RESI N COMPATI BLE YARN BI NDER AND USES. , THEREOFN Thi s invention rel ates
generally to coated fiber strands for reinforcing conposites and, in
certain enbodi nents, to coated fiber strands that are conpatible with a
matrix material that the strands are incorporated into. In thernosetting
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matrix material. As a result, these incompatible materials must be removed from the -
20 fabric prior to impregnation with the polymeric matrix material.
The removal of-such non- resin compatible sizing materials, i.e., de- greasmg or
de-oiling the fabric, can be.accomplished through a variety of tec:hmques The removal
" of these non-resin compatible sizing materials is most commonly accomplished by
~ exposing the woven fabric to elevated temperatures for extended periods of time to
25 thermally de-compose the sizing(s) (commonly referred to as heat-cleaning). A
i conventtonal heat-cleaning process involves heating the fabric at 380°C for 60-80 hours.
‘However, such heat cleaning steps are detrimentai to the strength of the glass fibers,
are not always completely successful in removing the incompatible materials and can
- further contaminate the fabric with sizing decomposmon products Other methods of
30 removmg sizing materials have been tried, such as water washmg and/or chemical

removal. However, such methods generally require significant reformuiation of the
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removal . However, such nethods generally require significant reformnulation
of the -1 sizing conpositions for conpatibility with such water washing
and/ or chem cal renoval operations and are generally not as effective as
heat -cl eaning in renoving all the inconpatible sizing materials. In
addi tion, since the weaving process can be quite abrasive to the fiber
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mat eri al . dition, it would be particularly advantageous if the
coatings vvere ediegatnie %" Wi th  roder:n air - j et weaving equi pment to increase

productivity. Furthggepsmnede norisk fikied pibesiiagsteps slashiplgl de-geeing ipede-
non-val ue addegl w‘?gr; %%(dasﬁ?ulsﬂxggsstngr%ase %bnc pr%%%t%nfc%kren & and cost. Additionally, each
generally requires significant investment in capital equipment and labor. Moreover, the

20 added handling of the fabric associated with these processing steps can lead to fabric

damage and decreased quality. |
Efforts have been directed toward improving the efficiency or effectiveness of

some of these processing steps. There nevertheless remains a need for coatings that

can accomplish one or more of the following: inhibit abrasion and breakage of glass
25 fibers; be compatible with a wide variety of matrix materials; provide good hydroiytic

stability; and provide for good wet-out and wet-through by the matrix material. In

addition, it would be particularly advantageous if the coatings were compatible with

modern air-jet weaving equipment to increase productivity. Furthermore, it would be

advantageous to eliminate the non-value added processing steps in a fabric forming
30 operation while maintaining the fabric quality required for various applications and

providing for good laminate properties.



30 operation while maintaining the fabric quality required. for various
applications and providing for good | am nate properties. -2 The fiber
strands of the present invention have a unique coating that acconplishes
at least the follow ng properties: inhibition of abrasion and breakage of
the fibers during processing; good wet-through, wet-out and dispersion
properties in formation of conposites; and good hydrolytic stability
(i.e., resistance to mgration of 5 water along the fiber/polyneric matrix
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the present invention provid good processabi l 'tthy in avi n%ggﬁfd knitting.
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-~ the coated gl ass rehbhiRg tl'ﬁetdo@ﬂﬁé aﬂf:i uﬁ b@’n(ﬁlﬂﬁﬁ%@t orl ;jwmhlzﬁnwaféheleenmg prior to
characteristics, individually can f&fﬁé 4@} o \éhrﬁger
and knitting afmiBeins éﬁeéﬂkﬂqfﬂeﬁ\’%t?}‘? Stéaradf’"ré%‘f’ RighcAn b 1 e GBI A
I'n addi tions ceahrsh diitRepreséitandatief. the pr esent | nventl on can be sw tabl e
for use in an air jet weavin r oces @M Ride -
means a 25 type of fAfFfAN %gﬁﬁ'ﬁn S ?'\‘R/r? Etﬁg?ﬁ%r ﬁal s 9%‘% ebf%v%(}g I'Rser ted
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i nvention have %€ " Yo&° ngga]r“%-nt ﬁ%cﬁgg'ﬁ?q{%? L?ntdart%e "?&g?'ﬁg Eecon ucti on
al ong coat ed sUildnanes lof sttang tbhdier, hugh fliability and low insertion time are examples of
20 characteristics, individually or in combination, that can be provided by the coated glass
fiber strands of the present invention. These characteristics, individually or in ‘
combination, can facilitate weaving and knitting and consistently provide a fabric with
few surface defects. In addition, coated fiber strands of the present invention can be
suitable for use in an air jet weaving process. As used herein, “air jet weaving” means a
25 type of fabric weaving in which the fill yarn (weft) is inserted into the warp shed bya
blast of compressed air from one or more air iet nozzles.
in certain embodiments, the coated fiber strands of the present invention have a
unique coating that can facilitate thermal conduction along coated surfaces of the fibers.
When used as a continuous reinforcement for an electronic circuit board, such coated
30 glass fibers of the present invention can provide a mechanism to promote heat

dissipation from a heat source (such as a chip or circuit) along the reinforcement to
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When used .as a continuous reinforcenent for an electronic circuit board,
such coated 30 glass fibers of the present invention can provide a
.mechanismto pronote heat dissipation froma heat source (such as a chip or
circuit) along the reinforcenent to -3 PATENT Attorney Docket No.

3626. 0080- 00 conduct heat away fromthe el ectronic conponents and g¢heglby

inhibit thermal degradation and/or deterioration ofyd-h& ShdketiNs. FB2EROBEODS,
gl ass fibers and polyneric rratrlx material. The coated gl ass fibers of the
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- being struglg b)éhmsn!abrﬁﬁ"ﬂw@'cfé@mn@%féﬁd&c@edadbro% af it pagahie sdir teetexted giassijpers of
- radar, and use of aerospace onposites as rocket e‘:frl’:%l ne,nozz

| eadi ng surfacd® RfﬁS%EW?F'%P'V@W@%@dd‘tﬁnahﬁﬁ'ﬁﬁg\ ¢ Sl E'Fwéb)% A IEIE Wo or

nmor e separat e phapsge Mindednet dlButifkthots.sti nct 25 pr operties within the

co 05|te In a typical non-netallic aerospace co Sit erj
rrp _ ypThe coated fiber strands ofathe pr sentemven ncan %nﬁg}sewégsa

structural-enhancing component of composite materials. Composite materials are

20 important structural materials used in aerospace, aviation, and other applications.
Suitable applications include protection of aircraft from damage due to being struck by.
lightning, masking of aircraft'against detection by radar, and use of aerospace
composites as rocket engine nozzles or as leading surfaces on reentry vehicles. A
composite material contains two or more separate phases which retain their distinct

25 properties within the composite. in a typical non-metallic éerospace composite material,
high strength or high modulus reinforcements such as glass fibers are embeddedina
matrix of a resin material that is much weaker and more ductile than the reinforcement.
The matrix bonds together, aligns, and protects the reinforcement. |

A significant aspect of composite materials is that designers can tailor the
30 properties of the material to the requirementé of each individual piece of structure, so as

to minimize weight and maximize performance. The composite properties are
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hi gh strength or high nodul us reinforcenents such as glass fibers are
enbedded in a matrix of a resin material that is nmuch weaker and nore
"""""""""" ductile than the reinforcenent. The matrix bonds together, aligns, and
protects the reinforcenment. A significant aspect of conposite nmaterials is
that designers can tailor the 30 properties of the material to the PATENT
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Attorney Dockel wm,ngﬁ%gﬁ%oﬁm@@asg,h (RABS A thel i dtGerhaitianti dhainan phasds] asd of

the reinforcenen trix ases, and ¥/ he rel ati ve anpunts. of
the rei nf or cembptheaethtiveamosnts ok therreistorgement apd theghplgs Pasentia the ORIPOSHE o

properties of %ﬁ& JP%‘h%%rQﬁerEé%rﬂ?oébﬁ Sate%ﬁédn@dosﬁyﬁ{at&%i kisvee krowheao beer t ai n

that they neet e requirenents desi gner for a particul ar

appl i cation. 5 cgtais thahjhey| mqrﬁtmrreﬁgqum@tmfé e gpeanarie %P%’BC%‘W&PPE%?HC%

detrimental go 'Ithpg bbsrterilﬁ'l l’ﬂatiiﬁg te Hdae clegﬁ g§§tef) it cBin Be@eirilﬂﬂatntéi @dlthfau;[r‘éﬁgih of the
u

contam nate th C Wth sizin cts, it iS pOSSi an
" accuratel y prediass fibers ape dfad cen it TCQW'P@@JF? fﬁ?&ct‘:‘i‘}ﬁﬁ%\gﬁo efifal . In
certain embodi 'E%Pétﬁle td %r&%ﬁ%@e!} bRt fHelpRelstst &%fﬁﬂibﬁre@ﬂlﬁﬁ@&bmpdimematMI can

. also lessen or elimnate the need for inco oratl ng Pr{]ﬁ ﬁé .conducti ve
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neans that the rﬁéthaﬁﬂtéﬁassupam@rm mrgingl and aastaeetéonal area and that the
filaments of the strand are no 0 Qne anothlhst],' hi gh

" strand openness can Pﬁ&P??FQP@%‘@HgTP %?BF?SSW 'wna’SﬁFa%Possﬁﬁ?r X haterials
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t her mal expihsi@bnd goer drothedr The Sighaengidopagness &0: fianifitatd peamietratiorbareet out of
the resistance to mgrat|on

312 r\(/avg?te:], afigﬁg OOd %%@kﬁ%ﬁhigtﬁﬁwéeﬁ /Pia& tionally, electronic
supports and pri nt e Contpasites, bn@mwaﬂ’@cum‘r Idrhigatps, s ¢t priessrd invieotionratkde flognthehe
fiber st r ands Ifrt]Jef?1 é:t(r:a%rd(sj%P 81 p%sent invention, can possess at least one of the following
properties: low coefficient of thermal expansion; good flexural strength; good
20 interlaminar bond strength; and good hydrolytic stability, i.€., the resistance to migration
~ of water along the fiber/matrix interface. Additionally, electronic supports and printed
‘cireuit boards of the present invention made from the fiber strands in accordance with
the present invention can have at least one of the following properties: good drillability;
and resistance to metal migration {also referred to as cathodic-anodic filament formation
25 - or CAF). See Tummala (Ed.) et al., Microelectronics Packaging Handbook, (1989) at |
pages 896-897 and IPC-TR-476B, “Electrochemical Migration: Electrochemically

Induced Failures in Printed Wiring Boards and Assemblies”, (1997) which are

specifically incorporated by reference herein. Fiber strands in accordance with the
present invention with good drillability have at least one of low tool wear during drilling

30 and good locational accuracy of drilled holes.



t he present invention can have at |east one of the follow ng properties:
good drillability; and resistance to netal mgration (also referred to as
cat hodi c-anodic filament formation 25 or CAF). See Tummala (Ed.) et al.,

M croel ectroni cs Packagi ng Handbook, (1989) at pages 896-897 and

| PC-TR-476B, "El ectrochem cal Mgration: Electrochemcally |nduced
Failures in Printed Wring Boards and Assenblies", (1997) which are
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conpat i bl e colmzdsttaspectf themessiplovided afibatstlanad sbmpiteng adeast obs filsdr at east one
cati oni ¢ I t c) at least one film
form ng rré%{g; ahl%l?r? %E? 8@?;&3113 %migag@%an%@%ﬁgﬁ&%@g%ﬂ?rﬁ'g agent, and e) at
| east one di spersion of po ynerlc partlcles In a second aspect, there is
provi ded a yarn cadnpri gﬁtmﬁsabné egphicdutgichntimemprising ahldagtondef i ned in the
first aspect. In a thir % there is provided a fabric conprising at

| east one fiber strand a efined in the first aspect.

c} at least one film forming material,
d) at least one organosilane coupling agent, and
e) at least one dispersion of polymeric particles.

In a second aspect, there is provided a yarn comprising at least one fiber
strand as defined in the first aspect. |

In a third aspect, there is provided a fabric comprising at least one fiber strand
-as defined in the first aspect.

In a fourth aspect, there is provided a laminate comprising at least one fiber
strand as defined in the first aspect.

In a fifth aspect, there is provided a prepreg comprising at least one fiber
strand as defined in the first aspect.

In a sixth aspect, there is provided a electronic circuit board comprising at
least one fiber strand as defined in the first aspect.

In a seventh aspect, there is provided an armature bending tap comprising at
least one fiber strand as defined in the first aspect.

In an eight aspect, there is provided an aerospace composite comprising at



In a fourth aspect, there is provided a | am nate conprising at |east one
fiber strand as defined in the first aspect. In a fifth aspect, there is
provi ded a prepreg conprising at |east one fiber strand as defined in the
first aspect. In a sixth aspect, there is provided a electronic circuit
board conprising at |east one fiber strand as defined in the first aspect.
In a seventh aspect, there is provided an armature bending tap conprising
at | east fi-ber .stran s defined in the first aspect. In an eight
aspect, tlﬁée)éﬁgmleg' %frsg"@pagagsﬁegéq{pg&gsggse%qﬁrposi te comprising at -6 |east
one fiber str ' in the first aspect. ln a ninth ect, there
i's provided aﬁﬂgvrlﬁ,@? ?gé]écggﬁ%%% érg\ﬁ%%dn,srﬁiag‘a %'3?m‘?°esggfom8rhsé"gf$tz%5?st rand as
def i ned ionetflper $transitasatsfieed in thenfirat 4spatth aspect, there is provided a fiber
strand conprising at |east one fiber at |least partially coated with a

resi n conpati Bna ienfimesrsdt.iterre foprardded a Gbersfrand coraprisingoatdeasbenenfibap) at | east
one pol yngidaat pathsllycBBled WA fesih REmBLidISBsthn¥itRn BileYafne, ¢) at least one
filmformng material, d) at |east one organosi Inane coupling agent, and e)
at |east one di sper®i on #feapAngiesine particles. In an el eventh aspect,
there is provided a)fibef eabf GHRGAMPLIHRAEMRSAG a0BSst ochkber at | east
partially coated wth a siar(_:h-free conposition fornmed froma) at |east one
rosin, b) at |east one FRYPEHI® | ubricant conprising at |east one

pol yam ne, c) at |ejst emrabidndfifoinng madeasl al, and d) at |east one

or ganosi | ane coupling a%g t..ln a twe,llfth aspect, there is provided a fiber
strand comprising & | e&5{ea5 e Fganopilane qodpling 395pt AAF |y coated with a
starch-free conposie)i on at kaswsheldisparsign éftpolyerasit panieles0si n,

In an eleventh aspect, there is provided a fiber strand comprising at least one
fiber at least partially coated with a starch-free composition formed from

a) at least one rosin,

b) at least one cationic lubricant comprising at least one
polyamine,

c) at least one film forming material, and

d) at least one organosilane coupling agent.

In a twelfth aspect, there is provided a fiber strand comprising at least one
fiber at least partially coated with a starch-free composition formed from

a) at least one rosin,

b} at least one polymeric lubricant comprising at least one
polyamine,

c) at least one film forming material, and

d) at least one organosilane coupling agent.

In a thirteenth aspect, there is provided a fiber strand comprising at least one
fiber at least partially coated with a resin compatible composition formed from

a) at least one rosin,

b) at least one silylated polyamine,

c) at least one film forming material, and

d) at least one organosilane coupling agent.
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b) at |east one polyneric lubricant conprising at |east one polyam ne, c)
at least one filmformng material, and d) at | east one organosil ane
coupling agent. In a thirteenth aspect, there is provided a fiber strand
conprising at |east one fiber at |east partially coated with a resin
conpati bl e conposition formed froma) at |east one rosin, b) at |east one
silylated polyamne, c) at least one filmformng material, and d) at | east
one organosilane coupling agent. -6a In one enbodinent, a fiber strand
conprises at least gne fiber at |east partially coated with a conposition
formed fror gbe FEBAIMERHA F*E%ﬁﬁanda@m%ﬁ%% atdepst eng fheppileasipritielnt .  at | east

one f idogtetavithia\gnipakion tdrmediirom%ﬁﬁzbsm@ r%lﬂ%?%bﬂ@@%amhbﬁ%gmagem and at
nmeri c artl C I ment, a

Ieast ne, di Si on

(ber L EPE HeTBRITEE ol 2lg5 e Bithisiaiy cquplhe8o8phaty &P coat e vi th a
corrpos:neldmpeafsmnrcédolymemwamdlasast one rosin, at |east one polyneric

| ubricant, at least one filmformng material, at |east one organosil ane

coupl i ng agealhother&mboal‘tfnehea&fber@‘rﬁndlbﬁmﬁrrséh alneaﬂt o@@fbeﬁerlie@stparti cles. In yet
anot h i ber at | east
parti ar[y cgatéesg‘nlm?ﬁo ol%"?gpi f%?gr m 3(5 i‘?n[er @g%ﬁt}o&eﬁ’ﬁ YA¥"east one

r osi n,lubsicanteaideasppre filmdomming rnaﬂemjraitdﬂ,ast pneatrgdnesidneaneplinglageftor mi ng

mat erla%,at RAG Gk diRRion U Poihed 2 iid&ne coupling agent. In still another
enbodi nent, a fiber strand Conprises at |east one fiber at least partially

coated wt %é STA I rosin, at
| east one hn ?@h§%+6ﬁp can |'%t’rﬁ9{31 ﬁﬂ}g%%‘. #ne f%gﬁét Iear}.fe“ al, and at
| east P@ﬁ@“)(ﬁ‘@éﬁﬂwm aysfarchdisn sPinpesitiagenemprising aﬂgashene Embodi leasionea fi ber

st r an@afisHiPIuba@wt, at lch83nk flﬁﬁ‘ﬁ:n%ina?ﬁatéﬁaileﬁ'@%i leaP@nkiofddn¥siRat €d Wi th a
conposi tion conprising at |east one rosin, at |east one siIlyated

pol yaﬁP%'”géﬂe"teast one fil m form ng material, and at |east one

or ganosi | ane coupl i ng dg
In still another embodiment, a fiber strand comprises at least one fiber at least

partially coated with a starch-free composition comprising at least one rosin, at least one
polymeric lubricant, at least one film forming material, and at least one organosilane
coupling agent.

In another embodiment, a fiber strand comprises at least one fiber at least
partially coated with a composition comprising at least one rosin, at least one silyated
polyamine, at least one film forming material, and at least one organosilane coupling
agent.
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-6b PATENT Attorney Docket No. 3626.0080-00 In each of the aforenentioned
i ndi vi dual enbodi nents, the conponents that conprise the coating
conposition disclosed herein are different. For the purposes of this
specification, other than in the operating exanples, or where otherw se

i ndi cated, al I nunbers expressing quantities of ingredients, realtiIGNT 5
conditions, and so forth used in the specificat AWH%@O@}%NRB %%%OQBS
understood as being nodified in all instances by the term "about.

