi gh Ther _]_,__Qh_ys_,__gh_gﬁ Sol i genumelg Vol —34—5- 33V
which is a E.d_h;L_IgQﬂ%LEDLE 3g gt *hg.c;k—"-Ngn-n@-t-aJ-Etg_——
Crystal s i t Bolgnghosphidenn|| ConducPP /ity 1 Phys Chem Solids _&%873) il

34, p. 329, alumingm phospligey i ncorld8iated by reference 39 Wei mer (Fd
Car bi de, it mlusnumaitiier i de Mat er208Fs Synt hegrepteitarot®e@ssi ng, (9997) a
page 654. |40 Bafigniniride W\ear , Lubrii784ti on at page 27. 41 G Black, -
"Nonnet al fi codBiupspladsphidet N Hi gh TIe¥mal Copductivity, J. Phys. Chem Sol {ds
(1973) Vol. 3diican catade 42 |G SI a@7p®" Nonnef al4x t0°® s8¢ W tdreaterthadREr fral
Conduct i vilTy, sllicoihrde Chem Sol i 8¢ (1973) Vol10"&410% 321f whi cB*®i s
her eby i ngor Pesralige oRide ' €fler ence. 2408 Mcroglectronics Packapi ng Ha¥dbook | at
page 36, WNTCHM IS herepy 1rncorporated by refrerence. 44 A Weiner (Ed.),
Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 653, | ' rated by reference. 45 Friction, War,
Lubri cati on aG. rge “Konmefdliic/drgstalewiticHigb MThasalonkagvity . IRaysd Ghei. Sdlidpage 36,
whi ch i s her@bys)iviot G4,10822, etichis herebf ecenpomatedby referendi ner (Ed.), Carbi de,
Nitride and Ber WeendvigEd), Calbige Jyitnitiéiersd Boriia Makirials Synihesis, and Pogeysing, (1997) at

page 654.

3 Friction, Wear, Lubrication at page 27.

35 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids

(1973) Vol. 34, p. 325, which is hereby incorporated by reference.

3% R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 164,

which is hereby incorporated by reference.

3 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids

(1973) Vol. 34, p. 333, which is hereby incorporated by reference.

38 G, Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids

(1973) Vol. 34, p. 329, which is hereby incorporated by reference.

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

page 654.

“® Friction_ Wear, Lubrication at page 27.

41 G. Slack, “Nonmetaliic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids

(1973) Vol. 34, p. 333

42 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids

(1973) Vol. 34, p. 321, which is hereby incorporated by reference.

“* Microelectronics Packaging Handbook at page 36, which is hereby incorporated by

reference.

4“4 A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at

page 653, which is hereby incorporated by reference.

45 Friction, Wear, Lubrication at page 27.

46 Microelectronics Packaging Handbook at page 36, which is hereby incorporated by

reference.

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

page 654.

8 Friction, Wear, Lubrication at page 27.

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

reference.

% Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 141, which is hereby

incorporated by reference.
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page 654. 48 Friction, War, Lubrication at page 27. 49 M croel ectronics
Packagi ng Handbook at page 905, which is hereby incorporated by reference.
50 Haw ewaomosiensed Chemical Dictionary, (12th Ed. 1993pCatspepasoldl,
which is hereby incorporated by reference. -31 WO 01/09054 PCTI USOQ' 20459
Table B (cont'd) Inorganic Solid Thermal conductivity Electrical Resistance
Mohs' hardness WMaterial (WmK at 300K) (mcro ohm (original scale)
centineters) zinc oxide 26 - 4.551 zinc sulfide 2552 2.7 x 105 to 1.2 X
101253 3.5-454 dianond 230055 2.7 x 108 55 1057 silicon 8458 10.059 760
graphite up to 200061 10062 0.5-163 nol ybdenum -13864 5.265 5.566 platinum

6967 10.668 4.369 pal | adi um 7070 HupAdi (dofifd) tungsten 20073 5.574 7.575

51 Friction, Wear, lubrication at page Handhook of Chemistry an
Physi cs, |CROMeraasic $alisi75) | Themealsenductivity | 5 ElagiicabBesistancanh £ Mobs rardnres
Physi cs, |CRC PiMaterigl71st Fd.(Wondgpt 300Kages 12{(migro ginch i s| (AEgiagyscale)
incorpor ed by reference| 54 Handbook of |Chententimeteisy Physics, CRC Prdss
(71st Ed.| 199Qinaoxigmge 4{ 158, wR€&h is hereby incorporated by déferende.
55 M cr o€} ect rzimisttfidBackapi ng Ha@8Book at [pade 196to 155x MAATbook dA.5-@Henmi dtry
and Physics,” Cdfamtdn@ss ( 7[Llst Ed.230800) at {pages2.12-163* which i s 1b¥reby
i ncor por af €d Dysmedrer ence| 57 HasdBook of |Chem st100%and Phy$i cs ar®page

F-22. 56 MTT QpagHael onl cp PagkagpoapsHandhook at oegre 1/4. 9 Hash®ok df

Chem st ry‘a‘nﬂ;%ygém at page F-138% WhiChi 1S hergpy¥ I ncor por at ed g%y

reference platinum 6957 10.6% 4.3%
palladium 707 10.8"" 4.87
tungsten 2007 5.5™ 7.57

51 Friction, Wear, Lubrication at page 27.

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

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

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

55 Microelectronics Packaging Handbook at page 36.

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

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

8 Microelectronics Packaging Handbook at page 174.

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

8 Friction, Wear, Lubrication at page 27.

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

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

63 Handbook of Chemistry and Physics at page F+22.

8 Microelectronics Packaging Handbook at page 174.

65 Microelectronics Packaging Handbook at page 37.

88 According to “Web Elements” http://www.shef.ac.uk/~chem/web-elents/nofr-image-
I/hardness-minerals-l.html (February 26, 1998).

57 Microelectronics Packaging Handbook at page 174.

88 Microelectronics Packaging Handbook at page 37.

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

70 Microelectronics Packaging Handbook at page 37.

1 Microelectronics Packaging Handbook at page 37.

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

3 Microelectronics Packaging Handbook at page 37.

4 Microelectronics Packaging Handbook at page 37.
75 According to “Web Elements” http://www.shef.ac.uk/~chem/web-elents/nofr-image-l/hardness-

minerals-1.html (February 26, 1998).
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60 Friction, Wear. Lubrication at page 27. 61 G Slack, "Nonnetallic
Crystals with H gh Thermal Conductivity, J. Phys. Chem Solids (1973) Vol.
34, p. 3% owbeosh i s hereby incorporated by reference. 62p8EaSWd/20dad | i ster,
Mat erial s Science and Engineering An Introduction, (2d ed. 1991) at page
637, which is hereby incorporated by reference. 63 Handbook of Chem stry
and Physics at page F~22. 64 M croel ectroni cs Packagi ng Handbook at page
174. 65 M croel ectroni cs Packagi ng Handbook at page 37. 66 According to
"Web El enents” http://ww. shef.ac. ukt-chem web-el ent s/ nofr-i nage- '

| / hardness-m neral s-1.htm (February 26,.1998). 67 M croel ectronics

Packagi ng Handbook at page 174. 68 by B¢¢enttd)oni cs Packagi ng Handbook at
page 37. 69 Handhogk of eml-stry an‘I.D.h)L s at nage E.22
M cr oel ec{r onnergapisSelgi ng 'I[B?fﬂl%ﬁk"dd{ct'g ok §'?°t"°?'rﬁq?ﬂ'§f?’&"§l eCMpB.ﬁ,t@gdness
Packagi ng|HandbMaterat page| 3 ok of EHEWA MY and ﬂﬂ%’?%@%ﬁ)
page F-22 73 Mcroelectrionics Pacha.g_L_n_g_ edhge 37
M cr oel ec{r oni csnieketkagi ngl Handbo®%®at pagk 37. 7%-8¢cording to " V@'b

El enent s" [ht t p:alymimwms hef . jac. uk/ -2038m web- bl ent s/ 8% - i mage-|l / har 388ss-
m ner al s- {. ht nichdribmuary 26, 19966° -32 WD 01/ 09080f° PCTI USAQY 20489* Tablle
B (cont' d] Tnorgapper Solid Ther med98onduct|vity El€€®rical Resi s#£3% Ml}s'
har dness [VATErT goid Wm K jat _ 300K)97¢m cro phm (or2.g®nal _scal e) 2.5-3%
centinetefS) ni Ckeh 9276 6| 877 Sig.5°al um nim 20579 9% 380 2. 581 c#s&m um
6682 208397084 GRBPET 39885 L. /apg® b- 387 gol d 2P¢88 2. 289 2. 5288 1r(n
74.591 992#A=593—sTtVver—= : Z.5-490 1L W IT De appreciated by one

skilled in the arg ihgl 2Bafetbiatddsy dib SMileldhf st (H3P particles 18 of the coating

composition of the present invention can include any combination or mixture of

5 particles 18 discussed above. More specifically, and without limiting the present
invention, the particles 18 can include any combination of additional particles made
from any of the materials described above. Thus, all particles 18 do not have to be
the same; they can be chemically different and/or chemically the same but different
in configuration or properties. The additional particles can generally comprise up to

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

6 Microelectronics Packaging Handbook at page 174.
7 Microelectronics Packaging Handbook at page 37.
8 Handbook of Chemistry and Physics at page F-22.
9 Microelectronics Packaging Handbook at page 174.
8 Microelectronics Packaging Handbook at page 37.
8 Friction, Wear, Lubrication at page 27.

82 Microelectronics Packaging Handbook at page 37.
8 Microelectronics Packaging Handbook atage 37.

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

8 Microelectronics Packaging Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.

91 Microelectronics Packaging Handbook at page 174.

%2 Handbook of Chemistry and Physics, CRC Press (1975) at page D-171, which is hereby
incorporated by reference. '

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

 Microelectronics Packaging Handbook at page 174.

9 Microelectronics Packaging Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.
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conposition of the present invention can include any conbination or m xture
of 5 particles 18 discussed above. Mre specifically, and without limting
t he presevordonsgent i on, the particles 18 can include any pomubiSomEio4sn of
additional particles nade fromany of the nmaterials described above. Thus,
all particles 18 do not have to be the same; they can be chemcally
different and/or chemcally the sanme but different 1in configuration or
properties. The additional particles can generally conprise up to 10 half
of the particles 18, preferably up to 15 percent of the particles 18. 76
M cr oel ect r oni cs |Pan& agibogintdanthe phrtisles J&gpempride 0.007 th98wrighs peraent ofs

page .23, TRGOTER serBeERen b IRLRSIRF RGO BT 0 iy Jeprh hegfy

M croel ectr %U%reaﬁ&a&bggm@e@hmermelr&ms erBiodfmnent, particulddspr .
Lubrication at page 27 M croel ectronj P cka ng_Handbook at page 37.
83 M cr oel ed’d’?fef'i? soaingR dnRpivs, h&h@fﬁd@k"'ﬁi‘?ﬁgtg Q%ﬁomﬁ'ﬁ%%ﬁrkorcﬂa

Chemi stry a%mngéht%d%me@&epa%&% havihg al\fﬂheﬁﬁﬁlceﬁauam@af &aedergiwatt pendbook
at page 174 M croel ectroni cs Packagi ng Handbook at page 37. 87

Handbook of n@itenk st ayemperahiio of 380 Kall) Goatpgsmcomprisingcan\prgaiE CempPPRsNtc s
Packagi nq %%g%ﬁtatggegﬁﬂnéﬂar pacidd, ﬁl?)eéétﬁw@% rcempﬁ&n&’%@ l@%gﬂ o mambook at

page 37. em stry and Physi¢s at page
M croel ectr draedaméliaﬂmqlﬂghmmwb@aﬁ(mt conayetivity of a@éaﬂén‘ﬁ@ﬁcﬂ@f Gﬁt%ﬁ‘i try

and Physi cs, 7. ted
by referencet 3%'%5%&%8@@? W%%%%??%ﬁg%ys|@sg%n%§g@hép§§m&%§ma ©
l;)/l crk.oe! exd r Qi Criﬁl;.ﬁesllz}mlm tl'@rrﬂambmduktlvay opatjeast 1AVatt @Br vetardedtext r oni cs

ackagi ng n 0ok at 96 Handbook ' t
page F-22. 9@"’9@“6?/"(58@@% ' ?ﬂé@&@@ﬁ% o tﬁég%'e%ng%lxrrrﬁ&epé}ﬁ%l ng ? icles
18 conprise 521) 8ds EEmPSkitivh @mpr;sﬁfgcamrhmeffre‘ehaombydrar@lezmmdes havimg an a
total solids basis, preferabl

preferably 7Beimal gondictivif °f|c?é?{‘??e$ﬁt1 W?thp?rm‘%tg%%ﬁgglt?cfgﬁ%fat'ﬂ&“? I‘o‘@@{ afty

alumina-free, non-hydratable particles on the fiber.

15 In another embodiment, the particles 18 comprise 0.001 to 99 weight percent
of the coating composition on a total solids basis, preferably 1 to 80 weight percent,
and more preferably 1 to 40 weight percent. In addition, in the particular embodi-
ment wherein the particles 18 are non-hydratable inorganic particles, the particles
preferably comprise 1 to 50 weight percent of the coating composition on a total

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

In yet another embodiment, the particlesi 18 comprise greater than 20 weight
percent of the coating composition on a total solids basis, preferably ranging from 20
to 99 weight percent, more preferably ranging from 25 to 80 weight percent, and

st preferably ranging from 50 to 80 weight percent. In this embodiment,

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

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

one embodiment, the coating composition contains 20 to 60 weight percent of
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preferred coatings include, but are not Iimted to: i) coatings conprising
an organic 5 conponent and lanellar particles having a thermal conductivity

of at |eqpdodoofdit per nmneter K at a tenperature of 300 Kpcipipsoraaké N9s
conprising an organi c conponent and non-hydratable, | amsIPI ar particles;

1i1) coatings conprising at |east one boron- free lanmellar particle having
a thermal conductivity of at least 1 Watt per neter K at a tenperature of
300K; iv) a residue of an aqueous conposition conprising lanellar 10
particles having a thermal conductivity of at |least 1 Watt per neter K at” a

temper at ur e oficfA%H of tofal ,sohméi@.raneyééféfdb@gs@fp 34\elghtireeritbhd/thoRs

resi due of aqueous conposition conprising alum na-free, non-hydratable
particl es havéferpbly 30 tecsaeigbbprraent; \Rrefgrrefl castingsdfurther tq\this epbedimenér K at
a tenperatur

e <] nona-fr. - : &l.es on the
fiber. 15 Iﬁncé‘jr)\%et%ge?slﬁiec ”3) |t%en€%aqlﬁhe%%gjfgr'g ﬁgI(é}ggﬁ@y%%ﬁgscgetg%glffétso 99
wei ght per césrimeddfforh Imeaterisds selgcted fpos non-beateaxpandakiebrgaoici roatetials, s,
preferably 1 to 80 i ght rcent and pore ef e 0,40 i ght
per cent . 2 n NRIGRNE B\é\ﬁ’"%ﬁ'cf%ger §,tqo(§ld|1e£?e WB[‘* ?9&5&%%%5%&%’%?'% %%J\ﬁart icles
18 are nog- mﬁkggésaﬂhbﬁeﬁif,rtné gaﬂictésp?ﬁltn'gcdrm,eréd‘eapamﬂe sizk aafficienttoealiatv yI
conprise 1 to wei ght percent of the coating osition on. a total 20
sol i ds basi §F"aﬁﬁw’eﬁﬂgb‘” ClY I@PPQ%BP?’SG%F Rh%ﬁ?g(ﬁ? gg'S?%?é’ﬁ'Fq‘&"C{%’é eRjgfidlng
conposi ti on gifreréntyfRm 88BN RAItY GPaELIBNpartitias; 4na (c) &l 168st oh8 fitmfdthiisg gr eat er
than 20 wei ght percent of the coating conposition on a total solids basis,

preferably matgiiglg In pdditiomto the pagiclgs, Hi costing sampositienrrisfesally spMprisesgi ng
from 25 i ] : b ' I 60
wel ght ROy o o it fRRGiihg malialdT 3Bt B BB g b olpmbfle

i ncl ude r esimatetaipatiseiuborganicimatedalsinalyds kitare pekivritesta golymesic sateralsn 20
from i nor ganpiechar forh Ry BheleboheRESictertts, Senteiilent Byt by fus ol ot o
particl es, triaturakpdlyaetic materigls; and méxtheesiafi@ny ofthleforelgaingn &ysthetit ue whi ch

does not exceed the hs'. hardness value o | east ..one. gl as | ber. 30
I n anot her &?ES&?'WB’H?%?‘%(&""E%‘%%@I%%" Q'@Bﬁ?{)@ﬁé%m]o%?agﬂgB‘i’é"a?ﬁﬁnépercent of
the coatiigng tréRettinganatenals. Pedfatablo thedsolprasiistimploahing atyrids fomtd wei ght
percent. In -one enbodi nent, the coggﬁl‘{% COHB§S| t+ n L[_:lonf ai ?g 20 to 60
wei ght perp&?f‘e@"y%ﬂt"\m"éfm%ﬁﬂ* 30¢ senace %ﬁfr ¢ 81388 13%¥Son t ot al
sol i ds basis, andzgr&ahiy, e dmatntic? ibR-foMiiny naksiakarahgesiié M0 ©9 waighter abl y
30 to 50 weight percent’. Preferred coatings further to this enbodi ment

i ncl ude a r ®sreent ohtherqoslieg eompesiionomptetal sRlids kasia. I eneembodipentither et e
particles amount of film-forming materials preferably ranges from 1 to 50 weight percent, and
20 more preferably from 1 to 25 weight percent. In another embodiment, the amount of
film-forming materials ranges from 20 to 99 weight percent, and more preferably
ranges from 60 to 80 weight percent.
In another embodiment, the amount of film-forming materials preferably
ranges from 20 to 75 weight percent of the coating composition on a total solidé
25 basis, and more preferably 40 to 50 weight percent. In this embodiment, particularly
preferred coatings comprise a film-forming material and greater than 20 weight
percent on a total solids basis of at least one particle selected from inorganic
particles, organic holiow particles and composite particles, the at least one particle
having a Mohs’ hardness value which does not exceed the Mohs’ hardness value of
30 atthe least one glass fiber.
In yet another embodiment, the amount of polymeric film-forming materials

can range from 1 to 60 weight percent of the coating composition on a total solids
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formed frommaterials selected fromnon-heat expandable organic materials,
5 inorganic polyneric materials, non-heat expandable conposite materials
and m Xxtwip egodober eof , the particles having an average paPCTaIS@o/xi42%
sufficient to allow strand wet out w thout application of external heat;
(b) at least one lubricious material different fromsaid plurality of
discrete particles; and (c) at least one filmformng material. In
addition to the particles, the coating conposition preferably conprises 10
one or nore filmform ng materials, such as organic, inorganic and natural

pol yneric %Ei%rb@fe?aw%%lsb vﬁhﬁg}ﬂ?kﬁceﬁﬁfaﬁﬂ infdré p'réfedau@eldlutaoanagmot linited
to polymeric material s’ selected

omsynthetlc ric trateru%l ,
seni synt het irerqest.y Reafercedheqatings fusther tothigrenb 9&%‘?%‘ S e carapa Qfﬁj
t f d
m xtures o 1{3??(“ gfécgfu?ﬁs ﬁ%@?%gipnf}ght oF Bisbetd Fartidled toiMmed froffrhatetiak Seldttdd de

but are not ic materials and 15 thernosettin
mat eri al s. Froai porrbEgt exppadahie praanicamaterials finergpnig PRiyMEc materals, fog-heat

general | Y%goegﬁéﬂﬁﬁé?{]ﬂébg@#%@eﬂﬁ%hﬁﬂa %t&re%fiﬁerél-}f" il’i%cﬁ'arﬁ& eOhavififal! ass

fibers. ormng materials ranges from1 to
99 wei ght pe:veeag‘e pa‘mctlé\euzeeatf cnagt tocaﬂpwstran@webnut‘mthout @nphgaﬂqnom extesnal. | n

rom1 to Soekibhtt e o ustiioys mie R MrSRrEROR sl Rl § dsrege” LO0CE,

}oer ce% I ngﬁﬁmmﬁnarm@umnbne ﬁlhﬁfoaﬁimgrm?teﬁahl‘)i Imformng materials ranges
rom to 99 wei ght percen re prefera om,60 to 80

wei ght percent. |%Ogﬁ210ﬁé¥mt ?fﬂp?ﬂo nt ‘{)fﬁlée B??Bﬁﬂel'mfﬁn%?ﬁetﬁ?%qs%}twa material s
preferabjyy gope&w fimOBimMAg ot alBieahb p%fér@@dlbol%eﬁ@ﬁlnﬁﬁ&hin@gnaeﬂaem tion
on a total solilds 25 basis, and nore referabl 40 to cent. In
this enbodi ffenuse ipdhe p@anr\smowpomﬂen éqfrceat'%e!ta? gger@gﬁggq s%ﬁcﬁ' fﬁﬁ?'trs&r’% ng
material and,gf Bﬁ:‘rwnfmgrrﬁ% Ltrix P& uSel 35 bRififtesSRr bisteBaFLSt Of at

| east one partl e sel ect I norganic particles, organic hollow
particl es artbardsysush ae FRat epwyerssms tehieh anecRelfungtiena) apoxyresinsangin gng

e Lo e bR e o]

at the Ieast t anot her e nount of
pol yrer i t5f i $¢e Elctromg Maéréals blhsdbaoaﬁ" ASM) intérnational (1688I)at\/naggﬁﬁ3ﬁ-§|33ent of
the coating conpositi o a tota 01/ 09054 PCT/ USOQ 20459
basis, pref e‘f'@gﬁﬁ“%sﬂ‘?? Wpﬂﬂ?rabeeq?%w?ere%egi?% e preferably 10 to 30

wei ght percent. B§éfﬁﬁhéﬁﬁ'oé‘e&mgl ma&néluﬁrtdmre th@rmdsemngmotyéswmuepoxw ude a
resin conpatible coating conpri si ng g pl.ural i of di s&\reteao%rtlcles
formed from matesialsayigylasiers:rhgnolics, mnoplasts thermose ing polyurethanes

mixtures of any of the foregoing. Suitable thermosetting polyesters include STYPOL

20 polyesters that are commercially available from Cook Composites and Polymers of
Kansas City, Missouri, and NEOXIL polyesters that are commercially available from
DSM B.V. of Como, ltaly.
A non-limiting example of a thermosetting polymeric material is an epoxy
material. Useful epoxy materials contain at least one epoxy or oxirane groub ih the
25 molecule, such as polyglycidy! ethers of polyhydric alcohols or thiols. Examples of
suitable epoxy film-forming polymers include EPON® 826 and EPON® 880 epoxy
resins, commercially available from Shell Chemical Company of Houston, Texas.
Useful thermoplastic polymeric materials include vinyl polymers,
thermoplastic polyesters, polyolefins, polyamides (e.g. aliphatic polyamides or
30 aromatic polyamides such as aramid), thermoplastic polyurethanes, acrylic polymers

(such as polyacrylic acid), and mixtures of any of the foregoing.
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from non- heat expandable organic materials, inorganic polyneric materials,
non-heat 5 expandabl e, conposite nmaterials and m xtures thereof, the
particl eywgw@vgoosy an average particle size sufficient to ptTosomioasnd wet
out without application of external heat; (b) at |east one |ubricious
material different fromsaid plurality of discrete particles; and (c) at
| east one filmformng material. In one non-limting enbodi nent of the
present invention, thernosetting 10 polyneric filmformng materials are
the preferred polyneric filmformng materials for use in the coating

conposi tion for ¢oahbtRer MdRFHitihg RAibodini@N &8 theredentirivention, shepefercsapat i bl e
with thernosetting matrix materials used as |a r| nted circuit

es for
boar ds, sucpolyserRfmEeroNna material is ;M PoHMET msﬁ?%ﬁ'@y' eEAOKY resins

and in one t ddich
brom nat ed 83%55?3‘{ E‘géﬂ\oanﬁaggé Wiéré;ﬁ?trhgﬁf g@?\(/gitbleyrv ?QI gﬁﬁ:gg%éookﬂv;dégl\?

| nt er nat i ondﬂ-ﬂﬁ PEYK-30, PME’glé:ﬁO%wi% K-9Queraeh obwaich ireeqmmerially avalebieror at ed
by refer ?C?@&L@ém% eflég{acél gttstdﬂé%|8§i§ Ef W%Pﬁe N Y&i8ey hotHEPset ti ng

pol yeste est ers, enol i cs, am nopl asts,
t her noset t i yitaslé yinyEepdigmers, metudb RﬁS)YNR&;B aﬂd %E@YNfWBVIéIWba@g@Eng

Swtabletherm)settln on ers |
o b e i i B

) ey fother ng e sus re from DSM
B.V. of Cono, Italy. A non- f [l"bg r eo‘%@?therg@etthgc ric
material is S@mragreiRly aYﬁi‘?Bﬁ gm f e’%&x"g}’ aete gng Ghsied §%p%ﬁgst one
epoxy 0r1c9><lafmsnt96vﬁuﬁehﬁkytvlaﬁla 3Rd polyeiRyl Aicohdlsahiels araaly@hyatiabiglfromt Agr s of
pol yhydric al cohol's or thiols. Exanples of suitable epoxy filmformng

pol yners i ndtradectspaCheminats GRARMPBPYN(r) 880 epoxy resins, comrercially
avail abl e from Shﬁ*érmﬁ?ﬁ%cféély%@ﬂ%%f@fn tH@lﬂ)?és‘éﬂt mWéﬁftfb% mclb@é?f ul

t her nopl astic pol ymeri s include viny ﬁ yners, thernoplastic

pol yesters, [pBSM&Pé-fEMQQOQQM@QMPHEN@W&K%\B@ |°<§W|5tﬂ"y%§?ri°6@§1%?'a'§’0

g(rjlo;mrrtelr g p0| %@ﬂébﬁ%ﬁgﬁ\?@ o?éacg‘m d%bu}&‘a}ﬁmn%ﬁﬁdres of an of t Eﬁs%mdél): (r:lg
-36 WO 013 osmszswxaowﬁefyrzwﬁguhncmnsmmnm-aﬂmavallahietfrm B@fﬁ@@cﬁhﬁmsalép t he
Dot ek B 5o S BTARK L. 3 R bl A Sod Rt 12 2 VI
not |inited ddmmeriany adailabiy/fréml EkdoDieemisals maasmuﬁm Kiséft] pétyamides dncludeP
K-60 and Pvahs-\/%%sfh%&)hp%:jumltﬁeg alres c%r?\mé‘?&&'ly ava}fag}e ?romaeogms Corp. of
Cincinnati, Ohio, and EUREDOR products that are available from Ciba Geigy,
20 Belgium. Useful thermoplastic polyurethanes include WITCOBOND® W-290H,
which is commercially available from CK Witco Corp. of Greenwich, Connecticut, and
RUCOTHANE® 2011L polyurethane latex, which is commercially available from
Ruco Polymer Corp. of Hicksville, New York.
The coating compositions of the present invention can comprise a mixtﬁre of
25 one or more thermosetting polymeric materials with one or more thermoplastic
polymeric materials. In one non-limiting embodiment of the present invention
particularly useful for laminates for printed circuit boards, the polymeric materiais of
the aqueous sizing composition comprise a mixture of RD-847A polyester resin, PVP
K-30 polyviny! pyrrolidone, DESMOPHEN 2000 polyester and VERSAMID
30 polyamide. In an alternative non-limiting embodiment suitable for laminates for

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

QO her suitable vinyl polyners include RESYN 2828 and RESYN 1037 vi nyl
acetate weppbysRr emul sions which are comercial ly avai | poraisbe/masdNat i onal
Starch and Chemi cal of Bridgewater, New Jersey, other polyvinyl acetates
such as are comercially available fromH B. Fuller and Air Products and
Chem cal s Conpany 10 of All entown, Pennsylvania, and pol yvinyl al cohols
which are al so available fromAir Products and Chem cal s Conpany.

Ther nopl astic pol yesters useful in the present invention include DESMOPHEN

2000 and DEShehpitds RIR K-3(5polpdihy pofrolidone homioaallyosomicedwitly EPONB26ébexyf r om
Bayer Corp. of Pittsburgh, Pennsylvania. Preferred polyesters include 15
RD- 847A pol y@ﬁ"br resin, which is comrercially avail able from Borden

Cheni cal s of  Col gaiiynthelé Polyﬁi&ﬂc RANERL uibie 16Pu g aETh It ARclckingd

rosin, which is comrérci al avai |l abl e from Eka Cheni ca AB., Sweden.
Useful pol yamatasials ingludeibut Qfﬁé‘OMENWGeB‘F'B%Iﬁ%ﬁ%Cht%@yd&?’gp&ﬂwﬁﬁwi’%ﬁ ly

avai | abl egf rgﬁq ﬁ%ﬂﬁil&aba s é?fch ngB!%l[L@FEX 12@¢£OWWO§HR%9IBQQUC" s that

are avallable rom ggum Useful thernopl astic
pol yur et hanepotatechasgd SWWEGB@N@Ci witihwethyiere oxige) whichds @@nfr@r@alhnavyllash}%u | abl e

fromCK Wtc ygoﬂ\kB%fﬁeeﬁgmeﬁQnd Connecticut, and RUCOTHANE(r) 2011 L
pol yur et hane PREX comercially available from Ruco Pol yner

Corp. of Hicksvil Naturalqmlwimrlc matesals saitabigfor osp as ipplyoresicdiim férening esent

I nvention can eamxtur Q 5 or ett meric
mterial s w MRS Brosdpl $dbfified G 8ot baBRle Aol RPRIRS! R, Bt

Inon lim 11O?Q\Aﬁﬁ@ﬂdizﬁﬁﬁﬁgd)fncéhﬁlllomraadenﬂkturesvcﬁrahyQfltherfardgomgl alrl y ;JseL ul for
am nates for pri i rcuit bhaar ric.materials t he
aqueous si zi ng coﬁﬁgg‘i"g bGr?p@Eﬁﬁﬁt?gg‘aéd ‘?&Cﬁ}gegrgﬁ'e t‘gﬁf’i ?t§@§t@F resin,
PVP  K-30 pOhwvwwn fMctionl dstsuiie a da&ﬂmw/émmnpwrm&@tmateaaﬂ WEESAM D 30

pol yam de. In an alternative non-limting enbodi ment suitable for |am nates
for” printedseeqifically. SBB‘&r%%“’h?ﬁé’“'ﬁ%ﬁ?W@r@B‘H'ﬂi?'ér"? aselvent. eRE IRAMBHIAT si zi ng

composi t10n 'y 40 (AR, RS RGeS wiaeBers P o Vi ny

pyrrolidone, opt 1 onal conbl ned wth EPON 826 epoxy resin Sem synt hetic
pol yner i & 5radissolué anémlltrab!htalm apaticulas graosigerend dunctionas amw’tmye 18mterials

! e, P PO et APl BT B AR B BE SRR Y o2 ©
the present invention, the coating composition of the present invention is preferably
substantially free of starch materials. As used herein, the term “substantially free of
starch materials” means that the coating composition comprises less than 50 weight

20 percent on a total solids basis of the coating composition, preferably less than 35
weight of starch materials. More preferably, the coating composition of the present
invention is essentially free of starch materials. As used herein, the term “essentially
free of starch materials” means that the coating composition comprises less than 20
weight percent on a total solids basis of the coating composition, preferably less than

25 5 weight percent and more preferably is free of starch materials.

Typical primary sizing compositions containing starches that are applied to
fiber strands to be incorporated into laminates for printed circuit boards are not resin
compatible and must be removed prior to incorporation into the polymeric matrix
material. As previously discussed, preferably the coating compositions of the

30 present invention are resin compatible and do not require removal from the fiber
strands or fibers prior to fabric processing. More preferably, the coating

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

sui t abl ew®o1/098€s as pol yneric filmformng materials inchotesémdossdr e not
limted to starches prepared from potatoes, corn, wheat, 10 waxy nai ze,
sago, rice, mlo, and m xtures of any of the foregoing. It should be
appreci ated that depending on the nature of the starch, the starch can
function as both "a particle 18 and/or a filmformng naterial. Mre
specifically, some starches will dissolve conmpletely in a solvent, and in

particul ar maRt BrintedRtclit BEArie (didsusded Ha!&\nf) Qhginfidt priférabiglare\Bpdsy rekiRer s

w ||l not conpletely 15 dissolve and w mai ntain a particular grain size
and functi oeompatiblparticle 18. Al though starches (both natural and

semsynthetic) CaRoRByHiad ﬁLrH—f&'ﬁﬁﬁ’é fafrRINtdie hifer BEEBRNEmLAIERIE 0N, he

coating conposition o resent”invention I's pr ferably substantially
free of st adishensiieandibscuradleudsdisedherein, “‘watertseluble’ maansdhatiteg |y free of

t h terials" t ' it | th 50
verght 28 pepR iy Bt i copaPlei HplidrbeR AR chirSityf BERGCT BRubPoC It han
preferably hetesuldnigror dmicallp digerset is waterlto fiartrea traé solutidr. eS¢e Hawleylsiat, t he

coating conposit]j of the present invention s essent.ial f pf starch
material s. Q%iéﬁg H@I’c@ ® ,SPE‘HEC%?@r"?ﬁor%oé'g%ﬁtqyarfr rencrer%segé'éf %%45‘? @%glﬁat erials"
means that hieans @wititRIpSIPWBAS hatdralcayapable dof éaremindam edentiswyi sydiile per cent
on a total solids basis of the coatin

[ L | L ably | th
25 5 viei ght MREMERRDOIISRYRPRdSH BIERSHINIT Blesenge Bran eabEigpdettabee

Typi cal ¢pri Plueyd & Fuge UL RRIch 9 SfeciRANRINbRBratb@ by Referenbaherire ReR! i ed to
fiber strands To be incorporated into |amnates for printed circuit boards
are not r eslimitingexgapias af SHW'%W'%'“QM@@’BrSbeP”BG’eF%opﬂﬁ?Péﬁ"P‘Bn into
the pol yner| | ' | idi lARBbgt he
coating coan(;esaFi? F'E)ér*)sénxgﬁ E eéog'bfopdr%@tssgélftqu Eggméingrﬁ%?fgpsei dr?rpgglr%p@ét %b e and
do not requidistritutetbthadughooiwatee as finely dividedapatticles, siitihas @ I¥ex.oPeeo fabric

P ocestnd. phGL LA ) il SPRMAR, SRR b Pl el "hB0L

PCT/ US08520 4ihBormitykof th dispersionican bietindreasethby thesardition of betting) dispatsing or

AR AN TR s I R S

As used her ghdpolyiati€ matsHalPamd othepesmpdtiints BB spzingycariposition aes capablear e

capabl e of %?Ibgi%g ecgglggéeldailntloya lfflm I)ro éroms IinEtlade Podeegcha&r%rotg change the physi_cal
properties of the polymeric materials. See Hawley's at page 331, which is

20 specifically incorporated by reference herein.

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

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

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

silicon atom has attached to it one or more hydrolyzable groups that allow the
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nmol ecularly or ionically dispersed in water to forma true solution. See
Hawl ey's at page 1075, which is specifically incorporated by reference
herei n. \Woyud/®osd abl e” neans that the pol ynmeric materi al BCBusocapsbl e of
form ng an essentially stable mxture or being suspended in water in the
presence of an enulsifying agent. See 10 Hawl ey's at page 461, which is
specifically incorporated by reference herein. Non- |imting exanples of
suitabl e enul sifying agents are set forth below "Dispersible"” nmeans that
any of the conponents of the polyneric materials are capable of being

di stributed ; ' | (4 rdnk©r ffore SuHciors a | at ex.
See Hawl ey’ SE"Q{'HE?SSH‘E{%@%'@E“% gﬂgiggﬁﬁﬁgﬁﬁ?r@gr porated by reference
her ei n. Thegrol®s diratfalevwithe casfpling agentdp egast with camperents e thg sesin Fiatihe

addi tion of ' ' ' ; .sifying agents (surfactants), which
are di scussggggﬁﬂ%\%\fhg@&%‘ﬁég%&r‘\g&t‘ at the polyneric materials and

ot her conmponents of the si@i ngHcofositi orR’are capable of being coal esced
into a fbl mor crosslinkedito elacil ot her tlo change the physical properties
of the polymeric nmaOR', aDsC-RRed-HEVRS yON-8-RhaQGNGR’, anthi ch is 20
specifically incorporated by reference herein. In addition to or in lieu of
the filmfogd manawiyadr@/&iogam , @8idvie of b e2- o Al gyl 0omeremi R ioCs- of
the present invention preferabl csonpri‘,ses,(%ﬁe 0 re tgl gss I_Ii ﬁeﬁe

coupl i ng ag&nlkyk Rs Hor SntamdvsiR and R g Qe%éfé\q?§?lef diem Hofrtet al
coupl i n§oagdgiyFor BRESAYPARY REGPOPLI BtylBAENERamAlkbs BF SUitibeHM daNBiliZiBg o S,

am no 25 contai ning Werner coupling agents, and m xtures of any of the

f or egoi ng. Tunstienal@seynsiingudgyerny. glygidew, mereapia ciang. lvindlkylowsthang, Each

o ther 1 eactefr [CREE Bl By Ji). {0 meBEE A ABInd B L sponent s
of the resi lpoiyatnirilmgroﬂps.used herein, the term "conpatibilize" means t hat
e T e Tl G O
pol ar, W&t t iim@ntion.SEkataples bf dsefadsenctibnalangamusilahe coupling agetisdiciude , each
R T R L TV S
the gl ass fiyhakogdiidriecglydidekypropy@ialkexysildnes ahd aradoprapyltipikokysitanes. | ow t he
ﬁOUpl od 8 Z’rll't f,egro rSac_t e a A ,aonenltjpsr qf teht% irruc?scienA-qgs rgia)r(rima-gﬁlgigg!(ﬁs of
ydr ol yzabl erglegggduncienal@egany-sijape RUPIBG agets,ifciy
propyltrimethoxysilane, A-174 gamma-methacryloxypropylitrimethoxysilane, A-1100
20 gamma-aminopropyltriethoxysilane silane coupling agents, A-1108 amino silane
coupling agent and A-1160 gamma-ureidopropyltriethoxysilane (each of which is
commercially available from CK Witco Corporation of Tarrytown, New York). The
organo silane coupling agent can be at least partially hydrolyzed with water prior to
application to the fibers, preferably at a 1:1 stoichiometric ratio or, if desired, applied
25 in unhydrolyzed form. The pH of the water can-be modified by the addition of an
acid or a base to initiate or speed the hydrolysis of the coupling agent as is well
known in the art.
Suitable transition metal coupling agents include titanium, zirconium, yttrium
and chromium coupling agents. Suitable titanate coupling agents and zirconate
30 coupling agents are commercially available from Kenrich Petrochemical Company.
Suitable chromium complexes are commercially available from E.I. DuPont de
Nemours of Wilmington, Delaware. The amino-containing Werner-type coupling

agents are complex compounds in which a trivalent nuclear atom such as chromium
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-OR, -OCR2, -NCGCR2, -ON=C R4, -ON=CRS, and the nonohydroxy and/or
cyclic C2-C3 residue of a 1,2- or 1,3 glycol, wherein R is Cl- C3 al kyl;
R2 is H oo @esas4 al kyl ; R3 and R4 are independently sel ecea/usnomesy Cl- C4
10 al kyl or C6-C8 aryl; and R5 is C4 C7 al kyl ene. Exanples of suitable
conpati bilizing or functional groups include epoxy, glycidoxy, nercapto,
cyano, allyl, alkyl, urethano, halo, isocyanato, ureido, imdazolinyl,
vinyl, acrylato, nethacrylato, am no or polyam no groups. Functional
organo-sil ane coupling agents are preferred for use in the present 15

i nvention. kxgsupiBstediwithsaf origahic@eid eaving amigafunctiohalite Othepimetg caglate s

I ncl ude gamma-am nopropyltri '

| k | , . .
ganma- | socyéﬁﬁtceﬁrtdﬁ'ﬁ}? EYPFé’PHBa O%?ﬁékn%?{%ﬂh(}%ﬁﬁkﬁ&egd&m 31, fan be used

gl yci doxypr gRydid r i al koxysil anes and urei dopr opyI trial koxysi |l anes.
Preferred functional organo-silane couplin gents incl ugs ]h
gamma- gl yci doxy Tihesmaunt pHeaURing 3genfgenen _y_mpges from 1 to 99 weight percent

gamma- netghagy y %%ﬂﬁg@%%h&élﬁﬁa&?ﬂ&bl §uifs bﬁs@lﬂpor?@embodtment the amount of

gama- ami nopr op ne silane coupling agents, A-1108 am no
sil ane coumoupigngaagent ramgels from1 6t® @@mhm@pam% Mq:qametqemp@-tlwaﬁ@ a( each

oL "1 GPIRBEShBALY P 31 SN A, S Byl Sl 72t o

New YorK) . t can e at 'l east ‘partially
hydr ol yzed widight\wetemnt.prior to application to the fibers, preferably at a

1:1 stoichiometrig rat hg%ggmé%?dezgf[ﬁ Pfﬁ%‘gﬁ* dh\?ﬁq\tugg ch fm% hﬂ«fgr()ié gggne

The pH of the wat I'on o
toinitiqge &rmﬁé%eﬂeﬁlﬁgfaﬁwé ot y@fahtaﬁts tHaelmmrpb ungoragemurgam ihe suefate  known

in the art. SU|tabIetranS|t| net al u ent |nclu ani um
zi rconi um yafthe fhars 5?\‘6?“291‘1“8@%6@ @dﬁB?' BP & ?tgg %Qﬂsgegﬁplgg hg ﬁ'ﬁg

coupl i ng ageyhieéHedbe088ES to ﬁﬂncﬁéwaé AMbrigRNtAthaugh eetTBgured| | y

avai l'able from Kenrich Petrocheni cal npany. Suitabl e chrom um conpl exes

are commer ciRiefegably el sefiering agants are °[‘£I'P’6ﬁ'!y Qiffereptrom Lh e CORRORPRS 5

Del anar e.  The, o RBMY dchHcR ItuBh”%u\é\‘?%Bﬁémﬁg’ﬁé‘erﬁé’%lddegzatléﬂerﬁ&\ RhiR dFOWD| ex
COh’pOUﬂdS in a trival ent nuclear atom such as chrom um -40 WO

01/ 090541 PCTHNUBIOSSFRNEY agestsand mixtures thergafhsugh as ainesalis oifaty @cids ani no
functional i t%léyl gﬁlg%oe[l td% IY%R/@L%{J& aBATIORNA! stcﬁ S émaﬁgent S

known to th e art can be used erei e anount
coupl i ng agefdm Rboae ﬁ’lohl;enc/mmam dervmm&tonoNes Jeesieyhacig eplubiizedsfally apqde

819 ating Coeronsuldtels ocrc}m tre]nsaatetsoofa a fa%ty act an%apsolwethy!gh g QR? QH’@ éubs{itnf‘edam)unt

polyethylene imines, such as EMERY® 6717, a partially amidated polyethylene

20 imine commercially available from Cognis Corporation of Cincinnati, Ohio. While the
coating composition can comprise up to 60 weight percent of softening agents,
preferably the coating composition comprises less than 20 weight percent and more.
preferably less than 5 weight percent of the softening agents. For more information
on softening agents, see A. J. Hall,"Textile Finishing, 2nd Ed. (1957) at pages 108-

25 115, which are specifically incorporated by reference herein.

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

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

emulsifiable or dispersible wax materials such as vegetable, animal, mineral,
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coupling agent ranges from1l to 30 wei ght percent of the coating
conposition on a total solids basis, preferably 1 to 10 wei ght percent,
and norewoef/esoably 2 to 8 weight percent. The coating ceopwsibézass of the
present invention can further conprise one 10 or nore softening agents or
surfactants that inpart a uniformcharge to the surface of the fibers
causing the fibers to repel fromeach other and reducing the friction
between the fibers, so as to function as a lubricant. Although not

required, preferably the softening agents are chemcally different from

ot her conporgntheti©br péthﬂ’etﬁﬁ)&lab(ég e.geafin. Ols usefalin siod presentgngtibhs i ncl ude

cationic, non-ionic or 15 anionic softeni ﬁa ts and xt t her eof ,
such as ani #Hicludg hath saturghqils, s(ﬁgma@thetaq%,a ?’ﬁgﬂgﬂﬂ ‘P’E %ﬁ%‘&ﬁ es such as
CATI ON X, Waingdunt 8f wsﬁmeatﬁéambuc.au@mlaeéwa&aﬁ rafRge Rbﬁlr@tm%@ﬁt’ pRreéthtads of

Princeton, New Jersey, acid solubilized fatty acid am des, condensates of
a fatty aC| m@wams@pywpﬁwé 9B & tmahéol&sdvaam prefesably fropy{ £Qi50 WeightpergeRine

i m nes, E@@% %o ldet &£ |1a1‘) ) g imne
comer ci aI I y aval %J%?Iﬁ%b 3?. r%or a% ?ggqﬁé gr ngl n afthw,‘ %ﬁ?g Wi | e

t he coati ngveightppesdient.on can conpri se up to 60 wei ght percent of softening
agents, prefera n 20 wei ght

per cent and m)retBréfreé? 3151%3 c;t)d BQ?’?@H%@? p%%g sof t eni ng

agents. For cmaraeterlsflm laati mnre poefesablyt ledud@hlggwrurﬁtallumwaxes]havhw paolarTexti | e

noor por ai e & BPIRSPLRCRILTALPB AT A A AW S B R AR E s

i nventi Q@ C@mcﬁlmétbﬂdils arbcbeuéee@&emmrovmeevdtmht and wetthneughr ofplotarrésins ar e
chemcally different fromthe neric rrlgterla s . and softenin eq_ g?e%nts
e

di scussed awg*efarfii'?ﬂ?aﬁqateaﬂemﬂ? S1BIg compostiens spntaining Sich poler et

fiber strandgnfhardd@ fiRA¥Irats e%altéoahhres.hmg IcbffipBiiorniPédtitaining wikBs BfAd o ect ed
30 fromoils, waxes, greases, and ni xtures of of the foregoin

Non-1i mi ti ngh ateleangiihave aplam&arﬁa&eestit‘él f’@@@ﬁ@lFUbi"ﬁ'Ot'ﬁé"aé?@%h@Vmgmg'ﬁf| on
| ud h
veget oo o SRRl B Bt el Tl of AR T RSN 01 o

veget abl e, anina 20459 “synthetic or
pet r ol el wdR)ea manobydrisaaledtfol.nNowilimitingseamiplesrof sheh fatlyasid estersasefubin
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cetyl laurate, octadecyl laurate, octadecyl myristate, octadecyl palmitate and

20 octadecyl stearate. Other fatty acid ester, lubricious materials useful in the present
invention include trimethylolpropane tripelargonate, natural spermaceti and
triglyceride oils, such as but not limited to soybean oil, linseed oil, epoxidized
soybean oil, and epoxidized linseed oil.

The lubricious materiais can aiso include water-soluble polymeric materials.

25 Non-limiting examples of useful materials include polyalkylene polyols and
polyoxyalkylene polyols, such as MACOL E-300 which is commercially available
from BASF Corporation of Parsippany, New Jersey, and CARBOWAX 300 and
CARBOWAX 400 which is commercially available from Union Carbide Corporation,
Danbury, Connecticut. Another non-limiting example of a useful lubricious material

30 is POLYOX WSR 301 which is a poly(ethylene oxide) commercially available from

Union Carbide Corporation, Danbury, Connecticut.
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wei ght percent. Preferred |lubricious materials include waxes and oils
havi ng polar characteristics, and nore preferably include highly
cryst al | wipov@y®Ras havi ng pol ar characteristics and nel ti pgrpsoortesseabove
35C and nore preferably above 45C. 10 Such nmaterials are believed to

I nprove the wet-out and wet-through of polar resins on fiber strands
coated with sizing conpositions containing such polar materials as

conpared to fiber strands coated with sizing conpositions containing waxes
and oils that do not have polar characteristics. Preferred |ubricious
mat eri al s havi ngThéloaétlng:dftﬁiimitens of theSpresmmrdenem earrsaddummuy fncludier eact i ng
(1) a nonocar boxl cid a c_al co
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Conmpany of Maywood, New Jersey as KESSCO 653 Q’%ﬁm 53), cetyl
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25 Non-limtin | ud | yal kyl | yol
25 o1 PR o Y Slec e pol vl byl ene ol
g\égi I agheCAfR Es om B'Afgzo%g)wrﬁpdsﬁimnefofR&!m'ep@amyvenlhmdmalsemclm @gzsg/\gx
an OWAX i s comme a r bi de
Cor por at i onreactys gilyentt gtmnLeNe '”hﬂ‘iﬂ%ﬂgpfﬁ'@hcqal?ﬁd ﬁ? 889§ of a
useful | ubr peds@rBinBHRIN 4Hd &deé gﬁ’ﬁ-g YERilBPih wétving arki Khltﬂﬁd; b{{ et hyl ene
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mat eri al s, etrol eum waxes, in |lieu or in addition to
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of 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
20 with an FR-4 epoxy resin system. Non-limiting examples of suitable lubricants
include lubricants with amine groups, alcohol groups, anhydride groups, acid groups
or epoxy groups. A non-limiting example of a lubricant with an amine group is a
modified polyethylene amine, e.g. EMERY 6717, which is a partially amidated
polyethyiene imine commerciaily available from Cognis Corporation of Cincinnéti,
25 Ohio. A non-limiting example of a lubricant with an alcohol group is polyethylene
glycol, e.g. CARBOWAX 300, which is a polyethylene glycol that is commercially
available from Union Carbide Corp. of Danbury, Connecticut. A non-limiting example
of a lubricant with an acid group is fatty acids, e.g. stearic acid and salts of stearic
acids. Non-limiting examples of lubricants with an epoxy group include epoxidized
30 soybean oil and epoxidized linseed oil, e.g. FLEXOL LOE, which is an epoxidized
linseed oil, and FLEXOL EPO, which is an epoxidized soybean oil, both commer-
cially available from Union Carbide Corp. of Danbury, Connecticut, and LE-9300
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G ncinnati, Onio and Baker Petrolite, Polymer Division, of Cumm ng,

Ceorgia, respectively. CGenerally, the anobunt of this type of wax can be up
to 10 weivahbiogoss cent of the total solids of the sizing ceopwsowioass. 10 The
coating conpositions of the present invention can also include a resin
reactive diluent to further inprove lubrication of the coated fiber strands
of the present invention and provide good processability in weaving and
knitting by reducing the potential for fuzz, halos and broken filanments
during such manufacturing operations, while maintaining resin
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which is an zed see LEX EPO, which is an epOXI di zed
soybean oi | ,etltuxytate:cbm;lphermxaethyndwmmablcerrfm&mlﬁlwﬂ\@lia@alfm@/‘ﬁor
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conposi tion Qurbrﬁaé REI@AM@QS'EBW‘@SMﬁch f c-BhﬁnerGﬁHst a\nﬁjalclelimRhoms can
addi tional | y I ncl ude one or nore emul sifying (t; 18r’§gwhfc¥‘ g|s
di sper si ng ﬁnﬂﬁmﬁhoﬁ@f ethpeylated @lkylphepals dsydh; aéﬁ‘ZR ébccﬁg
commercially available from BASF) and nonylphenol surfactants (such as MACOL
20 NP-6 and ICONOL NP-6 which are also commercially available from BASF, and
SERMUL EN 668 which is commercially available from CON BEA, Benelux).
Generally, the amount of emulsifying agent can range from 1 to 30 weight percent of
the coating composition on a total solids basis, preferably from 1 to 15 weight |
percent. i
25 Crosslinking materials, such as melamine formaldehyde, and plasticizers,
such as phthalates, trimellitates and adipates, can also be included in the coating
compositions. The amount of crosslinker or plasticizer can range from 1 to 5 weight
percent of the coating composition on a total solids basis.
Other additives can be included in the coating compositions, such as
30 silicones, fungicides, bactericides and anti-foaming materials, generally in an amount
of less than 5 weight percent. Organic and/or inorganic acids or bases in an amount

sufficient to provide the coating composition with a pH of 2 to 10 can aiso be
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as the particles 18 and/or lubricious materials. Non-limting exanpl es of
suitable enulsifying agents or surfactants include pol yoxyal kyl ene bl ock
copol ymetyw® difweda as  PLURONI CTM F- 108 pol yoxypr opyl ene- pobgmygeiioyssene
copol ymer which is 10 commercial Iy avail able from BASF Corporation of

Par si ppany, New Jersey, (PLURONI C F-108 copolyner is available in Europe
under the tradenanme SYNPERONI C F-108), ethoxyl ated al kyl phenols (such as
| GEPAL CA- 630 et hoxyl ated octyl phenoxyet hanol which is commercially

avai l abl e from GAF Corporation of Wayne, New Jersey), polyoxyethyl ene
octyl phenyl ;gHe@lin ating 1éorRbdaitionn @ ron-Iieitiseexaradle vea softaldesiicrel  ester s
(such as TMAZ 81 which is comper- cially available BASF of P rsiq alny, New
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non-limting exanpl f syl t.al ; Y ' xi di zed
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the SAG mat epdrabrt.of $laks hatiemateriaky for thing alass|cabipesités, prefemblydessthani on of
35 volume percent. In a more preferred embodiment, the coating compositions of

the present invention are essentially free of glass materials. As used herein,

20 “essentially free of glass materials” means that the coating compositions comprise
less than 20 volume percent of glass matrix materials for forming glass composites,
preferably less than 5 volume percent, and more preferably is free of glass materials.
Examples of such glass matrix materials include black glass ceramic matrix materials
or aluminosilicate matrix materials such as are well known to those skilled in the art.

