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Field of the Invention
30 This invention relates generally to coated glass fiber strands for

reinforcing composites and, more specifically, to glass fiber strands coated



-2 - Wi th non-hydratable, inorganic solid |ubricant particles useful
for weaving fabric for reinforcing |lamnated printed circuit beards..
Backaround of the Invention 5 Typically, the surfaces of gl ass
fibers areWsbw4860ni th a sizing conposition in the form RETAISOYO4087t 0
protect the fibers from abrasion during subsequent processing. For
exanpl e, starch and oil-based si zing (_:%nposi tions are used to protect
fibers frominterfilanent and equi pnent abrasi on during weavi ng which -
can contribute to fiber breakage. Qther 10 organic lubricants, such as

al kyl i m dazoline derivatives and am de ~ substituted pol yethyl ene

i m nes, have wbmwhwratabig; inafganicrandidi lubdeantiparticles usefuldor weayinon.

However, such ri cants can, deteri orate during subsequent
processi ng Orfa&{ﬂ:sa@r By ?}?81'@? d prntEd iy t%otaﬁd%“t her sizing and

matri x material conponents and, as is the case for woven fabric for 15
printed circuit board applications, often nmust be renoved by heat cl eaning

before lam nating to inprove commgﬁmmmynerl C matrix

t I A t t hi biti o] f gl
i bers whi h does AypCall, Miaptarenptolast Bety SeLcobr Wb AREEH: no and
whi ch 1 s Co”p%hﬁ'o%zﬁéfn iRt the rrﬂﬂgyﬁ%%gs E@Efdtéc teef‘ﬁéi%sfr dﬁ ?éupﬁt?:ltfrzqgor

However, use of r1norganic rra OCUSG ers

modi fyi ng geneubsequtitiprotessing aRctrexampls, sriarch and oliFdpesad sigingat her than
| mprovi ng abrasi on-resi stance characteristics rei nforcenment fibers.
For exanpl e, femMposdionsiare;yradia protest g’gber@frsm m@'mmﬁat apd gswliprent

S el oes,  SRERA0h KErnbFSAThA WERSHE St 5o il bCARRRE o e
oxi de, 10 abvgyarnio rlutrridant@l%udh@a&@alhyl mddzohr@demmwm&anﬂﬂd zi nc oxide
and vari ous metals (see col. 2, lines 62-65 and col, 4, lines 3-10).
One or nore | &ybsttutgd polyethylene i imines, have been added to sizing compositions to
reduce abrasion. However, such organic lubricants can deteriorate during
subsequent processing or cause undesirable side reactions with other sizing
and matrix material components and, as is the case for woven fabric for
15 printed circuit board applications, often must be removed by heat deaning
before laminating to improve compatibility with the polymeric matrix material.
An inert lubricant for inhibiting abrasion of glass fibers which does not
appreciably deteriorate during processing and which is compatible with
polymeric matrix materials is desirable. However, use of inorganic materials
20 has mainly focused on fillers for modifying general physical characteristics of
composites rather than improving abrasion-resistance characteristics of
reinforcement fibers. |
~ For example, to dissipate thermal energy, U.S. Patent No. 4,869,954
discloses a sheet-like, thermally conductive material formed of a urethane
25 binder, curing agent and thermally conductive fillers such as aluminum oxide,
aluminum nitride, boron nitride, magnesium oxide and zinc oxide and various
metals (see col. 2, lines 62-65 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 material.



support material, such as glass fiber cloth, can be included in the
thermally . conductive material .

-3 - To inprove penetration of resin between glass

r ei nf or cenefYO P26 during formation of a conposite, U. SCTAROYAI0R,.
3,312,569 discl oses adhering particles of alumna to the surfaces of
the glass fibers and Japanese Pat ent Appgld cation No. 9-208, 268

di scloses a cloth having yamforned from 5 glass fibers coated i medi ately
after spinning with starch or a synthetic resin. and 0.001 - 20.0

cal of uny car bonat e, k361 Prae PeaekBApR o 85 HeiWRRR eetn.RitfBicement fharp os
of alumna and mﬂbhﬂg%ﬁﬁﬁ:&t&ﬁé% Sﬂb“s’ﬁeaPPSt Patémw%oyp Zsts@fall%ses
I C lon O

respectively, can cause abra softer glass fibers
U S. Patent No.adhérdg patticles of akmsina tbithersuffaces ef tifeoglaissdibers and Japanese

t hernopl astic or. thernoset conposites s coated by vapor deposition
or pl asma pRiRESAPRIication No. rﬂj?@fﬂ?gk&tsslpsaﬁamthanweg yareformedsiiem as

I nor gani c ] ns
t her eof havi n Qfgsg%eravérégég?:gﬁggr% %@%:ﬁ ﬁ@?” lﬁgé&‘l&ng s&ﬂmét't@ar&?]
Limted space aadd IbooenQOrmwmﬁtqiercenSoﬁaoagamSoltdibarttd& such a8 colividal
deposition or plasm processes under a?gq.ass fiber production bushing

i npractical . silica, calciunsgarhanatpi kaplinoandtilaobiowever Hie Mahs' hapinegsat i ng

iti f I the -
composi t1 on_ contales AT it dhi g iRebteB s thaR Bt Al i denyae
resin, graphiteredpdctiRegNWhictPcad bﬁuééfﬁtﬁlﬁsmﬁ@f!ébﬂéb’@lahﬁ%é?é and
surfact ant. Volatile al coholic solvents are not desirable for glass

fiber produdfion appl.SaPatens No. 5,541,238 distioses iadinas for eainfoecing nodi fy
frictional char ter ti,cs o

ol o Ao e oS eapbasies woidh § costbe By by Sephdushbr
fibers, ‘metalli ﬁlé@rﬁé’gﬁﬂfbd&%ﬁ'ﬁ%@f B'té llé’fért Bﬁfafﬁnlé‘?'g rial Sudv as inor, amc

I mpregnat ed and coated wth a heat ura e cenment or |nder system
bi nder can i ncl onidels; nittides) gaabidies| bendes,hnatalsand@onthlaaﬁons;mmnemﬁtmwmaal

average particle diameter of 0.005-1 micrometer. Limited space and

15 environmental considerations make the use of vapor deposition or plasma
processes under a glass fiber production bushing impractical.

Soviet Union No. 859400 discloses an impregnating composition for
manufacturing laminates of glass fiber cloth, the composition containing an
alcoholic solution of phenol-formaldehyde resin, graphite, molybdenum

20 disuiphide, polyviny! butyral and surfactant. Volatile alcoholic solvents are not
desirable for glass fiber production applications.

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
yarn of glass fibers, metallic wire and polyacrylonitrile fibers which are

25 impregnated and coated with a heat curable cement or binder system. The
binder can include friction particles such as carbon black, graphite, metal

oxides, barium sulfate, aluminum silicate, ground rubber particles, ground

! See R. 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.



oxi des, bariumsulfate, alum numsilicate, ground rubber particles, ground
[err] See R Wast (Ed.), Handbook of Chem stry and Physics, CRC Press

(1975) at - and H Katz et al. (Ed.), Handbook of Fillers and
Pl asti cs, %gg%':”ég page 28, which are hereby i ncor por at'éd/YRp9/04087
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organi c resins, polynerized cashew nut oil,4clay, silica or cryolite (see
col. 2, | i nes 55-66). There is a need for |ubricant
coatings for inhibiting abrasion and breakage of glass fibers which is

b 1ty T cact SRS RSIL. HRHEREeT sedtl S SRy QiR BREHR oelial ol
variety of poljjHergs-eeptri x materials.

Summary of the Invention The present invention provides a
coat ed fiber strandThereisianegdfor lubriceatcoatingsdbainhibitibg abrasionand pri mary

| ayer of a dried residye of gan-agueous | Zi conposition applied to
at |east a porl?riegkagp. .géqﬁsr@&rsgyuhlpﬁés Q’iem'@jéftﬁ%ﬁ%' ngﬁ-mgpﬂ@ Mber, the
aqueous sizgn GregRhca gt Iy Rlead; :
I norgani ¢ sol %ﬁlgggtr}?%gdnﬁﬁpart [ @Fggﬂ‘:ﬁl& ﬂgn{yﬁlé%%tgss va't ugn&halllé 'mr{dafioes
not exceed a heomdpatislewsithia witletvariety of palymerivamgtrixamateriads.; and (b) a 15

polymeric material, the aqueous sizing conposition being essentially free
of gl ass materi al s. Anot her aspect of the present

invention is a coated fiber str angummaggggﬁé ?ﬁvgg @5 | east one glass fiber
having a primary |layer of a drie queous si zi ng
conposi tion appl i edThe présértaavetidropiovidesPa coated Aikrat@ind dsmphsinglat! east
one gl ass fiber, the agueous sizing conposi'tion conprising heXagonal
struct ure Hor drast ene glasstfikarhsying aipsimaly,layeref a doeg vesigue 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: (a) non-hydratable,
lamellar, inorganic solid lubricant particles having a hardness value which
does not exceed a hardness value of the at least one glass fiber; and (b) a
15 polymeric material, the aqueous sizing composition being essentially free of
glass materials.

Another 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
an aqueous sizing composition applied to at least a portion of a surface of the

20 at least one glass fiber, the aqueous sizing composition comprising
hexagonal structure boron nitride, thermoplastic polyester, polyvinyl
pyrrolidone and an epoxy-functional organo silane coupling agent.

Yet another 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

25 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: (a) non-
hydratable, lamellar, inorganic solid lubricant pérticles having a hardness

value which does not exceed a hardness value of the glass fiber; and (b) a



pyrrol i done and an epoxy-functional organo silane coupling agent.
Yet anot her aspect of the present invention is a coated fiber strand
conprising at | east one glass fiber having a primary |layer of a dried

resi due of 2%O9M498ueous sizing conposition applied to at | eaXCTHS3YP4%B0n

of a surface of the at | east one glass fiber, the aqueous sizing
conposition conprising: (a) non- hydr atagple, |anellar, inorganic solid
| ubricant particles having a hardness val ue whi ch does not exceed a

har dness val ue of the glass fiber; and (b) a

casentially - HReRTe Gl ATER, the AGuBdHE iting banpRa BRI ag e35enfal
present inventi qred §f flaseFhariaider strand conprising at |east one
glass fiber having a prinmary |ayer of a dried residue of 5 a sizing

conposi tion applied tAnether aspechopihetpresent inxentiof isa coated fibet stravwd t
one gl ass fiber and a secondary Iaéler ?_L a ueous, sec?ndar coatin
pes st Bl

conposi tion conﬂ@ﬁfﬁﬂngéﬁjm% _ 2 BIMATY ([Avar i ¢ E‘J%ﬁ'f‘%f#'é% of
conbos i on. 5 @S2 BoMRREiR Hpiledlo e I8gst B, & a B0RaBs B Bk at least

coated fiber st roHylglbdsdEpand 4 8esbndaylayenst o agaebidsecondamnyoating mary
| ayer of a sizing conposition applied to at |least a portion of a

surface of the sompasitioncemprising non-hydratable inprganissaligdubricantparticles

e e ey A RFESGR A Raf LA e it ibidle bERE ot gBitén.
hydrophi I'i ¢ i nor gani caAggitied dspltt éﬁﬂ*{e_ preskhtinventibh ¢8'a Boatés fibBr Stdnd et ai n

water in interstices of the hydrophilic particles. Yet anot her
aspect of t D premepitising\atieastroriesglass dibeshavingea psimanidayer of asizing si ng at

Si 21 ng_compos: ¢ GIMAPBHPBERRISd o et s Pofton af B puithen pf e Dpdet eneidbs
Lemmbsi 1 on' b BT RaooReiiyBOeEYs atShagh uipurRnptsneAoionen
portion of the upon ptleasta partien of dmel peniary layery tHeasecondany coating powder ed
' norgani ¢ sol i d composition comprising hydrophilic inorganic solid lubricant particles which
15 absorb and retain water in interstices of the hydrophilic particles.
Yet another aspect of the present invention is a coated fiber strand
compl‘isiﬁg 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
20 comprising a polymeric material positioned upon at least a portion of the
primary layer, and a tertiary layer comprising powdered inorganic solid
lubricant particles positioned upon at least a portion of the secondary layer.
Another 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
25 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: (a)
metallic inorganic solid lubricant particles having a hardness value which
does not exceed a hardness value of the at least one glass fiber, the metallic

inorganic lubricant solid particles comprising at least one particle selected



| ubricant particles positioned upon at |east a portion of the secondary

| ayer. Anot her aspect of the present invention is a coated

fi ber strand conprising at |east one glass fiber having. '

| ayer of a OYP &Y€ due of 25 an aqueous sizing corrpositionpggﬁl%g@s%o at
| east a portion of a surface of the at | east one glass fiber, the
aqueous si zing conposition conprising: (a).g. netallic inorganic solid

| ubricant particles having a hardness val ue which does not exceed a
hardness val ue of the at |east one glass fiber, the netallic I norgani c
| ubricant solid particles conprising, af,

at | _one.particle selected . .
-6 - - fronfremehgasoup coRsisERG B "tﬁlumﬁ&sﬂtllfﬂofﬂfﬁ*rgﬁ?rﬁe%ﬁe?ﬁa, E@Sf?dlﬁ?"veﬁ
inc, gold and sj : cic filmforn terial .
Aoy her Chapant 3d tHia polymetRTiloriRomatERaIC T LT O m g et

conposi te conpri si ngaAnbther aspest eithbipresersttinvertiorvista feinfogced pblyas¢rione
glass 5 fiber having a primary |ayer of a dried residue of ‘an %gueous
si zi ng congarspositencapprisiag: (2) acoateddibes siyand; eamprising &t least onsrglgss

(1) mon- hyara s having aipiuanydnver g1 AR JoGhe of ARSI ERET ) "
having a har dneé&n]ﬁ?éi’ﬂﬁn‘%'gﬁgd ot 438 pition ¥f alirfacBautdne ¢4 |t Whedjlale

at | east one glass 11 ber; 2) .a 10 polyneric material, the agueous
si zi ng conposi t fimer, e aguesssesizing ¢camposition comprising: {$knomdthydratable,and ( b)

| i i erial ., . ) Yel h f th
DT TR ekl s riant e3 bl S < 3EEReS bR "
| east one gl assybLbpbt ?fﬂéé@aﬂﬁi’&:‘aé@\)élbéﬁbﬂhe at |ea§{ ofe graédﬁsé?,saﬁaqz?a an

aqueous si zing conposition applied to at least a1l portion of a surtace

of the at | ¢@stpolyenariconatdridhethe dqueocas sizing compiosifion being @gsestialiyfree of
conprising: (a) non-hydratable, lanellar, i n(%agani c .splid lubricant

particl es havi nglaésnaaf&ﬁi_é&anm(b)eamhene%a@ _f'“%?_f!@'ed a hardness val ue of
S aner ey *ne 92¥3t Epffler a3BHcl &g Rasd iy éntdd [ RiKHALHBERLA

Still another aspect I nv ron 1S an electroni c support
conprising: (a)ceafedtfibet staMbdomhpising abdeast ohe gtasssibertvingrprirary layer

| east of a dried residue of an aqueous sizing composition applied to at least a

15 portion of a surface of the at least one glass fiber, the aqueous sizing
composition corhprising: (a) non-hydratable, lamellar, inorganic solid lubricant
particles having a hardness value which does not exceed a hardness value of
the at least one glass fiber; and (b) a polymeric film-forming material.

Still another aspect of the present invention is an electronic support

20 comprising: (a) a fabric comprising a coated fiber strand comprising at least
one glass fiber having a principal layer of a coating composition comprising
non-hydratable, lamellar, inorganic solid lubricant particles applied to at least
a portion of a surface of the at least one glass fiber; and (b) a layer of a
polymeric matrix material applied over at least a portion of the fabric.

25 Another 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 principal fayer |

of a coating composition comprising non-hydratable, lameliar, inorganic solid

lubricant particles applied to at least a portion of a surface of the at least one



one gl ass fiber having a principal |layer of a coating conposition

conpri si-ng . non-hydratable, lanellar, inorganic solid |ubricant
particles applied to at | east a portion of a surface of the at |east
one gl ass fi B‘@??Wﬁ‘ﬁﬁp (b) a layer of a pol ymeric matrix maPEF{U§p9/04087
applied over at |least a portion of the fabric. 25 Anot her aspect of
the present invention is an electronic circuit_board conprising: (a)
an el ectronic support conprising: (i) a fabric conprising a coat ed

fiber strand conprising at |east one glass fiber having a principal |ayer

of a coating conposition conprising non- h%/!dra,t able, lanellar, inorganic
solid | ubrglassfiberaanddiika laysy ofaipelymaric ratrix matrrialiapplies ever atieast

of the at |east . - . . - -7-
gl ass fiber; andt bPition.ofiths fabric: and. (&) an elegtrically conductive laver pasitioped, .
at | east a dujadentitodelddied bakidrs obgsletter] sidecbtte éleatronicanshimiti ve

| ayer positioned adé' acent to selected portions of selected sides of
the el ectroni c supporAnother aspect of thapsesent invemrtian isran plecionie sUppertent i on

i | i i Si : fir.s, i | >F, .
15 o el ectr ol o, SHBRANS: (8 APARndihe 694 forrpiEhor ST B h8YBhisna an,
strand conpri si ng |g@hst RaGihiCaSatabdiberistRRY dmprding at ledst e GRS fibeR HairRf

a coating conposition conprising non-hydratable, lanellar, | norgani c
solid | ubricant aprincipabayepef a edating compositioracpmptising non-hydeatable; lamellar,
the at |east one _glass fi - and (ii) a |layer, of ol yner.ic trix
mterial 10 apanPiRnR SoICubrigags parsish adhR & adeBa PEricn BT piswitace of
second conposit ' t t j | : :

Anot her aspect ?P Eta%gé%sfteosneen@b%%%)%pi%ﬂndf?iz]aa@?%l%fﬁ 8 I C ClI tﬁcéatln%?%%%{l gl
conprising: {&) appliedestaratieast @portionasfithe fabnivg and (b) @ deacrid compositédayer
| ayer conprising a fabric conprisi ngi an at least partially coated
fiber strand 15 differgntifrommtheyfirst eggipasite 18¥elss fi ber having a pri nci pal

oL 19, AgSPRSBL e MIBGAHReR gh Bebbchic R b,
e o o SMpASAS, (6pen lgeric upfemconensihg e sl
(ii) a second cotIDRisinglafabricsiomprising anraliieastepartialiy coated fiber strand
15 comprising at least one glass fiber having a principal layer of a coating
composition comprising non-hydratable, lamellar, inorganic solid lubricant
particles applied to at least a_portién of a surface of the at least one glass
fiber; and a layer of a polymeric matrix material applied over at least a portion
of the fabric; and (ii) a second composite layer different _from the first
20 composite layer; and (b) an electrically conductive layer positioned adjacent
to selected portions of selected sides of the first and/or second composite
layers.
Another aspect of the present invention is a method for whitening a
polymeric composite, comprising the steps of: (a) applying a layer of particles,
25 with at least one of the particles being selected from the group consisting of
boron nitride, zinc sulfide, montmorillonite and mixtures thereof to at least a
portion of a surface of at least one glass fiber of a glass fiber strand to form
an at least partially a coated glass fiber strand; (b) combining the glass fiber

strand with a polymeric matrix material; and (c) forming a reinforced polymeric



20 conposite layer; and (b) an electrically conductive |ayer positioned
adj acent to selected portions of selected sides of the first apd/or |,
second conposite | ayers. Anot her aspect of the present

i nvention | ¥Q9MWébd for whitening a pol ymeri c conposi t ECTAS$P4087 ng
the steps of: (a) applying a layer of particles, 25 wth at |east one of
the particles being selected fromthe grouponsisting of bor on
nitride, zinc sulfide, nontnorillonite and MXxtures thereof to at |east a
portion of a surface of at |east one glass fiber of a glass fiber strand to
form an at |east partially a coated glass fiber strand; (b) conbining
t he gl ass fi becompositetfram dheigiassfilper strand andrpolimenematrivimaterial, wherein
formng a reinforced pol.yneric . . I

5 conpaLfifeness Jhrek yalie ot the sipforsedpRIYmRIG AT ARSI Jgss than a
material, wher ginkeness Indd¥ &Q&E?&f d 8&%0¥§é fSmd frof tHYl PoIphieti rﬁﬁ$r}5(mr -~
conposite is less than a - I teness i ndex value of a conposite forned
fromthe pol ymenateright ri x material. 5 Brief
Description _of the Draw ngs - The foregoing sunmmary, as well as
the foll ow ﬁg detail ed description of the preferred enbodi nents, wll

be better understood when readg"ji’bfn &R LORGE R D appended

drawi ngs. In the draw ngs: 10 _—%'g_ag_‘l‘mﬂ'ﬂ)?éq% _ e view of a
coated fiber strand Thforggsing'surmmary, as welgsrtheffokowingaiktaided descrigtiomof
aqueous si zing conposition accordin resent invention;

Fig. 2is a pgﬁ@%@&fFVGd\ﬁr@hpéim%ﬂtégWh&éﬁt ggﬁéf ugﬂg@mpcmhweadpm nary
L Er el B o RN SubL A AR P NGB o = *proneer
present 10 inventimg, 1 is a perspectiveViéw of d SodteBdibed etiandehavisyvaQirirRary
coated fiber strand having a primary
layer of a dried residue of an aqueous sizing composition according fo 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 secondary

15 layer of an aqueous secondary coating composition according to the present
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

20 according to the present invention;

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 according to

25 the present invention; and |
Figs. 7 and 8 are cross-sectional views of alternate embodiments of an

electronic support according 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 20
according t sent invention; Fig. 4 is a top plan view
of a conpos%%gglc%ggdl ng to the present i nventi on; %”US”/MO@"
is a top plan view of a fabric according to the present invention;

Fig. 6 is a cross-sectional view of an el ect@eni c support according to 25
t he present invention; and Figs. 7 and 8 are cross-sectiona
views of alternate enbodi nents of an el ectronic support according to

the present invention. - . .
tall X of thedn ventlon

The gl ass fiber strampe gl&sstmermtfaamtoﬂtnéwés@ﬁt iRAftich Hé\lrélg
whi ch not only inhibits abrasion and breakage of the fibers an provq de

good | ami nat e” Whighdiat, Ol"g!!)dd'ﬂbltﬁaahiﬂSlm and bregkaggoofitheyfibens put cars peovidet v,

acids and - Sagh bR phres Bpsaﬁhgwwstqﬂg%&appaﬂwﬁm ik sty dow
matrix naters a'ébrrd!ibﬁ Bind reacfi¥ity ff\' thg‘ éé‘Sf H@ﬁq}Jrﬁﬁlt{)%tacﬁ d@%ﬁidggarﬁ | or.

to | am nation. Another Si g | ca ant ag ‘coat e ber

strands of the aikelmuand compmmdmymmh a sagetgcbfmabmeﬂab\dtnk ynateridleawhigh and
knitting. Low fuzz broken fi|anents, |ow strand tension,

high fliabili tycaaha Q? ﬁ@%ﬂ??gﬁ’% heat °|ea"'n9r$lquaul%mmﬁlpat iAnothen ch can
be provided by djhf; EQﬁfE&\l% 458 off'tl}&?f: ?@ rstran&]gftﬁgﬁggég' nventi on

tofaC|I|tateV\/eV|ng and ing an fabric

with few surf aaavelﬂﬁmtssgdmj processablility inweéwhgatnd l&ﬁmhgcifd\npﬂ&z and halos,
Referring n1o(¥v to Fig wherein |ike nunerals jndicate |ike el enents 15'
h

t hr oughout dew tP@k?ﬁ(fUﬁmﬁﬁtSFuk@)N stragddensied. highdliakilityand low mseﬁmrstlmg at

the "o anapre Einderss AR Pan Be yRERIG he GiSREH Bk B SERds or

Per ei nf L he terthie presefitsihvention foritiitaleeweaving shd Kt Erd cdriditbatly The
erm"fiber" neans an
provide a fabric with few surface defects for printed circuit board applications.

