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30 Field of the invention
This invention relates generally to coated glass fiber strands for
reinforcing composites and, more specifically, to glass fiber strands coated
with greater than 20 weight percent of solid filler particles.
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Background of. the I nvention In thernosetting nol ding
operations, good "wet-through' (penetration of the polyneric

matrix materi 99f‘ﬁ%58ugh the mat) and "wet-out"” (penetrati oRCTUSI/04057 5 t he
polymeric matrix material through the individual bundles or strands of
fibers in the mat) properties are desirable. In contrast, good di spersion
properties are of predom nant concern in ‘t%/‘pi cal thernoplastic nolding

oper ati ons. For inproving resin inpregnation, Japanese

Pat ent Application No. 10 9-208, 268 discloses a cloth having yarn forned
fromglass fibers coated i Medi ately after spinning with starch
or a synthetic resin and 0.001 BadRatbund of the Invélitionht percent of inorganic
solid particles such as colloidal siTrca, calcrum - car bonat e,

kaol i n and tal c haviththeameseitieg pwiding pperaiipps: goed “wetithropgltt(penetration

nanoneters (0. ' SR . il.ed 15
Description of Hlieé)P%w@hﬁ 'Jlson, f@%%"ahﬁgﬁ%@@é%aﬁsﬁ%%'%ggéﬁieg@hﬁ%% ng

nor e 5 thbpolyRRricenatic matersd througivthgeaindicideallbuddies ior sfeareds gfannot  be.
applied to the gl ass fiber. Tq igprove penetration Qf resin
betmeen gl ass rF@PFﬁ i5the matk Prepejdies are desirable. 'BGPF%WW‘?W'W a .
conposi't e, " U Sporijsdriad afdof predminahPedticBfl M3fisical thermoplastidfiBignd particl es.
of al urmina to.-tphgﬁésyr‘.f acesp?)? the gl ass. fi bgg)@? Hoevr\'g\?g‘ra, -'Ihe J 20. Mohs'
har dness val ue®psratignani na and silica are greater than about 9 and

about 7[err], respegti - Which. e ' .t er ass

Fbers, oLy T esPeRuk ipnkyndtp it iBitaRgtoT: JaRBRE Pl apBldaon Moo 1t ng
conpositi oM@ 0r9-208,268 disclosesaiciuth having yaanfonasdfromigiadsdiberd ¢dated cl ot h; -~ t he™
conposi tion containjng a al coholic solytio »

. . f
phenol - f or mal dé igtely ia%?f spiaping wth sfﬁ'l 1 @rfy et"_’ resngh;rm Q0P Hn2e8, {
pol yvi nyl butyrﬁéigﬁ%rﬁéemfoﬁ%ig}nm é/aidaﬁarﬁaesaéma;' dofloia e $1IRA! Ealdili oot

desirable for glass tiber production applications. R
Weast (Ed.), Hoadmrsite,daolithand tale having average particlersizes of § t¢ 2006) at page

(1587) at page BHOTHRER0 B3 pmtyelet. FRAIRGRNN TS sFdGBaAS, 0 20

15 Description of the Invention, it is disciosed that such coatings having more

than 20 weight percent inorganic solid particles cannot be applied to the glass
ﬁber. To improve penetration of resin between glass reinforcement fibers
* during formation of a composite; U.S. Patent No. 3,312,569 discloses
~ adhering particles of alumina to the surfaces of the glass fibers. However, the
- 20 Mohs' hardness values of alumina and silica are greater than about 9and -
about 7', respectively, which can cause abrasion .of softer glass fibers.

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

25 disulphide, polyvinyl butyral and surfactant. Volatile alcoholic solvents are not
desirable for glass fiber production applications, '

! 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.
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To enhance, reduce or nodify frictional characteristics of a corrposi te,

U.S. Patent Nyosbu#ds, 778 discloses a dry clutch facing incjiugi %Bg 57
onitrile

conposite yarn of glass fibers, netallic wire and pol yacry

fibers which are | npregnated and coated with a heat curable cenent or
bi nder system The 5 binder can include_friction particles such as carbon
bl ack, graphite, netal oxi des, bariumsulfate, alum numsilicate,
ground rubber particles, ground organi c resins, polynerized cashew nut
oil, clay, silica OFTérehﬁémdé? rédi.&fé mﬁhodlﬁr frictional éham@éteﬁ%i:&ﬁ@}acomposut

There is a need for coati ng i nhi bit abrasion and breakage  of IO

gl ass fibers, wh-8nPatest UBﬂﬁ)aﬂ 37@ disclases adny sluicirireing insfuding g eempesiteat r i x
t I d t I

Coati ng T or ml adeg diese firs, FetaiE iR pARRBRCdeiS iR RET | PO°

| nvention 15 tmpregﬂihtedmrﬂsmated witle athieah cynablei oéﬂmnaocbladedsy‘siém.r Thér and

conprising at | east one ass fiher at |eas al oated with a
dried resi du® oPindgrcaninc E@GJ&E@"S‘I’ 'IEI‘QS%?H)%%WI’%IEE%GW h'fﬁ;"}ﬁt@ater t han
20 wei ght per cegkid@s, Barjum sulfdé,alumitiunISilieRs ] gro@id hBBEOFdRiEles Yrbdndarti cl es
whi ch have a hardness whi ch does not exceed a hardness of the at |east
one glass fi‘ber orgamic resins, paliierized gaghew ndioll elay,siliss oncryofiteclsee oal. 25 a--
coated fiber st r"ﬁggl conprising at | east one glass fiber, the strand
having (1) a pri mary Ia er of a dried residue of a si zi'ng conposition
apgl I( e;j_ to at | Sast Theeris alfmaedffoswétmgewhlch inhibit abtasionaaid reakagessfs fi ber
an 2) a’ secon er of an ond atlng conposi tion
appl i ed overi&t %Is%{'i’ %H@I%"’I%’ﬁ"&ﬁ‘ﬁaﬁg'%dﬂ"ﬁﬁ Q‘éF‘SIy“t poymericmgtndar y
coating coMPoSi wABZIeBRE WhidHinaluaa s dbansivd cuifpétinto fiahRhvditional 2
total solids basis i norganic solid particles. Yet anot her
aspect. of the ppegmformubhoms;n is a.coated fiber strand “conprising at
| east one glass fiber, the strand having (1) a primary layer of a

dried residue of a sizi ng conposition applied to at | east a portion of
surfaces Summary of the Invention

15 The present invention provides a coated fiber strand comprising at
least one glass fiber at least partially coated with a dried residue of an
“aqueous sizing composition comprising greater than 20 weight percent on a
total solids basis of inorganic solid particles which have a hardness which
does not exceed a hardness of the at least one glass fiber. _

20 Ancther aspect of the present invention is a coated fiber strand
comprising at least one glass fiber, the strand haﬁng (1) a primary layer of a
dried residue of a sizing composition applied to at least a portion of surfaces
‘of at least one glass fiber and (2) a secondary layer of an aqueous secondary
coating composition applied over at least a porfion of the primary layer, the

25 secondary coating composition comprising greater than 20 weight percent on
a total solids basis of inorganic solid particles.

Yet another aspect of the present invention is a coated fiber strand
comprising at least one glass fiber, the strand having (1) a primary layer of a
dried residue of a sizing composition applied to at least a portion of surfaces
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the at | east one glass fiber; (2) a secondary |ayer of a secondary coating
corrpositiowgldsgd over at |east a portion of the pri rrar%g er, the

secondary coating conposition conprising a ponneriB 0#%37 : and a
tertiary |ayer conprising greater than 20 wei ght percent on a tota
solids basis of powdered 5 inorganic _golid particles applied over at

| east a portion of the secondary | ayer. Anot her aspect of the
present invention is a reinforced polyneric conposite conprising: (a)
a coat ed fi bejftied sEBEstONEIASY MieraR) hRBSEndUMPI9bASEa secondhiyi®hatiRg | €ast
partially coated with a dried residue of an aqueous si zin ' conposition

conpri si ng gresmpasitionapplied axer@tleast a perfionxf the pdmaiy laysr te secendani 0 of

i norgani c sol j deparki Lch. ey Q ot exceed a

har dness of t(%?gtlggc{:@géﬁﬁ%rﬁg&é{;%{f@%pgw r%ﬂ'ﬁﬁ%g&é&%g?ﬁq?@%t rix
material .  comprisifgtgraater thein 205weight pércémteonns fasiBolids s bfgdwderay f abri c
conprising_a . coated fjber s&r nd COF%‘SI sing a coated fiber strand
conpri si ng® atiNPgaaic s9fig particies ppplied pygrat least p potion of the spoopdarydayas with a
dried residue of ofrEt I & inHEeR id 4 ralniiicdr €at er t han
20. wei.ght percent q_’g‘n a. ?g?i‘lzt%é_g}éiﬁseé%gs‘i S eﬁﬁé%@?ﬁﬁgﬁéﬁ%&l d.particles
which have a ‘ompnsiesomprisingd(@®=a enntedfikerairand comprising @bleast e glass at~ | east

one glass fiher i marsiall Spect ; ~imvention.is an
el ectronic 33%55 {least paﬁ&aé%;:?%%%@ﬂ%@f@g?éséﬂ% é%o%&?’gggﬁing coated fi ber
str ﬁnd Cciorrp & i.wmgabnl?misﬁ@ greater thaa20 Weight perteritonH top blids!Hagisc oat ed

wi-t h a dried.residue of an aqueous.  ~ sjzing conposition conprising .
greater th n'GEWQE?@ﬁﬁO@P%aFSW'QS‘ hayea h%'SPg%FsWh'Ch dogsBetexseeqd Aor ganic
solid particl ' A ; i i : a hardness
of the at I ea@dl‘(‘ﬁﬁg‘%&tﬁ%ﬁﬁﬁ%@? Han% Eb),ﬁqéégg?om’ﬁegc mat"’?ﬁ%%ri c matrix
mat eri al applied Xeéenathet aspect of therprésent ifventien isadabric caitprisinga - _
Anot her aspec f,the present inventi 1S..an, el roRi.C Ci,r cuit boar d
compri si ng. - (ptesh ekt s EPtolis 8ol el S Smiffg Gpsst one

conpri si ng cogasyhiferiaeleast patialycvasd witng dried résidie 6 uRdas bizhgr at | east
partially coated with a drjed residue of an agueous sSizing conmposition

conpr i si n§® greesmrasitionaemppisingiaseateptant welahtpareantionsutofal solisisdasisof

::rc];?-/r %ggbf 04 050; in&@@a:?ig/s_éﬁ@ffﬁ'ﬁcles which have a hardness which does not exceed a
' hardness of the at least one giass fiber. '

"~ - Another aspect of the p-reSeri't invéntion is an electronic support -
comprising: (a) a fabric comprising a coated fiber strand comprising at least
20 one glass fiber at least partially coated with a dried residue of an aqueous

sizing composition comprising greatér-thah- 20 weight pércent on a total %olidé
basis of inorganic solid particles which have a hardness which does not
exceed a hardness 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 coated fiber strand comprising at least one glass fiber at least
partially coated with a dried residue of an aqueous sizing composition

comprising greater than 20 weight percent on a total solids basis of inorganic



- 5- solid particles which have a hardness which does not exceed a

har dness of the at | east one glass fiber; and (ii) a layer of a
polymeric matrix materi al applied over at least a portion of the
fabric; and wbkemddse! ectrically conductive | ayer posi ;,HJ,B %/ ?chjl acent
to selected portions of selected sides of the 5 electronic g Sk

Still another aspect of the present invention is an electronlc support
conprising: (a) a first conposite |layer cgprising: (i) a fabric conprising
a coated fiber strand conprising at |east one glass fiber at |east
partially coated with a dried residue of an aqueous sizing conposition
conpri sing gregbfid paflicled ahictPhavel g hiardiRss Whichadbe? ric? eRdectOh hdfinBasobf Of

i norganic solid particles whi ch have a hardness whi ch does not exceed

a hardness of m%afe!ﬁaﬂéwﬁglmﬂber anrb('agéayerts%a polymeericimatrix mafedal of a

ol ynmeric matr a e
Fab?/i cC; ! and (b) 5’%‘%‘2‘%’?’&%&3% |te (Zf;tg?tfacp fé’trl%‘]bt) aPronglR"?%"y% ‘t"'.'tfvg
conposi te | ayelayet positioned adjatent o sbiectesquetionsosf seleetqr sidesof thevention is

an el ectroni c‘erg%wt board conprising: (a) an el ectronic support
conpri si ng: i PEPMCIPEBposi te | ayer conprising: (1) a fabric = -
conprising coated figifanéthéPasheeBPtHepragertlinvention lsaatdicORénidsagsorf | ber at
| east partially coated with_a dried residue of an _ aqgueous si zi ng

conposi ti on coRpRPSERg: @a)@ﬁ@tc@maﬁswwwwmdﬂ@ fahrie.compriging &1 soli ds
basi s of inorg oes
not exceed a hg:rB ng?@leggtr@ﬂi Ieaé\?{%%gwé;%'gs%]ﬁ% IZI?F%r'?‘d %gﬂ%lly c?azg?/%r of

a polyneric rratwwhm dm:jarasuiueathlaqheouslsxm ¢amm:sstmn|cmmpnsmg3greaﬂee fabric;
and - se 0 ferent .from.the t conposite
| ayer; ant(zlI ) 583’5&?5% 3 t%" F’&X@)ﬁg 0aFE quga'ﬂ6§9¥‘$ B'eﬁdjrrgczlnt to
sel ected porti Qﬂﬁcrplf\a\?éa ﬁé’c‘dﬂ@%@@hﬁh"d&sﬁotbﬁ&eédé RhrdRBSK &f th%%‘i%t §adposi te

| ayers.
PCr | US99/ 04057 glass fi ber and (u) a Iayer of a polymeric matnx material applled o\@r at least

Brief Descript 'aoﬁbrﬁtt:n Ept%e %M 343 (b) a second composite layer different from the first
composite layer.

15 Yet another aspect of the present invention is an electronic circuit
board comprising: (a) an elecfronic support comprising: (i) a first composite
layer comprising: (1) a fabric comprising coated fiber strand comprising at
least one glass fiber at least partially coated with a dried residue of an
aq.ueous sizing composition comprising greater than 20 we_ight percenton a

20 total solids basis of inorganic solid particles which have a hardness which
does not exceed a hardness of the at least one glass fiber; and (2) a layer of
a polymeric matrix material applied over at least a portion of the fabric; and
('i-i) a second composite layer different from the first composite léyer; and (b)
an electrically conductive layer positioned adjacent to selected portions of

25 ‘selected sides of the first and/or second composite layers.



The foregoing summary, as well as the follow ng detail ed description of
the preferred enbodi nents, will be better understood when read in
conjunction with the appended drawi ngs. In the draw ngs: 5 Fig. 1
Is a perspeciive view of a coated fiber strand having a primary | ayer
of a dried r29%4®6f an aqueous si zi ng conposition accor dPeRUSIBL0bE
present invention; Fig. 2 is a perspective view of a coated
fi ber strand having a primary | ayer of a dried residue of a sizing-
conposition and thereupon a secondary 10‘61ayer of an aqueous secondary
coating conposition according to the present I nventi on;

Fig. 3 is a perspective view trand having a primry

| ayer of a dried residue of econdary | ayer of an

aqueous secondary mtfbf@oﬁ'@rmmhéﬂyoasu&ﬂ@sdhéﬂﬂibﬂvﬁb)ﬂe&a’ﬂ!&%e&&gﬁﬁrl%?” 15

according to n quesent I nvent i gw? Is at an view
of a conposi t dhep Pﬂﬁéwdwtﬁr"éﬁbﬁtbeﬁer undesgteed whan read in Fig. 5
o2 0P PLAN Snfuichbn Mh ¥ bpdtieidibnibe. N GeRESRRRL | Vot ! of:

Fig. 6 is a cross-sectional ew 0 ectroni c support accord| ng to 20

t he present8invent iRig;1 lamberspectlve v:ew offa gmated fiserdtrénd having @Jinsyt i onal

views of alter ate .el ectroni ¢ support according to
the present ”l@ 5{3?‘@% RSN o? an aqueouss|zmg composiiq cfcg 1%@&1’39“0% of
t he I'nvention p?'Esentmventla'ﬁe gl ass fi'ber strands of the present-inyention

have a uni que coating : whi-ch.not only inhibits abrasi on- and bteakage of . |

the fibers during ﬁﬂ%@el%nﬂjspectweuwefamcqmtecbﬂaﬁ;sgaodjhmngtamrmm wet - out
and dispersio r Err@&"ll t her nmal
stability, gog rg’g(rao i)?laﬁgélg % [zﬂ'f h %étg)o '?'%l‘{’&?&s ) | ow
corrosi on thd layxof lama:gaeous semnﬂaqsmaﬂeg cbniposjtlon aocordmg td/ﬁeiiﬁé@\%ﬁ
PCTI US99/ 04057 3
hum dity, read?‘f%'oam ds and al kal i es and corrpatl bility with a varl ety of

pol ymeri ¢ matrix MHET iglaperdftichile Gt 6d e fodr e Rbvibgh i C' ea”' ng

prior to |lammnation, .are_other desirable characteristics
exhi bi t ed layer of a dried residue of a sizing composition, a secondary layer of an

ui'

aqueous secondary coating composition, and a tertiary layer thereupon
15 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 accordmg to the present mventson
Fig. 6 is a cross-sectional view of an electronic support according to
20 the present invention; and : o
Figs. 7 and 8 are cross-sectional views of alternate embodimente .oi’ an

electronic support according to the present invention.

Detailed Description of the invention
25 The glass fiber strands of the present invention have a unigue coating

which not only inhibits abrasion and breakage of the fibers during processing
but can provide good wet-through, wet-out and dispersion properties in
formation of composites. Good thermal stability, good hydrolytic stability,
good laminate strength, low corrosion and reactivity in the presence of high



by the coated glass fiber strands of the present invention. 5
Anot’her significant advantage of the coated glass fiber strands of the
present invention is good processability in weaving and knitting. Low fuzz

and hal os, | oxblbépdssr fil anments, | ow strand tension, high fiéﬂ@é&a}u{)o\h and
| ow insertion tinme are characteristics which can be provided by the

coated gl ass fiber strands of the present invention to facilitate
weavi ng and knitting and 10 consistently7provide a fabric with few surface
defects for printed circuit board appl i cations. Ref erring
now to Fig. 1, wherein |like nunerals indicate |like elenents

t hr oughout , t hiswreidity, reaciive aaidsrangd atkaliescanxdt eainpatibéity with anarigty afonpri si ng at

| east one gl ass_fiber 12.o0r t Lber ccardi ng to.the present

i nvention. 15 P%Y'@Fﬁ?ﬁlﬁ%‘?‘ mﬁ&l@h’ g‘ﬁ@“ﬁ%@ﬁ%?ﬁsg‘? ﬁe%‘fiﬂfg\eﬁfﬁ’ea?m& ass
fibers 12. As prddo laminafiéH, @iré otrdh debipdbie chirhaedstidsamish 86 belexibited

I ndi vidual fibers. The term "f ' means an individual filanment. The

i ber'
fibers 12 havebwthepnatetglassfipergtrands of thepresentinnention.gr eat er than 5
m cronetersg prefer : )
5 Do oy ARo el BB or o Boll LS, foorBHENIREE Y, ., 1

preferably greater than
formed from angresgpanedntibnliegoathproeegsability in weavimgrand knitting. Kiowfuzo t hose

Sbrpost | ons " <aihhaes Bl ARR5 P LELRRSH LA sin wabi/ ki 20
"R-gass”, "S- gihg&tion tidittars-hariteriktics Whidh/&h be'rovidied b thEtbated glass E- 9 } ass.
o ;

derivatives" neans glass conpositions which include m nor amunts 25
fluori ne and/ ofPaisirandaatthgsesardinventier tg fagiitate,weaving aaddnitingandn- f r ee.

Furt her nor I,s ' ' - 5'|§}]; r.cent

fl uorine aﬁg ﬁ%@ﬁ%ﬁ%ﬁ? a%%gﬁﬁ%?%@%% %%?éc}ﬁm asgﬁ E{g.n- rﬁalr%%ral‘ :
wool f i beapplisatiorssxanpl es of other glass-fibers useful in the present

[ tion. P d gl i f dfr - E- gl
|dg\rlle\r) a![ ?Ces._ Suchr eéee egrﬁg\g%\g%i@glg_.E\Ll'?erg{neilke%runmeerglsrlr(c)Jlncal%e%Lg elements g_ ass :

PCT/ US99/ 0405 7hroughout, there is shown in Fig. 1 a coated fiber strand 10 coniprising at-
conposi tions and net hods of naking glfass filaments therefromaré well

known to t hoseleskl onecglaswfiberd 2:.onquan fiber.taseerdingtodbe prasenhiavention. s not
B o ooa 150 EABPRRFBE8RY 14 Dol ISR ERM AT M Bed "
fiberization nhérein]theteemdsiaridisneansone or rhorelindividoalfibiers. Thetdvmuf act uri ng
Tecr._]_r']o.l o9y of %bgis“smgajm%raensfndlfv%%aFglém]é%gS%he fibers 12 have an average nominal .
fiber diameter greater than 5 micrometers, prefe.rably_grea_t'er than 7_
micrometers, and more preferably greater than 9 ﬁ{icrometers.

20 The glass fibers 12 can be formed from any type of ﬁbeﬁmble'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

25 of fluorine and/or boron and preferably are fluorine-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



at pages 3044, 47-60, 115-122 and 126-135, and U.S. Patent Nos.
4,542,106 and 5, 789, 329, which are hereby incorporated by reference.
In addition to glass fibers,the coated fiber strand 10 can further
conprise fi Rgsodsedsned from other fiberizable natural or Sg? made

materials, 10 suc as non-gl ass inorganic materials, natu TUFeY Py al S,
organi c poI ymeric materials and conbi nations thereof. As used here| n,
the term "fi berizabl e" means a nmaterg al capable of being formed into a
general |y conti nuous filanment, fiber, strand or yam

Sui tabl e non-gl ass inorganic fibers include ceramc fibers formed from 15
silicon carbi %mﬁc%'iti%@an@ﬁﬁé%ﬁb@@of Avki l\gfgﬁss%éﬂﬁéﬁwmé? afé'fvell

pi ezoel ectric ceramc materials. imting exanpl es of suitable
ani mal and ved&ows to-those skn!@@rmmamandMhar.dia@uss:pmmanw is Dot helieved

o as’t i o B nd bR in Ulr e BleBen discioll P r BlafBbaPR iR o) 127 ©
and aram ds), rtéwen‘pﬂichsglass mhpwﬂwsarﬁmﬁzﬁmn%ethp& #es diydlose in K.

t ht hal d ity h | h
pglrggcryﬁo{rjl1 tr'-rqneé"é]a‘ %’bl he Manufacturlug ‘7‘ S(v?éjﬂ(; 9%9§)(such as
pol yvinyl al C%ﬂ?ﬁéesﬁgﬂmghm ﬁﬂbﬂﬁé ahglfz%vgé badfeﬁstﬁﬁéﬁnw the present

i nventi on: and ods_for preparing processi ng suc bers.are.

di scussed at |4542.106 and ﬁgmmmr& hefelntingerporated by taference-Technol ogy,

Corerence. (¢ ") aBgfGR I 0Bed Wbes, Pbaled Bt PRBPRREREES, Ly e

above mater| aI congptise fbers faﬁﬁbd fohri ether filerizablerratiirar difﬁ'dafﬁmife&ﬁateﬂélst he

above mat er al s |g‘an be in I he present invention, if-desi red
WO 9914495@5 ‘such as non-g ass morganic matenals ‘natural materials, organic polymeric ~

PCTI US99/ 0405 maerials and, tiomblna'nons thereof. As used herei , fhe term “fietizable”
The present invention w now be di scussed generally in the context .of

gl ass_fiber stmeansa matertal cgpakie of baingferhadintora genaralocondinuoter st and t hat
t he stra y include one or nore of the -non-gl ass
fibers qﬂ%’ﬁggtcgg%{bg@%ﬁd 8@?3'41 Wth continued reference to Fig. 1,
in a preferred eﬂbﬁilltﬁalétnonf—glbs’é ﬁﬂorgamc ﬁb’ér@fncfddb&fer&hubdi)érs]ﬁnﬁédﬁ&@a present
i nvention are |rrpregnated with a rl% | ayer (14 of a dried residue

of an aquedds Siconfarhidesrasoen. Srarhits malite, @"-ﬁff“"“m oxide-ard P'ﬁzﬁﬂ?@'ﬂ‘bn 17 of
e surfaces, NarBiidHelde Nonlfnby BR8HBES o B5udoBfima) o pigdages 10 1rom

abrasion during processing and |nh| eakage of t ers 12.
Preferably thedafivedmaturalifbees mluda@ouqmmeuslose.znaigabmmpes |ﬂax.cramtes

hemp, sisal and wool. Suitable man-made fi ibers incliide those formed from e

~ polyamides (such as nylon and aramids), thermoplastic polyesters'(such as
20 “polyethylene terephthalate and polybutylene terephthalate), acrylics (such as .-
| polyacrylonitriles), polyolefins, polyurethanes and vinyl polymeké {such as B

polyvinyl aicohol). 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 Polvmer Science and Technology,

25 Vol. 6 (1967) at pages 505-712, which is hereby incorporated by reference. It
is understood that blends or cdpolymers 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.



applled to the entire outer surface 16 or periphery of the flbers 12.

As ‘used herein, in a preferred enbodinent the terns "size", "sized" or
"sizing" refer to the coating conposition applied to the fibers i mredi at el y
after werasedsen of the fibers. In an alternative enbedrrospdgdedzhe terns
"size", "sized" 15 or "sizing" additionally refer to a coating conposition
(al so known as a "finishing size) apqpl led to the fibers after a
conventional primary coating conposi®ion has been renoved by heat or
chem cal treatnent, i.e., the finishing size is applied to bare gl ass
fibers incorporategq.into fabr] m . The, agueous si zi ng
conmposi ti on conpri g@% péeﬁﬂ'\ﬁmﬁf‘{‘?/“ Wﬂ{“%%g?ﬁ%’ssﬁﬂ Sﬁj\eﬁiy inihe eontex of g
positioned be h’:\gl,l{@ 16 of
Phe f1bers 120ae el sPale sRRojIPPRELRIed B ho BN uldindfiattne o0 ©.

f1 ow percepti tslf?ndﬁaaanrm@émaﬁy mcwgsonermsner@fdfmet noreglaas fibersf or resi sting
forces which t 8§é; %&é rmit, and under ordinary conditions retains a
definite S1Z % ape. See Webster's Third New I nternational

Di ctionary ®f the thﬁmitineéd ksfegnegdo Fid ol a pefstrdd.énbadifienp #iBers2 169.

