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"materials s 3 wat er was /or chem cal”
used sizing component for textile fibers, is generally not compatlble with polymeric

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- -greasing or
de- omng the fabric, can be.accomplished through a variety of technlques The removal
of these non-resin compatlble sizing materials is most commonly accomplished by
-exposing the woven fabric to elevated temperatures for extended periods of time to

25 | thermally decompose the smng(s) {commonly referred to as heat-cleaning). A
conventlonal heat—cleamng process involves heating the fabric at 380°C for 60-80 hours.

_However, such heat cleaning steps are detrimental to the strength of the g!ass fibers,
are not always completely successful in removing the incompatible materials and can

' funher contaminate the fabric with sizing decomposmon products. Other methods of '.

30 removing sizing matenals have been tried, such as water washlng and!or chemical

removal. However, such methods generally require significant reformulation of the
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removal . However, such nethods generally require significant reformnulation
of the -1 sizing conpositions for conpatibility with such water washi ng
andf 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

glass 5 yarns, those yarns used as warp yarns are typically subjected to a
secondary coating step prior to weaving, commonly referred to as
"slashing"”, to coat the warp yans with an abrasion resistance coating
(commonly referred to as a "slashing size") to help mnimze abrasive wear
of the glass fibers. The slashing size is generally applied over the
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Each of these non-value added processing steps: slashing, de-greasing or de-
oiling, and finishing, increase. fabric production cycle time and cost. Additiona[l'y. 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 hateriais; provide good hydrolytic
stability; and provide for good wet-out and wet-through by the matrix material. In
addition, it would be particulariy 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 taminate 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 di spersion
properties in formation of conposites; and good hydrolytic stability
-(i.e., resistance to mgration of water along the fiber/polynmeric matrix
material interface). As fully defined below, ,a "strand" conprises a
plurality of individual fibers, i.e.,. at least two fibers. As used herein,
"conposite" neans-the conbination of the coated fiber strand of the present
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by a bl st s¥Enéppifhesweentdientielom one or nore air jet nozzles. In certain
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‘uni que coati ngdt hat C%Q‘t facilitat eCI ;t(ht(%r maL C nduc;tj iho!n | on d%oat edhaﬁgsr,,f aces
of the fi berd0d processability in weaving and knitting. l.ow fuzz and halos (as us erein,
‘ are rings of broken fitaments which can form around rotary tension devices), low broken
filaments, low strand tension, high 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 fili yarn (weft) is inserted into the lW'arp shed by a
biast of compressed air from one or more aifjet 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 reinforcenment to -3 conduct heat away fromthe

el ectroni c conponents and thereby inhibit thermal degradation and/or
deterioration of the circuit conponents, glass fibers and polyneric matrix
material. The coated gl ass fibers of the present invention provide a higher
thermal . conductivity phase than the matrix material, i.e., a preferential
path for heat 5 dissipation and distribution, thereby reducing differenti al
t hermal expansion and warpage of the electronic circuit board and
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The coated fiber strands of the present invention can further serve as a
structural-enhancing component of composite materials. Composite materials are
20 important structurai materials used in aerospace, aviation, and other applications.
Suitable applications include protection of aircraft from damage due tc 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 aerospace composite material,
high strength br high modulus reihforcements such as glass fibers are embedded in a
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 comp'o.site materials is that designérs can tailor the
30 propérﬁes of the material to the requirements of each individual piece of structure, so as

to minimize weight and maximize performance. The composiie properties are
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The matrix bonds together, aligns, and protects the reinforcenent. A
significant aspect of conposite materials is that designers can tailor the
30 properties of the material to the requirenents of each individual. piece
of structure, so as to mnimze weight and maxi m ze performance. The
conposite properties are -4 determ ned by the individual properties of the
reinforcenent and the matri x phases, and by the relative anmounts of the
rei nforcenent and the matrix present in the conposite nmaterial. The
properties of each batch of conposite material nust be known to be certain
that they neet the requirenents of the designer for a particul ar
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fiber strands of the present invention, can possess at least one of the following
properties: low coefficient of thermal expansion; good flexural strength; good
20 interiaminar bond strength; and good hydrolytic stability, i.e., the resistance to migration
of water along the fiber/matrix interface. Additionally, electronic supports and printed
circuit 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 reS|stance to metal migration (also referred to as cathodic-anodic filament formation
.25 -' -.or CAF). See Tummata {(Ed.) et al., Microelectronics Packaging Handbook, (1989) at |
- pages 896-897 and IPC-TR-476B, “Electrochemical Migration:; Electrochemically

Induced Failures in Printed Wirihg Boards'énd Assemblies”, {1997) which are

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

30 and good locational accuracy of drilied holes.



I nduced Failures in Printed Wring Boards and Assenblies”, (1997) which are
-specifically incorporated by reference herein. Fiber strands in accordance
with the present invention with good drillability have at | east one of | ow
tool wear during drilling 30 and good | ocational accuracy of drilled holes.
As descri bed above, typical fabric form ng operations involve subjecting
fiber glass yans and fabric nade therefromto several non-val ue added
processi ng steps, such as slashing, heat-cleaning and finishing. The
present invention can provide nethods of form ng fabrics, |am nates,
el ectronic supports, printed circuit boards, 5 armature banding tape, and
aerospace conposite materials that reduces or elimnates non-val ue added
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at | east onecydssime, eh‘f"”a?'@'a%ftcaé'ﬁéeﬁ'dl"?ﬁ%tr f“é’“F‘?PofF‘P%Ca'Pﬁ”d“%ﬁ andJdalqr g fi | m

- form ng . gBt egbcd fabrit! quab§Shd 988 firgh ma&ndr@;m.ésoupl ing agent, and at |east
one di-spersion of pci t her nbodlrre of, the

yneric particles. \é r}g ai :
_ present invention? OQGPFE?@P'”?N%HBE Er&ﬁfﬁt ‘%"8 tiogy @ B”?t@& £OPRESSE BEASL: | east
partial l'y cogiefbenhtiBadt pattiamtivatddaitnto sarasdsition forfredfotrsatigasabnd @a®mi at one
rosin, at |east one cationic |upricant

and o | cast PatHBSGPURIOHIGRE SCBTRIR B S o 1t/o=a) BT P B0 ment
of the presecduplifysynt,and adlebstivae dspeait of popmesepsardties.| east one fiber at
B L L R T A T
-material, anohesfiber bdasdt panialiyocogsauosgith acempsitiph iforgred gent at [dast amotokiar at
enbodir ”E”t O alifiRe POHHERL 1ubRYER t st She' iR TSl AR ASIOMEdst SR At
| organosilane coupling agent, and at least one dispersion of polymeric particles.
in yet ancther embodiment of the present invention, a fiber strand comprises at
20 least one fiber at least parﬁa[ly-coated with a starch-free composition comprising at least
one rosin, at least one cationic lubricant, at least one film forming material, and at least
one organosilane coupling agent.
In stili another embodiment of the present invention, a flber strand comprises at
teast one fiber at least partially coated with a starch-free composition comprising at least
- 25 ' one rosin, at least one polymeric lubricant, at least one film forming material, and at
least one organosilane coupling agent.
In another embodiment of the present invention, 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
30 organosilane coupling agent.



| east one fiber at |east partially coated with a conposition conprising at
| east one rosin, at |east one silyated polyamne, at |east one film
formng material, and at | east one 30 organosilane coupling agent. -6 In
each of the aforenentioned individual enbodi ments, the conponents that
conprise the coating conposition of the present invention are different.
For the purposes of this specification, other than in the operating

exanpl es, or where otherwi se indicated, all nunbers expressing quantities
of ingredients, reaction conditions, and so forth used in the
specification and clains are to be understood as .being nodified in all
instances by the term "about." Accordingly, unless indicated to the
contrary, the numeeadedf tunafarepteptionasidndivideal rbadimgatss e COMPRRPEHERY fi cat i on
and attached_ cl. al [ : ndi ng upon the
desired propf@fPas F%&%gﬁ}g%oogghgﬁghﬂgﬁeeﬁgg mJéﬁ“Oﬁ/%g?g%f&? nvention. At the
very | east, and Ifot thepuaposas oithistspegfigatian, tOtf’lE(D ﬂl"ﬁeﬂ HssireEling s1ABRies K6
doct rine of (T SRLARSnliOatb i B SRR aixpﬁéégnghtaémes SR ABRE! feSion

par amet er sho eas e ‘construe of the nunber of reported

 significamt codditiortss amhsp feythased Vlrthgsléﬁcﬂ"icﬂwfldcﬂﬁ'fﬁ? At te SENAPY gtogd afb\ coat ed
fiber st ran%eﬂ,@q_ﬂsﬂ iddn taﬁlntsﬂﬁlc GPRB terhY4SHlL %ceerma Ty‘ ﬁﬁéssﬁncﬂlbaﬂé@{d thy of

fibers. erein, nmeans a plurality o fibers,

i ndi vi
i.e., at | eashtranothe 'nmeemaéear@meéﬁia setiferthsin thsliowdig srpsfiraton e\f\%t?etfa%her‘r’ade of
different fiharlzab ﬁr%@tfdn@lﬂﬁat }h@ry déb@ﬁﬁ:@ @fonflthdedsired propatties sbeght

referred to as term means an i ndi vi dual fllarre

~ Al'though nottobe m)r/stairwg byiee preserd iventinie itithsvery kast 3 ag gf afigvet tarliméver age
--nom nal {g bape dhARBHR of iR @ckelor @Eﬁnaalérﬂs ﬁﬁhg‘s&lp@rmtr%rcsalmh reach intiguerical

- enbodi mrents, the average nom nal a er e ent
“can be for F@X%{'ﬁﬁpeg/hoﬂidgaéd?‘%ﬂ%ﬁﬂf@%‘?‘@”&ﬂ%f ?P'Fpgéeids szénrréaﬂv ntion

. appl i cationg; tsh#rdc’b %algmgrmﬁmdiﬁro&mhgnechdiqaemter can range from 5to 7
-m cronet ers. gl'

can from an f f IS terial
known to those s&?crﬁ@ﬁftleﬁsfrw %ﬁp?rdqu ¥ [l Hig° tﬁégfﬁlﬁ’g rgb%?sri]%o'raégrﬁjaﬁ‘tygﬁ I
materials, ffiegy. i Aslited hefeygMitandtinennsd pluraitycf dividuakibed, i.angt ledst twe
foregoin e i norganic and organi G, materj al d
o1 o0l s Therd BRL AR SRt O AL SR GILe) R A S PRI o
the fiberi zallde df ibsrgaan alsabd refegedtocastyarel)i dhs teranifikdrsmedns qmnw«éualc
materials. ?%nﬁtﬂ%@ ot lichitlfg & PseRPYERRbh Ghd REE L& havBRAeRgRBRE er i al

f or med f rom
nominal fiber diameter ranging from 3 to 35 micrometers. In certain embodiments, the

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 fo 7 micrometers.
The fibers can be formed from arny type of fi berizable material known to those
'skilled in the art including fiberizable inorganic materials, fiberizable organic materials
. “and mixtures of any of the foregomg The inorganic and organic materials can be either
" .25‘ man-made or naturally occumng materials. One skilled in the art will appreciate that the
o ﬁberizéble 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



. operation or

conposed of |ong chains of atons that are |inked together and that can
becone -7 entangled in. solution or in the solid state'. As used herein,
the term"fiberizable nmeans a material capable of being formed into a
general ly continuous filanent, fiber, strand or yam In certain
enbodi nents, the fibers can be forned froman inorganic, fiberizable 5
glass material. Fiberizable glass materials useful in the present invention
include but are not linmted to those prepared fromfiberizable glass
conpositions such as "E-glass", "A-glass", "C-glass", "D glass",
"G glass", "R-glass", "S-glass", and E-glass derivatives. As used herein,
"E-gl ass derivatives" neans gl ass conpositions that include mnor anounts
% Hggrl Ee e?«\'ﬂé#t ? %:@eélmibnad?dndmas;bnqostetbbrmuspdareeeurn |tsoterméfifearigablgTaes bor on
- Furthernore sed here

"l ess than 0. %maﬁﬁ@?'gq‘i‘Pa@%PE%‘fg ?’f dr’|’1tr‘13ea S%n%?a(n %B?&M'{]Béﬁ @é@géyhgé\érgﬁ rfm\qga gst
‘ percen% Lluq@hnﬁ and "mnor anounts of boron" nmeans |ess than 5 wei ght

- percen oron or exa ess, tha

el veol " ar o perA BBl e oda A LB BT SR U A @esabo Al
~the presemt glé\éé&ﬁétb@eﬂ Fibanzabtet@asmlmtbmnmﬁllsﬂthﬁlﬁ’éesgmag‘se”ﬁ'P’bE\C%‘dﬁlbé 15

sel ected from E- S ,0 | ass ghhiqd

- glass fiber sarﬁr"é %"é‘&i’@&e g%’ﬁﬁe&? %Haﬁ%}lkmﬂiaé%ﬁ@gﬁi?ber S iﬁgeg Ithass$ ggem .
i nvention cam-digssh oCasass! (fDagsss ne@asrs“e "Rngtaﬁéd"S -ghsvinaidhEglass gpvat

exanpl e, gl aRS f] ﬁ.,%hsva E gc%)s,g dLRJa'?@éi‘b:l'r{éaﬁs 9!35§&§m;5&|t15n§ {nReincilig¢ MmNt

formng operation. In a

di Ei eﬁt mel t émdgﬁﬂs aubomeramifordperandanost peferakly ate flwodnesrae aodipl BRI el t ed
~“.and hono e s T,
e fur ng@ %%e lj-'l*rtgr{élrerﬁéé'g,r us@ﬁh&éefhg %HB%&mts SreubEe” @rﬂaaﬁb aa‘ss trmm\ms from

, nto ber formn f':l where the
- ol ten gl assweightaterentitucsidei fot @ammiﬁﬁfb%oélwt Pg’lﬁﬁ'g‘g uor'"en 35 88l e- nel t
- glass formng ORGL Af hPoh nRloRS RS manwéi@m%em‘engm@rﬁ idraxamgletibss thamal

desired gl ass conposition are preforned and fed i n th
are melted Zﬁelah@eamqﬂéhwaﬂeBaWFt%‘d(E’Bft‘ﬁria'r\'iﬂﬂﬁregqxﬁg‘g op Pg%lggr &181[ lg%t\’,l\hslgrgrsel tg)r/

(s used, the apLblesCAIA tﬁ@&esérit fn¥bntioR! ¢ édiRinsrAtGRIrhents, tlnmgllassjf'beamdret hen
t he rrelted g'l-nass I'S ?

attenuat 88 t eeledediire®d rﬁ‘@l:ﬁ{]?d?(} §a$‘]i;!ﬁ2qee;“’atl"ﬁs 1 E‘g’”b e t”"u‘*%‘utsmve ‘i’%’ﬁﬁeﬁ&é;l :amgs
 1|‘:| ber Zdar e psatasdhby d-ghsed by the direct-nelt fiber formng operation.
or additional | n{'t?er g[gst,sl t%re]arsr gfltﬁe ;Izrggentt inv ntlo?lsca% %n?or?n'eEi i Qr?y &ngmg‘?ﬁé?%@ of
known in the art. For example, glass fibers can be formed in a direct-melt fiber forming
operation or in an indirect, or marble-meit, fiber forming operation. In a direct-melt fiber
20 forming operation, raw materials are combined, melted and homogenized in a glass
. | melting fumace. 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 glass composition are preformed and fed into a bushing where they are -melted
25  and attenualted- into continuous glass fibers. If a premelter is used, the marbles are fed
first into the premeiter, melted, and then the meited glaés 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-meit fiber forming

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

' James Mark et al. Inorganic Polymers, Prentice Hall Polymer Science and Engineering Series, (1992) at
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" James Mark et al. Inorganic Polyners, Prentice Hall Polynmer Science and
Engi neering Series, (1992) at -8 formng the glass fibers, see K
Loewenst ei n, The Manufacturing Technology o Continuous d ass Fibres, (3d
Ed. 1993) at pages 30-44, 47-103, and 115-165; U S Patent Nos. 4,542,106
and 5,789, 329; and | PC-EG 140 "Specification for Finished Fabric Wven
from'E dass for Printed Boards" at page-1l, a publication of The
Institute for Interconnecting and Packagi ng El ectronic GCrcuits (June
1997). Non-limting exanples of suitable non-glass fiberizable inorganic
~materials include ceramc materials such as silicon carbide, carbon,
graphite, mullite, alum num oxide and piezoelectric ceramc materials.
Non- | i ni t i ngfoeniagheogiassffibersi sek dobiwbestéinafiiecManufacivring taeheelpa &f i ncl ude

~cotton, cel IHI A58 aud Gl Q]Lrersuég%rd, é%ﬁét pd @3944h@fr903 %inﬁaihsﬁ@é 4@ wool -
N0n|lmtlng—%7r§H‘%!lLEY‘U§_§U1' [e organic polyneric materials
_include thoRatefidvased.582.006 prd 9,588,328 agd IR,CFTEﬁsWyﬁaapifsﬁ@aOfafomrtﬁ)ed
“ther mopl astig tf?’%l\Mﬁ\%hq oﬁl E§élé§£'fo§?’n9@h EIQIXJ' ﬁ%g&qrgﬂbﬁlf&ﬁh&t& Piednstitute

rpolybutylene erep acrylics (such as “polyacrylonitriles),
~ pol yol ef i Bs, fopmtqmmehm@dﬁmkag'ﬂwﬁieii&ngﬁr@w‘ti glyen 18%7)pol yvi nyl  al cohol ).