Accordi ngly, unl mChmﬂtheaafmémeotl@rlreei ingointa! &ﬂ}bodlfﬂ?éﬂﬁwdifﬁe‘iqr@%“ebfért%t ers
set forth'in the f IIo rertl ai ns are

appr oxi mat | P rfsﬁ © ]9 'f@?wggpé&r’lﬁﬁfﬁ B%S@ﬁgrﬁ%géégﬁged properties sought
to be obtained bfotthe ppresenof thln\sen@fl@ﬂonmtherﬁeanﬁertse PRUANY KBTSt Oas an
attenpt to I 0 FEdicrad eddctioh O t he
scope of th@' ac?tﬁ% S@qccﬁ&%dﬁ%?ﬁh%efg xﬁjarret g(ﬁh& ﬁ%s%ff.? | east be construed
in |ight 50f commuumnmrsodbrm eperd indhle spsgmﬂcatmmd claimgiare toRRIUIPTSIPM 3% ng

or di nar'y r oyl L drERILANSSNGA, AL el Bl SALRRIngE AL PGt Dehe

present " inv R{'P rrses a bers. used herejn
"strand" meaostray, pheunlamer!qal pﬁranﬁtﬁfv F@M@\ﬂth i tbgf@lowmgépec@ﬁahp@ggfﬂ afigded 1 5
fibers, andLie. SEIABHGANROUR h§ vEhARIBndRIE0S! tlidebRsctptbpériibessunbl e
naterlals (3 0 P ers can al so bere?

erred to as LY t‘% '(I'h
term"fiberto Imealvtelnadl by Hei weskinvepiarafidiibe very 1538t ghd ABLAS 3 %"?FB b
present anﬁ{etép?)ﬂc%;@n%f {h'e%ﬁﬁln@%?‘ eh@VSeds t@i‘h@rs@&% ofrlﬁ)éTbIBﬁhhs bhtenurdéroakt er

rangi ng m crometers. I'n eertain enbod age

.. nom nal fi bearamesgrshewldet leteﬁﬁebqﬁ%%?@d inAigBLRf t%"%‘ﬁe @gfeHOSFQéBSEﬁ%‘F'& 5 20

m cromet er s jaRd A4 8aLES BFdi RSnYRg RechaRpks.cat i ons, the aver age nom nal
fiber di arre?gr acan?rgé\ymg n r*S to 7©m croneters. The i bers ¢ ﬁg ffo r med

from any type of quoemf%abﬁt@%acseﬁdmg R HeRT B {yE kPN %qg?qqsgaa P r?l art

i ncl udi ng f'rF)&rs' Z\%bJsSd h&@frgeé'iifa%d MReghd thrai’iy drendiia ﬁb@ég&n,lallemtm al s
and m xtures of rp%fﬁ he foregoin

e | nor a | al s
can b G habomsAHLe R 61 TRy des o e B o el ey
the art wil |buﬁ@9'b?ﬁlbe?§ Qart BB& bé herrtd kesd Zamt )e THeqs @atiiber” acrnechneragamﬂmdual
_ rrat erials, can also E }/merl c materials. rgl & hcerﬂg_‘a h@ertag

"pol yneri ¢ iERan- af\“h% R '&TW&H}%D&?S%PWH‘% e SR & 88 EBnposed
~of "1 ong chainggmid figdrAEndtBaangihg floltk e33 mgesrhatersana céttet ecandiveotsithe
average nominal fiber diameter of the present invention can be, for example, 5
20 micrometers and greater. For “fine yarn” applications, the average nominal fiber
diameter can range from 5 to 7 micrometers.
The fibers can be formed from any type of fiberizable material known o those
_skilled in the art jncuding fiberizable inorganic materials, fiberizable organic materials
and mixtures of any of the foregoing. The inorganic and organic materials can be either
"25 man-made or 'naturaliy occurring materials. One skilied in the art will appreciate that the
fiberizable inorganic and organic materials,can also be polymeric materials. As used
" herein, the term “polymeric material” means a material formed from macromolecules

composed of long chains of atoms that are linked together and that can become




-7 PATENT Attorney Docket No. 3626.0080-00 entangled in solution or in the
solid state'. As used herein, the term"fiberizable" nmeans a materi al
capabl e of being formed into a generally continuous filanent, fiber, strand
or yarn. In certain enbodinents, the fibers.can be fornmed from an
inorganic, fiberizable 5 glass material. Fiberizable glass materialPATENT
useful in the present invention include but are naitotriegiDoekettNn. B625@080-00
prepared fromfiberizable gl ass conpositions such as "E-glass", "A-glass",

;C-. gl ass", "D galn?a?'@'i'eéj :rrx] SoltlicHSsT in tH'e:%ogdj aﬁsé"d AL Tsgl asin, traﬂdnilii‘fgaleamm” means
erivatives. As use erein, "E-glass.derivatiyes" neans. gl ass.

conposi tions t Fanateral @rediRichbeing %P?B’ﬁafrgo 8199??"6%‘? ?%‘"ﬁﬁiflsfg%%rﬁ‘rfbbﬁr’asﬁran%gt
preferably are yhtgiorine-free and/or boron 10 free. Furthernore, as used
herein, "m nor "anpbunts of fl uorine" ns | ess than 5 weight .

fluorine, for exanpl@dCpaid emRgAMEniE, %ﬁﬁﬁi’s C&Qi’@éﬂwqqofﬁ iaﬂé?&%anné&%%r%%pe
amounts of bor qussRABSall EbsrizdbaNgBssvwbehbls peelERthdpresent ifentigxadplebitess
than 2 weight percent boron. Basalt and_m ne

nt. b | t . al wool are.e esw _E} her
fiberizable gl 288notimitedta fhosg oesnared frep H%efk}ﬁ‘é@eg}ﬁssiCHU‘BR?'f'%’ﬁmhgge‘? ’aa?%
enbodi nents, tha giqassct jlaer sDaglgssl B Gsghat tadylhssdmSkgladst smddE-gBs g tiatystives.
derivatives. In other en qgiment . the glass fibers. ar. S déie
G gl ass. The glAseeringEs Tgtqsﬁéﬁﬁ‘fa&@%?n?qﬁ\?éqﬁ%sis5ﬁmggﬁfﬁ%"ies' tﬁ %ﬁﬁr‘%& |'ﬁ{n§'ﬂ1y
sui t abl e et hohmdUneT fiubrifienendisrtbordroandexastpreferatylyaess flfiprirerfeeecand/ddofasr ned
inadirect-melt fiber formn egrati.on or i 'r}?ire foss than 0.5
mar bl e- nel t1,61$iff?§’r ﬁ’gg‘ﬁ'i”?%e'oﬂfg‘fsgﬁg'(%?m‘l ﬁ'“é’PaE”PQ%‘?gﬁﬁﬁ‘ i @eranggs? or m ng
oper ation, raw wagiepefeat fuceine dobéxaethle less thad Oahdeigbihmryesrit Aeerinenand Gied's
mel ting furnace, Th | ten gl as ves. fr WERRAC K kRarfnik Meelipars h
and into fiber a”f’%‘i”ﬁﬁ %Oé%bggefpﬁieesg vﬁ?esr\é’egﬁyeﬁé;g? LER Ol BeS |r§p_at tenuated
i nto conti nuouswaigitgerdenbesren. Baselzandanibéral wedl argykxanspléeimtngy fopesakte aiass
pi eces or mar bl,es of LG A RN cBESh ERBoGhaRE, FRBIASIbbanurar e
pref or med and f'ﬁ%elﬁ If‘ gggﬁﬁﬂgﬁ% élljégevﬂt%l‘e]ﬁgh_tﬁ%éyn are ne tegI 25 and attenuated -
i nt o' cont i nU@ussedctsisirdm Beglass drfE-glagy eervhtives. isothseamnbedimenisr e @ipsa fieers &e
first into the é%rle%@rio%ev_\ﬂggged, and then the nelted glass is fed into a
fi ber form ng Tapparatus ere the glass is attenuated to form continuous
fibers. In the presétite glssfiers ofiine pleserylinuestion euyie reepineysaiptle MeHREd
by the direct - nglotynlih BR'arl. % dFelmple, glass fibers can be formed in a direct-melt fiber forming
operation or in an indirect, or marble-melt, fiber forming operation. Ina direct-melt fiber
20 forming operation, raw materials are combined, melted and homoegenized in a glass
5 melting furnace. The molten glass moves from the furnace to a forehearth and into fiber
forming apparatuses where the molten glass is attenuated into continuous glass fibers.
In a marble-melt glass forming operation, pieces or marbles of glass having the final
desired giass composition are preformed and fed into a bushing where they are melted
25 and attenuated into continuous glass fibers. If a premelter is used, the marbles are fed
first into the premelter, melted, and then the melted glass is fed into a fiber forming
apparatus where the glass is attenuated to form continuous fibers. In the present
invention, the glass fibers are preferably formed by the direct-melt fiber forming

operation. For additional information relating to glass compositions and methods of

! James Mark et al, Inoraanic Polymers, Prentice Hall Polymer Science and Engineering Series, (1992} at
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operation. For additional information relating to glass conpositions and
nmet hods of James Mark et at. Inorganic Polyners, Prentice Hall Pol yner

Sci ence and Engi neering Series, (1992) at -8 PATENT Attorney Docket No.
3626. 0080-00 formng the glass fibers, see K. Loewenstein, The

Manuf acturi ng Technol ogy of Continuous d ass Fibres, (3d Ed. 1993) abapages

30-44, 47- 103, and 115-165; U S. Patent Nos. 4, 54%%8@3,%}(&“@%5@@@08@0@
| PC-EG 140 "Specification for Finished Fabric Wven tro 3 ass

Printed Boar ds"fo%a %% lass fﬁ)eP%P Eée%n%fe nl e sM_éELfarcHﬁ'rﬁ% Qeérﬂfolo?y
I nterconnecting ana imiti ng
exanpl es of suiGaineousod g§ Eﬁgj (3§!e'id 2993 @tlpﬁﬁﬁ?g%  47at @y pad 315-18%1Wide

et UL aﬁaﬁe@%& 8349 e1l8§ GRE 5588 %bgeandQ%t&ﬁ'n&t@“%Hyfﬂc@hon%} FibisRed

al um num oxi de an I"éz0e ric ceram'c terials |mt|[1?% exanpl es
of suitable f| b’ﬁrhrlzéﬂbtb\@n frany & BtaserderdirintddsB aands” @ eageot taopublieation Eaéinstﬂme

natural L ubber of | ¥ oG crl o shaBlochil ciiRond\itnd 111 119 exanples

of suitable |ber|za e or ric materials 1 nclud t hose forned
from pol yam des ( sudtoralimitipg exarames efrsaiiéie pon-gless fiegsizableinorgaiq@stespls

(such as pol yet,ny!,@@g?rgﬁrcqﬂ%ng\g @&@eﬁg%eﬂlcmw L&B6n tgﬁé;%?t@t fahit Sliminum

acrylics (such a acr nitri efins, po yurethanes and
vi nyl - pol ynmers qmamdayemlswicwramlarr@éﬂﬁ@h) NCNdHU'@'I‘%@?“TH'EE%%SEéqﬂipef‘benzab'e
materials usefyl, ér'ﬂc Hé?er%TSQQSMe édﬁ%ﬁ@éll@ﬂs@@ﬁtd@trﬂ&%‘i R rahie meﬂ‘@aéllsﬂlgar@nd

processi ng such |bers are di scussed l'ength in the Encyclopedia q
Pol ymer Sci Ediceveghd Npadimitisygmpiesiof S@taplfsfmwza&ﬂe FIgRs polytera materils *EC'Ude

under st ood 't hatth@é%ﬂﬁe@froﬁ%ﬁ)awwersis&fh %Wl&fanﬁf@aﬂﬂgy%émbﬁbst@ pohRatkrs
conbi nations of fibers formed from an¥ he above rraterlals C e used

n
in the presentpganeelyihyiene gephinalgle Wwyle%rquwﬁ{afq PRTY'SE AT e
enconpasses at pdgietyidnified? pBlybbaise Bblyur‘efh%hés éﬁ&ﬂﬂn{ﬁi rp@mﬁétef fsach agpolyvinyl

fiberizable materials. In cerfain ansof

enbodi
present i nvent i FFPoBniNaNTalags f|b§5%%b'eo’ﬁ@*ea?‘§§§eff‘l *Bé’?e Pr&P?fﬁdﬂY&H Y %VOQS for
contain ot heg tpfesénr@farfdlda@ée%sm&@acrpfrw@mte digtvesdd Aensith in thoBndelopedieussed

generally int cont ext of ss .fiber al t one skilled in
the art would lé@ﬂ%@%@ﬂ%@%ﬁﬁ' %é@aﬁr}ggf %5%?1 bers forned
from any fiberizabl et pRIngeistdodkhgwends of hcﬁaoWnﬁerﬁsf shiyssf uiss aisbva boateriald b,

E Eg di scussi on ct:or}n tlnat:ons o},\FbelrQ fotrr(rauramsrom an o?ﬁ‘ne afb'oeg rrnslatc—:‘?lrpaﬂ-:I c':a%%e% 8 {hey to }

present invention, if desired. Moreover, the term fiber strand encompasses at least two
20 different fibers made from differing fiberizable materials. In certain embodiments, the
fiber strands of the present invention contain at least one glass fiber, aithough they may -
contain other types of fibers. |
The present invention will now be discussed generally in the context of glass
fiber strands, although one skilled in the art would understand that the strand can
25 comprise fibers formed from any fiberizable material known in the art as discussed
above. Thus, the discussion that follcws in terms of glass fibers applies generally to the
other fibers discussed above.
In certain-embodiments, at least one and possibly all of the fibers of a fiber

strand of the present invention have a coating composition, such as a residue of a

page 1 which is hereby incorporated by reference. -




possibly all of the fibers of a fiber strand of the present invention have
a coating conposition, such as a residue of a page 1 which is hereby

i ncorporated by reference. -9 PATENT Attorney Docket No. 3626.0080-00
coating conposition, on at |east a portion of the at |east one surf&AdEHT
the fibers. This coating can serve to protect theAfidrbey Decket boe3bA6:AH§0-00
abrasi on during processing and to inhibit fiber breakage. Table A lists
the di aneters gpatingwdhpbsiobn, fonkeleasi apartiyaontht at lesstaresurfagapeidhe fibgs ginis s

fiber yarn products. Table A Yarn,type Fiber D ter r ' | N
Bundl & ( Cent | AESIoRpn 2059 (@PTb s RestEes Do S ot PG i esgh O She 4 "
é-ég 20(20 5335¥ﬁmem@rB@amxﬁ450 5.72 x 1? 200 D900 5.72 x 10 100 DE75

) X e cqat,jng. co si tions | :
aqueous coating 10 8@&3@5@%%@%??“%%8aPﬁ"Eégga&ﬁﬁéﬁﬂﬁéﬁﬁﬁﬁﬁé%Qgﬁﬁ@ﬁﬁgﬁ

aqueous, resg ngkeswbédyaepodadte.ng conpositions. The coating conpositions
can contain volatile organic solvents such as alcohol or acetone as
needed, but in certain enbodiments are free of such sol vents.

‘Addi tionally, the coating conpositions of Table Hresent invention can be used

! ~other fibers discussed above. In certain enbodi nents, at |east one and
|
|
|
|

Cormpos L1 ons. 15 Ao GGUUREY o n. [t he N THomERs o |- St oprows B ygIe
~refers to any goating conpositi¢n appleneshetess)t he fi bers. The terns

‘primary sizet jor—pd Gy Ag—ret TR 800
RN - G50 g% 107 600
" | G75 gx 107 400
G150 9x10* . 200
E225 | 7 x10° 200
D450 572 %107 200
D900 572x 10" 100
DE75 6.35 x 10” _. 800

The coating cofnpositions of the present invention can be aqueous coating

10 compositions, and in certain embodiments, can be aqueous, resin compatible coating
compositions. The coating cbmpositions can contain‘volatile organic solvents such as
alcohol or acetone as needed, but in certain embodiments are free of such solvents.

TR | Additionally, the coating compositions of the present invention can be used as primary
| sizing compaositions and/or secondary sizing or coating compositions.

15 ' As used herein, the terms "size”, “sized” or *'sizing" refers to any coating
composition applied to the fibers. The terms “primary size” or “primary sizing” refer to a
coating composition applied to the fibers immediately after formation of the fibers. The
terms “secondary size”, “secondary sizing” or “secondary coating” mean coating
compositions applied to the fibers after the application of a primary size. The terms

20 ‘“tertiary size”, “tertiary sizing” or “tertiary coating” mean coating compositions applied to

-10-




coating conposition applied to the fibers immediately after formation of

the fibers. The terns "secondary size", "secondary sizing" or "secondary
coating" mean coating conpositions applied to the fibers after the
appIiCation of a primary size. The ternms 20 "tertiary size", "tertiary

sizing" or "tertiary coating" nean coating conpositions applied to PADENT
PATENT Attorney Docket No. 3626.0080-00 the fi bersAtfa‘nﬁ@rDédk@uamﬂazstB@m
of a secondary size. These coatings can be applied to the fiber before the -

~fiber is incor pﬁ{e%‘ég t@P 919 tpéﬁ"&é‘il & oP4 sééon@@t@ sﬁ@ JpRLé é‘@iatfhﬁs thebd la;b;ﬂlbd&i ter
theflber |5|ncor ora abric, e. écoatln

terms "size", " g’nezf@dr befarﬁdhe gtpezpqql@moragr@ﬁqq 'Btﬁ’aﬂ febri¢ eiibean F&%&? trtl‘ﬁ fiber ;ﬁter
conposi tion (al e f*ﬁ@P%c%ﬁ)o?aC}ec‘j i §|ﬁibﬁ'|g §F2t§¥ 'doating Rl thisit. tThetthensf 'Istze'r Ssuzed

after at | east a portion ossi b a conventj onal

conpatible si z. ARd ¢ @ﬂﬁltwlmeﬁéerﬁe@rpoa@?ﬁa%wwwﬂé%ﬁo ko asf diysning size’)

treatnent, ig applireB?O hb'?bér@'dﬁ@r 8t 1885t laSoRtiil hlﬁﬂpéé@lﬂﬁ.@élﬁaf@l @moeritiohsly son-resin
|ncorporated |nto a fabric form As used herein,

conpati bl e” meanempatislecizing eRIMRSSIHOBERE PBRN remAYET QH h?%t qrﬁgzarglcaggeqtmggtr U

conpati bl e w t hytne: iRk iEBEHEH 8 barBlghs¥iibem ifddfp@htes into d0atirictiems wi | | be
i-ncor por at ed suc that "the coatin

- g co"rrp03|t|on\m(e sel ected coating..
~conponents) achi evesAausedReindfie M TR’ SNLE nB“eﬁP%g@rctan%g CHIRE"R0t
require renoval 4 ;Weﬂ%th%%lds@qlgér@% @dim&mbleﬂhlm thb enaimt miterigEibterwtadh the gEss as
by de-greasing or de-oi | ood wet ut and

: tes th gh of
“the matrix ﬂ"ﬁ’t efiPerp wilthe 'H@rBHﬁVQﬁPP%H@?theﬁpg%%qws QR&T S&E\L{]\f %9 F%’%r. nal
conposite pr Odu%rﬁp&%ﬂs'?ﬁcrq%sraﬁbaﬁmﬁﬂ stahe t@n@m@ bfo@ertleiﬁmsdwohmm* yrneval
“stability. At |east one and possi blrﬁ {_15 bE § of xo flol?%l‘e S E]gnd of
‘the present mv@ﬂ?“tBH"'COFP&O%‘O%\"B%% %t”EB'l‘?‘ged@ PB’has S I R T a
- coating conposi Ea‘c@:lthte@gbo@twelt%a's@ncawetpnromgl@nf b rhdiex mta‘rlab@mngfconmtlbmajers
"I n one -enbodi ment, the co sition of

comr ses 20 aPdcaste: Gha 0 fIne cransfe Blogb S pRURS BErs ek Popertes.
~one filmfons nantBy&olad stalsility. | east one coupling agent; and at |east one

di spersion of pol yme&gg ar%:‘?\%lg%?is%wy aﬁmpthh%ergrg?g%g’ggéa{nd tﬁﬂ.,ecé}ggérngwem.on

conposition of the p rises one rosin;
| east one pol yneeiea kbodting campositdn, sectsas @mzduequrﬂfcoahiﬂg@mmthem afl at |%Rst3

:O:?tslt Clogg coupl i nglo dpaL; su%aces%tf trlieef%%gs.one di spersion of polyneric

In one embodiment, the coating composition of the present invention comprises
20 at least one rosin; at least one cationic lubricant; at least one film forming material; at
least one coupling agent; and at least one dispersion of polymeric particles.
in another embodiment, the coating composition of the present invention
comprises, at least one rosin; at least one polymeric lubricant; at least one film forming
material; at least one coupling agent; and at least one dispersion of polymeric particles.
25 In still another embodiment, the coatihg composition of the present invention
comprises at least one rosin; at least one cationic lubricant; at least one film forming
. material; at least one coupling agent; at least one dispersion of polymeric particles; and
is a starch-free composition.
In another embodiment, the coating composition of the present invention

30 comprises, at least one rosin; at least one polymeric lubricant; at least one film forming
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25 In still another enbodi ment, the coating conposition of the present
invention conprises at |east one rosin; at |east one cationic lubricant;

at least one filmformng material; at |east one coupling agent; at |east
one di spersion of polynmeric particles; and is a starch-free conposition.