9

Referring now to Fig. 1, wherein like numerals indicate like elements

15 throughout, there is shown in Fig. 1 a coated fiber strand 10 comiprising at
least one glass fiber 12, according to the present invention. Preferably the
strand 10 comprises a plurality of glass fibers 12. As used herein, the term
"strand" means one or more individual fibers. The term “fiber” means an
individual filament.

20 The glass fibers 12 can be formed from any type of fiberizable glass
composition known to those skilled in the art, including those prepared from
fiberizable glass compositions such as "E-glass”, "A-glass", "C-glass",
“D-glass”, “R-glass”, "S-glass", and E-glass derivatives. As used herein, “E-
glass derivatives” means glass compositions which include minor amounts of

25 fluorine and/or boron and preferably are flucrine-free and/or boron-free.
Furthermore, as used herein, minor means less than about 1 weight percent
fluorine and less than about 5 weight percent boron. Basalt and mineral wool
fibers are examples of other glass fibers useful in the present invention.

Preferred glass fibers are formed from E-glass or E-glass derivatives. Such



i ndi vidual filament. 20 The glass fibers 12 can be forned from any

type of fiberizable glass conposition known to those skilled in the.
art, includj e t hose prepared from fiberizable gl ass cor‘rposi ti ons such
as "E-gl assWOPRY%ss", "C gl ass”, "D-gl ass", "R gl ass" , FCHEU§44e87
and E-gl ass derivatives. As used herein, "E- gl ass derivatives" neans
gl ass conpositions which include mnor anoupys of 25 fluorine and/or boron
and preferably are fluorine-free and/ or boron-free. Furt hernore, as
used herein, mnor neans |ess than about 1 wei ght percent fluorine and
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Prehered o gl gse SRS e aR S aprisSRlan e Kk B
are wel | ko bemdoessansin vigwl dfdheipresért disciosure. fifiatiditiond! forssation is

thereof is not believed to be necessary in view of the present .
di scl osure. |f Nggded; sueh glasssarmapesitions and Tiberizatien metheds gre disclosed in

conpositiong a fi ' [ | | ein,
Thgpwzlnu:‘ actgur Mé‘olﬁg‘gﬂ%éhb?ﬂ ) fl &ﬁl f&las% )e(‘ﬁgtrg%ages
30-44, 47-60, 488314? ﬁégds B244. 47-60n415L122 4ied 4263135, andA) Bt P diBAtsAnd
5,789, 329, which are hereby i nworat ed by reference. I n

addi tion to gl 4%42,186rand $,789 avhieh iase herelynimcotparated by reference.

material's, 10 such BediPLR.AE5 fbeGaRE rairhu St T N idRner o o
organi ¢ pol ymeichenprise fitsBts $6irAe @ frnsl ofl PRz ABRSnAtDAI D Imamade thaterigis):
the term"fiberizabl e” means a material capable of being forned into a

general | y d6nt istgbas non-glasslinarganic maierialssnatunal roateyials; organic polymeric
Sui tabl e non-glass .i porganic,fihers .include ceramc fibers foruoed.frgom, 15
St concar b & aEmRRANE goapinatEns heredte ALY herb,hadesq berizatis

pi ezoel ectric "A&ie hal elw A & ?@{gpé iSiHjeabl e
ani mal and vegg?ea%?i-s ?iaoflrgéﬁbe‘g o:lfabt tljrafarﬁgt?te:pggla cl ude‘ﬁigﬁ%ﬁads

cel I ul ose, nat dilarhent)fber,, stfdraxor yami e,

Suitable non-glass inorganic fibers include ceramic fibers formed from

15 silicon carbide, carbon, graphite, mullite, aluminum oxide and piezoelectric
ceramic materials. Non-limiting examples of suitable animal and vegetable-
derived natural fibers include cotton, cellulose, natural rubber, flax, ramie,
hemp, sisal and wool. Suitable man-made fibers include those formed from
polyamides (such as nylon and aramids), thermoplastic polyesters (such as

20 polyethylene terephthalate and polybutylene terephthalate), acrylics (such as
polyacrylonitriles), polyolefins, polyurethanes and viny! polymers (such as
polyviny! alcohol). 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,

25 Vol. 6 (1967) at pages 505-712, which is hereby incorporated by reference. it

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

combinations of fibers formed from any of the above materials can be used in

the present invention, if desired.



henp, sisal and wool. Suitable man-nmade fibers include those formed from
pol yam.des (such as nylon and aram ds), thernoplastic polyesters (such as
20 polyeth er epht hal at e and pol ybutyl ene terephthal ate), acrylics
(such as 34}l"SF)‘%'f%/"égrylonitriIes), pol yol efi ns, pol yur et hanes BRHUSPHIA0?
pol yners (such as pol yvi nyl al cohol). Non-glass fibers believed to be
useful in the present i nvention and net heds for preparing and
processi ng such fibers are di scussed at length in the Encycl opedi a of
Pol ymer Sci ence and Technol ogy, 25 Vol. 6 (1967) at pages 505-712, which
I s hereby incorporat | t I s,.understood that bl ends or

sﬁi’gg ref erence. .

copol ymers of any of RPTEEBOEINYRNEPD Yyl noyybe discussadigenaralls inpther ¢andext of
formed from a“yg@sstf@"er%‘é\‘ﬁsﬁa&ﬁéﬂé‘ﬁ kil 15 dfwould uh8Erdtafid Bt the

i nvention, if desired. -
11 - . strafid ¢ OQpears additionaliy includevone orawoheofirecnors-gthsyefitsers! [y i n
the context of gl ass fiber strands, although one skilled in the art
woul d under st andliscHgéed gbove.  strand 10 can additional Iy include one or

Conti nued 1 ePor ence. YUEegMued reftrfide BFFich 10 XS rdtarred mbotlhént,fbess ¢

fiber strand 101@foftfiberRtrafAgNO0 bR predentirfveptidhaite Woafed withi ARFMArp&er
14 of a dried residue of an aqueous sizing conposition applied to at”l|east

a porti on 1% offa dried sesidde of 86 aqueous sizing campesitipn appliedithatieasta

f 16 f . ' ' ' d inhipit. b f.th
Fiber 12 pr et oPapian 16 oF M@ SuthEs 18 & e 1S Aol eRe npdr STRRRS 1B womn
is applied to t %graméﬁ HRiring pro8&ésihg ind iﬁﬁfbitlt@re@kagerdfmh@'ﬁbepﬁzt fFereférBEfg"

12. used herein, in a preferred enbodinent the terns "siz

"sized" or 10 thedredgesideéaf anaqieoussizingycemppsitioniis appjiet te the entire
fibers i mredi at el éraftngr for.nati on w‘edthe{' bers. In an alternative
enbodi ment, t he O RUrTage,16 or peripaary aithediberdtZi ng additionally refer to

PR g OTPoS! L oA PN pierrd SEBURAG rd 190BL s
renoved by heat "sizinglesfer &b tHe eetimytomipositiort applied to the fibers immediately after
formation of the fibers. In an alternative embodiment, the terms "size", “sized"”
15 or "sizing" additionally refer to a coating composition (also known as a
“finishing size”) applied to the fibers after a conventional primary coating
composition has been removed by heat or chemical treatment, i.e., the
finishing size is applied to bare glass fibers incorporated into a fabric form.
The aqueous sizing composition comprises one or more, and
20 preferably a plurality of, non-hydratable inorganic solid lubricant particles 18.
As used herein, “solid lubricant” means that the particles 18 have a
characteristic crystalline habit which causes them to shear into thin, flat plates
which readily slide over one another and thus produce an antifriction
lubricating effect between the glass fiber surface and an adjacent solid
25 surface, at least one of which is in motion. See R. Lewis, Sr., Hawley's
Condensed Chemical Dictionary, (12th Ed. 1983) at page 712, which is
hereby incorporated by reference. Friction is the resistance to sliding one
solid over another. F. Clauss, Solid Lubricants and Self-Lubricating Solids,
(1972) at page 1, which is hereby incorporated by reference.



finishing size is applied to bare glass fibers incorporated into a fabric
form The aqueous sizing conposition conprises one or oore, and
20 preferably a ;)I urality of, non- hydrat abl e i norganl c solid lubricant
particles 1809%44960As ysed herein, "solid |ubricant" means t R&F/{3¥04087

particles 18 have a char acteri stic crystalline habit which causes them
to shear into thin, flat plates whi ch 4¢adily slide over one anot her
and thus produce an antifriction | ubricating effect between the gl ass
fi ber surface and an adj acent soI [ d 25 surface, at |east one of which is
in nmotion. See R Lew's, Sr. Condensed Chenmical Dictionary,

(12th Ed. 1993) at Glges fihers %ﬁ%{bj?@ fo abragiye wear by caniastwithy agperities of
f F
hnother F. o SoletnkBidd ieh AU Sind sl deipls M naterial S/l R Yiass

( 1972) at pagefbers/\dibmbct dumq)ﬂhmmglaﬁd Mbaéqabmmrbeéggnﬂgca;ch as weaving.
12 d ass fibers are subject to abrasive wear by contact

wi th asperi ti esAbrasive weadj awﬁed@qg@. messsscaEaping or eulting gﬁqu@:tamfém s or

material s ich, th rs rin bsequent
processi ng\,,\,g gi?sggq%é%wfﬁﬁe or br E?Qﬁ' §€5\%§§&B§?S by ﬁéct'eé' 'éé@fi WS‘Hrreans
scrapi ng or Cubhhitﬂ!e§fédgéfs &'érﬁlt'@% (&Q?ent@sﬁl bﬁﬁfatér‘né@ fwrﬁé't'i fa?é?sa?d eHBﬁ&l‘f?&e
of glass fibers by frictional contact particles, edges or
entities (as peprmdu;g damagatterthag!ass%ﬂb@ms aSeeHérldeama,ﬂlatmn, Weamr oduce
damage to the

fibe S t
:_ub][i cati on, f(gggﬁssaéé— 635%6 55 a%!lgﬁ, ‘frvrsfch %@h%@&?fﬂﬂfat%bb{ﬁfﬁémeigce
n formng, for exa
metallic gat heri ng gﬁi"‘%{ﬁ%a@%é‘g% S #%’?ﬁ%&tﬁgaﬁ%&%&ﬁ s|aanto a

f ormi ng padlaagmetamcfgdblnermgasbwhh;l aipaverse anspiralibéfoss beirg wougd dnito a
weavi ng, | ass, fiber strand co tacts solid O?Aects such as

portions of th 'W‘ gpackage., i iahtic,A Iy operationgnsueh RRiknitting Odmew)g,

whi ch b
Exiat?rpl ggno? Lg?ﬁé%sgweggf@ c\ﬁrﬁ‘taégfgﬁdboﬁ‘t %ﬁ?ﬁgégﬂgass a%%‘rs |eﬁcl ude
air jets and shgsémbly aﬁbﬁr&&@(l@@medrlumtﬁﬁ?dfewce) whHidtegean abrade e swiracedi ch

have a hardness val ue greater than that of the glass
16 of the contacting glass fibers 12. Examples of portions of a loom which

15 contact the glass fibers include air jets and shuttles. Surface asperities of
these solid objects which have a hardness value greater than that of the glass
fibers can cause abrasive wear of the glass fibers. For example, many
portions of the twist frame, loom and knitting device are formed from metallic
materials such as steel, which has a Mohs' hardness up to about 8.52.

20 Abrasive wear of glass fiber strands from contact with asperities of these solid
objects causes strand breakage during processing and surface defects in
products such as woven cloth and composites, which increases waste and
manufacturing cost. |

To minimize abrasive wear, the fibers of the strands of the present

25 invention are at least partially, and preferably fully, coated with non-
hydratable, inorganic solid lubricant particleé having a hardness value which
does not exceed, i.e., is less than or equal to, a hardness value of the glass

fiber(s). The hardness values of the non-hydratable, inorganic solid lubricant

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



fi bers can cause abrasive wear of the glass fibers. For exanple, nmany
portions of the twist frane, loomand knitting device are forned from

metallic ials such as steel, which has a Mhs' hard
about 8. 5[eWﬂ9er§6r° Abr asi ve wear of glass fiber strands fronF@i’?ﬁsgg?}o&Zth

asperities of these solid obj ects causes strand breakage during
processi ng and surface defects in pr odggt.s such as woven cloth and
conposites, which increases waste and manuf act uri ng cost.

To m nimze abrasive wear, the fibers of the strands of the present 25
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surface of a material. The 5 hardness val ue of glass fibers

general ly r ang@ﬁﬂﬁn%&ﬁl‘e&f{w&h&ﬂﬂg%&zz whichds Befebyincospenated Syout

% page r- 22, VRISRIES: REEOMENe TaApEes VaRitef the Jf?é?éfaﬁﬁb@ﬁ@ﬁésbﬁﬁé&%“)

har dness val ue |ghriédwt ﬁﬁ?ﬂcl@!?:’r 9. rahgéﬁ @rom absot 0% to aboltdr ThaMohs'
particles preferably ranges from about to about 6. The Mhs' 10

har dness val Q:esharﬂneesaahlesmfrselveraltnqmllmﬁmmbbsmmqwbvémaé@bl@ inorganic

I norgani c d, l.ub t abl.e . f t t t
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below.
Table A
Solid Lubricant Material Mohs’ hardness (original scale)
boron nitride ' about 2°
graphite. about 0.5-1°
molybdenum disulfide about 1°
aluminum about 2.5°
copper about 2.5-3"
gold - - about 2.5-3°
silver about 2.5-4°

15
As mentioned above, the Mohs’ hardness scale relates to the
resistance of a material to scratching. The instant invention therefore
contemplates particles that have a hardness at their surface that is different

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

Handbook of Chemistry and Physics at page F-22.

®R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 793, which
IS hereby mcorporated by reference.

Fnct:on Wear, Lubrication at page 27.

Handbook of Chemistry and Physics at page F-22.

Handbook of Chemistry and Physics at page F-22

® Handbook of Chemistry and Physics at page F-22




Table A Solid Lubricant Materi al Mbhs' hardness

(original scale) boLpn nitride

about 2[err] graphite

about 0. 5- 1] ¥PP/44960 mol'ybdenum di sul fi de PCT/US99/04087
about 1[err] al um num

about 2.5[err] copper _.14-

about 2.5-3[err] gol d

about 2.5-3[err] silver

. 15 ti . ab t he. Nbhs' hardness scal e
folates to the from thehardness of ffe HienaL POHINS P dhe aRGiAI Geneath fthetiiace.

[ ti t her g ; i : r
thei r surf ace. t oy sRegipf] ARFRUNLES AL Kt L e RKBITRd Y A i fer
Lubri cation, (18eBknawndadke amH, ir;mhiéﬁihgimthmtdih'gteg[]tocqfqaﬁhgg eﬁldWthoE ,

f : Handbook o emi stry,an ysi.cs at page F-22.
[err1 R Leui s, SHCAPSuANTE NG RarfileracehenIoHlE Shangibei - jacy Sremotsristioso3)

o 2R05 7558 il oo RGN 68 R b b E s g |
and Physics at pagieleis2idt greater kiedn the-harthsls ofith&arsssiters Wi inesShaRindss
page F-22 [err] Handbook of Chenistry and Physics at page F-22
- 14- f r ovh thedratticlerhensath the surface isgreater thasitbe dtardnesy of the glass
beneath its SUr§AGE: For example but not limiting the present invention, inorganic particles
such as silicon carbide and aluminum nitride can be provided with a silica,
10 carbonate or nanoclay coating. In ad_dition, silane coupling agents with alkyl
side chains can be reacted with the surface of many oxide particles to provide
a “softer” surface.
In a preferred embodiment, the non-hydratable inorganic solid lubricant
particles have a lamellar structure. Particies having a lamellar or hexagonal
15 crystal structure are composed of sheets or plates of atoms in hexagonal
array, with strong bonding within the sheet and weak van der Waals bonding
between sheets, providing low shear strength between sheets. Friction,
Wear, Lubrication at page 125; Solid Lubricants and Self-Lubricating Solids at
pages 19-22, 42-54, 75-77, 80-81, 82, 90-102, 113-120 and 128; and
20 W. Campbell “Solid Lubricants”, Boundary Lubrication: An Appraisal of World
Literature, ASME Research Cdmmittee on Lubrication (1969) at pages 202-

203, which are hereby incorporated by reference. Non-hydratable inorganic
solid lubricant particles having a lamellar fullerene (buckyball) structure are
also useful in the present invention.

25 Non-limiting examples of suitable non-hydratable inorganic solid
lubricant particles having a lamellar structure include boron nitride, graphite,
metal dichalcogenides, cadmium iodide, silver sulfide and mixtures thereof.
Preferred non-hydratable inorganic solid lubricant particles include boron
nitride, metal dichalcogenides, cadmium iodide, silver sulfide and mixtures



More specifically, the surface of the particle can be nodified in any
manner - well known in the art, including but not limted to coating,

cl addi ng or apsul ating the particle or chem cally chapgi '
surface cha%%?%?@glfi cs 5 using techniques known in the art,pgwﬁgﬁfiwthe

surface hardness of the particle is not greater than the hardness of
the glass fibers while the hardness of- t8he particle beneath the
surface is greater than the hardness of the gl ass fi bers. For exanple
but not limting the present invention, inorganic particles such as

carbonat e or nalleirah SHLRR el clfhaieaiody PtiesiptivbArfusl difidus
al kyl si depfdibdendin didehigeCtadalin Bisufles Wiritaken afsefdHide X¢hgSten

particles to provide a "softer" surface. In a preferred
enbodi ment, t hedisoiifidey dungstohaiselenigerand mixtures thereafant particles

h | anel | Particl. ' | arel | | 15
Crystal etructure ar BURpIEGR RAIGRs DAV R fexaial Ersto) IR S mRs!
array, with str BF&eﬁEQ%PGf%‘ﬁWﬁ EI'Lé;g @@oﬁ‘ﬁiﬁg%ﬁ‘@ﬁﬁoﬂ.aﬂoﬂ%mM@e?awgé'&

bet ween sheets, " providing strength between sheets. Fri'ction,
Wear. Lubri cati borart nipdgde paéiclesSslitablé ddr issnint thegrdsaut invention are i ng Sol i ds

20 W Cambel | PosTTharm@y,198 Series (P, Tam 470 1¢00PT o0 436 P spoad Saric
pages 202 (Bb3ot) ARl eAge by AT G0 00T BAO'SIRFR T Brch biken nthice

Non- hydr at abl e pBadenpagticles which afé torhietaially Beailablé fdnhAdvaEced Criramicy
full erene (buckyball) structure are al so useful _in the present

invention. 4§ Corporation-afilakewapdehipl eBolerTherm®dihermety tive Eillers
TG Ol o oA S e el B & AR oSt

o o o oo LIRS LIRS CHIB(P0) which BTty RchgBfifoy: o'
di chal cogeni des refeasindeinThesk gartictes have athéimisl comductivityuofeabout 250-300

- 1> Watts per meter K at 25°C, a dielectric constant of about 3.9 and a volume

15 resistivity of about 10" ohm-centimeters. The 100 Series powder has an
average patrticle size ranging from about 5 to about 14 micrometers, the
300 Series has an average particle size ranging from about 100 to about
150 micrometers and the 600 series has an average particle size ranging
from about 16 to greater than about 200 micrometers.