Non- gl ass 1i ber i zgl Hﬁ%&i&nﬂﬁe% df'%ﬁ‘iiétble Adh-diA f%ﬂ%{&mbr@mawa@&a@md met hods:
for '15 preparing an cessgﬁg such fibers are di scussed at enﬁth in the

: “Encycl Opedl ainglfide peﬂagamatgdﬁl% 25 SHCIEEARPIEE - FFPoNBTRPhIES. Migie, IUTINYT 4 o o
. 505-712. lgfadélé}%ﬁl%%étn%é&anm RABERaler NQQ-P@:itMQBR&n@!ES amuntassetnbemnmve
|

'materlals an nations of fibers formed from t he abov

materials cafrgpeic raiiialsingyde copr celiHlosenQRAHE BRbes ﬂ %é%’P'Fe'&emW g%dr t he
termfibep S%é}”@hoﬁmﬁﬁlma%'&%ﬁe%f JuRasis fibamaBe oegafnfoqrwmerfclrhmemisrmdmdé rom

differing fiberizable materials. In certain i ber strands -
of ‘the preseHose iRFaRd frem POlATIdER (Sych e g¥pn Bﬁ‘gaﬁ'ﬂisnﬁg?rﬂ@p asﬁ?? 5??3%% hey

‘may  cont ai N(AERgs péiy&@ae@ftekphaasam aﬁh@opbetyiené terepteimiate) aviylids (aoch e
di scussed gener al I

ext of ass er st rand I gh one
skilled in tReYagy 'WB\?F)dpﬁ'Wﬁ t%%ﬁ"?tH%festqqg Vg\y i eraﬁSUCEfg% h’bﬂbl se
"fibers for negichionminpaygldss b erizalel reateniztieusenl! irfkthe wresent inventian an@meﬂlosiéuysed
. above. t he. di scussion tha f pplies
‘general | ggt oPERBNGAN A OFFHRY §”C&f f&’gﬁsasfee 'S%L%géggn?rf-ﬁ cer “EM%??%% s, at.
| east one anBolpeesstiénceaint Tethrioloay fVdhed E967) d phgere¥05-8lx and of the present
,' nventlon have a E%al}n'dggto%gﬁpa?ﬂehb gr’coﬁbjl(ﬁrge% f%ny Sist'lwgl::'uﬁo‘%f méterials and

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

present invention, if desired. Moreover, the term fiber strand encompasses at ieast 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, although 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 folicws 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. -



page 1 which is hereby incorporated by reference. -9 coating conposition,
on at least a portion of the at |east one surface of the fibers- This
coating can serve to protect the fiber surfaces from abrasion during
processing and to inhibit fiber breakage. Table "A lists the dianeters and
nunber "of fibers in a yamfor several typical glass fiber yarn products.
Tabl e A Yam typeFi ber Di aneter Nunber of Fibers in Bundle (centineters)-
G379 x 10800 Gb09x10600 G759 x 10400 G1509x10200 E2257 x 10200 D4505.72 x
10200 DOO005. 72 x 10100 DE756.35 x 10800 The coating conpositions of the
present invention can be aqueous coating 10 conpositions, and in certain
enbodi nents, can be aqueous, resin conpatible coating conpositions. The
coating conp&atikd airﬁpdsanan ot &dast & pbiion btthe myeastoresitass of tag BiperasThins| cohol

or acet ded t
A onar1 ytodtnecatserviry PRl ol fed sERRRY R Ra ol b fesSHE B0 L S

~as pri.mary iGhiBit filger besgiage.t | ons and/ or secondary sizing or coati ng

conposi ti ons. ! i8R in 2 yah7BHsevafal typical ng"”

. refers to any coaﬁr?dﬂe&s pﬂ%&% |t%%%§d%%ﬁﬁgr?fgi téﬁseI ygers The t@rms
Mprimary §i zgissfibet parn peodyctsi zi ng” refer to a coating conposition applied
'to the fibers im"redi ately after formation of the fibers. The terns

secondary si ze" secondary Si zi ng secondary coat i ng nmean coat i ng |

- conposi ti-ons applled to the fibers aftéajgﬁh appllcatlon of a primary size.
e Ler . néa—t-eﬁcgnpofgéﬁt@ﬁ;‘ ;g;l o b BidmeB 7Y NUmbel BT FbEEn BaRIE MY
SR (centimeters) - .

G37 9x10™ | 800

G50 9x10° 600

G75 9x 10" 400

G150 9x10™ , 200

225 7 x10™ 200

D450 572 x10* 200

D900 572x10° 100

DE75 6.35x 10~ . 800

The coating compositions of the present invention can be aqueous coating

10 compositions, and in certain embodiments, can be agueous, resin compatible coating
compositions. The coaling cempositions can contain 'volatile organic solvents such as
alcohol or acetone as needed, but in certain embodiments are free of such solvents.
Additionally, the coating compositions of the present invention can be used as primary
srzmg compositions andfor 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
ceeting eomposition applied to the fibers immediately after formation of the fibers. The

" terms “secondary size”, “secondary sizing” or “secondary co'ating" mean coating
_ eompositions 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-



-10 the fibers after the application of a secondary size. These coati ngs
can be applied to the fiber before the fiber is incorporated into a fabric
or it can be applied to the fiber after the fiber is incorporated into a
fabric, e.g. by coating the fabric. The terns "size", "sized" +and "sizing"
additionally refer to a coating conposition (also known as a "finishing
size") applied to the fibers after at |least a portion, and possibly all of
a conventional, non-resin conpatible sizing conposition has been renoved by
heat or chemi cal treatnent, i.e., the finishing size is applied to bare
glass fibers incorporated |nto a fabric form As used herein, the term
'resin conpatible" means the coating conposition applied to the glass

fibers is ngB%érQ'aﬁe%E Elpﬁd&sﬂd}%frd sécaﬁdaey kigé. Thdse cobiirpls cah&egbpisl t0 10
fibers will be

t. h th
coating conplba @iﬁgrg‘)%rfqg Ir‘ﬂaeeﬂe}:@é ;Ssgl’gcqﬂécﬁg{ed Hﬁ‘éagﬁ’ Fl?éﬂf‘:a? Bg\%fs) I%&eldqcr’ ('f)h%gf{bte F%S&ngds

- .not require ggRBYAS |rié6|lpgfatéd1nior§3@bﬁk§) ledd. b9 Boatiigahé fabricraThe bermafsafeta "dbizéduch

. as’ by de-greasij ng or i tates h
~ of the matriddRERG ‘I’d"{ﬂﬁ‘?‘lyn’&%)fé%ﬁéﬂ"l’tlngr?gi"poﬂp%}:@% knowgggg res"mﬁ&%&&oug
final congoshife@iPRLAbSs Bﬂ&ﬂaﬂ%a@&@ poidn, ;ﬁmyjsmsably |al1 op@ccbnveetlona’a namreesin

- . hydrol yt tability, At | d f
Y ber. St ancoaRoahle SeeoRpertiva s i A PR Prferh A Ko tRhE L8 0 o

. a residue of i finRAhY Bie GoApaSd foi taine glass Btierd masrpo-teqoouota febrigforrnhe sur f aces

of the-fibers. In one 3@%&:%%@{“1 %?g% C%%%gw I_ﬁ%;mqﬁé I:éa‘?ﬂ ggmﬁg@i&r esent

| “invention conpri sksuses rosin. fionic
Tubri cant aspplied td thoyss fibers isocrompmgblﬁmbrtmeamatnatmat@r@smtcow@clw@;ﬂ*aslﬁg agent
~and at st onegé‘lqséqlgqr? % q%lt{e‘%gu &Othé’ﬁﬁ% c8atﬂ§%h1§5§§on bPs@BQtdh&atirgbodi ment ,

t he coat I 0 resent 1 nv npri ses, at east one.

Tosin; at I eaarnpmatspatrwves atlemlmne(o&me folb:wlngaugmertmedwa fi'ﬁtf%ﬂ‘-i'FPrﬁﬁmo"a

U materi al ; at ? ﬂggllagcg?&yﬂ d {ﬂ? ”Fﬁgmateﬁeqs‘%h als%%%fe q;ggs,@ &Qﬁ[éﬁﬁr@ﬁr of

pol ymeric paPTc?r anot her enbodi" nen t he coat| n%
at

-conposi ti on fcilitates guod sehbut anderet tsAughceiiie Mali matenab duRNoFABVERIOR

| east " one cap).00l, H\kl)cf #eg&&tln fiRdl chﬁﬁéélte%gdljdé t‘fﬁvfr@rd@sﬂ?& pﬂ'f%fc@lrplrééertiéﬁ | east

. one coupling agent; one di spersion of polyneric particles; and .
“a starchibr eénd:b)rﬁb@ﬁiﬁtamhﬂlty I n anot her enbodi ment, the coating conpositi on

:.of the present | ”XﬁQéét%H 3Rq ?&@U y éﬁﬁ,th@ﬁbér@@ﬁé fitfR trarBéMbe Mleséreasientomne
- pol yrrerl c lubricant; eas one | mform ng
have a coatlng composmon such as a residue of & coating composition, on at least a
portion of the surfaces of the fibers.
_ In one embodiment, the coating composition of the present invention comprises
20 atleast one rosin; at least one cationic lubricant; at least one film forming material; at
least one coup]ing agent; and at least one dispersion of polymeric particles.
In another embodiment, the coating compaosition of the present invention
7 comprises at least one rosin; at Ieast one polymeric lubricant; at least one film forming
_ matenal at least one coupling agent and at least one dlspers:on of polymenc particles :
o 25 In stlll another embodiment, the coattng compos:tlon of the present :nventaon
comprtses at least one rosin; at least one cationic lubricant; at least one film forming
~- material; ét least one coupling agent; atl least one dispersion of polymeric particles; and
is a starch-free com;ﬁosition. '
In another embodiment, the coating composition of the présent invention

~ 30 comprises, at least one rosin; at least one polymeric {ubricant; at least one film forming -
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-11 material; at |east one coupling agent; at |east one dispersion of
particles; and is a starch-free conposition. in yet another enbodi nent, the
coating. conposition of the present invention conprises at |east one
rosin; at. |least one silyated polyamne; at |east one filmformng
material; and at | east one coupling agent. The coating conpositions of the
present invention can conprise at |east one rosin. In one non-limting
enbodi ment of the present invention, the at |east one rosin is selected
fromnatural rosins, chemcally-nodified rosins, and conbi nati ons thereof.
Useful natural rosins include, but are not limted to, gumrosins, wood
rosins, tall :10 oil rosins, and m xtures thereof. Non-limted exanpl es of

sui t abi e JURERE: Ia§| 5&%g@§up|.hgggé,ﬁsatdmo@sbﬂlapmadn af particlehandissa i | | ati on.
of, turpentine oll ferom he ol eoresin tapped fromliving trees. Useful wood

resins cont slerchtirre ‘?Oéiﬂoé'ﬂ@" -obt ai ned by extracting pine stunps wth napht ha
and -di stilling ofdfyek BotN& eaiticdPndnt ané teating bompdsititintdf thg prreenpireentish

appropriate tall-oil rosins are t of '
tall oil. 1sowedsesat leaskAnespsiy %ﬁqr@ﬁy&g@ ’2arﬁh%|£u?e35§§’§ﬁr@qm'?@have
-been chemj c@ldidtial; @ht af R8stone Rolidiag abbrey no | onger exhibit the distinct

. characteristics of natural rosins BESHe t he
cheni cal | y- modi f i B CP&5E0 ﬁomﬂ‘esr'tl?(ﬁ'é?fﬁ\eqr%sgg 'ngérbélb ?%nrlialr"Mp E aigal east one

decar boxyl at@gh. rlﬂ%‘n@ n@ﬁ-ﬂlﬂltlnﬁxeﬁmbdlfnem ofithe prezentiniventidn, thelal dgagl one rosin is
chem cal |l y-nodi fi

L n i ncl udes. Hased.
from Eka 20 SeRelRf g’&["s”a |r%%gﬁemﬁpﬁ%r§%l eSQIg cwmbﬁieéuﬁhgr}[égfe of

several reaction Lﬁéﬁ]ﬂmmmral rofias inelide iz agowd lintted t9. 9w resins, wWaodJasihsnilei ¢
“anhydri pal yet h qugy bRt HRwclide IS .

bel i evec?qDYNﬁ\}%ﬂ_ é"oe %Qlfﬁl%ﬁ"%g‘g‘g" or xarr'r-%,eg, - eda}}sﬁ;i rOcs);ne 893’0' dyl”
et her . group thesmsiduesoutamquafj&ntmg/dhstélamOfgjwéafﬁi@e oaﬁ@"aihe oleQEgsinga

pol yet hyl eng g} r% tress VRefut \géodTrQQné 05Htan SR eBBUO BEERBY by @xtt'eftﬁng:ﬁﬁé' ng
- conposi tion pre

esent rnvention in an anmount ran % (ﬁS to 99 .
wei ght per cehtmpswith rtashﬁlla aod Idisgtingeft the volaljlediastion, pNorn-Hirf ’éa”gﬁ?fo rrent
the at | eastaﬁggﬁmétgi%pol%ggggre%@§ Fodh&s bhﬁe%@@ﬁdrﬂﬂorﬁ@ﬂ”tﬁﬂﬁul tion in :

amount T angi percent on_a sol i ds basis. In

- anot her Hon-- I|musehlgcmwwmﬁ’!fedF‘Pféf‘sdf‘d%ea@ﬁ'”ﬁH’@t %‘éﬁ been LT esent. i n
the coating aqtg.tgagulal:ﬁ {ria[‘thle{ﬂ o ngsr SRRt disiet grddaisticdoftrats rosing Hin
a

per CenF on 8::mte(?}ton -limiting embod?nfén?the chemically-modified rosin includes at least one dimer
and at least one decarboxylated resin acid. A non-limiting example of a useful
chemically-modified rosin includes DYNAKOLL S! 100, which was purchased from Eka
20 Chemicals AB, Sweden, which is believed to be a mixture of several reaction prcducts
~ formed when wood rosin is reacted with maleic anhydride, polyethylene glycol, and
phenyl egcndyl ether. Thus it is believed DYNAKOLL S 100 comprises, for example, at
least one glycidyl ether group, such as two glycsdyl ether groups, and at Ieast ohe

_ .. polyethylene glycol group.