25 In one embodiment of the present invention, a fiber strand comprising a
plurality of fibers is at least partially coated with a coating comprising an organic
component and lamellar particles having a thermal conductivity of at least 1 Watt per
meter K at a temperature of 300K. In another embodiment, a fiber strand comprising
a plurality of fibers is at least partially coated with a coating comprising an organic

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

components discussed above. The organic component and the lamellar particles
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G eenw ch, Connecticut and MAZU DF- 136, which is avail abl e from BASF
Conpany of Parsippany, New Jersey. Anmmoni um hydroxi de can be added to the
coating woope®msdii on for coating stabilization, if desiresgcTRSed/zusdl y,

wat er, and nore 10 preferably deionized water, is included in the coating
conposition in an anmount sufficient to facilitate application of a

general ly uni form coating upon the strand. The weight percentage of solids
of the coating conposition generally ranges froml to 20 weight percent.
In one enbodi nent, the coating conpositions of the present invention are -
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compatible coating composition comprising: (a) a plurality of discrete particles

fi

20 formed from materials selected from non-heat expandable organic materials,
inorganic polymeric materials, non-heat expandable composite materials and
mixtures thereof, the particles having an average particle size sufficient to allow
strand wet out; (b) at least one lubricious material different from said plurality of
dgiscrete particles; and (c) at least one film-forming material. The components ih

25 these embodiments can be selected from the coating components discussed above.
In a further embodiment, the plurality of discrete particles provide an interstitial space
between the at least one of said fibers and at least one adjacent fiber.

In another embodiment, a fiber strand comprising a plurality of fibers is at
least partially coated with a resin compatible coating composition on at least a

30 portion of a surface of at least one of said fibers, the resin compatible coating

composition comprising: (a) a plurality of particles comprising (i) at least one particle

formed from an organic material; and (ii) at least one particle formed from an
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| east partially coated wth a residue of an agueous conposition conprising
| anmel lar particles having a thermal conductivity of at least 1 Watt per
meter K avoariwwmsperature of 300K In still another enbodi remUSO@2d45her
strand conmprising a 10 plurality of fibers is at |east partially coated
with a residue of an aqueous conposition conprising alumna-free,

non- hydrat abl e particles having a thermal conductivity of at least 1 Watt
per meter K at a tenperature of 300K. The conponents in these enbodinents
can be selected fromthe coating conponents discussed above, and
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40 weight percent, and (c) 1 to 60 weight percent of the at least one film-forming
20 material on total solids basis, preferably 5 to 50 weight percent, and more preferably
10 to 30 weight percent.

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

25 compatible coating composition comprising: (a) a plurality of discrete, non-waxy
particles formed from materials selected from organic materials, composite materials
and mixtures thereof, the particles having an average particle size, measured
according to laser scattering techniques, ranging from 0.1 to 5 micrometers; and
(b) at least one lubricious material different from said plurality of discrete particles.

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

composition on at least a portion of a surface of at least one of said fibers, the resin
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portion of a surface of at |east one of said fibers, the resin conpatible
coating conposition conprising: (a) a plurality of discrete particles
formed fwoombsrials selected fromorganic naterials, |iPoOrgsw040! yneric
materials, conposite materials 10 and m xtures thereof, the particles
havi ng an average particle size, neasured according to |aser scattering
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material different fromsaid plurality of discrete particles; and (c) at

| east one filmformng material. In a further enbodinment, the resin
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retorafly 5 to bgngiehafBEaentbt it BB, bl Srdff el ¢

per cent. | plurakty loéfibersizoati le@stipadfally keated eihra resimaonipatible caafinger st rand

conprising a lurality of fibers isat |eas artiall dwth.a resin
conpat | bl o <CEuPRHIE o isdst ¢ PAeD e BruriaE Bl afiBisy ofe oY sFATbER, Hevdsf, "ot

| east one %nﬁaaiidlefdiobm@gorhhﬁs%iﬁdg&dmﬂ%imwat |‘eb¢temoahém,l inonrgfanﬁ:i tij OP
conprising: (a) a plura , 0 i screte, .non-wax partj c - or rom
ot or i ol 5 ipatilasdiindmMeh direnemsaevaich dos it eBSt g e, Ridgss

mi xt ur a9 t RARRF.at 28t O bf SHiCAbEIBVARD(b} Bt RYSY GHadiMidricrhateribize, " measur ed
according to laser scattering techniques, ranalﬂ fromO.1 to

5
mi crometers; andn@p)adsitionalarebegiment gy the pessen ?%}“P&I a farrsbiaBft from sai d
plurality %nfarﬁﬁb%taﬁ?liﬁg{ Ldf%beRs is abléabipatially codftAVAB a REERPEUMFAtibILT T he

present inventi on, 'bér strand conprising a plurality of Tibers is at
| east part icahting compesition ematdeasts portionpha pwifacecal at leagt oneefiseid fikess on at

| east a porgjlon.o 1 . Of : | ' esin -47
w0 01/ 0905 et keI 85%ng solines i ssRpfieo G et BES Aol Roh T
gr eat er & harealéxpearidgble qrgarie particle; and (4)at leasboneallwbiicisismaferiat differmst one

i norgani c particles, organic hollow particles and
0 B bl e

particle sel ected from
conposi te Eﬂ"?hﬁ%té?asttﬁ MLREGANGRATNAPY i ¢l e having a Mohs' hardness

val ue whi ch doesThHoéontporeatt ihlachohthe forsgdingsenbliments can be lserRsteddram of
said fibers. 5 In another enbodi nent, of th aﬁr esent invention, a fiber

strand conphe §??f§‘9a°°"?ﬂ°lﬁ‘951si qiscusped phave; and agditipnal cpompanpents can alsBLed wi t h
a resin conpddd forh¥dseY@cited above. 00000000 -

20 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 embodiment, a fiber is coated with a composition comprising an organic
component and non-hydratable, lamellar particles. In yet another embodiment, a

25 fiberis coated with a composition comprising at least one boron-free lamellar particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of
300K. In still another embodiment, a fiber is coated with a composition comprising at
least one lamellar particle having a thermal conductivity greater than 1 Watt per
meter K at a temperature of 300K. In yet another embodiment, a fiber is coated with

30 a composition comprising at least one alumina-free, non-hydratable inorganic particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of
300K.
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conposition on at least a portion of a surface of at |east one of said
fibers, the resin conpatible coating conposition conprising (a) at | east
one | ameW@py/o9o80rgani c particles having a Mhs' hardnesBCYAISOE20458 ch does
not exceed the Mohs' hardness 10 value of at |east one of said fibers; and
(b) at |east one polyneric material. In an additional enbodi ment of the
present invention, a fiber strand conprising a plurality of fibers is at

| east partially coated with a resin conpatible coating conposition on at

| east a portion of a surface of at |east one of said fibers, the resin
conpati bl e coati ngamn@cezﬁﬁddtrﬁemmmé present (idjentivn, |acfiber isoccoatdtowitioa, non 15

heat expandabl e qrganic art br| cious materi al
different $OBROTHRD CAMPrSING: agﬁé’l‘ﬁ%lw 86\&%)?5%1‘?36?%%%@@?% roR{RatetAlSonent s i n
each of t hegdigéed HonOnEhesticXpardabiidrghfic nRdteqdlS ndrganie pbiymeﬁemate@als
conponent s di scussed above, and additional caonponents can al so be selected

from t hose hethealexpgpdable QWP%'@HBatSH@JBGPPré‘Hl‘tUEﬁS tf‘?f@%l‘%%@ﬂ""?ﬁ\?@ﬂf‘gon a

fiber |sgcoghgg ﬂg&ﬁaﬁlcléﬁ@%éuérﬂ% smwﬂr&rumetadut%gaﬂbssm@nmusand
| anel | ar parti c? avin hermal conductivity of at |east 1 Watt per

meter K at enatesigbdifigrant é’omfsatwdwalltymf Wtﬁ@ﬁl’f@lﬁﬁoﬂ'd@h?t legstrqnedfiimr- s coat ed
wth a corrp{%? ri Ha@?gprlhﬁllap&\oqﬁbr%rn%rﬁentcg %m@géatgaqlntﬂ%cﬂﬁﬂ&s‘ﬁ%bl e,

| anmel | ar anot her Is coated with a
conposi t i oncompysing (3@ mUralltya:épamnbsl@omnsmgé@at Iamquqmm fosmed figavi ng a

t hermal conducti vi.t reater . t rer e of
300K. In st P P9aNt *g%réﬁﬂﬁﬁl('hgg[éa %ta%fe %arﬁaléé%ogtﬂé? trﬁb %ﬁg(gﬁrr%gésr Ii| on
conpri SHO% 8électeddim boven Initridd, Igwpmtarmdahaammal@ganldbe,rmmremdhelpturahty" ty
greater than_1

tt net er rature of .300 y not her
embodi nent , °fap?"m§? hg‘ée E%QY%HQW? °'§(§'Z$%fe ??IBW %t@%ﬁ’%tl%'é (§ east one
al um na- f r epashione lpAEisiPMbteriandiffereAt for aaid sllklity bRdisb@té particlespand (c)
conductivity greater_than 1 Watt per nmeter K at a tenperature of 300K -48

WO 01/ 09054 atHerst enediimdanning matefiabt her enbodi ment of the present invention,
a fiber is coat e(i’? ‘.Sﬁliého%wé"rmlrﬁérﬁna RS béate@wﬁtﬁ)a cdrifdditishicbihppkingi Scr et e

particles formed frommaterials selected from non-heat expandabl e organic
mat eri afl®, {(a)ar gurdlity ofshiserate Peﬂlm&mdsfmm matenalsselestpd freAIrearisnposi t e

T S, a8l AR oS Ryl g
mat eri al di tHeepartitle$ having an dveriage phiticle side, tneasuredeaacpandingtodaser saattering at
least one f ielcrlrw}niques, ranging from 0.1 to 5 micrometers, (b) at least one lubricious material
different from said plurality of discrete particles, and (c) at least one film-forming
20 material.
in another embodiment of the present invention, a fiber is coated with a
composition comprising (a) a plurality of discrete, non-waxy particles formed from
materials selected from organic materials, composite materials and mixtures thereof,
the particles having an average particle size, measured according to laser scattéring
25 techniques, ranging from 0.1 to 5 micrometers, and (b) at least one lubricious
material different from said plurality of discrete particles. In yet another embodiment,
a fiber is coated with a composition comprising a resin compatible coating
composition comprising at least one coating comprising greater than 20 weight
percent on a total solids basis of a plurality of particles selected from inorganic
30 particles, organic hollow particles and composite particles, said particies having a
Mohs’ hardness value which does not exceed the Mohs’ hardness value of said

glass fiber.
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formng material. In yet another enbodinment, a fiber is coated wth a
conposition conprising (a) a plurality of particles conprising (i) at

| east ongoAsbesal e fornmed from an organic material, and ¥aCT/ys@i20d®ast one
particle formed froman inorganic material 10 selected from boron nitride,
graphite and netal dichal cogenides, wherein the plurality of particles
have an average particle size sufficient to allow strand wet out, (b) at

| east one lubricious material different fromsaid plurality of discrete
particles, and (c) at least one filmformng material. In still another

enbodi ment, a fibghothsr &RBERMeN &fth@ pFRBROBIVEMtRDA, 6 ABPIis Sbad with 4 2) a
plurality of discrete particles forned fromnmaterials sel ectid from organi c

mat eri al s, compog&m comppiising:(a) @ Riwrabtyiol jameltas1pergabis Pagicles; and () leaskt ur es
thereol. % $P§§'Hérfé'r§5tené}v'M‘Qt'uﬁého%*{é?re%%daﬁéﬁ%slfseﬁsé@atemm ed accor di ng

to Iaser ech ues, ranging fromO0.1 m croneters, (b) at
| east one Icu:inpomtmmsomarmmg ea)amumﬂtarcéhpllcfwmﬁnsfaﬁademandab\etqrgwcm screte

parti cl S e 251 her

enbodi nt 8 e%&@@ﬁ%a&n@%ﬂ&'g%gﬁ ; %rmd?@r%grt@@c}ﬁ ¢t Le%s conposition
conpri si Ng hogw drganiv pdrtidly. bf ardadditicrtat embodinventythe preseot lesent@nneaberr ism
materials selected from or erials, . m Xt ures
t her eof , Fﬁéteﬂéﬂ'& ey q;pﬁqﬂﬁfea(ipa;gglpgrgngbﬁlgﬁ g?"éé gl Pe %ﬁe%ﬁpadggaccor di ng
to | aser sg&ﬁ,{ge,gd,ﬁgos&@ntd?pétﬂééﬂﬂesporﬁmlaﬂgjrfaroeruf@alﬂ ﬁbers‘fand xsecopdans, and
(b) at least one lubricious, material different from urality of

di screte p&eating @@npﬂﬁmq/%fe%?fé\" aqyseHs RRsting °°§“R°islt)'8P CP@%EB'Hg 8d with a

CONposiyiy 0 l&QlﬂgBr SisBRtSprfsLs apRiEAAvVeP hEle8 S poition GPINE PPiniary Bostingsfi Si ng
at | east” one coating conprising greater than 20 weight percent on a total

sol i ds basitise siing qompositiphy of particles selected frominorganic 30
particles, organkg HahlnAAh LEh BANBTEREEBIRATHERIMGHES boh 88 seRdich Raf I ol es

having a Mbhs' har val ue whic not exceed the Mhs' hardness
val ue of sahelcoatingsonipdnents disteissid atioveo end apditipnabgompoasrds camalsadeher

enbodi nent o effﬁ$fnﬁ'éeﬁrét’§°'gef°e+g°"8n a fiber is coated with a conposition

conpri si ng S€ mel lar, inorganic particles, and (b) at
| east 1@1e pol ynardne nontlieitira embdsdlm'ent of the présent eweativnnatieasta mrbem of s

O o oped SHE 57t Bt e B o A e o, o
different frhamd Qﬁaé&edu%&s‘é)btl@eombé‘d|ﬁmmWMQDPOBARTHERM® nsaroomim ti onal
enbodi ment, the present invention fi
"nitride powder and/or BORON N(TRIDE RELEA§ECOAT dispersion, EPON 826
epoxy film-forming material, PVP K-30 polyvinyl pyrrolidone, A-187 epoxy-functional
20 organo silane coupling agent, ALKAMULS EL-719 polyoxyethylated vegetable oil,
IGEPAL CA-630 ethoxylated octylphenoxyethanol, KESSCO PEG 600 polyethylene
glycol monolaurate ester which is commercially available from Stepan Company of
Chicago, lllinois and EMERY® 6717 partially amidatéd polyethylene imine. .
In another non-limiting embodiment of the present invention for weaving
25 cloth, at least a portion of at least one of said glass fibers of the fiber strand of the
present invention has applied thereto a dried residue of an aqueous sizing composi-
tion comprising POLARTHERM® 160 boron nitride powder and/or BORON NITRIDE
RELEASECOAT dispersion, RD-847A polyester, PVP K-30 polyvinyl pyrrolidone,
DESMOPHEN 2000 polyester, A-174 acrylic-functional organo silane coupling
30 agents and A-187 epoxy-functional organo silane coupling agents, PLURONIC F-108
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coated with a resin conpatible coating conposition having a primary coating
of a sizing conposition on at |east a portion of a surface of said fibers
and a sewwodapys4 coati ng conprising a residue of an aqueoBETAISAN/203§9
conposition conprising a 10 plurality of discrete particles applied over at
| east a portion of the primary coating of the sizing conposition. The
conponents in each of the foregoing enbodi nents can be selected from the
coating conponents di scussed above, and additional conmponents can al so be
selected fromthose recited above. 15 In one non-limting enbodi nent of the

present i nveglydxypropyleh€pdlyoRydtRylEndtopdlymet! MASTL! NPEndHylshehel surfaefant, Of
the fiber strand of the present Invention _has applied thereto an agueous

coating conpVEREAMID d4f3pd LEn3308enaxitizerisiicona 6OUISNon  nitri de powder

and/ or BORON NI TRI[¥qotrer RORkkfihg ShBafiheatt a tbridYoP &8e irfdl8etionid irdultor m ng
material, PVP K-30 EOl yvinyl pyrrolidone, A-187 epoxy-functional 20 organo

si | ane couplbasgdsigithe preserinmvedion, atieast gapartion efiatJeast ene pterid glass fibers,

| GEPAL 63 Ve RVEK : P hyl ene
gl ycol Egsn ol %&ﬁ%? géeéél?ére %\Rﬁfetc%bfé’éﬁé 0 m@‘?@%ﬁ%@}’"gg gﬁ%l %%cﬁ%%ugg Jé%ta
Conpany of campesigon colrprisingP QILARHNERME PT 680 Boywer nifride Ippweat aled/ed

pol yet hyl ene. L m = | AL I pent .of esent

i nvention f09%966@@%@%&%$@§%‘?%§@e%godﬁﬁfs'a? ‘%@&P‘{%ne of said
glhass fi be(r]I Spcﬁ%viﬁw!ﬁylfé'blmhfe,SAﬂaﬂ(écﬁﬁic-ifm_tiom OFRIMo silane béupling bgentappigred
thereto a dried residue of an aqueous. Sizin i-_ti.on conprisin
POLARTHERM r§POIsdUHEPaa 9593nq ¢ 56&3@!“%987"8 P‘f-%%ﬁﬁ\ﬁ&ﬂﬂ Bipoly %ﬁg@ﬂ

di spersiqpy, \dgefbld ol EMERYS 6717 \Fartislly Anitdttey bélyét_hfﬂ)éhé fhih€ ORB.847RESMOPHEN
2000 pol yester, A-174 acrylic-functional organo silane coupling 30 agents

and A-187 epeplyesternBE HBENZHR8 polyestes Ni¢gF-d§8 motyoxynr &€ F- 108
ool AL B SRS, NP L RTINS g0
si i cone emanti-isamingmatesiahdf desired, this parbeulaneokhidireant can optibedd furtheror  use
of at I east BAEBRAEAQIERIIS BraahoPkERRYYRO RE: SRt IR R Bes et
i nvent i ob hasolleprdpherkst her et o an aqueous coating conmposition conprising
P AT e s Hhorlinc erBaah e ST pQERRR MU T,
acryl i c- f unchoasbf the preuens invanfor’; atiRhstOpaEem bf atAeds bne of said glass fibers
of the fiber strand of the present invention has applied thereto a residue of an
aqueous sizing composition comprising POLARTHERM® PT 160 boron nitride
20 powder and/or ORPAC BORON NITRIDE RELEASECOAT-CONC 25 dispersion,
RD-847A polyester, PVP K-30 polyvinyl pyrrolidone, DESMOPHEN 2000 polyester,
A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo
silane coupling agent, PLURONIC F-108 polyoxypropylene-polyoxyathylene ,
copolymer, VERSAMID 140 polyamide, and MACOL NP-6 nonyl phenol. If desired,
25 this particular embodiment can optional further include ROPAQUE® HP-1055 and/or
ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres.
In still another non-limiting embodiment for weaving fabric for use in
laminated printed circuit boards, at least a portion of at least one of said glass fibers
of the fiber strand of the present invention has applied thereto a residue of an
30 aqueous primary coating composition comprising ROPAQUE® HP-1055 and/or
. ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres, PVP K-30 polyvinyl
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epoxy-functional organo silane coupling agent, ALKAMILS EL-719

pol yoxyet hyl ated 10 vegetable oil, EMERY(r) 6717 partially am dated

pol yet hy\wwen@/oonsane, RD-847A pol yester, DESMOPHEN 2000 poPgE®B@r2049LURONI C
F- 108 pol yoxypropyl ene- pol yoxyet hyl ene copol yner, | CONOL NP-6 al koxyl at ed
nonyl phenol and SAG 10 anti-foamng material. |f desired, this particular
enbodi nent can optional further include ROPAQUE(r) HP-1055 and/or
ROPAQUE(r) OP-96 styrene-acrylic copolyner 15 hollow spheres. |n another
non-limting enbodi nent of fabric for use in electronic circuit boards of

the present kl‘?&ﬂﬁﬁhboﬂﬂ73ftac2fﬁa—3¢mo’ﬁ|oﬂ§1rdrgm sbn@tolptiagtagents vkl A5a8Tepdxys s
fibers of the fiber strand of the present | nve 'Pn has appljed thereto a
resi due of #unctiaral @6EANCSIANG GOURINE FIRDtS RMERYS gg Eﬁ%ﬁﬁé{sﬁ(r) PT 160
boron nitri %%Hgﬂ.g%g.g%rqeag%w N@@%&mamm am&@mmwaa\lc 25

di spersi on, ester, PVP K-30 V|n¥ rrolidone, DESMOPHEN
iooo pol yestderiyativés bf'dorbrtmlyalsters fMA@QL&%ﬂO@ﬂgw@ ed aléyiehm Lpnd Mg\Zhljaht |
187 ep

| onal LLIREN; F 108
pol yoxyp?’épﬂﬁﬁﬁe e ey S Vi e Lo
MACCL NP- 6 W&abgnenbér mtlﬁdehaBOLARTHERM@W 168 harom Niridepowdar @pdior can
SEyr ene- acr fREAC GRIRNGI TRUPE Nr EASEGRA Ry PRIOSERRIAE hoh- i m ti ng
embodi ment fOf V\ﬁﬁ\ﬁbﬂﬂ\cftﬁéﬂd&\ |frmfnngmbommehaasﬂfa|aﬁceﬁbrpsemadctmmmncuutboar ds,
at least a portion of at |east one of said glass I hI #
strand of t theapsiscaidhg PiaseRhnYiioRed! '%‘iﬁSlalP@&%Prfifraé e@s§°?%8€?ﬂf§eg s étﬁer§0
aqueous ﬁg @'Eﬁgé £ 5krAAd 6PIMRTESdrP thvERITEN Nl é}@hm&d desidBe 05 and/ or
ROPAQUE( T styrene-acrylic copol yrrer hol | ow s re IS}
pol yvi nyl ~ -zBiuewws odatingGEMPREiPUSHUPIYas OF r'dEN&%’RQ iveftfa A-1
acrylic-f unCat b}?ﬁ%n& ogglrl:ﬂ' hd ?ﬁ%e(\cgliﬂldg%eﬁgﬁni@ éﬁ&y&uﬂ&%nﬁﬁﬁ?ﬂno snlane

functi onal ano si | ane oup I ng agent’s,” EMERY 17 partially am dated
pol yet hyl enecoupimgﬁTmmwcsﬁstQsmo}ﬂoxmbmlem-ﬁolymﬂqnee@qwlym oxi de

derivatives ter I nol d
MAZU DF 5 13@%%’“%3%”’8@ Wﬁ%ouﬁbﬁgﬁﬁgbgqi@dm%% par ?lncul ar
egbmgdl me1r1!éI / émsF/) & Yoxide}) hh@miNMmdesl 1m:é§§ﬁHERan|9|orPThI$®Grtlb0laOn nitride
powder and/ or

anot her non- Qmﬁ’ﬁcﬂméﬁctfg%%ﬂ#@% ggpﬁmﬁ%%%%ﬁ? %@SQBEQPFLBI %/et

SFZ; gs f ?Leﬁ h&yrieh&a8Rllic By&hbPRolioM spherst avd/poPOLARTHERM®IRTat0 loren of sai d
nitride powder and/or ORPAC BORON NITRIDE RELEASECOAT-CONC 25
dispersion.

20 In another non-limiting embodiment of fabric for use in electronic circuit
boards of the present invention, at least a portion of at least one of said glass fibers
of the fiber strand of the present invention has applied thereto a residue of an
aqueous coating composition comprising DESMOPHEN 2000 polyester, A-174
acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo silane

25 coupling agent, SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer,
EUREDUR 140 polyamide, MACOL NP-6 nony! phenol, SERMUL EN 668
ethoxylated nonyiphenol, POLYOX WSR 301 poly(ethylene oxide) and DYNAKOLL
Si 100 rosin. In addition, this particular embodiment further includes ROPAQUE®
HP-1055 and/or ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres,

30 and/or POLARTHERM® PT 160 boron nitride powder and/or ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 dispersion.
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10 of the fiber strand of the present invention has applied thereto a

resi due of an aqueous coating conposition conprising DESMOPHEN 2000

pol yest enww0 04/39044 acrylic-functional organo silane coupli PgTASEN2045%- 187
epoxy-functional organo silane coupling agent, PLURONI C F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, VERSAM D 140 pol yam de, MACCL
NP- 6 nonyl phenol, POLYOX WSR 301 15 pol y(ethyl ene oxi de) and DYNAKOLL Si
100 rosin. In addition, this particular enbodinment further includes
ROPAQUE(r) HP-1055 and/ or ROPAQUEO OP-96 styrene-acrylic copol yner holl ow
spheres, and/ or NilkRTGHEREred, Riberl Bcands heving airesidekeofmortling aothpositiGRPAC

emhodi ment SIMRLET (1857 Pesibet oo el ST dbpntl R ARBIRGIR T T

I nvention, atcdréasde \mtrpmetprmrmfnvanndreaalpanicalaqﬁt is aontemplatexi thatvesin  of t he
fiber strang?rﬁga‘t{@%ﬁgéqe%e%@g eﬁéig‘% has ap lIEdff% r%‘h}%}ﬁg‘%ﬁ;“ d%ecfgf an
agqueous coa | 4
acrylic- Blunas IPQIFBKZS waﬂywl ysperﬁogﬁtNugEg&%?oggEMne oBuplng yentsy slichad i onal
B0l yoxypr og%@aéglfc?@h&annﬁfrg%eo SIANGICPHBING agefyReandré165 SROIHARIRa! v
NP- 6 nonyl s.uan%EB&%ﬂn %ﬂéﬁg arﬁiét%é@t QS%@rc@ﬁﬂW w@gmcﬁf,thﬂ?zm X WSR 301
pol y(ethyl ene oxi de) and D Si 100 rosin. dition i's

particul ar eamoasitiemen pieteheqlids hasis9ka 'WA@E@@"E“ W‘@B@arand/ or.

ROPAQUE( r e and/ or
PO_ARTH(ER?V( QE %?teié%é%gg%ﬁigﬁf ’é“*%% or ez%h g%or E%E gt NI TRI DE
REL EASECOAT aG@iGan® wiitls therpsesant inveationD Iowmowanh@cappm&mmse whilled not

e oo e UL PR aRdE RN g § R EorbarBi ARG BofiBRS dhelg ST M !

accor dance ‘esédntiahefrpe efparticles 1@ ichn ba wdvanpmsfabcuué. and miatle irto ekentremipl at ed
that resin co tib coatin 0 |t| ' udi one or noLe
filmfornin§ 5 ’!54 ée"té‘m&%c'%@(ig’ngﬁ% %?P" Sﬁ? %?G'PY’{W‘ RGP YWIR M ne or

nor e si | ane pfeyiept indenti@ent s, such as A-174 acrylic-functional organo silane
coupl i nq agents and A-187 epoxy-functional organo silane coupling agents;
and at 18ast 25 pPiecOAtinggoMRIHiAns o therresentimgniLrAsRS REBAeHPY A Wot al

solids basi g, fpéb|@n4éﬂbcsd SUcRUS dBRVErtioRbl rhﬁmg%ll%loﬁrh to %aé@ﬁ.n@d inslhé‘é&l such
as STEPANTEX 653 cetyl palmtate, can be rmade in 10 accordance with the

present i nv&nefetably. ithe gpmponests diseussed abevecae slilutad wjthiwaerdo Siave they
desired weight percent solids and mixed together. The particles 18 can be premixed

with water, emulsified or otherwise added to one or more components of the coating
20 composition prior to mixing with the remaining components of the coating.

Coating compositions according to the present invention can be applied in
many ways, for example by contacting the filaments with a roller or belt applicator,
spraying or other means. The coated fibers are preferably dried at room
temperature or at elevated temperatures: ‘The dryer removes excess moisture from

25 the fibers and, if present, cures any curable sizing composition components. The
temperature and time for drying the glass fibers will depend upon such variables as
the percentage of solids in the coating composition, components of the coating
composition and type of fiber.

As used herein, the term “cure” as used in connection with a composition,

30 e.g., “acured composition,” shall mean that any crosslinkable components of the
composition are at least partially crosslinked. In certain embodiments of the present

invention, the crosslink density of the crosslinkable components, i.e., the degree of
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in the art that fiber strands having a resin conpatible coating conposition
that is essentially free of particles 18 can be woven into fabrics and
made i nt w@dp®HsONi ¢ supports and el ectronic circuit boapdsuSem2dsscri bed
bel ow) in accordance with the present invention. 15 The coating
conpositions of the present invention can be prepared by any suitable

met hod such as conventional m xing well known to those skilled in the art.
Preferably, the conponents discussed above are diluted with water to have
the desired weight percent solids and m xed together. The particles 18 can

be prem xedcrosblinkingRtfiges @i §%ftb A00W of Cohpleté Ssalikety. tia ot or nore
conponents of the coating 20 conposition wth the remaining

conponent s 8MbPAERA, theefosslinkgensily '@Bﬁﬁ%&r”%‘&%ﬁ;? g%ér‘@?‘ﬂ'g"???"f‘h'ég dResent

i nvention C@ﬂ'\epén'\%BBl'rr\é?ﬁ’s it cr@@é%k%)ﬁlty rfaagesemﬁmo% yssmyraat i ng the
filaments with a roller or belt applicator, spraying or other means. The

coat ed fi begeosslinking: Prg Sﬁlle,d larth%aﬂ il ynslersta t resgficeandegies efd
tenper at gr eﬁrosslm-mg )8 yﬁ'fe Qﬁeﬁéﬁf‘yeéach bR bsteHhiRed b9 8 va?'ét)} gﬁnéﬂhgﬁé s and,
i f pr esent cures cura e S1 ZI ng conposi t1on corrponen

t enper at ur e sagtdas dynanino medhgning th¢renaj; IaadsSI$ (DMTA) using ad%qimqr Lahonateriesh

vari ables a r I

conponent s B IrEVER A ENEE rblyoBRrdar hitabelf ERE A FATBATHES B glass, |
t he ;[j er m " c ransitiors terrpetature amimeﬁslmardemsnymfdreedtms)sf toatings oBaolgmgrsf "ﬁ
cured co o tion, an_t hat Cl 0SS nent,s, of the-
conposi t im;n F%e B‘?yﬁ":@ggwpﬁgﬁ%? Io&mcyreef‘raé@pglrﬁ{gaelaéﬁtleSl?q ﬁﬁr‘h&%rﬁb‘?ﬁh?rent s of
the pregent crdssirfketinetworkhe crosslink density of the crosslinkable

conmponents, i.e., the degree of -53 WO 01/09054 PCT/US00/ 20459
crossl i nki ng, raﬁﬁé%rdfﬂgdmﬂy%‘l%h‘lq}@% enathowsith apdhiskress AfiaRpmAle tybe e

embodi nent s enklise 5@ T lodlARD ihy séMBBI I Tcied @ B8 Fclmérul |

crosslinking. I'n other enbodi nents, the crosslink density rTanges from 50%
to 85% of f &Rborataries MK Hkamyrat@ﬁeawm|déﬁ|enst*prtah@eawremqnlts%r ered Mot hat

th I ,
e presencg, deag,gjoa%ggreg etﬁ%/rn'gég E%}fﬁgglg'!éigﬂeat?]ngevate STRCHhMS 3l Le'&ﬁe ity, can

be determ ne as dynam c fechani c t her nal
anal ysi 45( DMEAR strainrmf 120%0 Bpdrarstatiziforcatad 0i I, an«samplmwaamey@eqccur

conduct oo, VIR b e TR AR IBASH DB R Biperdi Al
These physi eedsslinkogeisity emhefsammlcadberaétermiabd aceordingad ¢hds hethdte Higherct ur e
of the 10 Crc(r)oss%llrllkngeen%lt? valves |J§1d|cate a higher degree of crosslinking in the coating.
The amount of the coating composition present on the fiber strand is
20 preferably less than 30 percent by weight, more preferably less than 10 percent by
weight and most preferably between 0.1 to 5 percent by weight as measured by loss
on ignition (LOI). The coating composition on the fiber strand can be a residue of an
aqueous coating cbmposition or a powdered coating composition. In one
embodiment of the invention, the'LOIl'is less than 1 percent by' weight. As used
25 herein, the term “loss on ignition” means the weight percent of dried coating
composition present on the surface of the fiber strand as determined by Equation 1:
LOI= 100 X [(Way"Whare)/ Wen] (Eq. 1)
wherein W, is the weight of the fiber strand plus the weight of the coating
composition after drying in an oven at 220°F (about 104°C) for 60 minutes and W,
30 is the weight of the bare fiber strand after heating the fiber strand in an oven at
1150°F (about 621°C) for 20 minutes and cooling to room temperature in a

dessicator.
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According to this nmethod, the length, width, and thickness of a sanple to
be analyzed are first neasured, the sanple is tightly nounted to the

Pol yrmrer wigainggeassories MK |11 apparatus, and the di mensi oneCTwsemsENT S
are entered into the apparatus. A thermal scan is run at a heating rate of
3C/mn, a frequency of 1 15 Hz, a strain of 120% and a static force of
0.01 N, and sanple neasurenents occur every two seconds. The node of
deformation, glass transition tenperature, and crosslink density of the
sanpl e can be determ ned according to this nethod. H gher crosslink ‘
density val ves i Affectheapplititiohef ageigraeesioé, i@ ke initidt sizg appliddnaftes fibéd Nng. The

anount of the cgating_conpositjon present op the_fiber and is, 20
preferably °é'§§t"f’hz¥PPg§‘?Frﬁé‘f%8ﬁ@"e 'W@i%ﬁf‘f’s Y"égﬁli%gg'lpgﬁfﬁberlsé’gstrﬂ% 10
percent by aNepifdrabiyd ooms 1600 Ebersaer ¥trafi. ween 0.1 to 5 percent by wei ght
as neasured by loss on ignition (LO ZQ& The coati n%gt%orrposml‘on on the

fiber strand canAfecanqarycaaiing,somppsition ap ke apphigd dhe PHFEY $IZeIN At a

powder edg CO&L| TRRSid & Letelad | Roreuxk
the'L'd §i séf}hgg@ e%ﬂ%an 1{c‘|toéedr%'?:|eoFl{nlitl’org&r\e/\a}eti8 ht rt,@p%fstg%i S¥rg§déﬁer el %fﬂb{bh%y term

"] 0ss on i gdiPpingthe peatead strand inca hath geataining thefsegendaty seatingrgmResitiensi t i on
. g . ’ . 1
Do =00 % TRGMY s Sttty Copht SamBbiidiluth (iE c65EH Urknd br blliGitatha
fiber st r2 gntﬂlemoateds*.tmndemgmn appltch@raedtsbugsedcabnmsﬂ'he _oqataﬂtstramx_ucqfn hgf i tnhz;n
OF 1040). 6 .30 '
e o 220k B WA e P Pori el o E PARREROR R 1RSI S

(about 6@1 &ried a3 didbugseduibese furd time kuffigientto rab mast partialtyadry becure the
dessicator. -54 WD 01/.09054 PCTI US.;E 20 50% fter tthe agglli catjon of a
primary si z&8Condary coating camppsifion; The mstiiod.and aaparatys 1oL APPIXPARS o ¢ he

fibers are Q@ddﬁﬁé@dcdaﬂh?péhbaﬁﬂﬁnmhé@ﬁaﬁd iselém MY ihigaesy ther strand, and
preferably 100 to 1600 fibers per strand. A secondary coating conposition

can be appl FeHisuertioRef he steand @ategal. nThgstrand isprgiarakly deed pller arpliedien or
| npregnat e biyRe RRESARRY BbatindScomycRiligh in & AfarRAWEN RndWh indh@BitNg the coat ed

strand in a bath contalning the secondary coating conposition, spraying
t he secbhdary coBuitahje seeqnsiary ceatingsomppgitionseandaclyde ane opmors/fildbnt act i ng

the coated ﬁ:tr@ﬁ{bhdrp%\fegﬁlsgiﬁgﬁgé’rit% %ﬁé the?ﬁdﬂ{i\?e%%ﬁ%s%%’\é%cu@%%.a%B@é.e?hét rand

can be passe nove excess coating conmposition fromthe

strand and/ secobdanyrdoatingés phefarakly diffesdit frent the paimaryreizingfcompiositionti@.,at | east

partially dm c%talcnusraei |<:[3ahs? one component which is chemically different from the
components of the sizing composition; or (2) contains at least one component in an

20 amount which is different from the amount of the same component contained in the
sizing composition. Non-limiting examples of suitable secondary coating
compositions including polyurethane are disclosed in U.S. Patent Nos. 4,762,750
and 4,762,751, which are specifically incorporated by reference herein.

Referring now to Fig. 2, in an alternative embodiment according to the

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

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

primary layer 214. The secondary coating composition comprises one or more types
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secondary coating conposition. The nmethod and apparatus for applying the
secondary coating conposition to the strand is determned in part by the
confi gur 380 om9os4 t he strand material. The strand is preferablUgozousd after
application of the secondary coating conposition in a manner well known .in
the art. 15 Suitabl e secondary coating conpositions can include one or nore
film formng materials, lubricants and other additives such as are

di scussed above. The secondary coating is preferably different fromthe
primary sizing conposition, i.e., it (1) contains at |east one conponent
whi ch i s chefiparitleg 2d6fsbieh astaré discusskd ircdetaibatsovesasopartities $8.zimane

conposi tion; nt ai ns_ at ast. on onent in_an nt which
is di fferente'qoquh'%rﬁ the 35GRPILEY c?%@géﬁﬁée‘% n%r‘?é‘n?quc,e(?H? gF?]Oé'[?%%CQaE'QQ si zi ng
conposi ti on.coMpdsitib] érldnﬂ\ Farfonarcs r@é.dmﬂaamqaeees an@wmgg

conpositions includin uret hane are di scl osed i ent Nos.
4,762, 750 &RB‘PQS'#BQC%E"S'?%NW“&F partigles PR ALY A PHE'BPBE?F‘:?[%’H“W cpeling ence

herein. Ref §f bhitiePeMbb@meng: th@seddﬁd&? bty @ zﬁdﬁﬂieﬁg@@détﬂﬁrﬁonﬁﬁﬁﬁlbﬁ' ng to
the 25 present invention, % ass fibers 212 of the coated fiber strand
210 can haviang. inpasiquiat, @ﬁ@\"d@ a:oannmr@pqswercomsm lwgﬂarmﬁwleﬁ% ng
conposi tion he si zing conponents in the anounts
di scussed ag%a@h@@ﬁlore%g'tﬁgﬁnm&? o?icemgt si zing conpositions are set forth in
Loewenst ei n at pdg@p altsmame_e(rrmdlment toopyrticles of heSecpadanicoaling 4, 390, 647
and 4, 795, 678 | erence
herein. A seco g‘?@“ ?gmgﬂéﬁqurﬁ?ﬁgce@g@g igz?%d @%’S%B%@t@ﬁg‘%@l e{rf?%rﬁfa

appl i ed 1t atatérdanshe mtqmstldelsmﬁ thesimyiirgphilicepastivles. ohher hytdnephdiitt inorganictselid

ompr 1 ses. oo AR B4BE of G NGB EA LA o et REBE e ' s

216 such as chemichl RdtiGriedith thelwber to fabhn\for eﬁanmeta visesuslgil-like solntion
enbodi ment, the seconda coating is a an a%ggogs secondary

coating coftch bIpgis ordpfibits fyrtge 'f‘s@afafwatsrmﬁ‘@deteat Bueous secondary

coating COfRESshmRicERSHY dabld@hicA R tottedgladd ﬁﬂé?%trﬁﬁdiguééaalétrelﬁfo%ét i on of
the primary coating. 5 In another enbodi nent, the secondary coating is a

powder ed T odts lﬁ@ddtﬁﬁ?jﬁ-s"labﬁ'éfﬁ megng that thepuater peneffiatessthg dnes SEHClyEPT ng
conposi ti on xﬁt@%ﬁ#ébﬂﬂe 'h?&?%:ph% rREAdl n%hc?& sQlBstaﬁﬁ?]lig%ﬁatmé% tﬁQFetu’: Ogeﬂf the

natlve €

prinmary coating n an a odi ment arti of 't

secondary cdigwle ' ateage Bi Wh@hllﬂepqaﬁnady solid

particles t t he

SRR il SUBE i b o
expand in size or vqume See Webster’s New Collegiate Dictionary (1977) at page

te

20 1178, which is specifically incorporated by reference herein. Preferably, the
hydrophilic particles swell after contact with water to at least one and one-half times
their original dry weight, and more preferably two to six times their original weight.
Non-limiting examples of hydrophilic inorganic solid lubricant particles that swell
include smectites such as vermiculite and montmorillonite, absorbent zeolites and

25 . inorganic absorbent gels. Preferably, these hydrophilic particles are applied in
powder form over tacky sizing or other tacky secondary coating materials.

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

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

comprising a residue of an aqueous coating composition comprising at least one
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particles can absorb water or swell when in contact wth-water or
participate in a. chemcal reaction with the water to form for exanple, a
vi scous @®) elidobsy sol uti on which blocks or inhibits furtheeT/usewes® of
water into the interstices of a telecomunications cable which the coated
glass fiber strand is used to reinforce. 15 As used herein, "absorb" neans
that the water penetrates the inner structure or interstices of the
hydrophilic material and is substantially retained therein. See Hawey's
Condensed Chemical Dictionary at page 3, which is specifically '

i ncor por at egjidayeté PhRICR R IBE boérht leastal dortioNEst ftse pritddry hating)ed tisPSizing C
particles expand in size or volune. See Webster's New Col |l egi ate

Di ctionary Cooppyitian. pes ereferedembodifest the;atdpast ppe dispiele P%%F’fﬁ)rat ed by
reference h i o ; L bi : I

Cont act i 1 ReElg 8 aFhApNie PaRT WA Rabb orbf RIS ool WElerlcEES! ary
wei ght, and thydrpphilicpartitle. two to six tines their original weight.
Non-|im i ng exa f el Ggd i I ' ticles
that swell i ol LISTErSPHEERBO e WY 8Bl oF galit ¥ cBRNRR/ | O
absor bent zeobtitgeoapakitiin, canrangmfrom htvsid Weight ppetent opPadotal sdiidy basibese

hyd hili ticl lied i A t 1.Z]

ot her t acky RaemFomasde SHEmRR eefarpBY MR 2 8 G AR RS, O en
i nvte_nt : Ion, andtirbgfeéfeaéblﬁmﬁntsortarsbsheigwtq:erwnur ality of fibers is at |east
partially coate

with a resin conpatible coati conpasi ti n.at. | east
portion of a surflA& aemafe gmopd t§ eV | ég'?glaﬁgg'ggfgf"ﬁr?gac?gﬁﬁ%‘%‘?ﬁl e
coat i Ng 1gPMPatihd S6mPEitichCcah BY Apphed t6 afleh&tt Errtich 6fitRé B@HReM@eei tion on at
| east a portion of a surface of the at |east one fiber, and a_secondary

coating corpsefesabiyovertheentire syfface; of g seeendanniayeniy Se bimpeianta ther ARt i si ng
at | east oneyo- a8, yEals 1Byar 406K Mty sRingC b 8bSordaR hféra18RiYlal €d

BFefy B
over at |east a portion tHe primary coating of the sizing composition.
In a pref er rsedorgdry doatingtcompesition andastertigng outes dayver 32 efthe tertiary soatingct ed

froma hydr L 1cl ' s | ]V@rff | 0 rstices
of the hydr tfﬁﬁe?géért'bggfg‘%%%urt 3;9?@?%%35%@@ | _rreﬁt%rsﬂ,fp%rhggimunt of
part |h tcI a% i rpr{rdimfy s;zo':grrid:a'lfgosutllopalndglgp _senqmdarytofoahng:lmmmﬁme. lte.oiﬂne.t%rtlau 99
wei ght percent.,.on a tota i ds. basi s r [ I : , hore
preferably f@&H?%§°TB°%%PW@?§WﬁaB§PiEﬁSS °'§$§)r§%og‘%ny%?§mpcr%%r&€aé‘ ly from 50
to 60 wei ghtdiffsteRERdém thelcamipatienty ofahé pemanbsizZingend sedundaryicoafingy. 3, a

oriLany Laymer q%(zgﬁiogit or{a(gice:ét{g.'lpi%é%gle%gh%?eaégrﬁgon%g ROR At SRR e 4iARRL €d to

from the amount of the same component contained in the primary sizing or

a

20 secondary coating composition.

In this embodiment, the secondary coating composition comprises one or
more polymeric materials discussed above, such as polyurethane, and the tertiary
powdered coating composition comprises solid particles, such as the
POLARTHER#N® boron nitride particles, and hollow particles, such as ROPAQUE®

25 pigments, which are discussed above. Preferably, the powdered coating is applied
by passing the strand having a liquid secondary coating composition applied thereto
through a fluidized bed or spray device to adhere the powder particles to the tacky
secondary coating composition. Alternatively, the strands can be assembled into a
fabric 912 before the layer of tertiary coating 920 is applied, as shown in Fig. 9.

30 Composite or laminate 910, which combines fabric 912 with a resin 914, also
includes an electrically conductive layer 922, similar to the construction shown in

Figure 8 which will be discussed later in greater detail. The weight percent of
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preferably over the entire surface, of a secondary |ayer 315, i.e., such a
fiber strand 312 would have a primary layer 314 of a primary sizing, a

secondard @YRhs4315 of a secondary coating conposition amcr/asdogoiseary,
outer l|ayer 320 of the tertiary coating. The tertiary coating of the

coated fiber strand 310 is preferably different fromthe 15 primary sizing
conposition and the secondary coating conposition, i.e., the tertiary
coating conposition (1) contains at | east one conponent which is chemcally
different fromthe conponents of the prinary sizing and secondary coating

CONMPOSi 11 0N poRHele@)sohi® Phricies a@he&e@%&h@é&tmaﬁaﬁd BMO aan earyerfroniiich is
di fferent romthe anbunt of the sane conponent cont aj ne?%ﬁi/t he primary

si zing or 2o iéwﬁ&wcébta@flthgt%%‘m@ttqf the dried staPd. RN 0.1 1030
secondary c%%ﬂ?g elelars osition conprises one or nore polyneric materials
di scussed abo such as pol yurethane, and the tertiary powdered coating
conposi ti on conprlihedertiaryl pavdesed ceating cap @sie ingludenene WO['AWFPERF@T"{ r) boron

i o ar & aretnias sl BABH o’ syl AR RIVHG Sois. B DD )

passing the p%tylbwﬁds rsovivergional stdmhzérsandmtﬂmr modifiatsi knpwndnblss attiohauckppl i ed

thereto throu a flui |ze bed ray device to adhere the powder
particles t@c@&@gs! a@@a Y& W(ﬁﬂ”{po&f)%{ﬁ\ ng conposition. Alternatively, the

strands can be agg@REeRfbodifiehtsa fﬁab;traﬁdaalapbﬁﬁg)aeplurhmybaﬁmrsaﬁameasn ary
coating 920 is applied, as shovvnln Flg n‘?pste o% g]na{e 910,
whi ch conbi ri@g'q“&SP*‘r“éd oith aprimary goating, fgalﬂZ'nng'BPO goRlieddn ablegst 3 cal |y

CO“dUCt 1 F do‘?%%urﬁb@bl‘% ét%és'i'énéﬁ&&té%éédrﬂarﬁéwﬁﬁglcampﬁsmume 8 whi ch
wil | I scussed later In greater detail. The weig %tptercent of -57 WO

01/ 09054 Pcmumgmmwmete@al amllpet%tr'?a%laé@%h B Pfidahe coat ed
fib
i ber strand ﬁ-é;%sﬁgns ran%na{rggb rg Jrng%l'r'_ﬁo%bﬁhphsﬁgﬁf‘s%%te Brtfcld dpplied

wei ght of the grie wei ght percent. The
tertiary povdat edstaportion ot the mk:endamcbatm dnen@hern@néowmeymﬁh,er strand

o e L L A

art of sigh sifiegtompssitioprappiedtd gt least@rgormmvﬁasmpmof Bhleesleor@rpf@@idm nt, a

e AT B o oV A BBl o '

portion of aegdt raf;%Fﬁbrpcﬁf thé BriMany eohpositivn, Andea tertiary %eamigieasmpmlaﬁn ng

composition comprising lamellar particles applied to at least a portion of the secondary coating.

In one preferred embodiment, at least one of the coatings in each of the

20 foregoing embodiments is different. In another preferred embodiment, at least two of
the coatings in each of the foregoing embodiments are the same. Additionally, the
tertiary coating can be a residue of an aqueous emulsion or a powdered coating
composition. The coating compositions comprise one or more coating components
discussed above. |

25 The various embodiments of the coated fiber strands discussed above can be
used as continuous strand or further processed into diverse products such as
chopped strand, twisted strand, roving and/or fabric, such as wovens, nonwovens
(including unidirectional fabrics), knits and mats. In addition, the coated fiber strands
used as warp and wetft (i.e., fill) strands of a fabric can -be non-twisted (also referred

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

various combinations of both twisted and non-twisted warp and weft strands.
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conprising a polyneric material applied to at |east a portion of the
primary conposition, and a tertiary coating conposition conprising

di scret e waniheses applied to at |east a portion of the Pexrarsdazosseoati ng.
I n anot her enbodi nent, a fiber strand conprising a plurality of fibers is
at least partially coated with a primary coating of a 15 sizing conposition
applied to at |least a portion of a surface of at |east one of said fibers,
a secondary coating conmposition conprising a polyneric material applied to
at least a portion of the primary conposition, and a tertiary coating

conposi tion conpréfeiad ehidlinetits pRtheipeéstmt divehiiGitintladéan beRasét partgyt i on of
the secondary coating. In one preferred enbodi nent, at | east one of the

coatings i nceaed fafriciqemprisinot éanst ARE ehiBedicre pirandscompripiep @rRlurality ofnot her
preferred egggé'dﬁg%%se@h defffdbo80 TRls, dridt I%P?RB?%g&té‘@%ﬁefnatdﬁrom

f oregoi ng enbodi nents are the sane. Additionally, tertiary coating can
be a resi dueadh oftheslinciased fibaisteands compaisipg \ediurality o fibers ds. thasefoesi ti on. The

Ci . . ) . .

