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

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

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



fabrics, in addition to providing good wet through and good

wet - outyyplo@fgioki es of the 5 strands, it is desirable tpernshezasati ng on
the surfaces of the fibers strands protect the fibers from abrasion during
processi ng, provide for good weavability, particularly on air jet |oons
and be conpatible with the polynmeric matrix material into which the fiber
strands are incorporated. However, many sizing conponents are not
conpatible with the polynmeric matrix materials and can adversely affect
adhesi on 10 lgebdwistributien plopettiesidf ibersawithirt & theprabplastic matexial) are ofat eri al . For

exanpl e, starch I.hg conponent for textile
fibers, is gBF?&Pm'W%PtHB?w'EMBt@PTB‘P‘SXW@#?ﬁ Qﬁ%&f’e P0%-x material. As a
result, these incanpatdaBe of Ba’hﬁbsltéb&)r IdMhifated forfm@ddropsl fibératfahBEwbwel info Pri or
to |rrpregnat| n wWth the Ebp rrerlc trix n%er ial. 15 The renpval of such

non-resin co §n @ddition wet-throu G“@]Q%Wﬁ@”‘(ﬂmﬂﬁéﬂ% ofithg) t he
fabric, C8N BRamRCREUdsHABE tthrlﬁléQ:Bafth&F lhetsmfaéestmﬁ@mé@%traﬁ&epmfe%{mva'

of these non-resin conpatible sizing materials i1 s nost conmonl
acconpl i shedih®fiterplemmbrasien deringproggssing, povisedor-gand weavsbilig mrasulardv

ext ended pegg aﬁz%tgé%g 8a ggichgﬁaﬂghwm%& figfic hl&?nﬁn tenfift Wi IRn! ¥

referred to . conven eanl ng process
i nvol ves heafibergtnands aredincorparated oldowever, raenses)zmooompomvteaanots uch heat

ot al ways. counpafbis i MR natE it et FRE i oo siindl Bt acRED By ) <

and can f0rt hetween theaglassafilsers laad it polymeric tnamxzrnatgnaldeﬁoo&mplb) starcp/ oduct s.
O her net hods

r enovi Si Zi material s een 25 trie ch as
water vashi nPEhds & EoTHmE e SRR oo St G YealeCHbrsds ftnetely e af Ty
require si gnedmpatitle wmﬁ biHleit infdtrivatdrial. SAg & ﬁ'ésultoﬁﬁiB% inicompatitié materials
conpati bili tﬁyﬁw th su wat er washi ng and/ or chem %hﬁrem)val oper ati ons

and are gene Wpfﬁ'i'?m’eﬂsfméﬂ thecfabgepaer to frapregnation i ROERHGMAYG| | the
i nconpat i bl epaterighg materials. In addition, since the weaving process can

be quite_abrasive_to the fiber glass 30 yarns, those yarns used as warp
yarns ar &5t ypi cal The Eamppval phsughon-resinsempalible sizinggatesals i.gy dergreasing

weavi ng, CoNBPEL BiihG e Bk, ande ac%bﬁamneaahrbggwaesnétp%f%hﬁquég Nfhe Wi th an

abrasi on resi stance coating (commonly referred to as l"ashi ng size") to
-3 WO ‘01/.127emqvalrefithesy nontessin mpaﬂwerﬁlﬂnwmswwrr@nwt he glass

wes. pr evi oustS ABar i SRR NENDH el bba Bimboifnple RTENeREF 1A
oper at i on. Hoevwndsrof timierto éhernaily decarhpasieithe) sizingts) (ta:mmamts oefamed 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
decompositicn oroducts. Other methods of removing sizing materials have been
25 tried, such as water washing and/or chemical removal. However, such methods
generally require significant reformutation 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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generally conpatible with the polyneric matrix materials, they too nust be
renoved . Wd e1orzvéihe woven fabric prior to its incorporati ORCTMUS00/20a87 r eSi n.
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 glass fibers in
yet anot her processing step (conmmonly called "finishing"). 10 Al of these
non-val ue added processing steps: slashing, de-greasing or de- oiling, and
fi ni shing, i nchelpsinimiderabragiveweat b&hefg}aslseﬁbei'srewm sizé\bcjeneaily| | vy,

| abor - Nor eovaPieR K i Baany Bb shAtTER EVbu BRI b TR <Pl
processi ng st ethe fbeaﬂonhmgcb;bmtfoabﬂimueien@me&wicals&asbmges&eswé iatsy.not 5

of some of t HECET soRwEhs WHLe pbrens Mele et dhoctbamest beTmaved,
coatings thatfréathewsvslabAb pﬂaﬁtoCifs :ﬁ@drgo@iloﬁ frto fhelresini Ng: - i nhi bi t
abrasi on and breakage of gl ass bers e conpatible with a wide variety

of matrix material sFUEIRIMBFrRP ¢ HEP'PM? adfesien WBBI‘ ea(#grgq;gaseg IQF Gﬁgﬂe%ﬁabﬂhe
mat ri x mat eri aind the pd éricq'asm' & fi HBHing ste, %ld&ﬁ*&bﬁéﬂeaéd iRy ?é]ﬁ%ﬁ@%éﬁ’er] f

the coatings were conpatible wth nodérn air weavi ng equ
i ncrease pr odug@ppiedto the fabiietere-coatithe 9h§llfbei§en &ﬁmfm@m&‘essmg stdp ni nat e

t he non- value s ps in a fabric form ng operation while
mai nt ai ni ng the '?' ri c&cillggl f@%"ﬁ%ﬁw red for electronic support applications

and provit@ng.fo @boﬁhbsemua—ualupradﬂedp’russtﬁgsfébe: dlashing ideegreasimgpon/de-as
wel | asthef dea ed descriptio ef e di ment s,
Wil be bott eroliend AOEhRG BRrepE8 Ser vrfdyhniohin ufferard dest Aafonalh

dr awi 398- :n tthey gemn;gaquﬁe gignificani |ﬁvéstllhémsiﬁeﬁﬁltafEqu'pﬁidnﬁéndilaﬁeﬂg ed fiber
strand at |ea art| te coating comm ion according to

t he present ?MEFPY?)'H?"%%/F% glﬁ’g‘"ig P@fhs%me iated Wﬁ@hﬁ?ﬁ ProcesHingG:#teps her
strand at Ieaséanngédtﬂabﬁcggﬁbgganmagbr@séd gudly.conposi tion and a secondary
coating cor’g)omtlon according to the present invention on at |east a

porti on of 1R he si zi Hiprtsdhayedeas ncﬂife‘?teﬂ towarshimpsoning thesffigignsy 2o efectiveness ¢f 3
i's a perspect iggnebfifesd pﬁc@gﬁﬁfgt B&b%e%ﬁﬁgﬂhéﬁsé l%ﬁﬁlné’é‘ﬁ&é@wr)épgﬂgsed

wth a sizi ng conposi tion, secon coat | ng rrp03|t|on on at
portion of tHbatgan aﬂgowmgme pbmor%mﬁha followinga inpibitcabrasion sndrpreskageof

according to tdigd¥ie?&He 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 forming operation while
maintaining the fabric quality required for electronic support applications and
providing. for.good laminate prapertics.

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

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

30 Figure 2 is a perspective view of a coated fiber strand at least partially coated
with a sizing composition and a secondary coating composition according to the
present invention on at least a portion of the sizing composition;
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i nvention on at least a portion of the secondary coating conposition; 5

Fi gur e wolm/27o10p pI an view of a conposite product accopdiTrugos/zosshe present
invention; Figure 5is a top plan view of a fabric according to the present
invention; Figure 6 is a schematic diagramof a nethod for assenbling a
fabric and formng a |am nate according to the present invention; 10
Figure 7 is a cross-sectional view of an el ectronic support according to
the present invention; Figures 8 and 9 are cross-sectional views of

al ternate embodi mEiguse 8fis aperspestivervew of 3 cppted fibercstrandiat ipasbpartiallymoatseit

i nvention: Fi hematic dia f t hod |
aper ture | n WA bimBosfa Bbecpdarh hiihelonfhodio 30 Fest et of " s an
eng Vi tew of f meCk'dmhg codnbusitidim'fq[nﬂ@ tbhhnpcoaliag)compbsitimaagmng td-_the éseht !f a
schematic of .a dri at s a di am ci rcui
patterns. Thg“'f’i’mméﬂ"ﬁﬂﬁp f?'h@“g?é%@?i%%ﬁ‘?ﬁ?g&ﬂm%?}@&é uni que coating
that not gnly 20Fiyiﬁéar§taitappiahvi@waaaévn@&sﬂapﬁduiicbé&%hﬁwmhebi&eﬁt ber s

during processi ng but also provides at |east one of the follow ng
properties: BYBAIAMt-through, wet-out and di spersion properties in

bl ural i £y of i not RSP ' Alon Heh YiedFor d1Eins BocoMingto hp hdery nkQIRY) 122 1

pIurality of I ndi vi used' herei n,
'conposi te" reans Figuee 6dsrdisclrmatic didgrameof @omethdd foriassemblingaifabfican@ r esent

25 invention nple, but not limted to,
one or nore f @r%gﬁgh %&?@g?ﬁ%@é%@%ﬁtﬂ%@ﬁﬁg coated fiber strand
conbi ned1@i t h a pbiguneT7iica crossrsertional vewalf ah@ldctronicaupport acdoedingtaottie

| am nate str th. good thermal stability, good hydrolytic stability.
(i.e., resis?%r’gig'gﬁpge'ﬁ\o ration of water along the fiber/polynmeric matrix

material interfacEjgurésoBiand Orare cross-aactionabvibwy of altenmaté letnbodinsemtesf an30 of
hi gh hum di t%” reactive CI ds an&Hﬁl kal i e{siga conpatibility with a variety

of  pol yner i ECREPHIE RU Geording tn e pressn I°Rat e the need for removing

the coating, andFigﬁr@@Oié & StHitmdiieafia _F?émibfﬁ&ﬁéthbdﬁﬁfdiﬁﬁ@aﬁbﬁ@&ir@ﬂwa pri-or
to | am n%i ogggare other -5 WD 01/12701 PCTI USOQ 20457 desirabl e

characte r ofifabnic ofan electeonis $HPPRH: by the coated fiber strands of the
present inventi OnFidﬂf‘é«‘ﬁﬂsaJH ¥nd VibW of adkif flubirlig thé bAmER Qittidgguger esent

invention prOV|de
Figure 12 is a schematic of a drill hole pattern; and

Figure 13 is a diagram of circuit pafterns.
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 oi-tie 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/polymetic matrix material interface), low corrosion and reactivity in the presence
30 of high humidity, reactive acids and alkalies and compatibility with a variety of -
polymeric matrix materials, which can eliminate the need for removing the coating,

and in particular heat or pressurized water cleaning, prior to lamination, are other
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processability in weaving and knitting. Low fuzz and hal os, | ow broken
fil"ament Swoloome70b strand tension, high fliability and | owRCISBSEDI20457t | ME
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 weadésigbler deeaderistics whinth dasrbe exhibitedbyjties coated fibey strapds of thet ype
of fabric wea&ng ti.n which the fill yarn (weft) is inserted into the warp
shed by a bl as Noiah 'B‘fﬁ%’?@'ssed air fromone or nore air jet nozzles. The
coated fiber strandPreférablyetherstitad fiberstrahdoof the pfeseatihyertiongrovidegspe:

coating that can facilitate therma], ¢condugtign alg coated surfaces of the
[ bers’ ' 15 wiBiPersspI.R HeaNG ALTRG: ok hoe AT ASy o broker fagients. ow
circuit boagd, spatdterisioh Atgohiablity AndEbw ifderfidittinié SreptbferddthataterRfcs

provi de a mechanismto pronote heat dissipation froma heat source (such

as a chip or cindividually arigrrgmbination; provided by the\¢oated glassifikar strands efthg f r om
t he el ectronic, RSt Lk DI ; . L: d/ or
deterioration B%thﬁtg Cl r@3W@g%éﬁﬁagm%%gégwﬁ%@@%ﬂgg&'g%gé#%gn%@{]c
mat ri x mat er i aprovitieea fabric with fgva surfacendefects fortpriptedraircuih boand\applications. In

atori al i o dddifor By Thet AR of iR pisbinihiebull Bafod RO Br IR} Indh s on

t her eby retlQci aigjed weheing proceiss. Alsarsed lheesimdais jed weavidg\vaeaega typle df fsbric

el ectronic circuit. board d i.nproyi .solder..joint reljability. 25 The
coat et gl ase. { Tang fiubil B TR Yl is rseib b iR wirEshedby 5 et 8 o
el imnate the ceampressdd ainfromsheddr meretdiciet®dzzlesconductive materials in the
matrix resin, whic mgroves | am nat e _nmanuf acturing operations and | owers

costly matrix mat elrilh‘lélP atag fibgr steands of the prgseménveation retarekly havea upigued

fiber strands éﬁath?@hﬂfa@ﬁ%ﬁiﬁtht@&ﬁ%&!&oﬁ&ﬂzft@ﬁ Aldhy cBARA RBFatsIdt theifibers and
openness. As used herein, the term"high strand openness” neans that the

strand hasl@n VWheauged ag eeestinuatis reinfercement fanan elretroni¢:drquit kosechisuchof t he
strand are - GcA/Xiéé’%(a&@ﬁQ&s%Fﬁ(aet!ﬁﬁlQér%Qrﬁ?xtim&aﬁ {)&%h% ﬁ&%iﬁ%&%@n@a@t her.

The hi gh strand opehness can ate penetration or rix
mat eri al s i nt oheatalissipationl fromnalheat soGueep(such as a chiporicitcyi) atanguithareinfardenat es,

o et oo e onl BBty i hE e hbBAS Sha bbbl AER'
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



5 follow ng properties: |ow coefficient of thermal expansion; good flexural
strengt woogreoss i nterlam nar bond strength; and good hyd?(r]I‘IUSGOIZMSUabI lity,
i.e., the resistance to mgration of water along the fiber/matrix
interface. Additionally, electronic supports and printed circuit boards.
of the present invention nade fromthe fiber strands in accordance with
the present invention preferably have at |east one of the follow ng 10
properties: good drillability; and resistance to netal mgration (also
referred to nattightlytbondd to enedhothér. | Teehigh Stramdibpermess catifacilitle perfetratidha

(Ed.) et al cr gel ctronlc Packaqi n ndbook. (1989) at pages 896- 897
and | PG TR- ﬂé@v 4:% %5?0&]45&%39561 8&? ‘ectrochem cally I nduced
Failures in Pri ntcuinwsiteg,gandBﬁ@ad&u&a&nﬂﬁaeatﬂﬂtwpr,esémﬁ\?énmhIrﬁbd@fr@m
spemhcallxm corporated by reference 15 herein. Fiber strands in

accor dance qrisirapds ebthe pregsnt invention Pf??ﬂ'éﬁiéf Pgssessalieast gne gtthe at | east
one of | ®V ¥QIRWiNEFFopEies: rle%bfﬂcieﬂQoﬁﬁ&n%?%ﬂpéd%ﬁﬁ QQG@heﬁﬁﬁl@tl@ﬁy hOf

drilled holes. As described above, typical fabric form ng oper at ons

i nvol ve subjaeedinteriamipas bond %@%ﬁﬁg ga%hY%M'ﬁsﬁb&é’ i.aethe resistange e ver al -
non-val ue a {Hﬁ and

fini shing. %g'%ﬂgﬁggﬁ?éﬁ&g :t[l?gﬁberhﬁ era rov L&gﬁ%t E&g n'eisﬁ?&rr{n%gng '
fabrics, | amhdarioted drcuit boards of Mswﬁ lnynuthrr made froncthe fiber sttamds iy t hat

elimnate n 0, rocess
whi | e provi %?n‘ygra%hl%rl csﬁ%afR %%%iﬁzlﬁ)aeﬂﬁ?ﬂ)@aﬁ?ﬁlgﬂmé Qﬁeé%%r nlenofélf @[@‘%’ﬂ?p
packagi i@ appdpertis: goad dﬁltdbdlly. and acdistgece tofmetabrhigration (alsboefemedtsaof t he
resent 25 in rionJ u red ced L cygl ' el i m nation of
oo tal equentieic snonls et BERbRar AT Sea Himiin FEth 8F8.“go0d fabr i c
qual i é y andt‘magdleblrﬁlﬂbshgémt b m [ (1©89) aTbagéufmtaw ag&mfc-rmmwefo t i
provi des metbods to inhihit abr ve wear o strands from_.contac
wi th ot her s'g' '%'S QP igrafiem; g ?ﬂ%?ﬂ'yé'?é“&eafﬁ&ﬁ"ﬁ@ in Gented Wringo or
knitting deBoaRis 4id Aseemu.eé"f (imﬂh.calaf@§pé&fcauy meb@sﬁatéwmf; khérensd r ands
havi ng a _uni que coati ng of t he present_1nvention. - 12701

PCTI USOdP20hsrein. Fijpes maqs'ar"p)ag@gdmcemhsthg pERsent 'ea%m@n Wlmmd drifabilityn t he
oper ating ehawhﬁaast%evamﬁtdai BREMidrg! difling 2h8 Good Idcalithdl BEsuradpPsEessi ng

gquantities of ingredients, reaction condltlons and so forth used in the
speci fi cat i grlleghples-ai rs are to be understood as being nodified in all

o race® Phe nesaaiiblos, SPES bRkl 18R LPEBRl s il
glass yarns and fabnc made therefrom to several non-value added processing steps,
20 such as slashing, heat-cleaning and finishing. The present invention preferably
provides methods of forming fabrics, 'Iam_inates. 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 émbodiments of the pfésent
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 wirding, weaving
30 or knitting device, or by interfilament abrasion by selecting fiber strands having a
unique coating of the present invention.



specification and attached clains are approxi mations that may vary

dependi ngwe¢pmn27¢the desired properties sought to be obtai nedTHg0d/2085Pr esent
invention. At the very least, and not as an attenpt to limt the
application of the doctrine of equi valents to the scope of the clains,
each nunerical paraneter should at |east be construed in 10 Iight of the
nunber of reported significant digits and by applying ordinary rounding

t echni ques. Notwi thstanding that the nunerical ranges and paranmeters .
setting forth the Rarébeipupopes of thisreperifiatian, eﬂweaﬂ@rupmemmtmmwmme
nunerical val

precisely as lggg@l@ﬁ o{h%NinQe Ldlgir'r%atrt&gzﬁﬁ vm%ege%aﬁ%bi%%tm?g épﬁb contain
certain errorgeamloewadltlblyS.raMleotforlg usedin mhspeciﬁcalbn(anddﬂmmatar@to beound in

ke numer al s dBarefiid S0ogR8 Mgl an ek bl tnd (il Boou® afoardiRhe o 4
ahc oated f ![Sbe uniess imdicated twtherdontrary, mqod:umahcal paraimetérs l:set forthdn tlﬁ:ﬁﬂéﬁih?g to
the present inven

t | it
e oo 11 Bbpahiqtioy dndgtehed Blig are sRaroumafiahs Hat Gef YAl darsndbtyprac
fibers made ofthéiuééwdqsrbpémbeeca@hk@baabméd tsythéBiv@sém Nbﬁtu&f At'th@'ilﬁrycan

also be referred to as The term "fi means an i ndivid

filament. Al t IRASENGJIOL ﬁsl% qﬂwtﬁ%mlsrﬂa%emhcammthe goctrife OfP%V@e'ltﬂ to
preferably hayg gbpav (ffrtﬁgﬁlﬁlﬁﬁé”é%% nUhiegical ﬁ éif?%er %‘ﬂ‘?g* i&dst Eé)c%r#sﬂ-uﬁé in

m croneters. Preferab e aver@é;e nom I anmet er

present iA®e mllgbtrpﬂtb,e eumber ofiveperted siguifigans digits. anddyy applying grgdinaty rounding
appl i cati ons, q%%ﬁrage nom nal fiber diameter preferably ranges fromb5
to 7 mcrorreters e fibers 12 can be forned fromany type of fiberizable

mat eri al known to thwnbstakdihg theat ithe pumeedcal ranges add ipardrméters mﬂﬂgafoi'thmlﬁegani c

mat eri al s, anic ..30 materia and, m xt ures of an f t,he

f or egoi ng. Thgﬁé#%g’gﬁlog %@Vgl?tbogrﬁrﬁ aﬁﬁfoé‘ﬂétfoé‘sbtgﬁ nymesicahyvglu Nor
natural |y occmer smlﬂwéﬂmpié§are(iépor$éd &d prtcls@lyté”sepdtéible/\ﬂ Anhy n@ﬁaﬁ@m@hé t hat
the fiberi elnor f@gg&*c materi al s naI§ gropg&ymrlc -8
WO 01/ 127 Y"B‘s% ain emors nacessatfiresultipg gstandaydrer i ¢

material” neaa&vuatnémfdtrnua:h tHéiHr@Eﬁbct'Dé%ﬁﬂﬁQ%éﬂ&l’é?ﬁéﬂt@S conmposed of |ong
chains of atons that .are |inked t%get her and that can become entangled in

solution or in the R&lermriagnon toFig. 4 whegsin ke Bumerals\iadicate ikeelements zab| e
means a mater wbugnmbzhsrafsyshswn% Fig! TcdaldPfikr 388RA 30 'cbmipRGhy 3 Bty of

filament, fiber, Strand
fibers 12, according to the present mventlon As used herein, "strand" means a
20 plurality of individual fibers, i.e., at least two fibers, and the strand can comprise
fibers made of different fiberizable materials. (The bundle of fibers can also be
referred to as “yarn”). The term “fiber” means an individual filament. Although not
limiting the present invention, the fibers 12 preferably have an average nominal fiber
diameter ranging froim 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 5 to 7
micrometers.
The fibers 12 can be formed from any type of fiberizable material known to
those skilled in the art including fiberizable inorganic materials, fiberizable organic
30 materials and mixtures of any of the foregoing. The inorganic and organic materials
can be either man-made or naturally occurring materials. One skilled in the art will

appreciate that the fiberizable inorganic and organic materials can also be polymeric
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Preferably, the fibers 12 are forned froman inorganic, fiberi zable gl ass
mat er i avoofiipm@iLi zabl e gl ass materials useful in the pre®emusioizoasti on '
include but are not limted to those 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 glass conpositions that include mnor anounts of
fluorine and/or boron and nost preferably are fluorine-free and/or boron-
free. Furt hematerials. s ussrhdréihgihe tefimitpalymeritavatesialo mebhs amaterial idraiey | ess

'or i ne, arlmmAPTORsHER ComapseskbURnS oA of dets it are ineh Ipgethasapent

boron, pref ethabtah bésomed Emtangled in solutiohdri thelvlig 8tdte’ WsUsed Pafeh, théifim
m neral wool are exanples of other fiberizable glass materials useful in

the present ifiRgEFAbIR)Megnss matasial canable ofiheinaformed intn aganeralirantinygusss or
E- gl ass @iqﬁéﬁ:hﬁ@ﬁbg%ﬁ?nd’af‘i‘&?ﬁi tions are well known to those skilled in
urther di

the art and scussion thereof is not believed to be necessary in
vi ew of the preseRteferably| thedibers 12 argfornedifromianjinorganit, fiteszahie glass

. : . . . I Ay ¢
ety on <cRagl OB i B e T B e sy
direct- el t notlimitetdo thosg pogpared from fiberizable glass dompasitionsrsuch ab 'E-glask?, ,

ter i al 5 ar 0abs’, ol ool Rledy Srolentanstroass BAHRG o8 el ng

;y [) nac]§.16 heuswal ﬁeeéngse-glassmaawVéhs'matnlbegléssrclamsi_tian@thfat)rnehaa(i;tir!ibrand into
i ber form ng apparajuses re the ten s is attepuated ihto

cont i nuous. gRAGUTS phtlineanaibr berah andBpst Riplbeably i hPHRE BBe ARRIPROTOPT eces
or marbl es ofed)| FGthdimeid) Gsiudgd hbfeid “mitdP ahAINE! G AGorine® MRk Ids8thad 65
preformed and fed into a bushing where they are nelted and attenuated into

conti nuous gieight pergentdluorine, profecably less than O,k waight prrcept fiypdne, apd “mingr Janes

Mark et al. r ' 4 b e I '
Engi neeri ng érggt#rl%elgf Eo?&%ﬁﬁ?ﬁig@ﬁ ﬁ’helglgﬁb éirgg'ﬁgrb gal;{' pi%rt?:%ragg?%tq gan%
38!

r ef er enekD - -Weight Rereant bororpBaseii@nd roineral weekare examples ptotheetharieable nel t ed,
gl ass s af thaneierleEanl in b8 prodinfirdpndont prodiE s TRORGE mba™ © ¢
‘the gl ass fifemE-giass pr Biolassiseyivativese Sudly compositiansare well knowmterthbse i ng
oot hous oi SXMSAIFY 18ho b MR Gl el B3 s fORRRRHY = 27
Manuf act ur i niew et theqprespnt discloSore. i nuous d ass Fi bres, (3d Ed. 1993) at
pages 3%6‘ 4, 4r- lﬂ?’é gl%géj ﬁ&elrg 'o} §-|5e; prcleJSeSn't 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
e combined, melted and homogenized in a glass melting furnace. The mo!tewﬁlﬁ?s""‘*
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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Patent Nos. 4,542,106 and 5, 789, 329; and | PC-EG 140 "Specification for

Fi ni shed wéabpizo1VWven from'E d ass for Printed Boards" midt/psogeodsy a
publication of The Institute for Interconnecting and Packagi ng El ectronic
Circuits (June 1997), which 10 are specifically incorporated by reference
herein. Non-limting exanples of suitable non-glass fiberizable inorganic
materials include ceramc materials such as silicon carbide, carbon,
graphite, mullite, alum num oxide and piezoel ectric ceramc materials.

Non-limting €xifb@se flemeksr, infdied, én@ﬂfdn&ablneeneagmsqs fﬁttﬁﬁolﬁﬁﬁerlf&%thg
cotton, cellul ose, natural rubber flax, 15 ram e, si sal and woo

Non- i miting @PRAFUSWRAreds glass is aﬁ%@?feﬁéﬁlf@'"b?ﬁﬂﬁ%“s thargnin the nresent| al s
i ncl ude those :rfx/éhﬂ&ﬁittiféér gwf@ﬁb re@réssefé.%uryhoaﬁw by PR draet- m@ftfﬁﬁbﬂgﬂmmg

t her nopl astic pol yes such as pol yethyl ene terephthal ate an
pol ybut yl ene p@e@pnnh fbradditionat infarmatiop selatingato giasisycampgsiiions ant essthods of

RO1 YS! oL LBy O BT e K beBhMER Tod LB pethAdbadbf o' )
met hods for pMnm%GladsE $3d BEd. 1998) lat pages 30-44,6174103; andeld 5165 Bt h

in the E I f Q t
pages 505- 712 A 63, 45308 g 2 By r R T SrestGrton riieded” |
i s under st ood thﬂé%ven%nﬂﬁ' GldwfuﬂﬂﬁﬁtedeantSS”efpédw abputsticatiod 6F e s and
25 conbi nati ons g&ﬁ ers formed from any, of th@aél;&ve materi al s can be

used in the st rilpieErAnNBFing; and agkaging Blggt ireuits &June: 199D wivieh

enconpass¢® akrd gwfcbypmcg,lpt,fa%@ay réfémskg hgpéj,e fromdiffering fiberizable
materials. In a preferred enbodi ment the fiber strands of the present

[vent i on contain MNorHisaifing sramples et syitable nonglass fhsrizablpdyorganic seterals,
ot her types ofpdiidecded am%%%t@ﬁ?lgrsﬁél’??é slliBYFBirb St‘!!rb% [y?%ﬁlﬂfeoﬂ'luﬁﬁ ssed

generally in the context ass ber stran ne s |IIed I n
the art woul dalumieymtoxide anﬁenlezqe!emQ @&Tdmmnemals(:(m’prlinmmg ekampled f f or ned

fromany fibe r

PCT/ US00/ 2045%1"{%’:?‘4’5@%&5@%5{%"3%%. R%%@s ﬁ%@dg,%gﬁi s?F%‘M%Q% %’lzr !“gé% g%t er s
of gl ass fibberamiephémpssisajandvadol.yNoo-lititingadxaepldsi dfsuitalsle fiberizabi oigaric.

Wth continue ef eren é_ef erred | east one |

.t.o. Fig. di
and preferabl °{¥m°”81"‘ : t'?fngl’f"gg té@seotjﬁrm?sg P"‘sﬁqjmg‘i%&aflﬁﬁ?ﬁ@ywe@&m

i nventi on havaramid§), tmfmbp&étu@éolyea@@t(w@ @@ﬁm@ahilemtermﬁﬁé@t&nd a residue
of a coating eas surfaces 16 of

the fibers 1288%&59’(?(’8g?'ef’h@a%%q}e?"@ﬁﬁsfa(éﬁ%as pg‘yacrylomtnles) 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.
sEra s It is understood that blends or copolymers of any of the above ME(SHEIS 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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16 from abrasion during processing and inhibit fiber breakage. Preferably,

t he | aywoo1dzois present on the entire outer surface l6par/useszgasery of the
fibers 12. The coating conpositions of the present invention are preferably
aqueous 10 coating conpositions and nore preferably aqueous, resin

conpati ble coating conpositions. Although not preferred for safety
reasons, the coating conpositions can contain volatile organic solvents
such as al cohol or acetone as needed, but preferably are free of such

sol vent s. Adddis¢useed hove. EhugOthel distussiomtiat follows indterimdef glassefibers applieent i on
can be used as rinar¥ si.zing co ositiogs and/ or secondary 15 sizing or
coating compodgnerajiydo theotherfibers pispyssed Abave, ot or red embodi nent the terns -

"size", "sized" orwithtoAtini@d refRtéce tb FigdnYinGPprkfengd ehibRamdrit Gt IeHePbhed t O
the fibers. The terns "primary size" or "primnar S|2|ng’; refer to a
coating conpodid preferaliypll etthe fiberscl? of fibpgstrar Wf&m%ws tinvention hava dn of
the fiberss Tager fl &t coafAG BIRpYsifidrt BreferaBiRgRY o f cSdtigBmpekitiod BN dar Y
coating" mean toating conpositlions applied’to the fibers after the

appl i cati on odtleaspaipostion i ofdhe Suaces 18of the-fihers 123 tospretect theifiber susfages i zi ng”

ot ter t he appl fanibfsdFdfnEdRbtaing URTTIL ART oRBRad it o BEEF,
to the fiber Beisgresenhen thebentire suter surdanepiérertpedphiery of theffibers 12.or it can be
by coat i ng the f ablTecoaiie smerpleTLe e PushiNeRiboT bR bruifadibl O, © O

by coating the fa I've I men

Lsi zed" apgl ;@daﬁhggampdsiﬁcidm miyrer;géhraulyﬁa@eogatrésig compaﬁhjsfzaa'thg (al so
"finishi ize" i to, t ' t t t.

or t1 on. and capmRastoae; olapdongiok pricrmertinr Pelnhl Saicbn: e Shafha siksiPes o1 21 ng

conposi ti on hggh Gpdin vHISHB \bRShrRY séhstits Suichcdeaditohal orldcetingRigtneeted but t he

finishing size is applied to bare 30 glass fibers incorporated in a
fabric form Refeiaklyaredres of suchsolvents, 'Mé%‘?ﬂa@o%&%m ﬁg"ﬁ ﬂéthoat i ng

conposi tion AtGitiehfior Bsh 64 886d &d Bifharyisti sltloRs hd/br dtonddy i X
material int OﬁirQ. I ch teh.eo g?inss _-11 WO 0?7127 1 PCT/ USO0/ 20457 fibers wll
be i ncor'pb5at%ﬂgebwafﬂatcomﬁ@s@%&i ng conposition (or selected coating )
components) achi eves,alq B! i refed EindeihtRbtoRn e Rsid" Aizedtigies Not
require removal prior to Intorporation into the matrix mat eri al (such as
by de- gr easi n'§izing" refersdolany gpatingesimpasition apgliasdo the fikars. Hhritefms “primaiigh of-

Ceon: oo SHEEE N iSOG R rESEES! SRR peT” 1, 111
stability. immediately 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 fibér is h
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
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The coating conposition of the present invention conprises one or nore, and
pr ef er ablyyoaimmral ity of particles 18 that when applied trCEUSI028437 One
fiber 23 of the plurality 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 glass fibers 23, 25 of the strand 10 as shown in Fig.
1. These interstitial spaces 21 correspond generally to the size 19 of the
particles 18 positioned between the adjacent fibers. The particles. 18 of

t he present i fibenstwithbeincorporateck suchithatithe ceatingmomposition (orgeleatedicoating ei n

the term"dis . t ¥ C or
conbine to fo(r&% %’ n?%%‘éé%gl ﬂé%ﬁgﬁé Bt@r?&é‘!ﬂq‘ﬁ%g&pgﬁiggeas%sn%%%%gt | ons
but instead mfneVaimbatd mcorpetatlbn intb ¢he miatriXi materiall (suchsas by degseasingrat
general ly ret dIVId or. for e discrete rticles of
the present %é’rﬁ'ﬂggrfaﬁ%?p '@‘R@Eﬁl"‘%’m@" lF'ﬁé"?t m?i?"ag UG ayer
or sheet ob afcamientnanﬂ maééssnig&and\eehltm final cdfnpositemsdwt vy desireg e
transition between at |east articles, and partial 20 coal escence

during conventph)ﬁl‘éﬁ W?R%?'eﬁa?'?ﬂ:B W&Cs'éh&tystl |1 be considered to be
"discrete” particl qpe cU%ﬁn?’ﬁBﬁtbS&ﬁén ofthe éﬂéi@?ﬂ PIVERIIN conpPrRBS (o8 of riore zﬁnfj

preferably di nensionall used herein, the term "di nension

stabl e parti cIPé%fefabblaﬁlah/Jﬁié! OfmlﬁaﬁiﬂB&ﬁmlﬂppliﬁfbﬁ@*&awoﬁafmrea&pfﬁhw r
average parti g hﬁarfgbfﬁoé??%%&?@?e é&'lﬂé%u%?%&ﬁ% ﬂ%‘é’# éaPE’asféBeDfﬁé? S%hﬂg
condi tions, suC orces generate et ween acent ers ur
weavi ng, f6vi poovidelons bemope intarstitiahgpanesr21thebween ad)amtglassﬁbatszzsnzs Iofethe
desired |nt% st|t|9al éf}gaces 21 b ween ad ent fijfers 23 t her

5. |
wor do. i mens BRG i i ngss Taslifhl §Pocssi 4t EatseRand danertiy o
di ssol ?/e ﬁr S s sisa 1D aF the pb‘ilﬂésmelpolklhened:mwgtmdmd'fbérgl0 forma
pal’tIC e aVvl mensi on ess t sel ecte avel age

Pl ol e o e e 1E b the Pactsnt InyERion Te EelPrabNCU GRS RATICISS ot Usads
exposure to t qepsm,ahe tém ‘Whscrstet Medhéthalb iR Birfdles/ do/Aot tend BD6oaléed gFor e - 12
WO 01/ 12701 PCT/ US00/ 20457 preferably up to 140C. Additjonall t he

particl es P8 SABRING taderm cenfinyeus QI"Psy“'!Qﬂ" sPgentigpal proresaing mﬁﬂ'\é@ﬁj Rkr

gl ass fiber pipgaapdubdtdrban &étﬁﬂ%haﬁﬂdwméﬁduaﬁf&de@.e'ﬁd deneralyFet: rﬂgmiosi te
processi ng condi tions wher€ the processing tenper at ur es can “excee 50C.

As used her ei indivigial shaps er fosmo Jihg dissretepasticlas: ofshe presantinyantion mayze" 5 in
ncrease in UEeRBSheRiA | %ﬁ”ﬁfé@%’xﬁ' b Ig93F bl ShesPof ot derfEh FRGKARY,
duri ng processen@.sechod prder pbase traesmnrebbtWeem ahlpastrtwo tparticiésdiane partiahal | y
stabl e parz‘o‘ ¢ lcgglgsge%\égrdﬁri% t4.-.anentional 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 paticle-size and shape under onventional fiber
25 processing conditions, such as the forces generated between adjacent fibers during
weaving, roving and other processing operations, so as to maintain the desired
interstitial spaces 21 between adjacent fibers 23, 25. In other words, dimensionally
stable particles preferably will not crumble, dissolve or 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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crystalline and non-crystalline particles. Preferably, the coating

CcoNpPoSi WEes12061 t he present invention are substantial |y fewesef04st0 heat
expandabl e particles. As used herein, the term "heat expandable particles”

nmeans 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 owi ng agenprefetablguptorM4eC.PAGEIEGKAINOthepattiviel 18 should Astrsubstantidlly\anldrge
term "non- heat expandabl e particle"” refers to a, . particle that does not
expand due a®pP¥pandimsizg&nder glass fiker erocessing Wﬂ@"‘gﬁ?ﬂd@ more padigvlady nal

fiber proc GSEMH} oeﬁmgﬁéc gfa%ess?ﬁgicoﬂdm&%tfé?b% preBéssiHg tb%e%tﬁ%@ an

i nvention, the coatin mposi t10ons conprise at | east one non- heat

expandabl e exaeeddi58°C2As@sed harein; the pbrase sshasidyaet substantiplly enlargs incgize”
hol | ow pagti £l ' . ed M. . 3 i b ' t of
the prescht retoniceltoths alERs meeRk thitne Batcdd Snoull bt bR iHicRERe,
non-sol i d meinesizestio moreithars approzimatély three timesdheir iniiabsize déting prededsinigei n, t he
term"substaptially free of  heat .expan e parti " an s.leas. than 50
wet gt *per cohmMRbES, e dieBd A RS KT Anendiiel Bisbih parffied cbiem T o
nmor e pref er agiystalling ant maR-olystaKnaparticles.cent . More preferably, the coating
conpositions_of the present inventjon gre essent.i al |

) A . y free of heat
expandabl e Pegferaplyethe ceating compesitions of the presepf inyenti ﬂtar%\?‘l'tiftqqt@@’ f5ee Akat

expandab{@ PRédtiexp&sdablé’Bariifles NAs tiséd Rereir) MR tenini“Réa RS parfisiest han 20
wei ght percent of heat expandable particles on a total solids basis, nore

preferably |®g3ng pamticies filledwith spcenteipingia mairfiahydichy wher exppspditass t han
0. 001 vei ght yptferiilifes _I,ehuﬁq[?énm {diathizé e Rgédéﬁ%&%éﬁsubaﬁlﬁw drligy8n 18 are

preferably non-waxy. erm "non-waxy" neans the materials fromwhich the
particl es ar@ize.oThese beat expandable particles thereforexpend due tq A phaseehangant- | | ke"

e g oo B AR RO QLS et iAo
at ons23.15n cordlitionef Qoneequentiydhenterm wontheat pxpandableinatisie”irefiers toree
e oo e RSP bl e o€ b R oL o5
desi red. Al tbudegmormal fibler pracessing ooriditions| asd; it onerembbdinent efthepresentbf '
suitable parftnivgrl\t%n,s &%p‘%sétihg %clar%ggs'itions 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”
meaiis. less than 50 weight perce'ﬁi‘ of heat expandable particles on a total solids
25 basis, more preferably less than 35 weight percent. More preferably, the coating
compositions of the present invention are essentially free of heat expandable
particles. As used herein, the term “essentially free of heat expandable particles”
means the sizing composition comprises less than 20 weight percent of heat
expandable particles on a total solids basis, more preferably less than 5 weight

30 percent, and most preferably less than 0.001 weight percent.
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10 spherical (such as beads, m crobeads or holl ow spheres), cubic, platy or
aci cul ar woehmrmat ed or fibrous). Additionally, the parti ®GEUSBS/20451 have
an internal structure that i.s hollow, porous or void free, or a

conbi nation thereof, e.g. a hollow center with porous or solid walls. For
nore information on suitable particle characteristics see H Katz et al.
(Ed.), Handbook of Fillers and Plastics (1987) at pages 9-10, which are 15
specifically incorporated by reference herein. The particles 18 can be
formed from mat eri aTlse parkicles d8 are preferablyman-waxyn dlherterm franywaxy” meansitbani ¢

material s, pol r. nd non-pol I C O 1 .C [ al c I te

mat eri al s, andnge%ﬁﬁrfg’é" B‘P'cgr{ee 8%%[?5 ﬂ‘%?‘%@%“@%ﬁ@%@i&% {e§ 'g%%ﬁ?r%@' P& m
"pol yneri c i naefamvax-liRs" @hédis maeAals confpdsydprimariiyaf anéerthndlied hpdroearbasskbone
repeat 20 unit based on an el enent or el,egentﬁ ot her thg c%son. For nore
i nformati on seaing having\an average carbgp chaipdength ganging fram gé‘Ei gafbop

i ncor por at egl bitofRé®erence herein. As used herein, the term"polyneric
organi ¢ material s" neans sg}t hetic polyneric materials, sem synthetic

pol ymeri c nateri al sinsane preferiedienpn t of thepresen iavention.fhe partisiesi8dn the
repeat unit b . . " &m' I ahn her ei n,
means carbon ﬁ%@ﬁ%"ggﬁgeoﬁgﬂ?&%ref nr‘;"tlI e c!flr' E%?]wla?%%'?%zgl | y bonded
to itself and to hy@hepaticleand cahthave @py shage opcanfiguatigpdesitedg Althoughioet i on
of Physi cal Pq}yper. Sej - W : . ages
2-5, which ar girﬁgﬁe@rﬁﬁégﬁs%hf Ij\‘gg&bo\ciﬁr 3?%'36%5 of‘g@garb('aé ce 'ﬂé%gig‘%?s @&W@PUS haw,
et al. " U@ dsphefricaldsucheat beadss microdbadids dbihofiew spleeres), aubvétplath omacitylat ens”

Pol yners. Pain Col our s. Journal,...V. 189 No. .441 uary 1999 at es

10 51w ch o GlongRted or TS " Aot irei s fo el afendt sy

01/12701 PCT/ {h@tis Hotibw, psrbastenicid frée Vérld combiflationtherdof; ely. adigllowaiapter ts
such as the carbon oxides, the carbides, carbon_disulfjde, etc.;

/ . , .such
ternary conpouRRiQus,er $qlid wallsq For mars ifermation opsuitahle patiglefiaiactensicy sefone,

carbonyl sul figekatolet al. (B0 1HHIBEOR SPEIESHNAPIASHRS ¢19879 &P B-$0!Gthi@Partehe
netal lic carbonates, such as calcrum carbonate and sodi um 5 carbonate. See

R Lewis, & . spasificaly iscapnratedbyirefprense herei-cti onary, (12th Ed. 1993) at
pages 761-762, and jfe §éhﬁ9§§?%\%ﬂ B ¥BhEd fr¥m h em%esuul;@a AL FSI?mgﬁ%a%‘tter
ge ) ate

and Change (1996) at p ich are specifically incorpo y
r ef erence her ehon-pglymede ihorganis materials, pelymeric apd garpolymerie organic matesials, any

material that tj:o?nﬁ&rite n}aeﬁﬁs,oé’r%mxﬁjrggsﬁéljlﬂf'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
s backbone repeat unit based on carbon. h

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 Waterbome 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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As used herein, the term"conposite naterial" neans a conbination of two or
nore di Weor/rzgormaterials. The particles formed from conpecI/Usoorze4ssri al s
generally have a hardness at their surface that is different fromthe

har dness of the internal portions of the particle beneath its surface.
More 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
physi cally changing its surface characteristics using techniques known i'n
the art, sucblehients ashwenswnﬂaxelut:les tinagsconipaunds sunht ascthe carbopmqxidest the or

e e Gt lbie St Py R 5 AL GUBIE ShoblF,.

fibers. For fetdiid Carbényds) pRosdene| carbonyl lselfae rete;:lauid carban-pontaining iorit er i al

that is coated, clad or enc suI ted Wi re s cor;%r’}/ er| al s
to forma coRYDRPYNESSYCH F“EIt GaEbon ‘é’@é’

al ternatige gaBeHAEE Yee I?C"Leré: |Si‘3 é@c&ﬁd&ﬁsé@(ﬁheﬁﬁdaﬁoldﬁaﬁﬂ @bth Edin be
formed froma primary material that I's coate clad or encapsulated with a
di fferent fof89Pratpages761Ee3 aﬂdt"éﬁ'!ilefb%rchﬂ??"é"ﬁ The,Molacular Nature gt ¢ j ¢ es

useful 29 | nidher Bi@BRAad (Y8BY ithge RS, \ﬁmcl‘{\ﬁl‘é\’é‘décufbﬁ‘lfﬁh&%o@feﬂyj lers, 2nd

Ed. (1999) are specifically. “i ncorporated by
ref erence herefenence Refeiresent ati ve non-pol yneric, i norganic naterials useful

in form ng the par d i

|poiormng the pa tsp%gﬁ]ﬁerleﬁhg e fdifh mof%ﬁgmb@‘l 8 anaggérg d@gfeﬁap@ g%f
bori des, 16ul hhdﬂganusmbtenat es, car bonat es, 30 suI fates and hydroxi des.
non-limtin exa | e of ~a sui e J nor gani ¥

particles 1?3 are r“ﬁ@ﬁ hF'?"bc5$%F?rW| ?mﬁgsatea{%%tﬁ}e%eﬂrﬂgg'a; é%%ﬁ@%f Bﬁﬁ' t%e
present i nvemior@aiffielng Matdtiald. i Tiee |é|esfoﬂaebww@na)dsﬁa&gmmdls genesalig! :
structure are -15 WD 01/12701 PCT/thOOI 457f E" tICFh'F é&refterr’e

non- | i mi ti nghad¥aabpeingss gt theissytface,Hatis Wt {ihgdnterng tabI e
i nor gani ¢ supbtighs ofﬂﬁélﬁé%léﬁsén&dﬂwwﬁceuMdrdepedimuﬁltmmfaaelo?mée

tungsten d| sulfide and zinc sulfide. Useful i norgﬂﬁnl c sijicates include

al uni numl Ssi PARislecanedmedifiedhis ay rapnnes well known, inthe art, inelyding) bytaot o i ¢ ap) e
metal s incl Uﬁﬁ‘méd {H)L:Mf\flféawfbr ;Eltyatchrwéﬂan@ﬁthe%ﬁa&e éhaﬁk&énstab uSihgum copper,

gold, iron, silver and mxtures of any of teforaﬂ?mng I n one

non-1imiti ngt@hneaeﬁtmwrbm the artj suchythaldhe st"ﬁ@%ﬁ'@’?@?ﬁé’i‘@ Qe fsavatto fr om
solid |ubri CﬁP% ggia?\rthéh rdn€Ss Hfﬂﬁg ed"a%%%@r’s vWﬂl% tﬁé’ﬁé?dnéé& ofthé phrtibieant " nmeans

any solid use ween Wo sur rovid Rrot ection from danage
during rel at bereath thensurfaceis gr&awmaﬂfbeﬂ‘emés Pfrt e glass figers. esexamplecohe

embodi ”E‘Qb E:Qﬁ“ ct%oéanq)e 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
with a different form of the primary material. For more iaformiation on partictes"usefur )

25 inthe 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-fimiting 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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| ubricants are inorganic solid lubricants. As used herein, "inorganic solid
| ubri cant"womgagm®m: that the solid lubricants have a char act®ri/e$00f20457
crystal line 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 Lewis, Sr., Hawl ey's Condensed Chemi cal Dictionary, (12th
Ed.  1993) at ppdigalaily prefeined: hAinondimiting exampile of a sisefubinatgadichoxideds @inence

h in. Fricti i . ' t l,idi ' . F
G auss, Sol | dOHg uliiPe ekt Bibdes fpfisk olpbifimBe i, Wit ticlihce.

whi Clh is spec'tt;g)gstddd qrst':lﬁu?artmﬁmnt sdﬁb? Ueéfalr ﬁocgamczﬁilrchtasehcﬂudé alumrrﬁmlr .
non-limting epbodi nent o e i i 0 e artic anel | ar
Srructure. | PaPiRCiEs A mAdNGSL sifRafes, stdh s deaiElig.cSHanl meRS Poudecr < o
pl ates of Bt owolybtiehamapREAIm apdlRiun didkel laluniiiulAO8shpee, guld, fioR, élﬁér HN6F,
and weak van der Wal s bondi ng bet ween sheet s, provi di ng-k W. - shear

strength bet \/\é@ﬂ"ﬂé"@%t%w%thﬂfﬁfngﬁ&r ng exarrpl e of a lanell ar structure

I s a hexagonal cry A r épﬁaé? on
(1996) at page 125% gﬁ? ngh i'ﬁﬁﬁplég%?\t s'mghg&gﬁT Pﬁ th"I catn ol | %)gges
19-22, 42-54, fmmszmd mmcam matgnaboAsmspd hereinithe termj spﬂ@lubanaht’(/meaisrpb)el |,

L e T

202- 203, WA cmavemenpand/or toaktyce inctwrpamdmedr by qnefembndmedtethelsnhd | norgani c

solid particl having a | anell ar,,full ere bukbaI,L struct re are ,al so
useful in theF“s";S'F@'%‘é € {Q[RANG gafid luby 8%‘%??3%

Non-1imting enecanpltest tied solidi Ibddants wave a alhara&éﬂstmg:ry?stélmhétﬂrwﬁ&ﬁ galsdse
resent invention

that are usefyl in form n t he pa cles 18 o e
i ncl ude boron“fﬁ"f P‘?ﬂée ”’lj f[ag {%ﬂh'cﬁf?ﬁﬂgyé efo8e appthgr apd fhus
gypsum kaol i prddice @fldntifritiors RBAtatiAg dffedt saweéh kheibe SLiffacks, prefstabil the!r €S

of any of %Qe fore oi-ng, Preferred materjals i ncl ude boron nitride,

“graphite, 1Ret g]asaf PRIUAGR ANshan a@lﬁﬁ?’?ﬁs}?{"ﬂjﬁw@f atjpgst ane(of whichdgs ymptien.
Sui tabl e met abeelr:s mew@%nm%g $ebhdhsR CHENREA @.&bﬁ&ﬁf [ Ed"me?g?num
di sel eni de, tantal um di sul ant al um di sel eni ungsten

" tungst en di sePage d&2, whieh rsrspeglf e@lydncqnqratﬁd bm@ferem@gfaﬁrﬁg Frigtiomis the

enbodi Ment, ! heidiaidd t%'sﬂémé%pé $81id BI¢Fhole? BB GbRllridladd seit-

| ubri cant rraterla avin ruc
an i norgani ¢ Lubricating Solrd s (1972) at page 1 which is specifically mcorporated by reference

20 herein.
In one non-limiting embodiment of the invention, the particles 18 have a

of

lamellar structure. Particles having a lamellar structure are composed of sheets or
plates of atoms in hexagonal array, with strong bonding within the sheet and weak
van der Waals bonding between sheets, providiiigicw-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, 90-
102, 113-120 and 128; and W. Campbell, “Solid Lubricants”, Boundary Lubrication;
An Appraisal of World Literature, ASME Research Committee on Lubrication (1969)

30 at pages 202-203, which are specifically incorporated by reference herein. Inorganic

solid particles having a lameliar fullerene (buckyball) structure are also useful in the
present invention.
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solid lubricant material having a |lanmellar structure for use in the coating
conposi Weoew/12061 t he present invention is boron nitride, WEOs020457 bor on
nitride having a hexagonal «crystal structure. Particles formed from boron
nitride, zinc sulfide and nontnorillonite al so provide good whiteness in
conposites wth polynmeric 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 POLARTHERM r) 100 Series (PT
120, PT 140, PT Ned-limitingeéxdrsples oBStablermaterigiohaging a lamellad 8buareithat ( PT

620, PT 630, _PT . PT.67

commerci al | yag?/g%l@ﬂ?z&g}' cﬂ?g‘hi @?fqbéf’é%gepgwﬁ{?{%?@‘fd&#g‘f" rl'_'g\ggwood

%![ o. " IF’ol ar Bmhuérmet“alnercnlallbbgerﬁaasdf mmidd, vaic, gypsumy kaolinite, Balbma?l_ﬁmm f
erials Ica ulleri (0] vanc ramcs I por ILon O

Lakewood, Chi"H’L‘f Bcn @%ﬁﬁﬁp YA g"’ W%r%@%’e@ﬁ %rence

her ei n. T'SGSﬁmdnﬂfetbd?bﬁﬁltﬂiﬂﬁlgra’bhité%eﬁi dnem&yéhidéstahmuxaﬁasm \GhtHes per

meter K at 25C, a dielectric constant of 3, a vol une reS|st|V|ty of
1015 ohm 25 {XRYPIRg: Spitablemetalglichalcogenrid ?ﬁ)\ne'yﬁe H!%‘WEP'HQ digfidean average -

particle si zgdiudhlm difdienie, tama% QA RAMRARm a.&s:era 5§§g§t§m.am&er

particles have an average particle size ranging froml

m crometers mStemedmw%rar@gnmefqufﬂwe@mm an average part | cI e

Feport od by i t o sbant Sl e BRI 18'ar% RFRCR o ainGlzhie A" 0
particl e 1§ zubricad ratetial havinganlametlar, stachet Amoe-lmtm example offan i morgamc

ol Tows. 170l 1blies? bt Bl p3ethr Bl Be b it Shdtpl b,

0. 6 Accordi ngf the prhsent thventiorbistbiocon nitrice, prpterawynbomh riitride Ra¥iAdE hlEﬂdoh}alwo

boron nitride Ies re d, an. ave e particle size
greater than®P8 r#ﬁr@‘f'gg\? gg‘@ﬂ‘%?é? ?pdef ﬁ'@cs};{(}gﬁgﬁﬂ particle size"
refers tot hmdmaanllbwté 'aﬁoﬁbroﬁdégé&i whitdriaes iiﬁlidmmisﬂés wTWﬁo@M@ﬁ@ﬂﬁtr&art icle
size of 't ar Ies accordi ng to the present |nvent|on can be neasured
accor di nd o uehoas aylep 6.8y | ng techniques. In one non- limting

enbodi ment of the NUnﬂﬁﬁﬂﬁ éiﬁt@ﬂés efpartidlss forhbd ﬁ'bﬁl&:o‘ibrlﬁitrld‘é tnaeawémetbw ng.a
Beckman Coul ter LS 230 | ase ffraction particle size instrune ch

uses a | aser forgspdmthe present inveption afedt THEBMSH] Q%Sﬁ%e&s(ﬁ’ T 2Ph'%"' §f‘9.e of
the particl ep1o{¥ 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 dieiectric 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 fo 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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assunmes the particle has a spherical shape, i.e., the "particle size"
refers toyohen2mral | est sphere that will conpletely encl osacttsoopesssi cl 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 mcroneters and having the
follow ng distribution of ;particles: %> 10 50 90 L Size (pnm) 20.6 11.3
4.0 According to this distrgglautiop, tep pergent ggf "the POgyRTHERM r) 160
boron nitride particl gs——h=a e redhad—ar—average—parti cl e si ze
greater than 20.6 20 ni r%?%'%?vt 10 B8t hel nod4 i ni i ng %bodil nent of the
present invention, the particles 18 are formed frominorganic materials
that are non- Wyenomdiagtathisdistribetibr; éerepercetitrafthe ROUARTHERM® 8@ herdnvitridé he

I norgani c particl L.t h nolecules of water to  formhydrates
and do not cor#ag*'ﬁéﬁgﬁéﬁggﬁ ﬁ‘%@%‘ﬁ’&&i“&ﬁ %\rav%gqggrp c'%?'§§953qtt?rzt5?’|‘ 3)5?.4 A 25
"hydrate" is pnictometdrsdyAd tsed lestein| the alergt paticRssial réfeksto thé hean partilcde
subst ance |(§1 whi Cﬂht he H-OH bond is not split. See R Lewis, Sr., Hawey's
Condensed CherT4&ff hePRRtICESary, (12th Ed. 1993) at pages 609-610 and T.

Perros, Chem stry, TH®OSvera ffiseizel$fahd Barticlal! hbL oAl :
i ncor porated by reference ?é'r)aei n. In the §1Fé|c%ag%r?ﬁ21%§9%p&|%b%%6¢v%8ﬂ%

fornul as of hyfNdhesBeasyed aacarding io snown laserseattering tashnigyes.sincmeveant i onal | y
i ndi cated by ignifi&nb6dintént of tﬁﬁig{&%&%ﬁﬁﬂweopérﬁﬁéé%iz? £ @%Qgﬁ 20

(kaolinite). Structurally, hy able 1norganic materrals 1 nc east
one hydroxyl dPeskmaniGoulter LG 23@ aser diffractionyrartidie size instramebt, whithtuses @l lastirng
hydr oxyl grgpu ' f | ructure or materials
whi ch absgrol; %agﬁ;w gﬁ?%i'?‘@ﬁ% Z@Zﬁfﬂ gn@%éasgwg‘;t? sg?a%ﬁﬁ‘? RIYCIER AN ) for
exanpl e as sha@ssuines thecparticle tias raesphierikalchipeé, tie., ghe/ Wartice §iz€f-referSto the page

34 of J. Mt | f [ | Behavyi 197 d hc in th
Structure of - Ernesl SRR Brcrbpictelyenciag ind haricl < Fon axkimle partcies of |
respectivel y, ROLARTHERMGH 60 BoronGliteide Pattichistnédsarddsising thé%écﬁﬁ’\an?é%m%&' at

page 62, whic specifically 10 incorporated by reference herein.
"l ayer" of a %ﬁ’g’ﬁ%@ﬂz@@q zgr werihionad fohavsran avesagespartigle sizeiwasd 1.9

conbi nat i ars ofmiBtomERErsMittApatiBles fardfhdréth sabmid ' rSROER Sy SOi |
Sci ence Soci ety -of Aneri 5?(19737) at d;;fgges? 19%5‘#1 %@i%ﬁdﬁﬁiﬁ?@ﬂ speé:l ically

i ncor por at ed Kavingtas falewingdigtribytionofwanticlesibl age of a | ayer and
% > 10 50 90
Size (um) 206 113 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 embodimeni of the present invention, the particlés 18
are formed from inorganic materials that are non-hydratable. As used herein, “non-
hydratable” means that the inorganig 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 incbrporated by reference herein. In the
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interlayer material (such as cations) is referred to as a unit structure.
15 Hydrwbesiazont ai n coordi nat ed wat er, which coordi nat escriuso®ziasons in the
hydrated material and cannot be renoved wi 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 reference herein. Generally,
the coating dormdas of hydeates the additien ofihe wateranolerylesds gaoventienallytindicatedit abl e

particles. | Sl m tin U‘rﬁ' M ' at.i on, the
coati ng corrp(r)bgicgt‘| :a:eor{r?]é’rlgg dgggf%f%g@ﬁsént’%ﬁl?' %\P@gﬁ(%ﬁ ﬁ%ﬁyi?r giéggf'iee?'

particl es. AsStusbtdally: hpdratablehiaotganic matesals incitde\at feastond hydraxyhgedobavithin ~
particles"” weans the coati C Qsilion C [l | ess,.t han. 20 i ght

per cent of Zfalﬁg%frogtaacﬁ?'%ald%ﬁ?? &qgg"’ |Hclggipg?ng$ro§@f§?%§os rig]ess,urﬁﬁ? Q%Fgf’far ably
| ess t han|55 \wduﬂi’sr:r#cn&é Oematefrhmiﬁl‘iﬁﬁhb@drﬁﬁr@t@ﬁnﬁhéiesmﬁcﬁéphrﬁs%brmi %gt
percent. In one enbodi t o e present inventio he particles are
P or med 1 r om SARUABHRAIPE fosieaample s et ih o ek o ket Bes Ini: 3Hio
coating conpGsiphid B4 of§ MAHeN OF irfiahittdls BESHI BEHAVRP{1978) SAd as SHEv i the' O
particles formed from hydratabTe or hydrated inorganic materials in |Iieu of

or in additisyHcluse o1 apd 2+ laven mipeeals shavwhiniFigsa8 and 4Psrespectivelyeef Fbove. .