25" The rosin can be present in the coating composﬂlons of the present nnventlon in
an amount ranging from 45 to 99 weight percent on a total solids basis. Inonepon- .- - . v
limiting erﬁbbdiment,’ the at least one rosin can be present in the coating composition in
an amount ranging from 60 to 90 weight percent on a total solids basis. In another non-

" {imiting embodiment, the at least one rosin can be present in the coating composition in

; ~30 an amount ranging from 70 to 85 weight percent on a total solids basis.
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-12 The coating conpositions of the present invention can further conprise
at least one lubricant. In certain enbodi nents, the coating conposition,
can conprise one or nore cationic lubricants. Non-limting exanpl es of
such cationic lubricants include amne salts of fatty acids (which can,
for exanple, conprise a fatty acid noiety having 5 12 to 22 carbon atons
and/or tertiary amnes having al kyl groups of 1 to 22 atons attached to
the nitrogen atom, alkyl imdazoline derivatives (such as can be formed by
the reaction of fatty acids with polyal kyl ene pol yam nes), acid solubilized
fatty acid amdes (for exanple, saturated or unsaturated fatty acid am des
havi ng acid groups of 4 to 24 carbon atons such as stearic amde), acid
sol bl | zed pol yuiouj sdcdlibis 6helpiklemmdation caiots abasiss atdedsht t y

d-and pol yet hyl bstituted _polyet
Sich as. ENERERATonG pAPEIRPTGodeta: B Bl ParRyPERa: TR e ohdblS) |

avai |l abl e frggCanmmis Bt atdrpimithy Etanplensisiich Gitiooic AmdcAitBRASPI N 226

- which is available fr of, Par5| ting
" exanpl es of  #BBLSALSHF W?‘W{:dgg'é‘ﬁ A% PR IVQ‘E}S{D résrlggawdﬁ% @ﬁl@éﬂpﬁw g|mch i's

comer ci abl y123d cian sftcblﬁﬁmﬂhaﬁemﬂmﬂrmned Rvirgi aakybgrolps ofcetodi?, atd@sy Jer sey,

- and ALUBRASPI N 2 h wa New
~Jersey. In oﬁ@cﬂﬁ%@dﬁgﬁﬁpg tf’&'i %VZ%% Z0 mr'le\rp@eér?te\?tﬁeg?%@h ag&#g%?@tnmgﬁgy

cationic | ubthieGeattion oDy aamwmmimkymee)owammeal add polubifizadfattpadid mers. One

non-limtin exa | e of | des
ALUBRASPI N gﬁn}nde %Wca\rlugz % tur, %%dse lr’%m EP%OH amfd%?h gﬁés ?&égﬁo;pgﬁl{éﬂ

- Jersey and it 24 cehanssoms bah asmqmlr:@mlfﬂe) @IC@OlMtZG%POlywat%atS%fPuS?Q‘d I n

. certal n odi nent s tsuBRtE@NPr | Se
one iﬁb leeflr%mgens le’l ca"‘,'ctﬁnatmdl\%xjep{6 %ﬂﬁeg{%h@g%ﬁ@& ggﬁ%fsu ol ynmeric

| ubr i cant S i pmyejuﬁer%nin@brswhﬁﬁ51\«@3\@611&;18@@6' Vp@ﬂ“?étﬁﬁ ﬁ@’yﬁtﬂyiﬁ'ﬁ% "€ n one

- enbodi nent OEorEPlSrc%rigﬁ\?ﬁ%blF wams %“Corb&%tléﬁ of GASAnANGNB Gy MEUBRASEIN | cant

. conprises oné or yam ne polyners. One non-limting
- . exanpl e of sazmwmclslslepvaéﬁb@jfrm% G%PI%B’@TS&P%BY- Newtlefds ALUBRASPI N 227,

whi ch was -pur chasgg, [IMRH%] %pl&oéfmseﬂf alﬁ%ﬁrﬁnﬁ@ﬂﬂiﬂy deNaveskpé CAYIGNN, i S
di scl osed, for exanple S. Patent

enbodi rreﬁﬁs which frecoraereinlly awai}@!ﬁ frem RhoRe SHIEWBF‘?H‘E' ?fH% 'rﬁF‘OPe‘g‘%“t’ g%rﬁ%y
and ALUBRASPIN 261, which was purchased from BASF Corp. of Parsippany, New

Jersey. . ,
In one embadiment of the present invention, the at least one cationic lubricant
comprises one or more silylated polyamine polymers. One non-limiting example of such
20 a silylated 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 iubricant can comprise one
" or more polymeric lubricants. Non-fimiting examples of polymeric 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.S. Patent No. 5,354,829
30 In cért_ain ernbodiments of the present in\fention. the amount of the at least one

cationic lubricant can be no greater than 15 weight percent of the coating composition
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cationic lubricant can be no greater than 15 weight percent of the coating
conposition -13 on a total solids basis. In one non-limting enbodi nent,

t he amount of the at |east one <cationic |ubricant can range fromO0.1 to 15
wei ght percent of the coating conposition on a total solids basis, such
as, for exanple, 1 to 10, and 2 to 8 weight percent of the coating
conposition on a total solids basis. 5 In certain enbodi nents of the
present invention, the amobunt of the at |east one polyneric lubricant can
be no greater than 15 wei ght percent of the coating conposition on a total
solids basis. In one non-limting enbodi ment, the anount of the at | east
one polyneric lubricant can range fromO0.1 to 15 wei ght percent of the
coati ng COmehSd ﬁ)taﬂ)ﬁolldglbaﬁstmme reoHimitinglEmstiogimantdhe awouteF thexaiggseone to
10, and 2 to er cent t pm toml
solids basi sca ‘Ugﬂﬁaﬂ?ﬁi}]’ @Bﬁ%ggm dqgwlf:ga‘&\é? tg @H:eﬁ ri S%&dgﬁ@c@ﬁgnfslﬂgﬁe film
f or mi ng mat ef foddl solids basis,esuerbs domaatmpie; hdo 3@, alnééét? Bdﬁ"‘éghﬁ PERSERIA teng

mat eri al - can ¢ rlse ter | yneric materials. Nonlim't'ing
exanpl es of 99@@'? saﬁﬁ?tnt%gh%e pol yal kyl ene pol yol s an

pol yoxyalkyl ene pmbmdmembmbmeats Ofm@@_eﬁﬂ@mﬁm'ﬁhltbﬁam@@@mr%feéﬂ e 5
-avai | abl e from BASE PPA& dgﬁag € Yoating doePEANAX 300
and CARBOMK CIWﬁ%Eg%égg Pgaté:%éﬁl avalgm nﬂ?gﬁ]@ ﬂ@ m cal s

. Anot her non- odamal soligis dasisp Ireonsf noa- lm@fgmmtfqd!mﬁrﬁdh?ﬁfﬁeum E\euaéf aﬁ%"’ffo_vox
- VIBR 301 which s Iu&,%m%@y%@@%%ﬁ%19%@3{&@& ¥t tﬁé’ébétﬁ@c@n‘fpbﬁlﬁmDOW

ol
Chemical s. 1B ertain enb he anmpunt of t ast o f|Im

forning mmat e atotal 20iidsrhasierguch astireeagRie. Ade dBAsds tPlde?'Qﬁi PEFETT égee nt

. inventi omcan,, Eﬁgﬁ‘&ﬁnﬁc{sﬂﬁhgn%t&@l dedfids bedight per cent of the aqueous si zi ng
- .conposition on a tot

solids basis. In one enbo n
amount of fil m f Skheigegtingseamnosition Fanalse C‘?rﬁp’tsﬁ@t %Ia?tlcﬁ'& r&Bﬁ%@éqgtT%ﬁH%a?] range

- from 0.1 to & ehsHmaRIRE8E 8t ohbﬂlnawamgsnmrummssmtmowbh a total

Soating 3% cmpmsiacabrn, Mor GRS sl daebimdnlh b REAER® 100
further inclpyghidind Wy%rl‘étﬂofy@@esdm(ﬁSWAML E¥300cx@lmpﬂ isrograpedially-
o e Mt E R A S I Y5 AL gR0m 0 e
functi onal i t gaARBEREAX 980, &lhichlis sarhmémlmilsaamnaﬂﬂaﬁoalt@ca'cﬁwnm@is| fnether man- nor e
hydrol yzabl e, aroups Wl &1, useful fim forming material is POLYOX WSR 301 which is a
poly(ethylene oxide) commercially available from Dow Chemicals.
In certain embodiments, the amount of the at least one 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 fotal solids basis. {n one non-
limiting efnbodiment, the amount of film forming material present inthe rsizing
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
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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'.addltlon 0

30 can react with the glass surface to renove hydroxyl groups and one or
nore groups -14 which, it is believed, can conpatibilize or react with
ot her conponents in t he coating conposition. Non-limting exanpl es of
useful functional organo-silane coupling agents include
ganmma- am nopropyl trial koxysi | anes, gamra-i socyanat opropyl triethoxysil ane,
vinyl trial koxysi | anes, egC|doxypropyItr|aIkoxyS|Ianes and
ureldopropyltrlalkoxy5|lanes Non- limting exanpl es of useful functional
organo-sil ane coupling agents include A-187
ganmma- gl yci doxy- propyl tri net hoxysi | ane, A-174 gama
: Fethacrrloxypropyltrinethoxysilane A- 1100 ganmma- ami nopropyl tri et hoxysi

ane silane . caupli ENGitSoth@® ts mghageatingand A- 1160
ganma’ 10 uWB?ﬁdé?%S@ PP 8 E%?&é?%gggr?ggch of mhigﬁﬁﬁgicggne?cially
~avai | abl e tsapos@ioonpt on  Cor poration of G eenwi ch, CT). Another -

~non-limting ex Cstbgo-siigne ing agénislinsluge 6032,
an N-(i (N-vinyl @gﬁ&@‘tlﬂ%ﬂ%& JeRefil fupBRnaldyaio-fignagaupting

; |
TANUT AG1 U gembng- omerTapTBlEO IR e SRR B PR e et For®
exanpl e ?rghl( %S,!g’,@g glﬁ,?,&&ypr%pylﬁﬁlkﬁ ilanks a'ﬁh@:r@dcgmpyltmlikcacmeiao@%pl\lpmrg agent

 can be parti drolyzed with water ljegation to .
the fi ber sjimitiog exampips of i&?f fupctional ypRTI-YRRE F‘i“i?h?g 9 %{rngluagﬁdiesgl redn >

“applied in pgm%d%gélaéﬁﬁgrd(p%metﬂ_@@s@iﬂeQ‘f\-ﬂhgamm'aer can be nodified by the

a'base to in ate or f th
- coupl'i ng agmluaoaéomr%tnrnqﬁmbﬂﬂ'a“? rﬁ!h{edoaqatm Eﬁfhﬁl%s%ﬁgn%ﬂ%g%lfg h%étﬁ?‘ﬁ? si :ne

~~ coupling a%ﬂéhﬁ%%ﬁgn@eﬁ 116 drhinb Bildfe cBOphhgegmtsanéWﬁﬂﬁﬁmﬂmuf acturin

_“Technol ogy ti nuous, G ss Fi_br e k 1983
which i heﬁéé‘ﬂﬁpf@w&i:ﬁ?tb%é‘[aé'a FRFOL b\cg i éonﬂﬁ‘&‘&?ﬁﬁgkm%ﬁf&gf&?ﬁwogf rI east )

. one organo @drﬂ,&%n@@@m@cmgﬂmt Amiimrmn@mlthg@wafﬂp@ of gn 2593@8156%9 per cent of

“the coating conposition on tal e non- I imting
embodi nent COPPI‘@%%SBBH‘BC“HES@E’% an OimQﬁzS}lgazr}]Oéég?)@ ne coupl i ng agent

' 25 ranges Jrﬁ.m’ﬂrépyitﬁmaﬁoxﬁm @hich iscmarmfmmpb@by Powragning ofiidiaddght per cent

of ‘the sizing i t t
_of the preé‘é‘ﬁ‘f“g‘?’%ggjrﬁ‘F@ﬁloﬁﬁﬂgtﬁ?’f’iﬂ%ﬁgl Y nc'?ﬂg’e§ 795_'52%2?3 :)22 Cogp(rjnsalrl IcOn
di sper sygn of pameldad;m sﬂzﬁd(ﬂbduplmgtagegt @rdet ieastrarially hygezehith @f“

g:)ls 5 S{ f):o;’ PZ;H@P el ude 303t RETBLE oPLxRPhe fldWh SRRARAet i8S or, & disBaEr i on Of

applied in unhydroiyzed form. The pH of the water can be modified by the addition of an
acid or a base 1o 1nitlate or speed the hydrolysis of the coupling agent as is well known
inthe 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

to 25 weight percent of the coating composition on a total solids basis. In one non-
C llmlting embodiment, the amount of the at least one organo silane couplmg agent

'7 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 addltaonaliy include at least

one polymerlc dispersion of particles. Non fimiting examples of suitable particie
dispersions include a dispersion of polyethylene particles, a dispersion of polypropylene

30 ‘particies, a dispersion of ethylene/propylene copolymer particies, and mixtures thereof.
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" solids ranges from

.30 particles, a dispersion of ethylene/propyl ene copolynmer particles, and
m xtures thereof. -15 A non-limting exanple of a dispersion of
pol yet hyl ene particles is PROTCLIJBE 'HD, which is comrercially avail able
from Bayer Corporation of Pittsburgh, PA. The at | east one polyneric
di spersion of particles, when added to the conponents which formthe
coating conposition, can range fromO0.1 to 15 weight percent on a total
solids basis. In one non-limting enbodi ment, the at | east one dispersion
of polymeric particles, when added to the conmponents which formthe
coating conposition, ranges fromO0.1 to 10, such as, for exanple, fromO0.1
to 5 weight percent on a total solids basis. The coating conpositions of
the present ;% Parenhin@@emmé bl’ratdl@ﬂeﬁﬂ@ﬂwdmﬁtrmwe@hdﬂ:{bs@PROGWMi ds in
an anmount sufficient to.provi t e oat i.n Li a pH ranging
from2 to 10VMi¢His GROMGETATY ARl gg‘ﬁém %}'&’ﬁgﬂ} ag ﬁgﬁtﬁg‘gg@n’n‘%g nvention, the
coati ng conposit iThest Bas mrmlymeecdispersuonmbpmldegmﬁeo addedi® the an anount
sufficient to I’OVI e at i OSLtlons Wi { from3 to
" '9, ‘such as, F0I° B%’&Wﬁ@ﬁ?or?ﬁg‘?nc q'ﬁ% Rfdtr’wonr i ﬁapﬂ%ﬂgxaﬁgfore?‘%%agtr gani ¢
~ ‘acids sui$alq$eecén®bn a satalisolidstmsisr dsend nthrm:tl@@hbcmunemtclmmiaasmw and
) polycarboxyl c acids and/ ri C|tr|c
:# W%?n Sf gg[)]/ﬂ'\eﬁé p?@@%? ér}hgﬁ%dﬁgae{oqﬁé mrﬁé}ﬁ'@n%swhl?r?ﬁﬁdﬁh

formc, prop €nzoi ¢
fumaric, acsoplihgconmpesitianryhdes fraoi A% tahdl sm:ixasu rf@saxam@lee&f)m Ophtach Wﬁlﬂht he