I n anot her enbodi ment, the coating conposition of the present invenPR&EN30
conprises, at |east one rosin; at |east one polyneAitmnéuBotketNp; 3626.0088H0
one filmformng -11 PATENT Attorney Docket No. 3626.0080-00 material; at

| east one couplifigRGe ast éHe cRBRig AYeet; At Bpsircsieaispefsigrenitpadicles; arthd ai s a
starch-free conposition. In_yet another enbodi nent, the coating conposition

of the present afﬁ%?ﬁ??%‘?f“p??&?ﬁrlses at least one rosin; at |east one
silyated pol yani ne; yfjetlapagkr empodiink, fvercoblirg cotnpwattion bathe persgntinvéndiast one

coupling agent. The coating conpositions of. t

conprise at | e&8MPHIRS atlesst ne O§N, AR ANE P'W[é%r% y@ﬁﬁod?%ﬁg%% qnﬂg&lg‘rmgsent
invention, tde rdteddpamid a@m%sf@@ (fbuph?ng sgghected from natural rosins,

chem caIIy nodi fied_rosins, an tions th |,BOSI NS
i nclude, but are not' P.CH?WOFWOS@% (Pfg'%? Wgse%rbgﬁff%'s?aﬁ‘:%w”??g{ I%é onp
rosins, and m xbdihem ddéefoaqimnd‘gmnﬂ;admm@f m)eamﬂee‘smmént@m thalst @agtmnerr@%ﬂ i$s

include the resjdues obt d aft 0 i il
from the ol eoré’?leﬁtefjé[ﬁﬂb'ala ! fﬁ:ﬁi”lsl &]GHE)C ees h)s&%r%sl gngtdﬁrﬁégtﬁ% ﬂg%?]‘?al n

t he resi due obtai nedisbful ﬁatumﬁisinsgnqjudeebutaremgsmmeﬂho RIPhIoRASs aMePrsing | teling
off the volatile fracti [ ﬁ]lcl-dg”
rosins are OE)FO%?SOEU@FBX"BWESIIW%&F &P g |"§ﬁ§€g£§ﬁplg ﬁﬂg&@@hhﬁb@in& e
chemni cal | y- m)dltfida egidues bbigired aftedibe diesiation bhiatpentneoibien f%@ﬁ?’@ﬁ'ﬂltwped

al tered such that no | t Jasiir &f

nat ural rosins. TAmf vn@ztéeeﬁo LPﬁ%ﬂﬁLVtogé( pelspl's cohtgﬁw tﬂé ?%éhd;& %m?%d?yﬁ&r?o |gc§é%

rosi n i ncl udes stmpseaigt nmmajmncbdastlilmg@ffahe v@atg@ fr@cﬁ@ndé{pgrlmtm K@EEwEs i n

d. A I f
et udes Dynakar s BIEEN fefl o B o KR s B Il < a

Sweden, whith is belUsefusdhernichly- raocﬂﬁaectr@sles rcluge vesing thaldaye bgan 5?%‘&%'{3’5

formed when woq i @ vafubsl ke, |
glycol, and ég‘r‘?@ g?gé&%&ﬁﬁg{oﬁg}d@r%ﬁb@w‘hg d%tlaatewlg%\eggs{g\g{NAKG_L "

conprises, f or eneaopHigiting embodiment the chemically-modified rosin includes at least one:clilmer
and at least one decarboxylated resin acid. A non-limiting example of a useful
chemically-modified rosin includes DYNAKOLL SI. 100, which was purchased from Eka

20 Chemicals AB, Sweden, which is believed to be a mixture of several reaction products
formed when wood rosin is reacted with maleic anhydride, polyethylene glycol, and
phenyl glycidyl ether. Thus it is believed DYNAKOLL SI 100 comprises, for example, at
least one glycidyl' ether group, such as two glycidyl ether groups, and at least one
polyethylene glycol group.

25 The rosin can be present in the coating compositions of the present invention in
an amount ranging from 45 to 99 weight percent on a total solids basis. In one pon-
iimiting embodiment, the at least one rosin can be present in the coating compaosition in
an amount rangihg from 60 to 80 weight percent on a total solids basis. In another non-
limiting embodiment, the at least one rosin can be present in the coating compasition in

30 an amount ranging from 70 to 85 weight percent on a total solids basis.
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| east one glycidyl ether group, such as two glycidyl ether groups, and at

| east one polyethylene glycol group. 25 The rosin can be present in the
coating conpositions of the present invention in an anount ranging from 45
to 99 weight percent on a total solids basis. In one non- limting
enbodi nent, the at |east one rosin can be present in the coating PATENT

conposition in an ampunt ranging from60 to 90 wei Bt NO 3686 bOERDO
solids basis. In another non- l'imting embodinent, %k?m%%ﬁast one rosin

b t int t
I R bl L L
No. 3626. 0080- Oﬂweﬂbanmatlnmgrtanrqnmudtmm thedf caeliag p@res@aﬁtonmawﬁmpﬂw @wrrr
- further comprisg at aél rﬁlciub ggr%s Hgﬁlilﬁ‘lﬂ{ﬁtg exiujﬂgl(égrcﬁ alch, c%ﬂ%ﬂﬂ%'ugﬁ&(n% inilde

coating conposi TGN CAN" CONPri se one gationic ricants.
~Non-1limting exanpbssltsnbf fath acidatwhihi can| ispbexmmiescqmmlse:déattyaaﬁ%m%(lftaymﬁf

fatty acids g{loﬁ arb(; O%tP ? ﬁplo?te Egglgﬁﬁ'imﬁag hgwkﬁgkgl ﬁ m'tgtﬂ afti¥d Ng >

12 to 22 car ary nes havi groups of 1 to 22
atoms attac hedattamhedhm hhemrtmgen ab:m)n;ﬂkylamidytolmmdda\mwwéu@fe% %itbﬂ/f@ﬁ“%%%

A e e

pol yam nes), att exa saturated or
~unsaturated f at &pidas(fdr exrinee Slaawtﬁ@ opehiuried @tYCﬁCmam‘ﬁé aww%woa%ﬂfs

such as stearic, aﬂﬁ'cqa?t%on apang sl 4k leggcegnaej }éls'le%%hﬂf@éoeﬁbiﬁﬁa%étﬁra@é‘d f@ttﬂ-and

am des, condensate aC| ' yet hyl ene 1 m ne and am de
subst it ut ed10poﬂl}h@ﬁhydoedensa¢ﬁsrté§ fa%su@cnd aad wwlm'w'neaawaamlpﬁﬁwgﬁ“%ddat ed

| yet hyl I ]
o et e TRy UMD PRI raygn e

abl e from BASF Cgé f
Par si ppany, Newc@emgeiaily mailablerfiam Rgorik &afcEtiopol GEEMaR. AP An] At gﬁ’%\g
derivatives ar ez%%“%h@}' iPGvaitabidibaBASE G@r‘ﬁ“@ﬂ%rﬁkb% Mailjaklkeg from Rhone

Poul enc/ Rhodi a ri nceton, New Jersey, and

SP| N 261,
pur chased from BASF teifimnites emanglep phrseiu! piky) Imidazeling deriatygs 3%%}%&&&% of

. the present 15nVgRich %orﬁrh@rc%ﬁ[y h\%ﬁtébte%ﬁ} RIS et ferctFrHodRAA Prin €QH NeweSeresye
or nore silylated pol am ne

rs. One non-limti exan;p;;e .of Suﬁh 20
2 511yl at ed pol FRRUSRABP LA, YRS ARG oEERRPIN S50 B o s |

purchased from gersey.
tn one embodiment of the present invention, the at least one cationic lubricant
comprises one or more silylated polyamine polymers. One non-limiting example of such
20 asilylated polyamine lubricant includes ALUBRASPIN 227, which was purchased from
BASF Corp. of Parsippany, New Jersey and is disclosed, for example, in U.S. Patent
No. 5,354,829, !
In certain embodiments of the present invention, the lubricant can comprise one
or more polymeric lubricants. Non-limiting examples of poilymeric lubricants include
25 lubricants selected from polyamine polymers. In one embodiment of the present |
invention, the at least one polymeric lubricant comprises one or more silylated
polyamine polymers. One non-fimiting example of such a silylated polyamine lubricant
includes ALUBRASPIN 227, which was purchased from BASF Corp. of Parsippany, New
Jersey and is disclosed, for example, in U.S5. Patent No. 5,354,829,
30 : In certain embodiments of the present invention, the amount of the at least one

cationic fubricant can be no greater than 15 weight percent of the coating composition
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. lubricant can range

BASF Corp. of Parsippany, New Jersey and is disclosed, for exanple, in US.
Patent No. 5,354,829. In certain enbodi nents of the present invention, the
| ubri cant can conprise one or nore polyneric lubricants. Non-limting
exanpl es of polynmeric lubricants include 25 lubricants selected from

pol yam ne polyners. |In one enbodinent of the present invention, theagENT

| east one pol yneric |ubricant conprises one or norgﬁghgybgé@qmopggmgomo
pol ymers. One non-limting exarrpl e of such a silylated polyam ne | ubricant

| ud AL UBRASPI ,
0 2 SV N Gl M98 S AT st e Remtgrony

In certain enmbodionnitisricaht ¢anerapgetsemto. | Wv‘érwtiﬁl@lﬁﬁ per¢rst ahihe spating qoRwogifion on

| t t t of
the coati ng. coRgael 1RPseE 3untaE oARpR; T3 0 i e 00 on o

total solids basating dompoalaomormaitqtahsmld‘ﬁgb@ﬂﬁaodl ment, the anmount of the at
least one gationic,| Ui e grﬂﬁocﬁlﬂ?n F%p@@ rE QM ﬂvénttoﬁ ﬁaﬁ a\“rﬁ:lughéf tﬁ@éﬂ@é‘ét oﬁé
a

t he coating corrp03|t| h 0N solids basis, suc quy%lt .
to 10, and 2 t poBmwet givricardcarbe nobraakas thanil Wﬁ@hbﬁﬁffﬁﬁpf ihsr?oé‘ﬁ‘gac o8 of

solids basis. 3l a%fé?é&hﬁ& Baﬁgfbf?% Shnﬂ?tﬁngtéfﬁb&ﬁrﬁ§ﬁnﬂwe'aﬂ'\éﬁﬁi bfQRe at |IBSstaBUNt
of the at | east one ricant can be no greater than 15 V\Blt%ht

percent of the pobratenngibagﬁmgén fﬁnﬁﬁ frogn0.4 ¢ 4% aeighbpergentph thecoaling ga{RPos:
non-1im ting e%n%qbfgf%hds %Qﬁs WQ& fof extahﬁ:!@ﬁ thadshnd® 8 Relghmirtent of the

rom wei ght percent of the coating
corrp05| tiod©O om:oatmdxoa}pog@ona@aﬁ%té i splidsbRYS-as, for exanple, 1 to 10, and 2

to 8 weight percent 18f cbhhg cbfhpe&ién &sh Q%@&ﬁ?ﬁde@l Rt éné mmabrmg meiseriasins.
The coati ng conposition can al so conprise at |least one filmf chlnble

material . I'n ©neeatisamanbite aklprst gpe f”@h@(m@ﬁé“?tian%cf‘“&??ﬁ“%seﬁ%? EriA>"tan
conprise water -p%i}Hél% Shatd s/ Tes- Iﬁmﬁﬁﬁé etdrdiss ofNafi rrmetrlalsgn&xﬁemﬂilwwﬁne

uch as NACCL ESbE5, erdibRaAlostrereparcy 2 IA0aFERRIL R togperciy €' <
Cor por at i on f RalablPRHA BASNEYSrdSEERYof mapmﬁsﬁweaﬁg eamt:Aremmmooq@m
A A S T
limiting example of a useful film forming material is POLYOX WSR 301 whlch |s a
poly(ethylene oxide) commercially available from Dow Chemicals.
In certain embodiments, the amount of the at least ane film forming material
20 present in the coating composition of the present invention can range from 0.1 to 10
weight percent of the aqueous sizing composition on a total solids basis. In one non-
limiting embodiment, the amount of film forming material present in the sizing
composition can range from 0.1 to 5 weight percent of the aqueous sizing_ composition
on a total solids basis, such as, for example, from 0.5 to 2 weight percent of the coating
25  composition on a total solids basis. N 7
The coating composition can further include at least one surface modifying or-
coupling agents. Suitable coupling agents can be selected from functional organo
silane coupling agents. Such coupling agents are believed to have dual functionality.
Each metal or silicon atom has attached to it one or more hydrolyzable groups which

30 can react with the glass surface to remove hydroxyl groups and one or more groups
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pol y(et hyl ene oxide) comrercially available from Dow Chem cals. In certain
enbodi nents, the anount of the at |east one filmformng material 20
present in the coating conposition of the present invention can range from
0.1 to 10 weight percent of the aqueous sizing conposition on a total
solids basis. In one non- limting enbodi nent, the amount of film patraNNg

material present in the sizing conposition can r RS Ond. de26DoBBIOONt
> g Yy . 90
percent of the aqueous sizing conposition on a total "solids basis, such

as, for exanple, from0.5 to 2 weigh r ol j RO coati

conposi ti on oWhigNtibis BelievEH; G0 Cﬁﬁgag?'ﬁzfﬁ% r%%%hnﬁatrtegﬁ%@gﬁ%nﬁ Pean furt her
include at | eashpssnsurface nodi fying or coupling agents. Suitable
coupling agents cap be selected fr " k j tohE0ge
agents. Such coupl ﬁﬂ@'ﬁ@@@m&é&‘r&ﬁss Bfe)ﬁ@lefé@/e c{t@r@ﬁé%ﬁg% ef_(ﬁiﬁgtﬁ)fi‘%%%hi ty. Each
metal or siligammatammbespytiblacysitrtes, gamoadscoyanaarsonyitetbpxEidce Vig¥loups
whi-ch 30 can react with the gl ass YW asRs Ngid one
or more grdup¥t -OIYFW%‘ASISERECM PR Hg@%@ﬁgbgﬁrﬁ@'égg%g@g ng%i ch,_it is
bel i eved, canjipmngakihbles shuseful fleationahbtdanotshrne cvRpeRSents NHUIGA188at i ng

coupl i ng agenPemTRAHE SRR iRy e AR O o oS! Ane
giarmaai s ocyanaﬁltetﬂmoqﬁﬁybmbyﬂtrhmtm@Hgne,, A‘_\ZOSJQQ/Qa@”‘ﬁ;ﬁ”_@i&%&%ﬁfﬁﬁ@?}laneN‘Z"ane

gl yci doxypropyltria Sj S ur e Ed Q&Y Shmaizes. n-
“liniting exa P&'ngﬁggééf%hﬁbﬁ%g??ogae %rgg{ -5 | ane co_lugPi ng_@ enét%n
|r_1;:Ihude iA—1D87 urmmtlgéﬁoﬂe@emewﬁfbwﬂﬁ ﬁ@'ﬁqu@éhém If?ff:b ggq{g e

- ethacryl oxypr v ARG IRy SENPRDSIEYOrGEhE b ysi | ane
éi I ane coupl idr%gydéég@ﬁ{@, %%@8@221 ﬁo tsi | ane coupling agent and A-1160 '
garm:a l%l 0 ]thr eicdnqﬂingWbmtrimmc}a@@@ﬁzaﬁ@%@gﬁnﬂﬁéﬁxﬂi@g%‘y%’omr;r cially
available fro 0 W efel c Midland,
non-limting ??gﬁn%%gﬁmgﬁg%g?%y@waggﬁgglé %&%ﬁ% El:HQE:I udes Z-6032,
an N- 3( N-vi nylMiehigas znd indisthged, yor &Xaing TR i e, which is
manuf act ured by DownORr pl BGiHe MuBlidnshent MibBd GABac Piby Kol zmaiadin ater
~exanple, in U S Patent . 4,798,889.” 15 The organo .sil ane courplfidggre%gent
can be at | eagrioptrapiphi¢ation ty/iedibgiseter grampigat g : 1 stoichiometric ratio or, | '

applied in unhydrolyzed form. The pH of the water can be modified by the addition of an

acid or a base to initiate or speed the hydrolysis of the coupling agent as is well known
in the art. Other examples of useful silane coupling agents are set forth in K.