Furt her nore, the term "solid" includes both

crystalline aﬁ% #ﬁeﬁﬁt&%ﬂda Pﬁ@e,ﬁﬁ ntinuention are lmpregnat With @Rrnatdrt i cl es
18 preferably réwfaw? dnémya\aero@gf AABbUS 5iRing! 'cBfposition éaguﬁe%%' afal ent

spherical dianeter) | east croneters, “prefe | east
about 5 mi croteastaporionl17 ahthesurfaces 16106 thebithers 12 twprotent thesfhers

\é\g ?U/Sgg?gg o5 purfaces 16 from abrasion during processing and inhibit breakage of the _

pref erabl yid r Giveabealt PEefé@b@tmuHné&@Qsmsbﬂﬁetaqnaou@éiﬁng@bmpaéméﬁisabI y- 10
to about 25 micrgneters. Preferabl é each -of the solid particles-has a-

i ni num part i @pglied ﬁQetthe"élfe P@&!’;F“ ‘-‘rﬁ 16 enRrariphsry efithe feersdably at | east
about S mcr 0?§0 he'rém' in fﬁﬁ&ﬁﬁleﬁp@lﬁ thihs LA "‘Fﬁb@w&r age

particle size 19 the soll es correspond gener al o the
aver age nomi néfStzm'&raieeto thé coating emﬂpgpltnmaﬁpliadrtasthelﬁbes&mnmadlbtelwqfterem ated

t hat particle SIZ s di sed bove referred, over, Ih,e snall er
particle si ze ';?quf%ﬁ% rfﬁ'é?“ﬁ?"@twe e gg‘ﬁw’&ﬁﬁ?ﬂ?’&% 'é?peﬂé e and

are easierqgo dill"ﬁamgssdmhéhamwefer &'a chatiig SsmpasitdNn (also Kiolwh g8ty ands coat ed
with the particles of the sizes as discussed above exhibit 10 better "wet

through" and "“{Rish 1591S|ze<"~)mapae@mf§tﬁh%smra Fenyeational eEMARY eraling
pol ymeri ¢ mat fdgt, [.@sb‘é!@ﬂf}e&w@@&%espo#&@%&t@%w ;té‘ tﬁ&ra”ds coat ed

with smaller SIZ
fimshmg size is apphed to bare glass fibers incorporated into a fabric form

The aqueous sizing composition comprises a plurality of inorganic sohd
20 nparticles 18 positioned between or preferably adhered to the outer surfaces
16 of the fibers 12. As used herein, “sdlid" means a substance that does not
flow perceptibly under moderate stress, has definite capacity for resisting
forees which tend to deform it, and under ordinary conditions retains a definite
size and shape. See Webster's Third New International Dictionary of the
25 English Language - Unabridged (1971) at page 2169. Furthermore, as used
herein, the term “solid™ includes both crystalline and non-crystalline materials.
The solid particies 18 preferably have a minimum average particle size
19 {equivalent spherical diameter) of at ieast 3 micrometers, preferably at

least about 5 micrometers, and ranges from 3 to about 1000 micrometers,



The configuration or shape of the solid particles 18 can be generally
spherical (such as beads, m crobeads or solid hollow spheres), cubic, platy
or 15 acicular (elongated or fibrous), as desired. For nore information on

sui tabl e 9@5419§6cle characteristics, see H Katz et al. (Ed.), Handbook
of Fillers ang Plastics, (1987) at pages 9-10, whichF é\“&ﬁ

I ncorporated by reference. The solid particles 18 preferably maintain
their m ni num average particle size 6eqU| val ent spherical dianmeter) of
at least 3 mcroneters, and preferably at | east about 5 mcroneters,
and nore -particularly maintain their mni num particle size (equival ent

spherical di aﬁ% rébl?%roﬁntado%f‘gtto Sl ﬁ:fo?net@f%dand hnoré) E)Fgf&ragp% at | east

about 5 mcro ers rocessing con I ons, 'suc he forces
gener at ed bet vbaaboatiz&nmrbm’etdm.r E’raiemablyg eachnof thg ,sohd)pamgleahds a ot her

Fibers 25, 25 PG Rarid e of aHastiof Fispielefe B8 W embbitl smaondt

crunble or 5 mﬂ%ﬁéféré om agds bréfbred thag tﬂ@ﬁmﬁmrhvbmyerpdﬁ;aé gpgIgarticle
Si ze under typic ass fiber processing conditions, such as exposure

to tenperat®r e@f ﬂ@ﬁ seijd l?%l‘? cles corsgspond Méfﬁ"}' ¢ erageenqsmipaldiameter op t o

about 400[err

PCT/ US99/ 0405 ﬁ:e glass ﬁbe}éo l?%%@ ﬁg apprec:ated that particle sizes d:scusield above _

d ass fibers aare pseferred bvéﬂhelsn@!ewparuelersnms in patt betansettheyareer i t i e§ of
and/ or- other, solid o

adj acent glass fib cts or eri-als which the |
i nos O T Taanerally o cwRlsNn g are PRGE TR (ORIONo BBEE Figdes uch as
weavi ng or with QtYér{H% coafdd @ﬂiﬂﬁdﬁﬁéles ofthe $hRd aQQFé%UQsed‘?ﬁﬂé exhibP! Ng or
cutting off of bits . of . the glass. fiber surface or breakage. of -gl-ass

fibéers by fPi daettmawefdbmuabfam t out” chasaateristios whea frapregnated withi &5 . of -

Sec K. Ludemn, POnEde BRGRaBAaL bibr et o fabngé‘%%gé o B3’ | ot

i s hereby i ncqm‘uﬂsmhwgiaeﬁatﬁdeence Abr asi ve: vvear of glass-fiber-
strands. causes..strand .br aka e durin rocess . 0 urface.defects in
products such as \Agkr;@nc%‘ %Br F%?oh es 1&°3“E€|9§H§@ywaste and

manuf act uri ng $phetical (such as b dsTﬁ'nébeééHsZ& 68 ﬁSlld(@sM%’i‘és), &ﬁ}ﬂc,zﬂa&@g | ess

particles have a hardness va whi ch does not exceed
t han or eq@l aaiGular (Bwnga@dsar\ﬁarm) @fs desired. For gbeestgfqrﬂnamr( on suifabie har dness

s A A5, 380 R 1 ARk B i 2, 1Y, =
har.dness, but Plastse{88TphypaiEsd-n neticiarhstebgincorpotited by refeférgenal Mohs'
hardness scal e O S Bl el ot Seardge hoRicis size.
) (eqmyalent spherical diameter) of at least 3 micrometers, and preferably at
20 least at;ouf S'fnicrorhéters, and more partibuiarly maintain their minimum
o particle size (equivalent spherical diameter) of at least 3 micrometers, and
preferably at least about 5 micrometers, under processing conditions, such as
the forces generated between adjacent fibers during weaving, roving and
other processing operations, to maintain interstitial spaces between adjacent
25 fibers 23, 25. In other words, the solid particles preferably do not crumble or
deform to a particle size less than their minimum particle size under typical
glass fiber processing conditions, such as exposure to temperatures of up to

about 25°C, and more preferably up to about 400°C.



of the surface of a material. The Mdhs' hardness val ue of glass fibers
general ly ranges fromabout 4.5 to about 6.5, and is preferably about 6. 20
R Weast (Ed.), Handbook of Chem stry and Physics, CRC Press (1975) at

page F-22, wiwool4dsss hereby incorporated by reference. The Wehssodtagsaness
value of the solid particles preferably ranges fromabout 0.5 to about 6.

The Mohs' hardness val ues of several non-limting exanples of solid
particles suitable for use in the pre$tnt invention are given in Table
A bel ow. 25 WD 99/ 44956 '

PCI LUS99/ 04057 -12 -

Table A - Glassdibersianesubjest to abrasiveyear by contact withvasperitiesrafness

i ai nal | ’ | = . )
gggh? '2 Fgf ; ]S ca e)adjacent glass fibers and/of thé?’%Bﬁcg oneI:trs'o(??natenals which the glass

about 0. 5- 1[ err Jfibers contact during fommg aﬁd}leﬂbequestt;irbd@smg, such as weaving or

about 1f[err] o al c
about 1-1.5[ errJoving. “Abrasive wear’, as used herem dmeans scraping or cutting off of bits

gggﬂt g g g €igf the glass fiber surface or breagga/ géﬁglhéé‘ﬁﬁé%s by frictional contact with .
about 1. 6-2[ errJparticles, edges or entitiasoif matérials whighhare heuhenagh to produce
Zggﬂt 4?[;: ]r ] " damage to the glass fibérs Céf?lcén%*t‘g%rﬁad%ncﬂon Wear, Lubrication,
about 4.5[err] (1996) at page 128, which is ha’eby’in’uamorated by reference. Abrasive

about 2. 5[ err] gsp
about 2.5[err] Wear ofglass fiber strands causes girapd breakage during processing and

about 4-5] er.[ d surface defects in products such aQﬂWerLcl?th and composites, which

about 2.5-3[e

about 5[err] mcreases waste and manufactutinglcoah

gggﬂt j g% g: : % . To minimize abrasive w@ér he\,%’,l% particles have a hardness value .
ablout 2.5-4] ﬁr r lwhich does not exceed\d,elH8 lds8kah absyial td, chdrbihess Vaisloftre 'scal e
relates to the

glass fiber(s). The hardness values of the solid particles and glass fibers can

16 be determined by any conventionél hardness measurement method, such as
Vickers or Brinell hardness, but is preférably determined accordin§ to the
original Mohs' hardness scale which indicates the relative scratch resistance
of the surface of a material,' ‘The Mohs' hardness value of glass fibers
generally ranges from about 4.5 to about 6.5, and is préferably about 6.

20 R.Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (1975) at
page F-22, which is hereby incorporated by reference. The Mohs’ hardness
value of the solid particles preferably ranges from about 0.5 to about 6. The
Monhs’ hardness values of several non-iimiting examples of solid particles
suitable for use in the present invention are given in Table A below.

25



resistance of a material to scratching. The instant invention therefore 5
contenpl ates particles that have a hardness at their surface that is_
di fferent [err] K Ludenm, Friction, Wear. Lubrication, (1996) at
page 27, whig# I S hgreby i ncor porated by ref erence. [err]
Handbook of PPy and Physics at page F-22. [ er r ] PRI/USSAAPOST Sy .,
Hawl ey' s Condensed Chem cal Dictionary, (12th Ed. 1993) at page 793, which
i s hereby incorporated by reference. rr] Haw ey's Condensed Chem cal
Dictionary. (12th Ed. 1993) at page 1113,” #¥hich is hereby I ncor por at ed
by reference. [err] Hawl ey's Condensed Chemi cal Dictionary (12th Ed.
1993) at page 784, which is hereby 'gﬁgrAporat ed by reference.
[ err] Handbook of Chemi stry and Physics a F-22. [err] Handbook of
Chemi stry and Physi cs @&blidyadiele matdnal Fr i CtMohs! hardwea€ (originaDscalepl | ONnj at’
page 27. err] Frictbaéhnitidear . Lubricdtion at pagsbodi2: lerr] :
Friction. Wearj Lubration atapipiage 27. [err] Fri céhooh0.5-Wear,
Lubrication at jpage 27 molybdenurh disuliideHandboolt of Chemi st aboutid. Physics a
page F-22. _[err] Handbod#c of Cheni stry {and Physi caboutti-t8ige F-22.
[err] Handbook|of Cheni stryme8d Physics at {page F- 22 about2.8-3.25 Handbook! of-
Chenistry and Physics at pkeplinie 5o 14 Handhook a8t &62& stry and
Physi cs at- page-E=22 _ YRELR] bhook gf Cheni gugpoﬁtdfﬁ;a)hygi cs_at _bage
F-22. [erd ' L)Land—gbysugsal—%au&” — W
09/ 44956 ium f SO Mt 2 |
PCT/ US99/ 04057 |- zinc oxide - aboutd.s 13- from
t he har dness of—t—he—i—a-t—ew%mm’r?tﬁr of—tHe—peartt+et cgh""u.%da—i—t-ﬁu-ﬁace.
e pper’ [ ) 1, ~ | “about’2. .
More specifi cal . _ e—can ey e -
manner . well : ' ot '

t 2.

cl addi ng or about 5™ :
palladium - - about 4.8" :

platinum ' - ' ~ about4.3" :

siiver - about 2.5-4"° s

As mentionad above, the Mohs' hardness scale relates to the
resistance of a material to scratching. The instant invention thereforé
5 contemplates particles that have a hardness at their surface that is different

2K, Ludema, Friction, Wear. Lubrication, (1996) at page 27, which is hereby incorporated by
reference. _

® Handbook of Chemistry and Physics at page F-22. :
4R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 793, which
is hereby incorporated by reference. :

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

® Hawley's Condensed Chemical Dictionary, (12th Ed. 1893) at page 784, which is hereby
incorporated by reference. ,

7 Handbogk of Chemistry and Physics at page F-22.

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

® Friction, Wear, Lubrication at page 27.
"% Priction, Wear, Lubrication at page 27.

"' Friction, Wear, Lubrication at page 27.

* Eriction, 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.
'® Handbook of Chemistry and Physics at page F-22.
77 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.




encapsul ating the particle or chemcally changing its surface _
characteristics 5 wusing techniques known in the art, such that the

surface hardness of the particle is not greater than the hardness of
t he gl ass fWOdPH498hi | e t he hardness of the particl e Bemage¥piesie
surface is greater than the hardness of the glass fibers. For exanple
but not limting the present invention, i norganr c particles such as

silicon carbide and aluninumnitride can e provi ded with a silica 10
car bonat e or nanocl ay coati ng In addition, silane coupling agents with

al kyI e chai ps can erh t sur i de
particles to qugltla%ﬂardnes%o @8f'6&§ POMeRE & ihe paérgle%enea@%esrugé solid
particles 18 uagfdi écﬂicaﬂi‘%@é@ﬁé&&o*tﬁé%ﬁhlc@cé‘rﬁﬁe ﬁﬁ:drfed mfaagﬁ%né Om
ceranmic materi al s, rretal ic materials and m xtures thereof 5 Suitable -

ceranic mat er iwelkkmovet indtbe st incluging b'él'e@t liprted to @Qﬁfmﬂs claddinglor

nd o it e e Biritie 8P hERRAERGIGiR) bt R bRt ool "o
][ri tri Sﬁ- l f, bolrrris;ngltéc:'mlﬂ;ieeskhow? rrlo metdnf, such thatrtrvaét a%m haranatmmhérat fer i al N

rom Ich soll arti cles useru I nv Lon are 1orne
Anon limti nd’%?&ﬁfﬁ @0"&"3%365@'\} eﬂ’@r%nesgﬂ?ile g|§3§ﬁlpﬁ[sw le thg hardness); ¢ abl e
metal sulfideseftRely uﬂezérpémm@ra%el ié Pﬂﬁterttﬁ&ﬁ fhetflrdness wmeprasge,

tungsten disulfide and zinc sulfide. nmetal silicates inc
al um num si | i chess. Eademmiegugmtslimmnet&premttrmr@onemargam pesticles al s

copper . 35 got e T ol e SR i Bkl B SRR S HIH ¢ o

al um na andQsi¢drbenate or nafodlhy céatihg. In-addition, srlanBrdainl‘ r@égent& With ialigt gani ¢ -
solid partrcles 18 are also solid lLubricants. herei.n, "solid -
| ubri cant” measide chains cas berereiad withdhe isurface 9“3?@&0’1'99 ﬁgﬁ@les to proyide
characteristic habit whi ch causes themto shear into thin, flat
VIO 99/ 44956 e%&f@%dﬁa@@ | |
PcT/ uS99/ 04057 - Generally, solid parhcies 18 useful in the present inventioti4an be

pl at es whi ch rFadr Ly slide over oNn nd t hu rodu

antifriction 'O eFﬁ‘BP? E%(PF‘H@ %‘ %? ?’f?és Eﬁ"i Ffeﬁgﬁerfﬁf‘f ace and an

adj acent sabi dSurtable gefanii€ Matéiald mﬁidecm@tapﬁmﬂescmetar okideSOihefah. See R
Lewis, Sr., Haw ey Condensed. Chem cal Di ctronary (12th Ed. 1993) at

page 712, whi crarb@essmet?érselﬁges. reaiableridesdmetal rs@p%treéneefal FRbonales and t he
resi stance to ﬁlli)h&’eQQh&QSf

A non-hmrtrng of a suitable metal mtnde is boron mtnde, which is the_ -
preferred inorganic material from whrch soird partrcles useful in the present
20 invention are formed. A non-rﬂ'nrtrng example of a useful metal oxide is zinc
oxide. Suitable metal sulfides include molybdenum disulfide, tantalum
disuffide, tungsten disulfide and zinc sulfide. Useful metal silicates include
aluminum silicates and magnesium silicates. Suitable metallic materials
include graphite, molybdenum, platinum, palladium, nickel, aluminum, copper',
25 gold, iron, silver and mixtures thereof. A useful mixture of alumina and silica
is fiy ash.
Preferably, the inorganic solid particles 18 are also solid lubricants. As
used herein, “solid lubricant” means that the inorganic solid particles 18 have
a characteristic crystalline habit which causes them to shear into thin, flat



solid over another. F. O auss, Solid Lubricants and Self-Lubricating

Sol i ds, (1972) at page 1, which is hereby incorporated by reference.
In a preferred enbodi nent, the solid lubricant particles have a | anell ar
structure. Particles haV|ng a lamel |l ar or hexagonal crystal structure are
10  conpose¥O8¥484feets or plates of atons in hexagonal arFFHMSUMPH strong
bondi ng within the sheet and weak van der Waal s bondi ng between sheets,
provi ding | ow shear strength between she §h4s. Friction, \War, Lubrication at
page 125, Solid Lubricants and Self - Lubrlcatlng SO|IdS at pages 19-22, '

42 54, 75-77, 80-81, 82, 90-102, 113-120 and 128, and W Carrpbell
"Sol i d 15 - LubnitsaWhich reaewﬂ@bvb\aaﬁéaﬂath@nand\fhuérb%@dc%%aif bhd
Li t erat ure, ASVE Resear’ch ttee on Lubrication (1969) at pages 202-

203, whi ch ar dubricating, effew:amw ﬂ‘@rgla%e:f hey suface andan adme@teauhd solid

particl es havi ( cture are also
useful in the %%gg%n{w%ﬁgh? ing\rllv.h 'CE'HJS %neﬁlgagn' g%ﬁwr‘% TQ"?I H es of

sui tabl e i nor goridensed Chehidzi Dﬁuﬁoham(tz'tl@ Eds‘lQQB) drpuge g 12, wisiok|ls ar
structure |g1cl ude bor on nit hite di chal cogeni des,

.
mca, talc,® gyIsEehy Ingarperated by refg e&cge F"E%lh!sdh? resigtance tojsfigisgone syl £ de
and m xtures tgaggepée a:%tﬁérefFf Qﬂaﬁé&omﬁ% %m%wgep&a&&@# %bﬁélsegs

i ncl] ude. boron nitride, graphite, .nme I chal cogeni

t hereof - (QTQ)aSIpegmét whlonuahatebwgmmtem téfierenes.ybdenum di sul of i de
nmol ybdenum 25 “di-s t sel epi d -
tungst en disul fi de(?"g gf%{raﬁ%@{b@ﬁ“ﬁ%rgeﬁ% h‘g?%ﬁﬂ'&%a?ﬂfﬁq% ?We?%m ?lar

Boron nitri de staeture. Particive Haying &manai h@fag&hﬁ"crﬁétéllﬁtﬁmm@e afee nost

préferred for use in the agueous S|2|ng osition. -Boron nitride, zinc.
WO 991449580 -composed of sheets or plates of atoms m exagonal array, with strong  ~

PCT/ US99/ 0-4057oondm|9 within the sheet and weak van der Waals bonding befkan shests,
sul fide and nontnorillonite particles also provide good iteness 1n:

conposi t es wi tpIoyiding ew sbemﬂengtmtmeea Ishestac &mm.ﬁmmq_ n at

Nonllmtlng Ji S i he
present i nventH ggqgge 2 BT e F . E&a%;f g%#“?fi#and 5
PT 180), 300 FE-7EBOHT &59&)-1@2;11139@26%“28(5% WL Canipbeft 38olid®T 640 and
PT 670) boron nitride po er partlcles whi ch are com*rerm atIIy avai |l abl e

from vdbagantsn, yd.ubgeglion; AnAparaisal.ef Yorld . SAMEhernf err]

Thermal |y ConchJé(*fE.(Lsj ] r‘i’éﬁfﬁ bulletin
of Advance raﬁb@%%@r[g?l on r(;f(ﬂf_ake é#%ﬁi Zh?i\ggigﬁ%lrmm ch S
hereby 10 i nderghy iacenotated by ceferance. Timsganipsolid mmdeslhav;ngatlamellml '
conduct ! V' ty- cfIlHerene (buckyball) structure are also useful in the present invention.

Non-limiting examples of suitable inorganic solid lubricant particles
20 having a lamellar structure include boron nitride, graphite, metal ;
dichalcogenides, mica, talc, gypsum, kaolinite, calcite, cadmium 10dlde silver |
sulfide and mixtures thereof. Preferred inorganic solid lubricant particles
include boron nitride, graphite, metal dichalcogenides and mixtures thereof,
Suitable metal dichalcogenides include molybdenum disulfide, molybdenum
25 diselenide, tantalum disulfide, tantalum diselenide, tungsten disulfide,
tungsten diselenide and mixtures thereof.
Boron nitride particles having a hexagonal crystat structure are most
preferred for use in the aqueous sizing composition. Boron nitride, zinc



about 250-300 Watts per neter [err]K at 25[err]C, a dielectric constant of
about 3.9 and a volune resistivity of about 10[err] ohmcentineters.
The 100 Series powder has an average particle size ranging from about
5 to about 14v099/44936i croneters, the 300 Series has an aver aga ¥bhdes) € Si ze
rangi ng from about 15 100 to about 150 mcroneters and the 600 series has

an average particle size ranging fromabout 16 to greater than about
200 m croneters. The solid | ubrtscant particles 18 can be present
in a dispersion. suspensi on or emulsion in water. O her solvents, such
as mneral oil or cohol. (preferably | ess than about 5 wei ght
percent), can b%ulf%awawnﬁrnorﬁlmﬁg@art@iemigo p@Yjslesgaodwhiteneselissi red. A
non-1imting exgdm ut 25 wei ght
percent boron ni tr#gs qq’te@éé‘ﬁﬁ’\?&xe?‘a@"amr"ﬁh%%ﬂ% %@(ON NI TRI DE

REL EAS]ICECOAI COd\IC whi NM-Ilmltmgraxarrmled dfiboron nﬂrﬁeepéraﬂbssﬁm %YBsSQﬂﬂiengS
Inc. of Oak Ri dge, Tennessee. REL EASECOAT- CON

L schni cal bul PESERCIBYS R 258 PasTrerm@ 108 Seres (T AROIRT AP ART 160 and

i ncor por at edsbyp1efgey, %merésgpfrehsw ah® 800Beries P‘?'GQ@' P’?%Bot 59?69-9

nitride particles inthis product have an average part of
| ess than about P8 670} borestnitride ppwder partiples sthich afes:mraaﬂypealt&lﬁfrmﬁ

boron i tride. pAPAEREICE IR BHERpA R Epkelyacdt Mo, HRfBrarin T
PpC%J_USSgl 04087 THERAY €iidactive Fillers for Polymeric Materials” a techmce:le bulletm of

Q her useful prgvRAced\Grramics corparatien of hakgvaads Qhin(1996), ovhichvis hegehy ngs
i ncl ude BORgY analpg’?atbyﬁﬁ' é?fée cB2ithkse §§ﬁ%§s %aatﬂgn%lcgnduct%g@rEASE

products. rnative ment sl zing, secondary coating
or tertiary 5 abm:it%ﬁgﬁ(lﬂdfvﬁtbsper meter 8Kt 28PQa dieldchric qunetamb bf albond3td on can

include fillers nt ai ni. Iub &,I|ICOI’1 based u Lch will
react with al ka?ldﬁé’f’@weafe?s i SQ ?@r%@y@q i cates
whi ch i nhibit apéglér rﬁlsta%%vé?égé bértu@lle%‘?ﬁe rangmgsf#t{rﬁ 866t ﬁo‘%lﬂu@%y, the

filler also contains a polyvalert netal catron such al um num
Exanpl e of suchmigrpmetess,ithe B0Q Sesies hae anaygrags rauticle atﬁewnmnm&pm aboot

o0 et 487 0B BRI AR i 800 el TAPE Byl g ¥ ="

essential ly fresizetargmy fiomtzEbout m@tcggrmber&mén dbdutld00cuictonpsteds cl es or

abrasive : The solid lubricant particles 18 can be present in a dispersion,
suspension or emulsion in water. Other solvents, such as mineral o ;>r S
alcohol (preferably less than about 5 weight percent), can be included in the

20 sizing composition, if desired. A non-limiting example of a preferred
dispersion of about 25 weight percent boron nitride particles in water is
ORPAC BORON NITRIDE RELEASECOAT-CONC which is commercially
available from ZYP Coatings, Inc. of Oak Ridge, Tennessee. "ORPAC
BORON NITRIDE RELEASECOAT-CONC”, a technical bulletin of ZYP

25 Coatings, Inc., which is hereby incorporated by reference. According to the
supplier, the boron nitride particles in this product have an average particle
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 to the substrate to which the dispersion is applied,



silica particles or calciumcarbonate, i.e., conprises |ess than about 20
wei ght percent of hydratable inorganic |ubricant particles, abrasive silica
15 particles or calciumcarbonate on a total solids basis, nore preferably

| ess tha;a 5 wei ght percent, and m)st pr ef erably | ess than 0.001
vei ght percent, SR8k As used herein, "hydratable" nmeBRYUENAE0ST he
solid inorganic |ubricant particles- react with nol ecul es of water to

form hydrates and contain water of 20 hygg@gion or wat er of
crystallization. A "hydrate" is produced by the reaction of nol ecul es
of water with a substance in which the HOH bond is not split. See R