: pr edom nant Sﬁ%e‘ﬁ?@ﬁ ﬁ&éusbfh%q%%t' ng conpositions of the present invention.
~ As such, wat® resent Tn an anount sufficient to facilitate

- application 20 dmeaoem'@tqon'gmﬁlm of e presant inveionsan furthepepgpiisegiiec®nt age
(of 5011 Qg0 Ol m3H o dhic Rl i saggrﬂgufh@na B0V RNAE o3R8 Brpob fore Hitie ot

- percent. Tn one i ment a@esent i nventi on,
- wei ght * per cemngigefrom 2§9I1pd§1 Qf‘@n@@sl"‘?trf@rﬁ“lquénemo EgREsenbByERD. th?n anot her

non- | i mtingq Eﬂngﬂiﬁftmlgcatn%nﬁﬁ?@%oﬂrﬁyr%%@&fb adidi@n AR iagt¥unt ABfigadtage of

per cent n one enbodi nent, th coatl ng
conposi tion rapw@m@eﬁp@tg@rwmpﬁwnsl%w aRthranging foa 3 i 9.sugh em AeeemP.s. As

. used herein gdinkhes IRSHimiEhl SRarfifled SrOrgirRSAIMs JUMMBIBEArQRe in thegReseht starch _
materials” or "starch-free" neans that _the coat,i %Q@“ zrﬂatlon cont ai ns
Tess thal® Snveighinchs EGRe- 490 POVSFIERIG PR AILOTRIENIIES P EReSHBER  wei ght
‘of the sizi nge60MAGS fdrin) propldid, @&proid, Mctie XaMpdIE,, pyh8&s okdlidmilelvpfugliricper cent

based upon the t-ot |h
aciylic, met

acrylic acids and mixtures thereof.
Water is the predominant solvent for the coating compositions of the present

invention. As such, water can be present in an amount sufficient to facifitate 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 pércentage of solids ranges from 1 to 10 weight

" percent. In another noh-limiting embodiment of the present invention, the weight
- percentage of solids ranges from 2 to 8 weight p.ercent.

25 in one embodiment, the coating compaosition 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
composition, such as, for example, Ie'ss 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 composition.

-16-



30 weight of the sizing conposition, and |less than 0.1 wei ght percent based
upon the total weight of the sizing conposition. -16 The coating
conpositions of the present invention can further conprise, in one
non-limting enbodiment, a plurality of discrete particles. As used herein,
the term "discrete" neans that the particles do not tend to coal esce or
conbine to form continuous filns under conventional processing conditions,
but instead substantially retain their individual distinctness, and
generally retain their individual shape or form The discrete particles of
t he present invention can undergo shearing, i.e., the renoval of a |ayer or
-sheet of atons in a particle, necking, i.e. a second order phase transition
between at | east Twwcd@aﬁg bcﬂh;ﬁ%ltioﬁ@df th@ptdsaht iawmkios cmahdwonmyse,omrmmt i onal’
fiber processi be ca si.dere te" es. 10
w11 e Tt g eimest. LIt SR il A feediden il e, *°
strands havi fdisceete cmﬁrismgatmymwes dunndt hetd toanaiasowraomblmeab fdnyl of discrete
. particles ca WOV, and nade i rts, -
Blectron o chrbnotRa tile? s B e pAR MR il BuGiaeilubBRaRT 0L o
- mat eri al s5( asetake theiriindidd dakbdistwictness, eandgedaaﬂaeremm thetrfrediviquabsieape of forent i on.
15 The parti V. d ‘not
Climiting i n?{l%gls%r?{éé)gﬁlc?es%Pgwspb%?e%t g&%rﬁgﬁ Ergﬂglc?érgg ?he%l%ﬁb '%r tttl'nc e%@ﬁ%es _
. include sphea Iayat or(shetrof abmsie ageyticie, oeo:kb@ad& aogechod brder srpﬂsertl@9§ltl0rcub| c,
Pave an i nt ebfaonp(iHAPHR s, ohEbR)coniediict HOAT huedibfalfet | B1 20 can
~ conbination pileeessing, ansi 3;)!" ba chogidased tochet ‘disciaite”papisiesus or sol i d wal | s For

20 i gf or mat t t al.
'(mé(rje) HQQ dg{;gﬁ 'OI?W{HE;@ ﬁ?&Hretr abpr gc@]% ?%o‘%e%ﬂiﬂé@ﬁ thé bﬁftﬂaﬁ? ﬁbéf%ﬁfshbs mnﬁ_; é; r ea

. speci fi cal | ycoation ceropesitien thay C@@ﬁ'@ﬁ érﬂ‘}éa|ﬁlé9fé1'$f3fe“}’iﬁ’ém|§@ﬁt°?% bewovemine f or med

~from materi a#asnés%da%sdé ihtoUBRBhiY SRS ddkts] é]@ét%f?ﬂ GrcuillBéHd, @bSrturB 8BndiGY YTET i C-
i norgam c materials, polynmeric organic materials, non-polyneric _25 organic

mat eri al s, c@nﬁomdta@rcrﬁﬁ@@r ommnpsite gtenplsdas @%SCBWCEMOW'" eorgance yih ﬂbe As
used her ei N, pleBéntiefionPol ymeric inorganic material” rreans a poI erEI’I c
: mat eri al haV| ng a backbone repeat unit based on an el enent or enent s

"~ other thdR car bonThemRstigiRsGEN hayg analieps AT serdigyratien dWPﬂ afthough ”°5‘Em'ﬂ%%e 5,
', "._V\Ihl ch is spegithd sabént irvBathPeXaAiphsh dNuitable particle shapes include spherical (such as

beads, microbeads or hollow spheres), cubic, platy or acicular (elongated or fibrous).

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. _
7 The particles can be formed from materiais selected from polymeric inorganic
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 ferm “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 natural polymenc

materials havmg a backbone repeat unit based on carbon.
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- ;physi.cally cha

reference herein. As used herein, the term"polyneric organic nmaterials"
means 30 synthetic polyneric materials, sem synthetic polyneric materials
and natural polyneric nmaterials having a backbone repeat unit based on

carbon. -17 An "organic material", as used herein, means carbon containi ng
conpounds wherein the carbon is typically bonded to itself and to
hydr ogen, and often to other elenents as well, and excl udes binary

conpounds such as the carbon oxides, the :carbides, carbon disulfide,

etc.; such ternary conpounds as the netallic cyanides, netallic carbonyls,
phosgene, carbonyl sulfide, etc.; and carbon-containing ionic conpounds

such-as the metallic carbonates, such as cal cium carbonate and sodi um

car bO_nalt e. .hAs us edhnhtefgahia mataealt as txéd ﬁwiéi@,&gé&sfﬂéﬂffni q%h@?nisﬁmﬁiﬁ‘ipmo\?mﬂys
material that ,is. pot an qrganic material. Se . Lewis, Sr., ey's
Condenced Charietsit Ticarionda el GRS igttset 8550 yraRgetndfEn g oot

- Sil berberg, Ghanars aywdlhand/ekeeddsdindNatommouhls sichMitthetardadloiliangr (1996)
~at page 586, which are specifically incorporated by reference herein. As

~used herein, ¢ édcetse Q%@ﬂﬁ%’.?g"%%%"éﬂw C?@%%@dégﬁgmﬂa ¢ BYRNKIESt wo or
more diffei mptaitid erbalyls, pAdsgensd rdattbingsuffioe,neeel; Anddarisarnqesdidiey idaicer i al s

~ generally have a hardness., at their surface that is different fromthe -

 Dartness’ of REPPHEBEHAT S SRTUAL brBORAES RucHia salt cobRRlr And PELD f ace.

- More speci fi cattopatet e used heren, thie tede imagdnicinetetals” theansanyinhaterdhl that &ny :
-~ manner wel | in.. el Ngludi. t.not. it to epmically or
g Bﬁ%ﬁ] %Hggclll%g%éeﬂa]{ a%%e %h%%ﬁ%%é'r pllé le %Cond € q: ic? pﬂ in

the art, sucli2ihkdt 199Bpatnagkadel1-A62.amddd Siberbbrg, fhermisty Ehe Molegulat Natoireor -

-LgffiEPgﬁé&Eg%p%ﬁ%#§@§%g¢%%2§§gpéﬁé ?gkgﬁﬁgﬁwghggﬁ%ﬂﬁnr'%ené%%?qahéhglass

fibers. For e&xfarepreherginparticle can be formed froma primary material that

i's.coated, cl ad OhgQESPRSHhAHE fer %Bfn@ﬁ'ﬁta%at@f@dﬁ'@n§£&%t¥nﬂi§ﬁ Gf {\{@Joﬁ’ to
forma conposite particle that has a Softer surface. 1n yet another
alternative MathdfPrRmmatepalrs The articles fasaed from copmpeits maleriels opnerplly hewa be
formed from & HardrEBs ¥t theifBirRich Mat id Brerbt f%%fh%qwarcﬁm'eééioﬂh fRGARSHRhSdr W th

K a d'ifferg t- formof the pri mahy 25 material. For nmore information on
parti cl es Jusdiapaice wa&r@ssy ece- nieresperificalisenesuriapp pt the adistoibeot
Fi.l lers, 2ndnicdified ¥P28)maineP AP Rncwr iR ¥ arVi iRl ButiRefrhitd£8! ¢hbmically or

i ncor porated H}y_rﬁf erence _herein. o ) ) ]
- - physically changing its surface characteristics using techniques known in the art, such

that the surface hardness of the particle is equal to or iess than the hardness of the
giass fibers while the hardness of the particie beneath the surface is grea{er than the
20 hardness of the glass fibers.  For example, a particle can be formed from a primary
material that is coated, clad or encapsutated 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
: __.méterial t_hat is coated, clad or encapsulated with a different form of the primary
25 _rpaterial. 'For more information on paﬁic[eé useful in the present invention, see G.
Wypych, Handbook of Fillers, 2nd Ed. (1999) at pages 15-202, which are specifically

‘ incorporated by reference herein.

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

: sulfates and hydroxides. A non-limiting exarmple of a suitable inorganic nitride from
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Representative non-polyneric, inorganic materials useful in formng the
particles of the present invention include, but are not limted to,
inorganic materials selected from 30 graphite, nmetals, oxides, carbides,
nitrides, borides, sulfides, silicates, carbonates, sulfates and
hydr oxi des. A non-limting exanple of a suitable inorganic nitride from-18
whi ch the particles are forned is boron nitride. In one non-limting
enbodi ment of the particles, the boron nitride particles have a hexagonal
crystal structure. Non-limting exanples of particles fornmed from boron
nitride that are suitable for use in the present invention are

- POLARTHERM r) 100 Series (PT 120, PT 140, PT 160 and PT 180); 300 Series
(PT 350) andNﬁQOthS%hms(aFEﬁoﬁa@d isPBrd3Qtride T irGare rmndmﬁ‘hg@aml)odbmr@nf #Wetri de

. powder particles, conmer able fr por atl on
of LakewoodP@rigis e‘%‘?’h’?'?ﬁ@%ﬁﬁ?? %‘ﬂ‘éer ?’fafﬁ’m@%ég&& veﬁﬁ m?ﬂ P '
Pol ymeri c Nbé:fmpaﬁi?%f partidlet @gimad tran t;mndad @itride thoet amdmtabiedor@emﬁh@spresent d' )

~Cor poration of Lake 9 I te y.

- reference hJP¥nion g %%%W%W"’ ﬁ)g S@x‘ﬁ?‘r{)ﬁ;’h1 (g Pigggééthéé Lr%? Pgﬁlgg)ogg?de i's

- zinc oxids. Sutidsabt 850) dndragarseties (AT 6200 8Ti630| BTE40 bml:tP'ﬁﬁéO)rhﬂmﬂ pifideed to, -
- mol ybdenum di

fid | di
Sul {1 de.  Unciaier Regan orere ey eudiéple i sbvEpd ERMa Chpialyr 7 e

- al um num si | | gaWesd,ao. mme'menﬁermaltyasqndsmh Fillers/for Rolgmiktia Mategaist abl e

-..anot her non-

eCRer. 2" vt pRhotasbrh St CRPYOUFTUTaAB) 8. BAP oabl de )

any of the figspgsfidaty intdrpaatidigrrefecmct hafefi.ng enbodi ment of the present

.. invention, the p tlc es. can b

" material 49 Exarrplé L‘ ﬁ%eﬁa&vﬁ%{gcﬁﬂ.JJ;@JH@%ngrE%g%Qi’dgsggﬁﬁén the . ‘

pr esent |nvembNQenlclsmﬁtiauiecludlmtbumre nnbltm!teldrtvtm@lyhd@nu@tdé,ﬁalﬁ"@?e@m@b'ﬂth as zinc

stearate and_.a I Opdtary et -
ﬁj%ﬁ“g G%‘%%%%Lﬁéﬁ%nd?ﬁ%%ﬁﬁdeb (3K R ICRAICAIES GRtuckodtiar

resent ent | on, articles can

" be formed fruoshlimited g:aalumlrpmh yahsatescﬂm@nealum sﬂrqaﬁ:sJ sqwtaﬁwgm@%& | iitable

- “useful inor gl%@lafs mcl{?c?el wpgrbﬁonf;ﬁ,%@@ﬁotyg&h%eplamwegmhﬁzma

- pol ysil anes, er emanes nmeric sulfur,  -polyneric
“sel eni uml 5si a!ummnlﬁs copped, gﬁmrgm eSdVQﬁfa'@W apf m"EtW@SPB?@’g‘?ﬁ“FRjOF%Og}SeC| fic

non-limting exangl bddrhBRef iHePR M indETIBANKE paRicle® ymBs i C
mat eri al suitabl gma%&%rsgm?ﬁﬁ'%h%éﬁresent i nvegﬁ%l onnl S TOSPEKRLZ which is a

particle forfpsed fremnoppolymeripiasgrnis matetnles EXABPIPS OlRTRANEREIC) o9aVsi | abl e

from Toshi bayaterials useful in the present invention include, but are not limited 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, polysilanes, polysiloxane,

' polygeremanes polymeric sulfur polymeric selenium, silicones, and mixtures of any of
: Athe foregomg A specific non- hmmng example of a particle formed from an morganlc

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

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

can be fbrmed from synthetic, organic polymeric materials. Suitable organic polymeric