Non i g ; . )

M ner &l phyr 158 qiBRer B8 il chyfii g 15T A phodRe SRh FrefisRafibaly

(such as 1Rus dnnorparptedthyireferensethenein) Actayee of Renistal fatticedna epmbination af

expl ai ned abQygetsPGhich & £§onf{.8@gﬁé11 3{&@5%%‘{13&%@5@ iflerals il 2t ed
Itu re than |

materials generally cons € no of the

particl es i nEnvironroents Soil ScieneesSddiety of America (187 Reat pagbs d98+109, wiich Ise
present inventi the particles 18 can b fQr f rom nen- pol ric, .
organi c nate%ﬁ?'@‘?a"ﬁ%}ﬁ?%"&te PYHS%%F&%%')C,ﬁg;%gﬁmgggﬁﬁfaﬁ%gf é'q%sef ul in
t he present iimm%ye'rlmatémtslﬂa asuations) immfebrl-édtb}aedkurmsémemr@.t es é such as -
zinc stegrate an l num st ear af. e cal bon .bl ack .an t earam de, In yet
anot her grﬁddi rrent'%(ﬁ#!arpﬁ‘u8°'B?'8§89[&'?4§%Wta{e&nv,{']h’gh%mﬁgpﬁeé?@%caf§“ﬁé{hth8e {0 "
formed from :marwhetatﬁal amslecfairf_homlaé Ejﬁm@}elﬂ-wiﬂhﬂttﬁé msiréaikaewﬁ»laﬂ‘i@! sfe@cmie,usef ul
i norgani ¢ po ric materials include. pqg osphazenes, pol ysil anes,

pol ysi | oxane aNdigs sifueHearwales, whigh oReupids aiglatices ndis pirstine toadd to the,
silicones, apfbckio¥tatic 8Rergy m@tﬂ?t:todgseﬁihg thePb AW chérgePEE iEviaRs, 2@ | | M ti ng

exanple of a particle forne an
P lr?troduction 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 inventfon, the coatihg composition is preferably essentially free of
hydratable particles. As used herein, the term “essentially free of hydratable
particles” r:eans the coating composition comprises less than 20 weight percéht of

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

The coating compositions according.to the present invention can contain

30 particles formed from hydratable or hydrated inorganic materials in lieu of or in
addition to the non-hydratable inorganic materials discussed above. Non-limiting
examples of such hydratable ihor_ganic materials are clay mineral phyllosilicates,
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I norgani c polyneric nmaterial suitable for use in the present invention is
TOSPEARLAwd.byisherch is a particle formed from cross-|inkedpeirhusgesrasy and i s
comercially available from Toshiba Silicones Company, Ltd. of Japan. In
still another enbodi ment of the present invention, the particles 18 can be
formed fromsynthetic, organic polyneric materials. Suitable organic
polynmeric materials include, but are not limted to, thernosetting
materials and thernoplastic 20 naterials. Suitable thernosetting materials"
i ncl ude t her rmeqlwmmmqasl (pueh as musoevile), talesmentsorilionitey kaglinide aad gypsum. As

phenol i cs, e@:gl%' a%ovahssrﬂaaﬁ&r@@afmywh ;&?%? H?dra fdﬁ\&relé‘éiso‘c any

of the foregm non-1i1mti a prete

synt heti ¢ pol ygenserally panstttnﬂemofmoreaUam sameugint apmept afﬂhepamblesm the copting/

m cr ogel pal‘tlﬁ_' i Sui tabl e thernopl astic materials include

t her nopl asti c °|5’ R?ggf’ pol ycar bonat es, pol yol efins, acrylic polyners,
pol ya][n dﬁs 5ft her mnhaabtm{enmbgmagﬁbaml resémiﬂveFMnymWamdw%fhdﬁ%éeS of
any of the foregoipg. Preferred,thernpplastic pol yesters inc|ude ut are
not limted td® M@‘@PWPWW%’I‘%BW ?@"a'sp%’?%é?[%ﬁ%n'?@“ﬂ’@bgﬁ%rﬁﬂ%ﬂ'@ and
pol yet hyl ene nﬁaahsnahaéﬁ; mFihebPésreatdmoé}hwﬁl.ﬁnud@but%ee hoinitéa to Qtéfaraiééassﬁeﬁ
limted to, polyethylene, ene and | sobutene. -20 WD 01/ 12701

PCTI USOQl 2045788 mt‘eﬂiteanaé%a%aa}mwméteﬁf@e)s cafrb@n k@pg stearemisleof st yrene
and an acrylic ac f

Non- 11 41 ng exanpl 2 PEFRaEr HediReH{h e CO3LR Mo by BaftiicS( 8 can be
acrylic cdbl famnedidrom mmﬁxppwmnsmatem cNondimiting expangles, of useful

| i nki
M DS an o phetgflt pBNRRE hdteRAL icildB doiiahat fleftd olbldnks; Ronkiaiang?:
pi gnent havi ngmdajgiaré)nanesl; polymeric salfiir| pdalgnem(zseleraumpélhm'lesmﬂﬁ'nbcggés dri'y
t b t d 5 t vol u an
RETSEIL P oStk Bt R SRt ks SR o SRR et
non-filmfor mumggambpbl@ﬁ%nc&ﬁdtﬁhﬁ!&uﬂﬁﬁw foriuse irsthetpredent invedtionis TUSHEARLION

. having a Size of .55 10 mcro s, and a solids content of 30.5
percegt b?/&{/\e "@H‘?" rffonperass-lin 'L%{as'lfaﬁ?'l‘ﬁ gnd 'apem%ﬁﬁc'@}b(aﬁya@be

non-fi |l mfor Mg T§§m5@3mc§ﬁé§/tbﬁpw YREof Japart hetic  pignent di spersion
having a particles size of 0.40 m croneters and a solids content of 36.5

percent by weight. Ixstilhapgethenersbodiment of the peasentdnvention, the paticles48|oan be
avai l able f rqmm&%?nﬂﬂ@ﬂé ogg Eé’lyﬂ@ng PatéHif. LG lepd? %{ Eé.(lz@gﬁ? 15 The
€ prese ro

partlcles 18 accordi I nvention can a
materials mclude but are not limited to, thermosetting matenals and thermoplastlc

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 t_o, polyethylene, polypropylene and polyisobutene.
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sem synthetic, organic polyneric materials and natural polyneric materials.
As usedwderen, a "semsynthetic material” is a chem calkl:msmﬂnimed
naturally occurring material. Suitable sem synthetic, organic polyneric
materials fromwhich the particles 18 can be forned incI ude, but are not
limted to, cellulosics, such as 20 nethyl cellul ose and cel |l ul ose acetate;
and nodi fied starches, such as starch acetate and starch hydroxyet hyl
ethers. Suitable natural polymeric materials fromwhich the " See R J.

Perry " Appl pestbired acriyid psHRefs htlldé BopalyrRsm it stypdrid andean aélyiisacigh. February
1999 at pages 39-44. 5 See "Chenicals for the fextile Indupﬁe@%@ ept enber

1987, avai | S19nemer gpd R@Mﬂ%ﬁ""ﬁﬁ'&@g reethacniate. pilon-iiting gxam ﬁﬁ'ﬁ a. 8
See product Bﬁﬁﬂﬁ&b&ngﬁg%rgﬁ% fggh% acryhB%ﬁ%Ef Are%éﬂﬁéx@bisbv\wmer e

Pi gnent for aper and Pap Coat’l ngs tober. 1994, available from

Rohm and Ha@samawnynon-mwslmmgmhd acw&!%nasilp'eeﬁm%s'aﬂ, %QSéQiJE% Pch is
h b titled
"o ohi t e8¢ ur 05 ThfEn B ah Shgauh in AR RETNG iiine SR fehmOtt pfeter or |
1997 avai l abigmefnt hawﬁ@hrﬂ\ Gimicrometer @artislersize, Rrsolidsi contantof 26F!iamrsqmt\Inm| a at
age 1 which.li ' A 543P and
RCPAGUE(r) _ ekt 354 835 Rt SBffiie R GiENGURRI G oy S ROAQUegl 3° 2
ROPAQUE( r) ;P—W which are iderc}mtal i eath being aimbl agge, R@?M[tﬂ%nl)wlr@?swﬁnen t he
coatings indus 9 See uct technica entitle

c chi Lect uRPICCVPRGE Silbeli Riame S dpbesion BirghiPrElR 1ee 8P088 rone+ pri
1997 avaol akligtometis Bad asdiids tEraent@r pSpercétit bl adighy ared ROPMI'.E@ o622 at
page 1, which_is_hereby incorporat efﬂi"cffl’ reference. -21 V\g 127’(.)‘

PCTI USOQ 20k87 whigh/s alspan %qgﬁrf‘%'é rRg; $1WenE 2crie POYMENRSYNtAeis ¢ ed ¢ o,
pol ysacchar pigfent aidpbrsivh ha'itir@'& Bartt@l@é X268 B DUDMicfonteteRSardPd Solids cah@énpat ur al
hydr ocar bons,” such as natural ubber and gutta percha. In one non-limti ng

embodi ment  6f 36.A@eeat bhwelgh&eﬁﬁfﬂb?f theﬂaeswfyrpamctes is cpmmereialysavaiable o
f df | t | t. t
o o O i et |

absor ption Imti n? exanpl es of such hydr ophobi c
pol ymer 18 mat eri ?{he particlesdi8 agsording:torthe prasm! ip¥entionrenalacbe foraed from

Gxanpl aq. of “omspRNERL. KT AR, KARAa SR Al oo Roid. Aled e )
OP-96, 10 RWJE( s;mlsynmes@mmal"mm(qa Jly @dﬁgdLmtmagmmmmgaach
di'scussed material. Suitable semisynthetic, organic polymeric materials from which the
particles 18 can be formed include, but are not limited to, cellulosics, suchas
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 39-44. . .

5 See “ Chemicals for the Textile Indistry” 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 entitied: “ Architectural Coatings- ROPAQUE® OP-96, The All
Purpose Pigment”, April 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylvania at page 1 which is hereby incorporated by reference.

% 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. '

9 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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above). In another non-limting enbodi nent of the present invention,

pol ymer i cwonetsi2eéies 18 are forned from pol yneric materi al #Clnasnoep4s7 gl ass
transition tenperature (T9) -and/or nelting 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 frompolyneric and non- polyneric i norganl C
mat eri al s, polyneric and non-p qsi%/|maric organlc mat eri al s, nposite

materials, andaficles & sappe fornegkinglude.ftuit apR,notdimited to, IW*F‘H&“@%WF@?SM
sui tabl e mat erdajeh; 5§\g&afaégmukh%sfé%&%m5twdu ﬁ?nfrﬁé&b@ﬁ‘s 0EHBS natufal

descri bed 20 above! mting exanpl es of ow polyneric particle
useful in preguhbberandgutta parcha.e ROPAQUE(r) HP- 1055, ROPAQUE(r) OP-96,

ROPAQUE(r) HP-543P, C
abovg)J (FZ)r ot her non‘ﬁ{%dndﬁﬂ?ﬁ%gexarrp es ofaﬁ r?écg/ﬁv%@re{‘% edé%&ian be
useful in the particent8 ara/tarmwlfrouehydrephdbm;zolmem ma(dﬁ?ls)to@ém&éh)oramstpa_glg_ﬁs
437-452, whic r cifl. |nc rate 5 referenc rein. e
particles 18 [}gglpﬁqrggﬁs?rﬁ %%1%‘] %f(% q%#'ﬂ?ﬁ@%ﬁ’faw%ﬁﬁ%ﬁ can be
present in a diylalmwbivpl' ol;lauemmh | tewaxsanclegelbeuara rio?l;]mwétﬂb po@ehquer@ol vetnts

h neral oil .or al coho ra S an per cen
can bo i ncl uGAPYRRORYIEhe. Fobsbena A RIeIYImATRaRYIREn Narimtng eé@%ﬁ"?gef A
non-limting eyoNay QU HMRI058 ROPAGQE®OP2sed from
an |norgan|g rmterlrgnélﬁgﬁocgg&fsﬂﬁélﬁab ﬁ@IflfmTRl DE RELEASECOA d;ICC]\I C, i\%ﬁl chis a

di sper si on! ®f BGPHAURR "ﬁ?e‘-ﬁiaﬂitanﬂmoh'ﬁﬂﬁﬂeﬁzp'é?ﬂgmﬁs (eachgissussedd i s

commercial ly ayah, Ebl e from ZYP Coati ngs, Inc. of -22 WD 01/12701
PCTI USOQ 20457 Oak Ri dge, Tennessee. "ORPAC BORON NI TRI DE
RELEASECOAT- Cdn@nother npadimitingembadimnent of the preepnidoveritiogspolymeric particles 18

specifically i [olols chni cal
bul l etin, the %?%%ﬁ ewf)ﬂ(;le?{cl c%ggﬁls Hgﬁhgs% ?'ISﬁL ng\}ée%r%p Qﬁ“
particle size alfdldreaeltmglaunegneat)aram:ﬁ?cbandbrefm:éhlﬁgre‘atqlﬂagﬂggoz 05t
magnesi um.gl um num C o] e boron .ni.tride |

sugst rate tO Whi chl%‘t gaﬂf’@‘ﬁfe?%ﬂ"i’ﬂq‘i"g eﬂﬂﬂ mgnt qfhlf mvep W |tr|’f’gpﬂ?'°lFﬁe
ORPAC BORON NgT¢dne ﬁEldiPﬁEﬁﬂéé’fd?ﬁH@ firim btatémilﬂélédtékﬁfrmlpwmém draGiomen
Coulter LS 230,particle sjze an r found,an avera article size of

6.2 nicronet erRo! W'ﬂ%‘"m@&“l‘ﬁ 'B?\?Eglﬁa YMENS At neRrRalyRe ?rﬁ gapicirgatatals,
m crometers ansdnipoéitd ndtéialé, Anddixtiges dCarfy otithe fiiddoitiy. MorRrhiting eRamples 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.) (1987) at pages 437-452, which are s;’iéciﬁcally incorporated by
25 reference herein.

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

30 dispersion of parficles 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 50 90 Size (pm 10.2 5.5 2.4 According to this distribution, ten
per centwofoiizmer ORPAC BORON NI TRI DE RELEASECCAT- CONC 25 BOTaISo020457 de
particles that were neasured had an average particle size greater than
10.2 mcroneters. 15 O her useful products which are conmmercially avail abl e
from ZYP Coatings include BORON NI TRI DE LUBRI COAT(r) paint, and BRAZE STOP
and WELD RELEASE products. Specific, non-limting exanples of enul sions
and di spersions of synthetic polyneric particles formed fromacrylic

pol ynmer s andOakRidgeyFeanesseel ORPARHSBREN NITRIDE RELEASECOATAOONC ) a

(di scussed apove. L r) G.-62310 which.20. is an all acr ylic firm
pol yner enul gﬁ%ﬂ@%"ﬁ@'%@éﬂm nemS Specficallyipearporated aﬁf B%nd a
gl ass transi hérelh. tﬁd&&ﬁﬁgf t¥ tRisabcifiiéal bidth SineMSoFor’titié partivled In ittsis prodactd.
met hacryl ate pol ymer enul si on having a solids content g')f 45 Eercent by

wei ght and . haveAnsavarage parficte:sizaofiessiban 8 Migropeters sod Fgntep- 96 and
RCPAQUE( T § %agﬁﬁﬁmfﬁﬁ?um%mﬁwa theHoréh Aitritie PRI the s@?sﬂgfe%r sion
having a partic¢le size o 10 See product property sheet entitled:

" Rhopl ex(r) shichtye dispersiotris appliedk itndepaodentitesting gfithe QRPACTRBORBON al

Nonwovens NAHBEREEAEbbAR EoREC BB WRHEHERRRA AL PN &

Pennsyl vani a, I'Ch TS hereby i ncorpor ence. ee product
property she230 particlelsize: arayzer fiund aRravdrageparticksize 0£6.2 Griatometss, viithul si on

E- 2321", 1990,. availablg from Rohm an n i, | l.ohi a
bennayl vani b HHER S Fab SHEMRRRPR0 0 E AP rLas iV 68 gl 1270,
PCT/ USOOI @04 8iétribUtiGroofpatticesst ers and a solids content of 30.5 percent by
wei ght ; ROPAQUE(r) - 62-LQ (di scussedabove}—which-is-supplied as a

di spersion having a parti%l®s Fize18f 0.40 nd8ronefers %8nd al solids

content of 36.5 percentSiQy(mﬁ)gn; g ROPAGKIE(r) HP-19% (d] scussed _
above), which is suppHeg—as—a—t+sperstor—thavrhg—a—o——sotr—ds—eontent of 26.5

ercent b ight. al ] .of. which are c Gl Ve Rohm and
Elaas Oorrpgnyﬁ#rélﬂg ?%hﬁ 8‘%@95‘%g?&(}?’ggﬁﬁ’é%ﬁa?hé"‘gaﬁiﬁ@ﬂ Iglrﬁ'{&ﬂg]r eferred .
enbodi nent ORELEASECOXMCONG/25 bbrn, nitride padialkes that weospeastredhadanpri ses a
m xture of at | east e i norgani a,lrt"cle articularly boron nitride,
and nore par PYXB9SPR cg%q;ﬁgﬁ?rﬁ}aﬂd@- Wéﬁr?'agﬁeg‘under the tradename 10
POLARTHERSA 1) andOtier USEY pladbER visich-ireicomnmdrédliyEvanaioiom 2Yel Cebtingseast -

Ser e P! s BBRSK NI TriSE LUBRIGBATS paint 4 silRZe ¥ dnd e "

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 isanall acfylic 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,
. methacrylafe polymer emulsion having a solids content of 45 percent by weightand |
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.

1" See product property sheet entitled: * Building Products Industrial Coatings- Emulsion E-
23217, 1990, available from Rohm and Haas Company, Philadeiphia, Pennsylvania, which is
hereby incorporated by reference.
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nononer, and nore particularly a copolynmer avail abl e under the tradenane
ROPAQUE( r'yo oThz7oparticl es 18 are sel ected to achieve an a\ROTGEN0204%7i cl e
size 19 sufficient 15 to .effect the desired spaci ng between adjacent

fi bers. For exanple, the average size 19 of the particles 18 incorporated
into a sizing conposition applied to fibers 12 to be processed on air jet
|l ooms is preferably selected to provide sufficient spacing between at

| east two adjacent fibers to permt air jet transport of the fiber strand
10 across t he O1%5omicrometeseandha selids, conigrit of 89.5Reerant e weightl ROPAQUF® oom i n

which the fill ey aodubtiay éb%vbf%\ﬁ-r.&rﬁe UBbifed 41 didhetsiRR PaVRY Lhaided O

corrpressed air fromon nor e es I n a nmanner nown to
t hose skilled isizetdf®.40 micrometersoant:a solasanvptesztcf%SmmeaQWUembt andof the

o be | mpr egnal o ARURER 0GR skl Booiel BN 1) SUbpBEfet EHisplrddr ivind 6.

suf ficient $pasolids dortentoh26.5 geecertt by weight] albanhldh arermmmermally ava?léblaeﬁrom t

good wet-out a rou nd 0. .Although not limting
in the present rﬂ%ﬁ%ﬂ?# Bﬁas g\pﬁgypflgfubfe@ ENESYNANA- have an aver age

size, measured usingn hmcumgtar@rérraa ehfodiMert @8 theQrestnt thveaticii, thid'egating 000
m cronmeters, nore preferabl 001 to 100 mcroneters, and nost_ preferably

an average si z€°B‘P°§'F'%F9'“E”§Q§ amixtyreqf @b legstoneporganis @B@@ Pagticularty boron

non-limting erﬁhﬁ&@ Eatmére uiHr@SaetSBroh 'ﬂ\fﬁ‘tﬁg é&ﬁﬁab@@ﬁdéﬁ’tﬁé%@enﬂﬁét icle
size 19 of the articles 18 is at least 0.1 m croneters, %:referab at

least 0.5 18 cFOARTHERM@andier@BPACHROBON N TRIBRRELEASECGATICO

and preferably

i or bmator o. | 1Rk Ohe il et Ehalee .nvéa?mgfﬁf%*k%%ﬁéﬁhc B
have an aver agenqrenercand siomepdrficuléaniyt a cepajymer avdilgble umdérdhe trbdename

aver age di anet Oﬁ% hE@Dfl bers 12 to which the coating conposition is
applied. It hag % served that tw sted yans nade fromfiber strands 10

having a | ayer 14 ofThe gartickss tBiaredeletted id&dhiev&iahiavgragerﬁmidlé $i2¢ 19 @UitieRt NQ

particles havi er particles SIZ ssed a ove can

advant ageo&gl ??g%‘ft%ép iﬁq'?eptﬁpéﬁ'f‘g Eyt‘ﬁer?ga g?h%@mpﬁh‘b%?!e@se 25

to permt'air jspe wa@rémws@a n@corp&hfedl ififo d ARG e@hgosnwmea kefibero D
egrity of the fiber strand rovid

whil e malntalnlngtheln ng
accept abl e wet 19 ‘FBms%°%lfJQSLRO'EW&rFH@ﬁeEﬁh%W'%@eWoY'%ﬁE@ﬁ'&t‘%ﬁPaﬁlf@h a

10 polyneric mpbfween st %e adjAcé BboR"to PRRAR hirSet tAASHAr & the Rberditindi1gent

of the present invention,
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

-.. -.... 18 selected to provide sufficient spacing between at least two adjacent fibers t6“""'-' TE

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

Although not limiting in the present invention, the particles 18 preferably have
an average size, measured using laser scattering technigues, 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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average particles size 19 of particles 18 is at least 3 mcroneters,

pr ef er agbwiasrleast 5 mcroneters, and ranges from 3 tpctﬁgﬁo/ms'rorreters
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 dianmeter of the glass fibers. It has been observed that fabrics
made with strands coated with particles falling within the sizes di scussed

above exhi bi o 5afREbMEErsHEGHERMEErsMaA aﬁl&nﬁdmﬁmtdﬂhééreﬁént\mwﬂtwmn@gnat ed
wth a polynmeric matrix materia be reco n|z |ﬁb%pone skilled

.2
in the art tﬂﬂf'c’ﬁﬁﬂﬁmgaﬁﬁvéfﬁseé’?”h’&ﬁze E)%l“ﬁt!ﬁ@s"ei% ther ent

aver age part h@r&giaé%t&%fm&?s hﬁ@&warahaﬁ@doamg%oms.usw a;gmes Offiagi tion
i n accordance w the present invention to _inpart the desire properties

and processi beprcoksesadthatiwisted yarns iade;fiasn fibensirands 19 havingadayerd4mfeduct s
subsequen |y n,lbl% r ﬁ,@ rticles .
can ' be 2§ ‘%Eﬂ og ﬁ;nrﬂagp rg?g'p [ a&ﬁg%h%@%ﬁm%ﬂeﬁ § 1?'?'Eaan ng good
air jet tr anpqrhcles sizes 18 discusseakaboviicap adyanteganysly provide suffsirntspacing good
wet - out and r E b asi ve
wear by cont Saef apfade pef 25 BibBelrifairie WRapall (o uFRL a7

obj ects or nadress thedoavh) while llinamgdlmag tlie lhmgntmnhaﬁberckhandgomdfpwvﬂmg and -
subsequent processi ravin Abr asi v

herein, mean2°€P I n%{st-tiuro%aa?qdv\ﬁge cﬂuF Ia ta ge{l§t|c83v|1eﬁ émr%a?es\:\}?’a'ﬁh%e ac used

breakage1gf p%,hgﬁgnﬁm,a‘ma@hapnal contact with particles, edges or entities.
of materials ich are hard _-25 01/ 12701 PCTI SEOO’ 20457 nout%h to

produce damage to In; gpothenspesific, S@@"W'"@ﬂ@ﬁ‘é iment of {he prasent iy '°F‘5

specifical | yawé?sgé Psﬁlelbeguzéw o 6T pRARRNEEI 816 BeieRst FIMAEIERSRNETeRbly athedst
strands causes rimental effects to the fiber strands, such as strand

br eakage durﬁnycrpm@@'ssan@“anawfr@mr& tocko0Q anigtometers, prefarakly 8121080 as woven -
cloth and coppashbis, sl n%}@rérg&[? RS ﬁ:%ﬁoﬁ&@r&mf“é‘;ﬂ%# e&aqnm.s In

the form ng step, or exa particula rs, contact
solid ob§5ecembwmnmaatheavaragecp@mmsvze A§ of thecp $11$ ForvespoRd®r spiral

before bei .“99?%%& otﬂég g@ﬁ?ﬁ%lﬁg @%ftﬂ l%ébﬁd .aﬁﬁSQJBLXnBPéH dbons.

such as knit I ber rand contacts so jects
such as por t thahfabdts trhdefwnﬂbeatrabds asatedwith papjsiesfalling withip thesizesdiscussed

e "% A6 SR AH0G, WhEWBEHICE R e Bl Bind oo
polymeric matrix material.

20 It will be recoghized by one skilled in the art that mixtures of one or more
patticles 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 proceséing characteristics to the fiber strands 10 and to the products
subsequently made therefrom. More specificaily; 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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the glass fibers include air jets and shuttles. Surface asperities of these
solid objwots/i2mhat have a hardness val ue greater than thacmsowhessgl ass

fi bers can cause abrasive: wear of the glass fibers. For exanple, many
portions of the twist frame,. [oomand 15 knitting device are formed from
metallic materials such as steel, which has a Mohs' hardness up to 8.512.
Abr asi ve wear of glass fiber strands fromcontact with asperities of these
solid objects causes strand breakage during &ocessi ng and surface defects”

in products suenough tacareducs damagete the fibers: t3es Kulidems alragasied, whishbtie and
manuf act uring Qﬂé&iﬁcaﬁg in-E%rﬁHereH]b?.erefé% Neéreif® ﬁqraéi @Qﬁr St h@%rysr&uses
e pr t the 1 ardness

enbodi nent of t esen I nvention, particles ave a
val ue whi ch dodetrimentaleffects, to theefiberistrands,ssuchlasrstrand brpakhge during peocdssing

value of the g | be . Ih S [ticles,and

gl ass fibers cgﬁaggké% éé%éﬁp&#agﬁﬁgﬁk\é%#ﬁ%?% ﬁé&%ﬂ@ggs'{%yg'lfpenent

(rjret hod, sgcﬁ ahcgéaﬁesmsteﬁarlﬁﬁangfdcr_mb'\;gmh S, 3ut i's prfafera.blﬁ '2'5d'
eterm ned accordin 0 e _origina ' hardness scal e ch indicates
the relative scrat grp,b}eeflgfrgpg . ”?"ﬁg“i‘ilrg\égﬁse p_ﬁﬁ'cﬁ'aﬁﬁﬂgﬁ\ﬁl\gbe'@nc%ﬂté‘éteﬁ%d of
one to ten. ThghjedahiichRR dMetalic\qtheting’shdeamd d irdirse &eéb?rraﬁbéfﬁré Eélﬁgs from
4.51t0 6.5 and is I%enerally 6. R Wast (Ed.), Handbook of Chem stTy and

Physi cs, CRC Pweyad inta afeymigg pgekpger-In fabrigasspmbly apseationscsuahyas knitingor at ed
by reference h i ' £ohPa : ; ' t he
p)altrt icles 18 erg? {é@g’b*‘e gﬂ%ﬁgﬁé’?? rom %@Eﬂﬁ%&;g@@?%ﬁ% g?'?@ﬁsaégih ﬁi;?gfcs
at page F-10. assmigly apparangi(e.g. a-logawr bpiingdevice) which ecangabradiesthetshafaces

har dness val ue e - =i L . ' ---. f0

from  nor gant ¢ 190 trekdandiss el 141 EXAHBIE e Boruli b £ O i oBp(Fet

gi ven. in Tabl the/glasd fibers rechide air jBtr aridcshuittiest Burfrce asperitigsof thesediolid Sbjects

(or 91021 222! et g6 §Releen i oo dnth U B ihed sl it
1.6-219 - 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 prefé_rébly :

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

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

2 Handbook of Chemistry and Physics at page F-22.
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calcite (calciumcarbonate) 320 Calciumfluoride - 421 zinc oxide 4.522
al um wowyr7@. 529 copper - 2.5-324 iron 4525 - gold Z2CrGs8r04s7ckel 527
Pal | adi um 4.828 13 K. Ludema, Friction. War, Lubrication, (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, -
whi ch is hereby incorporated by reference. '8 Hawl ey' s Condensed Chem cal
Di C]E i onar 0(5]1%%&61 '\l;_lwib Mbﬁ&%rﬁtesaagmeébﬁeevemmh -liftirigesxamples afcpagqnmsgtg ed by
-reference ey's ndense 1 Ed. 1993) at
page 784, amed ffam inorganic m?%‘ék"ﬁé‘%‘?‘@&"’d’ﬁe "éﬁl?r‘?!ﬁﬁ"é* IVENMIANLYE fHende :
Chem stry q—gge&hué‘bﬁs at page F-22. 18 Handbook of Chem stry and Physics at
page F-22. -- Friction. Wear. Lubrication at page 27. 21 Friction,
Wear, Lubrication at page 27. 22 FrictilRleAwar. Lubrication at_page 27.
-

I%ﬁyglrlcgt :511? page—- ”Eg“miei‘.i;ge.ﬂguindbook of ulCﬂTollLl.y .m Emv n yF?gg.
26 Handbook—of-—Chem --JL SHE~ Ph cs—all—page :
C:hemstry And PO o Llondhao S 2V, £ . Sics_'_
at page F-32 o7 M/WWFM gisuifige T/ 1sool20457  Table A7 coat'd} Bl atibhum
4.329 silyer 2. 5-490 tale 1-1.5" '
mica 2.8-3.27
kaolinite . 2.0-25%
gypsum - - 1.6-2°
calcite (calcium carbonate) 3%
Calcium fluoride - 4% o
zinc oxide 4.52
aluminum - 255
copper ) ' 2.5-3* -
iron T 455 -
- _ gold _ 2535
- | nickel &7 B
Palladium : 4.8%8

1B K. Ludema, Frlct|on Wear Lubrication, (1 996) at page 27, whlch is hereby mcorporated 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.

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

1 Handbook of Chemistry and Physics at page F-22. L -
2 Friction, Wear, Lubrication at page 27.

2! Friction, Wear, Lubrication at page 27. —

2 Friction, Wear, Lubrication at page 27.

2 Friction, Wear, Lubrication at page 27.

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

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

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

28 Handbook of Chemistry and Physics at page F-22.
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zinc sulfide 3.5-491 As nentioned above, the Mhs' hardness scale relates
to the resyetoangmiof a nmaterial to scratching. The instantPGTUso020487
therefore further contenplates particles 5 that :have a hardness at their
surface that is different. fromthe hardness of the internal portions of the
particle beneath its surface. Mire specifically, and as discussed above,
the surface of the. particle can be nodified in any manner well known in
the art, including, but not limted to, chemcally changing the particle's
surface characteristics using techni quesTdbrar(Contd)he art such that the
surface 10 har se aof the narticle is log S
of the glass 1i i | ePlatimen har dness ofl the particle 4®neath the surflce
is greater th har dnesilveof the glasd fibers. As a#86t¥ler alternativle,
a particle caj _be fornedzihceufide primary material that 3.84%bated, clad of
encapsul ated with one or nore secondary materials to forma conposite
mat eri al that has Asynéitivned abbae, ahe Mdhs'rhmtinesﬁ gcalearelmeﬁ focthe resistadce bfa

formed f t hat Led yiih
(i1t ng_f o AR I SRIcING, Thlartesd invetn dheralofs et PopRPlATS Py

has a softgr thaahaa@a hardhed8 &t e Burface &t isbiffBRat frbmthé haﬂintebeopnhesent
I nvention, an_inorganic particle formed froman inorganic material such as

silicon carbi #terda rummfr%hgoamclerbmawﬁ pirfageo Mare gregitically, and ag 4,

carbonate or gRRESINatNE! thBSuklcd 8( tﬁb%a%fé &4n b&%ﬁ%&ﬁﬁaﬂ@ﬁiebﬁéﬁrel
another non-limting exanple, a silane coupling agent with si de

chai ns can bekpeweircthe.rt, induding but ratdimitedde, sheoricaliiicbanging the partide'sed f rom
an inorgani ¢ gujede él‘%r&’&@ﬂét lnﬁ ?érg\l dqtfeger%tlﬁt r}él?éhethg?%b@grfgc softer”

surface. O her exanples ng, encaps I'ng or coat
parti cl es10or herinessof the pantmleplsl lgs=ethao ooeqqmiltg ﬂwhardmﬁsmf it glass fi bers while

el e ot "ot haRGotIhe Rt Eee e e RLirRes e SoRBERabn AdRReRER LAY,
and Physics aglapsafibefs: z&a%#mdhmke,d pﬁamahrb)e famedinyrai Corimdrypage
171050 " "SR ot o sl ke iy et
synthetic pol Wkt EsthposienteAitRatMdsth SoHe? sUAGAT ARiddtRelya ahﬁ.:le can
commercially available fromPierce and Stevens Corporation of Buffalo, NY.

In one enih@di RefRrmsd frora anriaanymaterial thaténcoatad glag on %ﬂCéBSLleteﬁr"\étht%er mal |y

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

25 non-polymeric or polymeric materials with differing non-polymeric or polymeric
materials. A specific non-limiting example of such composite particles is DUALITE,

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

* R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71% Ed. 1990) at page 4-
168,
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conductive, i.e., preferably have a thermal conductivity of at least 0.2,
Watts pwobrimeler K, nore preferably at |east 0.5 Watts REXUSIO0457K,
nmeasured at a tenperature of 300K In a non-limting enbodi nent, the
particles 18 have a thermal conductivity of at least 1 Watt per neter K,
nore preferably at least 5 Watts per neter K, neasured at a tenperature of
300K. In a preferred enbodi nent, the thermal conductivity of the particles
is at least 25 Watts per neter K, nore preferably at |east 10 30 Watts per
met er - K, andwhisteis msymmbqfoﬁjméﬂcwanﬁclémedMﬁcﬂhhhscarbnnatetﬂmtué( measur ed

t at t nbodi he.t h |
Sonduct o | JFaimersiahy. yslapleecin BiclEd aBd Slevehs Gortgidsrtiumalel Ry, ey
gg 8];) e\r/\ztalt y If\bﬁ@eﬁ?oﬁﬁn&ﬂ%@tﬁéﬁérﬁtﬁem%\?ﬁ%ﬁ:th&pamﬂee 1Brafé theninblly V\fa { ?m 30 to
S er neter and nos rerer 0 S er
meter K, rreg":?m’\é‘a“’ﬁt i.ey, Rrefarably bave gr“%e"ma?ﬂ‘l%‘r?c{' %?gl?aﬁ'e(%g(‘)'ﬁaﬁs ‘R&fer Ironatl
conduct i wgt ymet@?ﬂ”ﬁ:o?é"ﬁreﬂirﬁﬂ? Ik léagf 0. SWﬁtsgﬁértmaéﬁKt héhsm‘eé afh hﬁﬁpér&t‘ﬂre

ability to transfer heat th rough itsetl

Condensed CHf#00Ki e sendimiting emmdme@dthejmle%ig \éma\zeea mmamr\sincgvgty

speci fical | yyfig mﬁg e ctivity of
a materi al canP%ggggter ngﬁe%?k InGt-pre %% Qtle ﬁ?ﬁ% one gqfl ed in the
art. For exangdsured atatemnemmmfanemumaumfegredfenmwmemmeutmrmab be tested

conduct vi 1y oBRogtly bt ey ot e et Wil heRic FkS orctorably I el 10

hot pl at) N30 Weltta pepmetendk, hndbﬁé"m/hﬁfdafeféﬁbly\ahleabt 1QO Watts iper metdr}(

incorporated by reference herei te erat
Lhermal 25 JBRARYER] o 3 Pripereiee Madk: 3n sREREL Al TRLEmEREN: el helsdiu
per neter K dopddetifly ofiivetpartisiés rnges frém 5to2000 &Vatts peronetuct(j prefefaw t he

t | be_det d t t hod
Recor di ng.{ droRie sak it ek misteri, malg gesteraplitrom ot e PAT et hey
reference hepstepk; aﬁmnﬁbfﬁéfée@ﬁlylﬁonimtewndwamerrvhaéek rﬁaééwdd afat o be

used if the thermal conductivity ranges from O 8 rPtBrreter 30 Kto
20 Wat t sl Dertemperturg of BPOKK, Asiusad HﬁTe"boWEUE?'|°9P eans1ihe PiRRerty oper
neter Kt ﬁass‘?é}dweastﬁr&. tsee SeelfLewtNGes from
20 to 100 V\L}ﬁﬁﬂﬁ%&f{ﬁaﬁ&eﬁﬁﬁ%@ﬂoﬁet hod can eégg 26 WO 01/12701

PCT/ USOQ 2044= k1210 . a9%‘i)aateéae #O%. which is
appar at us C@&Eﬁ#@él@ﬁrforp&g efftdldeYbraifl t. two auxiliary heating plates,

two cooling units tion, a ter’rPerat ure controll ed secondary
guard, and a tenp&eaﬂwamalmngmtwmegta 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 . - {f 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 pe determined using-
the guarded hot flux sensor method according to ASTM C-518-91 (which is
specifically incorporated by reference herein). In other words, the guarded hot plate
method is to be used if the thermal conductivity ranges from 0.001 Watts per meter

30 K to 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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systemis used to test two essentially identical sanples. The sanples are
pl aced ofyb ogisfeer side of the guarded heating unit with tRE/GMICEITe faces
of the specinens in contact with the auxiliary heating units. The
apparatus is then heated to the desired test tenperature and held for a
period of tinme 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 thermal conlddbe guanded histplateomethed, 8 avprded hot platecappasatus icantetminaai ng

the foll ow T,
t h?c kgesgwop gté]e ‘g%gﬁﬁaébbéﬂg tﬁ:o%)@ﬁgy é%%“r“&é@%? iF’f“’nlec &ﬁ‘(#r@ﬁt r?g%@%rgguloﬁgow he
sanpl es. 15 | ta tesnpeehturs/cuhtiolied setondaey guard) and\a teémpergtuee seriser nasd-out

duct t I d t t d d
G T g, opar dhvetert Brien i ks bl Shseeaiy ebfite BAbiH” Rk i Phcst op
life. The teergimer §|G€‘éﬂﬂ{é gudrded)ﬁeétﬁngﬂﬁtemmtaefppaélté fécesTal’Qhes ¢|meh§11ﬁ| uded
in Tabl e B. AIthouc?h not required, in another enbodi meRt use in the

present i nventGantact with “t“hé‘-"ﬂ'&ﬁ*’y heating upits. diheanmaratys i5 ?&U?%%Fg\%tweﬁﬁ%
high el ectri Catles{]tsﬁfgautﬁsetam Hel& for d\5erodat tinfe! @aa.réml ach%% %ﬁérmai Yeglpat er

‘than -1000 m croo e of particles havin Igh electrical resistivity
is preferred fstatec@ncerthe etealdy(;ta;etcpwltt@n i acb!ﬁVﬁd ghe hgatdfow (Qnassing  t o

inhibit |oss [ ugh
the rei nforcghreo‘i{gﬂ(i%égﬁklé%agp%ét E" arggﬁ@%ég@%ﬂ%ﬁ%l ? H%Ie%?{drés) for
m cr owave,1Q@5 nesdidedf H‘quemgelthelméi eonductivin(K.&)l of the samplasis then caleulbtedence
applications, partjcles . h electrical resistivity are not

requi red. The ‘%"&%{hﬁ'fe@q '?%}s/qr@g?n@g sel ected materials in Table Ais

i ncluded in Table B. -30 WO Ok4é|2@Q/RQﬁ US00/ 20457 Tabl e B I norganic
Solid Thermal conductivity Electrical Resistance Mhs' hardness Materi al

(Wm K at 3001k¥hereinds is the average ﬁ@Pmss%H}eéamR!%?"%ﬂ%ﬂ@)avﬁfﬁ%P M ride

20032 1.7 X 10dmpiredaréa gqqqé)gh,gaggphl de 35035 - 9.536 al um num phosphi de
13037 - alumnumnitride 20038 greater than 101939 940
1 5 It is believed that the materials with higher thermal conductivity will more

quickly dissipate the heat generated during a drilling operation from the hole area,
resulting in prolonged drill tip life. The thermal conductivity of selected material in
Table A is included in Table B. '
Although not required, in another embodiment useful in the present invention,

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

25 radio 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.

-30-



galliumnitride 17041 - - gallium phosphide 10042 - silicon carbide 27043
4 x 105wipotk1220110644 greater than 945 silicon nitride IchGusidtésszo 102047
948 beryl.lium oxi de 24048 - 950 32G Slack, " Nonnetallic Crystals with

Hi gh Thernmal Conductivity, J. Phys. Chem Solids (1973) Vol. 34, p. 322,
whi ch is hereby incorporated by reference. 33A. Winer (Ed.), Carbide,
Nitride and Boride Materials Synthesis and Processing, (1997) at page 654.
34 Friction. Wear. Lubrication at page 27. 35 G Slack, " Nonnetallic
Crystals with H gh Thermal Conducti vit Wable BPhvs. Chem Solids (1973) Vol.

34, p. BZUWMQ_%_L&L&L&%&—&B—RM 5
Haw ey' s €ondeerganic@elidi c 4l Tmerowd tivity1p tElegtdcal Resistange Agg'sl'@fd“e% ch
i s hereby|i ncorMatesiabd by |r ef\@¥mricat 3 S| acKmicro RbAtret al | i @riginglscalel
with Hi gh|Thermal Conductilvity, J. Phys. CM)( 1978) Vol., 34, p
333, whiclh i s Hoesremitridencor]por at e@0B¥ r ef erlence. 1.3 10”°%5] ackl " NonZ®tal | |
Crystal s .\t bordhghodghideral| Condu@5D¥ity, Ji Phys.. €hem Sollds @&%3) Vpl.
34, p. 32 ,am(mnoﬁ\pm;smaeby I ncorqdofat ed by refereace. 39 Al Weiner (Ed.},
Car bi de, &l AR T de Vat er20e®s Synt hegjreatentharPt@®¥ss| ng, (9997) a
page 654. 4U AliGrh nfifide V‘ear, Lubr1|7gat|on page 24. 41 G Bl ack,
"Nonnet al I S hidt w dguctrvity, J. Ph}s. Chem Sol ds
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preferred coatammﬁaiffgél Hes-hydrdtabie partitles lohthé iBer{ 0 1) coatings conprising
an organi C1 5 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 particies 18 comprise greater than 20 weight
percent of the coating composition on a total solids basis, preferably ranging from 20
to 99 weight percent, more preferably ranging from 25 to 80 weight percent, and
most preferably.ranging from 50 to 60 weigit percent. in iiiis"fembodiment, )

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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a thermal conductivity of at least 1 Waft per neter K at a tenperature of
300K; iv) a residue of an aqueous conposition conprising lanellar 10
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frominorga ani c, hol | ow artl and copposite
particles, B h{ear%% Ngﬁlﬁ%ﬂ %ﬁrqqd(,m%&%?ﬁ/? r?d'ya{’fbl?rfgregr?mgdr&ghq'ﬁl ue whi ch
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In anot? &Egodl ; spa|5 q f1'8 conp E to 80 wei ght percent of
t he coating B'ﬁ Is, kg e&?"%c} Bg'yﬁ‘ﬁg? 'm'@F’EF'\Sr’HBWa'P form &0 wei ght”
per cent . |ngemreu>emmdummm Wieh &ppiikd ROthe GUHASE 16 8the Ys3ifBers20 to 60 -
wei ght percent of, -34 WO 01/12701: PCT/ US00/ 20457 particles 18 on total

solids basis, anFepreintheamount effimforpingmatesialsranges fom iera9 weightf er abl y
30 to 50 V\Bbﬁ’@énﬁkﬁftﬁéaéatlnﬁrc%ﬁfﬁbéﬁgn ﬁﬁ%ttbﬁg&llﬁk' 5§|§r il ﬁné Ql‘nﬁ de{gsacr ot e

include a resin conpatible coating conprising U al ke
particles PHPHPH rmgemaegr@lsggpte&bésdrang Mnimwe'gbbpaie&nt,earw gani ¢

mat eri af@, 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 tc 75 weight percent’of the coating composition on a total solids
25 ° basis, and more preferably 40 to 50 weight percent. In this embodiment, particularly
preferred coatings comprise a film-forming material and greater than 20 weight
percent on a total solids basis of at least one particle selected from inorganic
particles, organic hollow particles and composite particles, the at least one particle
having a Mohs' hardness value which does not exceed the Mohs' hardness value of
30 at the 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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01/ 12701 PCT/ US00/ 2045P7 basis, prefera to 50 weig percent, and nore
preferably 10 to 30J%fw h?rmqse#@smatep?'équ@dh%rw@mgs PPUPF‘HS‘( epexXYt hi s
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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 epoiy
materal. Useful epoxy materials contain at least one epoxy or oxirane-group in 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 Chemi_cal Company of Houston, Texas.
Useful thermoplastic polymeric materials include vinyl polymers,
thermoplastic polyesters, polyolefins, polyamildes (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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avai | abl e from SHbeimaepiasticelyestenpuseafuldn theopresent investion include ef ul
Dol yoster o, ooty B AU DESHCEHEN S50 s R PRI S chltfRBRING <
aromat i ¢ poRvailablédrors BaenSorpx aﬁﬁ’itt}burglmd?empylmifa .c Ppaféryed pd)lyesters inchadey| i C -
P36 vio 0% 1 BYSR A R RaEliatin. nis Som Rt Shelle Som B CholBice ST o
present i nvEatunbus, Ohiv, _pnéDéﬂNﬁd(DlpoSylﬁBroremldally mddlfredl rogin/whiehisal is a
re not 1| mevemranlaybldhin sBRHTGRehial % SieaRE. usehll Rafierouideo. pup
K-60 and PVhet/ERSAMID brdl:‘uctdthﬁﬁ’are%omwwy a}ailablamni ebgrﬁs Gofp. oM '
I nternati On&ll‘lCl ag SJ’\IE)yaI'IIDJ gﬂﬂ%boﬁl%@u&gltﬁat%e avg/lggle Tom Clbear égii/;y, Q her
20 Belgium. Useful thermoplastic.polyurethanes include WITCOBOND® W-290H,
which is commercially available from CK Witco Corp. of Greenwich, Connecticut, and
RUCOTHANE® 201 1L polyurethane latex, which is commercially available from
Ruco Polyme_f Corp. of Hicksville, New York.
The coating compositions of the present invention cantoifiprise a mixture of
25 one or more thermosetting polymeric materials with one or more thermoplastic
_ polymeric matgrials. In one non-limiting embodiment of the present invention
barticularly useful for laminates for printed circuit boards,‘the polymeric materials of -
the aqueous sizing composition comprise a mixture of RD-847A polyester resin, PVP
K-30 polyvinyi 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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sui tabl e vinyl polyners include RESYN 2828 and RESYN 1037 vinyl acetate
copol ymer waoowid/gr@ns whi ch are commercial ly avail abl e from Reriusnet04$t ar ch
and Chenical of Bridgewater, New Jersey, other polyvinyl acetates such as
are comercially available fromH B. Fuller and Air Products and

Chem cal s Conmpany 10 of Allentown; Pennsylvania, and pol yvinyl alcohols

whi ch are also available fromAir Products and. Chem cal s Conpany.

Ther nopl astic pol yesters useful in the present invention include DESMOPHEN
2000 and DESMImpiseVR K30 polyvinyldyraliderie, aptionalicembinediwith ERANI 826! epoky om
Bayer Corp. oOfggfi ttsburgh, Pennsylvania. Preferred polyesters include 15
RD- 847A pol yester resin, which is commercially avail able from Borden

Cheni cal s of  Col uSemisynfhetio polynbrioYhitEhls sGitatlé for aise ris polynyericfilinifomsing

in, which is, . i al i.labl e f Ek i cal s AB, Sweden.
Uset ui pol yantatecefiBrits but e MoEleatey B criblRsies 3ush 27 hidoevarmureliisee,
avai | abl e 8r candinodified StirthesXuch@s'KOLLBTEX 1950 9a lowWisSasiNEIGW dpfyisliect s t hat
are avail able from C ba Cei g}/, 20 Bel gium Usef ul

f
t her nopl ast i PRIy [$iael ethesified withethylenapxide) whichpis commernially available

comerci al ly moiAVEBE of TRE'Netheahgs® Corp. of G eenw ch, Connecticut, and
RUCOTHANE(r) 2011 L Eol yurethane latex, which is commercially avail able

from Ruco Pol ymerN polymericaraterials suitakle forgsse. asThelyroeria filmgfoooingosi t i ons
of the prese ' | 1 ) f [

t her nosetti ngh Sﬁéﬁg%‘g&ngta{;arr?m ﬁ%ﬁﬁa’ogn%?&hrgg ﬁ{)el(}g ’?ﬁ?ﬁ@g’@é‘?ﬁﬁbm’\?ﬁ’en C
mat er i al s1O | riwaxyemaize, $age, rice,gmitoriandimirturesodf aniyeof thecfoeegoingivent i on

particul arly usefu nahan il L rcuit bogrds, the polyneric
materials of the a'lé 3&%&% b%ﬁg%ﬂ%c‘?%g%é ?F b%ﬁ]ﬁlg%%hes%atgrenq%}?%#@r%t 847A
pol yest er r esstarchiRdR fuictioh asdiofty a patticie/ 18 ahd/doa dim-Fimidd inatsrid) Ooro! yest er
and VERSAM D ative ~limiti nbodi nent

suitable for ﬁ?b%ﬁﬁgé Z?°$§P‘A’BP$£W@@%%REW%%§Q&§,a S 8236?‘9 wePadicwat eri al s
of the aqueougatef, AndJusaitRG & mﬁﬂfonn_ﬁ@ mﬁg;/m@%m"m&%%g,y conpri se
recin, S sytsne SR aBaciciar g sEaBna nsflonse s Jior | o
i oxypr st AT Bkl o So Rl ekl st T,
visscosity, | d0e Brsaeptiaventinmathe enating compesition of eipresaut invehtiart is preferbiyxi de)
which i's comghelaptiblly FYebt 2Hch 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

-38-



from AVEBE of The Netherlands. Natural polynmeric materials suitable for use
as pol ynwoioa/igiohm formi ng materials include but are not PCTMGSO®EZN4SD
starches prepared from pot at oes, corn, wheat, 10 waxy mai ze, sago, rice,
mlo, and m xtures of any of the foregoing. It should be appreciated that
depending on the nature of the starch, the starch can function as both a
particle 18 and/or a filmformng naterial. Mre specifically, sone
starches will dissolve conpletely in a solvent, and in particular water,
and functi onmake printed giréuit boands (discessed belbw) andinbst preferably at epoxypésii el y 15
di ssol ve and (WZHtiﬁiEai ntain a particular grain size and function as a

particle 18.°© otigh starches (both natural and sem synthetic) can be

uaed in acco_rdanc‘éhe\pm_bmetidﬂﬂl]!mfmmybl mbwgabtdanmelvfé‘eqcmmé,][w‘mgmh i tion of
t he present j.nventjon jis prefer ubst anti a Jee of starc

material s. A@sm'b'wdé‘rfﬁ?'@e% gﬁ P%‘?d Eﬁ"ﬁg\' Sﬁ?tP%ﬁ‘?@b’? rfagans thatthg, ¢,

material § nEaymeidmaterial 0 ehpdlde 6ﬂ6§iﬁ%b§éé?ﬁalfﬁimrfohﬁl9%lérﬂ§8 anBRR S0 wei ght
20 percent on a total solids basis of the coating conposition, preferably

| ess than 35MOlREYIgHY ojenicaly disperaectin water tojpira a fiuersafulian, Seehiawley’s ahg
conposi ti on wigel USPWRRA MY spcihicallf ih@&pbﬁaté‘&ﬁffbffé;/r@h#é’hér&ﬁ\e “Bnuifibid®

d
materials. As used herein, the term"essentia free of starch nmaterials'
neans t hat tMReansothet thg polymesisimaterials @re capable ofdferming an essentialy stableper cent

on a total ' i : ' b I e t han
35 5 wei gnt Ailug oPBEing slispdndBd P datehth 8 BREkent 8Fan B EIRIAY Aot oo
Typi cal 18?i rihawlew's At pgge 46h wdiich isrspecificaliyiindorpprated by ireferericathessie. Nppl i ed to

fi ber strands. ' : [ 0L.0. ] , Linted,£ircuit, boards
are not r esiq?ln'Glibo%gaéﬁ]%)é%gsﬁ(}ﬁ‘ﬂ%@'&%@?ﬁ%rsreg{"rtﬁ&er o eS8 i nt o
t he pol ymer insearstthatanynafities carhporfentsofthi polymeridinmtersiedre ¢ipableratbkbingt he
coating conp@si.ti.0 of .the 30 present .inventjgn are resin coppatible and
do not requicﬁéht}lgﬁﬁ@%[?uqn%'m L apﬁifs;g& d"@‘f"r‘ﬁ?ﬁ!{ﬁ%ﬁ' sf"f”b@??'%ﬂ"o €0 fabric
proc ef_si ng. Hawley's rafbﬂﬁ!@%& ﬁ]rﬁérﬁts%pééiﬁﬁtly imlmme' & b9{i’§fe@;r:§é\}|h\%régﬁl./e§§él751 :
i nvent i are..conpa . Wi mat ri x_nat er used to, -38 . .

T Usod 20 HFOrIBRY e fisbiont i e B asast o e 0Kioh o wefio) disparsing o
preferably anulsiffing/adents (BurfSGtame), wHich aréliscisded Blow. ‘CurBbibomBhAdthat -
materials c be water sol uble, enulsifiable, dispersible and/or curable.

As used heré ?\P°'VW&!"E F“a_é‘iﬂ%?’éd ofeRFAMPIRANts pidhe sizino\rempositian aes capablear o
capabl e of kpbBlgevaREtddintd/a A ]{apérﬁwinhé&fﬂj@ééh er s ch eagg\})gngéiééal o

ionically dispersed in water orma_true solution. See
: 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, phosphcnate coupling agents,"alun.ilinum coupling agents, amino-

25 containing Wemer 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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page 1075, which is specifically incorporated by reference herein.

"Enul si fi agbaisizeeans that the polyneric materials are capakt®EUsH0/ 20487 ng
an essentially stable mxture or being suspended .i'n water in the presence
of an emulsifying agent. See 10 Hawl ey's at page 461, which is specifically
I ncorporated by reference herein. Non- | i mting exarrpl es of suitable

emul si fying agents are set forth below "Dispersible" neans that any of

t he conponents of the polyneric naterials are capable of being distributed
t hr oughout wegaupling agentdo yeatt wittidhie glass fibersnirfasel cindamezorinagrexfuncBienalHaw ey’ s

T5 tnit or mi 1 yS SRES e aRREfelqiing ool % RRIEEA sBippbiiorts BEfR PSh ot
wetting, di spExanplgs of hydrolyzabild graupsagphudes (surfactants), vvhr ch are
di scussed bel ow. "Curabl e" ans th t he I ymeric materials and ot her

conponent %of the sizing co osr |o are ca bI e of bei ng coal esced into a
filmor crosslinked to.eac £ properties of the
pol ymeric material s. Fﬁ ?\?&Q \Aﬁ%‘#‘ s apg specifically
i ncor porat ed by reference herer n. In addrtron toor inlieu of the film
forming mat erthaimonghydiexy éﬂd/&bémllc Gates residue oha 120 0pdS glyenhawhereintR! ipCesent

invention predegyRhl § fg‘WB{ aﬂgPR@EnHTF{“%re md@@%ofﬁb?g%e'gagalf']°ﬁﬂ'aa§g§ht s,

such as organo-si1ane coup ]n@ énts, transit

phosphonat@ Alikydior Bg-Cagevit and B isiGrlnalisylens. |E)ganagemof$ultahlerunn%trbr0ﬂh@bnr ng

coupl i ng agert el adues ARoR <t Sudopdhaftaps! Exari S, Ao ERRec on

atom has at thakhesbdyanatb areidopimidazalingl; Vnpis avryiatd) mesARagyiates bmiet Wi th or
conpatibilize t] fr ber surface and/or the conponents of the resin matrix.
As used her eiRPYANBO BIMRE- » conpati bi |l i ze" nmeans that the groups are

chenically attract B&ihctrbnﬁl ofgdnosiRAE ¢ouplmgHyehtscard bl%férrédlfdcr%%é if{he/ (Pesdrit®

corrponen of, th %té n% conposi tion, for exanple by polar, wetting or
sol vat i on 3 ofR¥eD '°Pn ABPlesf Useful f"ﬁﬁﬂ%ﬂ?bﬁ'&aﬁﬁﬁﬂa"eé‘dlb‘ﬁ"%@%ﬁﬂt%rmludel i con
atom has att ganffalamind IRreBY -39
WD 01/ 12701 PCT/ UaSOO’|2 4%@%&%%“%%%’”%%%%&% Wt Ith@ﬁbx?%ugrg%"\él ber
surface, and 6ﬂ5°’915"?ﬂﬁ3eQING'HQHRS‘PBMKFB'QPWGHQW taendgwonhlmaﬂmpsuamgsag ent

GPoupe ne ST -l oo AT 1€ o NGRS
-O N=CR5, andropyltrimethoxysilane, A-174 gamma-methacryloxypropyltrimethoxysilane, A-1100
20 gamma-aminopropyltriethoxysilane silane coupling agents, A-1108 amino silane
| coupling agent and A-1160 gamma-ureidopropylitriethoxysilane (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 unhydrq_ly_;ed forra. The pH of the water can be modified by the addition of an ... .
acid or a base to initiate or speed the hydrolysie 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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t he nonohydroxy and/or cyclic C2-C3 residue of a 1,2- or 1,3 glycol,
wherei n wWbaa2ml1- C3 alkyl; R2 is Hor C -C4 alkyl; R3 amdTRS0GREST

i ndependently selected fromH, Cl1.C4 10 alkyl or C6-C8 aryl; and R5 is
C4- C7 al kyl ene. Exanpl es of suitable conpatibilizing or functional groups
I ncl ude epoxy, glycidoxy, nercapto, cyano, allyl, alkyl, urethano, halo,
I socyanat o, ureido, imdazolinyl, vinyl, acrylato, methacrylato, am no or
pol yami no groups. Functional organo-silane coupling agents are preferred-

for use in t"rn@%i"@@@ﬁtw'thl@ organictacihavingamine funstionalit: (Pthenmetal ohelateor gano
si | ane coupldndGoaRifiHak t Q%U fin rﬁWnQSWid%Q%kﬁlfeﬁfﬂ R/ Red

ganma- i socyanat opr opyl t |ethox silane, vinyl- trialkoxysilanes,
gl yci doxypr@ﬁ;ﬂ"ﬂ ri al koxysilanes and ureidopropyltrial koxysil anes.

Preferred functi gpaly o ‘?Bf’c @ngﬁﬁghétﬁﬁ{%sgé frol Fio 86 wéightiercent

ganma- egC|doxy prop
gamma- nethaof memoppng)pmhposmm troa yatal solids basis lla®n2@mbodiment, the amount of

gama- an no | triefhoxysil an ane cou a A-1108 am no

si | ane cou%f:’ﬁﬁéga?ggﬂ{ ragﬂésf& Sdéimhtuﬁe %’68&8 &"Fb'f%‘fmpf‘é’ﬁ'@ (each
of which is totalcsmas basis$,| greevably aied €0 veight patrciit! &l froreprefdralslp 2@6 g Tar ryt own,
New Yor k). The &gno silane coupling agent can be at |east partially

hydrol yzed Yefgh pt prior to application to the fibers, preferably at a

1:1 stoichiometr Wﬁe%@blnﬁ%@&mpéﬁndﬁgiﬁ ftﬁfbreé’émtdveﬁ’tﬁ%dﬂuﬂm&hﬁrﬁéﬁﬂef orm
The pH of t he wat er_can the addition of an .- acid or a base

to initit% e 9pMoEy aefteningaganty of skfas tag?ls thatdmpat o umfgﬂagbangeég thessuffeb¢  known
inthe art. oﬁh\etf%@secémﬁﬁgﬁhé re&srfmﬁieln f?&'rl%'a'cﬂgtrégﬁ L@pglm@ rfct.a n' um

zirconi um ttrium hrom um co I Nng agents. ana
coupl i ng ag®getwseeaitae ﬁbersosma%tqa‘gn@mmaﬂgba@a\htéltmhmtrmuwedu |y aval | abl e

conmer o & | §7 00 2P A0 Soffeing BURHE Yo craically uffercht et h SR B 3 ©

Del awar e. Thhe coating composition. n§uahésaftening \agentsingiidercationigemdrsionicerconpl ex
i ' Lri . ' =40 WO . .