20 Loewenstein, The Manufacturing Technology of Continuous Glass Fibres at page 253
(3d Ed. New York 1983), which is hereby incorporated by reference. - ;

The amount of the at least one organo silane coupling agent can range from 0.1

| {f - : to 25 weight percent of the coating composition on a total solids basis. In one non-
limiting embodiment, the amount of the at least one organo silane coupling agent
-25- ranges from 1 to 20, such as, for example, from 8 to 16 weight percent of the sizing
composition on a total solids basis.
The coating composition of the present invention can additibnally include at least
one polymeric dispersion of particles. Non limiting examples of suitable particle '
dispersions include a dispersion of polyethylene particles, a dispersion of polypropylene

30 particles, a dispersion of ethylene/propylene copolymer particies, and mixtures thereof.
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prior to application to the fibers, for exanple at a 1:1 stoichionetric
ratio or, if desired, applied in unhydrolyzed form The pH of the water
can be nodified by the addition of an acid or a base to initiate or speed
t he hydrolysis of the coupling agent as is well known in the art. O her
exanpl es of useful silane coupling agents are set forth in K 20 PATENT

Loewenst ein, The Manufacturing Technol ogy of Conti Rygisy go@kceg[\%l Qgﬁo@b 00
page 253 (3d Ed. New York 1983), which is hereby |ncorporate by

reference. . RARIRLe A 2ichaash ATy gﬁmopa%éuéms PRORDIUEE ABEN

can range from ercent coati ng conposition on a
total solids badick.is t@m@ﬁ@aﬂbﬁval ablgi frarm §aarseaparatinn ofHitsbargbuRe- of the at

| east one organo si iig0g; COURLGAME isnRRdANg8RICkE lheh dRed® ruch as,

for exanple, from8 to 16 wei ght "percent o Sl zing - conposition on a
total solids basmgonentrewhigafarmghe sapingicompasitien. che randesm 0414 damesiht can

addi tional |y i %Hégfor@é t&ﬁ%ﬁﬁds Y Q%Méfgéﬁ s;mfah§ eﬁ{baa.%npfmeoanéas@ bgs. Non

limting exanple sultab article I spersfons I ncl deadlspersmn of
pol yet hyl ene paiisppisionsf pglymearp@a@pl@ﬁ Vd‘fenrﬁﬁldﬂﬁ%ﬁb?lcéﬁ@f’%‘t?)ﬂh'@h &rexthe 5

di spersion of I M hoPah e B8 a%memdﬁ{yﬁQ§5tMl‘é¢§‘r@Of
-15 PATENT At ?%%kn %ﬁ{pgﬁtﬁm rgﬁb%??gg%pgogg 0}8@& r?gn- I ?)Fn ting exanple

di spersion of [pelope %/CPWGI' iRl spligsthasises i s PROTOLUBE HD, which is

comerci al 'y avai | abhg cbdtRg Bayesitisey @Qtﬁ@bﬂe@éhtq}fveﬁilérf &UUARer cBﬁftpna_é'lQn@br
| east one pol yneric dispersion of particles, when added to the w)tonen S

whi ch f or mhe MBRPIIFGICASITH 5 AP PERUNISKICIeRhpPrpYidRihg cpating %%“Rﬁéi“gﬂ

~percent on a t @imfingSMirh %0 b@slrﬁonel rbrOREtinPEmbbditEhtg t @lérﬂ&rwtenudmﬂ;eat
I'east one di sperS| on of g' meric particles, when added to the co ane
o] B é ICieRy to

whi ch form t he CRESCHE MtGOFIPrIS? QH%QE”’P?EO?W@"EQ?'BS PN ATRA §

exanple, from (brol::dthécmingi&bmpbﬁfm;tmpa rércgin":g fréralkitge, iasiss, foThﬁarﬁma.tl ng
COHDOSItIOﬂS O Jnventlon C

o ot s lgib ol T haliby RraEs Shotamt paEt srePRa Feeg Subprast i on ©

with a pH 1Bangivegtidviaguds mond-Gindlpolyeaorgio akidsiahd dgaeiyandéstbatoh sutthas
present inventio siti,o an conpr|s

organi ¢ aci ds i3 ﬁ& ngig{%{?ﬁ'ﬁ%tsl ng‘ogl nﬁ?pr‘?B tafqv:o?/?rlfg'ct %U%&S@@Eg mcatl)er’r%rrg%T i%ns
wi th a pH rangiaogli¢, negimadrilio aBids 2ud migsresttiosrestxanpl e,
Water is the predominant soivent for the coating compositions of the present
invention. As such, water can be present in an amount sufficient to facilitate application
20 of a coating upon the glass fibers. The weight percentage of solids of such a coating
-Composition can range from 0.5 to 20 weight percent. In one non-limiting embodiment
of the present invention, the weight beroentage of solids ranges from 1 to 10 weight
percent. In another non-limiting embodiment of the present invention, the weight
percentage of solids ranges from 2 to 8 weight percent.
25 In one embodiment, the coating composition of the present invention can be free
 of starch materials. As used herein in the description of the present invention, “free of
starch materials” or “starch-free” means that the coating composition contains less than
5 weight percent of starch materials based upon the total weight of the sizing
compaosition, such as, for example, less than 1 weight percent based upon the total
30 weight of the sizing composition, and less than 0.1 weight percent based upon the total

weight of the sizing compositioh.
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- from4 to 8. Non-limting exanples of organic acids suitable for use in the
present 15 invention include nono- and pol ycarboxylic acids and/or
anhydri des thereof, such as acetic, citric, formc, propionic, caproic,

| actic, benzoic, pyruvic, oxalic, mal ei c, furrarlc acrylic, methacrylic
-acids and m xtures thereof. Water is the predom nant sol vent for thepatent

coating conpositions of the present invention. 5@%%“\5?%2@%0 0-00
~present in an anount sufficient to facilitate appl i catl a coafing

upon the glass fibers, J&?n@%@rﬂ?%sztgagg%gﬁéﬁg&ggr Elgc%t,.oqscaﬂffu%? QorﬁPrfs%a@ dia

conposi tion can range rom

enbodi nent  of bdrelirpitieg embodimeatha ipbmality dfadisasety ivartisles c dstusge hefeirs dlei teygn
ranges from 1 tQutfbutGholts nAheSiticied do ANGEAPL BAREL B Ldmishergdh mont. of
t he present i nvention € Weig per centage of soli1ds ranges from2 to 8
wei ght per cent . ca@@nueusdiins gndrsdomentional hepcesrind eapdiionpdsit instead stibstandially
present invepnti r i . N he
description (g)f t %"?mré'erts?@dn‘{i&%mlgﬂﬁ%ﬁg Eﬁ-{‘ard‘é&;‘%ﬁ%w iall's@(r;‘lrt C r[}riéa'gg%'i;‘%r'gééq%ﬂrfgnﬁ'
"starch-free" n’émglswrhwparmmma prgsend inyertian aan undatcgishearings se.t ihgiemgval of
wel ant percent Bloyd! &'HBeBLREheh S AR n0R, % LOUAL M BRbslardl®

Si zi ng corrp03| t1ro SucC tThan 1 ercent Based
upon the total BOwee gHeastwa P@Tl@(ﬁsmaﬁ@ p@ﬁlﬁb@@iqsc@we %wag |c@%\§n ipnahfilger -

~wei ght percent p § ng conposition. -16
PATENT Attor nee‘a%%%ugf a éth%gzcgh%}%%rgwgdoggrhdéﬁg%gﬁaﬁ el ositions of the
~ present invéftion cahwillhetfudher conpfseintad byjthosgrekilled ih Ielﬁ\‘ﬁ piitpeepifasgs havng aa

plurality of di aGhifd BoRasditidhliBs-coMBind GHuraRy 8F SiscrbRepdrdidl candieSkhv@hanto MBaNSs
that the particles do not tend to coal esce or conbine to form continuous

films under conkpBrits BWdnads iplocieqtrrpic sepRATS BIRSITONIUEIGUASORIE. NABYIRANINY v 5
retain their i n@%)_é“éﬂdaéeréyp%é ESHRRRE ma@é?@sqaaaé@ér#bgd b8l Ih dde6idantdWitryindual

shape or form
shear i ng, .e. , PERROLINVEBNAY of a layer or sheet of atons in a particle,

necki ng, ¢5 a secorik (s ¢Hhasoe bhﬁaﬁpblda@onftg@&mmeaﬁed aﬂ&fougw\ﬁot limiting

partlcles and rtial Coalescence i conventjonal fib roceSS|n
and still be coﬁah%%rﬁé%(‘tffﬁ’eﬂ%o"‘ Gi‘% %ﬁ%ﬁ%‘?'?ﬂ’éﬁ'&? shapes 'PC‘HF?P rt?é"’?'d?‘f‘i‘?%ﬁ

appreci ated by bduasemizkdbeb@slon Hblibwepiedres)t Batlic, biddesr sdiduidsSlohgatéder fdrous).
Additionally, the particles can have an internal structure that is hollow, porous or void
free, or a combination thereof, e.g. a hollow center with porous or solid walls. For more
20 information on suitable particle characteristics see H. Katz et al. (Ed.), Handbook of

Fillers and Plastics {1987) at pages 9-10, which are specifically incorporated by
reference herein.

The particles can be formed from materials selected from polymeric inorganic

R

materials, non-polymeric inorganic materials, polymeric organic materials, non-polymeric
25 organic materials, composite materials, and mixtures of any of the foregoing. As used
herein, the term “polymeric inorganic material” means a polymeric material having a

backbone repeat unit based on an element or elements other than carbon. For more

information see J. E. Mark et al. at page 5, which is specifically incorporated by
reference herein. As used herein, the term “polymeric organic materials” means

30  synthetic polymeric materials, semisynthetic polymeric materials and naturat polymeric
materials having a backbone repeat unit based on carbon. -
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di screte particles of the present invention can undergo’



ot her than car bo#t apE¥oanis matefigh Seadt iLewissee. BY’S in :
~which is specifi@aidgy. '1@@9@?95?&9}%1%2 B&d R Qmé‘?bé}ﬁ ﬁﬁ&mst@ﬁt‘r&sﬁgleﬁ%?wmre

.~ ‘the term"polgnrrerlc organlc
“materials

coating conposition that contains a plurality of discrete particles can be
woven into fabrics and nade into el ectronic supports, electronic circuit
boards, aperture bonding tape, and aerospace conposite materials (as
descri bed below) in accordance with the present invention. 15 The
particles can have any shape or configuration desired. Although not i ENT

limting in the present invention, exanples of sui t/ﬂ@rﬁe d g § %Eg% 0-00
i nclude spherical (such as beads, nicrobeads or hollow Spheres);

platy or acicular (el Rﬁgﬁéﬁq matécriiap,ré%q%)sd heéq'p'nliéagg%la béh Bﬁgln grcomfpl g<an
have an internal structur t%at I'S 'hol T'ow, "porous or Vvoi rd
conbi nat i on t her whgreinghecarhomisl thpeally dandad twmsﬁf put ouydmges,airidbftealtd stheFor
nore 20 i nformat} r | tz t al.
(B15) Zriandboor. el i HpBREE: Gty TORRAGE s Eh st &t ofi i v,
specifically i nc@ﬁfbldeatcédmbﬁfsur‘f@éetvtenele:hhennerymorrﬂmenqjmas ihelnwalmacyabeieﬁor med
frommterials s R ' Lial.s 0 meric
5 ﬁ;le%‘ﬁ%%g Joﬁgg‘l ;@BL’% e E&ib nvﬁf? ﬁ%‘! %tc r%td(%:al't:i‘%n con&mnnc_gghr\é

i nor ganl c materials, hi C ‘non- or ganl C

material s, corrpo@qm@uﬁd$ élﬁqhaﬁssthe anethllivi cerhanetes osuchrag oefcurrheerbwraeegammgodums
used herein, thecdEsite pﬂé YR HeFeih AL f@rﬂ' fﬁo@kﬁc%é’{lenalm}saan? %f%k tis

on an

mat eri al haV| ng a back one repeat unit bas enen

eri al s" neans
i Pe6) phpagy 26 whish aﬁ%@mﬁcaicalyongqmratad by

mat eri al s havi ngeferbiaghlane repeat unit based on carbon. -17 PATENT
Aftorney Docket No. 3626.0080-00 An "organic naterial", as used herein,
means carbon cont ai niANESREEIRdRe te\?me‘?fénﬁ?stt%@a&%'lab@ﬂﬁﬂ% arappIbingitipsy obwecsd

toitself and tanbeedh mag ,ma?l!éﬁia@f'tl'%rbér&lé%tfbﬁﬁed RO I&EIQIEJ§S|@SHI%IIIE“S g&Mally have
excl udes b|nary C such t he carbon oxid car bi dés, carbon

; ongoun .
"disulfide, etc. %%Bﬂ%ﬁa? H%?HF;PUHB?Pp@awaglffégenﬁ Ffemrﬁa? Bprdpesscsfdbe wasnalportions of
. metallic cartﬁ)nyths paifible bgaeeth it sy IMcrel bhddirRale tite sur@@é’oﬁtﬁé%@ﬂrc%%adem ng

Il onic corrpounds &iﬁh as the netal|lic carbonates, such as cal cium carbonate

and sodi um car JBP4EE N ADY MangeTgidnRwn iThiBe @y Weluding X APLIeddpi Gieavcalik ghs -

any naterial  thgthysisally changing its surface characteristics using technigues known in the art, such

that the surface hardness of the particle is equal to or less than the hardness of the
glass fibers while the hardness of the particle beneath the surface is greater than the

20 hardness of the glass fibers. For example, a particle can be formed from a primary
material that is coated, clad or encapsulated with one or more secondary materials to
form a composite particle that has a softer surface. In yet another alternative
embodiment, particles formed from composite materials can be formed from a priméry
material that is coated, clad or encapsulated with a different form of the primary

25 material. For more information on particles useful in the bresent invention, see G.
Wypych, Handbook of Fillers, 2nd Ed. (1999) at pages 15-202, which are specifically
incorporated by reference herein.

Representative non-polymeric, inorganic materials useful in forming the particles
~of the present invention include, but are not limited to, inorganic materials selected from
30 graphite, metals, oxides, carbides, nitrides, borides, suffides, silicates, carbonates,

sulfates and hydroxides. A non-limiting example of a suitabfe inorganic nitride from
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not an organic material. See R Lews, Sr., Haw ey's Condensed Chem cal
Dictionary, (12th Ed. 1993) at pages 761-762, and M Sil berberg, Chem stry
The Mol ecul ar Nature 10 of Matter and Change (1996) at page 586, which are
specifically incorporated by reference herein. As used herein, the term
"conposite material" neans a conbination of two or nore differing paTENT

materials. The particles formed from conposite mat gy, RN g of BySH-0@
hardness at their surface that is different fromt%re ﬁ{ar(ﬁ%ss of the

internal porti Onli g[ﬂe%p%gé:ﬁ]egfa??hotrh% % l?oefﬁﬁ Alilie! tl§ oﬁé’ﬁ%@f{}ﬁttm fBodiment of the

specifically, artic can In any manner
wel | known in t;lsmaes ,the b ditrivg, patiu:tesr’r@tve Iamemmat @ystalsearive. Worb\*m't'ng

physi cal 1y changl g Ld.s (AL SrRAAICACHE0N AhGSNUSIDR IBREH Mien dapesedin |

the art, such e PElFPaCE ness article 1s equal to. or
| ess than the h;aw@lneaarmPOLAETH@Rhl@smGS@r&s(WﬁnE@ R4 &TdYeexnddiT 1§8: 300

parti ol e bengat b thepSuEhage: &) UERIET phha 0 A0 dBaTRboldRIBsS

fibers. For can ofmed Troma prinmary "material that
is coated, cl adp@mdeelpea:plesulc@tmnbmmiﬂym\@n@l@frommcwas@dd}ﬁﬂams RrRaratianoft o

forma conposi arti c

alternative nb%%ﬁwl’?@ﬁtéh'?ra% a(fjli] "}?@o?ﬁ%@% ¥§§%q%%ﬁ\?eo@!k{}s YO?IPOW g\ﬁaé%rhalsbe
formed from a paitdtAnigal bubétierdf dldvarivat Ctesammatemoraﬂoadlf bakemood pRib 41 986) WhiEh a
different formof th nore information on -
particles usefuf Sipﬁc'ﬁ(f"i'@y W%@éﬁ%‘aq %netr?%!r? hes%@ G Wpych, Handbook of
Fillers,  2ndOEd. (19&a)nnammpggmmsozGZJ;eWmngﬂgaanp@xns}pmwiq @éde. ySuitable

o PO At e b A Dl PERLC uRER R Ak ! ool 9BERAl MERAAE carllgioani o

materials useful"%"3 e’'par resent 1 nvention
i ncl ude, but ar disuibde, Itumgsteecﬁnswide|andrzgpar$utfldﬁatlé$fbbm@9§@¢ slicates NElyAe. bydare

graphite, netal ﬁot 9% 2 u?@;ﬁ ﬁéate@irtacf th§es:LPPE|¥|9§§s S§H‘| 4d @ﬁucuﬁﬂe' ISHRAIRE .

carbonates, sul fates and non-1 ? exa a suitable
i norgani ¢ nitri tetds ionude, I@t ﬂATEl\ﬂmiteﬁttDoWnb'?dmék@ atingm, %Q@“G‘OB'@ &0 whi ch

the particl g5 angofgRdols. S8 MnnAE) dhovs! ShcBuANIahyTc! 1Bdoregbing! ment

of the particles ni't r| particl es have a hekxagonal (%/st al
structure. Non-limt lnr@Oﬂ'@kaﬁlbl"é@n@)ﬁ”ﬁaﬁimeﬁt efdhe pregai 'WWBH?%&P%W"H Igs ¢ayebe

that are suitabigm eﬁrgmn' Lgby éxrmﬁ.cpérgﬁﬁermatér&vse ElaRipied d? nBb AFHERERNr§anid 00

Series (PT 120, PT 1

materials useful in the present mventlon [nc}ude but are not imited to, stearates (such
as zinc stearate and aluminum stearate), carbon black and stearamide.

20 In yet another non-limiting embodiment of the present invention, the particles can
be formed from inorganic polymeric materials. Non-limiting examples of useful inorganic
polymeric materials include polyphosphazenes, polysitanes, polysiloxane,
polygeremanes, polymeric sulfur, polymeric selenium, silicones, and mixtures of any of
the foregoing. A specific non-limiting example of a particle formed from an inprganic

25 polymeric material suitable for use in the present invention is TOSPEARL?, which is a
particle formed. from cross-linked siloxanes and is commercially available from Toshiba
Silicones Company. Ltd. of Japan. '

1n still another non-limiting embodiment of the present invention, the particles

can be formed from synthetic, organic polymeric materials. Suitable organic polymeric
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5 Series (PT 350) and 600 Series (PT 620, PT 630, PT 640 and PT 670) boron
nitride powder particles, commercially available from Advanced Ceram cs

Cor poration of Lakewood, Chio. "PolarThern(r) Thernmally Conductive Fillers
for Polyneric Materials”, a technical bulletin of Advanced Ceram cs :
Cor poration of Lakewood, Chio (1996), which is specifically incorpopatedTt

by reference herein. 10 A non-limting exanple of &%ﬁgybowégmaggz@ 0o%0.De
is zinc oxide. Suitable inorganic sulfides include, but” are not limted

to, molybdenum gﬁa%é'r‘als' Haudé %P{ b3 Itﬂl'té%ﬁ%f&gﬁnos%ﬂ[ﬂgﬁﬁnot ?r‘rﬂ lfhbﬁﬁop?dyﬂcz' nc

sul fide. Useful Tnorg at es I ncl ude imted
al umi num sil i caMermiml Smtghle$hlalrms$tllm@@E@S’alssfmweahlﬁ\ﬂé@ APiinniteddo. tB?JTTt"&BtI“BQ

metal s include, pBHrEstgl%bwmtES e}smFE&@ rﬁ&ené@l Q%QHETfHBQEétQQ%rW%Eﬁ iagl um

ni ckel, 15 al um ndm iron, ver oys, and m xtures of
~any of the for eg,polynlgthahﬁs andm@nrasmﬁahymthe f@emoﬁ ﬁ@fﬁrﬂ*m&mteﬁ@“ﬂﬁé’éént

I nvention, the E?ﬁtﬁét&l n < gPﬂlcieffBrrnq@pfrgrﬁ Q%B&ﬁwﬂt QBMM hi§ ep&/GRBlogel particle.

mat eri al s. EXanples of yneric, ?anlc erials useful inthe
present invention i nSuitahie thstreoriasdic mestteridlsinelede. byt aremoh imitedstor HgERCPIaNIC 7j ne

~stearate and al lﬂ)mygéig?s?r%cﬂgfaﬁ;o%)ates Iﬁ%?m@l AFHicHOY rﬁ%?@%'b@%‘ﬁt%s #ABrrhdpiastt

anot her non-limtrn resent ‘i nventi on, partl cI es can
be formed from |pntw@élmn@s rymyymm%rsmdemmr%s of R@n of ihﬁlf?reﬂ@'”éx§HH

useful i norgani %eri?\%l)éﬂ%rdo@egﬁFﬁﬁbl%§ b'uf‘§rle%ﬁ|rﬁﬁécb/t9h&ﬁ@il@i-‘léﬂféﬂ%raphthalate
pol ysi | anes, polysiloxane, °~ pol ygeremanes, polyneric sulfur

sel eni um sill c@ﬁ@@myféh@f%@mﬂﬂ‘%g apg palmthﬂﬁne 'E'?%‘”faﬂﬁt%géf"l‘ﬂj"e '\ %%%ﬂf‘isfri"’i“de

non-limting eX%ﬁpér% rof nrﬁteﬂ%tﬁ@e@wﬁ@fmﬁ@lyﬁrbm@mmw@bu@n%spméwenmryscc
material suitable for use in the present 1 nvention is TOSPEA

RL
particle fornedPPYBRITPEYdR. IbPh%fédl‘Oé'i”T“EﬁEjaiHe%OpaHﬂ‘efssOfc‘S&ﬁﬁ‘é‘? enda? r@*cdv%n%%a&d
from Toshi ba  SigbiyAfRRESN Méthakhythte ONorLARAg ekdmsiks bi sy@uﬂ@tlh@blymenc
non-limting enbo nt of resent inventi (%g_ﬂ }gré(u(gg %Elfcl can b ue,
formed from syntpl‘?fE'tc S8 formeaéfmaﬁawwe'vmi YRIIQrL E\ WF@Erﬁ" bpa
polymeric -189 RAAENEslinkingeone dcridaclkst c|é\bmu|aﬁaa:<©98m HRt 165 aMsichicaude,
- but are not limted to, tin sand
Tt eri al oo Sui 1 SBPES ABPTBEEIT NG WE e AP sP R Taun TRt PEPETRORTE 3 Ped
“to, thernosetti mgcropetey @aitielesizey & Bylidsashensofl 28oparcerd bg mieidhs ang h Shpleraes]
ami nopl asts, thermmsell! AdnaAQUE® OP-96° and ROPAQUE® HP-543P°, which are identical,
each being an opaque, non-film-forming, styrene acrylic polymeric synthetic pigment
20 dispersion having a particle size of 0.55 micrometers and a solids content of 30.5
percent by weight, and ROPAQUE® OP-62 LO" which is also an opague, non-film-

forming, styrene acrylic polymeric synthetic pigment dispersion having a particles size of

28eeR. . Perry "Applications for Cross-Linked Siloxane Parlicles” Chemtech, February 1999 at pages 38-
44.