Lews, Sr., Ha rbql@d]ﬁﬁjw ) }%}‘T at
pages 609- 610 ‘gnd T. Ige]rros Chg?r%ﬁrsatrﬁeé) f?)%élWaﬁablé ggﬁl%éf?%g%l ch

are hereby i ncinghsieaBORON NFERIDEHJBR T@epaﬂ'ﬂ,eERAZE STOPandVELED hydr at es,

25- the additi mol ecul es is conventionally indicated by a’
centered %L%%pro‘u’%gﬁo 4SiJerr](talc), [err] (kaolinite) . Hydrates
contai n coor di nat edin/éi Sternatiecémbodifnént iy, sBSorralty %@arﬂgrbrtt&ﬁar@ydr at ed
material and cannot be renmoved without the br eakdown of the strucCture,

and/ or stru® upaatlnsa@@vpomr@rac@em tocthe presest investiancarmiaclyde filarsr e t o add
to g :

PCTI US99/ 4057 %8%%30[&!:—; silicon based groups whlch wnli react with alkali r9atenals

el ectrostatic euchgy camehblatfoupaﬂqalﬂsmgatelsevﬁm lahdm ath‘ahdﬂacg of thR.gldssans,

An | d Cr 948). h b
cor por at ed by, Eptganly, e sief diso el o abctal St gutiiatons

si zi ng conposi aiuiinG@n ExRFipk: 6f suchilldrinolte siindirstited ealciunpedBBhatesol i d
| ubri-cant materials in.addition_to the non- a¥ﬁ0lratabl e inorgani-c solid -

| ubri cant -n& eKeelins SGP%%MB@C’&'BW@S ang pozzolanic maarialsspaduas iy &8h. of  such - -
hydr at abl e |norgan| | Fal cL
phyl 1 osi li cat es,. ﬁ\tﬁgld rrlgfei’rﬁggas 2 g{en%isl@%éﬁ;'ﬁ%?sm?"aﬁca é’feFEb'&?’

nmont.rori | | oni tessém:ally free of hydi'agmtsmmganicsohdlmmncant pamc!es oahbrasivati ve
preferred enbodj ent [

I ¢ ticl th | |
conduct i ve, é“'caﬁﬁmgi equr?@ IEcg’r‘? '91?%"‘5& 5 E?s?ﬁé?r?bgﬂgﬁq sr y

Watts per rret e'Weléht%éﬁdénﬁéf ﬁwraﬁbmb@ahm@whcahf parfiSles wa&v& Silicaand the
metal i c inorganic solid |ubricants discussed above. The t her nal

conduct i vi t\p ~ particlgs of calsiyra cathoaaieen adetabolide basisi mete prefesallylasshod known
t killed d
agcgpgl flgl toeA% %%H§W§%8ﬁttper V\hlﬁgﬁmfogﬁ% W%ﬁgﬁ%ﬁ?%gﬁmfef er ence)

at a; terrperatunperwhtabout 300K.

t he

As used herem “hydratable means that the solid i morgamc Iubncant
particles react with molecules of water to form hydrates and contain water of
20 hydration or water of crystallization. A "hydrate"’ is produced by the reaction -
of molecules of water with a substance in which the H-OH bond is not sbfit. ,
See R. Lewis, Sr., Hawley’s Condensed Chemical Dictionary, (12th Ed. 1993)
at pages 609-610 and T. Perros, Chemistm, (1967) at pages 186-187, which
are hereby incorporated by reference. In the chemical formulas of hydrates,
25 the addition of the water molecules is conventionally indicated by a centered
dot, e.g., 3Mg0e48i0,eH,0 (talc), Al,0,#2Si0,02H,0 (kaolinite) . Hydrates
contain coordinated water, which coordinates the cations in the hydrated
material and cannot be removed without the breakdown of the structure,

and/or structural water, which occupies interstices in the structure to add to



In another alternative preferred enbodi nent, the inorganic solid
particles 18 are electrically insulative or have high electrical

resistivity, i.e. have an el ectrical resistivity greater than about
1000 mcr oohWDcSWMS'ﬁQJch as 20 for exanple boron nitride. PCT/US99/04057 T he
i norganic solid lubricant particles conprise greater than 20 to about

99 wei ght percent of the sizing conp05|t|on on a total solids basis,
preferably greater than 25 to about 80 wéﬁght percent, and nore preferably
greater than about 50 to about 60 wei ght percent. 25 In addition to

t he i norganic oI| ticles ueous Si zj conposi tion
preferablgy co %@Péf‘?éccﬁnem* J}b‘?}ﬁq ?&Egihq%&gwf,@argg Rplyans, al s,

such as therrmmiﬁtrdaﬂmﬁai 66945&! CHes1isfRR |(fodd) @t pR¢So A and
m xtures thereof Preferably the po ymarlé fll)mPaérm ng‘ﬁ‘ﬁ?@%ﬁgﬁ%&orma .
general |y contineeieeeated byréfaeancappl i ed to the surface 16 of .the gl ass

‘I;'C_?_? [g 99/ 04057 \Whi?g ﬁéﬁ?ré@rred the aqueous sizing composition can coPgm

nger ally, 5Behymnaute curfhyﬂcdtmcrgaria? bm;]d bricary migékdis B addifigh fodhge from
about 1 to about ercent of the aqueous sizing composition on a-
total solids KT éydr\,\?ag?eeﬁng W'%ﬂt'"%@&"‘g’ﬁf s discygsed @boper Nemt and nore

preferably abquﬁltlﬁ& eSchBié@l&f sﬁ&h léé?sbfg:de?ﬁdc sl.oo(y? lubricant maB?ﬁ etting

polymeric filmform ng materlasare pr ymeric mform ng
materials for Gl@emineralphydigsilicates, including cicasoisiich asn'fuscon@,ttalcg - glass

fi ber strands “]ﬁ |'s are conpatible

W th therm)setrﬁan m ﬁ?%%'@%%fgb%gﬁgf&%ﬁ&gs for printed circuit
boards, su¢d as FR 14 aﬁrzmérhaméIﬂ?éferrbbleﬁiboﬂitﬁerﬂolh)éfmﬁl’ghh@%%hd pRGXEsgsi ns 10
and in one particul ar enbodi ment. of the invention is a difunctional - o

br oni nat ed aredhermally copductivecie., havs atharmal eonductivitygreatesthapabioutr r |
ASM I nt er nat i o % r

i ncorporated by r eit"srpeeﬁ(G:ﬂee?grglk o Fe;%ﬁ%’?#’?’ﬁ@'ms@{aﬁhﬁ% arig%/.tg?i al s

i ncl ude ther metalhmgorgah:;cwhdalub,ncaplmd;scussed abdve. i Fresthernalydondsdtivitg,
phenol i cs, st s setting. pqglyureth 15 and mx ur es

t her eof . SU| ta £scﬁﬁépﬂiﬁ§§fﬁ% é%‘?ﬂﬂ@garbﬁ Q"M@%B%‘? K euspio one skilled e st er s
whi ch are ¢®nMMBEGrakLsh 8y td giitlréed hmlsmheﬁemeémiﬁg t8ETM c-rﬁlby mers of
Port WAashi ngt on, W sconsin and NEOX| L pol yesters whi ch are -

commercial |y dY4ghisherabydneamepiated by esferepre) atia temperature of about 300K.
In another alterna_tlve preferred embodiment, the inorganic solid

particles 18 are electrically insuigtive or have high electrical re_sistivity, ie.,
have an electrical resistivity 'greater than about 1000 microohm-cm, such as

20 for example boron nitride.

The inorganic solid lubricant particles comprise greater than 20 t6
about 99 weight percent of the sizing composition on a total solids basis,
preferably greater than 25 to about 80 weight percent, and more preferably
greater than about 50 to about 60 weight percent.

25 In addition to the inorganic solid particles, the aqueous sizing
composition preferably comprises one or more polymeric film-forming
materials, such as thermosetting materials, thermoplastic materials, starches
and mixtures thereof. Preferably the polymeric film-forming materials form a
generally continuous film when applied to the surface 16 of the glass fibers.



In a preferred enbodi ment the thernosetting polyneric material is an 20
epoxy material. Useful epoxy materials contain at | east one epoxy or

oxi rane group in the nolecule, such as polyglycidyl ethers of

pol yhydric awg?ggg thiols. Exanples of suitable epoxy filmform ng
pol ynmers i ncl PON[err] 826 and EPON[err] 880 epoxyCFEEM4057 whi ch
are commercially avail able from Shell Chemi cal Conpany of Houston,
Texas. 25 Useful thernoplastic po gmarl c materials include vi nyI

pol ymers, thernopl astic pol yesters, "pol yol efins, polyam des (e.g.

al i phatic pol yam des or aromatic poI yam des such as arani d),

t her mopl astic @@Hléfﬁﬂ)ﬁttﬁ@aﬁ)‘éun?&fr r)HI)}n‘ierlc fi Im-@ﬁhlﬁa?ﬁﬁeﬁélgcgﬁ?érﬁ] rhher eof .

Preferred vinyl polyners useful in the presen | ude
pol yvi nyl pyr raoulid e absuldp weight pergentf tir/aqueces suzﬁthposntlon oV® 99/ 44956

PCr I US99/ 04057 60 and
PVP K-90, eac OB SQlide fsis, prefambl racbloéllt? °a€%?‘fq§|‘%e'€'?t(ﬁﬁ'?§a and M@fei cal s
of \Wayne, Newp]'efesd;ly aﬁbhte#ﬂ&mﬁoabﬁ@weighybemhuners i ncl ude Resyn 2828

and Resyn 1037 vi n acet alé'? nul si ons which are commercially
avai | abl e f?om Nat | ﬁ’Hf“’sﬁ Q:H°'B'é’ﬁéggh@rrm5& Mgterigls afe prefewed polymesic as are
conmer cial ly aiiitbaRig rﬁétéﬁ&lé'for%se'f#iﬂeeéq&%s éizfngp 6091%?;%%%9{1 ogting

Chemical s Co. . of - Al entown, Pennsyl vani a
polyesters us@%ﬁs fiber strangs ofthe present inventior. rBuchdeaterials aﬂzsmaamzooo ‘and

of 111 sbur g VRLERDPelind e Raopis uped 3 Hip ot Sie @%f%avlr o e

resin which i sboaods;ﬂsucth ah IFR-Qépb*yilébmsT WhIEh are polPRindGohdre fsof
Col unbus, ~ ﬁ Usef uI am des,_ i ncl ude the VERSAM D roduct s whi ch
are comer & aldng 18 ORE Pagiicular emRodimentaf the invention is adifunctionabt rormnatemsef ul -

thernoplastic éb%k?’%ﬁﬁé"agé‘é q E@Eﬁkﬂﬁ WT Qndbookf'yvfgs%&t a‘ﬁgnél
comrerci-al |y available from cago, |||In0IS
and RUCOTHANE[(4989) az@agetswsw,rwhmhaee ha‘eby mmbrpdnahed by refererogrer ci al | ¥
avai |l abl e from Ruc of Hicksvi,lle : TFhe
agueous Si zi ng con@ggﬂﬂ%ﬁm '8%%?%3 Igcil/ﬁdgtﬂaﬁrg\ogpﬁlgg@o]y;esters epr?ESYe

t her moset ti ng matepame! vidylssters, Ip’stie%omst Brfitpiddts, "!Wérﬁxd‘s@ﬂ'hﬂgﬁ
pol ymeric terl als. In a preferred enbodinent for lamn or pr| nted 20

circuit bo&td®n t’ﬂ'&%@ﬁ S}'\?é?qcSHH?@P|ﬂa¢f§1°§ﬁﬁ'ﬂﬁ@°b{qa@0mmclﬂdzlsmhpos| tion
SorPer e, "SRR PO e bR ES SR B, o,
' - Polymers of Port Washmgton Wisconsin and NEOXIL polyesters whlch are -
commermally available from DSM B.V. of Como, ltaly. |
| In a preferred embodiment, the thermosetting polymeric material is an’

20 epoxy material. Useful epoxy materials contain at least one epoxy or oxirane - A
group in the molecule, such as polyglycidyl ethers of polyhydric alcohols or C
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.

25 Useful thermoplastic polymeric materials include vinyl polymers,
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-



alternative preferred enbodi ment suitable for am nates for printed circuit
boards, the polyneric materials of the aqueous sizing conposition conprise
a 25 m xture of EPON 826 epoxy resin and PVP K-30 pol yvinyl pyrrolidone.
Usef ul st arwbewsdspec| ude t hose prepared from potatoes, coracTRB®R4057

waxy mai ze, sago, rice, mlo and m xtures thereof. A non-limting exanple

of a useful starch is Kollotex 1250 (a | ow viscosity, |ow anyl ose
pot at o- based WO 99144956 -19-
PCT/ US99/ 04057 -20 --

starch etherified w th ne oxi de) which i,s, comyercially available from
AVEBE of the é\%?ﬂ‘éf’\éﬁ&@ Zaé?, °fW'¥°h az’q—ﬁgﬂg@m}ﬂlﬁ/@v@l ﬂ'ﬂﬁéﬂnﬁ%" can be water
sol ubl e, ewlehémrelalseofwéﬁfée é;"se oﬁé}%ﬂém&%@b}fa mers iekdeNer ei n,

"wat er sol ubl e" means that the pol yneric materral s’ are capagl e of bei ng
essential | y uResyvr2828 andResyn 03T viny! acetatercopaiyinar émulsioriswhickbarey

i ch 1< her Ry PR aaRe KoHFRoA Sikten. 6% oe RN eBleGE 2 110

the pol ynegi csubht £ drelcanmigrciaitp abhiabfd fré@rHi BIOFuler and A.remeﬁ&t's ahiy stable
m xture or being suspended in water in the presence of an 10 emnulsifying

agent. See HaQP%@?'Cé"sa‘?O Pl ftlentgwn, Rgnasylyahider eby i ncor por at ed by
ref erence. Non |7 | are set
forth below "D sper Sl gPﬁégﬁ&ﬁéﬂe a@éﬂ%k%@ggé@(;ﬁy%ﬁgﬂts oraest he =

pol yneric DESM@?HENﬁZO@D@nda[DESMQRHEN@OﬁgKSI hmthldﬁw}mh arer oughout wat er
as finely divided

ticl h See Hawl at
335, whi oh | SCoBBmAlNAIRRIG TG BR ) gt BeonSiRaran AR b ot he
di sper si 0RQCapolpEsteiis RIFL84TA o|yes@ré§iﬁwuw:§lcemnfércaw é\béiﬂblech'éiﬁe" si-ng or

emul si fying a ents (surfactant -are di scussed bel ow. Curable” _
nmeans that th OWS’GF‘ |'@aﬁ§f§P|l§Pt§1& Oh'o aHﬁe@lP@Yafﬁ'éﬁﬁMﬁest 8f the sizing

conposi tion r ossllnked
to each ot he?vgo%n e Ct WRR% acrglcoggﬂé”rjcf%ﬁg '!agsé)f(g t‘%é’@’%ﬂwr%n ‘c
materi al s. Se@hemmasﬂrm aﬂsqﬁdgbemiasﬂclndlyurethanes mbmdelWlTOQB@Nm@t ed by
r ef er ence. t|o too of, t Ic materials
di scussed abo%299wh'°h s cﬁ’&ﬂﬁﬂg [ec{]BQfﬂyg'quq%rl’P P@?éb f/ conpri ses
one or noHg gbﬁﬁﬁgé Iﬁiﬁ&:s and R@@mm@m pwamﬁeﬁwéaawiéh fsane coupling

agents, transition nmetal 25 coupli ents, phosphonate coupling agents,
al umi num couptemmesaiaiytayailable froerngo Eo rrﬁqtg qM-Edavﬂbouprgkagent s and

m xtures ther eof lnae%ﬁleous sizing composition can compnse a mixture of one or

more thermosetting polymeric matenals with one or more thermoplastxc
polymeric materials. in a preferred embodiment for Jaminates for prmted

.20 circuit boards, the polymeric materials of the aqueous sizing composition _
comprise a mixture of RD-B47A polyester resin, PVP K-30 polyvinyl
pyrrolidone, DESMOPHEN 2000 polyester and VERSAMID polyamide. ln-an
alternative preferred embodiment suitable for laminates for printed circuit
boards, the polymeric materials of the aqueous sizing composition comprise a

25 mixture of EPON 826 epoxy resin and PVP K-30 polyvinyl pyrrolidone.
Useful starches include thpée prepared from potatoes, com, wheat,

waxy maize, sago, rice, milo and mixtures thereof. A non-limiting example of
a useful starch is Koliotex 1250 (a low viscosity, low amylose potato-based



coupling agents typically have dual functionality. Each netal or silicon

at om has attached to it one or nore groups which can react or
conpatibilize with the fiber surface and/or the conponents of the
aqueous Si m@ggg JEQ,?S' tion. WO 99/ 44956

PCr T1S99/ 90407 ™ - 2BCT/US99/0405s  used
herein, the term "conpatibilize" neans that the groups are chemcally
attracted, but not bonded, to the fiber su&tf)ace and/ or the conmponent s
of the sizing conposition, for exanple by polar, wetting or sol vati on
forces. Exanples of hydrolyzable groups include: [err] t he
nonohydr oxy andisfircie ¥ 7 wherein
10 R is (err] Ikﬁ: ﬁiehﬁeeﬂmhleghyﬁé}iér gu(fee??"cr”il@f1 ﬂskc%rnrﬂﬁféﬂ?]ag g?ﬁ%q'r] are

i ndependent | y sé| %gftheNet eands, Clerr] alkyl or CJerr] aryl; and R5 is

o oups ol ude. epoy g o Hegie matefids'cAR k2 RSP Hple erhlusable. ShRShRe
ur et hano, hal o, andbcycamale) Asiusediberein]i“@atep bblovle? means that 'ﬂ%(é pol@nkié at o,

met hacryl at o am no.qr po no, groups. 15 Functional " organo -
si | ane coupl i°ng a%.ggp@g}ggrq%@g P%‘-?e"'uﬁ'é/ yniformly blendedmngéernt i nvent i on.

L o ov e hbleduity! draBRLalfdidiised IndifteF @1l Brue solutBA® Bey ' ¢! 10°
i socyanat opr opyéemmemel 1307@,, whloWBherebtyl lkmrywatadrtgsr,eference - s
907t et onat | BB RS SnAe HoGRAR TR 4 PR ihRagmne: 32259' |
106" ganm hoxgssma?‘{ ?ﬂ?ﬁ?ﬁ%ﬁ?@ﬁ?ﬁiﬁﬁﬁﬁw'2*“??3@“"@“36’“6 *
am n095| I an 6}3\“ %ehiﬁm hAge- 461 e@h@bg%bgtabwmmmdl ane --
(each of whi ch g ?efSFé?RESr &Lm.ﬁge{( g@so%g Qb@émégﬁﬁhglab%§§ﬁré$§tasm 25

Tarrytown, New York). The organo coup I'ng agen
partially hydr ofwﬂidlﬁlom FDispersiblgfmeans thabamy ofthe componerits of fhletpzﬂ eric

preferably at ol. chi.onet rat o.or, if desi applled.
i n unhydr ol yzgadmfagﬁr%?s bhe ‘%p%b&a' gftbglﬂqgﬁﬁu{epéh ?)‘H"fﬁ;?a?s g’!ﬁibﬂ gdagent's
i ncl ude titani uparticlesCRIThIES a latex. Sé&é Havlg !éggt ﬁ@éq@su%rcﬁqg},é@g%agent S.

z

Sui t abl e t|t naf e coupling agents and I rconate coupling agents are
cormer ci al |>7 avBicPIRorated by relReances i he uniformity of the dispersion can be increased

by the addition of wetting, dispersing or emulsifying agents (surfactants),
which are discussed below. “Curable” means that the polymeric materials
and other components of the sizing composition are capable of being x
coalesced into a film or crosslinked to each other to change the physical

20 properties of the polymeric materials. See Hawley's at page 331, whxcb is
hereby incorporated by reference.

In addition to or in lieu of the polymeric materials discussed above, the
aqueous sizing composition preferably comprises one or more glass fiber
coupling agents such as organo silane coupling agents, transition metal

25 coupling agents, phosphonate coupling agents, aluminum coupling agents,
amino-containing Werner coupling agents and mixtures thereof, These
coupling agents typically have dual functionality. Each metal or silicon atom
has attached to it one or more groups which can react or compatibilize with

the fiber surface and/or the components of the aqueous sizing composition.



Pet rochem cal Conpany. Suitable chrom um conpl exes are conmercially

WD 99144956 _

PCT/ US99104057 - -22 - :

avai | abl e fr@P¥44856 duPont de Nerours of W mi ngton, Del avecBusedisfm no-
cont ai ni ng Werner-type coupling agents are conpl ex conmpounds in which a
trival ent nuclear atom such as chromumis coordinated with an organic acid
havi ng am no functionality. Other nmetal -@el ate and coordi nate type
coupling 5 agents known to those skilled in the art can be used herein.

The anmount of coupljng agent can range .from about 1 to about 99 wei ght
percent of th&%&%ﬁ%em»g?%ﬁr@omgg{%"&? gieapsihatine graupgareasi s, and

prefer abl y_abQenfcdify stpatied 1.4t BERARE 6 ber surface and/orig. aqueous

Si zing conposition c er conprise one or nore organi c | ubricants
whi ch are chendampanents 6ffthe sizing campesition fdrexample byapealai, aledting or  di scussed

60 wei ght  por AN agHEs” FEa PRI MBI ANzAB AR BIRS, 16 composicfon

is essentiagly free of organOc | ulrigzants, iR®., contains |ess than about

20 wei ght percent of organicjl ybricantsy and nore preferably is free
of organic 15 |ubriceps..0SEGH?, ONOBIRT -bIC- RANIENLECLEIggat | oni c,
non-ionic or anionic - ' lubricants and m xtures thereof, such as amine

i ch & conmanBThdHaldy anglor ovbl® CRETHARTAL S b1 E3 ME VIR New

Jer sey. dac'n?l smhislm,m:;gmyrf RE lsy}(-; mmaq aztkyl;am alebR* amigem?tmﬂwfelmt't y
acl an olye e lmne a m de supstitute al yet ene 1 mnes,
Such as ENERY ETRH Sr-Genliio oton 2 a9 R Ts Gt pliopet kodbramiorsl

comercially %b&béd?nﬁétﬁﬂkiﬁ@%ﬁ%h?%@&b@iﬁcﬁﬁé epoxy, Gidkddge, |11 noi s

The aqueous si zing conposition can include one or ying
agents for enmumercaptagyano,dliyipalkyl nrethane, balenisocysnathairaidacimidazolinylng 25

st abl e el <1t A3vEBE mARAIRIE A4 RERSTaPBROWE s oxyal kol ene. bl ock
copol yner s1§such a$ﬂcﬁﬁ@ﬁ!ﬁﬁd§ilaﬁeb@8?lm|agb‘fmr@mréﬁﬁedm YR enayl ene

copol ymer which is conmercial l % avai | abl e frqom BASF Cor poration of

Par si ppany, NeR{esentdayantion: fxaipiaskf useiy funshensl rEane Riang sourinpAL CA- 630

agents include gamma-aminopropyitrialkoxysilanes, gamma-
isocyanatopropyltriethoxysilane, vinyl-trialkoxysilanes, , _
gIyéidoxypropyltfialkoxysilanes and ureidd;iropyltriélkoxysilanes. Preferred
20 functional organo silane coupling agents include A-187 gamma—glycidoxy—'
propyitrimethoxysilane, A-174 gamma-methacryloxypropyltrimethoxysitane, A-
1100 gamma-aminopropyltriethoxysilane silane coupling agents, A-1108 ‘
amino silane coupling agent and A-1160 gamma-ureidopropyitriethoxysilane
(each of which are commercially available from OSi Specialties, Inc. of
25 Tarrytown, New York). The organo silane coupling agent can be at least
partially hydrolyzed with water prior to application to the fibers, preferably at
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 agénts and
30 zirconate coupling agents are commercially available from Kenrich

Petrochemical Company. Suitable chromium complexes are cormmercially



WD 99/ 44956
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et hoxyl at ed octyl phenoxyet hanol which is comrercially avail able from GAF

Cor por at i on_0of ne, New Jersey), polyoxyethylene octyl phenyl gl ycol
ethers, et h;"‘ﬁ’gﬁé\g%ﬁi de derivatives of sorbitol esters, poll’%&’%"(%‘}ﬁ’at ed
vegetable oils (such as ALKAMIULS EL-719, which is commercially available 5
f rom Rhone- Poul enc) and nonyl phenol surf?“ztants (such as MACOL NP-6

which is commercially avail abl e from BASF“f Parsi ppany, New Jersey).
General ly, the anount of emulsifying agent can range from about 1 to about

30 wei ght - per CgpdiiaRle fréif E2AWEPUAL A REABURSTAIRNInGRM, BRINEFO! Fhe SRlild1S

basi s. e aqueous sl zing conposition-cah I nclude one or nore
aqueous 10 sol cthteiningWiesndrityie eouplingiagpets aré cemplex corriperinds in whicthaas

nestes.ar o pot r Sralspt nucie A9 uch 3K SdoTy. 3 B goBGSto 8 Wh A0 A ARR | ne.
wax, POLYMEKONhgvihg amino fulfBRoniiity. Comer wietdlicheRe: de cdidinele l:alﬁﬂiﬁé
m crocrystal l i ne wax which are comercially available from M chel man