01/ 12703 SpcHRlsPs8nG 238 Ha Mt ER BB s0HF o Ak R of B 2668 ari no -

functionali 'ay<yl inidezolineederivatived saich asaBATIONOX, dn'rhielt ie cbmrcnellspé\iaﬂavlegent S

known to th k||| he.arj.can, be use
coupl i ng ag %’% ra?l‘ll?f’cl’%'ﬁ% °§ Pripgeion, New e\?ﬁﬁygﬂ‘f‘d 58'*’9@?&“6%86?"'5’%
coati ng conpmides; éshdeRsates efarratwdmnm}'ahytéﬁe infite andanidetbstititeg anmount

I f t. of th t
COITpgquF i Ioﬂgglxglgy ené ?r’rr:l gg, surcg rgs EI\hIS:)R$® 6%17 parP al[ Ca\errr1]|dat(¢)ad polyeeth(if(lje(’i}leI ng

20 imine commercially available from Cognis Corporation of Cincinnati, Ohio. While the
coating composition can comprise up to 60 weight percent of softéniné 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 sofiening 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. Stuitable 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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total solids basis, preferably I to 10 wei ght percent, and nore preferably
2 to 8 wey@hinizper cent. The coating conpositions of the pr@CEASYERt i on
can further conprise one 10 or nore softening agents or surfactants that
inmpart 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 other conponents of the
coating conposiynthetic osnelnolswmwesgeagpmaﬁ’ n. s usef in therpresentdnvention ¢ or

Fatty acids. AR BoRIERR A sisyfigh b affpmuitEhRs Py e >
comerci al |y camotirelof waxforomeRhmneldBeuhatenall@ndangetﬂorﬁ’to tncﬁ@twghtl‘ﬁemembfsey,

id sol ubil d fatt densat fatt d
el vet hyl one. 1P stz prifsdionci fqta oSE BASE s oL oA 1 th B wéigl Kercent,
EMERY(r) 6787, mérelsteferably ﬁomwwwwaghv&rb&h@am Ridst priekarablg gkt 25 & 35/

avai |l abl e from Cogni s Corporation of ncinnati, Chio. Wiile the coating
conposi tion caMeigReread: up to 60 wei ght percent of softening agents,

preferably the coatprferr@ipidibidaié il ihaBde Wikes ARBIZRaR) Bdlar per cent

and nore preferably less than I ght percent of the softening agents.
For nore i nf oreharacieristics, anskmers mgfesgum@ludgéugw cwstaﬂmelwaxeé*@v'ng polar

Fi ni shi ng, 2”%@%?&&&5; ah% eSSt Bodbe 5° ééﬁd med Pl%fé’nfasl gk sl |y

i ncorporated by reference herel e coa nposi ti ons the present
i nvent i on n Sughiheterialsc@re telieved toimprove ehe wbtsmlaods:vetﬁbmugalos polanrtesinse

chemcally dif ' i al

di scussedyabovge {%@Eﬁ%ﬂgﬁ%@d h pdr‘go ss?t#é‘gc %tra gﬁ&rl s ﬂg?t%ﬁ?lﬁgi
fiber strands chmpared mﬂaerrsgan&lcﬁaibﬂwithlslzlng:cammsmohsrcnaiamuwgawaiwsanﬂaitst ed
30 fromoils, S reases, and [m xt.ur f of the fareqoing.

Non- 1 ot ¢ ng. et el Halir aactarishes. Frefarst Moritias Petedn Hviginctas.

i ncl ude aqueousharadteristies mcﬂmé'ﬁtér&@&hﬁhdﬁordirémwKb'@m\oadca"fbbﬂylbébﬂ gndch as
veget abl e, n| mal, mneral, -41 WO 01/12701 PCT/ USO0/ 20457 . synthetic or

petrol eum ) a&‘ﬂmhﬁﬁrr“h?‘FPPP‘ Sondliniting exxamples pksuchdalty,acid g§ters pesful in
i ncl ude bot h nAg W@en?inbéntno?ﬁﬂblﬁﬁ@b@@i bélmﬂédeswﬂiéﬂ lssi{r'é?é}?éd Guéh bsis avall?ble

Generally, the amount of wax or othér l'ubri ci ous naterial can ran rom O

ta 80 wei ght (eareStepasCompanyefMayweashhew Jaregy anKESSEQ$5% 01 STEPAMTEX
Do e o8 S TN e B 1Bl S ST 4y SFEPANE ok oo
cetyl laurate, octadecyl laurate, octadecyl myristate, octadecyl paimitate 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 lubricicus materials can also includé 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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Preferred | ubricious materials include waxes and oils having pol ar,

char act gfd /2961 and nore preferably include highly crysRCEU$00L048IxeS

havi ng pol ar characteristics and nelting points above 35C and nore
preferably above 45C. 10 Such materials are believed to inprove the wet-out
and wet-through of polar resins on fiber strands coated with sizing
conpositions containing such polar materials as conpared to fiber strands

coated with sizing conpositions containing waxes and oils that do not have
pol ar char act er i 549 eeatingicompesitians ofifhe presgst inuentiongas addilipngllyjogiude
characteri dd L el r 'aﬂ{be( C yi C
acid and 1?‘%&? I'!'.i‘svréﬁ)no J@ﬁc@&u{}lr&%ﬁgﬁg. gI\Ll{ocﬁfalsir‘r??‘ft;édrl]g exryr%ﬁ‘es 0 'g‘lrjlc fatty
aci d est er soris addition to ofitheseplubricions matesalsidiscussrd abhyec dNopHingitingri t at e, whi ch

is preferre i val Maywood, New
Jersey as égé@g%@gf&é%lf%%ﬂ% “"E%éf)qa&'gé‘?w ﬁygﬂaé)?ggg%%gl so avail abl e
fr ;) md St e!?) a m%@li@w?{%%&%fP-Wegipt;cfwtallhlgeuaM?EE‘Dﬂ?Lhﬂar ﬁt e,
oct adecy i state,. 0ctadec palnmitate . ct.ade ear at e. er
Patty aci d HunErocystafite AR Shiotfle Baie e s/alablE BTt ekt R on

i ncl :Jde t rijmﬁéihtlslétnlmﬁ@ﬁﬁdleakéﬁ Petiolite) Polyheer Diviion,adf CupsmingCBeorghind
triglyceride oils, suc

] but not. ljnmted to soybean oil,_ |inseed oil,
epoxi Ui zed rsRRAINEN. Ganeralidhe amauit otiisitype abuBxsan beru tq IR WEIGH s

mat eri al s qaitceHt DPthetelal 88iide@s e Sisthy RompedationTer i c materials. 25
Non-limting exanpl es of useful materials include pol yal kyl ene pol yol s and

pol yoxy kyl ene T qaatieg campasitiensidies prasspbiny@ntion cag alseringide aresjn

avai l abl e ' ' CARBOMAX
300 and - CARRITR I o HeR e LR IR oo e e bl e
Cor por at i orpresendiryention authprovidecgood procesaability imweaving andykaitinapye of a
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o pol a7 perrol U saces ;@*@:ﬁ@ﬁgﬂggggﬁmmm e
wax, POLYMERBIqOSfion is-cqmpatinle, iR ditent (A be any N PRe or mgfe "
m cr ocr yst guihdtioRaVarsupdirabreactwitio anedin systeén, prefarabip funcliomanghdups ehatan | nc.

f G nci ti, .Ohi d Bak Petrolite, Pal Di.vi si Cu ,
%eor gi QCI nr}gaclzt wit almoegglxy re_gin es;'ster?l. gr?d Imo?e' pre?erggl‘;rfunctl\é}lasllg?gdpsot;\at rechP n9..

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
polvethylene imine commercially available from Cognis Corporation of Cincinnati,

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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respectively. Cenerally, the amount of this type of wax can be up to 10

wei ght  pie@flral the total solids of the sizing conposit PEWUSW@G20#5k
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 filanents
during such manufacturing operations, while maintaining resin

conpat i bi | i t yepoxidizedbsilicanessmuylsion, whith isstommergially auailable fram CKidites t hat t he

di luent inclu f {] ro t l, cting
with the sameg@ﬁr#%ém%'ﬁ%gv toat ﬁ?\tégu I{r:rp'{i‘%gl‘i J gﬂ I'S @J&&ﬂ "J“élnhg 'The

di l uent can bthesiging sbmpositién vart inclode agesinweactivé dﬂumt esndlsc@sed;abovmhmn eact
with a resin system prgfera onal r.ou hat ct .. an epoxy
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with an al coh .,,j. I C%F?&%pﬁ which is
a pol yet hyl eng g ycop Eml%%mpg él%ﬁgiayv aﬁl ni on Car bi de
Corp. of wnbmmmemdlyenualah!e frofn BASF \Gonpdratian eﬁ?m;:bpanyoNew Jerdmy| cant with
an acid group ste id and .salt f stearic

2Ci ds. none 1 | ARGNIG E2lelpofrfts i piERRE 17 FliorR MRS bt Tallndhe el Lae
epoxi di zed 30SYNPIERIONID F-188Y] ettisXyiatdz#ikyl bhéﬁtﬂedsuch las |@EBAL|6AE6@- LCE,

which is an eg&giﬁﬂl zed |inseed oil h is an epoxidized

soybean oil, gisrActyiphangkysth %’QP&M%n I‘%C‘P'F‘Wq}“y(ﬁ’fa@i%frﬁ@ @ p. of
Danbury, OO””@SFﬁoGéﬂon FWarde, WJerséW chBxQéth}@ﬁQ éc@@ﬁéhﬁ%ﬂ/cgﬁéﬁgrs

epoxi di zed_si licone enul sion, which i's comerci al 1y avai l abl’'e from CK Wtco

Cor porati b8 of hmnmxmermwemfﬁorbmmg Ksyehras| TMAL Bk which is sempieésent
i nvention, t E’i@llfé@dllﬁglec@l@pﬁf Pél@lbgﬁﬁ% NeW ﬁ?@y)%élf&fv@tf?ﬁ?%d%ﬁtﬂé Sight as

di scussed above 1n an anoun percen I ZI ng

conposi ti on offugh taétpd-lK%ULﬂﬁL #3, which is mmmllwragaﬂahlmmmﬂr@ns- can
Tt Y PUGRHIRISIR S B R MRS LB o
18 and/ or | ubcorimeosiallyeavailakie imrd\BASF) and matglmaalwha‘actaﬁtsqsudhadsl 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. ;

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 materiéis, generally in an amount
of less than 5 weight bercent. Organic and/or inorganic acids or bases in an amount
sufficient to provide the coating composition with a pH of 2 to 10 can also be
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emul si fying agents or surfactants include pol yoxyal kyl ene bl ock copol yners
(such aswoliRON CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ec®rusogzidgmner whi ch
is 10 commercially avail abl e from BASF Cor porati on of Parsippany, New
Jersey, (PLURONIC F-108 copolyner is available in Europe under the
tradenane SYNPERONI C F-108), ethoxyl ated al kyl phenols (such as | GEPAL

CA- 630 et hoxyl ated octyl phenoxyet hanol which is conmercially avail abl e
from GAF Corporation of Wayne, New Jersey), polyoxyethylene octyl phenyl

gl ycol et herReluded ia the, caating samposition; faqnskmiting exampie oba suitable siligonech as

TVMAZ 81 whi Gy ' Par.si | ,
ol yoxyet hylcusioff BTERO30C érRinidizct itcond oithr, ulen WEpoh g Ry dVhele " =)
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rom Bacy) SagenGte EatEt o andfcrbhilfbobiboliie, Wridh i B0BTRGERE VBB ney ©
NP- 6 whi &h dnoen Ml & & Ghemieals otRalyway; Nevalersey. rSuitablaInti-foaeling Pratbhibis GPe 668
whi ch i hal Ly .avail.able f BEA . Ge Iy, th
Amount | of ol SARTRrEl ke afe cdriergaly Avatepl GR Wik sarmoiaioant Y or |t he
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percent. 25 ossl i nkin terials, such as nmel am ne fornmal dehyde, and
pl astici zer Q%a'?lﬁPﬁ“&sN%ﬁggféF&t gg‘,m?'}“i"'ﬂﬂy foxide gan bp added tethesoating, al so be

i ncl uded | ncélhﬁoﬁﬂéﬁ foR BoatfigERAKIAZation S debited.2 PRifeYaby | wafeP Sitldiridra"  OF

pl asticizer can ra‘glge%trom 1to5 V\Bl%f‘l]t percent of the coating

conposi 1 Pon Peaferablysleignized water, isdaelydedinthe coafingicompesitiomirkan ameuntded i n t he
coati ng conggfikibh i ¢ L adl ol Ll des  and
anti -1 oan ne RO TraRMe bpploqibn br o By unieRd cPofiiT rdlffik Sirafiy Te

per cent . Or ¥eight persentege ofienligs of theaesnating compesition generally sangestfrons dité R@i ent

to provide | conposition with a pHof 2 to 10 can al so be -44 WD
01/ 12701 PC%@&E’SB%Q%? i ncluded in the coating conposition. A

non-1imting exahpore embadigent, s eoatingicompesitians.df sheopresentlifivedlion arpoxi di zed
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Conmpany 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 weii kniown to those skilled in the art. -

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

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

components discussed above. The organic component and the lamellar particles
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of Parsi ppany, New Jersey. Ammoni um hydroxi de can be added to the coating
conposi t i\ oiAs7080at i ng stabilization, if desired. Prefer atCHUSMMR0&7, and
nore 10 preferably deionized water, i.s included inithe coating conposition
in an anount sufficient to facilitate application of a generally uniform
coating upon the strand. The weight percentage of solids of the coating
conposi tion generally ranges froml to 20 weight percent. In one

enbodi ment, the coating conpositions of the present invention are 15
subst ant i al | y can be the sajhe o diffgrent,i aridsthe moating-eambe a residuesofian agueoys| y free

of glass mat %5?;{9 o{%@ﬂi%ntol?itpﬁb%r (f@&étﬂg ﬁ{(?fag@"t‘l ons conprise |ess than

50 vol ume perce ass matri X na orm ng gl ass conposites,
preferably less t hanyet:ﬁ\omdrenmopﬂnemna fibemsteandimomppising e plocaliyndf ditherssis at

ol ase et or | /Bt FeEBLpaFs with s SERg BhhHiSy bl 185s8 SPGBk et o1 <"
means t hat 5t hﬁaﬂi&lkthMgC@méﬁ%almac ableast LWattgermeter K@k dit@mperature
percent.of glass matrix materials for | ass pog)os ites, _preferably

Pess than 5 vl a0RK plsyanaier exhpdiaet 8 iRELHEANALOMPrEiNG BrayhLQiibers B ol s
Exanpl es of syugst ﬂérﬁﬁ oRlkdd %atﬁrﬁtrééaﬁé of éﬂﬁh&%s%%ﬁsiﬂbﬁ%ﬁnﬁﬁélﬁg‘l&naﬁr' X

materi al s or alun1n05|llcate matri x nmaterials such as are weii - own to
those ski | | edPRHiclesdaxing a thegnalcopductivity efiatigast 1WVaitiper meterdat anvention, a

fiber strand eQERhErE8F 00K, Ulrnaétﬂlta)"oﬁ\ferieh%%ﬁnérﬁ ér%ﬁé Ehéh@é coat ed

wth a coatlng conprising an organic onponent an artrcles
havi ng a #Qer pbAra!tsontihars isi atyeast pamalheaeated wahtatrepdue ofm enuwstcoanpos'tlon

tenperature o °“Q"§ gmnﬁnﬁgg{n parf ﬁt’aﬂet parﬂgléé R&fnni& taHh ?Wdcﬁw fof

plurality of eas 3 cont I'ng conprising
an organic SOImmwahpelandtenKrathytdmane ofIwDKJ I ar particles.. In each of

t hese enmbodi nents, .. the or nt an I artlcl S can be
selected fromthe JS'&WH&”%@&%&E%F o&rﬂg 383 8\?8 edﬁﬁem@" %
conponent andcbmpohént® disausseadrdbove cand additidial Edmpshents ma&&s&e/sa@érea franan

be the sapg or, different, and the coating can be a residue of an aqueous
coating cgﬁpomqudﬁc'@rda&%BV\dered coating conposition. In yet another

enbodi nent, a fi beln shétABLemBEMArient HCtha .daésernaimémdaf affibBestraridFcoMprisidps t
partially coated W th a coating conprising | east one boron-free |anell ar

5.particl e haPbluidityof Frersis atdQﬁﬁﬂ pactially F93t9¢ We!{h aresigicompalible gegtingret er K at
a tenperature fo@éosoif?%n EPle P&rttoﬁ 'E‘;?Q%HEEE of & léds?Sﬁe of éﬁa‘ﬁ &r%nWe' rébtﬂg a

plurality of I's at eas artrally coated w resi ueo
aqueous conposPmpatible omngsttqngoqsaml domprising: (a) a plurality of discrete part:cles

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 aliow
strand wet out; (b) at least one lubricious material different from said plurality of

- discrete particles; and {c) at least one film-forming material. ~Fha-components in

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

In 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
éomposition comprising: (a) a plurality of particles comprising (i) at least one particle
formed from an organic material; and (i) at least one particle formed from an
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particles having a thermal conductivity of at least | Waft per neter K at a
t enper atwoa1A2%70800K. I n still another enbodi nent, a fi bepcstuseszosasonpri si ng
a 10 plurality of fibers is at least partially coated with a residue of an
aqueous conposition conprising alum na-free, non-hydratable particles
having a thermal conductivity of at least 1 Watt per neter K at a
tenperature of 300K, The conponents in these enbodi nents can be sel ected

fromthe coati%g . companent s di scussed above, and additional conponents ‘can |
al so be sel deprganicpaterialselactertfron dorannitide, araphite anchmetal dishdloalenidles; of t he
present i nveghd . | | S| ral i f.fihers is at
| east parti al %/re@otgtégg‘@mﬁ? ﬁﬁgérggg? ﬁ%ﬁ%gﬁ%?e;‘p%@g is?#g stl%ﬁ(?%%gol %1\%% on at
| east a por tsteandywet ut; (bY atdeastionedubiricious materiab tiffeesnd frombeich plutdiity sfesi n

conpati bl e | L L, | SN0, lLurality of discrete
particles 286?%%%3’ rom%‘hét@ﬁ‘i‘?%?éé?ﬁ'@?’é’&“ﬁ%’dﬁ?‘ﬁﬂﬁz heat expandabl e
organi ¢ it eri al sin yet anothenembgdiment; aifivenstraTd contprisingra plarlityf ABaIE 3P4
conposite i n l xt ures. t here th articles having an average
particle S@%E%gghﬁg?gﬁ?te%v@ﬁ SR W@ﬁé’b\ﬁ@?gﬁ?‘fwﬁﬂ“%m\ dagstane

| ubri ci ous rpmriioni afla slirfacerf at lebsiconesefisdidibers: ke tesil contiaBible@ostim ti C! es;
and (c) at |east @ne fil m,forlr(%)ng mat er i - T-ho-canponents 1n 25 these

. .. h
enmbodi ment s CHIPOSEICR SPRPIIENGT (3)A P'H@H'HCPIJ?’W?&‘%Bﬂ'ﬁ'ﬁ'ﬁéﬁ?@eéifmmalﬁbove.
In a furt herseﬁﬁéwﬁém'&garﬁ@ﬁaiérlﬂs?hi&g}hnﬁ pdlyriédcEinatenalst t&hﬁ‘&u@@%\&ﬁ!ﬁs an

interstitial space between the at |east one of said fibers an east
one adj adntandimpixtures thegant: the padicleshavieaan ayeragedrartinle sirel roeasurédsi ng a
plurality ofackblafotoiisserls éfﬁ\?t ed! | e b € tible .
coating conpositi ogfltoo_n_ at c?&eag tg&ﬁ%%}egbﬂra %‘?@ﬁwgﬁp%wéé? fr@g@ﬁ%&stﬁggst one
of said fi bdeastopg brigioun matenial different froa $aid)plucalityafdiscrete padicies] aidg: (a) a
plurality of hdd D[S 1) at |east one particle fornmed from an
or gani ¢ mat e(cr:)inégllé;ésghﬁéziﬁ??&é{ﬁq @g%et%%ne particle fornmed froman -46 WO
01/12701 PCT/ USO0n aGusier emimodirnentc thearesin icaimpatible coatihgf donipobrioRssetifdred de,

gr aphi t n | | . Wherein the.plurali of particles )
have anqas\;;‘ e%ggzé g%?‘gﬂ"gpgj"g Fdzgd g’%ﬁ‘f B?rg?fﬁ o?hheaﬁlyrgw@ #FF&W Rﬂf'c'gﬁf"? W) at
| east one | sblidschasis; preferablycds i S5 weight percemt) ahali rlore! prefetdbly 30fo 5aihéi§ﬁtet e
particles; ) | gast. opne filmformng . material. 5 In yet another
enbodi ment , %queﬁﬁélp)aétor éﬁﬁ’e_ ﬂB?ﬁcg'i‘trPé the %} 'ﬁ%é_ﬂ‘? §‘b6‘F'°P? _Hlﬁt%“q){g" atotal east
partial |y cselidschasis, preferablyi frors A1t 50 idlight peRieht) Bnd ATENE pieiérably Hanfdo foeast a
portion of 3 sur f z%ce of at | eaﬂ &?e of said fibers, the resin conpatible
coat i ng 0 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
compesition on at least a portion of a surface of at least-cne of said fibers, theé 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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conposition conprising: (a) a plurality of discrete particles fornmed from
mat eri al swoel/eeeied fromorganic materials, inorganic pol yrewiusooz4sTi al s,
conmposite materials 10 and mixtures thereof, the particles having an
average particle size, neasured according to |laserscattering techniques,
ranging from0.1 to 5 mcroneters; (b) at |east one |ubricious materi al
different fromsaid plurality of discrete particles; and (c) at |east one
filmformng material. In a further enbodi ment, the resin conpatible

coat i ng conposicempatible spating compasitionzomprisingtgreatel than 20 weighipenesng o a total
percent of the [ fi o Ll . ' I.d i

D et orabl'y 35 CoiRa o it lesth 36k BhAich¥adchad ofhdrdnl palites! SigdigBpy
percent, (b) O0padicks and cpmpgsite particlesf therat leest bae partiolechavingra Mohs! hardriess i al

on a total solj] i referably fraom, 50 | ght, .per.cent . and nore
preferably f rok?@g v?@a‘ i@ﬁ%&fﬁ‘feﬁde%gé\m o hﬂ@?'fﬁ"%? gp%tdg ioﬁﬁt"f B@ﬁqgg‘ﬁ'ﬁ of
t5 he ag oI ea_sShone fi Ilmh@theid embadintent ?fﬂwélt?lrmnilgmthtidgghifﬂ_&r ﬁ?éiidsconiﬁrﬁfnglraam y
to wei ght percent,. an re prefera to 30 weight percent. In
anot her errbgdi REﬁﬁ'ﬁ)()P}@%s Erg@%?ﬁt%?ﬁ\?ﬁm’?‘ﬁ d witha rgsip compg Heé’gﬁﬁﬂ?g sing -a
plurality of ficbmpssitién 8h at RaSE a paftibhdF hufass @pht\aéatfsh ofle 6?%;&3 h?&e,'mefréé?ﬁ e

coating conposition on at |east a portion of a surface o l'eastona o
said fibers, t Fr@'_nP?'é@? foating exmpnaition compsising(@) atdeqss oneilamellasiipergsning: (a)
aplural ity of pditiesHalingMNoHE HardRAS WallSiiliPsB hdt 'eRBdIhE Ml hahés! o
fromorganic materials, Conposite materials and m xtures er eor, e
particles M8vi Mgluaef atlenstpnerxfisaidfkers;iand (bhatdeast one palymeridimatetial. | aser
scattering techniqu | 5 1] and (b) at | east
one | ubricious mat eﬁg %g?@#:@@éefr]rtﬁ rrg?n'qts?gﬁ}f %%‘?rg?%bﬁéﬁ %Iiﬂ’f&s&? d
particles. 30compssing a pluralityf fibers dslatieast paftidlip eogted withta resincsvpatiblea

fiber strand c i sin lurglity of fibers is at_least partially coated

with a resin c%{ ic&"&oégigﬁi%g&' c?é’fthnﬁ acﬁﬂ‘r%f'e pEatieast aggof said ﬁé?'sa

| ; ng ; 3@8&); ag thesinmtmplaftibm t_tiﬁg b&hﬁosiﬁéifgdm@isﬁhg(éiamgﬂdnbaf&lmt non-
conpatihl e coating, conposition conprising greater than

wei ght per gént-hﬁﬂ %%?B‘i‘%'e °§ﬂ"i"'(ﬂaq'ﬂ’a§;n¥‘dd\b) atlepst 00e luhyiciqus material differentt ed

from i norgani cfromrthe &t Rast SidRlIcw drghhie\partikR. t i cl es and conposite

particles, the at |egast one particle having a Mhs' hardness value which
does not exceed t he TRBISSMPRALEAR sach:efithe firegaing embpdimentstanshe seledtedfrom 5

I'n anot her enbagi dglihg e&mblﬁﬁerﬁé ieidsed 08, é?{&eaéﬁiitfoi{lﬁ%orﬁﬁcfngﬂg Gaf'H o'l%% gg a

plurality of fibers IS at |least partially coat W a resin conpatl
coating conpoS¢lected fiom those eegitedabpve.t i on of -a surface of at |east one of

said fib eT Sp the r eﬁ‘i Sne 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 o
25 fiber is coated with a composition comprising at least one boron-free lamellar particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of
300K. In still another embodiment, a fiber is coated with a composition comprising at
least one lamellar particle having a thermal conductivity greater than 1 Watt per
meter K at a temperature of 300K. In yet another embodiment, a fiber is coated with
30 acomposition comprising at least one alumina-free, non-hydratable inorganic particle

having a thermal conductivity greater than 1 Watt per meter K at a temperature of
300K.
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conpati bl e coating conposition conprising (a) at |east one lanellar,

I nor ganiwo opazfl cl es havi ng a Mohs' hardness val ue whi CthWﬂEOMﬂMS‘Bxceed

t he Mohs' hardness 10 val ue of at |east one of said fibers; and (b) at

| east one polyneric material. 1In an additional enbodi nent of the present

I nvention, a fiber strand conprising a plurality of fibers is at |east
partially coated with a resin conpatible coating conposition on at |east a
portion of a surface of at |east one of said fibers, the resin conpatible
coati ng conposi t incanotherenibodinernt of the presenttinventior) @l fibenis coatediwithe at

@ Troront . FraRtboaaEig R Bty & p1FaR neles BrtediSTiBomhonent s i n

each of t hese‘lentagbomg'uoamm exparidablecorginic sedteridls d':d‘rgm pbipel®iatdils,

conponent s dISCU sed and add|t| nal .co nts c n also be selected
from t hose TENgale e %"‘?9?“86'@3 581"5’@1‘?@ 'ﬁ{ﬁ°p cleshaving on, a
fiber is5com @eéragé Eamcle@mawﬂdemtb SRSt &Tid Getaint, Qbﬂétrléé?st SREMMDAERLSs and

| anel | ar particles _having a hermal conductivity of | east 1 Watt per

meter K at 'Batespilifferentfeom saidmiyality of d&ﬁ(ﬁ‘%é?“'@'ﬁﬁcﬂﬁdrféh@t leastongéilm- s coat ed
th bl
with a CO”HBﬁh:hP%tEﬁéiPH yhtHhofa emg%n?eé\tw%@m ﬁ%f,lsa%g% a{.@ e,

| anel | ar particle I n yet anot er-e ed with a
conposi t i ommﬁﬁhg pmralltseatsmamﬁes pemprising @)eatll%ﬁﬁébhapa@labtfonﬂleﬁ fréravi ng a

th I {. {, f
! COrghal A 0] B Bl RS ol & nio ERRAR
conpr i siGg selectécbfism boran hitride| grmphitaand metal Idwhahggmldésemfencmdmrhn ity

greater th er a 30 t . anot her
enbodi ment atﬂ’g%p‘%e (have agoag'?é?evﬂﬁt'%ﬁ'zss B‘H s&rapr%yvegpﬂg?/bjta t| east one
al umi na- f r deastione{ubyritioas aidterial ﬂﬁregaitifmnpeand 'puir&llty bfadisorgte paktivhisBhd gc&
~conducti vi %(I%Ffa an. 1 per neter K at a tenperature of OK. -48
WO 01/ 1270 E'Eéy'ﬁ RING M eﬁﬂ‘ot her enbodi ment of the present invention,
a fiber Is coat ag sﬁil BhotAelCaribEYimeh @ fiberiel doatedvithia compdsitioN domprizingdi screte
particl g i\ 8‘5 material s 8 ectg f rrom non- heat. expandabl e "or gani c
materi a AhBP ﬂft%° ?Vﬁ‘?rﬂ%“ ey from materials selegted frampraaniConposi t e
material s angtefans] :Hb@%nrcfwmﬂc rhstenﬂarédn%dé&e hitvérrwk andPRibANES fefedtar ticl e

size sufficjient to allow strand wet out, ('b) | east one | ubricious

materi al dithe PRdigleshaving apiavermggnaride sige, 'BP%%‘F%% RCCOEdiNg to laser sgattering) at
ngZtStedO\r/]\llet ﬁégﬁﬁé%tfe%ggﬁlnpﬁig%n% 13b-5 thitrotRéters) @)e leaSTHRALBRAbUs RafekiBf” | S
dlfferent 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 scaﬁering

25 techniques, ranging from 0.1 to 5 micrometers, and (b) at least one lubricious
material different from said plurality of discrete particles. In yet another embodiment,
a fiber is coated with a composition comprising a resin compatible coating
composition comprising at least one coating comprising greater than 20 weight
percent on a total solids basis of a plurality of particles selected from inorganic

30 particles, organic hollow particles and.composite particles, said particles having a
Mohs’ hardness value which does not exceed the Mohs’ hardness value of said
glass fiber.
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conprising (a) a plurality of particles conprising (i) at |east one

particl e fwowd2forom an organic material, and (ii) at |easeCOUSI2847i Cl €
formed froman inorganic material 10 sel ected fromboron nitri de, 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
| ubricious material different fromsaid plurality of discrete particles,
and (c) at least one filmformng material. In still another enbodi nent, a
fiber is coated witinanathenambadimentoafitpe pessegt inténtion) a fiber is icabtet withfa

di screte parti d fromor als

I nor gani cppol y%rﬁﬁo&w:;?né{ sg{a @2%3%%’? oirga[nigﬂtag inorganye W&P@Pe@"%&?[&

the particles dm/puslgmancmmmelrpamtamtlmrermumrwnﬁecaédwtﬂato Iaser
scattering technl es, ran rom m cr ers é at | east one
| ubrici ous rrat%‘?m% %?Wrgfﬂgg@ Rlurgfity %ﬁﬁ' w"PQ randablg ofganic c| es,
and (c) at beaparticles, éﬂd(ﬁ)&géastr&e%uyméﬁma{enal dlﬁé’f@ﬁff?&htﬁé’@ﬂ@hﬁ%ﬁe of the

present invention, a fiber is coated Wth a conposition conprising (a) a
plurality of m@@mrsan'ﬁ@ﬁﬂmyn@md#m@l mb%menmﬁpr@ae@rmwwoe.a fikoeir dscl

from organic gggt ,E“H f

particles hav|n‘§1gga%a(?1ﬁ'g\ﬁ/grrgg)‘famgmrpta ﬁbl?%?fté%ﬁ&n asure éﬁo '&fhgge‘%at"l‘%épg
scattering 25 $izipacoaupesition angt legs¥ a partion bf asutface of saidkfilkers and mcsecbhday
particlos. i Sty SorERuRg dfegfilue of i dhudieouihd ednbldid] toerigos « i on
conpri si ngl@ rndmahtymflqmetblpart(dmappged overpatdedst aiportionufitiss pdmanicoatngbf one
coating conprltﬁg%glggga’% r tt han 20 wei ght percent on a total solids basis
of a pluralit RPNy ected from i norgani ¢ 30 particles, organic
hol | ow particl es anthe compondrets poedchf the fopegding embodimeststan Hé?seﬂecté@f&ém
har dness val ue _whi ch does not ceed ;]gggl\/bhs har dness val ue of said

glass fiber. -H8 '691?9!‘29%" PEVSES ve: ang additighal compensats cantalssrbe he

present i nventdeictedi fromRbse feckédbBsveM th a conposition conprising (a) a
plurality 10% | amel | ar i norganic particles, and (b) at |east one pol yneric

mat eri al . still WRnenan-lmitiog embadiment of therpresent iswestiprujat ieast a portion of
t |
conposi ti on CoiRédstond of a&.? "ﬁgag}sudf%é fitlertrah@!df % raSeht i hﬁ@btnﬁﬁ%‘%ﬁ ot

organic 5 particles, |’ east one poly rc
fromthe at | dhetetoan anuwwqamggnomppamn comprising BOLARTHERM®(1601bocati ment |

the present i Wﬁiﬁ&'p%%deﬁa&&/@?éo\@l% 5:??@6% KRELEASEEBAT iSRS, EPSNER! ' N9

conposition having a prifary coa
epoxy fi Im-formmg 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 amidated polyethylene imine.

In another non-iimiting embodiment of the present invention for w“eéiiiﬁS i

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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sizing conposition on at least a portion of a surface of said fibers and a
secondawo ograli Ng conprising a residue of an aqueous C GEIT/USPORO4EIOSI t i on
conprising a 10 plurality of discrete particles applied over at |east a
portion of the primary coating of the sizing conposition. The conponents

I n each of the foregoing enbodi nents can be selected from the coating
component s di scussed above, and additional conponents can also be selected
fromthose recited above. 15 In one non-limting enbodi mrent of the present

i nven'([j i OP’ asolyoam'bpﬁewpblyoweﬂiyrl]emicdpelyaterCMAﬁOL NRxBhohylpherio! Sirfackmt,f i ber
strand of t as t ereto an aqueous coati ng
conposi ti oanﬁ@]hﬁd ﬂig&é}q@ )"%%8 SUFY? eMYIBIPR-de powder and/ or BORON
NI TRI DE RELEASECQ}‘Péndlhépﬁdsmuﬂﬂm Elimsdﬁﬁ&t of B 9aticfiord usefin eldctionisBi&dt al . PVP
K- 30 pol yvi %@Jayrrol i done, m 050? poxy-functional 20 organo sil ane

coupl i ng ag aPoptiontof gt lsastane At saigiglass fibegspal
CA- 630 etghOxprki fisbr Sfrhid mmawﬁnhmeﬁt.onﬁﬁﬁ%@a.éﬁﬁem&aﬁaha@&ueéomgny9' ycol

nonol aurate ester which is comrercially available fromSte
&?Wbéne i m ne.

Chi cago, 11 |q°nwp§ltlamoramg PPLARTHERM®; P 160 barpa aitride pay
I n anot her R | 80 f weavi n

25 cloth, at |e}z§§[§c§$(g§ I on OFE]LF\ mnmﬁ’sgﬁg’g{@s ?@595 of tge

fi ber st rancponwrp/rrqhdmm-ﬂmamic-iuncﬁml argaho. sﬂanemeupﬂng agenlt; Aet87r esi due
of an aqueo i ng. ¢ 0 160

nitri deqpoﬁép%ﬁgfg?"%%ﬁoﬁ@ﬁ %&?@E@M@ﬁﬁr Si H

pol yfast d][Q Wﬁeﬁbllﬁ(bllpEMERw B7pl/pamhil)1hnﬁatedlﬂﬁﬁbfﬂ9ldﬁu wﬂﬁﬁORDGM]ASt er, A-174
acrylic-functiona ouplin an A- 187

poxy.- f unct iRONAPeGDESIOBHEM 200 Gelveater” BLOROMAC B iigtevaroByene-0 vio

01/ 12701 P X I AGHS . MACCOL
NP- 6 nonyl g&%?%ﬁ’??ﬁ?%ﬁwﬁ ggﬁauﬁ%mgﬁwdafmghw(gﬁ gﬁ%lia? gtﬂzed silicone

enul si on. ' | Antirfeamiag "’I‘ﬁiﬂﬂa'i #idessired. éh'ﬁ@él’tﬁﬂhf e@bo@mfeamarbont@naldweirn
el ectronic Ghdigd Iﬁo l-?l)dﬁean‘?ﬂcﬁ %P@@s dé-E??ﬁ Fntel'on of
as S ers t h e _

at | east one of said ber stran esent
i nventi di® hé@"%ﬁphﬁést hereto an aqueous coatl ng conposition corrprl si ng

RELEASEOOAT- Oon3aniner Ash i Sekehiit oFBCHor ufE i Beclic bl 1 17,
acryl i c- f undopuisaf the gaaent inveintion, atdeast a pgrtiag ofat least DBz of said glass Gbersi onal -
organo sil anguiial ishSRL prédelitiNidntiolhad hRpikdl therdtes Ridtk %! 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 polyviny! pyrrolidone, DESMOPHEN 2000 polyester,

- A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functiona! organo
silane coupling agent, PLURONIC F-108 polyoxypropylene-polyoxyethylene
copolymer, VERSAMID 140 polyamide, and MACOL NP-6 nonyl Eh'é'n'a."ﬁ'a'e;ir'ed,

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 pértion 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 polyviny!
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10 vegetable oil, EMERY(r) 6717 partially am dated pol yethyl ene i m ne,

RD- 847A wﬂwﬁmﬂr DESMOPHEN 2000 pol yester, PLURON C F- 1@8T/US00/20457

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, | CONOL: NP-6 al koxyl at ed nonyl
phenol and SAG 10 anti foaming material. If 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 i Ry&olidopa, A-d7¥4 asadic-funglional asganst silane icouplingagentst andhA\-d 87 leposy-

fibers of thg,fch&% onddndHilafd c& lngragéﬁ@t EMERVS 6917 B@Iﬂ&%@?ﬁ% hereto a

resi due of an aqueous SI zI ng "on" conpri st ng PT 160
boron nitri depﬁ@eﬂwledenmmadSEEPWBX GBIty | alrhitate; TNIAZSIE=IRYEndoXille 25

2000 pol yest ePervaives Aot Shtert, MACOE PP el dd alphera d° B MAARDF
A- 187 epox§- f 486 ahtpfaeiming gm@nalswltawgrcmpéqm&damamahm&nﬁeﬂp8

I I th VERSAM D 140 I d d
PAcOL N, 6" nofiterBRly e inchutspoL AR THERKI P %que'm nifide P aesior c.an
optional fur t bRPAGBORIN RFFREERE EN EORT- 28N P05 dREBRI( ) O 96

hol | ow ere an

styrene-acrylic coi;‘lymer s. In st non-limting
enmbodi ment for wea yﬁ}ammeroomﬂmwmeemhod:mam ¢fatatem: for use mﬂalectrcnw girchipar ds,

t | t f ber
trand of ‘i herona8 cbinetrosdif vt Ut ot 8 8 Bh e al RESCone by etfgiass fogpe
aqueous pio macfythe diber sttandoofitie ptesent mwnmnﬁal@pﬁﬁﬁﬁlﬂeﬁ(to A rebidid®bharand/ or

ol vyl 53 RGP a% Sl st Senite DESMH I A006 Rowoster, A-174
211 1t s oo g s BTt 103 P e o

pol yet byl enc. PHFIBS SHeRKABRNET-308 pobipareroriane-pohipyetbyieoe ppaaenx| do

derivatiyves 0VER8AM|DO||4 nSide \ARED I"ﬁﬁé‘ﬁ | and
MAZU DF 5,{§3 P‘Q)’éf oamoqﬁlﬁf del al &%\fmdﬁ&not thF’SISLr e(fkwﬁﬁgagartlcul ar

errbodi nen hylang oxi )I‘I’@Fj DYRAKQEL SHtO\rosit: itiom, thsopastiewdar nitri de
powder and/ Orem%%nm Hhiﬂebpﬁquﬁ%%@ﬁﬁ@mé UBp-ghn Yet

anot her non-limting enbodi nent of tabric for use in electronic Ci rcwt
boards of t hestyreng=eryiceppalymen hollaw spheses, angior POLARTHERMBBE 160 beronf sai d

gl ass fibers pihieoudaP ahisBPORFACBORSN NHFRRSERELEASEKEIHT. QBNKS5 2PP! | e

thereto a resi
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 couplirig-agent, A-187 epoxy-functional o'iéah6 silane

25 coupling agent, SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer,
EUREDUR 140 polyamide, MACOL NP-8 nonyl phenol, SERMUL EN 668
ethoxylated nonylphenol, POLYOX WSR 301 poly(ethylene oxide) and bYNAKOLL
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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aqueous coating conposition conprising DESMOPHEN 2000 pol yester, A-174
acryl i cwoomt2renal organo sil ane coupling agent, A-187 epamysdorzo4s7i onal
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 WSER 301 15 pol y(ethyl ene oxi de) and DYNAKCLL Si
100 rosin. In addition, this particular enbodinent further includes
ROPAQUE(r) HP-1055 and/ or ROPAQUE(r) OP-96 styrene-acrylic copol yner

hol | ow spheres, Y¥Yhilediot prafarredifiker strands having lsgesidue of a coatingompesitiamd/ or

ORPAC Bm%iMil%ﬁﬁoﬁﬁE%ﬁﬁ%&@%t 4ra freil &%Sfti%ie%“ta & dd'magoiher

non-limting e > rnc r use tn'electronic Circui boar ds of
t he present acgppdancewith the present inventiont ilo padiculat, it is aentemplated thabiegingl ass

[L0ers. of okt boib fhodubhe BLPE the NG B PR BBERL A5 © °
pol yest eb, as PYP K-30 pplyvinyf pyrciitione lone og eove sildnerouplingrdgentsy sagess . A- 187
pol yoxypr opbt LAGBIFS Blonalirars SlapsicoHeing SORORE00A-186PRNuete8al vACeL
NP- 6 nonyl mﬁﬁolsilanﬂi%\ﬂdlin%&ﬁ& andldi feast 26 percBRBY WEIGRIAUF thd $iNgX VR 301
pol y(et hyl ene oxide) and DYNAKOLL Si 100 rosin. In addition, this

particul ar ERBRRRTARRAN 3 totalsolids hasis eta luRtsious material havingopplarand/ or

ROPAQUE(T) &R3r 'STEPANTIER SIS and/ or
POLARTHERM 1) %eq%%gﬁg%%nﬁ%%e pos\géerr%étg%"kg?&&PAC % t NI TRI DE

REL EASEETaGeoRdangs withdhe pesisent inventionoltoxifl be futhepappresiatedisytbdse shilde not
o t hose. denans pLadHREE st v 3s Bnenfie RGBSR atil "'
accor dance e#sentiallydraerafparticldsnifean hmwoven iptorfabrics! and made into electtanip! at ed
s e BPERE S S ERRGE o MShb T sl 0P o
si | ane couppresentammention. such as A-174 acrylic-functional organo silane
Coupl Lnfs 251 BB o RRBSN 4 i B RERER s bENFmRo By B ST S
sol i ds basi suitableanéthbd sactoas corvetiorel mbdng weoll kidwar to thbsy sidilednin el are, such
o AN iran ¥ copoRae bR SRyl B ol Gy Ve e |1 e
art that fidesiredweigh peftent §ids ahe Mixedogamer. DT Saiéibs198 6aBe Bidnhigsl t hat
'S 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 dryér 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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essentially free of particles 18 can be woven into fabrics and made into
el ectroniwoeuparts and electronic circuit boards (as desBETHSH/HdFHow) in
accordance with the present invention. 15 The coating conpositions of the
present invention can be prepared by any suitable nethod such as
conventional mxing well known to those skilled iin the art. Preferably,

t he conponents di scussed above are diluted wwth water to have the desired
wei ght percent solids and mixed together. The particles 18 can be preni xed
with water, erenpssiinking, ronges fiemG% &o a@!éfé@fpemloﬁe grosaiinkinge dnpBeENt s of the

coating 20 cornasddihafsPh e%roésﬂnﬂéﬁ%@n #i%ﬁr BAD éﬁ‘f‘%fﬁﬂ@&ggﬁlﬂ&rggn% the

coating. Coatlng conpositions accor e present Invention
applied in nmtyenemisgdimnentsethergobsslibly demiWaenge&erméo% toBhSa0Efulli t h a

roller or belt a Ilcat [a | bers .are
prefer abI y dri é Pk'P%ognP@r@gpﬁ thegargwmg{nggfsé@ﬁftggt E“gﬁéﬁe%%gg de e ‘ﬁrl er
rem g}/es ¥ esosuiihkihg)i. fthe Brosdink dimwsityrpmﬁbh eiﬂeterm:he@byamghetycuimhéﬂgy
curabl e sizing conposition conmpon e ture and ti or ry|ng
the gl ass fib&ush \ﬁﬁlqynﬁ@tfefﬁad%w?ﬂ'l% b%fﬁ'lé%? : IR ”ﬁ"P%a nﬁéb

solids in the graf Wﬁﬁﬁﬂ?ﬁérfdoﬁﬂucté@ﬁﬁmégéﬁ Iﬂ@nﬁﬂﬁdld&enﬁﬁémﬁé igldsan
and type of fiber., As used herein, the term"cure" as used in connection

with a conpositransition temperagure ang %Qﬁsé’ék density of free films afgoatingsanpalymersany
crosslinkabl e ‘ﬂ%@ §\E§l g?n%p%h& o ® BB InhdteRal € retdtel €6 fe Eﬁﬁfc{dr@u' the
crosslinked. In ce

ments of the present invention,
crosslink mns:rosshokedmtworlgsy I nkabl e conponents, i.e., the degree of -53

WO 01/12701 PCT/ USOR!,&@ 9 @is?ﬁﬁleﬂo g@qeﬁtﬁrw*a@ésﬁam.af@ goiLQQa/ﬁ\@eto be

conpl ete crosslinking density rang
from35%to 8Ea?talyteﬂlai'é first oeabunek thg. sample isttightly mduotedtamnesPowhercr ossl i nk

art i1 ndcraRoRe A 2pge s, 400 i SR ERRERS Mos P R o g

; he crosslink tdeappﬁ:ﬁtusca?tﬂe@mldaicahns ﬂﬁﬂbtla/heatrngrratetqflaec/nnntélgd@ency oEh as
ynam c ne I cal ther na SIS a, Polymer Laboratories M
T DTGB 8 StATIEE TeRshe s siant Rt bf O B\ et sapiie suaasommants phor
glass transi tévefy AR RROAHS!T ?h@nibder&aéfdnnbt.&e st XraPikitibh €mpérhtiFe, Qa‘nd
coatings or polyners. These physical pro erties of a cured material are

related to t h&'%%ﬁ"ﬂ%ﬁﬂﬂ%%ﬂf ﬂﬂehearmeie&aaw eteratinerbaGoeFding ithismethgd: bligher s
met hod, the | epgddink WbAlity valed inditAK R8Ighe? ldedretadtiRrsislifkiftFin 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 composition or a powdered coating composition. In one
. embodiment of the inventicsi, the LOI 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:
_ LOt= 100 X [(Way-Woare)/ Wyl (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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anal yzed are first nmeasured, the sanmple is tightly nounted to the Pol yner
Labor at owpesndér! | | apparatus, and the di nensi onal neasupeTrIsue25E ent ered
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
sanpl e measurenents occur every tw seconds. The node of deformation,
glass transition tenperature, and crosslink density of the sanple can be
determ ned according to this method. Higher crosslink density valves
indi cate a hi ghehfterdbe applisation oba primanytsize. iet, the ipitiat $izejappilied aftlenfiber of t he

coating co s than

30 percent ”Fgﬂﬁétdn ﬂ}ﬂb%?@%p«ﬁi?ér?ggftbgﬁé%@st %g%é_[% ﬁ?@ﬁeﬁﬁgrﬁqﬁt and

nost prefer@mlgremmémm 16a0dfitierppercstrandby wei ght as measur ed by | oss on

ignition (LA). Jh 03|t .on on the fi strand can be a

25l ueof an 44 AEeTORblGHAIRE TBRabLY eaflod Aballedf tnettrihuy sty an

conposi t5 oraméunt effectivehodoamrtnmpfeqnbm the portion@f thel dteanki§) for exdrfipie byhan 1
erm"l.oss on ignition” neans

t b d 25 th
e vt ght disnifle e sinads sty contaighe FeRonHAY SoRting FoPRRSIEaN. f oo of
the fiber he se8bRdaTy BEAtingYcoRepRItioR updh tHeratéé)&rahd[&r\w dancttﬂé wWJ

(Egq. 1) Wne ein nis the weight of the fiber strand plus the wel

the coati nd eEB?FﬁQﬁ"?N)W‘tB?ﬂéPPM‘P"r@f ‘F'?P%ﬁe‘bﬂweat'rhsmtqdaﬁ!@m CEMJ@) f or
60 m nut es pyaded\iRoug h@d“e%?é?ﬁoﬁ@é%s RbatindcoRiboBitibh g‘gh %)Us?l%ﬂd %b&m Tt es

heatin the fiber stran in an oven at 1150F abou

and codlQ ngiried asstisaussed abave fora tlweesuffwswstq:ett east padially/ dyy®r/cupsthe -

PCT/ USOQ 2 th tial

e appl | ey ek LopdRidoic e dhod afl abBinug I Beplyifl the "<, | s

havi ng 2 t@eﬁmd}(mcéatb\gmnpmsltlonmﬂmwtraadds ¢eteﬂmned>lnypamﬂjthe 1600 fi bers
trand. d ' | 1,100 | i to the pri

B e nan coRRaRERIf ke 50814 BB 05 b 5 BRBpG ey Set spiiisud® | o

stran(cjis, fmftmmheawpoauhg)@dmsiﬂm maahaxﬁnesmukdomuﬂhba{rh cont ai ni n? t he
n f coati 0sSi t rayl ng.t he secondar coaln conmposi ti on

Cpon N8 cont ed SHPRREEPIIY Eoati Rl <pRitoRs o2t BENHE blie 57 Rass firvan

appl i cat or famndgmw&mjlmms aﬁb%tm@“ddiﬁvﬁ SuththsGa® dieusdtdisdtle! Thaugh a

die to renmove cess .coati onpo omjthe strand and/or 10 dried as
di scussed &f P°%{'“9|’%B'eg%[PP‘V&f§ﬁ?"t[ { m, they REMary 8izingiCOMRPSHPY. i, itur e t he

secondary gopédntding arTeastidneGompbhent WhibiPid cherically arfakdnt froRY thaPp! yi ng 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.
i * Referring now to Fig. 2, in an alternative &émbodiment according to the
25 present invention, the glass fibers 212 of the coated fiber strand 210 can having
applied thereto a primary fayer 214 of a prirhary sizing composition which can include
any of the sizing components in the amounts discussed above. Examples of suitable
sizing bom_positions are set forth in Loewenstein at pages 237-291 (3d Ed. 1993) and
U.S. Patent Nos. 4,390,647 and 4,795,678, each of which is specifically incorporated
30 by reference herein. A secondary layer 215 of a secondary coating composition is
applied to at least a portion, and preferably over the entire outer surface, of the

primary layer 214. The secondary coating composition comprises one or more types
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secondary coating conposition to the strand is determned in part by the
confi gur afPsyRhest he strand material. The strand is prefer RETPSH2048 af t er
application of the secondary coating conposition i-n a manner well known in
the art. 15 Suitable 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 co [ contains at |east one conponent

t €.,
which is chem eiamarn))col; ﬁgmas a&ﬁw%(se%mm@h%@vsfa&m@&%ihgln one
t PNIRRG g&& i ch
::grrg?fs:c elrggt ?%rg%qg%ﬂ%“gtln@g%?c 0 abﬁé&ggﬁ%ogponen{y"cdﬁfgﬁe%ai nh@he Pgnzicng
conposi tion.. tempositinn, and, ivpartjsulas, afesiduet tan@qyeeuﬁmoy any zoati
i
oo 50" A S B 15 G5 L o8 .

her ei n. . In ﬁm‘tlwrremtg:dimmtt thd-'sagondarylcnam lalatmdered/uangadmamtlon

accor di ng to th resent | t he s fibers he coat ed
 ber ‘st rand 230d8RaREYRR R PoRRATPL aoRing BPETER coppeina fpeIB: paried o7

prinary sizi ngafieaRtespdrtion of e Prinfedy cbatiigude any of the sizing conponents
in the amounts di scussed above. Exanpl es of suitable sizing conpositions

are set fort h in Loluamatemnative ephediment thepartigiesiotthe segensiaryeeating s,
Pat ent Nos. g&@pgﬁﬂorﬁéﬁn Prisé ﬁ;ﬁnhc‘%ﬁ&ﬁaﬂﬁ soid Séhlblés ﬁi&?ﬁb&rﬁ%hh)‘etam

I ncorporated 3 reference herern. A sécondary a secondary
coating coi@oswateﬁmthg intgpslicesof the Mﬂrqnb&iistpadl%r tThGrhydéqm"lper@m%N}llever

Composi 11 oncoRirriss 62 Besdlh vl ofdiiner AR oG viln AP REPRERROY 80" ' 07

particles 216 shmhncalsreactmrﬂmﬁ'nthesvmlentofdmu dot exzipple; aadsqpastgetlilkessalition| n one

oot ng " compo BN HBCRR o i o tab SL¥h1Ec flo 88 AR RE 0 c ot ncar

coati ng corrpotaléoonmmﬂcmrons icablel vetiiet iharcoawdtglsésem:eostraﬁd isesed targiotceon of
the primary_coatin ot her enbod] t he segondar coating is a
powder ed c%ﬁt g‘i‘rﬁs %?‘Fo b fpgany t){g’gt"f%ﬁr Rgne rateﬁg'oﬁjlg%gﬁs@{?&"fr 1§
conposi tion comt)érsﬁdéag:f ltmﬁydra;shmmhteeﬁaeéndxa suB&tahﬁl??etﬁm@Q thergin. Feet he
primary coating, {n, an aI ter nat |ve errbodl mant articles_of the

secondary coat |Bﬁ9‘F Sc‘g‘“ﬁﬁmc ficaly i g

particles that |ﬁﬁf'§le@ Tg réfSFé?ibQ hei"é?n \A@é\ﬁ‘éu" hieah8 that m@ﬁﬁfréﬂﬁl& prtidiée
hydrophilic particles.

drophilic inorganic solid particles can absorb
wat er or smellemmﬁlzemwa mSwMﬁ%ﬁdﬁs&&M&mmmamage

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 particies that swell
include smectiies such as vermiculite and montmoriiicnite; absorbent zeolites-and

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

In one embodiment of the present invention, a fiber strand comprising a
pIurallty 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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chemi cal reaction with the water to form for exanple, a viscous gel-Ilike
sol uti oswowdrizobn bl ocks or inhibits further ingress of wapErU$o020487hE
interstices of a teleconmunications cable which the coated gl ass fi ber
strand is used to reinforce. 15 As used herein, "absorb" neans that the
wat er penetrates the inner structure or interstices of the hydrophilic
material and is substantially retained therein. See Haw ey's Condensed
Chem cal Dicti onary at page 3, which is specifically incorporated by
reference Ifli§cets partisiaappliedwyaratipast a apetioneftepprimary geatieg of e sizingoand i n

size or Vvolddfositieh, }MEQEH? rréd gﬁt‘%@ﬂ‘*éﬂ? Eﬁege%t%"\b% e éﬁl&@l at _page 20

1178, which is QJoem y I ncorporat e erence gln. 'Bref er abl Y,
t he hydr osielectes feom @i hydeaphilieaarticle wbnh@bmrbsand\n'etamm%w in nterstidesaft one

and one- hal original dry weight, and nore preferably two to
Ssix tines, tt e"i’%éh"'éﬁi'k'{"ﬁ/e ight. Non-linmiting exanples of hydrophilic

i norgani& solid Ffuntbertnethés@embbd“lmts. itheet arnoeritlof panticlbsﬁfeth&mbndﬁ such as
vermculite a@d nont r|IIon|te nt zeol i g&é? nor gani c

absor bent J8PY"9 W"eﬁ' cuiRk ?H%%g“ Wweight pﬁé golids basiag i n

powder f or rprefeiblyt fsH 20%o BONGoRE p@\‘é}%ly frof25 @%mnétgﬁwpef@aﬂ 4l dvgher i al s.
I n one enbodi nent. of the present invention, a fiber strand conprising a

plurality d&foreipsRfewblyfrom 5Pé8§9"{?d9'?tlpﬁfq°9t coated with a resin conpatible

coating conposijh kRl f st one
fiber, the resin 30%%@33{’? %ﬁ%sg'cﬁnr)%%rgﬁppggs |3??3ﬁ&'5?\?§y& 3a2bg§r? ?qrr%rru%ﬁgoatl ng

of a si'f ngoatingrampasiiensan beranplied to 2t least aire ﬁwofof&h%wfameam the at |east
one fi ber si us
coati ng. colhacab SRS entis Aafack ot & GBRIIEN8yeR 131, Su p MBRERY 0057
di screte pai2wsuld havela pimarydayert31dad stprimanpsizinga sécandarydayers1s ofaat i ng of
the sizingg I ast_,one

di screte par?a{qa@f#idtg'gl é‘{?’é’g’t'?ﬁ %ﬁ}&é *ﬁ'@é&ong@? '?@%%%‘i@‘%‘ﬁﬁ ﬁg?ﬂ@or bs and
ret ai ns watTae tentiafyrdoatisg ofthe cobtedtfiber styahd310i is preferablyidifferentFrdmitticher to

t hese o] amount _of .parti t he sec nda

corrposﬁ!tglj og’hg'gﬁ;%:fﬂégg?‘f’%HEW phd *ﬁryﬁ'@? @gﬁP"‘}ﬂ?s Of % “‘%g?ffm basi s,
preferablycﬁaﬁngélﬁnﬁdsﬂﬁﬁ (1)Twmam£aflea§tfdn§cbmpﬁhé}ﬁwmr8ﬁdh€mw%ﬂ percent, and

even rmre rably from50 to .60 wei ght, percent. In an alternatlve
embodi ment 9 fﬁﬁfr H‘%P&Wmﬁnﬁsé’f ea?’i’"%& 980\ Serondankceatiigy 10 coating

conposi t i oeomPBsitich; DP ) comtdins Aleast dhé comPendnt MNarPAmbhift WhieH R fifferamd
pref erabl y oV E'-et he entire surface, of a secondary | ayer 315, i.e., such a
fiber str aff@m the amount of the same component contained in the primary sizing or
20 secondary coating composition.
tn this embodiment, the secondary coating composition comprises one or
more polymeric materials discussed above, such as polyurethane, and the tertiary
powdered coating composition comprises solid particles, such as the
POLARTHERM® boron nitride particles, and holiow 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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312 woul d have a primary |ayer 314 of a primary sizing, a secondary |ayer
315 of a wapepndery coating conposition and a tertiary, ouper/useyz045820 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

ri sj. zi ng .and, seconda oatjn conmposition; or (2)
contains at | é%?é"fde%deg@l'gy ?ﬁg‘i’hﬁ’%ﬁma_ t?ﬁ?{ : F\sﬁ@'g‘bl??? ganrangefrog@.dhe
amount of the toFERvaigHIPERGEH: of tHe! tBtal Aighfof the dAkd SBaNd, dndl pHefePdbly’6.1 to 30
secondary coating conposition. In this enbodi nent, the secondary coating

conposi tion coMgigMREECHe or nore polyneric materials discussed above,
such as pol yuret ha [ ' i1 ion
conprises solid parﬁec g%& Eg‘g Elgeg ct?:hgng Wﬁ%&%ﬁ'ﬂeﬁoﬁ%ﬁﬁ%@e
particl es, @andnatefials suglugs iare discussediabave, ROPA@sIBENic PBlypieysimpbziesvéri ch ar e
di scussed aboy, e - r t | s,.applie b assi ng
the strand havi r1vé)P %fﬁF'i %@ﬁ%xg%iﬁﬁggﬁ%%o%@ioﬁ@&cﬁ%ﬁtkflgﬁnérbg\eiaé%"%"n’@ﬁet o]
ol 1] okl Pedupnrrdsiraek b {1 s BRL 2 Lo
assenbled into a flét?tnﬁc,e irﬂaﬁ?3%?71%@'#%9@”5?9%?*@%&?@Sﬁ ingtisast 5
appl i ed, as sipartially cokied. with a BAmas Guaing of 8 sizind GonfpcRitdhQpphéd o' atdeyEpLnes

fabric 912I ith a ref 14, also includes an electrically conductive

| ayer 922, imW%H“Q?ﬁn ce Sh e atdeassone ibem a secondary caatinggamepesition]  be

di scussed | at elonipsyeASAYmERS Alakerial BBpIERILS Bt IeBSY £BHtioR bf ta ] 1/12701
PCT/ US00/ 20457 gg\/\pg?g% ysol i d particﬁ%s adher ed tg t'ﬁe coatperl ber strand