Cove. 28 THERbpRS) AR kA Rfe Mo 0 BRI Bng BEAGRE tiboding it e o€

above can bthe presehtdsvention isndietedstoranmat least partiaiyecogied tabss edmpriding dt ver se
duct h h d_st M . i . / fabric,

P Loh a5 v RSt Sne,ACTERS R blaihsh P s Hatnd PYPRRALES Slaghr s ang

mats. | n addoipomenttand larnallae aftickzarhavinganthermalseotidadtiviti opatdeabt welatt per e. |

fill) strands of a fabric can n-tw sted (also referred 30 to as
unt wi st ed omef?é'rlﬁafﬂﬁ?"s'werﬁwr?ﬁfgchﬁ prior to weaving and the fabric can

i ncl udeqgvar i ous | 6A® emBbHENt of thePrésdntiriveatiorn itk Bedling BbMbpesitivy p and wef t
strands. -58 WO 01/09054 PCTI USOQ 20459 Preferred _enbodi nents of the

nb
present i nvarEqrdingitathe rresent intentien are applied 4¢ py indhigual fibefh 1n anethfhr i si ng at

| east one obnipd@inidritothe ThaHYIS apBIEY toSdt éhsk oRé HbéH dttalid Ofn ahdthg’ S di scussed
in detail above. Thus, an at |east partially coated fabric made from each

of the di sceabedimenicthe soatingieonapaaiionaosgrdinglothe presgnignvention issapplied to

t her ef ore, CRAL: ed. ' ' f npl e, one
preferred e%o@?he&ﬁh%e g%%ﬁ%btgggggiﬁ%ﬁﬁ%%hw @rl}y :dge%?érégcbtegﬁ\ﬁt o an at | east
partial 1% coat edAlthbughctheqrior discussicrt is gesesslly directed tawaid appiping $heng
plurality of fibers, the cQating ¢ ri sing. an, organi c.. conponent and
Camel | ar pafPriscompRsto ot e piese ianlen Bre R Pdass oS 80r ek ¢ per
meter K at gorbimigoaridsubseqoéntyadorpdrdting therfiberstintala fabric, the présenpr esent

i nvention, the coatin onposi tions  according to the present. jnvention are
applied to nyeptien glﬁa%g?udgg@g}podmergﬁgﬁxﬁ@n thegcoa(t)lng composition of the

present invention is applied to a fabric. The coating composition can be applied

20 to a fabric, for example, by applying the coating to a fiber strand before the fabric
is manufactured, or by applying the coating to the fabric after it has been
manufactured using various techniques well known in the art. Depending on the
processing of the fabric, the coating composition of the present invention can be
appiied either directly to the glass fibers in the fabric or to another coating A

25 already on the glass fibers and/or fabric. For example, the glass fibers can be
coated with a conventional starch-oil sizing after forming and woven into a fabric.
The fabric can then be treated to remove starch-oil sizing prior to applying the
coating composition of the present invention. This sizing removal can be
accomplished using techniques well known in the art, such as thermal treatment

30 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

composition initially applied to the glass fibers after forming is not removed, the
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enbodi nment, the coating is applied to at |east one fiber strand. In another
enbodi nent, the coating conposition according to the present invention is
appl i ed o of/éasd abric. These alternative enbodi nents arepdDiubypo/msmcussed
bel ow. 15 Al though the prior discussion is generally directed toward
applying the <coating conposition of the present invention directly on
glass fibers after fiber form ng and subsequently incorporating the fibers
into a fabric, the present invention also includes enbodi ments wherein the
coating conposition of the present invention is applied to a fabric. The
coating co ' h by applylng
the coati ng’8 g;ﬁ z?l ?J?%&%qg’? foéﬁ%o b %}t(ﬁe Rofwggpéﬁ&} %é ﬁ%ﬂ%ﬁg’gtgt?‘gd or by
appl yi ng t heemaiatnignmpriian ofttee Salmloon'@bsmon rathérdbam diegetly A theffiber ur ed usi ng
various technigues well known in the art. Depending on the processing of
the fabric, SUH&%o0ating conposition of the present invention can be

applied either dih eabﬂhysr émbbdﬂmegl @fsﬂse b'rdsensmi/entibh.ese‘lesdhed coroponemtsiofot her
coating 5a|read glaf’if ian/orf bric ) hg l e, the

gl ass fiBer éhec%?? °°8't?8f5@ f PLesesh iPRRYasaan RS applipd go °ng after

form ng and fpexsammetistels aftePforfing ahdahé rsMhaifing @6mpbreentd ef membﬁnbto renove
starch-oil sizing prior to applying the _coati ng conposi tion O'Iﬂ Ege pr esent

i nventi on. ’Pﬁmi’°§'|"'97' Aan PeABRiiad te&'PF %’Q"C aftedhisimadse dn anay e ST Ries wel |

known i n t henQidiscussidlatibve! S6ihe8t alf aAe %@Ete@@oﬁfpoﬁ@tﬂ@bﬂﬂ befrembeed abric. In
this instance, the coating conposition would directl ﬁtjhcoat the surface of

the fibers dfom the glags fiters pioriegoaingithe fibers amﬁéatmczﬁ" eMBBING i on
initiallay a t the -59
w0 01/ 0954 BFF Rt M5 gsating tehfHifing cbfbobaiTiteiner Aty eoBRE. T1°

woul d t hen Iserfagpbf the fibersrof tieefabrie oncast thpsecetactad eompanentsi thatereonposi ti on
rat her than dkrectl he..fiber surface. In another enbodi ment of the

pr esent i nvél f%ﬂ?ve\éeffo&i@ofbc%ﬁﬂ%%cghts of 5 the coating. conposition of

the present i nvenhiaabthenpreferetpgrhbadiment ddeerdifigtedthe presentinventied afaliric af t er
formng and the remainin

onents of th ositio an be
applied to Fﬁ@W‘éﬁ‘ﬂl%'%ﬁ?%?e? andLCompyising a,p Hraﬁ&rﬁ*fgﬁe@ n?'&?s‘t‘%?rp?"&
di scussqd akeyd With® pRad/ doalihg bh@a%@b@ﬁa@ﬂcmmmﬁ@w@scarpobte:_nrcﬁmwed
fromthe glass fibers prior to coating the fibers and fabric w

r emai ni ng 1@"6@%5%‘“195 the/secgndary Gpating; oArsiRg; AP @b‘dﬂ%’ﬁ?g'c\M‘?tP"@l t her
directly cogf, frr]'ngea th%Hﬁgal?.‘Bﬁ\gt?cglvft)b"ﬁrefaté?%’iﬁ Pivdtlagel AltiterK af a tdrperbiuns 6f

sel ected conponents t
300K.
In another embodiment, a fabric comprising at least one strand comprising a
20 Dplurality of fibers is at least partially coated with coating comprising (a) lamellar,
inorganic particles having a Mohs' hardness value which does not exceed the Mohs'
hardness value of the at least one glass fiber, and (b) a film-forming material.
In yet another embodiment, a fabric comprising at least one strand
- comprising a plurality of fibers is at least partially coated with a coating compriéing
25 (a) metallic particles having a Mohs' hardness value which does not exceed the
Mohs' hardness value of the at least one glass fiber, the metallic particles being
selected from indium, thallium, tin, cbpper, zinc, gold and silver, and (b) a film-
forming material.
In"another embodiment, a fabric comprising at least one strand comprising a
30 plurality of fibers is at least partially coated with a primary coating and a secondary

coating on at least a portion of the primary coating, the secondary coating
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not renoved fromthe fiber surface. In another preferred enbodi nent
according to the present invention, a fabric conprising at |east one

strand coggfhhmbddy @ plurality of fibers is at |east partleinTyUgﬂgnMggt ed
with a primary coating and a secondary coating on at |east a portion of the

primary coating, the secondary coating conprising particles of an inorganic
material having a thermal conductivity greater than 1 Watts per neter K at
a tenperature of 300K In another enbodinment, a fabric conprising at |east
one strand conprising a 20 plurality of fibers is at |east partially

vone. nar angS8RlRga BTty 3t Adcdatlic Sfcedivnicn BB HN =B hafr Rnda 1 b
a’;rbl Sa%n?nm;g?g&s aTitI’melliydrop‘rtlno(;mmcaeél |mformng material. In yet anot her
enbodi ,

st t I it
o frbore | s at - IeatllaroliRr koSt of felprinens Musafion, & BT upRe 5 ()
metal l'ic pare&ascér%sstmwmmsmmplumfmmaérsweds@rem EonptAibke cruaitmgxceed t he
Mohs' hardness val ue of the at Ieas{ﬁr%)&lfqélqe} i ber, the netallic

particl es bEPRBOSQN atdeast anartione abric, the gesipepmpatible  gol d
and silver, cé‘é’tﬁig(éé}np%sftlbﬁ %mﬁﬁélﬁ% ) é"ﬁh@htyadf dlécPeté'b‘éFth ferRasirgmnt . a

fabric conmprisin | east one rand mprising a 30 plurality of fibers
A

i s at | east Mg gna qlgnt@d)ﬁe@cprgﬂlﬁn@t?fialﬁmg%m@pvlug\eaﬁmaéerg%cqmoylte
coating on ary coating
“80 W0 01/ o%ﬁ%@%’%ﬁ%&g& e ra?‘;du!én%ﬁ%"ﬁura‘f%?/é E?"'E@ ophi 1 ¢
particl es wheaburadsccordigdo ﬂaaeascattﬂangr ranginglfrom Ontterﬁsmnmetefs (theat

hydr ophj ic ent

Mventi bR BB ous el AferRh0fm SOOI o Yestolf PBIRESA 50 (Pt i ¢y
of fibers hasleastrmlfmndmrmng nhitcmahoatl ng 5 corrp05|tion on at least a
portion of a surface of t abric, the r C atible, cpating.

conposi tion conplrf angiher %oéf’B?rﬂfr gjfakrp Wﬁﬂsg‘@ragﬁ%%a% PE?'@CQFBPV?%@ from
materi al s splupsiityesf fiefhy £ RRirccampatibledtsating tBMPpasitien PAlaY BRET & pBRibAof al S,
conposite materials and mxtures thereof, the particles having an average

particle si asurfagg.afdhe &P"ac@srra?'ﬂgomathgépa QrRRqstiPn Gompsisig @ 8m 0.1 to

5 m croyst eFﬁnau(,PAf didcretd, ﬁ&aﬁfhxpasmtré@rrdrﬁiee%nﬁrﬁ{a@émé saeétésham orghRiEY sai d
plurality of discrete partlcles and (c) | east one | mform ng

material. | matgrials spmpasitsanatenials andrmbstures &@fﬁﬂfd afndaf '%ﬂSf péambr@welsm rand
CoONMpri SI NG fhaterial different from said plurality of discrete particles.

In another embodiment of the present invention, a fabric comprising at least
one strand comprising a plurality of fibers has a resin compatible coating composition
20 on atleast é portion of a surface of the fabric, the resin compatible coating
composition comprising (a) a plurality of hollow organic particles, and (b) at least one
polymeric material different from the hollow organic particles.
Another embodiment of present invention is directed to a fabric compnsmg at
least one strand comprising a plurality of fibers, wherein at least a portion of the ~
25 fabric has a resin compatible coating with a loss on ignition of ranging from 0.1 to
1.6, and an air permeability, measured according to ASTM D 737, of no greater than
10 standard cubic feet per minute per square foof.
As used herein, “air permeability” means how permeable the fabric is to flow of air
therethrough. Air permeability can be measured by ASTM D 737 Standard Test
30 Method for Air Permeability of Textile Fabrics, which is specifically incorporated by

reference herein.

-61-



plurality of fibers has a resin conpatible coating conposition on at | east
a portion of a surface of the fabric, the resin conpatible coating

conposi tiwoocovssi sing (a) a 15 plurality of discrete, noRCRASPOPES? | cl es
formed frommaterials selected fromorganic materials, conposite materials
and m xtures thereof, and at |east one lubricious material different from
said plurality of discrete particles. In another enbodi nent of the present
invention, a fabric conprising at |east one strand conprising a plurality
of fibers has a resin conpatible coating conposition 20 on at |east a
portion of a surfhAsedbnipsfehtalusedin these vaiius esdoodmeritd earcbaselegted from

conposition conprising (a) a pluraljity of hollaw organic rticles. and (b)
at | east ondhe ﬁﬁﬁwgﬁp%f'@r '%3”53?4 ?%‘?‘@n?"‘??%ﬁﬂ"fﬂﬁgg%??rﬁ%%oéadhﬂf% be
particles. ARpdb&d fr&liRsicTRBitecPabdveesent invention is directed to a fabric
conprising at |east one strand conprising a plural I't%/qcht%gl ber wherein

at | east a porpreferigd emhodiment gfthepnegentinveption, adghtis @cf&i'\?, Gt h a

| 0Ss on iggnid I fising fHe Foff perneability,
measur ed %cc%é"gfbﬁgi?@R%W[a)aé%?aqg%mﬁg °8'§"§ats'3§ t hsgﬁp 10 standard cubic
feet per nminute p@ sqokteisingasieashone §kyameeaiprsing ginlurglty eefilBRrsiangd” neans
how per neabl.e t he | € ] - . i : at A ability
can be neasd}aé’ﬂjgoilﬁﬁg%\?ﬁbéwlgpan gﬁ o@g&ea&%ﬁf}&?lﬁlgﬁ@@ oart @Al{s}&l?’éeﬁﬁneabi lity
of Textile HRadmjcs, which is specifically incorporated by reference
herein. -61 WO 01/09054 PCT/ USQ0/ 20459 Th X | se

vari ous enmbodi nen caﬂbtﬂﬁ"r@e?§g Sian? WIR ¥%§%80§H|P'ﬁgg}g%@zgggéé}aigsﬁ?ussed
above, al alflird #88toraaesiARBAIpatisIa ol orat lesst laqorrtih dfitierat leastoneeci t ed
above. In a preferred enbodi nrent of the present invention, a fabric adapted

t o reinforceVaR V“-‘S’_‘;eﬁ’@ct ronic support is made by a method conprising the
steps of: (a) obtghni ngeafing BSit 164:€ ohk il ré{mrdndctmr leastromeavarpyard i ty of
fibers and having a first resin conpatible coating on_at I%g)?it Bort ion
of the at | ehavingadossionjignitien of less,thap 2:2:percar) byweaighide fasmea 5533 ted
conpri sing a‘P%“‘*‘%J” (A e@ctrBﬁiE%D?p@rEd 10 having a second resin conpatible
coating on a east a portion of the at least one warp yarn; and (c)
weavi ng the at | ebrsan additidrial empadimenhef thagresent inyentiopne fapsicis gesemble@yi ng a
ggzgt 23 Lgni iy & sﬁéin&lﬁ%ﬁnﬁ@ﬁ‘b 4 18adt & Sortidn a e Jids ftkr 5RAMB BorhBiking a
plurality of glass fibers having on at least a portion of surfaces thereof a coating
according to any of the previous embodiments, either individually or in combination,
which inhibit abrasive wear of the surfaces of the plurality of glass fibers, in sliding
20 contact with surface asperities of a portion of a fabric assembly device, the surface
asperities having a Mohs’ hardness value which is greater than a Mohs’ hardness
value of glass fibers of the first glass fiber strand; and (b) interweaving the first glass
fiber strand with a second fiber strand to form a fabric.
Further embodiments of the present invention are directed to methods for
25 inhibiting abrasive wear of a fiber strand comprising at least one glass fiber by sliding
contact with surface asperities of a solid object comprising:
(a) applying a coating composition according to any of the previous
embodiments, either individually or in combination, to at least a portion of a surface
of at least one glass fiber of a glass fiber strand;
30 (b) at least partially drying the composition to form a sized glass fiber
strand having a residue of the composition upon at least a portion of the surface of

the at least one glass fiber; and

-62-.



to reinforce an electronic support. 15 In an additional enbodi ment of the
present invention, a fabric is assenbled by (a) slidingly contacting at

| east a Wweygi@osqof a first glass fiber strand conprising pcT/pbewmhssty of

gl ass fibers having on at |east a portion of surfaces thereof a coating
according to any of the previous enbodinents, either individually or in
conbi nation, which inhibit abrasive wear of the surfaces of the plurality
of glass fibers, in sliding 20 contact with surface asperities of a portion
of a fabric assenbly device, the surface asperities having a Mhs'

har dness val ue w{‘ggch isﬁ'diu% ?tla,%ggrt 4 fiforfof¥R giagg)%g,r@%d ¥ 2bHRCcOSurcass

fibers of the first glass strand; and Interweaving the first
gl ass fi beasperitiesidf asolid ebjectcibasurfacroasperiiembaving & herdness yalue wvhighist her

enbodi nents_of  t he ' i ' .

i bi 1 ng FaPieL A 0 B8EEss UGPELAR s b Gaccinie SR ae A ienr
fiber by slofthagt leashdmcylass fitkerofi tHeoglassofilee stramdbby obntactsaitti the sbifacd
conprisipg: (a).,.a i ng,. oat.i ng.conposi tion. accordi to any of the

pr evi ousg e?éﬂ%‘?'ﬁgﬁ{ ,esg’f"?ﬂ@Fc"ﬁ ' |t85§y|§9e S?aqinﬁ c@msﬁgﬁ on, to at least a
portion of a surAgepovedfthétompasdnt®orthglcastngsiuzed imthese gmiinidritecarst r and,
30 (b) at least partially dryi the conpositign to forma . sized gl ass

in
fiber strabgselageddrom thegogting Gemponrentydiachsses Ghovp Andadditiena: 4 porti on

of the surfagfpsHentd 8 alko bBaglecRadrdin Bivte rédiRt;abavg. - 62 WO 01/ 09054
PCT/ US00/ 20459 &g) sliding east _a portion of the glass fiber strand to
®

t |
contact surface éP?tFFéierﬁf%d§dpi A1Q18@nd preducts formed thargEem 4 havi ng
a har Anggs ¥eiaeailefalies rediedbdvel BaTlba ubdd WPARicWridhy SfapbitiBhs, Ibif St

one glass frber, such that abrasive wear of the at |east one glass fiber
of the gl asarefpreferably usediapeinforeements tofor reinforgingpalymete matriximaterials t he

component o 312 DrfeMREcfbed 418 s R € hoiaT ARG A Wibio M EnsidFin oy
t he coati ngdetairpeloantSucti applisatieds atvtude buhark ratdintitedrialamioatep forguninedcan al so
and pr oduct ST EREES FRipBRETRNE e IPecnau eR e 2P RS, AL RUS ogr g
above, ¢8n BEmp&ssi N a wide variety of applications, but are preferably

Lo o o conmos e et e whd 4Bt S AT e © 12
di scussed | gomp&tisie Witk éﬂ(‘!&l pSlyMBrig Rt EREING Used B idke eletroAicuppdrtd and t ed
to lam nates for printe

printed circuit boards. In addition, the coated fiber strands are suitable for use on

air-jet looms, which are commonly used to make the reinforcing fabrics for such

20 applications. Conventional sizing compositions applied to fibers to be woven using
air-jet looms include components such as starches and oils that are generally not
compatible with such resin systems. It has been observed that weaving
characteristics of fiber strands coated with a coating composition comprising
particles 18 in accordance with the present invention approximate the weaving-

25 characteristics of fiber strands coated with conventional starch/cil based sizing
compositions and are compatible with FR-4 epoxy resins. Although not meant to be
bound by any particular theory, it is believed that the particles 18 of the instant
invention function in a manner similar to the starch component of conventional
starch/oil sizing compositions during processing and air-jet weaving by providing the

30 necessary fiber separation and air drag for the air jet weaving operation but function
in a manner different from the conventional compositions by providing compatibility

with the epoxy resin system. For example, the particles 18 contribute a dry, powder
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circuit boards, reinforcenents for tel econmmunications cables, and various
ot her 15 conposites. The coated strands and fabrics of the present

i nvent i owwaogogsef erably conpatible with typical pol yner PCTWw800720459 esi ns
used to nmake el ectronic supports and printed circuit boards. In addition,
the coated fiber strands are suitable for use on air jet |oons, which are
commonly used to nake the reinforcing fabrics for such 20 applications.
Conventional sizing conpositions applied to fibers to be woven using air
jet loonms include conponents such as starches and oils that are generally
not  conpat ¢Hargctesdistie t6 Wedcoativigrsimiys te the dry fubnasntioharactéystics/ efth staeth weavi ng
characteristics of fiber strands coated with a coating conposition

conpri si ng c‘-”tf’éﬂf‘&cles 18 in accordance with the present invention

approxi mat e the epeicogtedsteings acthergreédant invehtidn, i patticléndan coated with
conventional starch/oil based sizi n%P conposi tion an are CO'{TF 'bI e with
¢ 1act

FR-4 epoxy aduaniageonsly mmide intarstipeshetwesnihe fipers of the s ale
theory, gt fiGy Bﬁhb%%x%@énél@%e?@déﬂl@é@@ ﬁ&e‘ﬁunék@aﬁd?&t@%rmlym&-%t on

function in a nmanner simlar to the starch ¢ onent of conventi onal

starch/ oi | angwatthcenghotbe fiberssofdbe Sff@!‘q@r/hﬁfb‘@? thegtrands preferabbulyavey by
provi di ng tﬁﬁgp %9;;9@%@3@?&# (&lgéﬁsfsea%ea&rgwﬁéh ﬂ&?fé%ih'iatgé fisw bPthelhgiriai 1 J et

weavi ng oper nner ferent fromthe conventional
conposi t i onmakeriapinte thei bupdtesnSurprigingly, yn cwaurmemlbed-am thQaémQU@yzft em For

B o) heaEe CahBlo APl e il B o csbiefiaton |
char act Qi shpgliedad tiee fibers,olet sﬁlbbé adenualtely adiered i the ﬂbersaardbprpfnde lstrapdsasent
the i ber's Bt Baadipg AP IpA sopatet] B anet RERhdths BEndBer Tal s
t her ebet WeeBodtgor € qui ckly and/or uniformy wet-out and wet-through the
Strand 82&2&? Kafering Sot e o &) i pibaripae e P e P A Sprebhd e
material infQehfith |Q'fmllﬁrﬁma§ér§lrd rﬁbd@fr&m fé&l&@mﬁhd’brﬁéfﬁﬁﬁb {Redoatedt he anmount

of particles can exceed 20 wei ght percent of the total solids of the

coat i ng16onplands can hayegoodicodpling atite intastacs bewﬁte"stf‘ﬁ fabrigS12 g e el y
A 2 o R e i RdeP A 41 a6 fifdacidl BULiifo RaR Brovide R BoGE L o1 | ST 0

at |least co rands w thout t coating. "Referring now
to Fig. 8, hydrolytivstabilitycand resistancedo metaitmuaraﬁgn (previpusly dissusged) in

electronic supports 818 made from laminates 810.

In another non-limiting embodiment shown in Fig. 5, coated fiber strands 510
20 made according to the present invention can be used as warp and/or weft strands
514, and 516 in a knit or woven fabric 512 reinforcement, preferably to form a
laminate for a printed circuit board (shown in Figs. 7-9). Although not required, the
warp strands 514 can be twisted prior to use by any conventional twisting technique
known to those skilled in the art. One such technique uses twist frames to impart
25 twist to the strand at 0.5 to 3 turns per inch. The reinforcing fabric 512 can
preferably include 5 to 100 warp strands 514 per centimeter (about 13 to 254 warp
strand per inch) and preferably has 6 to 50 weft strands per centimeter (about 15 to
about 127 weft strands per inch). The weave construction can be a regular plain
weave or mesh (shown in Fig. 5), although any other weaving style well known to
30 those skilled in the art, such as a twill weave or satin weave, can be used.
In one embodiment, a suitable woven reinforcing fabric 512 of the present

invention can be formed by using any conventional loom well known to those skilled
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i nvention is that |lam nates 810 made from fabrics 812 incorporating the
coated 15 strands can have good coupling at the interface between the
fabric 8% emdosshe polyneric matrix material 814. Good i RCEMUKEIZ20a59
coupling can provide for good hydrolytic stability and resistance to netal
m gration (previously discussed) in electronic supports 818 nmade from

| am nates 810. In another non-limting enbodi nent shown in Fig. 5, coated
fi ber strands 510 20 made according to the present invention can be used
as warp and/or weft strands 514, and 516 in a knit or woven fabric 512

rei nf or cenepithe RHEEGERES ¥ shattle Wd,air jbBEIBdMar eagien loompbutpreférably RUbiméwar d
(shown in Figs. 7-9). Although not required, the st_randts{ﬂ514 can be

. war
twi sted pri B$ing an@detdgomn \Preteqed frighieems ﬂ[es‘fqrﬂ@ef%'ﬁrﬂvaﬂ@'e Bwn to those

skilled in &Q&ﬁag«%@%pghlsé MR URIUSES 1088 B ZX@ SRRk Ruli MRkl Ng$ t Wi St

to the strand at 0 turns per inch. The reinforci ng fabric 512 can
H

pref erably Lfi®00de530@ or L5R0Ravhichsare gamnnesgiallyavailablgfiom bulze Brathars 13 t o
15005, R0 A, SO BRE SR NGMRROUATSRD el 31 ancs oo

centi net t a rands per 1'nch). The weave
construction canAsesehfarthgoithe figures, rair jefowsaying refass o & $yne.wf fabricegvirg) |,

al t hough any .ot her_.weavi n tyle | L. ' ] e art,
such as a téﬂ"? ANSVE 8?"‘%%3 (ﬁk%ﬁe’%‘gt@ﬁx\@g‘cﬁée ﬂﬁ p%ﬁ“ﬁ%ﬂﬁ%@%'ﬁ%ﬁe@ a

sui t abl e woirtdtHeakarpahed by o bllasti of cohprested hie 64 éroembne bnmert aiojet nazeldze
formed by using . any conventional |ogmwell known to.thos kKilled -64 WO
01/ 09054 PCWQJ&SW)Z{UR%&%-HW}aﬂrﬁﬁgé%ﬁeiéb%%’e\gﬂ{hﬁﬁ'@ﬁ%gﬂrﬁ 'Sa‘?'PpﬁgLFF | oom or
rapi er heomaclads tHy Wide €34 ¥f the fAKHo B8 (absutNO tarabaut 60 ithés)oand Morf erred air -
jet loons are comercially available from Tsudakonma of Japan as Mbdel Nos.

103, 1031 105dergbly &1 mstdrs dabau3p inghgs) bNbE comPreRssd,ain - 5100 or L- 5200
i ch are COMET aha aitferdlifd Gatein b ava SRbleDANTRo21e616] But Preferbibly Ch.
el” No. JAT610. AS f fi

Swi t zerl and; and Toyoda Mo set forth in the gures, air

j et weavi ngalsefhasa pluralitytof suppiementary, celar Aories 620 plepg #he ware shed §18dan 626
(shown in Fig.. ' | | ; f L & A DSEr | t he
war p shed bly%él |c@r|1gdfglg St\gf‘afggﬁé)l?@seégy ?all}/?é%&célm@rf@%aﬁ%dot? Tng)l?\gaﬁi?% che'g![? é%ozzl es
618 (shdbn iair presgare 8s thedyabn B0 favelses thesvddthcfizdvef tha fabrici62B. Wwamag10 i s
propel l ed 10 acros

i nches), an8"S5HE éﬁ%’@%e‘e’i\ﬂggﬁ%ﬁ %Ztgi?'{?ér% %'?gg%g%éﬁ? gége'%ﬁgﬁéé?égf{/&ﬁ F\@Q%It °0
conpr essed &8 kildPescals(kiP&) (abblt 1519 abypat E0peasipey eqaarsiingll (psi))rand mwez| e
020 b ongt Ristoablys a3h Badancyt 48 ot rhé brtorrad BRIERALR S nocSle B 1057 ©°
Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which has an internal
20  air jet chamber having a diameter 617 of 2 millimeters and a nozzle exit tube 619
having a length 621 of 20 centimeters (commercially available from Sulzer Ruti of
Spartanburg, North Carolina). Preferably, the 'airjet 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 propéliing the yarn 610 across the loom 626.
25 The air pressure (gauge) supplied to each supplementary air nozzle 620 preferably
ranges from 3 to 6 bars. :
The fill yarn 610 is drawn from the supply package 630 by a feeding system
632 at a feed rate of 180 to 550 meters per minute, and preferably 274 meters
(about 300 yards) per minute. The fill yarn 610 is fed into the main nozzle 618
30 through a clamp. A blast of air propels a predetermined length of yarn
(approximately equal to the desired width of the fabric) through the confusor guide.
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provi ding blasts of supplenentary air 622 to the fill yarn 610 to maintain
the desired 15 air pressure as the yarn 610 traverses the width 624 of the
fabric 63 0MIES4ai r pressure (gauge) supplied to the mai nPErUSHEA2% 616
preferably ranges from 103 to 413 kil oPascals (kPa) (about 15 to about 60
pounds per square inch (psi)), and nore preferably is 310 kPa (about 45
psi). The preferred style of main air nozzle 616 is a Sulzer Ruti needle
air jet nozzle unit Mddel No. 044 455 001 which has an internal 20 air jet
chanber having a dianmeter 617 of 2 millineters and a nozzle exit tube 619
havi ng a | eNgign thé Inseftiocn(s cempleted, ¢hes efid ofrthe yainadistsl tatte inain mozizledBh8Ssl zer
Ruti of Spartanburtg rth Carolina). Preferably, the air jet filling
system has £t Y% SBEr838p| enentary air nozzles 620 which supply auxiliary

blasts of air i rlTlhBQ:o Séﬁﬁﬁty%d@cerodyfrﬁﬁﬁd prﬁf;eﬁtnb@of dlfféreuwainﬁ\hﬁh'tﬁe aipptst in
propel ling.the yarn 610 across the |oom 626. 25 Ttg air isure gauge)
suppl i ed to“@&&'ﬁgﬂﬁﬁﬁséﬁé%f’ﬁr‘?te&mm%&m@ fflowing e P%rb’l"y Wi arEerallybg 3 t o

6 bars. Bhedbirkg Y@ﬁé}eﬁlé; thé ﬁlrrawrffaheaaﬁ DfagHhed"TeBeMkara. 638 Awia feeding
system 632 at a feed rate to 550 neters per mnute, and preferably

274 neters Tanspatt [3ag F9@ed'E9$t ﬁe\tsqqhtﬁme@surﬂfée ﬁﬂTaCt“gﬂa?frPl{ﬂm fpecef(efag nt o t he
mai n nozzl e LM ned
| engt h of ygﬁééz gg%‘?%{q mat “?9’9 L‘ﬁﬂg hepy "%%?udgés :n{rfjde@e\%nr rﬁ@ﬁ{%fz%ttﬁf E ?%rl c)

t hrough t he otthefaisjet. Iguhldmethotli$a¢myemWlﬂz’l@fﬁt@@lﬁ@ﬂ%@me@wwabm

' ti 618
nser o0 1 Sof ST bEsrbl e el 1.8 KA et bl B B ofe04 4 ©

di fferenD yass90MwHIcH Hes ani intgraal am/;ea(shmg)ephamag;a dizmaretéret 17eofcd millireetetsy t he
foll t | d,to, h the "Ai
Jet. Tr aneporhd iz e sl be a1 Fayitd a ot 6 oo 2 RIS (SRR BB ror ce
Test is usedvanmbmaﬂrswehﬂuﬁtdfmhanw ?erH Carotind)ert an afr pﬂemre o3 1E")
exerted upon_the yarn as arn is led into the air Le nozzl e ?’gtthe

force of tﬁ@%ﬁﬁcaﬁsé?b°qtﬁ5tprﬂ éd?rﬁ?'h a"’e!&‘EW 9RUOR- SJRpSIeTE "fSeEPSétP“&d e of
274 neters eah@ettwur?:@\% N;agﬁ{ 863 psaf.omgﬁwtstﬁéwmahtean@mew jeRubizierk e air

jet nozzle unit Mbdel 10 45 has an internal air jet
chamber 1Bavitensicneieaprovides ameaﬁureznﬁm ofthregramsforagr{drag fawe) pxerted wpanube 619

havi ng ale ail able from Sul zer
Rut i Spa?\?éa% %&tﬂé\bgﬁ%&ﬁé q%%ée%gﬁ%gf‘%hﬁééégﬁ% of 310 kil oPascals
(about 45 pounds merdramtmcepewmmmgsa:ga;\ belusesihas ahasisfor relatues¢ampatisdni n

ﬁggtziagt \./rmhterc])f wr% mprlles Foell' rgla§ve cgmnpglrsogrth% r&&%ré'e%gasﬁj?ér%}\@garé he air jet

normalized over a one centimeter length of yarn. The Gram Mass of a one
20 centimeter length of yarn can be determined according to Equation 2:

Gram Mass = (n (d/2)?) (N) (pguss) (1 centimeter length of yarn) (Eq. 2)
where d is the diameter of a single fiber of the yarn bundle, N is the number of fibers
in the yarn bundle and p.; is the density of the glass at a temperature of 25°C
(about 2.6 grams per cubic centimeter). Table C lists the diameters and numbér of

25 fibers in a yarn for several typical glass fiber yarn products.

Table C

Yarn type Fiber Diameter Number of Fibers in Bundle
(centimeters)
G75 9x10* 400
G150 9x10* 200
E225 7 x10* 200
D450 5.72x10* 200
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15 tensi oneter provides a neasurenent of the gramforce (drag force)
exerted upon the yarn by the air jet as the yarnis pulled into the air
j et nozzizg o1fddes«rag force per unit mass can be used as apoaaiseo/i0as9
relative conpari son of yarn sanples. For relative conparison, the drag
force neasurenents are normalized over a one centineter |ength of yarn.
The Gram Mass of a one 20 centineter length of yarn can be determ ned
according to Equation 2: GamMss = (n (d/2)2) (N (p9,..) (1 centineter
| ength of yarn) (Eq. 2) where d is the diameter of a single fiber of the

yarn bundl e, N i ot Brafipiebtie Granf Mass 6f a ofe toRtinyatenchgh®f S WArA% SS IS the
density of thegl_gl ass .at a tenperature of 25C (about 2.6 grans per cubic
cent i met er* ¥* (Or&AP 2P (400) 6.6 gEam & [ecentimetrihblesendimetes lengih ok vam) F yar n

for several glgppt ¢64 g@infmass.! P& DISTY4th OHE Gram MAEDIsS! 54 Y0P glarh sk Per
= dle 1 SX 40 9K s

D amet er Nunber of Fibers iIn Bun centineters i " G150 9
x 10' 200 Bheselative drag forge pepumibmasy Y'Air Jeb Trapmgport Deag Feyce”)/i9 oalsulated

oL 500208 B 34 i iAo k) Q0B TS BN,
centimet er bghg Grarh Massrgr the typecdf yarritestedg rlfwnpmgle. fovra dabile paGTS E he

G Ma . - T . r.unit mass
Cat ger Toamsihs ebPiothel MdBiRsnent B ihd GeB b8 648, 8 e RRvelir g force
measur enent Ttayrsport Orag Eprodds equal te 68 15)dividesd by 652006+ 109474 earfferae Mass

for the type of varn teFted. For exanple, for a sanple of G/5 vyarn, if the
t ensi onet er PRES@N BRERL' YAt he drag force is 68.5, then the Air Jet

TransponD Drag Faheit Set Tearidpolt Ora§ Forddi of itk garh)usBd & fofmdwoverl fibrié fér 9r am
force per grlam mass of yam 10 The Air Jet Transport Drag Force of the

yarn used t 8 #BIIea%e00dR0 totbeipeesest invantiony fnlgrmaingd asperding todhe Als Jgt esent
i nvention, qedfpBiiREg ﬁefc@rﬂsnfmembdta@cueééd dbdve, ?;r&e%g%m% Hl%a@& tﬁ&? ce Test

Met hod di scussed above, Is preferably greater than 000 gram force per
gram mass oft00.9R0 gram éorge peegran massiatian.fmeore pre@rady ranges 400) 0000 tom

force per 9yu880G8gFah Forde bBr gARPmEYEBr yIPh Sarltf VR AR eYprE RS rdrig From
15 120,000 to 300,000 gram force per gram mass of yarn.

The fabric of the present invention is preferably woven in a style which is
suitable for use in a laminate for an electronic support or printed circuit board, such
as are disclosed in “Fabrics Around the World™, a technical bulletin of Clark-
Schwebel, Inc. of Anderson, South Carolina (1995), which is specifically incorporated

20 Dby reference herein. The laminates can be a unidirectional laminate wherein most of
the fibers, yarns or strands in each layer of fabric are oriented in the same direction.

For example, a non-limiting fabric style using E225 E-glass fiber yarns is
Style 2116, which has 118 warp yarns and 114 fill (or weft) yarns per 5 centimeters
(60 warp yarns and 58 fili yarns per inch); uses 7 22 1x0 (E225 1/0) warp and ﬁll

25 yarns; has a nominal fabric thickness of 0.094 millimeters (about 0.037 inches); and
a fabric weight (or basis weight) of 103.8 grams per square meter (about 3.06
ounces per square yard). A non-limiting example of a fabric style using G75 E-glass
fiber yarns is Style 7628, which has 87 warp yarns and 61 fill yarns per 5 centimeters
(44 warp yarns and 31 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp and fill

30 vyarns; has a nominal fabric thickness of 0.173 millimeters (about 0.0068 inches); and
a fabric weight of 203.4 grams per square meter (about 6.00 ounces per square

yard). A non-limiting example of a fabric style using D450 E-glass fiber yarns is
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15 120,000 to 300,000 gram force per gram nmass of yam The fabric of the
present invention is preferably woven in a style which is suitable for use

in a | amypé@ebsyr an el ectroni c support or printed circui pchossobosuch as
are disclosed in "Fabrics Around the Wrld", a technical bulletin of C ark-
Schwebel , I nc. of Anderson, South Carolina (1995), which is specifically

I ncorporated 20 by reference herein. The | am nates can be a unidirectional
| am nate wherein nost of the fibers, yarns or strands in each |ayer of
fabric are oriented in the sane direction. For exanple, a non-limting

fabric stylg ﬁi@%%%ﬁﬁs a§dﬁ%s m&@m %.ﬁ&pb%%&%a&@ws@m@ 118

warp yarns a or we yar nsg centineters & warp yarns
and 58 fill ygasmngel? fillyaims perdeeh)7uses 51%0 1XEDS011/0) warand 4 yams| haps

yarns; has a_ho 0. 037

I nches); anf® mﬁ‘ %%Iﬂf;éhlgm éﬁ ?%gﬁ‘z@f’g‘%’g (Qlﬁ){l)t Bldfoblér?hgg)s?gd;g%%}c square
met er (. aboutveih 6f 4628 geaas per squma metsraakigut 13thoundes Pet saupreyardpl A noh- a
fabric style usin |be

warp yar B GRnG Exaple GFf176ns e e BRORE A Bss okt Sa$ s e whth, °F |
yar ns loe][ ibﬁfa‘il)l’,lcr)]u@e;s_ i y&nS&P&!)gGO(fHBK/ErnH&)‘Svmnﬂmemds (Saﬂéarggggwm 5efils a .
nom nal fabric thickness o ut in and a
fabric wei ghemgiPesligh) Uses s> ﬁé?‘g@fﬁwﬁ’é@@ra@ﬁo‘(ﬁn%hﬁ dl?ﬂ'ﬁ'é{r(?%%ﬂc squar e
yard). A noggiingks bﬂ@o@smhﬁt&%&é’od‘u@bme ifdhes ahalarfﬁbtﬁ?.‘lﬁ&g&cmzass f| ber
yarns is -67 W 01/09054 PCT/ USO) 20459 Style 1080, which has 11

yarns and 98rdms persauate metersabaiO. Hewicss PEOSUAD Ya'}’étr ﬁ§°tﬁﬁ'&f‘°4‘7"r?‘f'1‘$ yar ns
per inc le B3GR gé cgrja égg%ét%ﬁ% rggeﬁbom@rgwaﬁ%ei hins YOS Hfe 108 uhRh Hagriral

fabric t ters (Tabout 0021 i nches and a fabric
wei ght of 46uadp gammnpeas flloyaemseperdi eentn(rmerat(eq\nra@ yame aad A&l 08 Per yar d) .

o8, D SRS 2 %08 2 Uars A B R . s

is Style 108 r yarns per
centineters of BQ)GWaMumewms(aMLd 05002#iih¢hesy, andsa fpbnc watghp of ATsegramsed 1x0

(D900 1/0) warp and fil |l s; has_a nom nal e f 0. 033

mllimeters sgg&gu’f\et@r ”klrf\l“ﬁéjé’j‘cesaﬂﬂ' sauats Yard)- v@ ﬁ 'mﬁ{?’gfﬁgﬁiﬁgorqans per

squar e MEf efardlatye u@mZJZ:dWEQESaﬁ@DﬁQlEglass/wei)yam%nsStm 213 whiahihasng 10
exanple of a fabric style usin

f whi ch
has 118 warli8ywaRyamsangsi g ﬁllgy%,%s( P %g“r“%%?eéglﬁt?gwﬂ’r gart\%ansééé E" %ag(%ﬁs alng

47 fill yar )22 YRRE EHAO5 14 3X0 (45D ROl yarh; Hasr ns;
has a nom nrab%r?ﬁb)r |dgat§E|2(:2 nessz%alcg vﬂar?%ran l'1imeters (about :;0:%?? i nches);
A

and a fabri @ nnigakfabric thickeess af@ 0p2 millimgiess beut @ P03 hinghes): fiEes per
squar e yar d)eisht49 78l Jrakister S§G5RR! etF (dbout 2.30 ounces per square yard). A non-

20 limiting example of a fabric style using both G50 and G75 E-glass fiber yarns is Style
7535 which has 87 warp yarns and 57 fill yarns per 5 centimeters (44 warp yarns
and 29 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp yarn and 9 99 1x0 (G50
1/0) fill yarn; has a nominal fabric thickness of 0.201 millimeters (about 0.0079
inches); and a fabric weight of 232.3 grams per square meter (about 6.85 ounées per

25 square yard).

These and other useful fabric style specification are given in IPC-EG-140
“Specification for Finished Fabric Woven from ‘E’ Glass for Printed Boards”, a
publication of The Institute for Interconnecting and Packaging Electronic Circuits
(June 1997), which is specifically incorporated by reference herein. Although the

30 aforementioned fabric styles use twisted yarns, it is contemplated that these or other
fabric styles using zero-twist yarns or rovings in conjunction with or in lieu of twisted

yarns can be made in accordance with the present invention.
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15 fabric style using both E225 and D450 E-gl ass fiber yanms is Style 2113,
whi ch has 118 warp yarns and 110 fill yarns per 5 centinmeters (60 warp
yarns andve®1/besd yans per inch); uses 7 22 1x0 (E225 1 pQx/usae/po4par n and
5 11 1x0 (D450 1 /0) fill yarn; has a nom nal fabric thickness of 0.079
mllimeters (about 0.0031 inches); and a fabric weight of 78.0 grans per
square neter (about 2.30 ounces per square yard). A non 20 limting exanple
of a fabric style using both G50 and Gr5 E-glass fiber yarns is Style 7535

which has 87 warp yarns and 57 fill yarns per 5 centinmeters (44 warp yarns
and 29 fill yarnsnp@lenmbydihents e Sre€Sivitventid® sbhid) orvalirds tiyewarpayin th i@ 1x0
(&0 1/0) fill yarn; has a nomnal fabric thickpness of 0.201 mllineters

(about 0. 0078brig ¢aMaave: fibgraicoatediwith a firtiresin compatible 8izing COMA9SHion @ndr e et er
(about 6. 85 QICESaIRFthe APyatH'¢8A ‘ﬁaV@F gérs 03_5@8 QiR seRoh8 redis 8bmbafiier | C

style specification are given in "Specification for Finished
Fabri c Wvercoatingrdifferingifrersghe st mmnp%perar. the'secand samppsitien 61 containse

DSty tut & T ok 144y 8hé egnggrﬁnwh%qs BRGH AN WiribleRCe RS irtdritidr thd June

1997), which'is I ncor porated by reference herein. t hough t he
30 afor enentccmm:mehtstnf ithee ﬁrstyémag gempositiern; od (%aauonainSi at least oomcempbaemm t hat

th th f .t

coni unct i on 31 #ROGR e s EfeRs tHAE Rt s ine XAiSoctipd bt Edffabain. .

\C/)v:c t Phtehergggﬁtelﬁtstslgirglrdg:]rwmsntnoﬁ8 VO 01/ 09054 PCTI USOO’ 20429t Ihg an g;r})gdl:gﬁnt
have fi Ber s coat 2%9{%]7{"9 '}9"'4‘??9 U r &g *‘?b%ﬁé}gf’?%@%ggi %far@w&qqsiﬁgﬁr and
some or Bh! |ahiddie714 by comting dnalroripRghatary Wittt aiabitk matdtiap pﬁ@rsejw adesin

conpatible coating differing fromthe first conposition, i ghe second

conposi ti on ROlyMefilnfaeming azerm@a?@tlﬁﬂ%themwﬁmmwﬁmﬁt?@a'8 ABniThg| | y

different orcgihidshb or iaihdte 1k IOSitBR fof QPANENERcPENiE BpPdrt SAs B5&d Ng
conposition; or (2) contains at |east one conmponent in an anount which is

di fferent f rhafeinhilentronisisupport Haeanse stetweribattmechanicalesuRnorts @ng/ar r st
sizing conp aééthc?gioly ﬁ%r%@fnﬁéd?@el@%ﬂso %)lagncplgs inkl0Ge flﬁ.&? LrE ndtlifnifedto b&tVée‘jht 0

forma conposi am nat e ati ng | mpregnating wit
mat ri x ntd ereledtronis edmpariehts, passi 9lﬁs.trortr,c ¢ommrfeotswngtedrwcwtﬂpirﬁsgratedor

e oSt AR SRS e e VRIS BBy i,
support” rTeamSIudmglbutJMtlirrﬁteti lhé oty soakéty, retaining thpsoardl leat simkect ri cal | y
i nterconnects el e'ge I?erred embgg) Awgﬁtslo??lkeugr%sen lfr:[we% |gn gl(')e dlrec@-c} toda rte?rifo%(é{jl ve
composite comprising at least one partial coated fiber strand comprising a plurality of
20 fibers discussed in detail above. Reinforced composites made from each of the
disclosed fiber strands comprising a plurality of fibers are therefore contemplated by
the present invention. For example, one preferred embodiment of the present
invention is directed to a reinforced composite comprising a matrix material and at
least one partialiy coated fiber strand comprising a plurality of fibers, the coatirig
25 comprising an organic component and lameliar particles having a thermal
conductivity of at least 1 Watt per meter K at a temperature of 300K.
Another preferred embodiment of the present invention is directed to a
reinforced composite comprising (a) an at least partially coated fiber strand
comprising a plurality of fibers, the coating comprising at least one lamellar particle,
30 and (b) a matrix material. '
Yet another preferred embodiment is directed to a reinforced composite

comprising (a) an at least partially coated fiber strand comprising a plurality of glass
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15 el ectroni c conponents, passive electronic conponents, printed circuits,
integrated circuits, sem conductor devices and other hardware associ at ed
with suciwebedmsis including but not limted to connect oPET/E0wREES,
retaining clips and heat sinks. Preferred enbodi ments of the present

I nvention are directed to a reinforced conposite conprising at |east one
partial coated fiber strand conprising a plurality of 20 fibers discussed
in detail above. Reinforced conmposites nmade from each of the disclosed
fiber strands conprising a plurality of fibers are therefore contenpl ated

by the preggéds, the\atihg Bompiding ¥ 268iie o%ﬁ@hebémdommﬁtngqf) d he
present invention is directed to a reinforced conP05|te co I Sing a

matri x mat ePlusality afdiserets rattigles foemed frommaterialsselasted frRm oanigMateldlsr i si ng
a plurality |ﬁgr%%dé§’6ﬂgmehbﬁma?&ﬁélé r&am%ésﬁ@mférratwdaﬁ'xﬁrr%e&&qmp&% and

| amel | ar parti ving a thermal = conductivity of at |east VAt t .
meter K at aneduhsicionsmateridl diftensot framosaid plysaliy efcﬂ'wef@rﬁamﬂleﬁeﬁﬂd i) athe

present S“V‘FJ[Q eh?n rﬁwgfgfrﬁ%teh& ? @'d‘ﬁﬁfr&‘?ﬂatﬁﬁéipos' te conprising (a) an
at | east "partia yco s$tra conprising a plurality of fibers,
the coating corrprStrﬂlangttmt ptefersaed embodisent otthe peasentinegntiog s dirattedtp 2 mat ri x
Pt A iR S AE e e A S AREREEa by hlePAE,
conpri sing fwn@l-eln #d tejhforced campositetfrtiér éh‘m;ﬁraﬁsé residiie S0y élﬂ.%es fibers,

t he coating conpri.sin i

ares ue .of .an Sltl qn co ng (i) a
plurality offomPesitian Qg’BBPﬁ'?Q: & QlBrFWQOf%CL&F# éllp '5,95'? &g efr?age‘m organi c
materi ah®, selRefcdFrons ofganwméﬂeﬁa@aﬁnerga@icspolmémmteaalemmpdshts néetékid)é xt ur es
thereof; (ii) at |east one |ubrici ou? material diff rengrofrom sai d

plurali ty ofangdinixiugassthgeeofi(p) aldeasf ope ‘1'9'!°}°”§tm"§e"%9 resit &rom said P'HF?W’hg
Rt er i 3l ARl olebletdpibik XarP i st el 8K Rttt or red embodi ment of

t he pr esent I nvention is direc to a reinforced COI’TpOSI te COI’TpI’I Si ng at

| east one fiber dAnothet prefared smbodinend obtheiresentfveation is disested i ®r ced
conposite f n conprisin
(7o bl ur aenisiad GHMbdsRE SofeHiEy f4)5arat B8 BANERY ContERMBA Srphd | 0P L' "
from or d&ni comprisinga plyrality af ghus‘scﬁbﬂlsl Vlemdaﬁngraompms&mg;a residyecyianaqueces i al s
and m xtures_ther st [ |, di rent from
said plural icpvpogiﬁorabgr&\péﬁlggg rctp%gﬁo X%Egr’( %‘%ﬁt g"ttél% éjﬁl{’{sﬁs} or ni ng
material . Arichéte particlesiwitich nmmuhstharﬂnemweaamm doewrmtteb(oeedas di rect ed

]E ?bgr ;te Ir QLorghes hardngsss vglge 8P eas% om%l og azndagrllas%tf bleresagtt\d &?r ! I ¥na?en tIed

Another preferred embodiment is directed to a reinforced composite

20 comprising at least one fiber strand comprising a plurality of glass fibers and a matrix
material, wherein the reinforced composite further comprises a residue of an
aqueous composition comprising greater than 20 weight percent on a total solids
basis of discrete particles which have a Mohs’ hardness value which does not
exceed a ivions' hardness value of at least one of said glass fibers. '

25 An additional embodiment of the present invention is directed to a reinforced
composite comprising (a) at least one fiber strand comprising a plurality of glass
fibers, the strand coated with a resin compatible composition comprising a plurality of
discrete particles formed from materials selected from organic materials, inorganic
polymeric materials, composite materials and mixtures thereof, wherein the discrete

30 particles have an average particle size less than 5 micrometers; and (b) a matrix

material. In particular, the plurality of discrete particles are formed from materials
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15 conprising a plurality of glass fibers, the coating conprising a residue
of an aqueous conposition conprising greater than 20 wei ght percent on a
total sow@s/bmsis of discrete particles which have a Mher/userzasss val ue
whi ch does not exceed a Mhs' hardness value of at |east one of said glass
fibers; and (b) a matrix materjal. Another preferred enbodinent is directed
to a reinforced conposite 20 conprising at | east one fiber strand
conprising a plurality of glass fibers and a matrix material, wherein the
rei nforced conposite further conprises a residue of an aqueous conposition
conpri si ng odetédted fromaiondibavekpdridapterargaic ovateriatsotrrgasid palgmediamateriafs,

di screte particles which have a Mbhs', hardness val ue whi es not exceed
a Mbhs' har dM¥sBedtgxpandable,composite "3)?18"%?' ag'gi"af’db'fee?s‘g qnyt?ghe_dfg%om.

addi ti onal enbodi TROEoMpoidils Bf thE @Bhtiriga\untirési compatible edpoditiond used irf or ced
conposite conprising (a) at |least one fiber strand Qorrpri%i ng a plurality

of glass fitherfereapig esthosiients iraciedia 1§inforred FOMBRHISSCARIPE S IBrisgdram on
conpri si ng ayglddahd EdmpPdnentd larséﬁ_seol BBV, Gh& addifiérEt ompereriBES a18b e

selected fromorganic nmaterials, inorganic polyneric materials, conposite
mat eri al s anselested froecthose:rasiied abpue: ei n t he di screte 30 particles have an

average part | ol ¢ Bldierd iy 1iftenaiSERIRYAE BresPtinidiliof ibicki x material.

In particular, the pluralil Iscrete partic are fornmed from
materials - fFericsdtinda®tialBGlches diamesetting polyesters, vingrastars.-apoxides

expandabl e ofganic materials, 10or ' | .C I al s,

expandabl e c(ﬁﬁﬂ%ﬂ'?ﬁea ?%trqnglesp?ggﬂg&ﬁéaﬁ? %?%%qﬁ?ﬁeawgﬁ %ﬁktﬁ% faosr%%ﬁr%g@‘ The
fcormonenie oéthiefrofqaithydds aleokibls esthivls) pphemblids, amirmpiasts, theymesettiegl i n  t he
oregoi ng enbodi ments directed to reipfqrced co sites can be sel ected
from 5 the B?}&‘E’gﬁﬁnﬁ' Watwyes %iaQXBLE‘ESNSEB'O&a%'XQﬁﬁ? PFWa‘ﬁ W nponent s
can al so be f&ddhid. elreférfel MBXamAteRalS RSt feritElamitiztéefor printedicircuit badres i al s
useful in the present invention include thernosetti ngtsnaterigﬁiﬂ%ﬂ&gh as

t her noset t i ngrefdRyieRay sesing. whicheare pplfunclipnal BRXY TEEIBR EYFHAh st one
epoxy or oxi P@ﬁg?%@%?oitqﬂrésﬁ@ POViffiddstandidGia cRpste/gdlymedythel0 et hers of

pol yhydric a I ol s), phenolics, am noplasts, thernosetting
pol yur et hBnesomgesitianstdfwhichodreavafl knpwitp thasgskifjed ighe artd Iutherriplormatiolhy of

the [Oreqol Rhardihd bE EftnbBiiiond idRlcHetdset: EiBEwdr Maftial A E0LER™! ASM
printed circul oardS “are FR-4 epoXy resims, are pol yrunct i onal
epoxy resi nsirtembticrsal (1989 at pages| 534k637nwhiah éxdspegificgllyrinsorperatqsihyyiefereaee and

liquid crystgl | ine polyners, the 15 conpositions of which are well know to
those skillel®®M™the art. If further information

Non-limiting examples of suitable polymeric thermoplastic matrix materials
20 include polyolefins, polyamides, thermoplastic polyurethanes and thermoplastic
polyesters, vinyl polymers, and mixtures of any of the foregoing. Further examples
of useful thermoplastic materials include polyimides, polyether sulfones, polyphenyl
sulfones, polyetherketones, polvphenylene oxides, polyphenylene sulfides,
poiyaceials, polyvinyl chlorides and polycarbonates.

25 A preferred matrix material formulation consists of EPON 1120-A80 epoxy
resin (commercially available from Shell Chemical Company of Houston, Texas),
dicyandiamide, 2-methylimidazole and DOWANOL PM glycol ether (commercially
available from The Dow Chemical Co. of Midland, Michigan).