-19-



Silicones Conmpany, Ltd. of Japan. In still another non-limting enbodi nent
of the present invention, the particles can be fornmed from synthetic,
organic polyneric materials. Suitable organic polynmeric -19 naterials
include, but are not limted to, thernobsetting materials and thernoplastic
materials. Suitable thernosetting materials include, but are not limted
to, thernosetting polyesters, vinyl esters, epoxy materials, phenolics,

am nopl asts, thernosetting polyurethanes, and m xtures of any of the
foregoing. Anon-limting exanple of a synthetic polyneric particle forned
froman epoxy material is an epoxy mcrogel particle. Suitable

thernopl astic materials include, but are not limted to, thernoplastic

_pol yesters, Fr@kéfﬁanmtsaar@ﬁwm@a 'tcnmermasaxﬂ.rigonaehgqsmmsthepnd:grm'ndes
“thernoplastic polyuyrethanes, Vi

f .
Vf or egoi ng. shatessise ﬁ“ﬁ%?'%ﬁﬁf'ﬁ%ﬁ%ﬁ%%gﬁré%ﬁ @F’Ed? %&ffiﬂ&é'o LB?J dat?ethﬁﬁosgam ted
pol yet: hyba;a@térer\ﬁmlééwsaémxy iriatepialsy prudnipliesn emtneplagta} thetradsettiag d

-.polyethylene

ht hal | ef | -
i e o pOVYERAjFe ABS mRlies Py REIE kgl orehiifioastida’e acryiic
pol yner s nckymlitaticpolymerie patitie formet édrt am epoay olateniet is aofepexyymemebnaﬂtlcéﬂ:r ylic
T AN P RS e R B BB olloBL e ok I et Of

synt heti c pol yner o an acrylic cop

: RHOPLEX(r) Bp8pésterafpatfeaitenatas,qplyqiens, hﬁryhmpnlmersmqimmlda} ﬁﬁrmfép‘%ﬁéiﬁyl ic

i."partlcle enul si on E q
' ~hon-film for H?lﬁld'ethéf‘?};r gﬁgi p%rﬁ“ y?gﬁggﬁé%%* &@ eggmpglﬁsgﬁ?m%aw ng a 1.0 -
- mi cronet er p&rermo;blastls|pnbestarssmrllu®sbld@m mitllﬂtﬂfad %PQY@BYIG@ErWtWt@ ht and a

55 per cen gutggiutg%ph{ﬁ? é%ﬂc%ygﬂﬁe%@%?ﬁmqal?ga '%gt{ﬁ:(lé ollﬁﬁeiﬁﬁ:ﬁ'?c@de"‘h' ch

are |dent|caP el ng an hon- rene acrylic
~ polyneric sy hutrase ot lpll@mtﬂupobl’@fhyléﬂ%WQIVQiO@Weh%@“%@O‘HS%H"PCI itaflg acryiic 0. 55
micrometers ?&ﬁmlérssﬁ 1S bGORd AMinfEd &0 cépolﬁﬁérﬁ ehitylR¥e ‘aﬁﬁ’dl S&iic ARKbrRPRARUE( 1)

OP-62 LO7 wh al so an opaque, non- m formn rene acrylic

pol yneri ¢ syReli@eiscoplaijingne aepates iNGR- hﬁhﬂngr@a@p'ﬁap? 153@1‘ iceply@eflt " 2 see R

~J. Perry "Apgéﬁ.aag fdPfed fr@r'h a@ra@%ﬁﬁc kbguaskr akd RMAPEERBIH-85° Which (hardpeqbe,
February 199 ages "Chem caI s for-the Textile | ndust ry"

Sept enberi 51989 Cfé’\?ﬂi“lﬂaﬁﬁ@“drfr‘% REMAE SIS ROBANAER) HP-198P |- 4hih iha
Pennsyl vani ag éhu%eﬁ‘orpﬂﬁhc#ﬂfrﬁm@rs@@@féébrﬁtb@@&n@ﬁ& byritiesic plghEnfRAg 3 1 BP- 1055,
Hol | ow Sphere Pi gnent for Paper and

micrometer particle size, a SOIldS content of 26.5 percent by weight and a 55 percent

void volume, ROPAQUE@ 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

*SeeR. J. Perry "Apphcatlons for Cross Linked Siloxane Parﬂc!es Chemtech February 1999 at pages 39-

- 44.
3 See “Chemicals forthe Textile industry” September 1887, ava:iable from Rohm and Haas Company,
Philadelphia, Pennsylvania.
4 See product property sheet entitled: “ROPAQUE® HP-1055, Hoflow" Sphere Pigrnent 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 entitled: “Architectural Coatings- ROPAQUE® OP-96, The All Purpose
Pigment”, April 1997 available from Rohm and Haas Company, Philadelphia, Pennsyivania at page 1 which
is hereby incorporated by reference.

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

ROPAQUE® HP-543P in the paint industry and as ROPAQUE® OP-96 in the coatings industry.
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Paper board Coati ngs" Cctober 1994, avail able from Rohm and Haas Conpany,

Phi | adel phi a, Pennsylvania at page 1. which is hereby incorporated by
reference. 5 See product technical bulletin entitled: "Architectural

Coati ngs- ROPAQUE(r) OP-96. The Al Purpose Pignment”, April 1997 avail abl e
from Rohm and Haas Conpany, Phil adel phia, Pennsylvania at page 1 which is
her eby incorporated by reference. 6 ROPAQUE(r) HP-543P and ROPAQUEC OP- 96
are the sane material; the nmaterial is identified as ROPAQUE(r) HP-543P in
the paint industry and as ROPAQUE(r) OP-96 in the coatings industry. -20
0.40 microneters and a solids content of 36.5 percent_by weight. Each of
these particles is comrercially avail abl e from'Rohm and Haas Conpany of

Phi | adel phi aq 4f6 ﬁ{maﬁ!at\éf&ndrr@e a soIH?ccﬂﬁérﬁ bEbESs ﬁ@&@&ﬂﬂ" Wit OEBEEofRh@Ee Nt

i nvention can a rom sem synthetic, qrgani c pol
material s anepridess apmp@r%lmavaﬂahl&tf@m Reryn and Haas Hompaipel F h“%fje‘ph'a'

"sem synt hetpé:mggpﬁ{,é al" is a chemcally nodified, naturally occurring
material. Sultable sem synthetic, organic polyneric nmat g)rri al.s from which

"the particles canth§ariqasAsaoming i e, Pr?ﬁ?f‘t igyentinR £an alse b tpried ?fem | ul osi cs,

such as ngt hylgg) nltﬂéluesd% &ﬁ%éd&hﬁa&@nal@&rﬁi@t@ml FoMindrRGhdtbiens. sShausties, such
as starch acet ate and s arch droxyet hyl et heéﬁ 10 Sujtable

| “pol yner i c- melteieined SemiyRingli ©f ef‘ﬂ'e‘sﬁa‘?“ﬂ"ﬁqag%me eq) fatu 'Hé’&c"frﬂ'?ﬁ W&Le gut
-.are not | ?é@%bfe%elnﬁ@hh tdhéﬁ@@ hicORBamesid elbterlsSTiahh Ghich el papkdids clahe such ﬁs
~casein; and _natura rocar bons, S_nhat ercha.
" I'n one non- Iforfeq ﬂ@'”‘é‘?r%’ﬁﬂ‘?rﬁé‘ﬁ{ "W%Edttﬂeceﬁ‘f'%sé%sni;”? rﬂféﬁ?tﬁgﬁgmpﬁ%a%g?élﬁgjﬁ |8c
particles astdoranainddiemstirches phehiae smmwanetat@ammstenchaymmtmsedtmees _
oxamples 1B SRS SRBIE: RS R T HaEE Mot ta padbBine ide e
2B Im'-t e;:lht F p?)‘eyet hilyit?rte,, popyshclyqnatbqlgsl, sunb, astrofs mytygemwamftuch as casein; I.:-:md
ol yme met hacryl ate i styrene copol yners:
Pt ude” RO P ropbes o BRI RafRilE V) 1. £45. Y anc
ROPAQUE(r)  OP- 62nloe pnlglmattmg e(hbadilnedi of thesreskri ingortion, the pplymerio pAdiEles
non-limti ng ﬂ'%d%m h thgglc?;[)&lﬁlgﬁé m'afé?’glgtté cd 58 rrﬁﬂ’%ﬂsﬁl’éaac‘b ioR€

hoIIowpartlc S Selecte romp ymeric an
‘non- pol yher i ky the ngatgaairmdrrdicmrlmﬂlru expoiplpsef suchdiydrorbehipeelymenia aerighni c

Q;e{ : 211' tsl n;ﬂgggérr%?tgée g@thﬁlrtb@&osqolﬂﬂ%léﬁbxﬁdlvp‘?épy%eWys%eﬁer‘.ﬁ]df or egoi ,ng
polymethylmethacrylate. Non-limiting examples-of polystyrene copolymers include
ROPAQUE® HP-1055, ROPAQUE® OP-96, ROPAQUE® HP-543P, and ROPAQUE®
OP-62 LO pigments (each discussed above). '

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

~ materials, and mixtures of any of the foregoing. Non-limiting exémp[es of suitable
7 materials from which the holfow particles can be formed are described above.

,25 _lNon-iimiting examples of a holliow pbiyméric 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-imiting examples of hollow

- 7 See product technical bulletin entitied: *Architectural Coalings- ROPAQUE® OP-96, The All Purpose
Pagment" April 1997 available from Rohm and Haas Company Philadelphia, Pennsylvama at page 1, which
is hereby incorporated by reference.
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materials fromwhich the hollow particles can be formed are descri bed
above. 25 Non-limting exanples of a hollow polyneric particle useful in
present invention are ROPAQUE(r) HP-1055, ROPAQUE(r) OP-96, ROPAQUE(Tr)
HP-543P, and ROPAQUE(r) OP-62 LO pignments (each. discussed above). For
other non-limting exanples of hollow See product technical bulletin
entitled: "Architectural Coatings- ROPAQUE(r) OP-96, The Al |l Purpose
Pigment”, April 1997 avail able from Rohm and Haas Conpany. Phil adel phi a,
Pennsyl vani a at page 1, which is hereby incorporated by reference. . -21
particles that can be useful in the present invention see H Katz et al.
(Ed.) (1987) at pages 437-452, which are speC|f|caIIy |ncorporated by

ref ef ence hepgitBes FRAECAIAE ekt HE Bfddbntiiivenlien £6 Wi 1oz 61 AXEAQTIBET) i on of
present invention can be  present _in a dISFerSIOH susgﬁnslon or emul sion

in water. O RagesSHi‘vARRt \yh'c%a@rﬁpaef%"*mﬂﬁ%fpa alest By glerellce dRETN-(pref erably | ess

- than 5 wei ght per tROparticleaiisch® i the Farit side dofositlors PrRIreseRninventiopeaaiben or
emul sion, if desired. A non-limting exa%e of .a dis eBgsmn of articles

*formed from B??SPWd?@é’ﬁPEFS}?&t%{SP%"S"?@f MHEREIE N VIR SRBELOAT- CONC,
\Mnt ch |sd@ dI'rﬁt’ﬁ#élé‘di@ﬂallﬁchhoz@r&@{@?{le@?ﬁﬂﬁfﬁlw?{gﬁgm?éﬁt)t tartlee mplad?dl rglitll:e ifj gp '
wat er and is commercia avai l aple from i.ngs G of2 e,
.10 -TennesseeJSREISION SYSPRISIHRRAAMYISER DESHEAEAL ’%&%@"‘ €Ot ARG
. bu:c letin 01;] gicled finnBd fromlandnorganic mhtensl lsoaﬂAb BARON leﬁﬂdﬂﬁolor at ed b?/ "
" ‘reference he [ ct vail able -
“from zYP @aﬁEéSFﬁ@?Ea%&%&%\Fﬁﬁ ﬁBEPSL ?%éﬁ'ﬁe“ ﬁ%% B N 9BRAZE STOP
: .;_ang \O/I\ELD REbE;ﬁBE? rvasdercdng is Spwroercially avadablé frnthYfFECeBt%agﬂllﬂé‘l? OODahrﬂldgﬂ ?)ns
and di SPgiyS! Q5,2 lﬂ@%éﬁfzw £ B@é&é SETICH atéc%ﬁlcQFry e
© polymers ndSWﬁﬁ I IC emul's
{fdl gcussed abuotiegin p?ma)((gs)lnawﬁlm&t%%ﬁga"y mcalm)m%&d b)a@fqrbmqe ifelrenm pol yrrer
ETanst t1on t emae; QR LB EERhER R F RREEE Sy MotBdoim 20 cRquanos
-met hacryl at einclude PREONNRIDE A UBRICOHT @ paiot. iadd BB@&ZEE&W%BH&W@Q cent by
‘wei ght _and ag%iﬁ%ﬁE:;%;fdﬁéfs.t 'sggci agovg@fﬂﬁ%ﬁ 14 ofje%%? ﬁ%@e?%o:@%f% and

. ROPAQUE(Tr) HP- SCuss are suppli I Spersion
-havi ng alpar synthalicpplymesé patigss forroed)fn@n@r:@hc palymers qod cappiyraers éneludgf  30. 5

‘percent by wgl i—gﬂlTﬁSL XBE ﬁgﬁee&ﬁs.&% ﬁ%%@ ?@pex@el,-ewimmgan

supplied as a ving a p es Si m croneters
all acryhc firm polymer emulsion havmg a solids content of 45 percent by weight and a

glass transition temperature of 98°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-86 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 (disc_:ussed
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-10;.55 (discussed

g 25 above), which is supplied as a dispersion having a solids_ content of 26.5 percent by o

weight; all of which are commercially available from Rohm and Haas Company of

Philadelphia, Pennsylvania.

8 See product praperty sheet entitled: “Rhoplex® GL-623, Self-Crosslinking Acrylic Binder of Industrial
Nonwovens”, March 1997 avaitable from Rohm and Haas Company, Philadelphia, Pennsylvania, which is
hereby incorporated by reference.
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and a solids content of 36.5 percent by weight; and ROPAQUE(r) HP-1055
(di scussed 25 above), which is supplied as a dispersion having a solids
content of 26.5 percent by weight; all of which are cormercially avail abl e
from Rohm and Haas Conpany of Phil adel phia, Pennsylvania. B See product
property sheet entitled: "Rhoplex(r) G.-623, Self-Crosslinking Acrylic

Bi nder of Industrial Nonwovens", March 1997 avail abl e from Rohm and Haas
Conpany, Phil adel phia. Pennsylvania. which is hereby incorporated by
reference. -22 In certain non-limting enbodi ments of the present invention
the average size of the particles incorporated into a coating conposition
applied to fibers to be processed. on air jet |oons can be selected to -
provide suffici gRicesRafbaEmiEAY eaBOdimntsadtte froxenbdivantiontthe aYssage $1&° Pler mi t
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Imting In the present Invention, I, 0on
enbodi ment  alipcgafibers kosermitaved HA-el enaye- LTS SRR AT i P,
scat ter i ng | geigsn k.ol rdaRalelabliyadt o rABAsl Mor bxmmglen siashing aolotidrer
non-1imting endodi ment, the particles have ag}-ﬂavgr.ggei S |260r2%5?|§§'5?d
usi ng | aser os8avyeelicgalris St da penelals Rpush §if BTl PndE
m cronet er s 4,10 ARAhd RrmPREEthidibh ghre TOahilte bt a nidteiah dortexainple chave an
average size, neasured usi na | aser eﬁ"ﬁatt Ei t echni ques, ranging fromOoO.1
to 25 mildr omelyarese makixamrserabrio ABIERINTUH 'E{}%Br(ﬁ ment of the present
~invention, the aygrR@R nBAMiliY i@ thesprasent Mvastioneit ansientpodiseant thecrarticlasi ng
techni ques, hlaEe 2}1 axlfeerggst-::[ siz%'. %e@s&{ag Hs%ge a%er?s%gttér%gqg&niques, of no greater than
1000 micrometers. In another non-limiting émbodiment, the particles have an average
- _size, measured using laser scattering techniques, ranging from 0.001 to 100
20 micrometers. In another non-fimiting embodiment, the particies have an average size,
measured using laser scattering techniques, ranging from 0.1 to 25 micrometers.