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

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

® See product technical bulletin entitied: “Architecturat Coatings- ROPAQUE® OP-96, The All Purpose
Plgment April 1997 available from Rohm and Haas Company, Philadelphia, Pennsylvania at page 1 which

: IS hereby incorporated by reference.

® ROPAQUE® HP-543P and ROPAQUE® OF-96 are the same material; the material is identified as

ROPAQUE® HP-543P in the paint industry and as ROPAQUE® OP-86 in the coatings industry.
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pol yur et hanes, and m xtures of any of the foregoing. A non-limting exanple
of a 5 synthetic polyneric particle fornmed froman epoxy material is an
epoxy mcrogel particle. Suitable thernoplastic nmaterials include, but are
not limted to, thernoplastic polyesters, polycarbonates, polyolefins,
acrylic polyners, polyani des, thernoplastic polyurethanes, vinyl popxyEg$s.

and m xtures of any of the foregoing. Suitable thef Myﬁ%dk‘ét RO 3688 0858.00

i nclude, but are not limted to, polyethylene terephth

pol ybutyl ene t ep agm a%h'l%ge?s r%%ja 8@*#%&%5&%% é]ﬁ'bg% eghisutla&{)éf‘?hese

pol yol efins inc propyl ene
and pol yi sobut epsticiSuistcabireeraighyydvatableopry fons anﬁdﬂmegorbmnmf €hitesielnhiani t ed
to, copol ynersl\ggmﬁvwéreﬁge and acrylic nononer and polyners containing

met hacryl at e. mting exanples of synthetic polyneric articles
formed froman acrylThe m@eya@or@r@tomﬁm@mnovem@s@n aipn ehlorsedfio®paque,

15 non-cr Ossh' ngérﬁ‘i t‘?étfc ?l@%ﬁ%‘p I?m@ﬁé Haﬁalrlgls%rmlréhﬂé\ poWéAt éralé"PAsllQS%%

which is an opaque non- mng, styrene acryli ynmeric synthetic
" pignent havi ng bergin0a “sengsinthetie matetiel iic s ehenizally raodidnd, détuahlmpéwrr"aﬁ maigrig!.

t b
ROPAGUE( )+ SR smaih RAE e Kbt e BORAMER (b fafickiaf e

non-fi | mform niprmed ipclede. kud pga 1ot lipies) tee Felivlosigat hshag mt@ﬁ@uvi%@a@ﬁ sgibloge on |

having a parti Cé@etﬁb%d‘%o@? e'%sstgﬂcﬁéso'gﬁél'ﬁéssstﬁr‘aﬂ afetafd érﬂi%t&@ﬁh?d}bx@fthﬁ&hﬁrs
percent by weight, an RCPQJ()CP 7 which is also an’ o

P o Btab KGRI TS B VG RBTES So AE f e drsiics B

having a parti ch@sobiiraedl, palysagendides) suBﬁ?éi é’tarcﬁpﬁély&'gﬁld@%uémés casein; and
- Cross- Linked Siloxane Particles” Chentech, Februar 99 at pages 39- 44. s

~ See "Cheni cal s P&prat Relraearkansesyhag eyl rahhor é%@'r‘ ARRIPN2-qvai | abl e from
Rohm and Haas Cormanm one%hliaﬁﬁiﬁi;%t@dm@iﬂﬂﬁtﬁb‘gﬁ%yeﬂt indertioR, tﬁé@dyﬁfen@bmaégy

sheet entitled: " %%ﬂé P- Hol | ow Sphere Pi gne %

Paper boar d Coat Fiide"mad ren aydreriek i BohARgrig e E}J%ﬁ’i"% A H“tl—’lﬁ%{§t” %ﬁ&m}'on

Phi | adel phi a5 Pepnmeytby@bisGandt N@amam exdrhsiés @f&uhﬁhmpmm;ﬁcppﬁaﬁoadabyais

reference. 5 See product technjc tin entitled: "Architectural

Gonti s ropacDERYS Bikare sSCHIsSRp pobRIPtReD PORP AT, PRSP erES Y avai | abl e
from Rohm and Hpaalgmé&bppaihacryiRhe.! Bdeliphing exdepasyl paystyaedd cqpaiyencts inbiudd

her eby i ncor por e C ROPAQUE(r P- QEGDA r = 96

are the sane ma?éﬁ&gaéé ﬁE@BE‘?QE’?Qﬁgl %PE@‘@?E%H%%% Ef'?‘&ﬁép‘é&% in

t he pai nt i ndusOPys2drl pagmeRGRAGKIEfisJusE¥d Sfpven t he coatings industry.

20 . tn another non-limiting embodiment of the present invention, the particles can be
hollow particles formed from materials selected from polymeric and non-polymeric
inorganic materials, polymeric and non-polymeric organic materials, composite

. materials, and mixtures of any of the foregoing. Non-limiting examples of suitable
materials from which the hollow particles can be formed are described above. '

25 Non-limiting examples of a hollow polymeric particle useful in present invention are
ROPAQUE® HP-1055, ROPAQUE® OP-96, ROPAQUE® HP-543P, and ROPAQUE@_'

_OP-62 LO pigments (each discussed above). For other non-limiting examples of holiow

’ See praduct technical bulletin entitled: *Architectural Coatings- ROPAQUE® OP-96, The All Purpose
Pigment”, Aprit 1997 available from Rohm and Haas Company, Philadeiphia, Pennsy]vama at page 1, which
is hereby incorporated by reference.
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-20 PATENT Attorney Docket No. 3626.0080-00 0.40 mcronmeters and a solids
content of 36.5 percent by weight. Each of these particles is commercially
avai |l abl e from Rohm and Haas Conpany of Phil adel phia, Pennsylvania. The
particles according to the present invention can also be forned from5

sem synthetic, organic polyneric materials and natural polyneric matgpairgNs.

As used herein, a "semsynthetic material” is a chgfdral byckePsbf1628,0080-00

naturally occurring material. Suitable sem synthetic, organic polyneric
materials from ieBs iﬂé?cé}%é L&di8%n ?n%rbr@&nt fn%ﬁf%?l s'eQ(F-I ‘K@% et%W{E@E ?IQBW at
limted to, cellulosics, such as nethylcellul ose and cel lul ose acetate,;

and nodi fied st 9@99%‘537'@%1%“'56 asy we@ﬁcﬂb/éfﬂ%@rﬁtﬁé by refeEmcaberedxy et hyl

ethers. 10 Suitable ngs Eérﬁ&le?@ééfmﬁ e fHF?ﬁxﬁ‘é g@é%orms@mmf%stemnw.bm ehreBe
can be forned include, are not limted to, polysaccharides, such as

starch: pol ypepPiegeat in 3 dispersione sUsPeRSIOR AEMWEION ITVatRy dPHERFUEINES, SYUENES as

natural ubber afitkraWioR aRERE iFFefetdbiPREs HAR S Wé@ﬂt'p@ﬂ:eﬁﬁb%' HEBRdludd ik R
present invention, the polymeric particles are formed from hydrophobic

pol yneric mat er ABP&SIOB. %aa&wrb?r qrigien. ifsiesired- oA ABZ-EMEiNG @ﬁamﬂ*s 069 dtSH@rs'OH of

coated strand. porficlks Fﬂrhbaﬁoﬁ?%#ﬁﬁbr@émefm&é’rféﬂts@ldpﬂ@@@R@N ROTAIOET | C
materials include_but are not limted to %/et hé/l ene, pol%g Sgyl ene,

pol ystyrene andREbﬁﬁﬁEP%Tn%@chWW%tsea d'NEﬁES'P W@!ggtx%ﬁﬁﬂ nitride
pol ystyrene COppér&iaremwa&@ﬂ adas cHmAkddny ra);a;IdBrleQﬁﬁzvﬁ@%@l{a( Inc. @Raaﬁmdge

| ROPAQUE( r) HP- 543P, and é 62 L nment C&ﬁ di,scus
 above) b TR ahgiesESoes AN BOBKBbN TRINE HALFARE GHACCRNG A BATTER, t he
galrtl cles cag beullehio bf BYP mraﬁngsl BiS. Mrcﬁﬁasﬁdcﬁi&hlmhwrp@rbaed&glr@r@teede hermn.
polymeric and non- pob ITEI‘I c materials
non- pol ymeri c or gani 'W‘éfjﬁ F'aﬂr GO“C% ‘@ﬂ%?ﬁeé“o”}%ﬁf@?ﬁ')}oﬁ“@ rgj?lhorﬁi FuFelings any
OL t Eel }‘ or egoi npclublie BARGN! NIIMDEX_?UBNIGQQCF@ p?ambtt ?l:d BbRAzr@GedPaérfa WEDD whi ch
t he hol |l ow part| an are described a
exanpl es of a hgﬂ'gaﬁgﬂ i %pﬁﬁ‘?f inendmMinerprPles S%‘HO"F ﬁU%HPP%rﬁ'OQFg’f
ROPAQUE(Tr) HB- 18athetiROBRAIdEE phrtiEBs ﬁﬁmemﬁﬁdﬁflrc)pﬁlﬁﬁr&éﬁﬂ: cobdl nREPACQUES 1 )
OP-62 LO pi gnen cus For ot he -l imti X
of hol low 5 SoBrSFERE B e GHATEamORR s ot Fhaveb OB R BLafgr §ARR 18
Coat i ngs- ROPAQuEAcrylic@PmGDlymEn emidtsionPiavipg3esolids content of 45 percent by weight and a
glass transition temperature of 88°C; EMULSION E-2321° which is a hard, methacrylate
“polymer emulsion having a solids content of 45 percent by weight and a glass transition
20 temperature of 105°C; ROPAQUE® OP-96 and ROPAQUE® HP-543P {discussed
above), which are supplied as a dispersion having a particle size of 0.55 micrometers
and a solids content of 30.5 percent by weight, ROPAQUE® OP-62 LO (discussed
above),'which is supplied as a dispersion having a particles size of 0.40 micrometers
and a solids content of 36.5 percent by weight; and ROPAQUE® HP-1055 (discussed
25 above), which is supplied as a dispersion having a solids content of 26.5 percent by |
weight; all of which are commercially available from Rohm and Haas Company of
Philadeiphia, Pennsyivania.

® See product property sheet entitied: "Rhopiex@ GL-623, Self-Crosslinking Acrylic Binder of Industrial
Nonwovens”, March 1997 available from Rohm and Haas Company Philadelphia, Pennsylvania, which is
hereby mcorporated by reference.
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Pigment”, April 1997 avail able from Rohm and Haas Conpany, Phil adel phi a,
Pennsyl vania at page 1, which 1is hereby incorporated by reference. -21
PATENT Attorney Docket No. 3626.0080-00 particles that can be useful in
the present invention see H Katz et al. (Ed.) (1987) at pages 437-452,
whi ch are specifically incorporated by reference herein. The parti cP&SENT
useful in the forming size conposition of present AttoresytbDankecldn 3626.098@8@nt
in a dispersion, suspension or ermulsion in water. O her solvents, such as 5

mneral oil or al copol.GRNRhGHRRGEMERRIMEMABS the pRisght injetior fite) gvecage sipe of
included in the dispersion, suspension or enulsi i

on,. if desire

non-1imting ekemartislasfincoreiiralge inde 8:5084Ng @&?WE‘P%EW%P%&?? 6°mg%ﬁéfﬁ%sfe 8ani c
material is m@ﬁ‘%rWN&F%e@%lec@éﬁ%ﬁﬁ%%ﬁﬁ@@@spwﬁgctkemseraatdé@GWQ;i on of
25 wei ght percent boron nitride particles in ,Y)vat%r gnd i S hcqugw %S%ﬁl
avai | abl e f r omediweentiaers gpermitiirieransart & g ooy 2pe S EE "°S8e "PORPAC
BORON NI TRI gE ﬁg%ﬁﬁéﬁf}%li OMEans &t/p SN Riofh whinhl the il parofiwars Bsatéchigts, the
Inc., which%is specifical ?y I ncor porated by reference .he{]eézgkesi H%rn sef ul
broduct's whi chwareshegrayer Biasiof GorBRIEFIedRId G BRE FVBOCAFHEF R ade B
NI TRI DE LUBRI CQAT(F)PR) tbse skitda BRAZBSTOP and WELD RELEASE productss.
Specific, non-l'imting exanples of enul si onj and di s leégtjtﬂgga@t:lesw
synthetic pol ymer i c Inpaitothes nae imgingeaoeA gk dPs FY L For §her's- and - copol ymer s
| 'igﬁc' ude: \AEHOEL%FQW&‘??’@&WT““@ s?z@ﬁoaip@:am(ndhsmias |$ceﬁbea@m/tm) impRegDRLEENYIE) 2

-6238 ichis an all acrylic firmpolynmer enuls] 19Vl i
content of 145 peWewsHE ”W"‘\/(B"i‘%‘?ﬂ' ‘Sd?r’t'iecéedo pig\gd% ?uﬁ%ﬁtgg#ﬁ%{gﬁg% ﬁfrqgésgf%’v 98C
EMULSI ON E- 23236%%a\6€\i1t(fibetis&0 pefaar ghodmedtloatand wetehrapgh pirbe fibesteingn AsaPetg a
sol ids content of 45 percent, by, wei n I b it ing solution
~tenperature of hf(ﬁ#@;th%ﬂiﬂd’ﬁ(# W%gﬁ%ﬁgﬁ@%ﬁ%}% fﬁrﬁgﬁlﬁ %Egliggrgugssed |
above), which ase paypRit atibemaedalsparseuate toigiythe ipividuat Pendes @ engs &
mcroneters and a soljds contept of .30, rGe [WaTlgb dE(T)
OP-62 LO (di scﬁg’%@da”%{%\s}%ﬂ wzﬁh%uqhs%&ﬁ%ﬁ%ﬁf&"@é"%@’?@%& for eXboe ng a
particl es sige palynidriéenanibcimatersletopenanate dhroudh the fedit ent of 36.5 percent by

wei ght; and ROPAQUE(r) HP-1055.(dis - ave) on¥Riehdihnttheakribsas a
di spersion having a%%??@snogﬁrﬂ{“égfn @F%g%%gg@\é‘éﬁﬁgﬁt g{/‘ wei glhtf; al FJtOfthWhi ch
are commer ci al |havawaiaverape size,onedRora® using IskeiScatampangchgiaues, of o greater than

1000 micrometers. In another non-limiting embodiment, the particles have an average
size, measured using laser scattering techniques, ranging from 0.001 to 100
20 micrometers. In another non-limiting embodiment, the particies have an average size,
measured using laser scattering technigues, ranging from 0.1 fo 25 micrometers.
in another non-limiting embodiment of the present invention, the average particle
(O size, measured using laser scattering techniques, is at ieast 0.1 micrometers and in one
| non-limiting embodiment ranges from 0.1 micrometers to 10 micrometers and in another
25 non-limiting embodiment ranges from 0.1 micrometers to 5 micrometers. in another
non—i.imi'ting embodiment, the average particle size of the particles, measured using
laser scattering techniques, is at least 0.5 micrometers and ranges from 0.5

micrometers to 2 micrometers. in another non-limiting embodiment of the present

¥ See product property sheet entitled: “Building' Products Industrial Coatings- Emulsion_E-2321". 1990,
available from Rohm and Haas Company, Philadelphia, Pennsylvania, which is hereby incorporated by
reference. .
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Phi | adel phi a, Pennsyl vania. See product property sheet entitled:

"Rhopl ex(r) G.-623, Self-Crosslinking Acrylic Binder of Industrial
Nonwovens", March 1997 avail abl e from Rohm and Haas Conpany, Phil adel phi a,
Pennsyl vania, which is hereby incorpordated by reference. -22 PATENT
Attorney Docket No. 3626.0080-00 In certain non-limting enbodi ment $AFENThe
“present invention the average size of the particl agoingg Obpistalce 36260aB0s00
coating conposition applied to fibers to be processed on air-jet |oons can

be selected to F alowesre Wbt ib a.séranwmnamdpmoem
fibers to per mnwe%&p%ﬁb%{'&& %tﬁgﬁ%t% dfél ber stranldgac érﬁ% Hgg
h P yarn

used 5 herein, avaragejdﬁmﬂt@fcﬂﬁthmwa'ci‘)‘}}5’9‘3‘%‘?9 PIBRASTURN h?