20 The average patrticle size 19 (equivalent spherical diameter) of the
inorganic solid particles is generally less than about 1000 micrometers,
preférably ranges from about 0.001 to about 100 micrometers, and more
preferably about 0.1 to about 25 micrometers. The configuration or shape of
the solid particles 18 can be generally spherical (such as beads or microbes),

25 cubic, platy or acicular (elongated or fibrous), as desired. For more
information on suitable particle characteristics, see H. Katz et al. (Ed.),

Handbook of Fillers and Plastics, (1987) at pages 9-10, which are hereby

incorporated by reference.



thereof. Suitable nmetal dichal cogenides include nol ybdenum di sul fi de,

nol ybdenum di sel eni de, tantalum di sul fi de, tantal um di sel eni de, tungsten
di sul fide, tungsten disel enide and m xtures thereof. Bor on
nitride partWeP&44%8vi ng a hexagonal crystal structure are npsRCT/ES99/04087
preferred for use in the agueous sizing conposition. Non-limting exanples

of boron nitride particles suitable fqr1§J_se In the present invention
are Pol ar Therm 100 Series (PT 120, PT 140, PT 160 and PT 180), 300
Series (PT 350) and 600 Series (PT 620, PT 630, PT 640 and PT 670)

boron nitride powder particles which are commercially available from
Advanced Ceranics 107k®nesrhidratabie incrganisowpliddabbcantratictescldrambenal | y

Advanced cer amifesent in 2 gfperdet RiyFedhT of Biieinf gt Ot ftes
her eby i ncor porgijctda®nineral ofl SrailSstis! - (preferdiy RISk thhl AN © thebément),
conductivity of about 250-300 Watts per neter K at 25[err[C, a

di el ectri c constambe dncludedin thepsizing eomppsition, 6 desiked siTheg amount aboan-
10[err] ohmgenti LS. The 100 ries powder, has, a average particle
i v6 1 angi ngb 1 rYATRIE oTBaniE RRIE TubARAR RAEERAS fribe audbiEA8Bal S, o
an average par téﬁﬁo&ﬁéﬁ c"aﬂﬁ%h@% fSrAERRR Bl00 R éBotg@e?Q’Weight péré?ﬂtgm a total

m cronmeters and e 600 series“has an average parti si Ze rang
from about 16 tweightbasis, preferatily abon00 toiaboutd0ewsighpercent, and morever age

2o b 1o e b Ao 28 BRI arosb K enbishing ssenae s pTESa
referably ran : i . :
Br ef er abl ; abo&?éB.é%agg%?P%@wrﬁ‘%& nmet g&%ﬂ%er“ 'gyr%?%@r% f;%sl 'g'nrw%tgpg{ape of

the solid pt0ti ORPACBORONNITRIDERENEASESOATICONC Which eestan@rcially

m crobes), 25 cuhic | aty or _acicular (el ongat_ed aor fibrous), as desired.
For more i available Trom Y PsCrating® Iperof @k Ridge.atennessee: See 8ORRAGKa! 7
et al. (Ed.), [ | b . 2y 9-10,
whi ch are her eb@ORéﬁﬁﬁﬁbﬁ&ﬁé@lﬁép@ip@@%, £§EChHI'9£H‘"8{m %?2% _
- 16- Coatings, Inc., which is hereby incorporated by reference. According to the

supplier, the boron nitride particles in this product have an average particle

15 size of less than about 3 micrometers. This dispersion has about 1 percent of
magnesium-aluminum silicate, which according to the supplier binds the
boron nitride particles td the substrate to which the dispersion is applied.
Other useful products which are commercially available from ZYP Coatings
include BORON NITRIDE LUBRICOAT® paint, BRAZE STOP and WELD

20 RELEASE products.

In an alternative preferred embodiment, the sizing composition can
comprise non-hydratable metallic inorganic solid lubricant particles selected
from the group consisting of indium, thallium, tin, copper, zinc, gold, silver and
mixtures thereof. '

25 in an alternative preferred embodiment, the non—hydratable inorganic
solid lubricant particles are thermally conductive, i.e., have a thermal
conductivity greater than about 30 Watts per meter K, such as for example
boron nitride, graphite and the metallic inorganic solid lubricants discussed

above. The thermal conductivity of a solid material can be determined by any



The non- hydratabl e inorganic solid lubricant particles 18 can be

present- in a dispersion, suspension or enulsion in water. Qher solvents,
such as mneral oil or alcohol (preferably |Iess than about 5 éﬁg/{]%
percent), WOUE%e included in the sizi ng conposition, if \cﬁ /0448 e
anount of non- 5 hydratable inorganic solid |ubricant particles 18 in the

aqueous si zi ng conposition can range f+Pmabout 0.001 to about 99
wei ght percent on a total wei ght basis, preferably about 1 to about 50
wei ght percent, and nore preferably about 25 wei ght percent. A

non-limting exanple,pf _a preferre . dj r sl I ght

per cent bor on rierar Rpafritbiace sffisginine aREEioHAR B BARR PSP Method
RELEASECOAT- CONgeodH ' L7 ichi ' ! ,
Inc. of Cak Ri dge‘?&%{%’n‘e‘ﬁ@ggm&gﬂg%ﬁ@ leh @MéB#g%%hﬁlofﬁg?%iEan& Rty at a
RELEASE(bEOAT- CO\[émp?'a(tjmbemﬁat;nutlaﬂmét L\n of d_ZYP t thCoati ngs, | In_c. , V\:f[‘lihCh
is here i ncor pora reference. Accordin 0.t he su i er e
boron ni %/ri de pgrt i clreanpther g sf'ﬁfafm?%% eg’ﬁb%wg}%ethﬁd?qr?‘gﬁgraigb'esi ze
of | ess thangab 1 s i [ | of
magnesi um al ‘lSJm ﬁ#ﬁ%’?'ﬁsc%g{?g% ﬁﬂ%ct ﬁ%@ggcﬁ? ﬁg’?‘gﬂ?ﬂ 'S Sgp y%r&bﬁiggﬁiphe

boron nitride pefectridatsesistivitye i.eliveade efectridalrbsistivityl graates than about
appl i ed. O her useful products which are commrerci %Iay avai l abl e from
ZYP Coatings 1000 meicrephneormsuahras for exampledyoreamilridsai nt, BRAZE STOP

and VELD 20 RE'—EASE#%@%%%%@N,O"rr]\ogéhrydrataﬂl%"‘oﬁn\%a%ttﬁéf'ﬁ’\tei %cgirdgbgbf%ﬂisd

enbodi nent, the sizi 'l Se non-h

netal | i c inorganibficant 'Particuéy 46 Mot regdtivienh asoleelles ioftvater to forAThydiatey ahe
consisting of indium thallium tin, copper, zinc, gold, silver and
m xt ures t hdPeotio red contain watenaf hydrationtorater of srysdallizaioni Achydrataéis

Condusti ve. i - cProtiRd By thefesifion of alschRR ofiFels Jytte S Belativetpution e
Vatts per. met er HOHPHEAd I nbLplRX BB R. Lewis,@t,%aﬂiég{é dendehashicieraedl t he
metallic inorganic solid lubricants discussed above. e therm
conductivity of Dictioplang, (t2the Edatl 993 abpages 6086t abg TaRerros, Chemistry,
A (1967) at pages 186-187, which are hereby incorporated by reference. In the
15 chemical formulas of hydrates, the addition of the water molecules is
conventionally indicated by a centered dot, e.g., 3Mg0«4Si0,eH,0 (talc),
Al,0,028i0,62H,0 (kaolinite) . Structurally, hydratable inorganic materials
include at least one hydroxyl group within a layer of a crystal lattice (but not
including hydroxyl groups in the surface planes of a unit structure or materials |
20 which absorb water on their surface planes or by capillary action), fof
example as shown in the structure of kaolinite given in Fig. 3.8 at page 34 of
J. Mitchell, Fundamentals of Soil Behavior (1976) and as shown in the
structure of 1:1 and 2:1 layer minerals shown in Figs. 18 and 19, respectively,
of H. van Olphen, Clay Colloid Chemistry, (2d Ed. 1977) at page 62, which
25 are hereby incorporated by reference. A “layer” of a crystal lattice is a
combination of sheets, which is a combination of planes of atoms. Minerals in
Soil Environments, Soil Science Saciety of America (1977) at page 196-199,
which is hereby incorporated by reference. The assemblage of a layer and

interlayer material (such as cations) is referred to as a unit structure.



met hod known to one skilled in the art, such as the guarded hot plate

nmet hod according to ASTM C-177-85 (which is hereby incorporated by
reference) at a t enperature of about 300K I n anot her

al ter nat i veWPY8f44?40ed enbodi nent, the non-hydratabl e 5 i nor gRaTAISYI0S7

| ubricant particles are electri caI Iy insulative or have high el ectrical
resistivity, i.e., have an electrical resisthpvity greater than about

1000 mcroohmcm such as for exanpl e boron hitride. As used
herei n, "non-hydratable" neans that the solid inorganic | ubri cant

particles do not react with nmol ecul es of water to formhydrates and 10 do
not contain water oftyd@tes contain coprdinated Wates welich eon tes\thelszahmseln i s
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inorganic solid lubricant particles or silica particles or calcium carbonate, i.e.,
15 comprises less than about 20 weight percent of hydratable inorganic lubricant
particles, silica particles or calcium carbonate on a total solids basis, more
preferably less than about 5 weight percent, and most preferably less than
0.001 weight percent.
The non-hydratable inorganic solid lubricant comprises about 0.001 to
20 about 99 weight percent of the sizing composition on a total solids basis,
preferably, about 1 to about 80 weight percent, and more preferably about
1 to about 40 weight percent. In a preferred embodiment, the sizing
composition can contain about 0.001 to 5% boron nitride on total solids basis.
In addition to the non-hydratable inorganic solid lubricant, the aqueous
25 sizing composition preferably comprises one or more polymeric materials,
such as thermosetting materials, thermoplastic materials, starches and
mixtures thereof. Preferably the polymeric materials form a generally
continuous film when applied to the surface 16 of the glass fibers. Generally,

the amount of polymeric material can range from about 1 to about 99 weight



Hydrates contain coordi nated water, which coordinates the cations in
the hydrated material and cannot be renpbved w thout the breakdown of the
structure, gvrgjéor structural water, which occupies interstices in the

structure ¥4°%dd to the electrostatic energy without ups&GHYRTILHE?
bal ance of charge. 5 R Evans, An Introduction to Crystal Chem stry,
(1948) at page 276, which is her eby i ndqerporated by reference.

Wil e not preferred, the aqueous sizing conmposition can contain
hydrat abl e or hydrated inorganic solid lubricant materials in addition to

t he non- hydr at abl.e i norgani c.solid | ubricant terials discussed
above. Non- 10 AATGRTGIGNEAAHSLS SNG COMBRRITSR 8 qtaLaelids Basisy pipferably

| ubri cant materg I iR by b | ' 1,Gas
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Preferably, th@Sweighypecsgnisition is essentially free of hydratable

I norganic solid | ubr_l'Lcant particles or silicg parti cé es or calcium

carbonate, i.e., 15 pelymnernicmalgriale 25e Pielegiad PRiMgfic materials
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The non- hydratabl e jnorganic solid |ubricant conprises about 0.001 to 20

about 99 wei ghtmateriglsused as faminates forcprinfedidiicyit baards sich assiR-dennmy s,
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conposi tion carprheddifidht P ene irfkePibntis abdiflrmtioRanbidrhip@ted eb_@&?'reé“lﬂg.i See,

basi s. In addition to the non-hydratable inorganic”soli
| ubri cant, *he tgles eriais imARaNaard: IAéM intematiobal (1388 ratpages BB

nore pol yneric eri.als, such as thernosetting materials,

t her mopl asti ¢ rﬁ}ewrﬁ‘a@ ?r%pSF%QYe@CQFRPraEede{’Wﬁéﬁ?%%eqt hereof. Preferably the

polymeric material s f ; ' | ; I

the surface 16 of t h%%@ag‘s | b%?tsr{.d/'ggrtleerrlﬂﬁW'haé%&ré\%é%&%ﬁ&%%%@ % R%?Yc

mat eri al can r angterfals; virbesters, phenslins, adtinoglagts, thermosetting polyurethanes
and mixtures thereof. Suitable thermosetting polyesters include STYPOL

16 polyesters which are commercially available from Cook Compoéites and
Polymers of Port Washington, Wisconsin and NEOXIL polyesters which are
commercially available from DSM B.V. of Como, Italy.

in a preferred embodiment, the thermosetting polymeric material is an
epoxy material. Useful epoxy materials contain at least one epoxy or oxirane |

20 group in the molecule, such as polyglycidy! ethers of polyhydric alcohols or
thiols. Examples of suitable epoxy film-forming polymers include EPON® 826
and EPON® 880 epoxy resins, which are commercially available from Shell
Chemical Company of Houston, Texas.

Useful thermoplastic polymeric materials include vinyl polymers,

25 thermoplastic polyesters, polyolefins, polyamides (e.g. aliphatic polyamides or
aromatic polyamides such as aramid), thermoplastic polyurethanes, acrylic
polymers and mixtures thereof. Preferred vinyl polymers useful in the present
invention include polyvinyl pyrrolidones such as PVP K-15, PVP K-30, PVP K-
60 and PVP K-90, each of which are commercially available from ISP



-19- percent of the aqueous sizing conposition on a total solids
basis, preferably about 20 to about 99 wei ght percent and nore,

pref erably about 60 to about 99 wei ght percent.

Ther noset t W% Mheric materials are preferred pol yneri c naPETUSPH04087 f or
use in the aqueous sizing conposition for coating glass fiber strands of

t he present invention. Such naterialggﬁfp conpatible with

t hernosetting matrix materials used aS§ lamnates for printed circuit
boards, such as FR-4 epoxy resins, which are pol yfunctional epoxy
resins and in one particul ar enbodi nent of the invention is a

di f uncti onal bebamicals @f ¥ayne, New Jersese Other suitaplesinybpelymers dnclude
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phenol i cs, am nopl asts,” thernosetting pol yur et hanes m xt ures
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which are c ciall vai lapble fr Cook Conposites and Pol ynmer s of
Port Wéshi nﬁmﬁéwg"fl%ﬁfq-r?f "E?!UXI e’b‘?ﬁ@‘?ﬁ'@*rs which are :
comerci al ly avail a@hémgﬂtﬂ‘ﬁ@?%;&e\éter@fus tHd glfééent invention igﬁfuﬂea

preferred enbodi nent, tting polyneric materia epoxy
materi al . Usef DESMOPHEN 26000zrd DESMOPHEN 12084KS) botle pd which arei r ane 20

group in the nol ecul e, such_as polyql ycidyl _ ethers of polyhydric al cohols
or t hi ol sCommarpiafly ayaila Ptf&f% %%’ﬁﬁ?ihtﬁwgﬁrﬁ?ﬁ@s)ﬂévﬁer% preferrede
EPON 826 | Wi r ' 3 | I abl e
from snel | POUREErS RECBEPR B0 HRs thch B onRERAIRRY BLaiafy fiord

t her nopl ast0c BotdereChentigdle iof @oturnbasubRiol | Uséfubpbiyamides Acludédigropl astic
pol yesters, polyvol efins, polyam des (e.g. aliphatic polyam des or
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Chicago, lllinois and RUCOTHANE® 201 1L polyurethane latex which is
15 commercially available from Ruco Polymer Corp. of Hicksville, New York.
The aqueous sizing composition can comprise a mixture of one or
more thermosetting polym-eric materials with one or more thermoplastic
polymeric materials. In a preferred embodiment for laminates for printed
circuit boards, the polymeric materials of the aqueous sizing composition
20 comprise a mixture of RD-847A polyester resin, PVP K-30 polyvinyl
pyrrolidone, DESMOPHEN 2000 polyester and VERSAMID polyamide. In an
alternative preferred embodiment suitable for laminates for printed circuit
boards, the polymeric materials of the agueous sizing composition comprise a
mixture of EPON 826 epoxy resin and PVP K-30 polyvinyl pyrrolidone.
25 Useful starches include those prepared from potatoes, corn, wheat,
waxy maize, sago, rice, milo and mixtures thereof. A non-limiting example of
a useful starch is Kollotex 1250 (a low viscosity, low amylose potato—baséd
starch etherified with ethylene oxide) which is commercially available from
AVEBE of the Netherlands.



-20 - Cheni cal s of Wayne, New Jersey. Qther suitable vinyl polyners

I ncl ude -Resyn 2828 and Resyn 1037 vinyl acetate copol ymer enul sions

whi ch are comercially available from National Starch, and_other

pol yvi nyl ¥@EYFLE0 such as are conmmercially avail abl e erFﬁrﬂl’sgg"“oﬁﬂl | er
and Air Products and 5 Chenmicals Co. of Allentown, Pennsylvania.

Ther nopl astic pol yesters useful in the preggnt invention include

DESMOPHEN 2000 and DESMOPHEN 2001 KS, both of which are comercially
avai |l abl e from Bayer of Pittsburgh, Pennsyl vani a. A pr eferred

pol yester is RD 84 ester r a ble from
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incorporated by reference. The uniformity of the dispersion can be increased
by the addition of wetting, dispersing or emulsifying agents (surfactants),

15  which are discussed below. “Curable” means that the polymeric materials
and other components of the sizing composition are capable of being
coalesced into a film or crosslinked to each other to change the physical
properties of the polymeric materials. See Hawley's at page 331, which is
hereby incorporated by reference.

20 In addition to or in lieu of the polymeric materials discussed above, the
aqueous sizing composition preferably comprises one or more coupling
agents such as organo silane coupling agents, transition metal coupling
agents, phosphonate coupling agents, aluminum coupling agents, amino-
containing Werner coupling agents and mixtures thereof. These coupling

25 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
fiber surface and/or the components of the aqueous sizing composition. As
used herein, the term “compatibilize” means that the groups are chemically

attracted, but not bonded, to the fiber surface and/or the components of the



-21 - The polyneric materials can be water sol ubl e,

enul si f i abl e, dispersible .. and/ or curable. As used herein, "water

sol ubl e" means that the polyneric materials are capable of _bei n
essenti al | y W48 y bl ended and/ or mol ecul arly or ioni &&T§S99/04087

di spersed in water to forma true solution. See 5 Haw ey's at page 1075,
which is hereby incorporated by reference. 95 _ "Enulsifiable" nmeans that
the polyneric materials are capable of formng an essentially stable
m xture or being suspended in water in the presence of an enul si fying
agent. See Haw ei( s at a %1 whi Crﬁgﬁ’ L ncor par at. ed by

ref erence. NonSf WFPHH’ VsEXAMP \éBP #5199’ éj%f%’cﬁﬁe set 10
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pol ymeri c %ﬁ%@gfég gi&a%rbee}auggﬁre@%gédl stributed thr oughout wat er
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functionality. Each métal or silicon atom has attached to it one or
more groups which caﬁum@mal orgamwsanaacwrzlmg/\agentsme preferradytor usgrindbe
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isocyanatopropyitriethoxysilane, vinyl-trialkoxysilanes,
glycidoxypropyltrialkoxysilanes and ureidopropyltrialkoxysilanes. Preferred
functional organo silane coupling agents include A-187 gamma-glycidoxy-
propyltrimethoxysilane, A-174 gamma-methacryloxypropyltrimethoxysilane, A-
20 1100 gamma-aminopropyltriethoxysilane silane coupling agents, A-1108.
amino silane coupling agent and A-1 1'60 gamma-ureidopropyitriethoxysilane
(each of which are commercially available from OSi Specialties, inc. of
Tarrytown, New York). The organo silane coupling agent can be at least
partially hydrolyzed with water prior to application to the fibers, preferably at
25 _about a 1:1 stoichiometric ratio or, if desired, applied in unhydrolyzed form.
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
Petrochemical Company. Suitable chromium complexes are commercially

30 available from E.I. duPont de Nemours of Wilmington, Delaware. The amino-



-22 - si zing conposition, for exanple by polar, wetting or solvation

forces.- Exanpl es of hydrol yzabl e groups i ncl ude:
O H O R3 5 [err] [err] and t he mnog}(drox[%
and/ or cycl i WOB4¢9%% esi due of a 1,2- or 1,3 glycol, wherein FPCT/RSIYHPST o

Clerr]-C3 alkyl; R2is Hor Cferr]-C4 alkyl; R3 and R4 are independently

sel ected fromH derr]-C4 alkyl or [ers23aryl; and R err] is C4-C7
al kyl ene. Exanples of 10 suitable conpatibilizing or functional groups
I ncl ude epoxy, glycidoxy, mer capt o, cyano, allyl, alkyl, urethano,
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we?ght p’ercent of organic lubricants, and more preferably is free of organic
lubricants. Such organic lubricants include cationic, non-ionic or anionic
16 lubricants and mixtures thereof, such as amine salts of fatty acids, alky!
imidazoline derivatives such as CATION X, which is commercially available
from Rhone Poulenc of Princeton, New Jersey, acid solubilized fatty acid
amides, condensates of a fatty acid and polyethylene imine and amide
substituted polyethylene imines, such as EMERY® 6717, a partially amidated |
20 polyethylene imine commercially available from Henkel Corporation of
Kankakee, lllinois.

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

25 suitable emulsifying agents or surfactants include polyoxyalkylene block
copclymérs (such as PLURONIC™ F-108 polyoxypropylene-polyoxyethylene
copolymer which is commercially available from BASF Corporation of
Parsippany, New Jersey), ethoxylated alkyl phenols (such as IGEPAL CA-630
ethoxylated octylphenoxyethanol which is commercially available from GAF



- 23 - cont ai ni ng Werner-type coupling agents are conpl ex conpounds

in which a trival ent nuclear atom such as chromumis coordinated with
an organic acid having am no functionality. Qther netal chelaté and
coor di nat e WQ P¥4496Qipl i ng agents known to those skilled PRTAUR/Q#087 can
be used herein. 5 The amount of coupling agent can range from about
1 to about 99 wei ght percent of the agyeous sizing conposition on a
total solids basis, and preferably about 1 to about 10 wei ght percent.

The aqueous sizing conposition can further conprise one or nore
organic lubricants which are chem Calelgr%gdiff rent fromthe polyneric
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20 pol yet hyl ene i m'_ﬂ_‘e comercially avail.able fr,or? Henkel CorPora't I on of
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surfactants include pol yoxyal kyl ene C .. copolyners (such, as
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oct yl phenoxyet tare donwhifdiallysavirts froal Michirdhaht coff Cipginkaki, Ohio and the
Petrolite Corporation of Tulsa, Oklahoma, respectively. Generally, the
15 amount of wax can be about 1 to about 10 weight percent of the éizing
composition on a total solids basis.

Crosslinking 'mat'erials, 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

20 plasticizer can range from about 1 to about 5 weight percent of the sizing
composition on a total solids basis.

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

25 inorganic acids or bases in an amount sufficient to provide the aqueous sizing
composition with a pH of about 2 to about 10 can also be included in the
sizing composition. A non-limiting example of a suitable silicone emulsion is
LE-9300 epoxidized silicone emulsion which is commercially available from

OSi Specialties, Inc. of Danbury, Connecticut. An example of a suitable
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Par si ppany, New Jersey). Ceneral ly, td@sanount of enul sifying agent
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sol i ds basi s. I'ves can e |n aqueous
si zi ng conposi Uniferm coatlngmnatﬁesstfarfd)n'éhe weigloi per@eatad@ot solids Gi‘elheand
anti-foamng material s, generally in an amount of |ess than ab
wei ght per dg\nt aqoegHA isizing gomposition aenera¥y cangesifopy abeutet to Abant Bﬂﬂ!ﬂght
sufficient to pI’OVI d(e the aqueous si zing conposition with a pH of
about 2 to abo®f™®Mcan al so be included in the si zing conposition. A
non-limiting exanpl eryy a@ué&jé Si2lriy écbﬂwpé@iﬂ@n%"p\‘él’eﬁﬁbly%ssentlalhﬁfrééQﬁ glass
epoxi di zed silicone enul sion which is commerci al Ity avail abl e from

materials. As used herein, “essentially free of glass materials” means that the

sizing composition comprises less than 20_volume percent of glass matrix

15 materials for forming glass composites, preferably less than about 5 volume
percent, and more preferably is free of glass materials. Examples of such
glass matrix materials indude black glass ceramic matrix materials or
aluminosilicate matrix materials such as are well known to those skilled in the
art.

20 In a preferred embodiment for weaving fabric for printed circuit boards,
the glass fibers of the coated fiber strands of the present invention have
applied thereto a primary layer of a dried résidue of an aqueous sizing
composition comprising PolarTherm® 160 boron nitride powder and/or
BORON NITRIDE RELEASECOAT dispersion, EPON 826 epoxy film-forming

25 material, PVP K-30 polyvinyl pyrrolidone, A-187 epoxy-functional organo
silane coupling agent, ALKAMULS EL-719 polyoxyethylated vegetable oil,
IGEPAL CA-630 ethoxylated octylphenoxyethanol, KESSCO PEG 600

polyethylene glycol monotaurate ester which is commercially available from



OSi Specialties, Inc. of Danbury, Connecticut. An exanple of a suitable
-25 - bactericide is Bionet 66 antim crobial conpound, which.is
comer ci al | avail able fromM & T Chenical s of Rahway, New Jersey.
Suitabl e an %’999’4496% oaming materials are the SAG material s wWhEHU@4087

commercially avail abl e from GSI Specialties, Inc. of Danbury,
Connecticut and MAZU DF-1 36 which 5 is avgslable from BASF Conpany of
Par si ppany, New Jersey. Ammoni um hydr oxi de can be added to the sizing
conposition for sizing stabilization, if deS|red Water (preferably
dei oni zed) is included in the agueous sizing osition in an anount

sufficient to ﬁepanm@pmpf Ehigage, Bhn%iSQQH(-:EMEIFV 671drpargally aptidated

upon the stran ercentage of solids of the 10 aqueous sizing
conposition geg’é’@lﬁ!’/‘mﬁgg ‘fromabout 1 to about 20 wei ght percent.