Inc. of G n& nAgents knpws tetheseskilied iptherast cancbeysembhereinon of Tul sa,

k|l ahoma, respecti v : et about- 1 .t o]
about 10 wei ght per%%?mgﬁnfé@owgf%%&mc_.ancog%,éﬁ.’?%&ﬁ on°_a ng? solids. ,
basis. . weightCpesceht ofithe gquedter sizihg compokitiors onel tetal salidé dbasis| amhyde,
-and". ~ - plastigizers, such as phthalates, “trinellitat-es and-adi:pates, can
al so be 20 i nBT%ﬁ‘@g[yi#Pquﬁgq%aE%‘gu weight per osition. The anount of
crosslinker or T 8§liddisZsiZing 86padifich é4rPfirtABPE meriseriztithore Wei ght

percent of the sjzing "~ conposition on a total solids basis. .~ = .
Ot her addi t10/e orasmic Ivbricanés whish are chemicalivdigrent fremihe polypesicmaterials - -

a2 5| oSS SR LS gkl AL L
i norgani ¢ aci dabout 8faweight peraentaorganic lubdtants) preferalsly mejsiiidgécbdnposimm(?us
"2 s 1 0 oUPEohbl BB B & P Hon 5 o0
YGRS S RIS fonc brin s Rty h s er o ! o
15 lubricants. Such organic lubricants inciude cationic, non-ionic or anionic
lubricants and mixtures thereof, such as amine salts of fatty acids, alkyl
imidazoline derivatives stch as CATION X, which'is cqmmérgiélly_avai__l_able L
from Rhone Poulenc of Princeton, New Jersey, acid solubilized fatty acid . :
amides, condensates of a fatty a.cid and polyethylene imine and amide
20 substituted polyethylene imines, such as EMERY® 6717, a parﬁaliy amidated-'jf
polyethylene imine commerciaﬂy'available from Henkel Corporation of |
Kankakee, Illinois.
The aqueous sizing composition can include one or more emulsifying
agents for emulsifying or dispersing components of the aqueous sizing
25 composition, such as the inorganic particles. Non-limiting examples of
suitable emulsifying agents or surfactants include polyoxyalkylene block
copolymers (such as PLURONIC™ F-108 polyoxypropylene—polyoxyéthylene
bopolymer which is commercially available from BASF Corporation of
' Parsippany, New Jersey), ethoxylated alkyl phenols (such as IGEPAL CA-630
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Specialties, Inc. of Danbury, Connecticut. An exanple of a suitable
bacteri ci de ' t 66 antim crobial conmpound, which is e.?mg |y
avai |l abl e fr%v%%“%g% Chem cal s of Rahway, New Jersey. Sui tgb aﬂdﬁéj

foam ng materials are the SAG materials which are commercially available 5
fromOSi Specialties, Inc. of Danbury, Cagpmecticut and MAZU DF- 136 which
is avail able from BASF Conpany of Parsippany, New Jersey. Ammonium
hydr oxi de can be added to the sizing conposition for sizing stabilization,
i f desired. \Waethoxyiptedfostyiptienostpethanalediich & aomwhemully iavaildide frgyeGAF Si zi ng

conposition in_an anpunt uffl tofacllt lication of a
Gonoral 1y 10 "GRmARRT AR, Mlsiherkeys Pobymye @JX&%‘H oPd bl age of
solids of the etners, %ﬂ%@oﬁdéa&%ﬁmeﬁsém&ae@@w sy f r om about 1

"
to about 20 werl ght percent. ﬁous s I ng conposition
i s preferably vegaiableails (suchas %K@MQLS EL-719 rmhlehl Isctammercially avaitabiei n,

compr i see. | Bss Ot Short-C5end il Roiiorsho urlasiin (igr s MAGOT R 7 ' "
formng glass mmm cbmmeraalgfaambblg ftora BASFo6f Rd?ﬁpbarfy Waw!Jérse ¥]) percent,
and nore preferably is free of g?ass nmateri al s. ngzaes of 'suc gl ass

matri x mat eri aPenefalyfhe amowpko '&E@MBQ@QPE*%'@PQ meabaytd tgrabout -

al um nosi |l i cat lled in
the 20 art . 30 Weidttbefeehfbf o aqhubls SRt dnifechioh MO solldshagitl ' 5,

| ami nated printed The awmmzmﬂ)mmn?smmc@l inchideioneras moretdqueocusit ed fi ber

st rands of he_nresen e 1 NV, hay er et Q rimary | ayer
of a dri ed ?@H@se ?}ngﬁuﬁabte &‘ﬁ 5%@13 ‘p?’?ﬂ'% %@?ﬁ)%"ﬁ %ﬂ% @"ﬂay

Pol ar Ther m 160nm=rran symhéw@r p%rolmeﬁnﬁfﬁérrméé\ﬁr d¥olétirh EASECOAT
di spersi on, EPON 826 0Xx mformng material, PVP K- ol yvi nyl
by Fol 1 done, AWEKSS Bygs MICHEME,LUBE #88 misfosmtssaiing whs ROLYMEKONGoNt |

Q%ﬁéwfgt 55 th ymnoxye gﬂfﬁaﬁgggwwgggﬁ%&ﬁyet ﬁq%xne gl ycol
nmonol aur at e esamr cashinetciadlly availghde froal Michelman Inc. of Cincinnati, Ohlo and the -

16 Petrolite Corporation of Tulsa, Oklahoma, respectively. Generally, the
amount of wax can be about 1 to about 10 weight percent of the sizing
composition on a fotal solids basis. _ o

Crosslinking materiéls, such as mejamine fofrnaldehyde-, and -
plasticizers, such as phthalates, trimellitates and adipates, can also be
. 20 included in the aqueous sizing composition. The amount of crosslinker or
plasticizer can range from about 1 to about 5 weight percent of the sizing
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,

25 generally in an amount of less than about 5 weight percent. Organic and/or
inorganic acids or bases in an amount sufficient to provide the aqueous sizing
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
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avai l abl e from St epan Conpany of Chicago, Illinois and EMERY 6717

partially am dated pol yet hyl ene in ne. In a nore preferred
embodi nent f¥OREBFF ng cloth, glass fibers of the coal EHUFPH&Y7 st r ands
of the present invention have applied thereto a primary 5 layer of a dried
resi due of an aqueous sizing conpositi O%Efé)_npri si ng Pol ar Therm 160
boron nitride powder and/or BORON N TRI RELEASECOAT di sper si on,

RD- 847A pol yester, PVP K-30 pol yvinyl pyrrolidone, DESMOPHEN 2000

pol yester, A- 1Kk bl WNACLA r@@rﬁ‘fé icut id 1€ 8t kligbi@gent s and
A- 187 epoxy-fu%'%eé'é“%rsg'g%b&s??@#y’coup |Ctr|1%u .16-\ﬁ é‘ggﬁts, PEd | C F-108

pol yoxypr opy! ebactericideiy Btamet @6cantioperobiabcompound, whiehls semerancialiy phenol

surfactant, VERS 40 - 930 epoxi di I K] aul si on.
Tﬁe aqueous Si ﬁ’\'%@%#ﬁ%‘ﬁ&%ﬁ%w@ﬁ? B?Q\g&ﬂq%éég?fgﬁh@%ﬂgggﬂy |
prepared by anyosHingHhhteriaB afothesSAG matefigls WhHidh 418 Tommertially wedilablerown t o
15 those skilled 1n the art. Preferably, the conponents djscussed above

are di 18t dmOSH Spaciaities.dneefOanbuny SonpeslichbanthMAGY PEMSEMNICls and
i ved " . \ . ! > .
ndded to. O ihATIplSTEASIT ColaRTbf pErsPhaRf NG JBISEP Aimdiian, e or Of
corrponent s -af thyeroxids ¢en be added to the siking gompositipnifaysizing stabilization, dfan %e' L
lied in ne v ok Q__.by.cont Iy the fil ith a-
POl Ter or bel t desiaWeder GElrabfdeenizen fReatd TRk HuehSBRNC " | Dors
are preferably QpeAiidh in 98 BhictRPSGméienttoF4cikthte application\oflasgbrietallyer at ur es.

The dryer renoves excess noirsture fromthe. fibers .. _and. if Er esent,- .
cures .any cl@ ahingosn zoalingupandse strand c he ieight serceptage of sofids,ofdha ¢ ure.and -
time for dryin I ' WM b 4R beleSshtas the
per cent age of %&tulg§g9Pﬁﬁ'@h&é@%&ﬁlﬁgdggﬁp@gﬁ}%ﬁ corar%@jr.lte‘lﬁt?sa%ueof §he '

si zi ng -conposi tgepgeratnd type of glass fiber. The sizing conposition is?
typically present as a dried residue on.the fi-bers in an. unt g yeen
about 0.1 per cdihe agygous,3iaNgFoMAoSEiRn '%?/tevﬁ!?@ﬁtesﬁﬂ%@ﬂ%ﬁioﬂ Fatsge

VD 99/ 44956 materials. As used herein, “essentially free of glass materials” means that the

PCr1JS99/ 04057 -26 -, |
15 sizing composition comprises less than 20 volume percent of glass matrix

materials for forming glass composites, preferably less than about 5 leume |
percent, and more preferably is free of giass materials. Examples of such

[

glass matrix materials include black glass ceramic matrix materials or
aluminosilicate matrix materials such as are well known to those skilled in _the -
.20 art. o
In a preferred embodiment for weaving fébric for laminated printed'
circuit boards, the glass fibers of the coated fiber straﬁds of the present
invention have applied thereto a primary layer of a dried residue of an
aqueous sizing composition comprising PolarTherm® 160 boron nitride
25 powder and/or BORON NITRIDE RELEASECOAT dispersion, EPON 826
epoxy film-forming material, PVP K-30 polyvinyl pyrrolidone, A-187 epoxy-
functional organo silane coupling agent, ALKAMULS EL-719 polyoxyethylated
vegetable oil, IGEPAL CA-830 ethoxylated octylphenoxyethanol, KESSCO
PEG 600 polyethylene glycol monolaurate ester which is commercially



The fibers are gathered into strands having 1 to about 15,000 fibers

per strand, and preferably about 100 to about 1600 fibers per strand. The
average filanent dianmeter of the fibers can range from about 3 to about 30
m cromet ers. WO3944956¢ A secondary | ayer of a secondary coap¢igsspygesi tion

can be applied over the primary layer in an anmount effective to coat

or inpregnate the portion of the strands, for exanple by dipping the

strand in a bath containing the comfosition, spraying the conposition
upon the strand or by contacting the strand with an applicator as

di scussed above.. The, coated sirand cap _be 10 passed through a die to
renove excessaﬁ’i?y]erfécmm {:’PBWaf‘YBErPBWéggrt'F'aﬂ'& and EMg B7tFied as

di scussed aboygrtihfy aiddte®pSvéthiieh8hine® at |east partially dry or

cure the secoﬁdargvcoati ngpcgrrp:")’siti'olr?Te The net hod and apparatus for .

appl yi ng t he seconia posppreferrecempodintentforweaving aldthagidss fiberetlofthig ned i n
part by the c | | f erial. The strand is preferably
i ed 15 af ¢ el Bt fhl orhi pEbbRByeliel Hala pRist Bride M indnn o
manner wel 15 layer sfeutied residie offdn aqueous sizing compdsaidinCoR@iRiAr vy coating
conpositions ga@m_gl udgﬁone or nopre film formng nmaterrals, :

| ubri cants an8i® mRy Y poros nitids powdsr andios BORQN NITRIDEove. The
secondary- coati [ i ; 7 het | . ive., it 20

(1) contains gﬂ%%dééljéa@g%{)sﬁ{éw?%%bpg cﬁeﬂ%&%@bép‘?‘%‘r ent fromthe °
conponent s of pyrdidshe, DESMORIEN2000;polyeste?) A-d74 agryiis-farictioRabdrgane

conponent «I N an_anmount  whi s, different fromthe anmount of the éamé
conponent sih@&ﬁogpﬁ&aggp% ﬁegg'ié%apwﬁdasfma proape slanereunliggexanpl es

of suitabli® agentsFIWRONIC FORIS &g@%@iéﬁe%md e{ngrg ethane are
di scl osed in US.JS. 25 Pat ent 'Nospgz 2,750 andyf?m ?%%da\%h%' are hereby

i ncor por at ed MACOL NP-&panylphenol surfactant, VERSAMID: 140anthbE©308i g. 2, in an
alternative p ; " | according to the present invention,
e R

the glass fibe coated fi ber strand 210 can havi ng applied

thereto a prinary The/aquedié sizingacainpesitiorsfdihve present inVEAtRMN cehHed
PCTI US99/ 04057 . . .. =27 - of a
si zi ng conposPEPBIRALY 2y suitabie,methed such ascopwentional mixingowplbkegwr ta n t he

anount s di15C U sRNEY By thEsAI TP Rfer8bly Stk (cBRIpBnehtd dEUSBIPABVd Has are set
diluted with water to have the desired weight percent solids and mixed
together. Powdered solid b_arﬁcles E:an be premixed with water or added to
the polymeric material prior to mixing with thé other component_s'of the sizing.
The primary layer of sizing can be applied in many ways, for éxample .
. 20 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
temperature and time for drying the glass fibers will depend upon such
25 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 about 5 percent by weight after drying.



forth in Loewenstein at pages 237-291 (3d Ed. 1993) and U.S. Patent Nos.
4,390, 647 and 4, 795,678, each of which is hereby incorporated by reference.
5 A secondary or principal |layer 215 of an aqueous secondary coating
conposition J jed to at |least a portion, and preferably over the
entire Stégggéﬁiface, of the primary layer 214. The aqﬂ%%ﬂ?”@ﬁﬁbndary
coati ng conposition conprises one.or nore types of solid particles 216
such as are di scussed in detail abovgg.Preferably, the solid particles
in the secondary 10 coating conposition are non-hydratable, |anellar

I norgani c |ubricant particles such as boron nitride -which are

di scussed above. Thahamders arefgathiered il étrands haviRy 1 ¢ 8oL A00 fisers N t he
secondary coating composition can range from greater than 20 to about

g
99 wei ght per c 9 stsang, anskriefesailly aBowaki04o ahout 16QMfiners per stgandatTdhe t han 25
to about 80 wei : ¢ to
abot 60 wei ght gl AERGter R e e A [ahgd R Bhotefd dbbur 35 10
secondary coat imigrameterssi ti on general |y ranges fromabout 5 to about 50

i ght t of t t ot gl i gh f th i Zi | Lt . .
In an al termtive eARRICHORY SRS 2Gerania CPaii TP o et R apRfied
coating conposidvieptheCsHnvdny 3a8ydh itfam BRodunteffdttive 30 teat ¥R limpranate thees whi ch 20

absorb and-retain water in the interstices of the hydrophilic particles.
The - - hydromariionofithe sfands fersxampie by dipping thastrand it  bakx eantapingwe |

when in contac . RAddstiRAl o Xy eaGction with
the water to ftgpﬁqco?‘g\r%lrﬂgn’%gég?% he, z'iﬁ %#g@%u@oagpéfﬁggélg%ﬁ@%& I ch
bl ocks or- i nhi ithe strénd withani applieater as discussedatbeve. The cohtedisttaadchnbes of a -

t el ecommuni-¢cati ons cabl e which-the coat.ed 25 .glass.fjher, strand;is used to ~
einforce. I8 (E58ef Brelign o diloyPRovE exaess hatito comppyEoRAPEY B kerd ar os

the inner strucindi& difedidiBédicbé€absle foPa tMEISEMBbMI at least PRSI A crnd 1S
substantially retained therein. See Hawl ey's Condensed Chemni cal .

Di ctionary at paeti® semnearyicsating egppesiéan pbhemethas\andarpasalye for
V\g""glgll 4 45‘532”5 tdtyind theSeLbRELN, lobStimPEdrhddiforPtoRAY dirkAa B defeiindPint ™ See
PCTI US9904057 part by the configuration of the strand material. The strand is @ferably dried

Webster's | egi ate Di ¢tionar 1977) at page,1178, which is hereby
i ncor por at e b%éﬁ%l"&?ﬁ@(‘ o ‘i?tcﬁﬁ‘i’éfy Wﬁb&?ﬁB&WqW@wﬁﬁﬂ%ﬁ@fssml |'s
after contigqeivnih e M@t er to at |l east one and one-half tines their

original dry weight, and nore preferably about two to about .six tines
their original wei gr&uitat;lgmecondary coating compositions can include one or more film-

forming materials, lubricants and other additives such as are discussed-
above. The secondary coating ié different from the sizing composition, i.e., it
20 (1) contains at jeast 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



5 limting exanples of hydrophilic inorganic solid |lubricant particles

whi ch swel | i nclude smectites such as vermculite and nontnonillonite,
absorbent zeolites and i norgani ¢ absorbent gels. Preferably, these
hydr ophi | i c wap¥idesees ar e applied in powder form overpCEusogoMEZI Ng Or
ot her tacky secondary coating mat eri al s.- The anmobunt of hydrophilic

I norganic particles in this enbodi nent 10 of the secondary coating

conposi tion can range from about 1 to ab&dt 99 wei ght percent on a
total solids basis, preferably greater than 20 to about 99 wei ght

percent on a total solids basis, nore preferabl reater than 25t
about 80 wei gHf W‘B@ﬁ?f“paﬂamé%‘l‘f’hrﬁﬁr\éﬁﬁmé? éF“é{Bf/S’/‘%gﬁﬂé’éﬂ E?mPﬂ%?f‘%%H‘ about

60 wei ght per Cﬁ"@é%nt%?iscussed é%@ﬂ_%ﬁﬁﬂé@éﬂéﬁﬁa@%@%%pm drésbtg. 3. a

tertiary |ayer a tertiary.coating nposition can be applied to
at | east a porfoithin béewénstsinat pages 237-294 (30 bdc1983)Bng LbGcPatentNeosit i r e

f , of I 5_of fi 10, i.e.,
uch & i ber  Raae e i 8t of Rl nerapu i dled¥iepnes,
secondary | gyes sédéndaty 8r praipl adyiér 205 6f 89 aqoENRSdcoAdargtdating0 tertiary,
outer layer 320 of the tertiary coating. The tertiary coating is different
from the sizi rRproRAsiies;is appli Wﬁ?%écﬂﬂﬁ'@%?néﬂéﬁfﬁﬁﬁw%&# entsd, i.e.,

t he terti LN b i i onponent
which is O aRRep)d ORI ‘???B?n‘%hﬁﬁ%‘%ﬂﬁéﬁ‘éﬁ%?b@‘?é’? g NG and.
secondary coatéomposition comgrises oneror more fypescdisolid partigles 2d8suchbae arnponent

In an anount which ig.2 I fferengt fr he f. e onponent
cont ai ned. i n ;‘i‘féc‘éﬁs?é Hbg%t@g'a ove‘sg'@é%agwy%h@osﬁ?ﬁéﬂ%ﬁ%ﬂgé% f%go.rﬁ%a&

In this eniodi gatihg coffpoBRIBA B NYN-RYaiatatde, JamBIihorganic (ubticantparticles - . or
more polynmeric materials di scussed above, such asa-pol yur et hane, -and the .
tertiary powdesusth asearen gitddsybishiare discyssad ahayepdheareeunt of iIn9rganie i ci es,
WD 99( 44956 . . . . o :
PCT/ US99/ 040 57lubncant particles in the secondary coating cpwposx’aon can rang_e_zféor_x_'n . |

such as the Pograaleréna 20 td about 89 weight prcerdioniactiotal salidsdbasis, preferablys sed

SE0L, s o oS 2 SR AR S B

through a fbui g6 #8hdR B0 weightPerSdtitaThePercentdge siddRdSof he o@eees particl es
to the tacky secondary coating 5 conposition. Alternatively, -the strands

can ‘be assenbl sepandaty coating compgsition genenglly enges from alaift Sgeabsut 3Q i ary
o d part  of coweip@feflsils dalidantbr e zing corifdefigh, Percent of powdered
in an altemative embodiment, the solid particles of the secondary '

coating composition comprise hydrophilid inorganic solid particles which

20 absorb and retain water in the interstices of the hydrophilic particles. The _
hydrophilic inorgjanic solid 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

25 glass fiber strand is used to reinforce. As used herein, “absorb” means that
the water penetrates the inner structure or intefstices of the hydrophiiic
material and is substantially retained therein. See Hawley's Condensed
Chémicai Dictionary at page 3, which is hereby incorporated by reference.
“Swell” means that the hydrophilic particles expand in size or volume. See



310 can range from about 0.1 to about 30 wei ght percent of the total weight
of the dried strand. 10 The tertiary powldered coating can al so
i ncl ude one or nore polyneric mat eri al s such as are di scussed above,
such as acrylic POl mers, epoxies, or pol yol efins, conventiona
stabilizers WRIY8PREr nodifiers known in the art of sHEHU8R¢%hgs,
preferably in dry powder form The coated fiber strands 10,

210, 310 di scussed above can be used as ji?gontinuous strand or further
processed into diverse products such as chopped strand, tw sted
strand, roving and/or fabric, such as wovens, non-wovens, knits and

mat s. Webstérs RERCMlediakREDichbARY ¢507A at gddk 1978 viHich @rr%ﬂw s formed
t herefrom ~can be used In a wde variety of agp‘llcajtlons, ut ‘are

pref er abl y usedncesparatedrayi rafesercsrdtneterably, therhydepnilic particlespswvalisafter natri x
materials 412 I.te ' ' ' 4,
e ot the k8ol Wi water 1o GOVERERHA a’ﬁ"éﬁ%ﬁg’gﬁ%’%; fhely S hwelelh. o b
are Pot i mi tedewndrelmrefetaw ébnutpnbm:babl%tln six times theirtorigimal weight. Nﬁn-
reinforcenents  for tel ec i catiqns cabl es, ., var.i ous . ot her
Compos! tes. S TEHNE BATEH NG aRIIC apiaael <oid ictpariiies whick webs
iavention is tifdudd¥meidsisiRids verifoulteLand Mohridlishits 2bsBdlhERTblitdie

fibers of the strand which facilitate flow of the matrix materials .

t her ebet ween t @ngdnasganic abserbert gelsinBraferably, theserhydrephilio particles aket - t hr sugh -

the fibers-of - . ) LSiagl V.. L - ol.i.d particles
can exceed 20 %E%%{ ﬁ‘g%ﬂ’ggﬁf”%‘f@g'wkﬁ'ﬁ%%?%‘?‘“%&?@%’%@%ﬁ@ écogg?gng

g (c);})a; i9_t9 i1-8 2 Oggphdteﬂlali.o'rhél amouhiofshydyeghilitinbigabie particles in\fﬁs%gvibwﬁﬁént _
adequat el y ¥hin&f e $a50ptry craing compogian sanrangp Frasabpusitig aiiee ng &
characteristic I t . i landupeg ti cl e
coating. Such ?ﬂh&ggﬁ?ﬂ%gﬁgﬁgﬁ%g@%gg&gﬁ g%ﬁgggﬂdﬁ%ﬁg{agggﬁeggﬁvem i onal
gl ass fiber coaeighi petaepbor attetabselidskiasis, mosel preferahblyigreatgathas 25itbl er, can

Composi to - aBRGCHENPRR: EEbel b SER S bR SR M AR ren
shown in Fig. %0wdightgeaterd fiber strands 510 made according to the
present invention can be used as strands_514, 516 in

a knit or wen fabl@n 3'1%*‘?*@4%’8%&\?%??’4q(;{'féhe‘ﬁ%tﬁ\?gtteﬂfaw ayer 320 of a
- tertiary coating composition can be applied to at least a portion of the surface,
_ and _preferably over the entire surface, of a secondary layer 315 of coated
fiber strand 310, i.e., subh a fiber strand 312 would have a primary layer 314
of sizing, a sebondary layer 315 .of a secondary coating composition and a
20 .iertiary,' outer layer 320 of the tertiary cdatirig. The tertiary coating is different
from the sizing composition and the secondary coating composition, ie., the
tertiary coating composition (1) contains at least one component which is
chemically different from the components of the sizing and secondary coating
composition; or (2) contains at least one component in an amount which is
25 different from the amount of the same component contained in the sizing or
secondary coating composition.
In this smbodiment, the secondary coating composition comprises one
or more polymeric materials discussed above, such as polyurethane, and the
tertiary powdered coating composition comprises powdered sotid particles,



10 to forma lamnate for a printed circuit board (shown in Figs. 6-8).
The war p strands 514 can be twisted prior to secondary coating by any
conventi onal tw sting technique known to those skilled in the art, for
exanpl e by usiowgrskoss St s frames to inpart tw st to thepsthagfhgd; about
0.5 to about 3 turns per inch. The reinforcing fabric 512 can 1 ncl ude
about 5 to about 50 warp strands 514 15 and preferably has about 3 to
about 25 picks per centinmeter (about 1 te2%bout 15 picks per inch) of
the weft strand 516. A suitable woven reinforcing fabric 512 can be

formed by using any conventional |oomwell known to those skilled in
the art, such’ gdchagthe Polarhesn® karenjndride Q@rhpleswiwqhwedimed\above

preferred | 00 merci ally. avail able from 20
P uiakoma of 3 Brdipfhnh? HEEaRerd HERERh edohied AVRESIG nhtdreaiing senve
or nesh (shown liquid Segondary coatingostmpasiioncippiied tReetb ABroag Y hdiuilikdd B&PW“ to
those skilled in the art, such as a twill weave or satin weave, can be

used. or sprRydgvice e aﬁ’BWettBe PPQ’deBPa rfigles totheitacky sEcondarysoatingl t o
f th
ol ynori ¢ 25 FPTReYEot AUGTROR, the Suaia ot b Betl md RIS o'
616. The’ befope thet Ieyerreﬁamﬁtamael ¢dafingds sppliedpasestiawn infag28. The

| ect [ I
Struct ure that VRS BRICER! pipawdEted SHf PartcSh AaberE Sk fblad Soera@Peannect s

el ement's i ncl udip@ah vngEfromh iabioltdl 1146 about 3(PWkigHEPEEER o Y fotd) ts,
passi ve el ectroni c conponents, printed circuits, WD 991449

PCTI US99/ 04057 the dried strand. -31 -

I nt egrated rcuitsy Fé&c&ﬁ -e i.at ed

W th such e‘werrents I ncludi %QEB% %ﬁ%%?n%%rﬂ%@%%gﬁ?éﬁ% @&&%ﬁc '
rﬁt ai ni ng -eitérnjals such dlieeaﬂe dsrsmlssed above, such as bbwylic p?lymbls Ie@bxreﬁsﬁf ul in
the present inve n_inclu settr maf, S such

t her noset ti ng BB&?’@@?‘%@"V@? Wﬁpéé B%@%’é@“ F&Sﬁﬁ i Ffbthe art ofat | east

one epoxy or o¥i¢iREsati emefeaaﬁriamw;ﬁﬁweefmﬁuch as pol yglyci dyl
ethers of polyhydric alcohols or thiols), phenolics, am noplasts,

t her moset ting The goated finersirands 10, 210,340 disrusaed abovescambe ussd as
Pr ef d it
boar ds. ar e TERy EonFiofS sfaiid or urtnf bracBsiid ] 4882 bl syl b Fldpefic

pol yners, the stnammswisteﬂmﬂnﬂ mmmandlerfabhd: such as wovens, monbweerski | 1 ed in

the art. -If fuhper CL gﬁrmation regardi ng such corrpositions i s needed,
see 1 Electron s Handbook[err].,, ASM '