Other components which can be included with the polymeric matrix material

30 and reinforcing material in the composite include colorants or pigments, iubricants or
processing aids, ultraviolet light (UV) stabilizers, antioxidants, other fillers and

extenders. In a preferred embodiment, inorganic materials are included with the
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regardi ng such conpositions is needed, see Electronic Materials HandbookTM
ASM International (1989) at pages 534-537, which is specifically

i ncor por ateo/dyss ef erence herein. Non-limting exanpl es sETASVI25%

pol ynmeric thernoplastic matrix materials 20 include polyol efins,

pol yam des, thernoplastic pol yurethanes and thernoplastic polyesters,

vinyl polynmers, and m xtures of any of the foregoing. Further exanples of
useful thernoplastic materials include polyimdes, polyether sulfones,

pol yphenyl sul fones, polyetherketones, polyphenyl ene oxides, polyphenyl ene
sul fides, poiyweri mhtsix npenali Tpese imorganitayaterigls iestlydeeasamin raaterigls apd

preferred matrix material formyl at] i : R85 Xy
resin (conné??:tlag'f:lmftﬁr\')aﬁ’la&'f;lcg%re ?ﬁl%{ﬁ?&@ﬁ@%ﬁ?gﬂ Igrr?%)ltae?;%/%o SHOUe?'? @n,
;I’exas), d: cdewl déwv}gdel, 2]: met hylhi m dazol e andI DOMNOL PM gl ycol et her
commercially avai .e_from The em.ca i Of: YL . Lgan) .
Ot her conponent s -&}ﬁ %B”%é?\i pan Pﬁ&?%ﬁl&%a/i@ﬂrelgﬂ%t%goqyyéﬁ%%' gg{r%ar}?l?ﬁléy@b gr i al
|30ba_nd r tef; Nf R4t bMewywér@Im%tﬂx H??m rme,lsfbt exaimmtemhedismsseam R. Tummalgnent s,
ubricants or processing_ aids, ultravio i zers
ant i oxi dant s(Edgt Mg oglegtranics Packaging m‘-éf" I(Léags]ﬁf é%%&éfchéﬁ?,
| nor gani ¢ ”ng‘ae.(:fﬂeén@ iﬁ&&p+a€édw§ﬁl@faveh&b fhétgin. -Mdre\§en@adiip AMeppECdr USOT 20459
pol ymeric matriXx tertral. These inorganic materials |Include ceram.c
materi al s anebntineeus fibe sirandrsinforeingdnatedal FapdesdisRarsedinthe MMl ani ¢
material s descyi | i 2Bk idavi e di and
| mpr egnat ed%ﬁﬁ%idﬁg st ﬂ%‘?gg}@ggéqaee;&n%éﬁ 15'2‘&545 gg)[néég% t héagglﬁsﬁg‘r%?c mat ri x
mat er i al 10 16reirffacing raatptial geaerally everdy ddoughomt thepabemeric matgixymaterial. For

M croel ectroni cs ,Packaging. 5 whieh.ar e
speci ficall ye’f%?'gﬁ? 5%’%@&6"?% g&i@ﬁ%@éﬁ@?é‘?ﬁéd W?Sﬁ’%’a?ﬁ?‘f‘%ﬁ'ﬁgd or
conti nuous fiyoary Bidridatcall &ithé compogentatenduaientipor saquentigdlyr sed in the matrix
material by hand_or any suitable aut ed, feed or m xi ' [.£h

i stribut es tho 157 BAPBRE AR PL] TEaRLHERTFL B e 15 R Smeei e

pol ymeri c nmagfihmhidded 214 BY a vEREty of KestRdd3, whitie areadaplententngponesueh faztors as be

di spersed in the polyneric matrix material _ by dr btJ enﬂi%ﬁn all of #he
conponenl & ctedvre efalymeric raaliyatedal uped TRar %ﬁﬁrﬁfﬁ%r PEaREMeReHes BRI 716
and strand c e BRASA b corfbreksiBh birfeclidd nkiiding,vari ety of
met hods whi ¢ ?j@"ﬁ~§ﬂ%ﬁ“&&8§#@&ch fa%%%rgreas 15 r{j’ehel t%/iﬁe "ggf ’l()O| yneric

matri x mat er putrusiemdilarment winding| handrlay-up, sPray-#pEbY shget Mmalding or bul
molding followed by compression or injection molding. Thermosetting polymeric
matrix materials can be cured by the inclusion of crosslinkers in the matrix material

20 and/or by the application of heat, for example. Suitable crosslinkers useful to
crosslink the polymeric matrix material are discussed above. The temperature and
cuﬁng time for the thermosetting polymeric matrix material depends upon such
factors such as, but not limited to, the type of polymeric matrix material used, other
additives in the matrix system and thickness of the composite. S

25 For a thermoplastic matrix material, suitable methods for forming the
composite include direct molding or extrusion compounding followed by injection
molding. Methods and apparatus for forming the composite by the above methods
are discussed in 1. Rubin, Handbook of Plastic Materials and Technology (1990) at

pages 955-1062, 1179-1215 and 1225-1271, which are specifically incorporated by

30 reference herein.
Additional preferred embodiments of the present invention are directed to

reinforced laminates adapted for an electronic support comprising an at least
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material, the conposite can be fornmed by conpression or injection nolding,
pultrusion, filanment w nding, hand |ay-up, spray-up or by sheet nolding or
bul k ok pgodesd | owed by conpression or injection noldi nger/iBeum@setting
polynmeric matrix materials can be cured by the inclusion of crosslinkers
in the matrix material 20 and/or by the application of heat, for exanple.
Sui tabl e crosslinkers useful to crosslink the polyneric matrix nateri al
are di scussed above. The tenperature and curing tine for the thernosetting
polyneric matrix material depends upon such factors such as, but not

limted top,kiifly bhBRdMbrRUoriHsing dTiddst $néBbét strahd Ui‘sedsse@tuhelétallfaﬂﬁvél ves in

the matrix system and thi ckness of the conposite. For a therm)F)I astic

matri x nat gihual reinferged mléatﬁéq%@g fopan elg 'gsvmﬂ 'Bﬁﬁ’ﬁ)ggmteé’cf’rﬂf
di rect nol gl'isr&%sgﬁ f; SJs Hb?ﬂg @@é@ﬁbr’i@f gé?lsllrQH‘@Qrebﬂ‘leié%rﬁ%h@hplé‘@H@y

Met hods and apparatu ng the conposite by the above met hods are
di scussed ithme bresant)lnnentldan&boekamplepblaﬁspﬁetermmb%'@e@trﬂi fhﬁaéﬂ?ﬁ@l‘fogy (1990)

at pag 955-1062, .11 1 1

i ncor po‘rgzlt ghyon %d'Feé‘Zeedrté% 7 %Fq%%ﬁa%ﬁé% %dagnalfgﬁﬁlg?t?&ﬁgé di mant s of
tlhe preSentcohfpfemblwmaﬁixen@tendm&rtaiIeas&nnépamalty d:aaatédlﬁ!bae cad'@psuad ator an
el ectroni c support_co | east _-72 VW) 01/09 20459
partially é?%ﬁteﬂefgﬁ?ggar@o{ﬂ?r %C%TPF%Q%?"(?F%"P%’ é‘gﬁgﬂﬁm&%ﬁed in
det ai | aboHarticldd Waving & tHenPareshduatiityaf at leestor Wattper neterek ata r oni ¢ support

de f h of the_disclosed fab t fib
St rand ar e ERBRGtED MK oliph AT BT BoRRETr B EREUS EATPRIP® MAF % anpl e

one pr §fger rrﬁ&n? mghéﬁ“fhe%m?&éed)faﬁﬁﬁé’té adapted esHdnteledtfontl é@bﬂd to a _
reinforced Iam nate adapted for an el ectroni ¢ support co rlsm&rce trix

material and an /An additienal embogimant of the Rf%%&"\éd“’?ﬁ is dirgeigel it A fgin east
one T ber Sihiafe ablifed AR hUedRHR! dup) 04, he iR orfAEGNANS it | anel | ar

particles having a thermal conductivi | east Watt per neter K at a
t enper at ur anaterigpand at least dnemqmedegéﬁamh fabm commlrtgo%tthaaﬁg one fieemgieandpl e

o oy o otk ol R LY AR PSR SRRRL
di r ect e t aha niattix fratariatlin daidreirforeed daminete zfdaptealrfoe‘sa;deleottomcwpmt t he
fabri e comptherstibodibad ol B pissEhineiians Ry o LR o RRS fla PO°2T
| east one falupted forshRcRoRie@uppet, Whe Binihste comprising(#) avmiatrixirhaterial, amdr i x
mterial | n(b? 2t| lgagtetlmrgfg!r)r?f c(:jonl'igrrlrs].n{]ga;teiegsq% te?'ge:f gtltan%aaln% healvgan%tar r?onrl1 ? mshlﬁg ort.
resin compatible coating composition on at least a portion of a surface of the fabric.
20 As used herein, a “non-degreased fabric” is a fabric that has not undergone a
conventional fiber process removing non-resin compatible sizing materials from the
fabric. As discussed above, heat cleaning and water-jet washing, in addition to
scrubbing are examples of such conventional fiber processes. As used herein, a
“non-finishing” resin compatible coating composition refers to the resih'cdrripétible
25 coating compositions discussed above that are not used in conventional fiber
finishing processes. For example, a non-finishing resin pompatible coating
composition refers to the primary, secondary and/or tertiary coating composition
discussed above, but does not refer to typical ﬁnishing sizes made, for example,
from a silane coupling agent and water, and applied to the fiber after degreasing.
30 The present invention, however, does contemplate a coating comprising a resin
compatible coating according to the present invention with a finishing size applied to

the coating.
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Anot her embodi ment of the present invention is directed to a reinforced
lami nate adapted for an electronic support, the lamnate conprising (a) a
matrix nmwteoi/@bs4 and (b) at |east one fabric conprising RCTiUSeB2048me fi ber
strand and having a non-finishing resin conpatible coating conposition on
at least a portion of a surface of the fabric. 20 As used herein, a
“non-degreased fabric" is a fabric that has not undergone a conventional
fiber process renoving non-resin conmpatible sizing materials fromthe
fabric. As discussed above, heat cleaning and water jet washing, in
addition to scrLWJ%tngmégr@u@rnﬁwmaftwumrpremmnmis direpled tprocesses.

As used herein no hi ' 1 bl
afers to 1 Hesihedioh iR PENGADSoraisgan fn SEonpoE L PRTE oty SR TR Rehed" |
are not usedcdnqbr%q{bvtﬁgrstébg%f fiber finishi ng pr ocesses For exanple, a

non-finishing resin. conpatible coatin Slt on f t
secondary and/ or taertlabtylnwaafab@iceeaﬁse °’°8 "é?g'r 856"8\88 ?QJU{% mary,

not refer hd & 1eddtBng i erﬁé&ﬁﬁrsmy@ | Fty GPBER dhd hdvirga frsbidsin
coupling %gen%w?n% e eﬁn Q I ?He fiber after de“yrhe,assl n ngo The

present i nvecumpntl,bldfmaﬁngpn aﬂmpééﬁﬂ@ﬁﬁfﬁle@téﬁﬁba'ﬂ? flyyarpApdia % esin

conpati bl e coat | (] hi ng si ze

applied to YA® )%g%t% fg’ﬁgﬁgh% %al&?ﬁ 586§§§H& h?ﬂ%@%gﬁh{)dge%ﬁnﬁniﬂedrﬂ b%r ef grred

legtr)npg;{rgn; oéodthg_anaimstaipnubntdfme atdeast opewad Y&Na net hod of fornming a
ate for use iR an ectroni.c t I |

conprising the ste&ps of® ees;t)pagtﬁllg cﬁ&?@o& l?él.gg dgﬁ?gadg{&éedfa{%gc ?@f‘%ﬁg?@é an

el ectroni@ swapsal rdsi:med by 5 weaving at least one fill yam conprising a

plurality of flbers and. havi first
| east a portion ofSthe? 'Paiske%g'ﬂg]éfﬁé'r'?g ?'13 ijfjﬁaﬁt é%@@é¥g§% %gélckam\g\'/ﬁ%pat arn
ggg}[olr |n;| ng aP,pel ‘ta éryaﬁatfl berfs aﬂd havi ng a second resin conpatible

on at least a ion of the at |
partially coating(dt | ﬁn@na@mqrwrswrﬁ%gs*aé{g%efem%f‘gh%%%?ﬁ brb'"aéfol eas!
mat eri al resbaaptéﬁ)foreﬁse "¢ elé@foﬁ.‘i@édp}l,oﬁurl ng the at least partially coated
fabric to for ayer | am nating two or nore %Egtregg

| ayers t oget her td hé@ompand%ramoﬁﬁleématlmﬁp‘ﬂs@é in He TQEqgoing gmodimegts
erjrgggir J;ren% g h&eérﬁf)rggg Nent SteQcah B8 seRidd o HiebatiRg tbRpbRéms QisBlssed
above, and additional components can also be selected from those recited above.
Additional preferred embodiments of the present invention are directed to
prepregs for an electronic support comprising an at least partially coated fabric
20 comprising at least one fiber strand discussed in detail above. Thus, prepregs for an
electronic support made from each of the disclosed fabrics comprising at least one
fiber strand are therefore contemplated by the present invention.
Another embodiment of the present invention is directed a prepreg for an
electronic support, the prepreg comprising (a) a matrix material, and at least one
25 non-degreased fabric comprising at least one fiber strand, at least a portion of the at
least one fabric having a coating which is compatible with the matrix material in said
prepreg for said electronic support. Yet another embodiment of the present
invention is directed to a prepreg for an electronic support, the prepreg comprising
(a) a matrix material, and (b) at least one fabric comprising at least one fiber strand
30 and having a non-finishing resin compatible coating composition on at least a portion

of a surface of the fabric.
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to reinforced | am nates can be selected fromthe coating conponents

di scussed above, and additional conponents can al so be selected fromthose
recited stwygosogddi tional preferred enbodi nents of the preesemsod/zedsnt i on
are directed to prepregs for an electronic support conprising an at | east
partially coated fabric 20 conprising at |east one fiber strand di scussed

i n detail above. Thus, prepregs for an electronic support nmade from each
of the disclosed fabrics conprising at |least one fiber strand are _
therefore contenplated by the present invention. Another enbodiment of the

present inventiomd sodlie! g@tmln;ﬁm@hgmmga éaytmgglusez! malhé mnegnlmypport t he
prepreg conprising (a) a teri and st 0 non- greased
fabric conpreinsbqwna@twcea?e s@??étqq@m "&q ?%89 Ca?‘PP'é ﬁcﬁﬁef?’ 3BV %f he at

| east one faly ﬁ nBEHEbranfERn d6b Bhs@Bctes froRthedd &acnedvalbesvet he matrix
material in sal prepreg for said electronic support. Yet a,n?:t her

embodi ment of t hdnprrasigar nandimiting gmpadigepkefthe, 'WVS"%P%?@M"@@ %58 an
el ectronigc %%?rﬁ%%fte of Qﬁauﬁ’ét@%@%&tﬂi&%&ld’@& |ﬁ\%}eg?qa{83\ﬁnlﬁ<a @EBI‘hSéﬂltﬂé madid ( b)

at | east one I'c conprising at |east one ber strand 30 and having a
non-fi ni shi rrgateeahM%Jﬂpampmmlamf@bﬂgcﬂbﬁ*?ﬁbﬂetsﬂeﬁe@ﬁ’ W?@'h%ﬁe‘{a"fport i on

of a surface %Héé]?ollfs%) fe!a\:/e a r%%aélﬁgec? %@g?ﬁﬁﬁ nPaq_)( ng%f) ?%ﬁé%neé‘?o fﬁbﬂvaﬁ"r the

corrponent S (ﬁ‘ coatl ngs use oregol ng e di rents can
sel ected frcmdtmumwonm trenfoom eh & senicsicacssubstralecrpreprad. Aacﬂacrtr’qaﬂnl

none i 4§ naeBRRNE R 2P SBhEe AR lRh RO AR s Ien b g a2t B Bemdng B
| am nat e #B1Qn akhniEe $o Bébliéc@sé’é%éldm iretye apecifisstivn, and:thamaéprbg & aunéd tox

material 814. The inpregnated fa can the d betvve n .a set of
met eri ng roIfPQ“?B el'@éf\?@'“é%ﬁ@@ﬂg m?Ct%? Yrﬁ?‘?‘?‘(&y AN 3§ dried to

forman 1563?rh€ntsé¥ﬁﬁé’ frivehfiod, BfAd ndretyically fFFthe féléfc&dni‘élsbﬁpdirﬂhﬂuﬁfy
prepreg. An ectrically conductive |layer 820 can be positioned along a

portion of atwmen@@:w%ﬁregﬁéf%@%m'@@d ;“L’Gh PhRe gr WQ%%'FW‘SE"H&%F’%@WEM%M ow
in the speci J,{(ﬁ%}n'.r@?e a;g,gtrﬁeggppkﬁerdqgu'nﬁarﬁ\t& ol kﬁowrfn & (Hodd sRllFihtRe b,

support 818 W an e conductive layer. In another enbod i ment
of the itenbifom aamdtiayered emroallclsyppw t Fer Q?qaé‘@!er bt eotdinpling theipreresit ry |

t t
| ayers and isiRg: 0a WOy REck R Yol pnffedty BRLFUR G B, Kebe ' °
skilled in thsished stedbplatesf atrelevateditempesateresdindipcessucess for 8 ppgsisterminast

R . P o o P8 AT bR A1 Wb Tl 2k con be

thickness. A portion of one or more of the prepregs can be provided with an

20 electrically conductive layer either prior to or after lamination and curing such that the
resulting electronic support is a laminate having at least one electrically conductive
layer along a portion of an exposed surface (hereinafter referred to as a “clad
laminate”).

Circuits can then be formed from the electrically conductive layer(s) of fhe

25 single layer or multilayered electronic support using techniques well known in the art
to construct an electronic support in the form ofe printed circuit board or printed
wiring board (hereinafter collectively referred to as “electronic circuit boards”).

Additional preferred embodiments of the present invention are directed to
electronic supports and electronic circuit boards comprising an at least partially

30 coated fabric comprising at least one fiber strand discussed in detail above. Thus,

electronic supports and electronic circuit boards made from each of the disclosed
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polished steel plates, at elevated tenperatures and pressures for a
predetermned length of time to cure the polyneric matrix and form a

| am nat e Vo 0HOWE$i red t hi ckness. A portion of one or norePE/US®2G5&pr egs
can be provided with an 20 electrically conductive |ayer either prior to or
after lam nation and curing such that the resulting electronic support is
a |lam nate having at |east one electrically conductive |ayer along a
portion of an exposed surface (hereinafter referred to as a "cl ad A

| am nate”). Circuits can then be formed fromthe electrically conductive

| ayer (s) of fatiies compsisinglatldaatene fiver strand aeytberedorel cootempiated dygher t usi ng

t echni ques wel Ie Eﬂ%\ml in the art to construct an electronic support in the
formof a plpﬁﬁg CrPeLt board or printed wring board (hereinafter
collectively ref @momértemtﬂﬂnrﬁ@it@tthmesem invention isadiredted)to ahdsledtionital

ferred embodi ments . of t 9 | ect
Clippor 5. anddepbenmRang 4 2 HeSEaK s dEHEr et AbfarbRbrGael Rasfankc [y 50

coat ed f &or fipecstrandi &i 188stad pdreas bf B &t [dabEdneshdrpdegrdased fabed havingat ai |
above. Thus, electronic supports_and el ectronic circuit boards nade from

each of t he ca7tNG WRiER is compajipleywitna matripmetariah @nddRket least Bne Ratiy npr i si ng
at | east onegndiedsiionSit 'i@d&tia%&dnfm rueef &118ast ORE P48 Btk Bikctrdific SBERREMn

i nvention. Anot her enbodi ment of the present invention is directed to an

el ectronic a§d‘ﬁ9©ﬁ'@"@hﬂ¢ﬂﬂ¢'§llﬁ§'f?@9d tran elagtronihBURRATL eRsRprising-@) ALisASt
conpri sing %Eei?% %}ﬁlsuﬁ 1%k ond FiBEHtral ahﬁ%%tllnﬁ PR- ﬁr‘ﬂ F?& réshﬁ at | east

one non- degrea I’I C avi ng a coati ng I ST conpat I a mtrix
mat eri all;0 andnmlayblatcoama;omltmtqna{t Ieas&amortwln afra wrfacemtheafapm,tandn of

the ot | 2l iedsd Bhk Fydy el 540 BILG SURBPEF e 3B1ectithd KBAEln ne

enbodi nment 0 A At ronrc.s conprising ea st
one fabric elsghonisisagpat. | east one fiber strand and having a non-finishing

resin 10 conpati cQnmposition _on grtion of surface
o the fanrior it anggeLempaEent hhe preienl e BitF s SrRtat P atdmnu Bt 1 on
of the at |$@ﬁln§)§ﬁ?efe%bbhlﬁ suppdrti@he RlefdrcdMprisiditR@steps Gt  anot her

enbodi nent of the present. invention is directed to a nethod of _form ng an

el ectrori% suppor®) t mbtRING dfabdnpdartedie reinderee éB?'?ﬂtm"'fEFUPB?"mdrﬂyng a
fabric adapigiving dt fddat 8A& A ?&n%ﬁﬁin&iﬂ@'acpléﬂé ‘b??bén%rdm%amhg ARV feth at

| east one fill yam conpri sing uralt?/ bers and having a first
resin corrp@PmPIatéblé@aa ingyorpat '§§Stlaewl°fh° ﬁb?tat l@ﬁswnq filkyatp and gt ieasheng i | |

yarn and at | eashOnprising a plurality of fibers and having a second resin compatible
coating on at least a portion of the at least one warp yarn;
20 (b) at least partially coating at least a portion of the fabric with a matrix
material resin; | ‘
(c) at least partially curing the coating into the at least a portion of the
fabric to form a prepreg layer; and
(d) laminating one or more prépreg layers together with one or more
25 electrically conductive layers to form the electronic support.
In a further preferred embodiment, the at least one fabric and the at least one
matrix form a first composite layer in the electronic support. In another further
- preferred embodiment, the electronié support further comprises a second composite
layer different from the first composite layer.
30 An additional preferred embodiment is directed to an electronic circuit board
comprising (a) an electronic support comprising (i) at least one non-degreased fabric

comprising at least one fiber strand, at least a portion of the at least one non-
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warp yam conprising a plurality of fibers and having a second resin

conpati ble coating on at |least a portion of the at | east one warp yarn; 20
(b) at |wamse1/as4ially coating at |east a portion of the Pabusae/2mich a
matrix material resin; (c) at least partially curing the coating into the
at least a portion of the fabric to forma prepreg |ayer; and (d)

| am nating one or nore prepreg |ayers together wwth one or nore 25

el ectrically conductive layers to formthe el ectronic support. In a further
preferred enbodi nent, the at | east one fabric and the at | east one nmatrix
forma fi rﬂégmsposéune hagingra c'coatingavmreisk:ompettblewhlparmatrix maderil.reet furt her

Composi e (D) aarhpné el meiegn] oat FRrid porlamaiahe & pagee el B80T onal

preferred gkedhickitbpors dﬂidf(ﬁyb@dle‘cﬁoﬁlﬁalwl MduEtvE tayet, 1thel slippoerarst theonpr i si ng
(a) an electronic support conpri si n%] I)F at Ieast one non-degreased fabric
conpri si ng calfldw@agﬂay@hee'ﬂs GSPtaglefddﬂ e glectronigeircdit BgaRd on of the at | east

one nong-76 WO fNrfQ&ﬁ%aP&%b&ﬁ%@hemc@a&eraﬁmdofuaferrb@t bl RBmprisiAgt | g

WhIChIS conp ble wth a matrix material, ad (i | east one matrix
mat eri al ona)aan eleatmmesmqm EmRssingn@ atdeastaae fabFie cemprisieg Ahlepsicone

el ect’ oni ¢ gBUp ﬁdarﬁgﬁy& i) a A FhRG FBLIA Shinba R Edtink EerrioB¥fibn ohfa SUPPON !

and t he con el ng cont |ne Int ronlc circuit board.
5 An addit ileasab pontiopdifrassurface ofthecfabeet and (a)ratéeaét:ome)matﬂxahateualtorb@tar d

COMPr 510 et 3Ry 15 B 4R PHISHON St phdiere [

conpri sing avin |n| h|ng resin
conpat il e embhrmglly:wndusinle layerothessuppbodant the prmducm Ieverdpemgctqmaaned t he

fabric; and &P%’a} % trix material on at |least a portion of the
at |east offe ee&oquchcqug tronic support; and (b) an 10 electronically

conductive | ayerip atfhﬂhérl{m?@frbd%mbdd\ﬁempmﬂmédtmw a:ymuctnm Iagemsnt ained in

the electronic circuit board. In a furth fgth Eeferre qrng ﬂ’@é‘é’ﬂ‘

el ectri cal IPQS@BH%EFJ?G@W%?&P'W" RRstien PiAe §lectpPRIE SHRP '8 anginer furthesor ¢ i on

of the el egﬁ% fred e?dﬂblal?r‘iént tha atshehe fa&.&laﬁathdméa@t bR niiOdimRMirst t he at
r

| east one IC and the at |east one matrix forma first 15 conposite

| ayer. 1Bn &aowesite aypodnmeether embodinaent, hgielecrapip SuPPaTt fUrther CBRNESRs a
B oo y B M b MR AT ko mae SR
sel ect ed peiedtricallpfcondietive fayer is positioned adjacent toa selected portion of the first
and/or second composite layers electronic support.
Another embodiment of the present invention is directed to a method of
20 forming a printed circuit board, the method comprising the steps of:
(a) obtaining an electronic support comprising one or more electrically
conductive layers and at least one fabric adapted to reinforce the electronic support
formed by weaving at least one fill yarn comprising a plurality of fibers and having a
first resin compatible coating on at’least a portion of the at least one fill yarn and at
25 least one warp yarn comprising a plurality of glass and having a second resin
compatible coating on at least a portion of the at least one warp yarn; and
(b) patterning at least one of the one or more electrically conductive
layers of the electronic support to form a printed circuit board.
The components of the coatings used in the foregoing embodiments directed
30 to electronic supports and electronic circuit boards can be selected from the coating
components discussed above, and additional components can also be selected from

those recited above.
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and/ or second conposite |layers electronic support. Another enbodi nent of
the present invention is directed to a nethod of 20 formng a printed
circuit hwandposshe nmet hod conprising the steps of: (a) obtreTruisog2es9

el ectroni c support conprising one or nore electrically conductive |ayers
and at | east one fabric adapted to reinforce the electronic support forned
by weaving at |least one fill yamconprising a pIuraIity of fibers and
having a first resin conpatible coating on at "least a portion of the at

| east one fill yarn and at 25 |east one warp yarn conprising a plurality

of glass and havi fidesireic apetlre€si Hole® (s iebdreedto as 'vigs™poarabe Farened imtheor ti on
of the at | east one warp yam a east one, of the one or

nore el ectri @aﬂrqm%msﬁ-n t9@"°‘fvé?feélggt'iﬁc?a?f'{ﬂ%rc%'?'@gf"?rb?ﬁ’t&’egﬁ65%%'&5 899ror m a

printed ci rc rhp&HeRAton dibbsiaraRrraesd & tRé elddfomio alippods by anyl comvenient f or egoi ng
enbodi rrents Irected 30 to electronic supports accj.‘ el ec éfromc circuit

boar ds can bmaswdmoya in therat. fircluding bytqot iptedtednechagicatdnlind Andfase!,  and
addi tion CQF ; Or eqg f LRRORIB0Ieridedhidbgrat - 77
WO 01/ 09054 W@@@%@%&g@él? ftgg{fgg@ﬁgpgﬁ taE\(rEéBgrtor hal es ;al SO rgf erred to
as "vias") cleastuneflayersi@62 of tabec 18126t analeetranippénpog, 1056 of theRiesent
electrical inleheanngeldlon Rﬁ’z"&ﬂi};rﬁgé Eb'étIa& fiB&1Ahds ESAPRNTS A PIRAIPBPOST NG
surfaces of YHE"& ectToni ¢ su conveni ent nmanner known in the
art, includi gtgsbtlberachhwhg mla)esd trnat lsmtmtlbleal\hﬂﬂtia varigty, gf pelymedg@atrx dril | i ng.

(Yo} f f F h
At 1 oast onBateril SSaEN i T fopighane APerE 1A RickiRicRHbRET 0581 D
the presept bfit(&félﬂl if i‘egls]:fﬂ‘yamfrﬁéﬁ aperﬁ@é &ammmah ppaeaillls; satkds fidrill bitst064red s N
conprising a urality o er av a.la onpat i bl e
Wi trrﬁ asvagl elagebﬁ'p pm%ﬁ%qﬁueegﬂrﬁﬁﬁ% "?Féf@l“?”ghfg%@'?rb tofﬁ@? 3< lﬁa& OEB'f orm ng
the aperturepl, Qﬁﬂ?ezeéfﬁ?sﬁrfcom@ By PG tusiHRthe il msmﬂas_teroned in regl stry
with an aperture form ng apparatus, such as a bit 1064 o ﬁ%‘ié}'ﬁ tip

The aperture 1060in8 Pfo?«r emh%wgnt gheplaminas hiﬁﬁéeﬂf’t'?% stgpcqa a8
| ayer 1062 ?T%Oé@p&b% thjrglgé\ +’¥tagk b“ﬂ né@; '&gafhhfé dé'hélgj ofl§¥HbI&Y péraszbre | N a

preferred e amnate devi ati on stance after drilling
2000 hol &5 t bemtimgten(400 holesper Sqlllaim"mm éBd archip inagd of QRRLYity adk4&DMho| es per

VS o' 3o TIbIGReRLok Al \uRuEronng o o Blbpno iy 8. 2 4, 00
than 36 ni cr agditienal erﬁbodment adellammatalhasmmmdr% weahaft¢raiﬁlwst2@0ﬁéi@leé drill
tool % wear (ﬂrgggrh a s acl< oP g Ia%g)qugteg 2t §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)
20 diameter tungsten carbide drill of no greater than 32 percent.
In further embodiment, a fluid stream comprising an inorganic lubricant is
dispensed proximate to the aperture forming apparatus such that the inorganic
lubricant contacts at least a portion of an interface between the aperture forming
apparatus and the electronic stipport. Preferably, the inorganic lubricant is selected
25 from the inorganic lubricant described in detail above.
Another embodiment of the present invention, is directed to a method for
forming an aperture through a layer of fabric of an electronic system support for an
electronic circuit board comprising:
(1) positioning an electronic system support comprising a portion of a layer of
30 fabric comprising a coated fiber strand comprising a resin compatible coating
composition on at least a portion of a surface of the fabric, in which an aperture is to

be formed in registry with an aperture forming apparatus; and
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through a stack of 3 lam nates at a hole density of 62 holes per square
centineter (400 holes per square inch) and a chip load of 0.001 with a

0. 46 nmm Mo Olk@osach) 20 dianeter tungsten carbide drill oPCnwsgrmaser than
32 percent. In further enbodinent, a fluid stream conprising an inorganic
| ubricant is dispensed proximate to the aperture form ng apparatus such
that the inorganic |lubricant contacts at |east a portion of an interface
bet ween the aperture formng apparatus and the el ectronic support.
Preferably, the inorganic lubricant is selected 25 fromthe inorganic

| ubri cant descri Hadforming@nanrertypindhe ragion&f thenByriiaffahricof t he present

invention, is dingel ednlBoR of e Bfrlifs, aﬁﬂe%ﬂ&e&ﬂg@@ﬁc{oh&ﬁ&iv&'E'r!iéwr%l i@ |ayer

of fabric of an el'ectronic system support for an ronic circuit board
conpri si ng: depdsitedsint thewallg ofithecapeciureor the apertena is fikgsowith analeciricallyy a

portion of al r of | sl . |

conpri si ng gop@%ﬁwe &%@%q f‘%)ﬁ%‘"é%%% qh@%&r}glggﬁ"fc' ?Igﬁtggcﬁhggﬁ{og:otse?ﬁ% p%nret i on of

a surfacé& ofor tivee Bhdetrically condubtivhlagersgpetrshome in §ig. d0) drethecsunfade bfitheegi st ry

with an aperture formn aratus; .apd.- 78 01/09054 PCT/ USDQ/ 20459 ( 2)

Formi ng an asaroncaupnoR 855 3hdph Reastinelitny She 1SR SXieraRARAN { of rat i on

of the aper tfto@gh ofehtdiltholige tikcélettestid yumnchmvdr\pﬁnfwtmmaboérai thétszppsi |th
an el ectrically

on the walls of the aperture %rggthe aper thre is filled vvitg

conducti ve #aPoeiexposed 9%1919& Rusy e?é’%] .ereéactgqngbqqqpeg@n for BF'Et_SHneption
bet ween one che@f hdEE Br ey dahi verddnypletel Bufibl YEcOMNIAES withiRlthe BRRoni® Fi g. 10)
on the surface of the electronic support 1054 and/or heat dissipation. The

vias carl Qextsupeorband/preirapit borch(iguriestvidt i rel y through the el ectronic
support and/ or per@é?é’ctﬁéaﬂl?‘ébﬁ%Mi?éﬁ’arYS}g?dsh&ﬁﬁ‘i g%@é}?ﬁéjf&ﬁweﬂz?? #y both

surfaces of the electronic”support ar printed ~ci rcurt board”or they
can be conplinstbod vell keownto those skilediinthe artn Fionexamplet busmot limiting thepor t

and/or circuit boar "buri N . el ri I ' 820
Shoun i 1 Fi §ressneavenory e @Ay condBiR G cbf B ety ebnsing B 0
the art. Forsheatesrfbicof metallicohaterialidntongt least a porticreofta side efithecemiichred or
electrically conductive l-ayer can be forped by |amnatin thin sheet
Foil of Wbt SHIGRLTREIe S RIe, /A8 21 BLeaEve, Y el NtAIY sonfyrdve fayer gi be

seni - cured qsrmicd BPdetsbsRing [ 18Perdt nmersllic) Aateriafontorat Mdsta paition ©f atsitR of

el ectrically conductive |ayer can be fornmed by depositing. a |ayer  of

netal lic natte® F%IF‘"‘E)‘HE@%PU @&?prﬁgﬁbmiBﬁedﬁ"‘g "!ﬁ' omn.tect: e chding g or
cured prepregt Rt lInft8dalefecidiyRie phitihg, de@rdledstitiNgBrapultélilgy détdlic

materials suitable for use as an electrically conductive layer include but are not
20 limited to copper (which is preferred), silver, aluminum, gold, tin, tin-lead alloys,
palladium and combinations thereof.

In another non-limiting embodiment of the present invention, the electronic
support can be in the form of a multilayered electronic circuit board constructed by
laminating together one or more electronic circuit boards (described above) with one

25 or more clad laminates (described above) and/or one or more prepregs (described
above). If desired, additional electrically conductive layers can be incorporated into
the electronic support, for example along a portion of an exposed side of the
multilayered electronic circuit board. Furthermore, if required, additional circuits can
be formed from the electrically conductive layers in a manner discusséd above. It

30 should be appreciated that depending on the relative positions of the layers of the
multilayered electronic circuit board, the board can have both internal and external

circuits. Additional apertures are formed, as discussed earlier, partially through or
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but not limted to electrolytic plating, electroless plating or sputtering.
Metallic materials suitable for use as an electrically conductive | ayer

i ncl ude o omwodsnot 20 limted to copper (which is prefepcedspo/missover,
alum num gold, tin, tin-lead alloys, palladiumand conbinations thereof.

I n 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 electronic circuit boards
(descri bed above) with one 25 or nore clad | am nates (described above)

and/ or one ebmpistely mrepgletjjle ks tor dllowcklecitical intercomnegtion pelveendbe tayersal

Cuppor t 1 0Pt SsargR ook K5 oiE Ba APpi=saAARONEea i shlefy€ cahae! ©

support o]y an exposéed sl

nul ti | ayer edoflecsicrardsctthal extend cdmpletdly tﬁmughernmstnm,turef sgree @perufes thai t i onal
circuits can be f

di scussed al§¥tgad Q’w %ﬂ@k&ﬁ%tgg Shélf@fci‘gﬁ réJd&f ggﬂg%g%ﬁlaﬁ gyeg!r;]&f'ﬂgter e Irr:'? PS (ra

posi ti ong ofyithiiethbaaeeref the nultilayered electronic circuit board t he
board can have both internal and external, circui tip%?ddl ti onaIF@%p ur es

are formed, as diRyefesally tbathickaess phihgilamingte fRMyNg Ectronic ¢y
PCT/ US00/ 20"q‘? f?n'%ﬂ'oedsq' dhnt @Bewoémcﬁé@%d Rordl preféradlg edriges Hom 0. 13

i nt er connect etvveen t ers at selected |locations. It should be
appr eci at ed mﬂna(abodrté) OQ%IOCmeSth 26rmet (abeut @ahinghes). Fopaa eight plvaminate ok

ext end CO”pﬁ%g‘g gsxyl% E%%E%ﬂe%@k@sé%% wmperbw 6852 fithesXfrend Onl Y,

partially t structure apertures that are conplete

Wi thin t1e Stumbsrof layerBrafffabrwbhyaIamhetamm%mbeseﬁuntheéﬁﬁm@'%r?ﬁ g the
el ectronic s ort 254 is greater than 0.051 nm (about 0.002 inches), and

nor e preferéﬁgf'?ﬁﬂtﬁes from0.13 nm (about 0.005 inches) to 2.5 nm (about

0.1 inches). For Hie esizdonpsny of theilaminatendan préfegatly sdngeffedon 36 to BBiweidht ckness

is generally 1.32 about The 10 f
fabric in a Re&?ﬁ'ﬁeg’g] '%‘3?? Wﬁwatg\éé%" 258’#? ghf, Retgey r@%r%}ﬁ{’%q%nesay@ﬁtht%
| ami nate. Thgmfrfaéd Bard praterably Pindd Worh 20it6 85 eveigii pproehtarabingre pregerablyom 35 to
80 weight percent, and nore preferably 40 to 75 wei ght percent. The anpunt

of fabrithi rranges frem@oia6d weishtnesseftabl v range from 20 to 65 wei ght

percent and nore pgef Eﬁﬁb&t&lforﬁr‘édffﬁm%vérr PIgIAR fhisHEAhdGdisdan PRES 8pdxy FOr a
| am nate fornmed fromwoven E-glass fabric and using an FR-4 eP é resin

matri x mat errieain hatvik materiakhaving i inirum glags dansition tempssatire P! WCI6C, the
preferred minimum flexural strength in the cross machine or width direction

(generally perpendicular to the longitudinal axis of the fabric, i.e., in the fill direction)

20 is greater than 3 x 107 kg/m?, more preferably greater than 3.52 x 107 kg/m? (about
50 kpsi), and even more preferably greater than 4.9 x 107 kg/m? (about 70 kpsi)
according to IPC-4101 “Specification for Base Materials for Rigid and Multilayer
Printed Boards” at page 29, a publication of The Institute for Interconnecting and
Packaging Eiectronic Circuits (December 1897). IPC-4101 is specifically |

25 incorporated by reference herein in its entirety. In the length direction, the desired
minimum flexural strength in the length direction (generally parallel to the longitudinal
axis of the fabric, i.e., in the warp direction) is preferably greater than 4 x 10’ kg/m?,
and more preferably greater than 4.23 x 107 kg/m?. The flexural strength is
measured according to ASTM D-790 and IPC-TM-650 Test Methods Manual of the

30 Institute for Interconnecting and Packaging Electronics (December 1994) (which are
specifically incorporated by reference herein) with metal cladding completely -
removed by etching according to section 3.8.2.4 of IPC-4101. Advantages of the
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preferred mninmumflexural strength in the cross nmachine or width direction
(general ly perpendicular to the longitudinal axis of the fabric, i.e., in
the fill vwidoeewsen) 20 is greater than 3 x 107 kg/ n2, nomreTarsed/eodadl y
greater than 3.52 x 107 kg/ n2 (about 50 kpsi), and even nore preferably
greater than 4.9 x 107 kg/n2 (about 70 kpsi) according to | PC-41 01
"Specification for Base Materials for Rigid and Multilayer Printed Boards"
at page 29, a publication of The Institute for Interconnecting and

Packagi ng El ectronic Circuits (December 1997). |PC 4101 is specifically 25
i ncor por at e¢|d3>}ronia:fsupemteoftee g@resenhinvesticeninclude highifiexyrakbsttengtit (tendile @odi on,

the desired __mninmum flex tren ally
baral Lol |t o PRSP FeH Ana Bigh GRG0l e parttas] e, erbriepft e SASH
di rectlon)h mbap:rzgtmumgltuiwnﬁﬁéter th?ln 4 x I107 kg/ n2, and nore pr ef er agly
greater than 4. x 107 e flex ra t rengt s _neasur ordi ng
to ASTM D-790 andF F?‘@W@?@”#Q&‘%\%‘? gation n the ?Q'H‘e“ %BP?’rfS%q'?'g W for
| nt er conmectdppgdy finindtes prdernsiyHe tarcvéffrofer(t RegfaaIexpRion frymisohCas e
specifically incorporated by reference herein) with netal claddsmﬁtho

1.

conpl et el y 880G dnjtheyz-difectiph gf thedamimalfy ("€ Hebtiorpemss the thickpes
Advant ages Qf, anﬁi of %@s%n%é%%%ﬁt P%’rﬁb’?@%@@f@%@ raﬁ\bffugtffoﬂp 91 wg.@orts of

the present Tnvention I nclude Arexur al ensile an
conpr essi ve mighirpg!me)nt aaedouhﬁrgtorerGJTassMemncth4édr(Wth$%$PQ¢€Ib@|Mrat ion of a

circuit board ng.th t resent
I nvention i d"‘t‘%8° %!ﬁ'%y '%feésgcﬁe@% Bg E&ﬁFﬁL‘?&ga%ﬁHa‘f’e B*ég%gﬁgégé&];grs%? HrQabI y
have a ddaef flayEreof 7648 tthlerfamrlc eltiughi styles sach Mﬁut oot ligf@dte, 106h €08,
z-directi on ) the t ess.of the
| ami nat e, 8852%{412?1 9?)% %&'C-;Eb%‘ﬁocaﬁtﬁwgnlﬁ?%% O R Eh"b‘ﬁ'} % F6m 0. 01
to 5.0 wei g&h.rﬁ@é @ﬁﬂhco@eﬁa@é ddnﬁamta@oris%tﬂeﬁfabm Byiés?2 L 4mikhtds vy low
specifically incorporated by reference herein). Each such | am nate

preferably coRffigiants & themal expapiansargigengially daspisuseentbledo expansiniandst yi es
such as, butcogggcﬁdr{gﬁoe&nt,gm,,g@gbom,stoﬁggo 2113, 2116 or 7535 style

fabrics can alternatively be used. In addition, the |amnate can
i ncor porldi e conbi The instast loventwaéenhqtﬂontemlweééhe @Qﬁ?ﬂ’&@f‘é& Wﬁ‘hYﬁgeq ow

ggef ficient % na@&t r‘BBl% f'cﬁﬂ bB5fasIAHIEN ﬁ'{)‘d&e ol%‘tg Ié?@
pansi on ang T RCTT On an can mnimze oar ort| o
instant | nvenade)accfandmgmthedaamrngsatteesintdnd dtigast one cwnpmn‘iterhyler magigdn ad
L nates e R TeBh SRR e M AGSILES ARk BRRb 1o one
conposi t e | ajppvemtiehal glassifiber composite technology. More specifically and as is well
20 known to those skilled in the art, traditionally the filaments in continuous glass fiber
strands used in weaving fabric are treated with a starch/oil sizihg which includes
partially or fully dextrinized starch or amylose, hydrogenated vegetable oil, a cationic
wetting agent, emulsifying agent and water, including but not limited to those
disclosed in Loewenstein at pages 237-244 (3d Ed. 1993), which is speciﬂca“y'
25 incorporated by reference herein. Warp yarns produced from these strands are
thereafter treated with a solution prior to weaving to protect the strands against
abrasion during the weaving process, e.g. poly(vinyl alcohol) as disclosed in U.S.
Patent No. 4,530,876 at column 3, line 67 through column 4, line 11, which is
specifically incorporated by reference herein. This operation is commonly referred to
30 as slashing. The poly(vinyl alcohol) as well as the starch/oil size are generally not -

compatible with the polymeric matrix material used by composite manufacturers and
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manner different fromthe conposite |ayer taught herein, e.g. made using
conventional glass fiber conposite technology. Mre specifically and as is
wel | 20 Rwownoe0s4t hose skilled in the art, traditionally rosdScd/208nts in
continuous glass fiber strands used in weaving fabric are treated with a
starch/oil sizing which includes partially or fully dextrinized starch or
anyl ose, hydrogenated vegetable oil, a cationic wetting agent, enulsifying
agent and water, including but not limted to those disclosed in
Loewenstein at pages 237-244 (3d Ed. 1993), which is specifically 25

i ncor por at ethéfabriefiethas ceahed & nemdﬁarqssqmtiaw alh prgdnicgvaterial franh thasswifacends

th f t ed t t
SRS EAT AT e
al cohol) as Wb%hé@&ﬂbybﬂfoUe&mplB&iy@&tuHWg the 5aBic®T fmate comhruomly 3y héate 67

t hrough col unm 4, 11, which i spec.i fi caII i Ncor, ref erence
hor o o St $rS30 the Bhre & 2 BRnGe WA RB b S Bt ss ATRHEE % SRaRihg

pol y(Vviny gpepitioh) thafe i¥alo surablk itteFacy bdtveen thi potyreric rgemﬂrrﬂétbﬁalmsbd
conpati bl e vvlththepl meric matrix ct@rla use

Tanut act ur erte impregnatethavabs apd dae cleens 35154, SO R 3 topling pget

cleaned to npIRYR £pRedid hk lo¥ass!ibePéisHteC TRRIdPeratlonlis SofnéliAe sefefrad o bpf t he
glass fibers prior to inpregnating the woven fabric. This can be

acconpl i shedhosenskillegkin ﬂlﬁ grt amfinishings The sappliagAgestsmeHicaRMan wsadine or
mor € commnlf%lﬁh% &%?%tgm%ra‘?@%ﬂd?@s ﬂauaiﬁgrbhi:nbtrh 088 AJse WRldoskBRE. PN T he

art. As a resu l'eani ng 5 operation re i's no suitable

i nt er fadd beaiueddenmann, ﬁ_wmmm (188t pages: &46-145 Whigh @gsrms@c@h!e
fabric and the cle Ias | must
be applied t'B°ARE" g?‘fgys f"f'S '%%?H"ai}eg%ﬁl %o%%eé]rgtaétﬁ ofpébgg?gﬁergeﬁgar@gf erred
to by thoseiggB).| Ager frantineat with thessilhne)itsé fabgic isTimpregnatéd with agenpatiblest
comonly used in _finishin perations are silangs |ncI ut, .not

T ed t o’ avEer Behsdustarsl suezd Bedienn antaf reeshaE SR M8 agent s
(1982) at pagam aldniddréd prdprédas dissirediabede.! it shbulg berpprickedihat &f teence
herein. Al so see Loewenstein at a es 2490%{?1%(1 Ed.  1993). After

t r eat mentd wi RrﬁSQMé“‘éﬁ"F'%[héePQﬂﬁ’é!‘gf%[b pAhatwe; ng.dbe Gleaning opgratiRi bl e
pol ymeri ¢ maldqdr tﬁatn%th@}eé.rﬁﬁée%% hysRe, the SRishing dﬁﬂld?'?hi%ﬁm?@téﬁs i

dried to forma semcure repre ussed above. It shou
appr eci at ed behehmlnﬁteldh@lﬁorp'ﬂ@'gemepfﬁﬁ%WTW‘M@HWW@"@W'?M%t ure of the

sizing, the GleaiRdedRBloRl ah el HmbiRgd Withbhd of ARkeptépRthd N L he

conposite, hing a ng st eps can I'mhated. One or
nor e prepr egacorporating ties matgntmmmltorfmm g elestrénic suppaciagdistussed @by | ogy

can t he”zé’ € & n'pna?'tdcuvgr a mul?%yered@r;\%aper Sdi&dronic circuit board. For more

information regarding fabrication of electronic circuit boards, see Electronic Materials

Handbook™, ASM International (1989) at pages 113-115, R. Tummala (Ed.),

Microelectronics Packaging Handbook, (1989) at pages 858-861 and 895-909, M. W.

Jawitz, Printed Circuit Board Handbook (1997) at pages 9.1-9.42, and C.F. Cdombs,
"25  Jr. (Ed.), Printed Circuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are

specifically incorporated by reference herein.

The composites and laminates forming the electronic supports of the instant
invention can be used to form packaging used in the electronics industry, and more
particularly first, second and/or third level packaging, such as that disclosed in

30 Tummala at pages 25-43, which is specifically incorporated by reference herein. In

addition, the present invention can also be used for other packaging levels.
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I ncorporating the instant' invention to forman el ectronic support as

di scussed above, 20 and in particular a nultilayered | am nate or electronic
circuit Wamexboosor nore infornmation regarding fabricati orcwfusedmasy oni c
circuit boards, see Electronic Materials HandbookTM ASM Internati onal
(1989) at pages 113-115, R Tummala (Ed.), Mcroelectronics Packagi ng
Handbook, (1989) at pages 858-861 and 895-909, M W Jawitz, Printed

G rcuit Board Handbook (1997) at pages 9.1-9.42, and C. F. Coonbs, 25 Jr.
(Ed.), Printed Crcuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are
speci fical |y i nchiepreaéstdnimntionfie e centieteigembbdimeattiesflexesal strengtani nat es

formng the electronlc supports. of t t _inv ntio can used to
f or m packadifidg Ynsiad lami C&ﬁ'&{‘@&ﬁ?"@@"?%‘ﬁ{%p}v’ ﬁon Egﬂbéeléﬁ?rﬁrl y
first, secoppiiaset gfeptréy f'bﬂ'né@’ﬁ'@h apacyh@mzagE-gugdwaaﬁctahahnmmboryméncn 30
Turrmal a at pages

ch is specifically incor ted reference
herein. |n regiddiavingra T¢ ‘Pfe14[9r@§@ﬁtte§t?ﬁléi=ﬁqr‘éiﬂg ¥%1H’%I Qggﬁ(g 'f&@d‘y $ GVhieR Iser
packagi I /i t ntion, in
bne. mon- i L e e B O nat e,
made in accmmnhdatper sfuare inch (pbed &0 megakiastaln) wlrlwestqdeg@al?I tthewargs  of

prepreg for
resin havi édr'% tnzrrﬁ 8%%]{%% da% ?ﬁ&gg%z%rtéiﬁﬁgb? 83?%&%{%99&0&%{)4- 4
(which is Swigretestadozdraliel tontherfii alirettenh dfthe tfbdicence herein), is preferably
greater than 100, 000 oun er s P when
tested parallel MR r\ﬁ&f‘ﬁ'm'@f ﬁ?‘gW%B éﬁﬁ%gg 25%5{ lgvgﬂgﬁeﬁ% 3§ﬁﬁe§%greater
Ej han 80 @Oosfr(e%EGti?n Eﬁfﬁﬁiﬁﬁaadmﬁlﬁéte maeals i aedoeahmmgi tok piresetfwhmvémtldn
irection of the fabric, In anot no i mi i ment. of the present
i nvention, foM8&Awre %B%ﬁ°1ﬂ598’ﬁ8§?’ Uty tﬁlﬁgéﬁgbgcﬁ'%ﬁ?r}?%‘ﬂ ?{ﬁ{]@ PR: de in
accor dance A(Vpblgn{ehe r@é.ﬁﬁ&ﬂh hm%mhnm arid@@te% éo%MQfﬁg HATTES2344-84 epr eg
formed froma Style 7 Eg fabric and an FR- 4 polyneric resin

having a Tg(vﬂﬂcmm(sgeqﬂ@alwmompra@@ldwydmgew hesain) usinga4paa lengithioch i s
spec 11 call icde &@5%3‘15?)\‘? il Gragter 2/ 4bb peehBd § ger S InRRY b O

t hi ckness rati 0 greater than ounds per square
i nch (abﬁut51151e§aPasxmd?adwltestedﬁperalleb®tthpm dlreoéubntoétheﬁebmarpﬂ direction

o o a0 et P AR SSoRbo b PR BRUOFR PREPRIBISHEE",
fabric. |n pewidheiraliedto therfiltdirsctiondfalié fabrit. of the present i nvent i on, the
short beam shea St rﬁé}' to“-l%ltu?gnerlﬁggdlﬁw%n{ %e preéen%ventllon & shori beam with
the present inve
shear strength of an unclad laminate, made in accordance with the present invention
20 from 8 layers or plies of prepreg formed from a Style 7628, E-glass fabric and an
FR-4 polymeric resin having a T, of 140°C and tested according to ASTM D 2344-84
using a span length to thickness ratio of 5 and after being immersed in boiling water
for 24 hours, is preferably greater than 5000 pounds per square inch (about 34
megaPascals) when tested parallel to the warp direction of the fabric and preferably
25 greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parallel to the fill direction of the fabric.
The present invention also includes a method for reinforcing a matrix material
to form a composite. The method comprises: (1) applying to a fiber strand
reinforcing material at least one primary, secondary and/or tertiary coating
30 composition discussed in detail above comprising particles which provide interstitial

spaces between adjacent fibers of the strand, (2) drying the coating to form a coating
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20 from 8 layers or plies of prepreg forned froma Style 7628, E-gl ass
fabric and an FR-4 polyneric resin having a T. of 140C and tested according
to ASTM WQ3449B4 using a span length to thickness rati o refl/tBoanaisaft er
being inmrersed in boiling water for 24 hours, is preferably greater than
5000 pounds per square inch (about 34 negaPascals) when tested parallel to
the warp direction of the fabric and preferably 25 greater than 4200 pounds
per square inch (about 30 nmegaPascals) when tested parallel to the fill
direction of the fabric. The present invention also includes a nethod for
rei nforci ng apomtie nemimrbeglrabterlalo(':\‘)@pmbmungdhpwmfpwngm\etmt\N'Hdtf@dﬁ?iﬂkses

1) applying to a.fibe and

Setontary andidealcat @ 3t Eaa rapt OBl st fiaital f ercfas s iitforbrd 700V
?ngr' Si Pg E%bﬁqlpsélﬁag K‘Eﬁgﬂbhmw"mmﬂ Ith‘etm'esénttinvahtnc;rs}ﬂaae:mnfble:inge'eateaaljcaoent

i bers of the stran the coating to forma caatin

01/ 09054 PCThesonbisuith m?o%'it'ﬂ%f i raRtK g1ate TR TaexEmnle by ?j’erég\% %'H% t he
reinforci iy makfK hizken ! bréf@r%bl?ﬁfrfel coatifpérdoatihgs fand a(%stﬁntlhl@aﬂ'ﬁfoﬂﬁrt ially

curing the matrix nmaterial to provide a reinforced n_})osjte Al t hou E not
liniting the cpatingsunon thedpinfaseing m?éeﬂaéw?ﬁf'tﬂ"&“ﬂg"ﬁﬂ?%??% imiting emhodiaeRi;

wi th the pol 3{@?5} Er eRBhVd ﬁoﬁatth%ma?ﬁcles Qmprise IPle8st0 \Qélgﬁﬂﬁeﬁ'béfﬂ of thel sizikdhe 5

matri x nateri efera e coating or coatin orma substantially
uni form coatcongpoalponn onlaetotaésqﬁdﬂbamg Inranethernondisoifingi egibagiment, thge

non-1imti ng\ﬁ%ﬁg:ﬁ m%lnt Enlmpn}%@?@%ldgaﬂ%kﬁﬂ’of GiRabPs MicrorR te?é’%ﬂ&' se

at least 20 conposition on a total solid
basis. | r1mncp‘rérerautyoat-léasnammgomeﬂem:hImarfunherhvn-llpamng ermbedimantethe mr‘mlemm

I I
east 5. or R @MORS Rainety e YRR oh o RPN ironR vl B Sy Y

have a Mhs’ ﬂbéféiﬁﬁﬁére\b%hmné&mttmﬂbér&asnd han a Mohs' hardness vaI ue of any
glass fibers that_are containe

t t
20 i ncl udes a nETIRATSROR InfaUEn elsdliRs BRMBA FdanoUEe P perléRl o "
a fiber st ra"b@bgadéﬂf‘ﬁﬁé@ oPd fi b@testﬁérﬂpéorﬁénsur(cﬂﬂw%ﬁbbwf nm)fabpﬁnrfgltberf beb strand

at | east one I mar secondary and/or tertiar }/ coatin osSit

di scussed 5| rstr@eﬂ at i;aabmpﬁlmém gesrpdanrandigr dartiany;conti ‘tf%‘,é?cé‘ﬁf‘?q al
spaces betwegp dgfgll%%ggé u}c igieh Or?éleiﬂﬁlcﬁ biGRe mt(e?étltlﬁféﬁa%s b@tﬂeéﬁ%ﬁ]aﬁéntt 0

forma coating upon t fiber strand, such that adhesion
bet ween adj aciets 6fithe ISH‘aDd (@ndryingrthe goatingite farpy a e@atmgmp@né%ﬁws of the

C0nt 19, o~k S Bt SR8 bt HERLR BB S W,
present Preferably, the coating or coatings form a substantially uniform coating upon the
20 reinforcing material upon drying. In one non-limiting embodiment of the present
invention, the particles comprise at least 20 weight percent of the sizing composition
on a total solids basis. In another non-limiting embodiment, the particles have a
minimum average particle dimension of at least 3 micrometers, and preferably at
least 5 micrometers. In a spherical particle, for example, the minimum averagé
25 particle dimension will correspond to the diameter of the particle. In a rectangularly
shaped particle, for example, the minimum average particle dimension will refer to
the average length, width or height of the particle. In a further non-limiting
embodiment, the particles have a Mohs' hardness value that is less than a Mohs’
hardness value of any glass fibers that are contained in the fiber strand.
30 The present invention also includes a method for inhibiting hydrolysis of a
matrix material of a fiber-reinforced composite. The method comprises: (1) applying

to a fiber strand reinforcing material at least one primary, secondary and/or tertiary
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I nvention, the particles conprise at |east 20 wei ght percent of the sizing
conposition on a total solids basis. In another non-limting enbodi nent,

t he partwd @obsve a mni mum average particle dinensi on PET/@Sod/mast 3

m cronmeters, and preferably at - - least 5 mcroneters. In a spherical
particle, for exanple, the mninmum average 25 particle dinmension wl]l
correspond to the dianeter of the particle. In a rectangularly shaped

particle, for exanple, the m ninum average particle dinmension will refer to
t he average Iength wi dth or height of the particle. In a further '
non-1im tingati EG@("Hn dlﬁélﬁsé@rridelhlmbd\mmnmri‘s’mmremr thans20 weigble t hat i s
| ess than a Mohs'

ardness valu of ss f.ibers.t hat t ai ned i
Lhe {1 bor hercal onzriot Bl et ArsEste PacERo () dRInG s ibanfl fo ) 5 "¢ 1"
i nhi bi ting c{%\éﬁﬁﬁeyﬁﬁ ﬁ'ueQEm?orCIHQtrﬁdténéTﬁ(B?E:cbmbmm‘g taefrelbmemgémafterratmth the
conp05|te o]

rei nf or ci nma@tmataﬂla‘a@"dn&ég‘ts‘ggﬁé? qllwpf\':g g!%c’BﬁH‘&‘r’?“ﬁﬂ%ﬂBP’?"é&%?ary -84 WO
01/0905 0 eat%& Z%é@sn Q%f |)¢Qﬂ@e§étﬁ1b<m Bhfifgesroan a subdehgally above

conpri si percent on a total solids basis of
di screte pa:mﬁonh@satlr(gzypqlrtyemgnmngzo'@tﬁflﬁb‘-'?‘éﬁ dying. Avdieryrged gbave. e

reinforci "ol $r8{ng§5at?ﬁ§1)caﬁ%g% m%otm méa&%asw%eemﬁw bt the

mat ri x mat partla y curing the matrix material to
provide a 5d|§;ﬁér9hgltlmanémfon¢mgsnatenalﬁnGieamatiixynatLBFiel coating or coatings form

a substantially  uni formi&gﬁtﬁ} E’?Dc#ﬁggnn%{?er | g;eggﬁr' I8 Cgﬁ%grfé cidpon ﬂryl ng.