The aqueous si zing qAmEPRRFE p?éfen%dréuﬁssamém f@uswemmgldmr\f Qﬁa%sque% dfthe
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ceramic matrix materia Icate matri x naterl s such as

are well known RE)LEASEQ)GATFldlwhrstht IRD-847A polyestéf) PVP K-30mpoiyuhiydf erred
enbodi nent for weaving fabric for printed circuit boards, the gl ass
fibers of the wawdoneb@ESMOeﬁtfédapoprnplxﬁ%%@A‘H?ﬁasmlncafgﬁao(sllane

rpastion PRI T et b e
BORON NI TRIME FIIELLI.IHFQS‘NFOGI=r 108 Tty SXyDR ﬁ&x@%@éﬂfy}eﬁe EopoIgmBErNMAGOL
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The aqueous sizing compositions of the present invention can be
prepared by any suitable method such as conventional mixing well known to .
15 those skilled in the art. Preferably, the components discussed above are
- diluted with water to have the desired weight percent solids and mixed
together. Powdered non-hydratable inorganic lubricants can be premixed
with water or added to the polymeric material prior to mixing with the other
components of the sizing.

20 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
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

25 temperature and time for drying the glass fibers will depend upon such
variables as the percentage of solids in the sizing composition, components
of the sizing composition and type of glass fiber. The sizing composition is
typically present as a dried residue on the fibers in an amount between about
0.1 percent and aboﬁt 5 percent By weight after drying.



poI yet hyl ene gl ycol nonol aurate ester which is commercially available from

St epan Conpany of Chicago, Illinois and EMERY 6717 partially
am dat ed yl ene im ne. In a nore preferred_enbadi nent
for weaving ‘Xﬁg’%’ﬁ?%& ass fibers of the coated fiber strarndd 6P PHE7
present invention have applied thereto a primary 5 layer of a dried
resi due of an aqueous sizing conposition cafprising Pol ar Ther m 160
boron nitride powder and/ or BORON N TRI DE RELEASECOAT di sper si on,

RD- 847A pol yester, PVP K-30 pol yvi nyI pyrrol i done, DESMOPHEN 2000

pol yester, A-174 acr

epf)xy funé:tif-)nal orgihs Qel" %geosg aéntgg%m@ép'ﬁ)“&iﬁ%ems gq\il@&%ers
o T aet At VErER T e BBOUE F00, 1366k 1600 fipGrspE o The

The aqueous si zavegragerfilasmient dizmeter ofithefibsmrdan ranget from atsoutiBeto about 30

prepared by any swtabl e nethod such as conventional m xing well known to
15 those skil | @¥CTPMAIBES.art. Preferably, the conponents di scussed above

are dilgted wt t

m xed toget her . %@:@%@ﬂé&%\‘%&%ﬁc@ﬁig |§%ér{® %mpséﬁ?@arﬁ? i)%%i)pﬁgg
prem xed vovér mét;ﬂiméfy lagéeth am ahﬁtmrn@ﬂse&ﬁveco go&Es! mhprléghafe e m xi ng
wi th the other rTBonents of the sizing The primary |ayer of

si zi ng can be applrtm@op erptiapdaaiar, emplgwppmg the sssarlddmabatmgomuamnng
LTS WL o B en b B RpeiPh DR S Sy confRRS
e SO M0 T8 i MpAPUE RS SEg aBLE T Lo i e
t enper at ur e1@ndpassad thsough i dig to meng:vewcfesswatmg |cbnumsam froonthewstrand
variables as thg gﬁ)rr%?{étda ¥ lgfcusssoeI aﬁm'/en fcgrhaetlrshlezsu cien ooas'tI Itelagtn par%g y%rr];?g}' >
cure the secondary coating composition. The method and apparatus for
applying the secondary coating composition to the strand is determined in
part by the configuration of the strand material. The strand is preferably dried
15 after application of the secondary coating composition in a manner well
known in the art.

Suitable secondary coating compositions can inciude one or more film-
forming materials, lubricants and other additives such as are discussed
above. The secondary coating is different from the sizing composition, i.e., it

20 (1) contains at least one component which is chemically different from the
components of the sizing composition; or (2) contains at least one component
in an amount which is different from the amount of the same component
contained in the sizing composition. Non-limiting examples of suitable -
secondary coating compositions including polyurethane are disclosed in U.S.

25 Patent Nos. 4,762,750 and 4,762,751, which are hereby incorporated by
reference.

Referring now to Fig. 2, in an alternative preferred embodiment
according to the present invention, the glass fibers 212 of the coated fiber

strand 210 can having applied thereto a primary layer 214 of a dried residue



of the sizing conposition and type of glass fiber. The sizing conposition
S typically present as a dried residue on the fibers in an anount

bet ween about 0.1 percent and about 5 percent by weight after drying.
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15,000 fi bers per strand, and preferably about 100 to about 1600

fi bers per strand. The average fil aneq?gd_i aneter of the fibers can
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Non-1imiting exafppestion asanoaiysratable, Jametiarinprganicilubricantpasiicies sach as
'neluding pol y gt fal i3S %€ Sndlint ofinorganic lubricant particles in the

secondary coating composition can range from about 1 to about 99 weight

percent on a total solids basis and preferably about 20 to about 90 weight
15 percent. The percentage of solids of the aqueous secondary coaﬁng
- composition generally ranges from about 5 to about 50 weight percent. -

In an alternative embodiment, the inorganic solid lubricant particles of
the secondary coating composition comprise hydrophilic inorganic solid
lubricant particles which absorb and retain water in the interstices of the

20 hydrophilic particles. The hydrophilic inorganic solid lubricant particles can
absorb water or swell when in contact with water or participate in a chemical
reaction with the water to form, for example, a viscous gel-like solution which
blocks or inhibits further ingress of water into the interstices of a
telecommunications cable which the coated glass fiber strand is used to

25 reinforce. As used herein, “absorb” means that the water penetrates the inner
structure or interstices of the hydrophilic material and is substantially retained
therein. See Hawley’'s Condensed Chemical Dictioham at page 3, which is

- hereby incorporated by reference. “Swell” means that the hydrophilic

particles expand in size or volume. See Webster's New Collegiate Dictionary
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tertiary coating composition can behapplied to at least a portion of the surface,
and preferably over the entire surface, of a secondary layer 315 of coated

15 fiber strand 310, 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 of the tertiarf? coating. The tertiary coating is different
from the sizing composition and the secondary coating composition, i.e., the
tertiary coating composition (1) contains at least one component which is

20 chemically different from the components of the sizing and secondary coating
composition; or (2) contains at least one component in an amount which is
different from the amount of the same component contained in the sizing or
secondary coating composition.

In this embodiment, the secondary coating composition comprises one

25 or more polymeric materials discussed above, such as polyurethane, and the
tertiary powdered coating composition comprises powdered, non-hydratable,
lamellar inorganic lubricant particles, such as the PolarTherm® boron nitride
particles which are discussed above. Preferably, the powdered coating is
applied by' passing the strand having a liquid secondary coating composition
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compost 1 on and, the *StAaNL $83L IARARTI D, A s Mhove conid LAcH ks
chenical 'y di ffegBAfinfdiystrared Bﬁmﬁﬁ*ﬁr&cééséd‘mté dRieiSe PRSHRAS SHERRY chopped
coati ng conposi tion; or (2) contains at |east one conponent in an
amount whi ch is strand, twisted strand, roving and/or fabric, such as wovens, non-wovens,
15  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 preferably used as
reinforcements 410 for 'reinforcing polymeric matrix materials 412 to form a
composite 414, such as is shown in Fig. 4, which will be discussed in detail
20 below. Such applications include but are not limited to laminates for printed
circuit boards, reinforcements for telecommunications cables, and various
other composites. _
In a preferred embodiment shown in Fig. 5, the coated fiber strands
510 made according to the present invention can be used as warp and/or
25 weft strands 514, 516 in a knit or woven fabric 512 reinforcement, preferably
to form a laminate for a printed circuit board (shown in Figs. 6-8). The warp
strands 514 can be twisted prior to secondary coating by any conventional
twisting technique known to those skilled in the art, for example by using twist

frames to impart twist to the strand at about 0.5 to about 3 turns per inch.



different fromthe anmount of the sanme conponent contained in the sizing or

secondary coating conposition. In this enbodi nent, the
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applied by passing the strand having a |liquid secondary coating conposition
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preferably used as . reinforcenments 410 for reinforcing polymeric matrix
material s 412 t8OMEPsite or laminatefid4 kycaating and/er irpregnating with a-pelymeric

which wi il be dbgeessaflg'tedib@hbtic or thermosetting matrix material 616. The

composite or laminate 614 is suitable for use as an electronic support. As
used herein, “electronic support” means a structure that mechanically

16 supports and/or electrically interconnects elements including but not limited to
active electronic components, passive electronic components, printed circuits,
integrated circuits, semiconductor devices and other hardware associated
with such elements including but not limited to connectors, sockets, retaining
clips and heat sinks.

20 Matrix materials useful in the present invention include thermosetting
materials such as thermosetting polyesters, vinyl esters, epoxides (containing
at least one epoxy or oxirane group in the molecule, such as polyglycidyl
ethers of polyhydric alcohols or thiols), phenolics, aminoplasts, thermoseiting
polyurethanes, derivatives and mixtures thereof. Preferred matrix materiails

25 for forming laminates for printed circuit boards are FR-4 epoxy resins,
polyimides and liquid crystalline polymers, the compositions of which are well
know to those skilled in the art. If further information regarding such
compositions is needed, see 1 Electronic Materials Handbook™, ASM
International (1989) at pages 534-537.



20 below. Such applications include but are not [imted to | am nates for

printed circuit boards, reinforcenents for tel ecomunications .cables,
and vari ous ot her conposites. In a preferred enbodi nent
shown in Fi §O®/449é0e coated fi ber strands 510 nade accorRGTgSWH®4edie
present invention can be used as warp and/or 25 weft strands 514, 516 in a
knit or woven fabric 512 reinforcenent, preferably to forma |lamnate
for a printed circuit board (shown in Figst3%:8). The war p strands 514
can be twisted prior to secondary coating by any conventi onal tw sting

techni que known to those skilled in the art, for exanple by using tw st

fraﬂes to inpart twNénlitniting exhmpliss 6t sutaie pBlymdrit mbmbp&smurmétmer
i nc

rei nforci ng falinatergleincliide pelyolefnapelyanides, élwmomestm@yytethales amd

about <15 piEanReRski belesford unfChdliifa ARG RSBt ECbet . °

rei nforcing fat&)éa?nples o?%%eﬁﬂ%%éﬂééwnmems sy sgﬁﬁﬁi@s' Paﬁ'gt“ air jet

wel |l known to those led inthe art, such as a shuff e
| oom or -t apifer SLtbimesApolyphepylea‘tﬁoned. palyethetketomes,eolyphenyiene aidss, i s

|1 | abl e .I.h t t
can be - r egul HOWRIRTYIGRE Fulides, PAVSGRSI. POl FHIOHFgS Ay oy EAmRmRShy
ot her weaving st yI e Ofer doRdh S6h rgs which E:Qﬁ’%@ lﬁ&bHEBQVl%H‘thTe'}?o@Hencﬁﬂﬁﬁlxgs g

twill weave or satin weave, e used erring now to
the fabric 612 materlaéauderétrﬁoreing material in thmoqmpos&e mchhdaemobrmtém by

hor mopl ast 1 o GHGHIREHYBRETS CRprodaesiig eeautimyisietin 10V) Sthabrssc e or
| am nat e 61.fb [ Sarﬁw)&c?é}ltg cf)tﬁkrﬂﬁ&s%da&%@hﬂ@rtsrom C support. As used

herein, "electronic sup ructure that nechanically 15

supports and/or el ecThetfathriglsulbanmmwted andampnégnated Ibyddippingutherfabric
limted to : active el ectronic conponents, passive electronic

conponent s, : priGit2 & bathpf the polymelrlﬁtregtre&raate&al 616+ Ior examnlerRrdisskssed

dovicee, a1 s G A (8330805l AR L850 1086) Fageb

895-896, which are hereby incorporated by reference. More generally,

%5 chopped or continuous fiber strand reinforcing material can be dispersed in
the matrix material by hand or any suitable automated feed or mixing device
which distributes the reinforcing mat;.rial generally evenly throughout the
polymeric matrix material. For example, the reinforcing material can be
dispersed in the polymeric matrix material by dry blending all of the

20 components concurrently or sequentially. '

The polymeric matrix material 616 and strand can be formed into a
composite or laminate 614 by a variety of methods which are dependent upon
such factors as the type of polymeric matrix material used. For example, for a
thermosetting matrix material, the composite can be formed by compression

25 orinjection molding, pultrusion, filament winding, hand lay-up, spray-up or by
sheet molding or bulk molding followed by compression or injection molding.
Thermosetting polymeric matrix materials can be cured by the inclusion of

_crosslinkers in the matrix material and/or by the application of heat, for

example. Suitable crosslinkers useful to crosslink the polymeric matrix



clips and heat sinks. 20 Matrix materials useful in the present

i nvention include thernosetting mat eri als such as thernosetting
pol yesters, vi n%/ﬁ esters, epoxides (containing at | east one egox&/
oxi rane gr YB94%he nol ecul e, such as pol ygl yci dyl et hBFIAEPS/04087

pol yhydric al cohols or thiols), phenolics, am noplasts, thernosetting

pol yur et hanes, derivatives and m xtures thereof. Preferred matrix materials
25 for formng lam nates for printed circuit boards are FR-4 epoxy resins,
polyimdes and liquid crystalline polyners, the conpositions of which are

wel | know to those skilled in the art. If further information
regar di ng sucHnaterial agagiseussed abpyen ddietempgrature@nseeyring timedfosthey s
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t her nopl asti ¢ pol yur et hanes and t hernopl asti c pol yesters, vinyl
pol ymers and rand @‘@Qsﬁeqfébe coppasite; to namesa fe¥l es of usef ul

o yihers 40 st SAHARTERRENS e AP e f g e

pol yphenyl ene sdih b@t@ &/ diFEdtFhSIdirP by ¥kiiSioh SlediRg
pol ycar bonat es. 5 Incitid ei?é&etr co%nents V\llﬁl ?ﬁﬁgzpan be' I nc I‘OWde b%lth t he

pol ymeri ¢ mat rihjection malding. i Methkods ard @ppacatug forfoemirg thencompositenbysthee

i ncl ude col orants or n:ents ubr i or ,.prqce i ds
ultraviolet | i%?ﬂve('@ﬂhQQ%%q qisgussed i 'a@%kﬂ&kﬂﬁé&iﬁ&&&m
ext ender s. r t

di ppi ng t he ¢ afeshnology (i) Wpelge E%SC?G?% b?rg?%g‘(ar% .'iﬁ?rit@?‘fﬁfaaa,

for exanplt) dserébydncorpdrated bylneféienﬁamral a (Ed ), Mcroel ectronics
Packagi ng Handbook, (1989) at eé, 95-896, which are_hereby
i ncor porated by ref@r%ﬁ@@‘CUWr%“g@ ’@?%{Ftlgfthﬁyw@ﬂ@ﬂpﬁi@vm incBie: |7rﬁRfU§°$lit%er

strand reinforgi I3fhi g@fgg{‘iooﬂé\t g.gﬂefsb Oéﬂrfboﬂfﬁﬂgi"é(};en\ﬁtec% witha BBHpatiolPhidtie by

hand or any suit mxin
material 714. The impregnated fabric can then be squeezed between a set of

metering rolls to leave a measured amount of matrix material, and dried to
15 form an electronic support 718 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
an electrically conductive layer. In another embodiment of the invention, and
20 more typically in the electronic support industry, two or more prepregs are
combined with an electrically conductive layer and laminated together and
cured in a manner well known to those skilled in the art, to form a multilayered
electronic support. For example, but not limiting the present invention, the
prepreg stack can be laminated by pressing the stack, e.g. between polished
25 steel plates, at elevated temperatures and pressures for a predetermined
length of time to cure the polymeric matrix and form a laminate of a desired
thickness. A portion of one or more of the prepregs can be provided with an
electrically conductive layer either prior to or after lamination and curing such

that the resuilting electronic support is a laminate having at least one



whi ch distributes the reinforcing material generally evenly throughout the
polymeric matrix material. For exanple, the reinforcing material can be
di spersed in the polyneric nmatrix material by dry blending all of the 20

conponent s CWOOMM4%Mt |y or sequentially. The pol yneaT/0s9wRi4687x
material 616 and strand can be fornmed into a conposite or lamnate 614
by a variety of nethods which are dependent _upon such factors as the

type of polynmeric matrix material used. For3é><'arrpl e, for a

thernosetting matrix material, the conposite can be fornmed by conpression
25 or injection nolding, pultrusion, filament w nding, hand |ay-up,
spray-up or by electricalheedndudtilierigyer alomgka poHibmer 4o ekpoesd Burfagapr essi on
or injection nolding. Thernosetting polymeric matrix materials can be
cured by the i p[ﬁyggﬂelb!feferred fQ?é%TG'%&é&@'ﬁaﬁﬁr)he matrix material and/or

by the application ok fqal c#ﬁﬁe&be fofmédRom th bR Gy Shdluctive rlésyelf'?ssfol#l

to crosslink the polyneric
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above net hods dv@asd carubedormed in tHeuelestrohiorslipposo to Bllawtfor eldutéealal s and
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fabric 712 Thprigraedfort Supgofl 6 ah envenier fadE: ki iy, 1Heoho

i npregnat ed f athutmot dimitedeto rheclsanicaldrillihg anddaser dritlingf More spegifisalipJafter
anount of matrix material, and dried to 15 form

L o e RSy b RS2, aTBlalof Tl bomaaenatomal
deposited on the walls of the aperture or the aperture is filled with an
electrically conductive material to facilitate the required electrical .

15 interconnection and/or heat dissipation.

The electrically conduqtive 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
sheet or foil of metallic material onto at least a portion of a side of the semi-

20 cured or cured prepreg or laminate. As an alternative, the electrically
conductive layer can be formed by depositing a layer of metallic material onto
at least a portion of a side of the semi-cured or cured prepreg or faminate
using well known techniques including but not limited to electoylic plating,
electroless plating or sputtering. Metallic materials suitable for use as an

25 electrically conductive layer include but are not limited to copper (which is
preferred), silver, aluminum, gold, tin, tin-lead alloys, palladium and
combinations thereof.

In another embodiment of the present invention, the electronic support

can be in the form of a multilayered electronic circuit board constructed by



prepreg. An electrically conductive |ayer 720 can be positioned along a
portion of a side 722 of the prepreg in a manner to be discussed below in
t he spec'%%ggtion, and the prepreg is cured to forman electronic
support 718 60 an electrically conductive layer. In anBER&S99/04087
enbodi nent of the invention, and 20 nore typically in the electronic
support industry, two or nore prepregs are -35- conbined with an

el ectrically conductive |layer and | am nated t oget her and cured in a
manner well known to those skilled in the art, to forma nultilayered
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el ectroni c sgpp g ] j P
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surface (henathairions, if Adquiredl] additiohabcitelitsdedrabe fomséd from the electrically
Circuits can then be formed fromthe electrically conductive |ayer(s

f
t he singl e | ayercopdugtive laygye inea nearnardiseussed ghave. d&shguldMapamy)taglthat

orinced ' or Meperditia i Fosaffe BaSibhe R s LBRR Rt il Bedtronic
col lectively refccuR®bdaPd Ahe board caingtdverboth iteraal dnd@rtersalloircufts desi r ed,

apertures or holes (also referred to as _"vias") can be formed in the
el ectroni ¢ sWWhpdidditional aperiares are farmad, iasadiscussediqartier pantiallyi tbrought oren

CL Ul S BN, o Ao 8 BBRAL MR BBthlar e eryBR vkin the,
o on o oSSyl Je51 1At A ics st il o
deposi ted on t hestneckiire ¢czin hanee spmet apertwes that extend complately fhireugiwthen an
structure, some apertures that extend only partially through the structure, and
15 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 least one
composite layer made according to the teachings herein and at least one
composite layer made in a manner different from the composite layer taught

20 herein, e.g. made using conventional glass fiber composite technology. More
specifically and as is well known to those skilled in the art, traditionally the
filaments in continuous glass fiber strands used in weaving fabric are treated
with a starch/oil sizing which includes partially or fully dextrinized starch or
amylose, hydrogehated vegetable oil, a cationic wetting agent, emulsifying

25 agent and water, including but not limited to those disclosed in Lowenstein at
pages 237-244 (3d Ed. 1993), which is hereby incorporated by reference.
Warp yarns produced from these strands are thereafter treated with a solution
prior to weaving to protect the strands against abrasion during the weaving
process, e.g. poly(vinyl alcohol) as disclosed in U.S. Patent 4,530,876 at -



electrically conductive material to facilitate the required electrical 15
I nt erconnection and/ or heat dissipation. The electrically
conductive layer 720 can be formed by any net hod wel | known to those
skilled in M@9%#4960 For exanple but not limting the present PCT/US99/04087

I nvention, the electrically conductive |ayer can be forned by |lam nating a

thin sheet or foil of netallic materialsnto at least a portion of a
side of the sem- 20 cured or cured prepreg“or | ami nate. As an
alternative, the electrically conductive |layer can be formed by
depositing a layer of nmetallic material onto at least a portion of a
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of the present invention, the el ectronic.support . can be in the form of
a nultilayered dndetbegleansdtoremarsessaniially allrganisynaterial from the surface of

(descri bed abovale Shesd fipeRid 8 et feubien e, B b 201 Ve,)
and/ or one or mEceomplisheddn ety afays, o ampie)by sérubbing the. fabfé o, rABR

el ectrically conductive | ayers can be incorporated into the electronic
support, for ex&om@onhchy heatdresiing the fabriain axpasrer welliknowntnthe art. As a

id i omal i rcqep U B i leRBina. 888 iatian, thereiL Db UGB ntsrradelBirEf the
layers in afonisdlydiesie #Ha®Rt rABRYRI ukéd %@%Ffbdﬁtéﬂﬁ’é bt Al EI"@Z@leaned glass

depending on the relative positions of the Fayers of the nulti ered
el ectronic fibier swirfiacepao thattahoobplinglagent mastbe applied tetheaglass diber

external circuits, 10 ddi tional apertures*are f d,. as di.scussed
earlier, partialSUfass oﬁ?}ﬁ o(pprgtlon ' WP&?@I l‘;*qrﬁ?@&gﬁyﬁweoggﬁqﬁj%t% @S
el ectrical inten t4 ks .
L Shout . be o ARG, TRE CREREBOENE ostchil Shed i G5takens
- : are silanes, including but not limited to those disclosed in E. P. Plueddemann,
15 Silane Coupling Agents (1982) at pages 146-147, which is hereby

incorporated by reference. Alsosee Loewenstein at pages 249-256 (3d Ed.

