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-2 - ' Field of the Invention

This invention relates generally to coated glass fiber strands for «%¥ .«
rei nforcing conposites and, nore specifically, to glass fiber strands

coat ed w bduabdrer mal | y conductive, inorganic solid pardorssswosgsef ul for
fabric for 5 reinforcing |lam nated el ectronic circuit boards.

Background of the Invention El ectronic circuit boards are
typically formed fromlam nated | ayers fabric conposed of
reinforcing fibers, such as glass or KEVLAR[err] fibers, 10 which provide
di mensi onal stability to the board to naintain the integrity of the

el ectronic circuits nounted thergmd olfl%g v%hﬁoj\ormed by drilling through

t he | ayers of the |am nate OT_SU'p'p'OT‘&l—O—I_th erconnect circuits through
di fferent pl arrdsinvéietiin rplaﬁeklgmbrdllyiomatddegialss ﬁHarlsg'apd@tmss i f not

adequat el di ssi pat ed,, can,increase,t ur of, su rt
R ) arsfErch R oTiposiies Shdnmaieaneciioiv, foBss aeshsants BpaRd
tenperature Ofith HrBly a:ahoﬂeﬁ@é Iu?drgamc solichSérﬁSl&s ﬁgéﬂil fogfdtme foRL ri x materi al

to flow or snear and create defects on he walls of the holes being
drilled. The wﬁmmgdgmsnamwelam'gswmqar%a| processing steps to
renove the resin snear prior to plating. Drill life can be adversely
affected by excess heat produced during the drilling process. 20

Di stortion or warpage of the lﬁ;_mgrdundbbmhlhilenmlal thermal . -
expansi on caused i nt er nal ratuyre rin nuf act.ure- of ..
the board, as wel Igﬁgr%ﬁﬁ"ﬁﬁ“é’@ggtﬁso? Lhymﬂ{ygo %%E?'BE?’E" G/ and
service, can ﬁﬁﬁ@&éﬁh&ss’& 6f36inféreing Fidehd, leuctias glR8s bPKEMIAR®fibége boar d.

Sol der joints and internal circuitry are particularly susceptible to
damage dud0t owbichipradde disnepaipaal stability to the boart éo maintaiattbe integritpobthe al so

o) Schibat 8l Habdi Bhrean, HORSUEREN H, pBRGHALEERE ' 0,
of the el ect rppé® of HERRMRS or BOSPITRLS inteitonnect et throggh eufﬂamnat ure to -
whi ch t he conponents are subjected Rr %];ll?lrrzabl'ocess € not adequatel
planes. Heat produced during the gp , q y
. dissipated, can increase the temperature of support material adjacent the
15 hole in excess of the glass transition temperature of the matrix material
thereby causing the matrix material to flow or smear and create defects on
the walls of the holes béing drilled. The board must then undergo addﬁiphal
processing steps to remove the resin smear prior to plating. Drill life can be
adversely affected by excess heat produced during the drilling process.
- 20 ~ Distortion or warpage of the board due to differential thermal
expansion caused by internal temperature gradients during manufacture of
the board, as well as during assembly of the electronic components and
service, can adversely affect reliability and performance of the board.” Solder
joints and internal circuitry are particularly susceptible to damage due to such
25 warpage. '
The laminate or support also can be subject to high heat fluxes
produced during operation of the electronic components mounted upon the
. _board. To prevent deterioration of the electronic componénts, the maximum

operating temperature to which the components are subjected preferably



-3-. -, does not exceed 100[err]C. To dissipate the heat generated by
operating conponents, the conponents are designed to direct the heat
to adj acent or support materials, i.e., heat sinks. Oten, sone
portion of tﬁf’?’ﬁ"@?ﬁ directed through the |ani nat ePGHUSHEBIE? t t o
the heat sink. 5 To prevent distortion of the matrix materials,
thermal |y conductive mat eri als such as zinc oxide and boron nitride
have been included in the matri x resign of the lamnate to conduct the
t hermal energy generated during drilling or operation to heat sinks or
t he edge of the board. However, such thermal |y conductive materials

are often diffidoesnot excletptO086. l]‘lmid:ssipﬁtgt}imhedtgeh@rateﬂiby bpenaaﬁgn and can
accurul ate and contam nate resin sup or exanple, to

di ssi pat e t her FRMPORERLGy the gompangn s'ga!eé éodigect the heatd?@é asepkaip

sheet-like, th is ye ?hg,; bi nder,
curi ng agent and e%rrtra y cdr%'éijgtélgs/éem ers suc%as aPum numtc'm de,

al um numni tri dia‘acbdrtbromhtthé taminalagmsupmﬂtocﬁhééleahsinkl nc oxi de and vari ous
15 netals (gee col lin

| ayers of a supB cﬂ’f? %g@?'ﬁpn °§ Ef“%tg"‘ﬂ?aig I# Qﬁ%qnaélyéﬁdt%ﬁﬁor ore

included in t henétaﬁélg%hbu as zinc @IarRd boton HRASS have Bédriincluded in the To
enhance, reduce or ét rictional characteristics of a conposite,

U.S. Patent No. manmestrm heilaminatet eorduot the thermal gaergy gienewai!ﬁﬂ ﬁ’!gm
conposite 20 Bforgip@FaiuoB teﬁagzgﬂg@th%eg&%m@%eg Mcur %PQ&&H ile

fibers which are gnat e coa fe cement or
bi nder system tAérenally conbtuctwermaienal's noéuwlﬂtfﬁcultlt@dispeasemifesnlyurctheas

car bon bl ac hite, t al i de arjumsul fate m num
silicate, JFQ)uﬂ'ﬂaat 65%%‘? an F?P@P‘é‘é‘““'@f%?ﬁfgém ammg%rgﬁ'rbsquytﬁg -pol yneri zed
cashew nut oil, clagorgkampm, fUd|§§ifi@tb'tﬁé9m{a$éﬁe@9, u. sz Patént Nd. ae889506456) -

To |rrprove penetratlon of resin between 3 ass relnforcement flbers

during fornati dliscigses aghastdke.dhenmally cpadugiive material Sarmesinf aprethagses :
o0 ot L Ay End YRR, S ek 55, s e 7S
yam aluminum nitride, boron nitride, magnesium oxide and zinc oxide and various
15 metals (see col. 2, lines 62-85 and col. 4, lines 3-10). One or more layers of a
support material, such as glass fiber cloth, can be included in the thermally
conductive sheet material. ' _ .
To enhance, reduce or modify frictional characteristics of a composite,
U.S. Patent No. 5,217,778 discloses a dry clutch facing including a composite
20 yafn of glass fibers, metallic wire and polyacrylonitrile fibers which are
) ifnpregnated and coated with a heat curable cement or binder system. The
binder can include friction particies such as carbon biack, graphite, metal
oxides, barium sulfate, aluminum silicate, ground rubber particles, ground
organic resins, polymerized cashew nut oil, clay, silica or cryolite (see col. 2,
25 lines 55-66).
To improve penetration of resin between glass reinforcement fibers
during formation of a composite, U.S. Patent No. 3,312,569 discloses
| adhering particles of abrasive alumina fo the surfaces of the glass fibers and
Japanese Patent Application N_o. 9-208,268 discloses a cloth having yarn



-4 - formed fromglass fibers coated i Mmediately after spinning with

starch or a
i norgani ¢ soli

kaol i n and t s¥@sydrgpever the Mohs' hardness val ues of pgriigdondosgnd
ater than about 9 and 5 about 71, respectively, which can

silica are gre
cause abrasion
di scl oses an i
gl ass fiber cl
phenol - f or mal d
butyral and su
for glass fibe

synthetic resin and 0.001 - 20.0 wei ght percent of

d particles such as colloidal silica, calciumcarbonate,

of softer glass fibers. Sovi et Union No. 859400
npregnati ng conposition for manuf acturi ng | am nat es of
oth, the conposition contarﬁrng an al coholic solution of
ehyde resin, graphite, nolybdenum di sul phi de, polyvinyl

il it i 3, '

5,541, 238 di sclsgm;aeti@rés'immd 0001 r-abn{jweighmgrcent ofiﬁmgam@:solﬂ particles t her ITpSﬁt
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di ssi pati on ne
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The present in
one gl ass fi.be

| east one
i norgani c soli
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ikﬁ%}’ h%ﬁé?@w??tug?%ﬁélémﬁﬁdam%é igfél‘a:tnetttggﬁ %%ur@xhgg an 15

I'e”"di aneter o 05-1 m cronet er . space an

r a glkass, f,ilber,. pr, Lon _bushing inpractical . ..

i For SprLUNBRIND BBEAGA HReRtS Bh BohrpBRERE ot osiion et , of

pol ymeric mat r irantfdtining laminies\bi glasshiver Rlotty,ithe compBsiioretontainingtarneat -~ 20

chani sm for- rei'nforcenent a;ﬂol I cations_such as el ectronic:
e resin, graphita, olybdemin | nvent i on

i her : Il | east
bl BBy PutheP B Bk, VOId BB sl dtb ek
si zi ng conptki wdesinate friglasstfibeaprddaeation spglicationsn of a surface of the at
& B4 B5Ehe N0 S50 G324 BB O 1 51 19

thermoplastic or thermoset composites which is coated by vapor deposition or -

alcoholic solution of phenol-formaidehy

r a ‘prrmar ayer of a dried resi

plasma process with a single fayer of an ultrafine material such as inorganic’
oxides, nitrides, carbides, borides, metals and combinations thereof having an
average particle diameter of 0.005-1 micrometer. Limited space and . .
environmental considerations make the use of vapor deposition or plasma
processes under.a glass fiber production bushing impractical.

There is a need for glass fibers which are E:ompatible with a variety bf -

polymeric matrix materials and which can provide a more efficient heat
dissipation mechanism for reinforcement applications such as electronic
circuit boards.

Summary of the (nvention

The present invention provides a coated fiber strand comprising at
least one glass fiber having a primary layer of a dried residue of an aqueous
sizing composition applied to at least a portion of a surface of the at least one

glass fiber, the aqerus sizing composition cbmprising inorganic solid

TSeeR. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (1975) at page F-22
and H. Katz et al. (Ed.), Handbook of Fillers and Plastics, (1987) at page 28, which are hereby
incorporated by reference. :



See R. Weast (Ed.), Handbook of Chem stry and Physics, CRC Press (1975) at
page F-22 and H Katz et al. (Ed.), ‘Handbook of Fillers and Pl astics,
(1987) at pag i ch are hereby i ncor porated by reference.

-5 - pglrot%’lgfc49 § having a thernal conductivity greater PF¢HUOAMSHt 30
Watts per neter K at about 300K Yet anot her aspect of the
present invention is a coated fiber strand conprising at |east one
glass fiber having a primary |ayer of a dri%d residue of 5 an aqueous
sizing conposition applied to at |least a portion of a surface of the

at | east one glass fiber, the aqueous sizing conposition conprising

i nor gani c sparticlep having edbermal conductivinegneater thardahatit B0tWatls pert meterhan
about 5 Watts pey r Kat a tenperature of about 300K and having a
har dness val ue \A’ﬁiaEﬁbo"t%bgoes not exceed a hardness val ue of the at |east

one glass fiber. 10 Yetanothephisact astheqiregdntif@ntioeenéodtad Abéf ffands a
coated fiber strand conprising at |east one glass fiber havin

primary |ayer ofcamprisingatieastene alass fiber having aiprigiary layse ot 2 éﬁe@lfﬁ'ﬁidql@?pft o at
| ' f . fi
east a portign %r; a@g\% lﬁl&@%’géﬁhﬁt@ @;ﬂlﬁatto at Ieastou{'ﬁ%rgh%‘%a sUftGEe Bffle?

secondary | ayer coat1 ng osrtron conpri si ng
particles of an atleasoneglassifiber,dhe bqueous sizind eompositién camprising inordanic
greater than about. 30 tts per ter K a le rature of about 300K
posi 11 oned upon SRidiaRides ayBte » Hiprae! coritusfifyarbaa e about 6 Wattsper- v
anot her aspect OhefdiK &LRAPerdtiCsHdboNt 8601 aRd AbAG Bl HAfdndss s which
conprising at |east one glass fiber having a primary | ayer of a dried

resi due of dpesi nat gycesshd baidnesn valye of the atdeast ope glassdibgorti on of a
surface of thg at le%{oﬂ‘?e@asﬂ@&d?kﬁé@e%ﬁﬁﬁv&ﬁﬂn?sé%%ﬂ%\érkﬁrﬂ of a
oati ng CONpos|

powder ed secondary c 'on conprising 1 norgani c solid
particl es havi ngcomprsingat leastode glassifiber having gipidaty layerof aldded rediduétoft s

D e e o bRk el ol ok n peri A e S ek °
invention is a cgw @dsd fitlktandld s8tdndary layer of an aqueous secondary coating '
composition comprising particles of an inorganic material having a thermal
18 conductivity greater than about 30 Watts per meter K at a temperature of
about 300K positioned upon at least a portion of the primary layer.
Yet ancther aspect of the present invention is a coated fiber strand
comprising at least one glass fiber having a primary layer of a dried residue of
a sizing composition applied to at least a portion of a surface of the at least
20 one glass fiber and a secondary layer of a powdered secondary coating
composition comprising iﬁorganic solid particles having a thermal conductivity
greater than about 30 Watts per meter K at a temperature of about 300K
positioned upon at least a portion of the primary layer.
Another aspect of the present invention is a coated fiber strand
25 comprising at least one glass fiber having a primary layer of a dried residue of
a sizing composition applied to at least a portion of a surface of the at least
one glass fiber, a secondary layer of a secondary coating composition
comprising a polymeric material positioned upon at least a portion of the
primary layer, and a tertiary layer of a powdered tertiary coating composition



25 conprising at |east one glass fiber having a primary layer of a dried

resi due of a sizing conposition applied to at | east a portion of- a
surface of the at | east one gl ass fiber, a secondary |ayer of a
secondary CO&O 9g4mONPosi tion conprising a polyneric pgfB§dodkhoss
positioned upon at |east a portion of the primary |layer, and a

tertiary layer of a powdered tertiary coating conposition

conprising inorganic solid particles having a thermal conductivity greater
t han about 30 Watts per neter K at a“tenperature of about 300K
posi ti oned upon at least a portion of the secondary | ayer.

Anot her aspect y ' d .S el r '

conposi t o conpr e eFhdiaghl: skt feides Haynd £ el Bl iy BRA oy

gl ass f i baabolia$@ Watits per msiernK lahg ¢empératurel of abbut 890K positibned upenieous

Ssi zi ng conposi tion applied to-at |least a portion of a surface of the
gl ass fiber, t{%?e-aéapgaﬁé‘cﬂﬁh%F%qﬁéaB@%si tion conprising inorganic solid

particles having a ancthel BSpEBllof HRISHESEA VNS R Rinfbltal pdiMlric30 Vatts
per nmeter K at about 300K; 10 and (b) a polyneric matrix nmaterial.

Anot her aspett demposite poropesing:i(a)yacoated fiber sirandgomprisingoati least gna glasst ed

fiber strand c | Si. . . i her ' Primary | ayer of
a  dried rﬁ%h@"’@é’a%’ﬁﬁﬂ%ﬁfﬁs}g@? g%'%g%g%?% FF ;’%Hgg%%ﬁ%’é to at |east a
portion of qompb?iéif:ﬁeppﬁﬁd fohut Iedst begrstiorngfe ?Jr?ae ofirteeglr;lass iri]bsrpthee_ous '
si zing conposi'tion ..conprising inorgani ¢ solid partigles havi-ng a :
t hermal conduct3a4Peys ﬁFEQFSP’PPﬁ‘an °°mp%§'93ﬂﬂ°r8@'% lidpasicles BAWRG R at about

300K. therm4t bordURtNg/ ?éﬁﬁ‘?%a{%bt%ﬁ ORVARSSYr rhété Rt ABoltS30BK;

el ectronic support . conprTsing: | abric ‘conprising a coated fiber
strand conptQ siang (B} a pelyateric matriymatefiakss fi ber having a primary-|layer of a

01 0 15 94 1 20 AHSFHpk o I ey VRSO B bf gl °
2121 19, compos! Wertapsiting alastone et Mepnaiiag b pimary lybeat 2 2
300K; and (b) é’"?ﬁy idyg ofar,aquRaus;sizingeomposiionanplied ig,at least gRerHon, of

a surface of the at least one glass fiber, the aqueous sizing composition

about

15  comprising inorganic solid particies having a thermal conductivity greater than
about 30 Watts per meter K at about 300K.

Yet another aspect of the present invention is an electronic support
comprising: (a) a fabric comprising a coated fiber strand comprising at least
one glass fiber having a primary layer of a dried residue of an aqueous sizing

20 composition applied to at least a portion of a surface of the at least one glass |
fiber, the aqueous sizing composition comprising inorganic solid paﬂides
having a thermal conductivity greater than about 30 Watts per meter K at
about 300K; and (b) a layer of a polymeric matrix material applied over at
least a portion of the fabric.

25 Ancther aspect of the present invention is an electronic circuit board
comprising: (a) an electronic support comprising: (i) a fabric comprising a
coated fiber strand comprising at least one glass fiber having. a primary layer
of a dried resigue of an agueous sizing composition applied to at least a
portion of a surface of the at least one glass fiber, the aqueous sizing



| east a portion of the fabric. 25 Anot her aspect of the present
I nvention is an electronic circuit board conprising: (a) an electronic

support conp&l)l%%glg§7 (i) a fabric conprising a coat ed ]j%w‘%g and

conprising a one glass fiber having a primary |ayer a dried
resi due of an aqueous sizing conposition applied to at |east a portion
of a surface of the at |east one glass fiber, the aqueous si zing

-7- conposition conprising inorganic7solid particles having a thermal
conductivity greater t han about 30 Watts per neter K at about 300K;

and (ii) a layer

lied |
a portion of t hé:°'fn887°"p3n °3'H§"?'§9 lnorgam%ﬁollgx P@Eﬁ[’ ‘1"§9 EWLJEH' %'gélfciy eas!
posi tioned adj agpstiterthah %beﬁﬂmfpbﬁﬁﬁeté?f}( attaboet so@recar&r (ii)?ﬁ |&Yer bhS

el ectronic support Stil| another aspect of resent
i nvention is anP@YMGﬁ?wXWﬁPP'!Ed °‘@6ﬁbbﬁ§ﬁﬁ1§0ﬂ19apfﬂwffﬁ He. andriphsi t e

|ayer_conprisingy, ¢ é&rg&lig%gﬁél&?uﬁgregyehébﬁgm?eda ce%?ﬁ:t?eeje&é@%n&%@?

conprising at |east one glas a dried
resi due of arb arsaleoteﬂgtdafgheelmtremblsuppampl ied to at Ieast alo portlon

of a surface of the east one s fiber, the a eoss
corrpos:Jt i on conpri si gé“ p@ﬁaraqﬁqecgqatﬁa Pbéﬁem By "’I‘Fd‘ggﬂgf %F“P:‘?@ﬁﬁ&md
conductivity cogﬁhﬁﬁ&ef(a)’éhﬁéi&%&té%y fifg: (Phthbdt dmghdiffRer at ur e

of -about 300K; a layer of “a polynerrc matrix nmaterial applied
over at | east acpatedifiver sirandeomprising altjeast onaglassifipenhadog agricnary tayer e

acpect of the pPLeSRpY R Bhar SRR ik combeRlon applied to at gty ° "

conpri sing: 10a) pamonlofetsmracs of thepatriéast ong graes fiber, (he agudodussizimprposi te

| ayer conpri si n%@“‘\% a fabric conprisi nq coated fiber strand conprrsr ng
at | east o Pﬁ'@%n £PMRFASIAG iNoRgANC srlidRaricleshaving,a thermal eenduetViiie of
an aqueous 20 eh%?é

surface of the yﬁtggggﬁgggﬂéd%nﬁggthﬁﬁgﬁ@aﬁ e aqutggeugpés‘?dzl'{P go@k 8hd
conposi ti on com@iiissliayer ofaopalymerc matrianatenal apalied oversat east ag:oathrmfrthal

Conduot VL, 5" SR, b ) R B HBARS B Bf o e frofborhpbSer 1€
16 layer.

Yet another aspect of the present invention is an electronic eircuit
board comprising: (a) an _electrc_)nic support comprising: (i) a first composite
layer comprising: (1) a fabric cqmpriéing a coated _ﬁber strand comprising at
least one glass fiber having a primary layer of a dried residue of an aqueous

20 sizing composition applied to at least a portion of a surface of the at least one
glass fiber, the aqueous sizing composition comprising inorganic solid |
particles having a thermal conductivity greater than about 30 Watts per meter
K at a temperature of about 300K, and (2) a layer of a polymeric matrix .
material applied over at least a portion of the fabric; and (ii) a second

25 composite layer different from the first compaosite layer; and (b) an electrically
conductive layer positioned adjacent to selected portions of selected sides of
the first and/or second compaosite layers.

Another aspect of the present invention is a method for forming an
aperture through a layer of fabric of an electronic support for an electronic



material applied over at |least a portion of the fabric; and (ii) a second
25 conposite layer different fromthe first conposite |ayer; and (b) an
electrically conductive |layer positioned adjacent to sel ected portions
of sel ected wiokhog4ssf the first and/ or second conposi t BCt/agmins9

Anot her aspect of the present invention is a nethod for form ng an

aperture through a layer of fabric of an electronic support for an

el ectronic -8- 8 -

circuit board by (1) positioning an el ectronic support conprising a portion
of a | ayer of fabric in which an aperture is to be fornmed in registry

with an aperturarcu.t boa&pmﬂ@o@iﬁaﬁahgtan%leam-ds@ppbﬂfcmﬂwsiﬂ@ aperiériéfa | n the

portion of the layer of wherein the i nprovenent conprises: the

fabric conpri si leyerofdabricin W'BCH ?'bépe@*!rﬁdﬁl@ ke fesmned inpaistry|wathsan apRituse as s
fib h |
ther mal - conduct D SRS 41 (2) tqrnird i fapbeturd (e pRRidn U Iygrend B

300K appl i ed tOfabthMaaemaheampnwemeht corsprisearcthe ddbric comprismgaa coatedt one
gl ass fi ber SCI | pt on of the Draw ngs

The foregoi n§ gpﬁ?éfrﬁ'“d&9”‘?3?‘?"9%'9@%"‘?%5?6#% &"&lq CIETRTNG on of
the preferred eﬁBf%niE?éBba a‘f’ﬁdlés WA Hf&rmﬁﬂ&ﬁfd&bmﬁ@ gl*é’étér thaaGbout 30

conj unction wit appe ded raw n drawi ng Fig. 1
i s a perspecti vWalts@er ofeter léetaabmﬁﬁpg&ﬂpﬁhﬁchmtﬂ%ﬂﬁt agvoathswfmtyfai;s of [ ayer

of a dried resi i zi ng conposition according to the -
present inventi @%?at?éas?gngﬂiégglﬁéeﬁ 2 is a perspective view of a coated

fi ber strand having a primary layer of a dried residue of a sizing
conposition gnd t her eupon a. se I et of .an agueous secondary
coati ng conﬂ sition accordi ng BEe g Drawings on; Fi g.

3 is a perspective Wt?é'\fo?égo?n@&fiﬁﬁ;@lnf h?Wel[sdsrtﬁé‘ﬂ)llBﬁmg"ﬂbtﬁiIéHdé&f‘pﬂon of
' the preferred embodiments, wili be better understood when read in

conjunction with the appended drawings. In the drawings:
Fig. 1 is a perspective view of a coated fiber strand having a primary
16 layer of a dried residue of an aqueous sizing composition according to the
present invention;

Fig. 2 is a perspective view of a coated fiber strand having a primary
layer of a dried residue of a sizing composition and thereupon a seéondary :
iayef of an aqueous secondary coating composition according to the present

20 invention;

Fig. 3 is a perspective view of a coated fiber strand having a primary
layer of a dried residue of a sizing composition, a secondary layer of an '
aqueous secondary coating composition, and a tertiary layer thereupon
according to the present invention;

25 Fig. 4 is a top plan view of a composite according to the present
invention,;

Fig. 5 is a top plan view of a fabric according to the present invention;

Fig. 6 is a cross-sectional view of an electronic support éccording to

the present invention;



| ayer of a dried residue of a sizing conposition, a secondary |ayer of an
aqueous secondary coating conposition, and a tertiary |layer thereupon
accor di ng t opwd@udsesent invention: 25 Fig. 4 is a §@9U§bﬁﬂsy'ew of
a conposite according to the present i nventi on; rg. 51is
a top plan view of a fabric according to the present invention;

Fig. 6 is a cross-sectional view of an elegtronic support according to

the present invention; Figs. 7 and 8 are
cross-sectional views of alternate enbodi nents of an el ectronic

support according togcth e and -ig..9.0s a
schemati ¢ di agram of F@S%gﬂ%g a?%?'ﬂ%%ﬁ\%h %Kle&lﬁ&f Pﬁ?lgaﬁenergbodimgnis(ﬁf@p of
fabric of an el epktroniceupperpatdording to the present mventton and Det ai | ed

Description of the Invention | ass fj bers of the pr esent

i nvention have a unig@e® & schamatis diagram °fac@ﬁ“\°§é:1"lfpfrﬁ'!’9 anaReRiyre in a
conduction al on 8 bers. Wen used as a

conti nuous rei ngggggngﬁ?é%%ﬁg%&e%g%r@é% circuit board, the coated 10
gl ass fibers%f the present invention can provide a mechani smto pronote
heat di ssipation from a heat DRk . circuit) along the
rei nforcenent to conduct heat=—&awe °orrponents and

thereby inhibit therymeg Eegfsdatdfmhpv@démrn\tteﬁ-eﬁha{;@hluamT@fcohh Whicui t
conponents, glass fibers andag meric matri x mat-eri al he coated gl ass 15 -
60

fibers of the pFaRdfacilitataikerm M?'@Ié‘%gmgﬁérsuﬁﬁmméﬁh%ct%ﬁy phase
than the ”a”'régg&i &§ hg:bp?ﬁuo%s rei%} Ié@éreef?éﬁlcw %ééb@@p' on,

t her eby uci ng erenti a e expansi on and war gage o
el ectronic cior cglass fibers dfities present qumlomcag pwxhdbaa mamhamsmblpmmiet y

The coat ed glas nds I nventian Lessen,or

elininate the n : ‘? P?S"f?eg ?3\95%15‘"{'&%2 Ia§ & AR AL ETCH) ﬂ’ﬁf‘%medl s | N the

matrix resin, Wféfﬁu’erdemr@wéoﬂa%t RédtBWEY THin e Bl RRbrPESrAddrdts Al | over s
thereby inhibit thermal degradation and/or deterioration of the circuit '

components, glass fibers and polymeric matrix material. The coated glass
15 fibers of the present invention provide a higher thermal conductivity phase
than the matrix material, i.e., a preferential path for heat dissipation, thereby
reducing differential thermal expansion and warpage of the electronic circuit
board and improving solder joint rehablllty _ o
The coated glass fiber strands of the present invention !essen or
20 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.
Other advantages of the coated fibers of the present invention can
include good laminate strength, thermal stability, hydrolytic stability, low
25 corrosion and reactivity in the presence of high humidity, reactive acids and
alkalies and compatibility with a variety of polymeric matrix materials, which
can eliminate the need for heat cleaning of the glass fibers prior o lamination.
Another significant advantage of the coated glass fiber strands of the

present invention is good processability in weaving and knitting. Low fuzz



costly matrix material supply tank purging and nmai nt enance.
O her advantages of the coated fibers of the present invention can

i nclude good |am nate strength, thermal stability, hydrolytic stability,

| ow 25 corrosvopeemsy reactivity in the presence of high huptgivkesmgsgacti ve
aci ds and al kalies and conpatibility with a variety of polyneric
matrix materials, which can elimnate the need for heat cleaning of
the glass fibers prior to | am nation. 0 Anot her significant
advant age of the coated gl ass fiber strandfOof the present invention
I's good processability in weaving and knitting. Low fuzz

-10- and rg{mnoé,?amwéﬁfménhém&ma PWrsiohaf h.tfﬁéb?l\i,t\ggn%mvgh
ow In I C

fliability and sertion tine are characteriStics can be
provi ded by the insertien tieags charactefistinsrwhich canibe pfovided hyrtheeoatedplass i on to

oo Sur e ot e SR bt BbsBR oyprop RS Bl R whd ' © "
Referring now t qdnisfitently prd\ideca fabricluith feWRiupface HEfEFbEPMAntkE cREGNBGYE

t hroughout, there is shown in Fig. 1 a coated fiber strand 10 conprising at
| east one gl aBs anpbeations, according to the present invention. Preferably

t he strand 10 c s I | : ' . .
herein, the term 10 %Bg%ﬂpgﬁgpﬁégmmqbﬁgge% mngr@ﬁﬁ%%isaﬁéfé%ﬁgﬁe%@ he term
“fiber" neans arthroughout)ttieré ushowhiih &igerita coated fiber strand Til@eccompaising atber s 12

can be fornmed froman of ,fiberizabl e-glass ,, comositign. known to
those skilled i de?ﬁ@féég%gﬁ?ér I'Jén' Wf‘ﬁf!ﬂsé tBig QB%?PBH'“F?'HH“W'E#GF?@E e abl e

gl ass conposi ti oggnd risBs &l phsrality of Htads ABSrs 12) AsdistdhereintheltBrm gl ass”,
"Rglass”, "S-glass" and E-glass derivatives. As_used herein,-"E-glass
derivat i ves" 1@reaftrangd"deeansoensoirmergrindividialfibers | Thedterm nidherameans anof
fluorine and/ or iR@l(l@Uﬁﬂﬂ&l‘ﬂgﬁtef erably are fluorine-free and/or boren-free.
Furthernore, as use ereln, mnor nmeans |ess than about 1 wei ght percent
fluorine and | ess thdheggtasstfibverat2 gim be formedtfrdnvamntypBad fiberizable giaser al

0 o oS A 0 R kS TR e 4L ek e PR oo
derivatives. SuGiherizable glass compositions such as "E-glass", "A-glass", "C-glass", “D-

15 glass®, "R-glass”, "S-glass" and E-glass derivatives. As used herein,“E-glass
derivatives” means glass compositions which include minor amounts of
ﬂUoﬁne and/or boron and preferably are fluorine-free and/or boron-free. -
Furthermore, as used herein, minor means less than about 1 weight perceht
fluorine and less than about 5 weight percent boron. Basalt and mineral wool

20 fibers are examples of other glass fibers useful in the present invention.
Preferred glass fibers are formed from E-glass and E-glass derivatives. Such
compositions and methods of making glass filaments therefrom are well
known to those skilled in the art and further discussion thereof is not believed
to be necessary in view of the present disclosure. [f additional information is

25 needed, such glass compositions and fiberization methods are disclosed in K.
Loewenstein, The Manufacturing Technology of Glass Fibres, (3d Ed. 1993)
at pages 30-44, 47-60, 115-122 and 126-1'35, and U.S. Patents 4,542,106
and 5,789,329, which are hereby incorporated by reference.



conpositions and net hods of making glass filanents therefromare well
known to those skilled in the art and further discussion thereof is not

bel i eved to be necessary in view of the present discl

addi tional iRfOPHE on is 25 needed, such glass conpositi gg‘g"’%ﬁfg‘m
fiberization nethods are disclosed in K Loewenstein, The

Manuf acturing Technol ogy of d ass Fibres, (3d Ed. 1993) at pages
30-44, 47-60, 115-122 and 126-135, and U H- Patents 4,542,106 and
5,789, 329, which are hereby incor porat ed by reference.