310 can range 9PN, andn testigRvicgating,eanarasitionicompsisingt discrelei narticlesf applied
Do S oo (43P ol b il AL RGP bl 4 Yo,
as are di scussempsisinga, plurality offibatsris lat leapkpartially coatedonitres primary qualtingoeéi ns,
cont i ngs. 1ot e PRGN el s otTB5kne diriort L fltabe ol ot Roit Fasdisaldt  ana
conprising a fibersahiseyondary coating commisition@emprisiag tal pdlvmemhﬁdaw%ﬁﬁﬂe@tq at
bF. & sur face. &foSFAEOHn o1k FORBR; paseesEnC et A ey omin GoReaRkRE 1 on
conpri sing a potmprsing tarfeila Pafticlesripplieditd &t I6dst agPiorPofMRé kebhdafy ddiing.
primry h 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. (n addition, the coated fiber strands
used as warp and weft (i.e., fill) strands of a fabric can be non-twisted (also reférred
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 wetft strands.
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conposition, and a tertiary coating conposition conprising discrete

particl moeprered to at |east a portion of the secondarBCTUSmR20457 | N

anot her enmbodi nent, a fiber strand conprising a plurality of fibers is at
| east 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 conposition conprising a polyneric material applied to
at least a portion of the primary conposition, and a tertiary coating
conposi ti on comftreteimed embediments pfithe present inventienvinclude anlat lesist parfialiyt i on of

t he secondar, | . Qne ' , st _one, of. the
coatings i ncé%%ﬂq%*&tg%oé* @Eﬁ@o“‘r@%%‘ﬁéég’ﬂ%‘% %g%@]’fss”ﬁ%g@e#".‘" %W °<Inot her
preferred efibensidisoussediin detaisabaven Thiss, arhat leastipartigtly coated édbricfmadecfrom '
foregoing e ' t [ a Additional v, t tertjary coating can
be a resi d'ugB %?bgﬁgéﬁﬁfg’@%gtﬁgﬁmstgﬁﬁ 68&%5' lS&ﬁ?ﬂP%ﬂW@EﬁP?’ﬁd&t ?Tﬁ%’&%i tion. The
cgat i ngzgo ¥postietriqlde mrtb rprea'd. nDimeent]!on.”rEH‘dt e&amblgnfgn% pwrgboﬂhﬁﬁygﬁ eg
above. e varioys enbodi ments, of the coated fiber rands di scusse
above can bg"e Rresgntiaventnn fﬁé}éf&ds?ﬁ&%?%?s?%&?%@%ﬂ)abﬁéﬂ"'PH%'BQ @t verse
product s sufdasténe SKEHPESISHsiny Bluralityi oTHBErsS tHecdbating B0rhPAsify8h BFgahi! i €,

such as wovens, nonwovens (including unidirectional fabrics), knits and
mats. | n ad§Pmpenentand lampellas @articles-hayingathermalrondualivity phatderst iaiatt per e. | -
fill) strangmigfK at & tdthperatdd ofSodikoN-t W sted (also referred 30 to as

untw sted or zero twist) or twsted prior to weaving and the fabric can
i ncl ude1Ovar i ous Inene embediment of thepresenhinyeatipra the cnating wompesitionsr p and wef t

strands. -5 )/ k A ﬁgp ' _ f the

present i nvén | oﬁait%?ﬁe ggéarglrge't%%%gfé %Dé’r"%g%@{n?g'é edﬁéjéé'g?'{;%&%tﬁ?rtpr'i sing at

| east one oembhdinient.cthe soatingds appliga tosat lepshomd fibexistrapd.ofn arfatisrr s di scussed
bric .made fr

“in detail a - T an_.at | east.partiall ted f . 0 each
of the di soPRbRdMHAIe 8Bpt fofilsiBR ek eln 8 3K Fites Aivenufi anrisd to

the][ ef ore, ?becfgl_atierfﬂhedeealtf e'rr:mtiiléerrmoﬁmm_ shmﬁWdiems_sEobebgﬁrrpl e, oneI
preferr enbodi the present .inventjon i irected . .t.o gn at | east
et i 19 cont ou BBy theaafr B & SPadtaly Brasted olvatd Stniife Bk, -
lpl ur ?: ity oéoé_tinlbmmpds!ﬁenfbﬁﬁi‘eLmEsaftmhﬂémdiréqﬂthm' cﬁbem?ia% f and

anel l ar papticles haying a thernmal conductivity of at ] east t per
moter K ab A suhsadushti erporating g et A Tebiie: the Pravemy acen)

i nvention, nRentiohPdlse chAB efbbliitints WhIrfih Gohtihg dtinpusitioRtr the'vent i on are
applied to an individual fiber. In another enbodinment, the coating is

applied to gieseRtinyention is aprlied 4o afakric. | Thegagling 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
applied either directly ic tive glass-fisersin the fabric or to another coating

25 already on the glass fibers and/or fabric. For example, the glass fibers can be
coated with a conventional starch-oil sizing after forming and woven into a fabric.
The fabric can then be treated to remove starch-oil sizing prior to applying the
coating composition of the present invention. This sizing removal can be
accomplished using techniques well known in the art, such as thermal treatment

30 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 éizing

composition initially applied to the glass fibers after forming is not removed, the
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enbodi ment, the coating conposition according to the present invention is
applied twoérerdiabri c. These alternative enbodi nents are POT{UP0H2048Tssed
bel ow. 15 Although the prior discussion is generally directed toward
applying the coating conposition of the present invention directly on
glass fibers after fiber formng and subsequently incorporating the fibers
into a fabric, the present invention also includes enbodi nents wherein the
coating conposition of the present invention is applied to a fabric. The
coating conposioating compasitien affbeipeesenbinvention wenid @enrhﬁamuaﬁsver they

appLYINg e Satiite bokiinlo H%/siahd BOMPBAIGH frbdiindrP il 1o hefiBa act ur e

or by applying een nanufactured
using various sutfabei ques vvel | known in the art. Dependl ng on the

an bo appl i ed of t e ERTREN AR e paBSh i EGh, sebeiell hfnehcr ) "
another cod@ i rtﬁezsamig{)@adyositmntdfeh@ menﬁ‘mvbmmnmadfoerapbwmmhe glass exanpl e,
the glass fibers can nventi.onal starch- o sizing after

form ng and wdiPers immedigtely.after g°"“"19\én 'PE‘%PE foraponeats ofd ?@‘eﬁtt"s remove

starch-oi | si Zédhszpdsiﬂowcah%eawn&a itgtnbffsnan&mérlmg nfaaap%htmmepémmaﬁtopresent
invention. This sizing renoval can acconpl i shed using techni ques wel |

known in the dhatdiseussed abovesseme qrreélaxfmelgﬁteépoma@rmmﬁgcmbq eaveBric. In
chian 1 . | . ‘
| S 1nstance ftrc?{ﬂ‘ﬁ?&aglr%%% _ﬁs?rg%%PﬁiMaﬁﬁgwaﬁrﬂhﬁ@ﬁbﬁ!mﬁ?ﬁére‘n#H?n gf ace o

the fibers of any porti e sl zin osItl
i nitially HpplompanentscAsyh sesilt] thegemairingcormpoenentsgwill glthm'tdmeetlmm the he -59

WO 01/12701 P 7 [ CH ' tion
woul d then be SR 8405 ers RERe e S TRaTbe Seeisk SBrBOBRT st B¥T0c 1 on
rat her than dlrlcmtém;wécbfrbdnahéfberrsurfaueface | n anot her enbodi nent of the
present invention, selected ¢ 5 the cogting ¢ t|o f the
present invention c'zSS' gh fgggg T’Pﬁ tgggorgppgcéﬂge Rrﬁﬁgr{g’ * ?grc
form ng and thsbnﬁ;srrmtgutneast@ﬁa@naﬁa &ombnéuh@amhﬁtylgf rwmuéasopamaly be .
applied tq hef?brlc after it is de manner simlar to . tha

di‘scussed ateg,yyith g,primary SPatﬂﬁ’é"“é’eé §%‘i°é‘ apyfPetna.AR at least apertion,piibe

fromthe glas Sprfmmro%amg Qhe EQccﬁ\GaFy' d&ﬂtuh@ Bomphsihg paricled 8Pan rnovgafnkb hiefial
remai ning 10 conponents. As a result, remai ni ng conponents will either

di.rectly coat hayihga mqr@abcmumwyfg@ﬁeéthan 1tWatts pefimetepK at @demperatuse of
sel ected corrpcmﬁm_s that were not renoved fromthe fiber surface.

In another embodiment, a fabric comprising at least one strand comprising a
20 plurality of fibers is at least partially coated with coating comprising (a) lamellar,
inorganic particles having a Mohs' hardness value whiéh 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 fibere is-at least partially coated with a coating com‘ﬁﬁéih’g"
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, copper, 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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I n anot her preferred enbodi nent according to the present invention, a .
fabric wompneming at | east one strand conprising a pl ur@criusestosss bers i s
at l'east partially 15 coated with a primary coating and a secondary coating
on at least a portion of the primary coating, the secondary coating
conprising particles of an inorganic material having a thermnal
conductivity greater than | Watts per neter K at a tenperature of 300K. In
anot her enbodi nent, a fabric conprising at |east one strand conprising a-
20 pl ural i t ycapiprisingea plurality-of hydeaphilip particles whichabiserb aid retaimwaienin thenpr i si ng
(a) lanell ar; s..ds ' rii.cl es. having a Mohs' hardness val ue which does
not exceed t'Htgr%sgﬁésgﬁﬂhg‘ygﬁg‘s‘g'g\?gﬁﬁregbf the at | east one glass fiber, and
(b) a film forni rg stithancthet embodiment efitt presestritantiomn fabfic E6HprisingcPr i Si ng

at | east on rand, ¢ risi.ng a pluralit f fibers is-ct |east partially
coated wit hﬁﬁg%SﬂFﬁﬂﬂngg%Wﬁ?&a p"%%'“( 8%*'9%% ﬁ?ﬁ?@%ﬁm@t@@ watinthg a Mohs'
har dness 5/al dompositioh ofl @t feaBbé poition A alsifaddbithe faBHEAS Fesimbolfpatbld he at

| east one gl asaa fiber, .the nmetalli articles being selected fromindium

thal Iium ti9939REpRyBpOsitigncompyising é)\g pluralityof discrate Pasticlesifomead fram ni ng
material . | maersSele8BRHIS nicanétehél's.qnﬁpamé Falgﬁﬁﬁegﬁtéﬁﬁ cerﬂgoﬁfer and

conprising a 30 plurality of Tibers is at l'eas arti y_C(')ate Wth a
primary coatMatgrialsand midueesthergof, thapartigeshaving an-avarage particle sizepf t he

rimary coaty dd SccoRf | = ?@mﬂ% 0] 57
gorrpri }s/i n arhf)%ﬁ; al i @%@ﬁ’;‘ﬁ?{%ﬁ?ﬁﬁgﬁpér 9?“ | es %’l%é%]rgﬁgg&%égh(ﬁrgét ain
wat er i A & hdeast poe jubricious materizlh differant fpmi saicpluralityiof Hiscreté particles,| arhiz) her
enbodi nment %"Jagﬁ"mﬁﬁ"rag']‘i.“?ﬁ%“?n’ a fabric conprising at |east one

strand conprising a p ibers has a resin conpatible coating 5
conposi tion on atin keether emboditeat) adhbric comprising abfeastiend stharidaconiphiging@si n

conpati bl e | NY.CONMPOSitign conpLi,sing (a) a plurali f discrete

pamoi cles f(??"&glhy Pﬁ%%rgﬁﬁf ares @@&5@!@ 8#?&5%5"8?%  en ﬂé}fz‘é‘%ia&ﬂ%{‘m\ %for gani c

pol %/_rrelri c Emsurfaeé of thedalics iﬁ&rgts,ﬁ'ﬁdo&i_ I patible cogthgdon pdgﬂi&nfcbﬁngﬁgﬁg %é) réel :

artic ayi ap .average particle size nmeasur ed accordin 0. |aser

g catter ﬁ%g DX“E%IEY -ﬂgd'??'s{ﬁ 89'1‘ pafficies foraied,fom (“Sge"&ls sﬁth@dfﬁ‘?m grganic

| ubri ci ous mwéteridls}|coflipobits MaterfalsXaRERixtlrdd therdof tand Gt 1edisBshehBrididist | C! es,

and (c) at least one filmfarm nq material . 1 n another enbodi nent, a
mralfa) ciferent

fabric conpri<s ;ﬂ'gf“ ?ﬁi@pyfi&hﬁwﬁﬂﬂﬁﬁsa plurality of fibers has
a resin conpati bliafethés éHabsAIMBAEHHthe Pre3Bntdfvenfiah; la AbROESESINY at least

one strand comprising a plurality of fibers has a resin compatible coating composition
20 on atleast a portion of a surface of the fabric, the resin compatible coating
- composition comprising (a) a plurality of hollow organic particles, and (b) at least one
polymeric material different from the hollow organic particles.
Another embodiment of present invention is directed to a fabric comprising at
- least one strand comprising a plurality of fibers, wherein at least-a"portion of the
25 fabric has a resin compatible coating with a loss on ignition of ranging from 0.1 to
1.8, and an air permeability, measured according to ASTM D 737, of no greater than
10 staﬁdard cubic feet per minute per square foot.
As used herein, “air permeability” means how permeable the fabric is to flow of air
therethrough. Air permeability can be measured by ASTM D 737 Standard Test
30 Method for Air Permeability of Textile Fabrics, which is specifically incorporated by
reference herein.
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a surface of the fabric, the resin conpatible coating conposition

conpri si nwa éy1220115 plurality of discrete, non-waxy parti cpesuSe/zoasy f rom
materials selected fromorganic materials, conposite materials and

m xtures thereof, and at |east one lubricious material different fromsaid
plurality of discrete particles. In another enbodi nent of the present

I nvention, a fabric conprising at |east one strand conprising a plurality
of fibers has a resin conpatible coating conposition 20 on at |east a e
portion of a surfacdhese corepbrdnts used incthesesvarions epviodiments oan bagelected from

conposition CORRY 1 Shi lutalit f hollpw grgapic particles, and (b
at rrFeast one E%‘;%@BQ éﬁéf’@?’ﬁﬁﬁ's&f‘ﬁe@%ﬁf’ef?Qfﬁ?‘{‘ﬁﬁ’gﬁg?‘? ANt ¢ANalso be (o).
particles. AnosdeMegmfondimetecc‘:ﬁedrabeeg,nt [ nvenlt [ onI is di ][efc_t gd to \e,:hf abric
conprising at ,!easi, one strand copprising.a plurality of fibers, erein
at rr1Peast - g- por i1 %Hr%gr?cﬁgmgggimf&? F’gg‘ﬁe&‘es@f% l—f%’gﬂt'%ﬁﬁﬂ adapteshioi raigfarce an g
| 0ss on i gnbti elRctbnié @ 'd}gisfrﬁétléﬂyérﬁéihodlccﬁnpt@ﬂﬁ]tﬁﬁs?é sgtermeabi lity,

an

measured according tqQ ASTM D 737, of no greater thga 0 standard cubic
feet per mnute per (@quarebtainiog ?fmsm@d'i'ty@ﬂép@mpﬂmgapbifalﬁﬁbfiﬁbetrgandreans

how per nmeabl e h&dnd 8Bifdt Fedi : oy t r@(gg ' ility
can be neasured br)‘/é Algfrdlfﬂq%él@??%agtggﬂggrg %t"‘@eint att'g%{t%éﬁ]o &()tpé"alf Ireggaﬁéﬂbi lity
of Textile Fab¥Y®®s, which is specifically incorporated by reference
herein. -61 WO 01/ 14401 . c nent s _us i )}t hese

vari ous enbodi ments'can Eé;gksﬁg{'égéiﬁgﬁﬁgg@ogwﬁg?%ﬂﬁ@ﬁ%&x gfr}.ﬁ’leﬁ'ﬂ!,%ed
above, andl@ddhavingalsecanyresiartcengaiiblecdomtingon atiehstcd portibn oftHeH fsust 66é t €d

above. In a pr r . enpodi nent of the present invention, a fabric adapted
to reinforce aﬁgwazﬁ'eﬂrarboni Cc support is nmade by a nethod conprising the

steps of: (a) obtai (@ng wealingiie arieastionk fil yarh SRIMAEIat g8t SndWfAfdrh Y Of
fibers and hayving a,first resin conpatible coating on at |east a portion

of the at |easta'§f?{qsson ignifion phipssieniZH Reroget qye\ggighfdﬁéomapﬁaty@mdapted

conprising a pﬂouémfdrbyaﬁb@ciraﬁk%u?ﬁgt 10 having a second resin conpatible
coating on, at |east a portion of e at | east one warp yarn; and (c)

weavi ng t hbl at | easi #hadditiqnal gmbpdiment atthatpr essatinventionva fabricis assémbledy a

oepced | 1| S v 2 0S8 St or i SR o

. 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 ihe present invention are directed to methods f6F

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
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15 In an additional enbodi nent of the present invention, a fabric is
assenblweo o1ay7e6a) slidingly contacting at | east a porti Qn:'mfsom(f4s1 st gl ass
fiber strand conprising a plurality of glass fibers having on at |east a
portion of surfaces thereof a coating according to any of the previous
enbodi nents, either individually or in conbination, 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 asp(n)itisbdthgat legstoa plutien ofhecylusssfbea#mdnbidahtdcsstﬂfabat er than

a Mohs' har l,ass fibers of . th rst ass fjber  strand,
Bnd (b) i BRRRTes HEe BRI ohibkel e suir@S8 Beasivied Fovindyihefaress velug erich oy
3t r and Ei o f greateht thaba hardriéus t/agé ofthecalilgastibhie olass fibgl emfm?t' %bfﬁé]f/é %agr e

Irected to nhi Qi ti rasi ve a flber stran
conpri sing 3 @géa L?fée 8‘?3% b?""g @%%&%sﬂg"d\geﬁ?@é?t%mﬁeﬂﬁﬁ%e
asperitigs Qépe?atté@bf ﬁle@ﬂleébjeéﬁmﬂitﬁieﬂﬁby thé botg! compbsflio0ati Ng conposi ti on
according to any of tﬁrewous enbodi ments, either individually or in

t

conbi nation, to &6 abe&% e compenents ef tha ceatinasdised i these eabodimants gamss
fiber of a Sé §§l§ctfehl?r%5n ﬁ\terc?é%%gcgm?ai rﬁédlét&?s%%gaﬁﬁ\pé %lnhlédgft%hﬁg the

conposition to forma size avi'ng a residue of the
conpositioanmanIllstamalsoaepeleptedrfmmﬂ'tdsersmMabevmf the at | east one

gl ass fiber; and At | east "a
portion of the FQ%?&%SE’QS% # 8 'Tb t@%?ﬁéiﬁﬂl&@@gﬁ@ f}e?? EMGC] sol i d
obj ect, 10 heas;thefmeecbrapacs teccited Aboviengarabé asmnasaswldelvadewuf applicationy, ®at er

a2 1 4R bt EB Ry s ket v

with the sudfaieefofm aspenpdsite 814 suchas oshaivroijRig. 14, whidhiill be loisdudsediine
Yy f the coatings used in these

coating co sition. aboye, the caonponents

eitbodi nent 23%3*1 Eel CQ&"BB"#‘PBN"FWQ n@Hﬁ?rerﬂj’t Bﬁ'ﬁﬁ% tlsminaies fo pdatgdapove,
and addi ti ogigdit b@ﬁf&éoféﬁﬁfbﬁ:eﬁ@ﬁt@foﬁtélé&nﬁﬂﬁrﬁﬁtﬁﬁs tames ldmasRribesbihed above.
The coa gd fiber strands 10, 210, 310 and products formed therefrom such

10 as the ceRIRAS!EShrics recited above, can be used in a wide vari ety of

appl i cations, bufhe géfted rseémsa&wfauﬁ@ome gfé'séﬁﬂﬁ\?éﬁﬁﬁtaﬁe preforbt)
rei nforcing poI ymeric matrix materials forma conposite 414, such

as is showncqmpativle with typigabpolyinetic matrix rg&lug ysed tormakr-elastyonie sunportsant
SEBr ™ SBPHBSLAA ' oShoh oo b0k S MO e[
air-jet looms, which are commonly used to make the remfordmg fabncs 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 inventioin approximate the weaving
25 characteristics of fiber strands coated with conventional starch/oil based sizing
compositions and are compatible with FR-4 epoxy resins. Although not meant to be
bound by any particular theory, it is believed that the particles 18 of the instant
_ Invention function in a manner similar to the starch component of conventional
starch/oil sizing compositions during processing and air-jet weaving by providing the
30 necessary fiber separation and air drag for the air jet weaving operation but function
in a manner different from the conventional compositions by providing compatibility

with the epoxy resin system. For example, the particles 18 contribute a dry, powder

-63-



15 conposites. The coated strands and fabrics of the present invention are
pref er abigo ogn@at i bl e with typical polyneric nmatrix resi RETHSOU2M4E7 nake
el ectronic supports and printed circuit boards.-:I.n addition, the coated
fiber strands are suitable for use on air jet |loons, which are conmonly
used to nmake the reinforcing fabrics for such 20 applications. Conventi onal
si zing conpositions applied to fibers to be woven using air jet |oons

i nclude components such as starches and oils that are generally not
conpatible wit nh%ramﬂs&tqihgygamsmﬂ@r tedhe BedHbringstehAEaCtenistics pba stafeh
characteristi ca? f| ber strands coated with a coating conposition
conprising par TCl%s 18 in accordance with the present invention

approxi mat e the weain the Qateshstrandseaf tha presenfinventien, the patides camt ed with

conventi onal Wt h
FR-4 epoxy res%mﬂéﬁ%(?&}igﬁgé %rﬁ%%ﬂ?esf@é{ﬁgéﬁ g{oun aﬁqgﬁ§%mgﬁ %l‘?at
]'Eheor y, it Bs ﬂmhloeﬂminhti?ctmatb&alﬁ#ﬂérebémw%o iord dueickiynandiot uniformilyrvwét@at
unction in a manner  sim onent of copnve

tar chiof | st 2 RS webtyBush Merfbetm, ot STROLe ASAHG N dnS sirndh ralesaRin bvsy
providing the Bfyheena %%ébinéds%fscﬁ@éé@ra'ﬂdv@fw&aﬁ aRb fadilitatds oW of B mbtrixi et
weaving operation but function in a manner different fromthe conventional

conposi ti ons binaterialinte the bundias: i Syrerisingly.in cartain embediments dhe\ampuptaf, For
exanpl e, the p%&hﬁ@se‘c%n Ec&a6 Wé@ﬁ percaht/of tROYSA rsollds6c§ thﬁ%{gé %Zﬁvjposmon

PCT/ US00/ 20457 aracteristic to e coating simlar to bri cant
char act-eri 0i c appliedtodhe fibers, yad still he adequately adb%f@éép therfiberssanst PTDWde strandsnt

i nvention, the en
the fibers of PRANGEhSRGARradieB: BIRRHOIhRrAS i bE hihblihe BEIERD]

t her ebet ween t coatinge qui ckl y and/or unifornly wet out and wet - through t he
fibers of the stran Addi ti o al t he nds era v h

st rand openness (di 2’&%’5‘8& "%’ Sa{\ﬁ’]f)%ag\' %f%? %%ﬁt%‘gs%'ﬁ% °§1th %sﬁgt rix
rr?t erial into idvenimmiéltg@tzl?)lﬁm’awd s‘immhﬁe from febn‘ldseam lmdamfatlitg“lm cfohhﬁ anmount
o] artic xcee wei nt .o e tot of t

coat!ong colr‘rgos?{a? G hays gaod BP'E !—ﬂt%'; r\fgle L % gaé&t?é‘f’é#?/
adhered to thepblyhRfie ndtflx Riatetial 814! G%Bd Snteffadial %eumaa @hh Peovideforgesd | Sti Cs
at | east corrparabl e to strands without the particle coating Referring

now to Fig. hygrel Y&ﬂ§ﬁﬂ‘6§g§"@fes!§@°@dama'§ﬂ'ﬂﬁﬁ'ﬂ§ (U?V'Phily ﬂisé'éséﬁf’) n
invention is t@@ctrbﬁiﬁ‘sﬂﬁb@r& S1PmBE frohi BHiaAdY 846 812 i ncorporating the

coat ed
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-techinique uses twist frames ¥o'ifipart

25 twist to the strand at 0.5 to 3 turns perinch. 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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15 strands can have good coupling at the interface between the fabric 812
and t hewopohymeric matrix material 814. Good interfaci aPCTmspi/2oasy can
provi de for good hydrolytic stability and resistance to nmetal mgration
(previously discussed) in electronic supports 818 made from|ami nates 810.
I n another non-limting enbodi nrent 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 reinforcenent,
pref erabl y indhé ertnsuch dscnsuielobor, aix jgtriooro edrapiardadro, b preferfablydsformedFi gs.

Gse by any L0 BRBIri I Prage ol Mo S Bmieto B Ailab BT el 0 ne”
a{ t. g)net S gﬁudaaomafqunm\ assmdémai_r gbsm f1633 orPAXt SulzertRutisModie) Ndse
S oo an y b ROPE SO BB R are BmbReh b PO st BB 1 (o

254 war p5 - SLTD St Zufith; SWitkeriandt amafo@babModbaNoﬁmrméO weft strands per
centineter (about 15 to _about 127 weft strands per inch The weave

construction can*baetfortinng figyres, air istveauing refeisdin 3 type RhfabFic wegving) |
al t hough a“lenﬁtf B Gir &2 30607 826 (sHowniR IFig. @Whl&ﬁt@lﬁm&wéﬁ 'd1b‘?éjln'rs8|'téd"e art,

such as a twl weave or satin weave, can be. used I n one enbodi nen
sui tabl e wodtatheaaip shed hyjablast pEcampressed aie614 feaa one or mase air dst r@aﬂe@e

f db | ' -64 WO

0% 15707 A RpBM i EQ¥ S B, ob ARELUE 20608, né fiy yAIATA 0% biopSlied * P00
rapier 1@omcrmthpmdfbrﬁézmqfthasfabmﬁﬂ&(ahwtm@tcaabqwl 60 jinshes)oend nfaref erred air
jet | T J Model Nos.
105, 2031 MEEFAIVE Metete ABBLY Fnfadd B esERRR AL P2050 50 1P5500
whi ch ar e commer Thebir jet filling sysiem dandrav&al single, Bnaib hezzle 616, Hit meeertyi ch,

Swi t zer | and T No. .JAT6

et voavi nghtpahes & AGally P brimTanta) lenss?ied 520 ating s Vel Shed SRR, 026

(shown in Eprgwdﬁh matisty\bfmpmmarzlaumggﬁﬁlbyﬁemmmam*hmdes'rtba theI |

war p as Qr CO ssed air e nozzi es
016" (S Hirrens ag the s 10 Gavepme o oty B OORS whicide Theat Gao e ©
propel | ed 1&e§ﬁr@%§addé sﬂbxﬁébt@% rRbintdirhozale616 pﬁa’s‘farabwhaugeslﬁomogh@ut 60

i nches), and . meters (about i nches

b
conpr essed 4 3r k"°'fﬁ§°a&$ (kP a@(aqqup Ff’ Fﬂga'%%l% £8 WPEB‘H‘ 'PPJ\?S“%'%F‘PTQ(P@»- ﬁ‘&ﬁ MeBzzl e -

616, but prgbf %31@!@% Sutd afti prefeireds smahed‘ry zzRI X6 i§az2! es -
620 al ong the V\rg?il shed 61 fl(;r ﬂjlbd;i)(r)w m%fe brl ast@gé of pplneorrent aryI air 622

to the fillSyzeh Mmeqﬂleﬂrm apzzle H’é't MedelNigj 044 455 001 which has an interfal
20 air jet chamber having a diameter 617 of 2 millimeters and a nozzle exit tube 619

having a length 621 of 20 centimeters (commercially available from Sulzer Ruti of -
Spartanburg, North Carolina). Preferably, the air jet filling system has 15 to 20
supplementary air nozzles 620 which supply auxiliary blasts of air in the direction of
travel of the fill yarn 610 to assist in propelling the yarn 610 across-iiie ioom 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, énd 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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15 air pressure as the yarn 610 traverses the width 624 of the fabric 628.
Thé air pyevsds@1(gauge) supplied to the nmain air nozzle RAG/PIO2844Db] y
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
nozzl e unit Mddel No. 044 455 001 which has an internal 20 air jet chanber
having a dianeter 617 of 2 mllimeters and a nozzl 8 exit tube 619 E%/i_n
|l ength 621 of Vitenthatinsastian is compigted.dhaend oéthgmaab istal fo,thednain Bpzzle b
Spart anbur g, ). Preferably, the air jet filling system has 15
to 20 suppl e%g )tz;r %&réﬁzzl es 620 which supply auxiliary blasts of air
in the direction ofThetconvastibility andeadrodynamie prapedies ®f different yamsywitiytae airiet

the yam 610 acgr r a;ﬁ?)

each suppl emets %S’@"gaﬁrg ﬁgz%ﬁ]eb%&epre%&aéﬁe foﬁl%vgn tvgﬁé@@%r?@ﬁbér
fill ]}/arg &L0 refe;'réggumetfelmas tHee"Ammprrpansacdtwgag Bece'b‘y'est Metbad. n‘djth\stJetn 632
at a feed rate. o m nut e ters
Chbout 300 e TansmbRDiRg Eorce Taidt fodtfto Hgulis e tadive of pilind rtde' e P
618 30 t hr oughoreylexBRed Gpén B yath aaltnie wmmebwlea lrnomm;ennnzzle be ttgs forcef
yam (apprOX| matel y equal to the desired w dt ﬁr@?&%% throu Bgt he

confusor gui dé the%BJ%WfDFl’E?@P FrAch e FamR 75
conpl eted, t h%o@?irﬁ;tp}egﬁ‘wyxﬁé fhreligh 8lsuizer ROR n8BHIE aitqetzddzzRldhit Modémo bys a

cutter 634. Th and” aerodynam c properties of different yans
with the diG j456 Oummgaq)aowgr@aquebehamegwﬁe@ digmetas 61§ of milligeters
met hod, WhICh I f

Transport D adts IGREER g 878 navinf Gl 6P ot Ebicatiels Romfreidfly o,
used t o neasuravailabe fromr SuizenRutbef $pdrianbgrgf Nedk Caralina)at amaic presswresf 840

upon the yarn as,the of
the air ot ioeateeie@Phces boni robsfudid gl baid ARfldnetd & REshgigin
met ers (about codtdst wahdséymlataipwmentphomghe garﬁmmmgﬂbelalmeiemlzﬂeaThej et
nozzl e unit rI\T/Bdel No, 0 455 001 wh 'ﬂ has a é nber
having a dindeRsiongeter 8f° €% F‘Fﬁﬁ‘f@?‘?“ Begr% ?°rF% eéﬁ URRYi ng a
l ength 621 of tREyaRV By thBlaij6t d-PeVRFTIsPulled mwmelaat;émdzzm Sul zer Ruti of
Spart anbur g, North Carolina) at an_air pre sur e, of %@gqs Ki | ascal s (about
t

45 pounds per squar B8 $/ag)forge Rge unihmass pe, t“é?d pga f?'b’ﬁ Ve GOMPRAROR. ¢
W th the yarn gyam asbhib OPoPieldtive camblAsaat &8 RiroDhdskirshidntd e 072 .

The 15 tensioneter provides a neasurenent of the_gramfaorce (drag force)
exerted upon normalized over a one centimeter length of yarn. The Gram Mass of a one
20  centimeter length of yarn can be determined according to Equation 2:

Gram Mass = (n (d/2)?) (N) (pgass) (1 centimeter length of yarn) (Eq. 2)
where d is the diameter of a single fiber of the yarn bundle, N is the number of fibers
in the yarn bundle and pg,, is the density of the glass at a temperature of 25°C
(about 2.6 grams per cubic centiméter). Table C lists the diameters and number of

25 fibers in a yarn for several typical glass fiber yarn products.

Table C
Yarn type Fiber Diameter Number of Fibers in Bundle
(centimeters)
G75 9x10* 400
G150 9 x 10" 200
E225 7 x10* 200
D450 572x10* 200
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the yarn by the air jet as the yarn is pulled into the air jet nozzle. The
drag fowaeopereunit nmass can be used as a basis for rel atgwvesooensari son of
yarn sanples. For relative conparison, the drag force neasurenents are
normal i zed over a one centineter |length of yam The Gram Mass of a one 20
centineter length of yarn can be determ ned according to Equation 2: G am
Mass = (7C (d/2)1) (N (p9,..,) (1 centineter length of yarn) (Eq. 2)
where d is the diameter of a single fiber of the yarn bundle, Nis the "
nunber of fi bersFof axample,thmGramdMassefa pnp ceptimetertlengtt ofiG76yantist he gl ass

t at i i o] Table C.
lists t ﬁeég‘g‘fe’f}ggz’in °%%§P*%?i%§ @F%’%‘“?%‘%L@#Hﬁ'ﬁgﬁfﬁ\'?ﬁ%ﬁvaf% cal

| fib %1Qaramonass. RerD4650yarathe Grara Niagsds 1034a0t0tyrauridey, of
Pi ber s :negv Lo ; . Qi 2L An 00 . 50.9 X 10-4 200 “E205 7
x 10-4 200 %E%atg/e%gé %‘%Sé%%i‘“ ikgs Caif sbt ranépiont Greg Forod®) s cpipuipiert |
(P;%'/ U500§205ﬁaiVth?ew2 cece4mgas@gmgni\(gm tdrcé) mb rilfet b):‘rpfeq?ngi %p of .

amil s n X . ra er cuplic centl neter
cent iyrret er {’%Hﬁ?‘ﬁ’am %a%rfc)r_tl(ne &P)Sf(fxaffdg%}egfﬁ e@mple,fgra ﬁ@ﬂ'%ﬂiﬁgfﬁ the Gram
Mass is 1. 3arn, il fhertensiometer meHarenfdnbf the ﬂ%@%ﬁé@i&%.ﬁ?%ﬁ%@ﬁgw s ("Air
d

Jet Transport Drag Force") is calculated 5 I vidin rag rorce
measur enentJ""'(aQF%‘?F?

PEAGE9roRis 89Ul 10:68.5 fivided by 682 6 167 &1 10307 4drembmen Nass

for the typgergframanadssstlyarh. For exanple, for a sanple of G/5 yam if the
tensi oneter nmeasurenent "of the drag force is 68.5, then the Air Jet

Transpol® Drag FbeAiridet Brgngport Brazpr-@cel of thearrbyses! to form avoverfbBicdor4 gr am
o oSSRt befindid SRR DS TO6] o
i nvention, tranepod Beag FarceTestidethod tiseustied above, i prafarablytgréstedthawr ce Test -
gr am mass. ofo 000 R Broe S R AR o B BloRt plesB S semass 1ok 18R BOGHeam
force per g#QA0Ggramobrogapar grand neassrof yameand evert mbieyprefitaisi§ rérigesfrom
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 vzarp yarns and 58 il yarns per inch); uses 7 22 1x0 (E225 G} 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 yams per 5 centimeters
(44 warp yarns and 31 fill yams per inch); uses 9 68 1x0 (G75 1/0) warp and fill
30 yarmns; 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 mass of yarn. The fabric of the
present 1| Qupei29ey i s preferably woven in a style which is PET/USOHRMEST or use
in alamnate for an el ectronic support or printed.circuit board, such as
are disclosed in "Fabrics Around the World", a technical bulletin of d 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 or Sbe d080.whipkhas A8 waryamsand 93 Vémraﬁré ceatimgters (68 wanpg

arp yarns andTBrETPalyghe s, Rblclades 15 140 Bigd S0Pl apliFERal i

and 58 fill yanmmatfaﬁmdh):knessmf omszzmmwtmmom@ownpcw dnid|d fabds

Y hches): and WA Ry 46 §liate vt SedirE Tneter i 3 oldHse 3t 88 Ykl sk
neter (aboBt Hmiting exanipls omfamewe using GD)QOOE-QIass fbenyamsgs esnaspoe whici

fab tyl G/5 E-qgl 628, whic
var'p yans and a&q%warax SR 4 Oliyeribesconimeles (45 yam et and 88 i ||

yans per inchyarnggRs ik ludes 6& 6 1%ngwnm>waeb5ﬁdﬂ:%}nymaﬁaﬁmalfaSﬁe nal
fabric thickness of 0 S mllimeters (tabout 0068 1 nches); and a fabric
wei ght of 203thickgiessef 9&33§ﬁfl¥meéerﬁému O3 inchesy@nd afabec werghsah%é

yard). A non- 5 y ;
Vars i s - 67 WS PBOSFIEEEMeRTEbaNICER? bincei el sifere Jald, Aot AgimkinG

yarns and193 exampleofa fabric stylecuring/09e0 E—qlw fiker yamp dsStylen 408 whigh Hlasﬂilrﬁns

Par ] £ 1A ol SR8 yarhy B8 SRR Db DEdhaallrs( (S8 i Farnb 8y 27 (R SEIRRr
181, 5, Pl 0 o it e ),
|sng'? yl e 106, V\ﬁ'logﬁm gkétiﬁda%wg%mﬁ?&ﬁﬂ% afn'%PT"’v&WE‘ %e‘?fég ters
SR et ol vt *i”)a( Sbout
01013 1 ncilBe) Fabiistile faiho kot E2gh v D48k Erolass ftee vATs 's §hie 81 Tatubion st

0. 72 ounces pqnswa?an%aér@)no"rm%mpmédt.météragsdwa%ﬁmé 8n@56 fill {ahsi C
styl e using D900, E- as vvarp yans

ass _fi amS|s Style 1
S 63 T 1T pPRinchE ses 227 XALE55 1/G) AV RIS T A0 (A0 /D) lotents sy
inch); uses Sa%o%.ﬁm%af,wmkikégg 7o Aliméterd (aB80Fo. o@s’?«sma«égs!arg?% fdbABr | C

t hi ckness |neters yout 0. 0024 | nches and a'f c wei ght

of 47.5 gransWeight of§@Araramsper sw@sg meter (abom&@%gurms Per aauare yard)) A non-
non-1imthag GHAHY afpiéof a fabric style using both G50 and G75 E-glass fiber yams 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 yamn 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 mster {about 6.85 ouﬁééé‘p‘é'r
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 yamns, 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 yans is Style 2113,

whi ch hawo odA8ronar p yans and 110 fill yans per 5 centi nePeTaSOGL4Er P yans
and 56 fill yans per inch); uses 7 22 1x0 (E225 1/0) warp yamand 5 11 1x0
(D450 1/0) fill yarn; has a nomnal fabric thickness of 0.079 mllinmeters

(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 G0 and G/5 E-glass fiber yarns-is Style 7535 which has
87 warp yarns andngm embddimfﬂmrprésmmienMrelseméMaﬂ/afthewa‘rﬂyamaﬁd\e?9

fill yans 9 99 1x0, (GbO0

1/ 0) o Eiébﬁf&%%aggiﬁﬁss %ggﬁdl‘%'& é%ﬁf % &%S'ZZW?H'PW f?é‘taé'F’s((about

0. 0079 |nclsem)aorall«bfthe‘ﬂllyamcwh@bﬁfmsééﬁle@wgharﬁcﬂﬁresmmﬂéer (about

6. 85 ot MCC59- per ? gé eise and_ ot her pseful fabric style

speci fi cat i SR*H8 ré‘?r{ﬂg?f TR I?%%s mpRsitionct R theisecendeprirasition (1gastaiisabr i ¢

Wven fr&m afeadl @%ch‘r?ﬁodéht Wwhieh |£6!1’Un11§ally differéntior difeld Ao frc'{mhé nstitute
Packagi ng Electronic Circuits (June 1997), which

f I nt t
5" speci 1| CAPPRORATER LR IFE. A SRPRAREIRELOTE) EPTIANAE eaticmeraeemro0ant in
af or ement i 0gR @ndowht Whichliy hiﬁérér'l? from'thé bRBuMESTRhe 5dmé %oﬁﬂaﬁmr%ﬁgd fat

these or other fabric styles using zero-tw st yans or rovings In
conj unct i onthgifirst sizing gompesitioy. twi sted yarns can be made in accordance

with the present Qafyg hgﬂtorrg8 VmeQ%t‘récff LeadnB! dd3tth %QﬁlS%%&ﬂp%de”bOd' ment

of the present inventi the warp yamin L8P ¢ can
have fi BOr slaminated Idikyrcoating and/or igypregrating with tal matsxmatquat,cprpfe-biy @n and

compat bi e POYTERE iyt ARl b HetRoSediEintm il B e . SLl ond
conposi ti oncqmbosiierﬁraamim’cb 714 is saitdblefor use ap aneléctrohiccbppart. cCheasgrl | y

di f f t f f t nts of the first
Compost 11 onPBH (S93il AfHRBH: eREs S ByFrL BA BRGNS SURPoRR RIS wh ch | <

di fferent felebwichily intEpcttinedts didifertsMExampRe m%ﬁideC&ﬂta?é Redintited t6 Hutid I St
si zi ng igrrposmlon Ref erri ng now %o Fi ge%l]@?the fabric. 712 can be used to

forma glepironic, Fompgnents, nassive slegt NRS, pAnted cirpuiise itegrated with a

mat ri x mat ecurcﬁts sEnmitSnduRtor dawca@budmthbﬁhéruwief ﬁsﬁbcaﬂzdtvhﬂrdﬂéﬁle%?ﬁérﬁs or
t her npsettin matrix naterial 716. The nposite or lamnate 714 Is

suitable f 01"%'199@96@“ aat @F'&qtpdﬁqpﬁe@%piﬂ*ets@tﬂﬁ@a clipgeang heat sisksct r oni ¢
support’ means apeifetéd Uibolitinty G Blesahl iveriiBR ard din effdiedd | cal ly
i nterconnects el enents. l es 1 nclude, but are not teJ active
composite comprlsmg at east one partial coated fiber strand comprising a plurahty of
20 fibers discussed in detail above. Reinforced composites made from each of the
disclosed fiber strands comprising a plurality of fibers are therefore contemplated by
the present invention. For example, one preferred embodiment of the present
invention is directed to a reinforced composite comprising a matrix-material and at
least one partially coated fiser-strand comprising a plurality of fibers, the‘é‘éa‘tmg
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 ectronic conponents, passive electronic conponents, printed circuits,
I nt egr at aglo ogmIUI t S, sem conduct or- devi ces and ot her har cdwaresoegessci at ed
with such elenments including but not limited to connectors, sockets,
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 teerstheicogting eoroprising g residue ¢fansaquecus bempésitian conprising @t d

oresent |1 nvenbUtaFEr diftfete i ek iRna BAlToBls o sBE NG offehls Rgteet
mat Ir i X- Imat eri ?infomadlicapoly:’ﬂeﬂxsﬂwmlspeom'pekitwmatwialsdanﬂirbismréé ﬁhal‘éi:f;qﬁmﬂééétngd
a urality o | per.s. the cpa'tirig_25 cQ I Sl.n n _organi ¢ conmponent an
I afrel I 2r {Z))a/.é t iﬁgﬁgﬁfgﬁgﬁﬁmjﬁ?ﬁ@g M&fscézte%@ﬁisi a;(;ﬁ?‘ﬂ) er
nmet er a ing PRdteridl ahakivk i#gnmbodi ment o e
present invention iégdi rgctlgg to 21 reiﬁ?grced (':ﬂ(i)ér!rp(l)fi te conprising (a) an

at |east partially cHhaeether prefercad embedimentefitae presantinyantipn is dicgcted o s,
the coating co b ifé‘é&ﬂr:ﬁn ' ' A, matrix
material . Yet %‘t’?ﬁ?%rﬁ{é’? (%rrecr' e| odd%é%tqng@i% %tcair@da nggg‘%% 'ﬁ?pgp gléd
conposite conwhereintierainfaseechcompesite firhericairipfisesaresidie dfan agueaas

CTIPt9," gb cire SR el TR b O
plurality le oselected froprorganic esatéralsiinorganicpolyericahatedais avhgidsite araterzgani
thereor: (i1) SETRiEBNerE [, A7eB1 &% Pty materLTBREn| Fom i airaity
plurali Ity of ddi(afgu;iswete nmidlés;laﬂd;(c)éalﬂédgt buﬁ) ﬂlﬁi-fdiwir@&ﬁﬁte?ﬁle fijl m nL O(r]I m ng f
material; an a rix terial. Sti anot her preferred enbodi nent o
the present invent iﬁH&}'gr Bﬁe?%fﬂ‘&f“ iment ofithe Bresent ipyanRtigais directrbioiasi ng at

l east one fi beirfércad dompsife B prising @) ah iatleast pEIBAIF ddatddivef sirhd ced
conposite 1;,‘lr.thher conprises a residue of an aqueous” conposition conprising

(a) a plural i tSPRANSHNGR Pyt e glass fihers. dheeptinanemprisiogianesidue of an equeats
and T Xt s T LSRR Y EatSp AR 20 el sRidit bn 410l BalRIH O
sai d plural i t yliscseterpastioles whishheve nddohsi hardness value whish dore nbt éxpeedrani ng
oo e o o oM BeRh S E TG SRR RR {674 ol ol
fi ber strand 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 Mohs’ hardncss 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 agweauna27eaonposition conprising greater than 20 weipgiruspezasnt on a
total solids basis of discrete particles which have a Mbdhs' hardness val ue
whi ch does not exceed a Mhs' hardness value of at |east one of said glass
fibers, and (b) a matrix material. 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 cfigdded freminencheat expansablecarganic matetials, inorganic palyreericsmateripiesi t i on

conpri sing | aht | i asi s of ,
di screte pa?"?(iﬁ-g*%gst e&gﬂﬁﬁaﬁh%ﬁgtgﬁﬂé’ﬁgs@x@a 3‘%—5 a\%ﬂptﬂ%({g%gmﬁgt exceed
a Mohs' hardnccs The campdnents ofthe coatings ant'resin dompatibte Eorypasition? usédin

addi ti onal | f e | ny i is directed to rei nforced
conposi te cgﬁg?&ggﬁéb F&ﬂb"é{}%’@%ﬁec@%‘g“f ﬂeﬁ‘g‘ﬁf"%{]mla"s&,‘sﬁﬁ?’f ¢ ﬁﬂeaeﬂ?"m’“al ity
of gl ass 5 f ithecsatirgeonysonents disaissed abdve, and additioraPeataddrent GBIk | ON
conprising a_plur it){ of discrete particles formed frommaterials

sel ect ed froﬁﬁ??ﬁ??g‘g#?'e WJPF‘L?‘@?bqvﬁor ganic polyneric materials, conposite
nmaterial s and m XPreferfed atif PhateNdl€ LSS ih Bife SHes&Ht Hivanish inaiLié ¢! es have an
aver age par:%cle size less than 5 mcroneters; and (b) a matrix material.

I n particul dhermasetting materialy sueh as theympsetting pqlyasters. vinyk estersyepoxidasm
materials - = .
expandabl e éf@rggﬁéﬁ yétle;a}?g?és’gé orggﬁ?ﬁé gu}ﬁ/?‘#eﬁﬁgﬁﬂeaédgir&é:%?s Bﬁ?ﬁ'yﬁ%t
expandatl® @$hers of pelyhydrisalephsls ofitbiols), phaneliss Aminagiasts, theendsettingoi ng. The

conponent s oy RanGAR WBUFBLof & df O BRaIJY, nd BIRARE ARFHREC 1N Lhe

foregoi ng enbodi ments directed torein onposi el ect ed
from 5 the feegpingg Preferred eratrix ohaterialsferiforrning daminates fatbrintezhecuit bogrdsent s -

oot i i n ¢ oL BREEREG Ok IIRF ol iR PR Porl (B uRh s coRlchr e -

t her noset t i rogorpimiatesisapoxy resir';]s:pblyimiuef and mb@ﬂallinié pﬁlphé}sd?'trlrw at | ﬁaSt oPe
[ ' t , . s | 1 tn

o yhy e eRaens fr whlph A Wal i & s hRA b et ' hoberioboneton, . ©

pol yur et haneegardiagisueh composiioraiy neéddd)eeé Bleefionit Matatiats HandbebR™ AEvany of

the foregoing. Preferred matrix materials for formng T'am nates'fo_r
printed cir é&gf"aﬂ%ﬁ'&@f’%ﬁépmsé%ﬁ?y whichy is, §pecificalyingoreoratad by efarensea
epoxy resinpefdigh as di functionat brom nated epoxy resins, polyimdes and
liquid crystalline polynmers, the 15 conpositions of which are well know to
those skililed i n Nandimjling examplgs phuyitablernoiymaricdhermoplastic 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, polyphenylene oxides, polyphenylene sulfides,
polyacetals, 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, Texés),
dicyandiamide, 2-methylimidazole and DOWANOL PM glycol ether (commercially
available from The Dow Chemical Co. of Midland, Michigan).

Other components which can be included with the polymeric matrix material

30 and reinforcing material in the composite include colorants or pigments, lubricants or

- processing aids, ultraviolet light (UV) stabilizers, antioxidants, other fillers and
extenders. In a preferred embodiment, inorganic materials are included with the
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regardi ng such conpositions is needed, see Electronic Materials HandbookTM
ASM | ntwonarizeoial (1989) at pages 534-537, which is specPCTAI&001/20457

i ncorporated by reference . herein. Non-limting exanples of suitable

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  suldoiyisric matrgxet\ﬁenhlet'mwe rnqwgéryohmﬁgfla!siachdédeamipmay@wmmne
sul fides, polyacetals yVv oy d poi carbonates., 25 A .
preferred natrr"ﬁetﬁﬁ‘f:é'??tﬁ\qg'§0?rf£¥%ﬁ %ﬁe E‘E’fﬁé?’g #ﬁﬂf’f‘éﬂ!iﬁﬂeﬁ?&%m
resin (comver Cigekdivatiel | abl e from Shell Cheni caI Conmpany of Houst on,

Texas di cyandi am de, 2-nethyli m dazol e and DOM col ther .
(cormzer ciall z avai I%@W?@ﬂ?%ﬁ@ Wa@%ﬂddmp’wal\;%bwﬂgéé E!Pr?b%rﬁba

Q her corrporsentb%wfafrﬁae;{o@;?m maﬁixuﬁeenarm fd?%x&ﬁbbénﬁé R ceiin R Lo

30 and reinforcing mat he corrp05|te i ncl ude col orants or pignments,

| ubricants or (BdocMiproele 4book,4989) gt pages:895-B9& meich are

?Eglr Sﬁ'n.d?nfét e PSF *“g"eé'*‘%ﬁ%’d%*‘?ﬁ'@?ﬁi"eﬂe%Wﬁ%@&%ﬁb@ﬁm 20457

pol ymeri c nat r icontimiaarsi fider stramd Eelmfnm@matenahcarrbaadlsperaed indtbe aatdxrinaterial

ot ori a1 & aoscrOARe o arfahEnE e ARy e AR bl e wiglandR R " ©

| npr egnat edi @y rélnm’rcmg métenélzyenerally bﬂehly throughdutithie prflyrhérc matrxymaterial. Fetri x

t | 716, f | e di
W cr o6l ect r oni (SR IR FinPEE,Satera) skt Spdisad e sbimaric mptrc mageria
specifically i ngod hle’hﬂﬁ@ éwofrtﬁé%rﬂaéﬁeﬁl@wﬂdmrrew&ﬁﬂm@hﬁéllyy, chopped or

cont i nuous frber strand reinforcing material can be dispersed in the matrix

material = by hand orThewRol %‘DPE’%N%‘"’&'@?&?&{ €1P anckstrapd W)Ger{@"ﬁ%@ intQa gpmppsite
di stributes therismihatd’ ‘Pf E;Lagaﬁ@ﬂ/% infdthSHRAIAN hoe d%‘ﬁ@ﬁ&&\t r@bﬁ%ﬁ&?ﬁd&r@

polymeric matrix materi al exa the reinforcing terial can
di'spersed i t Hhe ptprewf@plymemtmatxrxmtenalalsed b(jorjwsarrm!%rfqra@emmpsetﬁng metnx

and strand oan TiateRl 6 Fmpsideah 8 bed BcilbrtRES) Cr Bptpt mBRY, 2 | 7C7

met hods whi ch gruitrusiore fitherent winding thaindﬂaeum rspraysup arby ﬁ'eet mmiﬂmg orpimjlly meric

matrix materi almb’lﬁﬁ‘\g foll%%eaeﬁya%ﬁresgl% o?mi&ﬁsm?c}iﬁd n.ph séfflng 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
curing time for the thermosetting polymeric matrix material depends upon such
factors such as, but not limited to, the type of polymeric matrix material used, other
additives in the matrix system and thickness of the composite.

25 For a thermoplastic matrix material, suitable methods for forming the
composite include direct molding or extrusion compounding followed by injection
molding.. Methods and apparatus for forming the composite by the above methods
are discussed in |. 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

-72-



material, the conposite can be forned by conpression or injection nolding,
pul t r usmamoer/f27é1anent wi ndi ng, hand | ay-up, spray-up or bpcwIusmwizossy! di ng or
bul k nolding foll owed by conpression or injection nolding. Thernosetting
polyneric matrix materials can be cured by the inclusion of crosslinkers
in the matrix material 20 and/or by the application of heat, for exanple.
Suitable crosslinkers useful to crossiink the polyneric matrix nmateri al
are di scussed above. The tenperature and curing tinme for the thernosetting
pol yreri ¢ mé@rtaly caatedifabricrasentising at deast ore fiberstand slissusseddn detsilabove. :
limted to, ' | -1 al r itives in
the matrix S:Ing fg émﬁggé hﬁbﬁ%&da@%@h?ﬁé@%ﬁo@ﬁ g‘.’p‘%@ﬁﬂ%‘?&gg@ﬁg o ﬁgg*hgst I C
mat ri x mat erdisglosed fahrigs|compeising @ lefast orfediiber strandhare thergfarsicontempidtediby di r ect

nol di ng or | uRd| I i,nj.act i | di ng. .Met hods
and. appar at Sgé {’%?b@c])rr“?né}ggﬂt ﬂ} g%an%g %ﬁ%ﬁg@gg@#ﬁ%t Spreggrg di scussed
in |. Rul§ ninveatioibisadirectedtoasreinforbed taniindte adapted éorramoélegisoniclélppbrtat.  pages
955-1062, 1 - nd, .1225-1271.. which are specifical i.ncor porated by
30 ef er enc OMRNENR AR FFaladd app el feant o ATl coaled tbrib combrsing o

i nvention aleastionefibercstiand, theicobtingesmprisiig & @f?aﬁi@&ﬁ néffandaémirt roni c
support conprising ap at t -72 WO 01/12701 PCT/ US00/ 20457 partially

|
coat ed f abr iPBMEC Vgﬁgrﬁth&?'%g'ep&gg"@wgyﬂ Hdeast | Walh par wetes Kata n det ai |
above.  Thusempérafir® bf S60K 2N MirPePERBSRMehe the’ébatihg i EdtpdtibRURRhe Made

fromeach of the disclosed fabrics conprising at |east one tiber strand
are t her& omatdpmatarial i the rejpforeeddaminate-zdapted fon an siectrpaic supparbl e, one

preferred embodi W?\rﬁddﬂfon%f%g BSGMBR ofthé PrESBAt iAVbtiBn 4 &i%&@cflo}aireﬂﬁré%&'f orced

| am nate adapted for an e tronic support —conprising amatr 'al and
an at | east |amisatgadepted for am alectioric supportc thepaninate) cemprisingaé) aonatrixi ber

aving a tnarala e Tpke: ShbhoRdegreay fuie BinBALho 3 U g qrdid ' '
t enper at ur e ableagioportion ofithe.at déast omerfabdc having atcoatimgwhich¢s compatibleakittpl e
L0 DA ok B ook SRS Bk 6 BB bR <
di rect ed” t oAnother ainbodietent bethierprésent ihuprtio i§ directed & # edinforded Iamipaer t, t he
| 1 BRSO i P e Ve 7 o AL R oo
| east one f @)rat tedstunetabric comprisiag whieatt dne fiderBtedridam Néviny a non-finidfinghe
matrix rrat elr'és?rl colrrrxlpast%lledcga fnSfc%%%%ti&? g}l gﬁ%gstaadgfr%igr(\j o; é) gur?ﬁzledof?tlleeéuigm ©
support .
- 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 cempesition refers to the resin Gompatible

25 coating compositions discussed above that are not used in conventional fiber

finishing processes. For example, a non-finishing resin compatible coating

compdsition 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 enbodi ment of the present invention is directed to a reinforced

| ani nat e wadapt@d for an el ectronic support, the |am nat e RCTNSWRN45G (a) a
matrix material, and (b) at-least one fabric conprising at |east one fiber
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
fi ber process renoving non-resin conpatible sizing materials fromthe
fabric. As di scussednathetprefefeas embedimentofihe preseatinyantiondssditasted tora

s by e MR Aoy § ARAE 0Pk Hilh GOSNEIYRREH abbRSIaD A6 BT

As used herein, non- resin conpati
refers to the cmbmsmgaﬂrpaatenslof 25 coating conpositions discussed above that

Ron- i ni hing es nonmSPRinig & i Agabl B e ReRE H ER R bR sty
secondary amd/ wea\tmg at Ieast aredilliyagn cmpmmg a(pturaliﬂy mmmm a h%lt resfipes
froma sil ane

t refer tot f hi
Coupl 1 ng. agent SOIRRRI eratng o bt Jrshl & #oRiomafne aijenst ane BY yRrBgne 24 Jevst o%0 The
present i nventwarpyﬂﬁwmsﬁs:nga%@wb¢Mr§taﬁd@.aﬁﬁgtals@eormréern'&hﬂﬁf | sﬂ'l gf €sin

conpati bl e coating according to the present invention with a ng size
applied to thePatihaonsyleasta poptjopof theratileastpnewmm varns7  Anot her preferred

embodi ment. of the plysengt joBGArdM chitidd &36istd Cﬂoﬁoglnofﬁﬁ]ﬁgﬁc fltn h¥hdHRY 2

| am nat e for use in an electr upport appli
conpri si ng Qhemgt%lﬁbf%m. (a) obtaini ng a fabric adapted to reinforce an

el ectroni ¢ support rne C rising a
plurality of fi bor s Jggsnté’s‘“@? g‘;eigﬁ?&%%%%ﬂ%f”%é{egyofa b6 1M &,

| east a port i oprepfeglayeraand east one f| Il yarn and at | east one warp yarn
conprising a pluraljty of f.i and havi n eco resin_co tible
coating on at Ieasttog po{am %mg ?r?é"}ﬁrelpéeg’ﬁgﬁ \rﬁ%qeoh‘iféﬁp n% migateeast
partially coateidaytedforesstn thelew::troaiosobporlne fabric with a matrix 10

terial t I the at | east partially coated
Fabr ¢ o Torm a  pTabFRBPMETE of thAgodings ussl e Greaniod smorgrenss Wi

| ayers toget hao réinfdr@édwaamlua”té@ &dirt Be s@ldaRH b ﬂh& ceath &ﬁﬂbﬁeﬁis%éu@&c?
support. 15 Th onents of the coatings used in t f'or egoi ng
enbodi nents di? Fe d 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, arid 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 scusswooiapmre, and additional conponents can al so bepe®iusod/sdsf rom t hose
reci.ted above. Additional preferred enbodi nents of the present invention
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

t her ef or e cont enplAs ahbvieythelcempoaents tof thevaaatingsusedrio thecforegoingdi nent of t he

D epr 6 compAmaRsmets chf b Ze1eeR e i coaling fomPoritd Aoty fsaSd Bbove, and "°
non- gjegre?seﬁdﬂmbnallcconmmentslc?g baw‘o Yecsuidctafrorhitheye r&&n\fl\eﬁf‘ébﬁvét | -east abl
ortion of the at |east one ric at j ich is conpatible
\I?vith the matrix mi? 2magicuiar nonili H"'“']@r'é%?%‘ﬁg?%r&gréﬁ igventiopshewn in E‘Gggort Yet
anot her eBbodbmpositeddr |hhmaw 81 iNcludeS DAL 189D imBreghated Wit af ntpabieatfx f OF

an el ectronic s%r%ort e prepreqg . conprising (a) a matrix material, an
(b) at |east Mateial8as; J heanaﬁesgﬂfﬁg f%R"qféaéhe'bh%sqmqsaéed between az®t afhd havi ng

a non-fi ni shi t rtion
of a Surfawhﬁ]erﬁr%?ohﬁdﬂ??@é?%&a%&%ﬁ@%?ﬁ%ﬁ C%%%dﬁei?ak%ovéep t he

conponent s ofleckanie SHPPertin the farm of & samicyr edgybﬂgatenbmpmmm electricaly
component s oon eSS ByeE Bad PR BRTordiSAEE Borii UFa s8R S22 SPe iR | o,
non- | i m fiPnginearinasneetotbediscuseed helowtin the specifination, Bndithetirereg tswaned e or
mmrer al g1atordian BB bodoh s Vi SERRLAEN oGR8 TRRT B Aol o st of
met ering rol embbdinerdobthe ineention, enhdmmnypleéllyﬂmﬂwlelemhiewupbort fadstey, i ed to
breprag. An_ BYSStTReEpBRess si cerpbiped Wil ane s fiote Hepcabrntudia g o
1, ot koot e it S ook S il
suppor+t: {ﬂtg’ﬁnz?rf"(é'ﬁ' W@i?‘ﬁ E" i 6@" example, bunot ligiting the praseat nent
of the i nventrwemonaﬂﬁ prepragtstaikcdinl be ihmuiama Y ﬁﬁéétﬁé‘th% s%é&kperi;t bétREESt Y,

two or nore B !?F' égs are conbined with one or nore electrica conducti ve
B

| ayers and teg! pigtps: Alslevated W%‘Pﬁsénmﬁﬁém ap rmipedhose
skilled in tiaaghdftimetol urd GfefBoiyd%Hctmétﬁ)(%h&%rﬁJ &&hf]ﬁélé of 5dBGRIS - For

exanpl e, but not limting the present Invention repreg stack can be
| ami nat ed bythiskesss. Ay portionf ape or moge ofifhe peapiegs can be provwed 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”™).