In another non-limiting embodiment of the present invention, the average particle
size, measured using laser scattering techniques, is at least 0.1 micrometers and in one
non-limiting embodiment ranges from 0.1 micrometers to 10 micrometers and in another

25 - rion-limiting embodiment ranges from 0.1 micrometers to 5 micrometers. in another
. non-lim‘i-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. Inran.other non-limiting embodiment of the present

" ®sSee praduct property sheet entitled: “Building. Products Industrial Coatings- Emulsion.E—2321', 1930,
available fram Rohm and Haas Company, Philadelphia, Pennsylvania, which is hereby incorporated by

reference.
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non-limting enbodi nent ranges fromO.1 mcroneters to 10 m croneters and

I n another 25 rion-limting enbodi ment ranges fromO0.1 mcroneters to 5

m cronmeters. In another non-limting enbodi nent, the average particle size
of the particles, measured using |aser scattering techniques, is at |east
0.5 mcroneters and ranges from0.5 mcroneters to 2 mcroneters- In
another non-limting enbodi nent of the present 9 See product property sheet
entitled: "Building Products Industrial Coatings- Enmulsion E-2321", 1990,
avai |l abl e from Rohm and Haas Conpany, Phil adel phia. Pennsylvania, which is
hereby incorporated by reference. -23 invention, the particles have an
average particle size that is generally smaller than the avera di anet er
of the fi berigyapibs thd RRtiddsaiavg aﬁ@m@gebamn!asszeetpwls geherally Sﬁﬁﬂefﬁg@h

observed that twiste s Jrade fro [BhdsHRh of a
resi due of a@veragedampt OZB‘C r‘?‘bso‘gh'fh S’zﬁ)c |%§gr§§%}6g&gs havi ng?average

particles sigfgned sRuavisged yz&bomdeanm"cbeaatagiedaawngapﬁy@wfoﬁe@l&*f’?P ent
spaci ng between adj acent fibers to hddl di2és i c@ssed
air-jet trarfSPuRY e FYBROYYRN CP@BH?‘“ﬁgﬂégsrrﬁ%\mda%ﬁ% e ot esr it Yor

-fiber strand;ppng cir awiadiaggostopptiddbei Mmtspm'mwgﬁdawenbn ers to ermlt

- characteristics, when re R infarityrof
anot her non- ?'THY"??YG"'@W%’I %@ﬁt ﬁg}s\%@{%%c%ggggﬁﬁﬂnﬁlg%ﬁ%wémn@et a\r/lergnyrb 10-

particles sige ibéresaand ecd poiidipg laasentabie wet-Erausl and wehpehfbaractedstcs Elst 3

- mcroneters and Qegibcrometers. In another non-limting
enbodi ment , R 9&'9%3%‘6 apo%eﬁigt'ﬁaté)?@e measur ed usi %%OI a‘gsa‘isgat tering

‘t echni ,ques i s atinlaeatber @nmnmmwwqﬁ@f theprgRest iny
m cr 0m3t %-P?g %e n%%@&;@&hs.ﬂgfésleﬂ &a&tbﬁg; @BhRslieEBiat lebBEs mipamtdtersandi ze
e

" ranges f m cronet er measur

usi | aser scat in
techni ques ﬁangemimmérto ﬁ@(ﬁlﬂﬂlcfﬁnﬂqfﬁ@ é‘hﬁ'@fﬁ'i‘%‘?f‘q'gl‘ ES@? ?‘?ec%i si ze

corresponds ! \(&deREEatieARY b mmtaaneaefsmcrgetamrfm ber s.
It has been 9 ser\glg%' r%{%ésgreh;lggral cs made %th gSr ap @ co&}% gl mt mepartlcl es
THEBE et

fal l'ing wit hfangeshtomiszed0@) micraraaiarsatn sl anoliir BeT- rough and
wet - out ~chargghat bt }eﬁ%e%@r‘ﬂ 1'0“9'26%&56‘@@% triec@ufed|ugimgriaser scatlerink mat eri al .
20 It wi.ll be recognize one ski r} art thatmagé& fnqne or
more - panbi cleshningss: d@aﬂﬁtﬂ‘qr@@ﬁf"'tﬁ\?eﬁ’%ﬁ’g r?)%{t*t ﬁ% FERYSRIEAR % | ns? or at ed
into t he si zjy &Séralgqmsfdvbﬂa@e rbMirCGameRnotthaigldss finerspitdwe beer mﬁ@n{eﬂdgatt 0
‘ mpart the d?asblrlgse mader' v?rﬁﬁ:rstrands coated with particies falling within the sizes discussed above
exhibit good wet-through and wet-out characteristics when impregnated with a polymeric
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 praducts su_bsequent!y
_ ~ made therefrom. More specifically, different sized particles can be combined in
| 25 éppropﬁafe émounts to provide strands having, for example, good air-jet transpcirt
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 conﬁpositions 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
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'-conducted u

and processing characteristics to the fiber strands and to the products
subsequently nmade therefrom More specifically, different sized particles
can be conmbined in 25 appropriate anmounts to provide strands having, for
exanple, good air jet transport properties as well to provide a fabric
exhi biting, for exanple, good wet-out and wet- through characteristics. The
coating conposition of the present invention can be prepared by any
suitable method well known to those of ordinary skill in the art. 30..
Coati ng conpositions according to the present invention can be applied in
many ways, for exanple by contacting the filaments with a roller or belt
applicator, spraying or -24 other neans. The coated fibers can' be dried at
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-~ crosslink de‘a%utaﬂ da;fnpbb&ommlmamhaﬁdmng orpsiinkatils pompcmentstdﬁ@'\ed@glr@éltlglﬂ .
".crossllnklng, rom,5% 100% of | r other -
" enbodi nent s, ¢ ﬁé’eé?t@gglail%ﬁmsﬁ'gh 40@) ¢ %’Bgmbg ?g}% %éf/oﬂ{%opqg% ? é’PQ’ﬁ the .

crossl i nki ngsrodginioédiity shhe diossimksble threparentss |.é.nte ddgresiof grosslinkies. f r om 50%

- to 85%oof full cr 1,NG, I d t hat. .

" the pr(:a g o P 1 To% Eﬁg@%& N &58 r%gmﬁllélu(e érgghéllﬂnecj h& oﬁ'feli' gmglsnéirlel'l{% @%%@%ﬁﬂlk dan:

- _be det er m negbrslyy mnyges frart B5%f to B5Yds digl| crs&sdjmra;s Irdgtharrﬁr@quoﬁr%ﬂh%?foﬁwék mal

anal ysis 15 n(geg&’&;h?apgwan%ﬁ %){3@‘% gé?é?s'h% SOR@SI{]I'eB iPMEABRR yZer

ogen eter nes t lass transition .
" tenperature Mrmmbahth«p@eﬁmﬂaﬂd@gfeﬁeéCroﬁﬁiinhﬁlgdfe éhﬁ@rpﬁﬂ@k GRS SAfer s.

‘These. physi Ct?e% JdL AR W@?ﬂ‘e Pof Ghéh ﬁ&as”a}c%fds%ynéfﬁﬁ nﬁe%hﬁi;@éithérﬁaﬂdaﬁiys’gructure

of the cross ing to this nmethod, the | ength, w dth,

-and t hi ckﬁes@l\@)TfA)aJSE'deTcéyfﬂQf Ligboratprign MW QMR anglyzes eongiaied Hader nifpgelany) e
is tightly rayokRtholYeldiinBe Itﬁé’?éss'—t?éﬂ@a’h@ﬁ RimdRatu®nk Hos@ll?ﬂﬂfeﬂ&ltﬁ)f fragd t he
di mensi onal neasurenents are entered into the apparatu A .
films of coatings or polymers. These physical properties of a cured material are related
to the structure of the crosslinked netwaork. _
7 According to this method, 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 Il 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 measurementé occur every two seconds. The
_ mode of deformation, giéss transition température, and crosslink density of the sample
.25 ‘can be determined according to this method. Hig_ﬁer_i:rossiink density valves-ind_icate 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 welght 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
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thermal scan is run at a heating rate of 3Cmn, a frequency of 1 Hz, a
strain 0120% and a static force of 0.01 N, and sanpl e neasurenents occur
every two seconds- The node of deformation, glass transition tenperature,
and crosslink density of the sanple 25 can be determ ned according to this
met hod. Hi gher crosslink density valves indicate a higher degree of
crosslinking in the coating. In certain enbodi nents, the anount of the
coating conposition present on the fiber strand can be |ess than 30
percent by weight as neasured by loss on ignition (LO). In one
non-limting enbodi ment, the anount of the coating conposition present 30
on the fiber strand can be | ess than 10 percent by weight, such as, for
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- fiber for nﬁbr mrmrnuﬂasamplcneld\gtto radnetefripeeature Af & dessidatorappl i cation of a

primary [ [ t st 000 -

- fibers pﬁ st r an ’gag'hg%@"‘ﬁ%?éegg’q'ﬁ& SI}qu tﬁ%‘@ﬁ ﬁ%%ﬁgﬂ?@%eér}g E’ré)‘er
.strand. A’ se‘omrrrdranyls apgited n«gtmoih!poé\lﬂel tha applisation of grimedy siee. tieligars ary si ze
inan 15 ar&%e@int %Fénﬁgha\ﬁniQ%LﬁodﬂEEF 3&2@&&1& Q@ch%r fdr‘é?ar%letmﬁn

- strands, for®exa e coated strand in bath containing the
' secondary co‘alortngﬁ%fmtsp@rﬁﬁ'ﬁﬂd sprayi ng the secondary ‘coat i ng ‘conposition

upon the coated s{randqQy c@%nﬁ%ﬁﬁﬁﬁ&ﬁdﬁ%aﬁ he a%BI?édqg el gridmidy Wizt fh &0

appl i cator as di scussed above. The coated strand can be passed through a

‘die to rEhpvamesntefiectivein qqagordowwgatﬁtmrpwwfttmstﬁ"ﬂan‘ar HIFAR D¥ir i ed as 20
di scussed ahfyend @k cBafoll Saktihia tfa'tf?ﬁntéu@ng’?‘ﬁhe's@@&fda%obh@ ¢dmpbsitioRy cure the
secondar v spraylng the secondary coating composition 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 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. The strand can be dried after application of the secondary coating
; composmon in a manner well known in the art. o ‘
o 25 - Suitable secondary coatmg compositions can include one or more fitm-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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coating conposition. The nethod and apparatus for applying the secondary
coating conposition to the strand is determned in part by the
configuration of the strand material. The strand can be dried after
application of the secondary coating conposition in a manner well known in
the art. 25 Suitable secondary coating conpositions can include one or nore
filmformng nmaterials, lubricants and other additives such as are

di scussed above. The secondary coating can be different fromthe prinmary
sizing conmposition, i.e., it (1) contains at |east one conponent which is
chemcally different fromthe conponents of the sizing conposition; or (2)
‘contains at | east one conponent in an anount which is different from 30
the. anount of t hehe gles AsERPactican batiuinee dracesset &y SvistinggnOc i t i on. - 26

- Th I fib t d t
~choppl na, congrt pebra el 4 67 SPARERTREpeB b nE® e T

a cloth or fd;rﬁn{@ m@d dopped m’rmpmldumstraj'dmatn%GiSCL§§¢fh@hPVﬁaﬂ' e gesyfiegl s sed
above. The as t r.ands QRifkd tiM St i ng’
G\ﬁ‘fis ?’ﬁ dgﬂéts e YAy 58 | nn@ﬁ'} L IS?IE?%CPMI @é‘b(n&&?ﬂﬁ@ﬁﬁsb g

. technique k e ar or exanp using tw st
frames. @enefiear,Yor dxainple byssingpsist leaimeso wa%!'vrwﬂlsbvpaﬁt%’el %@Sﬁﬂg trand

to a bobbi t t Be d
bnto the. boseriithe Srdia B s BER o A PPN St anc 15

. suppl i ed t 0 wduhé ohtolhie bobb@eaterfasierrate than theratedt which fecd®med 't $HPBIRIHan eye
1 ocated on ra%e( f)c%}% q%%r{%rall& Y gtrr%ﬁgi iﬂ?@ade@@%hgkpén ég}’éﬂo&&&bbrﬂa fifig iWfleAr t twi st
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'_strands)ﬂyaqag ttélt?’ﬁ.g Pirkh€pare woven or non-woven fabr| cs, kni tted or

o] or

" brai ded pr rel nforcements, The coat d f| ﬁgra nds be used
~in the warp and/ Jwisted strangs pad peHViIKied ?tfﬂé‘d?éﬁé’ﬂ E’esAe 1174 Bt TRoVe

rei nforcing Sft,ghai ef,c; 88 UQ@d tB%é‘B%ﬁje Wiveasdr nen-adyerlfabien keitied mtahldbd)om wel |
~known to those s art, such as a shutt‘)e '%0 tr%rwérgl%'nﬁforﬂlll oom
but pr ef er abirgdycts. P%ﬁemc‘%@‘ﬁﬁ Ihe cnated iber stEsr O30 e 1Y

comrer i al | Yyire@iidl df #d @bridsOMA ﬁmatﬁl"ékn@verf :reﬁifm&’aglm)mnan bé falmpd by asing/sae|  No.
103 and Sul zer Brothers Lt

ch t 000
or. L-510tF Swevenippal foogyell klog’ﬁdﬁ%ﬁ’rﬁ?i 'ﬁ?ﬁg\,\n‘rﬁfﬂf{iugf ﬁaﬁ? ]c,r'\\(ﬁl nté mg}]% gaLﬁ'ezrgr
Ruti Ltd. Nbch 2R bﬁé@ably\@ fefinedl ingemedyjeiBorh neiojeplopais ace toymmertialience. As

used herei - avaﬁa!\ble for examale In &n Tou ngmg of Xgpean%f MR NS, 103 and Sulzer

Brothers Ltd. of Zurich, Switzerland as Model Nos. L-5000 or L-5100. See Sulzer Ruti
L5000 and L5100 Product Bulletins of Sulzer Ruti Ltd., Switzerland, which are hereby
20 mcorporated by reference. As used herein, “air jet weaving” means a type of fabric
weaving using an air jet foom 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 propelled 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 methad, which will generally be
referred to herein as the “Air Jet Transport 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 a-ir jet. In this method, each yarn sample is fed at a rate of about 274 meters {about
300 yards) per minute through a Sulzer Ruti needie air jet nozzle unit Model No. 044
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" lam nate.