-11 - In addition t i b t he ,coat ed. fjber strand 10
can further coH’p?‘i'cgl tﬂi"f’%s %ﬁ&ﬂ?ﬂét rand O qanduntenat ural or
man- made mat er icy pbem%ﬁﬁbaﬁﬁmﬂ%&lfm@ ZAUROR SR r FtinGhadé té}Pélé”a|

mat erial s, organi olyneric mat er1 al s and conbi nati ons t hereof

used herein, tlsach as nnh-fglasenmqrgame matgrialsnatyrabmaterielsi argapioralyraeris be| ng

formed into a hous il yarn.

Sui t abl e non-gl En?ﬂﬁﬁa ﬂf“@? 8@?9‘”%@1 Gﬁégggﬁgfﬁl%'ﬁggeﬂ#@%géﬂom
silicon car g depedridid@ateril eaubieof BBing formed #ito Bigensratly icaatimuvis

pi ezoel ectric ceramic materials. Non-linmting exanples of suitable -
ani mal and vegdiament, fibey, stddiGTd@Mhat ural fibers include cotton, cellul ose,
natural rubber, fla made
fibers include thos§u %@%‘Epgn?glass m&ﬁgﬁcﬁ%%?nh%! ?%@c cg%%*%?/ r‘ne‘aaﬂr:?;igﬁl

aram ds); t her rsilicbashibidey chgbest glaph{ts.unwmesalummunpoxlglelahsllmete@trmoht hal at e
and pol ybutyl ene te.r t hal a

pol yacrylonitr |°\e P ?epphg'ma"ﬁ{gl G lé\%ﬁfésémgﬁlﬁ E\Pi"ﬂ?'lar}?o‘f%arbée'( such as

15 pol yvi mg aieﬁoéwhéturéwaeﬁl inEIEdE toesTs cBRliosRy Agtural risbersRdx rarhie, t he
pr esent i nvention and methods for preparing and proce55|ng such fiber's

are di scudesw, sisal aadjwpol Suitablesmag-masiedbees ipelude thase forped: fﬁ‘é‘@ and
Technol :
iﬁgoPgo?g%/ed bfo#yéﬂ{iges%sﬁéﬁg%%yﬁh a%%h?ér&%@ %gg%ggoh{?eni or copol ymers

of any of the Meﬂ\ymteaereﬂhmaiatéaﬁﬁ;mlyﬂutyimte’terephﬁfalétébacsﬂibs)(smtl abr om any

gfeSIt ?Zd?bove . ?yralc%rllosmt%fés), polyo?eeﬁfrj\s polyurethanes aRd e’?\?lppolyllnq\e/res tSIIJC nas '

16 polyvinyl alcohof). Non-glass fibers believed to be 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 hereby incorporated by reference. It

s understood that blends or copolymers of any of the above materials and

20 combinations of fibers formed from any of the above materials can be used in
the present invention, if desired.

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 additionally include one or more of the non-glass fibers

25 discussed above.

With continued reference to Fig. 1, in a preferred embodiment, fibers
12 of fiber strand 11 of the present invention are coated with a primary layer
14 of a dried residue of an aqueous sizing composition applied fo at least a
portion 17 of a surface 16 of the fiber 12 to protect the fiber surface 16 from



The present invention will now be discussed generally in the context of

gl ass fiber strands, although one skilled in the art woul d understand that
t he strand 10 can additionally include one or nore of the non-glass
fibers 25 di yQad¥7above. Wth continued refererrossstoamspi g. 1,
in a preferred enbodi nent, fibers 12 of fiber strand 11 of the present
I nvention are coated with a primary | ayer 14 of a dried residue of an
aqueous si zing conposition applied to at 4heast a portion 17 of a
surface 16 of the fiber 12 to protect the fiber surface 16 from

-12 - abrasi on during processing and inhibit breakage of the fibers

12. Pref er abl yabrasiontdufing prouéssing isdeniubit blRakageITHS fibbrdi 120 Rrefgasiytion is
applied to the entire outer surface 16 or periphery of the each of the

fiber(s) 12 of thersiegiresidue of theqaqueous siing,aomposiian spnnlipdto therentile 10. 5
As used herein o SA Z R hans GF . LSkl ag" f oati ng
conposition ap%‘l"“lhg%"?%’et eO'}Sé%@P gryl m%g%?tgﬁ}hip ‘tS% f%)%‘ﬁ%ﬁ% 8{{1&64 }‘Tﬁg
fibers. In formrthakcoated dibexstrandbt®li nent, the terns "size", "sized" or
"si zing" additional to the qoati

f : DOSI t ] | so, K
a "finishind size" )A%B?ﬁq *é%fre{'e"oﬁ"re terms (Rizg Bgeggg%'g@%glr%%ﬁ{}éhgic%%tmgng\r’\? rrgfy
coating conposidrhpssitisitapiied té HERSs mneélﬁtelvle’éﬂer%mféﬁ@ﬂogﬂie figepait weNt

i.e., the finishing size'is applied to bare glass  fibers incorporated
into a fabric 8plternative embodiment; e tarmsdsize's isizes ot gl adddienalihpr i ses

one or nbre; a ' r L a -l i L “ . . tive -
I nor gani ¢ sol ia%(#epratrotﬁi‘ec%%{n?ﬁ mﬁbsmﬁg\ﬁﬁgkg&?%g% ﬁaﬁm%ﬁ@é@él)\% P gé%{rdeat er
t han about 5 Whetfibeprafterst eonvintidhal primanr codting compesitiear hasibesmfenadvedt 300K

| ferred di nent thefmal conductivity of the particle
13 1 or catbr O ERRts Ahemisg) faetment . he FrisfiRgsizk e soaleetta egs oBSY oo o

t han about 10055&\{-,'1@0?,13@3%%5 aSabAEforior € preferably ranges from
about 100 to about 2000 Watts per nmeter K As used herein, "thermal

conduct i vi ty" neansThehaquaoupsizing ermpasitioneempases ospr orop® angar ti cl e 18
Lo e Dol M SR BB i bbb 3gT .,
having a thermal conductivity greater than about 5 Watts per meter K
16 measured at a temperature of about 300K. In a preferred embodiment, the
thermal conductivity of the particles 18 is greater than about 30 Watts per
. meter K, preferably is greater than about 100 Watts per meter K, and more
preferably ranges from about 100 to about 2000 Watts per meter K. As used
herein, “thermal conductivity” means the property of the inorganic solid
20 barticle 18 that describes its ability to transfer heat through itself. See R.
Lewis, Sr., Hawiezs Condensed Chemical Dictionary, (12th Ed. 1983) at
page 305, which is hereby incorporated by reference. In addition, as used
herein, “solid” means a substance that does not flow perceptibly under
moderate stress, has definite capacity for resisting forces which tend to
25 deform it, and under ordinary conditions retains a definite size and shape.
See Webster's Third New International Dictionary of the English Language -
Unabridged (1971) at page 2169. Furthermore, as used herein, the term
“solid” includes both crystalline and non-crystalfine materials.



page 305, which is hereby incorporated by reference. In addition, as used
herein, "solid" neans a substance that does not flow perceptibly under
noder at e strg;g 3s definite capacity for resisting forces which tend to -
25 deformit, 3%ﬁ'ﬁhder ordinary conditions retains a def FRTUEM&H98 and

shape. See \ebster's Third New International Dicti onary of the English
Language - Unabr i dged (1971) at page 2169. Furthernore, as used
herein, the term "solid" includes both-crystalline and noncrystalline
materi al s. -13 -

The t her nual conduct| T\{? terial can be determ ned, by any

met hod known to one K lPﬂ"“ﬁW@"@i’nﬁfaﬂ'ﬂ raatgrig) can efdattq’fé"“ﬂ%‘?hﬁw
conductivity Ofméthﬁd'ﬁﬁéﬁﬁ‘t@bnégklpéﬁ ﬁ\%éﬁﬂ rF%F'gf'a?'n Iéol fimdl: 001 Vatts per

meter K to about 100 Watts per neter K, the ther con uct|V|ty of the 5
mat eri al can beogduetivity némmawgattn@eﬁestedmmsgm dooliti@0Watte peet hod

emper at ur e of THBSLI 13 aBRet 100 Watls PRLIBLT R A8 Ere By ner et or 1 af to -
be t est®d mateaican iy dstemmined ﬂsM@tﬁépWrrém@ﬁlrdé@ Ret phdte lnﬁetﬂé’d)o Vatts
per meter K, the thermal_ conduct)vit he material can

det er i ned usi r?&cﬂﬁ’@'\gl@ A%MtQjéW'ﬁﬁt(Whpﬂis B@ﬁ%!bm‘?ﬁﬁlofﬁfﬁd By (E%fﬁfﬂ'ﬁg) ata ASTM
G 518-91 (whic riellnﬁeratl.tre J?%Bg@ty 300RC Of e c}ﬂ% B?f gf’&ciﬁ material to be In
ar de ate a

t he guarded ho ate net gu paratu consisting
of a guarded hete&tedgangustfrom abomBGWaﬁs pehmetelrl(gombau’etZO(IMﬁspeh ng

units, edge |nsulat trolled secondar uar d nd a 15
tenperat ure seagP ‘r(egi'&ts @ﬁ%@ﬁ@gam&q cen pgge %é‘g%d usrg, fhe

i dentical 10 gmafaédeﬁot ﬂﬁbeeﬁs’u”mhaﬁo@aec@aﬁgwAswchmrsﬁcvﬂﬁtmé the
guarded heating unit the opposite faces of the specimens in

contact with t f%‘?)édﬂP‘Pf&ﬂSat%GY refgrence). units. The appar atus is then heated
L e el oo e 1 SR ol o, pudfl g el 7 el o
achi eved, the keasisfingof 4 ghared heating dmit) b atiXiltary heatlrsgapiatesstvwmbdhhg _
tenperature di fufnﬁg,e%% igéah-ll_gtio%?ra gr?\pterg ure cgmrglfedlsseccr:r?gary guard, and a
15 temperature sensor read-out system is used to test two essentially identical
samples. The samples are placed on either side of the guarded heafing unit
with the opposite faces of the specimens in contact with the auxiliary heating
units. The apparatus is then heated to the desired test temperature and held
for a period of time required to achieve thermal steady state. Once the
20 steady state condition is achieved, the heat flow (Q) passing through the
samples and the temperature difference (AT) across the samples is recorded.
The average thermal conductivity (K) of the samples is then calculated using
the following formula (1):
_ K=QL/AAT (1
25 wherein L is the average thickness of the samples and A is the average of the
combined area of the samples.
To minimize abrasion and breakage of the glass fibers, the thermally
conductive inorganic solid particles 18 applied to the fibers in the form of a

sizing composition preferably have a hardness value which does not exceed,



The a'verage thermal conductivity (K) of the sanples is then cal cul ated
(

usi ng the following fornmula (I): K=Q -
L/Alerr]T (I') 25 wherein .L is the average
t hi ckness of wiodwussnpl es and A is the average of the rOTIsRIEssar ea of
t he sanpl es. To m nimze abrasion and breakage of the gl ass
fibers, the thermally conductive inorganic solid particles 18 applied
to the fibers in the formof a si zihgg conposition preferably have a
har dness val ue whi ch does not exceed,

-14 - l.e., is less than or equal to, a hardness value of the gl ass

fiber(s). The i.e.,iseasdnaser eqialites adfardriess tvakeraikhey/glassfiher{s)v dhenor gani c

solid particles and | gss fibers can be determn ned by _.any cqnventional
har dness rreasur%'&%‘?ﬁs_sValue%r?gi%{ﬁ'?"gﬂmau?ﬁvﬂﬁ?géﬂpSB&TH%’F'&egép ness, but
is preferably qaieyfBdr$ean Be a6ephcddyidhyidofvertiofbridrdféstsmediurétiests scal e

whi ch indicates the relative scratch resistance of the surface of a
material . The Nbethodhsuchrasdgckess geBrnell hardnegsabut is praferablydetermingd r anges

CEa) P PandeB odpRint i B BoRAfMblls Hafdrdsg el wnich AAes e ratle™ L
F-22, which is depdteRyedidiandensiitng sarfdee ofef matenak . ThEMohd hatdnkSs valaedfiess

value of the thermally conductive inorganic solid particles preferably
ranges from abdli@safiters genasaiy rapges from about 4.5 tygho PrAd B ARIEEN i ty and

Mbhe' nardness- Ju8s ro WeRY fidt, Hitibiook of Cherfilslr BAd PhydiEs TREPrédier mal |y

conductive inorgani c soli aplfe 10 use as particles 18
in sizing conpddPT5)mtpage F-22, whichiisdérepy-iscorpotatad byt refergrcel STheMobs'di ng t o

i the art WuiPRRR B o 4 e el Roioh g RerinkSofd paliehs preferath. |
thermal |y condqghgggﬁbmqbgam_s toabogtgaterials listed in Tables A and B can-

be used in a sizing to form coated Hll ass fiber strangs according to
the present i nvdeithermal conductivity and Mohs' hardness values of several non-

limiting examples of thermally conductive inorganic solid materials suitable for

use as particles 18 in sizing compositions to form coated glass fiber strands

15 according to the present invention are given in Tables A and B belov\}_f“' One
skilled in the art would understand that particles of one or a mixture of the
thermally conductive inorganic solid materials listed in Tables A and B can be
used in a sizing to form coated glass fiber strénds according to the preéent
invention.
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Table A Inorganic Solid

Material Thermal conductivity El ectrical Resistivity Mhs' hardness
(WmK at 30 (mcro ohm (original scale)
centineters) %99/44%5& on nitride about 200[err] Pcrmsssllofugyx
10[ err] about[err] zi nc oxi de about 26
about 4.5[err] zinc sulfide _akout 25[err] 2.7 X
10[err]Jto 1.2 x 10[err] about 3. 5-4[erralF graphite up to
2000[ err] 1000[ err] about 0.5-1[err] nmol ybdenum
about 138[err] about 5. 2[ err] Table A 5.5[err] pl ati num
about 69[err] about 10.6[err] — —about 4.3[err] pal | adi um
about 70[ er r ]| Inorganic Solid Mdteriat | 1TheBfabeanfiuctivity EledirzaltRedist8fyer | | Mohs’ hardness ckel
about 92 [err -about 6. 8[ pr r (Wm K at 300K) (mierp e~ 5[ ef r |(original scale)
al um num ahout 70R[g|;_|;_]_,_-1__ L ahoutl?2. 5
2 G Slack, " nnpgren nittide - vkt o1 APARREO L qhl ThertWE ¥ 19 onduck i vi ﬁb‘?m 2 /s .
Chem Solids (102.’"3)0% 3 —p awsﬁmhidb'\ s—helohy Wale rpv t44 1
ref er ence. AM%&@-}-C&%N# X o X105 hp B S

1 o Ll DQ 7\ -4 sl ch h [ Y d
Synthesi s and TR A - TR KMV AN T o B I i ot

. 1 C I XA 3oy = CEL) \vanm \ L% 7 G.Je

27, which is | A OF-Pe a-t—ed—%%@ﬁefcr reeoout %%—eﬁ%
Lubri cation a page = [c 1 F ;Edhtggﬁk of vcltlaébbodu}t%'aand hyoébotiaﬁc,
Press (1975) gt nekel,_ ST biéwmzam—w—byﬁ%aﬂ
[err] Handbook—o'f'%ﬁaﬁn StTy—amd=PhysTts—CREPress (- rist—Er—t990—at—page

12-63, which is

Chem stry and P

her eby i ncor por

her eby i ncorporated by reference. [err] Handbook of
65 71st Ed. 1990) at page 4-158, which is
éeemadbyNomieaﬂ'@ Grystals with High Thermal Conductivity, J. Phys. Chem. Solids
S‘t 973) Vol. 34, p. 322, which is hereby incorporated by reference.
A Waimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
654, which Is hereby incorporated by reference.
* K. Ludema, Eriction. Wear, Lubrication, (1996) at page 27, which is hereby incorporated by
reference.
% Eriction, Wear, Lubrication at page 27.
® Handbook of Chemistry and Physics, CRC Press (1975) at page 12-54, which is hereby
incorporated by reference.

7 Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at page 12-63, which is
hereby incorporated by reference.
® Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at page 4-158, which is
hereby incorporated by reference.
® G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
51973) Vol. 34, p. 322, which is hereby incorporated by reference. :
° See W. Callister, Materials Science and Engineering An introduction, (2d ed. 1991) at page
637, which is hereby Incorporated by reference.
't Handbook of Chemistry and Physics at page F-22,
2R, Tummala (Ed.), Microcelectronics Packaging Handbook, (1989) at page 174, which is
hereby incorporated by reference.
' Microslecironics Packaging Handbook at page 37, which is hereby incorporated by
reference.
i According to "Web Elements” http:/ivww.shef.ac.uk/~chem/web-slents/nofr-image-
i/hardness-minerals-l.himi (February 26, 1998).
'S Microglectronics Packaging Handbook at page 174.
'¢ Microelectronics Packaging Handbook at page 37.
'" Handbook of Chemistry and Physics at page F-22.
** Microelectronics Packacing Handbook at page 37.
' Microelectronics Packaging Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.
# Microelectronics Packaging Handbook at page 174.
2 Microelectronics Packaaing Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.
2 Microelectronics Packaaing Handbaok at page 174.

2 Microelectronics Packaging Handbook at page 37.
% Friction, Wear, Lubrication at page 27.




[err] G Slack, "Nonnetallic Crystals with H gh Thermal Conductivity, J.
Phys. Chem Solids (1973) Vol. 34, p. 322, which is hereby incorporated
by reference. [err]See W Callister, Materials Science and Engi neering An
| nt roduct i onwo(99d498t. 1991) at page 637, which is her ebyPQTAIIPG%at ed by
ref erence. [err] Handbook of Chem stry and Physics at page F-22. R.
Tunmal a (Ed.), M croel ectronics Packagi ng Handbook, (1989) at page 174,
which is her eby i ncorporated by referente- [err] Mcroel ectronics
Packagi ng Handbook at page 37, which is hereby incorporated by reference.
[err] According to "Web El enents”

http://ww. shef. ac. uk/ - chenl web- el ent s/ Hable-Brage-

| / har dness-m neral s-i.htm (February 26, 1998). [err] Mcroel ectronics
Packagi ng HarjdkwasKic 3blidvatsaal 74‘henna|[cmdu¢tMycr O eElieetrital Resistiaty P4 C Kahs mgrdhess dJo ok
at page 37. [err] HandbooK of(\WGnKgridso)y gnd Himicsicbe- at paglergingiscale) [lerr]
M croel ectronlics Packadgi ng handbook at pagd 37 centlrrretergu_m_c_m_ej_e_c_t_%m_cs
Packagi ng Haridbook cepPefage 37  ahoulk308™" binndhaokatet honi orfry sBRIN2BI@ySi ds at
page F-22. [err] 88¢y ool edironghout288cyagilng LERMAAAL ot [oogbout288” Hory)
M croel ect r ofics Palf®hgi ng Hand#R740 04 37 abould dndb Bkt Y -
| Dhygi$erar nag

Cheni stry and L di o e Sy - ;
Handbook at page 174. [err] M croel ectronics Packagl ng Handbook at page
31 s [err] Fricti Orbthg\eﬁ’géfulkh’é}HaWEbH&hﬂre Wn?c?sohd d materials lnclu o e
Solid Materi 5I mdlybdemuim disutfide tindinagnesiuf exide.i Madturaegf paiticies\pf alw)ng

?g: ?g?ﬁzl scal etJ'se above thermally conductive mo‘gamc sollé1 ma%er?alg are also uséfm ifi e ohm

present invention.

As mentioned above, the Mohs’ hardness scale relates to the

resistance of a material to scratching. The instant invention therefore

10 contemplates particles that have a hardness at their surface that is different
from the hardness of the intemal portions of the particle beneath its ;_t:lrface.
More specifically, the surface of the particle can be modified in any manner
well known in the art, including but no.t limited to coating, cladding or )
eﬁcapsuiating the particle or chemically changing its surface characteristics

16 using techniques known in the art, sﬁch that the surface hardness of the
particle is not greater than the hardness of the glass fibers while the hardness
of the particle beneath the surface is g'reater than the hardness of the glass .
fibers. For example but not limiting the present invention, inorganic particles

Mlcroelgctromcs Packaging Handbook at page 174.
Mlcroelectromcs Packaging Handbook at page 37.
Handbook of Chemistry and Physics at page F-22.
Mlcroelectromcs Pzackaging Handbook at page 174.
Mtcroelectronlme Packaging Handbook at page 37.
Handbook of Chemistry and Physics at page F-22.
Mlcroelectromcs Packaging Handbook at page 174.
_MMM at page D-171, which is hereby incorporated by
reference
Handbook of Chemistry and Physics at page F-22.
Mlcrcelectromcs Packaging Handbook at page 174.
Mrcroelmfucs Packaging Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.



centineter.s) copper about 398[err] about
1. 7[err] about 2. 5-3[ err] gol d

about 297[ er r | wo 99/44957 about 2.2[err] about 2.5-3[er
i ron about 74.5[err] ~about 9[err]
4-5[err] silver about 41 8[err] about
1.6[err] about 2.5-4[err] . Oher useful thermally
conductive inorganic solid nmaterials incl uée 5 nol ybdenum di sul fi de and
magnesi um oxi de. M xtures of particles of any of t he above thermally
conductive '“Orgﬁmhcassﬁﬁdo‘i\ dé?&&é'aﬁ %u ﬁmﬁ'rﬁtﬂdé'%ﬁ]% ph&li& ith a siliph €SNt

i nvent i on. ment 1 one ove S ar dness sca € rel ates
to the resi mrhnna!e@rr nanmla)ecwaiingt dn addmdm; Isilang caUpling agents withralieyit i on

therefore 10 con&e |.at es artl‘fi& bh'% hardne Sk ﬁ;r s rface
that is different©®® a'“?PB Eiieatiad witad e%‘f Elcﬁé’ MR X e%{i‘fﬁ) 9°'8Y' Bhe
particl e beneat hgrécitesUsiirfacs. I\/bre speC|f|caI I y the surface of the
particle can be nodified in any mann in the art,

i ncl udi ng but Snot ||dﬂtaeareteﬂeembw@neet ﬁ‘@dhﬂ@waﬂv conduct@ﬁmsam@selmg t he
particle or chenbmag%g RSk r%?H HF{%‘}@d& rc%e ?nﬂ,ﬁgum ng

t echni ques known™ 1'n-t suc e sur ace t he
particle is not aalétaleerhavhgra tamellévaordhexagors ctystal gﬂrMBreférbeeompubedef t he

har dness of .t ar t I eneath the surface,is ter than e

har dness of the i erfg%g'p' 9 '"I‘—"lﬁxag fréylmfh Qlel?‘mdfquﬁ' "F\inepresent
i nvention, i nor gshiet aRdWeakvaR der Waals B@Hd‘ dg %tﬁlé@ﬁkﬁéété%}bﬁamﬁfi&‘ﬁ%ﬁéé}g
Handbook at page 174. [err] Mcroel ectroni cs Packagi ng Handbook at

page 37. 10[ estrangtin hefwsen sbﬁc%@&@%ﬂ@mmamaqsa’gﬁ Sofic

M cr bel ect  ont ool SoHeRN e S 908 1822 4250, TR L8001 o

Cheni stry and Ph&auaosma 1page0l'an2|2128 and W.GamhpbdilcSolid errcanisC,SBthggl ng

l;c]mfsssmg% out

Handbook at page 4. . , of . Che Phys at page
D-171, which is HEHCE 7 fteratugs .eﬁ%ﬁ%ﬁesearch é?ﬁ" eAAbook
of Chenistry andmeat.&ﬁ(@tsggagﬁadés%bz- 203, wl{.&r éﬂe HérebyPRbepbiied by

Packagi ng Handbook at pa [err] croel ectroni cs Packagi ng

Handbook at plgerefarence. 8omﬁvdv]atahémmmﬁnmohmmomlyavm lamellaes at page
F-22. fullerene (buckyball) structure are also useful in the present invention.
Non-limiting examples of suitable thermally conductive inorganic solid
particles having a lamellar structure include boron nitride and graphite. Boron
nitride particles having a hexagonal crystal structure are most preferred for
20 use in the aqueous sizing composition. Non-limiting examples of boron
nitride particles suitable for use in the present invention are PolarTherm® 100 -
Series (PT 120, PT 140, PT 1680 and PT 180), 300 Series (PT 350) and 600
Series (PT 620, PT 630, PT 640 and.PT 670) boron nitride powder particles
which are commercially available from Advanced Ceramics Corporation of
. 25 Lakewood, Ohio. “PolarTherm® Thermally Conductive Fillers for Polymeric
Materials” a technica!l bulletin of Advanced Ceramics Corporation of
Lakewood, Ohio {1996), which is hereby incorporated by reference. These
particles have a thermal conductivity of about 250-300 Watts per meter K at
25°C, a dielectric constant of about 3.9 aﬁd a volume resistivity of about 10"



- 17- such as silicon carbide and alum numnitride can be provided

with a silica, carbonate or nanoclay coating. In addition, silane
coupling ageRrf§ogpiabsh 2l Kyl side chains can be reacted 1%6’5 surface
of many oxi de particles to provide a "softer™ surface.ly& 95@4%” In a
preferred enbadi nent, the thernmally conductive inorganic solid

particles have a lanellar structure to re e tool wear during drilling.