---Clreuits can then be formed from the electrically conductive layer(s) of .t'he

25 single layer or multilayered electronic support using techniques well known in the art
to construct an electronic support in the form of a printed circuit board or printed
wiring board (hereinafter collectively referred to as “electronic circuit boards™).

Additional preferred embodiments of the present invention are directed to
electronic supports and electronic circuit boards comprising an.at least partially

30 coated fabric comprising at least one fiber strand discussed in detail above. Thus,

electronic supports and electronic circuit boards made from each of the disclosed
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pol i shed steel plates, at elevated tenperatures and pressures for a

pr edet er mweeell/12r@ngt h of tine to cure the polyneric matri xPEMWSH&2ME5A

| am nate of a desired thickness. A portion of one or nore of the prepregs
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

| ami nate") . ci fabiits comprising ahlebst dnerfibed strangrare therefare icontenipiated bythect i ve

| ayer (s) of thﬁ aﬁtiﬁi/&ﬂio llayer or nultilayered el ectronic support using

t echni ques wel re?novm 'n the art to construct an electronic support in the
formof a printed ciAnother eimbadithent optherdresént iventian is directed e ar eleefrosic

collectively referred to.as ,electronic circuit bqards”). Additional
preferred embodifRROMCMyrisngLl SFE'?@?I&W%’?%?\“&@SWQQ%‘E@E'Wt leasten® oni ¢
supports an§ efiissristrant Catdbdst &l porlisiPéfifie @RS Srigvibnedegréadeddabridtfdvingd | Y 30
coated fabric corrit%rl si.ng, at (east one fiber stran i scussed in detail

dd
above. Thus, eFANPINICH issompaticlewith amatix matedal apd (h)iat Inast ere Matix fr om
each of the di g@atd@ren at l&'ﬁsé@p@%ﬂ%?% dticdst /SR fatnt 7Y g1§.~f : e&oﬁ%rﬁgﬁr?.i AhN9

at least one fiber strand are therefore contenpl ated

i nvent i on. Anofdditionalpatpodisant i ditestedtoancsiectranicsupport compiising (a)ed least an

el ectronic su ; -degr [
conprising at eafsa{b"g(r%gm p§§|*1 p%éﬁe%)ss%?ﬁ;ﬂ#&@%@raﬁ&éég?Rgvugirgtnl‘%g%ﬁ%ﬁr@ﬁg&it | east
one non- det® eacwrdpatible coating\domposition aniat ipastia phrtion of aspefacebfthefdbnicpandat ri x

material ; and S e t.rd rial.on at |east a rti.on of
the at |east o{?z)aF %tba?{ @% %‘#ﬁe’"%@ﬂ‘ﬁ’oﬂﬂ%ﬁ&@%&? °fi“rr‘|e aglaa?ttqngﬁgqnc i the
enbodi nent i s electemriiedupporan el ectroni c support conprising (a) at |east
one fabric conpri si at Jeast ope fiher strand and having a non-finishing
resin 10 conpati bl qubﬁqqth%f %mjﬂypgti%ﬁh%areagn jtks '°%'%F°%FW°@fmﬂth§GPf ace
of the fabri c;foafilhg drbeledtrorli€Sspoft) the'FAbthbd comMpASihg theCstepd of. €ast a portion
of the at 4§ast one fabric in the electronic support. Yet another

ertbodi ment '®f the pfsenebiaiiune fahiiciagaptedde reiaforce an eleetrastic sipportdermadpyan
el ectroni ¢ SUPRGAVing aiYBadkina yaBihBridity & BhurdihPBatRts addhaving & Btstrdy'0 2
fabric adapted to reinforce an’electronic support formed by aving a

| east one fil |coapatibimenationen at leastiaportion afthe atjeast one il iamni ang af Idast ene
resin conpatifh R cbRPriSifg 2lpllraRy of Aot ahk PaviRh aldatord résﬁ?éotmp%&ef' H

yam and at |east one
coating on at least a portion of the at least one warp yarn;

20 (b) at least partially coating at least a portion of the fabric with a matrix
material resin; . '

(©) at least partially curing the coating into the at least a portion of the
fabric to form a prepreg layer; and

(a) laminating one or more prepreg layers together with one or more

25 electrically conductive layers to form the electronic support.

In a further preferred embodiment, the at least one fabric and the at least one
matrix form a first composite layer in the electronic support. In another further
preferred embodiment, the electronic support further comprises a second composite

layer different from the first composite layer.
30 . An additional preferred embodiment is directed to an electronic circuit board
comprising (a) an electronic support comprising (.i) at least one non-degreased fabric
comprising at least one fiber strand, at least a portion of the at least one non-
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warp yarn conprising a plurality of fibers and having a second resin ,
conpat i bwwe o1agmii ng on at |east a portion of the at | eastCurusoo04s7 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 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 entegeasedfabtidikaviig & eesttngonlacri stoompatible withea mbtrixenaterigngd matri x

forma first ite | In. roni.c_ s ther further
preferred en@ﬁﬁﬁﬁ@%t‘met %Xém?é%' @?L%B{) pertion, Ptjﬁg j?@ﬁ{)?'?eg'négr‘%mé@%ond
conposite | éEétrorfit Supposthand (ts)rantdm:fohrcany Esrigctietigydrome rsuB&Sh &nd ddi ti onal
preferred enbodinent is directed to an electronjic circuit board conprising

(a) an el ect‘FQmPEt"@dﬂque'ﬂgcﬁPﬁ‘ﬁ“%‘F%'Q the plegtronig gigquitheardion- degr eased fabric

conpri si at le t st
one non ng; 6 WO O?ﬁgggﬁoﬁé{! HSSC@%%S??&%%S@?QS%%&PQE%U g‘\’/"frﬁgﬁ‘r"géﬁ i ng

whi ch is confghenielestranicisupperhcomprising G) atdeast gae fabric comprisingiat leasteonent r i x

material on gl Eﬁ?ﬁ& afid R%{\é %oﬂl ecﬁﬁrgarhsshl‘“cﬁﬁmtpaf?&@af){{ﬂr 'c%rdg%sfi Qﬁfaﬂ &t support

el ectroni ¢ suppor nrca condu
and the conldastta pmrtmmyiaa suhriaaegafttlmtahnqeai\dl (n) atheast bre matrixi malenal(nn at board.

ddi b d
conpr isi ng 1Eagtoraon BTG a Belt feBre Iin? BueBicit pihcF BRA S et abr i ¢
conprisity aéled:tthallpbmdechh@raySlt. tieeslipport dmd\thencormiustive- thyeribelrign@ntaisddn

conpatible co t|n osi tion on at |east a portion of a surface of the -_
fabric; and(‘ 'g ngg'fc%tﬂ’é’ ngtri'x material on at |east a portion of the

at |east one fabrln(‘a fuRthéfsrefirRetdniidimentPther diectrifially Eénduetivelidyaligct roni cal Iy
conductive layer, the support and the conductive | ayer being contained in

the el ectr orﬁ’Q,s't@PP@ EF'F%éP @ selqsted partien,@f the electronic urRaAsh dn Aeather furiger
el ectri cal | YprefenddEnibdliihéCthel at leadPShé faBAE dnd-tHedst falst bRe Mabi! B adirdtor tion

of the el ectronlc support . | n anot her further preferred enbodi nent, the at
| east " onbsfa‘iﬂ‘“@sﬁﬁ!ﬁyﬁﬁe|“aﬁ“°m%§!“§9ﬁé“%t‘F‘F)@‘%P‘NFﬁuﬁﬁ%f!mh%f GAIRFISSS Be -

| ayer. |n angdcBRé c6MBoshe ByErdi é?@rgtq}o?&iﬁe‘?ﬁ%&oﬁi&% fay éﬂrﬁrbfé?atﬁf'ﬁ?é' Ses a

second conposite layer difterent fromth I rst conpOsite
Pref erably, Qle@ncaily@enqusue layet isrositioned adiagent tQQSGiQGKed iportien Qﬁﬂ}%ﬁr&ht to a

sel ected pordd o Abohd Sorhbésite tayers 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 andat

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

t he pr asent/1i7ovention is directed to a nethod of 20 fomdiEsos/2ps7nt ed
circuit board, the nethod .conprising the steps of: (a) obtaining an

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 yarn conprising a plurality of fibers and
having a first resin conpatible coating on at |least a portion of the at

| uM one fill yam and" dfdesired] apesturemer heles(ajsor eferted;ie a8 'vigs Ao be farmed inthe
gl ass and having ei’ec%r%ﬁmg{;ﬁ&r?é ri? gg?&l??ci {%ﬁ.&?ﬁﬁé@@w&@ﬂ&{ bét%§ﬁt<: WREEhtRe Of

the at |east one warp y ng at |east one o e one or
more el ectri cal | yompodents ioneoppbsing ssrfaces: ¢fdhe electronieseppott by Ay convenient a

printed circuit board.,The co ent r i ng
embodi ment s di r eCfHN® '§6°“t"b'"e"l'g f“f"ﬁ)ﬁ"ﬂg‘f’f@'ﬁiéd&*gii‘ée%gﬁ'c?ﬁf]%’h'@‘fér%“(@ I?&?
boards can be 5seldeiflihgd More srééiﬁball?&bfe’rﬂng toRig o108, rahsapdrtsmmoCbxtéMthroagldat
addi ti onal conponents can a t hose r -77

d
WO 01/ 12701 PCTI U rﬁﬁebpgelmrWS%efsf?Pe‘a%{a?geﬁf{ﬁg]@Wc ?HBP8§C1|P§§§6 ATesentd t o

as "vial") can bgnJeptioRdThe tdue 10@h%h{pﬂ§é§c§d!@cpﬂt§ér%traﬁdb SdrhsrisifgP4 plurality of
el ectrical interconnection between circuits and/o conmponents on opposi ng

surfaces of the dllassifibgra havingoplayer th?}/'%ﬁ?}’"ﬂﬁyh\?éﬁﬂ'ﬂeﬁﬂa"%ﬂmyma X t he
grt, including 'thatBA%ls b %%g%@' hé@rﬁmﬁﬁgﬁh.ﬁgkh@r\ﬁédm@@ow@récﬁeﬁ& st {68419

More specifically, err aperture 1060 extends throug
er | east ondQ a;mrsmmatlnoﬁgi’stm with al'(En_BrM‘e formingapparatisg suchHpva ldﬂliblMOGﬁ Ol’
he

Do o ol Taier B TR SpbAl fosblf forfiRahiotER apBRIR 1 des WP therdeidiBpe

conprrsrng a plura ass rs havin IS conpatl
wWith a variety oflaymahpﬁkoffabnanmlzbyrdallrag using tlasdmlhwﬁtttorﬂnaeer n. In formng

the aperture 1060, ctron 0 54 is 10 osrtron re
with an aperture for HG %{ﬁ%ﬁgﬁaﬁ%ﬁ’ ‘@rﬂﬁ'ﬁ é? lamigate has g Fe‘ﬂ dgetam%aéfge[%mhﬁg
The aperture 106®008 H‘oﬁsrtﬁréu hrattgdk 6f Plarriinates dQHRole tehsity diszlhalustpsa 8Quare

liayer 1062 of fabrig 1012 dr|II| usrn t he dr.i In a
prgferred end&i rﬁﬁf‘meﬁﬁ@qaa/r"r‘ﬁ?ﬁt’%" re,ing "é’r? S'Pipiﬂagt‘gﬁc@ﬁﬁ"{ Stfrsimmi ng

2000 hol es throug boassﬁaaghraﬂietérthagéta%%m@drﬂr &mberéataethaussfm.&%rﬂwé@srrpar

square 15 centinmeter er square |nch2‘ and a ch |fg3 | oad of 0.001
epfl

wi-th a 0.46 mm ( @dslmenalrﬁ!mod!nente lammage hasa gl taok% Wean aftepdrilliag 200:hales
E nan 36 m crofe! Ghdughd i k G SBAEL afdTHAE 8RSy of 6l holed /e 3har8 danimélet |
i (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 support. Preferably; tig inorganic lubricant is selédted

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
cent i newer1/14700 hol es per square inch) and a chip | oadpoiyu8o®foksmith a
0.46 mm (0.018 inch) 20 dianeter tungsten carbide drill of no greater 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 electronic support.
Preferably; -the (Zhiorging an apasture inthepartion)of thedayerof fabsie: t he i nor gani ¢

ubri cant descr ! hegbrénfifioRiof 1 re¥)ldVer oPOBEHEN onBlcthE bR RNt
invention, is directed to a nethod for  formng an aperture through a |ayer
of fabric ofdeppsitadean therwallsf thecapesiuppor thefaperture is Blleskwittoan electricallyi t boar d
conpri si ng: | an ; a
por 1 on-of SPauEe ately 9 i o B, oSBT rabR Epbicgl Ve
conpri si iy &rmere electrigally conductivanlayens (notshowsiin Fign 10)orathelsaefate of ther t i on of

a surface of,t ri kR, Whi,ch ure-is to fornmed. jn registry
W th an aperiiank dhpRs 1058 ARr8R RTRTHA L EE Vi€ 598 xebl Palaly 20027 (%)
f?r m'hng an amreughi beesixttreMthPQh}th@aeqforfidlf\mdpwtaandtdr pﬁmdiorrcqiﬂlﬁdaw, they mat i ond
of the apertures, a |layer o ctrica condyctjve materi is  deposite
on the wal | SaBPeiEBOSELA arforchoth Tara of HBPRronia SUBRORATFOBAIedC 1 i cal | y
conductive St bédrd o tHeéyCdan Berédinpibied bafied bEEbrtdifsd Withia thd @lbtFghiinect i on
bet ween ﬂeépor nore electrically, conductive |ayers (not. shown in Fig.

10) on ! Pt andfpr ?’Iﬂ‘ithﬂaé‘&(uPWﬁ%V'%"bpport. 1054 and/or heat dissipation.
The vias can ext elﬁﬂé?é’étﬁééllky'cbnd&b&ﬁ@&&@{gﬁeo Shdvin B Pig. 19 LU oh&d By &y " ONi C

support and/or printed circCuit board, y can be exposed at one or both
surfaces of methodwelt kpewn to thope skilledindhe artp Fprexample, bug opt limjting theor t hey

Can b oo BT, e SEBRABRIMLANE By PEPLE R ATLS R UREEY o,
shown i n Fi gheé& ardoil Manémllimdatbgialgn_go atrteash acgpontiain| of Lem_idmofttbt_a semseurediol | ed i n
e g R A e AT S oR SRS BRI S o
foil of netdred byedeposiing@iayeraf metallic matepial antoat leista portien offa side of
SE™ - U o, e AP DB e o M8 v BT HABY s lng
met al | i ¢ matbat hetllintheddo @lectrolytit piating,'diectrolest piating despittering.c Metatlic- cur ed or
cured prepr e fais Statis for 1St 3 aGlectically Sondiehve 1276 intiide Bt ardnot

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 electiaiic 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
multitayered electronic circuit board. Furthermore. if required, additional circuits can
be formed from the electrically conductive layers in a manner discussed above. It

30 should be appreciated that depending on the relative positions of the layers of the
multilayered electronic circuit board, the board can have both internal and external

circuits. Additional apertures are formed, as discussed earlier, partially through or
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but not limted to electrolytic plating, electroless plating or sputtering.
Metal li c welenzls suitable for use as an el ectrically cordimusosRodsayer

i nclude but are not 20 limted to copper (which is. preferred), silver,
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 |amnating together one or nore electronic circuit boards
(descri bed abowempiatel througi? thedroand tealinweletticalinteconnectionbiebreenibe ayers
and/ or one or d i ' | L
electrically C(;r!rqéﬁlg |e§2&%g§réér'sﬁc§:§éu'§§giaﬁ?g%\g%%%{ﬂggtr%ﬁ?(%mﬁﬁ%g@g‘ﬁ%%tc%gﬁage
support, for exsams apertucestthat exdend completeiyntheoyghstbe stuctarey Sombapertures that

mul til ayered elegctronic cireuit b d.. Furtherpor L f required, addifjional
circuits can l?g‘fqngr‘wéydpﬁ%'ﬁﬁ%%’ggﬁé%?V'I"%ﬁ'ltﬁ' ?"‘ggﬂ’ﬁﬁ@?f*(}'é’e?;hﬂ%é Fomplelelhiner
di scussed algov avithirt theGtrubiareé.d be appreci ated that depending on the relative
positions of the layers of the nultilayered electronic cjrcuit board, the
board can have both AR %Itn%ﬂﬁcr%ﬁﬁéﬁ’ é]e ‘a'@ma&%ﬁf@mg/&%fe FREoRIe supRart 24ds
are fornmed, as gfefte BA i D02inched)nanyb /

PCT/ US00/ 20457 ﬁ%%nﬁ?gﬁglﬁt?%bom o0 bggrg )t Oﬁng I l(-)é\/)v‘l'f’reelfeer%Ea)r,i\égzaaqél foff 643

h the
i nt er connect i oMBdabrid.Q h?"&ﬁfé?%z%ms@bé%tt%ﬂ inche: iFe an ejght plydaminatecof
appreciated th ty] ; : S5 t-hat
ext end conpl et 2?{‘35? ﬁ’r‘%ﬁ%ﬁktthgggﬁiegtgaérj%&eggﬁehg%gw ur est?'ﬁg%g%gg)én only
partial ly i omgmbenof layenscf fahric inadaminate carcvary based tipan the desicerbthicknéss of 5
wi thin the strlﬁ%téhg greferabl y, the thickness of the lamnate formng the
el ectroni c suppor ?ﬁf is greater than 0.051 nm (about 0.002 inches), and

mor e preferably randie resinrcofitehBof thenldrainatd cah fréferably range ffomn 35 Yo 80weighput

0.1 inches). F i ght _pl i 7628 style fabric, thick
0, gomenes?, | Henlly SrilThoR AeloB R o 26 wolbE Ry, T Honisi ok bt eSS
fabric in a | ataminhte epreferably AarR@ e R0 td 65 deight perckhi AndAcfe Steferddhe

| am nat e. 'JI'Ee resin Con%ggt 8f the |l am nate can preferably range from35 to
80 wei ght 1Rer &&pges frgrp 240 B0 welght pergept- 40 to 75 wei ght percent. The anount

of fabric in the Imsrraaamnﬁwfoﬁhea%ﬁbwvérﬂe?hs&rfﬁﬁc%dt&a VERAY
percent and nore preferably 15 ranges from25 to 60 wei ght&pércent.pol):(gr a

| ani nat e f or mede§in Matiomateral bavirgamipimum glags transiipntamprraturgnfiy10°G.dae n
matrix materi aly Banly thifinf i IEUFARtBAGth ik #5rbbOMabRRD BF Ridtt 8irddtion10C the
(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 Electronic Circuits (Décember 1997). 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 107 kg/m?,
and more preferably greater than 4.23 x 107 kg/m?. The flexural strength is
measured according to ASTM D-790 and IPC-TM-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
(gener avbyiagmpendi cul ar to the |ongitudinal axis of thectasoé/guast.e., in
the fill direction) .. 20 is greater than 3 x 10" kg/n2, nore preferably
greater than 3.52 x 10" kg/n2 (about 50 kpsi), and even nore preferably
greater than 4.9 x 10" kg/n2 (about 70 kpsi) according to |IPC 4101
“Specification for Base Materials for Rigid and Miultilayer Printed Boards"
at page 29, a publication of The Institute for Interconnecting and Pack3gi
g El ect r oni celéstrapis supppite ottheqresemd ventigrdinalude high flexural Sﬂ’%‘uth (fermsile and

|ncorporated by ref.eren tion,
the desired© Hﬁﬁﬁﬁﬁﬁ g‘re&@ﬁ "%g\'grheng{i'lsllﬁ Sﬂﬁ%ﬂ%%'ﬁa%%éﬁ I rec Pgtr?? %g%@{?a |y
paral | el to Bdaed inehgdirigutte emhinatexi s of the fabric, i.e., in the warp

direction) is preferabl kg/ and nore er ably

greater than 4.2 ‘Ect@XR*&H@L%%?{?Q&E?%@@P“%ﬁéﬁﬂf‘ﬁ"‘. CHB%%rLﬁI%%EéCCOI‘dI ng

to ASTM [ 79ébo§9%mnRQeIMréféﬁabl}qﬁvew&mmmm#mafexphcsnorsﬁomrmctwt e for
| nt er connect i n Pac&ﬁl ng El ectroni csTéDecenb 1994) (which are
i

speci fical | y2 Gmﬂ'@rhd B of thedaminate (éelEn). ifi @arasa ¢ th«',qkﬂﬁﬁﬁ ofdhe

| et el 101.
Advant ages “?”‘Fﬁ?éj IS ot 5 3051 SR8 G G8ipkly rapiig frofh 001 GETIDC o
the present weightrgercent; anchrding f0iIBG TestMethdd 24.44 fwhich (st spesificallyand

t hi gh I ' f

cireu T bodPebrPRATiPE T RRcy nETBRY: Blen Pl ARl RISy SEABRERIART O T
i nventi oy ﬂaj«ére of 7628 ﬂ?ledamtealtml.ngn difesisudh azpbuiyndtamtadtmsom 0&r abl y
h ff t C.t
e 2 ot ot a0y P RS Sha HBe B BSE TR, B ¢ e
| ami nat e, of;adnﬁme EaRihchrpardlé tembinationstof these fabid styleial uamMsm‘avfngdowo 01
to 5.0 weight percent, according te |IPC Tes ’ Met ho glg é}\%ﬁlch I S
speci fi cal | ycoefficignt Bfrthﬁ@é?'l%p?@? %’ﬁ(,gc?"ﬁ'@ﬁ)é &5$ sugggﬂ & i@ FxpanFionAnd
pref er ably coirabtn Sidiin Y BosraistafieR styl e fabric, although styles
such as, but not limted to, 10 2113, 2116 35 sfyle

fabrics tn alterFhe 1"§@F‘§/'"Hé"t19§'éﬂthfr?°at?ﬂ?ﬂ'?t6ﬁtheﬁﬁ@""#‘ﬁ%ﬂﬁ'ﬂ"@' aygred
| ncorporate g ;ﬂé&%@éﬁ@%\éﬁné Bfcuft boakisivihiél icRge aLﬁastrb’ﬁe%rﬂbwt@ faybPW

coeffi ci ents expansion are generally |ess suscei)ﬂy le to
expansi on arnjade scearding tathedaachings herein end &t leash eneciamrasite layer madejina

| A nat es anie0e isbitFort B MGG Taye! Rubfifierdh; o 8o Iihg ! Ty er eC
conposi t e | agorwentinabglass fivaticomposite technalogyhi More specifically and astis wellst one
conposi th | alyn%(:vnn%qﬁosienskﬁled in the art, traditionally the filaments in continuous glass fiber
strands used in weaving fabric are treated with a starch/oil sizing which includes '
partially or fully dextrinized starch or amylose, hydrogenated vegetable oil, a cationic
wetting agent, emulsifying agent and water, including but not limited to those
disclosed in Loewenstein at pages' 237-244 (3d Ed. 1993), which is spe‘ciﬁcalfi)‘
25 incorporated by reference herein. Warp yarns produced from these strands are
thereafter treated with a solution prior to weaving to protect the strands against
abrasion during the weaving process, e.g. poly(vinyl alcohol) as disclosed in U.S.
Patent No. 4,530,876 at column 3, line 67 through column 4, line 11, which is
specifically incorporated by reference herein. This operation is commonly referred to
30 asslashing. The poly(vinyl alcohol) as well as the starch/oil size are generally not
compatible with the polymeric matrix material used by composite manufacturers and
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manner different fromthe conposite |ayer taught herein, e.g. nmade using
convent i o) o@i2ags fi ber conposite technol ogy. Mre specif pcaiusyo/zoasy as i s
wel | 20 known to those skilled in the art, traditionally the filanments 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

Loewenst ei n athe[falrisis 2Rus ¢lddndd3id rechové @88entialti alt brganicapaterial frarhithe 8drface

I ncorporated by reference hereipn. Warp, ns prodyced fromt hese strand
are !to hereaft@%h?rgkéﬁg'aebﬁ "?'T?r§° mfesﬂgﬁggtﬁ%‘f"[‘)’?eg vinge ¢ ?Sf(éoé?p"?ﬁgg
strands agai Nita vaiehypwhps) fdr%&dhglé B9 SORDBINYLhE FbIeV?, mBredcorMonilyy by kiéat

al cohol) as disclosed in U S atent No. 4,530,876 at colum 3, ||ine 67
through™ col untfeating the gabri in armanneravell knowdn the-3ft.| 85 A Eﬁ‘t"b%&gﬁ é!?aBSFQ_

ref erence Qefﬁbcg?tci O.ﬂ glﬁsrgf?@ﬁé‘ts‘,\ I &tﬁﬁmutooeé@irﬁrﬂowiném atrcmatensinisag-

The pol y(vi ny as we as the starch/oil 'si’ze are generally not
conmpat i bl e wi tenimpinegnate thedfabric and thecle@nas glass fibes gurgce; saibat a eoupling agent

manuf act ur er s, /afle 2 Gdielis tHe 61%%? findr sUrtdeEOT ﬁ@%%z[ati;oh‘?s gé’lﬂé{iﬁ\eir?fel'r% Yo BY, 1o

cl eaned to renove esgéa'n Fal'ly organic materra romthe surface 0
gl ass fibers thoseskilled imthe agtras finishingi.e The ceupling lagents rMsst copumoriused in

acconplished _i.n .a variety ways, for. ex LSGL | t § I | r,
nor e WE omonl yf'"'gvnﬂ 83?'339%3{9?/?{'8"?%&"53@53 t’ EY E&Q%ﬁgﬁ R%#%I‘Fseﬁ@nsgaﬂﬁ |Eh Bt he
art. f\S al geS-PldedGérth@, Slilaﬁérﬂgmliﬁg AD elwst(ilsmz_)dltbagesd146-m0?_',aMiiclalslspeciﬁcally
interface between the po ric matrix material used to i t e
fabric and t hCRIROLHE] w%frégemﬁme'euﬁ%?cﬁe laewenstein,a g%rﬂg%e(ﬁf'g&rmst
be applied toqbym Qs trehinisit with'the &Ranel esfabAE IsdimpPayriateSWItR bidspatibier r ed
to by those skilled in-the art as finishing. The coupling agents, nost

commonl y usedPpliimeric mairix mgtesiab sgupezad batwean pagtel meterng folisand driedde
mted to ! NRsh SkaficdRbribrel asfdiscisbl UBHIE TRENbuIFbE PErecRIEd iHAfin1AEN! S

(1982) at pages 1 ch™'s specifica I){‘ I ncorporated by reference
herein. AlbBo pesettisventionalepending apdhe nare ghthe sizing the gleanipg operation
treatment wt i radi Ihe dnSho ' '

pol yrori ¢ mat PRYSE AR rod Gaed i o, 180 Paghinspiof ARGl e
dried to for bealimnatedir @de pr ere prepregh incorporating somentibnalgiass! fibebe

D oot oA S G i RSB A el e o 1
conposi te, thincolpasdtingahe irbtant inventioh topratayelectrnic suppettiasi disdussed bavepr
I PO O AL S AeS g Bk B BRarbh® Sreuif E5RAS Fof niofS ! 00¥

. 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} ai pages 9.1-8:42-and C. F. Cbombs,
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 scuswalomd2o0e, 20 and in particular a nmultil ayered | argTrason/20457¢€l ect ronic
circuit board. For nore information regarding fabrication of electronic
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, Print.ed
Circuit Board Handbook (1997) ai pages 9.1-9:4-27-and C. F. Coonbs, 25 Jr.
(Ed.), Printed G rthe presehtriniention, it SdeBon-livdd®)embodireentsthe-fiexural strength ar e

o LQC?LLyedfaEﬁ%%%?%%ﬁﬁB% rhdeh SRGBRET Ut B e P PR i & jo 15 ©°
Tt secondend o "'“"-“*ﬁ‘*f‘“i‘f’”“fﬁ"’i T o co oo e %0
Turmal a ot pd588 Pesing: TutieRG and ieated pesbroie fleBe o, Noos < pdictri o
herein. | r5 %@bﬁbﬁ@ m%ﬁorﬂfe@srgmeféran@@ﬁérem%q@greiréramy lpPedterafianh 200,0607e"

packagi ng | evel s 01 PCTI USOY resent invention, in
one non- i ni tRAY§de RBOSAUAER inch(akout 68Q megaPaseals)gyhen tﬁfeﬁﬁa[ﬂﬂﬁl tadhe watmat e,

made in accor Bhisn ¥ athgtfétf}ﬁ W&Bl*‘gﬂaﬁr%r{ 8@&@(&6&!@5@ m@%?ﬂs'c% of

prepreg forme ss fabric and an FR-4 neric

resi n havi ng whentested pgwelmuetﬁ&sltre@wadﬁmeﬂahgcto | . PC-TM 650 No 2.4.4
(which is 5 specif I Ankish bly
~greater than 100, db%ﬂo{%ﬁhggﬁﬁﬁ{%quar@}‘?ﬁc f?léee;g\‘%?ﬂ}%\@n% galhﬁag@éﬁ%"q

t est ed pdhl |shieat strerigth obarpundad laatinate, méde incadcatstance withl tmr prbseratn’uvpngmreat er

t han 80, 000 (.about 552 aPascal s e t t.he fill

di rection of(f gfl@fﬁ’?c’r '%ﬁ% fqggwﬁ?ro ?%ﬁ’g 6%835 &JE?& Bric And ag FRs ent
i nvention, thepsipaetic Rsimhavity 5rr of 140°Ceanditosted aemrding tGASTRIND 12344-84ade.

I n accordance wth the present i nvent lon from8 ers or plies of prepreg
formed from dWaichig spepiitsallyingprpotated by refersnge Qﬁ'elﬂ% Sing A $RARENGth fos 1y
having a T. qhickAd¥s rﬁf?&'of@?ué Bféfé}‘ésl?rg(i'éé@r hﬁnﬁsa%&r%%"p‘érgduare(ﬂ&h' (ﬁbodts

specifically incorporated by referénce herein) using a span |ength to

t hi cknesd & at51d“993|?135°ﬁ!§) WF‘G!‘ taster pargliel 40 the warpdireation of shmtabrigapd squar e
i nch (about Jp‘ieééawgéger aﬁ%&éeoﬁmnae PerSqURRE fch PabduP 35 MfegdPaBel) viteh! ON

of the fabric an ﬁ/ reater than 5600 pounds per “square |nch
(about - 39 rregaﬂad@ardlplmmﬁ diceation opthedrbis. to the fill direction of the -

o b apune o3l PR RAA Rl BB R BE BRI Bert
the present isheanstrength 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 paraiiei to the warp direction 6f the fabric and preférably
25 greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parallel to the fill direction of the fabric.

The present invention also includes a method for reinforcing a matrix material
to form a composite. The method comprises: (1) applying to a fiber strand
reinforcing material at least one primary, secondary and/or tertiary coating

30 composition discussed in detail above comprising particles which provide interstitial

spaces between adjacent fibers of the strand, (2) drying the coating to form a coating -
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20 from 8 layers or plies of prepreg forned froma Style 7628, E-gl ass
fabric arsloaw1##®1 4 pol yneric resin having a T. of 140C andcamessoedossecor di ng
to ASTM D 2344-84 using a span length to thickness ratio of 5 and after
being inmrersed in boiling water ‘for 24 hours, is preferably greater than
5000 pounds per square inch -(about 34 negaPascal:s). when tested paraiiei'io
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 t hepdndhe ireinfofting pfaeeriant(s)' combihing theteinfordng mdiesiabwitreth ovhtfior
reinforcing a malt mac site. The t had conpyri ses:
(1) applying tg'%é{e 'Floépdﬁ)rér\%astt P@Tt'ﬁ HEYINg 3%3&* materal fo {Tee%fg‘('g%ﬁéggfqr‘??ﬁy
secondary and/ ocrontpvsiteaNthG@QH natdimithgtaeTpessent Westions tHesremfording @atédial 3BRV e
conprising particles which provide interstitial  spaces between adjacent

fibers of the Ji&SRMPINgdVith rt% ReJYMEEC B4 mater, f‘?!r‘*r’ﬁ?ﬁ‘p&%)f digger smgg ipthe
01/12701 PCH USQQt'n%Maﬁzna:u FF‘?@feFJtﬂ’y 't BéAIng di*%oamg@.rfbrfi\i\1 a sﬁﬁétfﬁgagy umf t he

reinforcing material with th e matrix matérial; and lally
curing the mat reogtingueen the reinforcingi materialiupondaying din mnmelimlgng embbdua@ht ofot

I t th nbi ned
w th the pol ynare priment MUERkdr:the batfileebiinBied 2edit a8 dhin bRibent 5 (18 s
mat ri x nat er i alcontpasitionainl EytotalIsehdmbﬁsmglncanotlmhbn@mnﬁngrembocﬁmé&t thetially

uni form coati [l al on d one

non-1imting e%r@g%;ﬁ% ?Hﬁ'b'ﬁ'é'%bg\éegg%? P?’ﬁ% 'P lor{ ﬂ{eé/tﬁea% ?@'3@"@6‘?@*(?’5’6

zgt | east 201 Gneipreferabdy atiebstd midnemeters. nim amgamd-immnlgﬁmﬁﬂmi@h th@bafieles
asis. In anot n e tic ave a_m ni mum

average parti clr]'@ aﬂigﬂé? g{?wgﬁt"g&@g@%& %}wm&eﬁ s§(Y"“|§‘teé1f 8pyBslags at

| east 5 ni Cr onibersthat SrelcdntinétEin the fibdd stighting enbodi mi‘nt the particles

have a Mbhs' hardness value that is | ess than a Mbhs' hardness val ue of any

glass fibers that all® Prgaentiinantion ajsedngludasia metheddfor mh@ltlpgégémlon hetweenon
al so includes adiehPfbdre of h'ﬁbépéﬂ'ddagc&qaﬁs?hé’ﬂ!e@éﬁ@e&n o)aﬂip%@(;{? A rs of

a fiber strand, conprising the steps of, applying t strand
at | east orl® prﬁ"rﬁﬂﬁ)at |e§§t:©"r‘ﬁlaﬁ“?a@n%Wdﬁmaﬂdéﬂfyeﬁiémm&gn@Gﬂlpmﬂtlorodlscussed

Spaces. bet ween i on 2850 froag iorified hich phcyfueeretihl lclf pbfloghiiddeb
form a coat i ng fibgesofithe strand;r(2) dryingtthe céoatingrto mmamdoatmgalponhhe filbeets @6 then
el veer o) 2o bl WABKE ol LS s TR0k BB Soart R RO .
rei nf or ci ng matRrefesablyiba cdatirigy. cobtingsferm arsubstantiallyLniroi doatigtupeh thé1e
present 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 preferab!y at .
ieast 5 micrometers. -In a spherical particle, for example, the minimum average
25 particle dimension will correspond to the diameter of the particle. In a rectangularly
shaped particle, for example, the minimum average particle dimension will refer to
the average length, width or height of the particle. In a further non-limiting
embodi_ment. 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
conposiwpew12@n a total solids basis. |n another non-Ii pctriusgo/sabodi ment
the particles have a mninum average particle dinmension of at |east 3

m cronmeters, and preferably at least 5 mcroneters.. In a spherical
particle, for exanple, the m nimum 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
the average teatiglcomploditibn Gisctisved!ih defail tabevepesrhprisirg grbateatﬁaurzméight

non-limtin enbodi nent artjcl es have. a. ardness. val ue that
is |ess thagp%rc%wat%%!rs&h‘é%gg pt isgipte partidlesy ggb‘%f p"f‘f‘ﬁgf‘ Eﬂé"l?ont ai ned
in the fiber cgdti SP%on% ?é’rﬁod%rr@%ﬁafenhm@%bmm@tﬁe réiRfording Materi@Bivitk thef OF

i nhi biting hydr Sis of a matrix material of fiber-reinforced

conposi t e. Tﬁ\?tﬂ#ﬂﬂ@ﬂab angh4) b least partigllyruring dhe 'F'Bt"é matgdal ta proyide a

r ei nforci r / ary -84 WO
01/ 12701 e/ OD5Pa5aBpotRE ShreR ey, b ebiing oAt el LY e
conpri si ng gummrmrcqahnmunm thsurginformpgmeéenal ynoradwmalAsstbswssed)abm@, the

di screte par

r ei nforci Ircl)g } er| '{“Z“Ieﬂg' | ng ?ﬁitﬁlg}enrﬁ%tbgﬁ?te@éﬁé#% W't th

mat ri x nmat er dispersimgcthé F’émfatmrimaatenpanuheamlamxcmterq t he rrat rix material to
rovide a 5 reinfgrced co |te coa coatings form

g substantial ly ﬁ'h?'f%rnﬁ{‘é’ tﬁﬁf& eﬁﬂ?“?%?'ﬁf%’ﬁé’?vﬁ& '?r"h f "cuspongdryl ng.

As di SCU$Gede5flly woven mcarStﬂécmag fabtice!hdaiasﬁaratﬁqrermeaﬁlmym le&slﬂibfri ’lmé _

matrix materi or exa er.s t he r cin erial in

The. mat 1 x nButs fesk per riGlR-Anc Beq ETaTacty o8 g

i nvention, theab@deliby ASTM B m@hQQHWéwMéfhoU%rQ\|ﬁP&frﬂéabslﬁﬁ3ﬁr éxtiler i ¢ and

has an air perneability of |less then 10 cubic feet 5 m nut e and nore
€

pref erabl y | EakriashAthgugh petdinyiting inihe presapkiaventien, itig belipved that thest D 737
St andar d TeséloN&ét@H@szQ-rseéﬂJn & ﬁﬁﬁgfréhd Xpéii(neg?iﬂtthé ﬁrardz 5B the/prb&pgh not

I|mt|ng|ntepresent|nven|on it Is believed that he elona

cross- set®i omvamiwnrmgnusaedamdetemm gedyees the aipesmeabifityaf ﬂ"@@]@bﬂﬁegféh? 15 -
| nventi on Ng@@&ﬁﬁﬁ\%m n 4§ c8in Paﬁé@@‘?ﬁor&%ﬁﬁﬁoﬁﬁ%@i‘c& bt A dibdned©” the

fabrics of t resen Invention as co to nore conventl on fabrics
made usi ng sWawmeainswarp yarns. As previ ousl y di scussed, in conventional

weavi ng oper at | On&sgﬁév&oﬂsﬁé%%cﬁ% d,.ift H&R%F\ﬁor?i?%b\%é V\g&aﬂoﬁ \Q%E?oﬁ‘ rns are

typically coated Size prior pr event
abr asi on of supporcappligations, the wargyalhe aretypically gratarbwith a slashmg 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, plastiéi‘z‘“‘c-:rs:?ﬁd

25 lubricants. A film-forming material commonly used in slashing size compositions is
polyvinyl alcohol. After slashing, the warp yarns are dried and wound onto a loom
beam. The number and spacing of the warp yam ends depends on the style of the
fabric to be woven.. After drying, the slashed warp yarns will typically have a loss on
ignition of greater than 2.0 percent due to the combination of the primary and

30 slashing sizes.

| Typically, the slashing sizing, as well as the starch/oil size are generally not

compatible with the polymeric resin material used by composite manufacturers when
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The sl ashing size conposition is typically applied to the warp yarns by
passi ng tWwe omasp yarns through a dip pan or bath contai nirax/osese/2ed4sashi ng
size and then through one or nore sets of squeeze rolls to renove any
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 yans are dried and wound onto a

| oom beam Thacdiporatig eHekabié\as Rdinfofceiitnt Tot'ap d’éﬁffbﬁiﬂ(i&pﬁ@ﬂwdﬁt fhe fabec
style of the fabric to be woven. After dr%/ g ? ?shed warp yarns wll
'E'F. giatesiah %@é’

typi cal |y havenustkgdeased to gemeve assentighyalt of ror e syrfaceofithe ¢ he
conbi nati on quué@ru&é Pidrto /Hrgﬁﬁaﬁ{gatﬁg'\ﬁweﬁ'fé’tﬁi% ThisRighale ébcohbﬁsrgédqﬁ ) ng

sizing, as well as the star si'ze are generally not conpatible wth
t he pol yneri c vasstywais; fariexamplechy sayubbing the: fabrigyerm o cameealyvibcheat- 85 WO

01/ 12701 P! \thg o tunt PR EAPRBE WP ARE aft A8 o1BhaF S BRRGC" 2"

el ectronic su must be cleane
essentially aIdpeoatgmntheremtmsmbrerltmrfahebemebam prlyraéric: mglnasuaténaimsed

Var ety ey, Paetssiat e SPHEhrop arhtbpaf e Yiras 3Bt 11RuRlGh Sasre

heat 5 treati ngustie dpplied to the massmmawmﬂel 'Ifhix)weratrontlél gormetime Péfeﬁedi ﬁﬁw t

of the cleani er aft.i ere, rface bet

pol yrer ¢ mat Aise il it e 48 ishipap upirabe iainishing o1 Brouden ectebd

gl ass fi beyo sukittpg®LOFRst in ®@1%oupl i ng agent  nust be appl led to the gl ass
fi ber surface. This operation is sonetine referred to those skilled in

the art as. fini shi myftertcagtraant with thg dinjshingize, thefabric 'ﬁl‘"ﬁﬂfeﬂ@%teg méthiaabric 10
with an LO | egpmgdtiBia &lﬂme@c .ﬁ&&&rmétéﬁat mzéw B&wb@ﬁafsb.f‘bﬁhét@ﬂn& r&E’athe

fabric is inpregnated wth a conpatib polynmeric matrix materia
squeezed bet wedsigddo derm asemicuesd prgpred assdlamese@abm For morerinfermatinrc ur ed

di f
Gl cot roni o of redRi a0efon f R b (A Rep ERMISAL Mo, o) 1 ©

| it er nat i drial HdRide gkm Asugmmmw,gam atpages [ $3-(115].R.; Tunihala €.y ct r oni cs

Printod & rou GRS 3ndba [ (hglahyages 808 mol ind bos EB8

Jr. (Ed.) : Pr |m\md lé‘mliteu ldir&uingde}knd@ ('Eﬁl?) ae;wes splasaa ﬁ’;drl]eﬁFrCo%H‘ib§h
are speci |ca Y dJicarporate ere e e the sl ashing
process puts @‘Q[' Eﬂ&m Bg ?ﬁEq h{e‘?%gkpﬁ gﬁ% 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. Althoygh not meant to be limiting in the present invention, it is
believed that such a yarn structure (i.e.; tigiht bundles and generally circular cross-

25 sections) can hinder the penetration of polymeric resin materials into the warp yarn
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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the yarns becone rigid and inflexible as conpared to unsl ashed warp yans,
The slwelviagrosi ze tends to hold the yarn together in apcrasve/uasdl e havi ng
a generally circular cross-section. Al though not neant to be limting in
the present invention, it is believed that such a yarn structure (i.e.;
tight, bundles and generally circular cross 25 sections) can hinder the
penetration of polyneric resin materials into the warp yarn bundle during
subsequent processing steps, such as pre-inpregnation, even after the
renmoval of thywsightdfistashingrsize rdsidueL din ashareprefgrred embloditient bfthBiprdseho t he -

present inventi | ashing i s not referred. Therefore, |n a preferred

enbodi ment O'F'v%rﬁ@hp AP ng?e?{% in ﬁsﬁy%e i)s'a%"g/ﬁ{eﬁé’"gf’ ‘fﬂ?ﬁ‘ﬁ'&ﬁﬂ"ect ed

to a sl ashi ngresissentially free o staBhivig Beassiduy. eAs ubst ReteinatHevtein %s@ﬁtiaﬂk ats hit Eg-
a e

i i due,_As herein, th "sybstantial |y free” t
e b yar s HERFE AATS haldhS wiimumics heveess gy 5 paseot bY WPBPLERFS) csc t han 5
percent 5 86préferdbly fed€ tHar 61 _/déﬁ%M ?ﬂgféﬁhbind\ﬁb 8t refirally @%éﬁ}&gnt %&%ighPSi due.

In a nore preferred enbodi nent o present Invention rpyarns

are not subj¥@&regidug ofa slashing fizesanthesurfages thergefvHawevardif therwarpyamst i al | y

free of sl asfy | ' Wy .m " lally free"
reans that  the o o8 tb 8Sjelbfiarf Sttt opRitbriof (ubalift) rRally B,
pref erabl y |ameuntiofithesetondary soatingappiied ta thesurfacs of the efarp yéving pfiopter cent by

wei ght  of q”émﬁgfeéggﬂﬁ? gt,ta%%é%]g bzi“éezgch?gf{h Qg 2}'{'%33 t hereof . However,

I f the warp yans ondary ¢ gberation prior to

weavi ng,1Qr ef er abhynetpneferrademiodinient loétheqreseht inventior, iteplos® ph ighiioh@f t he
surface of t

r atns prigr to,. weaying is less than 0.7 cent b
vl gnt o ¢ A% WRRE iR Probecely 68 enaih 28 bfhest bbb S RaieieBBMIE pr vsent
i2n\5/ent i on, tttlgan hﬁgﬁeﬁﬁéntibgméigmmrafm%glt b@lfmbg 1ﬁrtn5nl o? ﬁr@érﬂ@?hﬂt\)g’ I efssht hand
: ercen Wei . Jore prefer ess, an 1. ercen wei an
nost IOpr ef er M%Y'qgegg af’ﬂ'&ﬂ"'d.hg f%@?"(ﬂ? mgUGF?mé""%%ﬁ'/P%‘?rgP'M h&ﬂéﬂt‘%’é‘i@," '? he
fabric of thesséreAilibn rangavY fof (1 & £BPRIeEnt Aora Preétéfibly fanging HdmPBi4itgni ti on
rangi ng f rmg.l to 1.3 percent, nore preferably ranging fromo0.4 to 15 1.3
d-29 VR B P

per cent ,V&n %’ﬁeﬂbﬁ‘@ Sﬁf?fépmw"%"@@ 1pgEgestnt. I n anot her,
non- | im ting enbqgiaRBiker, Honliinfting EMBodimefNthe presehiRveiftion, mamaéppﬁaer ably

has an el ongated cross-section and high strand openness. As use erein,
t he term " elR5pfgeabthas @y elongated srpssraegtinn ancbhigh slsandhepenness.has usedyener al | v

e oY oo BEBGE S iRl SSRIRctbhhoaid SR ANR S Al FRURRH,
yam or st r afigt er evulasicregsegeactional shape. High strand openness, discussed above, refers
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 presenf
25 invention, it is believed that good resin penetration into the warp yarn bundles (i.e.,
good resin wet-out) during lamination can improve the overall hydrolytic stability of
laminates and electronic supports made in accordance with the present invention, by
reducing or eliminating paths of ingress for moisture into the laminates and electronic
supports. .Thig can also have a positive effect in reducing the tendency of printed
30 circuit boards made from such taminates 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 exist between one or nore. of the individual
fibers fwoiokmtmli ng penetration.of a matrix material i nt @eaImEsobeosle.

Sl ashed warp yarns (as discussed above) generally have a circul ar
cross-section and | ow strand: openness and thus do..not facilitate
suchpenetration. Although not Iimting in the present 25 invention, it is
beli eved that good resin penetration into the warp yarn bundles (i.e

good resin wet-out) during |amnation can inprove the overall hydrolytic
stability of |am rrﬁieadeg'rad ofbpahd opémaupmbésnemdmdbyamﬁomdertest un the t he

present i nventlon, reduci ng or elim.nating . paths of i

noi sture into Eﬁ\ge?‘&%ﬂtr@Fé?"b %T‘\?@?‘l’@ﬂ l%pasbs.%ﬂﬁgﬂgseq?ﬁg c?ﬁFaHY §'E)9“r?§ve a
posi tive ef f echlidr ah@d pédiforidtPadjscthe iy hofizdntallyidighod@d eehsing teviesr ds made
fromsuch | am nates _and el ectronic supports to exhjhit electrical short

failures due Leomprising it eition SUEAGR 809 98 ORRGTRG.IgtSaREIRG SUTASn suslbaba,
under bi as.g { G Juifibdl sxRUfithd Qi is if denidrhfydakAieh Airinldre Wil tRe A5k ehifing a6 e
y an ex test

of strand openness can be ne sure F-in
test, the yar rlighbsénsingsiriaced. iThesensing device issmounted at aivedtisat heightithatal i gned

| d
devi e compr (RSN WHREHE RAKFEG Henbebrind VoA dionka SORRE BhTattzlRal |
surface, such dlktahcébetweehtthe %nvandahefsehtiag devite is dontrghetkbymoyingdhetdilefs
v IS okrlobed! e ookt o ebhlhs B Badbed A5k g0,
between thgyv im&mylavaaéutcamdefe@é pér rinaty), déﬁenamglmhé@benﬁbsstam&stwveen
t he yam and the sensing device is controlled P rollers _to
o vy, 11 om 1918 STeR RoTIRAA Sldhe X8 G5 SRIRSP B POBE o the Kk EMapRY G € ARG |
(typically at &hiig s’tﬂfaaettﬁérﬁbpﬁfgtg%ﬁglb@éspoﬂeembmghpébﬁsh@ SUpaBseTRe Of the

strand, one or nore portions 0 iéam can eclipse a portion of the |ight

emanat i ng fr orfumker of gclipsesare thentabuleles fany gtVPnéﬁmth Atyamn (ypisalsabaug 19 he
li gh fo
ght - sensi ng sy Eﬁ?%ﬁ ﬂ@?esqnﬁyo&go@ rhibET ST e@Bﬁ&e&?@fHﬁ@@r\éﬁ ) Rdrididefed

glven | engt h typi ca meters e reSufting ratio
(i".e., nunder bfbeea:mepsm qf@ttraumOLOEHMt h) is considered 15 to be a

e o ot SRR b e I Wk ol R R T
well as the | wompnﬁcsmﬁsladhedtgﬁssfmenyams as wedl@asdbe tbvabparmess efsuchsyarms as
e o R e b S8 e AR Moyl o Prlhdbiiy A
whi ch pref er abisighes thitha airglent@abiy ofttidopreferredcfabrics ofahé prusentidvdritioher
warp yarn 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 (1.562 standard cubic meters per minute per square
meter), and most preferably no greater than 3 cubic feet per minute per square foot
(0.91 standard cubic meters per minute per square meter). In another embodiment
of the invention, the fabric is woven into a 7628 style fabric and has an air
permeability, as measured by ASTM D 737 Standard Test Method. of no greater
30 than 10 standard cubic feet per minute per square foot, more preferably no greater
than 5 cubic feet per minute per square foot, and most preferably no greater than 3
cubic feet per minute per square foot.
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openness. In one, non-limting enbodi ment of the present invention, the |
fabri c wedl/1zae1air perneability, as neasured by ASTM D PET/USOazodsT d Test
Met hod, of no greater than 10 standard cubic feet per mnute per square
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 nmeters per mnute per square neter), and nost
preferably no greater than 3 cubic feet per mnute per square foot (0.91

standard cubic - ”Ehﬂﬁﬁjg\l)ﬁ'iotme%lﬁl&E@bomlﬁaﬁgmy)lmtté@bﬁ%ﬁ%bﬁﬂlcﬂﬁbOd' ment
of the invention, the fabric is woven into a | e fabric and has an

ai r per neabi theoly, itis Pestulatedthatarpyamshaving %?'Eﬂ?é%ﬁ@'ﬂ?éﬂ”ﬁ@eﬁws@ no
greater 30 adaarbnmo%a.;bggg] 9gﬂiH€BGﬁ3#frgéencB% laFifeSmBEE frof AbRcd 00t nore

preferably no greater per mnute per square foot and
nmost pr ef er alpcgrpocatingdbe warn yarns.3Moge paricilady, sipee the erass oyrfrpoinis hetwelpot .

88 VO Ols L2 \wdr p%ﬁ%ﬁ]‘%ﬁ fabrics GG W@y aiE & Ho‘?\ggfendb@%&dsé’éuohﬁ%vﬂlny

way |imted by an eory, I's”postul a
havi ng el onghaw=a lnwerrlpmﬂe:thaas:oswitlonalsfahms mrzdmalmmdantpo;amhmmi drilling

erformance i.n | an nat es,.made br i arns:
Vor e par t | cub 4T ereerrestome ol B e i3t BeTRbRLEN Ba Rt gt 1T
yanms in fabrfisers dadhddriliy and/therebyl Behsubjettabtodebscabrasiveswedr. ons WI Il have a
| ower profile than c entional fabric oratln P V|ng

T eul r e o8 PSR AISCUzSeHim o BmEGRIMEN: RLTG RTSEH Ve, prera

contact {@wWebottl!ths war gy&m andltHed fDyaihd have W resmconpatiblpridtary ebaiyg ed to

| ess abrasi ve wear. revi ousli%I di scussed, in one enhodi nent of the

present i nvemmevﬁmqﬂm%meyeto ripgfoming. he resip compatiblig Armary Fpatinga s

have a resi nesmppiidnta r@n@& tdHREYndrB FairSan BB Yae! 431thé Pedlin 86mpagiet © duri ng
formng. The resin co e primary coating. conposition agplledtothe

war p yarn cammerytmtmma@smqmamgd to therfii ararmordt cambeﬂffgre@b @'iﬂrtbe _
e by " ALl e ffeson A B gy o
herein, 18 tthe mmss“dnffederftﬁmrrethe resio icompatible primaneaatiod bomppsltmmagplledat ing
Co e ! on: ARt et f 421, b By et ' ©
- one conponenappliedttd chwarpwam meahs trgt atba;&metaompoagptl of ¢ pimatyecoating yar n
e SR 5 e YT WMot T ook
conponent pr eaﬂmnanﬂ i the pemanpEoatingdohpositiompapptietiite theaijiptare dr that atleastar p
yam 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 Qia'sé'
25 fibers of the yarns of the fabric are E-glass fibers having a density of less than 2.60
grams per cubic centimeter. In still another, non-limiting, preferred embodiment, the
E-glass fiber yarns, when woven into a Style 7628 fabric, produce a fabric having a .
tensile strength parallel to the warp direction that is greater than the strength (in the
warp direction) of conventionally heat-cleaned and finished fabrics of the same style.
30 In one non-limiting embodiment of the present invention, preferably the resin
compatible primary coating composition is substantially free of “tacky” film-forming

materials, i.e., the primary coating composition comprises preferably less than 10
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I's not present in the primary coating conposition applied to the fill yarn
or that avooligzmi one conponent present in the primry co®GTMSO2NGEISIi tion
applied to the fill yamis not present in the primary coating conpositian
applied to the warp yam in still another, non-limting enbodi ment of the
present invention, the glass 25 fibers of the yans 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-gl ass fiber perédit byWagntUnvLibtalsbidsibasis/ Inforépiétefably less thaprssereentdyf abri c
having a tensile strength parallel to the warp direction that is greater
than the strerieightoma tofal saligds Basi$.-r ect i on) of conventional |y heat-cl eaned

and finished fabricg é)I,rerfg}gerog A aﬁ?‘%“e the r&in EbrpHtibRBHRhArTIchhtit SSFRPSKIBH

of the present invention, the resin conpatible prinary coating
conposi tion i gs egsentially frae lof “tacky? filsi-formingapaterialsyi¢.otheipinantgoatlingal s, i.e.,

the primaryg coatlng.: | ] | f ; 9 CVO
011 12701 Pt CRB A FRRTirsaE BrefglBly Ecan Y e by vt on Yol sofih,
pref erabl y | essasis)aroré ppefecabiy lebs/thandl. 5 percent by weight orsa toteksdlids basis,| anda
preferred enbodi nent, the resin ati i _ | PRSI LI S
Cssenti al 1y frBoGHeteraplyiqsS igh 7GRt ol Bh & RPROIAE g ey i
coat i nlg 5 lcogmﬂil;h'g(mateﬁﬂﬁr 'ﬂ'ﬁel@f mmefbblﬂhialblnyatéﬂﬂs camba détrwmartbb tlia/waa;]ﬁﬂﬂy on
a total solids asi s, Jor refer y ss than 0.5 perce ight on a
fotal ol i ds (RIIAES Biyich fel s apatesh pych S8 hRng the pieteranéngtarite et " on
a total sojodsiBarhsamd caasidg/whrp yarnd & stick o 8aéE6ther. SA spédifie/ nbhliififiiy M ng
material s can be detrinental to the weavability of yarns to which they are
appl i ed, such @xample pbatagky direfrrming matarial iswalsr-salybleiappxy fesimfilm-farmifghs
and causi ng wa,;,gi(eyigps to stick to each other. A specific, non-limting
exanple of a tacky filmformng material is a water-sol uble epoxy resin
filmformng materAnalternative methedtdf ferming a dabrisifor useninan eledtednid support use

w1 now be. di SRISHR ddcordtifte (FE prakenf R o hEw beS LSBT ben P 1
obt ai ni ng B8 |reethbd@omprises thesstepsoofp (il sobtginngt least one filbyangl casyprisingex s and

g L G SR T e B B Sl BRSP4
gl.ass fibers aportibathergof (2ybteining at icastangpaiaipbiaen cormprisiag aphirality of glass
SR R PR T AN R TR O =S A DT E A
percent by weitfBieof;arkdqBywaalind tHeCataskisd bAé 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 d piurality 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 el ectronic support. A method of forming a |am nate adapted

for usewomiazroe! ectroni c support will now be di scussedpgensoetdsyz The
nmet hod conprises a first step of obtaining a fabric formed by weaving at
| east one fill yarn conprising-a-piurality 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

wher ei n t he composifions bﬂdislashlhg%i‘zecu&mpysihbns)rar@hoﬂ resin dohvippatiBleandanérefre by

rventi on, | PRSCGEBRGved o faee riok Eeraralgs feabia it PORTIRGRToR <i 2

residue. As ratenalsuAkesértedsaie, this is msca&mﬁ»ahlyla@cémbﬁah@a tyRaAat i ons, the
convent [ onal SI Zi ngﬁ conpasi tions ag_&))l i ed to the glass fibers and/or yarns

(i.e., pr| &W@WN'D&? egradgsotbpstrenath ohid -

sl ashi ng gsi | | dCTQt'SFRQt r st be
renoved f§r o?hﬁ? ﬁﬁg?ﬁﬁér’%é&?ﬁ?‘gfé@w%?? d<'31|t| ng th fbﬁ#ﬁ‘?‘??ﬁ%r@&%@%ﬂc
resin mat etheglass msdensifyr The desim compatitie goatingsrottheqsesant inveationy mbichshed by

Fha st engt 1908 bfedit3 e Wl o B Hreriqrtd ik ling, Ueihor ol iholE e °°
fornmed therdé lmmagaatmn(andsthereby leéimiriates thetreed dordieiaj-cledhingr G‘hbreforenha i bl e
CoRL o s arp b i Shbaaiant B O préseft AESMcR, medabic s et nar | on
Spgf te?(ragémyrﬁg?lmlmil ﬂe?tjmndnhg?r%odl ngbd!e tﬂﬁnlm?g‘sogg‘frl nvgﬂ=f| O(r)ﬁ 'Itﬂeaf abric i S
Pree T rom 10t nerhdtionsis, FeanveRfional oty e ik, PRaesses. aiarraiovg of e

| npregnat i OQIZII@jébrﬁﬁ)(ﬁﬂﬁhbl‘)y Heat sleani ﬁ%td fiisting sike hﬁnsf Beé Hbﬂ&dl% HeRbAS after
renmoval of the sizing corrgfm tions heat cl eanin fi n| Shl ng size must

be appl i ed tRHOF iRdMPEAgnation 'mﬂm\{%therFﬁF@@H'al"N&ﬁtWQ? qhﬁ
conpat i bi |'i tosnRfdrieGedint B abBRiriga AEdth mat@@ ebaﬁﬁgfothew?p aﬁwoﬁmpya\fh@g a

resin co atlble coating to thé warp fil prior to weaving
inthe g @ﬂprm;%awngdn the n@ss#etéaverrmonartasmieedfqrrﬁalamfwhm '&Ia;lﬁs" g

| ted. '
el i m nate efn,ﬁ{a?’éﬁrﬁ\eréﬁr@q’? r‘éfe?lre'aeéi’n r&ree p res ue ?ﬁom a

i nvention, the ricis era substanti a
secondary cdahricig peaierably su stantuallyrfree@fge@@e iroraaselcee@awnaaﬂngaawqrcaent by -

secondary claRMAGSERLLY, es ndr P pdiCentif g, BbotFrefliiniglessifart it '1OM °
enbodi nent @br@hbbpwelghhof nemdeelfnoana sedmd{aeybmatmg and/ssa ﬁmshing)snér deaof
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.