As di scussed abo\ePN& A8 ¢an Wth t
matri X 1@t eprefdrablf WovelxmbGStylbyszslf&meramdrI@stawealr peérmfeabilitynef lesst then 610 in

the matrix material. In one, non-| n

i nvention, $YRic P&bP?k’"!”é’te.L?de'i“Qfee’?rﬁ 'V\&fégp?'h#cgugkgét peb%.g@g %I’I c and
has an air pebogalichiASTMD 37sStahbisrd Tfla@t NI@tI’deCfofAetPemeamtmdfé'emiel mor e
preferably I'ess than 5 cubic feet per m nute, elpg%cf}b ASTM D 737

St andar d TeBabrigst Héthorgh nat; limiting 'ﬁé%PTQSFS}t 'BYe’*\S’?t s thex| t hough not
limting i ne,5n§3t§5 «g;ogﬁisebﬂ&i?@%d ﬁigh strhnd 8 e's@‘é?ﬂwet\bé\'b Viakies ofthe pestent!

cross-section stran NN6SS of 't he warp yans of the pr esent 15
i nvent i B (tdwelu:tlms(d($cussedem detail tbleMI)feqllé?Gﬁéfé% aif permagability phibgdabrasyef 1€ ¢ he

ng;' 3; (r)]; tgneggﬂ éaverﬁgb 83Q:ﬁﬁ'ﬁ)taFﬁ\o%o@%ﬂ@érﬁ%nﬁﬁaﬁﬁé@mﬁagYx@iﬁb's%l%ﬁl:edf abrics

AS 'previ ous | scussed, in conventional
weavi ng opewatpg yarasfor el ectronic support applications, the warp yarns are

abrasi on’ of ¢ he. ARGy IRHFg o AERiBhal en s JERU dbreiSardier even!

support applications, the warp yarns are typically coated with a slashing size prior to

20 weaving to help prevent abrasion of the warp yarns during the weaving process.
The slashing size composition is typically applied to the warp yarns by passing the
warp yarns through a dip pan or bath containing the slashing size and then through
one or more sets of squeeze rolls to remove any excess material. Typical slashing
size compositions can include, for example, film forming materials, plasticizeré and

25 lubricants. A film-forming material commonly used in slashing size compositions is
polyviny! alcohol. After slashing, the warp yarns are dried and wound .onto a loom
beam. The number and spacing of the warp yarn ends depends on the style of the
fabric to be woven. After drying, the slashed warp yarns will typically have a ioss on
ignition of greater than 2.0 percent due to the combination of the primary and

30 slashing sizes.

Typically, the slashing sizing, as well as the starch/oil size are generally not

compatible with the polymeric resin material used by composite manufacturers when
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The sl ashing size conposition is typically applied to the warp yarns by
passing the warp yarns through a dip pan or bath containing the slashing
si ze and waeroe2ss ough one or nore sets of squeeze rolls POTESMWHESANY
excess material. Typical slashing size conpositions can include, for
exanple, filmformng materials, plasticizers and 25 lubricants. A
filmformng material comonly used in slashing size conpositions is

pol yvi nyl al cohol. After slashing, the warp yarns are dried and wound onto
a loom beam The nunber and spacing of the warp yarn ends depends on the
style of the f ' : intbctrohie st sdthatthe fabricas wi | |
typically ha\?&origl:%@gttrger]g%{'é%%?l&gfr?ﬂgéfn%nrtgg%éler' than_ 2 (b)mpmrce t d to the
combi nat i on miust beclpanethioyremae sgsentiahhalhergaric materiat: ifﬁ‘i“ég?ﬁ ,actehcg?lgq ashi ng
si zing, as we| | the star b Si er s accomipiistiddaha wit h
t he pol yneri glafﬁﬁﬂs%‘?%h'g\%p@ghniiﬁgﬁ%gg%' rr@#u?éacturers when -85 WO
01/ 09054 PCT{A/R)Wa0<F6r exanse bpsambhing thefabasen mase commenlyy LRt for an
el ectronic support. sq that the fabri cl AR

essenti al Py HP t'@@ﬁﬁ?@'cdﬁtaép?%?erweg%n? ﬂﬁﬁi‘tn?% gbeA% 0 FetQH%Gf tgrglgass _:‘nlgbers
prior to i nNppeeraBibh Beres nieuabIé Hiterface bEweendhe polymade maix rsateqal ysed

variety ways, for exanple by scruybbing the f | r my
heat 5 treat tiRragnate i fablic and ﬂ?nﬂ%%e\%?ﬁss%ﬁ%ﬁrﬁﬁet%g}%gmﬂngg?eésuIt
of the cl eania peBEPRI WBithe bi26s Abérsurface uThisbberation rsbenetimeaelesied to hiz
polymeric matrix nmaterial used tao inﬁre a:]tﬁ %he fabric ri'?est ngfact{n aned

gl ass fiber $hosexziilediptheratt aafiRishipg- 6"%3&- e 'wa‘%'{‘gst%e&ﬁ% 8% PR gl ass
fiber surface. .. Thi ' s sonetime referred to by those skilled in
the art alg)af ?A'r'ltlhsﬁ [?]%HQ yg‘fa@m% the finishing size provides the fabric 10
Wi th an LOl | ess tAfientieatment wihitse fnistiag ERcthasamvcinBRresnaed W 8 ze, the
fabric is inpregnated with MRAL ! NBfen @ 6t of nigiésg rells and
squeezed bet @ agaggtowééé}wg?aeﬁr}'?ng r'j(')%?’lsg‘ug% dried to forma gem' cured
prepreg as didiiedls estmadseraicufent prepreg dsrdissuasad ahove r Ry fomAioNcat i on of
el ectronic circuit hoards, see El ectroni eLd ) kTM  ASM

| nt er nat i ona|fegafgm)t%a%ﬂ"%%Qge'f%%%%?&@%a‘méﬁé—%é&gﬂr% oel ectronics

Packagi ngy glangkepsoktLASR) InkSmatpat(1988) @ pagentt B, FoTummalaEd-Jawi t z,

Printed Gircurt Board Handbook (19 8@%@@@@% 85%%81(3?9%8%8597'6‘:;% oh’

(1997

Jr. (Ed.), Priierogieamopicg lackaging, ,1_-:‘!-

are speci 1| Cald i PAREARIRLEBobl HEAMORRrodTpaRidyes 201-Siarand OcF Taustiinig
I C coatl ng on e

rocess puts a rela war r .
P P Jr. (Ed.), Printed Circuits Handbook, {3d Ed. 1988), pagegl 6?.1-%3.7, which are

specifically incorporated by reference herein.

20 ‘ Since the slashing process puts a relatively thick coating on the warp yarns,
the yarns become rigid and inflexible as compared to unslashed warp yarns. The
slashing size tends to hold the yarn together in a tight bundle having a generally
circular cross-section. Although not meant to be limiting in the present invantic_:n, itis
believed that such a yarn structure (i.e., tight bundles and generally circular cross-

25 sections) can hinder the penetration of polymeric resin materials into the warp yamn
bundle during subsequent processing steps, such as pre-impregnation, even after
the removal of the slashing size.

Although slashing is not detrimental to the present invention, slashing is not
preferred. Therefore, in a preferred embodiment of the present invention, the warp

30 yarns are not subjected to a slashing step prior to weaving and are substantially free
of slashing size residue. As used herein, the term “substantially free” means that the

warp yarns have less than 20 percent by weight, more preferably less than 5 percent
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?hgegféggﬁ?oyﬁ?gﬁg!ar cross-section. Although not neant tygbﬂmanMLfngaYhng
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ti ght bundles and generally circul e o Fi nder the
_ _ ar cross 25 sections) can hind h
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"essentiall f " ;
ey ortt e e ested g Setdlan) %%H“@F’?eﬁég?@Eﬂ%‘qﬁ?dﬁ?gh?ma”'”"““er cent by
|

preferably Qi€ 6fthe Recovdagtoating appliessiodhe sufface afithe a%?%(fj‘ﬁ [;I;‘r)@%]tot he

surfaces thereof. However f the r |
_ f. . , _ ohfb 8 watblyafi.ed to a second
coati ng operwRaving 'ﬁﬁsérthﬁ'bomq%w%g‘erg@[ay, t he Bgam)unt of .the i

secondary coatin I ; : :
weavi ng ?IQS | ess tq H?ﬁ@g@;@g&?géﬂ#@dm at:thecp?esem@lr\mmpryg?qﬂgsbppggmtfqp o

. b i ght _of i
R et esbgP A
b yartggrs‘ |1‘S£l ;ﬁ{{ﬁérﬁr@%éigﬁt%% rhéR preferablydessethian 19,8 percghf:duringr e

preferably | ercent b [
0. 8 percent weavimg |n\/9@dui0ngthelfggréfoﬁfi>{'f'¥\g‘%?, Q{’ngéj"zggﬁ i?%g%%%!yﬁié&%rﬁg%éﬁ?ﬁ than

I nvention preferably. o -
l ioh3SniRg ROrRT 6H to 1l6qseFcat, marel prifenably ryiging 4t
1.6 percent, °f5P8' g$er3@ﬁ?1 ranging fromO. 4 o 1. 3ﬁpercenilrwarang.oévfag

nore prefsr aplaypdacsnteend dved rnarepreferabinetween Q#&Pﬁgﬁ?mﬂgn- liniting

enbodi nent of the present in ' wags
el ongated cross-s ?'?%'ﬁeraﬂ‘&n'ﬁ'?‘gﬁb%?nrbgg oﬁaﬁﬁéﬁgﬁﬁgomggei n y?ﬁe term

ol onge o0 coptsapvasan e o selon MAPGUITRA RIS TY 11t o
20 to the chéetin dhe tormce E&?teg ﬁ&ﬁs%&r‘:@ﬁng lﬁ&{éi’lﬁéﬁthe Q{ca?ﬁ gérh%sai)@amrallyef ers
are not ti ghtflwoﬂﬁ)u%r cross-sectional shape. High strand opeenrnsesg, di;cuess%/cijl ;Qovoer, résfterand
20 to the characteristic that the individual fibers of the yarn or strand are not tightly held
together and open spaces exist between one or more of the individual fibers
facilitating penetration of a matrix material into the bundle. Slashed warp yarns (as
discussed above) generally have a circular cross-section and low strand openness
and thus do not facilitate such penetration. Although not limiting in the present
25 invention, it is believed that good resin penetration into the warp yarn bundles (i.e.,
good resin wet-out) during lamination can improve the overall hydrolytic stability of
laminates and electronic supports made in accordance with the present invention, by
reducing or eliminating paths of ingress for moisture into the laminates and electronic
supports. This can also have a positive effect in reducing the tendency of printed
30 circuit boards made from such laminates and electronic supports to exhibit electrical

short failures due to the formation of conductive anodic filaments when exposed,

under bias, to humid conditions.
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t oget her and open spaces exi st between one or nore of the individual fibers
facilitating penetration of a matrix material into the bundle. Slashed warp
yarns (awo gi/®esisssed above) generally have a circul ar cropeTa86d/10a5p and | ow
strand openness and thus do not facilitate such penetration. Al though not
limting in the present 25 invention, it is believed that good resin
penetration into the warp yarn bundles (i.e., good resin wet-out) during

| am nation can i nprove the overall hydrolytic stability of |am nates and
el ectroni c supports made in accordance with the present invention, by
reducing or eli mmaégrgemshanwbpémgsesan be measusdibyean ingdexitest] imtheat es
and el ectronic This can al,so 0L LV educi ng
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OpPENNessg caly, cméﬁﬂe B¥rrAi8 il gbRialy pRallel alighnidif mﬁhltl?él%tbﬁﬁﬂm? tbhe yarn

to be maasure%‘ﬁ passed over a Series of vertically aljgned roI ers and
i's positi onlght aenmmaaurfama Tihersensing sevige if opeated aSENETﬂﬁg

COMPI 1 5119, Bl Bl Ak el h e R defaRPRRRL doler it ﬁ@ﬂfdnﬁ&taur face,

such that 5 vertical axls yarn 1's I'n enera% paral l el alignnent
with the IlgbtaneerbEtweag thegarr ar@mhesensmggewge fsegontrollexhley meMieg the wlieiSce s

rount e . et b 5hy PO i A5 ARDR BRS¢ it ez ¢

vertically orizon i stance ween the yarn
and the1eenaymchlv@tlabeumommrs pkt mihuts), dependingtdrethe opeeness of wasteands  anay

f th d t |
bt about 300 PemereRe s at bf el ETRES aofien'd T ikt EBpdthe e
one or mor eeﬂﬂﬁﬁ%QJ ifacRfthéleBy YRgaering a&ékpcmse imthedight sensirfg surfacei Fhe

erranatln fromt emttln surface ere th
e %ol namborsastrnene et s pboLeiRt vl GubARLISRE by 1
gi ven | engt Re?ér?)\’é{q‘tr{etrlégulﬁﬁé l’éflofkpé’uﬁurﬁger dfRlchpses pendnit I&gm%dﬂsmréfﬂt 10

(i.e., nunbe ses unit ength) S conS|dered 15 to be a
measur e16f mbaamem@mefsﬁranntone@nbﬁ i eved that the tight warp yarn
structure of fabyic ugNRR (AL (GAWERYRRNalICtTL S Ao UIGIBA ober yarns as
wel | as the | ow openness of such~yarn scussed above, results in

t hese convesbhvwentibndlatlashesi dlass ﬁt@raarrtsl as \p@itmamlq:w ppenness of BuchyagReas t han
e br o FRaAset b B ShEt SR B PRSPt g, 2
warp yarn js higher than the air permeability of the preferred fabrics of the present invention,
'20 which preferably include an elongated warp yarn cross-section and higher warp yarn
openness. In one, non-limiting embodiment of the present invention, the fabric has
an air permeability, as measured by ASTM D 737 Standard Test Method, of no
greater than 10 standard cubic feet per minute per square foot (about 0.05 standard
cubic meters per minute per square meter), more preferably no greater than 5 ~cubic_
25 feet per minute per square foot (1.52 standard cubic meters per minute per square
meter), and most preferably no greater than 3 cubic feet per minute per square foot
(0.91 standard cubic meters per minute per square meter). In another embodiment
of the invention, the fabric is woven into a 7628 style fabric and has an air
permeability, as measured by ASTM D 737 Standard Test Method. of no greater
30 than 10 standard cubic feet per minute per square foot, more preferably no greater
than 5 cubic feet per minute per square foot, and most preferably no greater than 3

cubic feet per minute per square foot.

-88-



openness. In one, non-limting enbodi nent of the present invention, the
fabric has an air perneability, as nmeasured by ASTM D 737 Standard Test
Met hod, ovowgovogs eat er than 10 standard cubic feet per m RATASpHRO4SYuUar e
foot (about 0.05 standard cubic neters per mnute per square neter), nore
preferably no greater than 5 cubic 25 feet per m nute per square foot (1.52
standard cubic neters per mnute per square neter), and nost preferably no
greater than 3 cubic feet per mnute per square foot (0.91 standard cubic
nmeters per mnute per square neter). |In another enbodi nent of the
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circul ar cragsprafsuslydisoussedlid bhe Binbodinent bBle phésenBinvémifor, pRIfeGLIW | |

contact fewer glass” fibers during drilling and thereby be sub{.ect ed to
| ess abi @si bethiteawarparps and thesfilyammssbaresetesin ¢prepatiblerRssernnenating ¢ he

present inv | QN : ; Vi : fehhfing/ar ns
have a resi ﬁ%%ﬁ%ﬁnﬁﬂ%gg%ﬁﬁhég?f%gggﬁr%ﬁ&gmr‘%%gllntc‘?g{r?% Sg%ﬁ’.’e ﬁg%ﬂg{% during
f or mi ng. Theompssitioncappiied tcothe warp yarnycaroke fhegameagtbe iresio compptibled t o t he

war arn can _be the sane as.the r.esin,c i pbl. ' '

Conpostt | onPaBA detod SRS SrAlE e SRk B foarllq BREIGEABLL M. . s
conpati bl e pdsim@driipatibRe pringarg @OPIR) ¢orpositivpl dpplied o thadill ain. Asused Wereinsed
herein, (15 the phrase "different fromthe resin conpatible prinmary.coating
conposi # Pontheppiirassy diffesent from ghrayeya,cgmqaﬁb@gpga%g 'ng °PH@°§'@§T‘ ﬁpé‘éﬁ‘fgat i bl e

primary coatd thg il ERPH fck?Bnceidithé fskih Gorp&tibIe pimig ddatiBg B6mpbsitiomt | east
one conponent of the primary coatin conposition a &I?l ed to the warp yarn
i s present PAPligd tatsuwarpdiar seans that ghiegpene camRARSRNHRT the PIm@n, FeFHRgy

coating conpgsbbdifith dHpRbd ﬁflthEQvérB?aH is!prégtinfinCin dM&dnt diffdrémSord thdtne
conponent present 1n the primry coating conposition aPpI led to the warp
yarn component in the primary coating composition applied to the fill yarn or that at least
20 one component present in the primary coating composition applied to the warp yarn
is not present in the primary coating composition applied to the fill yarn or that at
least one component present in the primary coating composition applied to the fill
yarn is not present in the primary coating composition applied to the warp yarn.
In still another, non-limiting embodiment of the present invention, the glass
25 fibers of the yarns of the fabric are E-glass fibers having a density of less than 2.60
grams per cubic centimeter. In still another, non-limiting, preferred embodiment, the
E-glass fiber yarns, when woven into a Style 7628 fabric, produce a fabric having a
tensile strength parallel to the warp direction that is greater than the strength (in the
warp direction) of convéntionally heat-cleaned and finished fabrics of the same style.
30 In one non-limiting embodiment of the present invention, preferably the resin
compatible primary coating composition is substantially free of “tacky” film-forming

materials, i.e., the primary coating composition comprises preferably less than 10
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I's not present in the primary coating conposition applied to the fill yarn
or that at |east one conponent present in the primary coating conposition
applied woé®os4s || yamis not present in the prinmary coRCTUgO®AFIOSI tion
applied to the warp yarn. In still another, non-limting enbodi ment of the
present invention, the glass 25 fibers of the yarns of the fabric are
E-glass fibers having a density of less than 2.60 grans per cubic
centineter. In still another, non-limting, preferred enbodi nent, the ,
E-glass fiber yarns, when woven into a Style 7628 fabric, produce a fabric
having a tpemeentbyweightgnta total aplids| basis. Mese peaferably lessithamo PREENt BY gr eat er
than the strength (jn th -p direction) of conventionally heat-cl eaned
and fi ni shé’&e@@b% %?t%lfsoﬁ%seg%gsge style. 30 In one non-limting enbodi ment
of the present inweprefedred gmieddiment, thet fesinrcogipatible ppranbeeatipgicomppsioat i ng

conposition is substantiglly free . of. "t "ol .1 erials, i.e.,

th(rarp pri mar yS 86%&'1"&@\' @Bﬁﬂéjé?%oﬁ%@ﬁ%mgsﬁgéﬁ?%f 'éer"gb% @F' g@gcqaﬁg 10 -89 WO

01/ ?9053*5' P%Uﬁ&@ﬁ{ﬁa%mﬁs@@pmgmwemhﬁm percent by)wlaights?th adetabsodids, nor e
refera ess than 5 percent i ght. .on a tota i basis. .In a

Br eferr edymmﬁﬂtp{ef?'ﬁé'yrl%%ﬁ Wagtgr%ﬁ?rgﬁ‘i“é’yﬂ?'%ﬁ' %@gqciisﬁ SHoEMion s

essenti al | ynhéghefetably REK han(0.§ PefchfibylGelht 6 hadtal solid€ basis bEtapky -y

coating 5 conposition, conprises preferably less than 1 percent b Yvel ght
on a total feuningsnatprals.s Tagkyfdmfpemiag Mmaterigiecan %sﬁmm@et@& rweacYéb\AHi ght
on a total gqli ' ; ledubiRg el A1t RadsdapaBmytofby
wei ght on a tgkgstol;@ﬁ#%@egggﬁ gﬁ@%ﬁt g%ﬁ%ﬂ)r%wu#g?m ng jrjéﬁt gri al s. aocky
filmfoten nyl yemweandtausingwarp yaens torslick 20 each ether. esragiic neRlimiingyarns to

which they are | i 1818415 ok C Ll ity of
10 1111y arSeeral B Bk SN g thaldil s o aREaldhe chbly (SR RROBHAR, | Y
non-1imtingatetishnpl e of a tacky filmformng material is a water-sol uble

epoxy resin filmformn material. An alter i ve net f Lng a
fabric for use i'ﬁ"éhe@li‘g‘(ﬁ 'P"Shﬂg 0315?{53?9 af%bﬁlé:lr}s}ctésﬁ 'S aergégcgrroglicnsé‘% J(;)r']tt he
present i nvgplicaioradcordiytoltRe Preaens Bodntiperwill abwbe disteissddbgererallyd Thenpr i ses
the steps of. (1) obtaining at | (_aait one. fil Il?ﬁ/gm cgwri Si a gl urality of
gl ass f1Der@ethind aomprisgs thersters of dd) APIEBIAGALIFASLORBEL YHHE PP PEE % 0 at
| east a poguém SfypaR Ferd ahd RAViRY AFRE rétiin LeMBAtibREoatiAG RppiYdtocr st Sing a
plurality of gldss ™ fibers and having a second resin. Qon‘gat I bl e coating
appl i ed t o aportigadbergof; (R)iabtaining ek leagt onexwarr YA GRIERTISIRY 8 piirality PESIaS one
fill yam an iRg3" NRIPcArAb &tk bt BBpifkdl 18 1638t 4 PBitibhon of
| ess than 2. ‘%%Pgi?ﬁ 'ﬁgé S\X“g?‘g‘fn to ?@?m a ?abr?cggdapt ed P
thereof; and (3) weaving the at least one fill yarn and the at least one warp yarn
20 having a loss on ignition of less than 2.5 percent by weight to form a fabric adapted
to reinforce an electronic support.
A method of forming a laminate adapted for use in an electronic support will
now be discussed generally. The method comprises a first step of obtaining a fabric
formed by weaving at least one fill yarn comprising a plurality of glass fibers and
25 having a first resin compatible coating applied to at least a portion thereof and at
least one warp yarn comprising a plurality of glass fibers and having a second resin
compatible coating applied to at least a portion thereof wherein the warp yarn had a
loss on ignition of less than 2.5 percent by weight during weaving. In one, non-
limiting embodiment of the present invention, preferably, the fabric is essentially free
30 of slashing size residue.
As previously discussed, in typical fabric forming operations, the conventional sizing

compositions applied to the glass fibers and/or yarns (i.e., primary sizing
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to reinforce an electronic support. A nmethod of formng a | am nate adapted

for use in an electronic support will now be discussed generally. The
nmet hod cowproieees4a first step of obtaining a fabric formedThsonee@sy ng at
| east one fill yarn conprising a plurality of glass fibers and 25 having a

first resin conpatible coating applied to at | east a portion thereof and at
| east one warp yarn conprising a plurality of glass fibers and having a
second resin conpatible coating applied to at |east a portion thereof
wherein the warp yarn had a loss on ignition of less than 2.5 percent by
wei ght duri ccgnpmtinnagndlsiasbimg sizeqempositions)rage entredinmempatibletand therefarat

I nventi on, J%%gt lgé' l%m%edg)g?h {h%%tl) 6rﬁ>r %?pgédd?r@glh% tIIJ fafric %ﬁh%ﬁ:gﬁle‘?ﬁ%ﬁﬁ size

resi due. | OUS RASEREG ofrmn eratrons, the

c_onvent | onamatarialsnAs dnsggbmvﬁ%aﬂegtgmzlmp?% /cdlaJrggto/th%amslﬁhelde:yshand/ or yar ns
(i.e., pr|

sI ashi ng si EX’B%%nng”%ﬁ%‘)r WEANING., oWeYBr, hegheaning e%[ﬁge?ﬁgrsirp rrust be

renoved §r ometdiassifiders @ng Ithes?éfoteotheryﬁfmfw@cstfbﬂné@bfemmmtéhdmauwgr ic
resin materials. As described above, this is nmpst conmonly acconplished by

heat cl eani g 938 tp d8Psify. Jhedpsineampatiple peqtings of thenresentaneniion. Mlighdes t he
strength of aregaptphé‘d £ Re %vafrb Qﬁcﬂl‘ér filffHing Bﬁér% WeBvinGEdd Abtteq@RLrehival frforf O Med

t herefron) and causes he glass to densify. The resin conpatible coatings

of the prest@rimpregnation ewd therelyreliminate fhgpneeddor beatipteaninge Hiemfere.in@al yarns
prior to Weﬁ?g\‘ég%gdﬂ?n-ﬂﬂﬁmg%%ordﬁnérﬁ'S?ﬁ%rf)rgéérmnvehf?od W%@H?Ef?& foq thereby

elimnate t eani ng erefore, In'a preferred,
non- | i M@®i ntheendldciatrent and thérengb degradatianpriontd impregiedionabric i s free from

10 thernmal treat h n

Addi 11 onal 1y, 1 rGORY s g VB bl Brossbad aneierha ol o
the sizi ngsnzmgpozﬂpbsmm Hiwhémateaningamfnghmgsizermnm|ba@pphetmorthefadm appl i ed
to the fabricg rlor to nat ont0| t he, co atlb ity between
the fabric B! H’@preBB"l’tﬂﬁ’ﬁgB rr°¥§ aé‘gﬁ eﬁﬂe%“ hedp i bl e coating
to the var pp@RAEAE resin. |B nd B réin 86m S Budting to the War mﬂm meent i on,
t he need fo? ?2 bric fi nl)gﬁlspr:g ?Ls al so bI I m nat eg Therefpm | nygnot her

preferr B3 cPRSAP Meavingfn thepresent isnentian, thanesd for fabric finighing is %‘s‘br eferably

substanti al biymihaRE. ThefefdreH@nbiHeMpriefEPaHBodMBARSS tRE présdhPihvéntioh! meshl ng
size, i.e., less than 15 percent by weight, nore preferably |ess t han 10

percent by fabrigiapreferatly suhstarttiatinfree obresiue fipmea sesangannenaling andionRshi ng
size. In a f?.ﬂsﬂmgf &‘aﬁy%}iﬂééﬁﬂ?ﬁ%%wﬁ%y Rbight $ndte r&Blably N HaRM0 t he

fabric is essent
percent by weight of residue from a secondary coating and/or a finishing size. In a

20 more preferred embodiment of the present invention, the fabric is essentially free of
residue from a secondary coating and/or a finishing size. As used herein, the term
“essentially free” means that the fabric has less than 1 percent by weight, more
preferably less than 0.5 percent by weight of residue from a secondary coating
and/or a finishing size. »

25 The present invention will now be illustrated by the following specific, non-limiting

examples.

EXAMPLE 1
The components in the amounts set forth in Table 1A were mixed to form
30 aqueous forming size compositions A-F according to the present invention in a
similar manner to that discussed above. Less than 1 weight percent of acetic acid

was included in each composition. Aqueous forming size compositions A-F were
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residue froma secondary coating and/or a finishing size. As used herein,
the term "essentially free" neans that the fabric has |l ess than 1 percent
by wei ghtyo eproess preferably | ess than 0.5 percent by wei ghtTmlowmasdue from
a secondary coating and/or a finishing size. 25 The present invention wl|
now be illustrated by the follow ng specific, non-limting exanples.
EXAMPLE | The conponents in the anbunts set forth in Table 1A were m xed to
form 30 aqueous form ng size conpositions A-F according to the present
invention in a simlar manner to that discussed above. Less than 1 wei ght
percent of cganel ioﬁt&Eilgﬂbss%ér tharided &hch of GRCBrrAngREeI compositidusikadi2.5 or m' ng
si ze conpositions A- 1 WO 01/09054 PCT/ US00Q/ 2 4'519 coated on
E-glass fi H’@IQF%PP%BBSO"E%EE‘G'T ceated glassifiRgr strand wasyited fodpam ﬁa)’(?"?ag

wei ght per GRihd $Atd Gébbur%aﬁ'a ﬁﬁ@éﬁﬂarﬂ%e@%&n&cbﬁver&’bhaw.swﬁ@eauifpmteaf.i to forma

yarn and wound onto bobbins in a sinlar manner using conventional

twisting e§ampieBi. wassagpe with aguoRs foraing¢izk QWRQ&E‘@B[% bubyasunp driede
conposi i o i . FHG bout 46
ours.  Sandt Stepralife bt FGF 6 astublas ol TEdrabiEt & 20ah ¥ 065 o8 1OV et g
percent. Signitloasvalies afessPhan mmlghb:peraent i Gamples ©y andehd‘@ddbss_Lor;‘B@n&nd 1. 66

wei ght per cent ectiyv VWO .0 CT/ USQ0/ 20459 Table 1A

VEl GHT PERY@ GE?MM‘E}Q“‘?W&‘E"‘ %68%%@’%&& S SAVPLES COVPONENT A B C
DEF RDS847A 97 28.6 29.1 31.58 50.71 0 0 DESMOPHEN 2000 98 43.7 39.1 O
000 EPI-REZ 3522-W66 9 00 21.050 0 0 EPON 826100 0 0 0 O 16. 12 63.54

PVP-K30101 0 9.7 15.79 15.21 1.31 5.18 A-187102 2.3 2.3 8.42 8.11 3.17
12.51 A-174103 4.7 4.8 0 0 0 O
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A-1100104 0 0 8.42 8.11 .0 O PLURONIC F-108105 10.7 5.6 0 0 0 O | GEPAL
CA-630 106 0 0 4.74 6.39 1.63 6.44 VERSAMD 140107 4.8 4.8 0 0 0 0
ALKAMUL Sywid-91/08308 0 0 O O 1.63 6.44 KESSCO PEG 600' 09 OpOr@séh/44569 3. 11
MACOL NP-610 3.6 3.6 4.74 6.39 0 0 97 RD 847A polyester resin which is
comercially available from Borden Chem cals of Colunbus, Chio. 98
DESMOPHEN 2000 pol yet hyl ene adi pate diol which is comercially avail able
from Bayer Corp. of Pittsburgh, Pennsylvania. 99 EPI-REZ(r) 3522-W66
which is comercially available from Shell Chenical Co. of Houston, Texas.
100 EPON 826 which is commercially avargba&hg from Shel I Chem' cal of
Houston, Texas. 10 - y
avai | abl e flrom TSP Chenical s of jZ\WEéGH%RQE'%EQF GOMPRQNENT ON TOTAL
gama- gl ycildoxypr opyl t ri met hoxysi llane which is SRS BASISy available ffrom
CK Wtco Jorporation of Tarrytown, New York. 1035AMPLES
gamma- et hqcryT oxX\qoRPYNENTEet hoxylsi | ane whi 8h | s Conebci &l | E aVai IFablje
from CK WWDratlon of rarriyt oge Newpo.Yof B1.580450471.1.000 0
am no- f unct o C ﬁ;gwu g 1|S oonprer g1 alfly o

avai | abl e f'L‘-:P VAR IS 9 O/51.0 gor K. U5 [PLERON CTM
F- 108 pol ygpasaeem 'A&G puquAycunylcucb cOop 'b”bl Vbllil..ll 0> ,qglﬁ ' '

. g% 5y
avail able f Corpoe+ratier—ofParstpprhly = F A
RN iy OO AR i oL N 5 55 2 0TI A T B
GAF Cor por tl'ﬂ'aﬁ7() \N—‘)vnp New Jer 2. 3 /IE 2 8,1 L&.éﬁze 'A““-5“ S
commer ci al IWAAV4Pabl e from Cognist Cofd o 4-?1 hei®inal | hi 00 1 KAMULS

EL- 719 pol yio&41400v¥ at ed vegetabl e bil &hich Os cdhddricBaly alaillabi® ff om
Rhone- Poul eRLUROSIGESEBO™PEG 600 pol ¥&T hy| eén€ bl v&ol | mBnoll aulat ef e er
whi ch is camBERALCAK30VE [ able ffom®Gt ephn 0CohpaTd pH.3%hi cAHS, |l 18.4%0] s.
10 MACOL NAgeERSAMIDAE00Y surfactant we chli48com@rc) aldl yfavai | apl € frpm

BASF of  Par&ATERAULS EXT19 ©Ff SEY. 0 0 0 0 163 | 6.44
KESSCO PEG 600 ™ 0 0 0 0 | 079 | 311
MACOL NP-6 '™ 36 36 | 474 | 639 | O 0

7 RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

%8 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsyivania.

% EPJ-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas.

100 EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

101 pyP K-30 polyvinyl pyrrolidone which is commercially avaitable from ISP Chemicals of
Wayne, New Jersey.

102 A_187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

103 A_174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

104 A_1100 amino-functional organo silane coupling agent which is commercially available from
CK Witco Corporation of Tarrytown, New York.

195 pj URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

1% |GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey.

197 VERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

108 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

109 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lilinois.

110 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.
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-93 WD 01/ 09054 PCT/ US00/ 20459 Tabl e 1A (cont'd) WEI GHT PERCENT OF
COVPONENT ON TOTAL SOLIDS BASIS SAMPLES COVPONENT A B CD E F EMERY 6717
"1 0 0 OWO0O01/8054. 56 EMERY 6760 112 0 0 4.21 4.06 0 0 Pecy@soMmB8Rs801 113
0.6 00000 POARTHERM PT 160 114 1.0 1.0 0 0 74.78 1.00

RELEASECQOAT- CONC 2515 0 0 1.05 1.01 O O Conparative sanples of comerci al
products 631 and 633 D-450 starch-oil coated yarns; 690 and 695 starch-oil
coated yarns and 1383 G 75 yarns which are 5 commercially available from
PPG I ndustries, Inc. were also evaluated. In addition, three Conparative
Sampl es X1, X2 and X3, each coated with the same aqueous formng
corrp05|t|on X set forth in Tabl e 1TdblbalAeontdy e aI SO tested Corrpar atlve
Sarrp| e X1 hpad 2.5 weight percent sglids. aYaes ( 3

wei ght pefcent soli ds and was ai rWGE‘JREﬁ %’H .
Conparativp_Sanple X3 10 had 4. 6] weight per (‘¢=§IOUBS W'SFI\/FRY(H 6717
partially hmidated polyethylene ifine which is cOMMBLESA| |y avai|able from
Cogni s Cor por at | (BOMPANENT nnat i, | OhiAd. 112 BEMERYCr) | 6160 {1 ullri chntFwh| ch

i s conmmer c| BMERYa8&I7 '4bl e Cogni s [Cor porat|o® of @ nc| nrati|, 0.4thi p.1.863
POLYOX VBRI ERIERYOS3E0eThyT ene oxi dg) whi chli © conaenc| al.oe/ [ava [ apl eofrpm
Union Carp "Egygg(rwSFpgomnbury npgct! cutgp [ 149 POLARTHERMg ) PT @60
boron ni tr "HE RRHERWPTI160 &5, W1 CH g1 €| CPBIMET Char | Y AV yAPBE[ 160

Advanced Cg RS J ut—takexwood T W \i N |§|"DE
REL EASECQOA N I_S%ﬁ)gé ?J??u e “ar?. e .,a\dl ) GLEET: pet-Stofr—y Mr—th i s

O] o2 etk ot Toamirion s o b B ARG

coated yarns; 690 and 695 starch-oil coated yarns and 1383 G-75 yarns which are

5 commercially available from PPG Industries, Inc. were also evaluated. In addition,
three Comparative Samples X1, X2 and X3, each coated with the same aqueous
forming composition X set forth in Table 1B below, were also tested. Comparative
Sample X1 had 2.5 weight percent solids. Comparative Sample X2 had 4.9 weight
percent solids and was air dried for about 8 hours at 25°C. Comparative Sample X3

10 had 4.6 weight percent solids.

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

12 EMERY® 6760 lubricant which is commercially avaitable Cognis Corporation of Cincinnati,
Ohio.

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

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

'S 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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ON TOTAL SOLIDS BASIS COVPONENT SAMPLE X RD-847A ' 116 28.9 DESMOPHEN 2
000 117 44.1 A-187 178 2.3 A-174 "9 4.8 PLURONIC F-108 120 10.9

VERSAM Dwihi@il@dds#4. 8 MACOL NP-6122 3.6 POLYOX WSR- 301 12BcTUS00/doasdyar ns of
Sampl es A-F and the Conparative Sanples were evaluated for |o0ss on
ignition (LAO) and air jet conpatibility (Air Drag) using the "Air Jet
Transport 5 Drag Force" Test Method di scussed above in detail. Each yarn
sanple was fed at a rate of 274 neters (300 yards) per mnute through a
Sul zer Ruti needle air jet nozzle unit Mddel No. 044 455 001 which had an
internal air jet chanber having a di aTabkr1Bf 2 mllinmeters and a nozzle

exit tube hawving aleongth of 20 f‘a‘m—l—rcs{-e-pé S-OFR-Ea i) J"A from
Sul zer Ruti ¢f 10 Spartanburg, North car WE! %L%Rﬁﬁgé?@gﬁ%% KI(Tf 310
kil oPascal s {45 pounds per square jnch) gau RS
posi tioned i f_cont actCAMPONENT varn at la positi orPAMPEEX o the yarn
entering the|®D-84eA 'YHozzl e. The tensi dnet er _provi de@8.9neasurements ¢f the
gram force ({DESNMOPHEN 2060 Yed upon each yarn sanpl 448y the 116 RD- §47A
pol yester regigpig@hreh 1s comerclally gvailable from2®rden Chem cal § of
Col unbus, Ohif {74 "OESMOPHEN 2000 pol ygt hyl'ene adi patgg di ol which Is

commercially Ff oBAyer — Corp. of P ttsbur@ﬁg pennsylvania.| 18

A- 187 ganma- Wﬁu metoxysTtame wht (,n S 4c_3)rmer0| atty avai |l abl e
fromCK Wtd¢e "ts.@ﬂ—e-f-—:Fa-r-ﬁy-t—ﬁwr, New—York: 1.13‘:161-\- 174

ganmma- et hacr%&% L -rRpt-hexyst-are—whef—s—cot T et aty—avatri4bl e
from CK Wtd Xr '$ 0 10f qu—ML’L’ Vortrmd 20 RLURONL-CTFM-F—108

pol yoxypr opyl ene onoxyetherne cop mer which is conmerci al | vai |l abl e
f r om BASF Cor por é'? heorares °fF${'Pf§P|9§ArF§/ a"‘l‘dé’iﬁ Geppaptive] Samplerwyalp Bviéﬁteacﬁ’ﬂ/am de

. 1 T At o R Spumeny g ordy ing et bt e 22
of 5 Drag Force” Test Method discussed above in detail.
Each yarn sample was fed at a rate of 274 meters (300 yards) per minute

through a Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which had an

internal air jet chamber having a diameter of 2 millimeters and a nozzle exit tube

having a length of 20 centimeters (commercially available from Sulzer Ruti of

10 Spartanburg, North Carolina) at an air pressure of 310 kiloPascals (45 pounds per
square inch) gauge. A tensiometér was positioned in contact with the yarn at a
position prior to the yarn entering the air jet nozzle. The tensiometer provided

measurements of the gram force (drag force) exerted upon each yarn sample by the

116 RD-847A polyester resin which is commercnally available from Borden Chemicals of
Columbus, Ohio.

7 DESMOPHEN 2000 polyethylene adlpate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

118 A_187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

113 A_174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

120 p URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

121 YERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

122 MACOL NP-6 nonyiphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.

123 pOLYOX WSR-301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.
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Par si ppany, New Jersey. 123 POLYOX WSR- 301 pol y(et hyl ene oxide) which is
comercially avail able from Union Carbide Corp. of Danbury, Connecticut.
-95 WO 0W@9DedsPCT/ USO0/ 20459 air jet as the respectivePgarmsog208p9 e was
pulled into the air jet nozzle. These values are set forth in Table 1 C
bel ow. Table 1 C Sanple No. Yarn Type LO (% Drag Force Air Jet Transport
(granf.) Drag Force (granfO per gram..) A G75 0.35 68.5 103,474 B G 75
0.30 84.9 128,248 B,SC G 75 0.35 95.0 143,587 C D450 0.52 37.33 278,582
D D450 0.40 47.1 351,493 E G 75 0.35 79.3 119,789 F G 75 0.35 83.2 .
125,680 Coapjstask itherespagtives/atd darhpiB-whs(pulled inkd théSailjeOngzzte. Bi3sse alues0 1. 3
38.1 284, 328 692o G-%S &%3%% 23 163,489 695* G 75 1.0 100.46 151, 752
1383 G 75 oarmssetloriyiniab W 75 0.33 36.4 54,985 X2 G 75 0.75 19.0
28,701 X3 D450 1.37 12.04 89,851 Ch, D450 1.59 9.00 67,164 Dh, D 450
1.66 10.43 77,836 5 * Coated with starch-o0il sizing forrrul ations. As shown

I n Tab];alCabove each of the yans AakledGyi od with polynmeric matrix
mat eri a et Ty COoN T T € T on
had Air J;ltU7 tIJ'r anssgp ?'ﬁrag Val uweégh gyeai L?ﬁ'ﬁg an DQaFg s pp\gs‘%g%ﬁg% - oi |
si zed (gramyy. per
grammass)

A G-75 0.35 68.5 103,474

B G-75 0.30 84.9 128,248

Byac G-75 0.35 95.0 143,587

C D-450 0.52 37.33 278,582

D D-450 0.40 47.1 351,493

E G-75 0.35 79.3 119,789

F G-75 0.35 83.2 . 125,680

Comparative Samples

631* D-450 1.6 21.45 160,075

633* D-450 1.3 38.1 284,328

690" G-75 1.0 108.23 163,489

695* G-75 1.0 100.46 151,752

1383 G-75 0.75 14.47 21,858

X1 G-75 0.33 36.4 54,985

X2 G-75 0.75 19.0 28,701

X3 D-450 1.37 12.04 89,851

Cui D-450 1.59 9.00 67,164

D D-450 1.66 10.43 77,836

5 * Coated with starch-oil sizing formulations.

As shown in Table 1C above, each of the yarns A-F coated with polymeric
matrix material compatible sizing compositions according to the present invention
had Air Jet Transport Drag Values greater than 100,000. Only the starch-oil sized

10 commercial strands, which are generally incompatible with the polymeric matrix
materials discussed above, had Air Jet Transport Drag Values greater than 100,000.
Sample yarns C,; and D,,, which had polymeric matrix compatible coatings, had Air
Jet Transport Drag Values less than 100,000 because of high coating levels on the
yarns, i.e., loss on ignition greater than 1.5%, which inhibited separation of the

15 fibers, or filamentization, of the yarn by the air jet.

To evaluate laminate strength, 7628 style fabrics (style parameters

discussed above) were formed from samples of 695, Sample B and Sample B,,,
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10 commerci al strands, which are generally inconpatible with the polyneric
matrix materials discussed above, had Air Jet Transport Drag Val ues
great er Wwuoew o, 000. Sanple yarns Ch; and Dhi, which hadCpaisgommasec matri x
conpati ble coatings, had Air Jet Transport Drag Val ues |ess than 100, 000
because of high coating levels on the vyans, i.e., loss on ignition greater
than 1.5% which inhibited separation of the 15 fibers, or filanentization,
of the yarn by the air jet. To evaluate | am nate strength, 7628 style
fabrics (style paraneters discussed above) were forned from sanpl es of
695, Sanpl eG-BSanamssaﬂqﬁussﬁ/anove).%smiﬂalv.OE@Bﬂp“@@'ﬂfHSdﬁ)fabﬂ'dsamp@W&eyar ns

am nat od RTRelec i 3G 480 Syarhn Y BER TTaG o8R0 AR GatfiResiy™ ©

<(:| comwrrs(r]I Ci a|da/)allatﬂ§&lohﬁ9rell Cham?hebMpﬁwﬂMstdgpﬁafda) ?xtyalﬁﬁlmm Texas)I |
|cyan|am e ne I m col. ethe nmerclally
avai | abl e f4Bethyy %W‘gﬁé&}’gﬂsnwg@ﬂﬂﬁ Zlﬁ%“%ﬁfcdﬂliyg"é(ﬁ'i bﬁ%P‘P'Br m
| ami nat 5. FRCHow THMAES OB Df AN@hnR IMIGhi§aH) t keiraminatéd. engt h (maxi mum
failure stress) _testing according to ASTM D-790 and | PC-TM 650 Test
Met hods Manual #aqm@m'mﬂgqulﬁ\'é'uﬁtﬂd forfiexural stierath Amaximyrptaiireptiess)
El ectroni csefy RE‘%HBF‘Jm&&PAéTW? '736 afl @PCW@S@ rest i¥thbAS MaRG4Is 8k DY

ern

ref erence her nmet al ding conpletely 10 renoved by etching
accor di ng tlostdutetfoolntercenrecingand Packening Bigatrenies (Decembghd 934) (whikk are
strength (shar 8th inch)
span and c osisﬁﬁggﬁ%é@g@t ?B{@%m?ﬁ ersﬁ%}giocgé&dmﬂ%rﬁﬁl m nut e
accordiTg tremoted by Btcﬂﬁzﬂglaccdndlng tcasemlelpécﬂ 2.40AIRG4110t anqbtnrmtemliarbiylar ef erence
herein. The_ results ese eval u in T 1 | ow. 15
Tabl e 10 SaSRLS e st fehorCeatn SheersR b ERg 8 PR e Bidin ngh 854
Strength Rascabsshyad dB%&d@FS ZPShllllF?mal(BOEmcth)ébé? mindieSicédridivg t3. 4 x 1010
3465000 2.6 x_10' 3742 Bva Q 2.5 x 10°

ix !1&8 722%@2& e@1010 3450
3647 695 4A§TM D344 e 2’93SB?° 67y 'AYBA yrefergnee hergip. fheds
Table 1 D, {sapddtadvaliatiohs afe ShawfinBedfe v eeRwed according to the present
I nvention had higher flexural strength and nodul us values and siml ar

Table 1D
Sample Flexural Strength Flexural Modulus Short Beam Shear
Strength
Pascals psi Pascals Psi Pascals psi
B 4.9x10° 71534 | 2.4x 10" | 3465000 | 2.6 x 10’ 3742
Buac 5.0x10° 72215 | 2.4x10™ | 3450600 | 2.5x 10’ 3647
695 4.3x10° 62959 2.3x10% | 3360800 | 2.3x 10’ 3264

As shown in Table 1D, Laminate Samples B and B,,. prepared according to

the present invention had higher flexural strength and modulus values and similar
20 short beam shear strength when cdmpared to laminate samples prepared from 695
starch-oil coated glass fiber yarn.

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

25 of conventional tension measurement devices having a stationary chrome post of
about 5 centimeters (2 inches) diameter mounted therebetween to displace the yarn
5 centimeters from a straight line path between the tension measurement devices.

The difference in force in grams is set forth in Table 1E below. The Friction Force
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20 short beam shear strength when conpared to | am nate sanpl es prepared
from695 starch-oil coated glass fiber yarn. Sanples A and B and

Conpar at weeor1®osyl es 1383 and X1 were al so eval uated for PCT/BIMI45%Tr ce by
applying a tension of 30 grans to each yarn sanple as the sanple is pulled
at a rate of 274 neters (300 yards) per mnute through a pair 25 of
conventional tension neasurenent devices having a stationary chronme post of
about 5 centinmeters (2 inches) dianeter nounted therebetween to displace
the yarn 5 centineters froma straight line path between the tension
measur ement tebtis intehded Theimaisté trecfrictioriahforeasde whichgtha yerr is subjectesk-dusingn
Table 1 E below. The FEriction Force -97 WO 01/ 09054 PCT/ USOQ 20459 test is
i nt ended t o WERMINPAPE™RUABSt i ctional forces to which the yarn is subjected
during weaving cReipéd RRand BSanpCemparativel SBrpies 1388anda{ | wereSslsp| es 1383
and X1 were also evaluated for, broken filaments usin rasion. tester.
Two hundr ed e¥plsatedder brokemnWamantscising;af,abragiop 6352%"(: ﬁfv‘fogr%‘?n%%?rﬁﬁazn%gf each

test samg e WasorPibletdppidd B dathaestisantpléds Badtetest dabfple wakqr)ledat aratswfe f or
five mnutes through an abrasion testing ns of each

] . apparatus. Two test I‘L{
sanpl e and Odtfpmetars (18 inehas) eemmteefpal%mﬁﬁe% Yohean,RRIASIGR 1S¥INBhe nunber
of broken fi 'pp.%mss 'I"vﬁ gelgpﬂan%‘fle%éh a_é’rh*)lﬁ ahdeoRPhfitive sAhRleARERSIUEST er

consi sted of PEWo par a rows of steel reeds, each row being 10 positioned
1 i nch apar tandEbe Bverage ofthe musihep bEbraken filameatsds rerartaddn Tehle Hepalewnt

reeds of  harl dialeid PR chEdEy of BRIDLMIARRIoNALUSEHS WoRANGRBRY T oods

of the secdk§ aced a distance of one-half i'nch
bet ween 1tthe positiened 1 inchanpart. Haehtestyarneamepld wagtreaded betvegndwp @diasedler a

four inch length j irectio ar al | t ' ' Vi, travel
at a rate of'e%éﬁ)&éﬁ‘éﬁr@gr%? rﬁ\eaf!tt en ?ge%aegl %"*’Q% @a‘t’rrr%%eése%hggsgrtr%ar ative
Conpar at i ve seSandidv daeeds3 Bat Sispiated Alalistaficerof iong-half ifohrbetwéer thespwaof7 18. 3

23.9 38.1 Number_of broken fil 2.01.038 10 d_of As
Shown i n TaliPens e teait Mete B bact ATEHOR overca g enalf b firecn”

parallel to the direction of yam travel at a rate of 240 cycles per minute.

15
Table 1E
Samples
A B Comparative Comparative
Sample No. 1383 | Sample No. X1
Friction force (grams) 247 | 183 239 38.1
Number of broken filaments | 2.0 1.0 3.8 1.0
per yard of yarn

As shown in Table 1E, Samples A and B, which are coated with sizing
compositions containing boron nitride according to the present invention, had few
20 broken filaments and low frictional force when compared to the Comparative

Samples.

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

composition.
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conposi tions containing boron nitride according to the present invention,
had few 20 broken filaments and |ow frictional force when conpared to the
Conpar at W@ 01/08&hpl es. EXAMPLE 2 Each of the conmponents i RCriso@a@ent s set
forth in Table 2A were mxed to 25 form aqueous form ng size conpositions
G and H according to the present invention and a Conparative Sanple Y in a
simlar manner to that discussed above. Less than 1 weight percent of
acetic acid on a total weight basis was included in each conposition. -98
WO 01/ 09054 PCT/ USOQ 20459 Each of the aqueous form ng size conpositions E
and F of Tabl e 1&ach oEttergrjueods forohirg size aondp@itiqna Eaand/e oEGhale dA¥nof Tabl e

2A were coated onptp G;75,, E- i..D t r.m

Comestt 1 oo amile Lol G Hene BB BaralE SaMPley 8T Tabte 2 vithre bBficl 3B 6
PERCENT OF EQVRSINIDEF strahtist (H#dh GGhé REniftice cGApHitions GaNPBEEeh 6amt 25np.
Sanple Y EPON 826124 %gl 12 63.54 60.98 PVP K-30 125 1.31 5.18 4.97
ALKAMULS ELWeidht porcent o8d8. 414 6. 18 | GEPAL CA-630 127 1.63 6. 44 6. 18
KESSCO PEG 600128 0.79 3.11 2.98 A-187 129 3.17 12.51 12.00 EMERY 6717130
0.40 1.56 1.50 PROTOLUBE HD 3' 0 0 4.61 POLARTHERM PT 160132 0 0 O
RELEASECOAT- CONC 25133 74.78 1.00 0 Ed@®le2Bted glass fiber strand was

tw st ed tofwrd—vm T

conventional |twi sting equi pnent. The ya?WsBGo :%ﬁiﬁbﬁ‘@g% %N%NT

comer ci al | y favatt-abt-e—+em-ShetH—Cchent—< o1 ruuoSAMPLEgAao

COMPONENT G Comp. Sample Y

EPON 826 '* 16.12 63.54 60.98
PVP K-30 ' 1.31 518 | 4.97
ALKAMULS EL-719 '*® 1.63 6.44 6.18
IGEPAL CA-630 ' 1.63 6.44 6.18
KESSCO PEG 600 '*® 0.79 3.1 2.98
A-187 '* 3.17 12.51 12.00
EMERY 6717'% 0.40 1.56 1.50
PROTOLUBE HD *! 0 0 4.61
POLARTHERM PT 160 ' 0 0 0
RELEASECOAT-CONC 25™ 74.78 1.00 0

Each coated glass fiber strand was twisted to form yarn and wound onto

bobbins in a similar manner using conventional twisting equipment. The yarns of

124 EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

125 pVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

126 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

127 {GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey.