Particles having a |lamellar or hexagonal crystal structure are conposed of
sheets or plates of atonms in hexagonal array, with strong bonding wthin

t he sheet . ; ; ' tg@@% ; viding | ow
shear 10 st reng@%ggﬁeﬁeﬁn@@@ gi@%%ﬁ@@%@%@?t Lu ?I a?f%'ﬁdggﬂépage 125;
Solid Lubr barantnitride gaftieles-tb dhe sulsstiate tdehich $hendispergion i applied. 42- 54,

75-77, 80-81, 82, ,.90-102 13-120 and 128 an Ca ld__wSolid
Lubri cants", Bogﬂ'lfét“?éf“?pm Hfs gy BHCORMe %W&ﬁ"?ﬂ?h\'{%ﬂ"m#ﬁ‘%ﬁa ure,
ASME Resear ch GppKiieBORON NITRIDELWUBRICOAT® phR€ BRAZE SFOPardWELZP3, Wwhi ch
are hereby incorporated by 15 reference. Non-hydratable inorganic solid

particl es habi NgEREASERrPAUCES. ful l erene (buckyball) structure are al so

useful in the prese i i . = |13, b | of
suitable thermally Qhﬁﬁéﬁ?{?&oﬁ%‘?ﬁg‘ﬁf‘é ‘E’%F"Fcﬁ'w% é&r@g&:{x@pﬁ@ﬁ%\/ﬁg a

| arel | iar s':] r uctpﬁrﬁclﬁﬂdBlaﬂeeltmtrimllylirfsulaﬁee@nﬂaw highieﬂ@tritﬁbfes;stivity, ée?i tride
particles having a hexagonal crystal structure ar st preferred for 20
Use i n the aquetaie 3 seracalissistit wratsdian sind igd BicmBiaem sishpgn
nitride parti C'ﬁseﬁé&hg@tﬁo%ﬁ Ritrides CUL of tHerRBMP&IHdubiVERbIgaRicofid Po! ar Therm

100 Series (PT 120, PT 140, PT 160 and PT 180), 300 Series (PT 350)
and 600 . 10Separticleg havieg highralecizical resistivity is preferredsfon comentianali t r i de

Gor arm co- Cor por dereie ERt b apBiofik % iticR s ARy Car B g HEE
Conducti ve Fi | | elestritairconglition dftelectronsithicaigh ahs reirfofceniant. CPor spebiattyi n of
Advanced Ceram cs Corporation of Lakewood, Chio (1996), which'is

her eby i ncor por 8Riigatigns; sueh at eigcuitipragds for miciouave Jdio fFRAMENEY t her nul
et e Londr A R OR M ralR fEp lnk sbicatone S vy

15 high electrical resistivity are not required.

Generally, the thermally conductive inorganic solid particles 18
comprise about 0.001 to about 99 weight percent of the sizing composition on
a total solids basis, preferably, apoqf 50 to about 29 weight pércer_xt,_ and”
more preferably about 75 to about 99 weight percent.

20 In another preferred embodiment, in addition to the thermally
conductive inorganic solid particles 15, the aqueous sizing éomposition can
comprise one or more poilymeric materials, such as thermosetting materials, _
thermoplastic materials, starches and mixtures thereof. Preferably the
polymeric materials form a generally continuous film when applied to the

25 surface 16 of the glass fibers. Genérally, the amount bf polymeric material
can range from about 1 to about 99 weight percent of the aqueous sizing
composition on a total solids basis, preferably about 1 to about 50 weight
percent and more preferably about 1 to about 25 weight percent.



magnesi um al um num sili cate, which according to the supplier binds the
boron nitride particles to the substrate to which the dispersion is

appl i ed. Q her useful products which are comrercially available from
ZYP Coat i ngs W099/44p37Cc| ude BORON NI TRI DE LUBRI COAT pai nt, BRASAsSd6ddseand
VWELD 5 RELEASE products. In a preferred enbodi nent, the
thermal Il y. conductive inorganic solid particles 18 are electrically

i nsul ative or have high electrical resisti20ty, i.e., have an

el ectrical resistivity greater than about 1000 mi croohmcm such as

for exanple boron nitride. Use of thermally conductive inorganic solid 10
particl es havi ng hi ghheraseitinganatedgisare wreforred pplyeede maderals faraisedmt i onal

el ectronic circuyi r | | ATl o] rical signals
Qe to el ol pOB SRR bbb cbRBidiiber 55 sBende Pk riteatent
For specialty inventigm! Suel materialss arehcomspatibleowith themaoskttingmatrixanatesisie,

radi o frequency g’;tferference and. el ectromagneti % I nterferepce

appl i cati ons, p4Fed ap laminales for Arnted cipetithoards, sbigh as B@‘@FP?WVSE'F_e not
required. 5 which are GNAirftioial éﬁgg@?g@gﬁ% ﬁt&%ﬁvﬁ%dé%ﬁehﬂéﬁi%ﬂf&tﬁé’lh' d

particles 18 _conprise about O. t percent of the
si zi ng conposi t inyentien is a difunctionallbremiriatied epaxysesins, eindrptyimjdesb &ige B0 to

werght per cent . B0 waBRle HandydBE: RSF) RidHaodffidher & ndbel et o
the thermaly = whichaire hetdbydintdipbBaed by sétbiencearti cl es -18, the aqueous . o
si zing conposition can conpri se one or nore polyneric materials, such
as thernosetting matdfefl| thermosetting,polypisria materiakninelupathermosgitivaes and

Mo s M opOpE S SPOb) il P L phndBl SbbAgh 7, e
General |y, the thestmosettifg polyyretharesandmixiires thereafaSuitablgdhémmsettingut 1 to
b0 00 el G GER 3l AVEIC B SR et SRR s Bile R
pref erably abouCobkOoniteités ahd Folydmérs RE PeRWashington, Wisconsin and NEOXIL
polyesters which are commercially available from DSM B.V. of Como, Iitaly.

15 Useful epoxy materials contain at least one epoxy or oxirane group in.the
molecule, such as polyglycidyl ethers of polyhydric alcohols or thiols.. g
Examples of suitable-epoxy polymers include EPON® 826 and EPON® 880
epoxy resins; which are epoxy functional polyglycidyl ethers of bisphenol A
commercially available from Shell Chemical Company of Houston, Texas.

20 Useful thermoplastic polymeric materials include vinyl polymers, o
thermoplastic polyesters, polyolefins, polyamides (e.g. aliphatic polyimides or
aromatic polyamides such as aramid), thermoplastic polyurethanes, acrylic
polymers and mixtures thereof. Preferred vinyl polymers usefu! in the present
invention include polyvinyl pyrrolidones such as PVP K-15, PVP K-30, PVP K-

25 60 and PVP K-90, each of which are commercially available from ISP
Chemicals of Wayne, New Jersey. Other suitable viny] polymers include
Resyn 2828 and Resyn 1037 vinyl acetate copolymer emulsions which are
commercially available from National Starch, and other polyvinyl acetates



-20 - Thernosetting materials are preferred polyneric
materials for use in t he aqueous si zing conposition for coating gl ass
fiber strandswggw&mg,present i nvention. Such materials are conpatible
with thernosetting hatrix materials used as | ami nat es PEFUBISIOMSRd
circuit boards, such as FR4 epoxy resins, 5 which are polyfunctional
epoxy resins and in one particul ar enbodi nent of the I nvention is a

di functional brom nated epoxy resins, amt%iﬂyinides. See 1 El ectronic
Mat eri al s Handbook[err], ASM International (1989) at pages 534-537,

whi ch are hereby i ncorporated by refgrence. Usef ul

t her moset ti ng p%‘l‘% ?’(% mfa?ﬁ%ﬁ'g qvﬁﬁ?ﬁﬁgmf'h'ér%s‘ﬁﬁ PRY Aird? r°HB?t§@§'E’er s,
epoxy nateri al sCh¥initdis €81 & Alenfive) Penmsylvantanopl ast s, t hernosetting
pol yur et hanes and m xtures thereof. Suitable thernosetting pol yesters

i ncl ude STYPOL pol yeEresmopigstie polyestessusefulon dhe present invgntionfincude Cook

ol yest er s ani chESNORORRAIEdnd BESMREERY 03K ot 1t .
15 Useful epoxgommietially svailaibitdrom BayéesfRitishiegls Remns@ivasisl Peprefafgdup | n
t he nol ecul e, such_as polgqgl cidyl ethers of polyhydric alcohols or
thiol s. Extepnaglagtic Relyest *éﬁfﬂr YA potvester sesim whicids cpmrnescisiiand EPON

880 SPOXY afsilaBR frol BGiiEH Ensifils &t Ehingi8] oRg) YAEN bilamfidier S Of

bi sphenol A conmerci ally avarlable from She mnca npany o :
Houst on, Texas. ingilide the VERS#MID productsnyhicts areccapurhgroially avadable fras i ncl ude

vi nyl pol yners, 1er; lastigc p ters ol.yol ef i ol yani des
(e.g. aliphaticCEBFGH Wﬁ‘e@?@?"’afs' F""a%‘?’i“%’ﬂlﬂ“fﬁ#888’“5%@%"%5'“&#&‘% d),
t her mopl ast 0 POIYOOBOND®W-200H/Whieh is comeidiaTysvadable fioxi Wites 't her eof .
Preferred vinyl q:ﬁol ynmers useful in the present - I nvention include -

pol yvi nyl pyrr obhewmirat Comr: 19f &bicagp, Wineks and RUROTHANES 2011Lpolyggsthare PVP
ooz, “non, St SEUEER < SRFEEIAN ol ) RuLd PUMISE com. o HIBEARL O
and Resyn 1037 MewWorkcet at e copol ynmer enul si ons which are . _ .
commercially avallahye ki oubaizing Gompoatfion an Gomprise & mbdute of Bhe g &t &1 &3
16 more thermosetting polymeric materials with one or more thermoplastic
polymeric materials. In a preferred embodiment for laminates for prfnted
circuit boards, the polymeric materials of the aqueous sizing composition
comprise a mixture of RD-847A polyester resin, PVP K-30 polyvinyl " -
pyrrolidone, DESMOPHEN 2000 polyester and VERSAMID polyamide.mln an
20 alternative preferred emb_odimerit suitable for laminates for printed circuit )
boards, the polymeric materials of the aqueous sizing composition corﬁpriéé a
mixture of EPON 826 epoxy resin and PVP K-30 polyvinyl pyrrolidone.
Useful starches include those prepared from potatoes, corn, wheat,
waxy maize, sago, rice, milo and mixtures thereof. A non-limiting example of
25 auseful starch is Kolliotex 1250 (a low viscosity, low amylose potato-based
starch etherified with ethylene oxide) which is commercially available from
AVEBE of the Netherlands.
The polyfneric materials can be water soluble, emulsifiable, dispersible

and/or curable. As used herein, “water soluble” means that the polymeric



-21- such as are commercially available fromH B. Fuller and Air
Products and Chem cal s Co. of Allentown, Pennsyl vani a.

Ther nopl astic pol yesters useful in the present invention include

DESMOPHEN 20000 aM#9TIESMOPHEN 2001 KS, both of which are 5 memmssscdoss |y
avai |l abl e from Bayer of Pittsburgh, Pennsylvania. A preferred

t hernopl astic pol yester is RD-847A polyester resin which is commercially
avai |l abl e from Borden Chenicals of Col umugp. Chio. Useful polyam des

i ncl ude the VERSAM D products which are conmercially available from

General MIIls Chemcals, Inc. Useful thernoplastic polyurethanes include 10
W TCOBOND err]  hvaeiais avel capable af dieingr essahtiallyasrdifoirall blerkled mnd/drco

Chem cal Corp. of .Chicago, ILIlinQis ancl R HAN 2011 L pol yuret hane
A oxahi ch |5 COIRRUIEEDEIOCAY SRRErEY POVARLIeAoPbR Ji sotPg: SBP
Hi cksville, Ms\@trd‘age 1075 which is ﬂ@n%b?%&%b’?a@ﬂzd r}gfe‘f’éﬁﬂéos' tion can

conprise a mxture of one or nore t hernbsetti ng poI ynmeric materials with
one or nore thetkmysifisbiet means tfpﬁiltwlymenamtemlsara gapablerefifoming an

mterias. of St neSohnalfSebRmRlird b foing sufirded ih WBRETH e bidSedi B | ©
RD- 847A pol yest emulsifging agent %é_Maﬁndga 461, whichlivherdby ihcordrbegHEN

2000 pol yester and VERSA am de. 20 alterpative preferred
enbodi-ment suif %'e%‘@%f'ﬁ ?’EﬁmEJPﬁ tagier%rnvlﬁ '“9 agens AR sek he

pol ymeric mater cﬁ‘ﬂhsb t | &gmq REHIP '
m xt ure of EPO\If 826 ﬁ%x?ﬁ%ﬁ%mﬁﬁsﬁ% po y%?lﬂ P pyrﬁf@éﬁlymenc

Usef ul st ar chesmaterialsiare: dapablemf bsingedistributed fonoaghess wat@'ras finghyedivided

waxy. maize, | O t her |, i ng-exanpl e
of 25 a 'usgﬁ 8@?’8*?%?13%? Rt %ﬁ%ﬁ%@a@?ﬁ %\H%%?s?g?ﬂvﬁglh 5 ﬁ%vfgh}ﬁw ose . .
pot at o- based mcoﬁioadteb b?tréi%férfceed'h‘d Uriforhify 6f2he dmerb&)n &dn bdincreased
comercially avail able from AVEBE of the Netherl and The

pol ymeri ¢ mat er Pythe additioneoi watting, gisngrsiag °éﬁ'i!?f~‘§lﬂ"ﬂ&396"tsd$‘é’mt§)b e
and/ or - cur abl e. whgn 46 distiEid below  Elirab R Hiilahs tHR NS pbifMerit Atatddiy meri ¢

and other components of the sizing composition are capable of being

16 coalesced into a film or crosslinked to each other to change the physical
properties of the polymeric materials. See Hawley's at page 331, which is
hereby incorporated by refererice. L

in addition to or in fieu of the polymeric matena!s dlscussed above the

aqueous sizing composition preferably comprises one or more coupling

20 agents such as organo silane coupling agents, transition m'etal coupling
agents, phosphonate coupling agents, aluminum coubiing agents, amino-
containing Werner coupling agents and mixtures thereof. These coupling
agents typically have dual functionality. Each metal or silicon atom has
attached to it one or more groups which can react or compatibilize with the

25 fiber surface and/or the components of the aqueous sizing compaosition. As
used hersin, the term “"compatibilize” means that the groups are chemicaily
attracted, but not bonded, to the fiber surface and/or the components of the
sizing composition, for example by polar, wetting or solvation forces.
Examples of hydrolyzable groups include:



-22 - materials are capable of being essentially uniformy bl ended
and/ or nmol ecularl'y or ionically dispersed in water to forma true

sol ution: Se W ey's at page 1075, which is hereby i or at ed by
reference. EWO!’S'/‘I'E“rst%‘jias|f|abI e" neans that the polyneric mat g?%fg%mé?s@
capable of forming an 5 essentially stable m xture or being suspended in
water in the presence of an enul si fy| ?g agent. See Hawl ey's at page
461, which is hereby incorporated ference. Non-limitng exanpl es
of suitable enulsifying agents are set fort h bel ow. " Di spersi bl e"
means that any of the conpone ofytpe pol ympp materials are
capabl e of being distributed t :iroug vvater as f| nely di vi ded 10

ncor por ai ed by 1ot or erdB THE #’y?%-ﬁ—ﬁé‘ PIgEnandn e

I ncr eased K the addition of mettln dlsper5|n or emul si fying agents
(surfactants)d the mapehysrogy andfos eylic - Grlesidue-ofartadias 1, 3ralyaal, whetein he

pol yneric materigil:s e )| n are
capabl e of bei nf‘lgc‘ Cd,a?@?'g%?sri-ﬁ?r éb@ : ?1‘ t(%?églfrdoés%l mﬁﬁo eﬁcﬁ é%t%er to
change t he physifroat H, C,-Cmalkyber Ci-€5 anyl; ambRp s 965 alkylene.c Exainplesfe :
Hawl ey' s at page ncar @ference

In addition to 5@%&7@@3‘5’3@?&?'%°b&'§ﬁ8?$@r?fﬁtsé?$§$€é€éj’ggég§ @¥%bove, the

aqueous si zi ng ¢ReRAasko! bRmoPER SR UreBRIFB! halBSiséd/anato, URsiGo GRidREzbiINg, 20
agents such as organo si |l ane couplln -agents, transition et al couleng

agents, phosHhowityb #tm@t@gah@,a@!mrmewgmgsmems am no-

cont ai ni ng \\ér ner cogghsﬁﬁaﬁ@%bﬁgﬂéﬁ %@ﬁ@g%ﬁe ;efer gfﬁﬁ- ugg {Heng

agents typically hav , or sriicon om ha
attached to it nesemt mvenﬁorgrﬁxmnplabiothsaarfuheWtaI aganostharte d:ndplmg wnth t he

25 fiber surface anpd/ or .t he conpopents ueous Si ZI ng conposition.
As used heragﬁﬂps inpjude ga NEW&QP M?‘PQ'EOWE % he groups are

cheni cal 'y aaatbsfapymamasatsum%@;.tfta%s@@atwer surface and/or the
conmponents of the Si Zi n osition, for exampl e by polar, wetting or
sol vati on foTﬁ:eglyCldOXYPBPM‘ltﬁﬂ lanepand yeidopropyirialixysi dEreferred

functional organo silane coupling agents include A-187 gamma-
glycidoxypropyltrimethoxysilane, A-174 gamma-
methacryloxypropyitrimethoxysilane, A-1100 gamma- _
aminopropylfriethoxysilane silane coupting agents, A-1108 amino silane _

20 coupling agent and A-1160 gémma-ureidopropyltriethoxys?laﬁe (each of )
which are commercially available from OSi Specialties, Inc. of Tarrytown, New
York). The organo silane coupling 'agent can be at least partially hydro!yied '
with water prior to application to the fibers, preferably at abouta 1:1
stoichiometric ratio or, if desired, applied in unhydrolyzed form.

25 ' Suitable transition metal coupling agents include titanium, zirconium,
yttrium and chromium coupling agents. Suitable titanate coupling agents and
zirconate coupling agents are commercially available from Kenrich
Pet_rochemical Company. Suitable chromium complexes are commercially
avallable from E.1. duPont de Nemours of Wilmington, Delaware. The amino-

30 containing Wemer-type coupling agents are complex compounds in which a
trivalent nuclear atom such as chromium is coordinated with an organic acid



- 23 - [err] 5 t he nonohydroxy and/or cyclic C2-C3 residue of a 1, 2-
or 1,3 glycol, wherein Rl is C1-C3 alkyl; R2is Hor Cl-C4 alkyl; R3
and R4 are independently sel ected fromH Cl1-C4 al kyl or C6-C8 aryl;
and R5 i s CAVEP/4A9K%Y| ene. Exanpl es of sui t abl e conpat PEA/AIS9I04099 Or
functional groups include epoxy, glycidoxy, . mer capt o, cyano, allyl,
al kyl, urethano, halo, isocyanato, ureido, imdazolinyl, 10 vinyl,

acryl ato, nethacryl ato, am no or pol yam ng4groups. Functi ona
organo silane coupling agents are preferred for use in the pr esent

i nvention. Exanples of useful functional organo silane goupling . agents
i ncl ude ganmma- AVIRGFEYPY fynclignality.y Stheffastal é‘!ﬁ‘ﬁfﬁ-and coordinate type coupling

ol vel doxyorc Op%bgﬁ{s %ﬁlﬁﬁéeskﬂwgqmﬁé ahgﬁs‘&%‘%é’ m@%ﬁ anes. Preferred

gl yci doxypropyl €rial koxysi l'anes and urerl dopropyltri
functional organo siTheamototipf ¢ouplingagest ¢anciange froriatut § deabout 99

gl yci doxypropyl trinet hox s'{/ane A-174.q9anma- .. . .
net hacr yl oxypr W'Tr{eﬂeﬁ‘?ﬂ%& neiqqygous ﬁ'—zir% RNRAsifion.on a total solids basis, and

ani nopropyl tg i ¢jréferably alsiR 13blaboat tOWRidhiger@pnt s, A-11 08 anmino silane 20
coupling agent and A-1 160 ganma- urei dopropyl tri et hoxysi | aneéeach of
whi ch are commer ci alThe agyeeyss3iringcepipostion Sae further cagiprise one §F MEEe r vt own,

Ne Yor k) . i 9! wgﬁ #he: éifdiél |
hy\élvr..olly'zedo'r- ) or%}ﬁ%%?ge@sg%or F%@gﬁ'@a fon ttfg&?ﬁ%?m%@?ﬁ%rte er:algl yy
at about a 1:1 discussed above. WWhile the aqueocns sizing donpsitiondianaqomprise Uprto

hydr ol d f . Sui t ab) ‘ iti t.al | i t
el ude 11t ani 6T wight percent orogRieTbiERR PEAPBN P ST PRSI

Sui tabl e ti4{@nag gssiiply fée 80SghAICIHMHCants, i.é], conMsteOMahiaBBuBZENt S are
comerci-ally avail abl e fromKenrich - Petrochem cal Conpany. Suitable

chromi um conpl exeightnescant efietgenis luricants, andanoretareferablinistiiae ofrganie de

R i E e I L i e

atom such as cHubridants arei mixturds theereof, sichasaminegsalts of fattycacids, alkyl
imidazoline derivatives such as CATION X, which is commercially available

15  from Rhone Poulenc of Princeton, New Jersey, acid solubilized fatty acid
amides, condensates of a fatty acid and polyethylene imine and ami&e

. substituted polyethylene imines, such as EMERY@ 6717, a partially amidated
polyéthylene imine commercially available from Henkel Corporéﬁon _.of )
Kankakee, lliinois.

20 Preferably, the sizing composition is essentially free of hydratablg
inorganic solid lubricanit particles or abrasive silica particles or calcium
carbonate, i.e., comprises less than about 20 weight percent of hydratabie
inorganic lubricant particles, abrasive silica particles or calcium carbonate on
a total solids basis, more preferably less than about 5 weight percent, and -

25 most preferably less than 0.001 weight percent.

The aqueous sizing composition can include one or more emulsifying
agents for emulsifying or dispersing components of the aqueous sizing
composition, such as the inorganic particles. Non-limiting examples of
suitable emulsifying agents or surfactants include polyoxyalkylene block



-24 - having am no functionality. O her nmetal chelate and coordi nate
type coupling agents known to those skilled in the art al so can be
used herein. The amount of coupling agent can range from about 1
to about 99 Wogg"'\ﬂ%si’ght percent of the aqueous sizing corrpd’ {4S8MO48% a
total solids basis, and 5 preferably about 1 to about 10 wei ght percent.
The aqueous si zing conposition can further_conprise one or nore

organi c lubricants which are chemcally Y¥ferent fromthe pol ymeric
material s di scussed above. Wil e the aqueous sizing conposition can

[ t boput 60 \wei ic | ' t f bl
The si 21 ng confBaPYTBR e As PLLEONREF5 e BRVBRhtomy et b bR et e
contains |ess {Basymapihichds commersialjtavarabraim shsrrmﬁbsaﬂonmfi cants, and
nore preferably 1s"free of organic | ubri cants. Suc

organi ¢ lubricants
Ihol ude cat | oniRarsippany, dewclaseyinetbaxyated alkyl phenais(ush asdCEPRALCAS30

t hereof, such ag .am.ne ' : ke Ll '
derivatives su8?,103@%%&?8%@%{%'5ﬂgigﬂjrsé?@%@rﬁalgvagfr%?ggZ'%%Wr om
Rh_oge Poul ed'E @c;rﬁﬁrhﬂ?@bﬂ?\laﬁﬂe.VNé\_egeaeé),qwilyﬂ:xyﬁhjldbhé bm_tbhbaylt%lymt! g

am des, condensates of a fatty acid, an ol.ye ene imn am de
substituted polejharsyatayjene Fﬁ“ﬁég,e"!%f&?ség FS)EW%&R%?"F] P@Y‘i’w,e%y?%ﬁﬁt ially

ani dat ed p,gbg@s%%gg%%@fﬂmmgrgglm, @Rh G Pmeray faigble -

Cor poration of I NOI S. Preferably,” the sizing
conposi tion i s fressBhonelPoylenckand honylphenchsudactants (suebragd#AEQLoNPH

| ubricant particles. or abrasiv Ll C hC | ' car bonat'é,
i.e., conpri segﬁ]@b@ CPHHH‘*%B%?V%%%%@? gf:ﬁ?rg{%p 8@’3&%@&’8{% y)-

i nor gani ¢ 1400r iGéHEraliyatte arhednt olleiasifyingsadent samp rarigedtans aboutchiccabout
carbonate on a total solids basis, .nore preferablgulaéfs t han about 5

wei ght per cent ;303¥gigbtperagndiof fhe-aquaays sizing; compesitian em splids basisen; .

bt oo o1 7 TREEAIC PRI SRS BICo oSS,
conposi tion, ssoluble endsifiatie grdispersibie wak esateridls suchhas vegetehlangnimal.of
mineral, synthetic or petroleum waxes. Preferred waxes are petroleum
15 waxes such as MICHEM® LUBE 296 microcrystalline wax, POLYMEKON®
SPP-W microcrystalline wax and PETROLITE 75 microcrystalline wax which
are commercially available from Michelman Inc. of Cincinnati, Ohio and the
Petrolite Corporation of Tuls.a, O_klahoma, resbectively. Genera_lly, the
amount of wax can be about 1 to about 10 weight percent of the sizing
20 composition on a total solids basis.