(weft) i's inserjed Lotae Ml&ed VErhe nias droRy fiter Blrasds r@inng@nwswsadesadue dfrrom
one or nore air Jet nozzles in a manner well known t rﬁﬁeﬁﬁ%egc?ggdsg c}he

‘art. In anot herforming bizecempREtORSORIPHERE Pattiples Q@‘é?%ﬁ\éer§$ez%a par
I ncor por at edg | ﬁ]b%vé‘c%éévap@%ebgﬁy SBURe SLfitien s@aahg pétwieen bitjaeers fiberste permlt

|rrpregnatedW| ric matri x material

t
suffici ent spadiirigt \M@Wﬁé@ﬁ ('aﬁ %@&tra!awrté&f%éénﬁb?mbﬂﬁ e'i?‘aﬁgaé'?‘%ﬁ (?Ntla%“ﬁy of

wet -out and wety b jrQugh G’Ené Bn%vfdln@%céﬁté@@@et—ﬂﬁom&dxd vreoat charadielstleﬁrwhen
"wet-out" neans the ab|P a material, for exanple a slashing solution

or a polyneric lr’fﬁfﬁgﬂﬁteﬁﬂf'@rﬁ %glqurtg: BRASMEEE t hr ough t he i ndi vi dual bundl es
or strands of fiberganaér ﬁd?ﬁsrﬁlﬁrﬁgTéth@dlmbhlrcﬁug#‘bresmmmehﬂrm tisi dvierageof a

e T oo i, Fraelet b oo ST R e, < RERPS LG Ot

enbodi nent the pakéd SHB'S to heoEmAToAMersade asbiher, namdmsiingembedimgnt, hisaverage

o s onmhmatie el BLeeCrek Yt Rlapag T Gba o RRAD

using |aser scafghgéd fﬂﬂntsaéhoocomm@métamgllngtutfarmuhe@ nﬁ@mmtmgmdﬂﬁnem the

m croneters. In anather non-Lim embodi t

average size, WeEHIEFEE rWﬁa'OWatdetszécrﬁlﬂogﬁ%ﬁg Teeéc%&do@sr z%%%ﬁ*sc:? ﬁgrﬁ? romo0. 1
to 25 m crompt efeshnifiiiesane bhstherain- |im:mgemg:cmn@ndihmnerage pﬁﬁléle;ﬁ*@s@ﬁrtesponds

i nvention, the aver %&3‘? ar atlv L %gg no?r{: nza(?ma%%g% a4 O#ggsqge}saqpﬁassge@nt&gémgd that

t echni ques, is 88" roneters an l'imting embodi ment
ranges from 0. lfatics mee¢ eitls strands@oaied vatirpraiciesdaitng withim terfiges discussed above

exhibit good wet-through and wet-out characteristics when impregnated with a polymenc
matrix material.

20 it will be recognized by one skilled in the art that mixtures of one or more
particles having different average particle sizes can be incorporated into the sizing
composition in accordance with the present invention to impart the desired properties
and processing characteristics to the fiber strands and to the products subsequent!y
made therefrom. More specifically, diiferent sized particles can be combined in

25 appropriate amounts to provide strands having, for example, gqod air-jet transport
properties as well to provide a fabric exhibiting, for example, good wet-out and wet-
through characteristics. | '

The coating composition of the present invention can be prepared by any
suitable method well known to those of ordinary skill in the art.

30 Coating corﬁpositions according to the present invention can be applied in many

ways, for example by contacting the filaments with a roller or belt applicator, spraying or

-24-



25 non-limting enbodi ment ranges fromO.1 mcroneters to 5 mcroneters. In
another non-limting enbodi nent, the average particle size of the
particles, nmeasured using |aser scattering techniques, is at least 0.5

m cronmeters and ranges fromO0.5 mcroneters to 2 mcroneters. |In another
non-limting enbodi nent of the present 9 See product property sheet paATENT

entitled: "Building Products Industrial Coatings- I;‘A[ﬁél.,gé Phcketdr? B626.808000
avai |l abl e from Rohm and Haas Conpany, Phil adel phi a, Pennsyl vania, which is

hereby incor por af &4,y ﬁ?\fe%ﬁ%ﬁ?b?rséﬂ e at rbHOERPYrRE lé?ét dvated

3626. 0080- 00 i nvention, the part ave an average particle size that is
general |y smal | tempetatures. h'éhe @V@IT regwves exaese moisture femFthe pers it dhPERMsTWehg

conposition is g@%}aebﬁig y%r i res?ﬁz%ﬁé?(tsdm@%tmﬁéﬁétﬁk%dﬁﬁﬁ%rﬂﬁfﬂ@ thé om

fi ber strands having a1 formng size conposition
conpri si ng par tglassdbetsawil ﬂg%n@@g@%@ﬁ@ﬁ&?!%ﬁéh%E%fcéﬂté%%ﬁ?ﬁd%mé%wt'ean
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mai ntai ni ng the i nt e kaeg hefeintthe termpeyresas used RRRNNSEBRN wstm@cg@e‘é%t%?@
wet -t hr ough and V&Fedoébrmp‘bgi%ﬁcgﬁéﬂrﬁéérpt?xaf’mﬁfrbrodsma%@@n%n&\hth lat ﬂleﬁ.@lﬁxﬁﬁ’ﬁf oIe

~matrix material. 1n another non-l1imting enbodi ment of the pre

invention, the aeat legst PROIAYAEIASEINkSd sineeriamenakpddrenis phige Ipée‘sséf‘t ‘Eﬁeé?‘?'értp?lg

techni ques, is &Bséltﬁl@ééns?ty@’fﬁ@%?&ts%i@b@%mpbﬁé}ﬁﬁs ef [tRstyre® ofl&168kslinking,
m croneters. In another non-limting enbodi nent, t he aver age ergarﬁl%cl e

si ze, neasut@d @8efgfrena§& tosiORt @rqoﬁﬁ’f%t%EWﬁ$'ﬁﬁ@B I gthgiep FoRaing, s

and. ranges frogamitf RingSdRomIzBHPFRITA §ffu|t 8ro§§|inkuhgalﬂeﬁrkberemmanﬂsnm thengosslink
enbodi nent, the particle size ran ge from1l ?M‘ rorret asur ed

usi ng | aser sca®ansity FgoIesreadHh o Of iyl ﬁrr?é?'ﬁé‘lngn €15k iipd IFHE aindhi nent ,

~ the average par fidetdtar A&t (ROprRBRRNSI ddgRassibssiiiong. he. meecrragmnmensnwcan
di aneter of the gl ass

s. It has seryed that i.th
strands coat ed Qﬁ?‘ﬂerﬂﬁ??qb %¥arfe$¥ Pﬁarﬁ'ﬁtR ﬁﬁ}“ﬁ‘ Fﬁ%@e@@éﬁ&“ ga(% I¥¥Y's
exhi Ibl t goousweDMTR)QISHY ePslymert tmtat@irwmuemmmmlywe:mndmmeaemm edrogen.h
a polyneric

O T Rl Yl bt L B SRS D PR B B 8
particle sizes fimg dbecdtingooppslahed. Thdse phipsica iprapedies of a cured material are related
to the structure of the crosslinked network.
According to this methed, the length, width, and fhickness of a sample to be
20 analyzed are first measured, the sample is tightly mounted to the Polymer Laboratories
MK Ill apparatus, and the dimensional measurements are entered into the apparatus. A
thermal scan is run at a heating rate of 3°C/min, a frequency of 1 Hz, a strain of 120%,
(- and a static force of 0.01N, and sample measurements occur every two seconds. The
' mode of deformation, glass transition temperature, and crosslink density of the sample
25 can be determined according td this method. Higher crosslink density valves indicate a
higher degree of crosslinking in the coating. '
' In certain embodiments, the amount of the coating composition present on the
fiber strand can be less than 30 percent by weight as measured by loss on ignition
(LOI). in one non-limiting embodiment, the amount of the coating composition present
30 on the fiber strand can be less than 10 percent by weight, such.as, for example,
between 0.1 to 5 percent by Weight. The coating composition on the fiber strand can be

-25-



conposition in accordance with the present invention to inpart the desired
properties and processing characteristics to the fiber strands and to the
products subsequently made therefrom More specifically, different sized
particles can be conbined in 25 appropriate amounts to provi de strands
havi ng, for exanple, good air-jet transport properties as well to mATENTE
a fabric exhibiting, for exanple, good wet-out andpm@hmytntmughl362&008000
characteristics. The coating conposition of the present invention can be

prepared by any re§.uué abé@adnebbgeoaeﬁblcoaﬁasmd & & powcered cautiely aamyos:ﬁ@nl lini n
the art. 30 Coating conpositions accordi to the present inven gn can be

applied in man)Pne\ﬁ&}b@d'”?%t oBlRE MRYEBLGRy ¢ d%{qsﬁa\a[nh\eperp@rg,%meg;

roller or belt R itk@id, “Io§§6ﬁ)§nﬂ@n’0ﬁ1eans2tﬂe%TdﬂNEercéﬁttdmﬂéd’ cdAial ebmplosition
3626.0080-00 other nmeans. The coated fibers can be

tenperature or Pigsest %ﬁ@éﬂ'”ﬁ%él“%f‘?ﬁ’éga“q'ﬁ%d@‘te{fﬂ'lne? g“ ecei@ﬁlw g’ém%'('%t ure

fromthe fibprs and, if presepty= W?%{W%ﬂmhaﬁémm e si zing @onposition
conponents. The tenperature and t

depend upon sucH'S&g V\éﬂbl‘%@eé@'ﬁr‘ﬁ@% Hef E%’rr‘t"é’@é p@% tE"oF"e@E &E{RT ﬁ%at%'é‘S&P'i“HﬁS’%m

conposi tion, CoiRPaGMgSn 8 oldteatcRatd (womonnee) for 60 namdest WS, i§ theeveighiof
used herein, the term"cure"

nnectjon wth "

e.g., "a curednebapdbettsnd: af@h%‘falt'”ﬂ%ﬁ%eﬂa?a'ﬁin'{) rysL Ffﬁ@gﬁp gasoc?SL%ﬂ Ght s
O];m t ge CO?POS:C tﬂtmﬁzb mmmesaindlceamgttpaasdm fd;hgem:tu&s:eladﬂsendatot ntcer]'Eal n

enbodi ment s, 0 e resn vention € Cross nsj
crosslinkabl® conpol®REan ng gm?ﬂ’é" J_YTaY e LF othl'? ﬁ% iiof %Egedr%{r%ge‘%erf rom
g%tp 100% of Gf@nmtzehgsepmesgm tHei fibgr. Alfter tbferwpluml?bodfa?nma;y dizee therfivesd arak

ensity ranges from 9 | nki t €

t he cr)cgssl i %k Qf'f’g}%‘?%'?tér g% h/?‘f'?ﬁégbﬁﬁéd) 5 BF" SF'%InF %Urcgs Iflroﬁ 3 égo'?rﬁ
skilled in the #@otto w600 ﬂbamde'rﬁrtaand that the presence and degree of
crosslinking, i.e t he 0SSl ] L. ari et
of net hods, gsuch as ’%I?ﬁ?g %w%%tﬁgncggﬁﬁgﬁer ngtPe a‘%%fagg @e%ﬂ'&(%f\% ﬁua\sﬁi ng ay
Pol yner Labts atanmoLmSeirﬁM:tzwé to cEaMI' A imwaégnzamrtheondmtoém&mr(aeds rﬁ@rtexegehe by This
et hod det er NS d ieTodes sbAngd LAnChRIREE AL Sy CLaRH dhlhodfas! LY o

free filnms of gs or sica perties a cured
materi al are relpsysy the eea;dmeasrtqoat;mgmennﬁsntnphepgm tjesdqatﬂde&a‘anépv\by gontacting the

coated strand with an applicator as discussed above. The coated strand can be passed
through a die to remove excess coating composition from the strand and/or dried as

20 discussed above for a time sufficient to at least partially dry or cure the secondary
coating composition. The method and apparatus for applying the secondary coating
composition to the strand is determined in part by the configuration of the strand
material. T-he strand can be dried after application of the secondary coating
compaosition in @ manner well known in the art.

25 Suitable secondary coating compositions can include one or more film-forming
materials, lubricants and other additives such as are discussed above. The secondary
coating can be different from the primary sizing composition, i.e., it (1) contains at least
one component which is chemically different from the components of the s'izing
composition; or (2) contains at least one component in an amount which is different from

30 the amount of the same component contained in the sizing composition.
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According to this nmethod, the length, width, and thickness of a sanple to
be 20 analyzed are first neasured, the sanple is tightly nounted to the

Pol ymer Laboratories M |1l apparatus, and the di mensi onal neasurenents
are entered into the apparatus. A thermal scan is run at a heating rate of
3¢ mn, a frequency of 1 Hz, a strain of 120% and a static force HATENIL
N, and sanpl e nmeasurenents occur every two secondsatidiiey Dotkee Nof 3626.0080-00
deformation, glass transition tenperature, and crosslink density of the

sanpl e 25 can be detrﬁéglaegﬂb@fcs@@ﬁ@ammuhherspra@etsb@diby thigihgiinto moast, nk
density val ves indica ree of crosslinkin
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coating conposition on the fi'ber strand can 5 osrt.%(ﬁxtg)ggket
No. 3626.0080- cﬁ@e@g@gusaa@ﬂ tora abbHyeEYne a&%é?‘?%ﬁ‘d”‘?iéh‘ﬁ%‘& PP%’?{ 3 powder ed
coating composiyduall onlothe B&ﬂ)l@ﬁ@ﬁbf@?l‘ﬁte ﬂfantthl@ratélﬂﬁlwﬁlcmme straad IsQupplied tes s
than 1 percent by wei
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means the wei ghfe B@%n@e'ﬁ’a]ﬁr \hé(ftr%‘gfslt ﬁag%tﬂ% eyezclacgg rggh';q ﬁH'Ch
surface of the /6 ks aieriaﬁgih asthd ebetintaiepaityiwishie th@tsilramd tmlcbtb,.ramdua(}@llp 5
~LO = 100 x [(Wﬂry V\Ibare%q l‘ﬁé) (1) wherein Wiry is the weight of the fiber
strand pl us G h@bﬁlétl:bw(" ery coating conposition after drying in an oven
at 220F (about 104C)TwiQsd Sfandls BuE esn-avistetsanmds (sombimewriefgiteddp asizhe tb@(te
fiber strand af e eatln

i ber strand in
621'C) for é;gngﬁgus%%@lqrﬁ%ar?goy%%% 'Eoé'n\%%]r%g? %rr?r%s%\mtge]dggsm cator 10
In certain eanﬁdadmtﬁ, S;Jrea-ufmenmamty Fhe epated @ber strheds ¢ant iealsediiry theayasp ieag/or fill

after fiber for ma\t' [Il'ée %P GaP gﬂg?lﬁtgr 35&8 fLiRGk rgg%ﬁl% At thét.‘l thénﬁgaﬁi a

prinary size, et havi ng
fibers per 18 ramdyerﬁmndii @ webknawetophase skillednin the@rtt @JCD@@@ f-‘rhUBl@rf@OFﬁé’F rapier

strand. | A secordgeu, opd Al SORRMS) LA raD b ecAPRY 8lodds MISoRihdTBRNy 1 2¢

in-an 15am)u?r8 oco t1on of
strands, for examaijdbde, lbyr example, from Tsudakoma of Japan as Model No. 103 and Sulzer

Brothers Ltd. of Zurich, Switzeriand as Model Nos. L-5000 or L-5100. See Sulzer Ruti
1. 5000 and L5100 Product Bulletins of Sulzer Ruti Ltd., Switzerland, which are hereby
20 incorporated by reference. As used herein, “air jet weaving” means a type of fabric
weaving using an air jet loom in which fill yarn (weft) is inserted into a warp shed formed |
by the warp yarn by a blast of compressed air from one or more air jet nozzles, in a
- manner well known to those skilled in the art. The fill yarn is propelied across the width
~ of the fabric, typically 10 to 60 inches {0.254 to 1.524 meters), by the compressed air.
25 The compatibility and aerodynamic properties of different yarns with the air jet
weaving process can be determined by the following methed, which wilt generally be
referred to herein as the “Air Jet Transpori Drag Force” Test Method. The Air Jet
Transport Drag Force Test is used to measure the attractive or pulling force (“drag
force”) exerted upon the yarn as the yarn is pulled into the air jet nozzle by the force of
30 the airjet. in this method, each yarn sample is fed at a rate of about 274 meters (about
300 yards) per mintite through a Sulzer Ruti needle air jet nozzle unit Mode! No. 044
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di pping the coated strand in a bath containing the secondary coating
conposition, spraying the secondary coating conposition upon the coated
strand or by contacting the coated strand with an applicator as discussed
above. The coated strand can be passed through a die to renove excess
coating conposition fromthe strand and/or dried as 20 di scussed abewgehar

atime sufficient to at least partially dry or curgy ggw%ryeszgm
conposi tion. The method and apparatus for applying t e secondary coating

conposition to é}5g%‘|}?\yh§-‘$%§ﬁ an d]ﬁ%!%% I}ajgg(élgsl htavut?%a tdl%?ne?é}rgf 'ZQHTll?rte‘té?Q ahd at he

strand materi [T cation of
secondary coat indgzle €GBS hhiingalength ummntlmtelrs (cnmmrmailytaﬁféﬂaé%lq fr0"25§‘>U'29f _

Sui t abl e Secondﬂ{?réf gg&é nrh%%ﬂgg@zéamﬁgzap¥ r,ggg gq,?esg{}f% BbicdB/ Setween about

filmformng i'trves such ‘as are
di scussed aboverrszaeb@ﬂemgdmﬂascmeauongz&muoet 5 piusde REr SAUSFR DA AUPFafyy

S t i t i
chen cal 1y, o 1 terepaporietnGaed dh B yaf%th s Pﬁg‘ﬁ‘c@‘ﬁgﬁ‘??‘ﬁ“gﬁ“&“:gzs

contai ns at | earé ai ¢ nooteg OTtentensiomeater provigRs awhgasHrement P the fensioniexerie

t he amobunt of the sane Feleline conposition. -26
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a chopped or cdﬁ?%H[?oﬁ S}Dr ar?crgl%{|Jn gbcas |d§%]%§sed above. lESS fi

strands canl®e $wihslie@sisycanry couiedant byinkially Vﬁeétﬂﬂgﬁei?@%%ﬁnﬁh

t.h killed hio d .
st 15 i mpar 108 WHNERS gt IATP B, Pﬁ“é*?“ﬁﬁﬁé%?é‘ﬁﬁ“fsﬁamg "é‘:’gﬁ'ﬁﬁt a%t? g

at a speed whi cs‘midmmﬂr@lr@rfamm 60Q° ﬁéO §69°afar @%'Oﬁé rangigriEPTy AP 8egaRds WY a

faster rate th s satnﬁﬁlélé b é(éﬁumehﬂﬁ'th@forhhﬂoﬂoofablsters
General ly, thealg ran m%%ﬁe Ugh an ¢

rou an eye | ocat ed O
traverses the |@ngea$ie@f a!ménmmﬁ qﬂﬁ'@!@lﬂ.ﬁﬁ%rﬁ?ﬂ% byithe §SG2RE © FPE&LHE%F?% cally

about 0.5 tpg ;\Qltl'ﬁp%ttarﬁlngfsr NedRRs shB®Up abWing Fraeturdsiornde Iaanﬂnbtemxpemvm sted
strands (sonetines referred to as zero twist str nds n, be. ug 59\
n(ﬁg%%@tc n d| eter.

prepare woven oMiCREsSOMe eEFMINAlAM 2, arg HPialy o S'Hlyé
reinforcements. The pRakRRbh kaY bsiutifRdaoc camyRathe Sacikage bihtoe s psa dior

i l l analysis is well known in the art and simulates a normal-warping operation with
modifications to quantify fuzz accumulation and to count fuzz balls.