: EXAMPLE1
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 termwbessemwiially free" nmeans that the fabric has | esCTUSM/20450er cent
by weight, nore preferably.|less than 0.5 percent by wei ght of residue from
a secondary coating and/or a finishing size. 25 The present invention wll
now be illustrated by the follow ng specific, non-limting exanples.
EXAMPLE 1 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 acoatedidntd Erglasifiber etrbhdd. Hactcofthe formingvsize campositioas had @8 ght

percent of acetic¢ acid was, included jn each_conposjtiop. Aguepus formn
si ze conposi t i RGN percgot §°'1"§1%\ﬁ'(99)3 iss?f@ﬁr g@ﬂ@‘ﬂﬁﬂg’fﬂeag% q)yﬂrgang

E-glass fiber sidunadnto BeHindh 4 SimilhPmahAér SSirPcshamithal ivisting2adiphent.
wei ght percent solids. Each coated glass fiber strand was twsted to forma

yam and wound Sample BabWan soatedwith aguegus fIming size compesitiondthub Maguunydiad ng

equi prrent . - gSaigplydeflerat)i e 4884 fbr Ubbik AEHSPY SShApIES AE ShEF nafIBAOSH! | O B

but vacuum dri nperature ut 46 hours. Sanples A-F
each had | oss dgnitiorgvaltesoof less than 1okeigbispercénin Samplesly amkbDg lrad lossSanignition
Ch, and Dh, had_| oss igni fLen .values of 1.5 nd 1.66 wei ght percent,
respectivel y. ?’9 e&ﬁ@%ﬁl%‘%%é&ﬁ'ﬁ@&f%gﬁspefﬁ@é 1A \\EI GHT PERCENT OF
COVPONENT ON TOTAL SOLIDS BASIS SAMPLES COVMPONENT A B CD E F RD- 847A 87
28.6 29.1 31.58 50.71 0 O DESMOPHEN 2000 96 43.7 39.1 0 0 0 0 EPI-REZ
3522-W 6610 0 0 21.05 0 0 O EPON 826 100 0 0 O O 16.12 63.54 PVP-K3010 O

9.7 15.79 15.21 1.31 5.18 A-187 102 2.3 2.3 8.42 8.11 3.17 12.51 A-174103
4.7 4.8 0000 - -
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A-1100104 0 0 8.42 8.11 0 0 PLURONIC F-108 105 10.7 5.6 0 0 0 O I GEPAL.
CA- 6301w6 03/19704. 74 6. 39 1.63 6.44 VERSAM D 140 107 4. 8p¢TAIS00/80487 O
ALKAMULS EL-719106 0 0 0 O 1.63 6.44 KESSCO PEG 600109 0 0 0 0 0.79 3.11
MACOL NP-61t0 3.6 3.6 4.74 6.39 0 0 87 RD-847A polyester resin which is
commercially available from Borden Chemi cals of Col unbus, GChio. 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- W 66
which is comercially avail able from S’@% Tahem cal . of Houston, Texas.
100 EPON 826 _which is conmercially avail e from Shel | _Chemcal of

Houst on, Tekas. 101 PVP K-30 pol yv| WEIGHTRERCENTORMGOMPONEND ON TOTALI Jy
avail abl e ffom ISP Chemicals of ‘Vyne, New Jer SOLIDSBASISS7
gama- gl yci goxypropyTtri met hoxysrThne which 1I's coszxmmesl l'y availl abl e Tjrom
CK Wtco (Prpor alGOMPONENT ! VI OWn| NeAV YO KB /-
game- met haFRRIgRFRET 0Py tT T TECTTOXYFET 1 381§ W29 | He
from CK W DE MOPHE %BﬂmWQQH' ,

am no-funct a ATYE Re—Cc-oHpT ||@ CIU-IILO ) F
avai l able f o VCVpnmf"mso Fat—yaopr— XAV dl _QQ”\IICTM
F- 108 pol yomErI N = WEYaT=\aa¥eYat 1 2 ml?,; ch—-S—&-oHE-gi-2t
avai |l abl e f BVYPH887 paratjon of ParQi nnhr®7 (AR 7911821 [ 4831|4518

CA- 630 et hgfiﬁlﬂa_m_;d.nhiﬂﬂxﬁt-hm?_%h Fh2-Bs! Bk B | y37aill 3862 Jfrom
GAF Cor por afAd@4dF Wayne, New Jer sky 4f0L,\_/ER§3AVI ® 140 Fol yanfde [whikh |i s

Fay

conmer ci al | yAdM80™&bl e from Cogni s| Cor®. of 0C hdi.#alk 8,110hi 00 108 A KAMILS
EL- 719 pol ypRMIRONICFtD8/Wyet abl e pbi [10hi ch $.8 corBrerci & | ¥ a®ai l{ablee flrom
Rhone- Poul e\GERAIICKEESOC® PEG 600 pol yet hyleme pl4/741] 8%l anB3t § &44er],

which is conVERSAmth@val | abl e 1| ongg eppng 8ofrpamy of oChicago, [TTTgngi s.

10 MACOL NPF T Wi CN{ T CPNTET Cf algl Y| a4 &3l ddlgd rjom
BASF of  Pafj 0 0 | 0 | 0 [ o7 [ 311
MACOL NP-6 ' 3.6 36 | 474 | 6.39 0 0

% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

% DESMOPHEN 2000 polyethylene adipate diol which is commercually available from Bayer
Corp. of Pittsburgh, Pennsylvania.

% EPI-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas.

10 EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

191 pVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

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

193 A-174 gamma-methacryloxypropylitrimethoxysilane which is commercially available from
CK Witco Corporation of T=rrytown, New York.

%% A-1100 amino-functional organo silane coupling agent which is commercually avaclable from
CK Witco Corporation of Tarrytown, New York.

1% PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer whlch is commercially
available from BASF Corporation of Parsippany, New Jersey.

1% IGEPAL 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. _

198 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

19 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois.

110 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.
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-93 WD 01/12701 PCT/ USOQ 20457 Table 1A (cont'd) WEI GAT PERCENT OF
COVPONENWOMBL/AEAL  SOLI DS BASI S SAMPLES COVPONENT A B C HUTAUS00288FRY 6717
"' 000O0O0.40 1.56 EMERY 6760 112 0 0 4.21 4.06.0 0 POLYOX WSR-301 13
0.6 00000 POARTHERM PT 16014 1.0 1.0 0 0 74.78 1.00 RELEASECOAT- CONC
25115 0 0 1.05 1.01 0 O Comparative sanples of commercial products 631 and
633 D450 starch-oil coated yarns; 690 and 695 starch-oil coated yans and
1383 G 75 yanms which are 5 commercially available from PPG I ndustries,

Inc. were also evaluated. In addition, three Conparative Sanples X1, X2 and
X3, each coated with the sane aqueousTangpA fgjposi tion X set forth I n
Table | B below,_were also tested. Coffparat nple X1 had 2.5 weight
percent solid§. Conparative Sanpl e X3 WEISHT PERSENT OFCOMPRANENT ONsTATAL
was air dried]jfor about 8 hours at 2%C. Conparati VGOEID®BASKS 10 had 4.6
wei ght percen{ solids. EMERY(r) 6717]partially am dgAMPRESYet hyl ene 1 m né
which is commgrcial TEOMPONERTE Trom| Coghi s [Coppdraig o op J ncgnnati F
Chio. 112 EMEREMERPEPY7 DT T Cant WITH 155 CYMIgT g alghy [avgl Tty Bo )g_:,n_i§3\

Cor poration o 7 oo T PORYOXWEBR—30 i y’sgh-yi ene— Xt He)
which is co ,ng?h wgo‘ ot WU'"'iu?s Gar-bi #13?;_4-ﬂ ARl
Connecti cut. 5 B T O—B5ren - &

whi ch are co Y] | omn

Lakewood, Ohi &RE EI ﬂ)F Rﬁl EAS

particles in aqueous dispersion which is comercially avail abI e from ZYP‘
Coati ngs, Inc. of OSonpatative seamplesefczommersial pdodts 6537 GhdrE3BI L350 st2petBail

Table 1 B VI Gl BRG] 668 i85 Malth-oil coated yams 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 Corporation of Cincinnati, Ohio.

12 EMERY® 6760 lubricant which is commercially available Cognis Corporation of Cincinnati,
Ohio.

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

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

"5 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 28.9 DESMOPHEN 2000 117
44.1 AWODTNAHE 2.3 A-17418 4.8 PLURONI C F-108 720 10petrughoriddst D 140' 21
4.8 MACOL NP-6122 3.6 POLYOX WSR-301 ' 0.6 The yarns of Sanples A-F and
t he Conparative Sanples were evaluated for loss on ignition (LO) and air
jet compatibility (Air Drag) using the "Air Jet Transport 5 Drag Force"
Test Met hod di scussed above in detail. Each yarn sanple was fed at a rate
of 274 meters. (300 yards) per mnute through a Sulzer Ruti needle air jet
nozzle unit Mdel No. 044 455 001 whi chapptgn internal air jet chanber
having a dianeter of 2 mllinmeters and‘WzLe;exM tube having a |length
of 20 centimefers (comercially avai | ab] SNEIGHT BERQENTROF COMPONENT
Spartanburg, North Carolina) at an air pressuDN TOTAISOKIDS®BASIS: s (4p
pounds per sfiuare | NCOMBONENT A tensi pneter was SAMPUEXed 1 n cont apt

with the yam RRD3g4#p08¥ t1on prior to The yarn enterirggghe arr jet nogzle.
The tensi onet r—Tne gram 1 giLf (drag. Tor(,e)

exerted upon p—REO-84TA Ul Y5 ET resTmwhieh | S
comrercially cats—of—Cotufhus—ohto—={111
DESMOPHEN 200p—# 4-5—€ -c+a-y—avail-apl e
fromBayer G i , syvania—/8 A 1

ganmma- gl yci dokYER 40:. hich is comerfi8a | y_availablel from
CK Wtco Corpl York. 118 A 138

ganmma- met hacr PQLV@@W&R—S@@% hoxysi | anE which is confrcially availaple
from CK Wtco Corporation of Tarrytown, New York. 120 PLURONI CTM F- 108

pol yoxypr opyl ene- phé yamy of Samples MmﬂdytneCoMﬁadtwéSamptemeﬁeédvlaMatéd@H abl e

f BASF Co 21 VER | yami d
i oh 15 confieR £ TP SrEt B I ComeBARE LA se) Gring e ARk TiansBR S 125
NfCO- NP-§ nprag mdtesotest Metivsd disdusebd abovesinaietauer ci al |y avai | abl e from BASF
O .

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 tensiometer was positioned in contact with the yarn at a
position prior to the yarn entering the air jet nozzle. The tensiometer pfovided ~

measurements of the gram force (drag force) exerted upon each yarn sample by the

118 RD-847A polyester resin which is commercially available from Borden Chemscals of
Columbus, OChio.

7 DESMOPHEN 2000 polyethylene adipate diol which is commercially avaﬂable from Bayer
Corp. of Pittsburgh, Pennsylvania.

118 A-187 gamma-glycidoxypropyltrimethoxysilane whlch is commercially available from CK
Witco Corporation of Tarrytown, New York.

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

20 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene oopolymer whlch is commercially
available from BASF Corporation of Parsippany, New Jersey.

121 VERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

'2 MACOL NP-8 nonylphenol surfactant which is commercially avallable from BASF of -
Parsippany, New Jersey."

2 POLYOX WSR-301 poly(ethylene oxide) which is commercially avanable from Union
Carbide Corp. of Danbury, Connecticut.
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Par si ppany, New Jersey. '23POLYOX WSR-301 pol y(et hyl ene oxide) which is
comher ci avbywiaymi! abl e from Uni on Carbide Corp. of DanburpCr/dimonre4szi cut .
-95 WD 01/ 12701 PCT/ USO0/ 20457 air jet as the respective yam sanple was
pulled into the air jet nozzle. These values are set forth in Table 1 C
bel ow. Table 1 C Sanple No. Yam Type LO (% Drag Force Air Jet Transport
(granp".) Drag Force (gram. per gram,,..) A G75 0.35 68.5 103,474 B
G 75 0.30 84.9 128,248 B'"WG 75 0.35 95.0 143,587 C D450 0.52 37.33
278,582 D D 454 ; YA P v

83.2 125, 680 %@r#%%ﬁtthuévrgéps%ﬁ%? §am ssimdfe Was pulled s the s %to@%%'&seF Thete viudz
1.3 38.1 284, 32zge sgbiprthdn Table 10 belew23 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 D450 1.37 12.04 89,851 Ch; D450 1.59 9.00 67, 164
Dhl D-450 1.66 10.43 77,836 5 * Coated wraldestCGirch-oil si zing

f | ati : : -
V\np'[ Eupg_l Iy(r)nr;fi = mat g?%‘%@‘@fi al co%ﬁ‘c imee E$Et'ﬁb cﬁ%s‘?’f’? o%s“éé%?ﬁﬂwr&})

the present ihvention had Air Jef Transpoft Drag| VA8i@B«~gi ¢at dIragirerce

100, 000. - Onl§ the starch-oil sizpd (gramyg., 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 D450 0.52 37.33 278,582
D D-450 0.40 471 351,493
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 1.0 100.46 151,762
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
Dy, D-450 1.66 10.43 77,836
5 * Coated with starch-oil sizing formulations.

As shown in Table 1C above, éach 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 yamns C,, and Dy, which had polymeric matrix compatible coatings, had Air
Jet Transport Drag Values less than 100,000 because of high coating levels on the
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

vac
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which are generally inconpatible with the polyneric
had Air Jet Tr ansporrcﬂusm/j(akues

10 conmerci al strands,
mat r i X woatasioal s di scussed above,
greater than 100,000. Sanple yarns Cl, and Dtd, which had polyneric matrix
conpati ble coatings, had Air Jet Transport Drag Val ues |ess than 100, 000
because of high coating |levels on the vyarns, i.e., loss on ignition
greater than 1.5% which inhibited separation of the 15 fibers, or
filanmentization, of the yarn by the air jet. To evaluate |am nate strength,
7628 style S fePOIRHRh 46 rom
sanpl es of %3325 V%quﬁgddlggeagbg@pﬁsﬁeﬁt@y -9% ?\D 01/ 12701 Pﬂa{r@é(%gzd(c)%?
G 75 yams (!ﬁr@oatgdwhaam@ resinesystam pf/EPON 26180 aroxy resin (ceptméreisliy c

" aarn ( commey AP Snh Cheica TorlcBRL B AIER ihat Ubhdrditnidy 2P0

Texas), di c?emethwilmdazole and BIOWANAOLIRM glycobettieiCovhh@rcially ayajiatié fremher

I bl T ) . gf Mdland, M chi
o for m PanHa D68 Chemfal GaiarieRhaMeetlieddm Ehiodlesur al “otrengin o
(maxi num f ai | ur e Eath emsiphatetviss éviguated for GexugaltstreAGThNhiaxitiiim faikird ftkest 650

Test Met hod? Ivanual Bg%ggﬁ_rm tute Lgrm%sﬁamgﬁohg&%@gmfwagl ng

El ectroni cs

reference heistitute fdMIﬁtBroGﬁﬁé&tm@'a’#ﬂd’éwa AGEleRtr6hivs aﬁédeméqugmwﬁrcﬁm@g
according to section 3.8.2.4 of IPC-4101 and for interlam nar shear

strength (s ﬁmq'foaﬂhwgmaateé by sefgrance heraipy) witets! eladdinggemspletely st h- i nch)
span an@ Cr&aasuRIsY étaﬁﬁ aeém&.nﬁio Shétion 8. Qusofﬁrﬂcgﬁ ol 3Rl ‘F&)mtﬁﬁérgiﬁhpm e

according to ASTM'D- 234 are specifical I ncor porate ref erence

her ei n. Thesh@as'@meggthdshqrhbs@rn@haawtangm using as1 ﬂllrnetea(ﬁ/&hmqb searow. 15
Table 1 D SRR L ear
Strength Pasca s Wsca 1%“@%%@%%5%%&9b%'ﬁh%fgﬁﬁiﬁﬁg 4 x 1010

3465000 2. 6ASTmD-BM2wh|Hyarés&cuﬂéhllﬁﬁcﬂ@ﬁmecﬂbwreierm@haemthﬁ résditsx 10
3647 695 4 959 2.3 x. 1 3 3 x 10" 3264 As shown in
meﬁ%ggalgzmﬁage ?%W%Pab% fﬂg?’%&ﬁ ed according to

Table 1 D,
15
Table 1D

Flexural Modulus

Short Beam Shear
Strength
Pascals | psi

Sample Flexural Strength

Pascals psi Pascals Psi

A
(@)

25

B

49 x 10°

71534

2.4 x10%

3465000

2.6x107

3742

Byac

5.0 x 10°

72215

2.4 x10%

3450600

2.5x 107

3647

695

43x10°

62959

2.3x 10"

3360800

2.3x107

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

short beam shear strength when compared to laminate samples prepared fron'ln 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 yam sample

as the sample is pulled at é rate of 274 meters (300 yards) per minute through a pair -

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 bélow. The Friction Force
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the present invention had higher flexural strength and nodul us val ues and
simlar wWOoshpot beam shear strength when conpared to | amrousmwRossanpl es
prepared from 655 starch-oil coated glass fiber yarn. Sanples A and B and
Conpar ati ve Sanples 1383 and X1 were also evaluated for Friction Force by
applying a tension of 30 grans to each yamsanple as the sanple is pulled
at a rate of 274 neters (300 yards) per mnute through a pair 25 of
conventional tension neasurenment devices having a stationary chrone post of’
about 5 centi MRlplsSnieRabd'fdGimbish BEPTiBlor@PHAE Ao WHREPIRGlyERE s dubjcticuduiing
the yarn 5 cen |rreters roma straight |line path between the tension
measur ement deweawipg op#tations.f f erence in force in grans is set forth in
Table 1 E below. Th b Gl 14 F3a LdSeP test is
i nt ended to sinul at §3FW'%¢‘.9‘@ | Onﬁfc?ﬁv}g}eé?v%ga&ﬁr%ﬁ the yar n%?@ﬁ?x ected
during weavi ngvaipaedtfmrcbreketﬁiameas usingnan 8brasion (Reterar ewe bendgadprms af383

o hundr ea5yr InsiRwere ApRted,f? mindeahamE AF Bach 3t {infl v RReqa A FaRSF
test sanpl e wap 4euhbes @B idched) peﬂmm@efkﬁfvehﬁmmeiftﬁougmémabrapmn testingte for

f t th h b testli t N) t
Camp 6. and comPRPHENRG RAEPELIIS AL 680 PP AR SHITPRFRIVE SE B WEIS vl

of broken fil agRatse Neré erthe%bﬁbe?abbn%kén Elah@n&vss repdtRdAh TaBieOTE bEIswE"
consi sted of two paral rows of steel reeds, each row bei n éfc_)‘a@osmloned

1 inch apart. Eaetabf@mn @aﬁcempémpwﬂ%ld@us plstopldpedsys beipg
reeds of the fibStiod | fic ra?)sﬂ a&ﬂ‘f té/ eﬁ%ﬁ@e%&‘f%ﬁd%d"ﬁeﬁ@eﬁ%ﬁ%fa@@ﬂs

of the second'row o | St ance one-h i nch
bet ween t he r oneedsfof tlneaﬁmttrowr bﬁeed&dbemﬁweadﬂdsnﬂt\&mt\mdiam rgesistafitheyer a

f h | h I
o e e o hef S 4 B h S Sug i et Aol
Conparati ve Sasgdse THe. reé&éi@efiﬁdipblacéd)badmadérfpdh over & fnucinebgengﬂa')n @directios. 3
23.9 38.1 N m;):glr'allg{to%g Enrect;on o? yarn trav2c->1 gt a1 'raQe %f ?401 Cy%lespﬁerr rXﬂﬁg. of yam

156
Table 1E
Samples
A B Comparative Comparative
Sample No. 1383 | Sample No. X1
‘Friction force {(grams) 247 | 18.3 23.9 38.1
Number of broken filaments | 2.0 1.0 3.8 . 1.0
per yard of yarn ' :

As shown in Table 1E, Samples A and B, which are coated with sizing
compositions containing boron nitride according to the present invention, had few
20 broken filaments and low frictional force when comparcd 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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As shown in Table 1 E, Sanples A and B, which are coated with sizing

conposiwomazmeent ai ni ng boron nitride according to the pceansnd/264svention,

had few 20 broken filanents and !ow fricti onal

Conpar ati ve Sanpl es.
forth in Table 2A were m xed to
G and H according to the present
simlar nmanner to that di scussed above

i nvention
. Less

force when Conp--A to the
EXAMPLE 2 Each of the conponents in the anounts set
25 form aqueous form ng size conpositions
and a Conparative Sanple Y in a
than 1 wei ght percent of :

acetic acid on a Eathadf the agidousdeinsing\size icompusitichs B and Elof Tableptsint | on.

WO 01/ 12701 PCT/ USQ0/ 204 h of th
and F of Ta ’@"Pxegﬁ"%@-i;ﬁpga%"%ﬂ%?t&e

conposi tions

PERCENT OF nt spl

aqye 1.Ng Size.c 0Si
Satihie Y3 TaRle A Serntono o
2A ver e coatediags fiberstrands: Eadk of fhelfériming 628 ¢6mpbsifionsHad betwber 81and 281 ze
1ad between 6 and 25 wei ght percent solids.

IdBOTAL SOLI DS BASIS  SAMPLES COVPONENT G H Conp.

5 Tabl e

2A VEI GHT

Sanple Yg EPON 826124 16.12 63.54 60.98 PVP K-30125 1.31 5.18 4.97

ALKAMULS EL-719126 1.63 6.44 6.18

ol LI L INN—7Nf Fal Fal 4 Valil

AT r—

‘| GEPAL CA- 630127 1.63 6.44 6.18 KESSCO
PEG 600128 0.79 3.11 2.98 A-187129 3.Yable2A51 12. 00 EMERY 6717190 0. 40

Vol W aWal. Wat a Wl aY

1- 56 1 50 PPC:-\JI_UI_JI_ NoUnrJi \9) U . Ul L o)
REL EASECOAT- JONC 25° 99 74.78 1.00 0 EaphViegiid i%'é T gP NENT s
twisted to f¢rmyarn—and-wound-ont-g-——bpbbi-Rs— L4 "éﬁ HRPREr—usiqg
conventi onal twisting equinpnment_ The vhns of SAMPLES
- COMPONENT . i G H Comp. Sample Y
EPON 826 ™* 16,12 63.54 60.98
PVP K-30 > _ 1.31 5.18 4.97
ALKAMULS EL-719 % 1.63 6.44 6.18
IGEPAL CA-630 7 1.63 6.44 6.18
KESSCO PEG 600 ™= 0.79 3.11 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 ™2 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 yamns 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.

128 ALKAMULS EL-718 polyoxyethylated vegetable oil which is commercially avaitable from

Rhone-Poulenc.

127 |GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially availablé from

GAF Corporation of Wayne, New Jersey.

128 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available

from Stepan Company of Chicago, lilinois.

2 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK

Witco Corporation of Tarrytown, New York.

1% EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.

13 PROTOLUBE HD high density polyethylene emulsion which is commercially available from
Sybron Chemicals of Birmingham, New Jersey.
22 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available

from Advanced Ceramics Corporation of Lakewood, Ohio. .

32 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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‘24 EPON 826 which is comercially available from Shell Chem cal of

Houst on, we»#&s270125 PVP K- 30 pol yvi nyl pyrrolidone whi ch ipcTzusmoRo4szal | y
avail able from|SP Chem cals of Wayne, New Jersey. 126 ALKAMILS EL-719

pol yoxyet hyl at ed vegetable oil which is comercially available from

Rhone- Poul enc. 127 | GEPAL CA-630 et hoxyl ated octyl phenoxyet hanol which is
comercially avail able from GAF Corporation of Wayne, New Jersey. 128
KESSCO PEG 600 pol yet hyl ene gl ycol nonol aurate ester, which is commercially
avai |l abl e fr @EnypIeP FanddTBEMYited mﬂhhﬁﬁﬂ_ﬁin% shbddifg Buring fviding®hd the yarns of
gama- gl yci doxypropyl tri net hoxysi |l ane which is commercially available from
CK Wtco Corp'%/ﬁf@ﬂlﬁ%ﬁﬁndﬁﬂhiﬂt%ﬁ?vﬁ@\ﬁ'mﬂ?edﬂm quiratwisiing 717 partially

 dat ed | vet hvl Nl ; i ; _ ! | o

oot por st 1 o ot - o) nelte 4ae B Sekbles R HATEbMRRHe BARIEIER erp S0ALAEAY Ry |

emul si on whi ciPrag inasimilarinadniner &y Bkamplec! abave, egydpt that GrecAir Dndg valGies were

Bi i h g ‘32, P i,trd

bar 1 L oeBun eheTDAY tor S PRI SAEIpIE e BresBB AchiRl I Fatie AR Eacn

bCor por at |t opdoWahans?vdlua@di for a\'le”»‘ﬁgémhd_ BeB6Istbken mEir?BEtsFﬂB:EAGE@@E I ﬁsQ@yﬁnZS
oron nitride icles in ueou i r si o i i 0 rcia

avail abl e f rorﬂqibénaﬂﬁﬁ %é",?iﬁ'l’tﬁé’.S?QQa %E%%’Weﬁﬁ%i%gp%ggwt%l/ 12701

PCT/ USCQO/ 2045 detewtdry Whichfis abmntdreiiiy dvdilaBleiomh SHL IntefhatdnaNAEBf Ehgibitdl N

tw sting and th%séar ns of | es E and_G exhi bited severe sizing shedding

Sanp hi b ]
during twi stiigesenalupsfepreserddfp puarage of medsursmantasonductssan fourbolbies of
eval uat ed 1ieor elch yahY. @fhd BroRe# filBinieiit vARBE @Fe FébggggmhesécﬁaHthen ﬁ?g@gtfullt hat

the Air Drag valués were 5 determned for two in sanples a

pressures i ndikohbing 136 grams 3/2Bpound) iand 272 gramsd640peusd) efoamvewend fiember
of broken fil qﬁgﬂggbi@er 1200 neters of yam at 200 neters per mnute using
a Shirley Mde . 84 041 L broken filanent detector, which is

commerci al |y avai | dbaah yarowaSRlsd exatuated farGate Meopsioo tesdting laseset foffhés e

val ues repres { rage of asur duct ed on four bobbi of
10 each yam ?%&Ieo#% ?gﬁﬁf' ?ﬁhﬁ@%%a&&é@k%ﬁgméﬁ%ﬂ'%%f%ﬁcgﬂ?cgé(gw etgaéﬁn
froma fullls Hebbion,Méthod ¢y deternjinéd Oy pawindingpa daple afyarrsfrére/aliSbhibin/acioof
yam meound e, teading Hid yirA Thistoh S Setied 67 b 52ttt cami pins and > "
) passing the yarn through the Shirley broken filament detector discussed above to

count the number of broken filaments.
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Tabl e 2B bel ow. The nunber of broken filaments neasured according to the,

Gat e

bobbi n at 200 neters/ m nute,

par al | el
filament

-100 WO 01/12701 PCTI USOQ 20457 TABLE 213 Sanpl e

ceram c pins and passing the yamthrough the Shirley broken

det ect or di scussed above to

count the nunber

)

L

Conp. FILAMENTS PER METER Sanple Y OF YARN full bobbin 0.887 0.241
greater 0.065 0.192 than 10 136 grangABLE!gBpound) 0.856 0.017 greater
0.013 0. 32Q—than 10 272 grans
than 10 GAFE_TENSLON (number ofl hairs per neter)Sample o°. 0 039 - 0 02
0.721 Gat¢ 3NUMBERGF BROKEMN o 57E e £- 0001% - p.odd 0. 4769mpGa
- 0.015 - §.6@6N@'€§P@ME'ER 0.0265 -| 0.118 0} 993 Gaje 7 - 0| SawmpleY
1.0835 Gafle 8 - @OFYARN 0 557 11.81 AR DRAG (hrans) 25 psi Bobbin 1 -
10: 420 - 1¢. 860 1fulidpdbinBobbi n o 0.883. 6000241, gboareates1p 0AB5ps| BotH3i n
11.690 - 12.500 13.680 Bobbin 2 - 12 .2 - 8.540 than 880! 35 psi| Bobbin
13.490 - 14. 088 grams§y10 powid) n [2 0.8563./530.0179. 57weates. h3.013 | 0.320
than 10
272 grams (6/10 pound) 0.676 0.030 greater 0.101 0.192
_ ' than 10
GATE TENSION (number of :
- hairs per meter) '
Gate 2 - 0.039 - 0.0235 0.721
Gate 3 - 0.025 - 0.028 0.571
Gate 4 - 0.0125 - 0.068 0.4795
Gate 5 - 0.015 - 0.083 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0.117 - 0.557 1.81
-AIR DRAG (grams) . _
25 psi Bobbin 1 - 10.420 - 10.860 11.610
: Bobbin 2 - 10.600 | - 7.850 11.610
30 psi Bobbin 1 - 11.690 . - 12.500 | 13.680
Bobbin 2 - 12.200 - 8.540 13.850
35 psi Bobbin 1 - 13.490 - 14.030 15.880
Bobbin 2 - 13.630 - 9.570 "15.630
40 psi Bobbin 1 - 14,740 - 14.110 17.560
Bobbin 2 - 14.860 - 11.010 | 17.610
45 psi Bobbin 1 - 16.180 - 16.390 | 19.830
Bobbin 2 - 16.680 - 12.700 18.950
50 psi Bobbin 1 -~ 17.610 - 19.280 22.410
Bobbin 2 - 17.730 - 14.000 20.310
55 psi Bobbin 1 - 19.570 - 23.350 29.350
Bobbin 2 - 19.660 - 20.250 26.580

While the test results presented in Table 2B appear to indicate that Samples

E-H according to the present invention had generally higher abrasion resistance than

the Compa_rative 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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40 psi Bobbin 1 - 14.740 14. 110 17.560 Bobbin 2 - 14.860 - 11.010 17.610
45 psi Bobbiowy1#ror 16. 180 16. 390 19.830 Bobbin 2 - 16. 68cT/USDO2045718. 950
50 psi Bobbin 1 - 17.510 - 19.280 22.410 Bobbin 2 - 17.730 - 14.000 20. 310
55 psi Bobbin 1 - 19.570 -+ 23.350 29.350 Bobbin:2-- 19.660 - 20.250 26.580
While the test results presented in Table 2B appear to indicate that

Sanpl es E-H according to the present invention had generally higher
abrasion resistance than 5 the Conparative Sanple Y, it is believed that
these results are not conclusive since gxaMpLEg! | eved that a pol yet hyl ene
enul si on conponent of the Conparative Sanple Y, which was not present in
Sanpl es E-H, contri Rachaf the compenents ipthmampuets sgt fofthdn Table 3A were mixed to
01/12701 PCT/ U Dﬁ;#mz- ; GSHR ARESdmh j nts
set forth in T%@%ﬁéfé;e r'n %‘getg%'ﬁ%%tr@n{sa%ﬂggus f%{r&m ng dsﬁaztﬁeéﬁlgge%pg@gitions
K t hrough N acinvedtiory Each anquepus ferming $ine compositiortwas prepacasliv & similanyanriere

conposi ti ongwa ' i m i

Coss than' | Swelo REC B8 Essh Mopve  Ebqsthalli it bel chnk PPUcdtRRIPGES 1A Tont

i ncl uded i n eabhsis wasdsdlddeain eash ltompositien.aqueous form ng si ze conpositions
of Table 3A was coated opto 2G 18 _E-ql ass fiber stra ch of th
fornming size corrposiEFFBHg{ aﬁﬂufe"mfgﬂ?g s'ﬁ?@@ﬂ?s'@&si%ﬁb%ﬂﬁ@@ﬁgmm
PERCENT OF COVREME\E-didés fiblel Strarvdd- | EdehBAtheformivgrSidecdrpaditidndhalf 10 dight
Conparative Sanple t hernopl astic polyurethane film 34.4 34.2 33.4

31.35 34.5 foP#icRBt $¥E§.er

10
Table 3A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES
COMPONENT K L M N Comparative
Sample Z

thermoplastic polyurethane film- 34.4 34.2 334 |} 3135 34.5
forming polymer>
thermoplastic polyurethane film- 515 51.2 50.18 | 469 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 27 27 2.7 25 2.76
triethoxysilane coupling agent :
gamma-ureidopropyl 33 3.3 3.2 3.0 3.34
triethoxysilane coupling agent :
.amino-functional organo silane 0.1 0.1 0.1 0.1 0.14
coupling agent }
RELEASECOAT-CONC 25 ¢ _ 0.1 1.0.-1--.2.9 9.1 0
loss on ignition (%) 1.11 1.14 1.05 1.08 1.17

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

'* Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers.

1% 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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t hernopl astic pol yurethane film 51.5 51.2 50.18 46.9 51.7 formng

pol ynmerw@®sipgioyoxyal kyl ene pol yol copol yner 0.3 0.3 0. 3peTaisbo/a@ds7

epoxi di zed pol yester lubricant 7.2 7.1 7.0 6.55 7.22 ganmma-am nopropyl 2.7
2.7 2.7 2.5 2.76 triethoxysilane coupling agent ganma-urei dopropyl 3.3 3.3
3.2 3.0 3.34 triethoxysilane coupling agent am no-functional organo sil ane
0.1 0.10.10.2: 0.14 coupling agent RELEASECOAT- CONC 25'36 0.1
1.01--4-2.9 9.1 0"' loss onignition (% 1.11 1.14 1.05 1.08 1.17 130

Ther nopl asti ¢ pol YRpigdsitd 8@ leE‘b'fEHél%ﬂﬁQQbW gasaﬁue?aarharéh@ad%
percent solids, anionic particle charg 08gartlcl e size of about

m cronet er s, Comparative Sampled Vtﬁ"@l%%%?‘ dzaﬁ@”&ﬂvrﬂ%ee@en#&&kﬁa el d
LVF t 25C.
i shersi on n e hs 1B ERRcE Yo An %??géa'“@%fe?seﬁwﬂféﬁﬁéﬁ%%%%

aver age part Eatle specimen avagievglubtedfor HeosileGt@ngth, teiosile eléngatiomiaod tersiler s.
' 360RPAC

ORON N| TR! DE REL T- t
aausove. G omadblub g o AT MEted bresant Bbrts rohif 3n Fpkisal Fdaids | ..
of Ofalk Ri ]gigeacﬁm]pg?ﬁ ASTM Méﬂ@d\wrm/ahawuaaab ndsanoteRedbizod Gnmmt B ggé iwgth t
Sa es o eacC ove CO SS I per e arative
Saggl e Z vver@c‘&l' ingde @ﬁ%ﬁw dﬁ Sg@g{:&?@’as&é’(’g@fﬁ% g?ggg' (9r7n§ psi) -
to produce 254 x 356@933?&3&@%«4 fedBkLofRests GondutfediocotrBosites fopmbd RERgUeES -

Each speci nen was eval ua for: tensile strength, tensile el ongation and
tensile 5 noasenentioralnyians.6Matlri@sikt hod D-638M flexural strength and
f1 exural qgodul us according to ASTM Met hod D-790; and notched and unnot ched
| zod |rrpact strength according to ASTM Met hod D-256 at the glass contents
speci fied bel ow. Table 3B presents theEﬂsE&Es of tests conducted on

conposi t es formet—tstn frreotrertorrat—mryton U 6 —restm—3+o—FABhE 3B
Sanpl o5 S Y SSipids
umt_s K L M N Comp.
Sample Z

Tensile Strength kpsi 27.1 27.6 27.3 274 - 26.2

B 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 1.4 1.51
i GPa 10.2 10.7 10.1 9.9 10.4
Flexural Strength kpsi 44.6 46.3 | 45.7 45.5 44.0

T MPa 307.6 319.3 | 316.2 313.8 303.4
Flexural Modulus mpsi 1.52 1.56 164 | 154 1.5
GPa 10.5 - 10.7 10.6 10.6 10.6
notched 1ZOD _ft Ibdin 1.86 2.24 1.94 1.63 1.16

Impact '
kd/m? 7.89 9.50 8.23 6.91 4.92
unnotched 1IZOD ft Ibdin 21.8 229 21.1 - 20. 5 220
Impact : ,
| kJ/im? | 92.43 ---07.10 | 89.46 | 86.92 93.28 -

Glass content . % 32.9 32.6 32.4 323 324

As shown in Table 3B, glass fiber strands coéted with boron nitride particles
(Samples K-N) according to the present invention exhibit improved tensile strength
15 and notched Izod impact properties and similar tensile elongation and modulus,
flexural strength and modulus and unnotched lzod impact properties when compared
to a comparative sample having similar components which did not contain boron
nitride_ in nylon 6,6 reinforcement. When evaluated using nylon 6 resin under similar
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units KL MN Conp. Sanple Z Tensile Strength kpsi 27.1 27.6 27.3 27.4
26.2 MPayd8@190190. 34 188.27 188.96 180.68 Tensile El ongatrigse4d3732 3. 37
3.36 3.42 3.32 Tensile Mydulus npsi 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 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 1zZOD ft Ibflin 1.86 2.24 1.94 1.63 1.16

| npact kJ/nR 7.89 9.50 8.23 6.91 4.92 wunnotched 1Z0OD ft Ibirin 21.8 22.9
21.1 20.5 22. &nditnﬁﬁ@%e 'ﬁﬂéﬂ&@emeﬂ% i fensile @freAgthtihddfotdHadAZo® nphizt grop@t%%s
content %32.9 32.6 3 As shown in Table 38, glass fi

strands coat edNQlFtﬂ?tBb$Qi'He¢}|tr| de particles (Sanples K-N) according to the
present invention exhibit inproved tensile strength 15 and notched |zod

I npact properties and simlar tensile el ongation and nodul us, fl exural
strength and nodul us and unnot ched | zodEXAMRLE #roperti es when conpared to

a conpar atl e sanpl 0, ' ron
nitride in yI on 6, %a&b%‘ (F%f%@?gh?ﬁts? {enr%%&lt' gg{(fs&g?ﬂngaﬂg %E%g?ﬁij
under simlar fo&ﬁaqm&liohﬁﬁgklwmm&ﬁﬁmromﬁat:cordmg td:thaprepentverrent s
in tensile stren ot ched ) zod i npact erties were not observed.
EXAMPLE 4 5 Eaevﬁwpnt %g‘ @Hﬂﬁ?fé%{"g“ﬂq sH.comBeRiian wag PrepAtad in 3 simflarananer
were mixed to toftRatTHistliesed abdval Nidis thar? ¢ wight perdenporadétit Atk a talargit Ng
to the present invention. Each” aqueous form ng size conposition was

prepared in a Basif Was inclidedin each compoHid ussed above. Less than 1 wei ght
percent ofjgcetic aghth GNhd ahlbdls RhBY sizeddsthSositihs iof ThBIE A Wis 8648d onto

conposi ti on.
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 2.22 2.78 278 . 222 -
triethoxysilane 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

7 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.

138 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 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
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10 Each of the aqueous form ng size conpositions of Table 4A was coated .
onto Gw@biAzmhass fiber strands. Each of the form ng sprenusoerpas?ti ons had
10 wei ght percent solids. Table 4A WEl GHT PERCENT OF COVPONENT ON TOTAL
SCLI DS BASI S SAMPLES COVWONENT P Q R S thernopl astic pol yurethane film
formng 23 28.75 28.75 23 pol yner137 thernopl astic pol yuret hane
filmformng 34.45 43.1 43.1 34.45 pol yner498 pol yoxyal kyl ene pol yol
copolymer 0.22 0.27 0.27 0.22 epoxidized polyester lubricant 4.8 6.0 6.0
4.8 gamme-ani nopropyl 1.84 2.3 2. 373pbR4A {ddntid)oxysi | ane coupling agent
gamma-urei dapropyl 2 .22 2. 78 2. 78 2. 72 "friethoxysilane coupling agent

am no-funct{onal organo silane 0.1 0.12 PWEIGHTIPERGENTIQFRCOWRANENT AN HERM
PT 160139 3B.3 16.7 0 0 137 Thernopl ast|c pol yeFOEAL SOLHIS BANSYSIr et hane
aqueous enu] sion having 65 percent solids, anionic SAMRLES: charge,
particle sifge of abolCOMPONENTEters, a pH ¢ /|5 amy a JiscRSITYy ofg Z0p

centi poi se [GANTALCE0O3O¥F) at 25C. 138 NergTopl|astiec PO YERg 3T - a:3§(3
pol yur et hang aqueous dl Spersron avimgaf Sot us content—pf—62—7pgrcent—{ pH

of about 10| BEE A TGRS LT CHE_STZE T lgrol& 1 OIS 'J‘uut ‘G.ﬁg‘gu AU;"ELE“ 21 5

m cr onet er st =il i ch

are comercially ayvaila m_Advan ram rati on of Lakewood,
Chio. -104 WO 01/ %PFEPP Ewmg[ea%agh;oﬁ%s?évema%&ﬁo 8§ Ybergrmples ppathenT OF
COVPONENT  ONCofrigbfative@dnhiite BAs$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 DZS_-PCZA. To evaluate material handling characteristics, funnel
flow tests were conducted on samples of chopped glass fiber. The funnelwas -
eighteen inches long and had a seventeen inch. 'dia'meter 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 (grouhd 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
pe(centage 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.

0 VANTALC 2003 talc powder particles, which are commercially available from R.T.
Vanderbilt Company, Inc. of Norwalk; Connecticut.
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SAMPLES COVPONENT P Q R S VANTALC 2003140 0 0 16.7 33.3

| oss on

i gnition

(% O. 52%%1,:190{30 0. 64 Conposite sanples of each of the agavesooreised gl ass

fi ber sanpl es

extrusion nol ded to produce 400 x

and t he

Conparative Sanple Z of Table 3A above were
5 400 x 2.5 m:d lkimeters (16 x 16 x 0.100

i nches) pl aques under the conditions set forth in Exanple 3 above.

speci nen was eval uated for:
not ched and unnotched |zod inpact strength as

nodul us,

tensil e strength,

tensile

el ongati on,
di scussed

Each
tensile
in

Exanpl e 3 above at the glass contents specified below. The color tests were
performed on conposites having a thickness of 3.175 10 mllinmeters (1/8

inch) and a dianmeter of 76.2 nillinetersJABLEM4Bes) using a Hunter

col orineter . POt -Er e C S5
f unnel flowwqw , mples—pf chopp I8ss fiber The
funnel was eijghteen inches |pngua#l hhd "B sellerReef i fth i ar®t e cﬁ%ﬂi’-ngq
at the top and a__two inch opening on fhe bottom The funngl was (iSdmpled
and the tine vigkensie Strergth15 f or kpsi polin@9.50f | s2HB| ¢ 2Bt®rilal2?td 1 0R9.6

t hrough the fdnnel. The PD- 10§ t Mpa ela2088 eb 192 [ e$98Pancd9td the204.1
chopped gl ass |fTémelle Efompatior of 11 sgrent ht B3 pi 30§ [gr298 ¢f Zzanplle, 31040
grams of an alrYénsiéMoauRk' &l (g'kpsind \aligeg Eher7e panveel ¢S 173p. |67 1748
whi ch are conmercrart y avar rapt € ggad 088 P1193éCT Sq g@?pany‘pz@nc a12.05
conventi onal tTSthtT, TREt T BT ot
stainless 20 ri'g u?i% 2l eg Pevil pai nt agh ker %bde

5400E3 for
No. 6 U S. Sta
collected on t
bel ow. Tabl e 4
formed using

Hﬁrrl

. b
a Aa
nnB\'?r\o: Fa'l

531

pUL 1|
- \-

|CL ﬁﬁgyg |w1 anrd
frpl e r,etpo?get

matri x resin..
comercially
Connecti cut .

S “Conp.

t aoacti o o
E; g!@g;gcgs a BE' Bt ag@‘gfuar?ﬁfn | “€a
es”|t§ Q st sl condudted-onlcomasiltes
h.Sanples P-S hndK®@nmat 305,58 %;ggrazp 796r§7n( ﬁﬁﬁan 6.141.94
tAUAJAGSRRT 200B t abe pojd&8ipalt§-8Red, OBA cif 164 1.17
vanitiam| e from R T. Vanderbilt [Conpany. |nc. {of Norwalk,
1IR3 10 01/ 12701] PCT#JS00{ 20487 | TRBLE] 4B0.$anp! et.4unijits ®10Q K

Funnel Flow seconds 13.8 16.2 15.4 23.5 13.0
Whiteness Index -15.1 -12.0 -17.6 -18.5 -18.2
Yellowness Index 40.0 37.5 425 434 43.6
Glass content % 33.30 33 32.90 31.70 33.80

5

10

16

As shown in Table 4B, glass fiber strands coated with boron nitride particles

.(Samplés 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 nylon 6,6 reinforcement.

EXAMPLE §

Each of the components in the amounts set forth in Table 5 were mixed to

form aqueous forming size compositions T and U according to the present invention.

Each aqueous forminé size composition was prepared in a similar manner to that

discussed above. Less than about 1 weight percent of acetic acid on a total weight

basis was included in each composition. Table 5A presents the results of whiteness

.and yellowness tests conducted on composites formed using Samples T, U and
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Sample Z Tensile Strength kpsi 29.5 28.6 28.7 27.7 29.6 Mpa 203.5 197.2
197.9 1WD.04/12m4.1 Tensile Elongation % 3.03 3.05 2. 98 PC3wsso/Lil4s7 Tensi |l e
Modul us kpsi 1866 1779 1720 1741 1748 G pa 12.86 12.26 11.86 12.0 12.05
notched 1zZ0OD 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 1Z0OD ft Ibf/in 24.9 23.4 22.8 22.2 26.4 | npact
kJ/ nm2 105.58 99.22 96.67 94.13 111.94 Actual Loss on %0.81 0.52 0.80 0.64
1.17 lIgnition PD 104 % 1.3 0.7 0.1 1.4 0.1 Funnel Flow seconds 13.8 15:2
15.4 23.5 1% ;aﬂﬁﬁe%ﬁﬁéle'ﬂé@&s‘c&?se@ in ¥ab@ 3ALdF lfkanéﬁe% am%l%e%eat&?bé ess

| ndex 40.0 37, d ass content 9% 33.30 33 32.90 31 3 80
As shown i nusigInylont.6 matex resin cthesealeritents wese Berfarmed ansampasites haning
particl es tﬁéﬁﬁﬁ&seo?gpfﬁ NGAER! (8 ihéhy a8 SUiSHERY o r%é%llmt{ré bit

I mproved whiteness an ovvness an imlar tensile strengt el ongati on
and nodul us jncheg)using aﬁuﬂ&t@bhrlnml\mﬂmmﬁ,PQﬂm not ched and unnot ched | zod
I npact pléoperties when conpared to a Conparative Sanple Z having simlar
conponent’s which did not contain boron nitride in nylon 6,6 reinforcenent.
10 EXAMPLE 6 Each of the conponents inTable Sanounts set forth in Table 5

were m Xed ! @———foiieatih-Obt St ng to
the present i{nvention. Each aqueous foE Wﬂ?"g PER OQFIQQMP%'\HPnpar ed
in a simlaroanner to that 15 discusse _aho@N TOTAL SQLPSBASIS | weil ght
percent of aget] id on I ight basis waSAMRHESled in each]|
conposi tion. |Tabl e 5ACOMRRNENTt he resuf ts Tof whitdhess| Demparati@ngss
tests conducfed on conposites forned using Samjl es T, UJandSamplé Z

thermoplastic polyurethane film- 31.35 28.75 345

forming polymer'! ' .

thermoplastic polyurethane ﬂlm- 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-aminopropyl 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 -15.0 -20.7

Yellowness Index 39.3 38.1 42.7

As is shown in Table §, Samples T and U, each coated with a sizing
composition containing boron nitride particles according to the present invention,
10 had lower whiteness indices in nylon 6,6 than 4 Comparative Sample Z of a similar
formulation which did not include boron nitride.

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

2 Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers. _ N

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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WO 01/12701 PCTI USOQQO 20457 Conparative Sanple Z (as discussed in Table 3A
of ' Exanpiye o3/1and repeated bel ow) using nylon 6,6 matrix PEFUR2MY col or
tests were perforned on conposites having a thickness of 3.175 mllinmeters
(1/8 inch) and a dianeter. of 76.2 mllinmeters (3. i-nches) using a Hunter
colorineter Model D25-PC2A. 5 Table 5 WEI GHT PERCENT OF COVMPONENT ON TOTAL
SOLIDS BASIS SAMPLES COMPONENT T U Conparative Sanple Z thernoplastic
pol yuret hane film 31.35 28.75 34.5 form ng polynerl14' thernoplastic

pol yurethane film 46.9 43.1 51.7 for Wr 42 pol yoxyal kyl ene
ol yol copolynmer 0.3 0.27 0.3 oxi di ze ol yester | ubricant 5 6.0 7.22
poly poly F[E)_ !ﬁ pe§

ganmma- ami nopr opyl 2! Fiyejayers of ADRLQ-EP ssfgergmah which is
gamma- ur ei dopr e@wne%& Jﬁﬁa@le%@qﬁﬁ@%ﬂ%ﬁﬁéé A€ ewewem t846HH a mat having

am no-functi ona organ S| | ane COU [ ng agen
REL EASECOAT- COBGurfade; Weight ofl 4614 gramsiper sauare melgr (aboub 13 ouneesmer square

Yel | owness Lnd 3

each coat edgvm f‘ﬁ’t)a '?ezﬁ?‘ﬁ%‘;‘e g%e@ﬁt | @ﬁ?@&%‘al&sh'—r{m&&s %borﬁﬁﬁ + Eggﬁi fI%es
accordi ng to tirchsgeae$amples of thismat Wéremeétéd)tma teniperatnessef 6490C ¢atsout n
nyl on 6,6 than arative Sa f.,asimlar formyl atjion which did
not include boﬂgﬂg%n? f%""el%e%\yr?ﬁpﬂ?&q?'E'"B&PWQF%WS eﬁ@f’lphﬁset hane
aqueous enul si on haviygufteafel %ﬁleé%l’éjﬁsed drati@ édn%l@s ebamparative
particle size of about 2 m croneters, and a viscosity of 400

centi poi se (Br Sermles’d The-pthar twosgamples (“%ample X*) were dipped and saturated in a bath
10 of an aqueous coating composition consisting of 1150 milliliters of ORPAC BORON

NITRIDE RELEASECOAT-CONC (25 weight percent boron nitride particles in an
aqueous dispersion) and 150 milliliters of a 5 weight percent aqueous solution of
A-187 gamma-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 292 3.55
Meter? K per Watts 0.515 0.626
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142 Thernopl astic pol yester-based pol yuret hane aqueous di spersion having a
sol i ds wonyastorof 62 percent, pH of about 10 and aver ageTpsod/2asEe Si ze
rangi ng fromabout 0.8 to about 2.5 mcroneters. 143 ORPAC BORON N TRI DE
RELEASECQOAT- CONC 25 boron nitride particles in aqueous dispersion which is
commercially available from ZYP Coatings, Inc. of OCak R dge, Tennessee.
-107 WD 01/12701 PCT/ US00/ 20457 EXAMPLES Five | ayers of ADFLO CT"' needl ed
chopped gl ass fiber mat, which is comercially available from PPG

“I'ndustries, Inc. H&férﬁnék&\}’&lﬂéstmétﬁémracﬁﬁﬂudﬁﬁlwa%te%p%%t&ﬁ;c@dﬁ@éﬂﬁé of
4614 grans per gguare neter (about 15 ounces per square 5 foot).

t hi ckness of &8} “"Qlﬂﬁﬂaéeq/\ﬂ%h EG"OH\H'W'#%PEF?S@&%'GWQIO thﬁ:msernonweneo@ ht-
i nchi_square mwreaeﬁhahmfth@%fw&?ﬁu&w%#mte%o?msa%am@é b8 wicHAE not2 POU!

1200F) to renove essenti al the Sizing corrponent rom sanpl es
Two uncoat edcaated with bﬂé@fentr&@opai%d%%rrpar ative sanples ("Conparative

Sanpl es") g The other two sanples ("Sanple )C) were dipped and saturated in
a bath 10 of an aqueous coating conposition consisting of 1150 mlliliters
of ORPAC BORON NI TRI DE RELEASECOAT- COBXAMPLEW ght percent boron nitride

ticl i i .Si [Tilit f i_ah
et cent  aqueos s SRR WERr SARdY cBnRodIs whiR alompisifors kaBpiRs & fane.
The t ot al Tﬁ olamkscoated with aﬂhgtwef Example rzgamfmd ngsmgla\lwﬁ%ér?/a'in ’m%lrt] ght t
ercent. The anmount, ni artic applied to each ma
garrpl e was 158M ?f@'ﬂf a,\ﬁga@ gf’@@%’%ﬁ"&‘éﬁﬁﬁ%é" e %syvﬁre Biepatsedvhi ght
at a tenper aHtﬁvﬁn@&gBﬁ&d&W yaRpfréd d ihrﬂ@uﬁbi?rboaﬁngléﬁc}af‘&ﬁntﬁ méaﬁaL ours.

Each set of sgggjl es was eval uated for thermal conductivity and er nal

resi stance i f ﬂa‘%§ettf‘€’#bB?'Q‘t"u?%ﬂémegbﬁmd(ﬂ%%YaW'G'PfP W@Gﬁ’féﬂahgﬁp@ UV
Met hod 20 Gaﬂezzvemiahsma.ﬁ Jﬁﬂ:ﬁﬁduﬁ? sabér tusD F4CR OF e liders W‘agf@nfe herei n.