Cro_sslinking mateﬁ'a!s, such as melamine formaldehyde, and
plasticizers, such as phthalates, trimellitates and adipates, can also be
included in the aqueous sizing composition. The amount of crosslinker or
plasticizer can range from about 1 to about 5 weight percent of the sizing

25 composition on a total solids basis.
- Other additives can be included in the aqueous sizing compaosition,
such as silicones, fungicides, bactericides and anti-foaming materials,
generally in an amount of less than about 5 weight percent. Organic and/or

inorganic acids or bases in an amount sufficient to provide the aqueous sizing



sui tabl e enmul sifying agents or surfactants include pol yoxyal kyl ene bl ock

-25 - copol yners (such as PLURONIC[err] F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol ymer which is conmercially
avai | abl e fr &2 BM%I57Cor por ati on of Par si ppany, New Jermpggxisos/nioso
et hoxyl ated al kyl phenols (such as | GEPAL CA-630 et hoxyl at ed

oct yl phenoxyet hanol which is commercially available from GAF 5

Cor poration of Wayne, New Jersey), polyoxyet-hyl ene octyl phenyl gl ycol

et hers, ethylene oxide derivatives of sorbitol esters, polyoxyethylated
vegetabl e oils (such as ALKAMILS EL-719, which is commercially avail abl e.
f r om Rhone- Poul eampositiath witha Ipphefrablout 2 té aboutritlscapsalshbe incldi@Blin Mie 6

which is comrerci.ally avai,l abl.e from.BASF of. Par New Jer se

Coner al 1yt he SHBBEOTBES AT Anapr EUAE Seambls ¢ AR P AUISPRB SISO B abou
30 wei ght per Cel."E-QQbObBeréﬁH&@iﬁéoﬁé &DBIcHONIIRR id totAmerti ta%ﬁébléﬁjohﬂs

basi s. aqueous si zi ng conposition can incfude one or nore

agueous so@ﬁbSEec!%*ﬁ% dne.iohBlasbuty, Gospecticut| An examplgtafie uitsbleuch as

eget abl e, referred
\\//vages are pe?rc?ale ci 's gfééu% P‘*ﬁ%ﬁé@%ﬁ%é@é@&%@ﬁggr&ﬂﬁal line
wax, PO_YI\/E|K|O_\I6ﬂaﬂable mfﬁﬁPmmmChmmastleamW?awaMdl?EﬁﬂabE&ﬁ% .

m crocrystalli Wax ch, . -..a co reia avai |l abl e from M.chei man
e STV et nBamna mplsTals preiiad SAC ABERRE Which o SPReraAl aISn

Ckl ahona,  r espefdrh \(RSiSpeeritfisaircy of Dibury, CorftigRiidtit SRl MEZUTH S whkeut | to

about 10 wei ght_ percent of the sizing 20 conposition on a total solids
basi s. is avaiiabie fromEASF Gempanyiof Passippanys NewlJerseye Ameniugehyde,

%o be ° 10! e oA BR 2000 B 87 bR 2D RBafhcy oS o
crossli nker or desiredpMiater (preferablydeionided) i§ irvladeddn the aquectciging wei ght
percent of the sizing 25 conpositi sqlids basis
Ot her addi t i vesSQmRPSHION iR @ ATRRHNt Suff ﬁ@ngmafés-ﬁf@?%mmﬁah%ﬁﬁ%smraw
such as sili conggforhWogting B6sn tHeAdiRll Thdsveigitheictitadearidids BRi 1 al s,
aqueous sizing composition generally ranges from about 1 to about 75 weight
15 percent. . N
The aqueous sizing composition is preferably essentially free.of glass
materials. . As used herein, "essentially free of glass materials” means that the
sizing composition comprises less than 20 volume percént of glass matrix
materials for forming glass composites, preferably less than about 5 volume
20 percent, and m'ore preferably is free of glass materials. Examples of such
glass matrix materials include black glass ceramic matrix materials or
aluminosilicate matrix materials such as are well known to those skilled in the
~art.
In a preferred embodiment for weaving fabric for printed circuit boards,
25 the glass fibers of the coated fiber strands of the present invention have
applied thereto a primary layer of a dried residue of an aqueous sizing '
composition comprising PolarTherm® 160 boron nitride powder and/or
BORON NITRIDE RELEASECOAT dispersion, EPON 826 epoxy film-forming
material, PVP K-30 polyviny! pyrrolidone, A-187 epoxy-functional organo



generally in an amount of |ess than about 5 weight percent. Organic and/or
I norgani ¢ acids or bases in an anount sufficient to provide the agueous

si zi ng WD 8dleds4O5 7
PCT/ US99104059 - 26" CT/USIN4059
conposition with a pH of about 2 to about 10 can also be included in the
sizing conposition. A non-limting exanpl go#f a suitable silicone emulsion
S LE- 9300 epoxi di zed silicone enuIS|on which is comrercially
avai l abl e from OSi Specialties, inc. of Danbury, Connecticut. An
exanpl e of a su 'éléﬁé Bouplingkgehe WLNAWLS EBL olﬁﬁw@ﬂ'&la‘ﬂ&ﬁéﬁ@téﬂle Bﬁ’ rrpo un d

which is commercially available from M Chém Cal s of

Jersey. Suit abl dGERAL CA-630 ethoxylated MWBW)Q&&IS@OL Iﬁ&ﬁ@ﬁﬁ?ﬁ@ﬁﬂ@l s Whl ch

Connect | cut - anct ARERMERS Sigeo! el i SRter 1ER A dffercialf muallee RBRHL Y, o
Par si ppany, New StepaeZompanpof Chicago, IhindisanddEMERY @87 Htisktiallycarhidatedi zi ng

conmposi tion for sizing stabilization, if desired. \Water (preferably
dei oni zed) <% Xﬂ?@geﬁ%'“i"h% aqueous si zi ng conposition in an anount

Suf i ci ent 1o T aci || I indBrd Akl QvRkirfert 38R A coth, ohek HBEE AR | g

upon the strand. The ercent age queous si zi ng
conposi tion gene:mtddyﬁbwlsgalsdsf ofdhe at:enant inveotiarbloave ﬂﬁlleét@mtozﬁpnmmycent

Th f bl f f gl
mterials. s BT RPETRY Ut it A gEdR g SoPaediodanfH® Teane (o

the si zing maméhﬁwsow hifrffe p&wderiandfor BORONWNIFRIBE Cent of gl ass
mat ri x materials for form ng glass conposites, Breferably | ess than
about 5 vol ul® RELEASECQAT WW.GRBfW&m#WFSPV de30polyViwk naterial s.

| x ot er o) Dygoidort®, BESMIOPHEN Scborfedien, ACl24 Sorfl e rgPaoBib a0
known to those siahé ed.:plmgtalgents and AH187 epoxy-functional lorgemosilahe coepling

enbodi ment for weavin abrll%rfor pr*ynt ed ci rcwt board 25 the égrl ass
fibers of the cGIEBH: F:1 88 paivoxyrropylgag-pelyp: gnsCcpahan '

appl i ed t her et 0 MAGDLINIS richyPheRbl suridbizftl VEERSAMID 940 afd ReUSIDeS Si zi ng
15 epoxidized silicone emulsion. |
The aquecus sizing compositions of the present invention can be
prepared by any suitable method such as conventional mixing well known to
those skilied in the art. _Preferat_:ly, 'the'components discussed above are-. - .
diluted with water to have the desir.ed weight percent solids and mixed
20 together. Powdered thermally conductive inorganic solid particles can be
premixed with water or added to the pofymeric material prior to mixing with
the other components of the sizing. _
The primary layer of sizing can be applied in many ways, for example
by contacting the filaments with a roller or belt applicator, spraying or other
25 means. The sized fibers are preferably dried at room temperature or at
elevated temperatures. The dryer removes excess moisture from 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 sizing composition, components



conposition conprising PolarTherm 160 boron nitride powder and/or
BORON NI TRI DE RELEASECOAT di spersi on, EPON 826 epoxy filmform ng
material, PVP K- SOéSQoI yvinyl pyrrolidone, A-187 epoxy-functional organo

-27 - coupl i ng agent, ALKAMULS EL-71 9 pol yormaidsydessd
vegetabl e oil, | GEPAL CA- 630 et hoxyl ated octyl phenoxyet hanol, KESSCO
PEG 600 pol yet hyl ene gl ycol nonol aurate ester which is commercially
avai l abl e from St epan Conpany of -Chi-@8go, |l1linois and EMERY 6717
partially am dated 5 polyethylene imne. In a nore preferred
enbodi ment for weaving cloth, glass fibers of the coated fiber strands

of the present 9fhthesizinsncomaresitionandlpe pbglass fiaeryinemizing compesitientisof a

760 bor on i i RRANHEEEars ARG radbe AR bt nepwed ol 0L T
RD- 847A pol yest@ﬂ,pd?&&tlén&@lbpu’d 35/pergent by weight afteridddmg, DESMOPHEN 2000

A 157 epoky- funct | ontle BiEAE dthelsd ilsaiARAg having 113 sk d 4RO RES BT 108
O B A e i A G T N o e e

The aqueous si z&vajagefipoent dismsterfofthe fipera canrangs/eem aboutcite akwut 30
prepared by any fscﬁrhggﬁe net hod such as conventional m xi ng well known to
e ar

t hose skilled i Preferably, the conponents discussed above are

diluted with water tmsmaMaydaﬁarstoMag%aWGmpoﬁﬁdnmdeptieded 20
t oget her. Powder ed ther mal | gycqnduct ive i anic solid %art icles can be

prem xed with WaN&EthePrimaydaverdn aRamyny ?‘Ft efe et orimpiagpata heni xi ng with
the other cqfpPosGRAbS oPE‘he@?r%n&% Zfbl“&(ampie by dlppm%t_ﬁg%tlﬁha R4 ba {Iﬁ,::g'ft?lﬂfngs' zing

can be applied 1n man or exanp contacting ment s
with a roller othelmmpoampm spraying thqocta'ypms;mrupnnﬁbe strtand oebycontattingsi zed

fibers are pr ef& %?tja}‘d %’Jhea(il\ gppllggt%phg %@Sés%td‘gbovg._r Tﬁé coated strand can be
o passed through a die to remove excess coating compositfon from the strand
and/or dried as discussed above for a time sufficient to at least partially dry or

15 cure the secondary coating composition. The method and apparatus for
applying the secondary coating compasition to the strand is determined in
part by the configuration of the strand material. The strand is preferably dried
after application of the secondary coating composition in a'manner well
known in the art.

20 Suitable secondary coating compositions can include one or more fi lm-
forming materials, lubricants and other additives such as are duscussed
above. The secondary coating is different from the sizing composition, i.e., it
(1) contains at least one component which is chemically different from the
components of the sizing composition; or (2) contains at least one component

25 in an 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 hereby incorporated by

reference.



el evated tenperatures. The dryer renoves excess noisture fromthe fibers
and, if present, cures any curabl e sizing conposition conponents. The

t enperature %PQQJ’.“% for drying the glass fibers will depend upon such
vari abl es as Ap centage of solids in the sizing conposiRGTAEeMsPONEN S

-28 - of the sizing conposition and type of glass fiber. The sizing
conposition is typically present as a dried residue on the fibers in
an anmount between about 0.1 percent aﬁﬁ-about 25 percent by wei ght
after drying. The fibers are gathered into strands having 1 to

about 4000 fi bers pehs 5. strand and preferably about 100 to about 1600
fibers per strand. TH&fering "%é?gge f inafaliernalive peeferred embedineler s can

range from abouigedariig?B e prédent lnvedﬂoﬁr%?lﬁssﬁbers %12 of the coafedffepndary
| ayer of a secondary coatl ng conposition e app over the
primary |ayer i strand 240 gan having @pplied thereto atpriorary IWEEQMDéa tfied teidygor t i on

of the strands, trand,.in.a bath caont

t he conposition, ¥§5F§@a%%"§%§}6@%§égg?hﬂ cﬁqvtqf@%w!gq&ompown@ h}fgti ng
the strand wig hagounRdiseRsed abéveli Exatfipies ocffitietle é’fﬁﬁ? eompositions arckgtan be -
passed through a die to renove excess coati ition fromthe strand

n
and/or dried as ffisiblosuensiein at rages 23734 @8\&’& gg%?)tam&ﬁ PategdNosartial | y
dry or 15 ‘curegt t aratus
for " appl yi Al REAARATHS 078 Ch GIURRAR Heflby Mt BRISEEY RiGega”
determined in Aseqoadaryb:j pnhepaldaier@jlsaﬂanraquéoﬂ:shse@dambamngr| aI -The
strand is prefer ried after catl he se ndar coating
conposition in 8 ﬁﬁ'ﬁ [ReARplied to at laa %‘F‘D&f{h?m@ ?L? over th e gt l%{“’abl e
secondary COHY i BQte? @UifacH, of thesprivAdty layer 248, Q’ﬂéaQﬁeéﬁHééoBhﬂﬁr‘y coating f Or m ng
material s, |ubricants and ot her additives such as are di scussed - above.
The secondary cSaMPREIPR comprisasAane ormae: tieessofshermaly spnduative inorgaric, | t

(1) contains at I ent fromthe
conponent s of tﬁéﬁ'&"ﬁéﬁaﬁ@?ﬁ@@@@? %‘%Eé"&t Q?Fb? ?gﬁga‘fc"ﬁé a%flq% éélfs ‘one .

conponent 25 in an anount- V\:hl ch is different fromthe anmount of the sane
conponent




contained in the sizing conposition. Non-limting exanples of suitable
secondary coating conpositions including polyurethane are disclosed in U S.
Pat ent Nos. 4,762,750 and 4, 762, 751, which are hereby incorporated by

ref erence. WO 99/44957 PCTUE99/04059
Referring nowto Fig. 2, in an alternative preferred enbodi nent

according to the present invention, the glass fibers 212 of the coated

fiber strand 210 can having applied-ghpereto a primary |ayer 214 of a
dried residue of a sizing conposition which can include any of the
sizing conmponents in the 5 anounts discussed above. Exanples of suitable
si zing conpositions are set forth Tablea®wenstei n at pages 237-291 (3d
Ed. 1993) —aid-llS_Patent Nos 4300 647 and 4 705 6578 n.:\r‘th whi ch
i s her eby| i R¥BIYFoCLY Metend, *e@@&“@% g‘;‘éﬁ""y ) Resitanceyr pr'r??&iaﬁgpfsgaydar
215 of an| aqueous secondary cO4T] K lconpf i s hppl¥Y 8Bt " | east
H P - £ o . Ll . NP I N P - ' o o o o
a port I On ?—:Iub&bnuditﬁdeuul _y [V CII a&o‘l}&ow . t: ,‘ ‘-. A y A A ‘n’ary
| ayer 214 " Thoréhproep STC JIIUWI 19 CONPOST T O COlfiosd® oy Of
nor e types Offurk e CO[TOUCERQUEI36930T U T —sotTapartTcr 85 216 $uch
as are se[ T Oallhi n“_'%l—anmt €S| C,_EboaiBgo%s_DET [OVireater than 1019 40 ~about 847
-30 - gaillurm nitride about 17040 — - -
gallium phosphide about 10099 - - -
silicon carbide _about 27050 4x105151x 10851 - | _ greater than $52
silicon pitride - about 3095 - 1079 10 1020 54 about 899
beryllium oxide about 24055 _ - about 857
zinc oxide about 26 - about 4,558
zinc sulfide about 2559 27x100 tgo1 2x1012 about 3.5-461

39 G, Siack, *“Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1973)
Vol, 34, p. 322, which Is hereby incorporated by reference.
40 A Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654. ' )
41 Friction, Wear, Lubrication at page 27.
42 G, Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1973)
Vol. 34, p. 325, which is hereby incorporated by reference, .
43 R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 164, which is
hereby incorporated by reference. v
44 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1973)
Vol. 34, p. 333, which is hereby incorporated by reference
45 @. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1973) -
Vol. 34, p. 329, which is hereby incorporated by reference. . ) :
46 A, Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1897) at
page 654,
47 Friction, Wear, Lubrication at page 27. : :
48 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1973)
Vol. 34, p. 333 L
49 G. Slack, “Nenmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids (1873)
Vol. 34, p. 321, which is hereby incorporated by reference.
50 Microslectronics Packaging Handbook at page 38, which is hereby incorporated by reference.
51 A, Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
gage 853, which is hereby incorporated by reference.

2 Friction, Wear, Lubrication at page 27.
53 Microelectronics Packaqing Handbook at page 38, which is hereby incorporated by reference.
54 A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1897) at
page 854,
55 Friction, Wear, Lubrication at page 27.
56 Microelectronics Packaging Handbook at page 905, which is hereby incorporated by reference.
57 Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 141, which is hereby
incorporated by reference. :
58 Friction, Wear, Lubrication at page 27. _
§9 Handbock of Chemistry and Physics, CRC Press (1875) at page 12-54.
60 Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at page 12-63, which is
hereby incorporated by reference.
€1 Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at page 4-158, which is
hereby incorporated by reference.




Table C Inorganic Solid Material Thermal conductivity El ectri cal

Resi stance Mohs' hardness . (Wm K at 300K)

(mcro ohm (original scale) centineters)

boron nitride 7 “about 200[ err] 1.7 x10[ er r] PCT/USS%4448%% 241

boron phosphi de about 3504 about

9.5[err] alum num phosphi de about 13044 al um numnitride

about 200[ err] greater than 10r§r r] about 9[err] gal I ium

nitride about 170[err] gal | i um phosphi de about 100[err]

silicon carbide about 270[err] 4 x 10[err] to 1 x 10[err]

greater than 9[err] silicon nitrider—agl'ﬂ about 30[err]

10[err] to 1Qlerc] about Olerrl heryvl linm axide

about 240[ er [inorganic Sofid Material | Thermal conductivity | Electrical Resistafige gt)é? h?rdness

zi nc oxi de bo B K at 300K) {micro ohm- riginal scale)

RPN R P PR entjmet

igout 4'.[5[erg] e StH-de Y] ou—f&beﬂ%g@-]————%aq——.

[err]to 1. Sbdr ot et T

60 39 G Normetatt v t
hit it 96068t S| T&P—ﬁ'ﬁigqtm Y,
J. PhyS Cherp"ﬁq?q ngaer:’ﬂ.ﬁ’;?-gj a%wnfﬁﬁ, ; fj%goutwtg,” 3 i|3| TOy .

I ncor por at ed EhEHCE. zggomgvm 105 ; Tt '
Bori de Materifa S 9 N0, [ T9948oubi0.8” a7 0B 48" 41
Friction, Wedr. LUGRdseall on jat paaﬁtfoaﬂ’ 47 dsout B5ECK, | Nonnetallic

Crystal s witf Fi gh nidk@r mal_Qonduaboat 62, J.| Py Sboktbe™ 50| 105 aholbe's) |
Vol . 34, p. 325, \slumirom S ﬁerebyalnantmsTr at £d bybowrkarence about25°R. |

Lewis, Sr., w eghemitondensled Crabent88H DI Cl | onaaboyt 20512t h Ed. abe@8y-at page
164. which is her eby i ncorporated by reference. : 44 G Sl ack,.
"Nonnetallic Crystals with H gh Thermal Conductivity, J. Phys. Chem Solids
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: particles can be used in the present invention.

The amount of thermally conductive inorganic particles 216 in the

10 secondary coating composition can range from about 1 to about §9 wéight
percent on a total solids basis, and preferably about 20 to about 90 weight
percent. The percentage of solids of the aqueous secondary coatfr?é
composition generally ranges from about 5 to about 75 weight perce:ht.

in an alternative embodiment shown in Fig. 3, a teiﬁary layer 320 eof a
15 tertiary coating composition can be applied over at least a porfion ofthe
surface, and preferably over the entire surface, of a _secondary layer 315, i.e.,
such a fiber strand 312 would have a primary layer 314 of sizing, a secondary

layer 315 of a secondary coating composition and a tertiary, outer layer 320

% Microelectronics Packaging Handbook at page 174.
' Microelectronics Packaging Handbook at page 37.
%2 Handbook of Chemistry and Physics, at page F-22.
% Microelectronics Packaging Handbook at page 174.
% Microelectronics Packaqing Handbook at page 37.
* Handbook of Chemistry and Physics at page F-22.

% Microeiectronics Packaging Handbook at page 174,
~ ¥ Handbook of Chemistry and Physics, CRC Press (1975) at page D-171, which is hereby
incorporated by reference.
* Handbook of Chemistry and Physics at page F-22.
% Microelectronics Packaging Handbook at page 174.
19 Microglectronics Packaging Handbook at page 37.
Y9 Handbook of Chemistry and Physics at page F-22.
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al um num about 205[ err] about 4.3[err] about
2.5[err] WO i um about 86[err] PCTAISSUR40B0 er r ]
about 9.0[err] [err] Mcroel ectronics Packagi ng Handbook at page 36.
[err] Handbook of Chem stry and Physics, Press (71st Ed. 1990) at page
12-63, which is hereby incorporated by réference. [err] Handbook of

Chem stry and Physics at page F-22. [err]Mcroel ectronics Packagi ng

Handbook at pa rﬂ,lgqg t page

F- 166, whi Chpl gﬁrt]r?aer?% |a ﬁé%t]rn?gr ate KEN %?@r‘iﬁ@é’ﬂﬁeﬁq‘]‘%n ct%n, prear,
Lubrication at opagmsi!lﬁn anfid¢he $e¢and8nam6tmg omposition,iie.,Ehg $ertiary cuatihg Hi gh
Ther mal Conductj vi t Phys.. m. _.Sol i ds 973). Vo whi ch
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Sci ence and Engion¢tie diingihehtd! 6faRe!Sizingand siéofda ry %ﬁgféémﬁéﬂﬂbn %322) whi ch
is hereby incorporated by reference. [err] Handbook Chemi stry and

Physi cs at phg&optains at !?@tppemmaeemra@rﬁwmwmgsﬁg‘fermﬁdmmeat page
174. J[err]M Cly t

[err] M croel ect ?@n‘ﬁgygg ag W%W@@g‘gb’% sﬁﬁ@gr Fgcor]dary coating

M croel ectroni cenfpesitieni ng Handbook at page 37. [err] Handbook of :
Chem stry and PhyS| err croel ectronji.cs Packagi

Handbook at page 37" m[%?’ﬁ?‘?f@?ﬂﬁ'@%?#?ﬂﬂd% @éﬁﬂ%ﬁ?ﬁ‘ﬁ"ﬁﬁﬁﬂl%@?ﬂg ﬂg‘be 37.

[ err] Handbook @ nfgte poRyhiericate Al Yisessdd ARA8, Suchas p&lgﬁréiﬂ\éneraﬁdm@trom cs
Packagi ng Handbook at page 37. [err] Mcroelectronics Packagi ng Handbook

at paﬁjﬂe 37. 1|0 [ d2rtipy coalieg sempesitiens complsas pryvdesedithesnally consystiver 4.
7
e ot 0702 &C MighfE pERRIAOI JERUIRRTenRBBE e At oBE BB

Handbook at pagscigsed afjover [Préferably ths boaderd doatind i applicl by pasingtheage

37. [err]Friction, War, Lubrication at page 27. [err] M croelectronics
Pack ag| ng Handsiard ng:pggélqglﬂ secondary coating composition applied thereto through

a fluidized bed or spray device to adhere the powder particles to the tacky

15 secondary coating composition. Alternatively, the strands can be assembled
into a fabric 810 before the layer 812 of tertiary coating is applied, as shown
in Fig. 8. The weight percent of powdered, thermally conductive inorganic
solid particles adhered to the cqated strand 310 can range_from about 0.1 to
about 75 weighf percent of the total weight of the dried strand.

20 The tertiary coating can also include one or more polymeric materials
such as are discussed above, such as acrylic polymers, epoxies, or
polyolefins, conventional stabilizers and other modifiers known in the art of
such coatings, preferably in dry powdered form.

The coated fiber strands 10, 210, 310 discussed above can be used as

25 continuous strand or further processed into diverse products such as chopped
strand, twisted strand, roving and/or fabric, such as wovens, non-wovens,
knits and mats. .

‘The coated fiber strands 10, 210, 310 and products formed therefrom
can be used in a wide variety of applications, but are preferabiy used as



M croel ectroni cs Packagi ng Handbook at page 37. Handbook of Chem stry
and Physics at page F-22.
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i norgani c sol i dbeivw.i Shetsapplicatiorayincludebul art oot FrarsdAamirted fr briatey
coatings of the present .invention. One st<i lled in the art woul d understand
that m xtures offrekitbeards feinfarsgmentsdpriglacomamnications eabiae andivagioys) i d

particles can bgisedmndsitde Present invention. The amount of
thermal |y conductﬁe Pir?or%%ﬁi c particles 216 in the 10 secondary coating .

conposi tion can rangn & peaferséd embodimenibbown BFiged,¢he coated fiper steartdson a
total solids basis, 1d_pref.erab bout. . 20 to about 90, wei ght :

ber cent . The pepdRmaisadirits ftoé et iiantith, SHR urer A Wahendlgr

conposi tion ge_ne\rew sltaana_@@ga,ssfs a ﬁhmﬁw@éncfaWZ @mﬂi&t.ﬁﬁéﬁm .
In an alternative enbodi ment shown in Fi a tertiary Isggl)er 320 of a 15

tertiary coatinép ismAaminas f@aﬁlpﬁ@eﬂﬁﬁF‘%@fégﬂ’SQ&?h%" in&igs. 6B)pdheividiPof t he
UL e, g SUShADLYa Bt NIRGRNMIC, SUEERY oilinfoy SRR %15
si zing, a secontising technique known to those skilled in the art, for example by using twis .
frames to impart twist to the strand at about 0.5 to about 3 turns per inch.
The reinforging fabric 512 can include about 5 to about 50 warp strands 514
and preferably has about 3 to about 25 picks per centimeter (about 1 to about
15 15 picks per inch) of the weft strand 516. A suitable woven reinforcing fabric
512 can be formed by using any conventional loom well known to those
| skilled in tht_e art, such as a shuttle loom, air jet loom or rapierioom. A . .
' preferred loom is a Tsudakoma loom which is commercially available from -
Tsudakoma of Japan. The weave construction can be a regular plain weave
20 or mesh (shown in Fig. 5), although any other weaving style well knownto
those skilled in the art, such as a twill weave or satin weave, can be used.
Referring now to Fig. 6, the fabric 612 can be used to form a
composite or laminate 614 by coating and/or impregnating one or more layers
of the fabric 612 with a polymeric thermopliastic or thermosetting matrix
25 material 616. The composite or iaminate 614 is suitable for use as an
electronic support. As used herein, “electronic support” means a structure
that mechanically supports and/or electrically interconnects elements
including but not limited to active electronic components, passive electronic
components, printed circuits, integrated circuits, semiconductor devices and



| ayer 315 of a secondary coating conposition and a tertiary, outer |ayer
320 [err] M croel ectronics Packagi ng Handbook at page 174. [err]
M croel ectroRj kagi ng Handbook at page 37. [ err] Handbook of
Chemi stry any%ﬁg{/gla%s at page F-22. [err] M croel ectr SATEASMMERagi ng
Handbook at page 174. [err] M croel ectroni cs Packagi ng Handbook at page
37. [ err] Handbook of Chem stry and Rjysics at page F-22.