128 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois.

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

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

131 PROTOLUBE HD high density polyethylene emulsion which is commercially available from
Sybron Chemicals of Birmingham, New Jersey.

32 pOLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

133 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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125 PVP K-30 polyvinyl pyrrolidone which is comercially available fromISP
Chem cal s of Wayne, New Jersey. 126 ALKAMULS EL-719 pol yoxyet hyl at ed

veget abl sv@bi/e9oki ch is commercially avail able from Rhonep€DumiSamz459127

| GEPAL CA- 630 et hoxyl ated octyl phenoxyet hanol which is comrercially

avai l able from GAF Corporation of Wayne, New Jersey. 128 KESSCO PEG 600

pol yet hyl ene gl ycol nonol aurate ester, which is comercially avail able
from St epan Conmpany of Chicago, Illinois. 129A-1 87 ,
gama- gl yci doxypropyl tri nmet hoxysil ane which is comercially avail able from
CK W tco CosaaplatiFoandifl eXbibitgd minimalNdzingrshedding3iuringrwieting aad the yains phl | y
am dat ed pol yet hyl ene | m ne. which is rcical LY. j le from Cognis
Cor por ati on %?ma%ﬁg]%ﬁ%xg@?g%?evﬁ‘i%%@ﬁ@ ﬁé“ﬁ#g’h& hsity pol yet hyl ene
emul si on whi ch i sTR®yaE®E of 8hmples\ExH aral CorfiparativeSFample Yovers ealiuated for Air

Bi rm ngham New Jer s_eﬁ%_ 132 PC]_eRTHElRI\/(r PT 160}}90{1@'”,{’@%” de l'Fﬁowcler
particles, wRraHnzsmignmanner 9 By2mp'si ! 2hove. ecpBhhalihs fAlRragalyrswere

Cor por atign gétetr@ikEdRI Swo BBbEIN sampldeRitife HeREdedintidatdd iRElabSIBICRcHCONC 25
boron nitride particles in agueous dispersion ich is ﬁmrg%é

avai | abl e fryamamas evghatesdfer ayerage pumbgiofbrofea filaments oep 2200 mgier M09054
PCT/ US00/ 20438003381kl E5ermANE: iy &shirkptddeNNETE4 647l Brakshardiey during
twi sting and the yarns of Sanples E and G exhi bited severe sizing shedding

during twi st defgctomivdhighuis comanersialypaailale fromnaDedmpenationaldnsginglardyer e
eval uat ed foﬁ'hég%ervaltgsargg}egelgt etf\b gbér%ég%f@?ﬁ%%ﬁgﬁﬁ%ﬁﬁd@d%?&@w bdbbiRRSF t hat

the Air Drag values Wwer ermn bin sanples at the
pressur e$0i ndacteyarn. The badkes fikinerExalues gee repaded froml sestions talsen froeyafidl

i nute usi ngSSoM (PRan b sthdlprtiar e (R0 Bopy FYEIEMES R,

i's comrerci atHeyboid. | abl e from SDL I nternational Inc. of England. These
d on f

val ues represent the average of asur. ts_conduct r ,bobbi ns of
10 each ygm The SPS'MW“f"qusaﬂ%‘hF‘;%%"?tﬁ%gg?aée FERYPY g?f%Pg 8gh 3933%“?)“15 t aken
froma full ThoBBEYbeldw6TEE AlMbERS BloRsILMShets thekbrall aotordify tthpGene)  of

yarn unwound from the bobbin. Each yarn was al 50 eval uat ed f%%
Tensi on #8st Tapsien Methad is getermingd bydisminding 3 sample of yamiiom & bahoinatA400,

filaments MeaRiulerhiRGEe Ofhtlddhd e yaf RSN a series of 8 parallel ceramic pins and

passing the yarn through the Shirley broken filament detector discussed above to

count the number of broken filaments.
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15 Tension Method is determ ned by unwi nding a sanple of yamfrom a bobbin
at 200 neters/mnute, threading the yamthrough a series of 8 parall el
ceram c posregedd passing the yarn through the Shirl ey br @karusbotmsent

det ect or di scussed above to count the nunber of broken filaments. -100 WO
01/ 09054 PCT/ US00/ 20459 TABLE 2B Sanple NUMBER OF BROKEN E F G H Conp.

FI LAMENTS PER METER Sanple Y OF YARN full bobbin 0.887 0.241 greater 0.065
0.192 than 10 136 grams (3/10 pound) 0.856 0.017 greater 0.013 0.320 than
10 272 granms (6/10 pound) 0.676 0.030 greater 0.101 0.192 than 10 GATE

TENSI ON (nunber of hairs per neter) XABIKE 2B- 0.039 - 0.0235 0.721 CGate 3
- 0.025 - O-0280~64l—lat-e—4— : :

0.093 0.8 Gate 6 - 0 0265~ 993 Gatp $3MPE 0ggs o 31 1
Cate 8 - o TNOMBER 6F BROKEN Al R DRAG grafs) 25 pSi Bdbbi K 1 -ﬁﬁ?."ﬂéo i
10. 860 11.|6TBAMEMNIST RER MEYRERGho - 7.8650 11.610 30 psi| Bobbi n|PaMPl&Ydoo -
12.500 13.1680 BRolPE XABRN. 12 20bh - g 540 13 850! 35 nsi lBobbin 1 . 13 4do -
14.030 15880 B&WHPIPbIN - 13. 50 0883 570 Ui2#153) FEPARL |BoBESH 1 -0192 740 -
14. 110 17:|560 ' than 10
136 grams (3/10 pound) 0.856 0.017 greater 0.013 0.320
than 10
272 grams (6/10 pound) 0.676 0.030 greater 0.101 0.192
than 10
GATE TENSION (number of
hairs per meter)
Gate 2 - 0.039 - 00235 | 0.721
Gate 3 n 0.025 . 0.028 0.571
Gated B 0.0125 - 0.068 | 0.4795
Gate 5 . 0.015 N 0.093 0.85
Gate 6 . 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0.117 " 0.557 1.81
AIR DRAG (grams)
25 psi Bobbin 1 - 10.420 - 10.860 | 11.610
Bobbin 2 - 10.600 N 7850 | 11.610
30 psi Bobbin 1 - 11.690 ; 12.500 | 13.680
Bobbin 2 . 12.200 - 8540 | 13.850
35 psi Bobbin 1 - 13.490 " 14.030 | 15.880
Bobbin 2 - 13.530 n 9570 | 15.630
40 psi Bobbin 1 : 14.740 - 14110 | 17,560
Bobbin 2 . 14.860 : 11.010 | 17.610
45 psi Bobbin 1 : 16.180 R 16.390 | 19.830
Bobbin 2 - 16.680 . 12.700 | 18.950
50 psi Bobbin 1 - 17.510 B 19.280 | 22.410
Bobbin 2 . 17.730 N 14.000 | 20.310
55 psi Bobbin 1 - |.19.570 . 23.350 | 29.350
Bobbin 2 - 19.660 . 20.250 | 26.580

While the test results presented in Table 2B appear to indicate that Samples
E-H according to the present invention had generally higher abrasion resistance than
5 the Comparative Sample Y, it is believed that these results are not conclusive since
it is believed that a polyethylene emulsion component of the Comparative Sample Y,
which was not present in Samples E-H, contributed to abrasive properties of the

yarn.
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Bobbin 2 - 14.860 11. 010 17.610 45 psi Bobbin 1 - 16.180 - 16.390 19.830
Bobbin 2 - 16.680 - 12.700 18.950 50 psi Bobbin 1 - 17.510 - 19.280 22.410
Bobbi n 2wo &70%390 - 14.000 20.310 55 psi Bobbin 1 - 19.57@ct/nR8e2@s 29. 350
Bobbin 2 - 19.660 - 20.250 26.580 While the test results presented in

Tabl e 2B appear to indicate that Sanples E-H according to the present

i nvention had general I'y higher abrasion resistance than 5 the Conparative
Sanple Y, it is believed that these results are not conclusive since it is
bel i eved that a pol yethyl ene enul si on conponent of the Conparative Sanple
Y, which was not present in Sanpl es EXAMPW®Atri buted to abrasive

ties of th 101 WD 01/.09054 PCT/ USQQ/: 2 h of
Phe. component s | TEASHEHTAPRERTRONEOIS 1458 APHNY 261 BRAK! IS AR Tedpe ! °

aqueous f or Ty aglesusIONMAS biké @dmplsitidrisok girodyraN casLeldng to the htESpntesent
I nvention. Each aqueous form ng size conﬁom i on was @dgl in a sinmlar
p iR e

manner 5 to'@‘f?&l‘wﬂl Eéﬁ'%é‘é‘@%ﬁéqf@""g_%%%c RPSition wag, Rtep farpaanet aci d

on-a totd WeiKtldisdhasddsaniRs. LB&d dRA welgiasticei 6Passtit iaeid orFa tdlalabeibite
aqueous formng size conpositions of Table 3A was coated onto 2G 1 8

E- gl ass fi bdasistwamiasluderineagh composiiei ng si ze conpositions had 10 wei ght

percent solids. ifiSANRIPNEDIE dANvad EBA¥ed Srtd DS
BrG o savpLES onR e %ff%%'%gai? & Bmpb: SSanpl e plé the?m)piﬁ'ggt i
pol yur et haneG1BrE-glads fibeg4trand3. Bachiofihe frming size eamppsiising iad 10 veight

t her nopl ast |pcergent)éuhet hane film 51.5 51.2 50.18 46.9 51.7
10
Table 3A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES
COMPONENT K L M N Comparative
Sample Z

thermoplastic polyurethane film- 344 34.2 334 | 31.35 345
forming polymer™ :
thermoplastic polyurethane film- 51.5 51.2 50.18 | 46.9 51.7
forming polymer'®
polyoxyalkylene polyol copolymer 0.3 0.3 0.3 0.3 0.33
epoxidized polyester lubricant 7.2 7.1 7.0 6.55 7.22
gamma-aminopropyl 2.7 27 2.7 25 2.76
triethoxysilane coupling agent
gamma-ureidopropyl 3.3 3.3 3.2 3.0 3.34
triethoxysilane coupling agent
amino-functional organo silane 0.1 0.1 0.1 0.1 0.14
coupling agent '
RELEASECOAT-CONC 25 ** .. 0.1 1.0 | 29 9.1 0
loss on ignition (%) 1.11 1.14 1.05 1.08 1.17

34 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.

135 Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers.

3¢ 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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form ng pol yner 135 pol yoxyal kyl ene pol yol copolynmer 0.3 0.3 0.3 0.3 0.33
epoxi di zed polyester lubricant 7.2 7.1 7.0 6.55 7.22 ganma-am nopropyl 2.7
2.7 2.7 WS0Reo6&4 triethoxysilane coupling agent ganma- ur ecaasoepupse 3.3 3.3
3.2 3.0 3.34 triethoxysilane coupling agent am no-functional organo sil ane
0.1 0.2 0.1 0.10.14 coupling agent RELEASECOAT-CONC 25 136 -. 0.1 1.0 2.9
9.1 0 loss onignition (% 1.11 1.14 1.05 1.08 1.17 134 Thernopl astic

pol yest er - based pol yur et hane aqueous enul si on havi ng 65 percent solids,
anionic particle charge, particle size of about 2 microneters, a pHof 7.5

and a vi scosity Obmfifsite suenplepof sach(@timatiovel abatedglass filRFGampss and the
Ther nopl ast |

c pol yester- ed pol yuret hane a di,sper.si on Lhg a
sol i ds cont%ﬂ'ingﬁﬁe V& aﬁ‘@%@i%@ﬁ#‘bﬁ’“&?ﬁ@@f@ﬁ@“ﬁ ! ’é‘?é&&%‘%ﬁ‘w asi ze
ranging fr ?_(@é%%@.h‘tto Brodiut® 289543 3 175 AAERIL(19. x 1B% 0CRBARCHSREMqbES Rl DE
RELEASECOAT- C"25 boron nitride particles in aqueous dispersion which is

commer ci al | Fachvenecimenswes eyaluated ferattengis strepgth, tensiteRIORIAKRN anfdaRsigsce.
-102 WO 91/ 948(&39 R; ASUTPAI StreRbthoRfd Aelird RbdRRReY
coat ed g?as@gaﬁ‘g%rg%cg&rjﬁ%%sgan 'twﬁe rrggéafﬁve Sarrglé Z were lFextrusi on
nol ded at 23@Ording toiSS EMd\detiiod &-790; Mrd notalizg' andiunnetshpd dzpddepaststrengti. x
3.175 mllineter 1 | ci men was
eval uated 3 c:orciui%gol ‘R%*@ﬁ%‘ﬁa&#gg%ﬁgﬁpg%%hg%ﬁ% eacn ﬁibeeﬁigﬁ e 5 nodul us
accordi ng to ASTwablei3Bquieszris8id reslits«ofitests sondupirchomndmpbsitasifatmerheling s
according to ASTM Met ho 90. .and. not ched and unnot ched |zod i npact
strength ﬁ&B’P‘&ﬁ%@"?'é‘yﬁg%ngﬁ" %256 at the glass contents specified
bel ow. Jgble 3B presents the results of tests conducted on conposites

formed using a conventional nylon 6, Lx resin. 10 TABLE 3B Sanpl es
units K L MN Conp. ____'IGA&?II:'&b

Samples
units K L M N Comp.
Sample Z
Tensile Strength kpsi 271 27.6 27.3 27.4 26.2
MPa 186.9 | 190.34 | 188.27 | 188.96 180.68
Tensile Elongation % 3.32 3.37 3.36 3.42 3.32
Tensile Modulus mpsi 1.48 1.55 1.47 1.44 1.51
GPa 10.2 10.7 10.1 9.9 10.4
Flexural Strength kpsi 44.6 46.3 45.7 455 44.0
MPa 307.6 319.3 315.2 313.8 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.54 15
GPa 10.5 10.7 10.6 10.6 10.6
notched iIZOD ft ibd/in 1.86 2.24 1.94 . 1.63 1.16
Impact
kJ/m? 7.89 9.50 8.23 6.91 4.92
unnotched 1ZOD ft Ib¢in 21.8 229 21.1 20.5 22.0
Impact
kJ/m? 92.43 97.10 89.46 86.92 93.28
Glass content % 32.9 32.6 324 323 324

As shown in Table 3B, glass fiber strands coated with boron nitride particles
(Samples K-N) according to the present invention exhibit improved tensile strength
15 and notched lzod impact properties and similar tensile elongation and modulus,
flexural strength and modulus and unnotched Izod impact properties when compared
to a comparative sample having similar components which did not contain boron

nitride in nylon 6,6 reinforcement. When evaluated using nylon 6 resin under similar
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Sample Z Tensile Strength kpsi 27.1 27.6 27.3 27.4 26.2 MPa 186.9 190. 34
188. 27 188.96 180.68 Tensile Elongation % 3.32 3.37 3.36 3.42 3. 32

Tensil e Wowol/owseapsi 1.48 1.55 1.47 1.44 1.51 GPa 10.2 10PTTAB0M2@59 10. 4
Fl exural Strength kpsi 44.6 46.3 45.7 45.5 44.0 MPa 307.6 319.3 315.2
313.8 303.4 Flexural Mdulus npsi 1.52 1.56 1.54 1.54 1.5 GPa 10.5 10.7
10.6 10.6 10.6 notched 1ZOD ft Ibr/in 1.86 2.24 1.94 1.63 1.16 | npact
kJ/m2 7.89 9.50 8.23 6.91 4.92 wunnotched IZOD ft ibdin 21.8 22.9 21.1 20.5
22.0 Inpact kJ/nR 92.43 97.10 89.46 86.92 93.28 dass content 9% 32.9 32.6
32. 4 32. 3 3Zoaditipgs,sheimpronemantsén BBsilgsteangtit ansbnotshediizad imprat ®PREMEs bor on
nitride partjc s K-N) according to the present invention exhibit

I mproved teﬁ'{é ’%Z‘%%’%@ﬁ 15 and notched |zod inpact properties and
simlar tensile elongation and nodulus, flexural strength and nodul us and
unnot ched | zod i npact properties whe d to a conparative sanple
havi ng sim |l ar conponents which did M@m n boron nitride in nylon 6,6
r e} nf or cagrent . Wescresfathe abmgoneritain thy laaroufitsrses forthuin fablesd Arwb e mixéf 3o VO

01/ 09054 PCT/ USOQ 20459 conditions, the_inprovenents. in tensile strength
and not ched fP%équfP"Bﬁngﬁézlet@&msU\'B?%Prﬁ%” rbgcﬂc\?%’.'"géﬂ& PEESENS Each of
the conponenpgertibn! FcAHUEsSS f‘éﬁhinggfzb*toh'fbogiﬁ&h wad Prepured i K Sithilabmaheemm
aqueous form ng size conpositions thro,ugh S according to the present

i nvention. Hadhatsligrassed above: d@ssthas LwaigBparsei ohacetiracidhera t‘Ptgl weightyi | ar
manner to thate ‘95§ﬁ“m@g ifeaMFeonpitiohhan 1 wei ght percent of acetic acid
a

on a total welght sis was Included in each conposition. 10 Each of the
aqueous ¥®r i ng sEach efdhp @quedusfornyng siapicempasitienrs efokablei4d mas coated onto

G-31 E-glass fiber strands. Each of the forming size compositions had 10 weight

" percent solids.

Table 4A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES

COMPONENT P Q R S
thermoplastic polyurethane film-forming 23 28.75 28.75 23
polymer'®
thermoplastic polyurethane film-forming | 34.45 43.1 43.1 34.45
polymer'®
polyoxyalkylene polyol copolymer 0.22 0.27 0.27 0.22
epoxidized polyester lubricant 4.8 6.0 6.0 4.8
gamma-aminopropyl 1.84 2.3 2.3 1.84
triethoxysilane coupling agent
gamma-ureidopropyl N 2.22 2.78 278 .2.22
trietnoxysilane coupling agent
amino-functional organo silane 0.1 0.12 0.12 0.1
coupling agent
POLARTHERM PT 160 **° 33.3 16.7 0 0

37 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.

38 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.

33 pOLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
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G 31 E-glass fiber strands. Each of the form ng size conpositions had 10
wei ght percent solids. Table 4A WEI GHT PERCENT OF COMPONENT ON TOTAL
SOLI DS BYQ @/09&\VPLES COVPONENT P Q R S thernopl asti c poPQTMUSHH20459
filmformng 23 28.75 28.75 23 polyner131 thernopl astic pol yuret hane
filmformng 34.45 43.1 43.1 34.45 polyner'-'8 pol yoxyal kyl ene pol yol
copolynmer 0.22 0.27 0.27 0.22 epoxidized polyester-lubricant 4.8 6.0 6.0
4.8 gamua-am nopropyl 1.84 2.3 2.3 1.84 triethoxysilane coupling agent
gama- ur ei dopropyl 2.22 2.78 2.78 .2.22 triethoxysilane coupling agent
am no-functional organo silane O. IQ!EE&A(FQHfdj 1 coupllng agent PCLARTHERM
PT 160139333467 0—0—%3+Thermopt SEE S : :

aqueous efrul si on havi ng 65 percent sol
part | Cl e :1: zZe Of ahaout 2 m cromet-er-s

TR ot —UTrretT T,

centi poi se_@Br..o@kj_i_eJ_d_Jf}@_af 25C- 138 'rliFeanpLas-g%est_et-i\mnd

pol yur et hpne aqueai SOMP: NTaon havi ngla RBlids cddtent| of R62 her Sent pH
of about [WANTALE\2Q034€ particle size tand ng |frondabodt d6d to aBddt P.5
mcronmetefs. 139 POARTHERM r) PT 160 boron niltride powder part]cles, Which
are comref losabhygritian (Ygbl e from Advanged.&2r gm c&8Cor gor é8mn pf Oleakepood,
Chi 0. -104 WD 01709054 PCITUS007 20459 Tabl e 4A (Cont ' d.) VEI PERCE CF

COVPONENT ON  T@dMhpasitk sBRpRADf aciPoMReRBove coated glass fiber samples and the
Comparative Sample Z of Table 3A above were extrusion molded to produce 400 x

5 400 x 2.5 millimeters (16 x 16 x 0.100 inches) plaques under the conditions set forth
in Example 3 above. Each specimen was evaluated for: tensile strength, tensile
elongation, tensile modulus, notched and unnotched Izod impact strength as
discussed in Example 3 above at the glass contents specified below.

The color tests were performed on composites having a thickness of 3.175
10 millimeters (1/8 inch) and a diameter of 76.2 millimeters (3 inches) using a Hunter
colorimeter Model D25-PC2A. To evaluate material handling characteristics, funnel
flow tests were conducted on samples of chopped glass fiber. The funnel was
eighteen inches long and had a seventeen inch diameter opening at the top and a
two inch opening on the bottom. The funnel was vibrated and the time was recorded
15 for 20 pounds of sample material to flow through the funnel. The PD-104 test
evaluates the resistance of the chopped glass fiber sample to filamentation. Sixty
grams of sample, 140 grams of an abrasive material (ground walnut shell particles
No. 6/10 which are commercially available from Hammon Products Company) and a
conventional foam type antistatic dryer sheet were enclosed in a 4 liter stainless - - - - --
20 steel beaker and vibrated using a Red Devil paint shaker Model 5400E3 for six
minutes. The vibrated material was screened using No. 5 and No. 6 U.S. Standard
testing sieves. The weight percent of fuzz material collected on the screens as a
percentage of original sample is reported below.
Table 4B presents the results of tests conducted on composites formed using

25 Samples P-S and Comparative Sample Z using nylon 6,6 matrix resin.

140 VANTALC 2003 talc powder particles, which are commercially available from R.T.
Vanderbilt Company, Inc. of Norwalk, Connecticut.
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COVWONENT P Q R' S VANTALC 2003140 0 0 16.7 33.3 loss on ignition (% 0.52
0.81 0.80 0.64 Conposite sanples of each of the above coated gl ass fi ber
sanpl es svoloi/mds4 Conparati ve Sanple Z of Table 3A above WeC®/US#Y/2045¢ On

nol ded to produce 400 x 5 400 x 2.5 mlIlineters (16 x 16 x 0.100 inches)

pl aques under the conditions set forth in Exanple 3 above. Each speci nen
was evaluated for: tensile strength, tensile elongation, tensile nodul us,
not ched and unnotched | zod inpact strength as discussed in Exanple 3 above
at the glass contents specified below The color tests were performed on
conposites having a thickness of 3.175 10 mllineters (1/8 inch) and a
dianeter of 76.2 mllimeters (3 inchegpgigifpy @ Hunter colorineter Mde
D25- PC2A. To eval uate material handl iTm cteristics, funnel flowtests
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0.1

1.4 0.1

Funnel Flow

seconds

13.8

15.2

15.4

23.5 13.0

Whiteness Index

-16.1

-12.0

-17.6

-18.5 -18.2

Yellowness Index

40.0

37.5

42.5

43.4 43.6

Gilass content

%

33.30

33

32.90

31.70 33.80

5

10

15

As shown in Table 4B, glass fiber strands coated with boron nitride particles

(Samples P-S) according to the present invention exhibit improved whiteness and

yellowness and similar tensile strength, elongation and modulus, flexural strength

and modulus, and notched and unnotched Izod impact properties when compared to

a Comparative Sample Z having similar components which did not contain boron

nitride in nvion 6,6 re

inforcement.

EXAMPLE 5

Each of the components in the amounts set forth in Table 5 were mixed to

form aqueous forming size compositions T and U according to the present invention.

Each aqueous forming size composition was prepared in a similar manner to that

discussed above. Less than about 1 weight percent of acetic acid on a total weight

basis was included in each composition. Table 5A presents the resuits of whiteness

and yellowness tests conducted on composites formed using Samples T, U and
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Tensile Strength kpsi 29.5 28.6 28.7 27.7 29.6 Mpa 203.5 197.2 197.9
191.0 204.1 Tensile Elongation %3.03 3.05 2.98 2.97 3.01 Tensile Mdul us
kpsi 186GvAd¥W&034/20 1741 1748 G p a 12.86 12.26 11.86 12. @CTAISN&20459t ched
| ZOD ft Ib/in 2.10 1.96 1.94 1.78 2.26 |Inpact kJ/n2 8.90 8.31 8.23 7.55
9.58 wunnotched 1ZOD ft Ib/in 24.9 23.4 22.8 22.2 26.4 |Inpact kJ/ n2 105.58
99.22 96.67 94.13 111.94 Actual Loss on %0.81 0.52 0.80 0.64 1.17
Ignition PD 104 %1.3 0.7 0.1 1.4 0.1 Funnel Flow seconds 13.8 15.2 15.4
23.5 13.0 Witeness Index -15.1 -12.0 -17.6 -18.5 -18.2 Yell owness | ndex
gg 0 37. 5T4%?.§p§1€§ti4e i$3rrl1‘»l¢=;c Eéﬁﬁismsbdﬂn T40I83A30 E38mple. Jond teprateshbaiowis

own in Table , ass fi ber rangds. coated with [ Lo icles
5 (Sanpl es Wsing nHéBgrﬁﬂ“ﬁﬁ"‘trﬁs'f‘hg‘ﬁr‘ﬁg’émé{)ﬁ W@@rﬁqr}gﬁmggﬁﬁ&oﬂk pltorsrit)éjs(e;r\]/ée@qé
whi t eness aQ%ic%ﬁEL%\'\@ﬁ?S nllfhetdr8i(/8lindh§ BAY baligmeatenot 76.2 etitimgters (@ and
nmodul us, flexural strength and nodul us an_% nat ched and unnot ched | zod
i mpact pr opiches) usitgenHedepeeleimeter '\@dd)%% ve Sanple Z having sinilar
conponent.s which did not contain boron nitride in nylon 6,6 reinforcenent.

10 EXAMPLE 5 Each of the conponents in the anounts set forth in Table 5

were mxed to form aqueous formng sikableSnpositions T and U according to
t he present o+ ' ' i

in a simlar|mnner to that 15 di scussedJaE%o!@i TE%%%%%%Q?E%' gﬁ[ °
percent of agetic acid.on-a total—weigh Bast i Was L Re et r—each
conposi tion. | Tabl sults of whi tgﬁ‘\,,@' 2nd veltowrdss
tests conducfed on C%WQ%NTOI’ med us| ng 'Samgl es ¥ U an(aor_n%?tiy@
01/ 09054 PCTAUSQO/ 20459 ' Sample
thermoplastic polyurethane film- 31.35 28.75 345
forming polymer'*'
thermoplastic polyurethane film- 46.9 43.1 51.7
forming polymer'*?
polyoxyalkylene polyol copolymer 0.3 0.27 : 0.3
epoxidized polyester lubricant 6.55 6.0 7.22
gamma-aminopropy! 2.5 2.3 2.76
triethoxysilane coupling agent
gamma-ureidopropyl! 3.0 2.78 3.34
triethoxysilane coupling agent
amino-functional organo silane 0.1 0.12 0.14
coupling agent
RELEASECOAT-CONC 25 '® 9.1 16.7 0
Whiteness Index -16.3 -16.0 -20.7
Yellowness Index 39.3 38.1 4?27

As is shown in Table 5, Samples T and U, each coated with a sizing
composition containing boron nitride particles according to the present invention,
10  had lower whiteness indices in nylon 6,6 than a Comparative Sample Z of a similar "~

formulation which did not include boron nitride.

141 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.

42 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.

143 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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Conparative Sanple Z (as discussed in Table 3A of Exanple 3 and repeated
below) wusing nylon 6,6 matrix resin. The color tests were perfornmed on
conposite® tgonyg a thickness of 3.175 mllineters (1/8 pothoamndsa
dianeter of 76.2 mllimeters (3 inches) using a Hunter col orinmeter Model
D25- PC2A. 5 Table 5 WEI GHT PERCENT OF COMPONENT ON TOTAL SOLI DS BASI S
SAMPLES COVPONENT T U Conparative Sanple Z thernoplastic pol yurethane
film 31.35 28.75 34.5 formng polynerl14l thernoplastic polyurethane film
46.9 43.1 51.7 fornming polynmer142 pol yoxyal kyl ene pol yol copolyner 0.3
0.27 0.3 epoxidized polyester |ubri EBXAMBLES 6.0 7.22 ganma-am nopropyl

2.5 2.3 2.76 triethoxysil | i ng. agent el do |. 3.0 2.78
3.34 triet hoxysﬁ‘é %V%’Sﬁﬁ%ﬁ’&@g@%?e%ﬁ" lﬁ’ﬁ@g]%ﬁgf’ QH’S‘P%' Pane 0.1
0.12 0.14 %@Hﬁhéreﬁuﬁmkbﬁﬁk&vﬁ\mﬁumlﬁélw&e%téckba ta fétm YWiat REARS

| ndex -16.3 -15.0 -20. Yel | owness I ndex 39.3 38.1 42.7 As is shown In

Tabl e 5, Saﬁ'rﬂ'—@@cq“fﬁ'ﬂi‘t of 4@%3“%?%&%?’@@%?35(3??%158%99{ B@¥Areont ai ni ng

boron ni i P &b hnt e WAS 28 hamRRE ég;%%l'ih ,J@&,lower
whi tenes? [ ﬁﬁ?tjc)ggﬁél ﬁlﬁyegﬁs& 6 thanrﬂe Qar at i veer > %h) #9u3| mtl ar

f or nul at i on inghi ssivaes semeles iof tiuioat WQYedF?aﬁﬁq toi Qj'@mpflﬁlurﬁrﬁrﬁ‘ﬂﬁﬁﬁ éahout
pol yester - b%ﬁﬁﬁ"ﬁ%)‘éﬁ&@@&% Heéil'“b? tﬁé@%lﬁg%mpagéﬂlgfrggx tR? 'SGpl esSOI | ds,

ani onic partic ar ge, par e sl ze 0 ers, of 7.5
and a viscosity dﬂuodﬁkﬁhoaﬂai%arppieswe(d%’usmiés crnaparative sﬂnpléﬂ?(“Cdrﬂlaaratlve

Ther nopl ast ic. pel uester .hased, pol Xur ekhane gueols di 30eLSLORgH 18af)
10 of an aqueous coating composition consisting of 1150 milliliters of ORPAC BORON
NITRIDE RELEASECOAT-CONC (25 weight percent boron nitride particles in an
aqueous dispersion) and 150 milliliters of a § weight percent aqueous solution of
A-187 gamma-glycidoxypropyltrimethoxysilane. The total solids of the aqueous
coating composition was 18.5 weight percent. The amount of boron nitride particles
15 applied to each mat sample was 120 grams. The coated mat samples were dried in
air overnight at a temperature of 25°C and heated in an oven at 150°C for three
hours.
Each set of samples was evaluated for thermal conductivity and thermal
resistance in air at temperatures of 300K (about 70°F) according to ASTM Method
20 C-177, which is specifically incorporated by reference herein. The values for thermal

conductivity and thermal resistance for each sample are set forth in Table 6 below.

Table 6
Sample
X Comp. Sample

Thickness (inches) 1.09 1.0

{centimeters) 2.77 2.54
Temperature (°F) 75.62 74.14

(°C) 24.23 23.41

Thermal conductivity
Btu inches per hour square feet°F 0.373 0.282
Watts per meter K 0.054 0.041
Thermal resistance
Hour square feet °F per BTU 2.92 3.55
Meter? K per Watts 0.515 0.626
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62 percent, pH of about 10 and average particle size ranging fromabout 0.8
to about 2.5 microneters. 143 ORPAC BORON NI TRI DE RELEASECOAT- CONC 25
boron ni twodeoasticl es in aqueous dispersion which is cecrarsoi/2a4sy

avai |l abl e from ZYP Coatings, Inc. of Oak Ri dge, Tennessee -107 WO 01/09054
PCT/ USO0/ 20459 EXAMPLE 6 Five | ayers of ADFLO CTM needl ed chopped gl ass
fiber mat, which is comercially available fromPPG I ndustries, Inc., were
stacked to forma mat having a surface weight of 4614 grans per square
nmeter (about 15 ounces per square 5 foot). The thickness of each sanple was
25 mllineters (Refeuingto Talglk)p, tHedthernsl ghndudtinithatsa)temperalirepBRAK ofthehi s nat

wer e heate to_a 6, t ;%SPF M ntially
all of the'§ tfﬁﬁ@%%%‘ﬁgﬁ? EOWP&%A}? %ggﬂg%glaecg %otz) ﬂﬁlég atggt E‘éﬁ%@gs wer e
used as conyRgrbatee tianthe Gfen(w macmtywethesamrpbmﬁ\)e Sampleowitich wasmos anpl es
("Sample X*) were di pped. a turated in a bath 10 of an aqueous coating
conpositio °€@Hﬂ'§??‘ﬁ'g"8ft”‘£elw?ﬂﬁl iliters of ORPAC BORON NI TRI DE
RELEASE@OAT- CONC (25 wei ght percent boron nitride particles in an aqueous

di spersion) and 150 mlliliters of a5 weight percent aqueous sol ution of
A- 187 ganma- gl yci doxypropyl tri net ho%ﬂ'—a%gl The total solids of the

agueous  coat | n%l‘éﬂ@?\?ﬁbhh@ I%ﬁcé%oép&ﬁt&hﬁer@%ié‘ﬁﬂéd frdmeampledIbf @f7500r on

nitride particles 15 ap to each mat sanple was 120 grans. The coated
mat sanpl eyameceated with SZFDQ @lolf Exqmplei 2jahovgrand %ﬁpﬂéﬁsétfl!?ﬁéyﬂf‘ thalds and heat ed

in an oven r@f %II QOaI%B e%m b?ﬁﬁxdu&ﬁ&@ IRET TR cﬁﬁlﬁ@nls%er%?eﬁé@b wyted for

t her mal con resistance in air -at tenperatures of 300K
(about 1'.(DF)drawmgreabht@ndS)oﬂ®TMmet & yarn spPplg, ¢aating dhe r:armw;thstbecmtmsal |y
i ncor por at ed

D" 2 Sk SeP BB o e R i S SRRt e o ¢

Sanpl e X Qﬂmhveﬁtm“ndl filamEnt Wkﬂ&@sa;{plarmllmsEadh ﬁ&hécﬁir(deesrwasmzﬁér s) 2.77 2.54

Tenperat ur ece ti eters ?g mchesjﬁugh( %d an w%ema?dlameter of 14.6 centimeters (5.75
inches) and a wall thickness of 0.635 centimeters (0.25 inches).

15 The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
(cdmmercially available from Shell Chemical), 80 parts AC-220J methyl tetrahydro
phthalic anhydride (commercially available from Anhydrides and Chemicals, Inc. of
Newark, New Jersey), and 1 part ARALDITE® DY 062 benzyl dimethyl amine
accelerator (commercially available from Ciba-Geigy). The filament wound cylinders

20 were cured for two hours at 100°C and then for three hours at 150°C.

The radial thermal diffusivity (thermal conductivity/(heat capacity x density))
of each test sample in air was determined by exposing one side of the cylinder wall
of the sample to a 6.4 kJ flash lamp and sensing the temperature change on the
opposite side of the wall using a CCD array infrared camera at a rate of up to 2000

25 frames per second. Thermal diffusivity values were also determined along a length
of the yarn (circumferential) and along a length or height of the cylinder (axial). The

test results are set forth below in Table_?.
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Thermal conductivity Btu inches per hour square feetF 0.373 0.282 Wifts
per neter K 0.054 0.041 Thermal resistance Hour square feet OF per BTU
2.92 3.5wo0 dpdses£2 K per Watts 0.515 0.626 -108 WO 01/ 090P¢TRSH/B0 20459
Referring to Table 6, the thermal conductivity at a tenperature 300K of the
test sanple coated with boron nitride particles according to the present

I nvention was greater than the thermal conductivity of the Conparative
Sanpl e which was not coated' with boron nitride particles. 5 EXAMPLE 7
Fi | ament wound cylindrical conposites were prepared fromsanples of G 75
yarn coated with sizing G of Exarrple Z_BBIQ£ and 1062 gl ass fiber yarn that

[t = VY

IS conmer Ci g-y—evettebte—from PP . "“”Ih Hn‘i’a?&ffdgﬁntxmmre
prepared by 10-draw-hRg—eight—ends YA O g et ogt+Hg t he
yarn with thé natrix  nmt zu;al slset radﬁ?ﬂf h Bel oudXidl g ¢l z ‘ﬁqupl lﬂllp: t he

yarn into a Vi cal shape udi ng 0.37 condent i B33l filla
appar at us. Ed&omparative $amplgder wa0-38. 7 lcentORBrers|(s |n9+$(zq\ hi dh
an internal diameter of 14.6 centineters (5.75 inches) and a wall

t hi ckness of 0. 6$€efem'ngitasrﬁalme§ (r&\%uésm‘hbsr)'nal ditruSikity iwatheitzstrmmleal S were

a mxture of 100 parts 880 ROX from
Shel | Cheni &4high 994 Hgi(‘ﬁ\/ oé?'? &ﬁrﬁ% n?ﬁgan‘g@hgl
(commer cisal Icumauadtilvatabﬁapfer wmoﬁrwesimmstmtman amhde Aingoidefn thilewar k New
Jersey), and part ARALDI TE%B% DY 06 zyI % am ngh accel er at or
(commer ci al ﬂi‘"bﬁfﬁ“{%_'ﬂﬁ &ylindg ?'g%mp?ﬁéeq e £ fRER AN IREs 20
were cured figjueh¥gy thebé festits 100C and then for three hours at 150C. The
radial thermal diffusivity (thermal conductivity/(heat capacity x density))
of each test sanple in air was determ ned by exposing one side of the
cylinder wall of the sanple to a 6. 4&¥amplLagh | anp and sensing the
tenperature change on the opposite side of the wall using a CCD array
i nfraredOcanera dthexcoefficiend pf thgrmal expansion irf thg Fediregtion gfea:gﬁmatq her mal
diffusivity r
(circunfer eﬁﬁaéwgs)a}r,\\% & r§%\%$§qﬁfgﬁg{%sn§3h%La?rgﬁ?ta’o*%]ﬁgi%ﬁ%? 1;]&&2%1 l}"am al). The
samples, each containing eight layers of 7628 style fabric prepared from samples of

, had

B, Coated yarn (discussed in Example 1) and 695 starch-oil coated yarns
(discussed in Example 1) (Control). The laminate was prepared using the FR-4

15 epoxy resin discussed in Example 1 above and clad with copper according to IPC
Test Method 2.4.41, which is specifically incorporated by reference herein. The
coefficient of thermal expansion in the z-direction was evaluated for each laminate
sample at 288°C according to IPC Test Method 2.4.41. The results of the

evaluations are shown in Table 8 below.

20
Table 8
Sample Z-CTE (%)
Sample B,..1 410
Sample Booct (retest) 4.41
Sample B,..2 4.06
Sample B,..2 (retest) 4.28
Sample B,,.3 417
Sample B,..3 (retest) 4.26
Control 1 - 5.0
Control 2 54
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test results are set forth belowin Table 7. -109 WO 01/ 09054

PCTI USOQ' 20459 Table 7 Thermal Diffusivity (nmme/sec) radial axial

ci r cunf emambisedoss Sanpl e 0.37 0.33 0.49 Conparative Sanplepcoula/s438 0. 57
Referring to Table 7, the values of thermal diffusivity for the test sanple
(which was coated with a small anpbunt of boron nitride) are | ess than those
of the 5 conparative sanple, which was not coated with boron nitride. Air
voids in the filanent wound cylinder and the small sanple area tested are
factors that may have influenced these results. EXAMPLE 8 10 The
coefficient of tAssmwn iexabiess dor lamindte Sanmgiesect-AD acerrdiag te Henpresent

("Z-CTE") r Qs he, t RdE for
am nat e daifiiee; e RRrmbafie e MESEButns bl 8 20 fon WEhe WA isodre
prepared frgss hanphese ofiContipk@amples dcangda, mh(ah\lmamremfrﬁmaﬁaﬂ stafch- and 695
starch-oil coat ed yarns (discussed in Exanple 1) (Control). The |am nate
was prepar &l 2tedYaMe FR-4 15 epoxy resin discussed in Exanpl e 1 above and
clad witdh copper according to IPC Test Method 2.4.41, which is
specifically incorporated by referenge herein. The coefficient of thernal
expansion in the z-direction was ev Efr each laninate sanpl e at

288C accordi ng t?aéﬂpgf thé E&mﬁ@éﬁ@éjmahé aﬂ'ﬂeunt-Erb%t fdi‘ﬁlllh W%Ob@fgﬁt Were Ak@d4at i ons

are shown in Table 8 below. 20 Tab e88ar‘rg (9. npl e Bvael 4. 10
Sanpl e BVederm agueeys) primary sizesappesitioneAA4t B@r'dS‘&rﬁtP@r@oa@tf\er@?é%ﬂt) 4.28

Sanpl e B"a,jyéhtibh. ERRABhEedtdHitdry SR dontbostion WaEpr&dardd i & similar

10 manner to that discussed above. Less than 1 weight percent of acetic acid on a total
weight basis was included in each composition. Each of the aqueous sizing
compositions of Table 9A was coated onto fibers forming G-75 E-glass fiber strands.

Each of the coated glass fiber strands was dried, twisted to form yarn, and
wound onto bobbins in a similar manner using conventional twisting equipment. The

15 yarns coated with the sizing compositions exhibited minimal sizing shedding during

twisting.
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Control 2 5.4 110 WO 01/ 09054 PCT/ US00/ 20459 As shown in Table 8, for

| am nate Sanples Al -A3 according to the present invention, the coefficients
of thermalo exgeasusi on in the z-direction of the | am nates BCEUSHEHESY han
those of Control Sanples 1 and 2, which were prepared from 695 starch- oi
coated yarn. 5 EXAMPLE 9 Each of the conponents in the anounts set forth in
Tabl e 9A were m xed to form aqueous primary size conpositions AA, BB and
CC according to the present invention. Each agueous primary sizing
conposition was prepared in a simlar 10 manner to that discussed above.
Less than 1 weight percent of acetic é@bﬂi&ﬁ a total weight basis was
i ncluded in each conposition. Each of A BEERCENT OF COWPONE )ns  of

Tabl e 9A was coated onto fibers form fig \ f ano Each of
the coated glass fiber strands was drf-ee—ta ‘,@ﬁd—ﬁﬁ%dkfg%ﬁlé areH wound
§°~MPl% ;

onto bobbins in a simlar RtHoRa Ag—egu-prEnt . The
15 yarns coat ¢d with GPMPONEME conpoditi nﬁm Ll ©G 21 g
sheddi ng duri n®VR K30 *hg. - 111 WO 0140905 PCT/ USsco/1469459 | Tatd-# 94 WEI GHT
PERCENT OF COVISUEEMNTERG6FDIAL SOL|I DS| BASI39.0 SAVBLES 20VPONENT27AA BB CC
PVP K-30 144 1A 18A%°7 13.4 STEPANTEK 6531845 3(.0 2989 27. 3 18 187 146
1.8 1.8 1.6 ARI{AF&7 3.7 3.7 3.3 EMERY 6357/148 |2. 4 274 2.2 ®BCOL
OP- 10149 1.6 TEERT 6717PE€-81750 3.3 §. 3 320 U DF2 43615 022 0.4 0.2
MACOL OP-10 ' 1.6 1.6 15
TMAZ-81 ' 33 3.3 3.0
MAZU DF-136 ™' 0.2 0.2 0.2
ROPAQUE HP-1055 ** 0 424 0
ROPAQUE OP-96 ' 423 0 38.6
RELEASECOAT-CONC 25 ™ 0 0 6.3
POLARTHERMPT 160 ™° 0 0 2.6

Yarns sized with the each of the sizing compositions (AA, BB and CC) were
used as fill yarn in weaving a 7628 style fabric using a Sulzer Ruti Model 5200 air-jet

144 pyp K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

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

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

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

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

149 MACOL OP-10 ethoxylated alkylpheno!; this maierial is similar to MACOL OP-10 SP- except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commercially available.

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

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

152 ROPAQUE® HP-1055, 1.0 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsyivania.

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

154 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

155 pOLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
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ROPAQUE HP- 1055152 0 42.4 0 ROPAQUE OP-96153 42.3 0 38.6 RELEASECOAT- CONC
25154 0 0 6.3 POLARTHERM PT 160 t55 0 0 2.6 Yarns sized with the each of

the siziggpeawpesitions (AA BB and CC) were used as fillpgpusoo/andseavi ng a
7628 style fabric using a Sul zer Ruti Mdel 5200 air-jet 144 PVP K-30

pol yvi nyl pyrrolidone which is commercially available from|SP Chem cal s of
Wayne, New.Jersey. 145 STEPANTEX 653 which is comercially avail able from
St epan Conpany of Maywood, New Jersey. 146 A-187

gama- gl yci doxypropyl tri nmet hoxysil ane which is comercially available from
CK Wtco Q‘@érﬁorra;bimpgémmas ¥ twidted OZS Evglass fillet Btrand with fiber coated with a

gamma- et hacr yl ox | trjethoxysilane ywhich s . ' ail abl e
Prom O WASeOhAB 6 AmRsbBr a1 PR Vo[PS 98 iRt
partially bgéd ith AtFRLY pexy fésﬁﬂ'\aMﬂgCé'ng of t40PCeesighated aoawabsxe from
Cogni s Corporatiron of Ci ncinnati, 0 _.et hox

al kyl phenolby Nelpg Inigfmational Gogparaiign %fﬁ@ﬁemég?%aloﬂﬁ@% éﬁ%p ﬁg?s OP- 10
SP 1 eceigyesygehft {r?ﬁéfé%fmﬁ&hé f&bﬁ@gﬁdm@@@éuﬁé YBarninkiéeWker&halie Bys no

| onger commercl a aval | abl e 1 et hyl ene OXIde derivative of a
sor bi t ol es&tatrkmmB@het’r of the prenreggad rpatgiial besween Wajayers & o¥R¢e,CoRper

cammor ooy el Bdnert Mndifia'ds RierhodiSn R0 S6ORTaBANATOR), prussihd &f

comer ci al | val la o Par si ppany, ersey. 15
ROPAQUE(T) ma&ws phr @qmaremmtn (pbwut|2c1 megalasnats) for 100 rcInUteg (iotaterelei al |y

| abl e f Phi 153
ROPAGUE 1) pPodtheosghese, 3 Jhe [Toatey whop i Sop B TaRds ot = 17
avail abj@ fa@biit @@h@éﬁtﬂdet@ﬁ@% G@Bpmeﬁ’(aﬂalut DAGaeptiineterslennsyl vani a. 154

ORPAC BORON NI TRI DE RELEASEC%p‘ 25 b ?‘ﬂAA BP a&&%ﬁgialﬂ}ggn%h\gglsgg |355

commerci al |y avafftabiomingothe

POLARTHERM figer BiraA@9 fro@vaRichtHeY iviéee ﬁ@admeMeetl@dlas mmaa belaWIury Tablei | abl e
from Advanced Ceram cs Corporation of Lakewood, OChio

Vg 01/, 09054
PCT/ USOQ' 20989 Duripg fgstimadaminate BB iestag at @eﬁmw as ?5"'% Ynigge PAYR, st rand
with fiber goalgskoidelydm coated with sizing composition Sample AA (hereinafter

15 designated as Laminate Sample AA1). At a later date, laminate CC was tested at
the same time as a second laminate made from giass fiber yarn coated with sizing

composition Sample CC (hereinafter designated as Laminate Sample AA2).

Table 9B
Laminate Sample

Test Units AA1* BB* AA2*™ cCc*
Average Thickness inches 0.048 | 0.048 | 0.053-0.055 0.053-0.055
Solder Float seconds 409 386 235 253
Solder Dip seconds 320 203 243 242
Flexural Strength kpsi "7 99 102 91 90
Warp Direction*’
Flexural Strength kpsi 86 81 73 72
Weft Direction'>®

20 * based on 2 samples
** based on 3 samples

1% The warp yarn was PPG Industries, Inc.'s commercially available fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.’s 1383 binder.

157 par |PC-TM-650 “Flexural Strength of Laminates (At Ambient Temperature)®, 12/94,
Revision B.

%8 |bid.
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different resin conpatible sizing conposition'. The fabrics were
subsequently prepregged with an FR-4 epoxy resin having a Tg of 140C

(desi gnatwd ov@®84 2 resin by Nel co International Corporat iPEIT/GH00/208Mei m
California). The sizing conmpositions 5 were not renoved fromthe fabric
prior to prepregging. Lam nates were nmade by stacking 8-plies of the
prepregged material between two |ayers of 1 ounce copper and |am nating
them together at a tenperature of 355F (about 179C), pressure of 300 _
pounds per square inch (about 2.1 megaPascals) for 150 minutes (total cycle

time). The thi cknBussadertipat teahwaap@sduntetdrmiloaslagﬁéﬂ ipemBed inghosauare 43
i nches 10 (f(qej\?tc%na%efeggbgqﬁqﬁ é:%fmtlﬁ'\gte )Q)‘“? éd %?cké%nha@.ﬁ% enuéecct,&

centineters ormn Am haves (des| ghat ed AA,
accordi ng t deadvén sbideebathtat S6Q°F ("abomzﬂﬁf@humth@ystmgaorrmmamrewaested as

ame (i me aReMes TS e i el el P Bt A B "

Si zi ng ca@paicbhds) Sanpl e AA (hereinafter 15 deS| gnat ed as Lam nate Sanpl e
AAl). At a later nat e CC was ste as a second
| am nate made fro'EHeg?%lg%' ‘?E?é% W?ﬁﬁ?%%ﬁteéﬁbﬁﬂ’ ”%Pflaﬁ‘é"e %ﬂﬁ%iﬂ"'[‘i’t&n Sanpl e

CC (herei nafrgioviighe f.%ﬁn iR BaRiplebyParEh éaﬁabthmbahé%u%’ddeemfwe
Sanpl e Test Uni tg‘@AA éé;%i gg Averr‘gge Thi ckness inches 0.048

0. 048 0. 053-Fmpie by mmfm %r!s!sp'a%@ the sampja in a8 PressHEe crebenalazSH3n (%’yt Sol der

Di d & Wa
DI Foct1 on157 1l Shar s Boartss ot iaeidhenge "%“’as"%g)r%@?? a0 -

based onl® sEhiptestis the pressure eneker ieshigfereeditodn thesfollpwipg yable, HRer tPP@O
desi gnat od doae SRIIE U dinale REE'rb Bl rbiithe BIBShrol@ioRen pARFy and | 1q
bi nder. 157 dipped iﬁtb F b’uﬁﬁﬁc Ieﬁdélmspwer Sathemdﬁﬁi E)(ahgahimgnﬁmhstﬂm ent
Tenperat ur e)delamlna? on was o 'sesrlvgé] JI:"'ne t'L ime un?' t?\e fi rsjtjb?’ster or delamination was then
recorded in seconds.
15 The flexural testing was conducted according to the IPC standard indicated.
The laminates AA, BB and CC made using fiber strands sized with sizing
compositions AA, BB and CC respectively, had acceptable properties (shown in
Table 9B) for use as electronic supports for printed circuit boards.
The following tests were also performed on samples AA, BB and CC, and are

20 set forth in Table 9C.
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WO 01/ 09054 PCT/ USOQ 20459 The sol der float test was conducted by floating
an 4 inch by 4 inch square (10.16 centineters by 10.16 centineters) of the

copper
288C) unti |

chaolol/eswshate in a eutectic

or

blistering or del am nation was
first blister

snoot hing the cut edges of the

| ead-tin sol der bath acTABS020asdout
observed. The time until
del am nati on was then recorded in 5 seconds.
dip test was conducted by cutting a sanple of the | am nate,

copper fromthe sanple by etching,

t he
The sol der

by polishing and placing the sanple in a pressure cooker at 250F (about
121 C) and 15 pounds per square inch (aboulablel9@egaPascals) for 60

m nut es.

10TIhis tegst

LS

th

renovi ng the
sanpl e

SPreSSLH8—CO;
following tlable. After '[hIfL 60 mnute exhbaosure the qmme%\n renpved om
the pressurle_cooR@st pattled dryUaisl dipphed i Mo a dutedBBc | dad-tC€ sol der
bath at 55(0AqbpBSC 288C)| Whti |l bli st eri hgl4d/1406639 i 148{144 H dngs 1385 $40/023Q1 .
The tinme u t0/80/60enihi r st |bli ster or del am nation wagy thed redorded in
seconds. Freesdre ©ooket |t BMoisturebiptakenfuct éd3Zccor{di n@.370 t He | RL38
st andard i dvegred. The [aweghesaitA B an®. {2 made ugigw filber @®beandd
sized with ngg.gtgncec@rrpom tions AA, BB apd CC respeqtively, hgd accept ablje
properties % \WBIght GRinUSE RS €lgesg r oni|C s@pyor 1§ 1 org pgi nt 4d
circuit boa OVe, e H—_;anvxere atrs@ PET T ONITET oEh Sanpt €55 Ag.. B
and CC, and Ri& ) 1@et fr°t bﬁ 9C. -1 14 WD|{01/ 09054 HCTI USOO’ 20159
Table 9C '___ dar4 “ - /Idld/ll\ldf\ 4 a4 4 J_l_
138/ 140/ 139 I Pressure Cookfr E)oﬁlistur D ndd. 7?1'}8’15'4 138
Wat er % Wi ; .n 0.12 10.09 0.09 Resibtancel59 DIVF Resi st ance % Wi ght
Gain 0.35 O . Mo CH2 06 \Ab i ght—GCai-H-0-—F+—-0--82—L S-gt-arcelso

! Interlaminar Bond | Pounds per nehoT 12.8 14'3e 15.4

Strength™®
EXAMPLE 10
Each of the components in the amounts set forth in Table 10 were mixed to
5 form aqueous size composition Samples DD, EE and FF according to the present

included in each composition.