1993). After treatment with the silane, the fabric is impregnated with a
compatible polymeric matrix material, squeezed between a set of metering
rolls and dried to form a semicured prepreg as discussed above. It should be
20 appreciated that depending on the nature of the sizing, the cleaning operation
and/or the matrix resin used in the composite, the slashing and/or finishing
steps can be eliminated. One or more prepregs incorporating conventional
glass fiber composite technology can then be combined with one or more
prepregs incorporating the instant invention to form an electronic support as
25 discussed above, and in particular a multilayered laminate or electronic circuit
board. For more information regarding fabrication of printed boards, see 1
Electronic Materials Héndbookm, ASM International (1989) at pages 113-115,
R. Tummala (Ed.), Microelectronics Packaging Handbook, (1989) at pages
858-861 and 895-909, M. W. Jawitz, Printed Circuit Board Handbook (1997)



structure can have sone apertures that extend conpletely through the
structure, sone apertures that extend only partially through the structure,

and 15 so tures that are conpletely within the structur
The instanﬁﬁ%&?%@n further contenplates the fabrication of PeTrusssiaos?

mul tilayered | am nates and el ectronic circuit boards which include at |east
one conposite | ayer nade according to th@7teachi ngs herein and at

| east one conposite layer nmade in a manner different fromthe
conposite | ayer taught 20 herein, e.g. nade using conventional glass fiber
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anyl ose, hydrogenat ed Wegeomiposites landdantinatesiforming theelacteonic supplostisfofithg

25 agent and water, [ncluding byt not .Linited tp those di.s d .
Covenctein at - instapkRenion an heiSe to Fotsi packagith el thg Fiectionics

i ncorporated ky gﬁaﬁtﬁﬂc‘ﬁ‘ds'&%? Pﬁﬁdﬁjlé‘ﬂ? ngtPéé’cSBPRPQné/meiH‘%%I ?h&fi@ﬁg?élﬁ‘ch

thereafter treat rior to weaving to protec
strands agai nst alythat discthgedip Tivamala\at pages 25-98 pwbich, is dhegeby incorporagéd
al cohol) as disclosed in U S. Patent 4,6530,876 at |,
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I ncor por ated by rﬁ e. This operation is commonly referred to as
sl ashing. The po|‘§?(°ka’ﬁ gellé'."9gf7""~"al cohol) as well as the starch/oil size are

general |y not conpati bfige préderitiivention algb)ineiudes ranethodar eeinfbreireed by
conposite manufacturers and the fabric 5 nust be cleaned to renove

essential ly a0 qajymericraatsiximateriabte foren auparapesite. The mathed gomprisaspétls
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by heat treating dh@nlialey batiny anbRsrieriag!coating Wendositith mtluding particles of

result of the cleaning operation, there iS no suitable interface between
the 10 pol yneri commor moremos-hydratahle inorgamic sofichtubricants (&) dryinghthet ¢eating

cleaned gl ass to form a substantially uniform coéting upon the reinforcing material; (3)

15 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.
Although not limiting the present invention, the reinforcing material can be
combined with the polymeric matrix material, for example by dispersing it in

20 the matrix material.

Boron nitride, zinc sulfide and/or montmorillonite particles can also be
used to provide good whiteness in composites with polymeric matrix materials
such as nylon 6,6. A method for whitening a composite according to the
present invention includes (a) applying a layer of particles selected from the

25 group consisting of boron nitride, zinc sulfide, montmorillonite and mixtures
thereof to a surface of at least one glass fiber of a glass fiber strand to form a
coated glass fiber strand as discussed in detail above; (b) combining the
glass fiber strand with a polymeric matrix material as discussed above; and

(c) forming a reinforced polymeric composite from the glass fiber strand and



fi ber surface, so that a coupling agent nust be applied to the glass fiber
surface. This operation is sonetine referred to by those skilled in the art
as finishing. The coupling agents nost commonly used in finishing

oper at i ons WO 99/4426® si | anes, including but not limted to thRGSEUS¥MIHsed

in E. P. Plueddemann, 15 Si | ane Coupling Agents (1982) at pages 146-147,

whi ch is hereby i ncor por at ed by refereg e. Al so see Loewenstein at
pages 249-256 (3d Ed. 1993). After tredtment with the silane, the
fabric is inpregnated with a conpati ble polyneric matrix material,
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invention in a similar manner to that discussed above. Less than 1 weight

15 percent of acetic acid was included in each composition.



10 polymeric matrix material to forma conposite. The nmethod conpri ses:
(1) - applying to a glass fiber strand reinforcing material the above

si zi ng, ary coating and/or tertiary coating conmpo

I ncl udi ng %ﬁﬁ@g@ one or nore non-hydratable inor g? é&%gllo‘m&"
| ubricants; (2) dryi ng t he coating to forma substantially uniform
coating upon the reinforcing material; (3)-3®b- conbining the reinforcing
material with the polyneric matrix material; and (4) at | east
partially curing the polynmeric nmatrix material to provide a reinforced

pol ymeric conposite in a manner such as "F lﬂhiﬁussed I n detail above.
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'° RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.
"' DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer of
Pittsburgh, Pennsylvania.
2 EPI-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas.
'* PVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne New Jersey.

“A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from OSi
Speclalt|es Inc. of Tarrytown, New York.

Y A174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
OSi Specialties, Inc. of Tarrytown, New York.
'® A-1100 amino-functional organo silane coupling agent which is commercially available from
OS| Specialties, Inc. of Tarrytown, New York.

" PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
avallable from BASF Corporation of Parsippany, New Jersey.

'8 |GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey.

¥ VERSAMID 140 polyamide which is commercially available from General Mills Chemicals,
inc.
% MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsuppany, New Jersey.

# EMERY® 6760 lubricant which is commercially available from Henkel Corporatlon of

Kankakee, lllinois.
2 pOLYOX WSR-301 polyoxyethylene polymer Wthh is commercially available from Union
Carblde of Danbury, Connecticut.

3 PolarTherm® PT 160 boron nitride powder particles which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
2 ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.




The present invention will now be illustrated by the follow ng specific,
non-limting exanples. 10 EXAI\/PLE 1
The conponents in the anounts set forth in Table 1 were m xed t fo
aqueous for VRPI4#%E conpositions A-D according to the pr esentPCT’US99’°4°37
invention in a simlar manner to that discussed above. Less than 1 weight
15 percent of acetic acid was included in eagB conposi tion.

- 39- Table 1

WVEI GHT PERCENT OF COVPONENT ON

TOTAL SCLI DS BASI S _

SAMPLE NO AquecQeNBEhEYTsize compositions A-D and Comparative Semple No.

C D Conp. . .
Sanpl e 1 wgpe coated onto E-glass fiber strands. Each of the forming size

No. 1 Th I
3058 50,71 - CONRPHURAE] abblto SABIHg peRiaitiolils, £ah Sated dlags fiber,
3.1 0 O str%dlwas tmsted Epf@xm 4 ybm and wourgl poto/bebbing in a sm'ﬁlar
21. 05 0 Pol yvi nyl pyrrolidonel3 9.
15.79 15.25P manrmerelgﬁmgcﬂnmtiqmirtwwlgsmwpmﬁé coupl i ng agent 14 2.3
2.3 8.42 8. 11 3 t I

&' yArs y&fos%r%ﬂi%% ﬁ‘t‘_gacg?nr%h%@ nc?%gﬂﬁ? fALa0ea

agent[err] 4.7 4. organo Sil ane
coupl i ng agent [ €3drh aﬂa’nv@ Sample N8 2%5 wereBe\ldluated for%everal pm@icappv@émégne
bl ock copolyner[err

Et hoxyl at ed octﬁqﬁh@ﬁ)wyéﬂﬂdgbmpér(l-p') air jet compatlbdlty (Air Drag)ranctloo Byce
0

N O~

and broken filaments. t _ _
10 The average loss on ignition (\éveight percent of solids of the forming
size composition divided by the total weight of the glass and dried forming
size composition) of three trials of ea;:h Sample is set forth in Table 2.
Each yarn was evaluated for Air Drag Force or tension by feeding the
yarn at a controlled feed rate of 274 meters (300 yards) per minute through a
15 checkline tension meter, which applied a tension to the yarn, and a Ruti two
millimeter diameter air nozzle at an air pressure of 310 kPa (45 pounds per
square inch).- '
The Samples and Comparative Samples were also evaluated for
Friction Force by applying a tension of about 30 grams to each yarn sample
20 as the sample is pulled at a rate of 274 meters (300 yards) per minute
through a pair of conventional tension measurement devices having a
stationary chrome post of about 5§ centimeters (2 inches) diameter mounted
therebetween to displace the yarn about 5 centimeters from a straight line
‘path between the tension measurement devices. The difference in force in
25 grams is set forth in Table 2 below. The Friction Force test is intended to
simulate the frictional forces to which the yarn is subjected during weaving

operations.

% ppG Industries, Inc.'s 1383 commercially available fiber glass yarn product.



pol yam de[ err] 4.8 4.8 0 0 4.8
sur fact ant 20 3.6 3.6 4.74 6. 39 3.6
Organic lu cantlerr] 0 0 4.21 4.0 0
pol yoxyet hylen Mﬁ%@yner[err] 0.6 0 0 Pc6r1U§,99/o4os7
0.6 boron nitride powder particles[err] 1.0 1.0 0

0 O boron nitride particles in agueousqsuspensionferr] 0 O

1.05 1.01 O [err] RD-847A polyester resin which is commercially

avai |l abl e from Borden Chem cals of Col unbus, Chio. [err] DESMOPHEN 2000
pol yet hyl ene adi pate-di,ol_whjch s commercially, available fro r of

Pi ttsburgh, Pennsyl %ﬁﬁrhséfi'ﬁ‘eéﬁ‘q @%ﬁ%&/g%@%{ﬁn\f"ﬁﬁ ¥ %ﬁﬂgﬁgf@&;oﬁgn
avai | abl e fromfﬂ}ﬁ_éhtsc?ﬁ%%ﬁ!a siof teStS Tl hJﬁéf@a-Fgr&%sPéﬁe:ﬁsﬂg}% Vi nyl

pyrrolidone which is co rcially available fromI|SP Chem cal s V\gyne,
New Jersey. 14 applied tg=aach-tgslysanpleyas eaoh test sample was! puiledrat a hatesof 0.46

i all i | abl f 0SS i al ti | ..of T t e Yor k.
Corr] A 174" galnelerad T LIcheskber Blte Prars bydes sl abEsoRtest, | y
avai | abl e frsom g5, §?'ﬁ{l+ té's?ruhé‘%f efth -Eﬁhm!éaﬁ/& colNPArXRv& s?mﬂn&é@élloo R

am no-functional "organo silane coupling age Ich I's conme

avai | abl e fromeVGiudipd@na theawerage of tife Mambet ofibrokdaviilafmekts {sarepprted in
PLURONI ([ err] E-108 pol yoxypropyl ene-pol yoxyet hyl ene copol yner which is
commer ci al |y avkakl@ g kelowenhhenabrasipnptasten eansistedaf two parglle! raws of steg!

avai | abl o 11 om eAecat bl Pofib RolioRar AREY, RRRpa. Erch Sest Rl e’
pol yani de whi clwastiresded dedhéan aniddptient feaun ERthermét W brddtRitisen s.
Inc. 2[err] MACOL NP-6 nonyl phenol surfactant which is comrercially

avai | abl e fHbmtbmsdesk betwesntwengdiasent reeds &f the seeqnd-ravref egreds, lhudr i cant

M o 5. T orr 10konces A/ EateRde 5 o E N inatieRE 150 sWs At S "fRE reecs
commer ci al |y avgéfeddisslakes 'Ba!égiaﬁi?d ferthvis PlouPaithUBNgtHIATd aREEESH p_a?amel to

Pol ar Therm PT 160 boron nitride powder particles which are commercially
avai | abl e fromthedirectidn ©fyarn travélatorateiof 240fcycheisqyaradinu@i dhelresults GRPAC

di Sper i on whi dNF 28 §3eR St Farae Akl BrckeBrhiapreris MG AbTRRN f0F oal

Ridge, TenngsseSamples A-D and the comparative samples are set forth in Tablé 2 below.

Table 2

_ Sample
A B C | D |Comparative | Comparative
Sample No. | Sample No.

: 1 2
LOI (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
Number of broken 201 1.0 - - 3.8 1.0
filaments per yard of
yarn

As shown in Table 2, Samples A and B, which are coated with sizing
20 compositions containing boron nitride according to the present invention, had
few broken filaments, low frictional force and higher air drag values when
compared to the Comparative Samples. Samples C and D also had higher
air drag values than the Comparative Samples. The air drag test is a relative



- 40 - Aqueous form ng size conpositions A-D and Conparative
Sanpl e No. 1 were coated onto E-glass fiber strands. Each of the

form ng size conpositions had about 2.5 wei ght percent solids. Each
coat ed gl a¥¥0 $9/44860 strand was twisted to forma yarn andP&EMFYHED
bobbins in a simlar 5 manner using conventional tw sting equipnent.

The yarns of Sanples A-D, Conparative Sanpl 2[\_I0. 1 and a Conparative
Sanple No. 2[err] were evaluated for several “physical properties, such
as loss on ignition (LO) air jet conpatibility (Air Drag), Friction Force
and broken filanents. The average | oss on ignition ﬂwei ght
percent of soh%ﬁti'@'fef'ldﬁd togyimulate the weft inseglinmBracess ©f @nainiat legmunavhich al

UTial's of cach RENAIER eIl FHSE fheringm by Hir EYBRORISIOR" s G s

eval uated for Phérelreadily flife iz BY e ajef ﬁ%d&giéaﬂersurfadéaér'éa%rélr jet
controlled feed rate of 274 nmeters (300 yards) per mnute through a

checkl i ne t ensipsopuisiosy, whigh can zippnlltaéel yam travelacross thealopam andamreasaut i

bounds per 5 ProguetiS! g aff drad Yafues R stadeh ARD Bl et prered”
Sanpl es wer e a'a%%o?dﬂﬁ%‘ﬂéttﬁéj t&dent in eﬁfdrﬁ%gééﬁﬁfé’r%aﬁ%@bﬂﬂ&é@m SRstive)

of about 30 grans to rn sanp sanple 1's pu t arate
of 274 neters (Smﬁptesr%)crpmldioatesisepenoraﬂetcumg\hpatlmlayr of conventi onal

t ensi on neasurenent devices having a stationary chronme post of about 5
centineters (2 inches) dianeter nounted - t herebetween to di spl ace the

yarn about 5 centineters froma strai ghEﬂﬁpLE% pat h between the tension
measur enent devices. The difference in 5 grans is set forth in

Tabl e 2 beli@v.. The FEacH bbtheFedrapohents ihghe minetuted sebforth in Tabiel3verd he
frictional forces to which the yarn js subjected_ duri nngveaw ﬂ
oper at i ons. mixed to form aqueous forming size compositions E, F, G and H according to
" the present invention and the Comp_a_ratlve Sample in a simllar 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 3 were coated
onto G-75 E-glass fiber strands. Each of the forming size compositions had

between about 6 and about 25 weight percent solids.



2[err] PPG Industries, Inc.'s 1383 commercially available fiber glass yarn
pr oduct . -41 -

Each sanpl arative sanple was al so evaluated for broken

filanments Sgﬁﬁgmggﬁggbrasi on tester. Two hundred grans of tenstoOHURR 04087
applied to each test sanple as each test sanple was pulled at a rate of

0. 46 meters (18 inches) per mnute for_agve mnutes through an abrasion
testing 5 apparatus. Two test runs of each sanple and conparative sanple
wer e eval uated and the average of the nunber of broken filanents is
reported in Tabl e 2 bel ow. The abrasiin!iester consi sted of two
paral l el rows of steel reeds, each r g positioned about 1 inch
apart. Each v»::'r:é F PERBENT CECOMPEBR e e5rHsoh
the first roy of reeds, then 10 threaded between twgag@ acent reeds oOf thg
second row of[ T€eds, bur arspifaced a dr STance @appl@Ngrat {1 et between
the rows of r[eeds. JOMPORENT WeT e gdl ST acqgd agk o pTthover g a
inch length iln a direction parallél to the dirfection of yarn tragﬁnp@t

a rate of 240 Eyedy@im-Rming poymer: |Ne18.85U1|L 6964 | AbN2DY fU 6384CC{  60.98
Friction Forde apdiyWhlk@rolitbdeENTS qisger T5ofg On Tq.ags—éa'ng'q'gs—ﬂ-—az_qu—

t he conpar at i |vePcharptitated vageiable! 9T { 1,631 abig4a’ DEl 0163 6.44 6.18
Table 2 oil®® Sanpl e A B
C D Congarati veEthexpraedat I ve 1.63 6.44 1.63 6.44 6.18

Sanpl e No. Sgnpl ectiphenoxyethanol®®

1 2 polyethjléde diysel ght [peiogent )] @85 0. 379 0. pZ 39120 U238
0.75 ﬁflﬁr Dmaopldurataester® 68{5 84.9) 37.3 47.1 36.4 9.0
Friction forde (Eposyriipct®daldrgab8. 3 317 - 2859 3.188. [l 1251 NUPOY
of broken 4.0 sitan@coupiing agent* 3.8 ’ 1.10 '
Organic lubricant™ 0.40 1.56 0.40 1.56 1.50
polyethylene emulsion™ 0 0 0 0 4.61
Boron nitride powder 74.78 1.00 0 0 0
particles® :
Boron nitride particles in 0 0 74.78 1.00 0
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

S 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
yyayne, New Jersey. '
ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Ehone—Poulenc.
IGEPAL CA-630 ethoxylated octylphenoxyethano! which is commercially available from
3(:;-AF Corporation of Wayne, New Jersey.
KESSCO PEG 600 polyethylene glycol monolaurate ester which is commercially available
fgom Stepan Company of Chicago, lliinois.
A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from OSi
3Szpecialties, Inc. of Tarrytown, New York.
EMERY® 6717 partially amidated polyethylene imine which is commercially available from
:Igenke! Corporation of Kankakee, lllinois.
Protolube HD high density polyethylene emulsion which is commercially available from
gybron Chemicals of Birmingham, New Jersey.
PolarTherm® PT 160 boron nitride powder particles which are commercially available from
édvanced Ceramics Corporation of Lakewood, Ohio.
_ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.



filaments per yard of yarn As shown in Table 2,
Sanples A and B, which are coated with sizing 20 conpositions containing
boron nitride according to the present invention, had few broken
filaments, WOWM495Rt i onal force and higher air drag val ues WRERUS99/04087
conpared to the Conparative Sanples. Sanples C and D al so had hi gher

air drag values than the Conparative Sarrpl_ef“_The air drag test is a
relative ' -42 - t est
intended to sinmulate the weft insertion process of an air jet loomin which
the yamis conveyed across the loomby air jet propul sion. Yarns which are
nore readily fiandrtbetyarss ofpamplesErand G exhibiteid sgveret sizing ahiesidingxdaring or
air jet ] prg\ﬁul.si on, which can facilitate yarn travel across the |oom
and i ncrease $6iP9ductivity. The air drag val ues for Sanples A-D (sanpl és
pr epar ed accordi te.d ' : Egm of

t he Conparative %&?@%%ﬁ@ﬁ@?%?ﬂ%ﬁ? S p%rralhg? I§al r Jéél%é}%rb\}d?ﬁ’ét‘éd

conpati bi i ty. for Air Drag in a similar manner to Example 1 above, EX8éf1 tha? tHeDAir Drag
Each of the co a?nents in the ampunts fh%ibf,orth in Table 3 were, = m xed
to form aqueoudURSVRES detesmindiitwp hebbin semplesaldhe Riesswr@s gdicated in

that o scugbiy %o, Bt iR WRTREARAIKEIT AR ud RufieRl BY RAIARfertS

on a total pendi20idt meters of yam ati200 eesters peaninute usirg 4 ShirleyiModel No.
Each of the aqueous form ng_size conpositions, of Table 3 were coated _
onto G 75 E- gl 84s041lpbrokan filament detacten which iseammereiathzavaiighie fromy 8Ohad

between about G RGMInE o EHdIid. P ThEEE alt¥s' ’Bresent the average of

10 measurements conducted on four bob})ins of each yarn. The broken filament
values are reported from sections .taken from a full bobbin, 136 grams (3/10
pound) and 272 grams (6/10 pound) o} yarn unwound from the bobbin.

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

Table 4 below. The number of broken filaments measured according to the

15 Gate Tension Method is determined by unwinding a sample of yérn froma
bobbin at 200 meters/minute, threading the yarn through a series of 8 parallel -
ceramic pins and passing the yarn through the Shirley broken filament - .'
detector discussed above to count the number of broken filaments.



-43 - Table 3
WVEI GHT® PERCENT OF COVPONENT ON TOTAL SOLI DS
BASI S WO 99/44960 PERTRYS04Y87
COVPONENT E F G H
Conp.
Sanmpl e Epoxy filmformi ng polyner[err]-45-16.12 63. 54 16. 12
63. 54 60. 98 Pol yvi nyl pyrrolidone[err] 1.31 5.18
1.31 5.18 4. 97 Pol yoxyet hyl at ed veget abl e 1.63
6. 44 1.63 6. 44 6.18 oil[err]
Et hoxyl at ed 1.63 6. 44 MB"I"E—"'I 63 644 6.18
oct yl phenoxyel haNUMBERIQF BROKEN pdl Satpiy EechSagpledol Sample ®.| /Rample H | 3Cashp.
0.79 3| AILAMENTS PEBSMETER OF [nonol aurpte este Epoxy- f uncSangiel
or gano 3.1 NARBL 3.17 12.51 12. 0d si |l ane
coupling agenf[err] fullbobbin Orgar|i cOi88Dri catd4drr] greated. 40 0.065 |[1. BA92
0. 40 1{ 56 1.50 pol vet hiyl ene enul thaoriPerr] 0
0 0] 136 grams (3010 pound) |4, 8.856 0.01Bor pnoreateri de PoOtdier| 0.320
74.78 100 Q Q 0 than 10 particlles[err]
Boron nitri de| pa¢#?2 grames (619 pourd) 0676 p 0.030 greateg 0.101. Q0 0.192
0 aqueolis_suispension [err] Fachlcthardf dl ass fiber
strand was tw SAIE TENSIONnyelenocbild wound ont p bobbing in a sijmlar
manner usi ng I m stind equipnept The 15 varms of Sanpl es F
and H exhi bitkd ninj m@ates? zi ng shdddj mg duf.i 9030w $t i ng 0.0235 0.721
Gate 3 - 0.025 - 0.028 0.571
Gate 4 - 0.0125 - 0.068 0.4795
Gate § - 0.015 - 0.093 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0.117 - 0.557 1.81
AIR DRAG (grams)
25 psi Bobbin 1 - 10.420 - 10.860 11.610
Bobbin 2 - 10.600 - 7.850 11.610
30 psi Bobbin 1 - 11.690 - 12.500 13.680
: Bobbin 2 - 12.200 - 8.540 13.850
35 psi Bobbin 1 - 13.490 - 14.030 15.880
Bobbin 2 - 13.530 - 9.570 15.630
40 psi Bobbin 1 - 14.740 - 14.110 17.560
Bobbin 2 - 14.860 - 11.010 17.610
45 psi Bobbin 1 - 16.180 - 16.390 19.830
Bobbin 2 - 16.680 - 12.700 18.950
50 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 4 appear to 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 Samples E-

H, contributed to abrasive properties of the yarn.