[err] M croel ectroni cs Packagi ng Handbook “at™ page 174, [ err] Handbook of
Chem stry and Physics, CRC Press (1975) at page D-171, which is hereby

I ncorporated b : : ] ) Silel sics at
page F-22. bt ezh I ﬁ cr oagf%%?tre %ﬁf‘{?s Q%@g%‘r%gfqﬁa%@o%& rf'étt ﬁ'g‘gsgp‘i/m.
[ err] M croel ectoomectersPsaxdkets, refainingdlips knd heptoginks37. [ err] Handbook of

Cheni st d Physi t F-22.. . ., )
Cpam Sty and Py Neui mBRDSkisEfilin the presest invaptonBalite thermasettng: ont
from the sizi ngnaterials SG6PaStHerABsatith é@?eﬁeﬁoﬁﬂwéété?@?éﬂdWééqm&ﬁﬂ n,

i.e., the tertiary coating .conposition tlé contains at |east one
conponent wii cBt legstonmerany|of oxiranegioup in the moleowle: suchoaspalyglyeidylof t he

Component i n aRTERbET RN FERERYER. sRenhice, amircBl BerfloseBR3, o

conponent cont polyarkthandshderiativegand nheces degrsof, Rrefaited matrixGosteaalst i on.
In this enbodi pent, the secondary, coatin osition conprises one or

more pol yneri _cf NG a_!“*ﬂ?‘?ﬁﬁ%’ H‘_t ‘Eﬂ?"é',% bgg are Ffbfh ey Fasins, and the 10
| nor gan o par t Poy Ea0BgShd T S IR o RRY S S oriRefiens b AERRUD WA o1
are dilfc ukaaw tathose skited insthatarl,  If funtbepinfarmation cagarding sueh appl i ed by
passing the . moositions is needed, see 1 Electronic Materials Handbook™, ASM
International (1989) at pages 534-537. _
Non-limiting examples of suitable thermoplastic polymeric matrix
materials include polyolefins, polyamides, thermoplastic polyurethanes and
15 thermoplastic polyesters, vinyl polymers and mixtures thereof. Further
examples of useful thermoplastic materials include polyimides, polyether
sulfones, polyphenyl suifones, polyetherketones, polyphenylene oxides,
polyphenyiene sulfides, 'polyacetals', polyvinyl chiorides and polycarbonates.
Other components which can be included with the polymeric matrix
20 material and reinforcing material in the composite include colorants or
pigments, lubricants or processing aids, ultraviolet light (UV) stabilizers,
anfioxidants, other fillers and extenders,
The fabric 612 can be coated and impregnated by dipping the fabric
612 in a bath of the polymeric matrix material 618, for example, as discussed
25 inR. Tummala (Ed.), Microelectronics Packaging Handbook, (1989) at pages
895-896, which are hereby incorporated by reference. More generally,
chopped or continuous fiber strands can be dispersed in the matrix material
by hand or any suitable automated feed or mixing device which distributes the
strands generally evenly throughout the polymeric matrix material. For



strand having a |iquid secondary coating conposition applied thereto

t hr ough a fluidized bed or spray device to adhere the powder particles
to the tacky 15 secondary coating conposition. Alternatively, the strands
can be assenWPe®44957 into a fabric 810 before the |ayer 88Cro$shassi ary
coating is applied, as shown in Fig. 8. The weight percent of

powdered, thermally conductive inorganic solid particles adhered to
the coated strand 310 can range from abouB66.1 to about 75 wei ght
percent of the total weight of the dried strand. 20 The tertiary
coating can also include one or nore polyneric materials such as are
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products forrre rom can In a w evarle
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di scussed in deshaiet molding bﬁﬂnﬂlﬂ/mo‘ﬁllﬁ@fcﬂlaweumtdmesm ordpjebtion RioRiimRt

limted to |am_pates for printe rcult boards, reinforcenents for

t el ecomuni cat i BiEMesseftieg POBIHIF”S;A??tBG E'at@"%‘i FRi} be 6H‘§€shytt5§ inclusion of I n
a preferredq G”mgé{fﬁﬂérsﬁﬁﬂ'\%bﬂtxﬁh&enél arldis t@g %ﬂplfdalﬂsﬁ o?ﬁéﬁ”ﬂ?o | 510

made according to resent I nvention can used as warp an
weft strands 5lexanfdé Suitablek piasslinkerpusafulitaicrosslink therpsilymericcroatsixt |

T L ¥ e
coating by any ta@mvéeeittirywdlymeric mbiﬂx%a!&ﬁaldﬁﬁéﬂug upok BaaWfactors Betiee ski | | ed
in the art, for exanple by using tw st
type of polymeric matrix material used, other additives in the matrix system
15 and thickness of the composite, to name a few.
For a thermoplastic matrix material, suitable methods for forrding the
composite include direct molding or extrusion compounding followed by - .
injection molding. Methods and apparatus for forming the composite by the
above methods are discussed in I. Rubin, Handbook of Plastic Materials and
20 Technology (1990) at pages 955-1062, 1179-1215 and 1225-1271, which are
hereby incorporated by reference. ’

In a particular embodiment of the invention shown in Fig. 7,
composite or laminate 710 includes fabric 712 impregnated with a compatible
matrix material 714. The impregnated fabric can then be squeezed between

25 aset of metering rolls to leave a measured amount of matrix fnaterial, and
dried to form an electronic support in the form of a semicured substrate or
prepreg. An electrically conductive layer 720 can be positioned along a
portion of a side 722 of the prepreg in a. manner to be discussed below in the
specification, and the prepreg is cured to form an electronic support 718 with



frames to inpart twst to the strand at about 0.5 to about 3 turns per

I nch. The reinforcing fabric 512 can include about 5 to about 50 warp
strands 514 wo9yeaesh preferably has about 3 to about 25 pi

centinmeter (about 1 to about 15 15 picks per inch) of thecﬁéer(@élto?og%d 516.
A sui table woven reinforcing fabric 512 can be formed by using any
conventional |oomwell known to those -3pkilled in the art, such as a
shuttle loom air jet loomor rapier loom A preferred loomis a
Tsudakoma | oom which is comrercially available from Tsudakoma of

Japan. The weavencélagticaliyidontustive 1Bgera It 86bther eRbadimenteiie 3vention &
(shown in Fig. 5), although any other weaving style well known to

those skilled inemdyrically 18 thmelgstrenic aipporhisdysinb fwe ak mare\ptepesgscale be

used. confRirdy MﬂFQn B@@trﬁc%&{h@ndtﬁ:ﬁvé [Aﬁﬁnfg Qrgdn %ﬁwg’?a]tgd e R diged to

forma conposite or |am nate by coa I énatl ng one or

nore | ayers cundd infeemBaher weiblédribwn tortheseositiledan ithe ath,corfomh ashultilapered
t hernbsettin

matrix 25 material 616. The psite or lamnate 614 is
SUi tabl e for B &lestionis supporte F o exeriple. BT FFinAdhS psenEepalion et r oni ¢
support” means répred&tatkan be lafittited B¢ PRIYsHY|thy sBIURRLE | BetwBEA Pblished
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Matrix materjals, use in the presept invention include thernosetting
materials sullh ASRAlNEOBIYTNG YT sEaerner ta,orgter ipigrton B g such
(containing 5 ghatthetsuiify SeRONOSudPEN i88%aingithaving RedBtighgu! e, such as
pol ygl yci dyl et hers of polyhydric al cohols or thiols), phenolics,

am nopl ast's, t heleatrcsilyicopductive Iayer alongtahpartien obian expesed surfaeel i xt ur es

thereof. Preferr [l i a .or, form ng | am nates for printed
circuit boards éﬁ%e%tﬂ r@%ﬂoe% %s‘,’lad la"I"Ré)tSI)yi m des and liquid
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skilled in the art., If further i.nforgati on regarding, such . C(H’rpositi ons
i s needed, ste Ihesisglelaysronmitiayerrd sleciapicupPPortiping techniques we

known in the art to construct an electronic support in the form of a printed
circuit board or prinfed wiring board (hereinafter collectively referred to as
“electronic circuit boards”). If desired, apertures or holes (also referred to as
‘“vias”) can be formed in the electronic supports, to allow for electrical

20 interconnection between circuits and/or components on opposing surfaces of
the electronic support, by any convenient manner known in the art, including
but not limited to mechanical drilling and laser drilling. More specifically, after
formation of the apertures, a layer of electrically conductive material is
deposited on the walls of the aperture or the aperture is filled with an

25 electrically conductive material to facilitate the required electrical
interconnection and/or heat dissipation.

The electrically conductive layer 720 can be formed by any method

well known to those skilled in the art. For example but not limiting the present -

invention, the electrically conductive layer can be formed by laminating a thin
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15 layers can be incorporated into the electronic support, for example along a
portion of an exposed side of the multilayered electronic circuit board.
Furthermore, if required, additional circuits can be formed from the electrically
conductive layers in a manner discussed above. It should be appreciated that
depending on the relafive positions of the layers of the mulitilayered electronic
20 circuit board, the board can have both internal and external circuits.
Additional apertures are formed, as discussed earlier, partially through or
completely through the board to allow electrical inferconnection between the
layers at selected locations. It should be appreciated that the resulting
structure can have some apertures that extend completely through the
25 structure, some apertures that extend only partially through the structure, and
some apertures that are completely within the structure.
The instant invention further contemplates the fabrication of
multilayered laminates and electronic circuit boards which include at ieast one
'comp‘osite tayer made according fo the teachings herein and at least one



exanpl e. Suitable crosslinkers useful to crosslink the polyneric matrix
mat eri al are di scussed above. The tenperature and curing tinme for the

t her noset ti ngvm;gyagsgi c matrix material depends upon such factors as the
type of polynmeric matrix material used, other additives in PREUSMOGSK
system 15 and thickness of the conposite, to nane a few. For a
thernoplastic matrix material, suitable hods for formng the

conposite include direct nolding or extrusion conpoundi ng fol | owed by

i njection nolding. Methods and apparatus for form ng the conposite by the

above net hods a | | | : ) el s and
20 Technol ogy (%@’Sgﬁ’agétjﬁggggéaié? %@9& T?%ﬂ%% ﬂ%ﬁ@@%{eﬁﬁgﬁﬂ#ch are
her eby i ncor por herih, leyg.rmads esing conventional glass fiber compasita teehrniology! More

enmbodi nrent of the ipventiqgn sho in Fi Ty e o site.or |amnate 710
i ncl udes fabri 039'3_"2# A ﬁét‘%H’%Pﬂw‘é%g@ﬁﬁ%ﬁf%?dem%Rggﬂn‘é?‘ﬁﬁ'%%ﬁ@ri al 714.
The i npr egnat edfilaffintinCadntihticus Qﬁsm%ﬁ’ﬁlﬁﬂmﬁw&ﬁngaa&ﬁiar@ftteﬁﬁder i ng
rolls to | eave a neasured amount of matrix naterial, an dried to form

an el ectroni & swith@rstaich/ailisizingwhichfingiudasaagtially @r &y siextsinized starch or pr epr eg.

Al l ectricall ' Mo b1 - TR . ti

of o ot de 752 HRUREE-hliBaerEl vddtabil i1l BB ARAG agedt Bleiying . 0" ' O"
s_peﬁi fication, agentdme watenimgudisg bul it limited to those disciosbd bgﬂ%m&stamat_ 718
Wi t L , - - an

el ectrical |y coRBgRY #3%2f4(3¢ Ed; 1993, whieh ishierehy ineqrporsted Mereferereg i on, - and

more typically Whrf:'%r | HeHGAY frorh ¢aR' strah @6/ HiE thi¥reaftéPtr&dtedWitR adRRRIoRDS ar e
conbined with an el éctrically conductive |ayer and | am nated together and

cured i n a rf@nnprioniolweaving 4o protectibe strards against@brasioruduringithe weawing

mul til ayered 58F]o,%legﬁgér.S.rﬂo?y(gflﬂgpﬁééhog)gascéﬁ@ﬁdgg L}r)%{tﬁé}gﬁtlg%@éfégt't he

present inventi preg nat ed preéssing the

stack, e.g. beteslamn®linesb?through coltranl4 limealtie whichtis hereby iredrporated byt ur es
and pressures for, a predeterm ne

matrix and for nfefelegrendhis %@%&%?P'@H%%Eg'teg"%éa Iﬁgg?ts%ﬂ%g éﬁﬁt‘gﬁ' @%’%Kg Io(r:
Tayer i thor " pr oene 68 el aslhe Mol silcar borerdl Mt Chpatile GO | e
resul ting ell8ct polyimeric upaix materiahusedby corapositei manudacturessandthe fabric
must be cleaned to remove essentially all organic material from the surface of
the glass fibers prior to impregnating the woven fabric. This can be .
accomplished in a.vériety ways; for example by scrubbing the fabric or, more
commonly, by heat treating the fabric in 2 manner weli known inthe art. Asa
20 result of the cleaning operation, there is no suitable interface between the
- polymeric matrix material used to impregnate the fabric and the cleaned glass
fiber surface, so that a coupling agent must be applied to the glass fiber
surface. This operation is sometime referred to by those skilled in the art as
finishing. The coupling agents most commonly used in finishing operations
25 are silanes, including but not limited to those disclosed in E. P. Plueddemann,
Silane Coupling Agents (1982) at pages 146-147, which is hereby
incorporated by reference. Also see Lowenstein at pages 249-256 (3d Ed.
1893). Aﬁer treatment with the silane, the fabric is impregnated with a

compatible polymeric matrix material, squeezed between a set of metering



el ectrically conductive |ayer along a portion of an exposed surface
(hereinafter referred to as a "clad lam nate"). Circuits can
then be formed fromthe electrically conductive |layer(s) of 15 the single
| ayer or rmul t MORYé#%U el ectroni c support using techni ques welrhusssmdossknown
in the art to construct an electronic support in the formof a printed
circuit board or printed wiring board (hereinafter collectively referred to
as "electronic circuit boards"). If-#@sired, apertures or holes (also
referred to as "vias") can be fornmed in the electronic supports, to

allow for electrical 20 interconnection between circuits and/ or conponents
on opposing surfPitaad dried to formasemiguied prerreg apgispessedyabams. Kshowdibent

manner known i ,

drilling and |£1hsﬁéﬁ€%|§treplthétw” Jr’@gs"ﬂeﬂé‘r’ péddte ﬁ}f‘e Silfg) B8 deariRfopttagd |
apertures, a Ia@mﬂordhemanx rasinabised m(‘hhrezltmnposaeMBela'shinglandlorfmsumos| ted on
the walls of th erture.or erturelsf wi th an

electrically coﬁﬁﬂgﬁ g %"?ﬂe (S PLIRPIS Qrﬁl"@gﬁ HE’W@&?HW"@?W’ cal

i nt er connect §ong|agkifiKyr cbﬁ‘fpbsﬂé fe%haabgpean then be combined With @{aeartrhb@al ly
conductive |layer 720 can be forned by any mnethod wel | known to those

skilled in the Riepregsdncosneratingthednstantinyantion tofgrmiqe q!ﬁvé@msupport as
invention, the &L&Fs&é& aable/ aﬁGWHﬁFnbﬂlﬁrémﬁaﬁz?éH Bﬁuﬁé%é W%lg@#o&:@@r&ﬁtt ng. a

thin heet
or foil of netddard. ﬁatmoreahfwnﬂbomtegaaﬂsg fancatmhlafelentromcsxrckat bdardsie seni -

cured or cured prepgp o A I aSiia el e Padesar o |

conductive | ay oo by—a
onto . aﬁol eprg-115, FP@"I*u'nQﬁaIQ (Eé? féﬂ:éléct@ﬁies Pﬁ&ka@gﬁéndsooﬁuméspétepr eg
or lamnate usi n% known technr ques | nc udi_ng no i m te

el ectoylic pl atna@SB 8- 861@"6&:8953’9@;%& MWVadawitg, :

mat eri al s SUI t I ayer | ncl ude
but a6 not 11 PER R5aEE gEre A an C & CERbSY #%???M—@’@Jﬁ al ur num
gold, tin, t| n-Hamdbook) BYEd. 1888 pages &nds.?-, whictﬁ@r&ihefaw incorpblatscbf . 10 '

I n anot her’ enbod| nent of the present invention, the el ectronic support
can be in the f8I9®¥¥® a nultilayered electronic circuit board constructed-

by 18 The composites and laminates forming the electronic supports of the

instant invention can be used to form packaging used in the electronics
. mdustry, and more particularly ﬁrst second andlor third level packaging, such
as that discloséd in Tummala at pages 25-43 whtch is hereby incorporated
by reference. In addition, the present invention can aiso be used for other
20 packaging levels. ) o ‘
The present invention also includes a method for reinforcing a
polymeric matrix material to form a composite. The method comprises: (1)
applying to a glass fiber strand reinforcing material the above sizing,
secondary coating and/or tertiary coating composition including thermaliy
25 conductive inorganic solid particles; (2) drying the coating to form a
substantially uniform coating upon the reinforcing material; (3) combining the
reinforcing material with the polymeric matrix material; and (4) at least
partially curing the polymeric matrix material to provide a reinforced polymeric
composite in a manner such as is discussed in detail above.



| am nating together one or nore electronic circuit boards (descri bed above)
with one or nore clad |am nates (described above) and/or one or nore
prepregs (degsddoigsk,above). If desired, additional electri caI | y conductive
15 layers can be 1ncorporated into the el ectroni c support, FCHgp9: 4%l e

along a portion of an exposed side of the multilayered electronic
circuit board. Fur t her nor e, reqw‘{ﬁ additional circuits can be
formed fromthe electrically conduct e layers in a manner discussed

above. It should be appreciated that depending on the rel atlve
positions of the la . | 0, ard
the board can have ng%mi?ipé@g%WaEd h% é%%,tiﬁlv ﬁfﬁd(’:n é]%é:cgrﬂp n§é %ﬁ‘eﬁ

apertures are farfortingan apestarssslitheaugh atieasboné I@bi&ﬂ bifabdd 992 of an
conpletely thr oth t he board | 1 ow el ectrical_int er connecti on between

the | ayer §letronicsupped of |é@£ epresentinventon. 4T 'Efeesﬁfﬁ%%?uﬁwthat t he
resul ting cEHtpHQﬁ'\Praep&'ﬁéh 88 8f & RiYRr Qpﬁbiﬁbﬂégii‘ﬁ avtﬁéﬂ sng rt e goe' y

t hrough the 25 ructure, some apertures that exten
t hrough the 5t isfothe formadis posmorednereqﬁmmﬂevamurefmmm W|th| n

Fabr oot on o such as gyt AU RRL B! ThB SBakAentk fifen BTG oo to”
whi ch incl ude @62lof &5 atdesst one lam@@%ffabﬁb@ﬁﬂlbylmeaemgrtﬁeElﬂll 064 bhe
teachings herein and at |east one

- 39 - c siThe fablic1 2, romprisgs 3 %Mbeaﬁwﬂr@@wpfﬁ%@tﬂﬁ@twﬁpom te -
I t ht ﬁ%ﬁﬁ
cg?/rgtr)m ? ggt eChgass%hﬁkﬂnn@a%y%GﬁgH%hgﬂlﬂQ%&aéﬁﬁd?mclég own to t hose

skilled in the canductmt;agretalterrthan gboutS0 Watts péd metenKsat ahoutcﬁ&ﬂ&npnllsdgl ass

G 25ng vy o1 (EREia8 S RAHpARr bage, e 5L 6Rbhe doptttay iy Asitlhtal

anyl ose, hydroggm@ﬁnmtfﬁah theDapertufe ©80.i oni ¢ wet ting agent, enulsifying
agent and water, including but not limted to those disclosed in_Lowenstein:

at pages 237- 22he psentinvention will Rawde illustratgdcythe fellovieg specificyy

r ef er ence. }qug.rpﬁ duced fromthese strands are thereafter
treated with a soI u |%‘ﬂé%3n£prlor to weaving to protect the strands agai nst
abrasi on dutd ng the weavi ng process, e.g. poly(vinyl alcohol) as
disclosed in U S. Patent 4,530,876 at G0y um 3 line 67 through col um

4 |ine 11, which is hereby mcorporatgé-ém—

Five layers of ADFLO-C™ needled chopped glass fiber mat which is
commercially available from PPG Industries, Inc., were stacked to form a mat
having a surface weight of about 4614 grams per square meter {15 ounces

20 per square foot). The thickness of each sample was about 25 millimeters
{about 1 inch). Four eight-inch square samples of this mat were heated fo a
temperature of about 649°C (about 1200°F) to remove essentially all of the
sizing components from the samples.

Two unceated samples were used as comparative samples. The other

25 two samples were dipped and saturated in a bath 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



reference. This operation is comonly referred to as slashing. The

pol y(vi nyl al cohol) as well as the starch/oil size are generally not
conpatible with the 15 polyneric matrix material used by conposite

manuf act ur er SYAMWPTe fabric nmust be cl eaned to renoveCEuSsendosal |y al |
organic material fromthe surface of the glass fibers prior to

| npregnating the woven fabric. This can be acconplished in a variety
ways, for exanple by scrubbing the fabric4s, nore commonl y, by heat

treating the fabric in a manner well known in the art. As a 20 result of
t he cl eaning operation, there is no suitable interface between the
pol yneri ¢ mat r itke aguestisadoatiog domposition wgs abeutt 18cd waight peraent. (The cl eaned

gl ass fiber surface, sq.that a coupli { | i to the
0258 per P mltbBiGon bl BP0 BB Moy TUp i Bk g 0, L
skilled in the g@isaThe coatelirhatddnides WBR drizdih airGvemiht at atsthperatm@n| y

used in finishing operations 25 are silanes, includi ngq but not limted to

t hose di scl osecfighort 255C and hagledrif\an oven at abppl1RO°CAerARaNY 3 RgEMS: s (1982) at

ovenst oi n a1 pages S350 396 nplee wet SALaGRiriReel bendlckifans” B0, 0P

sil ane, the falthemnal sesistanesginatirat temperatures of aboubtBAOK (dboupd0F)eri c mat ri x

materi al, squeezed betwee e f ering . . . . :

- 40 - ragepsding,o Mﬁ?té°$&Wa'.. mqﬁﬂ?@aymmegQle scussed
above. 1t shoul drdiénce. TheARMIEToPiRIAMKINJBARAPEND thefiial fegistiedfér. OF 1 he
si zing, the cleaning operation and/or the"matrix resin used in the

conposi te, the edchsample arecsedforth iniTablexbelow. steps can be elininated. One
or nore pr eigegs' i ncorporating conventional - 5 glass fiber conposite
technol ogy-can then.be conbined with one or nore " prepregs

I ncorporating the instant ‘i nvention to Tablé4an el ectroni c support- as

di scussed above, and inparticular a nultilayered laminate.or electronic

circuit board. For| nore infornation negardi 88 | L bn of- _
el ectronic circuit boards, see 1 El edtrorXc M4t elGomm®s Handbook[err],
ASM | nternational (1989 at pages 10 113-115. R Tunm#amplerd| ),
M croel ect roni cs Packagj Thicknaasifinches) (1989) af.08 page® 85B- 861 and
895-909, M W Jawitz, Printed (Gntinetars)Bodr d B&hdbdok 2.54
Temperature (°F) 75.62 7414
(°C) 24.23 23.41
Thermal conductivity
Btu inches per hour square | . 0.373 - 0282
| feeteF C S
Watts per meter K 0.054 0.041
Thermal resistance
Hour square feet °F per . 2.82 355
BTU o
meter” K per Watts 0.515 0.626

Referring to Table 1, the thermal conductivity at a temperature about
300K of the test sample coated with boron nitride particles according to the
15 present invention was greater than the thermal conductivity of the
Comparative Sample which was not coated with boron nitride particles.



(1997) at .pages 9.1-9.42, and C. F. Coonbs, Jr. (Ed.), Printed Crcuits

Handbook, (3d Ed. 1988), pages 6.1-6.7, which are hereby incorporated by

ref erence. 150 99/44957The conposites and | am nates form ng t%ﬁ_{?;\ﬁa@ni c
c

supports of the i nstant invention can be used to form packagli ng used
In the el ectronics I ndustry, and nore particularly first, second
and/or third | evel packagi ng, such aggthat disclosed in Tummal a at
pages 25-43, which is hereby incorporated by reference. In addition,

t he present invention can also be used for other 20 packaging |evels.
The present invention also includes a gxeAfpdefor reinforcing a
polynmeric matrix material to forma conposite. The nmethod conprises: (1)
appl yi ng to a gl ass Filrment wopnd eylindrigalnomnegitesawers piepansd fiepbeamries phg,

secondary coati [T AVA ' b4 ' ' Iy

25 conductive é%%gﬁ?éa§§I%éP ggfﬁe%&n?@?ag’%%gﬁq p\g@%g@%gﬁ%&[@%r m a

tSEbSt antial | yf L\ﬂlhif:l@iﬂh&?ﬂbi’dialﬂlylm_ t 2a?lé&onell’ﬁﬁdn¢ism®st;rﬁ‘.toerﬂcﬁ cylipdblrsmné)di ?|4;1g
e reinforcing material w e .po ric matrix material; an

at | east 5 MPP?WIRY@EWW'QB@Q%I qgéﬁ{g%%@sqm&ppaﬁnq @'%’P&"vi de a

rel 2}‘ or ¢ ggvgo' YWY tHe matrix rAYBRAR iseBdrih BRI M TilHER vARdihg tHl ?d?h'ﬁftﬁ? in

Referring now teylifidical shapéusipg asconventionahflamentwisdingapparatess Basheethod

for formng an gperture 950 h_at -l : \ : fahlie 912 of
an el ectr otﬁgé’y @%ﬁ Was 91%']% 8%‘%"?%%’%@ g'i‘%ﬁgyﬁﬁ b’%ﬁ %’ﬁ'}&efﬁée' Jﬁﬁ%tj?f oni c
support C OBfP14.8 caftirfeteRy gs.mlin%es)@fndaa walythickRdds off0.638centinitérsi n whi ch
an aperture 950 5 is to be forned is positioned in registry with an

aperture foffi n§-2hipsheslus, such as a drill bit 954 or laser tip. The
t 950 is f | ; : I
aperture IS Or;ﬁ%r ?Pf’ﬂ!‘gagﬂéfslw g,g,ﬂtﬁ?gggélo bg& eboNess o ayer

911 of fabric 912 b using t or | aser. The fabric
912 conpri ses aresin{commierbially available frammShell Chemical), 80 parte AS-220J mefhyk s

10" conduct 1 vi tSTEELBaLa|G Araiee 88 derpaln, AyatabiforiAghdsd s o ™
appl i ed Chemicals, Inc. of Newark, New Jersey), and 1 part ARALDITE® DY 062
15 benzyl dimethyl amine accelerator (commercially available from Ciba-Geigy).
The filament wound cylinders were cured for two hours at 100°C and then for
three hours at 150°C. _ . _
The radial thermal diffusivity (thermal conductivity/(heat capacity x
-density)) of each test sample in air was determined by exposing one side of
20 the cylinder wali of the sample to a 6.4 kJ flash lamp and sensing the
| temperature change on the opposite side of the wall using a CCD array
infrared camera at a rate of up to 2000 frames per second. Thermal
diffusivity values were also determined along a length of the yamn
(circumferential) and along a length or height of the cylinder (axial). The test
25 results are set forth below in Table 2.



to at least a portion of a surface of the at | east one glass fiber to

facilitate heat conduction away fromthe aperture 950. The
present invention will now be illustrated by the foll ow ng specific,
non-limting 0a9auess. PCT, J-E 1
Five layers of ADFLO (CJerr] needl ed chopped glass fiber mat, \%i ch s

comercially avail able from PPG I ndustries, Inc., were stacked to forma
mat havi ng a surface wei ght of about 4%314 gram; per square neter (15
ounces 20 per square foot). The t hi ckness' of each sanpl e was about 25
mllinmeters (about 1 inch). Four eight-inch square sanples of this mat
were heated to a t enper at ure of abowgh@49[ err] [ C (about 1200[err]F) to
renove essentially all of the sizing conponents fromthe sanples.
Two uncoated s&npl es were used as|conpar aThewnal Diffisivity (Inenfsdeyr 25 t\o

sanpl es were d{pped and saturated]I neaidat | o’raxm aqueoHrcunwetdiitial
conposition co 9ot IS0 T [T T1g3FT S [0 OJ;?'AC 0

RELEASECOAT- et et Tt ~etes—tgsan
aqueous d| Sper eﬁ\%nq'gl 1 n_t Fa 8” a__ga‘il nl"'l' LDL{‘D ) 5 .
sol ution of A-187 gamma-gl yci doxypr opyI tr| met hoxy5| I ane The total solids

of Referring to Table 2, the values of thermal dxff&s?wty for the tedthe aqueous
coat i ng COI’TpOSI tion was a out . wei g ht Ii)ef cent. armount of boron

nitride particl @gmm@(wmm wessaeﬂedrmth X emamtcﬁbomn nitide) are |§$5ath§n The

;ggh? erSnE31 Ear ?]a%p tﬁgs%gﬁﬁsgabﬁgdﬁloove ag%%%l@gfg?t%?w (r)br%tr%@md 3 hour S. .
5 Each oAdt voids incthi fikznens svotmd lcylirided afid thetsivealinssmple arbactested taye and

thermal resistance I.n gir at .tenperatur of about 300K (about 70[err]F)
according to AS Rﬁ‘ﬂ‘%‘ﬂ may have U@Hc?‘gs'ﬁé?é?ﬂ‘ ?ncor por ated by

10 The components in the amounts set forth in Table 3 were mixed to

form aqueous forming size compositions A-D according to the present
invention in a simitar manner to that discussed above. Less than 1 weight
percent of acetic acid was included in each composition.



reference. The values for thernal

conduct

each sanple are set forth in Table 1 below. 10

Table 1
Sanpl e

WO 99/44957

Thi ckness (i nches)

ivity and thermal resistance
Sanpl e
1. 09 PCT/US99/04059

for

55

(centineters) 2.77 2.54 Tenperature ([err]F)

75. 62 74. 14 ([err] O 24. 23

23.41 Ther mal conduct i vi4%- Btu i nches per
hour square 0.373 0.282 feet[err]F

Watts per neter K 0. 054 0. 041 Ther mal

resi stance Hour squar eTahlg3 [err] F per 2.92 3.