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
20 reinforcements 410 for reinforcing polymeric matrix materials 412 fo form a
composite 414, such as is shown in Fig. 4, which will be discussed in detail
below. Such applications include but are not limited to laminates for printed

circuit boards, reinforcements for telecommunications cables, and various
other composites. An advantagé of the impregnated strands of the present
25 - invention is that the solid particles pfevide interstices between the fibers of
the strand which facilitate flow of the matrix materials therebetween to more
quickly and/or uniformly wet-out and wet-through the fibers of the strand.
Surprisingly, the amount of solid particles can exceed 20 weight percent of
the total solids of the coating composition applied to the fibers, yet still be



I nternational (1989) at pages 534-537. Non-limting exanples of
suitabl e polymeric thernoplastic matrix 15 materials include polyolefins,

pol yani des, thernoplastic polyurethanes and t her nopl asti c pol yesters,
vinyl poly xtures thereof. Further exanpl es_of useful
t her mopl asmang?grdlmal s include polyimndes, . pol yet her Py YPAesT

pol yphenyl sul fones, polyetherketones, polyphenylene oxi des,
pol yphenyl ene sulfides, pol yacetals, polyysnyl chlorides and

pol ycar bonat es. 20 O her conponents which can be included with the
pol ymeric matrix material and reinforcing material in the conposite
i ncl ude col Orafﬁd&qﬂdtely adhefidioRhé Sibelsdid sroWte sBands ﬁmhaﬂdm\ pds.
ultraviolet lig (UV) stabilizers, ant i oxi dants her fillers and

ext enders. charactenstnqshgt Ipagticompatable imstrrndswitheut thecsalicpadigieat ed by

di pping the fa rial 616,
folropexgrrpl e, %gﬁnsgg 383%%%0}9%"& Weﬁ’.&ret %rﬂ?@/%ﬂyﬁ»ﬂ%w@m I CcS

Packagi ng Hancbltgfnﬂsffbe&mmgabrrmests and, wh@h-used as\dni indrganie flier, esry i

i ncor porate e ence 0 onti nyous fi ber
strang rej m?% %‘F b pfaguc %c |l§[5|é$/g§§5unq1prooeg£a§ﬂly ﬁ'é%?‘i’mp?ﬁ:i‘?erl al by
hand or any swdhggbgp%g@ﬂ@g ed feed or m xing device WO 99/ 44956

PC/ US99/ 04057 __whi ch
di stributes the rei m@ptefe@dmmpmergéh@wam §tge5.emq/cqaﬁ¢d>ﬁ@¢mmnd$ne .

pol yreric matri EH}B% %&B?l? an“be .
di spersed in th%| prméd;?rrr%%o{:d‘ﬁi riX %}tlﬂa\{éﬁg&?gﬂ B%:ag%gang a ?%IPPt he
conponent s conmﬁﬁrmkig 544, Stmmemkmrabﬂwovenﬁfabnc 512 Teinforpeinysntrpreferalily i X

t | .61 t be. f | te 614
oy 5 var i ot 10 ofo KTV REVIRP &5 5P EMEE SUAL RS ehowr i Fige ) amespaipac. ¢ no

type of pol ym?rs'lrﬁnﬂ@’éﬁ BaBé BNisfld pHcR %o sESUndaNPEBtAg b9'ang conventional
thernosetting matrix material, the conposite can be fornmed by conpression

or injection miwistingtechnidue k5pwn to thssrﬁlsnlsdm thgiaty forryamplepy uping Swistiy - up
or by 10 s hee?ra'ﬁgs% qﬂp% WA & tﬁ? E%H@ af AR BN o%)‘i(’g”?urﬁ%ep{?\cﬂr |

I njection nol di rnmose neric na nat € can be
cured by the |r1‘¢ieuelnfmcmg fabric smmhc!uaelboutrﬁ tolabout 60 warpstrandso$14nd/ or
by the appl ation l e, cr ogsl i hkers sef-ul

It
0y trosa S ¢ DS baPrAbY s aiaut3 to aboufas Bicks PoLan TRl @BaY TR The
t enper at ure andseicis Her indRE of e WétBstrand 516. A suitable woven reinforcing fabric

_ 512 can be formed by using any conventionat loom we!l known to those
skilled in the art, suc¢h as a shuttle loom, air jet loom or rapler loom. A
preferred loom is a Tsudakoma foom which is commercially available from

20 Tsudakoma of Japan. The weave construction can be a regular plain weave -
or mesh (shown in Fig. 5), although any other weaving style well known to '
those skilled in the art, such as a twill weave or satin weave, can be used.

Referring now to Fig. 6, the fabric 612 can be used fo form a
composite or laminate 614 by coating and/or impregnating with a polymeric

25 film-forming thermoplastic or therrﬁosetting 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
supports and/or electrically interconnects elements inciuding but not limited to

active electronic components, passive electronic components, printed circuits,



15 thernosetting polyneric matrix material depends upon such factors as the
type of polynmeric matrix material used, other additives in the matrix
system and thickness of the conposite, to nane a few. For
a thernopl aMa%94#36ri x material, suitable methods for forwrcogsbdnroesy
conposite include direct nolding or extrusion conpounding followed by 20

I njection nolding. Methods and apparatus for formng the conposite by the
above nethods are discussed in 1. Rubi n;3Handbook of Plastic Materials and
Technol ogy (1990) at pages 955-1062, 1179-1215 and 1225-1271, which are

her eby |ncorporateddgﬁrreference a partlcular enbodi nent of

. I
the inventi on/NMeHRES Grepty) Se?"'c?ﬂﬂﬂ’ﬁgglqeéﬂ%anﬁPr}le&ﬁﬁffa‘t’@eﬁfé"ﬁ”ﬁ@ﬂudes
fabric 712 | "WiRGeh Sfbribritd it GANPBU R AmitBA 16 Konnectord B2k r&éﬁngThe

I npregnat ed fabric can be squeezed between a set
rolls to Ieavshmsamhbeat@mhl@rmunt of matrix material, and dried to form

an el ectronic supp | sem ured sub t repr.eg.
An electrically co%&]@‘tme r'?%gw')%t@a?{eﬁeé‘ &Vsqnp?%ﬂﬁ"%tsﬁ %‘%&Hﬁt ion of a
WO 99144956 materials such as thermosetting polyesters, vinyl esters, epoxides (containing -

PCT/ US99/ 04057

side 722 of tﬁ&'%ﬁb?ﬂ%@’?ﬂ"&%ﬁﬂ%ﬂ’qq? ipdhemelasylse gugh ps polvalveidyl
speci T cat! on efrigl a@%ﬂo?s&r%%)tﬂuén%é@ AifoRaLs ARafmosthigy ¢ 718
ectrl ca Iy con I'n nent

with an e uctive layer her enbo f the
i nvention, an@olyurethmsedemtwasapdmxmmtbemlfrBraferred:matrmmataniatstry, two

or nore prepr I el e tl’l conductive 1ayer and
| am nat ed togz&ﬁgﬁmgg&ammg{ggcfgfgw%ﬁcg% 'R%Wtr??ﬁose skilled
in the art40 t @ofyihides aft liguidaystaline potyméksemé msowmnaoéreamrml e,
but not limting the present inventiaon, prepreg stack can be

| ani nated by [!ff‘@‘é’é? ﬁy:sprﬁéﬂ@siame@gfﬂw&mmmgﬁsammg suckt eel pl at es,

t el ted t I th of
i e o cure CRETSAIYRe R roetell fR ERio M Blap HerBh0es. AN o - °

t hi ckness. A mutetnahonaif(wma airpagesésm'.SSVhe prepregs can be provided with an'

electrically condu \f énd/er ellt he ter m na L on and
curing such P @g‘}ﬂ‘?f’ﬁa eg% i nat e havi ng
at |east ofg matenﬁlé ﬂﬁﬂdd&ﬁ&l*deﬁ%”é&ﬁhh"dés' %%oﬂb@ﬁ&p@y@@ﬂﬁn@g aﬁ& an
exposed surface 15 hereinafter reférred to as a " | am nate").

Circuits can ttlmrmqptasﬂgpnhres’qer%mrwheommnd:mwegdiwae& iRusthesyer (s) of
the single | ay& fesrmluts%*ruz%ffé pﬁ#@cgﬁa?éya& intigag Hﬂyﬂﬁfd?% é}ﬁé}ﬂérques well

known in the ar cons ronrc suppo rmof a
printed - sulfones, polyphenyt sulfones, polyetherketones, polyphenylene oxides,

polyphenylene sulfides, polyacetals, polyvinyl chiorides and polycarbonates.
20 Other components which can be included with the polymeric matrix .
matérial and reinforcing material in the composite include colorants or
pigments, lubricants or processing aids, uitraviolet light (UV) stabifizers,
antioxidants, other fillers and extenders.
The fabric 612 can be coated and impregnated by dipping the fabric
25 612 in a bath of the polymeric matrix material 616, for example, as discussed
in R. Tummala (Ed.), Microelectronics Packaging Handbook, (1989) at pages
895-896, which are hereby incorporated by reference. More generglly,
chopped or continuous fiber strand reinforcing material can be dispersed in
the matrix material by hand or any suitable automated feed or mixing device



circuit board or printed wiring board (hereinafter collectively referred to
as 20 "electronic circuit boards"). If desired, apertures or holes (also
referred to as "vias") can be fornmed in the electronic supports, to

al low for el gelobiifoas i nterconnection between circuits @#}&%99{94 s
conponents on opposi ng surfaces of the electronic supp J’ény
conveni ent manner known in the art, including but not limted to
mechani cal drilling and | aser drilling. re specifically, after 25
formation of the apertures, a layer of electrically conductive material is
deposited on the walls of the aperture or the aperture is filled with an

electrically Lt ' trical

I nt erconnect i M@% tib eatédé "Zég {é’ﬁq B%%Adl b@ﬁ&aﬁ;{}%ég%h@@goﬁ*&%

PCTI US99/ 0405 polymeric matnx material. For example, the reinforcing material candé - _
The el ectrica con tiv ier 720 ¢ f.or ned met hod wel |
known to thosg%’ﬁ B%h%pglﬁ Ff“at%wag?!fﬁﬁw%ﬂenqﬂﬁl ﬁlpﬁhﬁ ng the present
i nvention, th@oﬁipgﬁgﬁﬂs%hbmmt,u@nﬁaqyer can be formed by lamnating a
thin sheet or_foil of netallic material onto at |east a portion of a

si de of t he‘5 seni - The pelymeaficanatey maieris §1pagdstrand sam be dormed into a

alternative, Eﬁ%{%
depositing a | ayg‘r&ﬁb“aﬁﬁﬁ'#é{e“b erla hf{ﬁé@thoﬁé’%cﬁ%ela?pa por'?‘lpon of a
si de .of the ssuch&ntmrdasrthetypeobfmobm&g:matrmmtawesed Foma@fwfolraknom o

tech di t t I t |
ngc?lrgrgzsl Blwé?u 0% éB%f"f@?%@%’%@éﬂ%% 2 K?tﬂ"?ggﬁytcg RIESYION yse as
an 10 electr 'o@ﬁ‘hééhoﬁ‘?ﬁ'&ﬁﬁtb' Mﬁtr{xﬁﬁﬁrﬂérﬂéh%diﬂﬁthéﬁdqa%b éﬂrﬂ}«-ﬁ?‘%ﬂﬂ? copper

(whichiis . preferred), lver, alumnum gold, tin, al’{ oys,
pal | adi um Hhd sheet molging wdzuilbmgldmgafo&@wed by compressaon qrrrnjacat@mao!dmgbom ment

2 il 11 ayer e er B ol AL ABdnalt BN euea py WEIBEslch ot [0 ©

t oget her one ca:rossﬁnleereirethbrmatnxmaterdahahdlwbydlwéptﬁsaﬁmbeﬁxmdw) ~ with
one or nore cI ad I m |bed nor.e '
prepregs (des® %‘H&Pﬁ érp;ss Efsrw %%ﬁa‘{[}ﬁféﬁ Fm conductive

| ayers can be nhétéﬁ'éll%?éﬂfs‘édsdéatébdvéemb&éﬁb@@nﬁe%ﬁm&gﬁﬁg timfot@ ™l e along a
portion of an exposed side of the nmultilayered electronic circuit board. 20

Furt her nort8 .themettmecpols&wiqmam|maien%lmep§n@umveswcbrfa@qrsr a®thet he
electrically éy%ot%’&h%&ﬁé MEtrh A SteRal' Jied, HEQPS&duﬁUe?iHﬁ?eeﬂaﬁ&%erﬁt shoul d

be appreciate
" and thickness of the composite, to name a few.

For a thermoplastic matnx matena! suitable methods for forming' the
composite include direct moldlng or extrusion compoundmg followed by
20 injection molding. Methods and apparatus for formmg the composite by the o
. above methods are discussed in |. Rubin, Handbook of Plastic Materials and
Technology (1990) at pages 955-1062, 1179-1215 and 1225-1271, which are
hereby incorporated by reference. -
In a particular embodiment of the invention shown in Fig. 7, composite
25 or laminate 710 includes fabric 712 impregnated with a compatible matrix
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
form an electronic support in the form of a semicured substrate or prepreg.
An electrically conductive layer 720 can be positioned along a portion 6f a



depending on the rel ative positions of the |layers of the nmultilayered

el ectronic circuit board, the board can have both internal and
external circuits. Addi ti onal apertures are-forned, as di scussed
earlier, pamo#sseét hr ough or 25 conpletely through the lreandsdmosl | ow

el ectrical interconnection between the | ayers at selected | ocations.

It should be appreciated that the resulting structure can have sone
apertures that extend conpletely through33he structure, some apertures
that extend only partially through the structure, and sone apertures

that are conpletely within the structure. WO 99/ 44956
PCT/ US99/ 40_57ide 722 of the prepreg in a manner to be discussed below in the. 35 -

The instant i AN '

mul til ayered {Eg%ﬂﬁg@ibj h{éﬂﬁg@?%gﬁ%’um r ch"{mB@g?H&*’S@i? s‘Zﬁp&&gﬂg%n at | east

one conpaan electhealMcmﬂdﬁnwdmrd ilmgnotbet embbﬁ&ﬁlt ofgmttaﬁ?vatltib?ﬁénh at
ifferent fromthe

| t
cgﬁrs)os?'? Z I ayé'porteﬁefﬁ@yeigt%?lgp{gmm%sg ‘?Paﬁau%}gﬁr Hﬁoebmpmﬁ%s #;eass fiber
conposi te t&chiyphuined witkaf electncaﬁ?é&hédcﬁ@é Iayeﬁﬂﬁh RfnihStedGbdethGUWy L0 those

skilled in the art, traditionall | ament's i n continuous gl ass -
fiber strands qusediin amanner wiejl kmwntafapae skilled indhe art, toforrh aamultitayetedoi |

ol oge hyr CUERHPEsBR0l For bxdhole! blindi g e Plesthiddnfin. the, i ¢ ng
10 agent and praprey, staskadandengmiingdted by préssirigettie htaeklmgebd.weehqmﬁmem
Loewenst ei n ch is hereb

a ages. 237-244 (3d Ed.
i ncor por at ed b?e?'é’ﬁ%g%%gQlevated%eméf?qy'?ﬁbanér% é"r’f Fﬁrﬂr?‘{’@%“@éﬁ’ ands are
thereafterqpr qahgf ottifd 18 cor ﬂﬁb';ﬂ}rmenc mitrik @ind SSHE Rhmtd OF Q&é&ﬁé&t the

strands agai nst “abrasion during the weaving process, ‘e.g. poly(vinyl
al cohol ) as ditbicknessd Anortpm;ofpaeenmomoffhgmregsscm bewoxadndmrhh an line 67
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al cohol) as wethht the redutiraf elestranc éupﬁpomsanamumemhﬂryanbhsm@atl ble with
t he polx{grlc matrix nmateri al usedgg% rrgosﬂe manuf acturers and the
AR P&

fabric gctieally copduciive laves alaRg & B §xpAsedSWiAGec naterial from
t he surfacegof 2 rrpregnatl ng the woven fabric.
Thi s can bg5 (hg%g(':écﬂc%?r?%gﬁiﬁg?%saa\a/gﬁngbatb s, for exanple by scrubbing
the fabric or, nor é3|rcmts carptheortieformed freatthelemmcagy cmlitﬂm layer(s) of manner

well known in t he cl eani.n eratlﬁ)n there is

he
el oo | 8 Bl tayd oy nyitiaperel S duchic dubpo uRRBPEh AR " (LO%T
i mpregnat e t hekrowerih therad td &mscdueﬁaredleetramsaﬁporfmbaé foo beeprinted that a

coupling agentc"_r(r:lljﬁtbogr% éarppl % ed to the dgI ass f1be
printed wiring board (hereinafter cotlec’uvefy referred to as

20 “elecfronic circuit boards”). If desired, apertures or hdles (also referred to as
“vias") can be formed in the electronic supports, to allow for electrical
interconnection between. circuits and/or components on opposing surfaces of
the electronic support, by any con\)enient manner known in the art, including
but not limited to mechanical drilling and laser drilling. More specifically, after

. 25 formation of the apertures, a layer of electrically conductive material is

deposited on the walls of the aperture or the aperture is filled with an
electrically conductive material to facilitate the required electrical

interconnection and/or heat dissipation.



surface. This operation is sonetinme referred to by those skilled in the art

as finishing. The coupling agents nost conmmonly used in finishing
oper ati ons are silanes, including but not limted to those discl osed
in E. P. Pl : Si | ane Coupling Agents (1982) at pages 146-147,
which is he?‘§§§9’mw WD 99144956 PCT/US99/04057

PCr/ US99104057 -36 -

incorporated by reference. Also see Lowengtein at pages 249-256 (3d Ed.
1993). After treatnent with the silane, the fabric is inpregnated with a
conpati ble polyneric matrix material, squeezed between a set of netering

rolls and dried to fﬁ&ﬁggﬁwﬁggﬁw|ﬁmo%%n@§ﬁﬁﬁgggyﬁﬁg\éﬁa?ié shoul d

be 5 appreciated t on the nature of t e cl eaning
oper ation wethbnawn tathosaskilled insthierarty Jeat examplecbid aoplimifing the presentashi ng

and/or finishin . st .C be el imnat ed. or e _prepregs

i ncor porating @gﬁ'\’/tm Fr}san%g&ncﬁ@ c&ngggtnqel 'ﬁ%‘?’?@Bﬁ%@F’P%‘? Eﬂ%‘rﬂ'ﬁ?@&ﬂ@% t hen
be conbi ned W ket de fdillof MEtallic materid] @RfCAtIe st PArBEPT dNSideVf tHesen@int
invention to forman el ectronic support as 10 discussed above, and in

particul ar & notred ogguiedprepieopidaminate:| Az an aligrnatiyes. thg electricalhoar d.  For
nore informati ' 4@%&% : (YaTal | |

see.. 1..El ect ron?@% flag%gc : _ndt)oo,. H%%Iﬁpr?tg igﬁigtl?@ﬁgfmé%%gnagm E)g'ggs .
113-115; R Tusatiebst g pattign ofk sidesifdioe semi-curedbac kargdipgepiagdindakinate1989)- at -
pages 858-861 and 895-909; M. W _ Jaw.t rjnted.Grcujt, Board dbook 15
(1997) at pagegs'QQXV- .kﬁ%‘{"*‘é?ﬁi‘“éﬂ“%‘.'"%@ﬂ%g?{ rﬁt%nr%gt? g‘%&ﬁggtaﬁ&cui ts
Handbook, (3d BRctrdiBSSplatingecspifticking. Metallic Aatetats Sitadlyfor nsoapanat ed by
reference. nposites and | am npates formng the electronit

: e The co | | nat e ¢
supports of10t helectrically epnayptive laverinclyde duhansdof ieted & eopRaATIWRIRRIS ng used,
in the el ectrop] A 8 : ' il -second and/ pr
e el o0t T OBfandf, B il B6LTH PR BN phlfinghg Second and/s
25- 43, whi ch i sorhbinatigns themofior at ed - by reference:. I n addition, the '

present invention can also b ed fqr, other .. . ackagi;ng |l evels. ..

The present inventi 'Gr?"&frk% eﬂﬁatésmgt03“h%?'f‘?aa“tf'BYe’F‘léPn‘PS%é?‘ﬁ&"& %por’t

pol ymeric matrig¥n BBthedbrmh f 4 eiulilaysredeictroRic chbait BBArB WonepuReEd BFS:

(1) applying to a glass fiber strand reinforcjing material the above sizing,

secondary cisat lamjnating together enepymesR eleronie Ase Boasds (descibed aPayebat er

than with one or more clad laminates (described above) and/or one or more
prepregs (describéd above). If desired, additional electrically conductive
layers can be incorporated into the electrdnip support, for éxamplé along a
portion of an exposed side of the multilayered electronic circuit board.

20 Furthermore, if required, additional circuits can be formed from the electrically.
conductive layers in a manner discussed above. it should be appreciated that
depending on the relative positions of the layers of the multilayered electronic
circuit board, the board can have both internal and external circuits.

Additional apertures are formed, as discussed eariiér, partially through or

25 completely through the board to allow electrical interconnection between the
layers at selected locations. It should be appreciated that the resulting
structure can have some apertures that extend completely through the
structure, some apertures that extend only partially through the structure, and

some apertures that are completely within the structure.



20 wei ght percent on a total solids basis of inorganic solid particles; (2)

drying the coating to forma substantially uniformcoating upon the
rei nforcing WD 99/ 44956
PCT/ US99/ 040?}‘7) 99/44956 PC70S99/04057

material; (3) conbining the reinforcing material with the polyneric matrix
material, and (4) at |least partially curing the polynmeric matrix materi al
to provide a reinforced polyneric co¥posite in a manner such as is

di scussed in detai | above. Although not limting the present

I nvention, the rei te can_ be d w.th the polymeric
matri x material, gh%;ﬁéﬁg ‘85'86/% frurtﬁar %%‘é?@?lﬁé q%) P%”Pﬁ@rhﬁ{ rix material.
The present lnwemlayeredalhﬁmaesbudlefeo&oﬁafdredt béurds WhIchiihéiDde ﬁﬁES&'cﬁ%

bet ween adj acent &ass fibers of a glass fiber strand, conprising e steps

of : (1) SHg @s@r@sdea%comlaeﬁo thetgachingschesein\andsteast pne econdar y
coati ng and/ or ostlt‘érlé)}é?'rrﬁ(a%d‘{ﬁ ﬁé’rrmﬁérbhf &nm'écéogﬁ*@sqtgg%‘?% er than 20

wei ght percent s basi's o I NOT g i cles
whi ch have & I\hﬂtein kg dregdesusing conMentxdmalgldssfbertdmmo&ﬂ%nolb@?dmé of the

| fib h to f bst | f
O o torr (SHechbdin'fnd BEjs308] ki 10 thold shipiiTh the SR S atiiaratythen t ot
adhesi on bet vvemmadusaﬁeaﬁt:@&sgléss%@ss@éndsh%eaﬁﬁ #Bdyihg fabtic 48 yelidsed-

The present invention also includes-a nethod for inhiblting é{aglro yS| s
of ‘a pol yreri Wilih@ starchall sizing which H‘%d%@aﬁl&ﬂlépfmy deﬁﬂnead@tambelte The

nmet hod conpri ) r mat eri al
t he above si z?ﬁ&"ogé hgﬁ ﬁ%e\‘tbg%a\%ébﬁéﬁ% @ﬁftél a‘%’@%%éﬁh%ﬂ I8ﬁﬂ'6€i tion 20
i ncl udi ng- §9 eaawnlt agamam inehugirtg mamoemmmmﬁzhbss disclosed ﬁ'\SIfd%%.%n%téiﬁ .
i nor gani c sol i rii.c ryj e.coating to forma -
subs?ant ially "ﬁr'ﬁagﬁ (hg%d héd B%°Bﬁ§}1¢féhmwmq%gfeﬁd%ye'ﬁfea¢me( 3)
conbi ni ng t he Watgy4ths bﬂﬂiu‘&& Wohﬁihe‘é’éfsﬁaﬁ&eare thereQﬁérXF@'é@é@M{ﬁtaré terial;
and (4) at least partially curin yneric matrix materiral .to

E‘é %@atcandsa

provi de a rei i kwepwing Yo pratect gainst snasion duiop thes weavidg - . |
be- comdi ned T ReTT CapPoii Sl 3 HsReRkm O PR R 2P AL o1 g
it i N1% hecoltmom Bxlmaaﬁ?ethralhgh column 4 Ixne 11Tmcrprseswﬁy indypdtdtedbyi | | now
be illustrated %{et he 'Fhis a}:)eraFl n i oommonly referred to as lslashxnbn%hg)égly(\llg)?l

alcohol) as well as the starch/oil size are generally not compatible with the

polymeric matrix material used by composite manufacturers and the fabric

must be cleaned to remove esséntialiy all organic material from. the surfacé of
20 the glass fibers prior to impregnating the woven fabric. This can be .

accomplished in a variety ways, for example by scrubbing the fabric or, more |

commonly, by heat freating the fabric in a manner well known in the art. As a

result of the cleaning operation, there is no suitable interface between the

polymeric matrix material used to impregnate the fabric and the cleaned glass
25 fiber surface, so that a coupling agent must be applied to the glass fiber

surface. This operation is sometime referred to by those skilled in the art as

finishing. The coupling agents most commonly used in finishing operations

are silanes, including but not limited to those disclosed in E. P. Plueddemann,

Silane Coupling Agents (1982) at pages 146-147, which is hereby
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EXQ:\/PLE 1 CI?ach of the conponents in the anounts set forth in

able 1 wer } xed to form aqueous form ng size conpositions Kthr h
N accor di ng%f%”:lf"ggshe present i n\cjent I on. Eachgaqueous ?gr?ﬁq‘réusg?/ S7 "
conposi tion was prepared in asimlar manner to that di scussed above.
Less than about 1 wei ght -percent of ggetic acid on a total weight basis
was included in each conposi tion. Each of the aqueous

form ng size conpositions of Table 1 was coated 10 onto 2G 18 E-gl ass
f i ber strands.incdrgéraitedibyt @féréﬁdﬂklgo $b8 CowenfIeinidt pages Paglose (3@bBeut 10

wei ght percent solids 99/ 44956
PCTI US99/ 040571993). After treatment with the snane the fabric is impregnated with@ .
Table 1. compatible polymeric matrix material, squeezetbétbeR @ ¥t mderfrghPONENT O
Sanpl e No. rolls and dried toG@NPaIsENIcured prepreg as diseussed abowe. 1t shouliibe N
Conparati ve . . - . .
Sanpl e 5 apprreigiag that depensting ap the,ngiure of thesizing, the claaninggperationy 55
géll- g 61 2‘ ardedrrihé Ha'iﬁﬂ@siﬂcﬂséﬂ‘hﬁ {harédmposlte the siESAINGRHAAS finfshit yure et hane

_ steps can be elummated One or more prepregs incorporating conventional
glass fiber composnte technology can then be combined with one or more
prepregs incorporating the instant invention to form an electronic support as

10 discussed abdve, and in particular a MUItilayeied laminate or electronic circuit
board. For more information regarding. fabrication of electronic circuit boards,
see 1 Electronic Materials Handbook™, ASM internationatl (1 989) at pages - 3 .
113-115, R. Tummala (Ed.), Microelectronics Packaging Handbook, (1989) at o
pages 858-861 and 895-909, M. W, Jawitz, Printed Circuit Board Handbook'

15 (1997) at pages 9.1-9.42, and C. F. Coombs, Jr. (Ed.), Printed Circuits:
Handbook, (3d Ed. 1988), pages 6.1-8.7, which are hereby lncorporated by
reference. . . _ .