2[err] EPON 826 which is comercially available from Shell Chem cal of

Houst on, Texas. [err] PVP K-30 polyvinyl pyrrolidone which is .
comer ci at I&/ avai l able from | SP Chem cal s of Wayne, New Jersey.
ALKAMULS EMQ 3944960 yoxyet hyl at ed vegetabl e oil which i s commBEadiUp9/G4087
avai l able from Rhone- Poul enc. [err] | GEPAL. CA-630 et hoxyl ated

oct yl phenoxyet hanol which is commercially gypil able from GAF

Cor poration of Wayne, New Jersey. 30 KESSCO PEG 600 pol yet hyl ene gl ycol
nonol aurate ester which is commercially avail able from St epan Conpany

of Chicago, Illinois. 31 A-187 ga XRIV*’CI doxypr opyl tri met hoxysi | ane
which is commercially available from Mi alties, Inc.

of
Tarryt own, New Yor kEachaqf[tﬁé rch A }%@ e%%ﬁigﬁ%tﬁ’g@g?%%ﬁ%ﬁﬁ%@' ene

i mne which is comercrally” aval rom _ _
Kankakee, 1111 ffixéd to formaquatisoforiing Bz compissitionsy Karotedh N gesoreimgl toi on
which is commercially available from Sybron Chem cal s of Bi rm ngham

New Jersey. the prasprbinventienmEachiauenssderming sidge qempesitipawasprepared ch
are comrercial ly _avail able from . Al ram.cs, Cor por ati on
Lakewood, [ O!rya SY'%?grmFWA M%%%%EO%L&%E%& -a%ﬁﬂgt‘llﬁ'&?'gﬁ{ nitride

particles in ApURYHE of acefit SERN 6 8ot Wellght MRS Ghaludédan adcabl € from
ZYP Cpatings, Inc. of OGak R dge, Tennessee.

-44 - -andompesitianns of Sanpl es E.and :G exhi bited severe sizing
sheddi ng durin ' | st.ing. - . The yarns of Sa - -H and
Conpar ati ve Sanpl e FACH QLA aquiegus forming S SarRgsiiens & hAIas wan Aertach
Exanpl e 1 abovgnt$3&ePd ELYI3Ls fiB8r Slrand¥. 2B ach of the forming size compositions had

10 about 10 weight percent solids. i
Table 5

WEIGHT PERCENT OF COMPONENT ON TOTAL
SOLIDS BASIS :
Sample No.
COMPONENT K L M N Comparative
Sample
Thermoplastic polyurethane 34.4 34.2 33.4 31.35 - 345
film-forming polymer®®
Thermoplastic polyurethane 51.6 5§1.2 50.18 46.9 51.7
film-forming polymer®’ '
polyoxyalkylene polyol 0.3 0.3 0.3 0.3 0.33
copolymer .
epoxidized polyester lubricant 7.2 7.1 7.0 6.55 7.22
Gamma-aminopropy! 2.7 2.7 27 25 2.76
triethoxysilane coupling agent
Gamma-ureidopropyl 33 3.3 3.2 3.0 3.34
triethoxysilane coupling agent
amino-functional organo 0.1 0.1 0.1 0.1 0.14
-sllane coupling agent
Boron nitride particles in 0.1 1.0 2.9 9.1 0
aqueous suspension®®
loss on ignition (%) 1.1 1:.14 1.05 1.08 1.17

% 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.

a7 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.

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



5 values were determ ned for two bobbin sanples at the pressures indicated
I n " Table 4. Each yarn was eval uated for average nunber of broken
filaments wo 994968200 neters of yamat 200 neters per m nut eOTRISIY08087

Shirl ey Mddel No.

comercially available from SDL

val ues represent the average of 10 neasur el

of each yarn.

taken froma full bobbin,

Met hod is d i ned jnvi odi
300 et er s mi @t BBouh{ SHAS75 el
ceranic pins apd ﬁ'E:ih'%Q) Ply‘c“ué’gl_r ed

0 count t

det ect or di scusse

-45 - 5

apove

The broken fil anent

a Ssa

aProd

i

tensile elongation and tensile modulus actaBiiRg4o ASTMNUeBicR DF6ISMKEN

op

Bt <24y oL filimate ABX'18'%
bRk R eferiiic iRt

anents.

(0]

84 041 L broken filanent detector,
| nt er nat.i onal

I nc.

which is
of Engl and. These
nts conducted on four bobbins
val ues are reported from sections

136 grans (3/10

pound) and 272 grans (6/10

pound) of yarn unwo@umpésite saaphsebsi gach of the above douatéd
evaluated for Gate Tension testing are set forth in

nunber of br ok@nditheemperativeSamplewers extrdsion molded at 2Z9PC foeA8isgeonds

roke

s fiver sHrfiples

abl e 4 bel ow. The

22%: 2 E. Sarrplﬂgxﬁrap;?(gﬂlgﬁ\ gnd ﬂggﬂgl ﬁ}g‘&lul%g&?&ding toF}\gl%Mz%?hoPE %—%EEQR@SF

than 10 138ehesaniypifiched fgpd impactstrenath agogrding to ARTM Method D-
0.013 0. 32256 at the glass contents specified below. - than 10
272 grans (6/10 pound) 0. 676 0. 030 greater 101 . 0.192
than 10 GATE TENJiable Grrresentsdhe results of tegts eendugtedwngomposites formed
Gate 2 10 using a conventional hyl5H6,6 matrix resin. 0.0235 0.721
TABLE 6
units K L M N Comp.
Sample
Tensile Strength kpsi 27.1 27.6 27.3 27.4 26.2
MPa 186.9 | 190.34 | 188.27 | 188.96 180.68
Tensile Elongation % 3.32 3.37 3.36 3.42 3.32
Tensile Modulus mpsi 1.48 1.55 1.47 1.44 1.51
GPa 10.2 10.7 10.1 9.9 10.4
Flexural Strength kpsi 44.6 46.3 45.7 45.5 44.0
MPa 307.6 | 319.3 | 3152 | 313.8 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.54 1.5
GPa 10.5 10.7 10.6 10.6 10.6
notched IZOD Impact | ftlbdin | 1.86 2.24 1.94 1.63 1.16
kJ/im“ | 7.89 | 9.50 8.23 6.91 4.92
unnotched 1IZOD ftlb/in | 21.8 22.9 211 20.5 22.0
impact
kJ/m° | 92.43 | 97.10 | 89.46 | 86.92 93.28
Glass content % 32.9 32.6 324 32.3 324

As shown in Table 6, glass fiber strands coated with boron nitride

15 particles (Samples K-N) according to the present invention exhibit i'mproved

tensile strength and notched Izod impact properties and similar tensile

elongation and modulus, flexural strength and modulus and unnotched {zod




Gate 3 - 0. 025 - 0. 028 0.571

Gate 4 - 0.0125 - 0. 068 0.4795

Gate 5 - 0. 015 - 0. 093 0. 85

Gate 6  WO95/44960 0. 0265 i 0.118  PGI/gEH/0d087
Gate 7 - 0. 0695 - 0.31 1.0835

Gat e8 - 0.117 -48 - 0. 557 1.81

Al R DRAG (grarms) 25 psi Bobbin 1 - 10. 420 -
10. 860 11. 610 Bobbln 2 - 10. 600 -
7.850 11. 610 30 psj 11.690 . -
12. 500 13|rgggct properties when compagg 59@ @omparatlvg sample havingsimilar .
? '458'2 0 géﬁ'tponents whidhSdid not co@?%ﬁ!ﬂbr%n nitride in nylon 6 q@géggement. ]

9. 570 15 Vdiden evaluatéd psing nylon Bcrleblmuﬁder similar conditions1the/40 -
14. 110 17. 560 Bobbi n 14. 860

11. 010 17 irpprevements jm tensile strength miquched Izod impact propertiesgpwere not -
16. 390 Bobbi n 2 - 16. 680 -
12. 700 gggﬁ“’ed 50 psi Bobbi n 1 - 17.510 -
19. 280 22. 410 Bobbi n 2 - 17. 730 -
14. 000 . 20. 310 55 psi Bobbin 1 - . '19..570 T
23. 350 29.350° - . . BdEKAMBLE 4 19. 660 e
20. 250 26. 580 VWi e the.t ul es n Table 4
appear to indicate ﬁ%&0fthe§8mﬁ%%‘sﬁ H&%ﬂﬂ“ﬁ@s (oﬁ@ ‘Beg@gﬁtf WR{Rnt i on
had general | y ik 96 fortn agBéas fInfikg 'sFEeaé&ﬁ Qman ﬁ@ébe!@rd

it is believed that these results are no conct u3|ve I'nce It r

bel i eved tiRat the present hMemﬁenerEad'n acmueous fmmpnglsme codmpaositiGniwas ptepared
Sanmpl e, which,was.n resen % nép %ntrl buted to abraswe
‘properties of lq ﬁe'*"?‘ﬁ?rn. anner hat Is ussed above Lesst an about 1 welght
percent of acetic acid on a total weight basis was included i in each . -
composition.
Each of the aqueous forming size compositions of Table 7 was coated
15 onto G-31 E-glass fiber strands. Each of the forming size compositions had

about 10 weight percent solids.



-46 - EXAMPLE 3 Each
of the conponents in the anounts set forth in Table 5 were m xed to
form aquequs formning size conpositions K through N accordi ng to t he
present i nY@APPHR® Each aqueous forming size conposition wasPEFES4E87 5
in a simlar manner to that di scussed above. Less than about 1 wei ght
percent of acetic acid on a total weight hag s was included in each

conposi tion. Each of the aqueous form ng size conpositions of
Tabl e 5 was coated onto 2G 18 E-gl ass fiber strands. Each of the
formng size corrp05|t|ons had 10 about_10 wei ght percent solids.
Table 5 Table@| GHT PERCENT OF COVPONENT. ON
TOTAL WEIGHT PERCENT OF COMPORENT ON TOTAD
Sanpl e No. * COVPONENT OIS oo ENTONTOTAL
Conpar ative . Sam mWﬁﬂ“ﬁ‘Bﬁl—&S{—I—&
pol yur et hane 34 QCOMPﬁNENT,_ SSTH T 3E S0 Qo 3 R S
filmform ng pPq L YH&r 1 StIC olyurethahe' © t aaél TP : Y thafre 28 =15 % il
50.18  46.9 oring polymer™ gi | neY or m ng “BoPymir 321
pol yoxyal kyl enmﬁurethanéf 3448 S| 43P 0| _ 431 Of o314
copol yner enmsbiinsoRRryest pr I ubri cant 7.2 7.‘1 710 % 5%
7.22 polyoxyalkylene polyol 022 - 0.27 0.27 0.22
copolymer
epoxidized polyester lubricant 4.8 6.0 6.0 4.8
Gamma-aminopropyl 1.84 23 23 1.84
triethoxysilane coupling agent :
Gamma-ureidopropyl 222 2.78 2.78 222
triethoxysilane coupling agent '
amino-functional ocrgano 0.1 0.12 0.12 0.1
silane coupling agent
Boron nitride powder 333 16.7 0 0
particles*! ' - . :
talc powder particles™ 0 0 16.7 33.3
loss on ignition (%) 0.52 0.81 0.80 0.64

Composite samples of each of the above coated glass fiber samples
and the Comparative Sample of Table 5 above were extrusion molded 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 3 above. Each specimen was evaluated
for: tensile strength, tensile elongation, tensile modulus, notched and
unnotched Izod impact strength as discussed in Example 3 above at the glass
contents specified below.
10 The color tests were performed on composites having a thickness of
3.175 millimeters (1/8 inch) and a diarﬁeter of 76.2 millimeters (3 inches)

% 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
cenﬂponse (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.

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

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



Ganma- an nopr opyl 2.7 2.7 2.7 2.5 2.76

triethoxysil ane coupling agent Gammra- ur ei dopr opyl 3.3

3.3 3.2 3.0 3.34 tri et hoxysil ane coupling ‘agent

am no- f unovoevALIEET gano 0.1 0.1 0.1 0.1 PCT/0s99%h4087
si l ane coupling agent Boron nitride particles in 0.1 1.0

2.9 9.1 0 agueous suspensionf[err] | oss
onignition (%  1.11 1. 14 1.05 -9%008 1.17 36
Ther nopl asti ¢ pol yester-based pol yuret hane aqueous enul si on havi ng 65
percent solids, anoinic particle charge, particle size of about 2

m crometers, ashig @HuhtBr 8818ritetes Mitiel D2BLPERA. To evaRité MéﬁaL%R&HQ eld
LVF) at 25[err]C 37 Thernopl astic pol yest er-based pol yur et hane

aqueous di spechatactedstiosy funnalifioss testswene conducted @ sampiesiof chopmedd about
10 and average,part.icle.size rangin om.abput 0.8 tq,about 2.5 .
Torons o - SGd fber. T fifiaslits slehiean REbES ridandsate sekenisendnch
nitride parti ' ' rea) ol s vl A%, ial |

avai |l abl e fro%liﬁg\ﬁ(%t%o tin ,ét Thr?ct.oﬁgéﬁ%?ktwl%qggre‘@p%gmiggge. O%O?'JL The

-47 - 5 funnel Guapvibratedssmpthestint was rectrded for20 poundstofdaphsias fi ber

I d the, Co ti I trusion nmolded at 270[err] C
For 45 seconddatenaLio I taiongbrhe anBehal e PO-1bdtentevalustestbe resstands.
mllinmeter i D . Eacd: ' . L
eval :Jat ed fso§ %@Ecﬁ(;e}]éﬁ?épes? Pclaa(ngg?t ) Hﬁ%@%ﬁ?ﬁé@#@%‘é’ﬁ ﬁ"‘ﬁﬁ@%"@%@??@‘;‘%m us -
accordi ng to A8DNraeishoflahabbabive matefiabfgrowmhd stalmutastHellogparitlesNs a6/100dul us

according to ASTM Met hod D-790; and not ched and unnotched |zod i npact
strength accoMiiey af%cgmmliy@yaﬂable from Hammon Products Company)anda -

10 conventional foam type antistatic dryer sheet were enclosed in a 4 liter
stainless steel beaker and vibrated using a Red Devil paint shaker Model
5400E3 for six minutes. The vibrated material wés screened using Nd. 5 ana '
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 8 presents the results of tests conducted on composites formed

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

TABLE 8
units P Q R S Comp.
Sample
Tensile Strength kpsi 29.5 28.6 28.7 27.7 29.6
MPa 203.5 197.2 197.9 191.0 204.1
Tensile Elongation % 3.03 3.05 2.98 2.97 3.01
Tensile Modulus kpsi 1866 1779 1720 1741 1748
GPa 12.86 12.26 11.86 12.0 12.05
notched IZOD impact ft Ibyin 2.10 1.96 1.94 1.78 2.26
kJ/m*® 8.90 8.31 8.23 7.55 9.58
unnotched {ZOD Impact ft lbdin 249 23.4 22.8 22.2 26.4
kJ/m*® 105.58 99.22 96.67 94.13 111.94
Actual Loss on ignition % 0.81 0.52 0.80 0.64 1.7
PD 104 % 1.3 0.7 0.1 1.4 0.1
Funnel Flow seconds 13.8 15.2 154 23.5 13.0
Whiteness index -15.1 -12.0 -17.6 -18.5 -18.2
Yellowness Index 40.0 375 425 43.4 43.6
Glass content % 33.30 33 32.90 31.70 33.80
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256 at the glass contents specified bel ow Tabl e 6 presents the

results of tests conducted on -conposites fornmed 10 using a conventi onal

nyl on 6, 6 ' Sin. TARYR

AR L M N Conp. Soraos7
Sanpl e Tensile Strength kpsi 27.1 27.6 27.3 27. 4 26. 2
MPa  186.9 190.34 188.27 188.96 180. 651 - Tensil e Elongation %
3.32 3. 37 3. 36 3.42 3.32 Tensil e Modul us npsi 1.48
1.55 1. 47 1.44 1.51 GPa 10. 2 10. 7
10. 1 9.9 1Q..4 . Fl { ' 45.7
45.5  44.0 Rs Shown in Ta5i8'8, Big G Rand® 8bated Wind posdt sisd

303. 4 Fi éﬁz%ies"@yﬁ‘\ gs PIB) 'accoﬂdlﬁ to the phésent lﬁvéﬁlon exhidit improved °
GPa 10.5 i% 7 o 10.6 Q Pche ZOD | npact ?t er r%d

1.86 2.24  whitédess and §ellowneéss and snmllar tens:le strength elohgatign@nd 9. 50

&23023 229(1) m%'d%?us, ﬂ%ga?g rte(r:mrg]ﬁgI a}lg clr%?odulus [ &nd ]notgitlééf gTd %Z@%tq&edl lzgyi 10

gg £316 gg 4916 lm%t %gope%sises O%VI?IEIDH g?tto g[Géhgarath% n%t h%s c%‘at eé

wi t h boron nit reecrapohenisavhichl did npSaoptais bisrod) mmde muhnly{prt 8,6 reinforeement.

i nvention exhibit inproved tensile strength and notched |zod inpact
properties and simlar tensile el ongation and nodul us, flexural
strength and nodul us and unnot ched 1| zod EXAMPLE 5

-48 - ==

Each of the components in the amounts set forth in Table S were

10 mixed to form aqueous forming size c'omp'bsitions T and U'a'ccording to the
present invention. Each agueous forming size composition was prepared in a
similar manner to that discussed above. Less than about 1 weight percent of
acetic acid on a total weight basis was included in each composition. Table S
presents the results of whiteness and yellowness tests conducted on

16 composites formed using Samples T, U and the Comparative Sample using
nylon 6,6 matrix resin. The color tests were performed on compaosites having
a thickness of 3.175 mil!imefers (1/8 inch) and a diameter of 76.2 millimeters
(3 inches) using a Hunter colorimeter Model D25-PC2A.



| npact properties when conpared to a conparative sanple having simlar
conponents which did not contain boron nitride in nylon 6,6 reinforcenent..
When eval uated using nylon 6 resin under simlar conditions, the

i mpr ovenment¥O0P¥4#%Msi 1 e strength and notched |zod inpact proger PR/ R4
not 5 observed. EXAMPLE 4

Each of the conponents in the anmobunts set fgfth in Table 7 were m xed
to form aqueous form ng size conpositions P through S according to 10 the
present invention. Each aqueous form ng size conposition was prepared

in asimlar

manner to that discussed above. Less than about 1 weight

percent of acetic acid on a total weight Table8 yas included in each

conposi tion.

Faet—ot—-e aortt : . 1 f=fomt of
Table 7 was coated|15 onto G 31 E-gl ass f:li%ce;rliis]ti Ediﬁnﬁ%@sligg% E?Sigigtiﬁefﬁiarm ng

si ze conpositions [rad ab ottt +Ho—wetrght—et CeN S Bl ND: -
- 49 - rad Cc I 7 2
VEI GHT PERCENT OF fovPonERM QS BraL T ° e
SOLI DS BASI S Thermoplastic polyurethane | 31.35 2875 344 oanple
No. { Dvamﬁi\iing '::I};mer“ P Q R
S Ther nop| §STh&rmBpaFEpEly (Feane | 2 46.9 A% 75| 51620 1P
23 filmqor nfiRGorieygdimes¥ I | - ..Thernopl asti ¢ pol yur etjhane
34.45 . 43. 117 polyoxyhfiylene polyol -~ B2 4823 - 0.27 0.3
- copolymer ' ' _ '
epoxidized polyester iubricant 6.55 6.0 7.2
Gamma-aminopropy! 25 2.3 27
triethoxysilane coupling agent : - o
Gamma-ureidopropyl 3.0 278 3.3
triethoxysilane coupling agent
amino-functional organo 0.1 0.12 0.1
silane coupling agent )
Boron nitride particles in 9.1 16.7 0]
aqueous suspension®®
Whiteness Index . =16.3 -15.,0 -20.7
Yellowness Index 39.3 38.1 42.7

10

As is shown in Table 9, Samples T and U, each coated with a sizing
composition containing boron nitride particles according to the present - '
invention, had lower whiteness indices in nylon 6,6 than a Comparati\ie

Sample of a similar formulation which did not include boron nitride.

EXAMPLE 6
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

4 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 256°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.

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



e e e —

filmformng polyner[err] pol yoxyal kyl ene pol yol 0. 22

0. 27 - 0. 27 0. 22 copol ynmer - epoxi di zed
pol yest er ' t 4.8 6.0 ' 6.0 4.