BTU freter T T T YA REIGHT PERCENT.OF COMPONENT ON-TOTAL
Ref.erring to Jable 1, the thermal conduct

300K of the t
the 15 presen
Conparative S
-43 -

wound cyl i ndr
coated with s
is commerci al

bST_sanpl e coated w th boron

ivity at asb%mﬁ ur e about
nitride pAAMPLERS accordin

i nvent i oFOMBENENTeat er t har] the |t I‘Rarﬂhalc cand8ct ijvi € R’J .
oplastic polyester fiim-forming polymer 6 1;_': :Egi'gig_" 44. :
i i @ P AN |
cgt'l‘emé°8hn%lgg?!ytesogﬂ\%?ngmgppr parr ed4?7r gm sa?xr'pl es jof G 75
Wmm%m%%b@ ow_dndo 10620 glf 35 Tl beér yam 0
y _aval | rolyvisyl dymaidon Lndustlries.| Bdc| B&A® |cy¥2inger s dner
epoxy-functional organe silane coupling 23 23 842 1 811 23
agept’Vo .
acrylic-functional organo silane coupling - 47 48 0 0 4.8
agent107
aminc-funcional organo silane coupling ) 0 8.42 8.1 7
agent :
polyoxyalkylene block copalymeriVs 10.7 5.6 0_ 0 10.8
~Ethoxylated octylphenoxyethanol 110 0 0 4.74 6.30 0
polyaride 11 4.8 4.8 0 0 4.8
surfactant112 3.6 36 4.74 6.39 36
Organic lubricant1 15 0 0_| 421 | 408 0
polyoxyethylene polymeri 14 0.6 0 .0 -0 - 08"
boron nitride powder particles119 1.0 1.0 0 0 0
boron nitride particles in agueous suspension’ 0 0 1.05 1.01 0

102 RD-847A polyester resin which is commercially available from Borden Chemicals of

Columbus, Chio.

103 pESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer of

Pittsburgh, Pennsyivania.

104 EPI-REZ® 3522-W-86 which is commercially available from

Texas. .

Shell Chemical Co. of Houston,

105 pyp K-30 polyvinyt pyrrolidone which is commercially avallable from ISP Chemicals of

Wayne, New Jersey. .

106 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from OSi

Specialties, Inc. of Tammytown, New York,
167 ;

A-174 gamma-methacryloxypropyltrimetboxysilane which Is commercialiy available from OSi

Spedcialties, Inc. of Tamytown, New York.

108 A-1100 amino-functional organo silane coupling agent which is commercially available from

OSi Specialties, Inc. of Tamytown, New York.

108 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
110 |GEPAL CA-630 athoxylated octylphenoxyethanol which is commercially available from GAF

Corporation of Wayne, New Jersey.

Inc.

111 VERSAMID 140 polyamide which is commercially available from General Mills Chemicals,

112 MACOL NP-8 nonyiphenol surfactant which is commercially available from BASF of

Parsippany, New Jersey. .

113 EMERY® 6780 lubricant which is commercially avaitable from Henke! Corporation of

Kankakee, llinois.

114 POLYOX WSR-301 polyoxyethylene polymer which is commercially available from Union

Carbide of Danbury, Connecticut.

115 pPolarTherm® PT 160 boron nitride powder particles which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.



5 prepared by drawi ng ei ght ends of yarn froma yam supply, coating the
yarn with the matrix materials set forth below, and filanent w ndi ng
the yaminto a cylindrical shape using a conventional filanent w nding
appar at us. Bxolvy/@dos7 the cylinders was 12.7 centi net er $ctssonadses) hi gh,
had an internal dianmeter of 14.6 centineters (5.75 inches) and a wall
t hi ckness of 0.635 centineters 10 (0.25 inches). The matri x
materials were a mixture of 100 parts EPgA_ 880 epoxy resin
(commercially available from Shell Chemcal), 80 parts AC 220J net hyl
tetrahydro phthalic anhydride (commercially avail able from Anhydrides and
Chem cals, Inc. of Newark, New Jersey), and 1 part ARALD TE[err] DY 062 15

benzyl dinethyl am ea@scﬂr&rr@tgfeéaﬂw&is%bkna@dmﬁéa%téﬁvés&gp@m Cei gy) -

The filament wound cVylinders were cured for two hours and then for
three hours atl we@[maﬁ}ctpnto E-glass fiber stremdsr Eacbf the dorming sizé f usi vity

i was detcerRosing PS8 RO ZE vislaft perrent $BE' EX oBie Bits WBEE | °51™ e
sanpl e to a5 6.stralid Wdsawistédittpfoarnch ywrn ant wouhé onto bobbiaie B 3imiize change on

t he opposite side of the wall us'gﬂ a CCD, array infrared canera at a
rate of up tommrﬂﬁmnﬁ%’? %@L shingrequinmgnt. diffusivity val ues were

al so determ ned al qﬂ?ﬁﬂ'{%d}n Piks hlz]gx(lygﬁ?amweégthﬁ@ﬂg arfe4 al) and al ong

a length or height o y |nder test 25 .resalts are-set
forth bel ow i rCoraparatize Sample No. 2'" were evaluated for several physical properties, : - 44

Th ermal Diffu Sﬁl.\ﬂ‘llaﬁ ‘?ﬁﬁﬂ%‘PP]"PE &SM), air jet comggtq)ll?y (7A|r Drag), Friction Fpggi al

axi al . 10 andcurammmgm@ntsn al Sarrpl e : 0.37 = ~0. 33
0. 49 - Conparatiyve Sanp 0 _
Referring to Tabl e The atVﬁ(?Q@dPQﬁaQ" mfméwrmhf B?"F?'?IQ“WW qf@?em'"ﬂest v

sanpl e | ( Y‘h' ch %co‘i%sﬂ%n%%@e@b? R fotaﬂ%{:ﬂ'& oﬁhe%s@%n@'&r?équgﬂmﬁé e | ess

t han
size composition) of three trials of each Sample'is set forth in Table 4.

Each yarn was evaluated for Air Drag Force or tension by feeding the
16 yarn at a controlled feed rate of 274 meters (300 yards) per minute through a
checkiine tension meter, which applied a tension to the yam, and a Ruti two
millimeter diameter air nozzle at an air pressure of 310 kPa (45 pounds per
‘square inch). ' -
The Samples and Compafative Samples were also evaluated for
20 Friction Force by applying a tens_io_n of about 30 grams to each yam sample
as the sample is pulled at a rate of -274 mete;s (300 yards) pér minute
through a pair of conventional tension measurement devices having a
stationary chrome post of about 5 centimeters (2 inches) diameter mounted
therebetween to dispiace the yarn about 5 centimeters from a straight line
25 path between the tension measurement devices. The difference in force in
grams is set forth in Table 4 below. The Friction Force test is intended to

116 ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride pariicies in aqueous
dtspersron which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
7 PPG Industries, Inc.'s 1383 commercially avaitable fiber glass yam product.



5 those of the conparative sanple, which was not coated with boron
nitride. Air voids in the filanment wound cylinder and the snall
area tested aa,gggmgﬁ]actors whi ch may have influenced these results.
Exanpl e 3 10 conponents in the amounts set forth TqF/HHP49593 were

sanpl e

m xed to form aqueous form ng size conpositions A-D according to the
pr esent I nvention in a simlar manner to that discussed above. Less
than 1 wei ght percent of acetic acid wh&-included in each conposition.
-45 - Table 3

WVEI GHT PERCENT OF COVPONENT ON TOTAL
SOLI DS BASI S simulate the frictional forces to which the yarn is subjected during weaving

SAMPLE NO. COVPONENT A B C
D Conp.
Sanmpl e No.1 Ther rmpl Esch sappleyand comparativd samplnnglmval@atedmmokenzg 1

S50 5071 e i T bR BBy, > T

39.1 O

21. 05 0 5 apghed £ each test sam/ple lax \Gaol ket ¥amplel wanpuiRd at a rate of 0.48

9.7 0 epoxyfunctional organo sjlane coupling
* 8. queters (¢ 8inches) per minyte for five minutes througlbgh b

operations.

15.79
2.3 2.3 abrggion testing

4.8

acrylic-functi 0%lpapa{tgén?wﬁ'téﬁr?ﬁﬁ&lﬂdh%mp‘fe 4nd cémplarative simplé were

agent 107

evaluated and the average of the number of broken filaments is repérted in -

Table 4 below. The abrasion tester consisted of two parallel rows of steel

10

reeds, each row being positioned about 1 inch apar£ Each test yamn sample.

was threaded between two adjacent reeds of the first row of reeds, then
threaded between two adjacent reeds of the second row of reeds, but

displaced a distance of one-half inch between the rows of reeds. The reeds -

were displaced back and forth over a four inch length in a direction parallel to

15

the direction of yarn travel at a rate of 240 cycles per minute. The results of

Air Drag Force, Friction Force and Broken Filaments Under Abrasion for

Samples A-D and the comparative samples are set forth in Table 4 below.

" Table d

. _ Sample
A B c D | Comparative | Comparative
Sample No. | Sample No.
1 -
LOf (weight percent) | 0.35 { 0.30 | 0.52 | 0.40 0.33 0.75
Air Drag (grams) | 68.5|84.9 ] 37.3 | 47.1 36.4 19.0
Friction force (grams) | 24,7 | 18.3 ] - - 23.9 38.1
Numberofbroken | 2.0 | 1.0 - - 3.8 1.0
filaments par yard of
yam

20

As shown in Table 4, Samples A and B, which are coated with sizing

compositions containing boron nitride according to the present invention, had




11 0

am no-functional organo silane coupling O 0 8.42 8.

agent 108 pol yoxyal kyl ene bl ock copol yner 109 10.7 5.6 0

0 10.9 Et hoxyl at ed octyl phenoxyet hanol 110 0 4.74
6. 39 0 WO 99/44957 pol yam delll 0
0 4.8 surfactant 112 il'('-§[UE¢§99"’%’2€(§74

6. 39 3.6 ‘Organic lubricant113 0

4.21 4. 06 0 pol yoxyet hyl epe pol yner 114 0. 6 0

0 0 0.6 boron nitride powder particlesll5 1.0 1.0

0 0 0 boron nitride particles in agueous suspension

0 1.05 1.01 rC|aIIy
avai l abl e from Bg?va,gﬁo%r?errlnéﬁémsg%)% éﬁncﬁﬁ ﬁ‘sﬁéﬁ%‘)’%&gwegHE&{ﬁ%g

pol yet hyl ene adi pam@adacbto thbucdmpa;awmpres,l nga(eau(b abd ® alsmhacﬁhrgber of

Pi ttsburgh, Penns an| 4 I 52 which is. .co pally
available fromsS %ﬁﬁf rég éb%r%%éﬂaé‘{ ﬁa %‘8§ai§ef5§ eﬁ“ﬁ@ rﬁ ly?/l nyl
pyrrolidone whic heét%@ﬁmwdl@hlate theavéfaivsertioh racess of e gir fet icon® in Wiigine,

New Jersey. 106 A-1 87 gamma-glyci doxggr opyl tri met hox %a | ane whi ch i S

comerci al |y avaitham i$ conveyed acmssithe looatby ainiet peap YRR WHIB AR k.

107 A-1 74 ga I ik, 1 1y
avai l abl e from Og%;fgpem Ifﬁﬁe{%&% Hyth?‘éq:z&iﬁ)‘@ldéa@%ﬁtg?'s@h iesar%g A- @%@

am no- f uncti onal poomasion, s.vhlemearmfamlltataqaagfmml atrossithedooro mnd indredsey ..
avail abl e from OSi | nc. .of Takr w-Yor k

BLURCN CLer 1] - BRSOV DO 8 S 1By 1D 5D RS LR USHIORIGE IRFRRRhi ch i s
commerci al | y avaigkadrdm ftqu Brezenfiauaion ?]b@hxﬁﬁerl?ﬁérﬁttﬁﬂéai’thewm 110
| GEPAL CA- 630 et hoxyl at ed oct yl phenoxyet hanol is commercially

avai | abl e fr ot GRENEes yvhich ibricates\supREor ARt camralipilit 11 "VERSAM D 140

pol yanm-de which is comrercially available from General MIIls Chem caks, Inc-
112 MACOL NP-6 nonyl phenol surfactant which is commercially available from
BASF of Parsippany, New Jersey. 113 EI\/EE_XM,L_@?GO l ubricant which is

commrerci al l'y avai |l abl r om Henkel por.ati on %‘lﬁ i nois. 114
POLYOX WSR- 301 pol yox%@ F%'ﬁé’omﬁﬁ I %:Wn?'é" ﬁﬁ ﬁffhf?'zleév‘éﬁ Pable from
Uni on Car bi de of nﬁﬁéﬂ)wﬁémaana@@é fofitiing éée%ﬁ%@&ﬁheweerdndma&&ﬁdzhgwn

nitride powder particles which are commercially available from Advanced
Cerani cs Cor pér athepresent inventiop@nddhe Somparative Sample in a simﬂar manner to that

dlscussed above. Less than about 1 weight percent of acetic acid on a total
wenght basis was mcluded in each composmon
Each of the aqueous formmg size composmons of T able 5 were coated
onto G-75 E-glass fiber strands. Each of the forming size compositions had
20 between about 6 and about 25 weight percent solids.
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Sanpl e No.

Aqueous form ng size conpositions A-D and Conparative
1 were coated onto E-glass fiber strands. Each of the

form ng size wgggude@fPositions had about 2.5 weight percent_solids. Each

coated glass f

iber 5 strand was twisted to forma yarn and?SHeiTa049% o

bobbins in a simlar manner using conventional tw sting equi pnent.

The yarns of Sanples A-D, Conparative Sanple No. 1 and a Conparative
Sanpl e No. 2[err] were evaluated for severdd - physi cal properties, such
as loss onignition (LO), air jet conpatibility (Air Drag), Friction Force
10 and broken filanents. Th que age |l oss on ignition (weight
percent of solids of the formng sii@@-grposi tion divided by the total

wei ght of the
trials of each

orass and drred T or MERIGHT PERCENTEOFCCOMIEON TOTAL
Sanple is set forth in Table 4. BASIS Each yarn S

eval uated for |
control |l ed fe¢g
checkl i ne tens

Al r _Drag Force or tension by feed regmplaéiol5 yamat a
d rat COMPONENTNet erg (30 \ardg) per @ nutfe tHr oughCamp.
i neter ' apblied tensionfto thef{vam and Samplat{ two

m|lineter diajninosy fimifarming polyreerat] 642 r pr@@Sdyre 461210 183H4( 45 GAENdE per
square inch). Polyvinyl pyrrolidege” Sanh| ek31and CBdkarht ihd Sanpb4& .9

eval uated for
each yam sanpl
yards) per m

~annl LS  NJl
P - g S P
ut e a pairof CO\‘} ntj ondal” te
octylphenoxysthanal > & P2 colvent) ondr .

2(?°‘VP’FYF'8¥'3$§?1"W‘8% by ¥l Jfi nB4% tpnsi®Bn of &fbut 3@-1§ra)
i ]

devi ces havin
I nches) di anet
centineters fr

iondl'orga
devi ces. The di ffseérfams@mi,gh?gmﬁte

o} o=y~ |||ﬁ' 10 1 v AR T |1-LcrAT[2
er r;ﬁ:ﬁg‘ .Wéeélﬁa;therebétg\‘/:vee njtg'?,di prdz';’ge the?'yzar at%gt

bel ow. The Fri

f ASEX sl (et G CETTSiRE nt
n grans i set fgrth in
CU T OOrghriXé IOBticRSt | S| | i4endqd 1.66 040 | 156 1.50
polyethylene emulsion'> 0 0 0 | 0 461
Boron nitride Fowder 74.78 1.00 0 0 0

particles'*® - - L

Boron nitride particles in 0 -0 "~ 74.78 1.00 ('

aqueous suspension’>’ :

Each coated glass fiber strand was twisted to form yarn and wound -
onto bobbins in a similar manner using conventional twisting equipment. The
'yarns of Samples F and H exhibited minimal sizing shedding during twisting,

"'* EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

¥ PVP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey, _

20 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

21 1GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey, '

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

12 A-187 gamma-glycidoxypropyitrimethoxysiiane which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York.

' EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Henkel Corporation of Kankakee, Hiinois.

125 protolube HD high density polyethylene emulsion which is commercially available from
Szbron Chemicals of Birmingham, New Jersey. :

'% PolarTherm® PT 160 boron nitride powder particles which are commercially avallable from
Advanced Ceramics Corporation of Lakewood, Ohio,

127 ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.



116 ORPAC BORON NI TRI DE RELEASECQOAT- CONC boron nitride particles in aqueous
di spersion which is commercially available from ZYP Coatings, Inc. of QCak

Ri dge, Tennessee. 117 PPG I ndustries, Inc.'s 1383 comercially

avai l abl e fi b sgkeass yarn product. PCT/US99/04059

-47 - sinmulate the frictional forces to which the yarn is subjected
during weavi ng oper ati ons. Each sanpl e and conparative

sanpl e was al so eval uated for broken fggaments using an abrasion
tester. Two hundred grans of tension were 5 applied to each test sanple
as each test sanple was pulled at a rate of 0.46 nmeters (18 inches) per

m nute for-fiveariinig pamé bf SuEPIIE ahd SexdibitedSelére sizing SHuRNIrt difiingTWO t est
runs of each sagB_I e and conparative sanple were eval uated and the average
of the nunber ofWiBiREken filanments is reported in Tabl e 4 bel ow. The

abrasion tester consirﬁé ﬁghngfoﬁg\gg‘g%r@_lga%}d ?Qﬁ‘?ﬂ@ﬁ"ﬁ??éﬁ}?lé@efe@%\ﬂ%ﬁfaCh r ow

bei ng positioned about nc S t hreaded
bet ween two adj farékit Dragdd | similartmeatnerdo Exemplef3 aaesexdepbthat the AinDeagred

bet ween two adj acent reeds, of. t ecqnd, row of r s. but . .displaced a

i stance of s VAURH WEREHeBETREE fortte HABRID e A4S presSiies arcatsE L o ©

di spl aced back gaplef®rEdchoydth wasievdluatét-ior bestagé niiber sfitreiesn Mameatsal el to
15 the direction of (garn travel at a rate of 240 cycles per mnute. The

results of - per 129G etass ebyarnat 409 meters pee minte ping arShitleyMedelNarider
@g L?Z i anglc)g{& 84 DAL biske iAST deféct SO WRRRAL wrﬁméﬁam@ggﬁe ﬁﬁ:tn dorth in
Sanple. . '_ International Inc. of England. The& valués reprddent tBergverageiof e
Conparative s . measurements conducted on four bobbins of each yam. The broken filament
values are reported from sections taken from a full bobbin, 136 grams (3/10 2
pound) and 272 grams (6/10 pound) of yarn unwound from the bobhbin.
h Each yarn was also evaluated for Gate Tension testing are set forth in
“Table 6 below. The number of broken filaments measured according to the
16 Gate Tension Method is determined by unwinding a sample of yarn from a
bobbin at 200 meters/minute, threading the yarn through a series of 8 paraflel
ceramic pins and passing the yarn through the Shirley broken filament

detector discussed above to count the number of broken filaments.




Sanpl e No. Sanple No.

I
0.75

Friction force
Nunber of br oken

per yard of

and B, which are coated with sizing
nitride according to the present
few broken fil anents,

-48 -

val ues when
had hi gher
t est
process of an
by air jet pr
the air jet p
can facilitat

The air drag |
I nvent

pr esent
whi ch i ndi cat
EXAMPLE 4

Table 5 were

and H accordi ke

sim |l ar

conposition

is arelé

LO (weight percent) 0.35 0.30 0.52 0.40 0.33

(grans) 68.5 84.9 37.3 47.1 36.4 19.0
E’(’g?@%{s) 24.7 18.3 - - 23.9 38. PCT/US99/04059
2.0 1.0 - 3.8 1.0 filaments
yam 20 As shown in Table 4, Sanples A

-8&dnrposi tions contalnlng bor on
i nvention, had
Iom1fr|ct|ona
anpl es.

force and higher air drag
Sanples C and D al so

corrpar ed to the Conpar

manne
percent of ac{

rag
éFt |nserg£35;
he yam i|s convelyed acrqss the | oom
o0 02407 ¢ gRARI T 0lossgntg. by
ovi de greater surfa for ain phah10 propyl si on, jhi-ch
by tR6yrdmisd$/40 polind)0Ss ¢ t0@E6] opmoAmd Ij ngreesel  0.013 prlooaa20i Vi ty.
al ues for Sanples &-D (sanpl es prepthendd accaording tp the
i %Y gzams (Bl Qpaupd)t h%rn Q676se| oP.08he | Corepter af | 9401 ﬁ Sl ek,
b _sunerior air jetlconpatibility than 10
GATETENSE&EW“@H”Phr conpongnts in|the amopnts set| forth |n
‘___Eﬂ'égqf@ﬁﬂmm n‘rn‘i ng Sl osi-tians E _H .G
0 1528R& prg ; -gﬂfgﬁuLiiuﬁiammpdl 3p in a
1 ! .0 hrjm 1 1
ol 1 9\12 hbci c Tyl | §. A\ol4 h
- AL T R I N e Al Y-
Gate 6 - 0.0265 - 0.118 0.893
Gate 7 - 0.0885 - 0.31 1.0835
Gate 8 - 0.117 - 0.557 1.81
AIR DRAG (grams) '
25 psi Bobbin 1 - 10.420 - 10.860 | 11610
Jngbin 2 - 10.600 - 7.850 11.810
30 psi Bobbin 1 - 11.680 - 12.500 13.680
Bobbin 2 - 12.200 - 8.540 13.850
35 psi Bobbin 1 - 13.480 - 14.030 15.880
Bobbin 2 - 13.630 - 9.570 15.630
40 psi Bobbin 1 - 14.740 - 14.110 17.580
Bobbin 2 - 14.860 “- 11.010 17610
45 psi Bobbin 1 - 16.180 - 16.380 19.830
_Bobbinz - 16.680 - .- 12,700 | 18.950
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 8 appear o indicate that
Samples E-H according to the present invention had generally. higher
abrasion resistance than the Comparative Sample, it is believed that these
results are not conclusive since it is believed that a polyethylene emulsion
component of the Comparative Sample, which was not present in Sampies E-
H, contributed to abrasive properties of the yarn.



Each of the aqueous form ng size conpositions of Table 5 were coated
onto G 75 E-glass fiber strands. Each of the form ng size conpositions had
20 between about 6 and about 25 wei ght percent solids.

- 49 - WO 99/44957 Table 5 perussssmsnse

WEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS

BASI S Sanpl e No. COVPONENT

E F G H Gyp.

Sanpl e Epoxy filmform ng polyner[err] 16. 12 63. 54 16. 12

63. 54 60. 98 Pol yvi nyl pyrrolidonell9 1.31 5.18 1.31
5.18 4. 97 Pol yoxyet hyl at ed vexaimiles 1.63 6. 44 1.63
6. 44 6. 18 oilferr] . Et hoxyl at ed 1.63
6. 44 1.63 Eagh gfithe companents in the amgunty sphiorbiy Sablarfoverer r |

pol yet hyl ene gl : : : 2.98
nonol aur at e est ﬁrﬁ t%adr ﬁ f°"“%qz‘g%%%§<°§’-“ ]gr@nsé%el %%rg;rosggaég(othrougg .I?#&rdlng tiz. 51
3.17 12. 51 the preséat iiGention. Eachlamueocssfophingsizecsomjositioh was prepare@r gani ¢
| ubricant[err] 0.40. . 1. Sg) . 0. Aég 1. 56 1.50 .

pol yet hyl ene %enifl gism[aémﬁnner that discusseg above.” Less than about 1 weight 4.61
Boron nitride peep@int of acefit-abfi on atotallw%rt basis wadincluded in eadh 0
particlesferr] - Boron nitride particCles in 0 0 74.78
1. 00 0 composijoRous suspension[err] _— s

Each of the aqueous forming size compositions of Table 7 was coated . *
onto 2G-18 E-glass fiber strands. Each of the forming size compositions had
10  about 10 weight percent solids. |

Table 7 ) e .
WEIGHT PERCENT OF COMPONENT ON TOTAL
SOLIDS BASIS
Sample No.
COMPONENT K L M N Comparative
Sample
Thermoplastic polyursthane 344 34,2 334 31.35 345
| ___film-forming polymer' _

Thermoplastic polyurethane | 515 | 51.2 | 60.18 | 488 51.7
film-forming polymer'®® | - . - L.
polyoxyalkylene polyol 0.3 -03 1 03 .03 . . 033

copolymer
epoxidized polvester lubricant | 7.2 7.1 7.0 6.55 7.22
. Gamma-aminopropyl 27. 27 27 25 2.76
tristhoxysilane coupling agent )
- Gamma-ursidopropyi 33 33 3.2 3.0 334
triethoxysilane coupling agent :
amino-functional organo 0.1 0.1 0.1 0.1 0.14
silane coupling agent
Boron nitride particles in 0.1 1.0 29 9.1 0
aqueous suspension '™ :
loss on ignition (%) 1.11 1.14 1.05 1.08 1.17

12 Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,
anoinic 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 polyursthane 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
microns. -

‘3% ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous
dispersion which is commercially avaitable from ZYP Coatings, Inc. of Oak Ridge, Tennessee.



Each coated gl ass fiber strand was twisted to formyam and wound onto
bobbins in a simlar manner using conventional tw sting equipnent. The 5
yans of Sanplaﬁgglgggg H exhi bited m nimal sizing shedding during tw sting

[ err] EPON whi C mrercial ly avail able from Shel |l Chem cBFT/H$®0¢53t on,
Texas. [err] PVP K-30 pol yvinyl pyrrolidone which is commercially

avail able from|SP Chem cal s of Wayne, New Jersey. [err] ALKAMULS
EL- 719 pol yoxyet hyl ated vegetable oil whi-d#84s commercially available from
Rhone- Poul enc, [err] | GEPAL CA-630 et hoxyl ated octyl phenoxyet hanol which
Is comrercially available from GAF Cor poration of Wayne, New Jersey.
[err] KESSCO PEG 600 pol yet hyl ene gl ycol nonol aurate ester which is
comerci al | y avai | abCemposite sampiss epaactopfithaapovd caated gipss fiber samaples

et | abi o from By e CORBERITAR S e el ol 2 B R sskhey
EMERY[ err] 6717 Qﬁéﬁd@ﬁ'MPﬁ(f(g pﬁ)itdqmbuewzwmmwaﬁﬁwmmheteﬁs @oreo gi al ly
avail able. from rporation of Kankakee i noi s.