- The composites and Iammates forming the electronic suppoits of the
instant invention can be used to form packaging used in the electronics
- 20 industry, and more particularly first, second and/or third level packaging, such .
as that disclosed in Tummala at pages 25-43, which is hereby incorporated
by reference. in addition, the present invention can also be used for other
packaging levels. _ |
The present invention also includes a method for reinforcing a

25 polymeric matrix material to form a composite. The method comprises:

(1) applying to a glass fiber strand reinforcing material the above sizing,
secondary coating and/or tertiary coating composition including greater than
20 weight percent on a total solids basis of inorganic solid particles; (2) drying
the coating to form a substantially uniform coating upon the reinforcing



filmformng polyner[err] pol yoxyal kyl ene pol yol 0.3 0.3

0.3 0.3 0. 33 copol yner epoxi di zed

pol yester |ubricant 7.2 7.1 7.0 6. 55 7.22

Ganma- an nopwoPPM4956 2.7 2.7 2.7 2.5 CT/059504
triethoxysilane coupling agent Ganmma- ureldopropyl m% 3

3.3 3.2 3.0 3.34 trlethoxy5|lane coupl i ng agent

am no-functional organo 0.1 0.1 -37.41 0.14

si |l ane coupling agent Boron nitride particles in 0.1 1.0

2.9 9. 0 aqueous suspension[err] | oss

on ignition (%'r@tqrg_al (3) gombining the o¥nforcing o@terial with the polgméddc matrix

ed gl f d
Che” Conpar ot vielerl A B 1sa bR o b n B85 inaKeneBIBUS seconds
5 at about 7pfd9&ie(976‘infbﬁdeﬁ polyrReriecchpolis ke Ahritr Sudds Bidhdch GBS (10 X

10 x 0. 155 inches) plaques. Each speci nen was eval uated tensile

strengt h, efal 0oy A Qm%nmms the pEgseat iRventions thecetnfercing t o ASTM
ASTM Net hod . T55 ek 8 B8 CoRpIrEdAtoS delmen iR malBdl P e feRb BT
accordi ng to Adispensingibio the medripmetesial.t he gl ass contents speci fied bel ow. |
Table 2 presents t uct ed tes formed

usi ng a Eonvent i ongﬁ%ééggaéngéwgﬁ%? ﬁ@g‘?‘?ﬁa miethod F‘”EIE\'QQ'# ngreANesIAn asti c

pol yest er-- bas euem@bnwagcbn@awﬁwwfa@ds@mf brarid) 8oRprisiRg %‘éﬁeé@bf dS _
anoi nic particl 3 charg particle size of about 2 mcroneters, 7.5

and a viscosit 91 @PPWHIQ toa gla%%ﬂﬁ"ﬁgﬁﬁé thecpbryer sizing) secpnday ce@[ngraqdzpr
L7501 i ds- caur Ty oBRN RN o e e 2BV aBEbRSC oot ol e
si ze rangi ng ftotahsalidaibasis &f inorgabisisolid particies whittchavesa Mohs' hdréngds ORPAC
di sper si o whi BENSS (St harcs Mons Hapdneesrens ies bbes & srvingthe waminaor oa
Ri dge, Tennessgeform a substantially uniform coating upon the glass fibers of the glass fiber -
strand, such that adhesion between adjacent glass fibers of the strand is
15 inhibited. .
The present invention also includes a method for inhibiting hyciro!ysis
of a polymeric matrix material of a glass fiber-reinforced composite. The
method comprises: (1) applying to a glass fiber strand reinforcing matérial
the above sizing, secondary coating and/or tertiary coating composition
20 including greater than 20 weight percent on a total solids basis of inorganic
solid particles; (2) drying the coating to form a substantially uniform coating
upon the reinforcing material; (3) combining the reinforcing material with the
polymeric matrix material; and (4) at least partially curing the polymeric matrix
material to provide a reinforced polymeric composite in a manner such. asis
25 discussed in detail above. As discussed above, the reinforcing material can
be combined with the polymeric matrix material, for example by dispersing it
in the matrix material.
The present invention will now be illustrated by the following specific,
non-limiting examples.
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-40 - TABLE 2

units K L M N Conp.

Sanpl e ikle Strength kpsi 27.1 27.6 27, 27. 4

26. 2 wo S, VPh 1860 100 34 188 SRS
180. 68 Tensi | e El ongati on 3.32 3.37 3. 36 3.42
3.32 Tensile Mdulus  npsi 1.4&g. 1.55 . 1.47 1.44 1.51
GPa 10. 2 10.7 10.1 9.9 10. 4 Fl exural Strength
kpsi 44. 6 46. 3 45.7 45. 5 44.0

MPa 307.6 319.3 315. 2 313.8 303.4 Fl exural Modul us npsi
1.52 1.56 1.54 1.54 1.5 .GPa
10.5 10.7 10. 6 10. 6 10. 6EXAMPLE thed | ZOD I npact  ft Ib/in

1.86 2.24 1. ; ; Imerr]

T 8e  oogo | p achofthegempdndits in the amounts set forfi iy rable 14 &éft Ib/in.
21.8 22. 9 mixeelito forrn AQuépusZBmiing sizeTonipesitipns KYrodgh N &ctcotding t89. 46

86. 92 9 .2§$ £3a§s c&ntent % . 32.9 . 32.6 3@.4

32.3 32 1p present invention.; Eaph ARueqpsfapming size sompostippasreniad coat ed
wi th boron ni {3 dithilabmizhét toltRat dissUEBeE abdve))Leds GRirfabsiit i1owvéight Pr esent

i nvention exhi-bit inproved tensile strength and notched lzod i npact

properties anBeEeR ofacefieasidan a totalweighi hesiswvag-aciudra ineachs | exur al: '
strength and-gyﬂHbgﬁmfnd'unnotched | zod .- . inpact properti-es when .conpared:
to a conparative sanpl'e having sinlar "conmponents which did not contain
boron nitride in niacmofthé ageesdsdiomeingrsize coinpodiiens of Tibhletieslasiseéated nyl on 6

0 ot o o 8o 58 Fach B 3R b Bahhbfe g2
EXAMPLE 2 15 ghout 10 waight sircdrit@ofiddrponent s in the anounts set fortd in

Tabl e 3 were m xed to form aqueous form ng size conpositions Pfthrough
S according to the present invention. Each aqueous formng size : '
conposition was prepared in a simlar manner .to that  di scussed ;above.

Less than about 1 weight

®
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Tabl e 3 was coat ed
formng size conpositions had

ic acid on a total
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wei ght basis was included in each

Each of the aqueous form ng size
onto G 31 E-glass fiber strands.
5 about 10 wei ght percent solids.

Table 3 -39 VElI GHT PERCENT OF COVPONENT ON
TOTAL SCLI DS BASI S
Sanmpl e No. COMPONENT . P
S Ther nopl astic pol yuret hane Xable1 28.75 28. 75 o
23 . fi llrfU|||irIg pU:yIIUI[C1I1 3 _ ane
34. 45 43 1 43.1 WEIgHT® ERCE“Q;BL,Di Egigﬁgﬁ‘? DRCEaTaL |
pol ymer[err] —pol yoxyar i ene potyot Saipié Ko, . :J 27‘
0.27 0.7 COMPONENT _ C pOKWEr L M EOXNOT TeEohpEdie T
| ubricant 4.8 6.0 4.0 4.8 Sample .
Ganma- ani nopr ofy Thermoplastic polyu@thane | 344 ¥. 32 | 334 [Z3185 345 ,
tri et hoxysi | ang_colpiforming Ganima- ur 4i dopr ppy| 4.
2.78 ' 2. 718 Thermoplastiopofygrethane | 54.5i t ok ylsb0.igaje4e0upl | ngsiament
ami no-f uncti ong ing polynyer’} 12 __10.12 0.1
silane couplind a _ng':;’;y';fr‘“:rm'w' Bor®h hi 08 de HBwjer03 3308
i ha ]
0 epoxdzad polyesior et I 2o o556 792
Gamma-aminopropyl 2.7 27 27 25 2.76
triethoxysilane coupling agent )
Gamma-ureidopropyl 3.3 3.3 3.2 3.0 - 3.34
- triethoxysilane coupling agent -
amino-functional organo 0.1 0.1 0.1 0.1 0.14
silane coupling agent
Boron nitride particles in 0.1 1.0 29 8.1 0
agueous suspension®’ : .
loss on ignition (%) 1.11 1.14 1.05 1.08 1.17

Composite samples of each of the above coated glass fiber samples

and the Comparative Sample were extrusion molded at 270°C for 48 seconds

atabout7 MPa (975 _psi) to produce 254 x 254 x 3.175 millimeters (10 x 10 x

0.125 inches) plaques. Each specimen was evaluated for: tensile strength, -

tensile elongation and tensile modulus according to ASTM Method D-638M:

22

flexural strength and flexural modulus according to ASTM Method D-790; and.
notched and unnotched tzod impact strength according to ASTM Method D-

10

256 at the glass contents specified below.

Table 2 presents the results of tests conducted on composites formed

using a conventional nylon 6,6 matrix resin.

» 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,

u Thermoplastic polyester-based polyurethane aqueous dispefsion having a solids content of

62 percent, pH of about 10 and average particie 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.

ARG GaheNs Of
Each of the

16.

R

7



tal c powder particles[err] 0 0 16.7 33.3

|l oss on ignition (% 0.52 0.81 0. 80 0. 64 _
Conposi te sanpl es of each of the above coated gl ass fiber sanples 10 and
t he Conpar atwyey/4294gpl e of Table 1 above were extrusion nolded to

produce 400 x 400 x 2.5 nillineters (16 x 16 x 0.100 i nch&QVYSP4UEEs under
23 Thernopl astic polyester-based pol yurethane aqueous enul sion having 65
percent solids, anoinic particle chgrge, particle size of about 2

m croneters, a pHof 7.5 and a viscosity of 400 centi poi se (Brookfield
LVF) at 25C. 24 Thernopl asti c pol yester-based pol yuret hane aqueous

di spersion having a solids content of 62 percent, pH of about 10 and
average particle size ranging fromab .8 to about 2.5 m crons.
[err] PolarThernferr] PT 160 boron niﬁhﬂ&-?pomder particles which are
comerci al |y avar rapre—frTom qva Ceramm] ' wood,
Ohi o. 26 VANTALC 2003 tal%ndf)omde?(“pa*ticl- eq whichjare c TP-al y

avai | abl e fIrOMTZndic SHengecT 0| Tkpsi | 27PNV 27679 531 s cut.

WO 99/ 4495 MPa | 1869 | 190.34 | 188.27 | 186,96 | 180.68 |, .

PCTYUSOOM 4857 -

conditi ons%&@% : o} 30l udé20\001 131829
fo‘r: tensi | nﬂlRM?duq ensid X J"_'éﬁQi |P1%(’| 1| 1144 Méﬁ_aj]d
unnotched |;.g.d_|_na§.c_t_&gan_g : Sl 30 d10.A F:anpﬂ el 1 Shove 5104 he gl ass.
content's sﬁerl fFiex ~ kpsi | TH4.6& 0l of6.Bedt 345\&31 b 4861 dr e ®n |
conposi t es |having a thickneds MPa 307.6 76 31813 iinB1®2s| (31BSB ilIncFP3.4nd] a
di anet er _of|_76 Fiexyfa|Madwus or § (mpsin¢hddh2 1.868i ng 1a54duht 854cdl or 18et e
Model ‘D25- HQ2A. To eval uate indBBai al 18dnd] i 87 | 1Oar hct@bi Jti ct0.6 T upnel
flow tests |whnotehed IZQbmchr] Bitwpl ¢s 186 choppéd | 1.941 hs4.681 Her .1,9ée ] unnel
was ei ghtedn i nches |ong and kaeh‘a|s&enteens50ndh gl23 fi agwt §r ofga ng at

the top and unnbished IZOD impact N{ Iyt | h@{11Bot f om.0 THe 21 1 20.5 22.0
‘ kJ/m* 92.43 97.10 |- 8946 86.92 83.28 g
Glass content % 329 326 32.4 32.3 324

As shown in Table 2, glass fiber strands coated with boron nitride

5 particles (Samples K-N) according to the present invention exhibit impnrf:ved'
tensile strength and notched Izod lmpact properbes and similar tensile _
elongation and modulus, flexural strength and modulus nd unnotched Iiod
impact propertles when compared to a comparatwe sample having similar
components which did not contain boron nitride in nylon 6,6 reinforcement.

10 When evaluated using nylon 6 resin under similar conditions, the

improvements in tensile strength and notched Izod impact properties were not

observed.
EXAMPLE 2
15 Each of the components in the amounts set forth in Table 3 were

mixed to form agueous forming size compositions P through S according to
the present invention. Each aqueous forming size composition was prepared
in a similar manner to that discussed above. Less than about 1 weight ’



funnel was vibrated and the tine was recorded for 20 pounds of sanple
material to flow through the funnel. The PD- 104 test eval uates the

resi stance of the chopped glass fiber sanple to filanentation. Sixty
grans of saffP®744956 140 grams of an abrasive material (grRsuviusImmbsut shel |.
particles No. 6/10 15 which are comrercially avail abl e.from Hanmon Products
Conpany) and a conventi onal foamtygf antistatic dryer sheet were
enclosed in a 4 liter stai nl ess steél “beaker and vibrated using a Red
Devi | paint shaker Mbdel 5400E3 for six mnutes. The vibrated materi al

i gt per cent o5t SFacetis 3B on = osbfue it balis WREPRIE T BRER 0. her cent age

of original sagmpodsitenr eported bel ow. TabI e 4 presents the
results of tests cgonducted on conposites forned i ng Sanples P-S and
the Conparative SafgFaolieRIURPHS FPreIiRg sige FPRPedtiens of Table’ 3wasaateh 56

PCTf US99/ 04 M7
onto G-31 E-glass fiber strands. uEnaluEhSof the fcgmmg size &ét?\posﬁxonsg\ad

TABLE 4 S
Conp. 5 about 10 weight percent solid& am pl e Tensile Strength . kpsi
29.5 28. 6 28.7 27. 7 29.6 MPa -
203.5 197.2 197.9 191.0 204.1 Tensi | e El ongation
3.03 3.05 2.98 2.97 3. Qébles . Tensi I e l\/bdul us kpsi
1866 1779 1720 1741 —1./483 GPa
12. 86 12. 26 11. 86 12:0 ° TE‘@%TPERCENW%%CPMEPNEZ@WT&% ft
Ib/in 2.10 }—3.96 1.-94 %ﬁg___;_ﬁ% s;:gs's
Qn Q 21 ol 22 7 55 amp
K/ i err] PO ST s o B TR, [ oh T peteped 120D
| mpact Tt | b yurefeane o =S %678 AN R i R :
105.58  99. 2 W@E@";:‘ym i3 Fui1.da BT ant Logs of® I gn|ti on
% 0.81 0 A i ag L [IT D1+04
1.3 0.7 @i;,,gpmmﬁg O 1 FJnne? Fldw 4 pconds
13.8 15.2 j%ol?owal@le ol $320 027 PN BEResy TTHEX :
-15.1 -12.0 7. dapolymer 18. 5 -18. 2 Yej | owness |l ndex
40.0 37.5 eéb'maﬁed polyestékmbﬁ&nt 431D 6.0 ({ ass.contient 4.8
33.30 33 33anta-aminogropyl O 33.880 23 23 1.84
triethoxysilane coupling agent
Gamma-ureidopropyl 2.22 2,78 278 2,22
triethoxysilane coupling agent :
amino-functional organo 0.1 0.12 0.12 0.1
silane coupling agent o .
Boron nitride powder 33.3 16.7 0 0
partlcles . .
talc powder particles™ | 0 0 16.7 333
loss on ignition (%) 0.52 0.81 0.80 0.64

Composite samples of each of the above coated glass fiber samples
10  and the Comparative Sample of Table 1 above were extrusion molded to
produce 400 x 400 x 2.5 millimeters (16 x 16 x 0.100 inches) plaques under

2 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
centuponse (Brookfield LVF) at 25°C.

Thermoplastxc polyester-based po!yurethane 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.

% polarTherm® PT 160 boron nitride powder parucles which are commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

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



As shown in Table 4; glass fiber strands coated with boron nitride
particles (Sanples P-S) according to the present invention exhibit inproved
5 whiteness and yell owness and simlar tensile strength, elongation and
nodul us, fl trength and nodul us, and notched and u ched | zod

| mpact propgﬁi;%ggs\%hen conpared to a Conparative Sanpl e hg‘r\# PR | ar
conponents which did not contain boron nitride in nylon 6,6 relnforcenent.

10 EXAVRRE 3 Each of the
conponents in the anounts set forth in Table 5 were m xed to form
aqueous form ng size conpositions T and U according to the pr esent

i nvention. Eathle cohdétions sépforth ivg Examplechapme tEazh spesinfurepas evhlidted
simlar nanner to that di scusseﬂﬁ albove Less. t han about @[g\é\?{efi“ght per cent of
15 acetic acld &nsiie glsength,jengia elgagation,tepsils,mPauus. Roic onposi tion,

Table 5 pyaRRBhed 08 whﬁféi'sir%neﬁa HUSARSES | DGpIAL TGS R iR

conduct ed on conposites formed using Sanp .
Sanpl e usi ng contentgispaciBedbelow: i x resin. The color tests were performed on

conposi t es goaw "9 The color t\é\gs%%ré p%ﬁgnned on composites having a th_icﬁne_ss of

PCr 1 US991 0 a

t hi ckness of 3.13735mmtﬂét¢r€rwerﬁcr()ﬂdn&ddiiah\)atemdmzdhmrﬁtens (®finchesp

mllinmeters _ (3 .inches)  usi ng‘ % unt coI_P t-er l\/bdel D25- PC2A. .
Table 5 ~ using a Hunter colonmeter odel. CZA og)g nE§BICOVPONENT -

ON - characteristics, funnel W%Evl{'ﬁ_re conducted on Ss% %WAS{JS. |

Sanpl e No.
Conpar ati ve glass fiber. The funnel was eighteen inches long and had a seventeerSacipl e

T r it Bt p'an 2 apPice oo et e .
43. funhebwas vibrated and the time was recorded for 20 pounds of sample
material to flow through the funnel. The PD-104 test evaluates the resistance
of the chopped glass fiber sample to ﬁlémehtation. Sixty grams of sémpie ’
140 grams of an abrasive material (ground walnut sheli particies No. 6/10
15 which are commercially available from Hammon Products Company) ; and a
conventional foam type antistatic dryer sheet were enclosed ina 4 ltter '
. stainless steel beaker and vibrated using a Red Devil paint shaker Modei
5400E3 for six minutes. The vibrated material was screened using No. 5 and R
No. 6 U.S. Standard testing sieves. The weight percent of fuzz material
20 collected on the screens as a percentage of original sample is reported
below. _
Table 4 presents the results of tests conducted on composites formed
using Samples P-S and the Comparative Sample using nylon 6,6 matrix resin.
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conposi ti on FOMT RS FetdH O [ KpdiUG P29.8 1 §1 GeeaCO3a 1Y (37 7 ITF 138,

i nvention, hfo—ToOWeT W TENESE Mpa! JC 2085 | . Oy 5 ot '
Sampl e of a Fl ”‘Tbl%ileﬁn%gﬁﬁﬂna” T gt G 31p3T N0z g5 M|t Uslgg DQT O3loA T

EXAMPLE 4 Tensile MollGs CONPOTRESIL | 11868 N¢_GFaaUTiL S1726L |1 Of7&q]

were m xed t Form agquepugphor|MP8sS 1| 242, OR18BT QTTS124y D a95eE '
the present [ohediZoB impdCT TODLAST C2IPT YESIR PaFes O 739 T TaB8 qdueous
enmul si on hav[ng ©5 percent sSo|igEm? | 8.9@N0I B3 parses! ¢ cf) rmgralcle
size of abouj wAnbiHed O imbact P IBAIDT| /243 afd 28.4V1 [SCEme 1Y 022.240P 264 |

centipoise (Brookfreld LVF) al wiherr 16558 | S9.426(| J96.6MC NBRAAS| | 11.04 '
pol yest er - bafedcipaIlysdbeighiisne pquousy do.8pefSioda Navo.8@ d Seed 06 qqﬁnt of
62 percent, bH of Rmpowd 10 anp awerggeiparii cd.2 sj ze.1rangi ng 1{onn.abdqut 0.8
to about 2.5 FunnelF s . secoadsr || CRPAC BORON NISIRI DE 238 EASH - CONC
boron nitri dg pavhispéssdnden aglieous -15.6li spet2di on whéch I-B.Eommese &l | v
avai | abl e frpm Aéov@esst!ndess, | nc. ofl G0 Rid3és TlenéeSsde.434 436
E Glass content % 33.30 33 32.80 31.70 33.80

As shown in Table 4, glass fiber strands coated with boron nitride
particles (Samples P-S) according to the present invention exhibit improved
5 whiteness and yellowness and similar tensile strength, elongation and
modulus, flexural strength and modulus, and notched and unnotched lzod
impact properties when compared to a Comparative Sample having similar
components which did not contain boron nitride in nylon 8,6 reinforcement.

10 - ' EXAMPLE 3
' Each of the components in the amounts set forth in Table 5 were
mixed to form aqueous forming size compositions T and U according to the
present invention. Each aqueous forming size composition was prepared in a
similar manner to that discussed above. Less than about 1 weight percent of
15 acetic acid on a total weight basis was included in each composition. Table 5
presents the results of whiteness and yellowness tests conducted on
composites formed using Samples T, U and the Comparative Sample usihg

nylon 6,6 matrix resin. The color tests were performed on composites having
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As is shown in Table 5, Sam-bies T and U, each coated with a sizingl
composition containing boron nitride particles according to the present |
invention, had lower whiteness indices in nylon 6,6 than a Compafaﬁve
Sample of a similar formutation which did not include boron nitride.

10
EXAMPLE 4

The components in the amounts set forth in Table 6 were mixed to

form aqueous forming size compositions A-D according to the present

¥ Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,
anoinic particie charge, particle size of about 2 mlcrometers a pH of 7.5 and a viscosity of 400
centnponse {Brookfield LVF) at 25°C.

Therrnopiast:c polyester-based polyurethane aqueous dlsperslon 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,

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



34 A-187 ganma- gl yci doxypropyl trinmethoxysilane which is commercially
avai l abl e from CSl Specialties, Inc. of Tarrytown, New YorKk. 35
A- 174 ganma- et hac yl oxypropyl trimet hoxysilane which is commercially

avai | abl e frwosisss Specialties, Inc. of Tarrytown, Newci@gd40s7

[err] A-1100 am no-functional organo silane coupling agent which is
comercially avail able from CSi Specialties, Inc. of Tarrytown, New
Yor k. [err] PLURONICJerr] F-108 pol y@gypropyl ene- pol yoxyet hyl ene
copol ymer which is comrercially avai | abl e from BASF Cor poration of
Par si ppany, New Jersey. 38 | GEPAL CA- 630 et hoxyl ated

oct yl phenoxyet haventionn é@irhi&hrmm‘léf © thiat disovssedadbose f Less AR 1 weight

Cor poration of \Wayne, New Jer 39 VERSAM D 140 pol yam de which is
comercial ly a\Pﬁ“FQiBPEaW"!S’rﬁC@eWé? inclygied) in eaglh pemgpsition.nc . 40 MACOL
NP-6 nonyl phenol surfactant which is cofggfeg al |y ava| I abI e from BASF of
Par si ppany, Jersey 41 ENERY[ efT 0

comrercially gdvailable from Henkel Corpor ati WPERCE“T%ER&R@ENTPNI i qoi s.
42 POLYOX WBR-[26+—p6f yex"ct A eRe pcl YAk it qbl e
from Uni on ‘ ' gy Commettieyt ' Hbcn .
160 boron nitr}i de powder part I cl es which are dommerci al lly ava Js ledtof 4fOm
Advanced Cera eriopin c)msfteoﬁlm@irm : | 26h 110201 | 31.58
Nl TRI DE RELEA: L ingipplyfeer Yo 145.811039.1 010119 “l spdr si on

. y > me P, i Q | & 0
whi ch I's conmg oL L tHAge—HHE? %Qa-@-a_gig.e,_

Tennessee. N Rcidnat atganc’Shane coupl ingagents® | 23 | 23 8.42 81 23
PCTJ U899041057 lic-functional organo silane coupling agent™> | 4.7 48 o4 0f 4.8

Aqueous form oRENbrem ;.uma% Conparat | vaubél‘w 0 were
coated onto E- 2l ch _of 10.nd 58 i n@ sjize 10.9 :

conposi tions N s@l ilds0 Eadfé clo#t3edl gl a8s fijber

5 strand was n,ﬁ*. Lgrgtf e ih a48 i llar
manner using g o~ : 2 39 Lo, 36 .

v i 1o 0_| 421 | 406 V- "0
Sanpl es A-D, (omparathiydyet 06 0 C4TTP Tgc pamgec 9. -
2[ err] were evialuarl Gélon fiide pevderips #ySical_{u gpar I[€S0 0 SpCch &5 1¢ss on
ignition (LA) bmnmntqdepantcem_dusdmuevsmﬂ Br ag) 0 Hr .08 jondFof ce 40__4nd

broken fil anents.