Gana- ani n%‘%}? %dp’)y‘?gb 1.84 2.3 2.3 q’cwsf?é?ﬁ“s’
triethoxysilane coupling agent Gamma- ur ei dopr opyl - 2.22
2.78 2.78 2.22 trietB@xysilane coupling agent

am no-functional organo 0.1 0.12 0.12 0.1

si |l ane coupling agent Boron nitride powder 33.3

16. 7

. articlelerr ar tal c
powder partic Ip%g f@l‘?fe foot). 8The th|ckne§,s of each %ampi%_ abéut 25 mjllimeters

| oss on igniti@Hokt™ inch). FUP&ight-inch sqttafd samples oftHi¥mat were héattd to a
Conposi te sanpl es of eaCh of the above coated gl ass tiber sanples and

t he Conpar at i tempenature of ababl 684%° G fahaut200°E) to tarnovie essdatialiyall 6f the
produce 400 x 400 x 2.5 m | I'Eget rs ér%G X 16 x 0.100 inches) plaques under
the conditi onSZR3 CPRRARENts H?Tgﬁ‘es RIfSve. Each specinen was eval uat ed

nnot ched Proa | mpacte ShERRIed s nBRANG Auspd RS comptatle Saniibay Shedier .

contents specitvoaanpsieswerédipped and satifatedlima Bathlof ancaguasiid edamshy on
conposites having a_ thickness 5millimeters (1/8 inch) and a

f 3.17
di amet er of 7@9mpﬁslthm@@@si§ﬁr(g?0f Adf@milliliters of QRPALB BENITRIDE

pol yest er - bas il S ' . ercent solids,
Dol Vet €1 - Das ol SRRSO 8 el S B B P PREBAAE N M 05
and a vi scosi aguebud Mispersiony @nd 750 AflliiBroekhi BhdightPerééntZfdddsC:
[err] Thernopl astic polyester-based pol yurethane aqueous dispersion having
a sol i ds dént salution of A-188garBmeeglycidexypropytivimethoxysitaney cThe totahsolids of
size rangi ng fyrom about 0.8 to about,.2.5 1,Gr ons., 41 Pg| ar Therm
PT 160 boron Ri¢ AAHEO §m§§n%§PmR§sé@Waéf?%Lg‘@OMQtPtéPq"r?eﬁbaﬂ‘ﬁbI e from
Advanced Cer aggéy i frdrB % ' W%
tal c powder parti cﬁg%?@r?ﬂgpg pcorrrrgr (o] 1"??12\%5‘:%8?%&%?@% T, ar@%r%gi | t
Conpany, | nc. goémisoriiee &oat€drmat samples were dried in air overnight at a temperature
of about 25°C and heated in an oven at about 150°C for about 3 hours.
15 Each set of samples was evaluated for thermal conductivity and
thermal resistance in air at temperatures of about 300K (about 70°F)
according to ASTM Method C-177, which is hereby incorporated by
reference. The values for thermal conductivity and thermal resistance for
each sample are set forth in Table 10 below. '
20



- 50 - using a Hunter colorineter Mdel D25-PC2A. To eval uate

mat eri al handl i ng characteristics, funnel flow tests were conducted on
sanpl es of cho gl ass fiber. The funnel was ei ghteen inches |ong and
had a seveNPa#M ‘%GPnch di amet er opening at the top and a tREF/USRIN4HTeni ng
on the bottom The 5 funnel was vibrated and the tine was recorded for 20
pounds of sanple materral to flow throggh the funnel. The PD 104 test
eval uates the resistance of the chopped gl ass fiber sanple to
filamentation. Sixty grans of sanple, 140 grans of an abrasive materi al
(ground wal nut shell particles No. 6/10 whi ch are commercially

avai |l abl e from Hanmon Pr oduct S Corrpany) MO conventional foamtype

antistatic dryer sheet pw st eel .
beaker and vi brated usigng =\VaI dal DOE3 for siXx
m nutes. The vibrated gmterial was screened usi r?&; No 5 Gamp. No. 6 U.S.
Standard testing sieveg. The wei ght percent| of fuzz npt &a@mple col | ected
on the screens as a peI clades®{inoheg) nal jsanpl.@9is feporied 1p bel ow
Tabl e 8 presents the r SUrts of (&éﬁﬁrﬁefé?ﬁ'ﬂ ucted pp CO[TPOS) 58S T ¢r med
usi ng Sanples P-S and t Sanprje UsSkT YT o4 mefrix resin.:
TABLE 8 'ﬁi eratufe ( ATTaTH A ‘7§,6‘é .14 R S
Conp. (°C) 24.23 3.41
Sanpl e Tensi | e| Streemgtllcondugtinity  [29.5 D8. 6 ' 28. 7 27.7
29.6 : ' Btu inches peisur  20]3. 50.373197| 2 0.2827. L} 2191:0
204.1 Tensi |l e El gaggpé fIbtoF rég 03 31 05 2.98 2. 97
3.01 Tensile M ] —4 77 726 1741
1748 T Tpa | ¥dgper "EEEE 11 060:084 o [T 9.04L
. Thermal resistance '
Hour square feet°Fper | 2.92 3.65
BTU
| meter” K per Watts 0.515 0.626

Referring to Table 10, the thermal conductivity at a temperature about
300K of the test sample coated with boron nitride particles according to the
5 present invention was greater than the thermal conductivity of the

Comparative Sample which was not coated with boron nitride parﬁcles._ |

EXAMPLE 7
Filament wound cylindrical composites were prepared from samples of
10 G-75 yarn coated with sizing G of Example 2 above and 1062 glass fiber yarn
which is commercially available from PPG Industries, Inc. The cylinders were
prepared by drawing eight ends of yarn from a yarn supply, coating the yarn
with the matrix materials set forth below, and filament winding the yarn into a
cylindrical shape using a conventional filament winding apparatus. Each of
15 the cylinders was 12.7 centimeters (5 inches) high, had an internal diameter
of 14.6 centimeters (5.75 inches) and a wall thickness of 0.635 centimeters
(0.25 inches).
The matrix materials were a mixture of 100 parts EPON 880 epoxy
resin (commercially available from Sheill Chemical), 80 parts AC-220J methyl



T
not ched 1 ZOD | npact ft [err] 2.10 1.96 1.94 1.78 2.

e T

[err] 8.90 8.31 8.23 7.55 9. 58 unnot ched | ZCD

| npact ft WePs/pe96024. 9 23.4 22. 8 22.2 26. 4 PCT/US99/04087
105. 58 99. 22 96. 67 94.13 111. 94 Actual Loss on ignition %
0.81 0.52 0. 80 0. 64 1.17 55 PD 104 %
1.3 0.7 0.1 1.4 0.1 B Funnel Fl ow seconds
13.8 15.2 15.4 23.5 13.0 Whi t eness | ndex

-15.1 -12.0 -17.6 -18.5 -18.2 Yel | owness | ndex

40.0 37.5 tetrdhylro phthdicnhydridd.(BommerciallyGhasiiableoitoenAnhydridedand
33.30 33 32.90 31.70 33. 80 :

-51 - Chemjigalshinam of NewaskeNew Jareey). angdet pattARALDITERR Y62

b itrid ' Sanmpl P- di h ) .
e o e openREU oG BeEeh AGPheHe iy Mg e Bl o
strength, el ongghbflaBAt woundRYHhdErs weRXslrRd fof 108 Houre Bl 1009 'and thaRdor
not ched and unnotched Izod 5 inpact properties when conpared to a

Conpar ati ve Saniireethursat 450°Car conponents which did not contain
boron nitride in nylon 6,6 reinforcenent,

EXAMPLE 5 Thedrdigl theranal siffidsivity Ghermaheondusiivity (heat gapadityix

2ccor ding to 1 ndehé®h bf gefh B RIEHE 1h SkER B RRTBY Ay g8 Hueof
conposi tion wasthy ey wdll &f the sampleitbd 6 BN RAsH farhp aindEersieg fite above.
Less than about 1 weight percent of acetic acid on a total weight '

basi s was i ncl uteiperateeecchangeponrithe opposiie sideoof the wall usingta GGIR areayul t s
of whitenesg.,and _yell.owness tests cagnduct 15 conmposi tes.fornmed using
Sarpl es T, H0aniaTEd GHTRAL e Hh s, AT fames g GHttsts TAEMEL | ogi n.
The color tests ; ' ' \ ess: of
difi /:gﬁliér;%{%r& RSP B nirfed ?ﬁ;ﬂg‘g lenqqtp .o?tﬁé‘yghﬂ )

3.175 mllineters and a diraneter o i mete _ _
(circumferential) and along a length or height of the cylinder (axial). The test

results are set forth below in Table 11.

15 Table 11
Thermal Diffusivity (mm®/sec)
radial axial circumferential
Sample 0.37 - 0.33 0.49
Comparative Sample 0.38 0.38 _ 0.57.

Referring to Table 11, the values of thermal diffusivity for the test
sample (which was coated With a small amount of boron nitride) are less than
those of the comparative sample, which was not coated with boron nitride.

20 Air voids in the filament wound cylinder and the small sample area tested are
factors which may have influenced these results.

From the foregoing description, it can be seen that the present
invention provides glass fiber strands having an abrasion-resistant coating
25 which provide good thermal stability, low corrosion and reactivity in the
presence of high humidity, reactive acids and alkalies and compatibility with a



(3 inches) using a Hunter colorineter Mdel D25-PC2A
- 52 - Table 9
VEI GHT PERCENT OF COVPONENT ON

TOTAL SOLI Dgogg(ggo PCT/US99/04087
Sanpl e No. COMPONENT T U
Conparative -56- .

Sanpl e Ther nopl asti ¢ pol yur et hane 31.35 28.75

34.4 filmforrring polyrrer[err] Ther nopl asti c
pol yur et hane filmformng
pol yner[err] varlety of polymeng@p@tgxyg@@p@aeTI@@g;g,gﬂrands can gedwistedor 0.27
0.3 ter
Cbricant 6. sShopped, fognga‘?ﬁﬂoyg%vmg chapped ma?g%b%rﬁfoq:s%}# WAt 06 pr opy!
2.5 2 oven or knitted ihtc? a fabric for use ui & ivadd Qubicty éﬁ‘?;ﬂi‘é‘aﬁbhé‘ SRRy
Ganma- ur ei dopr opy! 2.

triethoxysil anéelainrsemea@t%@xmmposﬂes such as Pl’"étﬁﬂrhoal’dmm i onal organo

0.1 ane | n gent
Boron nitri g o p art i (!ii \ggl q%ap@refnated by thoseigklyed n he art?ﬁaﬁchar?ges could be
agueous sus peniinédb icPtHel embodiments descnbed adbié Wﬁr%%t HEBSﬁlng from the ?r&ﬁd
-15.0 Yel | owness I n

38.1 lrxvgntwe concept thereof. Atis wndgrstood, theTefure m,at ﬂaem\mt'bnasd U,
each coated w t h

ot Pmsteczi to%e particular embodiments dlsclosed but it is intended to cover
modifications which are within the spirit and scope of the invention, as

10  defined by the appended claims.



conposition containing boron nitride particles according to the present 5
I nvention, had | ower whiteness indices in nylon 6,6 than a CoﬁrEB_ar ative
Sanmpl e of AVQPHP498% fornul ati on which did not include boron A4IfYSI&04087

EXAMPLE 6 Five layers of ADFLO (Jerr] needl ed chopped gl ass
fiber mat, which is 10 comrercially availgg?q from PPG I ndustries, Inc.,
were stacked to forma mat _ havi ng a sur

ace wei ght bout 4614 grans
per square neter (15 ounces Ther nopl astic polnmmaﬂg ﬁﬂll”m

pol yur et hane ag_ueous enul si on having 65 percent solids, & ¢ A
particle chargdHEREFQRE, WE ELAMabout 2 microneters, a pH of 7.5 and a
viscosity of 400 centi poise (Brookfield LVF) at 25C

[err] Thernopl astic pol yester-based pol yurethane aqueous di spersion having a
solids content of 4, 67AReakRMfibendiraid 86@ptisiHg ﬂﬂda@kﬂf@?%s@bbthb@in@' ze
rangi ng from about 0.8 to about 2.5 m crons. . [err[ORPAC BORON

NI TRI DE RELEASEQ@#magdayepof ardrigd rasitiiepaf an aqueous sizing:eompositiondpplieddoon
ﬂlnﬁg s L.Z e_CO "at Ilc=feaa|s|tya\ 8(\)/ 1o|naot%| aesarrfgcné %?{ Execgﬁtehgpghe.b&%s ffgerfﬁésamqlge%eus

square foot). E{ﬁg%%g?ﬁﬁ%rpé%m?ﬁgin?@npl e was about 25 millineters

(about 1 inch). Four -1 nc quare sanples of this mat were heated to a
tenperature of about(ap49[mon-hgdiatable; lakféldre indryanic soliddutericant parficiés y al |

of the Si zing, conmponents fromthe s les. 5 TWO ung¢oat e
sanpl es were u '%%ﬁﬁ%ﬁ Y%‘é‘es‘ﬁh'ﬁhég’?w %@ﬁ@ﬁahamﬂ%ﬁsé’éﬁiﬂ @Et?‘ﬂé‘te
di pped and sat ‘iééét%é Bla@s%%?; &gd an aqueous coating ' L .

10 (b) apolymeric material;

per

the aqueous sizing composition being essentially free of glass materials.

2. The coated fiber strand according to claim 1, wherein the coated

fiber strand comprises a plurality of glass fibers. | |
15

3. The coated fiber strand according to claim 1, wherein the
inorganic solid lubricant particles comprise at least one particle selected from
the group consisting of grabhife, ‘boron nitride, metal dichalcogenides,
cadmium iodide, silver sulfide and mixtures thereof.

20 ' _

4.  The coated fiber strand according to claim 3, wherein the
inorganic solid lubricant particles comprise at least one particle selected from
the group consisting of boron nitride, metal dichalcogenides, cadmium iodide,
silver sulfide and mixtures thereof.

25
" 5. The coated fiber strand according to claim 4, wherein the
inorganic solid lubricant particles comprise hexagonal crystal structure boron

nitride particles.



conposition consi sti ng of 1150 milliliters of ORPAC BCRO\I NI TRI DE

RELEASECQAT- CONC ( ht percent boron nitride icles i
aqueous di per, and 150 milili t m :HI MI (u & per cen
sol ution of § %%ﬁamm gl yci doxypr | I ne Thea)f:gﬂjéﬁglg‘@ﬂ ds
of t he aqueous coating conposition was about 18.5 wei ght percent. The

amount of boron nitride particles applied tggeach mat sanpl e was about 120
grans. The coated nmat sanples were dried in air overnight at a tenperature
of about 25[err]C and heated in an oven at about 150[err]C for about 3

h . 15 E t of luated for, th tivit
and tharml e resits; ancia GORBH Ther SUARH ALaIE00 88 B h. VDRI WSout
70 F d
by & Tl o en PRBAI SOIOUBRAA IR Solrbhieel Edst nd Risfabaibiiies fetiat
resi stance for selectedifrbrmMEW®M|nfgwftmoiybd§nbﬂmdliﬁlf de| molybdenum

-54 - Tabl e 10

Sanpl e diselenide, tantalum disulfide, tantalum dlselemde tupgsten disulfidg,p.

Sanpl e 1.09 1.0

(centinmeter 55) tur}gsﬁn dlseﬂéﬁ’gag}% H)&ﬁ#é%‘cthereof Tenperature ([erf]F)

75. 62 74. 14 ([err] O 24.23

23.41 Thermal conductivity Bt u i nches per
hour 0. 373 7.0. 28the coated fiber strand acsgrding to glglrpe‘r wyl'nereln the

Watts per neter

vatts per et gfieous sizind cBfihosition 8 s34fntialy fise ofhydratable ISRl sofidy

lubricant particles.

10
8. The coated fiber strand according to claim 1, wherein the ,
hardness value of the inorganic solid lubricant particles is less than or equal
to the hardness value of the at least one glass fiber.
15 9. The coated fiber strand according to claim 1, wherein the

inorganic solid lubricant particles- have a Mohs' hardness value ranglng from
- about 1 to about 6.

10.  The coated fiber strand according to claim 1, wherein the

20 average size of the inorganic lubricant particles is less than about 1000
micrometers.

11.  The coated fiber strand according to claim 1, wherein the

inorganic solid lubricant particles are thermally conductive.
25

12. The coated fiber strand according to claim 1, wherein the

inorganic solid lubricant particles are electrically insulative.



BTU mete[err] K per Watts 0.515 0. 626
Referring to Table 10, the thermal conductivity at a tenperature about

300K of the test sanple c nitride particles according to
the 5 praggbigggention fmmgjmmuﬂmmmnt he thermal condugidpidoyofdsrt he
Conpar ative Sanple which wds fottcdhted With boron nitride particles.
EXAVPLE 7 Fi | ament wound cylindrical conposites were prepared
fromsanples of 10 G 75 yarn coated with-89zing G of Exanple 2 above and
1062 gl ass fiber yarn which is commercially avail abl e from PPG

I ndustries, Ilnc. The cylinders were prepared by draw ng ei ght ends of
yarn froma yarn s ly, | 1.1 [ lal s set
forth bel ow, and fﬁrsgner?{@meélé(}fgﬁgﬁq%ﬁg'%grana?cﬁtr%g%%’ggﬂ%héﬁéﬁiﬁé’;hape

usi ng a conveiriorganaic $oliciubritam prHicies aopapriseiabolrta@.000 to Bbout B8 weightiders
was 12.7 centineters (5 inches) high, had an internal dianmeter of 14.6
centineters (Bpereentpfibe sizingicampesitionen ritetal selid9basis. centi et ers

(0.25 inches). The matrix materials were a m xture of 100 parts
EPON 880 epoxy resin (conmercially available from Shell Chem cal), 80
parts AC-280J nethyj4., The coated fiber strand according to claim 1, whereinthe - 55 -
tetrahydro phthalic anhydride (comercially available from Anhydrides and
Cheri cal s, 1 néolynenematrriaiamprsescsh leaghana materialgelecieddrany the group
benzyl di net hyl .ani.ne el erator (commerclal vai | e. from Ci ba- Cei gy).
The 111 ament $BUSRYBG I faeriosating bTAteREts e brkidiesRale it B a8 2 Then
for 5 three hqkifedithdiedierrlC. The radial thermal diffusivity
(thermal conductivity/(heat capacity X density)) of each test sanple in
air was determ ned by exposing one side of _

10 15. The coated fiber strand according to claim 14, wherein the
polymeric material comprises at least one thermosetting material selected
from the group consisting of thermosetting polyesters, vinyl esters, epoxy
materials, phenolics, aminoplasts, thermosetting polyurethanes and mixtures
thereof,

15

16.  The coated fiber strand according to claim 15, wherein the

thermosetting material is an epoxy material.

17. The coated fiber strand according to claim 16, wherein the
20 polymeric material comprises at least one thermoplastic material selected
from the group consisting of vinyl polymers, thermoplastic polyesters,
polyolefins, polyamides, thermoplastic polyurethanes, acryiic polymers and
mixtures thereof.

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

19. The coated fiber strand according to claim 17, wherein the

thermoplastic material is a polyviny! pyrrolidone.



the cylinder wall of the sanple to a 6.4 kJ flash |anp and sensing the

t enperature change on the opposite sbﬁmﬂ”mg"l EI sing a CCD array 10
i nfrared arate of up to 2 Hﬁﬂﬁond. T
di ffusivi tq?}g?g@ﬁ%é were al so determ netd & ong a of thlg?f/ 9/04087

(circunferential) and along a | ength or height of the cylinder (axial). The

t est results are set forth belowin Tgge 11. 15

Table 11 Thermal Diffusivity
(merr]/sec) radi al axi al
circunferenti al Sampl e 0. 37 0. 33

0.49 Conparati ve Sanpl e 0. 38 0. 38 0. 57
Referring to Table 33, 4{geaLHSS fiB {&t’?ﬁﬁ@ﬁbc@l‘dﬁi&ﬁi Ml 1, ch 8 thedizing
sanpl e (which was coated wth a snmall anount of boron nitride) are |ess

t han t hoseomposition compaisasi less $karp26 volume Ipercantrafiglassamatenalsh bor on
nitride. 20 Air voids in the filanment wound cylinder and the small sanple
area tested are factors which may have influenced these results.

From the fogegoi ng Qf.scr *I'ﬁéic%'étex{l tﬁbé@é‘trﬁﬁ’d %@6&0‘&@%0 EiBfn B, Gkin at least

I nvention provides glass rrber Strands having an rasion-resi stant coating

25 whi ch provonte ofitherdat leasthohe Hiads fibénis formmed fronaifiberizablermatariali ty in
t he presence of high humdity, reactive acids and al kal jes and
conpati bi ity $®'eeted from the group consisting of non-glass inorganic materials, natural 5¢6 -

thopped. _ o netiarstia oyt REY BiesBisDatshiale §pd cstiRRiT SRt rmt or
woven or knitted into a fabric for use in_a wi de variety of applications,

such as .
10 22. The coated fiber strand according to claim 1, 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.

16 23, The coated fiber strand according to claim 22, wherein the at

least one glass fiber is an E-glass fiber.

24. The coated fiber strahd according to claim 22, wherein the at -
least one glass fiber is an E-glass derivative fibers.
20
25. 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 hexagonal structure boron nitride,
25 thermoplastic polyester, polyvinyl pyrrolidone and an epoxy-functional organo
silane coupling agent.

26. The coated fiber strand according to claim 25, wherein the at

least one glass fiber is selected from the group consisting of E-glass fibers,



rei nforcenents for conposites such as printed boards. 5 It will be

appreci ated by those ski II m““mﬁt changes coul d be made to
t he enbodi N¥A8/M44R88cr i bed t“g“mﬂ m arting fromthe brREIHS99/04087
i nventive concept thereof. 4 s tunfler 5t ood therefore, that this invenion

S not limted to the particular enbo nts disclosed, but it is

I ntended to cover nmodi fi cations which aré within the spirit and scope
of the invention, as 10 defined by the appended cl ai ns.

-57 - THEREFORE, WE CLAI M 1. A coated fiber strand

conprising at Deglassdibers) S.gtassi fitrers hQvilags fibersa Epglasarderivagive fibbrs, ahd ed
resi due of an aquequs sizing conposition applied to 5 at | east a portion of
a surface of tﬁ9"§¥n$Q9ﬂ§:h§H§)glass fiber, the aqueous si zi ng
conposition conprising: (a) non- hydr at abl e, |anell ar,

i norganic solid lubricant particles havi ng a hardness val ue whi ch does

not exceed a hardnegy,valTife edatblidiber strandleotding do ¢lakms26 | WRstein Btk 40
(b) a polynmeric material, t he aqueous si zing comnposition being

essenti al | y5f r ieastong glass finekisian E-glass fiber. 2.  The coated fiber
strand according to claim1, wherein the coated fiber strand conprises
a plurality of glass fibers. 15 3. The coated fiber strand

according to claim bhg wherd fodted fiber stﬂamra:%wang% icthitn 28, WRBkeiR Md bE! €S
conprise at |east one particle selected from the group consisting of

gr aphi t e, bor oteasttonedgiassfibet isdan Eaglasy derivative fibers. cadmi um i odi de, sil ver
sul fide and m xtures thereof.
10 29. A coated fiber strand comprising at least one glass fiber having
a primary layer of a dried residue of an aqueous sizing 'cémposition applied to
at least a portion of a surface of the at least one glass fiber, the aqueous
sizing composition comprising: o
(a) non-hydratable, lameliar, inorganic solid lubricant partlcles
16 having a hardness which does not exceed a hardness of the at least one
glass fiber; and '
(b)  aglass fiber coupling agent,
the aqueous sizing composition being essentially free of glass materials.

20 30. The coated fiber strand according to claim 29, wherein the glass
fiber coupling agent comprises at least one agent selected from the group
consisting of organo silane coupling agents, transition metal coupling agents,

amino-containing Werner coupling agents and mixtures thereof.