weaving using an air jet loomin which fill yarn (weft) is inserted into
warp shed formed by the warp yarn by a blast of gonpréssed air fromone gr
nore air jet nozzles, in a manner well known to those skilled in the art.
The fill yarn is propelled across the width of the fabric, typically 10 to
60 inches (0.254 to 1.524 neters), by the conpressed air. 25 The
conpatibility and aerodynam c properties of different yarns with the air

j et weaving process can be determ ned by the follow ng nethod, which wll
generally be referred to herein as the "Air Jet Transport Drag Force" Test
Met hod. The Air Jet Transport Drag Force Test is used to neasure the
attractive or pulling force ("drag force") exerted upon the yarn as the
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Up as tiny fractures on the | am nat on
m cr oscopbc \emmheaamroateamaalﬁesfn%ﬂlﬁtéﬁ !Wfﬁ?@'%sr%@etl?fﬂ’ﬂgts ﬁ of an inch

in diameter. n Cé??%{,‘ggvg{a% ,l:,lg{,o[{%?ﬁd BR tybitatly 2RE shd)- tﬁ@@aﬁdtﬁ of e ifehdatiagetenf t he

strands. Thi YySI's 1's wel nown in the art
nor mal - war pi ng opdicemiamingiinghbe Hﬁ’é?‘f focanalyes dheise gﬁf’ % 5?39% Z]E:hclzsurml ation
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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_rmosettihg materials such as

‘ thermosetting polyesters, vinyl esters, epoxides (cbntaining at least one epoxy or
' 25 oxirane group in the molecule, such as polyglycidyl ethers of polyhydric alcohols or
thiols), phenolics, arriinop!{asts, thermdsetting 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 po!yfunctibnal
* 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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20 The coated fiber strands can be used in a wi de variety of
applications.-such as a fabric, lamnates, printed circuit boards,

armat ure bandi ng tape, aviation conposite materials and aerospace
conposite materials. In these various applications, the matrix materials
useful in the present invention include thernosetting materials such as

t hernosetting pol yesters, vinyl esters, epoxides (containing at |east one
epoxy or 25 oxirane group in the nolecule, such as polyglycidyl ethers of
pol yhydric al cohols or thiols), phenolics, am noplasts, thernosetting

pol yur et hanes, derivatives of any of the foregoing, and m xtures of any of
the foregoing. Suitable matrix material's for formng |amnates for printed
circuit boarﬂéndgﬁgkﬂdﬁslﬁ%ténﬁm (1988) 41 pagddh bR FM, whiehliyépacificalynal  epoxy

. -resins such nctional brom nated epoxy resins, polyinides and |iquid
30 crystal | i ineorporataddiygelefanse BiRbsi ti ons of which are well know to those
 skitledin the arfen iy nd bidliids drBLRIIPpAeTcBaTpngtiowaiTmatpdzsé ti ons | s

~needed, see Electronic terials -28 & CE er nat,| q|na| (1989) .
. at pages 534ingiade polknlelinsi rohmdes; fesmeriastic e Pfﬁhtﬁ&?@ﬁ" {/h eragRlFtce herein.

 Non-fimiti ENg, am& QyPholyiHe r&%%umreérm@hgaoﬁthermgm@tfrmtmaexamplemfer| al's
-incl ude pole ef

ther mopl ast i @SWItW@P%Cy'%‘\‘TﬁSdﬂ%SBB’Pg ‘ET)'I% c%ﬁ %ﬁ@ot ha&’nfp h%&qt he

~ foregoi ng. FuhifoRes, peyapiemnes, polwl@érlylenb hmuemmbapherwtaﬂlatselfd@ polyacitaitie
- pol yi m des, pol yether sulf nes henyl sul fones, pol yet her ket ones,
- pol yphenyl enBOIM'FYJj%O”dSBIa{}g%H?ﬁr uI fides, polyacetalss,

~pol.yvi nyt"' chl or i Aeserafigryprtsicabiedadomsidatian exmi:m; af @P@ﬁt‘lﬂ 2R-AFREpPYYesin

o G el SR AR D e 2 Y

~2-nmet hyl i ni daggdr@iannds, D@dﬁhﬁtmd%iﬂo@lapdcﬂowr\hl& RN glyneredhieai(comnmergiaghy | abl e

f The Do ts which
be. 1 nel uded @13 eﬁ‘?%@%ﬁﬁ?&?@@ﬂé R o e o el g et e | a C?E
the conposites acOtwedcorgpdnentsiveighr@gdetindluded withdie pelenerirematsx AR o
pignents, |ubrican é?—nagénqwn%%géﬁﬁg&t@%? rdihd {?é} Je%ént'n‘n@hﬁor(t%de

st abi i zers, anti ers an enders. {%Besent
i nventi oflSwi bbloroty dy@ignentss tubeicants wr@w@srﬂ@)mdéwlﬁﬁ@"@fﬁélshtrw) {35128 i t i ng

, exanpl es. antioxidants, other fillers and extenders.
The present invention will now be iliustrated by the following specific, non-limiting

examples.

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

-29-



20 25 EXAMPLES Each of the conponents in the anounts (wei ght percent of
total solids) set forth in Table 1 were m xed to form aqueous si zi ng
conpositions useful in the present invention. -29 Table 1 W. Percent
Conponent on Total Solids Basis Samle 12345678 Conponent PCOLYOX WER
301'01.11.11.511111 DYNAKOLL SI 100"93.487.681.583878379.278.8 LUBRASPI N
227121. 16. 8662665. 7 -6032134.44.5111010109. 99. 5 PROTOLUBE HD- A14- - --45
acetic acid< 0.1< 0.1< 0.1< 0.1< 0.1< 0.1< 0.1< 0.1 Est. %solids in

Si zin7.457.0584. 0210. 015.535.77,6.5 Sanples 1-6 were prepared as foll ows:
1. POLYOX WSR 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 SI 748f2 vas added to a separate vessel
- With an Eppenbach high_shear mxture, "W the Fppenbach running —water -
- ranging from 150 deg. F to 160 deg. Wt Pament Soopdneniandetk $dids Basisyessel
~containing the. DYNAKOLL SI 100. The m xture wssmgl® then Eppenbached for 5
. ‘mnutes. The solutionjwasg then Jrapsfgrrdd to the gainfmyg tank for 8
. ~subseque s sSTTgy 3. AQUBRASP N 227 \was added to jater rangi ng from
Aot o Al GR ISR et sperstereqsot et ey o
' IDYNAKOLL St 100’ 93.4 87.6 81.5 83 87 83 79.2 78.8
ALUBRASPIN 227" 1.1 6.8 6 6 . 2 6 6 5.7
7-6032" 44 _ 45 11 10 10 10 9.9 9.5
|PROTOLUBE HD-A"™{ - .- - - - - 4 5
lacetic acid <01 < 0.1 <0.1 <0.1 <04 <0.1 <01 <0.1
[Est. % solids in sizing] 745 | 7.05 8 402 | 1001 553 | 577 | 65

Samples 1-6 were prepared as follows:
. 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.
DYNAKOLL S! 100 was added to a separate vesse! with an Eppenbach high shear
mixture. With the Eppenbach running, water ranging from 150 deg.F to 160 deg.F
-wasAslow[y added to the vessel containing the DYNAKOLL Sl 100. The mixture was
10 then Eepenbached for 5 minutes. The solutiorr was then transferred to the main mix
tank for subsequent processing.
ALUBRASPIN 227 was added to water ranging from 150 deg.F to 160 deg.F in a
separate vessel under stirred conditions. Acetic 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.

19 POLYOX WSR 301 water-soluble poly(ethylene oxide} lubricant which is commercially
-avatlable from Union Carbide Corporation.

! DYNAKOLL S1 100 chemically modified rosin which is was purchased from Eka Chemicals AB,
Sweeden

2 ALUBRASPIN 227 silylated polyamine polymer lubricant which was purchased from BASF
Corp of Parsippany, New Jersey.
12 76032 N- -B{N-vinylbenzylaminoethyl }y-aminopropyltrimethoxysilane which is commercially
avallable from Dow Corning of Midland Michigan.

PROTOLUBE HD-A dispersion of polyethylene particles which is cornmercially avaliable from
Bayer Corporation of Pittsburgh, PA.

-30-



adj ust the pH pH of the solution to 5.0 0.5. The solution was then
transferred to 15 the nmain m x tank for subsequent processing. 10 POLYOX
WER 301 wat er-sol ubl e pol yet hyl ene oxi de) |ubricant which is conmercially
avai |l abl e from Uni on Carbide Corporation. 11 DYNAKOLL SI 100 chem cally
nodi fied rosin which is was purchased from Eka Chem cals AB. Sweeden. 12
ALUBRASPI N 227 sil yl ated pol yam ne pol yner |ubricant which was purchased
from BASF Corp. of Parsippany, New Jersey. 13 Z-6032

N p(N-vi nyl benzyl am noet hyl y- am nopropyl tri met hoxysi |l ane which is
commercially available from Dow Corning of Mdland M chigan. 14 PROTOLUBE
HD- A di spersion of polyethylene particles which is commercially avail abl e

from Bayer Gor ﬂ8§:ﬁ‘ttén9&r9tﬁrep WAESRAY tﬁbn wBhted3Mo 4. sePaars Jessglevithalatioenat er  was

then weighted into a separate vessel with a stirrer. 5. Acetic acid was
added to thé. waceém:amdtvrasmdée%tqth?éﬁat%fwfﬁﬂ%s“"é”%"ﬁ'ész was added to the

‘acetic da]‘f' d/gne. %%baf% sa&aa tMﬂéhdeh@aaaMateerso!ummgmersmersrommmg & was
St ir r e or

_ our e sol ution stirr r._was_t nyery
.~ slowly. to wat eSOlﬁltwnaV@éﬁﬁﬁ‘éf%1\ﬂ9§§ de ?@Jtﬁplsh‘i’%‘j {g’ﬁi h?”%‘%?fz? ace‘?&c acl d

_ sol uti on t he slgmytﬂ& @QteZmﬁé)éegﬂa%ﬁ@%@ea@wmmm@mseamunlaem saitied theo t he
mai N m x ank Aceti c aci

was added to th xto adjust the
. pH of the fi natiilugdZ683%aeptic agd W’t"@rwﬁefée'f ﬂ%‘ﬁadgﬂ Hb%dm’ 'és"]i ”?{eyéw red, to
dilute to the ResiddcRtvaloldder o he nBamibetadk Weljyst theatbof the fifab Tbkesh0-1.
_POLYOX WBR 301 was added to ter n foTc(o® 0 160 deg. F
~under sti rr%dWﬁS‘?fd’YacsltB‘?fba%ﬂ?gﬂ?ﬁw@ﬂ”‘ferogh @%Jrertggh%reﬁg'r el nfmn%x tank for _
~subsequent. processing. 2_ DYNAKOLL SI 100 was added to a separate vessel

_:._._vmth an SpenbaCh hi h_,shear 15 arg Xhdde- Wth the Eppenbach running, water
“rangi ng 19om 150 g7 WaS PERARSFSFO'MSS sl owl y added to the vessel
. .cont.ai ni ng thepbweb’@llSRStmm adﬂih@torwexteuraegmfy‘on’lt@rﬂeEpfp‘@ﬁﬁﬁé‘ﬁ%ﬁ H“B?'

ZLESteéﬁemT“Sr o alieed] gt MR LR B8 LA SR sl sedk B 0 from

150 deg.F to lofhcdegnd- in a

. 2. DYNAKOLL Sl 100 was added to a separate vessel with an Eppenbach high shear
: ,. 16 mixture. With the Eppenbach running, water ranging from 150 deg.F to 160 deg.F
| was slowly added to the vessel containing the DYNAKOLL Sl 100. The mixture was
~ then Eppenbached for 5 minutes. The solution was the_n transferred to the main mix
tank for subsequent processing.
3. ALUBRASPIN 227 was added to water ranging from 150 deg.F to 160 deg.Fina
20 éeparate vessel under stirred conditions. Acetic acid was added to the solution to
adjust the pH of the solution t0 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 vessel with a stirrer.
| 5 Acétic écid was added to the water with the stirrer running.

S 25 ' 6.‘ 7-6032 was added fo 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
slowly‘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.

7. 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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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 mx tank for subsequent processing. 4. Room
tenperature water was then weighted into a separate vessel with a stirrer.
5. Acetic acid was added to the water with the stirrer running. 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 slowy to water in a separate vessel to dilute
t he Z-6032l1acetic acid solution; the diluted Z-6032l acetic acid m xture
was .then added to the main mx tank. 7. PROTCLUBE HDA was then added to the
main mx tank. 30 8. Acetic acid was added to the main m x tank to adj ust
.the pHof the final mx to_4.0. 9. Wter s _then iwoed, to
dilute to the reSamplestapd dryere appliedipolpss’ rﬁtﬁad"% “ﬁv\%ﬂgpeé%p_ |S(réé3 &!t:Hct)iygl ass
fiber stran st&\éa{vﬁﬁbd{\%{}& &g a8 ekt With 11\ tatnethohiant standavamilkdrofieng as
2,doffs with 1.0 tunstinch and standard milk bottle bobbin build. TEST 1
The yans of bekbipbéld. 6 and 7 were eval uated for Friction Force by pulling
each yarg Sanple at a rate of 262 net erBSY 287 yards) per mnute through a
. pair of “conventional electronic tensioneter - -'gqgg% y
stainless steel Theyames! safinies &an ﬂw receé'ﬁ@fi%rg? @%s’%@“%’?ﬁ%ﬁ@@ di gmet er
al i gned bet gs;ﬁr'saﬁﬁb@e Lenstoseiee neterd (287 yands) pehminyterthrogalmgPes ofmde one
~conplete wap around the cylinder. Th i ftf 1 . i ween the
t ensi onet er SofveAtigfRhIRyr @%Ft‘c?'f'%tﬂsl‘?q%ﬁqyéﬁj%ﬁ%%glg%ﬁ@gﬁagﬁgg{?re of the
friction agajats d4sceRtinalersysanehea)diarnster aligandbetween K GITRMALSIYCR he

. frictional .forces tQ which the yam ~subi (i | e WHENHOWI
operati des. '_tfﬁﬁé!‘eax?é?§3BP'P6§E"8R”fxaﬁﬁq'?%n‘p'?ﬁ%!'bg’h?%g%@rﬁ Ef sol i ds of the
* formi ng.si zgerbfonetamEpass tansiometers (kegdranys) aeetietiuin TaBlegeldy ISABSRIUSs and

dried form ng, 8l G RomBasid 208 id ibd beridtisnstet forth
in Table 2 & the,ffigtion g%ﬂﬁ téé %{%lrﬁl) F@'&gg%ﬁﬁ lsfl_léinegji:l%dr)ltt) HRATHiaPE Pk dridtisn

forces to which the yarn may be subjected during weaving operations.
| The average loss on ignition (weight percent of solids of the forming size

1 5 g composition divided by the tota_l 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
Robbin |Tension
Sample Wt. (Ibs.) [{grams) Lot
10.1 166.83 | 0.47
6 10.3 151.45| 0.47
5.9 High 1 0.43
52 High [ 0.49
10.0 123.96 | 0.55
10.3 115911 0.51
4 " 50 168.30 | 0.52
51 14204 | 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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LO W. (Ibs.}{granms) 10.1166.830.47 10.3151.450.47 65. 1H gh0. 43 5. 2H hO0. 49
10. 0123. 960. 55 10. 3115.910.51 75.0168. 300. 52 5.1142.040.52 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 Method di scussed
in detail above. -32 Each yam sanple was fed at a rate of 274 neters (300
yards) per mnute through a Sulzer Ruti needle air jet nozzle unit Model
No. 044 455 001 which had an internal air jet chanmber having a dianeter of
2 mllinmeters and a nozzle exit tube having a length of 20 centineters
(comrercially available 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 kil oPasc auge. e | | & GRRk&ct with
the yarn at a p%‘%y% pg)é%% ﬂ? ﬁpgﬁg(?n&e%?é?ggé (&%@%ﬁs) rt noé;zl e. The