30 RD-847A polyester resm which is commen:ally available from Borden Chemicals of Columbus,
Ohio.
31 DESMOPHEN 2000 polyethylene adipate diol which is commercially available frem Bayer of
Pittsburgh, Pennsylvania.
32 EPI-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas.
33 pVP K-30 polyvinyl pyrrolidone which'is commercially available from ISP Chemicals of Wayne,
New Jersey.
34 A-187 gamma-glycldoxypropyltnmethoxysulane which is commercially available from OSi
Specialties, Inc. of Tamrytown, New York. -
35 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from OSi
geclames Ine. of Tamytown, New York.

A-1100 amino-functional organo silane coupling agent which is commercially available from
Q8 Speciatties, Inc. of Tarrytown, New York.
37 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commeraally
avalilable from BASF Corporation of Parsippany, New Jersey.
38 IGEPAL CA-630 ethoxylated octylphenoxyethanoi which is commercially available from GAF
Corporatlon of Wayne, New Jersey.

39 VERSAMID 140 polyamide which is commercially available from General Mills Chemicals, Inc.
40 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.

41 EMERY® 6760 lubricant which is commercially available from Henksl Corporaticn of
Kankakee, lilinois.
42 POLYOX WSR-301 polyoxyethylene polymer which 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.
44 ORPAC BORON NITRIDE RELEASECOAT-CONC boron nitride particles in aqueous
dispersion which Is commercially available from ZYP Coatings, inc. of Oak Ridge, Tennessee,




The average | oss on ignition (weight percent of solids of the formng
si ze conposition divided by the total weight of the glass and dried formng
si ze conposition) of three trials of each Sanple is set forth in Table 7.

Each yarn wgs 4adsyated for Air Drag Force or tension by I’Eﬁ%ﬂ%a{spe 15

yarn at a controlled feed rate of 274 neters (300 yards) per e through
a checkline tension neter, which applied a tension to the yarn and a
Ruti two milineter diameter air npzéle at an air pressure of 310 kPa
(45 pounds per square inch). The Sanpl es and Conparative
Sanpl es were al so evaluated for 20 Friction Force by applying a tension of
about 30 grans to each yam sanpl e as the sanple is pulled at a rate of -

274 neters (300 yar, ‘aééo@sefon[ﬁ}]ng%fe compoéxﬂfn%%-p ﬁ'ldoééf{'\gglratlsg %ég\ﬁlé gaal

t ensi on neasur enent devi CeS i onary oP- about 5
centineters (2 WEdltm)edjoatnﬁ-grassﬁbatsirhnds Eat:hefthlee‘bmag size di spl ace the
yam about 5 centineters fro t lin n the tension
measur enent  dekAMRASItions ba ag]P@trgﬁ ﬁﬂﬂe&%‘gstﬁws %%cﬂ Yﬁ;.aegsg&%@erfort hin
Tabl e 7 belgw.gyHng vﬁs‘t@iété@td:@ﬁﬁ%ﬁé?ﬁbn&%vduﬂ&%ﬁ%ﬂtﬁhs in a sigigh! ate the

frictional forces to which the yamis subjected during weaving '
operations. manner usingrravenfipnal twisting aquipment1383 commercial Iy avail abl e

LIC'?'\? [Jsglg?gj,o%?m pr (ﬂg%ms of Samplem Iggéoéggrgtnve Sample No. 1 49nd a

Fafh sanpl e arﬂ:bmpamgva‘&amplesmm‘éwm_r evéhleatngcg:Iméﬂdpﬁ\]gs’ icd? pedisiities,

i laments usin rasion,te wo hundre a ten3|on wer e
applied to eacﬁ"‘ﬁé@ﬁ %saﬁﬁ)'ﬁé't‘ag%eé[?ha'f st compathiidy 8@56‘3&2{31 Edction Foreait e of
0.46 - mgh er shd BrekéraRehtsPer minute for five mnutes through an abrasion

testing 5 apparatus. Two test runs of each sanple.and conparative sarrpl e.
wer e eval uat ed T@n@verweamca:gtgndiont(mlghaweentnf solidskeftheifommingit s i s

paral | ol rows 9 Eibfsicn il B9 S RRA M ST R UG e seboie™ | v

apart. Each teﬁiemmﬁmbethreetﬁmﬂéﬁwmﬁbl@&twwnﬁmatbacent reeds of

the first row of reeds, then 10 threaded _between two adjacent_ reeds of the
second row of reed acBlygrn was evaluated for Air Drag Force ortensno by feeding the

i

15 vyarn at a controlled feed rate of 274 meters (300 yards) per minute through a
checkline tension meter, which applied a tension to the yarn, and a Ruti two
millimeter diameter air nozzle at an air pressure of 310 kPa (45 pounds per -
square ini:h). ' '

The Samples and Comparative Samples were also evaluated for
20 Friction Force by applying a tension of about 30 grams to each yam sample .
as the sample is pulled at a rate bf 274 meters (300 yards) per minute
through a pair of conventional tension measurement devices having a
stationary chrome post of about 5 centimeters (2 iriches) diameter mounted
therebetween to displace the yam abbut 5 centimeters from a straight line

25 path between the tension measurement devices. The difference in force in
grams is set forth in Table 7 below. The Friction Force test is intended to
'simulate the frictional forces to which the yam is subjected during weaving

operations.

_ * ppG Industries, Inc.'s 1383 commercially available fiber glass yam product.



dlsplaced a dlstance of one-half

i nch between the rows of reeds. The reeds
wer e di spl aced back and forth over a four inch length in a direction
parallel to the direction of yarn travel at a rate of 240 cycles per

m nut e. Thewom94sse of Alr
Fi | aments Under Abrasion for
set forth in Table 7 bel-ow.

Drag Force, Friction Forcereamdsinalsen
15 Sanples A-D and the conparative sanples are
-Table 7

Sanpl e A B47- C D Conparative Conparative
Sanpl e No. Sanpl e No. '

1 2 LO (weight percent) 0.35 0.30 0.52 0.40 0.33
0.75 Al r DEagh sgmpfesand copparatigzisample was algo evalgated for broken 19. 0
Friction for Nunber
of broken ﬁ#gﬁtgn@ngza% dbradiBn fester. Tvgg gur?d’%eg grams oit.eéig%hjwere £i1ament-s
per yard of applied to each teginsample as each test sampliewas puliedlatd fatd of 5aspl es A

and B, which are copate corrp03|t|ons cont ai ni ng boron

&le th sjizi ngwg
nitride accorBetess (18 ip Wb)P%"S‘@HY“t? ME Minutes, hiyough an abiasicnteshing i | anent s,

| ow fri ctlgn rfr%?étﬁ@ g‘%t s ancfcrl%ﬁgﬂé/ﬁ %gﬁ“gﬁgﬁvesampaﬁl)‘?g ed to the

Conparative rag val ues
than the Corrpwamartadeaushttpl averagenef the numbag ot kroken filamentd istreperted in VO
99/ 44956 PCT] US99104057

-48 - Bib['e ”’F% e.Em %b'?ﬁlr?ﬂltﬁtgr W’W ?f Ws%qr?li'% ﬁo‘ﬁ 8&3@? of an air

jet lToomin waeés each ré\h(bemrﬁbsitbnédlweuﬁﬁlnaﬁ EPaR. tﬂmltearyahysampleJ et
propul sion. Yans which are readily |Iarrent|zedqﬂ>ﬁ/the air jet
i

provi de great\¥as @‘{ﬁqd&@é’e&f‘%%ﬂ WR a@iﬁFe']té?Eds of the Brsk raw ghresds; encan
facilitat gyahfedded¥ d|5£t?en't %E&%@%é éEdb?nS%Sw of r@éd%d bt lvity. The
air -drag val ues for es A sanpl-es prepare

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

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

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

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

16 Samples A-D and the comparative samples are set forth in Table 7 below.

Table7
Sample
A B Cc D | Comparative | Comparative
Sample No. | Sample No.
1 2
LOI (weight percent) | 0.35 | 0.30 | 0.52 | 0.40 0.33 0.75
AlrDrag (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 20 | 1.0 - - 38 1.0
filaments per yard of
yam

As shown in Table 7, 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



according to the present invention) are higher than those of the

Conparative Sanpl es, which indicates superior air jet conpatibility.
EXAMPLE 5 10 Each of the conponents in the anobunts set forth in Table
8 were 4 form aqueous formng size conpositions, CE m&%and H
accordi ng to e present invention and the Conparative ?

simlar manner to t hat di scussed above Less than about 1 melght
percent of acetic acid on a total ht basis was included in each
conmposi tion. 15 Each of the aqueous formi ng size conpositions of
Tabl e 8 were coated onto G 75 E-glass fiber strands. Each of the

forming size auRAhkbalssiifbre the waRiHEFbAIEHSsRIAALIABAHbmAR W

percent solids
PCTI US99/ 0405 %the yarn is conveyed across the loom by air jet propuision. Yams whiéh are

¥?)‘?!AE ‘gO_l pg Mmore readily filamentized by the air jet pr\é\%hgﬂeaggr%%%\arge gr:ea ?o: r ai(r]j\lel%m N

BASI S propulsion, which can facilitate yarn travel across théS R @nd\hcrease
COVPONENT Conp.
Sanpl e Epo!a{ydlﬂt;twwfshﬁaﬁg%v@m quﬁqnples &rP @zmplesayeaared 16.12
63. 54 49l I 18
1.31 5. 1 cdfting to thez?? gé;éﬁY m’éh &gx{/'gthf-@lggtﬁ{eag tﬁx‘lesfe?fgg%g: ogPe aet?r.e]
1.63 6.44  Sarégles, which thdicates superior alt je@t@ompatibility. " Ethoxyl ated -
1.63-  6.44 1.63 6. 44 ) 6.18 - . _
octylphenoxyethano[err] pol yet hyl ene gl ycol 0.79 3.11
0.79. 3.11 - 2.98 rmowlpusae ester[err]
Epoxy-functional organo silane 1 12.51. ° 3.17 12.51

12.00 . 10 COL% *zﬁgeqmles '“ the amOU“tSGQjM“tmIW gwef§ err] - |

0.40 1. 56 mixed fo %rﬁﬁoaqueogs fdrmatlly sizg comp&suﬁ@ns% F, G ahé 'Wfécg}’dél‘ié‘f‘o |

enul sionf[err Bor on
nitride pomderthp@lreseunt ew[aalnur] and thé. Cﬂnparaﬂﬁe Sample in a similar ménner to that : 0
Boron nitride cP géutslsgcli ggove Less than about 1 weight percer?t of acetic acus) on a total 0
weight basis was included in each composition. _
15 Each of the aqueous forming size compositions of Table 8 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.



aqueous suspension[err] Each coated gl ass fiber strand was

tw sted to formyarn and wound onto bobbins in a simlar manner using

conventional tw sting equipnent. The 5 vyans of Sanples F and H exhibited
m ni mal sizi wp whessdi ng during twi sting and the yarns etrBssmhess E and
G exhi bi ted, severe sizing sheddi ng during tw sting. [err] EPON
826 which is comrercially available from Shell Chem cal of Houston, Texas.
[err] PVP K-30 polyvinyl pyrrolidone whixdgds commercially available from

| SP Chemi cal s of Wayne, New Jersey. [err] ALKAMULS EL-719
pol yoxyet hyl at ed vegetable oil which is commercially available from

Rhone- Poul enc. [err] | GEPAL CA-630 Edabte8yl at ed octyl phenoxyet hanol
which is commercially availabhl g f e FVROPON T

Jersey. [Brr] KESSCO PEG 600 pg‘{%ﬁﬁ%m

: : ) . - © -
whi ch i s compretraty—avattable om-Stepan

STRRE Y ©

[11inois. . E Me—¢ y\...EdU YPTEOPY -t TG EWJXH'bI i

conmrercial |y kgt = I Te¥3EUT 8864 €5, 16/12C | @h.64:

Yor k. [ er Y ATy isqt [y 848 0Pt §81 PO Y&481Y 1] i ch

. | oo 2k ] AL
i's commer ci al FEsrayRtEdvedelzoR o | MegRdl g4¥ PPT 468 O] OB 45alKaKaH8 _
[11inois. err] T qB304NB34y Pohgel Nyl ene gqnul .18N i ch

|
is commercial |y ayaigh tHahd¥n Sybrdn Chenj cal s af Birnmjngham Ne
Jersey. - - [ETT Ry jerr | {P8.746Q totion{ nd79i de polvddr paaesi cl
whi ch ar e -conjrer ciradnbigurate @sterabl e 1 rom Advanced ram cs {Corporat | of

Lakewood, Oni D.Epoxy—mr[cmnal]or@‘lPﬂ@\eBg?@WNl TREBE REBHFASHCOZPICINC B3P
nitride parti gl | qoupdi lsperdi on wh| ch ier‘nmrerr‘i:.\Ll\/ avail abl e
f fom ZYP Coat {.ngs, Orgaeic lubficanthic _ Bi 1g&;4°Tcnnag~Qaa°'4° 1.

PCT/ US9910405 polyethylerie emulsion™ 0 0 Oco X
o Boron nitride powder particles | 74.78 1.00 0 0 0
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
5 yams of Samples F and H exhibited minimal sizing shedding during twisting
and the yarns of Samples E and G exhibited severe sizing shedding during

twisting.

46 EPON 826 which is commercially avaitable from Shell Chemical of Houston, Texas.

47 pVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

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

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

0 KESSCO PEG 600 polyethyiene glycol monclaurate ester which is commercially available
from Stepan Company of Chicago, Hiinols.

$1 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York,

%2 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Henkel Corporation of Kankakee, {llinois.

53 protolube HD high density polyethylene emulsion which is commercially available from
Sybron Chemicals of Birmingham, New Jersey.

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

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



The yans of Sanples E-H and Conparative Sanple were eval uated for Air
Drag in a simlar nmanner to Exanple 4 above, except that the Air Drag .
val ues were determ ned for two bobbin sanples at the pressures indicated in
Tabl e 9. Ea%)/p%%was eval uated for average number of broken filaments 5
per 1200 neters of""yam at 200 nmeters per mnute using a Shi Wé‘;’/”%ﬂﬁiel No.
84 041 L broken filanent detector, which is commercially available from SDL
I nternational Inc. of England. These vaI#Fs represent the average of

measur enent s conduct ed on four bobbins each yam -The broken fil anment
val ues are reported from sections taken froma full bobbin, 136 granms (3/10

10 pound) and 272 k ?Qégl C W b bi n.
Each yarn was al so g%ggﬁggoggl\&r G!;t ensi (gﬁréﬁgstl ng Iélre se Q{é h in
Tabl e 9 bel owfor'ImeDragrihersmilahnakwtblEIxarrmlﬁéabavesmeebtetbatihelﬂh@)ﬂg the
Gate Tensi on od i s determned w ndi a, sa e of rnf om a
bobbi n at 200 VeSS ARBrEINeASCoNR bbbl SArpbles 2 FaRmtsfe ke ifg
parallel 15 crybi® CERENGarhWhsldVahidled idravirige W%hbfdkenﬁmnﬁérﬂy br oken
filament detector discussed above to count the nunber of broken

filaments. 5 per120@metsra phgan at 200 meters per minute using a Shirley Model No.
PCT/ U899104057

TABLE 9 NI bipken flapRnt detectar, which is comme F‘a"‘f:a‘%‘ab' f'°"ésné“anp| e H

Conp. FI LANﬁHil'rﬁtlﬁﬁﬂ I BEEnGland. These values represent the average of g
aroater bbis - e reenlamar

gr eat er G@gpsurememg gonducted,an’ four bo Bins of eaqiggargr t(rgl; %Gﬁ'd)

0.856 0. 017va|ues£1{ ?ép%{rted fro% Qé&mns tai&n%?d?n & full bobbin, 136 grams (3/10

than - 10 dgr ans pou r@;\ 0. 030 gr eater - 0.101
0.192 10 pound) and 272 ﬂrems (Sm pou wfa/arﬁmsnmnq frembthe bob ha| rs
per neter) d. 0235
0. 721 Gglagh g?rtnewgs also-evaluated for Ga&e 'Bezgs?on%gtmg are set forB\ Bog’ 8

0.571 - Tablg@belod. The number of broken filamént hi¥asured according to meOGQ

0. 4795 k3

Gate Tension Method is determined by unwinding a sample of yarn froma
bobbin at 200 meters/minute, threading the yarn through a series of 8 parallel :
15 ceramic pins and passing the yarn through the Shirley broken ﬁlam_e'_ﬁE

detector discussed above to count the number of broken fitaments.

e



Gate 5 0. 015 0, 093 0. 85
Gate 6 0. 0265 0.118 0. 993
Gate 7 0. 0695 - 0.31 1.0835
Gate 8 WO 99/44956 - 0.117 0. 557 Al R
DRA (grans) 25 psi Bobbin 1 - 10.4201],"8‘:}",599/04057
10. 860 11. 610 Bobbin 2 - 10. 600
7. 850 11. 610 30 psi Bobbi ngh _ - 11. 690
12. 500 13. 680 Bobbin 2 - 12. 200 -
8. 540 13. 850 35 psi Bobbi n | - 13. 490
14. 030 15. 880 Bobbin 2 - TABBESRBO - 9. 570
15. 630 40 psi Bobbin - 4. 740 - 14. 110
17.560 NUMBER OF BRQEN 4 SampleE | Sample £ 4 Sagple G | Sample H | 1Goral0|
17. 610 A%%NTS;“,PERB@EE‘R RF3 16. 180 - Sapple390
19. 830 i i [a 2700 18_95(
50 psi Bdbbi n  {ull bobbin 1@?@10 0.241 g::ge of 2kPE5  H204%3
Bobbin 2 330 4000 —34-0 5E—pci
Bobbi n 1 136 grami@{@%nd) 0.856 ?}1 5 tg;ae: . 3560.013 03200 |
Bobbi n 2 272 grama (810 potnd) 0576 | A036°0 greater pOBI01T | 0432 Jhile
t he test resgl ts presented in Tgble 9 appear tq imydigate that Samjl es
E-H accor di ng GATE TENSIOR (remberiol VENT T ON_flad gengral 1y nygner o _.aprasfon
resi stance tHhan t heairesrmatedt i ve |Sanpl e, [it is Hel i eved] t hat t hiese
results are not conclGae2/e sincg I1t-1s belogdged that aj pologss hiyl eme1
emul si on conponer@ate® t he Cdnparati ye oRfplle, whi ch v@Ed28nof pwBEBenRt in
Sanpl es H H _coniGaldfut ed t o labrasi veé potSer|ti es of | t HE06@ar n. 0.4795
VO 99/ 44956 Gate 5 - 0.015 - 0093 | 085
PCT/ US99/ 0405z Gate 6 - 0.0265 - OHE -§ 0.993
Gate 7 - 0.0695 - - 0.31 1.0835
Gale 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 N 11.690 - 12.500 13.680
_Bobbin 2 - 12.200 - 8.540 13.850
35 psi _Bobbin 1 - 13.480 - 14.030 15.880
Bobbin 2 - 13.530 - 9.570 16.630
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 - 18,280 22410
Bobbin 2 - 47.730 - 14.000 20.310
55 psi Bobbin 1 - 19.570 - 23.350 28.350
Bobbin 2 - '19.660 - 20.250 26.580

While the test results presented in Table 9 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 emuision

component of the Comparative Sample, which was not present in Samples

E-H, contributed to abrasive properties of the yarn.



EXAMPLE 6 Five layers of ADFLO ([ err] needl ed chopped gl ass
fiber mat, which is comercially available from PPG I ndustries,.Inc.,.
were stacked to forma mat havi ng a surface wei ght of about 4614 grans
per square t9g;"‘49% 5 ounces 5 per square foot). The thickness of each
sanpl e was about mllineters (about 1 inch). FourPeiUWP?4%th square
sanples of this mat were heated to a tenperature of about 649[err]C
‘(about 1200[err]F) to renove essentially,all of the si zi ng conponents
fromthe sanples. Two uncoat’éa'sarrpl es were used as conparative
sanpl es. The other 10 two sanples were di pped and saturated in a bath of an
aqueous coating conposi tion consy 'ng f 1150 mlliliters of ORPAC
BORON NI TRI DE RELEASECOAT- CONC - t percent boron nitride
particles in an Five mfamiﬁuﬁlfl}mhea)ledlnuoﬁ@ﬁ giadd fibartnsatswhithds 5 wei ght
percent aqueous ..solution_of A:187 .

gama- gl yci domﬁ‘ﬂ?lb’rﬁvﬁllﬁ@%fwg‘i ?%ﬁj{’d“ﬂﬁr@% Hica|wearg stagkedto fomyamad queous
coat i ng conpogk ' rﬁ?ﬁg 8imuget of boron
nitride parti @?‘g@é)gﬁgﬁ?ﬁ@gh@%ﬁ#gegﬁ e ﬁmﬁs%ggf)gt}?e?iéw grans. The
coat ed nat 5sapgrssuiareioof)dfhedhicknesisrof each aamhle was abaqui 2banillimaters of

about 25[err] ed 1 n:an.ove .err 3 hours.
Each set of sgﬁgpgl n&ﬁg g%‘k{é@ﬂgﬁﬂﬁ%ﬁﬁ%gﬁé’%s g%@#&f%%ﬁ%ﬁgg%at her mal
resi stance i niefiperaturd 61gboUBE49°CS(abbutBDOPFPROEMOed essentidiipal bfthe
according to ASTM Method C-177, which is hereby incorporated by

ref erence. Th¥ZipgIcoEPORERLsfioa} theiSammieRict i vi ty and thermal resistance for
each sanple are s | : 4

PCT US99004057 Sfwd Qﬁéé}téd"'sa-qﬁﬁbg whe B8PYS comparative %@gs 4R%ther

Tabl e 10 10 two sampies were dipped and saturated in a bath of an aqueous Saatjrige

X. Conp, " - A g - o
Sanpl e composition copsisfing, 82%15((? ngﬂg@? of ORPAG BOIRON NITRIDE
(centi met er s) RELEASECOAT-CONG {25 weight percent boron dieiiesizticlesin(der r ] F)
75. 62 74. 14 . L . (9 24. 23
23. 41 aqueous disperdemandcthifdnitititers pf/a 5 weight percent aqueous

solution of A-187 gamma-glycidoxypropyltrimethoxysilane. The total solids of

15 the aqueous coating composition was about 18.5 weight percent. The
amount of boron nitride particles applied to each mat sample was about 120
grams. The coated mat samples were dried in air overnight at a temperature
of about 26°C and heated in an oven at about 150°C for.about 3 hours.

Each set of samples was evaluated for thermal conductivity and

20 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.



Bt u i nches per

hour 0.373 0. 282 square feet[err]F
Wafts per neter K 0. 054 0.041 Ther mal
resi stance Hour square feet [err]F per 2.92 3.55
BTU WO 99/44956 meter' K per Watts 0.515 0. 6EErusssndosy

Referring to Table 10, the thermal conductivity at a tenperature about
300K of the test sanple coated with boron nitride particles according to
the 5 present invention was greater thangghe thermal conductivity of the
Conpar ati ve Sanple which was not coated wth boron nitride particles.
EXAMPLE 7 Fi | ament wound cylindrical conposites were prepared
fromsanmples of 10 G 75 yarn coated wiidblen@i ng G of Exanple 5 above and

1062 gl ass fiber yarn which is commercially

| ndustries, Inc. The

dylindgrs were

r epar eSampler awi ng

om PPG
ei ght ends of

yam from a yarn supply, coating the yarn Xith [h€Compriy materials set
forth below, and filarfent winding the yahinto a Samipledii cal shape
using a conventional fliThédss/\Grithesy apgdarag@9. Epch b ISjthe cylinders
was 12.7 centineters (5 TNCNESTentiffdterSA] an2i7it ef ) er of 14.6
centineters (5.75 i nchege tHr gk —p—63p geri neters '
(0.25 inches). ﬁé\, e (dF)fﬁ.m\ :’]'?SZ zjvcj 3 u?%%u: e of 100 parts
EPON 880 epoxy re:l' (r‘nnﬂrt:m { Ll ay JZ‘“.I#% nllzj'grﬂl| L {Chem Ca| ) 80
parts AC 220J nethyl | Thermal copgiuetivity o 8 | -

PCT/ US99104057 ' Btu inches per hour . 0.373 0.282 - 4 -
tetrahydro phthalic arflsgdaiedeet’€ommerci alll y avail apl e from Anhydri des and
Chem cals, Inc. of Nevvaﬁvaﬁs]ﬂewméyrs(ey) dnd g.opart | ARAgh TE|DY 062

benzyl dinethyl am ne- [FHdphl réslbtane@MerCi al Ty avhilabl € 1ijom C ba- Cei gy) .
The filament wound cylf —for TopTS 09 err] C and t hen
for 5 three hours at [ség‘ﬁ:égéeWﬁé? Tg?h adié5th r mal

I I I wotbaag tasl (bt darnans: .4,

diffusivity (thermal de FAS IR AT YT S 0626

Referring to Table 10, the thermal conducfivity at a temperature about
300K of the test sample coated with boron nitride particles according to the
present invention was greater than the thermal conductivity of the -
Comparative Sample which was not coated with boron nitride particles.