[err] Protol uSe P2Riinehessplaqugs pERGh sPSAIRAR “@ﬁlﬁvéi‘@fﬁd/\ﬁﬁ’r densile srgRaktr ci al | v
| abl e f I\A@gm

I%\(;?iar ‘?’he(rarr[ (ra?;n] teﬂfﬂfé%rnggtr:%% féﬂsg%modﬁ e?cgg{m@cﬁoes I C ﬁ%(tdr !3-638M,

commerci al | y avﬂéiuxbll s&rehgtmand ﬂeMaianmﬂduimcmrmng taCASHNY Method Db79Q;aevood,

Chi o. TR REL CONC,.b |t ticl.

i nI gqueous B 6@? angy '\g cppd %%Bm%gfe&pﬁya%%ﬁ“rﬁEﬁjgsﬂ'drﬂ?' @%%r e

Coati ngs, Inc. 256 Qﬂiﬁe%lﬁ'ﬂseconT@iﬂQ% &6ified below.
- 50 -, . and the yarns of Sanples E and G exhibited severe sizin

sheddi ng durlOng Table 8 presents the results of tests conducted on composrtes forme
using a conventional nylon 6,6 matrix resin.

 TABLES8 o .'"
units K L M N Comp.
Sample
Tensile Strength kpsi | 27.1 | 276 | 27.3 | 274 26.2
MPa 186.9 | 190.34 | 188.27 | 188.96 | 180.68
[ Tensile Elongation % 332 | 3.37 | 3.36 | 3.42 3.32
Tensile Modulus mpsi 148 | 1.55 1.47 1.44 1.51
: GPa | 102 | 10.7 10.1. 8.9 10.4
Flexural Strength kpsi 44.6 46.3 45.7 455 44.0
MPa 3076 | 319.3 | 315.2 | 313.8 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.64 15

GPa 10.5 10.7 10.6 10.6 10.6 -
notched IZOD Impact | ftibdin | 1.86 2.24 1.94 1.63 1.16
kJ/m® | 7.89 8.50 8.23 6.91 4.92
“unnotched IZ0D ftibdin | 21.8 22.9 21.1 20.5 22.0

Impact
kd/m* | 9243 | 97.10 | 89.46 | 86.92 93.28
Glass content % 329 32.6 324 32.3 324
15 As shown in Table 8, glass fiber strands coated with boron nitride

particles (Samples K-N) according to the present invention exhibit improved
tensile strength and notched Izod impact properties and similar tensile



tw sting. The yarns of Sanples E-H and Conparative Sanple were
eval uat ed for Alr Drag in a simlar manner to Exanple 3 above, except.
that the Air Drag 5 values were determ ned fortwo bobbin sanples at the
pressures i ndVO20/44957 n Tabl e 6. Each yarn was eval uat estrirogay@r age
nunber of broken filanents per 1200 neters of yarn at 200 neters per
m nute using a Shirley Mdel No. 84 041L broken fil anment detector,
which is commercially available fromSDL _g4. INnternational Inc. of,

Engl and. These val ues represent the average of 10 neasurenents conducted

on four bobbins of each yam The broken fil ament val ues are reported
from sections takengdtioRnard thodiblu® gkl stefyts apdnddalub@nd unnbhedizeynd 272
grans (6/10 pound) of yarn unwound fromthe bobbin. Each yarn

was al so eval uatiBtpacbpropatties véesi eampased tha camparative sanplg haying similb] e 6

Tens: on et noa 1 SR i AR SSU G BE B0 B Prkfferion. 1

bObb:In iat 200 nﬁt\hep/elvial_mat&,usciiﬁg Ryldn Bgesiﬂmnﬂmimﬂ?]mmguﬁianﬁdhdas es f)f 8b )
arall e ceram C pi ns,and passi ng t n r.Qu t he Irie rokKen
Pilanent  Sadmeteemas i/Sesle st aod ebloned l9d HERG AroRATeR WRE MOt

filaments. observed. -51 -
TABLE 6 - NUMBER OF BROKEN Sanple E Sanple F Sanple G Sanple H
Conp. FI LAVENTS PER METER OF . S i

Sanpl e YARN ful |1M§g§g§r  0.887  0.2417
greater 0. 065 0.192 than 10 ans (3/10 pound) 0.856
0. 017 greater  O.EHEB of the €orfi@bnents in the amounts set forth in Table 9 were
than 10" 72 %r gms 6/ 10 pour\gd . 0.676 ? 03‘9 . greater .. 0.101
0.192 10 mixed to form aqueous fo sizg compositions through according to

the present invention. Each aqueous forming size composition was prepared

in a similar manner to that discussed above, Less than about 1 weight |

percent of acetic acid on a total weight basis was included in each

composition.

15 Each of the aqueous forming size compositions of Table 9 was coated
onto G-31 E-glass fiber strands. Each of the forming size compositions had

about 10 weight percent solids.



GATE TENSI ON (nunber of hairs per neter) Gate 2

- .0.039 - 0. 0235 0.721 Gate 3

- 0. 02 0. 028 0.571 Ga ce

. 0. 0178 244557 0.068  0.4795 e L

- 0. 015 0. 093 0. 85 Gate 6 -

0. 0265 0.118 0.993 55 Gate 7 -

0. 0695 . _ 0.31 1.0835 e Gate 8 -

0.117 ~0.557 1.81 Al R DRAG (grars) 25 psi

Bobbin 1 - 10. 420 - Ta 860 11. 610

Bobbi n 2 - 10. 600 - 11.610 30 psi

Bobbin 1 ] 11.690 - WEIGHTZPE 5§@i OF CORMPORENT ON TOTAL

Bobbin 2 12. 200 . 8. 540SOLIDS B8S!850 35 4si

Bobbin 1 : 13.490 - 14. 038ampld Bo.880 .

Bobbin 2 1 CONPOIENT - P__9/570Q 15, &30 S$40 psi

Bobbin 1 | Thermoplastip. ppiywrethane |- 23 [14. 267§ |17286p 23

Bobbin 2 1 fim-fo mer'™ 11._D10 11610 A5_psi

Bobbin 1 ] Th;r:?:la tie PP g,-eﬂ\ane _ 3445 18. 49h 19.4&;0 - 3445

Bobbin 2 -—-—-léﬂ@& 17 . 50—si

Bobbin 1 J - polyowyaliylens 022 1h. 2@% 2% | & )

Bobbi n 2 : v : rY) i_i 20660 ~ 280 st T

Bobbin 1 188 2 29280 [ 184 |-

Bobbin 2 . silane BSUdiing ac 2p. 250 26. 580 - Wil e

the test resul §S PERRFEBHofrdb € 02 ZPpPERr 2gsl Ndl cCam t hpt 222 Sanfpl es

E- H accordi ng cmma ti on had]generallly higherj5 abradion

resi stance thanf t &einé nmpl 6,1 it]isob2ligdved.tzhatithdsle

results are not i j ) it is belf{eved that a polyethyl ene

enul si on dr at33& Shnpll®7 wHi ch Gas ot Bres%nt in

Sanpl es. E _ Las%e_p._o.pa%t_peg_giTst:_;h.g—/-a-p-g&T— -
loss on ignition (%) 0.52 0.81 0.80 - 0.84 '

Composite samples of each of the above coated glass fiber samples
and the Comparative Sample of Table 7 above were extrusion moldéd to
5 produce 400 x 400 x 2.5 millimeters (16 x 16 x 0.100 inches) plaques _under
the conditions -set forth in Example 5 above: Each specimén was evaluated
for: tensile strength, tensile elongation, tensile modulus, notched and
unnotehed izod impact strength as discussed in Example 5 above at the glass
contents specified below. _ '
10 The color tests were performed on composites having a thickness of
3.175 millimeters (1/8 inch) and a diameter of 76.2 millimeters (3 inches)

b Thermoplastnc polyester-based polyurethane aqueous emuision having 65 percent solids,
anoinic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
centlpmse (Brookfield LVF) at 26°C.

2 Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average partlcle size ranging from about 0.8 to about 2.5
microns.

32 palarTherm® PT 160 boron nitride powder particles which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio. .

134 VANTALC 2003 talc powder particles which are commercially available from R. T.
Vanderbilt Company, Inc. of Norwalk, Connecticut.



-52 - EXAMPLE 5 Each of
the conponents in the anbunts set forth in Table 7 were m xed to form
aqueous form ng size conpositions K through N according to t he
present inverWP8M9Each aqueous form ng size conposition Wakraisshnid 5
in a simlar manner to that discussed above. Less than about 1 wel ght
percent of acetic acid on a total weight basis was included in each

conposition. - Each of the aqueouggf.orm ng size conpositions of
Tabl e 7 was coated onto 2G 1 8 E-glass fiber strands. Each of the
form ng size conpositions had 10 about 10 wei ght percent solids.

Table 7 using a Hunter colorimeter Model D25-POBAGTD dvaR@td\matdriaCRAAYINGENT ON
TOTAL OLI DS BASI S

Sanpl e No. characteristis) funpghfiew tests were condycted on sa;gp?s of chgpped N

Conpar ati ve lass fiber. The funnel was eight h
Ther nopl astic po?yusr et rar.1re fu e 7 e% een b gsz?ngffd%mgeven%afn inch

filmformng polqlamep&rmp]emng atthe tdprmdmpvmmhopﬁmhgonélumhmm The. 5 51.2
50. 18 46.9

pol yoxyal kyl eﬁ e fblgpé was wBraéed anq) h'fJ t?ﬁrnfe 8;351 r@&rggé %ngb &JounJls ofosaﬁple

copol yner material @ fidthpeighehbdunnal bThe PM-104 tésQevaluaieslthe re? sﬁnce 6. 55
7.22 Ganma- am no
2.76 . tri e@fﬁmya?mm@g!e%%rﬁg%mﬁlamentaﬂon S@/rﬁfatrﬁroéﬁamsleopw -

gggnt. 3.3 3. $40 grams of dh abrasive mateifhl (ground whinbESHEPPEHIdIS RoE1E! | NT -
which are commercially available from Hammon Products Company) and a
10 conventional foam type antistatic dryer sheet were 'enclose_d in a 4 liter
stainless steel beaker and vibrated using a Red Devil paint Shéker Modelj
5400ES3 for six minutes. The vibrated material was screened using No. 5 and
"No. 6 U.S. Standard testing sieves. The weight percent of fuzz material
collected on the screens as a percentage of original sample is reported
15  below.
Table 10 presents the results of tests conducted on composifes formed

.using Samples P-S and the Comparative Sample using nylon 6,6 matrix resin.

TABLE 10

uhits P Q R S Comp.

. : . " . | Sample
Tensile Strength kpsi 285 28.6 28.7 27.7 29.6
, - MPa 203.5 187.2 197.9 191.0 204.1
Tensile Elongation % 3.03 3.05 2.98 297 3.01
Tenslle Modulus kpsi 1866 1779 1720 17441 1748

GPa 12.86 12.26 - { 11.86 12.0 12.05
notched 120D impact ft lbvin 2.10 1.96 1.94 1.78 2.26
_ kim® | 890 831 | 823 755 9.58
unnotched IZOD Impact | . ftibdin 24.9 - 234 228 22.2 2064
kdfm® 105.58 99.22 96.67 24.13 111.94

Actual Loss on Ignition % 0.81 0.52 0.80 0.64 1.47
PD 104 % 1.3 0.7 0.1 1.4 0.1

Funnel Flow seconds 13.8 152 15.4 235 13.0

Whiteness Index -15.1 -12.0 -17.6 -18.5 -18.2

Yellowness Index 40.0 37.5 425 43.4 43.6

Glass content % 33.30 33 32.80 31.70 33.80

20



am no-functional organo 0.1 0.1 0.1 0.1 0.14

si |l ane coupling agent Boron nitride particles in O. 1 1.0 2.9
9.1 0 aqueous suspension[err] | oss on ignition
(% 1.11 -~ WOPR44957 1 05 1.08 1.17 [ err] Ther nopl &stius99/n4059

pol yest er - based pol yur et hane aqueous enul si on havi ng 65 percent solids,
anoinic particle charge, particle size of about 2 mcroneters, a pHof 7.5

and a viscosity of 400 centipoise ¢Breokfield LVF) at 25[err]C
[err] Ther nopl asti c pol yester-based pol yuret hane aqueous di spersion having a
solids content of 62 percent, pH of about 10 and average particle size

rangi ng from about AS.shown inJabie 10, Blass fibersirangdscoated with bpranarfide BORON

S SRR, A D o B g9 =

Tennessee. whiteness and ?]lellowness and similar tensile strength, elongafich and
Conposite sanpl es of eac

f th b | fib | d
t he gonpar at i Veodsus flexysal g@‘ﬁ@%ﬁ%ﬁ%%ggﬁtﬁgé[@hﬁ%%g Jﬁg’%s econgg
7 ) L i B spRimr (10 X 10
at _about 7 AP M@g%%@gé&'eg Wr%gg%%r&?f]o & C%ﬁ‘fba%‘at?&le]ga'f_mﬁfé halifg sfhifar (10 x

I
ecli nen was evaluated for: tensile

x5 0.125 1n ques.

strengt h, doepeinieatsalviioky did wot cantiin boroni nitride iunylen &dcreirdonegment. ASTM

Met hod D- 638M flexural strength and flexural nodulus according to ASTM
Met hod D-790; and not ched and unnot ched |zod inpact strength according -
to ASTM Met hod D- 256 at the gl aBXAMPLE®R S specified below 10 .

Table 8 presents the results of tests conducted on co.rrposbltes f or med
usi ng a convent i onddachyf ¢e eprapepants ip the gmpunts set forth in Table 11 were

10 mixed to form aqueous forming size compositions T and U according to the
present invention. Each aqueous forming size compositioh was preparedina
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
11 presents the results of whiteness and yellowness tests conducted on

156 composites formed using Samples T, U and the Comparative Sample using
‘nylon 6,6 matrix resin. The color tests were performed on compositeé having
a thickness of 3.175 millimeters (1/8 inch) and a diameter of 76.2 millimeters_
(3 inches) using a Hunter colorimeter Mode! D25-PC2A. - '



TABLES units K L M N

Conp. Sanmpl e Tensile Strength kpsi 27.1
27.6 27.3 27.4 26.2 MPa  186.9 190.34
188. 27 188. 90 99437 68 " Tensile Elongation 3.3 3. 37
3.36  3.42 3’.]‘%% - Tensile Mbdulus npsi  1.48 1%%%“3”’“??%17
1.44 1.51 GPa 10. 2 10.7 10.1 9.9
10.4 Fl exural Strength kpsi 44. 6 5 46. 3 45. 7 45.5 44.0
MPa  307.6 319.3 315.2 313.8 303.4 98- Fl exural Mdul us npsi
1.52 1.56 1.54 1.54 1.5 GPa 10.5
10.7 10. 6 10. 6 10. 6 not ched | act ft. Ib/in 1.86 2. 24
1.94 1.63 1.16 M err 7.89 9.50
8. 23 6. 91 4.9 unnotched 1Z IGHT PE TIOF NE 21.1
20.5 22.0 | npact kJ/ nferil] . _TODR.SRIDS BABISIO  89{ 46
86. 92 93. 28 d ass content 1% 328emple§e. 6 32 .4 | 32.3
32.4 15 As ghown GOMPRAENE 8, gfassTfibgr sikands Gompere@ewy th bor on
nitride particl gs (Qarmlpg J(- N)_ackording tio the nriese®@MBieoht | on
exhi bit i nproved "\ﬁg oolyursthang b3R8t ced28%d | npatt? properties
and simlar tensile Im—formwggolymer - 54-
. The n 51.6
el ongation and nodu usﬁ‘m. P%g;ﬁ@ Bnpt h%&Rd roddftils nd unnot ched | zod
| npact. prooperties W Rort C TPt e wfpl travigrg ST | ar -
conmponent s* whi ch di fi not poroninitridelin nylon 6,6 reinfprcenent.
When eval uated usin m@%@ﬂmmm tfonsyzatne {5
i mprovements in tenfi eGammadnndpropyid NPt CIEBI 1 400 2.8pacl pPra@erti ps were
not observed. | triethoxysilane coupling agent
Gamma-ureidopropyl 3.0 278 - 33
tricthoxysilane coupling agent ’
amino-functional organo - 0.1 0.12 0.1
sitane coupling agent
Boron nitride particles in 9.1 167 0
agueous suspension’’ -
Whiteness Index -16.3 -18.0 -20.7
Yellowness index 39.3 38.1 42,7

As is shown in Table 11, Samples T and U, each coated with ;a sizing -
composition containing boron nitride particles according to the present
5 invention, had lower whiteness indices in nylon 6,6 than:a_ Comparative
Sample of a similar formulation which did not include boron nitride.

From the foregoing description, it can be seen that the present
invention provides glass fiber strands having a thermally conductive coating.
10 These strands can be twisted or chopped, formed into a roving, chopped mat
or continuous strand mat or woven or knitted into a fabric for use in a wide

1as Thermoplastic polyester-based polyurethane agueous emulsion having 65 percent solids,
anoinic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
centlpo:se (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
microns.

%7 ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.



EXAMPLE 6. Each of the conponents in the anounts set forth in
Table 9 were 10 m xed to form aqueous form ng size conpositions P through
S accordi ng he present invention. Each aqueous for

conposition é\/‘\’/§599,|'c‘)‘%9g{3ar ed inasimlar manner to that dlmgg’%g%g’éggbove
Less than about 1 wei ght percent of acetic acid on a total weight basis
was included in each conposition. 15 ) 59 Each of the aqueous form ng
si ze conpositions of Table 9 was coated onto G 31 E-glass fiber
-strands. Each of the form ng size conpositions had about 10 wei ght
percent solids,.. P ; ; : 55 -
Tabl e 9 variety of applications, such as remforcemm %ogxg&gﬁi_lsuag w&%m N
TOTAL circuit boards. SCLI DS BASI S

Sanpl e No.

S Ther nopl asht wil %?WP%‘P% thossg gkilled in the agéhg%changes goglg be
23 flﬂaﬁbfte"tt@ &abeahw di@édnbed above witheUit ephAnb iffon He/broglihane

34. 45 filmf
poI yrre[ err] s mventsve cqmemihyaqiyltesmn@e;sgp@d therefgrepthat thrlg 'n323‘u£%.s
0. 08r21§t limited tg the particulaf 8%%8&&1?&1:3 dlsglogef R H nEchdRe ¥ eabér

| ubr| cant

Ganmma- ani nopr opjedifications which afelwithin the spiit and scope of tRe iwention, as. 84

triethoxysilane coupling ‘Garmia. ur ei dopr opvl 2 92
2.78 Y > defined by the appggctied claims. Propy



triethoxysilane coupling agent am no-functional organo 0.1

0.12 0.12 0.1 sil ane coupl i ng agent

Boron nitride powder 33.3 16. 7 0 0

particl es[ er WO 99/44957 tal c powder particles[err] 0 PCT/US99/04659

16.7 33.3 |l oss on ignition (% 0.52 0.81

0. 80 0. 64 Conposite sanples of each of the.above coated
gl ass fiber sanples and t he Conpar atgye Sanpl e of Table 7 above were
extrusion nolded to 5 produce 400 x 400 x 2.5 mllinmeters (16 x 16 Xx
0. 100 inches) pl aques under the conditions set forth in Exanple 5
above. Each sp@HERBEFORE, WeaCuamied for: tensile strength, tensile

el ongation, tensile nodul us, notched and unnot ched | zod i npact
strength as discussed in Exanple 5 above at the gl ass -contents
speci fied below. 101 A coatedfiBeféttid éd?ﬁﬁr&ir\(yaét‘?eé&bﬁ@b@g fiber § sites
havi ng a thickness of 3.175 mllineters (1/8 inch) "and a di aneter of

76.2 nillinet eaPrimary laymeefa dried residus: of|arrequeops sizingcompopiion @ppliedsted

pol yur et hang a S i ' ! Lnic
particle chgr ggf"'é%%rﬁ ﬁ@']lﬁéa gf%ghﬁ‘%&é;gfotﬁg %%ﬁggﬁﬁ?‘é@§ g:geraﬂbel-?qolgg%S and a
viscosity of 48Ring compositionomprisingrinoiganiclsdlid yicles hatihgra thémal

[ err] Ther nopl asti CCPQ| est er - based %I Wr et hane aqueous di spersiqgn having a
sol i'ds cont ent Sefductivit @Qaﬁéﬁ?,@ﬁb%ﬁl QiWattoper metep Kt afempgtye i cle size
rangi ng from ahgatlt 3pok to about- 2.5 ~ . mcrons. . [err]PolarThernferr]
PT 160 boron nitride powder particles which are commercially available from
Advanced Ceram cs Corporation of Lakewood, Ohi o. [ err] VANTALC 2003

talc povvdeqegart | Cl‘f S | Chcq%&g%ﬁq?ﬁréﬁh%lgﬁrp@\éﬁlo lc%_%q. ;V_ilgrrginRthL' coafed

Vander bi I t "Conpany, ™l nc.
fiber strand comprises a plurality of glass fibers. -

3. ' The coated fiber strand according to claim 1, wherein the
inorganic solid particles comprise at least one particle selected from the group
16 consisting of boron nitride, zinc oxide, zinc sulfide, magnesium oxide, :--
molybdenum disuifide, graphite, molybdenum, platinum, paliadium, tdngsten,
“nickel, aluminum, copper, gold, iron, silver and mixtures thereof.

4, The coated fiber strand according to claim 3, wherein the
20 inorganic solid particles comprise hexagonal crystal structure boron nitride
particles.

5. The coated fiber strand according to claim 1, wherein the
inorganic solid particles have a hardness value which does not exceed a
25 hardness value of the at east one glass fiber.

6. The coated fiber strand'according to claim 5, wherein the
. hardness value of the inorganic solid particles is less than or equal to the
hardness value of the at least one glass fiber.

A



-56 - . using a Hunter colorinmeter Mdel D25-PC2A. To eval uate

mat eri al handl i ng characteristics, funnel flow tests were conducted on
sanpl es of c gl ass fiber. The funnel was eighteen_inches |ong
and had a se\r}gn %g‘ﬁs"i nch di aneter opening at the top aREHS¥RPS? nch
opening on the bottom The 5 funnel was vibrated and the tinme was
recorded for 20 pounds of sanple material to flow through the funnel.
The PD-1 04 test eval uates the resistance® - of the chopped gl ass fi ber
sanple to filanmentation. Sixty grans of sanple, 140 grans of an
abrasive material (ground wal nut shell particles No: 6/10 whi ch are
commercially avail abl e from Harmon Products Conpany) and a 10 conventi onal
foam type antistati g dryFhe sbstet fiver strantacsvrding fo Slain &) WRérein the St ai nl ess
steel beaker and vibrated using a Red Devil paint shaker  Model 5400E3
for six m nutednorgaricsplig a@@e!eﬁmaaﬁlaahﬂonw & valwerangino fiom sbauid to

No. 6 U S Stanglg(egtesting sieves. The wei ght percent of fuzz material
col | ected on the screens as a percentage of original sanple is reported 15
bel ow. 5 Tabl e 10 presents the results of tests conducted on

conposites forned anpl es P- S and arat npl e usi ng
nylon 6,6 matrix rein u‘ﬂ‘l gogfemlberstrand according tocolg?r)n eremsi%?ABLE 10

ll:ni ts 29P5 mor%ar@c solid partlaes hza%le 721 tﬁermal &:ﬁﬂi@ctwlty greater thd®@Bbdte1 08 r engt h
pSi

MPa 203.5 Wafis per mgm@tatmabaturezgﬁabput 300K. Tensile Elongation %
3.03 3.05 2.98 2. 97 3.01 Tensi | e Modul us kpsi

1866 1779 1720 1741 1748 GPa

12. 86 1216 19. 86 Thed:datédf‘be&ﬁrélﬁi accordmgltddbmh,lmeimect It

L?; /n[n or r2] 10 lm%gggyc soli cgpgriic}es hagezf@ electﬁ;caggesstiwtg ofgreater th%ﬁml{fh ed I ZCD

I npact Tt | b/ 1000 micrebhih centl?r%térs atat@ﬁg%rature?o? about 26°¢4
kJ/ mferr] 105. 58 99.22 - 4 111.94 Actual Loss on

Ignition % 0.81 0.52 0.80 0. 64 1.17 -PD 104

Seconds 13,8 130 Thdgosfed ibsstzand actokng to ciaim 1, ftgigRLI0E [,

-15.1 -129 averbigefarticld 8izb of thelidoryanic solid particles is less than about 1000
micrometers.

11.  The coated fiber strand according to claim 1, wherein the
inorganic solid particles comprise about 0.001 to about 99 weight percent of
20 the aqueous sizing composition on a total solids basis. '

12. The coated fiber strand according to claim 1, wherein the
aqueous sizing composition further comprises a polymeric material.

25 13. The coated fiber strand according to claim 12, wherein the '
polymeric material comprises at least one materiat selected from the group
consisting of thermosetting materials, thermoplastic materials, starches and
mixtures thereof. |

AR



Yel | owness | ndex 40.0 37.5 42. 5 43. 4 43. 6

d ass content % 33.30 33 32.90 31.70 33.80 20

-57 - As shown in Table 10, glass fiber strands coated with
boron nitri d&09/M449535r ¢t cl es (Sanples P-S) according to t hequsssmose

i nvention exhibit inproved whi t eness and yel | owness and sim | ar
tensile strength, elongation and nodul us, flexural strength and

modul us, and notched and unnotched |zod -8& 4 npact properti es when conpared
to a Conparative Sanple having simlar conmponents which did not
contain boron nitride in nylon 6,6 reinforcenent. .

EXAVPLE 7 14.a chhegoaterkiibesaiand acsordingita laimddnwhersin theor th i n

Tabl e 1 1 wer endQrighiX Gt ol cBH{BHA O ast e/ lin oo (PATBRAI deletsy T and U

according to t present 1 nvention. aqueou ormng Size
conposi ti on wakomrtbegraup consisting of thermosettingrpolpestetsy vinplastelissepmyed above.

Less t han about i ght rcent o acetic acjd on a total. i ght
boe's vae | nol alaraR, PhenRics ABinePlasts, theriipRetifo Boliretariksaeimidiied e i ¢ o
of whiteness afwdraetl | owness tests conducted on 15 conposites formed using

Samples T, U and the Conparative Sanpl e using nylon 6,6 matrix resin.
The color tests were perfornmed on conposites having a thickness of

I T R TR A e

thermosetting material is an epoxy material.

10 - 16.  The coated fiber strand according to claim 13, wherein the
polymeric material comprises at least one thermoplastic mé{erial selected
from the group consisting of vinyl polymers, thermoplastic polyesters,
polyolefins, polyamides, thermoplastic polyurethanes, acrylié polymers and
mixtures thereof.

15 Ce

17.  The coated fiber strand according to claim 16, wherein the
thermoplastic material is a polyester.

18. The coated fiber strand according to claim 18, wherein the
20 thermoplastic material is a polyviny! pyrrolidone.

19.  The coated fiber strand acéording to claim 1, wherein the
agueous sizing composition further comprises a glass fiber coupling agent.

25 20.  The coated fiber strand according to claim 1, wherein at least
one of the at least one glass fiber is formed from a fiberizable material
selected from the group consisting of non-glass inorganic materials, natural
materials, organic polymeric materials and combinations thereof.