The val ues for thermal conducti vi thermal resr'stance fof each sanple

are set fort pentimetess (5 inches) bigh, h @tﬂiﬂ&ﬂ*mﬁer of W@hpent®eateisd5.75hi ckness
(1 nches) 1. Ofched) dabiBickhds & 0 BsBcsitimelGARG 58 MiGsf F) 75-62 74. 14

15 The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
(commercially available from Shell Chemical), 80 parts AC-220J methyl tetrahydro
phthalic anhydride (commercially available from Anhydrides and Chemicals, Inc. of
Newark, New Jersey), and 1 part ARALDITE® DY 062 benzyl dimethyl amine
accelerator (commercially available from Ciba-Geigy). The filament wound cylinders

20  were cured for two hours at 100°C and then for threé 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

- Spposite 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 7.
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(C 24.23 23.41 Thermal conductivity Btu inches per hour square feetF
0.373 0. %3 01/¥0i s per neter K 0.054 0.041 Thernal resi stramagsobes7square
feet OF per BTU 2.92 3.55 Meter 2K per Watts 0.515 0.626 -108 WO 01/12701
PCT/ US00/ 20457 Referring to Table 6, the thernmal conductivity at a
tenperature 300K of the test sanple coated wit.h boron nitride particles
according to the present invention was greater than the thernal
conductivity of the Conparative Sanple which was not coated with boron
nitride particles. 5 EXAMPLE 7 Fil anent woprgmle gy! i ndrical conposites were
prepared fromsanples of G 75 varn coated Wiih sizing G of Exanple 2 agbove
and 1062 gl ass fliber yarn that is konmrer ci alhepmahRiffusivitye(nfm¥secPPG

| ndustries, Inc.|] The cylinders were| pr aadiabd by 10 agiabhwi ng ecigiumfenedtialof
yarn from a yarn Sampley, coating the yaQdwth theogdrix | naten49 s set

forth bel ow, and Ehmpataive Bahipld'd (e Yome Ntof a cy3gdridal Shapsy using a
conventional filameErt=wrTdrTTg appar arus.  cacirt of e Cyr TTaers-—was 127

Con LT o5 (5|l A 2k PGB AL o S OB '

The mat ri x mat gwhidhavaeconted with aisntalicimdil of borton nitfrda) a%etbssptna«ythbss bﬁthe

(comrercial Iy avail abl e fro e rt 20J. met byl
tetrahydro hht4PHRaralyesam %é”%%ﬁﬁﬁpgﬁﬁt%p g@@PE@BI@" &rxﬂm(ﬂ%es and
Chemical s, Inc. flélﬁentN@dmfdl%théNahﬁftﬁe}thall%aﬂhple ares testdd arblfdctors)thamapRave
benzyl di nmet hyl, ﬁlm ne accel erator (conmmercially available from

G ba- Gei gy). THeflyancedthasegeuli§: cyl i nders 20 were cured for two hours at:
100C and then for three hours at 150C. The radial thernmal diffusivity

(thermal conductivity/(heat capacity x densit of each test sanple in
air was determ ned by exposing . one side Mﬂﬁgi/l inder wall of the sanple

to a 6.4 kid!ash | aff SlGERH HbrhFel HBRAT oS GRANGF oPA idiRateOPPOST L ©
side of the wall using a array In red canera at a rate-of up to 2000
25 franes per JEGAE’). Themntss the thickness of thalamipatpewas avﬁuataétfm'ﬂmlmate al ong
a I ength

samples, each contalnlng eight layers of 7628 style fabric prepared from samples of
B, coated yarn (discussed in Example 1) and 695 starch-oil coated yarns
(discussed in Example 1) (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 4.10
Sample B,,.1 (retest) 4.41
Sample B2 4.06
Sample B,,:2 (retest) 4.28
Sample B,,:3 4.17
Sample B,,.3 (retest) 4.26
Control 1 5.0
Control 2 5.4
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of the yarn (circunferential) and along a |ength or height of the cylinder
(axi al )wolhaz7oaest results are set forth bel ow i n Tabl e pérruss@)2asO 01/ 12701
PCT/ US0O0/ 20457 Table 7 Thermal Diffusivity (mR/sec) radial axial .
circunferential Sanple 0.37 0.33 0.49 Conparative Sanple 0.38 0.38 0.57
Referring to Table 7, the values of thermal diffusivity for the test sanple
(which was coated with a small anount of boron nitride) are | ess than those
of the 5 conparative sanple, which was not coated with boron nitride. Ar

voids in the fil amsshownlmdabiels, Rstesminae SémplamhlAmim@We E@%&ﬁﬂ are
factors that, m have infl.uenced these results. EXAMPLE 8 10 T
coefficient Bwe cqsiémg fhPH"@'r%Péﬂ%m isdhe glirgstion of 4ie laminates are

("Z-CTE"), ie8s tha’%ﬂh%é of hSntFJI'S%HWs’ﬁ 8hd ﬁ"\ﬁhnkl@%@ér@geﬁé@?ro 648'@hfdl. f O

| aminate sanples, each containing ei ght |ayers of style tabric

pr epar ed froﬁi'§%ﬁ‘f9¢é’§"bf BVac coated yam (di scussed in Exanple 1) and 695
starch-oi g coated yarns (discussed in Exanple 1) (Control). The |am nate
was prepared using the FR-4 15 epoxy resin discussed in Exanple |I above and
clad with copper according to | PC TeEXAMBUES® 2.4.41, which is

o pansi on 14 the Eoh 3168 oL 06 AL Bt 4 WekmReaa s ™
288C accor di foymtamuleBGs Eﬁmhrw\é?zéwdnﬁbsmoﬁéAATIBB armﬂ:faecd?ﬂingh@theq:veéemtl ons
are shown in, Tahl e e.8 Sa B;,acl 4.10

8Eb?‘lo Ie.Z-CTEFng .§angl.e.
Sanpl e B', 1 {VEPEY)E9P fﬂue%%"@aﬁ sizing,coipposiion yas gepared in asimilal ' 4 g
Sanpl e B1G 4mbrinelSorthatadistlesed alssvecbéss tha 6 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 1 5.0 Control 2 5.4 -110 WO 01/12701 PCTI USOQ' 20457 As shown in
Tabl e 8, wow1/hizmwi nat e Sanpl es . Al- A3 according to the pres@®QI/USOARe437i on,
the coefficients of thermal expansion in the z-direction of the |am nates
are less than those of Control Sanples | and 2, which were prepared from
695 starch- oil coated yam 5 EXAMPLE 9 Each of the conponents in the
anpunts set forth in Table 9A were m xed to form aqueous prinary size
conpositions AA, BB and CC according to the present invention. Each
aqueous primary sizing conposition was prrapl¢ 88 in a simlar 10 manner to

t hat di scussed above. Less than | wei ght t al
wei ght basis was included in each conposi t WHGHERERGENTQF DQNENT | ng
conpositions of Table 9A was coated onto|fiher ON HOTALSOLIDS gﬁlﬁaqq f i ber

strands. Each of the coated gl ass fiber $trands was SAMELES wi sted to form

yam and wound dnto bolGOMPONENT si mi | ajl manA& usilng cBBventl on&IC
twi sting equi prerfiRvP RS0 # yar ns coat ed [w t M4.he sifzi ng4¢onpdsi t134s
exhi bi ted m ni mal[ STEPANTEX689™a0 auring| tW3g.0 0. |- 11pgdD 01y 12207
PCT/ USCQO' 20457 1 [ ON[_g0TALSO41gDS BASI S
SAMPLES COMPONENT VP w7 34, . ﬁu‘\TEX3""3“ 30.0
29.9 27.3 A 187'(== . 0 A 37343 3—TEVERY 0717“'—4-8—2(:24—:2. 4
2.2 NACOL @-101@%’3—%%&—*4—1%‘2 g1l 50 24 5 4 o 24 2
' ACO -10°8 7l 716 7 T 1.6 1.5
TMAZ-81 ' 3.3 3.3 3.0
_ MAZU DF-136 ™' , 0.2 0.2 0.2
ROPAQUE HP-1055 1 - 0 42.4 0
ROPAQUE OP-96 *** . 423 0 38.6
RELEASECOAT-CONC 25 ™ 0 0 6.3
POLARTHERM PT 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 PVP 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.

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

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

18 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio. ’

% MACOL OP-10 ethoxylated alkylphenol; this material is cimilar 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.

1% TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.

' 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, Pennsylvania.

% ROPAQUE® OP-96, 0.55 micron patticle dispersion which is commercially available from
Rohm arid Haas Company of Philadelphia, Pennsylvania.

14 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

135 POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
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MAZU DF-1361St 0.2 0.2 0.2 ROPAQUE HP-1055'52 0 42.4 0 ROPAQUE OP-96 53
42.3 0 WB.0/12RELEASECOAT- CONC 25'54 0 0 6.3 POLARTHERMVPRT/UNGGr4S7 0 0 2. 6
Yarns sized with the each of the sizing conpositions (AA, BB and CC) were
used as fill yarn in weaving a 7628 style fabric using a Sul zer Ruti Mbdel
5200 air-jet 144 PVP K-30 pol yvinyl pyrrolidone which is commercially
available from ISP Chem cals of Wayne, New Jersey. 145 STEPANTEX 653 whi ch
is comrercially avail able from Stepan Conpany of Maywood, New Jersey.
"46A-1 87 gagBhy. OF Q@%p,; et | ' i ,ﬂﬁggrg | :

avail able from CKW-;CV% co @?leﬁaﬁsﬁgﬂgﬂa}?g\ﬁﬁmﬁgx@%r o g%tka%%a
gama- net hacdifferert rasingarapatible: sizgjng sompesitionii®c The Sakrissiwere subsequantli | abl e

f CK Wt [ : o JA R
p;(r){ni ally amﬁgg‘?egg ng yleét?m.lg%neymyéle %\f"ﬁgﬂ@%g‘f‘n@rg@ a %‘g\rﬁgoﬁé%ﬁ%mf rom
Cogni s Cor pdnaNelea International GeaporatianofAnaheim \Palifsmialp- The sizingrophydositions

| kKyi ph | ; [ ' ' L. ak .OP- Sp t t OP-10
5P eber vbs Wb it Rthlddiom e il Biol B etbisbaiy  Femparss WeBlmade & g
I ong_er I comﬁadﬁl;q 83plies of Melpkepr_egﬁﬂ ﬁ%ﬁaﬂieéréﬁhmﬁygiiggq ggm&é E@ﬁfﬂé{-e of a
sorbitol ester Lch. is commercia avai l a f rp. o
Par si ppany, WTM’W%%PW qu}igmg%r Fi°??%%%?ﬂa°%dgﬁfch§r®ﬁui%0f

comer ci al | y3oovsdundBlper squkre FdRRabalt2:. 1 MegaPasc 52
ROPAQUE(r) HP-1055, 1. 6 drin cron I:(grt icle dlggper siszﬁﬁmqffc'ﬁiﬁ??gg{aﬁé?‘é'%a| |y

avai | abl e f rttsi®)- Aderthicknessef shedtaminates withawticopersiranged froma ©:043 ineheisa. 153
ROPAQUE( , ) bkt | [ Al S commercially
avai | ablfeof'ﬁ?g%%lgéﬁmé%#@é&ggzt&cg%gnfﬁ?)?ta;‘%iﬁr g'ag{&gm&géghnsyl vani a. 1J4
ORPAC BORON NI TRIAfterfginsingrtelamicaies (designateshAA, BB iand GG agrardingto thiei ch is

POLARTHERV TEB R fom SBkriicy R indds) waidfiestd s UG Balpp 3 3508 o1 o
from Advan@il Daringtesting daminate BB testdd atthe semd timehasoa first ltniklfte Giade? 701
PCT/ US00/ 204‘5}%\ glass fiber yarn 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 glass fiber yarn coated with sizing
composition Sample CC (hei'einaﬁer designated as Laminate Sampie AA2).

Table 9B
Laminate Sample

Test Units AA1* | BB* AA2** . CC*
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 29 102 91 ‘90
Warp Direction'’ ' :
Flexural Strength kpsi 86 81 73 72
Weft Direction'®®

20 * based on 2 samples
** based on 3 samples

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

**7 Per IPC-TM-650 “ Flexural Strength of Laminates (At Ambient Temperature)”, 12/94,
Revision B. ' '
138 |bid. )
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| oom The.warp yarn was a tw sted G 75 E-glass fiber strand with fiber
coated w WO e/12001f f erent resin conpati bl e sizi ng conposi ti poTAS00/20a87
fabrics were subsequently prepregged with an FR-4 epoxy resin having a Tg
of 140C (designated 4000-2 resin by Nelco International Corporation of
Anaheim California). The sizing conpositions 5 were not renoved fromthe
fabric prior to prepregging. Lam nates were nade by stacking 8-plies of
the prepregged material between two | ayers of 1 ounce copper and

| ami nating them tOg?h@%bidﬁFﬂ@attthaédﬁH@c@H b?%Etns{gamminchm incR'sg84rgr e of
300 pounds per square inc megaPascal s) for 150 m nutes (total

cycle time). (IRelG %T&'mﬁé%@(b)ff‘lq mcéMmﬂenségf thetcoaper dashlaminate iy guiection
0.043 i h 3
contimerors) . Apdah 3R dud 9% (AR 283C) i Bialoring Of Geiarinalith viue'

according to tbhseNed:eTheshmamdhl the @irst\blistenor dalgminatien was &henvrecerded#nt ed as

I ndi cat ed |O§NIn Table 9B. During testing, lamnate BB tested at the
same tinme as aJqi gf‘ | am nate made fromglass fiber yarn. coated with

si zi ng conposition MbﬂeMp(tbﬁrmswddﬂbteﬂ%yt&ﬂimrwia?ﬂple$>ftkmhm&tafe Sanpl e
AAl). At a later date | am nZ}t gc d]H tinme as second
| ani nat e nade TEMAYING thecopperion 'i‘l‘?ﬁ%’&? N "%'iSZ“ '"ng%p 399%0 Bépl e

CC (h ft
Sampl & Test uﬁf?"iﬁé'b?w@”‘“ﬁ““?m"@‘“e%@ﬂi‘é‘@oﬁﬁ”@?ﬁkﬁqﬁé o b

0. 048 0. 053- 0. 15 ) apd45paynds pepsquare inch{ab megaigascalsy forH mingtessy| der

D 32 |
5 Tect on 57 ISLUH A wSifEry ST b B ibviadt, e le® .

based on 2 s anmreée exposmedue samp egmmreasoveds‘romﬁramevuyemmspme dry and

| ndustri es, @:;}%d ﬁ]‘i’g’g?u?é@lzllé'adaﬁ'r%dla@ élfl bpﬁwgr_g@@t?@g‘@rmvﬁlfstenng or

desi gnat ed as yarn coate stries 1383
bi nder. "Per | GEIaﬂiMaﬁBﬁ wasfobserved! THertiomegyaitil tie fimhblister @ délamirationavds then
Tenperature)™, 12/ Revision B. 758 |bid.
reco ed 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 SC.
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-113 WD 01/12701 PCT/ USO0/ 20457 The -solder float test was conducted by
fl oati ngoaanigroh nch by 4 inch square (10.16 centineters pyrAf%od/foas7
centineters) of the copper clad lamnate in a eutectic |ead-tin solder
bath at 550F (about 288C) until blistering or delam nati on was observed.
The tine. until the first blister or delam nation was then recorded in 5
seconds. The solder dip test was conducted by cutting a sanple of the

| am nate, renoving the copper fromthe sanple by etching, snoothing the

cut edges of the sanple by polishing and pHa | ngt he sanple in a pressure
cooker at 250F (about 121 C) and 15 pounds—é@e—gﬁuare i nch (about 0.1

megaPascal s) [T or 60 ﬂutes. TU Thi S TSt 1S TNe Pressyrn é)é)keu test
referred to [T TNerdgr T OW 10t a0Rjs 7F LET [TTTE gg—rrrr posyre; ch
sanple was r —‘-l|f ) oMt ST eSSt —Ccooke 41 ; ,",I. C1Z] eHpped 1 "‘;.'l il
eutectic | ead b%oﬁﬂ?n dﬁ at 550F (ab )u? Zg‘g’@gur |P ( ar ‘w% ‘1:9/ 39
del am nati on ‘”M 4~ +he—fy-st—i-s ldel am nat i pn
was then re y

U

%% en ‘nrald ’ncf 139 \AD§7r‘nnr|1(‘t &}38 '
according to Ml PC §t and elant The 9-%ri najes 8R9 BB|and 0 nad
usi ng fiber Bc&™ od hith sizing cofpositions AA BB and|[CC
respect i vel y| DMERegistanse ) % WeightGaines (Ehow?.35  Tdbl e09®) fdr ud2@ms |
el ectronic spMgBkts for prj%t\Weight Gain t bpar d9.77The fol | 0:2ng fest D.6%r €
al so perfor esgistancePl es |AA, BB and CC, énd are 20{set forthlin Table 9f.
114 WO 01/ 1PGopePCeRUSO0] PPeinds Tabl e 9C] Salhbides.0 Te¢sHadmTs AA Hoea

by DSC C 1411Suerigte’® 140/ 1441/ 14 138/ 140/ 1B9 0/ 30160|nin | Pregsure Cookef

% Moi st ure UpWre/Fill)37 0. 37 0.38 Water % Weight Gaip 0.12 0.09 0.09

Resi st ance' '| InMriahfrarBonacCiePdandsiparinchal N| U. 352@ 27 V. 2994 BCCrI oo ygigit—]
Gain 0.77 o.@rghg@aszf_ | FéFin 142 ‘

O

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
invention. Less thah 0.5 weight percent of acetic acid on a total weight basis was
included in each composition.

159 Per IPC-TM-650, No. 2.6.2.1, “Water Absorption, Metal Clad Plastic Laminates”, 5/86,
Revision A.

'% Per IPC-TM-650, No. 2.3.4.3, “ Chemical Resistance of Core Materials fo Methylene
Chloride", 5/86.

16 PerIPC-TM-650 No. 2.4.8, “ Peel Strength: As Received, After Thermal Stress, After
Process Chemicals”, 1/86, Revision B.

162 Per IPC-TM-650, No 2.4.40, " Inner Layer Bond Strength of Muitilayer Printed Circuit
Boards”, 10/87.
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Resi stancel60 Copper Peel Pounds 11.8/11.0 12.1/11.1 11.2/11.4 Strengthlé6
(War / Fi l\wp ongmt! ami nar Bond Pounds per inch 12.8 14.2 1%crusioressyt h1B2
EXAMPLE 10 Each of the conponents in the anobunts set forth in Table 10 were
mxed 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 weight basis was included in each conposition. Per | PC- TM 650, No.
2.6.2.1, "Water Absorption, Metal Cad Plastic Lam nates", 5186, Revision
A. 160 Per |IPCTM 650, No. 2.3.4.3, "Chenpgsié qpesi stance of Core Materials
to Methylene Chloride", 5/86. 161 Per |PC .

Strength: -As Received, After Thernmal Streps WBGH PERCENEF COMRQNENT ON
1/ 86, Revision B. '62 Per |PC-TM 650, No.|2.4.40, TOTAh&OLIRSBASENd
Strength of Multilayer Printed Circuit Bpards", 10/87SAMPIESAO 01/12701

PCTI USOQ 20457 Tabl € DOMPORENTPERCENT OF CONPIDNENT ON EEOTAL | SOLI %% BASI §
SAMPLES COVPOINBVH KLI39™®@E FF PVP K-30163 1P.3 4237 12 3 HBIEPAN[EX 632364 |
25.0 23.9 25.0STEPANTER6697™8. 0 3.9 2. 7 WXCO.zS}B— 101bo I12392.0}1.4 250
POLARTHERM PTW{‘!SSC. 423 2.4 ENVERY ofyI716352.0 [0 3.0 A{I/&F g7 3. 1
2.9 3.1 A 197jABot OpAp e L © 1.8 2.0 14
POLARTHERM PT 160 *7 24 2.3 24
EMERY 6717 '© 2.0 20 2.0
A-1747% 3.1 2.9 3.1
A-187770 15 14 15
RELEASECOAT-CONC 25 5.7 55 5.6
MAZU DF-136 "2 - 0.2 0.2 0.2
ROPAQUE OP-96 '3 35.2 337 353
FLEXOL LOE '™ 7.3 10.5 0
FLEXOL EPO ' 0 0 7.3

163 pvP K-30 polyviny! pyrrolidone which is commercially avallable from ISP Chemicals of
Wayne, New Jersey.
¢ STEPANTEX 653 cetyl palmitate which is commercially avallable from Stepan Company of
Chicago, Hlinois.
185 TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF
of Parsippany, New Jersey.
188 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.
157 pPOLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
1% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.
1%? A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially. available from

- CK Witco Corporation of Tarrytown, New York.
170 A-187 gamma-glycidoxypropylitrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
71 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
dispersion of about 25 weight percent boron nitride particles in water commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
72 MAZU DF-136 anti-foaming agent which is commercially available from BASF Company of
Parsippany, New Jersey.
3 ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially avaitable from
Rohm and Haas Company of Philadelphia, Pennsylvania.
174 FL EXOL LOE epoxidized linseed oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
78 FLEXOL EPO epoxidized soybean ofl commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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RELEASECOAT- CONC 25171 5.7 5.5 5.6 MAZU DF-136172 0.2 0.2 0.2 ROPAQUE
OP-96 W8 o03m278133.7 35.3 FLEXOL LCE 174 7.3 10.5 0 FLP&TsadP04475 0 0 7.3
'63 PVP K-30 polyvinyl pyrrolidone which is cormmercially available froml|SP
Chemi cal s of Wayne, New Jersey. 164 STEPANTEX 653 cetyl palmtate which is
comercially available from Stepan Conpany of Chicago, Illinois. 165 TMAZ
81 ethyl ene oxide derivative of a sorbitol ester which is comrercially
avai | abl e BASF of Parsippany, New Jersey. 166 MACOL OP-10 ethoxyl ated

al kyl phenol ; this material is sin|pgpipqolohddOP-10 SP except that OP-10
SP receives a post treatnent to rerpve 1he catalyst. MACO _(P-10 is no

| onger. comercially available. 167 PQL i%ﬁ\g_ RCENT QFOCOMRONENT ONde
powder particles, which are commerci al avai | afOJALSQIPSBASIR ed Cer anilcs
Cor por ati on of Lakewood Chi 0. '88 EMERY(r) 6717 paSAMRUES ani dat ed
pol yet hyl ehe Tm ne MMPONENmmrerci alfy av@Dl ablE fr&@@ Co¢ni s @ por at
of G nci nngiveigHtBeent solids™ 1 /4 ganma- fret hag&4yl oxlypro@yd tri et hoxdi | ane
which is copggrciarty. available from [CK \G/42co0 Cprpop.a9i onfof Tesoyt owmp,

New Yof k. ITO—AT 87 Qamme-gr yCI 0OXYypPr Opyl LT T NELNOXySITane which 15 '

comerci al | y ava I %\ sYor k.
171 ORPAC BORON I\F%{ %@%@%M&%ﬂg gf).l!.ﬁe zlb t“f’algddésggl S peal’tgilﬂfdo¥ n whi ch
i s di sper sifiberoforminguG-75E-glasg fibensirandsit Epch eqated glassiberstrand was driedinat er

172" Wzl B RSO 180 oy Bk d Baeit e Smicrtpdh Bimg P TECE O,

BASF ConpanycmWenﬁbthWMl}&quWenlersey 173 ROPAQUE(r) OP-96, 0.55 i cron

Ganpany of Phi | aiMpHATS of BamP Do e aopsetf Bl nbeiing B bostal T B veRES

oi | commer ci ¢ddted ﬁmws&h*Igacdmmﬁtldnlsirmlﬁao Sarple®D but wfthom&wwqwdlzed
Connecticut. t75 FLEX pOXI dized, so i | commerci al |y, avail abl e
from Uni on diisgediel @iﬂ“ﬁ“a B&?ﬁ[ﬁtv %@H}HYFG:%S gﬁ compagson inGludda Visdal

10 inspection of the appearance of a 7628 style fabric woven on an air jet loom. The

on

woven fabric used Sample DD as the fill yarn a twisted G-75 E-glass fiber strand with
fiber coated with a different resin compatible sizing composition'™® as the warp yam.
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 cohtact 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 yam incorporating fibers
coated with Samples EE or FF because of the high initial amount of fuzz observed
on the loom. It is believed that this condition was the resuit of an LOI level lower
than required to prevent excess fuzz formation. In the present invention, it is

20 anticipatad that an LOI of at least 0.30 for the sizing compq_sitions discusssd above

is required to reduce fuzz formation during weaving.

176 The warp yam 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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WD 01/ 12701 PCTI USOQ 20457 Table 10 (Cont'd) WEI GHT PERCENT OF COVPONENT
ON TOTAWwSOWII®e1 BASI S SAMPLES COVPONENT DD EE FF Wi ghtpqrewspes20453ol i ds
3.4 3.5 3.4 LO 0.42 0.39 0.30 Each of the aqueous size conpositions of
Tabl e 10 was used to coat glass fibers formng G75 E-glass fiber strands.
Each coated glass fiber strand was dried, 5 twisted to forma yam and
wound onto bobbins in a simlar manner using conventional tw sting

equi pnent. The yarn of Sanple DD was eval uated by conparing the coated yarn
to yam coated with a sizing. conpositigXAMPLEIfar to Sanple DD but w thout

the epoxidized lingeed oil (hereinafter. " aratjve Sample 1" hi s
conpari son i ncl uded'V ¥¥&F qgaml‘i‘?%g@'i@aﬂﬁ %éﬁb@ﬂ%@%ﬁa'@@ég@&ﬂ@l e
fabric woven oghatéy With als@érchlléﬂ%]zin%ﬂ?ﬂleré\@\lélﬂatéébér'sﬁvéﬁﬁhy@d@bﬁp@ﬂeﬁ%ﬂd\e

fill yarn a twsted G 75 E-glass fIber strand wt er coated with a

di fferent resi#s lossrpaignitian G.01), iy jetoompatibiity{Aly Qrag) and GrigtionFaree. The was
observed tr@t ;e%m%&gv&%%'in%H% yern coated with Sanple DD exhibited |ess
the ta

| oose fuzz on rrc as we as less collected fuzz at contact points
on the | oom 15 espEhe lskpndgnitidre(weight peoccanbof salids of thedarnsingsize edmpositiabr i ¢

woven wWith yarp . e L. 1h t] .e.. / bri ven
using yami nco‘i|I @?@Hﬁ@e ﬁtﬂ&e@@iﬁéﬂﬁa m%#@‘wﬁéz%réoﬂfpo\%@ﬂﬂ@eeagp t he
high initial afample i9tefforth iroaklevidd on the loom It is believed that this
condition was the regsylt of an L | evel .l ower. than required to prevent
excess fuzz formati Eﬂa‘ Y Wase ﬁﬁ&%ﬁﬁl rﬁ\'fe'ﬁ??f Pres ?'qf"gs'g@ L’&?ﬁqdﬁgﬂﬁ? A Hat
an LA of p0 |#ashtrdledfeddraté BE274 Mettds (0INRIAS)I peR iklite EhroE§Hla 2hedkdine | S
required to reduce fuzz fornmatign during weaving. 176 The warp yam was PPG

| ndustries, | n'@."Signé'éﬂ?ﬁ'éMi"d'! 4RP"895itP%ﬁ§?'bt°fthﬁé’F% pad @ WM"‘{?('BHI\!R,Q‘G" . .
bi ndor - <117 VBT Z Dot G bRt OEIR K L0 Dt bl ) P es
AA, BB and CC and allmSpmpias and Comparative 3amplea¢ werecalae evaluated fer Ryictionh/ oi |
sizing) were e¥glupl oy £HSIoA of205Fameto BAMNRI sEMpledithe 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 dispiace 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 design-ated -as-Saimple AA3) and Sample CC was tested at
25 the same time as a second quantity of glass fiber yarn coated with sizing
composition Sample AA (hereinafter designated as Sample AA4). Samples AA3,
AA4 and BB were 2.8 weight percent solids. Sample CC was 3.1 weight percent
solid. Comparative Sample 2 was 5.9 weight percent solid. '

"7 The yarn was PPG Industries, Inc.'s commercially available fiber glass yam designated as
G-75 glass fiber yarn coated with PPG Industries, Inc.'s 695 starch/oil binder.

-118-



as loss on ignition (LAO), air jet conmpatibility (Air Drag) and Friction,
Force. wieih2roesults are shown in Table 11. The | oss onpicgrisbo/enast wei ght
percent of solids of the form ng size conposition divided by the total

wei ght of the glass and dried formng size conposition) of each Sanple is
set forth in Table 11. Each yarn was evaluated for Air Drag Force or
tension by feeding the yamat 10 a controlled feed rate of 274 neters (300
yards) per mnute through a checkline tension neter, which applied a
tension to the yam and a Ruti two m|Iyappé ¢4 dianeter air nozzle at an

air pressure of 138 kPa (20 pounds DEL&QLB.LLA_DMEJIDL&S_&’IC’

Conparative Sanple 2 were al so eval upted for Fri Raple Force by applying a

tension of 20 grans to each yarn sanft STTRE SETBE TS Hegr1h at a

rate of 274 meters (300 yards) per n n‘ﬁ'(t\:"él [ hr ough apzja rARo :o‘ﬁ:\?en i onal

Ol deeightgsertent) ng a) 0.421 pnady cht.otel 38 pfo.37

éir L Lanathr V‘r‘l’\ll’\fﬂf‘l thet o.-dis |ace the
f

t ensi on neasure
centineters (abo reted A-ad—t yal :
yarn 5 centinete rai ght i#patﬁ%et F R8-8 enstBA
measur ement. devi iction Yorcs (graths)1CE | 153.6)1 L 61.5 1| B5MT5| 148.8¢f ?ggg[ i n
Table 11 below. The Friction Force tlst jslintended tol 20 sjhulate|the
frictional forces to which the yarn is subjected during weaving
operations. Durin ' I gﬁgg% | S e_tested
at the sane ti rre&glés'ﬁjta @%&t’ ﬁact%gnbt%%%?ngﬁggsl a _rﬁ@g%argﬁ‘péc@aéceggéﬁ ?%’I

Si zi ng conposirdragcorfjzarpble té\that loé Comparfative Saepley2 (dtardh/od birdarjpl e AA3) and

Sanmpl e was, t.ested 25 the sa (A as. a S5e d ntity o ass
fiber yg(r;:? Coﬁygﬁefmqﬁqé? gq"fﬁj?"cé'(? 9)"§Ft'r|5r§ﬁm gﬁ&%g&a'l‘ﬂgeéﬁ‘#\%%?%&‘ag&?i ghat ed
as Sanpl e AAfam iSavgeé easipA8movédifromtiie Ridnvaccunldtorduiriatwatirgpersol i ds.
Sample CC was 3.1 weight percent solid. Conparative Sanple 2 was 5.9

wei ght per cefPMBareddo afflveSampPle2s PPG | ndustries, Inc.'s commercially

avai l abl e fi ber glass yam designated as G 75 glass fiber yamcoated with
PPG I ndustries, Inc.'s 695 starch/oil_binder. -118 WO 01/12701
PCT/ US00/ 20457 Table 11 Sanple AA3 EXAMPLEA2cC | O (weight percent) 0.42

0.49 1.1400. 38 0. Fhe yArls dPSathpiéd ANTRB 2fd LOandCormparafite Sample’2 were

“evaluated for Air Drag in a similar manner to Example 11 above, except that the Air

o

Drag values were determined for-a bobbin sample at the pressures indicated in
Table 12. '
Each yarn also was evaluated for average number of broken filaments per
15 1200 meters of yarn at 200 meters per minute using a Shirley Model No. 84 041L
" broken filament detector, which is commercially available from SDL International inc.
of England (shown in Table 12 as Test 1). The broken filament values are reported
from sections taken from a full bobbin, the same bobbin after removing 227 grams
(0.5 pounds) and the same bobbin after removing 4540 grams (10 pounds) of yarn.
20 Each yarn was further evaluated for the number of broken filaments at increasing
levels of tension and abrasion (shown in Table 12 as Test 2). In Test2, 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 controf device
(sometimes referred to as a gate tensioning device), and passed through the Shirley
25 Dbroken 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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Friction force (grans) 53.6 61.5 95.1 48.8 68.9 From Table 11, it can be
seen t hatiweioziigmmi1 Sanpl es AA, BB and CC have an air drag gawesmPRoess7t o t hat
of Conparative Sanple 2 (starch/oil binder). 5 Furthernore, the | ower
friction force in Sanples AA, BB and CC indicates that the yamis nore
easily renmoved fromthe | oom accunul ator during weaving when conpared to
Conparative Sanple 2. EXAMPLE 12 10 The yanms of Sanples AA, BB and CC and
Conparative Sanple 2 were evaluated for Air Drag in a simlar manner to
Exanpl e 11 aboveattirjsae providevaridie léVels offeagoi & the yare IFhisl partitiraniest dseidaa
bobbi n sanple at the _Ipressures indicated in Table 12. Each yarn al so was

eval uated for MedeldETGr2R8R fensioniaslevicer Gampersialy guailablefrom steteddle &a- ofam
at 200 meters' p&sutmcmmauSr*h@%rakéma.lnemswepmed Ahuibek of Bfo‘RFﬁFlﬁféﬂén?ég?“t

detector, which is comercially available from SDL I nternationa
Engl and (shown petr meter of yapn.as Test 1). The broken filanent val ues are

reported frggm secti ter
removi ng 227 gramns ?nge[saoundﬁ‘% %t{%gbsag%oﬁbélé]nsn @aﬁg’gen%f]a'%t'%4o
grans (10 pounosamplb arerset mth_Eiadhbgea_rmbelm fua nfeaneesinilactodtatf discused
(shown i n Tap| cbeye IR ERGmBeX, SARIRERR S COtEENg S3Ps Zbeddtefdalie T rom
a bobbin at 20Csamm mms/amamre udnlit s fibefyS®rdoatediwith siZiRg 66 6§It'<w9h a
Equaniityosidpas y iZiRg 86Mp

series of 8 cer C pi n formtens n control device (sonmetines
referred to as ga'ﬂﬁ'f”e“'} B‘T’aff‘?ﬁd}ea@\'/"? éﬁfﬂ"'ﬁé‘&éé“? ﬁF%lﬂjﬁ?"Fﬂ@ Sample &€ 25

broken fil aygentwabieaddost tﬁagaﬁw&@dasa@ea&)ndt@aaww gtaaefawmﬁ cséteamhen

filaments. The spacing of the pins on the tensioning device was vari ed

usi ng differ ents'GF&FONPQEQOWKOEPlM013"9'0?7‘?!8&5192'9@735 Samplef8)t o provi de
various |levels of tension in the yarn. This particular test used a Mdel
UTC- 2003 tensioning device commercially available from Steel Heddl e Co. of
South Carolina. The broken filaments was TABIEA2d i n nunber of broken
filaments per neter of yam .5 The r

BB and CC and Conparative Sanple 2 afe—sgi—rorth—Hq ,lg 12-belgw—lna
manner sinilar Mo Exanbe 11 o nd €C
Conpar ative SanplLe Al time ds a first quantity of
gl ass fiber yarlg 12p8ited with sizing ¢ ilo#2.50 | 42.23 | 4747 | 4233
. 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 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 7
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
Setting8 - 4472 | 14.800 | 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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Sanmpl e AA (hereinafter designated as Sanple AA5) and at a |atter date

Sanpl e W& olfhions tested at the sanme tine as a second quagtiusyo/missgl ass

fi ber yamcoated with sizing conposition Sanple AA (hereinafter designated
as Sanple AA6). TABLE 12 Sanple AA5 B.B 2 AA6 CC AIR DRAG (grans) 15 psi
46. 10 42.50 42.23 47.47 42.33 20 psi 56.20 51.20 52.94 58.84 53.18 25 psi
67.33 60.30 64.13 69.45 67.66 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
grams (10 pounds) 0.098 1.348 0.008 EXAMPLE 32 TEST 2 Setting 2 0. 683

5.017 0.119 0.37 etting 4
0 915 3 73 0 34 Relid opBh hites ol hofh dgrsys Pibriortith Befidirtor
Setting 6 1 e (103 ﬁa\&ﬁ@diﬁe&hﬂsﬁingaﬁnmoeiﬁdns Bere: testgd 1o evamaeehaaamm@n 0. 403
0 058 S | 14. 800 4 b n I n Tabl e
5, sizin a‘ﬂ%?%‘y %é@rgﬁ@e&‘%gig%%&ﬂ\ t?p ‘ﬁ%%{gojf%g@iﬂ%er% 02'“?'8 ®hat of

Conpar ative tﬁmghmelaﬁﬁﬁaé@ BAQi) tike ladational ad&n&cwafﬂié AoleOdrilledthrdhgR AP 457
EXAMPLE 13 El ectri caI qrade | am_nat es ga ram Hg)s ano%&g{ ating
fabrics witHaM{NRS. fentrph G ard Sappleh "Y?éei?é"?f% et o
eval uate t herhbn@léé. hnkbmﬁ&eﬂ %aﬁree PThé faﬁb?lc iROENntEIGG w&eca hedt dleavied hnd bilhed! i | |
tip wear of drills used to drill hole

finished fabric commercially avallable 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

believ_ed- that the fabric also included Sample HH as the warp yarn. However, itis

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'% - ' 4.4

1 RD-847A polyester resin, which is commercially available from Borden Chemncals of
Columbus, Ohio.

17 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

180 pvP K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey.

81 A-187 gamma-gchndoxypropyltrlmethoxysuane, which is commercially available from CK
Witco Corporation of Tarrytown, New York.

82 A-174 gamma-methacryloxypropyitrimethoxysilane, which is commercially available from
CK Witco Corporation of Tarrytown, New York.
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t hrough the lam nates and (ii) the |ocational accuracy of the holes drilled
t hrough tweol/atvonates. Control GG and Sanpl e HH were | am rPOTASS00/20457

i ncorporating a 7628 style fabric as discussed earlier. The fabric in
Control GG was a heat cleaned and silane finished fabric comrercially

avai l abl e from d ark Schwebel and identified as 10 7628-718. The fabric in
Sanmpl e HH was woven fromfill yam conprising glass fibers coated with a
resin conpatible sizing as taught herein and shown in Table 13A It is
believed- that the fabric also incl udeblé&tdRi(€ontd)as the warp yarn.

However, it is possi La—coud-have-been PRC lLodystries,
Inc.'s 1383 commerfci al |y avai | abCOMPONENT] ass yarn pr oduSAMPLEHYI|ass
fibers woven into S | Figg@® @ 10Ss on rgnition of P.35ggrcert.
Tabl e 13A Wi ght P raé;‘g'!\lfso'l‘ oRpRoRer-s—er—Fet-at—Sel+ds Ba:. 5 90‘;; SHzi ng
used in Sanple HH QOKERSAMID SAMTE HH RD 847A' 78 27.0 DESMOMHEN 2d00179
36.2 PVP K-30780 9 l@AC&LW—'bg"“ 2 1 A 174182 4.4 RD847A polsygst er] resin,
whi ch is comrerci al fy—ey E 6"“”' tem—€hemcat-s—of—otunpss—ghi 0. 18
DESMOPHEN 2000 pol ich is comyerkial [V° availl abl e
from Bayer Corp. fRElEAsBoong-ceNmzsr‘P’vam a. 180 PVP K-BO pd.§vi ny
pyrrolidone, which | yclalty avaltapre 1Tom 1 SP Chefll calg 401 Wayne,
New Jersey '81 A-1 Lot hnvucl ] =1 aY-SSaY Lchils
comercially avail abl e from CK Wtco Cor poration of Tarr town New Yor k.
182 A-174 garmma- net Reapregsongieprppaned; hyamaf'gwuarpéocqﬂme;wat invelyeskapelyiag| y

01/ 12701 pr RBRPAHIESS <R R (S0 g et iy leme it Sngh Sty

F-108 9.0 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
‘at177°C (350°F) and at 345 newtons/cm? (500 psi). All the laminates were molded
without copper folil layers. The laminates showed various levels of air entrapment. it
is believed that the lack of vacuum assist and temperature ramping during Iamin_ation
15 contributed to this condition.

183 PLURONIC™ 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.

18 MACOL NP-6 nonyl phenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

1% POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

187 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commermally available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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VERSAM D 140184 4.4 MACOL NP-6'86 5.4 POLARTHERM PT 160186 0.9 .
RELEASEROA1/1£0NC 25187 1.5 acetic acid <0.1 Prepregs wepcensoepased by a
hand | ay-up procedure that involved applying standard FR-4 epoxy resin
(EPON 1120-A80 resin available from Shell Chemical 5 Co.) to the fabrics
using a paintbrush. The resin saturated fabric was i medi ately "dried" and
B-stages in a vented hot air oven for 3 to 3.25 mnutes at 163C (about
325F) until the desired gel tine of 124 seconds at 171 C (about 340F) was
reached. Thergyi¥Méfid&nagsR trimmed to 46 cmby 46 cm (18 inch by 18 inch)

sections and wei qped to"determne resin content. Only prepregs wth resin
contents 10 of 44Thafirstsariesof testyware %déc@ééﬁeY?lU;@tﬁéh%WBQé@f&bﬁ#mlW nati ng

rocedur e. i : | : for
0 i nut s THE S A I Bk N ey of Mt iR el i ag i O
| anmi nat es weusingtbederhulasi t hout copper foil layers. The | am nates showed

vari ous léevel s of air &ﬂlttiggfémgﬁ&'wéatr=10% )pﬁié_ﬁ)ﬁed that the | ack of vacuum
I Ng am

assi st and tenperature ra uring oh 15 contributed to this
condi ti on. 183 PLURONI whéreF- Pp8 iniid! width of theyprievary potting edge hyl ene copol yner,

Jor ooy 1G4VERSAM D 140 pol y m-'-Svﬁtggl & Brimarg S8 eedf afor bR PabREss o
_Corp. of O nc: nnat i "I E]lﬁi 0]; 165 Wg: ':' ;36 npnyl phenol jurfact agt,8 whi ch
IS conmer.ci avai La rom 0 ar Si ppany, w sey. 1

oL ARTLEI (RerTingde Fidortdrine HRAD 70 A Prmed ol dgR 1172 BF e dbllars: a1 1

avail abl e f‘ﬁﬁﬁhégy@gggﬂt%ﬁghé@|é‘eglé)gﬂﬁéhﬂmﬁp.f Lakewood, Chio. 187 ORPAC
BORON NI TRI DE RELEASECOAT- 25 ich is comercially available from

ZYP Coatings, | ncthesrilingwas sepducterisingsa siagle.head daliing maching: The drilling
o eval uat o P Rametioh 3087 SRk of Bind(bS Uttt altive) Gk 3 L e o
of "drill ti(p-098rireh)thisicaluminum entryand 4 88dumA0&Hd4 ineh) thick paper sereul a: -

15 phenolic coated back-up. brilling 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 retracﬁon rate of 2.54 m (1000

25 inches) per minute and a 1.65 mim {0.065 inch) upper drill head limit was heid
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 batter_n_(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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S5drill tip percent wear = 100 x (PrPt)/P, where P, = initial width of the
primary cublbumgreedge P, = width of the primary cutting edgeTaisoeno4shie
allotted holes were drilled. 10 Referring to Fig. 11, the width 1170 of

the primary cutting edge 1172 of the drill 1174 -was neasured at the
peri pheral edge of the drill tip. The drilling was conducted using a single
head drilling machine. The drilling was perfornmed on 3-high stacks of

| am nat es (di scussed above) with a 0.203 mm (0.008 inch) thick alum num

entry and 1. 8gtansf2800 hdlesN TRk drilling forPFadts 1 aAHE vids @R @inga Umitine@oback- up.
Drilling 3 | ami nates at one time is ener al lér st andard I’aCtICE'\Jé‘I t he
é‘% r

i ndustry. Thes'ﬂﬂﬁel heag dsillingrmachine\ang illing;fer hest Svasdo g
di amet ers: e(ag cﬁ'ﬂl?ﬂ? hadises) gét %&hﬂ@s%%@aﬁ% fro@ERtedingot h drills
were a serles tungst n car bi de r|II avai l abl e from Tul on Co.,

Gar deni a, Cal Tedmlqglesrrasllem Washingtenur i ng drilli ng was hel d constant at

0.001 for gach too | - chi f the
drill inseltion ra’lt.rgb@iss ésbgﬁgo rg%g Jﬁ" Hégebcgelﬁt%e%ﬁﬁﬂ edJs?]grP{%F as?hé.geed
measured i n r Sanipld Hblrfor ther0.85 aud 9.4@rmm)diarﬁetertihus éfte}ErIMg(ZDDD Ihplestimthe

spi ndl e speed s 100, 000 r m a e inserti Q0 inches (254
cn) per m nuPdde ”Fﬂ%dﬁ ‘:Eﬁcbq??tlwastﬂ@n?&"ﬁ@?é'e%é@%b8@5 80, 000 r pns
and the insertion rate was 80 inches (203 cm per mnute. A retraction
rate of 2.54 m (1000 25 inches) per m nyhgleydB @ 1. 65 mm (0. 065 i nch) upper
drill head limt was held constant for both tool-diameters As used
herein, "drill head limt" neans the distance th&ontrbeGGr| SamplepHKals
wi t hdrawn above t fre—opper—Surfacg o ln marg. Thg arTr—trp—percent
wear was determ ngd bast$tdn a 5p0 *HV'be'o‘? 99 nglpatt®rn Jshowfin Hg. 12
whi ch included 39|l b@basmdid. blpd] | nAgerdgédiii spn by 102818 cnp (0.22%2 30} i nch
by 4 inch) block [section 1280),| fol bmgd“}@;rloo holes in @ 10 by 10f hol e
pattern (section %ﬁé%ﬁﬁ%ﬁ%ﬁ#ﬁﬁﬁ
(section 1284). The holest2in eafh Numbptsftopls e &il‘l | 128d at| a h8Pe depsity
of 62 hol es per sfu [ er {sq I nich) .o4lhe ppttern
wds repeated thre;ggglnﬁﬁg%dapﬁgl msﬁgg‘?‘gé‘ﬂﬁlﬁ 0%@701 PCT2/4U4;00/ 0457
total of 2000 hol The drilling PEYSE 2 aa

Uniline 2000 sinpgle heeasbtd@rilli 1g Nambendf taoisl t he drIiOI i f o0 Test

avar | abl o 1 om Es| P APREM LA bt AABelE e, |vects Paip. 27

' érc
10

3 was

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 filtaments that had to be heat.

156 cleanéd 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 éontrol during the drilling test than the Uniline 2000 drilling machine used for
Tests 1.and 2.

20 i
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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5 Table 13B shows the drill tip percent wear of the drill for Control GG
and Sawploa/ip#af or the 0.35 and 0.46 nm dianmeter drillspeftusoosgbsast | ing 2000
holes in the pattern discussed above. Each test was started with a new
drill bit. Table 13B Control GG Sanple HH Test | Nunber of tools 3 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

39. ah _ pﬁr _cemlttugeadsle Idtation ]graig. utsei?wliaded iotafior! %eéﬁBaSlﬁeﬁﬁththéI@n'BﬁSt shl and
: i ch includes s fiber filanen at e th a sizi as, taught
herein that 9"!5'(?(5' P%‘F@ beftom 'ammt%a{%?’ﬁ%m&"ﬁ&? %@ﬁ‘ﬁ'&ewﬁ%a@" exited the

si gni fi cant laafmhafe%tséu L-Jncé itF?s Q%éc@éa thaBthis RAIé RicaidtDRoull Plaé thdargesPnt 1 ol

GG which includes gl ass filaments that had _to be heat 15

cl eaned. ar i discrepapey frgmc,tbmréen%ctqr “truel; hale locatipn: alhis differanceyrasapssesady.
Tes! 3. s80uGhorfl ol b BTigHididistaBE0YE Y dibtindl frém the Boff fiitentEids DUt 1t

is believed that this iIs act t t he I'ng rrachlne
used i n t hi ¢he dillediwmie on thersurfade of therlaminate todthe indendedl trueucenter oftiae Holel I i ng

test th t id L i1l {

Locat i onal - ADEARLOR blanss Wes.shos e et $96 Hole Yequereal discusBl above” - .
of a | am nawasirepedted @ tiresal.e.paftér eachdoc ayilledratataliof 2000rhalesr dhetdegiation

devi at i ' he di st f t 27 PCT/ 457 tual
ol &1 ooat | Sirtaitceias Bossire s st e T b Hole el Tk oo et flefi, "o

| ower sqoOf agactin §82¢ mﬁm werd drilled usinga G:46 ath (G108 inch diawletaraetigs dri | |
exited the _|ampate stack Péethe it .is ex&ect ed t hat thlds'pir}ol I ocation

woul d have ©R8 drillfrgmsTulonyCocpidhat¥Re disclssed aboue: Aiiuas ire 9, year
location. Thdst, #klshMRReWAS tAE AAK WY 80,000 rpms and the insertion rate was 80

inches per minute for a chip load of 0.001. The test was repeated eight times for
each Control GG and Sample HH with each test starting with a new drill.

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 3 As can be seen, Sample HH exhibited a lower deviation distance than

Control 3G, which is of particular significance when the laminate is used as an
electronic support incorporating a large number of holes and circuits. This is
_ consistent with the drill tip percent wear data shown in Table 13B above. More
specifically, it would be expected that laminates that exhibit less drill tip percent wear
25 would also exhibit less deviation distance because the drill tips would be sharper for
. a longer number of drillings.
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5interns of the "deviation distance", i.e., the distance fromthe actual
true centwoosfizzorhe drilled hole on the surface of the | arpgEUsooRZdszhe
i ntended true center of the hole. The deviati on di stance was neasur ed

after the 500 hol e sequence di scussed above was repeated 4 tinmes, i.e.,
after each tool drilled a total of 2000 holes. The deviation distance was
nmeasured for the last drilled 100 hole pattern, i.e., the last drilled 10

section 582. The holes were drilled using a 0.46 nm (0.018 inch) dianeter
series 508 drill from Tulon Co. of themMussed above. As was used

n the tool wear tes t he spindle or edrllwasBOOOr
:and the insertion rt meéépé\‘i’qiﬁ?@dﬂﬁfoql{f)ﬁ P tIQStéWeﬁePB%%“ 0 001.
The test was rEB%ﬁkSF#rﬁﬂéﬂ&mhét@E%Jn‘&bl JEasds sQﬂA@EﬁMKﬁﬂﬂ@&

each test starting w a new drill. 15 Table 13C shows the res rFt of the
| ocati onal accUf2fcstyledabric as disenased eadisr wene testgd,fordrill-tog} perceptwear; J§e2000

holes. Tablg 186HERNELRIol %w%%%gg ﬁ;éffgm?%h élfagQSéMe%e‘? fc. PHEFHARS in

devi ation distance (mcroneter) can seen, anp e
exhi bi ted a | o8empleeAr BBandiKKiweresvavenrfronThithyarolco®prisingiglassi fibeos coated

‘particul ar signif i ' . ] I Apport
i ncor porati ngg‘glﬂ{‘ Sf‘gggﬁﬁﬁ%ﬁb‘%gﬁﬁ{ﬁ%%&g’ﬁﬁt #gﬁac%ﬁ%g?%m?sge g’i({)ﬁgwét@

with the drillbélow, mpectiwblywaadwéapyamhmmng glasEfilees dGtedinithan différent
specifically, it e ex .cLed tt}@tI lga? nat es that,a@xhi bit less drill
tip percent weB?'y'?S" i mAtegaLeMBatble ealing COMAOPAN §i st ance because t he
drill tipst@ould be sharper for a |longer nunber of drillings. -125 WD

01/ 12701 PCT/ USQQ 20457 EXAMPLE 14 In Exanple 14, additional drill tool

percent wear tests were conducted. Electrical grade |am nates Control JJ
and Sanples AA, BB and KK incorporating a 7628 style fabric as di scussed

earlier were tested for drill tool percent wear. The 5 fabric in Control JJ
was 7628-718 fabric from C ark-Schwebel, Inc. The fabrics in Sanples AA
BB and KK were woven fromfill yam conprising glass fibers coated wth a

resin conpatible sizing as taught in Table 9A-of Exanple 9 and Table 14A
bel ow, respectively, and warp yam having glass fibers coated with a
different polynmeric matrix material conpatible coating conpositionl"'.

'®8 The warp yarn was PPG Industries, Inc.'s commercially avaitable fiber glass yarn product
. designated as G-75 glass fiber yamn coated with PPG Industries, Inc.’s 1383 binder.
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10 The warp yarn was PPG I ndustries, Inc.'s commercially avail able fiber

gl ass weooupEetuct designated as G 75 gl ass fiber yam postscywush PPG

I ndustries, Inc.'s 1383 binder. -126 WO 01/ 12701 PCTI USOQ 20457 Table 14A
Wi ght Percent of Conponents on Total Solids Basis for Sizing used in
Sanmpl e KK VEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S SAVPLE
COVPONENT KK PVP K-30 lag 13.4 A-187190 1.9 A-174 191 3.8 EMERY 6717' 92
1.9 SAG 10193 0.2 RELEASECOAT- CONC 25194 3.8 POLARTHERM PT 160195 5.9
RD-847A 798 23.0 DESMOPHEN 2000197 31T£b|eH>hAJRO\II C F-108198 8.4 ALKAMILS

EL-719 799 2.5 | CONOL NP-6200 4.2 QWPB%IBQ PVP K- 30 pol yvi nyl

pyrrolidone which is ceight® eam#%%ma q@ﬁmiﬂﬁs of \ayne,
New Jersey. 190 A-187 gamma-g| Vior §izing used i h is
conmercial ly available fromCK Wtco Corp¢r aWEIGHT PEBEENTAIN, New Yor k.
191 A- 174 ganma- met hacryl oxypropyl tri met ho yQQMH@NENTcQNl'BJWmTBrm ally
avail able from CK Wtco Corporation of TajrytowSOLIRS/BASI%. ' 92| EVMERY(r)
6717 partially am dated pol yet hyl ene ! m ne{whi ch | SAMPuErci al | y| avai | abl e
from Cognis Corpodration GOMPONENTtI, Ohjo. KK

PVP K-30 ™ 13.4

A-187 ™ 1.9

A1747 3.8

EMERY 6717 192 1.9

SAG 10 ' 0.2

RELEASECOAT-CONC 25 ' 3.8

POLARTHERM PT 160 ' 5.9

RD-847A % 23.0

DESMOPHEN 2000__"’7 31.0

PLURONIC F-108 '“L 8.4

ALKAMULS EL-719 ™ 2.5

ICONOL NP-6 *® 4.2

LOI (%) 0.35

18 PVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chem|cals of
Wayne, New Jersey.

1% A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK -
Witco Corporation of Tarrytown, New York.

%' 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. __

%3 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporation
of Greenwich, Connecticut. :
% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion whlch is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

185 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.

17 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer -
Corp. of Pittsburgh, Pennsylvania. :
138 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

% ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

200 ICONOL NP-6 alkoxylated nonyl phenol which is commercially available from BASF
Corporation of Parsippany, New Jersey.
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193 SAG 10 anti-foamng material, which is commercially available from CK
Wtco Conp@odii?on of G eenwi ch, Connecticut. 194 ORPAC B@RINISWZ6ISDE
RELEASECOAT- CONC 25 boron nitride di spersion which is conmmercially

avail abl e from ZYP Coatings,: Inc. of Oak Ri dge, Tennessee. 195
POLARTHERM r) PT 160 boron nitride powder which is comrercially avail able
from Advanced Ceram cs Corporation of Lakewood, Chio. 1% RD 847A pol yester
resin which is commercially avail able from Borden Chem cals of Col unbus,

Chio. 197 DESI\/DPHENTae%brwa vve?éfs)abwﬁ:eaﬂy forined Ghté brepheds witts als PRI sox@! | Y
avail abl e from Baijler of Pitt Penns [vania. 190 PLU IC M

F- 108 pol yoxypFesyhavieg Bép%ﬁﬂgt@ﬂ%ﬁ’ﬂi‘ @%%F sitby: Neleg Intermational o) | y

avai | abl e fromcBfsdratiedl rf’éh'ei?ﬁ @énf&ﬁrasl Wﬁégiémgl\cl,%mp&ﬁ@ﬁé/we?eq&tmLs
EL- 719 pol yoxyet hyI at ed veget abl e oil - I's conmercially available from

Rhone- Poul enc. fromgh ew«qmqpi@pamg}ngatleamlnem wefmmade bytstacking$-plies of the

Comer e | DRI BT b8 SR B 50

~into prepregs ftienhtogetieRat aderopgratureiofi 365(Fi (about 179°C), pﬂesem'e(afesogua’adscber
4000-2 resin b

The sizing co 3@#%?%&%5 t&ain nqag’ﬁﬁ%ﬁﬁoé %Wﬂ&%@%ﬁ#@ﬁ"&%l l'_gor e

prepreggi ng. mea&eaf menﬂnnﬁtiﬁs With &dppeX rdtiged fidkr @SS@fnchQ@(fonf@ﬁ’S?gmz to
material and foqur ounce, copper, (as shown bel ow) and | am nati ng

t hem t oget her 9{08 é*@%\?ﬁéﬁh@%ﬁé%ﬁc@sdp formigg thelayinptes, pightbrieprags Wet® pounds
per squar ¢oi ngfackedPRith &pﬂer%ﬁ*ﬁﬁé'f&%ﬂﬁar}aﬁ%em&tﬂ es (total cycle

time). The thickness of the I'am nates wi_.th copper ranged from 0. 052 i nches
(about 0.132 cm) to 0.065 inches opaﬂcsz;(ft’@hmsoemr layes forming the
| ani nat es, eight prepregs were 10 st dbteedorepred layefer | ayers in the
fol l owi ng arrangenment: onene 1e/MRTTs (revarse tipated faid gopperdayese prepr eg
| ayers one 1 oz/ft2 RTF (reverse treatwalpfepréglagerpper | ayer two prepreg
| ayers 15 dhe 1 oz/ft2 RTF copper dneylkoz/fttRTRecogpeetayey | ayers
: 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 was determined for a 0.34

25 mm (0.0135 inches) tool diameters, series 80 tungsten carbide drill available from
Tulon Co., Gardenia, California. The chip load during c_trilling 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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one 1 oz/ft2 shiny copper |layer The finished |lamnates were trimed to 40.6
cm by 5@0dap70416 i nches by 20 20 inches). The drilli ngcwasoeeoasuct ed
using a Uniline 2000 single head drilling nachine. The drilling was
performed on 3-high stacks of |am nates (discussed above) with a 0.010
inch (0.254 mm thick alum numentry and 0.1 inch (2.54 nm thick al um num
clad particle board back-up. The drill tool percent wear was determ ned for
a 0.34 25 mm (0.0135 inches) tool dianmeters, series 80 tungsten carbide

drill avail afdveddil Sitand 84 stsdk aflﬁﬁfrﬁﬁé%'lﬁdt@ﬁ'ﬁﬁ@hﬂb%m scdHdeh @8dodur i ng
drilling was held constant at 0.00 th_a spindle speed of 95,000 rpm

and inserti diwle a@@p@ssgﬁhrm%spzm'ea?s of gach fahic &pe were diled so V'@H"@ct i on
rate was 90 tEmaashrbd for ddeR8amdie | | head limt was
0. 059 |nchesdrnq$§)%rl;1é§“%8g?rm nfl%ﬁ}géeml ?%ta 30 Tﬁ '3?{|| tip percent wear
was exam ned based on a 1500 and 2500 hole drilling pattern. The holes in
each sectgon were drilled at a hole d { f 28 holes per square

centi et e‘lir (about 178 hol e per squar qum é)TabI e 14B shows the drill tip
percent wear of the Contro} JJ and Sanpl &nIIMpPeIBBnHNéaKK after drilling
1500 and 2500 hol es. Each petSapmpl@AlAes] WBampleBBE] BhainpleaKK- L Sontel JUL} 12701
PCT/ US00/ 204p150 grIT1T prv ogigeacny stacg g1 1 am ngge nap { &3 grooy hol e
groupi ngs and_ten 2500 hole groupings| Three stadks of |ani pates of gach
fabric type \Wesao looles | ed sp th6280he ri | I24t3p pe~rce|ﬂ53/vear for283 dfills

£ : I PN 140 Dl \AA Sar aah i
wer e neasur eeg—fer—each—sar Fabt-e 4481 p—PerecentYear—Sarpl e AA

S ¢ 58 Sl o 3k, Wi T R

whi ch i ncl udiber flaffents ddisd with b 3Ny as @oglhtarbreih that i compatibleowit Rbtdte her ei n
that is conpatible with | am nat

ri X resins d significantly
| ess per centM3l@xresing. &xh'Pﬁ%s'ﬁB'F%%“ﬂb' %mqtmea&géqj%()&ﬁp M Lepkd gi ass
fiber fidgmept wnfchaﬁcuhwéi g}u&ssmehﬁﬁheﬁisqaaﬁ%dqwuerhéapcleﬁhéwmmabe with a
silane containing finishing sizi ng After 2500 holes, the anpbunt of drill
tool per centcoptashwithha st éalm nishing §izing. iAftes 2509 helessthe gaweuntef diint r ol
JJ but less ?@r&mmoccur%grf&@ame% AR, B8 aRf RRGE 86ll IR RN FEEC ORI DY bt 18Es t he

tool wear w .
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) diameter
tungsten carbide drill.