25 31. The coated fiber strand according to claim 29, wherein the at
least one giass 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.



cle

n

ne

20 4. The coated fiber strand according to claim3, wherein
t he I norgani c solid lubricant panip i at | east one- parti
sel ected frg:}] the group consi sti rmm}lm(nﬁmmﬂiﬁ!ide nmet al

di chal cogefPd¥4*Radmi um i odi de, Sl lovern Sl s nd mi xtuVEE YW e o1 .
25 5. The coated fiber strand according to claim4, wherei

t he i norganic solid |ubricant particlg@s-conprise hexagonal crystal
structure boron nitride particles. '

- 58 - 6. The coated fiber strand according to claim 3,
wherein the I nQrgagi,c sol.i ubricant particles conprise at |east o
met al di chal cogeni gg q‘lh%%ngg erﬁkfﬁf‘a CQF%‘DE te SAIMs$ 1 nyhereindhe Btien

di sel eni de,

di sul fide, m)‘e\él%f]‘aﬂw%ass ﬁ??l’&i%eér?gi-@‘aass h?Q;‘al um di sul fide, tantal um

t her eof .
wherein the

hydr at abl e i nor gan88- solTing coated fipgr skapd aesgerdipgda claim

tungsten i su ungsten di sel enide and m xtures
7. The coated fiber strand according to claiml

agueous_si zing conposition is essentiall¥ free of
31, wherein the gt

The coat edgfi per. i t LM, 1 in the har dness
val ue of the %%3?%&%@g§%ﬁ$%$ﬁ?&@ﬁ% ggm’%"é‘f%@gﬁé@ ess than or equal
to the hardness value of the at |east one glass fiber. 15 9.
coated fiber strand according to claiml1, wherein the i norgani.c sol

| ubri cant particl eS4havé eoateddibaistandseorprisingratieasipre glgss fiber having

10

15

20

25

um

The
id__

a primary layer of a dried residue of a sizing composition applied to at leasta

portion of a surface of the at least one glass fiber and a secondary layer of an

aqueous secondary coating composition comprising non-hydratable inorganic
nic

solid lubricant particles applied over at least a portion of the dried residue of
the sizing composition.

35. The coated fiber strand according to claim 34, 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 t'hereof.

36. The coated fiber strand according to claim 35, wherein the at

least one glass fiber is an E-glass fiber.

37. The coated fiber strand according to c{aim 35, wherein the at

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

38. A coated fiber strand comprising at least one glass fiber having
a primary layer of a sizing composition applied to at least a portion ofa
surface of the at least one glass fiber and a secondary layer of a secondary
coating composition positioned upon at least a portion of the primary layer,
the secondary coating composition comprising hydrophilic inorganic solid



about 1 to about 6. coated fiber strand according to
claim1l1, wherein the 20 av%ﬂ“ﬂﬂﬂﬂ Iﬂ" ﬁH I norgani c | ubr| cawgpart icles
%* c %

is less thatv@Byit*®4000 Ne3PRH04087
fiber strand according to claim1, wherein the i norgam c solid
lubricant particles are thermally conductivegs 25 12. The
coated fiber strand according to claim1, wherein the I norganic solid
| ubricant particles are electrically insulative. -

-59 - The coated fiber strand according to claiml,

wherein the lubriﬁantgaart@le,sdwh@hnhﬁqrbmd rebein wates in iprstises sidhe 0. 001

to about 99 wei t of the sizing conposition on a total solids
basi s. lth&rophiﬁ: l‘g)aerg"f%@gtoat ed fiber strand according to claim1,

wherein the polynmeric material conprises at |east one materi al
sel ected fromthe group consi sti ng of thernosetting materials,
t hernopl astic materi@Bs, Jheresated fber strandmocording toiiaian38, whein the at

h d f Wh
05y ook et B b ke 3t B R TAG o Eess sre.
from the group gRRSIfHere.oS Yiadd MBS Cl-giasd fiBRhy T=ighids derivitveTes SangPoxy
combinations thereof. |

40. The coated fiber strand according to claim 39, wherein the at
10 least one glass fiber is an E-glass fiber.

41. The coated fiber strand according to claim 39, wherein the at
least one glass fiber is an Eéglass derivative fibers.

15 42. 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 one glass fiber, a secondary layer of a
secondary coating composition comprising a polyme'ric material positioned
upon at least a portion of the primary layer, and a tertiary layer comprising

20 powdered inorganic solid lubricant particles positioned upon at least a portion
of the secondary layer.

43. The coated fiber strand according to claim 42, wherein the at
least one glass fiber is selected from the group consisting of E-glass fibers, D-
25, glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and
combinations thereof. '

44. The coated fiber strand according to claim 43, wherein the at
least one glass fiber is an E-glass fiber.



materi al s, phenolics, am noplasts, thernosetting pol yurethanes and m xtures

t hereof. 15 16. The coat eci !j@ | ording to claim 15,
wherein th t her nosetting mterialliﬂ%mwaﬂ !ﬂigrial.
17. The cg‘é?g%f“fgléger strand accordi ng I 'S ein tPﬁ:'er%wo:eom

polynmeric material conprises at |east one thernoplastic materi al

fromthe group consisting of vinyl

sel ected

pol ymer sg4ther nopl asti c pol yesters,

pol yol ef i ns, pol yam des, thernoplastic pol yurethanes, acrylic polyners and
m xtures thereof. 25 18. The coated fiber strand according to
claim17, wherein the thernoplastic material is a polyester.

19. The coated fiber strand according to claim 17, wherein the

thernopl astic mater iﬁzoi ST %E&éﬁé\di ﬁ%rfs?%a’rf@ééé&&ﬁtg fo claim 43, wherein the at

- 60 -

e coate er strandTaccording to ¢

wher ei n the si teast one glassfiber is am B:glassidesivaties fibersan 20 vol une percent of
gl ass materi al s. 5 21. The coated fiber strand according to
claim1, wherein at |east one of the at |east one glass fiber
froma fibeg zabl e gy er 'A'z"cpated ﬁl?ére&f'éﬁh ESMPYisIMG AL1848t G Bladk!fiber Rbving
non- gl ass inorganic materials, natura

a primary layer of a dried residue of an aqueous sizing composition applied to

is forned

‘at least a portion of a surface of the at least one glass fiber, the aqueous -

sizing composition comprising:

(a) metallic inorganic solid lubricant particles having a hardness

10  which does not exceed a hardness of the at least one glass fiber, the metallic

inorganic lubricant solid particles comprising at least one particle selected

from the group consisting of indium, thallium, tin, Copper, zinc, gold and silver;

and
(b) a polymeric fiim-forming material.
16

47. The coated fiber strand according to claim 46, wherein the at

least one glass fiber is selected from the group consisting of E—glais_s_ fibers, -

D-glass fibers, S-glass fibers, Q-gléss fibers, E-glass derivative fibers, and

combinations thereof.
20

48. The coated fiber strand according to claim 47, wherein the at

least one glass fiber is an E-glass fiber.

49. The coated fiber strand according to claim 47, wherein the at

25 leaét one glass fiber is an E-glass derivative fibers.

50. A reinforced polymeric composite comprising:

(a) acoated fiber strand comprising at least one glas_s fiber having

a primary layer of a dried residue of an aqueous sizing composition applied to



materials, organic ynmeric materials and conbi nati ons thereof. 10
22. 'The coated fi ber st riﬂ“”tﬂ@rl“":ﬂmnﬂl laim 1, wherein the at
| east onewx) aBss9é0 ber group consi sti ng POTAES99I08(83

fibers, D-gl ass flbers S-glas® fibers, Qglass fibers, E-glass
derivative fibers, and conbi nati ons tereof. 15 23. The
coated fiber st rand according to claim 22, erein the at | east one
glass fiber is an E-glass fiber. 24. The coated fiber strand
according to claim 22, wherein the at | east one glass fiber is an

E-gl ass deri vattibyét 4 lpbem of8 surface of the at Kast ohecglass fiber,lthe ajuenud
conprising at |east one glass fiber having a primary layer of a dried
resi due of arsnaqlmmpesmongommt ion applied to at least a portion’

of a surface of the at ast _on ; i ng
conposi tion conprising (1 xaggﬁg%ﬂrSf%’tI%'rIgﬁtedlﬁgﬁﬁﬁwggﬁl@?b'%%#rmpl astic
Coupl ing agent PR G e Secort ng To
cl ai m 25, Bherein the ahardness efthe aileasflenssglassdibersard| ected fromthe
group consisting of E-glass fibers

- 61 - ‘D-glass fibeks, agojymesicrnatarial. o gl ass fibers, E-glass
derivative fifergadblfs siznngc&fmbBQFtlbﬂ_fb%xﬁ_@%§§Qi§tlally free of glass materials; and

(b)  a polymeric matrix material.
10 51. The reinforced polymeric compésite according to claim 50,
wherein the at least one glass fiber is selected from the group donsisting of
E-glass fibers, D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative

fibers, and combiriations thereof.

15 52. 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:

(@)  non-hydratable, lamellar, inorganic solid lubricant particles

20 having a hardness which does not exceed a hardness of the at least one

glass fiber; and

(b)  a polymeric fim-forming material.

53. The fabric according to claim 52, wherein the at least one glass
25 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.



27. The coated fiber strand according to claim 26, wherein the at 5 | east

iy S S L MR O e
e M

an E- gl assY§e¥¥4#34% ve fi bers. 0 ted fi bRETASIAUI4087
conprising at |east one glass fiber having a primary |layer of a dried
resi due of an aqueous sizing conposition appgied to at least a portion
of a surface of the at |east one glass fiber, the agueous si zi ng
conposition conpri sing: (a) non- hydr at abl e, |anell ar,

I norgani ¢ solid lubricant particles 15 havi ng .a hardness which does not
exceed a hardness oP%t heAftelpelenicspport COmPESIEG: i ber: and (b)

a glass fiber coupljpng a : ] 7] 1110 '
esSent al ly Tree of (Ul ast b compriei SEhLRRe nBbehénd AERBTSIGCA 84 bhe
strand accor di glasé diber iavingSa prifeipal Rayehof al esiting compodiion eamprising RErRNt
conprises at |east one agent selected fromthe group consi sting of

organo sil ane kysdrptatle, laseitas, inorganicscld lylricant parinles gpeligshtasat least a

o " The cob SRR GG P thed A RES: B0 s I ABET e ¢ e 2t
| east one gl ass fibg) i sajayecérs pbiydeidmaane riatefatdriliedbver aEltéds%S

fibers, . D-gl ass fibers, S-glass fibers, Qglass fibers, E-glass
derivative fi bRerionzfdhe fabriconbi nati ons t her eof . . o

55.  The electronic support according to claim 54, wherein the at
10 'Ieast 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. "

56. The electronic support according to claim 54 wherein the
15 support is a first, second or third level package.

57.  An electronic circuit board c':omprising:' _
(@)  an electronic support comprising:
0] a fabric comprising a coated fiber strand comprising at
- 20 least one glass fiber having a principal layer of a coating composition
comprising non-hydratable, lamellar, inorganic solid lubricant particles applied
to at least a portion of a surface of the at least one glass fiber; and
(i) a layer of a polymeric matrix material applied over at
least a portion of the fabric; and
25 (b)  an electrically conductive layer positioned adjacent to selected
portions of selected sides of the electronic support.

58.  The electronic circuit board according to claim 57, wherein the

at least one glass fiber is selected from the group consisting of E-glass fibers,



- 62 - The coated fiber strand according to claim 31,
wherein the at Ieast onelﬂl]mmln u Hlﬂn E-gl ass fi ber.

33.  The ¢Rpbgshobd ber strand i m 31, wherei nm@t),oa,slyeast
one glass fiber 1s an E-gl ass "defivative fibers. . A coated
fiber strand conprising at | east one glass fiber having a pr| mary

| ayer of a dried residue of a sizing conpd@{tion applied to at |east a
portion of a surface of the at |east one glass fiber and a secondary | ayer
of an 10 aqueous secondary coating conposition conprising non-hydratable
jnorganic . s@IkGiberl s GRS fdrs] ol-GTsIMREEE QU derivate fiberg aird on of
the dried resid si zi ng c mposi t 1 on. 35.

coated fiber sbaisaticreothereaf.to cl ai m 34, wherein the at 15 | 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 conbi nat i CRANE strand
according to claim cgg m{efglferr]:trto ic c'{c“gt b?aergsa;r)&grr]cgﬁaq?‘ss flﬂé?u'ﬁgéran

E-gl ass filger comprising at least oAé apefture @xtereting |th®ugbtatéenstaa:pomonrrg the

claim 35, wherein the at | east one glass fiber is an E-gl ass
derivative fi lcifeuit boapd,. 38. A coated fiber strand conprising at

| east one gl ass fiber having a primary |ayer of a sizing conposition
applied to at |east a portion of a surface of the at |east one gl ass
fiber and a Secondéﬁw | ayigs eRfctdnieeRaEEbyard accarding toclainmiBwilierein the
positioned upon at |east a portion of the primary |ayer, t he secondary
coati ng conposiupiport is@finst, secgndyatiribisdilevel paskegani ¢ sol i d

10
| 61. An electronic support comprising:
(@) afirst composite layer comprising: _
® a fabric comprising an at least partially coated fiber
strand comprising at least one glass fiber having a principal layer of a coating
15 composition comprising non-hydratable, lamellar, inorganic solid lubricant
particles applied to at least a portion of a surface of the at least one glass
fiber; and ) . L
(i)  alayer of a polymeric matrix material app’iied over at
least a portion of the fabric, and '
20 (b) a second composite layer different from the first composite

layer.

62. The electronic support according to claim 61, wherein the at
least one glass fiber is selected from the group consisting of E-glass fibers, D-
25 glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

combinations thereof.

63. The electronic support according to claim 61 wherein the

support is a first, second or third level package.



-63 - | ubricant particles which absorb and retain water in

I nterstices of the hydrophilic particles. 39. The coated
fiber stra gs?&ggéji ng to claim38, wherein the at 5 |east one gl ass
fiber is sélected fromthe group consisting of E-glass fiber&CT{tS99/04087

gl ass fibers, S-glass fibers, Qglass fibers, E-glass derivative fibers,

and g conbi Inatiogg t\f/}\ﬁreof. ] o 68 40. Thfa coz”,zfi fiber strand
according to claim 39, erein the at east one gl ass Eﬂmuuﬁ
ML o o

E- gl ass fi ber. 41. The coated fiber strand

claim 39, wherein the at | east one glass fiber is an E-gl ass
derivative fibers. 15 42. A coated fiber strand conprising at

| east one gl ass fi hay| - .a: e ; .a dried residue of a
si zing conpositi onbg‘%pl iébr?%Ctg?n'Fg:é@Pité%ayd E@%ﬁr&sﬂ-{& of a surface of the
at | east one gl ass qa')beranelagmﬂdguppbnmmpﬂsmg; secondary coating
conposition conprising a polyneric materjial positioned upon at |east a

portion of the primary |@yer, adiist eompesiteilayer gpaprisingsr i si ng 20 powder ed
e Sty o™ P! <8 B boPRHAEE o od S e o
e et vt e o S s (0 P14 ARSI 47751 oot
composition comprising non-hydratable, lamellar, inorganic solid lubricant -
particles appliea- to at least a portion ofa surface 6f the at'least one glass
fiber; and
10 . - (2) alayer of a polymeric matrix m'éterial applfed oﬁér
at least a portion of the fabric; and
' (ii) ‘a second composite layer different from the first
composite layer; and |
(b)  an electrically conductive layer positioned adjacent to selected

15  portions of selected sides of the first and/or second composite layers.

65. The electronic circuit board according to claim 64, 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

20 combinations thereof.

66. The electronic circuit board according to claim 64 further

comprising at least one aperture extending through at least a portion of the
circuit board.
25

67.  The electronic support according to claim 64 wherein the
support is a first, second or third level package.



25. glass fibers, S-glass fibers, Qglass fibers, E-glass derivative

fi bers, and conbi nati ons t her eof 44, The coated fi ber
strand acoordyng o ofaim a3, wherei [ {IHIHITIN IDNHE: ore glass,figer i

45. The coated fiber strand according to claim43, wherein the at
| east one glass fiber is an E-glass derivaggve fibers. 5 46. A
coated fiber strand conprising at | east one glass fiber having a
primary |layer of a dried residue of an aqueous sizing conposition applied
to at least a gortion of a_surface of the at |east one gl ass fiber,
t he aqueous sB8i ng Acoethrd forgnhitenipeia palymeric composite, qagpprisingthg | i ¢
i norgani c soldgtg éLg}ri cant particles having a hardness 10 which does not
exceed a har 3Tt the at |east one glass fiber, the netallic
i norgani ¢ | ubri canga)sol appRavid adbger 6Dparticts) with af ieast o of B pafictes
sel ect ed fromthe group consisting of indium thallium tin, copper,
zi nc, gol d anbeing salected fromihe group consisting(af)boron niffidengincsuifiden f or mi ng
material . 15 o . 47..  The cqated fiber strand.accarding to glaim
36, wher oi B« montporillonite afig miiiresAbE th & et PUIBES A SiTRTR ofRbup
consi sting of easgbAsglasdfbér of a glads b&rSStrdndR) formahtfast bAfRidly ddulédsS
fibers, E-glass derivative fibers, and conbi nati ons thereof. "20

glass fiber strand; :

(b) combining the glaés fiber strand with a polymeric matrix
- material; and _
10 - (¢) forming a reinforced polymeric composite from the glass fiber
strand and polymeric matrix material, wherein a whiteness index value of the
reinforced polymeric composite is less than a whiteness index value of a

composite formed from the polymeric matrix material.

15 69. The method according to claim 68, wherein the polymeric matrix
material is nyfon.



48. The coated fiber strand according to claim47, wherein th (Pos Y

| east qQne glass fiber is an E-glass fiber. 49, eyat ed

fiber strahd ing to qt S}N%w%ﬁif‘do?snﬁ'hﬁnﬁtnﬁﬁokeaﬁ on R <2 KPBT I3 ~
is an E-gl ass vative fibers. Intemational Bureaw 5 A rei nf or ced pol ymeric
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(57) Abstract

composites such as laminated electronic supports.

(54) Title: INORGANIC LUBRICANT-COATED GLASS FIBER STRANDS AND PRODUCTS INCLUDING THE SAME

The present invention provides glass fiber strands coated with non—hydramble. inorganic solid lubricant particles useful for reinforcing




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 jher.  the aqueous sizing conposition conprising:

(a) non-wydﬁgtt“%ﬁgl e, lanellar, inorganic solid |ubricant pé’ﬁ“(‘&%"é@""zé
having a hardness whi ch does not exceed,ahardness of the at |east one

gl ass fiber; and (b) a po{yneric filmformng materi al

53. The fabric according to claimb52, wherein the at |east one gl ass 25
fiber is selected fromthe group consisting of E-glass fibers, D glass

fibers, S glass fibers, QglasggfiberlQ) E-glass derivative fibers,
and conbi nati ons t her eof . 16
- 66 - 54. An el ectfonyC 3 conpri si ng:

(a) a fabric conprising a coatg
gl ass fiber having a principal
non- hydr at abl e, | anel | ar
to at least a 5 portion of af®§
(b) a layer of a polyneric
porti.on of the fabric.

to claimb54, wherein the at 10

and conprising at |east one
aati ng ggnposition conprising

£9l)i d -gricant particles applied
3 2hst one gl ass fiber; and
ied over at least a
g@roni c support according
jber is selected fromthe
ass fibers, S-glass fibers,

Q gl ass fibers, E-glass derivativeyfih conbi nations. t her eof .




56. The el ectronic support according to claimb54 wherein the 15 support
is afirst, second or third | evel package. S'poTrusHirodos?
electrongg &Lﬁ&it board conpri si ng: (a) an electronic
support (ﬁgr|3|ng: (1) a fabric conprising a coated
fiber strand conprising at 20 | east one gl ass fiber having a principal

| ayer of a coating conposition 2dnPri si ng non-hydratable, |amellar,

i norganic solid lubricant particles applied to at least a portion of a
surface of the at | east one glass fiber; and (i) a

| ayer of a polymeric matrix material applied over at | east a portion
of the fabric; and 25 (b) an electrically conductive |ayer
positioned adjacent to sel ected portions of selected sides of the

el ectroni c support. 58. The electronic circuit board
according to claim57, wherein the at | east one glass fiber is

sel ected fromthe group consisting of E-glass fibers,

-67 - D-glass fibers, S-glass fibers, Qglass fibers, E-glass
derivative fibers, and conbi nati ons thereof. 59. The

el ectronic circuit board according to claim57 further 5 conprising at

| east one aperture extending through at |east a portion of the circuit

board. 60. The electronic circuit board according to claim
57 wherein the ' |
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support is a first, second or third | evel package. 10 61. An

el ectroni ¢ support conpri sing: (a) a first conposite |ayer
conpri si ng; (1) a fabric conprising an east

parti al l nggag?lé“égspi ber strand conprising at |east one d’l%é' PP1087
having a principal |ayer of a coating 15 conposition conprising

non- hydrat abl e, lanellar, inorganic ?plig | ubri cant particles applied
to at least a portion of a surface o (he at | east one gl ass fiber;
and (i1i) a layer of a polynmeric matrix material .applied
over at | east a portion of the fabric, and 20 (b) a second
conposite layer different fromthe first conposite | ayer.

62. The electronic support according to claim61l, wherein the at
| east one glass fiber is selected fromthe group consisti§16f E-gl ass

fibers, D 25 glass fibers, S-glass fibers, Qglass fibersy E-gl ass
derivative fibers, and conbi nati ons thereof. ' 63. The
el ectroni c support according to claim®6l wherein the support is a

first, second or third | evel pagkage. 512
-68 - 64. elfégt r C 181 ng:
(a) an el ectronic supp : ) a first
conposite | ayer conpri si % fabric
conprising an at |east p@EHi aé o
R . ; /;=-— Vi
4
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strand conprising at | east one glass fiber having a principal |ayer of a
coati ng conposi tion conprising non-hydratable, lanellar, inorganic
solid | vaqlﬁ?ﬂ%o particles applied to at |east a porti BARTESI%48E f ace
of the at least one gl ass fiber; and 10 (2) a
| ayer of a polynmeric matrix material applied over at least a portion
of the fabric; and 4 /(6i) a second conposite |ayer
different fromthe first conposite |ayer; and ' (b) an
el ectrically conductive |ayer positioned adjacent to selected 15 portions
of selected sides of the first and/or second conposite |ayers.

65. The electronic circuit board according to claim64, 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 20 conbinations thereof. 66. The

el ectronic circuit board according to claim64 further - conprising at

| east one aperture extending through at |east a portion of the circuit
board. 25 67. The electronic support according to claim64
wherein the sHpport 4R Y ‘\‘ econd or thigd | evel package.

- 69 - 68. 1‘?. o N0 u :-'-;-e‘polyneric conposite,

conprising the st eps

aPppNyi ng a | ayer of
particles, with at |east

6

FIG.
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bei ng selected fromthe group consisting of boron nitride, zinc sulfide, 5
nmontnorillonite and m xtures thereof to at |least a portion of a surface-of

at I t glass fiber of a glass fiber strand to for ast

Dartially Hooodled %0 Lss fiber strand: (b) %ﬂ"ﬂlﬁ?the

glass fiber strand with a polyneric matrix material; and 10 (c)
fromthe glass fiber strand

formng a reinforced polyneric corrpos%t}a6
and polyneric matrix material, wherein ‘a whiteness index value of the
reinforced polynmeric conposite is |less than a whiteness index value of a

conposite fornmed fromthe polyneric matrix material . 15 69. The
nmet hod according to claim®68, wherein the polyneric matrix material is
nyl on.
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