-1

156-

invention. Less than 0.5 weight percent of acetic acid on a total weight basis was

% per IPC-TM-650, No. 2.6.2.1, “Water Absorption, Metal Clad Plastic Laminates”, 5/86,
Revision A.
160 per IPC-TM-650, No. 2.3.4.3, “Chemical Resistance of Core Materials to Methylene
Chloride”, 5/86.
16! per IPC-TM-650, No. 2.4.8, “Peel Strength: As Received, After Thermal Stress, After
Process Chemicals”, 1/86, Revision B.
62 per IPC-TM-650, No. 2.4.40, “Inner Layer Bond Strength of Multilayer Printed Circuit
Boards”, 10/87.



Copper

Peel
| nterl am nar

Pounds 11.8/11.0 12.1/11.1 11.2/11.4 Strengthl6l (Warp/Fill)

Bond Pounds per

inch 12.8 14.2 15.4 Strengthl62 EXAMPLE 10

Each of tweoreswwponents in the amounts set forth in Tabl e Pe&MMeEsoe2ewsxed to
5 form aqueous size conposition Sanples DD, EE and FF according to the

present invention. Less than 0.5 weight percent of acetic acid on a total
wei ght basis was included in each conposition. 159 Per |PC TM 650, No.
2.6.2.1, "Water Absorption, Metal Cad Plastic Lam nates", 5/86, Revision
A. 160 Per |IPC-TM 650, No. 2.3.4.3, "Chem cal Resistance of Core Materials
to Methylene Chloride", 5/86. 161 PerI§!£§1!N¢650 No. 2.4.8, "Peel
Strength: As Received, After Thernal S1 '
1/86, Revision B. 162 Per |PC TM 650, 9rang T
Strength of Multilayer Printed Crcuit Dca*d°", Lip ﬁé 846906
PCT/ US00/ 2 L@E_cgmguguﬁ%;%w_—s%%—y SI's
SAMPLES <x£§§§§l: %@#PQHENT\/P K-20168 12 @011 7012 FE sTepanTEX B53 1d4
25.0 23.9 PBVBK-3®EZ 81165 3 5 3 9 2 7] macd@3 cp-fo16d17 g d o 1123
POLARTHERM STERANTEX P53 2.3 2 4 EMERY 629P168 P 0 238 2 d A- P60 41
2.9 3.1 A[IBAZEI™.5 1.4 1.5 RELEASECOAT-3BNC 26 17138 7 5.5 5 %7

MACOL OP-10 % 1.8 2.0 1.4

POLARTHERM PT 160 '¢/ 24 2.3 2.4

EMERY 6717 %8 2.0 2.0 2.0

A-174"%° 3.1 2.9 3.1

A-187'70 1.5 1.4 1.5

RELEASECOAT-CONC 25 ' 5.7 5.5 5.6

MAZU DF-136 2 . 0.2 0.2 0.2

ROPAQUE OP-96 ' 35.2 33.7 35.3

FLEXOL LOE ‘7: 7.3 10.5 0

FLEXOL EPQO '*® 0 0 7.3

163 pyP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

184 STEPANTEX 653 cetyl palmitate which is commercially available from Stepan Company of
Chicago, lllinois.

165 TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF
of Parsippany, New Jersey.

166 MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL OP-10 SP except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commercially available.

67 pOL ARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

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

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

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

171 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.

172 MAZU DF-136 anti-foaming agent which is commercially available from BASF Company of
Parsippany, New Jersey.

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

174 FLEXOL LOE epoxidized linseed oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.

75 FLEXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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MAZU DF-136 172 0.2 0.2 0.2 ROPAQUE OP-96173 35.2 33.7 35.3 FLEXOL LCE
174 7.3 10.5 0 FLEXOL EPO 175 0 0 7.3 163 PVP K-30 polyvinyl pyrrolidone
whi ch i swonmesss al |y avail able from | SP Chem cals of Wapaa/ushizve4der sey.
164 STEPANTEX 653 cetyl palmtate which is commercially available from

St epan Conpany of Chicago, Illinois. 165 TMAZ 81 et hyl ene oxi de derivative
of a sorbitol ester which is comercially available BASF of Parsippany,
New Jersey. 166 MACOL OP-10 et hoxyl ated al kyl phenol; this material is
simlar to MACOL OP-10 SP except that OP-10 SP receives a post treatnent
to renove the catal yst; MACOL OP- Jml_eimﬁcbnﬂg)er comercial ly avail abl e.

167 POLARTHERM r) PT 160 boron nitri dg e ~

comercially available from Advanced WE ”E@ﬁﬁggfigalﬁﬁgwod
Chio. 168 EMERY(r) 6717 partially ani fated—polyatiy 1S whi-eh—i-s
comercially available from Cognis Copr nnra,t_l__g_n__
- 17 4 gapma- net ha&QMBQNﬁNTnvI frinet mxvq‘plpanp ahic fally |
avai | abl e] Weight percen§solids Cor por ati on Of Ta®fytowh NP an_5 17(55-‘1&- 187
gamma- gl yEL@bxypr opyl t ri met hoxysil ane|whi &4 s commePdBally aval38ble firom
CK Wtco Corporation of Tarrytown, New York. 171 ORPAC BORON N TRI DE
RELEASECQOAT- CONCE2éh bfthe raqnécbus' size chrapusitone of Table H 0iveas uledie coatglasst about

25 wei ght percent bor t arti Ie i n ter. co |aII |Iable
rom 2YP Cobers eming (5.7 4 lask TRPiiandto e ciied gisse TR st as i,

anti - f o ngistegty fo%'&'y’hrhsarfd)ﬁ&ﬁf@rﬂb bybtsikgin &ihilaf marm&@ASingConpany  of
Par si ppany, New Jersey. 173 RCPA?JE(r) OP-96, 0.55 mcron particle

di sper si on &afventignal B’dﬁﬁ'ﬂ&%‘i‘&?m YMlavai | able from Rohm and Haas Conpany of
Phi | adel phi &, _Penfi uiatiSameld B Wds Slald ap esiligrbloaseadani o yam

comercially available fromUni on Carbi de Corp. of Caonnecti cut.
175 FLEXOL ®&rtedwikadizieg cempesitian %milaréeﬁaem!? BP tgméwtapvtébﬁ &peXidizedni on

Car bi de  Coryso8] oil (iEHBiaYer CUMIRFAtve Wampid 48, WRiIddnHie6n inchideaWi¥udP459

10 inspection of the appearance of a 7628 style fabric woven on an air jet loom. The
woven fabric used Sample DD as the fill yarn a twisted G-75 E-glass fiber strand with

6 9A

fiber coated with a different resin compatible sizing composition'’® as the warp yarn.
It was observed that fabric woven with yarn coated with Sample DD exhibited less
loose fuzz on the fabric as well as less collected fuzz at contact points on the loom,

15 especially at the yarn accumulator, when compared to fabric woven with yarn coated
with Comparative Sample 1. No fabric was woven using yarn incorporating fibers
coated with Samples EE or FF because of the high initial amount of fuzz observed
on the loom. It is believed that this condition was the result of an LOI level lower
than required to prevent excess fuzz formation. In the present invention, it is

20 anticipated that an LOI of at least 0.40 for the sizing compositions discussed above

is required to reduce fuzz formation during weaving.

76 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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Tabl e 10 (Cont'd) WEI GHT PERCENT OF COMPONENT ON TOTAL SOLI DS BASI S
SAMPLES COMPONENT DD EE FF Wi ght percent solids 3.4 3.5 3.4 LO 0.42

0. 39 0. 3gWdamhoaf the aqueous size conpositions of Tabl e BOTwser/2088d t O
coat glass fibers formng G75 E-glass fiber strands. Each coated gl ass
fiber strand was dried, 5 twisted to forma yarn, and wound onto bobbi ns
in a simlar manner using conventional tw sting equipnent. The yarn of
Sanpl e DD was eval uated by conparing the coated yarn to yam coated with a
sizing conposition simlar to Sanple DD but w thout the epoxidized I|inseed
oil (hereinafter "Conparative Sanpl eEXAMPLEW1t conparison included visual

10 i nspection of the appearance qf. a 7628 .style | G e, al.r jet
| oom The woven Twrgﬁéﬂngﬁﬁm%rﬁcéﬁédﬁ(It"?'géé{%ﬂ\y%é?&f%%drl@%

E- gl ass fi besy fld \iffla Wardh/oif $ibiRg) wertediuatédonsslietflehgsitalirepertieispeh i bl e
si zing conposition"s as the warp yarn. |t wa§ %S)ser ed.thet fahri c woven
with yarn ccasless on ignitisa PR, aipiet compatikilly (A5Qrag) 3pd Enetion Farges 188t apri ¢ as
wel | as |§Ssre§&*s|%8tsﬁ%ﬂﬁaﬁé q9ontact points on the |loom 15 especially at
t he yarn ‘accunul ator, en conpared to fabric woven with yarn coated wth

Conpar at i ve Sanpl Ehelloss\on ignitiondwsight percent of solids ofhe forming $ige SePReSHIver s
coated with Sa f .ol eHhihdbibé o) dtleabnizz
observed ondsli"ﬁgJj ﬁigﬁﬁoﬁg Wféghggﬁhé\?ﬁaﬁ tar?g'?ﬁ lteEifas%(!H(‘)d]n%jliE% ?gﬁﬁﬁg t)he r'a esult of
an LA 1 evel sampleris sétifonth incTpble 88l. t o prevent excess fuzz formation. In the

present invention,. it is 20 antici or
the sizing corrposF??'b‘f?sm Hﬁagc?dg@"ggedzﬁégg dﬁQ@%‘r’eglﬂlr %néﬁl{noﬁs}rggglggtt?%grﬂ e

f or mat i oo dug cHstronNea Védiratelst Taemeter(30aryardsy peiPRbutenthosugh ashedklice ' s
comercially available fiber qlas am pr.oduct [ a 75 gl ass
fiber yarn cl6agien mt%fhwblﬁgﬁpﬁg‘%@??‘? pn ﬁ%r% 9y§rnlg@§§ﬁﬁ§@§%lﬁﬁf%m 81/ 09054
PCT/ USOQ' 204g8mefefAirloEzIé bt ZhQinpresture bf F38kP2204dunBBpanshuae act). a

Conparative Sanple 211' (yarn _coate a starch/oil  sizi

eval uated for sevEhaSapRiesiand] C?JT‘B?I@%Y%%%’,QP@L?C‘H‘*W 5q pealiaffd ?ﬁ?ﬁﬁ%ﬂﬁ@ﬁ (LO),
air jet conpabiBighidkiving d tehEidR)of 20Grarhs £ &dh yabri S8mpiBliss the sample is pulled
15 at a rate of 274 meters (300 yards) per minute through a pair of conventional tension
measurement devices Having a stationary chrome post of 5 centimeters (about 2
inches) diameter mounted therebetween to displace the yarn 5 centimeters from a
straight line path between the tension measurement devices. The difference in force
in grams is set forth in Table 11 below. The Friction Force test is intended to
20 simulate the frictional forces to which the yarn is subjected during weaving
operations.
During testing, Sample BB and Comparative Sample 2 were tested at the
same time as a first quantity of glass fiber yarn coated with sizing composition
Sample AA (hereinafter designated as Sample AA3) and Sample CC was tested at
25 the same time as a second quantity of glass fiber yarn coated with sizing
composition Sample AA (hereinafter designated as Sample AA4). Samples AA3,
AA4 and BB were 2.8 weight percent solids. Sample CC was 3.1 weight percent

solid. Comparative Sample 2 was 5.9 weight percent solid.

177 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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5 results are shown in Table 11. The loss on ignition (weight percent of
solids of the formng size conposition divided by the total vvei ght of the
gl ass anq,vﬁ_ml orm ng size conposition) of each Sanpl e % RQ§th in
Tabl e 11 yarn was evaluated for Air Drag Force or tenS| on %)y f eedi ng
the yarn at 10 a controlled feed rate of 274 neters (300 yards) per mnute
through a checkline tension neter, which applied a tension to the yarn,
and a Ruti two mllimeter dianeter air nozzle at an air pressure of 138
kPa (20 pounds per square inch). The Sanpl es and Conparative Sanple 2 were
al so evaluated for Friction Force by g a tension of 20 grans to
each yarn sanple as the sanple is pullar Ble)t 1nat a rate of 274 neters (300
yards) per mnute through a pair of conventlonal Saewig on rreasurerrent

devi ces having a stationary chrone gest 5—ceRt+Apt "bﬁu*c——z— i nches)
di anet er nmount ed therebetween to di splWe th@Byarn cer{lfA‘fl terg ffoma
straight line pa i_'OPgré@ﬂ'bfe é&h)[ ENSTOTh A AS | gaventy fiev) @esg [[he3di f ference

in force in graps in Table 111 be Thel Eriction Eofce test
i s intended to 2PAsiDrag aremshe frict]i @6 [f drlc®s| t52-hj 88 he SBatn | s
subj ected during ' ' - 5?;‘”6; '

Rzt Est S b e %gllj
Conpar ati ve Sanp| ENFORIPEE A at s meggz'?s "18{.’8%“ quanfity of
gl ass fiber yarn coated wih sizing conposition Sarrpl e AA (hereinafter
desi gnated as Sanpl e AA3 and Sanpl e S.teste 25t he Lope as a
second quantity o HF“Q'P das eﬂﬂbé@?é’ﬁlséﬁms\ﬁ'q%g Fﬁé‘A é s¢¢”§?ﬁé enpl e
AA (herei naf Ly rﬁk%}éﬁé t@%&%mbﬁwp%m/egﬁﬁfﬂ!&%st%ﬁ/on bnq%r)and BB wer e
2.8 wei ght perce ds I

. Sanple CC was 3.1 weiqght
Conpar at i e Stmmrmozemg lowey frigdiogifercedn SamplesAA. %B i‘%ﬁéﬂ%‘s%{ 'nghePPG
I ndustries, davilRpwBsRt ed as
G 75 gl ass f&%@Hs@gﬁq@%’%ﬁ@&%ﬁ%&ﬁﬁé@%ﬁ@%ﬁgIalr:ﬁggulﬂbﬁa@ndsgag% starch/oil
bi nder. - 118chBparedde Compacativedample59 Table 11 Sanple AA3 BB 2 AA4 CC
LO (weight percent) 0.42 0.49 1.11 0.38 0.37 Air Drag (grans) 56.2 51.2
52.9 58.8 53.2 Friction force (grans) 53.6 61.5 95.1 48.8 68.9

EXAMPLE 12

10 The yarns of Samples AA, BB and CC and Comparative Sample 2 were

evaluated for Air Drag in a similar manner to Example 11 above, except that the Air

Drag values were determined for a bobbin sample at the pressures indicated in
Table 12.
Each yarn also was evaluated for average number of broken fi Iaments per
15 1200 meters of yarn at 200 meters per minute using a Shirley Model No 84 041L
broken filament detector, which is commercially available from SDL International Inc.
of England (shown in Table 12 as Test 1). The broken filament values are reported
from sections taken from a full bobbin, the same bobbin after removing 227 grams
(0.5 pounds) and the same bobbin after removing 4540 grams (10 pounds) of yarn.
20 Each yarn was further evaluated for the number of broken filaments at increasing
levels of tension and abrasion (shown in Table 12 as Test 2). in Test 2, a sample of
yarn was unwound from a bobbin at 200 meters/minute, threaded in a serpentine
manner through a series of 8 ceramic pins on a uniform tension control device
(sometimes referred to as a gate tensioning device), and passed through the Shirley
25 broken filament detector (discussed above) to count the number of broken filaments.

The spacing of the pins on the tensioning device was varied using different dial
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From Tabl e 11, it can be seen that sizing Sanples AA, BB and CC have an

air drag conparable to that of Conparative Sanple 2 (starch/oil binder). 5
Furt her noweo1/vdve4 | ower friction force in Sanples AA, BB amdT@S0deseat es
that the yarn is nore easily renoved fromthe | oomaccunul ator during
weavi ng when conpared to Conparative Sanple 2. EXAMPLE 12 10 The yarns of
Sanpl es AA, BB and CC and Conparative Sanple 2 were evaluated for Air Drag
in a simlar nmanner to Exanple 11 above, except that the Air Drag val ues
were determ ned for a bobbin sanple at the pressures indicated in Table
12. Each yagguigds® pravide valiclitievels of teasion apteryambeThis patiiculaetest Usedrant s per
15 1200 neters of éarn at 200 ters per m nut eﬂ#«]?z’:l nﬁl a§gél|rle '%@g%f No.
84 041 L bModehUTE 12008 tensivning feyice cgmmargially ayalable o el Hedde b8 ¢f om
SDL | nt er naig,giatarblita. TKY bfeREh Marhehtd W IrdpBrid@in suriberast bisien filgmeritse
broken filament values are reported from sections taken froma full

bobbi n, t hepeumetesobpam. after renoving 227 grans (0.5 pounds) and the sane
bobbi n after re ' SUMPIES AAOBB YAt 'GC dAd Erfparative was
further éval uat gﬁ&@%@ﬁ?ﬁ%ﬁ%gﬁé?&br oken M\ anents at increasin | evel s
of tension Sathpieh2 ass set fordininiFatile 12 hplow. 1n agmannes similar tq thatdispussed; sanp)| e
of yarn was,unwo i : ' fRifdhen a
serpenti ne a%ﬁ%@%‘%@%%’%@@?i%%ﬁ égﬂ.gg%ggqé &&,/ampgluéi g'r?r%{%)sni f.o(rirr\r?t ensi on
control devisame tipsoash ifirst uastity of gidss fiberyaem cpated wilh sizing egnresitiode) , and

passed t hrough th irley 25 broken_ f{il n e | e) to
count the nlﬁ%ﬂ'é’r'e gﬁ%g?@@ef E‘FSA?R?E?CE?S bﬁgﬁs'zﬁ%%i ér{gicéotg 2 ﬁgﬂ %ﬁ%g’%o Ié’?ﬁgv

t ensi oniyy  GRasitEQedAStHeTnRSHiHS a8 @ sticbhe qeatitylofdiass kED yad Gbtaboia

PCTI USQQ 20459 settings to provide varjoys .l evels t engi in the yarn.
This parti c$izg Q‘E%Ws!}?@cﬁaénﬁﬁ/ﬁé\eq emf@ﬁég&gr@{gg 83%%3“’3%5{3@2‘ comrercial ly
available from Steel Heddle Co. of South Carolina. The broken filanents

was reported in nunber of broken filanents er neter of yarn. 5
The.results of these tests for Sanpl el-ﬁk—%‘\ E and CC and Conparative

Sanple 2 are set forth in Table 12rtetow —TT a nmagaaipie! m1ar to that
di scussed above in Exanple 11, SapphegeBBranggCotmarzti Ve SRgPI[e SoeT e
tested at th.e.._éa.m—t-l-m(ao a)f: ~st—etehtty—of—gtass—frber—yarmtoat UAI\S)
w th i zing komMRDRAC GaRle anlcherp-pais gr—egsgnetedyoserpheA
i 46.1 42. . 7. .
and at a fa tg z:iiiat &-sanple (& 56.20 51.20 52.94 58.84 53.18
25 psi 67.33 60.30 64.13 69.45 67.66
30 psi 77.34 70.84 75.74 75.29 77.63
35 psi 89.42 89.96 85.96 83.70 82.74
40 psi 104.97 | 101.21 | 98.48 87.23 92.18
45 psi 113.41 | 107.74 | 110.34 | 99.91 | 102.91
TEST 1
full bobbin 0.170 0.882 0.032 1.735 0.066
227 grams (0.5 pound) 0.160 0.648 0.041 0.904 0.075
4540 grams (10 pounds) 0.098 1.348 0.008 0.518 0.022
TEST 2
Setting 2 0.683 5.017 0.119 0.372 0.011
Setting 3 0.753 4.772 0.083 0.450 0.017
Setting 4 0.713 3.753 0.147 0.367 0.017
Setting 5 1.267 4.025 0.150 0.811 0.061
Setting 6 1.608 8.383 0.322 0.286 0.044
Setting 7 4.128 6.517 0.611 0.403 0.058
Setting 8 4472 | 14800 | 0.978 0.406 0.128
15 As can be seen in Table 5, sizing Samples AA, BB and CC have an air drag

comparable to that of Comparative Sample 2 (starch/oil binder).
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10 was tested at the sane tinme as a second quantity of glass fiber yarn
coated with sizing conposition Sanple AA (hereinafter designated as Sanple
AAG) . TARIgn1lpdosaanpl e AA5 BB 2 AA6 CC Al R DRAG (grans) B61/pseo/285910 42. 50
42.23 47.47 42.33 20 psi 56.20 51.20 52.94 58.84 53.18 25 psi 67.33 60.30
64. 13 69.45 67.66 30 psi 77.34 70.84 75.74 75.29 77.63 35 psi 89.42 89.96
85.96 83.70 82.74 40 psi 104.97 101.21 98.48 87.23 92.18 45 psi 113.41
107.74 110.34 99.91 102.91 TEST 1 full bobbin 0.170 0.882 0.032 1.735
0.066 227 grans (0.5 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 0.683 5.017 0.119
0.372 0.011 Setting 3 0.753 4.772 %Zgiéﬂgiigo 0.017 Setting 4 0.713 3.753
0.147 0.367 0.017 Setting 5 1.267 & 0 0.811 0.061 Setting 6 1.608
8. 383 0.322 0. 28fe6yildidradeelaimingted nthdéZnbplepreds. lﬁd&p&aﬂﬂ@fa@rleéﬁnth Setting 8
4.472 14.800 0.978 0.406 0.128 15 As_can be seen in si.zi ng Sanpl es
AA, BB and YemshaMingdiffarent sizing copmesitioapwere testedde eaﬁlueﬁrﬂa%ff diliRg Sanpl e 2
(starch/gi rrg@bé?ﬁ@é) nd-more sPECRdAIN WMe BiTg-WERY QRS uséa@\tliiroled El ectri cal

grade | am rates nade from prepregs mco@goratln fabrics with vyarns having
di ff erent gshroiugh the lapirates en@ (m/élnfelope%q agqurasy-0fibe bole drifedthrqughie 5

o OTE"hof 3o SRS RA Selld ettt o 28 Lo o0, |
hol es dri | [fabrid &s dlsglhssbbearher. The fabric in Control GG was a heat cleaned and silane
finished fabric commercially available from Clark Schwebel and identified as
10 7628-718. The fabric in Sample HH was woven from fill yarn comprising glass fibers
coated with a resin compatible sizing as taught herein and shown in Table 13A. Itis
believed that the fabric also included Sample HH as the warp yarn. However, it is
possible that the warp yarn could have been PPG Industries, Inc.’s 1383
commercially available fiber glass yarn product. The glass fibers woven into Sample

15 HH had a loss on ignition of 0.35 percent.

Table 13A

Weight Percent of Components on Total Solids Basis
for Sizing used in Sample HH

COMPONENT SAMPLE HH
RD-847A '™ 27.0
DESMOPHEN 2000 ' 36.2
PVP K-30'® 9.0
A-187" , 2.1
A-174'%2 4.4

78 RD-847A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Ohio.

78 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

18 pVP K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey.

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

182 A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from
CK Witco Corporation of Tarrytown, New York.
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| am nates. Control GG and Sanple HH were | am nates incorporating a 7628
style fabric as discussed earlier. The fabric in Control GG was a heat
cl eaned swologodoane finished fabric comercially avail abl ectrsoo/fdssy k
Schwebel and identified as 10 7628-718. The fabric in Sanple HH was woven
fromfill yarn conprising glass fibers coated with a resin conpatible
sizing as taught herein and shown in Table 13A It is believed that the
fabric also included Sanple HH as the warp yarn. Hovvever, it is possible
that the warp yarn could have been PPG Industries, Inc.'s 1383
conmmercial ly available fiber gl assTable13Ar(Gdotd) The gl ass fibers woven
into Sanple 15 H:E.‘J:nad_L' 85-6—A—i~gHH—tt-r—F—0—3b—per-ce Fapteq13A Wi ght
Percent of Conpofjents on Tot al | COMPONENKi s for Sizi nqsﬁwd-ﬁ HHdanpl e HH
COVPONENT SAMPLE W}\J |:7,/|>0g788 27.0 DESMOPHEN 20001Pp 36.920 PVH K-30' 80
17/[1

170 D Q.42

9.0 A-187781 2. 41824 A—378RBD-847Apotyester|TeS] T which is
comercial ly avai | MERSAMIDGIOSST den Chemicals of Columblis &ifa  1l79

DESMOPHEN 2000 pq IMmd)uma@“adl pate diol, which is confrercia#l|y aivai | abl e
from Bayer Corp.

f gamsytvanta. 180 PVP[K-3 ol yvj nyl
pyrrolidone, whi LA %Mﬁﬁ avai labJ_e_f-Lgm—l—SE—;hem—e-aL—s—e'f'Lb'Q Wayne,
New Jersey. 181 ARBEASEGRATHOANGEEYbr opyl tri met hoxysl| | anel-5which is

comerci al |y availlabt e, igom CK~ Wtco Corporation of Tarryt:an, New Yor k.
182 A-174 gamma- r;e:-&aesyie*yp-m-pﬁ-ﬁ%eﬁw—!—me—% etr—+s—comercially
avai l able from CK Wtco Corporat rytown, Ne or k 121
01/09054 PCT/ USOTT™0UE9S Wefe, pfeparestb ?:BHE‘J @)Y téﬁmw%lweﬁeﬁﬁppw%| C
F-108783 9. Gtandaipfldeddhy 18¢in "GEFSON 1120-A80 resin available from Shell Chemical

5 Co.) to the fabrics using a paintbrush. The resin saturated fabric was immediately

“dried” and B-stages in a vented hot air oven for 3 to 3.25 minutes at 163°C (about
325°F) until the desired gel time of 124 seconds at 171°C (about 340°F) was
reached. The prepregs were trimmed to 46 cm by 46 cm (18 inch by 18 inch)
sections and weighed to determine resin content. Only prepregs with resin contents
10 of 44 percent + 2 percent were used in the subsequent laminating procedure.
Prepregs were stacked 8 high and molded in a Wabash Press for 70 minutes
at 177°C (350°F) and at 345 newtons/cm? (500 psi). All the laminates were molded
without copper foil fayers. The laminates showed various levels of air entrapment. It
is believed that the lack of vacuum assist and temperature ramping during lamination

15 contributed to this condition.

183 p| URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parsippany, New Jersey.

184 VERSAMID 140 polyamide, which is commercially available Cognis Corp. of Cincinnati,
Ohio.

185 MACOL NP-6 nonyl phenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

188 pOLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

187 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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MACOL NP-6185 5.4 POLARTHERM PT 160 186 0.9 RELEASECOAT- CONC 25187 1.5
acetic acid <0.1 Prepregs were prepared by a hand |ay-up procedure that

i nvol vedveppl/ggong standard FR-4 epoxy resin (EPON 1120- A3QTEessomoayai | abl e
fromShell Chemical 5 Co.) to the fabrics using a paintbrush. The resin
saturated fabric was i mediately "dried" and B-stages in a vented hot air
oven for 3 to 3.25 mnutes at 163C (about 325F) until the desired gel tine
of 124 seconds at 171 C (about 340F) was reached. The prepregs were
trinmmed to 46 cmby 46 cm (18 inch by 18 inch) sections and weighed to
determ ne rfg&rwggphﬁg;ysisonl y prepregs with resin contents 10 of 44 percent
2 percent were used 1 n'the subsequent |am nating procedure. Prear_egs wer e

stacked 8 hi gh afte fiitsitsetes of tastoansse somgucted fopvalugterdhg eas of He driffie (350F)
and at 345 ?ﬁ%g géa{a?%g %?gr%sgéd ﬂrteﬁhé oft 4R ip PeRahewe s Whidhlsiechicuptbgout

copper foil m nat es showed various |levels of air entrapnent.
It is belieasingthefmrmutae | ack of vacuum assi st and tenperature ranping

during | gm nation 156@@@%’%&%‘1&%;&%&)§(ﬁg‘g\/ﬁb} ion. 183 PLURONI CTM F-108
r,

pol yoxypropyl ene- pol y ne copol yne Ich is comrercially
avai |l abl e from BASF Cahees atP,eninitifl WidtrsofghbepyimaNeoutting sdge. 784 VERSAM D 140

pol yam de, which is conmercially. availabl.e Cogni. f O NG [
Chio. 185 MACOL NP-6 nonyl ﬁe‘n‘éﬁdﬂb%%f{'gm %ﬁ%%&éega%eg@%@ﬂaepﬁ@és
gval | abl e f(rjom BASF of Parsipp e ‘Jersey. 186 POLARTHERM r) PT 160
oron nitride powder_particles, which are commerci all | lable . f
AdvancedOCe Refartagd toFigol hithewidth 11 29 a{hs Primsry 89&“@ ?‘%&2&&@ %’3&6%"&? #)énDE
REL EASECOAT, CONC. 25 o' thE plfiptedaliRigeict e/, | abl e from ZYP Coati ngs,
Inc. of QGak ge, Tennessee. -122 01/ 09054 PCT/ USO0/ 20459 _ Too|. Wear

Anal ysi s The fir Jheghillingwasfconduetsd weing ac3iRgla bead diling achinge ThREMHRGr of

wear whi oh "t ekl Bp S56n MERHARRRRS (e i o P ear =
100 x ( P; - P10.088 inch) thick aluminum entry and 1.88 mm (0.074 inch) thick paper core

15 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,

20 “chip load” means the ratio of the drill insertion rate measured in inches per minute to
the spindle speed measured in revolutions per minute (rpm). For the 0.35 mm drill,
the spindle speed was 100,000 rpm and the insertion rate was 100 inches (254 cm)
per minutes. For the 0.46 mm drill, the spindie speed was 80,000 rpms and the
insertion rate was 80 inches (203 cm) per minute. A retraction rate of 2.54 m (1000

25 inches) per minute and a 1.65 mm (0.065 inch) upper drill head limit was held 4
constant for both tool diameters. As used herein, “drill head limit” means the
distance that the drill tip was withdrawn above the upper surface of the laminate.

The drill tip percent wear was determined based on a 500 hole drilling pattern
shown in Fig. 12 which included 391 holes drilled in a 0.635 cm by 10.16 cm (0.25

30 inch by 4 inch) block (section 1280), followed by 100 holes in a 10 by 10 hole pattern
(section 1282), followed by 9 holes in a 3 by 3 hole pattern (section 1284). The
holes in each section were drilled at a hole density of 62 holes per square centimeter

(400 hole per square inch). The pattern was repeated three additional times for a
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where P, init

i al

primary cutting edge after the allotted hol es
to Fig. ¥WoQot/bmsni dth 1170 of the primary cutting edge llperafsoe/besdril |

1174 was neasured at the peripheral
was conducted using a single head drilling machine.

performed on 3-

15 phenolic coated back-up. Dri
standard potatbf 2800 holeheThenduiting for
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| am nat es (di scussed above) with a 0.203 mm
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As can be seen in Table 13B, Sample HH in Tests 1 and 2, which includes
glass fiber filaments coated with a sizing as taught herein that is compatible with

laminate matrix resins, exhibited significantly less drill tip percent wear after 2000

holes than Control GG, which includes glass fiber filaments that had to be heat

15

cleaned prior to being coated with a silane containing finishing sizing. Test 3 showed

only a marginal improvement in drill tip percent wear but it is believed that this is due

to the fact that the CNC-7 drilling machine used in this test was older and afforded

less control during the drilling test than the Uniline 2000 drilling machine used for

Tests 1 and 2.

20

Locational Accuracy

A common metric used to assess the drilling performance of a laminate is

hole locational accuracy. This test measures the deviation in the distance of the
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Sample HH for the 0.35 and 0.46 mmdi aneter drills after drilling 2000
holes in the pattern discussed above. Each test was started with a new
drill biwooliabbsa 13B Control GG Sanple HH Test 1 Nunber BPETAUSW®4® 3 0. 35
mmdia. drill Average drill tip 28.8 22.2 percent wear Test 2 Nunber of
tools 20 20 0.46 mmdia. drill Average drill tip 34.0 24.4 percent wear
Test 3 Nunber of tools 10 10 0.46 mmdia. drill Average drill tip 30.8
29.3 percent wear 10 As can be seen in Table 13B, Sanple HH in Tests 1 and
2, which includes glass fiber filaments coated with a sizing as taught
herei n t hat étﬁal%mé&étwnﬂ‘rdm ith intédednatationahe meassiraneent avasi tekensen

f t I drill nt ft trol
o hi oh | lowermertac af e botiReh iAo et sEoF angi B iaaReq R L0
prior to-bejng, GoaRM %’iﬁéé‘u R SipkaRa thathiaihpiengcdtioniveduichbaws thetargestest 3
showed only a margl na

t drill t
bel i eved thdrsatehascyl fsomﬂ@lntr%\éggg?f‘taléﬁn W%Pcﬁtﬁépéﬁl@ré nfpg%ﬁagﬁécsﬁ%%e used

inthis fest yas A gp% f dis®iHdeGtontl tHe a@udlhmiedbenter bfig t est
t han t he Un\"ltfaﬁ'és gt)‘gg d |°?' J'Q |'néeetﬁ§ed for oTests

Locati onal thecdrlied ol amlhmnrfaee of fbeLﬁéﬂaﬁdoé@%@é%"dﬁﬂé’”&rqel"?qr%"}?gﬁ%r mance
of a laminate is Q R8sddgb

devi ation i kh? devigt %'I‘iﬁ*@a&gwa? aﬁi%%y%e %6(;69%%)'3%% / USgg 20259 o;gt ual
hol e | ocati Qashrépuated 4 nmaatsﬂmi,eaftércaraah itaoh dritieska tatalof 260@ Relega Ihe JRYANMY,

| ower surface of the botto am n t the drill
exited the distaNcRYYS BeARUe tq ﬁ'&ee'aaffdrﬂlgdggéé‘(?@d{@ hgt %t ﬁﬁés( Iﬁ\%gl&gﬁldocat i on
woul d e LBGidna8E2e Sthe HEIGOWEIRANIEC Lsingiat 1146 mm EhaERlinoh) diameter sRe%

ocat ot 108 ol e Thiat ice! e e e Bard Ay s e, P e ) Bar

test, the spindle speed for the drill was 80,000 rpms and the msertlon 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.

15 Table 13C shows the result of the locational accuracy test for Control GG and

Sample HH after drilling 2000 holes.

Table 13C
Control GG Sample HH
number of drills 8 8
average deviation distance (micrometer) 38 28
20 As can be seen, Sample HH exhibited a lower deviation distance than

Control GG, which is ¢f particular significance when the laminate is used as an
electronic support incorporating a large number of holes and circuits. This is
consistent with the drill tip percent wear data shown in Table 13B above. More
specifically, it would be expected that laminates that exhibit less drill tip percent wear

25 would also exhibit less deviation distance because the drill tips would be sharper for

a longer number of drillings.

-125-



the drilled hole on the surface of the laminate to the intended true center
of the hole. The deviation distance was neasured after the 500 hole
sequencewb spewse£d above was repeated 4 tines, i.e., aftBCTEaR20450]
drilled a total of 2000 holes. The deviation distance was neasured for the
| ast drilled 100 hole pattern, i.e., the last drilled 10 section 582. The
hol es were drilled using a 0.46 mm (0.018 inch) dianeter series 508 drill
from Tul on Co. of the type discussed above. As was used in the tool wear
test, the spindle speed for the drill was 80,000 rpns and the insertion
rate was 80 inches per m nute for EMM_P;LQJ:&d of 0.001. The test was

repeated eight tines e §ﬂ;{g ¥oriduckch test
starting with al ﬂéﬁampfq 14 a%é't'?%%'hi%g%%nmt %tgg\{flﬁ of tche | ocat i onal
accuracy t esd yfiQfi gfdtidl lblinatés emirol Saapd Santplasf A BB and KKH@COZWGt'%PeS

Tabl e 13C Control "GG Sanpl e HH er o d ation
di stance (7628 shie fabricas dﬁ“iﬁfdﬁ%ar e@.{r’("%gt%sg%#orér'@tq%l pﬂ'\‘, exhi bi tq*g.g a | ower

devi ati gn gL caiBQfor{tMUJ w@@732@V1ﬂéanoﬁhCIa$k-Sbh\pebai.|IUQII The ﬁb@ﬁsm cance
when the |amnate 1's used as an el ectrog,lc su%ﬁé)r "Pr@%?% Hgg g large
number of ISdAnesenAd, BBrand KI§ werwgversfrom S ypEt QRRPIR GIAR R AT

percent wear RPY4ble UArc#ExamlagamdiThMe 14A vvoul d be
expect ed tP(ﬂfh?g%'ﬁggwgait%%géggﬁlséﬁfgrﬁess driill ti éﬁ a 25 woul d
al so exhi bideldvesespentivelyi and war ¥ave baviag giass fibers ca?ﬁe Wi Eb : ﬁi?uFd be
sharper for .a lon I itiR1®1/ 09054 PCT/ USO0/ 20459
EXAMPLE 14 RQW 'ﬁ"éﬁr& ipxl'ﬁ%?é tl%ﬁb%dg c?rég% percent wear tests were
conductggl. Electrical grade Iam nat es Control JJ and Sanples AA, BB and KK
incorporating a 7628 style fabric as discussed earlier were tested for
drill tool percent wear. The 5 fabric in Control JJ was 7628-718 fabric
fromd ark- Schwebel, Inc. The fabrics in Sanples AA BB and KK were woven
fromfill yarn conprising glass fibers coated wth a resin conpatible
sizing as taught in Table 9A of Exanple 9 and Tabl e 14A bel ow,
respectively, and warp yarn having glass fibers coated with a different
polynmeric matrix material conpatible coating conpositionl8S. 10

188 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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188 The warp yarn was PPG Industries, Inc.'s commercially available fiber
gl ass yam product designated as G 75 glass fiber yarn coated with PPG

| ndustri &80 01/0%054 s 1383 bi nder. -126 WO 01/ 09054 PCT/ 1JS0@t2a%b820430b1 € 14A
Wi ght Percent of Conponents on Total Solids Basis for Sizing used in
Sanpl e KK VEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S SAMPLE
COVPONENT KK PVP K-30189 13.4 A-187190 1.9 A-17419' 3.8 EMERY 6717 192
1.9 SAG 10193 0.2 RELEASECOAT-CONC 25194 3.8 POLARTHERM PT 160195 5.9
RD-847A 196 23.0 DESMOPHEN 2000 197 31.0 PLURONI C F-108198 8.4 ALKAMILS
EL-719199 2.5 |1 CONOL NP-6 200 4.2 LIGblé%MAO. 35 189 PVP K-30 pol yvi nyl
pyrrolidone which is mer, |aII allabl emi.cal s of \Wayne,
New Jersey. 190 A- 187\%'% t{'; ﬁ?g@l ) 9P$T§‘ﬁ§%m| chis
comercially avail abl e from LR New Yor k.

191A-1 74 gama- net hacryl oxypropyl tri met h( ] ercially
available from CK Wtco Corporation of Tgr a‘#‘ 94 EMERY(r)
6717 partially am dated pol yet hyl ene i m ng_whi PﬁQHDgﬁWSN ally avail abl e
from Cognis Corporation of QG ncinnati, io. 193 SHMPEB anti-f dani ng
materi al, which i _comeGOMPONENRI | abl e f rom CK WKKo Cor por atli on

PVP K-30 '® 13.4

A-187 ' 1.9

A-174 3.8

EMERY 6717 '** 1.9

SAG 10 ' 0.2

RELEASECOAT-CONC 25 ' 3.8

POLARTHERM PT 160 ™ 5.9

RD-847A % 23.0

DESMOPHEN 2000 ** 31.0

PLURONIC F-108 "% 8.4

ALKAMULS EL-719 ™ 2.5

ICONOL NP-6 *® 4.2

LOI (%) 0.35

183 pVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

1% A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York. ‘

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

%2 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

% SAG 10 anti-foaming material, which is commercially available from CK Witco Corporatlon
of Greeawich, Connecticut.

% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

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

1% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

7 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsyivania.

%8 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

1% ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

200 ICONOL NP-6 alkoxylated nonyl phenol which is commercnally available from BASF
Corporation of Parsippany, New Jersey.
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of Greenw ch, Connecticut. 194 ORPAC BORON N TRI DE RELEASECCOAT- CONC 25
boron nitride dispersion whichis comercially available fromZYP

Coat i ngswolgifeeoaf Cak Ridge, Tennessee. 195 POLARTHERM r)p@Efluddizoksor on
nitride powder which is commercially available from Advanced Ceram cs

Cor poration of Lakewood, Chio. 196RD-847A polyester resin which is
comercially avail able from Borden Chem cals of Col unbus, GChio. 197
DESMOPHEN 2000 pol yet hyl ene adi pate diol which is commercially avail abl e
from Bayer Corp. of Pittsburgh, Pennsylvania. 'go PLURONI CTM F-108 '
pol yoxypr opyl ene-Tpel fbricsaidriisabsequently formed iito prepregscwithnan ERa4 epoxyavai | abl e

from BASF Cor por at.i on _of Parsjppan sey. Al . L-719

pol yoxyet hylr%tf’t"éﬂa\’/'ﬁgét-r&?féagi% Q&?ﬁ'%té\gx\@%‘%‘i’} gﬁglcg\%%& rom
conmer of a F%@%?F%%??ﬁ“ﬁéﬁ%‘ﬁb@¥“Efiﬁ‘%pqéag?“"“e"‘”@em?

€ 1 . : | ppa ey.

-127 WO 01/ (oostheraticsim toprepsedaine: F3BINAES WRE? &° G@ég?fgﬁlq PPl IS e o
pr epr €gs g tpPeO;?rFﬂﬁ%zéria@!%ayournsﬁrgoh%hn& Gopper (s shéWR bl anadaaimalfgo- 2
resin by Nel'co I'nternational Corporation of Anaheim California). The
i :a rznl Egt ggrr\pl\glsrwemlrt]geiham’t@ temperatwe\a 3551 GRPHHY XGh PressHrg 8% 3Q0PNd5 PEG gi ng.
| ayers of 158Hﬂ’€e'“e'bg%8ﬂ ?gﬁh élﬂaoﬁv%hse%%fg;v? g%mt%%tﬁgf%ﬁ’ﬁ?ﬁ"f et ﬁgr at? u;
E elr)rpe { at2 ur1 e thii:krgéﬁlbf l(hd)la?ﬁnalaém)th cppeey angedsffora 0D58 dnahes (akout Ostﬁ%aﬁ'@ tonch

abou .1 negaPasca o) Q0 m nu . . . hi ck
o the | an (OB NEeh o163 e BB BrifaiSs, Bictk Bispredtife, "o 1y 0"
0. 065 i nghesstdaraawithGobpbr lagdrs i thef following atrargdraeritnat es, ei ght prepregs
were 10 stacked with copper |ayers, i arrangenent: one 1

! ihe follown
oz/ft2 shiny copper |ayer thr&fepledfte '?3%%1"5\{\15%% 1 oz/ft2 RTF (reverse

treated foil) copper layer two, prEp %gqpé one 1 oz/ft2 RTF copper
| ayer three prepreg | aydes! gl ﬁTgt%(quersisetg N ers%@)tﬁ?gpef layer PP
o prep

15 one 1 oz/ft2 RTF copper layer
three prepreg layers
one 1 oz/ft? shiny copper layer

The finished laminates were trimmed to 40.6 cm by 50.8 cm (16 inches by

20 20 inches).

The drilling was conducted using a Uniline 2000 single head drilling machine.
The drilling was performed on 3-high stacks of laminates (discussed above) with a
0.010 inch (0.254 mm) thick aluminum entry and 0.1 inch (2.54 mm) thick aluminum
clad particle board back-up. The drill tool percent wear wa's determined for a 0.34

25 mm (0.0135 inches) tool diameters, series 80 tdngsten carbide drill available from
Tulon Co., Gardenia, California. The chip load during drilling was held constant at”
0.001, with a spindle speed of 95,000 rpm and insertion rate of 95 inches (241 cm)
per minutes. The drill retraction rate was 90 inches (2.29 m) per minute and the
upper drill head limit was 0.059 inches (1.5 mm) upper drill head limit.

30 The drill tip percent wear was examined based on a 1500 and 2500 hole
drilling pattern. The holes in each section were drilled at a hole density of 28 holes
per square centimeter (about 178 hole per square inch).

Table 14B shows the drill tip percent wear of the Control JJ and Samples AA,
BB and KK after drilling 1500 and 2500 holes. Each set of holes was started with a
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The finished lam nates were trimed to 40.6 cmby 50.8 cm (16 inches by 20
20 inches). The drilling was conducted using a Uniline 2000 single head
drillingweobisss The drilling was performed on . 3-high ®Caaiseo/od459

| am nates (discussed above) with a 0.010 inch (0.254 nm thick al um num
entry and 0.1 inch (2.54 nm thick alum num clad particle board back-up.

The drill tool percent wear was determned for a 0.34 25 mm (0. 0135 i nches)
tool dianeters, series 80 tungsten carbide drill available from Tulon Co.,
Gardenia, California. The chip load during drilling was held constant at-

0. 001, w t hnéewsipi billafd epciestack oPlanfitiies mn aend 500 hieletdroupings andfenPH00nches

(241 cm) per mnutes. The dri etra a 9 m per
m nute and DRE ITRHRYES- dT}V‘F? s‘ﬁéllé%°{'?'ﬁf'la @@n%e\gerefngeciﬁé%

drill head g e.%@nt%rdéﬁéd dﬁllsﬂvé?é"méé@bre\dﬁ&red&ﬁ%aﬁ?pwﬂ ned based on a
1500 and 2500 hoF drilling pattern. The holes in each section were
drilled at a hole density of 28 holes per square centineter (about 178

hol e pergsquare inch). Table 14B showsdidgsgri! | tip percent wear of the
Cont r ol ?J and Sanples AA,_ BB and KK after drilling 1500 and 2500 hol es.
Each set of holes was starfted with a - 1@ TipPelgepdWear PCT/ US00/ 20459 new
drill bit and each stack ¢f $SampleadAs |h8hmpeBB500 Saniple KKoupComieolddd t en

2500 hol e rGoohe@s. Threde staglss of [ am {@bes df eapdigt abifi ¢ 24/9e re
drilled so tlhat the drilll tip percentl wear for 30 drills ware nmeasurled for

each sanpl e.| 250G48les 14B Dril | 28i0p Perlcent24Bar Sanpl 8-2A Setrrpl%&%B Yanpl e
KK Control J>—i560tHotes 2155195198 24925 5.3

28.3 As can be s : es
Shass fibor fi1 Asgande BB e 128 BRIt AN, BB AR St ek PGl
conpati bl e fibertfildraents abated nethra sizing a5 ltm;ghemmmthads sompatible wmithllagminatss

P her T 1 oot it eiPi@s Saridaf BRL betoattivesl srfh 00 A0S HERRAET T .
oo e e B e b naners Qﬁa?ﬁbﬂ“mmhe e ot 1 ol
19 bur | e conlpa i Asians spaining frishing St ARel 2800thoieey e ANHT Al OBt o

tool wear Wtddl pEreeH wedtdbri SEmpIBS AR BB 4i1d KK id stift tbsBah@Sfor Bohes! Juhsii idsee | ast
holes drilled In a grouping.
pronounced. This is to be expected since the majority of the tool wear will occur

during the earlier drilled holes rather than the last holes drilled in a grouping.

15 Based on the above, although not limiting in the present invention, it is
preferred that prepregs made with glass fiber fabric coated with a polymeric matrix
compatible sizing as taught herein have a drilling tip percent wear of no greater than
32 percent, more preferably no greater than 30 percent, and most preferably no
greater than 25 percent, as determined after drilling 2000 holes through a stack of 3

20 laminates, each laminate including eight prepregs, at a hole density of 400 holes per
square inch and a chip load of 0.001 with a 0.46 mm (about 0.018 inch) diamefer
tungsten carbide drill.

In addition, based in the above, although not limiting in the present invention,
it is preferred that prepregs made with glass fiber fabric coated with a polymeric

25 matrix compatible sizing as taught herein have a deviation distance of no greater
than 36 micrometers, more preferably not greater than 33 micrometers, and most
preferably not greater than 31 micrometers, as determined after drilling 2000 holes

through a stack of 3 laminates, each laminate including eight prepregs, at a hole

-129-



15 Based on the above, although not Iimting in the present invention, it
is preferred that prepregs nade with glass fiber fabric coated with a

pol ymer i wo@loobsy conpati bl e sizing as taught herein haveper/dsaoidoussg tip
percent wear of no greater than 32 percent, nore preferably no greater
than 30 percent, and nost preferably no greater than 25 percent, as
determ ned after drilling 2000 holes through a stack of 3 20 | am nates,
each | am nate including eight prepregs, at a hole density of 400 hol es per
square inch and a chip load of 0.001 with a 0.46 nm (about 0.018 inch)

di aneter  demsitytaf 400 doleseer dquate. md:mamldichbdoad dfd-eell with alddGaimové@boat t hough
not limti i,n_the.prese i hvent.i is preferred that prepregs nade
with gl assB%‘Sé?°'}>é‘bﬁer%teﬁg‘é‘98@’\/&a{mg%d [bl yneric 25 matrix conpatible sizing
as taught herei Aithsygh AotdArartihg Wbdbsmrmwawpmmraaém it ishoeflevi that

m croneters, nore preferably not greater an 33 nicronet and nost
preferably '}?cﬁ’reﬁ? 2 ?‘ﬂ'&r{'}'/%am % BEotass bbe’a@aﬂ'éq E‘P’HP?%W%??‘%?S"GH I'1ing

2000 hokes pefel, %ahn Snégﬁﬂiéu%i' efbodimeLltAE préddRte bAtkk Bakeh miftiekudi ng ei ght
prepregs, at a hole -129 WD 01/ 09054 PCT/ USOQ 20459 density of 400 hol es

per squar ecemtihutes do thecimppoveskrilisia ryoperties,pt the larginates pfithesprgsant 0. 018 i nch)
di t t | b
| anet er H{‘v&ﬁﬁcﬁp ﬂﬁF&bQ‘ﬁgﬂ{aM the éélﬁgﬁﬁ%ﬁf‘%ntm ¥%h ?eaﬁtIPRWl" y any

parti cul ar eory, It Is i'eve e presence of a so ubri cant
in the gl aweaf ahgimprovemant lucbcpqa@ghalia@nurabxsef tbegdlied helesi n, and ,in one

par ti cular embogl ks ik SREAGEN AR ABALHIA oldeb HBers GARLIINY o5 0

the i nproved dr g prop t| ea" am na esent
i nvent 10n. rédin eomppatible sizingl as, taught heoéin prdvidesi sesertal aduantagest First, tongke

reduction i,n i1l ar _and, i,npr ove ational, accuracy,of the
G 1'F e horBL el meansBaL ofthari B AT Hhork holek HoirB R atha e o diPos e
fibers coalredddmdrh becaude me%datmmturbbyeosmélmgasamnéaugbmgmméel n provides
sever al advanta es. First, Ionﬁgm drill life nmeans that each drill bit can

drill norelamynaes ofths rreperdttinyeiiAn irgrsates thasdaal for coyeRtRna lagtnateRditise t he
I ocati onal ogscdisdhat Roré Mantal&sSiaf ddté@éhﬁﬁﬁ@tﬁ%df@?dhl a4 §R I@ftmfehe _

present invention is greater than t for conventional 1am na is
expect 4§ t mith theseme agRurERy ag tm%rﬁch@t’@%"’c@?\ 'QS@"%‘P&F&WW@F‘VQ!\UPWH ng at a

single tingmhxul @3 H Pﬁhé@é@d\?&ﬁﬁ é%ﬁr)és §|staht%r ar%a@i EHERvL 'anlﬂn%f){;é’rﬁll&ﬁt e

stack of conventi ona nat es t t hese advantages res IS a nore
cost ef f ectFuttbenhare] thadocationaitacsuracy Iéﬁthe}hﬂleﬁﬂrtﬂed fiththel Iwmatasnalmmomd acy of

the ol es dpihdsSfle a5y ¢ BARAR. L bpbAAAE oy Bk iliobfin BBl Of the

el ectronic am na

20 EXAMPLE 15
The following samples in Table 15 represent additional embodiments of the
invention. Coating sample LL was produced but not tested. Coating samples

MM-QQ have not been produced.
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20 EXAMPLE 15 The followi ng sanples in Table 15 represent additional
enbodi nents of the invention. Coating sanple LL was produced but not

t est ed. ' anples MM QQ have not been produced. 054
PCT/ USOO’%@&HSQ) agFabl e 15 WElI GHT PERCENT OF COVPONENT ON T%gAﬁ@ %%%%%S BASI S
SAMPLES COVPONENTS LL MM NN 00 PP QQ POLYOX WSR 301 201 0.56 0.55 0.61

0.43 0.47 0.34 A-174 202 3.68 4.31 4.74 3.32 3.68 2.61 A-187 203 1.74
2.08 2.29 1.60 1.78 1.26 DYNAKOLL Si 100 204 26.60 26.58 - 20.46 - 16.08

SERMJUL EN 668 205 3.33 - - - - - DESMOPHEN 2000 206 40.58 39.93 43.92 30.75
34.14 24.15 SYNPERONI C F-108 207 9. 98Tablb 1-5 - - POLARTHERM PT 160 208 5. 46
5.45 - - 6.00 6.00 EUREDUR 140 209 4.743 - - PIURONIC F-108 210 -

9.83 10.8117.56 8.40 5.94 NMACOL NP{6WEIGHT PSRQENE.@OC@N&O@E*@OON'%TAL
VERSAM D 140 272 - 4.36 4.80 3.36 3|73 2.64 201 SI®BARR 301
pol yet hyl ene oxi de) which 1's comer¢i ally avai | abl saAfaPeESUNi on Car bi de

A <1713 Gl 0 L B 30 R 1)
d U/\y\.)l

|||..L I IMmMyeL. Ul Aalll vaql |
from oK WYX WSRO vyt qun. N 56055, Q611 043 | D4 | ‘054
gama- gl yci[dexg43F opy! t ri et hoxysi | 4né-6@hil cA-31s | cOfftercBad? | B8 |1aR ¥ flr om
CK Wtco Ca-pg78f Tarrytown, New YQqr KR.742(042D8NAKQ2B $i 1800 |r dsA8n |wHi.2fh |i s
commer ci al {5 gy (blqp;_t;,qobrmm EKa Chern e | A sdleden. | 205 IERMUL [EMNs 668
et hoxyl at ed—1 PR Bzdﬁllll chTs Tot n|§r3r3i gty avyaii-abtje oM CON BEA
Benel ux. 2 $ 2000-—-pot-yest-g+ ' i

avai | abi ¢ fREANGEHEN R Do o 1 058 Triadt "R DRI 275

M-

SYNPERONIC F-108 27 ' 9.98 - - - - -
POLARTHERM PT 160 2 546 | 5.45 - - 6.00 | 6.00
EUREDUR 140 29 443 - - - - -
PLURONIC F-108 210 - 983 | 1081 | 756 | 840 | 594
MACOL NP-6 2!1 - 328 | 360 | 252 | 280 | 1.98
VERSAMID 140 212 - 436 | 480 | 336 | 373 | 264

201 pOLYOX WSR 301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.