20 The coated fiber strands can be used in a wide variety of applications, such as a.
fabric, laminates, printed circuit boards, armature banding tape, aviation composite
materials and aerospace composite materials. In these various applications, the matrix
‘materials useful in the present invention include the.rmosetting materials such as
thermosetting polyesters, vinyl esters, epoxides {containing at least one epoxy or

25  oxirane group in the molecule, such as polyglycidyl ethers of polyhydric alcohols or
thiols), phenolics, aminoplasts, thermosetting polyurethanes, derivatives of any of the
foregoing, and mixtures of any of the foregoing. Suitable matrix materials for forming
laminates for printed circuit boards include FR-4 epoxy resins, which are polyfunctional

| epoxy resins such as difunctional brominated epoxy resins, polyimides and liquid

30 crystalline polymers, the compositions of which are well know to those skilled in the art.

If further information regarding such compositions is needed, see Electronic Materials
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direction of the fabrics. A suitable woven reinforcing fabric can be forned
by using any 15 conventional |oomwell known to those skilled in the art,
such as a shuttle loomor rapier |oom but preferably is formed using an
air jet loom Air jet loons are conmmercially available, for exanple, from
Tsudakoma of Japan as Model No. 103 and Sul zer Brothers Ltd. of ZurpgfgNT

-Switzerland as Mbdel Nos. L-5000 or L-51 00. See S ,Fgg k& 306 aH8h-
ket 6 00
L5100 Product Bulletins of Sulzer Ruti Ltd. Svmtzleﬂq% \/Gn?ch are hereby

C e PO o oL RS e 0 s SRR B BRI,

inserted into ank@pirafiaey rblerdrrd hehajnthe warp yarn by a blast of conpressed

f t
Sk 1o e e o ettty eBSiRes 8 syl g ppBRRE elBboERi et Pl B80
fabric, t épl cal llnM!ud@pélfrbl@‘Q\sl mymﬁudé«g nﬂéimoplastﬂcd;ﬁmremamnd thgrmdpastic
coO resse air. 0] er
mp Squsﬁgr% H@yg&ﬁyr}]@? ar\]%lgvp efran %?ﬂ]rg fBFG%B 8 thﬁél' é?(faglples of

di fferent ya?n €ss can det'erm ne

fol l.ow ng net hOdsefL\MﬁheE!homktlc rget@ﬂalahdchdb@olymﬂm peltether sdfoseh palypheny! " Aj r
Jet T t Dr Vet h 1h

Test 1o used t o EASHPENPHE TP R BB s e P Y e E N R ) (e
exerted upon theoly\afylnclasndelaemy@mycarmmb:t ed into the air jet nozzle by the
o e ot 31 21 kBB FEIS e RaSf R0 AR 3 S gingsy el
needl e air jiét (mmrheecmllylavanztm&alroml@hemﬂ?hemwavcwfI'Ntuﬁt@ﬂn'é@‘agbcket No.
3626. 0080- 00 455 00 c e F@m hawiiskréall
di‘aneter of 2 mgﬁ' #e)w&e E rn%ﬁgmﬁ%%iﬁeée@??%N%Lb 1 nggtg\el gngt hro? y20
centimeters (coavedeie fbhyTreRow Sbkwmical G Gifidiend, MEhigardf Spartanburg, North
Carolina) at a desir PRAVERPRPUNE makrdZmbrialandt
379 kil oPascal s (aboﬁﬁ' ggént“ %@&%ﬁ %ﬁ%ér:llggb%%r ua;be i nclh)m gaume A5

t ensi onet er i s paygprcingmealetiah ircihacamPosiies RCEAding &Q Weﬁe%%ﬁg?@‘loﬁﬁ”‘g‘fq%r to
the yarn enygri Eﬂorahgeorﬁ Igfmdn®d, hﬂ)‘ﬁ%gﬂtgor Jr'a@egs%sdimttl%‘ho@i ftitdee) sabilizers,
measur enment of the tension exerted upo e yarn by the air jet as the
yarn is pull ed enicyidents, ether fjliets &i@zezqt@de"ﬁhe hydrol ytic resistance of a
fabric may be utilizegh bRs&MaWERLGH %ﬂ%oﬁ%QlfLB¥rb@B b?fthe foRbwing sBedifc, RoMHMNRIBg
of yarn. It can be nmeasured with solder dip tests | am nates. 10 Such
dip tests can béxamples.ed out by initially creating prepregs and then

form ng them

20 EXAMPLES
Each of the components in the amounts (weight percent of total solids) set forth
in Table 1 were mixed to form aqueous sizing compositions useful in the present.

. invention.

25
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into lam nates ranging from1l to 8 ply. The | am nates are subsequently :
di pped in nolted solder ranging from500F to 560F for periods ranging from
10 seconds to 3 mnutes. Upon extraction fromthe solder, the |am nates
are examned for the formation of blisters or neasles, also known as

del am nation, caused by the escape of noisture trapped 15 within thepaTENT

| ami nate. Measles show up as tiny fractures on the j "@’ﬁ\ﬁ 6‘36260080 00
m croscopi ¢ exam nation and are typically one sixty-tho of an i nch
in dianmeter. Mcrowarping nay be utili Zedra 29 ;fmal yze the br eakage of the
strands. This analysis is well known in t and simul ates a nor nal

war pi ng operation with nodificati onswttq:egdéﬁir@dnip\énérwg,ﬁ@gcgémglag.gon and to
count fuzz balls. 20 The [coated fiber Strands cangfigiISEd in a wde variety

of applications, such as @a—fab ami nates, prinred;Ti meurd bpar ¢s, 8
a¥a I + na o li 3
ar mat ur e bapd+rg—taper—avi at co oél te ter| alls and gerospage
conposite Gomppagnk | n_tthese yArigus apnlic i baterigb-a—

useful in tirOUYOESesR 30NYentiton! i el ude t.hernoséttilng tmtarials such a t
t her noset t i (myNaedoyest 108,] viaw| | est.ers, &poxi deB (gontddinijng8at | ed®? dne’8.8
- epoxy or 25|mxBrasengeptig i n1t he o equl &, suchéas [pol¥gl yici dyl et hérs 1of 5.7
pol yhydric @ephdls or thiaks); phenadlies, anmiwopliastts, thenbmsettdhgt 9.5
pol yur et hangsoT@eUBERMD-A'Es of ahy of tihe . foregoing, and mi xtures of any df
the foregoi igeticadiat abl e matdg x pateni al scdor| foom ng <db.anminates {oxoprijnt<eu
circuit boalgls + GgdlFezRE 47 8P0KY 7hgsiins,g whj choar e poloyf uncd.sonal 5.7epgxys.s
resins such as ditunctional~brom nat ed epoxy resins, polyimdes and i quid
30 crystal line pol yrrers t he conpositi ons of which are well know to those
Skilled in the art. S3mPlesi1are iPFRSFSFEAS 'BFPYSegar di ng such conpositions is
needed, see El e¢t rgniveXMatsx B@i Wwas a@&d?&ﬁﬁlﬁfrar@ﬁgﬁi’MMSDﬂégetto Me0 deg.F under
3626. 0080- 00_ HandhookTM ASM I nt er nat i onal 19891? at ’ﬂia‘%fs 534- 537, which

i s specificaPly i rEGEhERnditons gyd fepdieapferes i 2 Maim mixdank By Pyhrg§9% npl es of

suitabl e pol ymeri ¢rddeesingpl astic matrix materials include polyolefins,

iyt pol yirer o, 2ol ket SC1aHNR gHRaF ty Rchasr B yBR) e ERBP RS egy

usef ul ther nopl astmigturat\@ith MeSEppl&ﬁbatfﬂieumhg/lwate‘}eanglp@frymftmrdeglﬂ tbai68sieg.F
pol yphenyl sul fones I(Pvﬁy XgéedQO et\Pegge 'co taln f}ﬁ }S'\RIR?(&’E' Q%o %EWQE@\L{%W

sul fides, pol yacet o
10 then Eppenbached for 5 minutes. The solution was then transferred to the main mix

tank for subsequent processing.

| 3. ALUBRASPIN 227 was added to water ranging from 150 deg.F to 160 deg.F ina
separate vessel under stirred conditions. Acetif: acid was added to the solution to
adjust the pH pH of the solution to 5.0 =+ 0.5. The solution was then transferred to

; _ 15 the main mix tank for subsequent processing.

10 POLYOX WSR 301 water-soluble poly(ethylene oxide) lubricant which is commaercially
avallable from Union Carbide Corporation.

DYNAKOLL SI 100 chemically modified rosin which is was purchased from Eka Chemicals AB,
Sweeden

ALUBRASPEN 227 silylated polyamine polymer lubricant which was purchased from BASF
Corp. of Parsippany, New Jersey.

Z-6032 N-B{N-vinylbenzylaminoethylyy-aminopropyltrimethoxysilane which is commercially
avallable from Dow Corning of Midiand Michigan.

* PROTOLUBE HD-A dispersion of polyethylene particles which is commercially available from
Bayer Corporation of Pittsburgh, PA.
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pol yvi nyl chl orides and pol ycarbonates. A exenplary matrix materi al

formul ati on consists of EPON 1120- A80 epoxy resin 10 (comrercially

avai l abl e from Shell Chem cal Conpany of Houston, Texas), dicyandi am de,
2-met hyl i m dazol e and DOMNOL PM gl ycol ether (commercially available from
The Dow Chem cal Co. of Mdland, Mchigan). Oher conponents which caRTEsT

i ncluded with the polynmeric matrix material and rgitfc‘)f ("dd&getw& 86bebosMmoo
the conposites according to the present i nvention inc 3’e 15 col orants or

pi gnents, |ubri ' :&SQWE‘SWBEH L{S% C(ir?en Wi élét@ rﬁ&e §lepadrdfalvebidith a stirrer.

stabilizers, Iers tenders. The present
i nvention wll 510ch'm3 adid wa$ a@cteddolﬂya water With thewitirrgr ®ipeidgf i ¢, non-1imting

exanpl es. 20 Eﬁ”?q%%g v;%ca%dg tl?ﬁ aggmﬂgt@r é&uffd?l%i@ﬂﬁé‘ Qﬁr?erwﬁhrgj‘tthe

percent of tot Set were m xed f or m aqueous
si zi ng conposi t i osslutisewas stirredtftve! peursbatsolutioy elivtaddar 1 Q@JWQ@ thetragged very

811100, kel g RSl T il PO BE R b 0,

-Sol i ds Basi s onen YOX WSR 30110
1.5 11111 DyNXdelF-68B2/b06c BB mix8ire @881h® Biged o g Mm@ Mixigns

ALUBRASPI N 227 42 1.t 68,8 Sudecio rmdin Ax0RAL dhedind o ot nelfhcl 80 0.9

< 0.1 < 0.1 < 08.1Watlr was et addeds 6[5 TRIBATER, tgudﬂvtﬁgo theqsauiredsyolyme- 02 10. 01
5.53 5.77 6.5
10 Sample 7 was prepared as follows:

1. POLYOX WSR 301 was added to water ranging from 150 deg.F to 160 deg F under
stirred conditions and then transferred to a main mix tank for subsequent
processing.

2. DYNAKOLL SI 100 was added to a separate vessel with an Eppenbach high shear

15 mixture. With the Eppenbach running, water ranging from 150 deg.F to 160 deg.F
was slowly added to the vessel containing the DYNAKOLL S| 100. The mixture was
_ then Eppenbached for 5 minutes. The solution was then transferred to the main mix
“tank for subsequent processing. |
3. ALUBRASPIN 227 was added to water ranging from 150 deg.F to 160 deg.F ina
20 separate vessel under stirred conditions. Acetic acid was added to the solution to '
adjust the pH of the solution to 5.0 = 0.5. The solution was then transferred to the
main mix tank for subsequent processing.
. 4. Room -temperéture water was then weighted into a separate vesset with a stirrer.
5. Acétic acid was added to the water with the stirrer run_ning.

25 6. Z-6032 was added to the acetic acid/water solution with the stirrer running; the
solution was stirred for 1 hour; the solution stirred for 1 hour was then added very
sIo'wa.to water in a separate vessel to dilute the Z-6032/acetic acid solution; the
diluted Z-6032/acetic acid mixture was then added to the main mix tank.
PROTOLUBE HDA was then added to the main mix tank.

30 8. Acetic acid was added to the main mix tank to adjust the pH of the final mix to 4.0.

9. Water was then added, as required, to dilute to the required volume.
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- Sanples 1-6 wer e prepared as follows: 1. POLYOX WER 301 was added to water’
ranging from 150 deg. F to 160 deg. F under 5 stirred conditions and then '
transferred to a main mx tank for subsequent processing. 2. DYNAKOLL Sl
100 was added to a separate vessel with an Eppenbach high shear m xt ure.
Wth the Eppenbach running, water ranging from 150 deg.F to 160 degPKTEMWES
slowy added to the vessel containing the DYNAKOLLARrmdyBockEhRon36a60080108s
10 t hen Eppenbached for 5 minutes. The solution was then transferred to the
main mx tank for subsequent processing. 3. ALUBRASPIN 227 was added to
water ranging from 150 deg.F to 160 deg.F in a separate vessel under
S'lt_ll r][e;:lhcond: ti ons. SAmples 6 andi7dvaraspalirddd olags fiRe” SENGt PBish "6 e S8 He pH
pH of the soluti.aon,t - | Lt ] i '
Phe mai nomx t dRer SingByen e S 2aaR il O sRgEhaN tanaat e 10
wat er - sol ubl e pobtyf btildyl ene oxi de) lubricant which is comrercially
avail abl e fr.om Uni on Carbide Corporation. pgg7QYNAKOLL SI 100 chemically
modi fied rofin which is was pur chased from EKe Chem cals AB, Swe fjen. 2
fALUBR@ig:: N 37 si | yiThe ganpof samplest pot ¥ weare pyivated iy FM%‘W%&%%B‘?%@&&
rom _ rp. of Parsj e ir of
N- (3(N-vi nyl beHQW%\arﬁ]ﬂ%a%y éf-zam no%ﬁ%??ﬁ%ﬁ%ﬁﬁ@%?Iﬂ;irﬁlég?/\/?lipah is.
comercial ly  avaientiria elertooniOsnsiCoRArHgNGRrONNE P SRIORATY NIEVE 5%%1 ﬁaﬁ?aUBE
]ljD A di sper si on of {&’Aé‘@én@%{gf‘é?ggw ihbﬁésgaia\%at@rfhﬁ SedCuINesTiha lténsianeteisat
rom Bayer Corporation 0 I'ttsburgh, PA. -30 PATENT ﬁttorn? gkﬁ& No.
3626. POBQE gan 4 thRunyare SpEpies mmase RRecPMRIEe WA GRE SN Yo e é@para e
vessel with a Shid ' Iofess dn\WRsmadiat fopthtimTanie eteiow ista measure
s&|rrer runn.n3§6%§§§5W§%§§5§§§ka§5§§ ?o theggcetic ac'd/ma}e 8 I&&'ﬂg wth-
the stirrer rumﬁﬂﬁdﬁdWW@98§§UD?P%%@ﬁﬁﬁa%%?W*@H“@defoh%ﬁwyafk%tgéldplon
stirred for 1 i}gg&g%\é&%m{éﬂaﬁ@ vBAOagy & EXbjedled HoMg/wdavingatperations.a separ at e

vessel to dilutet 32/ acetic aci | u : )
The average loss on |gnszt?on (we%ﬂt pérgeent of solids of the forming size

15~ composition divided by the total weight of the glass and dried forming size composition)

of each trial of each Sample is set forth in Table 2 as well.

TABLE 2
Bobbin |{Tension
Sample Wt. (Ibs.) |{grams) LOI
10.1 166.83 | 047
6 10.3 151.45 | 0.47
5.1 High | 043
5.2 High ! 0.48
10.0 123.96 | 0.55
- 10.3 115.91 | 0.51
50 168.30 | 0.52
5.1 142.04 | 0.52
20 TEST 2

The compatibility of the sample yarns with the air jet weaving process were
determined using the "Air Jet Transport Drag Force” Test Method discussed in detail

above.
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di luted Z-6032/acetic acid m xture was then added to the main m x tank..7.
Acetic acid was added to the nmain mx tank to adjust the pH of the final
mx to 4.0.- 8. Water. was then added, as required, to dilute to the
required volume. 10 Sanple 7 was prepared as follows: 1. POLYOX WER 301 was
added to water ranging from 150 deg.F to 160 deg. F under stirred pateNT

conditions and then transferred to a nain m x tank an
processing. 2. DYNAKOLL SI 100 was added to a Semﬁ&?@ei?@%@%ﬁ??ﬁ%ﬁow 00 :

Eppenbach  hi gh shear__ 15 mi xture. Wth the E nj.ng. angi ng
from 150 deg.F to 1g@dal¥ﬂ”r§a"'\ﬁ[aesw§ﬁv%wa§/5é%ﬁé’gﬁf‘gp]?ﬁegs g@?é@%&%ﬁ%ﬁg t he
DYNAKOLL SI 10@nrolifitea iBulktuReti meslle sihgehné&mecutitaddo=t NDod446456 ¢RIt wiich MFkan

solution was then transferred to.the .main m I :
o ocesatng 3 ETBAGE! Rl hRMGS dB e Rk it Sha 8B3A0YEDlute haying
160 deg. F i n a al@fgts ep20 edreimetsss edommeleialhsavailatdel froor@lilzar dhai. of Spettanpussi d '

was added tq t ution ro .adiust the. ' 7210
The sol uti o% Wﬁo'*?'h Ol{nragﬁ% e Gt ﬁ'g'neﬁﬁoﬂlﬁm{&)e(s stsé)ldrlljﬁa% g‘rgr %cﬁﬁgee@ﬁ%ﬁ‘t © L
processi ng. 4. FReGTDkivFmscals Lyageandensierseteheas pasitiphed h contact avith dprayaip et a
vessel with a stirrer. 5  Acet] ' : o Widdy t he
stirrer runni nd).os'ﬂgn Briorz2 Hﬁé’f‘?@g@eﬁ@dgg\gﬁi&tﬁﬁgggczﬁ? E:Jhgg}q%} g trééa\arI sol ution
Wi th the stirreneasuremants ofithetensioh ginigormsexesed wpasckachyamn $rongle by e air jet as
solution stirr : \Q‘ﬁﬁ ry y 168&s AR <8t forth
separate vesseleﬂqef ée%éle%'ﬁlggg{nhse -E%‘Q%%’%%Q?ﬁ%”%ﬁf e‘?}) utei J&\‘?S%ﬁée Sdi | ut eo?
Z- 6032/ aceti® acidbleidbeime was then added to the main mx tank. 7. '
PROTOLUBE HDA was then added to the main mx tank. 30 8. Acetic acid was
added to the main mx tank to adjust the pHof the final mx to 4.0. 9.
Water was then added, as required, to dil Jiabletd the required volune. -31

PATENT Attorney Docket No. 3626.0080-00 Sanpl e-rﬁ*a-ndr?—were applied to
gl ass fiber strands which were subsequently tW—S—(—(—?‘%-t oven drying as
2 doffs with 1.0 turns/inch apd-standard milk bott®e | bdbbiln build.
Air Pressure |Bobbin wit. (Ibs)| Tension {grams)
25 psi 10.1 8.46|  5.16
10.3 8.43]  6.86
30 psi 10.1 9.85 &.71)
10.3 9.97 8.27
35 psi 10.1 19.9] 14.26
L 10.3 18.09]  17.12
40 psi 10.1 24.14]  17.26
10.3 23.68]  20.89
45 psi 10.1 51,16/ 28.24
y 10.3 56.45!  31.47
I : 50 psi 10.1 68.47| 48.93
10.3 74.4| 50.89
55 psi 10.1 78.09] 59.85| .
10.3 80.12| 64.43

it will be appreciated by those skilled in the art that changes could be made to
15 the embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular
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5 TEST 1 The yarns of sanples 6 and 7 were evaluated for Friction Force by
pulling each yarn Sanple at a rate of 262 neters (287 yards) per mnute
through a pair of conventional electronic tensioneters and around a
stationary stainless steel cylinder wth a 4.445 centimeters (1.75 inches)
di aneter aligned between the tensioneters such 10 that the yarn Sa

made one conplete wap around the cylinder. The di f%]rngpcb%ﬁk%ewg %Q% éﬁ%_og

bet ween the tensioneters (in granms) as set forth i

Similar to the eriedrRereoRit b IS d S/ aRe B i ?*thf'ﬁ'aur i ng

weavi ng oper at igphit and beopa\of tregevdntiss, asrdefiged by thie a(ommc@ldtclqmscent of solids
of the form ng size 15 conposition divided by the total weight of the
glass and dried formng size conposition) of each trial of each Sanple is
set forth in Table 2 as well. TABLE 2 Sanpl e Bobbin Tension LO W. (lbs.)
- (grans) 10.1 166.83 0.47 6.10.3 151.45 0.47 5.1 H h 0.43 5.2 Hh 0.49
10.0 123.96 0.55 10.3.115.91 0.51 5.0 168.30 0.52 2 5.1 142.04 0.52 20
TEST 2 The conpatibility of the sanple yarns with the air jet weaving,
process were determ ned using the "Air Jet Transport Drag Force" Test

Met hod di scussed in detail above. -32 PATENT :Attorney Docket No.