In addition, based in the above, although not limiting in the present invention,
it is preferred that prepregs made with glass fiber fabric coated with a polymeric

25 matrix compatible sizing as taught herein have a deviation distance of no greater
than 36 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
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during the earlier drilled holes rather than the last holes drilled in a

gr oupi ng. waﬁlﬁgﬁ@d on the above, although not limting in gd@usioRoet
invention, it is preferred that prepregs nade with glass fiber fabric

coat ed vvlth_ a polyneric matrix conpatible sizing:as taught herein have a
drilling tip percent wear of no greater than 32 percent, nore preferably
no greater than 30 percent, and nost preferably no greater than 25

percent, as determined after drilling 2000 holes through a stack of 3 20

| ami nat es; eaclyehdfyi &1o® H 3&? %lﬁ saga@ iHed ahd BRGASad 8 8to. eghmﬁ 846 ninf (&ouf 00

hol es per square 1nch an load o 46 mm (about 0.018
i nch) di aneter 0Q1@ng@1)@hamatebtms@mqarbtde Arikkddi ti on, based in the above,

al though not [imiti b[]g]i n@eﬁégﬁﬁgio bE'\SS B%a%bémbﬁlflpfh‘éfﬁr ftgbélﬁ%d that

prepregs nade with ass e coa
conpati bl e si zitha;;pmsememg’ra sdiidrlabricantingthe glxsmaer matujggbmnoeltlom disoclogedat er

et prof oPabPy bty R arR ot ek dlicRetesendl sl e bR o

drilling 2000 Roh#ibutesho megihpaoﬁmmmy‘ propérties bhthedaminatds dfane prisent

| udi ht 01/127Q 1500/ 20457
onsi ty of 400 MBNBAN-oHlore GariFuait dhe &AM Wbtsa cormpHtES tothedealelon mad 4

nm (about 0. Omaraﬁa]mﬂﬁoaambﬁfmtlwwaharhoaafaby%etwérddl|éa héleghough not
meani ng to be bound by any particular theory, it is believed that the

presence of a solid F‘Gfﬁ"ieé jlling prepasties 'ad%mnasﬁemaé%mthr%a%d'\bﬁ@s«?qat%wuha
di scl osed j é)h |Hcoﬁ|Pgt|l’:IQ s é%ﬂ!%h#;ﬁt‘ﬂe?ém?ﬂm@%@&al bBFarita rlfi(%tq néel?e

boron nitri contr tes t rove ropert

| ani nat es of t ldéll fifegpeans thaheankt drillrbit mdﬂ"p'a@l[el mSehefgre real@arpgmmmor dbp@sab.nt
contributes to at i onal
accuracy of t h(!.\rIi g?ﬁi ?@}%ﬁéﬁ& fh@l dtlgl’\&lé’é%?{al(‘.?:& gﬁﬂepm}yci)%emgtsm'{oggﬂl' g’% nat e
rade with gl as $arh|nhte1s&>fmmpmdem m\PermOn iOgreater thanothptfor bbreventianal darminates it st

herei n provi des several ,advant First Ion er rill Life ans, t.hat
baer 01D bit Sxieetad fhat Mioss Diatiiiee uiites paLAE Haskid for griihg o[ Sipre iies
addi tion, hecawis theeah@%bu@wlasmwmkye@fn 4 Beaminhesstack of cdfivértiopeph t he
| am nat es of the present inventio %e{% t han t?ﬂ% &or co entl onal
| aminates, it iaminglese Hatlyof these Y%“t? F‘I‘l‘ 15 QPR GRSt & @%(ﬁ "QPRET?@G"
for drilling atr gnheiricteCthel 188atiohdt ddclifacy R tHeBle SElIeH A theABmirdtds uathr%weel
in a 3 lanminate stack of conventional |am nates. Both of these advant ages

result is a nose teaidhe guality of the etmtqomwpea@ﬁ%&qrmaﬂngﬂapﬂmm&le impreved.
| ocati onal accuracy of the holes drilled in the lam nates is inproved

20 EXAMPLE 15
The following samples in Table 15 represent additional embodiments of the
invention. Coating sample LL was prbduced but not tested. Coating samples
MM-QQ have not been produced.
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so that the quality of the electronic support incorporating the laninate in
i npr ovewo 02@276XAMPLE 15 The fol | owi ng sanpl es in Tabl e pET/USpe/BESNt
addi ti onal enbodi ments of the invention. Coating sanple LL was produced
but not tested. Coating sanples MW QQ have not been produced. -130 WO

01/ 12701 PCT/ US00/ 20457 Tabl e 15 WEI GHT PERCENT OF COMPONENT ON TOTAL

SOLI DS 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 DYI\LMQ__& 10020426602658- 2046

- 16.08 SERMH—EN-668—265-3-33—
43.92 30.79 34.14 24.15 SYNPERONI C COMPNENTI%LRQTHEM
PT 160 208|546 5 45 - - 6 00 6 .00 JEUREDLR 140 2P@LIDSBASIS. _ bl URAN C

F-108 210 -] 9.83 10.81 7.56 8.40 5.94 MACOL NP-6 SAMBRLES 238 3. 60 2.52 2. 80
1. 98 VERSANGOMPOMERTS - 4. 36 4.80 3. 36L3.173MM. 94 NHO1 :pg SQQQ
r AT L '

pol y( et hyl E'FQ)_L%“W‘F S CO””BZC'O?,SG ey T2y 1 3E
Corp of Confrecttectt—=262 e - ;
ganma- nmet th}\:’ 2\(/y‘:nl:_\r opyltrinethoxysi 431 i 4r~7r4'm’ 32, | | }pe.ﬁl i lz.lﬁ;" [
from oK WA p. of Tarrvtown. Ned-Morlk 208 22837 1.60 | 178 | 1.26
gamma- gl yci|d¥NAKOIPSi 100i%fet hoxysi | gna6.6Mi |c26.68 [commer|cRa#éy| avai l|alé.es flrom
CK Wtco C®SBRMUOL ENEsgYS0Wn, New Yorl333202FDY \KC]_L 3 100 |rosinfwhich|i s

comer ci al INGESRHPAENS 00D 8T £Ra CITE E@bé 755,03 4502 | 3075 JRrF Eﬁ:‘h.q’g’

.
e h

et hoxyl at eg h—-s—eefn Hy—aqa-abhe—+-erp HEA
Benel ux. 2 (\smlimg-\%"; 2l"\r”nnl \133_1;_9,1"g ol whilch i s lcomerici 8l | -

[V

avai | abl e f{IRORARIHERMETH60 % 546 | 545 - - 6.00 | 6.00
EUREDUR 140 2%® 443 - - - - -
PLURONIC F-108 2% - | 983 | 1081 | 7.56 8.40 5.94
MACOL NP-6 2! - 3.28 3.60 2.52 2.80 1.98
VERSAMID 140 22 - 4.36 4.80 3.36 3.73 2.64

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

202 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corp. of Tarrytown, New York.

203 A-187 gamma-glycidoxy-propyltrimethoxysilane which is commercially available from CK
Witco Corp. of Tarrytown, New York.

204 DYNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Sweden.
205 SERMUL EN 668 ethoxylated nonylphenol which is commercially available from CON BEA,
Benelux.

2% DESMOPHEN 2000 polyester polyol which is commercially available from Bayer Corp.
Corp. of Pittsburgh, Pennsylvania.

#7 SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer; it is the European
counterpart to PLURONIC F-108.

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

%% EUREDUR 140 is a polyamide resin, which is commercially available from Ciba Geigy,
Belgium.

219 PLURONIC F-108 polyoxypropy!ene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

# MACOL NP-6 nonylpheno! surfactant which is commercially available from BASF of
Parsippany, New Jersey.

12 VERSAMID 140 polyamide resin which is commercially available from Cognis Corp. of
Cincinnati, Ohio.
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Corp. of Pittsburgh, Pennsylvania. 207 SYNPERONI C F-108

pol yoxypreoyiseme: pol yoxyet hyl ene copol yner, it is the Eur@oIawsooressdt er part
to PLURONI C F-108. 206 POLARTHERM PT 160 boron nitride powder which is
comrercially available fromi Advanced Ceram cs Corporation of Lakewood,

Ohi o. 2D9 EUREDUR 140 is ..a polyam de resin, which is comrercially
available from G ba Geigy, Belgium 210 PLURONI C F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner which is commercially available
from BASF Corporation of Par SI ppany, M&gnt’dz)l MACOL NP- 6 nonyl phenol

surfactant whi-eh—s—eenreretay—ava-a ey
Jersey. 212 iIERSAM D 140 pol yam de res "E'u’g% %@ﬁ?ﬁ%ﬁ%@ﬁ“‘g 1@
from Cogni s Lp of Cincinnati Chiol -131 \WD Q1 IS00/-20457

Table 15 (Corft' d.) WEI GHT PERCENT OF COOVPONENT ON TOTSMPEE$| DS BASI S
SAVPLES COVA@GMPONENTEV NN 00 PP QQ | RELEARERIBIT] CENC 2502)13 3P4 B. 6R -

- 4.00 4.00 M%wéfngﬁm 29 P33 g¥- PUs g9 PO 35.PU- 4005 )”‘-6.5
BN o O e e bRl B R,
that no coppereshd selidsdn geatinag | ani nat | of:4 EhcB8f| PHe ndidhdl| £ nht &3

were then cut into 52, 1 inch x 1/2 inch (about 2.54 centinmeter x about

1.27 centimeter) rectangul ar pieces. Ab%@iﬁf the pieces were cut
parallel to the warp direction and abo t he piece were cut

parallel to the fil l[Ustlaciainates wéfe made froguthemateraieand bpmeqa'obeslsaﬂasnat e

(13 cut parale recti nd 10 13 cut rall fil
di rection) éJeFWB??J;}PE\S‘%HPPF% T@WPB&“Q PO, PORRFE WA HACHEY™HIY & Eﬂﬂf %‘J
was brought to the DAtiad lahtiRaté Wdire tish cult imy8d, 1 chRi1V2 ineh (aibdnawz&entuﬁéteek
24 hours, the piece were renoved fromthe wa

remai ni ng 26 pidbeut 1.24 W@%ﬁter)dmﬂﬁ‘%ﬂ‘leée%ggb% BF'@B&“EQ‘??Eﬁ(I‘E"%e E‘Hrﬂafﬂ'le'

l'ami nate to the warp direction and about half of the piece were cut parallel to the fill direction.

—

26 rectangular pieces from each laminate (13 cut parallel to the warp direction and

10 13 cut parallel to the fill direction) were then placed in reflux apparatus with water
and the water was brought to a boil. The water was allowed to boil for 24 hours.
After 24 hours, the piece were removed from the water and towel dried. The
remaining 26 piece from each laminate were not boiled. An unclad control laminate
made using a conventional heat-cleaned and finished fabric in the same manner as

15 described above in Example 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 8, 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 ébove. 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.

#4 ROPAQUE OP-86, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsyivania.
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made using a conventional heat-cleaned and finished fabric in the sanme
manner we oiA2mescri bed above in Exanple 9 for maki ng thecrasbotmsi nat es,

was al so fabricated and tested according to the above procedure. The short
beam shear strength of both the boiled and unboil ed piece were then
measured according to ASTM D 2344-84. The result of the testing are given
below in Table 9, where Unclad Sanples AA, BB and CC correspond to

| am nates 20 made using fabrics (described in Exanple 9) havi ng fibers -
sized with t d

above, the i%ﬁu?%ﬂ%?'&ﬂﬁh&e&%%%g 33&:he %&ggﬁ@grﬁeﬁgﬁé erﬁéat o E)Sa%gd and
finished falthe span‘llemthho skmpbﬂhnknessmnngetastmgxwaaét es (Uncl ad Sanpl es AA,

BB and CC) ranged from 0. 050 i nches 213 ORPAC BCORON NI TRI DE

RELEASECQOAT- CONC 25 boron nitride dispersion which is commercially

avail abl e from ZYP Coatings, Inc. of Qablddsige, Tennessee. 214 ROPAQUE
OP-96, 0.55d.cron partic di 'rcinn which is_cao r Cl e from
Rohm and Hads ConfeSty of [Phil aHBkShia, | PeAsyilvaBB {13800 |o Qonfreb

PCTI USOQ 204ShortBasout 0. [L27Poundsipeet el sY785 (. 08477 nfhdd69atjou?3sR 1do
centinmeters ShEaeStramgtb,je- squaresipaim | endbf) t d s e t Bdkngss (BUri rg

testi ng was | No BailyMarp6 qmegaPascals\ BB CC Cdntr ol Bhort Bgdam Pounds per
7787 8477 Ty®BrecB@P Shear Strength, sfuare inch (54)](56) (34) (51) | No
Boil, Warp (SaggRascal s) D redaches Safmpb@60ndhas08D 060005650 00.058 (. 055
Thi ckness ( ¢anickredser s) (0. {ceatimeters)27) (0Q52%7) (0. 127)4D)(0.1M21L3 aao) Beam
Pounds per 6¢§#2437594 7118 5506 Shear Btrength, squarg inch (j46) (52) (49)

aSBaUnds pet ' €Lt 6696 Janega | ['Chq$gU.|U6E565 U90

(38) No BoillshoRiBdam €0
0. 060 O. OSSlsﬁghpgﬁgﬁgﬁh 13 i get efr sgmo ] 55252§0. L27();9X 0. 15%38)( 0.1140)
Short Beam W, R (ﬁé 3P5‘.9:§i§) 4p
Direction
Sample Inches 0.061 | 0.050 0.060 0.055
Thickness N=13 (centimeters) (0.155) | (0.127) | (0.152) | (0.140)
Short Beam Pounds per 5695 6522 5081 4929
Shear Strength, - square inch (39) (45) (35) (34)
24 Hour Boil, (megaPascals)
Warp Direction
Sample inches 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 shoit beam shear strengths of the test laminates (Unciad 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

-133-



Shear Strength, square inch (39) (45) (35) (34) 24 Hour Boil,
(rmegaPascwmbayaYwip Direction Sanple I nches 0.061 0.051 0. (XT/0S00RE457

Thi ckness N=13 (centineters) (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 (nmegaPascals) 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 shot beam shear strengths of the test |am nates (Unc:ad Sanpl es- AA,

BB, CC) in botginghm aikjelicdis The fabric WaistsuBBequently Iprémégqéa aflafiieRéed wat er
boil, were observed to be higher than the control sanple in this testing.
10 EXAMPLE 17 ferm goRper gladiaminatesyas desgribed abovedip BX@mpiR9- si zed with si zi ng

conposition CC 9! \Cibref cib@firRindfe € (5% Alirided abide HPELaNIAb DY waBde PFG

| ndustries, Inc.'s conmercl a ?1/ aval | able fiber glass yarn product
wer e woven i nisubsespently prasessast (i.e., drileh plated and pattarned)rintodest baptdshaviag ag

an air jetgdo . | d ) o]

Form coppe? oSt {sBPhaterte r bt e nkor M RARAn o) ‘MR G,

| am nat e CC ( ®acklibeandiibelddebthvee sets Bf seyEnsif)lancicuit patiarmng 1S 0lag showndrssed
l.e., drille ated and.patterned) into test. baard Vi n 5

E)I urality of ?: &Blapgqeé%?fgabe"["&”ﬁ € daﬁlo'ﬁq é?‘%% QBgﬁ B%@rﬁf@th%r e

particul arly, akmgithé®¥adxs bNbleUsbard, ldhterthird afongfa 48°\vagicsacrossithedioatd!i Each

patterns 1310 as shown in erns, was oriented al ong

Fig. 13. One t of tt >
the X-axis of Gt PRIEM ,1331‘35{"%-99" S0 roW§ éﬁ\ée qt"?)%ﬁ_?'%ﬁ 1317 eashhavingad a
third al ong a gkpiktanse ﬁ.gﬁ{iﬂlsal?\dté]é’erh@faﬂbdcen@%adﬁb bﬁﬁéeméﬁh?d}a%gﬂt rows

i ncluded 50 rows of five drilled holes 1312, each having a 10 di aneter of

13.5 nil., andanging:fiemrdQie-Sdehmik I galing thesethatasntwrbeards wemistacked rows
Stacked 't ogedstfer 38 thatbath oplidiie diith, s BB AHtrCorerifyn, HleiptirGvs
oper ati on. Al o&holes imeachopattern vendintarconnestechbypbus: karrl 3id raadileadsr 1Bd6ratarige d
by bus bar 13£4ﬁr§q'gajhﬁ gﬁiﬁaég’o]f?h@l)gé}g 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. Each board was soaked in 76.7°C (170°F)
deionized water for ten minutes to remove any solder flux residue and dried. The
boards were then placed in a chamber at 85°C (185°) and 85% relative humidity,
20 and a 13.5 volt DC current was continuously applied across the patterns. Every 200
hours the chamber was shut down, the chamber door was opened to allow the
patterns to stabilize to ambient lab temperature, and the insulation resistance for
each pattern was measured.
There were two Sample CC boards and two control boards. The control
25 boards were made in the same way as the Sample CC boards but used conventional
heat-cleaned and finished fabrics. Each board included 21 circuit 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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* boards had shorts thanlthe contrlol hoardsiafter 200 haurs of

a first major surface of the board as shown in Fig. 13. Wre | eads were
sol der ewotoannidfereach bus bar for connection to a power segramoo/teash circuit
further included a 1 K ohmsurface resistor 1322 to ensure that if one
circuit failed, power supply:to the remaining circuits would be

mai nt ai ned. Each board was soaked in 76.7C (170F) deionized water for ten
m nutes to renove any solder flux residue and dried. The boards were then
pl aced in a chanber at 85C (185F) and 85% relative humdity, 20 and a 13.5
volt DC current was continuously appli qdpfecqPss the patterns. Every 200
hours the ¢ s opened to allowthe
patterns to |dnsyatioryBesistanesilent | ab t eSpowletCee, and t he inSlﬂeriobn

resi stance S cc—-boeqdr ds
The co?ﬁpglig% b aorlas' 18 i thgo@é'FFe way as

and two conflrol bo

t he Sanpl e boar @hoRRUT used congentijonal 4 heaf-cl eanefand f1apshe
fabrics. Ea¢h hoard |an||dpd 21 circuillt patternd (i three  _cet e of

seven circuilt pattef®s) for 4 tothl of] 42 &ircults t%sted for b&h the

Sampl e CC : SurtF | 200——4p0—=amc{ 1000
hours are gijjven below in Tahl e 117 whdgre the tabl ed valuegs are the nunfjer

of patterns|w th t h#030 speci|fi ed0resifstan@e. -134 VD 01/ 12701 0

PCTI USOO 20-;51—1&&9?&—&-7—4—%&" at ph Rgs+stanree \Zu..,n,r Cont-+ei—=CHMS$200
Hs. 400 Hr§. 1000 ®'s. 400 frs. Tshorft 0 P 7 49 105 20 18 1110
10' 02 00 TIUS T T U 10y 3 3T 0| 21090 36 3273?()0 I'he Sagpl e TR

exposure. After 40@188urs of exp@@ure aII33 he ¢ont =2 bgar d paloterns had

5 failed. F i l
al |l e FO=PaPoSes—otr—tmtS t-est—s II|JI o ot e -s—i-o—t

Insulation r e5| st ‘?Qé: gampf‘e 88 boar shad ttepvgp sl%c?r[% tﬁanrrﬁ\e c%kﬁmar&s after 200

hours of exposure. After 400 hours of exposure, all the control board patterns had

5 failed. For purposes of this test sample, a “short’ refers to an insulation resistance
value of less than 10°ohms. ' '

. EXAMPLE 18
Each of the components in the amount set forth in Table 18A were mixed to
10 form aqueous resin compatible primary size Sample RR according to the present
invention. Less than 1 weight percent of acetic acid on a total weight basis was
included in the composition. Sample RR was applied to glass fibers forming G-75 E-
glass fiber strands. The coated glass fiber strands were twisted to form a twisted
yarn and wound onto bobbins in a similar manner using conventional twisting
15 equipment. The coated yarn had an LOI of 0.35%.
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Each of the conponents in the amount set forth in Table 18A were m xed to
10 form amoeousroresi n conpatible primary size Sanpl e RR a®@Iusmgo4se t he
present invention. Less than 1 weight percent of acetic acid on a total
wei ght basis was included in the conposition. Sanple RR was applied to
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 twisting . 15 equipnment. The coated yarn
had an LO of 0.35% -135 WO 01/12701 PCTAMSQ@’AZMS? Tabl e 18A Wi ght
Percent of Conponent on Total Solids B for r1rp e RR Si zi ng COVPONENT
SAMPLE RR RD- 847A 215 27WeightRence ngéewoz'f@tsa stalSplids Basis 17 9. 0
A-187 218 2.1 A-174 219 4 4 plI URQfor Sample RR Sizing \ERsaM D 140 221 4. 4
MACOL NP-6 222 5.4 POLARTHERM PCOREPONEND. 9 RELEASECOAT- CSARIPLEPRR 1|5

acetic acid <0.1 prpagdy 0 The conponents 1T n tne anount s Torgfgrm_r1apl e
18B was m xed to -8/ SGHeHS Eeoi-R—eaHpat-Bl-e—pr-Fat-y mz—eéa-ugﬂe—éé—
according to the OPE§M9 EH\?@le on. Sanple SS was applied to gf®3s fibprs

formng G75 E-gl aBVPfK-BeP"strands and the strands were not twigged. The
coated, untw st edfYaiq RD-8ATA Pyt yESt eI esST 1T

which is commercikE - - - - 8 lcals of 1C0ol un’hllQ i b.
. I4yet hyl ene adi pat e diol, which is cofnerci &4y
avail able from BaVBLURO‘NIEIFLﬂBﬂ)E?? gh, Pennsyl vania. 217 PVP K- 30 gp(pl yvi nyl

pyrrolidone, whi c“vgﬁ—mmﬂ?m—e—mw Chetrcats—5o Yayne,
S. 4
New Jer sey.
MACOL NP-§ 2 54
POLARTHERM PT 160 2 09 -
RELEASECOAT-CONC 256%¢ 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, whlch is commercuauy available from Borden Chemicals of
Columbus, Ohio.

%8 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
of Pittsburgh, Pennsylvania.

#7 pVP K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemncals of

Wayne, New Jersey.

218 A-187 gamma-glycidoxypropyltrimethoxysilane, which is commercially available from OSi
Specialties, inc. of Tarrytown, New York.

#1® A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially avaitable 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.

lw VERSAMID 140 polyamide, which is commercially available from General Mills Chemicals,
ne.

22 MACOL NP-6 nonylphenol surfactant, which is commercially availabie from BASF of
Parsippany, New Jersey.

%3 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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218 A-187 gamma- gl yci doxypropyl tri met hoxysilane, which is comrercially

avai | abwe 6inemnOSi Specialties, Inc. of Tarrytown, NewPCFUSHO/2U97 A- 174
gama- et hacryl oxypropyl tri net hoxysil ane, which is commercially avail abl e
from OSI Specialties, Inc. of Tarrytown, New York. 220 PLURONI CTM F- 108
pol yoxypr opyl ene- pol yoxyet hyl ene -copol ynmer, which is commercially

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 MIIls Chem cal s,
Inc. 222 MACOL NP-6 nonyl phenot surfactgjé 4gshich is conmercially avail able
from BASF of Parsippany, New Jersey. 223 POLARTHERM r) PT 160 boron .
nitri de powder particles, mﬁpundapécemﬁmeetaﬂ 100,Galleas e  from Advanced
Cer anmi cs Cor poration of L akewood, ohSample’SS Sizing BORON NI TRI DE
RELEASECOAT- CONC 25, ichis ODOWONENTy avai | al}l SAMPLESE Y Coati ngs,
Inc. of Gak Ridge, Tefqes o1 B V17 TZ70T PCIT USGEH4045 7 Tabl e 18B
Pounds of Conponent pg+ Sarpte—SSTStzt ENT SAVPLE
SS MAPEG 600 DOT 275|é PRAEFHIIMDI N 226 226 1 T;’;bmw 0.9 A 187228
5.45 A-1100228 2.41 |PPtT¢ %8B0 230 91.1 PLURONIC|F- 10130-331 9 11 ALKAMULS
EL- 719 232 .9.11 MNACDA-{B*%D-SP 233 4.57 EPIREZ|35225.384 20L. 9 acetic
acid 2.6 5 Yarns size A"‘Hdbm”p' €S RRand SS Wer ¢ usesiags W p and fill

S Commer bi al by avai | JEPONSRERE MWM it s conted
with PPG 695 sizing afj®LURONIC F-108 %' 9.1
ALKAMULS EL-719 #2 9.1
MACOL OP-10-SP 4.57
EPIREZ 3522 24 209
acetic acid 26
5 Yarns sized with Samples RR and SS were used as warp and fill (or weft)

yarns and woven into 7628 style fabric. A control yarn, which was a commercially
available G-75 E-glass twisted yarn having fibers coated with PPG 695 sizing and
available from PPG Industries, Inc., Pittsburgh, Pennsylvahia (hereinafter the
“Control Sample”), was also woven into a 7628 style fabric. The sized warp and fill

225 is an ethyoxylated di-taliate from BASF Corp.

28 ALUBRASPIN 226 partially amidated polyethylene imine, which is commercially available
from BASF Corp. of Parsippany, New Jersey. -

27 A-174 gamma-methacryloxypropyltrimethoxysilane which is commermally available from
CK Witco Corporation of Tarrytown, New York.

28 A-187 gamma-glycudoxypropyltnmethoxysnIane which'is commercnally available from CK
Witco Corporation of Tarrytown, New York.

29 A-1100 amino-functional organo silane coupling agent which is commercnally available from
CK Witco Corporation of Tarrytown, New York.

%0 EPON® 880 epoxy resin, which is commercially available from Shell Chemical Company of
Houston, Texas. -

31 PLURONIC™ F-108 polyoxypropyIene-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.

23 MACOL OP-10 SP ethoxylated alkylphenol which is commercially available from BASF
Corp. of Parsippany, New Jersey.

24 Dispersion of a solid bis-phenol A glycidyl ether epoxy resin from Shell Chemical Company
of Houston Texas. .
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avai l able from PPG Industries, Inc., Pittsburgh, -Pennsylvania (hereinafter
the " Corwoolk/1f3anpl e"), was al so woven into a 7628 styl e fROIVUSNN2T45¢ Si zed
warp and fill 225 is an ethyoxylated di-tallate from BASF Corp. 226
ALUBRASPI N 226 partially am dated pol yethylene imne, which is comercially
avai l able from BASF Corp. of Parsippany, New Jersey. 227 A 174

gamma- et hacr yl oxypropyl tri met hoxysi |l ane which is comercially avail able
from CK Wtco Corporation of Tarrytown, New York. 228 A-187

B Lot ColSuPaL RS o Ui (01 ¥k °”‘”ﬁ%“‘@§'@é'%ﬂ%‘6“§%%ﬁ%“?§%§.*’ELSm
organo si | aneolyvopl almj\odagemposunrcmat ncreaned the 0| of the wiarmyars t6 abewt 208g W t co

Cor por ati on t , R : n, which is
comer ci allygé?/'ltﬁr'%%re rrg%ﬁ%ﬁbﬁ&qéﬁiagé%‘l%ﬁﬂﬁgiﬁowéﬁ%3?%n Texas. 231
PLURONI CT"'s F-1. %cmébfww&r tstddedforaip peyeapiiihhydcending theotestproceduresh | S
commercially i1 ahl e f S r a'o of, P | ppany. Jersey.
232 ALKavBL Sepbliensdipad B 147 Steoserdisat ok sor A ebRendin shietic 517
avai l abl e fr F%rn@%ﬁ@ﬂé?é"ﬁur perhieddilor the fEBriSRoeemyN\shaivh befdwkinl phenol
which is comercially avaiTable from BASF Corp. of Parsippany, New Jersey.
234 Di spersi dabI8F18&.sol i d bi s- phenol A glycidyl ether epoxy resin from
Shel I Chenical Conpany of Houston Texggple4ge/ WO 01/ 12701 PCTI USOCQ 20457
control yarns had an LA _of 1 % Prior to weaving. the warp vam was sl ashed
with a polyvinyl alcghol conposition that iAicPerseabilithe LO df the warp
yamto about 2 to abgut 2.5% The r esustandardfaubic feetar minuteOl| rangi ng from
1.6 to 1.9% Each fabiic was tested flor air persqaate foot)y accorldi ng the test
procedures 5 establi §Tgfhtiol'Sampd D /57 Standar d 4fest Method Tlor Air
Permeability of Textil Sanjpld RS- _111g average ai p gerneanl 11y for the
fabric wovens i s show SERgIE'SST (a0 T8C—Tabig gt8C AT PeTTIRAbI | ity

PR Nl

(standard cubi c feet per—tfftte—per—stuare—foot)

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
COMPONE\JT SAMPLE TT | SAMPLE UU | SAMPLE XX | SAMPLE YY
PVP K-30%° 13.7 13.5 153 14.7
STEPANTEX 653%%¢ 27.9 ' 13.6
A-187%% 1.7 1.9 1.9 1.8

%5 PVP K-30 polyvinyl pyrrolidone which is commercially avaitable from ISP Chemicals of
Wayne, New Jersey.

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

%7 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
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Control Sanple 41 Sanple RR 2.8 Sanple SS 1.6 10 As can be seen in Table
18C, thwoammzperneability for the woven fabrics incorpopearrusge2@&snpl es A
and Bis significantly |ower than that of the fabric woven with the Control
Sanpl e. EXAMPLE 19 15 Table 19 includes additional nonlimting sizing
formul ations applied to glass fibers that were subsequently woven into a
fabric. Less than 1 weight percent of acetic acid was included in each
conposition. Table 19 20 Wi ght Percent of Conponent on a Total Solids

Basi s COMPONENT SAMPLE TT SAMPLE -H&lg,@yg %2( SAMPLE W PVP K-302-15 13.7
13.5 15.3 14.7 STEPANTEX 6532 27 7237 1.7 1. 9 1 9 1. 8 zw PVP

K- 30 alansd nvl Moft nl | rlnnn \Ahn ch 1 o oo Pf\J Sl o o
f

<

Chem ( ;gm MP‘ n'EI'I' ~; Y I SLEMYI \
avai | 388747 om ' 3 hd_ 38w Jefcey 38 A 187 3.7
ganma- @MER‘!!@)'I\‘HS%_@/I trimeth xv5213ane i cht-Bs cobmer 2811y hvaj 128l e flom
CK W[ tMACOLIQR16%? on of Taryyto®$ Nelv York. -138 WO ©7/12701 1.6 )
PCT/ UPqRARZDED* Table 19 (cont' dB.OCOVPONENT SAMPLE TT BAWMPLE] UU SABPLE |V

é)

SAVPLEMAZU BFL13628. 4 3.8 3. 9] 3. 70.2EVERY 6717 2.3 .9 2.5 2.4 NAQGSR
OP- 107 JEOPbee® TVAZ-8[I22 359 3. F 3.3 WNAZU DF- 33@247 P2 @25 0. Z
R@AQ’%%%WWW. > P-4 POCARTHERM
PT 160 55 ARTHERM PT 1607° 2.7 26 | |
SAG 107® | - 0.2
RD-847A%7 - 232
DESMOPHEN 2000 *® 31.2
PLURONIC F-108 ® 8.5

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

9 EMERY® 6717 partially amidated polyethylene imine which is commercially avallable from
Cogms 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.

24 TMAZ-81 ethylene oxide derivative of a sorbitoi ester which is commercially ava|lable 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.

3 ROPAQUE® OP-96, 0.55 micron partlcle dispersion which is commercnally avanlab!e from
Rohm and Haas Company of Philadelphia, Pennsylivania.

24 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dlspersmn which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee. _

25 pOL ARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

25 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 avaﬂable from Bayer
Corp. of Pittsburgh, Pennsylvania.

249 p URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

-139-



SAG, 10206, 0.2 RD-847A 23.2 DESMOPHEN 2000 248 31.2 PLURONI C F-108249 8.5
238 A- 174vgammzronet hacryl oxypropyl tri met hoxysi | ane whi ch iEcEUSMORD4S7al | Y
avai lable from CK Wtco Corporation of Tarrytown, New York. x" EMERY(r)
6717 partially am dated pol yethyl ene imne which is commercially avail able
from Cognis Corporation of Cincinnati, GChio. 240 MACOL OP-10 ethoxyl ated
al kyi phenol; this material is simlar to MACOL OP-10 SP except that OP-10
SP receives a post treatnment to renove the catal yst; MACOL OP-10 is no
longer commercially available. 241z | ene oxi de derivative of a
sorbitol ester which is commerci al I.';-/a avalyﬁégﬁ{é rom BASF Corp. of

Par i pp: bt E T AR R st v |
conmer ci abl e ! AM EE: Y WE §A ﬁw
ROPAQUE( A Eb-B9 i cron barticle disper8idon wich is comercially
avai | abl {CONOL NRE and Haas onpany of | Phi | &del phila, Pennsyl Vani a. 244
ORPAC BORCEXHILTIRPOE? RELEASECOAT- CONC 25 boron nitride dithersi dn whggb 1 s
commercially avalilable 1rom Coatings, Inc. of Oak Ridge, Tennessee. 5
POLARTHERM r) PT 160 boron nitride powder which is comercially avail able
from Advanced C&iremitae faregoing deseriptian. it ganhe seen that the pragentinvention
anti-foag n ' i | SANGR ' - | il '

Cor por at ig‘ongrc{){?d%de%insv&i %,S&Ecgﬂite‘ct [ cu{' ?bg&fg%R@éggdﬁE%%ln?eﬁ%ﬁo\e&@}e?&mi ch

i s commer ci $hermahstabilityolow eorsosigoantbreactivity] in dhespresencefivighusumidity.o. 248

DESMOPHEN 2 .00 adi ol FRYY o1 S ' vail abl e

from Bayer Q r'gg a%é@%%?ﬁth Fs“%ﬂ?ghnéﬁgﬂﬁéﬂ'"\}m'@m %%W%i#ﬁa@&%

- pol yoxypr opyiatesialnolThese/strandseae bedpistedrer chapped, formedinteea covind, whopped | abl e

pCT Usoor 2088 o Shiliods sfah P Yey e ES s & Pbfe SRt B s pLE W

SAMPLE YO Aldretidlobapplicalions; 8uch 4s reinforcements for composites such 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. 1t 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.

20 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc. :

21 |ICONOL NP-6 alkoxylated nony! phenol which is commercially available from BASF
Corporation of Parsippany, New Jersey.

%2 FLEXOL EPO epoxidized soybean oil commercially avaitable from Union Carbide Corp. of
Danbury, Connecticut.
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| CONOL NP-625" 3.4 FLEXCL EPO252 13.6 30.0 Fromthe foregoing description,
it can weoseemwit hat the present invention 5 provides gl aesuSodzmsst r ands
havi ng an abrasi on-resi stant coating which provide good thernmal stability,
| ow corrosion and reactivity in the presence of high humdity, reactive
acids and al kalies and conpatibility with a variety of polyneric 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 w .applications, such as reinforcenents for
conposites %H P'g%rLA% D éi:i rcuit boards. It will be appreciated by those
skilled in the art that changes could be nade to the enbodi nents descri bed
above wi t hout departi greiriforvet teminatesatiapteddat arvelectoanic sypporth thedadinate | s
under stood, therefore, that this invention is not [imted to the 15
particul ar &RBWHPR@Nts disclosed, but it is intended to cover nodifications
that areg withinhe Ohbirik mMaterisicame of the i nvent i on, as defined by the

appended cl ai ms. ALKAMULS EL- 719 pol eth | at ed veglet able oil which is
conmerci al ly avai(Plabl @t{easheneReirdewsa % brig gompristpgat irgst ongskasd) | at ed

nony! phenolcomhah? ?%I&Qﬂ'g%f ﬁbéle' Wheéréi At@éasf:afpbﬂﬁh%f\&lé fabié REY atbaihgof

Par si ppany, New Je EPO epoxi di zed sﬁ% ean oil COhTTEI’CI ally

avai | abl e f Mévishum pgmpebbl@mlib tlubrrptnwateaalnbwe"’&fﬁ lamigate adapted fexp
01/ 12701 P T IS CLAIMED IS: 1. Areinforced |am nate
adapt ed fog@%ég%&ﬁ C}Q?ﬁpport the lamnate conprising: 5 (a) a nmatrix
mat eri allQ and (b) at Ieast one non-degreased fabric conprising at |east one

strand conprisi a a n of the
fabric has a coa[}gng g\m%'r@%'lc %ﬁ'ﬁ%igfﬁ%ﬁrd"%\%]?ﬁQ'ﬁ1 &h%feﬁf({hr?a Pgl n the
rei nforced Icoatimpdompmisep aqlurhlity of padiciesect roni ¢ support. 10 2. A rei nforced.
| ami nate according to claim1, wherein the conpatible coating conprises a
plurality of particles.

3. A reinforced laminate according to claim 2, wherein the particles are

15 formed from materials selected from polymeric inorganic materials, non-polymeric
‘inorganic materials, polymeric organic materials, non-polymeric organic materials,
"composite materials and mixtures of any of the foregoing.

4. A reinforced laminate according to claim 3, wherein the polymeric
20 inorganic materials are selected from polyphosphazenes, polysilanes, polysiloxane,
polygeremanes, polyfneric sulfur, polymeric selenium, silicones and mixtures of any

‘of the foregoing.

5. A reirforced laminate according to claim 3, wherein-the non-polymeric
.25 inorganic materials are selected from graphite, metals, oxides, carbides, nitrides,
borides, sulfides, silicates, carbonates, sulfates, hydroxides, and mixtures of any of

the foregoing.

6. A reinforced laminate according to claim 3, wherein the polymeric

30 organic materials are selected from thermosetting materials, thermoplastic materials,

and mixtures thereof.

)
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3. Areinforced lam nate according to claim2, wherein the particles are
15 fornedvboommnt erial s sel ected from pol yneric inorgani ®OTAISHO/26453,
non-pol ymeric inorganic materials, polyneric organic materials,

non- pol ymeric organic materials, conposite materials and m xtures of any
of the foregoing. 4. Areinf _orced | am nate accordi-ng to claim3, wherein
the polyneric 20 inorganic materials are sel ected from pol yphosphazenes,
pol ysil anes, polysiloxane, polygeremanes, polyneric sulfur, polymeric
selenium silicones and Mhibigidfeeclanfiiite aborking 18 elaml Wﬂereg]stl'{é rgogrmrf&f ced
| am nate according to claim3 erel n-the non-pol ani c
materials are s@'gwcmatemaisra@rtapnm@tﬂnmmate@alsmm foraltllﬂrd‘@settlngt ri des,

bori des, sulfi [ d

mixt uros of anyPayestery il BStert UpBRE afdais kheRlES: arthOhRNe FRmBtiting .
cl ai m 3, wher ei polyurethapés; randintixtdGesoofganyi of tiafoeedaidgs are sel ected from

t her noset ti ng materials, thernoplastic materials, and m xtures thereof.

-141- ¢ ~~j," W0 01/12701 PCT/ US00/ 20457 7. A reinforced | am nate according
to claim6, wherein ghe palrzirforced |aﬁfmelaecdramrt¢ alain erwhérbﬁmewyﬁﬂém
materials selected fromthernosetting esters, vinyl esters,

materials, pherfSORRE maé?ﬁ%ﬁ'l%ﬁ?@“ﬁ'?ﬁﬂ"ﬁﬁ%‘&f‘?‘? sglectsd |f5¢m B\eﬂaﬁe@sﬂ%miyesters
m xtures of anypdwcaPmatéy BeRbIefins, ackylic PolyRiers, %%%.&e’wmﬁq% RSfOT ding to

claim6, wherein the polyneric organic materials are herrmp astic
material s sel edabdirethanes, iwhplymsts, ang srixturascaf eny optbeferegbingat es,

pol yol efinggacrylic polynmers, polyam des, thernoplastic polyurethanes,
vi nyl polyners, and m xtures of any of t he foregoing. 10 9. A rei nf or ced
| ami nat e accordi ng t® cl afmeiaforeeddaminate Beccmthnpmsclam 3 wibereincthe camposite

it rerent 1 omRENfs Al a8l W BarlBs R hado andfivest 4 BN Sulrep et s
beneat h its surdiffarent fidm it hakdnessdfahe adernanportisre cftitpatticls HepesthaisBubface.

wherein the conposite materials are selected fromparticles fornmed froma
primary material that is coated, <clad or encapsulated with at |east one

t8ﬁcondar y n;s erial. ol. Anréihfofceidaaminateradedrding @bt 0 viidteinl tAs BbBpodieer ei n
e conposite
P materials are selected from particles formed from a primary material that is coated,

clad or encapsulated with at least one secondary material.

11. A reinforced laminate according to claim 9, wherein the composite
-20 materials are selected from particles formed from a primary material that is coated,
clad or encapsulated with a differing form of the primary material. -

12. A reinforced laminate according to claim 2, wherein the particl'-\s have
a thermal conductivity of at least “i*Watt per meter K at a temperature of 300 K.
25
13. A reinforced laminate according to claim 2, wherein the particles have
a Mohs' hardness value which does not exceed the Mohs’ hardness value of any
glass fiber in the at least one strand.

30 14. A reinforced laminate according to claim 2, wherein the particles have
an average particle size sufficient to allow strand wet out.

S
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:20 materials are selected fromparticles formed froma primary materi al
that i swomatiewy clad or encapsulated with a differing fornsed2dsfe primary
material. 12. A reinforced |am nate according to claim2, wherein the
particles have a thermal conductivity of at |east Watt per neter K at a
tenperature of 300 K. 25 13. A reinforced |lam nate according to claim 2,
wherein the particles have a Mhs' hardness val ue whi ch does not exceed

t he Mbhs' hardness val ue of any glass fiber in the at | east one strand. 30

14. A reinforced mn cco di n rein .t ticles have
an average parti 0152 Si' ée'g @H%t% g“@"ﬁ’ﬁ@%?‘?‘% '8363. Bgriﬂﬁs ave
LETTLETTELT dnl dvierddel partidte bize~ine€sdweMaMrﬂﬁ:gla%ér statteticy tchRiqbes, tangiry

rei nforced | am nqte according to claim2, wherein the particles have an
aver age par tfo9P 8-1dP AmickNSs yred according to | aser scattering techni ques,
ranging fromO.1 to 5 microns. 5 16. A reinforced Iam nate according to
claim2, wherein the compatible coating furth I ses at | east one

| ubrici o materit diAfeinioreediaminateaceordingtq %xm ? ?'f‘ﬂi'ﬁ eampatible A
reinforced 'c’é%ﬁbﬁuﬁh@FE&ﬁHﬁé& dtedst 8héuBricidliEmaterial &ﬁefeﬁf@@ﬁ: it @uraﬁ@

coating further conprises at least one filmformng materi al

rei nforced lofipartigles. according to claim1, wherein the corrpatl ble coating
has a loss on ignition of ranging from0.1 to 1.6, and an air perneability,
heasured according to ASTM D 737, of no greater than 10 standard cubic feet
per 15 m nute pel7.squareinforsed. Iammateﬁawoe'rditﬂg)tocxmim znv'vheaeia teeccomlitible t o

claim2 n resin bIe 0, conprises a resin |
reacti ve P&é#'ff }“g@ewmﬂ('ﬁeé 8'&%?'@\ %51"[']@ r&#g{i 19, wherein the resin
reactive d| luent is a |lubri cant conprising one or nore functional groups

capabl e of reacting with an ep es n el ected fro he group
consi sting of amwg %@gfomgdﬁg%&a [ffﬁ%g{aﬁrﬁl f"al? h?fp %?g}’% gr oups
and epoxy glcRHfig hé’s‘Sa?o’ssoﬂugﬁh&odf@hgmgfmmow Eﬁ@bﬁ%ﬁdeﬁﬁééﬁﬂi& adapt ed
for an electronic support cog}!grlsm (a) obtaining a fabric adapted to

rei nf or ce ariNeassred gﬁgogdlggltpp@ Mgy 73 of no greater than 10 standard cubic feet per
15 minute per square foot. '

19. A reinforced laminate according to claim 2, wherein the resin

compatible coating further comprises a resin reactive diluent.

20 20. A fabric according to claim 19, wherein the resin reactive diluent is a
lubricant comprising one or more functional groups capable of reacting with an epoxy
resin system and selected from the group consisting of amine groups, alcohol
groups, anhydride groups, acid groups and epoxy groups.

25 . 21. A method of forming a reinforced laminate adapted for an electronic
support comprising:

(a) obtaining a fabric adapted to reinforce an electronic support 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 least one

30 warp yarn comprising a plurality of fibers and having a second resin compatible

coating on at least a portion of the at least one warp yarn;
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weaving at least one fill yarn conprising a plurality of fibers and having
a first mggofriz7opnpati bl e coating on at | east a portion ofpOEsoerod4seast one

fill yamand at | east one 30 warp yarn conprising a plurality of fibers and
having a second resin conpatible coating on at |east a portion of the at
| east one warp yarn; -143- | 11"1111111 111 JI 112112 1 I1'1 WD 01/12701

PCTI USOQO 20457 (b) at least partially coating at |east a portion of the
fabric with a matrix material resin; (c) at least partially curing the at -

| east partially co%bgcei L gg%iragggﬁgé@d?atag%afraa&wpénfﬁuﬁbnmabﬁcmamaaénx g

| am nating two or ether to forma |l am nate apte
for use in themateriat resin;c support. 22. A prepreg for an el ectronic support

conprising (a) a rix terial.; x ed
fabric conprising g?c I eaﬁ@%@%’?‘yﬂ%%néghn%r@%?% agt?ﬁpl}’ﬁg gﬁ"‘? §&b°f%? I&ﬁgés,
wherei n at | eagiepfegiayén, andof the fabric has a coating which is conpatible
with the rix material, 23. A prepreg according tp claim22 erei.n the
conpati bl rem%oat i ng ?JJDS CMPP@@SR\? I'Ug':'ﬁ RrFVegf'a%zﬁ Fqggheg_to éﬁm %Vl\\gﬂ'f"?ﬁ? eg
accordi ng to chddpiedfor usBen teelé&tfonipsipportes are formed from materials
selected frompolyneric inorganic materials, non-polyneric inorganic

materials, polyneric organic materials, non-polyneri-c organic materials,

conposi te 20 ”Hterigg.s mg;gas]o Fénefecﬁaaﬁg%pwec&ﬁbm ng. 25. A prepreg

according to claim el n“the polynmeric inorganic Taterials are
sel ected from pol ypfa)sphazeakix matetiglsancines, pol ysil oxane, poi yger emanes,

pol ynmeric syl fur, pglyynerj | L 1] Y 25
bF The for i ng. 20 A g EeSofihitfediestéd BEfc oBffihd plfel dhe dibhe
non- pol yneri c corprisimg a pluralitg of fibers awkerein atdeast afpoctiongpfaié fabeic hae aadoating
oxi des, carbide

nitride bqrides. ..sulfi.des, silicates, carbonates,
sul f at es, hydr‘HEicBéss?o'HHﬂﬁwﬁ@h?@%mﬁ"xﬁ?{ebgﬁt he 30 foregoing. 11 11 1 1 11
1121111110 r12111120 00011 -144- L Ms W 01/12701

PCTI USOQ 20457 23. A prepreg according to claim 22, wherein the compatible coating

15 comprises a plurality of particles.

24. A prepreg according to claim 23, wherein the particles are formed
from materials selected from polymeric inorganic materials, non-polymeric inorganic
materials, polymeric organic materials, non-polymeric organic materials, composite

20 materials and mixtures of any of the foregoing.

25. A prepreg according to claim 24, wherein the polymeric inorganic
materials are selected from polyphosphazenes, polysilanes, polysiloxane,
_ poiygeremanes, polymeric sulfur, polymeric selenium, silicones, and mixtures.bf any
25 of the foregoing.

26. A prepreg according to claim 24, wherein the non-polymeric inorganic
materials are selected from graphite, metals, oxides, carbides, nitrides, borides,
sulfides, silicates, carbonates, sulfates, hydroxides, and mixtures of any of the

30 foregoing.
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27. A prepreg according to claim 24, wherein the polyneric organic .

mat er i alwe easig7osel ected fromthernosetting materials, thecrEoersdsst
materials, and mxtures thereof. 5 28. A prepreg according to claim 27,
wherein the polynmeric organic materials are thernosetting materials
selected fromthernosetting pol yesters, vinyl esters, epoxy materials,
phenolics, am noplasts, thernosetting pol yurethanes and mixtures of any of
the foregoing. 10 29. A prepreg according to claim 27, wherein the :

pol yneri c organi cz mat ﬂ?r@ﬁr%gl%}%&rﬁﬁlgrtﬂ%‘irﬁ%mf éflﬁin%é gb@@ﬁ%ﬁfégﬂ% from

: h
t her nopl asti c pol yesters, carbonat es, polyolefin pol ymer s,
pol yam des, MA@ ra selecteddtonn thermasetting matgrialspthieymoplastiordateriats jares  of any
of the foregQimag: . A prepreg according to claim 24, wherein the
conposite rrag'?'ieiraﬁg g'%ar%ge% selected fromparticles that have a hardness at
their surface that is different fromthe hardness of the internal portions

of the patticle bgneath its surfage. ,31 .A.prepre ccording to claim 30,
wher ei n f#]e corrpogé]'te %‘?’?glagc%fﬁ'gg t%ﬁrag'éPZ(;‘B"S?I‘*&#@%P&‘&WFP%P@?"PMned from
a primary mamaterials drb tlerindsétiing athteridisiskbldted _from'lﬁélﬁﬁiébﬂihg%o%.‘st@rs?“ﬁ_n&least
one secondﬁra%/%rraterl al . 32. according to claim 30, wherein the

2. A prepre .
conposi te ?’Fa?%oxyd?%iegilﬁe‘?heé&ﬁ% Rinepiasts; thesmpsptiingipelywathanes andr v

material t hahixiires 8RR of thé fffeqbing. 25 encapsul ated with a differing form of
the primary material. "33. A prepreg according to claim 23, wherein the

particles have a thermal conductivity of at | east Watt per neter K at a

I 3 .
tenperatyge of 3 'E's-‘agﬁ%ﬁﬁ%‘g‘ﬁ'&nﬁS‘g°'\%ﬁ'gﬂ'%df§§§‘h%&bﬂ¥%3§°ig e@rel n the

particles have a ess va not ceed Mohs'
har dness valmateggalszang thermoplastihmaterials selestest frore thermoplastia palyesters,145- |

or epr e accdPHAEDYstes Eplolbtns, afe PElvtRls: BORAmIdes RIRAEe o/ age
particl e si zehyunéthanes; vinyt polgrhésvanst mixtulesieft anydf thesfofifgoing. pr epr eg accordi ng -

to claim23, wherein the particles have an average particle size, neasured
according to |laser scattering techniques, ranging fromO.1 to 5 mcrons.

37. A priépreg acc30.di ny ptepred aceording to\blaine24), whetein dvpedmpdsite érididare
selected from particles that have a hardness at their surface that is different from the
hardness of the internal portions of the particle beneath its surface.

31. A prepreg according to claim 30, wherein the composite materials are
20 selected from particles formed from a primary material that is coated, clad or -

encapsulated with at least one secondary material.

32. A prepreg according to claim 30, wherein the composite materials
are selected from particles formed from a primary material that is coated, clad or

25 encapsulated with a differing form of the primary material.

33. A prepreg according to claim 23, wherein the particles have a thermal
conductivity of at least 1 Watt per meter K at a temperature of 300 K.

30 34. A prepreg according to claim 23, wherein the particles have a Mohs'

hardness value which does not exceed the Mohs’ hardness value of any glass fiber
in the at least one strand. —_—
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10 further conprises at |east one lubricious material different fromthe
pluralitywofprnp@iticles. 38. A prepreg according to clai metSgusdoeossn t he
conpati ble coating further conprises at |least one filmformng material.
15 39. A prepreg according to claim 22, wherein the conpatible coating has
a loss onignition of ranging fromO0.1 to 1.6, and:an air perneability,
measured according to ASTM D 737, of no greater than 10 standard cubic
feet per mnute per square foot. 20 40. An el ectronic support conprising
(a) at |east one non-degreased fabric conprising at | east one strand
conprising a plurality of fibers, wherein at |east a portion of the fabric
has a coating whicl85is doprepredacconding taciaimt 23, wheseinthenparticles haps (b) at

I t tri terial,. t | | t | t
fabric. L A EIEs et s sy AN aBhe et B ™ ey el n T he
conpatible coating conprises a plurality of particles. 30 42. An
| ect i t di t | aim 41, wh in th ti.cl f d
From materi 95 sel edbed  BPER SHAFIES [ BRGLAT OMALRIB I PtcRE AoV Ay rer | ¢
146~ | 111111 lebfalpattlold size nbadirdd dddordihg 10 s QARG @ENAIGTLS FARID 45T
0

i norganic materials, polynmeric organic materials, non-pol yneric organic
materials, coopsPAdoSdnisrangl s, and mi xtures of any of the foregoing. 43.
An el ectronic support according to claim41l, wherein the particles 5 have
an average particle size sufficient to allow strand wet out. 44. An

el ectroni ¢ support &dcor dd pEgpreg a¢cording 10 clame2diwherein thexeampatible coaling an

aver age DAyl ©\Gil EBmpEAS W Bk 3G USHRl Rarb i RineRGR R RSN aUoS,

rangi ng from 0. crons. l'ectronic su ccording to
claim4l, wher gartictdse conpatible coating further conprises at |east one
| ubricious material different fremthe plurality
38. A prepreg according to claim 23, wherein the compatible coating
further comprises at least one film-forming material.
15
39. A prepreg according to claim 22, wherein the compatible coating has
a loss on ignition of ranging from 0.1 to 1.6, and an air permeability, measured
according to ASTM D 737, of no greater than 10 standard cubic feet per minute per
square foot. '
20
40. An electronic support comprising
(a) at least one non-degreased fabric comprising at least one strand
comprising a plurality of fibers, wherein at least a portion of the fabric has a coating
which is compatible with a matrix material; and=" - B
25 (b) at least one matrix material on at least a portion of the at least one
fabric.

41.  An electronic support according to claim 40, wherein the compatible
coating comprises a plurality of particles.
30
42.  An electronic support according to claim 41, wherein the particles are

formed from materials selected from polymeric inorganic materials, non-polymeric

—
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of particles. 15 46. An electronic support according to claim4l, wherein

t he conpetonhi®1 coating further conprises at |east one Pc’l‘msﬂ(mmsmg
material. 47. An electronic support according to claim40, wherein the
conpatible coating has a loss on ignition of ranging fromO0.1 to 1.6, and
an air perneability,. 20 neasured according to ASTM D 737, of no greater
than 10 standard cubic feet per mnute per square foot. 48. A nethod of
form ng an el ectronic support conprising: (a) obtaining a fabric adapted'to

reinforce aih 446 fridfiriais? BRATeic Brgat: ma@v.blsgnaﬁ-pbn?ﬁ@hc BRSanfc thatedA1s

conprising a uralt%/ fI'bers and havin first resin conpatible
coating on &'PmP@%!tﬁm qﬂelstandrm@;turemqufélmorwa Il yarn and at | east
one warp yarn conprising a plurality of fibers -and having a second resin
conpati bl e coating on at |east a portion of the at |east one warp yarn;
(b) at |east par#Bal | yAncelectronic suppogzaccordingde claim 431 whereirs the padiclest h a

X 30 F S0 A okRS it AR RGBS, e coating i nto.

t he at ctororma prepreg |layer; and -147-
!!||||||||J|jji||j|jj|j|jj liii WD 01/12701 PCT/USOO/20457 (d) lam nating

one or nore prepr gI ets' ether wth on electric

conductive |ayer % Fﬂ!&?‘{?@?ﬁ&‘ﬁ‘?{%\?ﬁﬁ&hm JQWh%ﬁmet"E@?aJ'S‘#c circuit
board conpr havegn av&agabaﬂmeeé'ﬁ;mmucempamg toaager issattegingit¢chniquesast one
non-degreased fabric conmprising at least one strand conprising a plurality
of fibers, VNG ﬁ°’Ht°1B’a§F“%T°8%rt|on of the fabric has a coating which is

corrpatilqbe wth a matrix material; and (ii) at | east one matrix mat eri al on

at least a portion of the 10 at | east one fabric; and an electrically
conducti ve | ayer 45t he A glpRiranicsupPoraceqAingde claim 4ﬂa‘9’6?'eﬁbthﬁ§°'@8ﬁﬁ!td$ ned in

the elect r\?\ﬁb&tlr@'fﬁﬁﬁéﬁco?t?fsgs apﬂagﬁhe%ﬁiaddé%&eﬁélrd?ﬁéréntl?l'?ﬁﬁ ﬁleﬁﬁ&ﬁﬁtg:c ng to

cl aim 49, erel coating conprises lurality
particles. ®fiparticles| ectroni ¢ support according to claim 50 wherein the
. particles are forned frommaterials selected from pol yneric inorganic
mat eri al s, non-polyneric

16 46.  An electronic support according to claim 41, wherein the compatible

coating further comprises at least one film-forming material.

47.  An electronic support according to claim 40, wherein the compatible
coating has a loss on ignition of ranging from 0.1 to 1.6, and an air permeability,.
20 measured according to ASTM D 737, of no greater than 10 standard cubic feet per
minute per square foof.

48. A method of forming an electronic support comprising: _
(a) obtaining a fabric adapted to reinforce an electronic support by-

25 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 least one
warp yarn comprising a plurality of fibers and having é second resin compatible
coating on at least a portion of the at least one warp yarn;

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

30 material resin; .

(c) at least partially curing the coating into the at least a portion of the
fabric to form a prepreg layer; and

—_—
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I norganic materials, polyneric organic materials, non-polyneric organic

mat eri al syo oRf270pnposite materials, and m xtures of any ofPQIViESPRI4ST0I ng.

52. An el ectronic support according to claimb50, wherein the particles

have an average particle size sufficient to allow strand wet out. 25 53. An
el ectroni c support according to claim50, wherein the particles have an
average particle size, neasured according to | aser scattering techniques,
ranging from0.1 to 5 mcrons. 54. An electronic support according to claim

50, wherein the coer@gt i bfaﬁ‘iiﬁgiﬂ?%tdrrmor@ﬁrémb 1%@?@@%, diithloRa o niuie

| ubricious materia ifferent Tromthe plurality of particles. -148-

LEL/ L * 1111 | dledtddally contiidtive tayiers td fom the elestronic suRpAMUS00/ 20457 55. An

el ectroni c support according to claim50, wherein the conpatible coating
further conprises at least one filmformng material. 56. An electronic
support accordi ng t49.cl aAmetetronicaireuit boand commsigingbl e 5 coating has a | oss
on ignition of rang and %n air perneability, measured

jog fromO0,1 to 1.6 .
accordi ng tdD ASTM d£37,a%geﬁg°ﬂf’§5?3?ﬂfﬂ'§ﬁ" B9st andard cubic feet per
m nute per squ?r)e fgot- 57. A(iymlt hatlieakt 6ms Abmgegreasedfabrc comptrising ableast
conprising 10 (a) obtaining an electroni c support conprising o oy . nor e
el ectrically enghsitand ceannrising:a plraiityef ﬁ%twq%ﬁ%" Pgl?ggt@ Bﬂ'&'gf‘@gﬁlecfrab"c as
reinforce the ghogiiodiic RURARaHbie\GHTE thatix Harériananat | east one fill yarn
'ty of fiber ' [

conprising a plura rs and having a first resin conpatible
coating on at |east a portion(idf tiatleast preymatrixsaterialonatieastappostion efdhe

one warp yagkn LI S . rality of glass and having a second resin 15
conpat i bl e%oa%ﬁ%gtgﬁbg?orﬁégé{il a portion of the at | east one warp yarn; and

(b) patterning at |east (b)e ontelustrigaly condustive layer the sunpost ansiibe sondustive
layers of the gl e fonL s HBRH ie'dedsBri Arcli bghR i rouitboard. -149

50.  An electronic circuit board according‘t'o claim 49, wherein the

15 compatible coating comprises a plurality of particles.

51. An electronic support according to claim 50, wherein the particles are
formed from materials selected from polymeric inorganic materials, non-polymeric
inorganic materials, polymeric organic materials, non-polymeric organic materials,

20 composite materials, and mixtures of any of the foregoing.

52. An electronic support according to claim 50, wherein the pa:tiéles

have an average particle size sufficient to allow strand wet out.

25 53.  An electronic support according to claim 50, wherein the particles
have an average particle size, measured according to laser scattering techniques,

ranging from 0.1 to 5 microns.

54. An electronic support according to claim 50, wherein the compatible
30 coating further comprises at least one lubricious material different from the plurality

of particles.

-148-
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55.  An electronic support according to claim 50, wherein the compatible
coating further.comprises at least one film-forming material.

56. An electronic support according to claim 49, wherein the compatible
5 coating has a loss bn ignition of ranging from 0.1 to 1.6, and an air permeability,
measured according to ASTM D 737, of no greater than 10 standard cubic feet per
minute per square foot.

57. A method of forming a printed circuit board comprising
10 (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
least one warp yarn comprising a plurality of glass and having a second resin
15 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.

R
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