'EXAMPLE 7
Filament wound cylindrical composites were prepared from samples of

10 G-75 yarﬁ coated with sizing G of Exémple 5 above and 1062 glass fiber yamn ‘
which is commercially available from PPG Industries, Inc. The cylinders were
prepared by drawing eight ends of yam from a yarn supply, coating the yarn
with the matrix materials set forth below, and filtament winding the yam into a
cylindrical shape using a conventional filament winding apparatus. Each of
15 the cylinders was 12.7 centimeters (5 inches) high, had an intemal diameter
of 14.6 centimeters (5.75 inches) and a wall thickneés of 0.635 centimeters
(0.25 inches).

The matrix materials were a mixture of 100 parts EPON 880 epoxy

resin (commercially available from Shell Chemical), 80 parts AC-2204 methy!



density)) of each test sanple in air was determ ned by exposing one side of
the cylinder wall of the sanple to a 6.4 kJ flash |anp and sensing the

t enperature change on the opposite side of the wall using a CCD array 10
infrared canera at a rate of up to 2000 frames per second. Ther nal
diffusivity V2 NéEGere al so deternined along a | ength of PEEUSsR0MS?
(circunferential) and along a I ength or height of the cylinder (axial). The

t est results are set forth belowin Table 11. 15

Table 11 . -54- Thermal Diffusivity
(merr]/sec) radi al axi al
circunferenti al Sampl e . . . 0.37 0. 33

0. 49 %Ffﬁﬁ%f?i%‘g@a Aphydride (comynesgjally available fom Anhydrides apd 57
Referring to TeRémichl: idc8f MalHKS ' A I'e t est

sanpl e (which was {:oat' erffhwflth gﬁ('slr\#g Ijé;%nﬂ E’%"S?‘g\ﬁmﬁa@ga e less -
t han t hoskenzy! dimethy apineaacoeteratomdommaercialij availbledrom Gib£ Geigyj.h bor on

nitride. 20 Aig vaids in the filament wound cylinpder and the spall sanple
area tested ar-!;he ﬁa%epggp B’?f%!hﬁ‘.d‘éﬁ i\ q;,tg%;gfqr ﬁ‘l’? B%H'féé‘g 18“'52@"4 thepfers.
From t he fof egfigtohslas at isdaen, it can be seen that the present

I nvention provides glass fiber strands having an abrasion-resi stant coating

25 which are conpatlifsi redial themakdiffasivity (terpel sonductivityheatcapadignd al s. These

WO 99/ 44956 . N

PCr 1 US99/ 0405 %the cylinder wall of the sample to a 6.4 kJ flash lamp and sensing3fe - '
conti nuous strand m%t or, woven or knitted into a Tpab_ric for use in a w de
variety of app}f‘m&_ﬁ BWs‘fhaé'BEﬁf"ége PEPORIS dmeiibe wal usipg 66D amYsuch as
printed 10 Ghirsddlcabets dea raBf LB W 2000 frafieb pBF Sodbhd) Idnhlie coat ed T ber
strands with  physical properties which ar(g> conparabl e to those of
conventional cdititsiyty values were also determined along a length of the yam

(circumferenﬁal) and along a length or height of the cylinder (axial). The test
results are set forth below in Table 11.

strands can beyditsy, %’f'egéhfégf)?ﬁﬁﬂe ih 21 W cje'?é!'r%ir?edr é)yvéxrﬁ)%;in%héon%%%ie ot o

15 ~ Table 11

Thermal Diffusivity (mm*/sec)

; : _fradial | axial circumferential
Sample 0.37 - 0.33 - 049
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 fitament wound cylinder and the small sampié area tested are
factors which may have influenced these resulfs.

From the foregoing description, it can be seen that the present
invention provides glass fiber strands having an abrasion-resistant coating
25 which are compatible with a variety of polymeric matrix materials. These

strands can be twisted or chopped, formed into a roving, chopped mat or



5 fiber strands at reduced cost. It wll be appreciated by
those skilled in the art that changes coul d be made to the enbodi nents
descri bed above w thout departing fromthe broad i nventive concept

t hereof. it WO#IEs st ood, therefore, that.this invention PEI/USI0408Dt
limted to the particul ar enbodi nents disclosed, but it is intended to
cover 10 nodifications which are wwthin the spirit and scope of

t hei nvention, as defined by the appd¥dted cl ai ns. WD 99144956
PCr/ US99/ 040s7 -56 -

THEREFORE, WE CLAI M 1. A coated fiber strand conprising at
| east one gl asePntingeys girandJyat or W°Ve’b3rr'f’l’%?qovg%%ﬁbéa?%%sﬁ"aadﬂ"ii%d resi due

of an aqueous g fﬂﬁg@&ﬁdﬂsi Qufbr% s FiBidefidMes O E%ﬁsé{eg%ﬂcﬁgf ggﬁl\%ﬁt

percent on a total” soli'ds basis of 1norganic o) partic ich -
have a har dnessironitiboiardso cEhenivorganinfigrapioxidgthe coaled fiber strands withl east one
gl ass fi ber. . . 2....Jhe coal i,k trand accor,ding to claim
0 herein i neptusioalprpsiib Wiiph gt GaRbAaple @ Host BRENGaARY ooi i o
particles i§ afipdretahdsat reduced soget ers. 3. The coat ed
fiber strand according to claim2, wherein m ni num aver age '

. L the
particle size of tHEWIkRS zppTeciates) hythoss skilledin the,ag thatchanges covldbe r onet er s
to |l ess than O i, Gk i . fiber
strand accor d?ﬁgH% ?@%a?‘ﬁnb%ﬁ\%ﬁ{eﬂ%ﬁ? ﬁ%above Wirtrilmr‘llllt gépn? ’gﬁ‘/ﬁgﬁ‘gﬂgg’r |ch e size
of the i nor ganinventblei abnpeptitheteef Ités anddrstacd, therefare, that this inventiomig ers. 20

5 The coat egotfh]n'tﬂgerd tcsattlgea Bgrtigﬁi%%rq{bgginge%tg ld%'cl@séld, b‘ﬁ@f {se.h{énﬁé‘& to cover

10 . modifications which are within the spiri_t and scope of the invention, as
defined by the appended claims. '



m ni nrum average particle size of the inorganic particles ranges from about

5 m croneters to | ess than about 1000 m croneters 25 » 6.

The coated fi ber strand according to claim1, wherein the har dness

val ue of thg, nic solid particles is less than or eq t he

har dness vaI ue o?sg?he at | east one gl ass fiber. MM@%

PC/ S991 0S? - 57 - 7.
The coated fiber strand according to cl g.; m 1, wherein th
solid particles have a Mohs' hardness r ﬁgl ng from about about t 6.
5 8. The coated fiber strand according to clai

i norgani ¢ sol irfigeasdRESREE AR "Bd from at | east one | [?ﬂl
sel ected fromthe group consisting of ceranic, materials an mét all |c *
mat eri al s. 10 9. The coated fiber strand accordi ng to claim@8,

coram o mterial 1 ohpeaeq ot BRintieoriFishi 2t lref Goe HlgSTRTRARES 11 des.

ceram c materi al

metal oxi des, pgRiaily coated mardoam&esmaé@raﬁﬁhﬁé&lﬁ%uzmq&@:hgbﬁﬁdrdes

silicates,

nmet aI car bonat es and m Xxtures there

nmet al
10.

The coat ed 5 i BeMPEsing srraterdhan 2Ayreight petsent on atplal salids basis of inorgamisr gani ¢

lid I f
CO PR L AIEPGACRS TR el it i W lebd i AAEE
according to thesatiedst onbelasisfibehe ~ inorganic solid particles

hydrophilic and which upon exposure to water - absorb and ret
ininterstices within the hydrophilic solid particles.

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

'10 minimum average particle saze of the i morgamc solld particles is at least 3

micrometers.

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

g‘ler strand
‘ar et
ain water

minimum average particle size of the inorganic solid particles ranges from 3

15 micrometers to less than about 1000 micrometers.

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

minimum average particle size of the inorganic solid particles is at least about

5 micrometers.

20

5, The coated fiber strand according to claim 4, wherein the
minimum average particle size of the inorganic particles ranges from about 5
micrometers to less than about 1000 micrometers
25 8. The coated fiber strand according to claim 1, wherein the

hardness value of the inorganic solid particles is less than or equal to the
hardness value of the at least one glass fiber. '



12. The coated fiber strand according to claim@8, wherein the solid 25
particles are formed fromat |east one—retafTic material selected fromthe

group consi sting of graphite, nolybde dggum pal | adi um ni ckel ,
al um num coWPers9sol d, iron, si “‘“‘\Wﬁmﬂ m‘r\ t her eof . PcT/Us99/R4057 VO
" H

99/ 44956 * L * PCr f US99104057

-58 - 13. The coatéd fiber strand according to claim]l1,
wherein the aqueous si zing conposi tbdn is essentially free of
hydr at abl e i norgani c solid particles. 5 14. The coated
fiber strand according to claim1, wherein the I norganic solid

particl es conpriseZgr ealbe codlgd fiber sthanchacrording ireclgim 1pwheesin the of the

Fi ber st rand. daRaE oM betiPles s SYRAR tircness ranging fromaiily 1441 T

particl es conmbowt6at | east about 25 weight percent of the si zi ng
conposition on a total solids basis: 16. The coated fi ber
strand according to claim15, wherein the i norganic solid particles

compri se_greater tfan 2pQybodidd Hieh BirafPAGMIng to bitlin ownicki g corposi tion

on a total solids basis. oated fiI ber strand
accordi ng to dheriganit,solith padiclestare formedgrom at leasherssinorganid onatdriat conpri ses

I ic filmform ial LS d fr h
Conei 2t ngof SRstsHbERR A Bhle nelatiod S e matsriaé AR indfaifd 0,
st arches- and rxferiges t her eof . . _ .

10 © 9.  Thecoated fiber strand according to claim 8, wherein the
| inorganic solid parﬁcles are formed from at least one ceramic material
selected from the group consisting of metal nifrides, metal oxides, metal
carbides, metal sulfides, metal borides, metal silicates, metal carbonates and

mixtures thereof.
15 |
10.  The coated fiber strand according to claim 8, wherein the
inorganic solid particles are formed from a metal nitride which is hexagonal
crystal structure boron nitride.
20 11.  The coated fiber strand according to claim 1, wherein the '

inorganic solid particles are hydrophilic and which upon exposure to water

absorb and retain water in interstices within the hydrophilic solid particles.

12. The coated fiber strand according to claim 8, wherein the solid
25 particles are formed from at least one metallic material selected from the
group consisting of graphite, molybdenum, platinum, palladium, nickel,
aluminum, copper, gold, iron, silver and mixtures thereof,



18. The coated fiber strand according to claim1, wherein the sizing
conposition further conprises a gtass fiber coupling agent. 25 X 19.

The coated fiber strand accordi ng tgueizet _ mwmln at | east one of
the at | east _one glass fiber is for Iﬂ“ Im - zable materi al

sel ect ed froWPPH& % oup consisting of non-igl dsssi nbr gani c RENUSSYesy,

natural - materials, organic polyneric materials and conbi nati ons
t her eof . WO 99/ 44" 6 '
PCTI US99/ 04057 - -58 - -59 -

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

| east one glass fihker is,.select fromthe gr.ou onsj stin f E-gl ass
fibers, D-gl agg' fi ﬁgﬁsc?a@g _ §§§E?’?°La?%°?d‘@8‘l‘§§’§‘ #'ivgéﬁr%,"%ﬁgl ass
derivative fi kgji@oug8iing compeitionie essdfiallf e 6f hydratable inorganic soldl-  The

coated fiber strand according to claim 20, wherein the at | east one’
gl ass fiber i é’%‘@-gl ass fi ber. 22. The coated fiber strand
according to claim 20, wherein the at 10 | east one glass fiber is an.

E- gl ass derivative fibers. 23. A coated fiber strand

conprsing & |east 1dne Fhaseatedifiber strand accordisg tacldimhbwhegeinthe a primary -

| ayer of a dri.ed resid of.. a si 7] COMMQS) L] : | i, to at least a
portion of S_url?%rgggicoﬁoﬂgpapgggtcoﬁpgga Igéé%{ef 1h8b28§ﬂab?l§§9%gwi'§ﬁ PELED dary
| ayer .of an awpfeessizmgontusitiondia tlaleoligebadis.on. appl i ed overr . at | |
| east a portionm of the primary |ayer, the secondary coating conposition
conprising greater than 20 wei ght percent on a total solids basis of

I nor gani ¢ SO'_ 48, Pafrhi Gh&fRd fiber strand according to claim 14, wherein the
10° inorganié solid particies comprisé at least about 25 weight percent of the
sizing compaosition on a total solids basis. '

16. The coated fiber strand according to claim 15, wherein the
inorganic solid particles comprise greater than about 50 weight percent of the
15 "sizing composition on a total solids basis.

7. The coated fiber strand according to claim 1, wherein the'sizing : -
composition further compriseé a polymeric ﬂlm-forrriirig material is selected
from the group consisting of thermosetting materials, thermoplastic materials,

20 starches and mixtures thereof.

18.  The coated fiber strand according to claim 1, wherein the sizing
composition further comprises a glass fiber coupling agent.

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



20 .24. The coated fib ding to claim 23, wherein the

at | east one gl ass fi | romthe group consisting of
E-gl ass fi bers, DglaE“‘ﬁ‘HﬁI@E s fibers, Qglass fibers,
E- gl ass der i Wek994e9s6 i ber s tions thereof. pc-ﬁjés”,wm 25.

The coated fiber strand according to claim24, wherein the at | east
one glass fiber is an E-glass fiber. 26. The coated fi ber
strand according to claim 24, wherein thggat | east one glass fiber is
an E-gl ass derivative fibers. WD 99144956

PCT/ US99104057 -60 -

27. A coated fibeR0st r Zhe coatedfber stgarat adopeding tonstaigy aamér'ehethe at he

strand having, (1) a pri | ayer .of _a i ed residu |2|n

conposi ti on da Qt Iglﬁ%ér g@%‘?@p&gﬁ{ ﬁgnﬁg?tgir?ﬂ‘? qwsg»ﬁw 8&%’& flbﬁ@ at | east
one glass fi beu- uaea)nbars éﬁm Yalghaelrfibafs, &-8sOdKtRratve Aok,

conposi tion app |ed over | east a portion of the primary ayer, t he
secondary coatqoﬁ@%ﬁiméih@’e@fn conprising a polynmeric material; and a -
tertiary | ayer conprising greater than 20 wei ght percent on a total
solids basis of powdered inorganic solid particles applied over at

| east a portion of 2tthe Fhe ovatedfibbasteand ddtording to claim 20, Ahereifftite goat ed

fi ber strand rdin claim rein the at | east one gl ass
fiber is sel e?? &?ﬁsts ebﬁtﬁppéﬁﬁﬁ\g}&efng of E-gldss fibers, -~ D-glass
fibers, S-glass flbers Q gl ass flbers E- gl ass derlvatlveflbers and

conbi nati ons thereof. 15 The coated fiber strand according
to, cl ai m 28, wher ei22. t h&hecoated ﬁbeéetsanrbancogdl@gsb dlaitne20, ivehegein theyatas s
%2?; n th1e0 at!east one gléi% ﬂbe;rﬂ Cg%ﬁas% Jeraggtrlv ’aernOI according to Cl aim 28,

23. ° A coated fiber strand comprising at least one glass fiber, the
strand having (1) a primary layer of a dried residue of a sizing composition
applied to at least a portion of surfaces of at least one glass fiber and (2) a

15 secondary layer of an aqueous secondary coating compasition applied over
at least a portion of the primary iayer, the secondary coating composition
comprising greater than 20 weight percent on a total solids basis of inorganic
solid particles. o

. 20 24.  The coated fiber strand according to claim 23, 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 derivati\}e fibers, and
combinations thereof. o '

25 25. The coated fiber strand according to claim 24, wherein the at
ieast one glass fiber is an E-glass fiber.

26. The coated fiber strand according to claim 24, wherein the at
_least one glass fiber is an E-glass derivative fibers.



20 | east one glass fiber is an E-glass derivative fibers. 31.
A reinforced polyneric conposite conprising. (a) a coated
fiber strand conprising at |east one glass fiber at |east partially
coated W th yio6y/is6g resi due of an aqueous sizing corrpOS|t|l;&9,U§;mg&gpr| si ng
greater than 20 wel ght percent on a total solids basis of inorganic

solid particles which have a hardness which does not emeed—;#ha,t_dn&ss\f

e

32. The reinforced polyneric conposite according to claim 1 Vherei n

the at | east one glass fiber is selected fromthe group consisting of
E-gl ass fibers, D%? as A erafed diberstrandseorprisingsat Ieasiione glassifbes thee- g ass .

derivative @ﬁéﬁngdt@} @ﬂ'ﬁ?ﬂyqﬁ?érrﬁg drfdg" SQ&ue ofa snzmgtcognposﬂ%i?i

fabric conprlslng a co conpri sing flber
strand conpri applipdio dtdeast apoeion efsurfacésof the at teastonmglhsaflber @yated with a

dried f t t th 20
wel ght por CenSeRREEN BT S 4cpoagasHatos cRBPYHR BPRBKIQYePat Briabs whi ch
have a 10 har gaan dmé:anrﬂagaa th%éasﬂda%yfaaéw(é&nﬁsu prisp@d one

gl ass fiber. The fabric’ accordi ng to c|a|m33 wherein

the at-least SAWMgrigdraterial; and aderinry layarcomaising greatacthgn@Bweightsi st ing of
E-glass fiber ?terc%n%ﬁ%%lfai Qﬁi'a basis, of ﬁopdg}e%siﬁgjgkﬁgsggq %ﬂic?eisapbhguer S 35, |

E- gl ass derivaftive ers conbi S
An el ectroni covewmtdeast@cpqmorsofrtge secondary layer. (a) a fabric conprising a
coated fibgr strand conprising at |least one glass fiber at |east --
partially Coated with a dried residue of an agueous sizing = .

28. The coated fiber strand according to claim 27, 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.

15
29. The coated fiber strand according to claim 28, wherein the at

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

30. The coated fiber strand according to clalm 28, wherein the at
- 20 least one glass fiber is an E-glass derivative fi bers

31. A reinforced polymeric composite _comprising:
(@) acoated fiber strand comprising at least one glass fiber at least
partially coated with a dried residue of an aqueous sizing composition
25 comprising greatefthan 20 weight percent on a total solids basis of inorganic
solid particles which have a hardness which does not exceed a hardness of
the at least one glass fiber; and _
(b)  apolymeric matrix materia-l.



—_————

conprising greater than 20 weight—percent on a total solids

20 conposition

basi s - of inorganic solid partuﬂln ' have a hardness whi ch does
not exceed a har dness of the m ’”fs fiber; and

(b) a | aygo RfaadggP0l yneric matri X miteci ' ed over gir I,Sg;?}? a
portion of the fabric. 25 36. The electronic su{)t'por 4Bs'a'{ccordi ng
to claim 35, wherein the at | east one glass fiber is selected fromthe
group consisting of E-glass fibers, g1 gl ass fibers, S-lass fibers,
Qglass fibers, E-glass derivative fibers, and conmbi nati ons thereof.
WO 99/ 44956 . Pr/ S99/ 04057 _ _ _

- 62 - 32. 37he rdinforBéEpblyRIdIE cOHIPRSItd agordihg td'Blain?3¢) i m 35
wherein the support is a first, second or third |evel package. 5

38. An el ectwhatein the et igast oo olass dibgr issielapted from the group(egnsistinghofel ect r oni ¢

Fi'ber strand TOIRRF MeprR, Dsglass bers, Scglass fbers rbRE6 pleSCFRIA SRR o1

coated with d#ibard, athdreomisinstions thereof.  aqueous si zi ng conposition
conprising greater than 20 wei ght percent on a 10 total solids basis of
I nor gani c 3olid particles which have a hardness which does not exceed

a hardness of the gf | ?@%bﬁé’@@mﬁhéﬁﬁ? dca%%l‘é’éd fifét4trand comprising a coated (ii) a

| ayer of a polynmeric matrix materi a I ed over a east a portion

of the fabri dibeastrand comprising at jegst one glass Sber atdeast padialiyl coated withay er

positioned adjacent.to sel rii LOf - 5] f,at he

el ectronic Sl.f'b.% rrgs:dtue °§gn%&hggug‘§i§8’% &Fﬁ{e&gﬁhc@%ﬁg&ﬁ%réétgﬁmﬁggrd '
accor di ng t o weighihpet8enidied tital ddlids basis ofilinorgatid selidpaticies whichdave a

sel ected fromthe group consisting of E—rgl.ass fibe D-glass fibers,

bers,
S gl ass f 1®erhardeesy whish dogs pet excegdabardeess afithe éE EPB%?%& glasxifibes.

conbi nati ons t hereof.

34. The fabric according to claim 33, 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
15 thereof.

35. An electronic support comprising: _
(@) a fabric comprising a coated fiber strand comprising-at'le'ast one
glass fiber at least partially coated with a dried residue of an aqueous sizing
20 composition comprising greater than 20 weight percent on a total solids basis. .
of inorganic solid particies which have a hardness which does not exceed a
hardness of the at least one glass fiber; and .
(b) alayer of a polymeric matrix material applied over at leasta
portion of the fabric.
25
36. The electronic support according to claim 35, 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.



40. The electronic circuit board according to claim 38 further
conprising at | east one aEerture extendi ng through at | east a portion of .

v oty e N7 5512 it 0

| evel packa

PCr | US99/ 04057 42. An el ectronic support conprising:
(a) a first conposite |ayer corrprlsm@% (1) a fabric
conprising a coated fiber strand conpristng at | east one gl ass fi ber

at least partially coated wwth a dried residue of an 5 aqueous si zing
conposition conprising greater than 20 wei ght percent on a total solids
basis of inorganic solid particles which have a hardness which does not
exceed a hardness3af t ke electrenissuppert gtasding tdelaim aBwherein the '

(1) a layer_ of a,po Cc_mat eri.al applied over at | east a
portion of tﬁé’pP%'%ﬁp%H/s&rF&cﬁﬁd B i Ie\teil) ack8gesecond conmposite | ayer

different fromthe first conposite | ayer. 43. The
el ectroni c_support accordin o claim42, wherein the at | east one
glass fibdr is seﬁ@ct eﬁnfaleﬂ%‘pnwwg%bgarémmmg of E-glass fibers, 15

D-gl ass fi bers, %I as?ﬁereo?.ﬁm s%%@éémbhgﬁé-djh E-gl ass derivative f| beré,

and - conbi nat| _ The el ectronic_support
according to claim42 (/iher ea fabribeomprising coptedifiber stramdf ¢ongpirisirgeatond or third -
| evel ‘packag :

(o) Bk SGiad Ane atass o sAm ety Coed i S ofld e W3R O o110

aqueous sizing composition comprising greater than 20 weight percent on a
10 total solids basis of inorganic solid particles which have a hardness which
does not exceed a hardness of the at feast bne glass fiber; and
(i)  alayer of a polymeric matrix material applied over at
leasta portion of the fabric; and | ' '
(b) an electrically conductive layer positioned adjacent to selected
15 portions of selected sides of the electronic support.

39, The electronic circuit board -according to claim 38,_whérein' the
at least one glass fiber is selected from the gfoup consistiriQ of E-glass fibers,
D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

.20 combinations thereof.

40. The electronic circuit board according to claim 38 further
comprising at least one aperture extending through at least a portion of the
circuit board. |

25 '
41.  The electronic circuit board according to claim 38 wherein the

support is a first, second or third level package.



(1) a first conposite layer conprising: (1) a
fabric conprising coated fiber strand conprising 25 at | east one gl ass
fiber at least partially coated with a dried residue of an aqueous

Si zi ng conPagd bdfaBsgcONPri sing greater than 20 wei ght per cepdTrOHob40s7
total solids basis of inorganic solid particles which haWi ch
does not exceed a har(_:Iness of the at | east one glass fiber

nd —Wo
gorasgss -63- | ig@w I
(2) a layer of a polyneric matrix material applied over at | Bast &
portion of the fab42c; Amélectronic support comprising:i i) a second conposite

| ayer different fromthe_first conposite layer; and 5 (b)
an electrically cofﬂiuct?ﬁ@kF%VB?S'ﬁ?J?Y?ﬁn‘g’r%'s%' acent to sel ected

portions of selected sigles ¢ffabf6cbmphisingadioatedSitier dffafg eB@MphsiAg kR ers.
46. The electronic circuit board according to claim45, wherein the

at | east one (gastoné gless fiber aldeastpartially saatedwvith adied meidua ofigp of E- gl ass

fibers, 10 | ass fi.bers - ol ' , [ -

der i vat i ve 31 BERGSUSHiAR0 BomBoSET Sablid orhdt Mo 20 wlbRrodedt s |
el ectroni c ci t&tdi doliae dasisdf tRrgamgsolid particles Whichuravea hardnessowhiph i si ng at
| east one aperture exendi n% t Qéougr}tg%?l east a portion of . the 15 circuit

board. - does notexgged amg : Llegst ong glasyk, _?Fﬁ'&‘tl,ordi ng to claim
45 wherein the SUDGPT t d Bydr fid SolymBAS fikbOiataial dppiRdavePackage.

least a portion of the fabric; and
10 (b) asecond composite layer different from the first composite

layer.

43. The electronic support according to claim 42. wherein the at -
least one glass fiber is selected from the group consisting of E-glass fibers,
15 D-glass fibers, S-glass fibers, Q-glass fibers, E-glass derivative fibers, and

combinations thereof.

44. The electronic support according to _claim 42 wherein the .
support is a first, second or third level package.
20
' 45. An eiectrohic circuit board comprising:
(a)  an electronic support comprising:
(i) a first composite layer comprising:
(1)  afabric comprising coated fiber strand comprising
25 atleast one glass fiber at least partially coated with a dried residue of an
aqueous sizing composition comprising greater than 20 weight percent on a
total sotids basis of inorganic solid particles which have a hardness which
does not exceed a hardness of the at least one glass fiber; and
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(2) alayer of a polymeric matrix material applied over
at least a portion of the fabric; and
()  asecond composite layer different from the first
composite layer; and
(b) an electrically conductive layer positioned adjacent to selected
portions of selected sides of the first and/or second bomposite layers,

46. The electronic circuit board according to claim 45, 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.

47. The elecironic circuit board according to claifn 45 further
comprising at least one aperture extending through at least a portion of the
circuit board. :

48. The electronic circuit board according to claim 45 whereln the
support is a first, second or third level package