22 o174 gamma-methacryloxypropyitrimethoxysilane which is commercially available from
CK Witco Corp. of Tarrytown, New York.

203 A-187 gamma-glycidoxy-propyltrimethoxysilane which is commercially available from CK
Witco Corp. of Tarrytown, New York.

204 YNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Sweden.
205 SERMUL EN 668 ethoxylated nonylphenol which is commercially available from CON BEA,
Benelux.

206 DESMOPHEN 2000 polyester polyo! which is commercially available from Bayer Corp.
Corp. of Pittsburgh, Pennsylvania.

27 SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer; it is the European
counterpart to PLURONIC F-108.

208 pOLARTHERM PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

209 EUREDUR 140 is a polyamide resin, which is commercially available from Ciba Geigy,
Belgium.

219 p URONIC F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

211 MACOL NP-6 nonylphenol surfactant which is commercially avallable from BASF of
Parsippany, New Jersey.

212 \VERSAMID 140 polyamide resin which is commercially available from Cognis Corp. of
Cincinnati, Ohio.
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207 SYNPERONI C F- 108 pol yoxypropyl ene- pol yoxyet hyl ene copol yner; it is the
European counterpart to PLURONIC F-108. 208 POLARTHERM PT 160 boron
nitride powiegssoshi ch is commercially available from Advarceds®@zasd cs
Corporation of Lakewood, Chio. 209 EUREDUR 140 is a pol yam de resin, which
Is comrercially available fromC ba Geigy, Belgium 210 PLURONI C F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner which is coonmercially avail able
from BASF Corporation of Parsippany, New Jersey. 211 MACOL NP-6 nonyi phenol
surfactant which is commercially available from BASF of Parsippany, New

Jersey. 212 VERSAM D 140 pol yanmi deTablewsmumhl )| s cormerm ally ava| I abI e
fromCogmc (‘nrn of Clncinha

Table 15 (Cont'd.) VEI GHT PERCENT d
SAMPLES QOVPONENTS LL MV NN 00 PP
- 4.00 4.40 ROPAQUE OP-96 214.- - [29.23 30.00 35 W%‘BE%O est. %solids
I n coating cCodPONENTSL 7.3 6.5 9.3 | EKAVALEMM pUnbiNad| | @@ npt 8 wer @Qradle
fLomthe I ﬁ_éﬁ%éch‘%‘g@j\léﬂgz‘WO?SW as {.p_eglesch:i I N EKafpa €] 94.068X¢ept
n 1a Yoy -4 rafaton Farch 4 ] APSH
e ion TROPAGDE GBS T % ment r o e over L abour] 2927 | aRUC 38 007 B

1. 27 cent i|rast-& polidsdn eetingar pi ecesl. Afout 8BS ¢ XA Ki%oaqé;ﬁp}‘ 3%
parallel to the warp direction and about hal f of the piece were cut

parallel to the fill direction. !ﬁﬂ%égr pi eces fromeach |am nate

(13 cut parallel to the warp dlrectl 13 cut parallel to the fill
direction) were tlhmadfllbﬁm&des Werahbde(frapmeannalenals ahd bptherprocasges Be wat er

b ht t boi | t | d to b f 4 t
22 hour s 5 1 Klesgrssiin ExpPlaeapt ot FIPRER Mes SRy rinalg Eqensf <
renai ni ng ZQh@uﬁan fdnRates Weré dnat ita'82.e1 eh xbm IneH (abfvut 215alcedtiraeter xol

| am nate nmade using a conventional heat- cl ean Pg. fini shed fatbr'(i En t he
same manner akpout 1.27 centimeter) rectangular pieces. About alfo the pieces were cut paralle

=4

to the warp direction and about half of the piece were cut parallel to the fill direction.
26 rectangular pieces from each taminate (13 cut parallel to the warp direction and
10 13 cut parallel to the fill direction) were then placed in reflux apparatus with water
and the water was brought to a boil. The water was allowed to boil for 24 hours.
After 24 hours, the piece were removed from the water and towel dried. The
remaining 26 piece from each laminate were not boiled. An unclad contro! laminate
made using a conventional heat-cleaned and finished fabric in the same manner as
15 described above in Example 9 for making the test laminates, was also fabricated and
tested according to the above procedure.
The short beam shear strength of both the boiled and unboiled piece were
then measured according to ASTM D 2344-84. -The result of the testing are given
. below in Table 9, where Unclad Samples AA, BB and CC correspond to laminates
20 made using fabrics (described in Example 9) having fibers sized with sizing
compositions AA, BB, CC, respectively. As discussed above, the control sample
was made using a conventional heat-cleaned and finished fabric. The thickness of

the test laminates (Unclad Samples AA, BB and CC) ranged from 0.050 inches

213 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

214 ROPAQUE OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.
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-132 WD 01/ 09054 PCT/ US

& ehan EnaligimaTRIe ety dirg

from Rohm

SpbieTs

E,%\S COA\Ts
gIree A
214 ROPAQUE OP-96, 0.55 micron particle dispersion which

P Coati ngs,

C 25 boron nitride

| nc. of

Haas Conpany of Phil adel phi a,
(about 0.127 centi rreters) to

9

0. 063 inche \duujéstu TOOT CEMT {JRRE erS) T T TogRr [T Par Sfi@bl”
sanple thic BEL LY t .,DLP ot g P
Short Beam g’ﬁ%*s %787 843 ;82 egr rer gt squar 1 ncr
(56) (54) ( ﬁ(kf? ot Na(g) al&%“ FedBPhn | s ol 1 nls ¢
0. 050 0. 056 %e%%nn AiPcknps t érs) (0.[L52) (o 127) (0 142) (o.
N=13 Short A-Pounds—pef—6626 7‘:0/' 1185506l —shoar st-pﬁ&g-t—l .
(46) (52) (4932TR8) No Bpi | Ipches Meg apaqgu ) 0850 et |Q) rr@?g?f ng
0.061 0. 050 |oTHigmess 055 rhilcamimeterri13 (5P| ndP-dR8) | (- 143) ‘ ). 145))
(0.152) (0. N? Shart R(:\ hm Pounds per 15695 65P2 5081 AC)?C)
square i nch % (qunds per 6626 7594 7118 5506
Shear trengt 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 Boll, (megaPascals)
Warp Direction
Sample Inches 0.061 0.051 0.057 0.057
Thickness N=13 (centimeters) (0.155) | (0.130) | (0.145) (0.145)
Short Beam Pounds per 5266 5832 5179 4116
Shear Strength, square inch (36) (40) (36) (28)
24 Hour Boil, Fill | (megaPascals)
Direction :
Sample Inches 0.063 0.051 0.062 0.056
Thickness N=13 (centimeters) (0.160) | (0.130) | (0.157) (0.142)
5
The short beam shear strengths of the test laminates (Unclad Samples. AA,
BB, CC) in both the warp and fill directions, both before and after water boil, were
observed to be higher than the control sample in this testing.
10 EXAMPLE 17

Fill yarns made from E-glass fiber strands sized with sizing composition CC

given in Table 9A of Example 9 and warp yarns made PPG industries, Inc.’'s 1383

commercially available fiber glass yarn product were woven into 7628 style fabric
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24 Hour Boil, (megaPascals) Warp Direction Sanple Inches 0.061 0.051 0.057
0. 057 Thickness N=13 (centineters) (0.155) (0.130) (0.145) (0.145) Short
Beam Poumdsop®ns4£266 5832 5179 4116 Shear Strength, squaPeTiuseiog36) (40)
(36) (28) 24 Hour Boil, Fill (megaPascals) Direction Sanple Inches 0.063
0.051 0.062 0.056 Thickness N=13 (centineters) (0.160) (0.130) (0.157)
(0.142) 5 The short beam shear strengths of the test |& nninates (Unclad
Sanmpl es. AA, BB, CC) in both the warp and fill directions, both before and
after water boil, were observed to be higher than the control sanple in

t hi s testinggingan gixieitedm 1 Theifabriopassubsaauently prepreggedsand laminated toands

sized wth gizi [} Lo T f- Exanple 9 and warp
yarns nmade %bécpﬁ%%ﬁﬁf%@ﬁﬁqﬁ%%ge%égg a%@"n%’r@%:’%%gavai | abl e fiber gl ass
yarn product wer@opgaratad laminalé 28 @bs\describedrabove i Barkile ®) Was054

PCT/ USOQO 20459 usi an air .jet loom .The fabric subsequent |

pr epé)r( e%ﬁ??d gﬁﬁiﬂt&g{gﬁizlsﬂfggﬂusgﬁfF Epﬂd’aftﬁ:ﬁﬁ?ﬁg%temé?%é%ﬁg?‘%%a S?ove
I'n a e eest patt gieatpe A0SV Nord é\]m’l, was
subsequent | urroce 'sse i.e., drir?gl ed, ﬁfgrt ed li;md aatter ngd pi nto,tygst
ooy do avi $aph poasd BELRH e sPls ol SEven b mipr GraunpRets, 13] O de PRIty ot i on
per f or anPGFig.!\'%.eOﬁérsbi &pattelns w@@@ﬁbr@é@él@néfzﬂfé XGRE dfiheBodr8l anotlerseven
simlar circuit patterns 1310 as shown in |g$o 13. One set of patterns was

ori ent ed al ¥ABA theeY-RXig,af thephoardansta third algne :h88° angle agross thevaoard. sEegh t he
board, and [ i ek LCUI T
pattern 131%“%"2&558@5@% |§%ﬂm§&0?d‘ﬁm§e&@?i9?mé ﬁ%lgﬂgé%fgéﬁgg\gﬁé aving a 10
di anet et0of diameterof 3.5 raihdard a canter-ta-eenterrpacinghetwern helesincadideehtrowsn

adj acent r ous . | ).l WL | es, two
boards wer e%?gém Q?é%é??éﬁi Qslbﬁrﬁﬁi{ﬂ%%?tehhoééoéalhgé Eléygrglg‘ﬁtrggé%\&g single
drilling optegethepse that bethrmuichioe drilled in afsinytd dgllingromaratiorp aAlteznatingerows

T o B Bk ey PR Tad By Byt TP 20

a first major surface of the board as shown in Fig. 13. Wire leads were soldered to

15 each bus bar for connection to a power source. Each circuit further included a 1K
ohm surface resistor 1322 to ensure that if one circuit failed, power supply to the
remaining circuits would be maintained. Eéch board was soaked in 76.7°C (170°F)
deionized water for ten minutes to remove any solder flux residue and dried. The
boards were then placed in a chamber at 85°C (185°F) and 85% relative humidity,

20 and a 13.5 volt DC current was continuously applied across the patterns. Every 200
hours the chamber was shut down, the chamber door was opened to allow the
patterns to stabilize to ambient lab temperature, and the insulation resistance for
each pattern was measured.

There were iwo Sample CC boards and two control boards. The control

25 boards were made in the same way as the Sample CC boards but used conventional
heat-cleaned and finished fabrics. Each board included 21 circuit patterns (i.e., three
sets of seven circuit patterns) for a total of 42 circuits tested for both the Sample CC
boards and the control boards. The results for 200, 400 and 1000 hours are given
below in Table 17 where the tabled values are the number of patterns with the

30 specified resistance.
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The Sample CC boards had fewer shorts than the control boards after 200

hours of exposure. After 400 hours of exposure, all the control board patterns had

value of less than 10°ohms.

10

EXAMPLE 18

Each of the components in the amount set forth in Table 18A were mixed to

failed. For purposes of this test sample, a “short” refers to an insulation resistance

form aqueous resin compatible primary size Sample RR according to the present

invention. Less than 1 weight percent of acetic acid on a total weight basis was

included in the composition. Sample RR was applied to glass fibers forming G-75 E-

glass fiber strands. The coated glass fiber strands were twisted to form a twisted

yarn and wound onto bobbins in a similar manner using conventional twisting

15

equipment. The coated yarn had an LOI of 0.35%.
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10 form aqueous resin conpatible primary size Sanple RR according to the
present invention. Less than 1 weight percent of acetic acid on a total
wei ght bag0e1/0ms4 i ncluded in the conposition. Sanple RR waI/egophésss t o
glass fibers formng G75 E- glass fiber strands. The coated gl ass fi ber
strands were twisted to forma twisted yarn and wound onto bobbins in a
simlar manner using conventional tw sting 15 equipnent. The coated yarn
had an LO of 0.35% -135 WD 01/09054 PCTI USOQ 20459 Tabl e 18A Wi ght
Percent of Conponent on Total Solids Basis for Sanple RR Sizing COVPONENT
SAMPLE RR RD-847A 215 27.0 DESMOPHEFabBIROBA216 36.2 PVP K-30 217 9.0
A-187216 2.1 A-174 219 4 4 P C F- 108 22 D 140 221 4.4
MACOL NP-6 222 5.4 Pﬁ ;u_ 0@?‘%&@&@%\1‘8@@ 25224 1.5
acet|c aC| d < = h -.---.'.'.: h -.J-‘ A e Fnrfh ] Tab| e
18B was mi xed|to form aqueOLféOMé’N\E'&'Br[@tl ble primrly SAMPKERR e |ss
according to R@mméht I nventi on. Sarrpl e SS was applied tzc;(gl ass |fi bers

formng G75° 1S e TdSs —and—theStTanmds were o ot vsted. The
coat ed, untwi P?WQP ;:2009 LOof Q 7% 215 RD 847A pol \/ln?’cféclnr redin,

which is cormpP¥PaKi3p?5vai |l abl e from Borden Chenical s of Co%@nbus, [ohio.

216 DESMOPHEN AOQ@/ pol yet—WyI ene adl pat e di oI which 1s] comrepgially
avai l abl e from1B; 4::219 of—Prttsbu gll, I‘CIIIIDyI vanta—2t A PYPK "gﬂu pu= Vi nyI

pyrrolidone, Y T s comer cial ly available from|SP IChem cal’s of Mayne,
New Jersey. 2 LPmeCg%ﬁﬁ&”@I yci doxypr opyl t ri met hoxysfi | ane, 9@hi ch ils
comercially aVERSKNMD {400 OS 4.4

MACOL NP-6 #2 ) 5.4

POLARTHERM PT 160 % 09

RELEASECOAT-CONC 25% 1.5

acetic acid <0.1

5 Each of the components in the amount set forth in Table 18B was mixed to

form aqueous resin compatible primary size Sample SS according to the present
invention. Sample SS was applied to glass fibers forming G-75 E-glass fiber strands
and the strands were not twisted. The coated, untwisted yarn had an LOI of 0.7%.

215 RD-847A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Ohio.

2168 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
of PRittsburgh, Pennsylvania.

217 pVP K-30 polyvinyl pyrrohdone which is commercially available from ISP Chemlcals of
Wayne, New Jersey.

218 A-187 gamma-glycidoxypropytrimethoxysilane, which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York.

219 A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from
OSi Specialties, Inc. of Tarrytown, New York.

20 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parsippany, New Jersey.

2 VERSAMID 140 polyamide, which is commercially available from General Mills Chemicals,
Inc.

22 MACOL NP-6 nonylphenol surfactant, which is commercually available from BASF of
Parsippany, New Jersey.

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

24 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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Specialties, Inc. of Tarrytown, New York. 219 A-174

gamma- et hacr yl oxypropyl tri met hoxysil ane, which is comercially avail abl e
from OSw@pgeosdties, Inc. of Tarrytown, New York. 22 PLpRONWSG@II0459 108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, which is conmercially

avai |l abl e from BASF Cor poration of Parsippany, New Jersey. 221 VERSAM D 140
pol yam de, which is commercially available from General MI|Ils Chem cal s,
Inc. 222 MACOL NP-6 nonyi phenol surfactant, which is comrercially avail able
from BASF of Parsippany, New Jersey. 223 POLARTHERMr) PT 160 boron '
nitride powder particles, which are coabr18gl | y avai |l able from Advanced
Ceram cs Corporation of Lakewood | 0. 224 gﬁf NI TRI DE
RELEASECOAT- CONC 25, whi ch Feu @PHPPWJP ORE: om ZYP Coati ngs,
Inc. of Cak Ridge, Tepnessee -13@T#A Tabl e 18B
Pounds of Conponent ppr 100 GalQQMBONENTSanpl e SS| SANRE ONENT SAMPLE
SS MAPEG 600 DOT 225| iaRtG 60dBBASA N 226 226 1.p A9#4 227 10.9 A-187

228 5.45 A-1100 229 p 22230 91. 1 PLURONI -1081231 9.11
ALKAMULS EL-719 232 9 AWBB&S&N%@"" SP—233—4—57F EP}L’L‘;J’ 3532 234 20.9
acetic acid 2.6 5 Yar ‘lé 1'§7i47¢=d with Qarml es IQIQ andl ss 88 td as war p and

fill (or weft) yarns|arf@7iBven into 7628 style fabri &4% cofjtrol yam
which was a commerci al Ay110ev&i | abl e G 75 E-gl ass {w steth yarnp having fibers
coated with PPG 695 s épw@éﬁkw aval rapre from PPG Tn@gqsfrreg, Inc.,

i Pl PN
Pi tt sburgh, Pennsyl vap PT_‘URC)‘NI&#T@SE’ the 911
ALKAMULS EL-719 #2 9.11
MACOL OP-10-SP 2% 4.57
EPIREZ 3522 #* 20.9
acetic acid 2.6
5 Yarns sized with Samples RR and SS were used as warp and fill (or weft)

yarns and woven into 7628 style fabric. A control yarn, which was a commercially
available G-75 E-glass twisted yarn having fibers coated with PPG 695 sizing and
available from PPG Industries, Inc., Pittsburgh, Pennsyivania (hereinafter the

“Control Sample”), was also woven into a 7628 style fabric. The sized warp and fill

25 is an ethyoxylated di-tallate from BASF Corp.
226 ALUBRASPIN 226 partially amidated polyethylene imine, which is commercially available
from BASF Corp. of Parsippany, New Jersey.
27 A_174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporaticn of Tarrytown, New York.
28 p_187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
229 A_1100 amino-functional organo silane coupling agent which is commercially available from
CK Witco Corporation of Tarrytown, New York.
20 EPON® 880 epoxy resin, which is commercially available from Shell Chemical Company of
Houston, Texas.
21 pLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
22 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.
233 MACOL OP-10 SP ethoxylated alkylphenol which is commercially available from BASF
Corp. of Parsippany, New Jersey.
234 Dispersion of a solid bis-phenol A glycidyl ether epoxy resin from Shell Chemical Company
of Houston Texas.
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"Control Sanple"), was al so woven into a 7628 style fabric. The sized warp
and fill 225 is an ethyoxylated di-tallate from BASF Corp. 226 ALUBRASPI N
226 partiwa) diyooss dat ed pol yet hyl ene i mine, which i s commepcraisbo2eswai | abl e
from BASF Corp. of Parsippany, New Jersey. 227 A-174

gamma- et hacryl oxypropyl tri net hoxysi | ane which is comrercially avail abl e
from CK Wtco Corporation of Tarrytown, New York. 228 A-187

gama- gl yci doxypropyl tri met hoxysil ane which is commercially available from
CK Wtco Corporation of Tarrytown, New York. 229 A-1100 am no-functional
organo si | ajatr6i0raphd REd agecm ofl\/ll%c IPrios tcwenwng, itbe Mmr;ayahlveasl slashedwithGK W t co

Cor poration of Tarrytown, rk, 230 oxy r.esin ichis .
commer ci al IRPHRY ?'&B‘I‘@ °PFWR§'§H% ot @?@ﬂsﬁglt%%%ﬁs ﬂéﬁs@cﬁ?ou% 231
PLURONI CTM JrodiP8 590! Yiee saURiRY ARt anOleraRying font mmbylrm% which is
commercially available f

rom BASF Cor porat i on of Parmgf)?an\é Jersey
232 ALKAMULS EL-Eadh fabrigwag tastsd for ati peegeabity aceargingihe st '%Sﬁ?fsﬁm ally
avai | ablg f | P Mthdd¥oPRirdidtmesbintyast Taktig! phenol
whi ch i s§coéﬁlgwp%%|§ﬁﬁ7 g%?ragm BASF Cor 8. gf Par si pggﬁy, New Jer sey.
234 Di sper Stapnicef The smagemrpepnemlltymrgh@tahﬂmwcyeneps v belewiim fr om
-137 WD 01/ 09054 PCTI USOQ 20459

Shel | Chem.ﬁ%l g‘%ﬁpany of Houston Texas.
control vyar ?‘l an LO of 1% Prior to weaving, the warp yarn was sl ashed
with a polyvinyl alcohol conpositioablkai8G ncr eased the LA of the warp

yarn to about 2 to pbeout—2-5%—Fhe rwu.t.u - fac—at— O rangi ng

froml.6 to 1.9% Each fabrlc was te QZ@?WWB ﬂ?‘eablllt/ accordi ng the

test procedures 5 established in A cusy gg{t Met hod for Air
ame.nﬁﬁb&ﬂﬁr_

Pernmeability of Textlle _Eabrics The y for the
fabric wovens is shopomedl&emne Table 18C  Ta#b 18C Air Pefneability
(standard cubic feet| PampleiRRte pet square fod8 Control Sapple 41

Sample SS 1.6

10 As can be seen in Table 18C, the air permeability for the woven fabrics incorporating
Samples A and B is significantly lower than that of the fabric woven with the Control

Sample.

EXAMPLE 19
15 Table 19 includes additional nonlimiting sizing formulations applied to glass
fibers that were subsequently woven into a fabric. Less than 1 weight percent of

acetic acid was included in each composition.

Table 19
20 Weight Percent of Component on a Total Solids Basis
COMPONENT SAMPLE TT | SAMPLE UU | SAMPLE XX | SAMPLE YY
PVP K-30%* 13.7 13.5 15.3 14.7
STEPANTEX 653%*° 27.9 13.6
A-187%7 1.7 1.9 1.9 1.8

235 p\/P K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of

Wayne, New Jersey.

26 STEPANTEX 653 which is commercially available from Stepan Company of Maywood,

New Jersey.

27 p-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
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Sample RR 2.8 Sanple SS 1.6 10 As can be seen in Table 18C, the air
pernmeability for the woven fabrics incorporating Sanples A and B is

si gni fi cawo bivodoswrver than that of the fabric woven with thecCasoezi4s9 Sanpl e.
EXAMPLE 19 15 Table 19 includes additional nonlimting sizing formulations
applied to glass fibers that were subsequently woven into a fabric. Less
than I weight percent of acetic acid was included in each conposition.
Tabl e 19 20 Wi ght Percent of Conponent on a Total Solids Basis COVPONENT
SAMPLE TT SAMPLE UU SAMPLE XX SAMPLE YY PVP K-30235 13.7 13.5 15.3 14.7
STEPANTEX 653236 27.9 13.6 A-187237ableg18(¢mt'd 1.8 235 PVP K-30 pol yvi nyl
pyrrolidone which is comrercially available fromI|SP Chem cals of Wyne,

New Jer $EOMPONENTEPANTEX 653 WEANMPLEST T PrARILEULY | BAMPEOMY | remMBLEDAN
Conpany Wgewuud, NEW JETSEY. 234 A~ 1p7 3.8 3.8 3.7
gamae- gl-ge mﬂ?ﬁﬁyﬁﬁ—n‘eﬁm ' T 5 gTCOmTET Tl §y avgr abbg 10
CK Wt¢ Haa—of—T ety W New—ror k— 138011 59054 -
PCT/ US QEOFCARTS 10 (contl d) SOVRONENT SAMPLE FF—SANREE
SAVPLE MAZBY1> 3°4 333 3R 7 _/EDV_F;?‘I 7239 2. R 1 03-4_ 5 2
OP- 1024 | MAZU DF-1362 Typnr-8124h 3 823 4 R 3 Mazi) DE-136%32 0 3 0 30@ 2
ROPAQUE | BORAQUE GB-96°743. 9 42 F89.BEASECOAT- CONC 25244489 6 f
PT 16024 REL.EASEGOATAONCRHB“0l 2 4.2 6.4 -

POLARTHERM PT 160%® 2.7 26

SAG 10%® 0.2

RD-847A% 23.2

DESMOPHEN 2000 248 31.2

PLURONIC F-108 2*° 8.5

238 A_174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

2% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

240 MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL OP-10 SP except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commercially available.

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

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

243 ROPAQUE® OP-96, 0.55 micron particle dispersion which is commermally avallable from
Rohm and Haas Company of Philadelphia, Pennsylvania.

244 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

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

246 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporation
of Greenwich, Connecticut.

247 RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

248 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

242 pL URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
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RD- 847A247 23.2 DESMOPHEN 2000 248 31.2 PLURONIC F-108 249 8.5 2 A-174
gamma- et hacr yl oxypropyl tri met hoxysil ane which is commercially avail abl e
from CKw& éw@esdor poration of Tarrytown, New York. 239 EMMRE(S)0/BA397
partially am dated pol yet hyl ene im ne whi ch is comrercially available from
Cogni s Corporation of G ncinnati, Chio. 240 MACOL OP-10 et hoxyl ated

al kyl phenol; this material is simlar to MACOL OP-10 SP except that OP-10
SP receives a post treatnment to renove the catalyst; MACOL OP-10 is no
longer commercially available. 241 TMAZ-81 et hyl ene oxide derivative of a
sorbitol ester which is comercial Tgblgigi(cantd from BASF Corp. of

Par si ppany, New Jersey. 242 MAZU DF- 136 anti-foanm ng agent which is
comrer cf gOMP@NENTabl e from BASAMRUBTTof SAMBLE UL dNSAMRLE Iér s SAMRUBYY
R@A@EW cronjparticle dispegy on yhich 1s conprercrally

avai l ab QNQ‘_H REEETand—Haas conpany of P Bder piji a, PennsyTyant a. 244
ORPAC FEEX REEEASECORT-CE \M\I\/ 25 Toorom T T mde u:’gger ST P WIRGET TS
comrer ctay avat-abte—f+omAHP—Coat fgs—He of —Cak—R ugc, Tenrressee—245

POLARTHERM r) PT 160 boron nitride powder which is commercially available
from Advanced @fmmo@bmrwscmtlwt it calk baxseeh thahthe. pradéntivention

ti-f t h i | abl CK W t
Cor por at BonProuetalaEn fpaiaash et cnbraier semlolins Fopie R8Fh Provids 9ot i
i S conmer ci felialatabiktpaow chrsstbuB@hdeéacmwmné preséncelofl higlb Hamididlyj 0. 248

DESMOPHEN 2000 pol yet hy| ene adi pate di ol which is co rciall ava| I abl e
from Bayer ’GGGWS“—‘ aggs ?’%/ q 2lkalige And qempRiDHity yth variety #%F ]

pol yoXypr opyafiatdd Otneay ¥ehhd @?ﬁb&ﬂﬂ&bﬁ%ﬁ&hdﬁiﬂe@hfohﬁeﬁmrrﬁhﬁ Iohopaéal | abl e
from BASF Corporation of Parsippany, New Jersey. -139 WO 01/09054

PCT/ US00/ 20m@bor catineousstiang fuatpr wouepoRknittedsinteop fabric fopngs in awidsavpLE W
SAMPLE Yéf Wﬁ%pﬁ&tm\g s%%ﬂ a%-rém'f&%nt@?or@o%%sﬁeésuch as printed circuit

boards.

It will be appreciated by those skilled in the art that changes could be made
to the embodiments described above without departing from the broad inventive
concept thereof. It is understood, therefore, that this invention is not limited to the

15 particular embodiments disclosed, but it is intended to cover modifications that are

within the spirit and scope of the invention, as defined by the appended claims.

250 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

251 ICONOL NP-6 alkoxylated nonyl phenol which is commercially available from BASF
Corporation of Parsippany, New Jersey.

252 £| EXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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FLEXOL EP0252 13.6 30.0 Fromthe foregoing description, it can be seen
that the present invention 5 provides glass fiber strands having an

abr asi onw@e1/890801t coati ng whi ch provide good thermal st ZETIUSO§20459wW
corrosion and reactivity in the presence of high humdity, reactive acids
and al kalies and conpatibility with a variety of polynmeric matrix

materi als. These strands can be tw sted or chopped, fornmed into a roving,
chopped mat or continuous strand mat or woven or knitted into a fabric for
use in a wide 10 variety of applications, such as reinforcenments for

conposi tes SAHAT | IScircuit boards. It will be appreciated by those
skilled in the art that changes could be made to the enbodiments described

above w thout departin t he,. hr o ; PR S
under st ood, therg "ore, E'? ﬁggg% ?%‘\7@% Féﬂr%nﬁcq%qﬁqsﬁ@tda P@sz'ﬁfe%fﬂ?&s
particul ar epgi mtrﬁcdimmnbms@ﬂim@nbmpbsmm onttledstch pamiounufea sumfah'efdfcat i ons
that are _wthin th r|t and sc t he ,i nventi o f.ined by the
appended | 73R ON2S, gt R’RﬂﬁJL'%e @'W&@“Bﬂf%&%‘f‘ﬁm‘%& 5%'?8'?)?"%9 oi | \>//\h| ch
is comercially aupi | a®prirdlt6t distrerepdracikeemed frbm ﬁaaﬁhnshdeleﬁtemlfmyl at ed

nonyl phenol which is comrercially available from BASF Corparation
Par si ppany, NQawhestexpandableorgapigmatemsis, éB?fQF’EI‘F?@[’? 'f/lﬁ'ﬁﬁ”%g qa@ﬁ'iﬁ'rer cially

avai | abl e fr %&H rSQ_gé éﬂﬁ.afiedrmucw% dPanfRasy1 WalrpE Ghdtetk at a 140 WO
01/ 09054 PCT/ US00/ 204 VWHAT IS CLAIMED | S: 1. An at |east partially

coat ed fi bertempetatrecs 3P iKs hag-heabexnandable comppsitmaterilp andgnixturess P?P“Y
conpati bl I of at 5
oast ond of e e g e paPiegaing kot el bulicRHl e

conpri sing: st@ndavebloutal ity of discrete particles forned frommaterials
selected from no hea i ric
materials, |anell éﬁ,lg?sg%@gq\lh%rgu o%qﬁ& %‘%ﬁ%@% 4%{]'%?/19 o? d B}ﬁ\{%‘;st 1
Watt per netp%rmdfesg'rana terrperature of 300 K, non- heat expandabl e conposite
material s and m xfures 6}&\(‘ :ﬁ) ?f t.he f réea?m ng, the particles having an
average particle & ze & ?"f’? ENMTYTUPE BRC" @ r and wet out; (b) at |east one
-lubriciaps material different fromthe plurality of discrete particles;
and

2. An at least partially coated fiber strand according to claim 1, wherein
the resin compatible coating composition is a residue of an aqueous coating

composition.

20 3. An at least partially coated fiber strand according to claim 1, wherein

the resin compatible coating composition is a powdered coating composition.

4. An at least partially coated fiber strand according to claim 1, wherein
the at least partially coated fiber strand comprises at least one glass fiber.

25
5. An at least partially coated fiber strand according to claim 1, wherein

the at least partially coated fiber strand comprises a plurality of glass fibers.
6. An at least partially coated fiber strand according to claim 5, wherein

30 the plurality of glass fibers are selected from E-glass fibers, D-glass fibers, S-glass
fibers, Q-glass fibers, and E-glass derivative fibers.
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(c) at least one filmformng material. 15 2. An at least partially coated
fiber strand according to claiml, wherein the resin conpatible coating
conposi t mamoi/eosy r esi due of an aqueous coating conpositi POT/URA/B45AN at

| east partially coated fiber strand according to claiml1, wherein the
resin conpati ble coating conposition is a powdered coating conposition: 4.
An at least partially coated fiber strand according to claim1l, wherein

the at least partially coated fiber strand conprises at | east one gl ass
fiber. 25 5. An at least partially coated fiber strand according to claim
1, wherein the @t | eAsntat st patibly cozddiberistrend ataosding toelpim € awherein
plurality of glas at le@ft partially coated fiber strand

fibers. 6. An
accor di ng tg‘e&'gﬁﬁﬂyﬁfg%ﬁéﬁg‘?rﬁ areF-giaes ¥ al ity of glass fibers are
selected fromE-glass fibers, Dglass fibers, S-glass fibers, Qglass
fibers, and E-glass derivative fibers. -141 1/09054, PCT/ USO0{ 20459 7.
An at |east partBal |l yARRiieast P?'H@\Py %‘{a\t%ébe&cs}?g?(g?ﬁcj’@ﬂg & %&W E’,w S%i n
the plurglitne Qliralitysi gidst BEs aﬁ‘ée-gagd asrvafivdfess. 8. An at |east partially
coated f1 ber stran& according to claim6, wherein 5 the plurality of glass

fibers are E-glass derivative fibers. 9. An at least partially coated fiber

strand accordinggl o Clag dfieast ParEaR Ebatbd'fodi2tah® abcdraing félalalng 10WaBRIIT
materials are selected fromthernosetting materials, therm)B_I astic

material s, #wednori-keatrexpandablecerpanicanaterialnaresselectedfropdhermaselfingoat ed fi ber
strand accordin ' | expandabl e organic
t?lﬁ%,ﬁrrﬁ%gﬁbmsﬁc m%fa’féa%nd mﬁufé%r{g&é

material s afl® I'ng materrals selecte romthernosetting
pol yest ¢0s, vinyl esters, epoxy materials, phenolics, am nopl asts,

t her nosetti ng pol yurethanes and nj xtur.e for ign 11. An
at |east partial I‘@' co "e%ﬁ??sggﬁmglhf g?%eig@%rs | ﬁ%gl:%érgfgité’nc%?ﬂ\?hgrpgfeﬁn t he
non- heat expAGheat@xpamiable®iganicahateniale atethenmesettitg materialsrseldcteds el ect ed
from thernoplastic polyesters, palycarbonates lic

| %g.l yol ef i s acr¥ |
pol ymers, pdopuiverpesettingRalyasifrs iy esisrs, eParnmatesials, pRS/olGy, ArapRiasts,
m xtures of ydhhoREttihg PolyareBitiied Gnd mixtures of any of the foregoing.

15
11.  An at least partially coated fiber strand according to claim 1, wherein
the non-heat expandable organic materials are thermoplastic materials selected from
thermoplastic polyesters, polycarbonates, polyolefins, acrylic polymers, polyamides,
thermoplastic polyurethanes, vinyl polymers and mixtures of any of the foregoing.
20
12.  An at least partially coated fiber strand according to claim 1, wherein
the inorganic polymeric materials are selected from polyphosphazenes, polysilanes,
polysiloxane, polygeremanes, polymeric sulfur, polymeric selenium, silicones and
“mixtures of any of the foregoing. 4
25
13. An at least partially coated fiber strand according to claim 1, wherein

the lamellar particles are inorganic.

14. An at least partially coated fiber strand according to claim 13, wherein
30 the lamellar particles are selected from boron nitride, molybdenum disulfide,
graphite, molybdenum diselenide, tantalum disulfide, tantalum diselenide, tungsten

disulfide, tungsten diselenide and mixtures of any of the foregoing.
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20 12. An at least partially coated fiber strand according to claim1,
wherein the inorganic polyneric materials are selected from

pol yphospW@aagees4 pol ysil anes, pol ysil oxane, pol yger eman@sr/ys0/yo¥ss i c
sul fur, polyneric selenium silicones and m xtures of any of the
foregoing. 25 13. An at |least partially coated fiber strand according to
claim1, wherein the lanellar particles are inorganic. 14. An at |east
partially coated fiber strand according to claim 13, wherein 30 the

| anel | ar particles are selected fromboron nitride, nolybdenum di sul fide,
graphite, nolybdenum di sel enide, tantal um di sulfide, tantal um disel eni de,

tungsten disulfide, tungsten disel enid nd _m tures of
foregoi ng. -142 01 %éﬁaﬁg gbﬁ??ﬁﬁgg rsjtgan ﬁ?cgrd'qgetgs{yrﬂar Wﬁ‘sr?'“
coated fi belthesmrahdatees@anahmr@cbmpaéum mténamlrm selacted éronparticies thaxpamlabl e

conposite ials are sel ecte that ar dness _at
their surfa ér‘{"ﬁaf a @“%SH#@?%HFQPF{&'?& E&FQ{H? udnggs ‘%ﬁ@e I"?ﬁfagrﬂﬂ" i9ns5:9fi ons
of 5 thg paid paticledeReathhitsidusfaselr f ace. 16. An at |east partially coated
fiber strand according. to claim 15, wherein the non-heat expandable

conposite nmaterials are selected fromparticles formed froma primry

material that is 4goat g, 5qba9 p‘éFtlaﬁ E@&é&lfﬁéreéjtréﬁdtébcaﬁdlﬂflgrﬂauﬁﬁ% Wherein

secondary nateri aI 17. An at least partially coated fi strand accordi ng
to clai m 15thewen-beat exphedahin coropesitexpaletalsiace selapiedifiom particles tarmedr e

selected fr TP J. f [ i.S.coated,
clad or encgpsugébh%lﬁn&ﬁ Leq'gpﬁlg é{olg{r?é]a I%?r% OP Xaﬁ%#%dﬁlt?%%%i} 0$n11aeter| al . 18.
An at | 48st speoridagy materimhit ed fi ber strand according to claim1l1, wherein
the plurality of discrete particles provide an interstitial space between

at least one fiber and at | east one adjacent fiber. 20 19. An at |east

partially coated 17l berArsétriaast pasiatly doatgdfbe£$teanma]c,colcdmyteldalmtﬂ.foewpbwiral ity
of discrete artllgl es hav n aver a artlc e size, ccordl ng to

| aser scatt &9 B %%ttﬁﬂ‘ipﬁl} e FOMBPH t&ﬁ?'ﬁ afe ggle teﬂ1fr<9f‘bﬂ%’{'§?% osedan at
| east parti glohva 9ﬂﬁ;taﬁ,dmfatémr that fs%dte@? 61a8 Gr eacapsutdtéd Wit a difesing iférm of

15 the primary material.

18. An at least partially coated fiber strand according to claim 1, wherein
the plurality of discrete particles provide an interstitial space between at least one

fiber and at least one adjacent fiber.

20
19. An at least partially coated fiber strand according to claim 1, wherein
the plurality of discrete particles have an average particle size, measured according
to laser scattering techniques, ranging from 0.1 to 5 microns.
25 20. An at least partially coated fiber strand according to claim 1, wherein

the plurality of discrete particles comprise from 1 to 80 weight percent of the resin

compatible coating composition on a total solids basis.
21. An at least partially coated fiber strand according to claim 20, wherein

30 the plurality of discrete particles comprise from 20 to 60 weight percent of the resin

compatible coating composition on a total solids basis.
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the plurality of discrete particles conprise from1l to 80 wei ght percent of
the resin conpatible coating conposition on a total solids basis. 21. An
at | east wamwtiogishy coated fiber strand according to clai mpe@/usaivesssdn 30
the plurality of discrete particles conprise from20 to 60 wei ght percent
of the resin conpatible coating conposition on a total solids basis. -143
WO 01/ 09054 PCT/ USO0/ 20459 22. An at |east partially coated fiber strand
according to claim1l, wherein the at |east one lubricious naterial is ,
selected fromoils, waxes, and greases. 23. An at l|least partially coated
fi ber strand accd#2li ngAn et leastipartially whatedifiber gtrandaacgordingtotclaimel, whereioi ous
mat eri al conpE LpRsed ST dddlsRatRLal L BEARy Bis, WiSes, RRiqtesgIPAL | DI ©
coating conposition on a total solrds™basrs. 24. An af '|I'ea partially
coated fiber strand according to claim 23, wherein the at |east one

| ubricious materi I s,se]ected fromco Ises from 20 to 40 ight . 10
percent of the reﬁ'n c%'ﬁﬁ{ilF?ﬂlp@r%%lﬁtcpﬂtﬁ%ﬁbgtgﬂdi %crqoﬁpgatotciq@}'\ﬁg%ﬁrﬁg
basis. 2% Ane at lchstdrie Ippridioud titetialbdoptprised brst toSTiweighbpetcent dfethe| ai m 1,
wherein the at least one filmfornng nateri alj i s selected from organic
pol yneri ¢ ndeepicaMpatible ¢gating campRsItiaRGan 3 tofalselidshasis. and natural pol yneri c
materials. 15 26. An at |east partially coated fiber strand according to
claim25, wherein the at least one filmformng material is selected from

t her mopl asti ¢ nat?4-i al An ahlgastpastialy seated fpenstrand agegrdingtoxciaimgy, ahereifst
partially captefliebbiiéife BbAASE MEGALMS BictRatdM BrRBhisetfifin?o0 to kO Weight

t hernopl astic materials are selecte romthernosetting polyesters,” epoxy
mat er i all® \pengentof therresinshmpatible coating camibesition ont atotahsolids basis.

pol yur et hanes and m xtures of any of the foregoing. 25 28. An at | east
partially coated fiber strand according to claim26, wherein the

t her nosetti ng nmat28.i al An af leastqagiidllg dobtedrfiber styandoadcprdingsto dldisy troyhexsini ¢
pol yesters, ,polyplefins | vam des. .t her, Lastic pal yurethanes, .gcrylic
ol yrors. " A8 oh Rt nmRBIfE st s HEREs i ciaBSe BeelE Hiadande
partial |y caasrgenicipaBimeticinadtdrials Canidiatgral polgmalicimateriafser ein  the at | east
one filmformng material conprises from5 to 50 wei ght percent of the
resin c&r?pati bl e coating conposition on a total solids basis. -144

26. An at least partially coated fiber strand according to claim 25, wherein
the at least one film-forming material is selected from thermoplastic materials and

thermosetting materials.

20 27.  An at least partially coated fiber strand according to claim 26, wherein
the thermoplastic materials are selected from thermosetting polyesters, epoxy
materials, vinyl esters, phenolics, aminoplasts, thermosetting polyurethanes and

mixtures of any of the foregoing.

25 28.  An at least partially coated fiber strand according to claim 26, wherein
the thermosetting materials are selected from vinyl polymers, thermoplastic
polyesters, polyolefins, polyamides, thermoplastic polyurethanes, acrylic polymers,

and mixtures of any of the foregoing.

30 29.  An at least partially coated fiber strand according to claim 1, wherein
the at least one film-forming material comprises from 5 to 50 weight percent of the

resin compatible coating composition on a total solids basis.
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WO 01/ 09054 PCT/ US00/ 20459 30. An at least partially coated fiber strand
according to claim?29, wherein the at |least one filmformng nateri al

conpri sefyd ¢1@wsk0 to 30 wei ght percent of the resin conpatTiosenmessti ng
conposition on a total solids basis. 5 31. An at least partially coated

fiber strand according to claim1l, wherein the resin conpatible coating
conprises a resin reactive diluent. 32. An at |least partially coated fiber
strand according to claim 31, wherein 10 the resin reactive diluent is a

| ubricant conprising one or nore functional groups capable of reacting

Wi th an epoxy resin systemand selected fromthe group consisting of am ne

3 ke at 1 oast BOr; Ang AR patiany hEACE ot e sol PRI R aBLp bR

fibers haviHiatdedst ohe fikAmdraiing materRatomerises frons il 0 it@ B0 aweight pereast ofaheor t i on
of a surface of at |east one of the fibers, the resin conpatible coating
conposi t i on"EThERTR2YRIS ceating Lopnastipn op %P?%a?lﬂgaaégs- conprising; (i) at

| east ong particle formed fromat |east one organic material; 20 and (ii)
at |least one particle forned fromat |east one inorgani c material selected

fromboron nitridd; grpileast Partllyeeated fberirad ReRPIEINg togaimdh Whetrn
plurality Otheo'%ts%&d(@sﬁgt@@aﬁn? BYRPAGE PRI ot difienpuf ficient to al low

strand wet out; “east one bricious material different fromthe
plurality of particles; and (c) at least one filmformng material. 34. An

at least partially cogfted i Fﬁlf gg%eggﬁgrrg}é}g 5&0&@' 8 chim Wheheldh 30

| her.
the at | east one~0rganic ma%%ﬁag ynmeric organi'c material. -145 WO
01/ 09054 OPCTHe i8Sy r2adthe dildBnt idia lalbridanheampriaing aneé or more fadctidnabgrosps and

di l.ai m 34, . wh i h ! i i i j
hor mosett | HEPRHE BF feRRtdE Wk ol Frprb el Hofert o Seefed R eply? &
pol yesters, cBﬁéiMﬂiggéfiaﬂrﬂne pRlupsNaldelsl gtdups narHyaisitie groups) aaid gtdupsasd and

acrylic polyners.
y P >c/apoxy groups.

15 33. An at least partially coated fiber strand comprising a plurality of fibers
having a resin compatible coating composition on at least a portion of a surface of at
least one of the fibers, the resin compatible coating composition comprising:

(a) a plurality of particles comprising,
0] at least one particle formed from at least one organic material,

20 and

(i) at least one particle formed from at least one 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; -

25 (b) at least one lubricious material different from the plurality of particles;

and

(c) at least one film-forming material.

34. An at least partially coated fiber strand according to claim 33, wherein

30 the at least one organic material is a polymeric organic material.
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36. An at |east partially coated fiber strand according to claim 35,
wherein the polyneric organic material is an acrylic copol yner sel ected
from copwgopemsof styrene and an acrylic nononmer. 10 37pCAwSed/204sast
partially coated fiber strand according to claim33, wherein the plurality
of particles have an average particle size, measured according to |aser
scattering techniques, ranging fromO0.1 to 5 mcrons. 38. An at | east
partially coated fiber strand according to claim 33, wherein 15 the 4
plurality of particles conprise from1l to 80 weight percent of the resin
conpati bl e coatBAg cdmaddeast partiolly coatest fitler sttandigcdsading to deim 24, whereimast

partially cgated fiber strand accordin . i i g he plurality
of particl e@'e ?réceor\g?'a'&"fge ag'%f)ﬂ‘ﬁé’%&%&'ﬁ&@@ﬁ%ﬂ%ﬁlwﬁéﬁ?@s‘f"ﬁw20

conpati bl e pelginleny tissrippRistic polyesierd, palyaitfirso bolgamides) thermidplastic at | east
partially coated fiber sqt:ra d according to claim33, wherein the at |east
one | ubri ci Bef¥urethasesqan %??QH #Pom 1 to 50 wei ght percent of the resin
conpati bke coating conposition on a total solids basis. 25 41. An at | east
partially coated fiber strand according to claim40, wherein _the at |east
one | ubrici ous n3Beri AN Adeast padially ceatedipar strand aessing fR Flaish 85ovhergin

resi n conpaty i i rseld kSpolvvBetof An at
| east parti gelb‘é/&%'ﬁgﬁéeg@? P%gﬁmgﬁlgénﬁmggg%%?%ﬁeo%gléﬁfggﬁ %%g‘gi n the at

| east one f slyrerfecand ajaeniicmpadmeonpri ses from5 to 50 wei ght percent of
the resin conpatible coating conposition on a total solids basis. -146 WO
01/ 09054 PCTNSO00/ 20459 43. An at least partially coated fiber strand
accordi mQ to cl ai3h 42 Ansideast pattiatly eoatédfilbar strand Bictarding toclaim Aat whergin

compos: t1 ontBrParafarPakfescEv B ERige Pardclf sizf edfATRA NG 1R 0O

fiber strangcqtnpgitettirgquesplangingiftoy Oft tiShmiceans. t he coating conprising at
| east one organi c conponent and | anellar particles having a thermnal
conductivity of at least 1 Watt per neter K at a tenperature of 300 K 10

45. An at |east partiald aieaabadially bedtestitbetrand @@Esting to elaith 38 WHérein
wherein the at |east one organic conponent and the lanellar partic| ?s are

the samd5 4the plurality ofenasticlasgamniisefroab 80 weigbt perceatRf the EsinraPatit'el ai m

44, wherein coating composition on a total solids basis.

39. An at least partially coated fiber strand according to claim 34, wherein
the plurality of particies comprise from 20 to 60 weight percent of the resin

20 compatible coating composition on a total solids basis.

40. An at least partially coated fiber strand according to claim 33, wherein
the at least one lubricious material comprises from 1 to 50 weight percent of the

resin compatible coating composition on a total solids basis.

25
41, An at least partially coated fiber strand according to claim 40, wherein
the at least one lubricious material comprises from 20 to 40 weight percent of the
resin compatible coating composition on a total solids basis.
30 42. An at least partially coated fiber strand according to claim 33, wherein

the at least one film-forming material comprises from 5 to 50 weight percent of the

resin compatible coating composition on a total solids basis.
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the at | east one organic conponent and the |anellar particles are
different. 15 47. An at least partially coated fiber strand according to
cl aim 45wouwneo%esan the |anellar particles are inorganic. 28T/USn0/20459 east
partially coated fiber strand according to claim44, wherein 20 the

| anel | ar particles have a thermal conductivity of at |least 5 Watts per
nmeter Kat a tenperature of 300 K 49. An at least partially coated fiber
strand according to claim44, wherein the lanellar particles have a
thermal conductivity ranging from5 to 2000 Watts per 25 nmeter K at a
tenperature of 300 K 50. An at least partially coated fiber strand

according to clai rein_the | I article e.selected from
boron nitri de, ‘{%7 &fhﬁ%e'a?%‘&aﬁi'ag'&°°g'§5£bﬁﬁt ndrﬂﬁcﬁf@'égﬂ{?rﬁlﬂ @C@ﬁ
tantal um di g4é bi ldast draTimlfomidg sedtentd demptisexdfrdra 1036 30ivasighitipdecent ortgst en
di sel enide and m xtures of any of the foregoi ngqf?-lﬂ WO 01/ 09054

PCT/ US00/ 20488n cgmpatible gpafj m‘ﬂf’oﬁ'ttc’i"ém 3tqtef 0 a¥%er strand conprising a

plurality of glass fibers having a resin conpatible coating conposition on
at least a portion of a surface of at |east one of the glass fibers, the

resin conpati bl e 4oat i Myatisaprarialiy coates iBer sirang G°"5”FH’P a plyrality T fibetsy of
| |1
exceed 1t he RSPty HPrsigfat IRt bRE pibalR omaREALARPamRal Parles Raie o

pol ymer i ¢ et thefradl.copductiuity af ati leastt! \b’aﬁtpeamewd%at%tﬁmneb%tﬂf%@frmd( according
to claimb51l, wherein 10 the lanellar particles have a Mdhs' hardness val ue
ranging fromO0.5 to 6. 53. An at |east partially coated fiber strand

accordimpto cl ai4s.51, Ambeleaitrparlidlg eaatek:ieﬁbst stoarel qumloyding tocclaiet 44, indlersirs
selected fraq anj c meric rrat ol yneric materials,
and nat ur al ‘E%P@%@FH Q’neﬁcggé 'Fﬁ?@poﬁ%" tliﬁ]lag?er?l g '? 'Sﬁ%ﬁ ¥ Coat ed fi ber
strand according to claim53, wherein the at | east one polyneric materi al
is selected fromthernpplastic naterial s

% therm)sttl % rials. 20
55. An at |east pHitiahdptleasliragtiallyisontediiognatrandanaar '@I‘bgé'f*h rein
wherei n t henb BefeaRidRSdrhaniBRbAbALM AMd2hS RintdibefartitieEaldaitfERpe! t i ng

pol yesters, epoxy
15
47. An at least partially coated fiber strand according to claim 45, wherein

the lamellar particles are inorganic.

48. An at least partially coated fiber strand according to claim 44, wherein
20 the lamellar particles have a thermal conductivity of at least 5 Watts per meter K at a

temperature of 300 K.

49.  An at least partially coated fiber strand according to claim 44, wherein
the lamellar particles have a thermal conductivity ranging from 5 to 2000 Watts per

25 meter K at a temperature of 300 K.

50. An at least partially coated fiber strand according to claim 44, wherein
the lamellar particles are selected from boron nitride, molybdenum disulfide,
graphite, molybdenum diselenide, tantalum disulfide, tantalum diselenide, tungsten

30 disulfide, tungsten diselenide and mixtures of any of the foregoing.
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materials, vinyl esters, phenolics, amnoplasts, thernosetting
pol yuret hanes and m xtures of any of the foregoing. 25 56. An at | east

parti al Iw(_y@ﬁ(;gﬁgh fi _ber strand according to cl ai m54, whergcnustimaso
thernosetting materials are selected fromvinyl polyners, thernoplastic

pol yesters, polyolefins, polyam des, thernoplastic polyurethanes, acrylic
polynmers, and m xtures of any of the foregoing. 30 -148

51. An at least partially coated fiber strand comprising a plurality of glass
fibers having a resin compatible coating composition on at least a portion of a
surface of at least one of the glass fibers, the resin compatible coating composition
comprising :
5 (@)  a plurality of lamellar, inorganic particles having a Mohs’ hardness
value which does not exceed the Mohs' hardness value of the glass fibers; and

(b) at least one polymeric material.

52. An at least partially coated fiber strand according to claim 51, wherein
10 the lamellar particles have a Mohs’ hardness value ranging from 0.5 to 6.

53. An at least partially coated fiber strand according to claim 51, wherein
the at least one polymeric material is selected from organic polymeric materials,
inorganic polymeric materials, and natural polymeric materials.

15

54. An at least partially coated fiber strand according to claim 53, wherein

the at least one polymeric material is selected from thermoplastic materials and

thermosetting materials.

20 55. An at least partially coated fiber strand according to claim 54, wherein
" the thermoplastic materials are selected from thermosetting polyesters, epoxy
materials, vinyl esters, phenolics, aminoplasts, thermosetting polyurethanes and

mixtures of any of the foregoing.

25 56. An at least partially coated fiber strand according to claim 54, wherein
the thermosetting materials are selected from'vinyl polymers, thermoplastic
polyesters, polyolefins, polyamides, thermoplastic polyurethanes, acrylic polymers,

and mixtures of any of the foregoing.

30
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