Y



- 58 - Table 11
VEEI GHT PERCENT OF COVPONENT ON

TOTAL SOLI DSyBA&kdDs7 S BPhSeNess
COMPONENT T U Conmparative

Sanmpl e Ther nopl asti ¢ pol yuret hane 31.35 28.75

34. 4 flmformng polyner[egg Ther nopl asti c
pol yur et hane 46. 9 43 : filmformng
pol ymer[err] polyoxyalkylene ponoI 0.3 0. 27
0.3

.S 21. 'ﬁi@@éété@'ﬁber strand accordlﬁ@%lﬁhiednlmbmﬁé@t
| ubri cant 6. 55 6. 7.2 mra- am nopr opyl

2 5 2 feast one glass fiper/is selected from the gr@{gﬁg@ﬁlp&ﬁ&&ﬁhﬁﬂ fibegs.agent
Gamma- ur ei dopr @Qﬁ'aﬁ%ﬁ?%’é g.(?zas[% fibers, Q'Q'a%‘S%e"sa%‘Q{%sﬁ detivative fibers, and

triethoxysilan uncti onal ofgano 0.1

0.12 Gorhbinations thereof. si |l ane coupling agent
Boron nitride particles in 9.1 16.7 0

aqueous susﬁen& on[err] Wi t eness | ndex . -16.3

-15.0 -20.7 SUFGRg td¢l8im 21, wheremiﬁe%t
38.1 42.7 22. Thecoatedﬁxgrst?/ﬁdhovm?clﬁn tI'ab le 17, Sanples T and U

each coat ed wi {dashope glasg fiber is ardsglasistfiben cont ai ni ng boron nitride
particles according to the present 5 i nvention, had | ower whiteness
indices in nylon 6,6 than a Conparative Sample of a simlar

formul ati on whi ch dpg. noThé bedted fibepsiandiaddording to claim 21, wherein theain t he
foregoing description, it can be seen that thegé)resent i nvention

provi des gl ¥ss lgashene glassfBer isAn Elass drivatlys P& 8nduct i ve coati ng.

24. A coated ﬁBer strand comprising at least one glass fiber having
a primary layer of a dried residue of an aqueous sizing composition applied to
at least a portion of a surface of the at least one glass fiber, the aqueous
15 sizing composition comprising inorganic solid particles having a thermal
| conductivity greater than about’5 Watts per meter K at a temperature of about
300K and having a hardness value which does not exceed a hardness value

of the at least one glass fiber.

20 25. The coated fiber strand according to claim 24, wherein the at
least one glass fiber is selected from the group consisting of E-glass fibers,
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof.

25 26. The coated fiber strand according to claim 25, wherein the at
least one glass fiber is an E-glass fiber.

27. The coated fiber strand accordibg to claim 25, wherein the at

least one glass fiber is an E-glass derivative fibers.

e —
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10 These strands can be tw sted or chopped, forned into a roving, chopped
mat or continuous strand mat or woven or knitted into a fabric for
use in a “‘dew@99¢‘ [err] Thernopl astic pol yester-based pol yuret hane
aqueous emul sion ﬁé%?ng 65 percent solids, anoi ni ¢ par PEBUSIDIMAEY ge,
particle size of about 2 mcroneters, a pHof 7.5 and a viscosity of 400
centi poi se (Brookfield LVF) at 25[err]C [err] Ther nopl astic

pol yest er - based pol yur et hane aqueous di spédsi on having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8
to about 2.5 m crons. [ err] ORPAC BORON NI TRI DE RELEASECOAT- CONC
boron nitride particles in aqueous di spersion which is commercially

avail abl e from ZYP Gpati ?Qéoeité@ﬁber‘gtra Igoﬁpﬁgﬁ‘,ﬂ f%@g@?&ﬁ&@a§s fiber havin

-59- variety of applications, such as'rel rcenent or corrpogites
such as pri nt eda primary layer oftzodnietbresidue of a sizing compaditidneapplied éxatieast aby

th killed in the art that 1d b de to the enbodi ment
doscr i bod abovchYlDRBLE SRR o1 3 Fant D SRR tRpr R RAREEPGRY SOIRREEN |

thereof. It BS Haeusisaeshddnpesatiny sompdiiiont ddprisingPairtickss bfsan inorgBfiic
limted to the particular enbodi nents disclosed, but it is intended to

cover  nodi fingtariabhavinga dhermab copdustivitk greatep than:abewtie Walls Rer t he
invention, as ¢ ACRMeriife 8PS 880K bB5HBned upon at least a portion of

the primary layer.

10 29. The coated fiber strand according to claim 28, wherein the
inorganic solid particles include at least one particle selected from the group
consisting of boron nitride, zinc oxide, zinc sulfide, magnesium oxide,
molybdenum disulfide, graphite, molybdenum, platinum, palladium, tungsten,
nickel, aluminum, copper, gold, iron, silver, boron phosphide, aluminum

15 phosphide, aluminum nitride, gallium nitride, gallium phosphide, silicon
carbide, silicon nitride, beryllium oxide, diamond, silicon, chromium and
mixtures thereof.

30. The coated fiber strand according to claim 28, wherein the at
20 least one glass fiber is selected from the group consisting of E-glass fibers,
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

combinations thereof,

31. The coated fiber strand accdrding to claim 30, wherein the at
25 least one glass fiber is an E-glass fiber.

32. The coated fiber strand according to claim 30, wherein the at
least one glass fiber is an E-glass derivative fibers.

A



- 60 - - THEREFORE, WE CLAI M 1. A coated fiber strand
conprising at |east one glass fiber having a primary layer of a dried

resi due of aRyGéPsAeYS Sizing conposition applied to 5 at ortion
of a surface of the at |east one glass fiber, the aqueous P&?/%Jsgl’og?sgg

conposition conprising inorganic solid particles having a thermnal
conductivity greater than about 30 Watts r meter K at a tenperature of
about 300K 10 2. The coated T?%’er strand according to claim1,
wherein the coated fiber strand conprises a plurality of glass fibers.

o guno o0 €8 1120 AR Sy bt SRR g 1

I norganic solid particles conprise a sel ec
group 15 consi s4 primanflaperraia drisdrresidue of asizingicdmpositios applidd tdeat leasyaesi um

i de, | vb di sul fi , hi bd | ati
bal | adi um ¢ ndierien of @ Sulsetdie aEea anedasEabRERTd 8 sabdas RVekoia e and
m xtures ther e?&owci]eé'edz 8econdary codfing coﬁ?@siﬁ&ﬂ&&ﬂpﬁdiﬁﬁhoﬂa’nﬂi%ﬁa%ﬁfcﬂ%sﬂ9 to

claim3, whereint I nor gani ¢ Sol particles conprise hexagona
crystal struBt uravinga thermat conductivity greater than about 30 Watts per meterdCat a The

parti cl es have BNSFAHEE Spar 200 parsy BFiaF st oronsr HECHMRRY " o e
of the at |eastlapsre gl ass fiber. 6. The coated fiber strand

according to claim5, wherein the hardness val ue of the inorganic
solid particles is less than or equal to the

34, The coated fiber strand according to claim 33, wherein the at
10 least one glass fiber is selected from the group consisting of E-glass fibers, -
~ D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof.

35. The coated fiber strand according to claim 34, wherein the at
15 least one glass fiber is an E-glass fiber.

36. The coated fiber strand according to claim 34, wherein the at

least one giass fiber is an E-glass derivative fibers.

20 37.  Acoated fiber strand comprising at least one glass fiber having
a primary Iayér of a dried residue of a sizing composition applied to at least a
portion of a surface of the at least one glass fiber, a secondary layer of a
secondary coating composition comprising a polymeric material positioned
upon at least a portion of the primary layer, and a tertiary layer of a powdered

25 tertiary coating composition comprising inorganic solid particles having a
thermal conductivity greater than about 30 Watts per meter Kata
temperatﬁre of about 300K positioned upon at least a portion of the
secondary layer.
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hardness val ue of the at |east one glass fiber.

- 61 - 7. The coated fiber strand according to clai'm6,
wherein the i norganic solid particles have a Mohs' hardness val ue
rangi ng from¥B8U9T t o about 6. 5 8. Poz/usemsesy fi ber
strand according to claim1, wherein the I norganic solid particles
have a thermal conductivity greater than about 100 Watts per neter K
at a tenperature of about 300K 10 -66- 9. The coated fiber strand
according to claim1, wherein the i norganic solid particles have an

el ectrical resistivity of greater than about 1000 m croohm centinmeters
at a tenperature of3&bodthexmptad fiaer strand according to claim 37, wherelretheditf i ber

strand accordi cl.al ; ' r i ' of the

nor gani o sol | Aastohe aBeChoer 1'886REA ohEing Bt hARTRE o X0 G il

11. The coat eD-dlassfiberd, 'Sxgidsa fibersdQrylassofibers) iBwlass dbdvative fibes, and

I nor gani ¢ sol igwga_rt I.cl ei conpri se about 0.001 to about 99 wei ght percent

of 20 the aqueSRM@PBAIONGLNEEOhosi tion on a total solids basis.

12. The cogted fiber strand according to claim1l, wherein the aqueous

si zing conposition further conprises a polyneric materi al . _
39. The coated fiber strand according to claim 38, wherein the at

least one glass fiber is an E-glass fiber.

_ 40. The coated fiber strand according to claim 38, wherein the at
10 -least one glass fiber is an E-glass derivative fibers. ' '

41.  Areinforced polymeric composite comprising:
(@) a coated fiber strand éomprising at least one glass fiber héving |
a primary layer of a dried residue of an aqueous sizing composition applied to
15 atleast a portion of a surface of the glass fiber, the agueous sizing -
composition comprising inorganic solid particles having a thermal conductivity
greater than about 30 Watts per meter K at a temperature of about 300K; and
(b)  a polymeric matrix material. '

20 _ .42.  The reinforced polymeric composite according to claim 41,
wherein the at least one glass fiber is selected from the group consisting of
E-glass fibers, D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative
fibers, and combinations thereof.

25 43. Afabric comprising a coated fiber strand comprising at least one
glass fiber having a primary layer of a dried residue of an aqueous sizing
composition applied to at least a portion of a surface of the at least one glass
fiber, the aqueous sizing composition comprising inorganic solid patticles

N



25 | .13. The coated fiber strand according to claim 12, wherein the
polymeric material conprises at |east one naterial selected fromthe group

consi sting ogw}%%‘{yﬁset ting materials, thernoplastic mat er'bg,l,,gs”%l:w%ches

and m xtur er eof .

-62 - The coated fiber strand according to claim 13,
wherein the poI erEI’I c material conprises at |east one thernosetting
mat eri al sel ected fromthe group coféi-sting of thermpsetting

pol yesters, vinyl esters, epoxy - mat eri al s, phenolics, am nopl asts,

t her nosetting pol, urethans and xtures,. 5 th f.

The coated fi H%FV'%/S "‘éi%@?‘ﬁ'icﬂ‘{j Qfeﬁfleérhﬂnﬁﬂouﬁég\g% Refneter K at a

t her nosetting @ﬁ&)%rr tife &SR0t SGEKY material . 10 16. The coated
fi ber strand accordi ngeto clarm 13, wherein the pol ymeric materi al
conprises at |east one thernoplastic material selected fromthe group

consi sting of vinyl, pol ther Sl I | fins,
pol yam des, thernoplast W&?Wc@?ﬁgﬁég’ élé@ﬂ?'vg}%%'ﬁ}ﬁreeratslegﬁta&% aigés(ran xtures
thereof. 155 fiperi 3 selecte&?rom thegrewmtenidtingf E?Iaﬁﬂﬁbm@gﬂ!ssgbérs §kai m 16,
wherein the th errrg(g astic material is a pQ

18.-
The coated fi b@assfiberndQalassfivery Brglass derivative ﬁMr %"'%W'H@“E@P’isher nopl astic
material is a mgl,é/o\fl nyl pyrrol i done.

45. An electronic support comprising:

10 (a) a fébric comprising a coated fiber strand comprising at least one K
glass fiber having a prirhary layer of a dried residue of an aqueous sizing '
composition applied to at least a-portion of a surface of the at least one glass
fiber, the aqueous sizing composition cqmprising inorgahic solid particles
having a thermal conductivity greater than about 30 Watts per meter K at a

15 temperature of about 300K; and

(b)  a layer of a polymeric matrix material applied over at least a

portion of the fabric.

46. The électronic support according to claim 45, wherein the at
20 least one glass fiber is selected from the group consisting of E-glass fibers,
D-giass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof. |

47. The electronic support according to claim 45, wherein the
25 support is a first, second, or third level package.

48.  An electronic circuit board comprising:
(a) an electronic support comprising:
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19. The coated fiber strand according to claim1, wherein the aqueous
si zing conposition further conprises a glass fiber coupling agent. 25 -
20. The coated fiber strand according to claim1l, wherein at |east

one of the at |east one glass fiber is formed froma fiberizable materi al
sel ect ed frogole§Reegs OUP consi sting of non-glass inorgani c weEtess/edoss

nat ur al materials, organic polyneric materials and conbi nations

t her eof . -63 -

21. The coated fiber strand according tg claim 1, wherein the at

| east one glass fiber is selected fromthe group consisting of E-glass

fibers, D-gl ass f i(ﬁer S’aco ng% ﬁ%ﬁ?ﬁélﬁé %oa&@b@?&réd&@&rﬁpﬂslﬁ‘@hass

derivative fibers, and ons thereof. . The
coated fiber {gastone glassfibenhpving & pbamanayendiardried restduetof an aque%t one

ceording o SIEAORPOHRBrBPIEY f-etipastd Routin G surfieR 4 ekl =11 210

E-gl ass derivg s!‘ﬁbeflﬂ?éﬁqueous sizing compositith comibr&m@tlﬁdrghhhﬁolzdt rand
conprising at "l east one glass fiber having rimary |ayer of a dried

resi due of ZanpatigiesihavingA ?ﬁ'@@@kﬁﬂ%l’?ﬁ%%ﬁ?&”@ﬂ“? out 30 slpéést a portion-
of a surface %%éma%t&ﬁ t&@%f%(ﬁﬁgmbkb t he aqueous 15 sizing

conposition ¢ Fising 1norganic so particles having a thernal
conduct i vi ty gr eat er t h@in - aledayertof éqdiymerer mateixanatirialtapplied oyenait ur e of
about : ge and havi r}q a_har dne fs val ue ‘whi ch does not exceed a
har dness val ydeast a portion ofthe fabric; an

-

(b) an electrically conductive layer positioned adjacent to selected
10 portions of selected sides of the electronic support. '

49.  The electronic circuit board according to claim 48, wherein the
at least one glass fiber is selected from the group consisting of E-glass fibers,
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

15 combinations thereof. '

5'0._ The electronic circuit board according to claim 48 further
comprising at least one aperture extending through at least a portion of the
circuit board. |

20 '
51. The electronic circuit board according to claim 48, wherein the

support is a first, second, or third level package.

52. An electronic support comprising:
.25 (a) a first composite layer comprising:
(i) a fabric comprising a coated fiber strand comprising at
least one glass fiber having a primary layer of a dried residue of an aqueous
sizing composition applied to at least a portion of a surface of the at least one

glass fiber, the aqueous sizing composition comprising inorganic solid

N R ORY W



of the at |east one glass fi ber . 20 25. The coated fiber strand

according to claim24, wherein the at | east one glass fiber is
selected fro oup consi sting of E-glass fibers, | ass fi bers,
S-gl ass fi be?gﬂ%‘%fass fibers, E-glass derivative fibers, PGHUS99/04059

conbi nati ons thereof. 25 26. The coated fiber strand according to
claim 25, wherein the at | east one glass fiber is an E-glass fiber.

27. The coated fiber strand accordi ng t® tlaim 25, wherein the at

| east one glass fiber is an E-glass derivative fibers. WO

99144957 : . o
PCTI US9910405 articles having a thermal conductivity greater than about 30 Watts per meter

28. A coat edKathelenfieratiet BBt S00K] ahd | east one gl ass fiber having
a primary layer of a dried residue of a sizing conposition applied to at

| east a porti dif of adayafof agehapenaypatix matedal appliedybearatf i ber and a
secondary | ay asf’% BRio ofthe‘afaﬁﬂ SIS secondary coating conposition
conprising partirc gs o GRS norganl C mat eri al having a thernal

conductivi By great ) tesecohdconpasiiayer different from the firsttempbisid a
tenperature of about 300K positioned upon at |east a portion of :

the primry | &Y&F 10 29. The coated fiber strand according
to claim 28, wherein the i norganic solid particles include at
| east one particle selected-fromthe group consi sting of boron

nitride, zinc oxid®3 zithe aestranitsuppatiascoukingtoialaim 52, wherein the at
least one glass fiber is selected from the group consisting of E-glass fibers,
10 D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof,

54. The electronic support according to claim 52, wherein the
support is a first, second, or third level package.
15
§5.  An electronic circuit board comprising:
(a) an electronic support comprising: _
()  afirst composite layer comprising: .
| (1)  afabric comprising a coated fiber strand
20 comprising at least one glass fiber having a primary layer of a dried residue of
" an aqueous sizing composition appiied to at least a portion of a surface of the
at least one glass fiber, the aqueous sizing composition comprising inorganic
solid particles having a thermal conductivity greater than about 30 Watts per
meter K at a temperature of about 300K, and
25 (2) alayer of a polymeric matrix materiat applied over
at least a portion of the fabric; and
(i)  asecond composite layer different from the first
composite layer; and

—_—

_
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nol ybdenum di sul fi de, graphite, nolybdenum platinum palladium tungsten,
ni ckel , al um num copper, gold, iron, silver, boron phosphide, alum num -
15 phosphide, alum numnitride, galliumnitride, gallium phosphi de,

silicon WO 99/44981 bi de, silicon nitride, beryllium oxi decTaisanwnzs,
silicon, chrom um and m xt ures thereof. 30. The
coated fiber strand according to claim28, wherein the at 20 | east one

glass fiber is selected fromthe group cgnsisting of E-glass fibers,
D-glass fibers, S-glass fibers, Qglass fibers, E-glass derivative fibers,
and conbi nati ons thereof. 31. The coated fiber

strand accordi ng t (b)cl aameldttricallyscoridactivedaydr positidhed adjatermnesgleeted fi ber is
an E-glass fiber, yhe coated fiher strand accordi ng

. 2
to claim30, RABIBSQFselected sides of the %WSE%%C{ OIGHRCORT SRTPPFIHFIAYSTS- an E- gl ass
derivative fibers. 111111 111111 11111111111 11 WO 991 44957
PCTI US99/ 04059 ' - -65 -
33. A coated fibeb6.st rheelecingni¢ cireuit board accordingito ¢jaias 85,fwhareinthei ng

a primery 16y eh ok SnahiheS b S48oRh fnting diohys QAR oPE IR fisds, ' © 2t
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

combinations thereof.

57. The electronic circuit board according to claim 56 further
10 comprising at least one aperture exien_din’g through at least a portion of the -
circuit board. '

58. The electronic circuit board according to claim 55, Wheréin the
support is a first, second, or third level package.

15 _

59. A method for forming an aperture through a layer of fabric of an
electronic system support for an electronic circuit board by (1) positioning an
electronic system support comprising a portion of a layer of fabric_ in which an
aperture is to be formed in registry with an aperture forming apparatus; and

20 (2) forming an aperture in the portion of the layer of fabric, wherein the
improvement comprises:

The fabric comprising a coated fiber strand comprising at least one
glass fiber having a fayer comprising inorganic solid particles having a thermal
conductivity greater than about 30 Watts per meter K at a temperature of

25 about 300K applied to at least a portion of a surface of the at least one glass
fiber.
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portion of a surface of the at |east one glass fiber and a secondary | ayer

of a powder ed secondary coating conposition conprising inorganic
solid partic having a thennal conductivity greaterpéhgshghrst 30
Watts per %ﬁf”%ﬁg? a tenperature of about 300K p05|t|oné§ upon at

| east a portion of the primary | ayer. 34. The coated

fiber strand according to claim33, wygrein the at 10 |east one gl ass
fiber is selected fromthe group consisting of E-glass fibers,

D-glass fibers, S-glass fibers, Qglass fibers, E-glass derivative fibers,
and conbi nati ons thereof. 35. The coated fiber ,
strand according to claim 34, wherein the 15 Jleast one glass fiber is
an E-glass fiber. . 364 oated fiber strand according to
clai m 34, wherein the at 18iber is an E-gl ass
derivativb fibers. 20 ed fiber strand conprising at

| east one gl ass fiber having .ry Iayﬁé of a dried residue of a
si zing conposition applied to afg , poftion of a surface of the
at | east one glass fiber, a S?”r'i 0T 21 secondary coating
conposition conprising a poly {Em-05|t|oned upon at | east
a portion of the primry Iaye = ‘U- 25§ er of a powdered 25
:'al' -

tertiary coating conposition CZ'“, SO|Id particles haV|ng a

thermal conductivity greater t s per neter K at a

tenperature of about 300K positio ed pon at | east a portion of the
secondary | ayer. | 111 1111 ¢€@1111 1111111
FIG. 1

FIG. 3
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38. The coated fiber strand according to claim 37, wherein the at

| east one gl ¥FIF44953r i s sel ected fromthe group consisti NBCTUSIBOYPERSS

fibers, D-glass fibers, S-glass fibers, Qglass fibers, E-glass
derivative fibers, and conbi natigns thereof. 5 39. The
coated fiber strand according to claiﬁ{§8, wherein the at | east one
glass fiber is an E-glass fiber. 40. The coated fiber strand
according to claim 38, wherein the at 10 |east one glass fiber is an
E-gl ass derivative fibers. 41. A reinforced polyneric
conposite conprising: (a) a coated fiber strand conprising at
| east one gl ass fiber having a primary |layer of a dried residue of an
aqueous si zing conposition applied to 15 at | east a portion of a surface of
the glass fiber, the aqueous sizing conposi tion conprising inorganic
solid particles having a thermal conductivity greater than aboU 30
Watts per nmeter K at a tenperature of about 300K, and (b) a
polymeric matrix material. 20 42. The reinforced polyneric
conposite according to claim41, wherein the at | east one glass fiber
is selected fromthe group consisting of _ E-gl ass fibers, D-glass
fibers, S-glass fibers, Qglass fibers, E-glass derivative. . fibers, and
conbi nati ons t.hereof. 25. 43. A fabricgonprising a coated fi ber
strand conprising at |east one gl ass fiber:paving a primary layer of a
dried residue of an aqueous sizin cofgposi yion applied to at |least a
portion of a surface of the at |epst one : :

: _ < _

V
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fiber, the aqueous sizing conposition conprising inorganic solid particles

-67 - havi ng a thermal conductivity greater than about 30 Watts per
neter K at a nperature of about 300K. fabric
accordi ng tov%1%W%%§3, wherein the at |east one glass 5 fféﬁv$?éh€%lected
fromthe group consisting of E-glass fibers, D glass fibers, S- gl ass
fibers, Qglass fibers, E-glass derivaywive fibers, and conbi nati ons

t her eof . 45. An el ectronic support conprising: 10 (a)

a fabric conprising a coated fiber strand conprising at |east one

glass fiber having a primary layer of a dried residue of an aqueous si zing
conposition applied to at |least a portion of a surface of the at |east one
gl ass fi ber, the aqueous sizing conposition conprising inorganic solid
particles having a thermal conductivity greater tHahQabout 30 Watts
per meter K at a 15 tenperature of about 300K; and (b) a

| ayer of a polyneric matrix material applied over at lfast a portion
of the fabric. 46. The el ectronic supp¢rt according to claim
45, wherein the at 20 | easgy0n@m0l@sS ghitbetyi t f Lerm tHé2gr oup
consisting of E-glass fi I ' g s fibers, Qglass
fibers, E-glass derivati ~ i [ ' kel O USt her eof .

gyt

ASRARNANRN
R

i

NI
NN

|

S

ANSKANNNRY

Sen

\\\P\\‘ NN
AR

Sy
by
| NARRARRNSN

%

| 516

514.



47. The el ectronic support according to claim45, wherein the 25 support

is a first, second, or third | evel package. 48. An - :
el ectronic circuit board conprising: ' (a) an el ectronic
support conpmWsorges7 PCT/US99/04059 - 68
- (1) a fabric conprising a coated fiber strand
conprising at | east one glass fiber having a primary | ayer of a dried
resi due of an aqueous si zing coffposition applied to at-least a
portion of a surface of the at |east one gl ass fiber, the aqueous

Si zing conposition conprising inorganic solid 5 particles having a
thermal conductivity greater than about 30 WAatts per neter K at a
tenperature of about 300K, and (i) a layer of a
polynmeric matrix material applied over at | east a portion of the
fabric; and (b) an electrically conductive | ayer positioned
adj acent to selected 10 portions of selected sides of the electronic
support. 49. The electronic circuit board according to
claim48, wherein the at | east one glass fiber is selected fromthe
group consisting of E-glass fibers, D-glass fibers, S-glass fibers,:

Qglass fibers, E-glass derivative fibers, and 15 conbi nations thereof.
50. The el ectronirg_ci rcui sow‘ﬁ.according tolglain148 further
conprising at |east one ﬂi‘ Tendi ng thxkqugh at | east a portion of
t he circuit board. \ :

FIG. -6
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51. . The electronic circuit board according to claim48, wherein the

support is a first, second,

el ectroni ¢ syRPRdessONPri si ng:

conpri si ng:

strand conpri sing at
a dried residue of an aqueous
a portion of a surface of the

or third | evel

. 25
(i)

| east one glsyss fiber
si zing conposition applied to at
gl ass fi ber,

at

| east one

package.

(a)

si zing composition conprising inorganic solid

- 69 -
Watts per

particl es having
met er

(ii) a layer of a polynmeric matrix materi al

(b)

portion of the fabri& and 5

a thermal

different fromthe fixxst conposite

el ectroni c support acgording to cIain152?‘mherth t he at

0
i ber

glass fiber is sel ewte
D-gl ass fibers, S-gkass
and conbi nati ons\t he
according to claimb52, \wherei
third | evel package. o5
N

conpri si ng: N

2
%,

@
&

%)

(

52. An

ompr i o g EEURPET ber

a fabric conprising
having a primary |ayer of

| east
t he agueous

conductivity greater than about 30
K at a tenperature of about 300K, and
appl i ed over at

| east a

a second conposite |ayer

ver. <

hsistiqg of

O
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53. The
| east one
-glass fibers, 10
ss derivative fibers,
el ectroni c support -
first, second, or

gc circuit board

DNpri si ng:

710

FIG. 7




(1) a first conposite layer conprising: (1) a
fabric conprising a coated fiber strand 20 conprising at |east one glass”
fiber having a primary layer of a dried residue of an aqueous si zi ng
conposition o7t 0 at | east a portion of a surface of mdrasrsss/o4ossat | east
one gl ass fiber, the agueous sizing conposition conprising inorganic

solid particles having a thermal conductivity greater than about 30 Watts
per . meter K at a tenperature of &Bout 300K, and 25 -

(2) a layer of a polynmeric matrix material applied over at least a
portion of the fabric; and (ii1) a second conposite |ayer
different fromthe first conposite layer, and

-70 - (b) an electrically conductive | ayer positioned

adj acent to sel ected portions of selected sides of the first and/or
second conposite |ayers. 56. The electronic circuit board
according to claim55, wherein the 5 at |east one glass fiber is selected
fromthe group consisting of E-glass fibers, D-glass fibers, S-glass
fibers, Qglass fibers, E-glass ri@ative fibers, and conbi nati ons

t her eof . 57. The ®l eagronic circuit board according to claim
55 further 10 conprising at | easty one aperture extending through at |east a
portion of the circuit b . _ 58. The electronic
circuit board accor i g—tT | erein the- _support is a first,
second, or third | evel pa . '

—_—
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59. A nethod for formng an aperture through a |layer of fabric of an
el ectroni c system support for an electronic circuit board by (1)

posi tioni ng aRo ggnqaes£! €CtTONi C system support conprising a pehrshdilessl 2

| ayer of fabric in which an aperture is to be forned in registry with
an aperture fornmng apparatus; and 20 (£); form ng an aperture in the
portion of the layer of fabric, wherein the | nprovenent conpri ses:

The fabric conprising a coated fiber strand conprising at |east one

gl ass fiber having a | ayer conprising inorganic solid particles having a

t her mal conductivity greater than about 30 Watts per neter K at a
tenperature of 25 about 300K applied to at |east a portion of a surface of
the at | east one gl ass fiber.
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