3626. 0080- 00 - , '
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Each yarn sanple was fed at a rate of 274 neters (300 yards) per mnute
through a Sul zer Ruti needle air jet nozzle unit Mddel No. 044 455 001
which had an internal air jet chanmber having a dianmeter of 2 mllinmeters
and a nozzle exit tube having a length of 20 centineters (comercially
avai l abl e from Sul zer Ruti of Spartanburg, 5 North Carolina) at an air
pressure varying from25 to 55 pounds per square inch (172 to 379 310

ki | oPascal s) gauge. A tensioneter was positioned in contact with the yarn
at a positidﬂll éior to the yarn entering the air jet nozzle. The

tensi oneter provided neasurenents of the tension (in grans) exerted upon
each yarn sanple by the air jet as the respective yarn sanple was pulled

into the air jet.nozzle, T val.ues_are set _for 0 i.n Table 3 bel ow.
Tabl e 3 Sampl be. T 7 ANPE BELe cal B HaSaftheERe rod oHrast ey Ehgsd vl de)
10.1 8. 46 5rasy capagib@.coBpdsiBen foBBepfom10. 1 9.85 6.71 10.3 9.97 8.27 35

psi 10.1 19.9 14.26 .3 40 psi 10.1 24.14 17.26 10.3 23.68
20.89 45 psi 10.1 51%26 Zéﬁg%?fé<25 .45 31.47 50 psi 10.1 68.47 48.93

10.3 74.4 50.89 55 psb} 10. at lzastoge saticdis lu@ast @ptidinG 4t kst dnewiolyarnire,

appreci ated by those gkill gdeidd ohBRinfobm nges could be made to 15
t he enbodi nents descri)bed abgveovmgtlhogt @Qgﬁfru%}!éﬁg fromthe broad inventive

concept thereof. It i undldpatt @68 orgeneviane euplingagentiand i nvention i s not
limited to the partice) ar atleastone dispersion of polymeric particles.

2. The fiber strand according to claim 1, wherein the composition is a residue
of an aqueous coating composition.

3. The fiber strand according to claim 1 or 2, wherein the at [east one rosin is
present in the composition in an amount ranging from 45 to 99 weight percent on a total
solids basis.

4, The fiber strand according to claim 3, wherein the at least one rosin is
present in the composition in an amount ranging from 60 to 90 weight percent on a total
solids basis.

5. The fiber strand according to claim 4, wherein the at least one rosin is
present in the composition in an amount ranging from 70 to 85 weight percent on a total
solids basis.

6. The fiber strand according to any one of the preceding claims, wherein the
at least one rosin is selected from chemically modified rosins.

7. The fiber strand according to claim 6, wherein the at least onekrosin
comprises at least one glycidyl ether group and at least one polyethylene glycol group.

8. The fiber strand according to any one of the preceding claims, wherein the
at least one cationic lubricant is present in the composition in an amount ranging from 0.1
to 15 weight percent on a total solids basis.
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-33 PATENT Attorney Docket No. 3626.0080-00 enbodi nents disclosed, but it
is intended to cover nodifications which are wwthin the spirit and scope
of the invention, as defined by the appended clains. 1,< -34 CLAIMS: 1. A
fiber strand conprising at | east one fiber at |east partially coated with a
resin conpatible conposition formed froma) at |east one rosin, b) at |east
one cationic lubricant conprising at | east one polyamne, <c¢) at |east one
filmformng material, d) at |east one organosilane coupling agent, and e)
at | east one dispersion of polynmeric particles. 2. The fiber strand
according to claim1l1, wherein the conposition is a residue of an aqueous
coating conposition. 3he fiber striabtacoidion® A0, dhBeir Pe Gk RES che@atichic Wher ei n

the at |eas oSl i resent..in the conposition in an anount ranging
“from45 to glg)?'\?\/%qté%ﬁeg%'#inetﬁ' cgMPESIYgL g an %“HE’?”S’QQ?@T" ﬂt_o {hi’ée'@?tl?ﬁceﬁttrand
accor di ng t oneltefahsdids bissis.ein the at | east one rosin is present in the
conposition in an anount ranging from60 to 90 wei ght percent on a total
solids basis. 5.1Ghe Thebbersiranthaccanting iakymtop whbmimthd at lehstroni eatidréc at

| east one r Q%riBar [ : [ ' , in rom 70
o 85 wei ghioncortE prEAdt Eithe COrbOgFRA SR apingof i wl Bfidefidl b1
accor di ng t 8 telA)solifebasyis-t he preceding claims, wherein the at |east one
rosin is selected fromchemcally nodified rosins. 7. The fiber strand
according to claim6, wherein the at |least one rosin conprises at |east

one glycidyl eth graup_and at |east one polyethylene glycol group. 8. The
fi ber strand acc {'di ngh‘%)ﬁpeéﬁVa%%CCde'ﬁ%t@ ahy abe af 1hg Prgcsring Clajipe Maierein the

at least one cationic lubricant comprises at least one silylated polyamine polymer.

12, The fiber strand according to any one of the preceding claims, wherein the
at least film forming material is present in the composition in an amount ranging from Q.1
to 10 weight percent on a fotal solids basis.

13. The fiber strand according to claim 12, wherein the at least film forming
material is present in the composition in an amount ranging from 0.1 to 5 weight percent
on a total solids basis.

14. The fiber strand according to claim 13, wherein the at least film forming

material is present in the composition in an amount ranging from 0.5 to 2 weight percent
on a total solids basis.

15. The fiber strand according to any one of the preceding claims, wherein the
at least one film forming material is selected from polyalkylene polyols and
polyoxyalkylene polyols.

16. The fiber strand according to any one of the preceding claims, wherein the
at least one film forming material comprises at least one polyethylene oxide.

17. The fiber strand according to any one of the preceding claims, wherein the
at least one organosilane coupling agent is present in an amount ranging from 0.1 to 25
weight percent on a total solids basis. '
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at |l east one cationic lubricant is present in the conposition in an anount
ranging fromO0.1 to 15 weight percent on a total solids basis. 35 9. The
fi ber strand according to claim@8, wherein the at | east one cationic

| ubricant is present in the conposition in an anount ranging from1l to 10
wei ght percent on a total solids basis. 10. The fiber strand according to
claim9, wherein the at |east one cationic lubricant is present in the
conposition in an anount ranging from2 to 8 weight percent on a total
solids basis. 11. The fiber strand according to any one of the preceding
clainms, wherein the at |east one cationic |ubricant conprises at |east one
silylated pol yam,pe p r. 12. The fiber strand according to any one of
t he” preceding cl agms %%g'?%risﬁaf'%ﬁccoéqmq toaime {7, whesiniDa gt lsattOPeal i s
present in tor@noeillanes::ap;igmg g‘gmtampn?wu% tffe?t:_ﬁgipﬁgtiéri mrﬁdn(hniount ?_n@liﬂg\f@hﬂ’il”'iq
percent on | iS..d3. .The fiber strand according to claim
12, wherei néphﬂ%t@}t p?%ﬁ@t&ﬁﬁfﬁ@%@&%ﬁﬁ's‘ material is present in the
conposition in aggano I . ight, percent on a total
SO oe bacls. 13 ToSOtHE i ARGl ipdN troclﬁléﬁ'g' PAV IO LR

| east fil m Prgampsine eaupling abeitds preesrd in thiercotmipesitiomip@si anant kangiag framolitat
rangi ng froRsQeiyht BereeMEinH otdP E51RIE BhsisON @ total solids basis. 15. The

fi ber strand according to any one of the preceding clainms, wherein the at

| east one filmfepm ”%é‘"ﬁ&-ﬁrsitr%d éc?o?cﬁﬁdal%ta‘?l‘} ohé‘amr@q;&é(%hiﬁ%’;lc%'ﬂﬁs,}%meygﬁ ﬁne?nd

pol yoxyal kyl ene pol yols. 16. e fiber strand according to any one o he

precedi ng cPhER ongivEgasosilang sourlingjagarits selected framitdalkaiglanes.eri al conpri ses

at | east one pol git hyhgen oxide, 17. The fiber strand according to any one
1 ai X

of the preceding b strandhagoeeting;fo any g8e obthe PRGLIRg Slamsm vhemipfieng

agent i s pr esleast ons oAgandsine lcolsing iagentiforindplopyiBRlkowRilghys, per cent on a
total solids basis. 36 18. The fiber strand according to claim17, wherein

the at | east one22or g@iheshdratrandcastpltdimptoaant21| @herepRe bt lesstohe conposi tion
In-an armun%rgraﬁggfagg cf)lﬁpc%ng %gér& comprises N-B-(N-vinylbenzylaminoethyl)-y-

aminopropyltrimethoxysilane and salts thereof.

23. The fiber strand according to any one of the preceding claims, wherein the
at least one dispersion of polymeric particles, when added to the components which form

the coating composition, is present in an amount ranging from 0.1 to 15 weight percent on
a total solids basis.

24, The fiber strand according to claim 23, wherein the at least one dispersion
.of polymeric particles, when added to the components which form the coating composition,
is present in an amount ranging from 0.1 to 10 weight percent on a total solids basis.

25, The fiber strand according to claim 24, wherein the at least one dispersion
of polymeric particles, when added to the components which form the coating composition,
is present in an amount ranging-from 0.1 to 5 weight percent on a total solids basis.

26. The fiber strand according to any one of the preceding claims, wherein the

at least one dispersion of polymeric particles is selected from a dispersion of polyethylene
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20 wei ght percent on a total solids basis. 19. The fiber strand according
to claim17, wherein the at | east one organosilane coupling agent is
present in the conposition in an amount ranging from8 to 16 wei ght
percent on a total solids basis. 20. The fiber strand according to any one
of the preceding clainms, wherein the at |east one organosilane coupling
agent is selected fromtrial koxysilanes. 21. The fiber strand according to
any one of the preceding clains, wherein the at |east one organosil ane
coupling agent from am nopropyltrial koxysilanes. 22. The fiber strand
according to claim 21, wherein the at | east one organosilane coupling
agent conprises N (3-(N-vinyl benzyl am noet hyl ) -vy-

am nopr opy| tpaiticies wdigsersian ef polgbromlide paitdleabnd 2 dispdisonlof ByleRé/Hpdiene
accordi ng tq 8&% one, cl)é‘ethe precedi ng clains, wherein the at |east one

di spersi on oF T npeﬂté particles, when added to the corrponents whi ch form
the coating conpgsiti nam)un heandl om0..1 to0.15
wei ght percent o? a 1?@ a+e? Tt’llﬁc(flg&ggjsrpgs% X°”‘°rr?e Telpb ea%@riﬂ’] 2 ST '}?g to
cl ai m 23, witleastrrrelsiispatsidned grlyomesc dardiples somprisesfa disrleysiaT ofpopatitylenkes, when
added to thg,gepeonents which formthe coating conposition, is present in
an anount ranging fromO0.1 to 10 wei ght percent on a total solids basis.

25. The fiber stpand gREMishand Qcc%l'cﬁﬁdﬁo?a‘hyOWQ%fﬁ'erbréd%@m@tclénﬁé‘%he Fthe
di spersion of polyneric particles, when t he conponents ich form

the coati ngaE@ﬁﬂd’é‘?tf'P@frF°mH”§e§ﬁté§%ﬁ§P”? Woﬁnﬁfﬁﬁhﬁomﬁﬁgﬁgﬁgﬂlﬁw@"@ to 5

wei ght per ceslected framt2hRiks, @buasé‘ d&g@ws -@ifss, Bﬂ@aéé BejlassdeAstives GRE di g to
any one of theP@r ecedllgerg cl al ns, erein the at |east one dispersi on of

pol yneric p&PPPRARDSIErER ect ed from a di spersion of poI yet hyl ene

Gt hyl ene! pr opyl ohg  copbitar=SErEREIELS Y one AL dRinsarodd, Wbk E%%’ﬁp%% to
any one of bvhefipsreompiisg atlershene ndrelieit olebhed fitk. | east one di spersi on of

polymeric particles conprises a dispersion of polyethylene particles. 28.
The fiber strand3@ccoilte figerstamhgcconingtb dnhenpoeihe pravgdiat alaies, wikesiethe t he

at | east ongobhefon QMY o5 d Sl S Gist AR S, T ber comprising a

gl ass materia
31. The fiber strand according to claim 30, wherein the plurality of discrete

particles selected from thermosetting materials, thermoplastic materials, and mixtures
thereof. ‘

32 A yarn comprising at least one fiber strand according to claim 1.

33. A fabric comprising at least one fiber strand according to claim 1.
34, A laminate comprising at least one fiber strand acco'rding to claim 1.
35. A prepreg comprising at least one fiber strand according to claim 1.

36. A electronic circuit board comprising at least one fiber strand according to
claim 1.

37. An armature bending tap comprising at least ohe fiber strand according fo
claim 1.

38. An aerospace composite comprising at least one fiber strand according to
claim 1.
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selected fromE-glass, D glass, Gglass, S-glass, Qglass, E-glass
derivatives and conbinations thereof. 29. The fiber strand according to
any one of claims 1 to 27, wherein the at | east one fiber conprises at

| east one non-heat cleaned fiber. 30. The fiber strand according to any one
of the preceding clainms, wherein the conposition further conprises a
plurality of discrete particles. 31. The fiber strand according to claim
30, wherein the plurality of discrete particles selected from
thernosetting materials, thernoplastic materials, and m xtures thereof.
32. A yarn conprising at |east one fiber strand according to claim1l1. 33.
A fabric conprising at | east one fiber strand according to claiml1l. 34. A
| ami nate conprisidag aknlaeiagén edipdsith ebmplidimy sl IRRE SRSt stronCadbingto 35. A
prepreg conprisi,ng at | east one fiber strand according to claiml1l. 36. A
el ectronic 8[‘3"&]“ board conprising at |east one fiber strand according to

claiml. 37. An mat yr, ndi,ng _tap conpri,sing, at ,| east e fiber strand
according to cl g{)‘m 1#‘ f@%PﬁfEHdaceF" Spae ﬂg%%ﬂ%ﬁ?eé a(t,l)eﬁﬁf‘?aéﬁ%é cg?tegggég one
fi ber strandesiiccungtinlg compositien forhed 88m39. An avi ati on conposite conpri sing
at | east one fiber stg)and gﬁgé’gt%?gos"i claiml1l. 40. A fiber strand

er at

conprising at |east one fi east partially coated with a resin '
conpati bl e conpositi ob f or dEeadtcoenpalymatic lubrgant ooraprisiyg at,leds) om pdlgamsite,one

pol ymeric |ubricant compri giggkidhe iEARIMRARTAMyam ne, c¢) at |east one
filmformng material, d) at |east one organosil'ane coupling agent, and e)

at | east one di spersi®h of atdeds)gae pegapasiene ceuplinglagentiandt i ber st rand

according to clai m 40g) Whes@baktbh8 dRbelsRADK pOReMObAHIBEL C | Ubricant is
present in the conmposition in an anmount ranging fromO0.1 to 15 wei ght

per cent : 41, The fiber strand according to claim 40, wherein the at least one polymeric
lubricant is present in the composition in an amount ranging from 0.1 to 15 weight percent
on a total solids basis.

42, The fiber strand according to claim 41, wherein the at least one polymeric
lubricant is present in the compaosition in an amount ranging from 1 to 10 weight percent
on a total solids basis.

43.  The fiber strand according to claim 42, wherein the at least one polymeric

lubricant is present in the composition in an amount ranging from 2 to 8 weight percent on
a total solids basis.

44, The fiber strand according to any one of claims 41 to 43, wherein the at
least one polymeric lubricant comprises a silylated bolyamine polymer.

_ 45. A fiber strand comprising at least one fiber at least partially coated with a
starch-free composition formed from

a) at least one rosin,

b}) at least one cationic lubricant comprising at least one polyamine,
c) at least one film forming material, and

d) at least one organosilane coupling agent.
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on a total solids basis. 42. The fiber strand according to claim41,
wherein the at | east one polyneric lubricant is present in the conposition
in an anount ranging from1l to 10 weight percent on a total solids basis.
43. The fiber strand according to claim42, wherein the at |east one
polymeric lubricant is present in the conposition in an anount ranging
from2 to 8 weight percent on a total solids basis. 44. The fiber strand
according to any one of clainms 41 to 43, wherein the at |east one

pol ymeric lubricant conprises a silylated polyam ne polyner. 45. A fiber
strand conprising at |east one fiber at |least partially coated with a
starch-free conpqgsiti formed froma) at |east one rosin, b) at |east one
cationic |ubricaft %ﬁbﬁéﬁtf?@ épmpaagg alAst 9F Jheri ai deast Féa)”'%'b’ cpaigdwithge film
form ng nat etadred f,reéadftﬁln;d:)sitlah fd»rﬁ‘%atfroﬁﬂe organosi | ane coupling agent. 39 46.
A fiber strand corrprlsing a%l %é)st one fiber at least partially coated with
a starch-free conposftion® 'GP a) at | east one rosin, b) at |east
one pol ymeric |ubricah} coapléaﬁlong palymegaRibriedit cOapisy Adeast 6l)le pdlydr@iast one
filmformng materi aI and fll)e ?E'h%’ one or ar|105| | ane coupling agent. 47.
A fiber strand compri ng &t°FELLE TERirPING LA a’laé"gst partially coated with
a resin conpatible cd}rposatlemtoﬁeprgadoéllaneba)phag ape@st one rosin, b) at

- least one silylated polyamne, c) at |east one filmformng material, and
d) at |east one 6?gan6§lbera$1@nd®gmbrlmgg algeart one 89ar at least partially coated with 2

resin compatible composition formed from

a) at least one rosin,

b) at least one silylated polyamine,

c) at least one film forming material, and

d) at least one organosilane coupling agent.
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