~ tensi onet er- throogh d@]hlzenﬁausue@ilﬁemtst mzz{em!lttk@qisimOﬂﬂﬁﬁﬁﬂahﬂl}m@k‘éﬁ?@d upon
~each yarn s |led .
Thto Lhe ar Aegat tiss Pt nafiho Eaehf of SRR ENGN o Rkt T
Tabl e 3 Sanpd lesgtef 2D pemaI(@Bum;clnliwavaﬂqbﬂaofsqnnsﬁvlg%wt(gfr%nast)antzsg' :

' _pS| 10. 18. §6q\lc}rﬁl Carolina) at an air pressure varying from 25 to 55 pounds per square inch (172 to 7
379 310 k:[oPascaIs) gauge. A tensiometer was positioned in contact with the yarn at a o
position prior to the yar entering the air jet nozzle. The tensiometer provided
measuremeﬁts of the tension (in grams) exerted upon each yarn sample by the air jet as

_the respective yarn sample Was pulled into the air jet nozzle. These values are set forth

10 in Table 3 below. | -

Table 3
Samples
6 | 7
Air Pressure |Bobbin wi. {Ibs)] Tension (grams)
25 psi 10.1 8.46] 5.6
10.3 8.43 6.86
30 psi 10.1 9.85 6.71
10.3 9.97 8.27
35 psi 10.1 19.9] 14.26
" 10.3 18.09] 17.12
40 psi 10.1 24.14] 17.26
10.3 2368 20.89
45 psi 10.1 51.16] 28.24
10.3 56.45] 31.47
50 psi 10.1 68.47| 48.93 *
10.3 744 50.89
55 psi 10.1 _78.09 5985 .
10.3 80.12| 6443

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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10. 38.436.86 30 psi 10.19.856. 71 10.39.978.27 35 psi 10. 119. 914. 26
10. 318.0917. 12 40 psi 10.124. 1417. 26 10. 323.6820.89 45 psi 10. 151. 1628. 24
10. 356. 4531. 47 50 psi 10. 168. 4748. 93 10. 374. 450. 89 55 psi 10. 178. 0959. 85
010.380.1264.43 It will be appreciated by those skilled in the art that
changes could be made to 15 the enbodi nents descri bed above wi t hout
departing fromthe broad inventive concept thereof. It is understood,
therefore, that this invention is not limted to the particular -33
enbodi nents di sclosed, but it is intended to cover nodifications which are
within the spirit and scope of the invention, as defined by the appended
clains. CLAIMS: 1. A fiber strand conprising at |east one fiber at |east
partially Coe"i‘ﬁt?‘o%nrﬁ\érﬁé‘duﬁc o8 RR fiid h%dé@{d&ﬂeﬁ th&dTicliod whiGiRSie Wit thesi n, b)
. -at | east one catlonic u%rlcan C) | east one filmformng material, d)
‘at | east onespisit gacherape QR hedaepliongs ﬁg@ﬁt’ by dhriarrended Clpil%st one di.sper si on
- of polyneric particles. 2. The fiber strand according to claim1, wherein

| . the conposition is a residue of an aqueous coating conmposition. 3. The

fiber strand according to claim1 or 2, wherein the at |east one rosin is

-~
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present in the. conposition in an anmount ranging from45 to 99 weight
percent on a total solids basis. 4. The fiber strand according to claim 3,
wherein 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. The fiber
strand according to claim4, wherein the at | east one rosin is present in
the conposition in an anount ranging from 70 to 85 wei ght percent on a
total solids basis. 6. The fiber strand according to any one of the
preceding clains, wherein the at |least one rosin is selected from
chemcally nodified rosins. 7. The fiber strand according to claim 6,

wherei n t GEAMIS] east one rosin conprises at | east one glycidyl ether group
and at | east one pol yethylene glycol group. 8. The fiber strand according
to any one of the preceding clains, wherein the at |east one cationic

| ubricant is ptesena fiber sttaad compasing abieastronafibanatusdst patigiiyngatedowitDal to
15 wei ght f;iercetnt Frely %tft otal solids basis. 9. The fiber strand according to
cl ai m 8, B " ast one cationic lubricant is present in the
conposition in an aapunt atleaggiongrésimm | to 10 wei ght percent on a total
solids basis. 35 10b The fii bqr strl?nd IaEcorgli ng to claim9, wherein the at

| east one cationic hubr?tcgﬁ opgc:ﬁ QLR t he conposition in an anpunt
ranging from 2 to 8cwei ghtlesstioae film fonming rhateddl, sol i ds basi's. 11. The fi ber
strand accordi ng to,any cl ai wherein the at |east

acce _ 9Nng qf t he rel?]din I e _
one cationic |ubricit i8 &€& QE?QEFE’P’P% 559@%@@9 BbPU%ers. 12. The fi ber
strand according toegany atleasiont dispprseoedipolynetiepariciesherein the at |east
15 The fiber Srr ani el Pr Sty BTmof Sritent b8 ARG et & 1 esRRRtr of n
the at | @‘@taq‘uebns taating kgmpasider. _al is present in the corrposi tion i n an
The fiber Straid ackd thergtedtal B R HRE e f YRl et el o RS i ng
mat eri al presentdrs thetcompotitien toarpamodnt canging faom 461w 09 weighpargedfitroom ©tdl to 5
wei ght peLGidlhasis.
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 fo claim 6, wherein the at least one rosin
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.
9. The fiber sirand according to claim 8, wherein the at least one cationic
lubricant is present in the composition in an amount ranging from 1 to 10 weight percent
on a total solids basis.
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- thereof. 24

on a total solids basis. 15. The fiber strand according to cl aim 14,
wherein the at least filmformng material is present in the conposition
in an anount ranging from0.5 to 2 weight percent on a total solids basis.
16. The fiber strand according to any one of the preceding clains, wherein
the at least one filmformng material is selected from pol yai kyl ene

pol yol s and pol yoxyal kyl ene pol yols. 17. The fiber strand according to any
one of the preceding clains, wherein the at |east one filmformng
material conprises at'least one polyethylene oxide. 18. The fiber strand
according to any one of the preceding clains, wherein the at |east one

or ganosi | ane cd@pl i Fﬂ}eﬁg%frﬂtrahé apeardisato claina, whnseintthe atrieasigné caion®: 1 to 25

wei ght pej .esnt%péﬁém@ het IpSitiBR R sh drount tn nc;rllé)i%m {16 Ak @QFC%P&W

cl aim 18, erein east one organosi | arfe coup ing ag IS present
in the coﬁﬂ@@l%qlldﬁbﬁﬂsan amount ranging froml to 20 weight percent on a

total solids bagis. 170 dfiahl BeLordh s AGRALAY Breb il Blfhd Incllipfl N the

at |east one organosllane coupling agent’ Is pres e c¢onposition in
an arount at [gagh ang gatiens Bibfigant isssejgaterhirorp @plyeminegrolynerst al  sol i ds basis. 36

21. The fiber gbr a”%éﬁﬁél*ﬂ'aﬁ& aE&)r&iﬁy t(%@( SHe &fthe Fe%&cﬁﬁ%glgrﬁé AniFein Waer el n

the at |east one organ03| ane cou ent 1Is e ect
trial koxy#t leapleane @Eonlcrh@nmrtséﬁmﬁnmm I@@tmeﬁl}y@tad)p@mmoﬁeolumet he

precedi ng cl ai gg, ‘I"ﬁfné &bét sttlléﬁd a@&or%ﬁ@?& %@]@eﬁ%@@?@gﬁ@ﬂicﬁw Wbt

fromam noEropyI tr oxysl | anes ccording to claim
22, wher efhleppidigformingsmatenial is piasgalin die eamepasiiap|in ﬂ@a@gemhran@ng)fm@ém N-1

(N-V| nyl tp@q]@%%ﬁ} &g@émy)h)a %ﬁ" aiqepLepy! tri met hoxysil ane and salts

trand according to any one of the preceding clains,
wherein the afl4l eadhe fbrr sianpeecirding & clpiol {dawheceip feratdeast filmdesningdded t o

the conpoRpidsl Yéﬁ:&r&ébnft Wtﬁb c{;lt BosisH ih 38 RUTRPEN !n '?ron? §. a% g%ﬁ{ﬁht 'p%qg@ﬁtram)“m

rangi ng from O. percent on a to asl's
fiber stré&fd ta@b%?"éﬁﬁ@&?o cI ai m 24, wherein the at | east one dispersion

15.  The fiber strand according to claim 14, 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.

16.  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.

17.  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.

18.  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.

' 19.  The fiber strand according to claim 18, wherein the at least one
organosilane coupling agent is present in the composition in an amount ranging from 1 to
20 weight percent on a total solids basis.

20.  The fiber strand according to claim 18, wherein the at least one
organosilane coupling agent is present in the composition in an amount ranging from 8 to
16 weight percent on a total solids basis.

36



of polymeric particles, when added to the conponents which formthe coating
conposition, is present in an anount ranging fromO.1 to 10 wei ght percent
on a total solids basis. 26. The fiber strand according to claim 25,
wherein the at | east one dispersion of polyneric particles, when added to
t he conponents which formthe coating conposition, 1is present in an anount
ranging fromO.1 to 5 weight percent on a total solids basis. 27. The fi ber
strand according to any one of the preceding clains, wherein the at |east
one di spersion of polyneric particles is selected froma dispersion of

pol yet hyl ene particles, a. dispersion of polypropylene particles, and a

di spersi on of Qtlhyl @he fipergynahe necordiag & am;emnepnﬂnmé pleesding Blainid) evhbreirethest r and
accordi ng o R n the at |east one

e e ced n
di spersion of po ey Er""%g"aﬁlla%rctol "é’sag@ggﬁ ?8@6?95‘? ﬁg&ogysga Bt pol yet hyl ene
particles. 29.2Zhe fTheéberstraaddcasdiog th aty dre alitlye preeedifg tiaing) wherth the

cl ai s, ‘Ma?feS’slll)nterb‘?%?r?otsﬂén%act%hp%eaée'ggﬁérg%ﬁﬂﬂpr@oﬁﬁ@&? zsnteﬁo SF alsgor gani

fiber conpri G gl ass,
S-gl ass, Q gl ags8, EThe fibs sirand aad;qrmeg tacldim 22) mdiensin ihenst ledséomof . 30. The

fiber stra‘rﬁg ordln tQ_any one o ﬁ% V\Q rein the at |east
one 11 ber SLREREERSo0ing dgBeswig: Nl e Bl narNT57 a1, “The 1 ber
strand acanmd:.png)yttmnamwxyzﬂma)énd MSMI’I&?Q@’CII ng cl ai ns, wherein the
conposi tion fugther es.a rahae cﬁ crete article 32, The
Fober st rand adtor ar e by sueas Apprdndin ik de luis berSHRS Hebts. Hhewitine
particles asblaetmdjlépembrt dsfe;rolynmt:tplaﬁ@:leﬁawaén adidiad th ey diﬂmﬂ»cﬁ@htsﬁmhm{ bﬁ‘n aI S,
and mxtu HES, aihereofOS ri tn gE{Jeaé q]ci[\ str
Ccor di ng Mooy FPosiidR: i Rrol A A EeE o F BetoP 5 gl peroebl Panc
accor di ngattotatdalidsrbdsis. 35. A | am nat e corrpr Ising at | east one fiber strand
g
according to c?im 6. ., A prepr 0 ea e fi.ber strand
according to c g‘i m i'.he gger S}{ag‘?gg?o[@ﬂg ﬁo %’ t“%r%%{? ec%ﬁﬁ?ﬁP?;”%ﬁ'S%?rs'PEast
one fi ber ospalpmericparticiel, ppreh added @i the tomBEnentswhithed the beatitign@nipapition,
conpri st ng &Esén‘??nsgn g&‘\gur{tlrgr%rmg ftrén‘%1 rbd1 t% O\Léjlgﬂ%ercent on a total solids basis.
26.  The fiber strand according to claim 25, 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.
27.  The fiber sirand according to any one of the preceding claims, wherein the
at least one dispersion of polymeric particles is selected from a dispersion of polyethylene
particles, a dispersion of polypropylene particles, and a dispersion of ethylene/propylene
copolymer particles.
28. The fiber strand according to any one of the preceding claims, wherein the
at least one dispersion of polymeric particles comprises a dispersion of polyethylene
particles.
29. The fiber strand according to any one of the preceding claims, wherein the
at least one fiber comprises at least one inorganic fiber comprising a glass materia}
selected from E-glass, D-glass, G-glass, S-glass, Q-glass, E-glass derivatives and
combinations thereof.
30.  The fiber strand according to any one of claims 1 to 28, wherein the at ieast
one fiber comprises at least one non-heat cleaned fiber.
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claim11. 39. An aerospace conposite conprising at |east one fiber strand
according to claiml. 40. An aviation conposite conprising at |east one

fi ber strand according to claim1. 41. A fiber strand conprising at |east
one fiber at |east partially coated with a, conposition formed froma) at
| east one rosin, b) at |east one polyneric lubricant, c¢) at least one film
formng material, d) at |east one organosilane coupling agent, and e) at

| east one di spersion of polymeric particles. 42. The fiber strand according
to claim4l, wherein the at | east one polyneric lubricant is present in
the conposition in an anobunt ranging fromO0.1 to 15 weight percent on a
total solids b&is. Ths fibgisirand mecording dmdnacreosfdheprecediog alaims) Mhewdirethei n t he
at | east ; ' ] | Lp: the conposition in an
arount 1 aay R o cofpiebC By Y GR7EIE ghiticled?, CPTECM (s Bast s 38 44
The fiber strafd acdbediberstiand@cedrding ¥ claimed tiwherdie thet plirabity tof diserefeol yneri ¢

| ubri cant ,Ls; i Y ' Yafol to 8
wei ght - peFease s ecied ot FEnF AT haBRb dndthoBRRIE ol Rl A5 BRI, 1o ¢
any one ofhefeefi ns 41 to 44, wherein the at |east one polyneric |ubricant

one of ol ai s S0 o i SmBRIKTRSast 8 i Srahd SlackibdaaRFELT 09 L 2T
conprises a si P at édab@ﬁ samprisingd leastene er skarfd dnsording tarsthimdnpr i si ng at
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formed froma) at |east oner ast one catl o ubricant, c)
at | east one fBPm f dvprepIgd wamerisiag at least one fiber strand according to claim 1.

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

38. An armature bending tap comprising at least one fiber strand according to
claim 1.

39. An aerospace composite comprising at least one fiber strand according to
claim 1.

40.  An aviation composite comprising at least one fiber strand according to
claim 1.

41.  Afiber strand comprising at least one fiber at least partially coated with a
composition formed from

a) at least one rosin,

b) at least one polymeric lubricant,

C) at least one film forming material,

d) at least one organosilane coupling agent, and
e) at least one dispersion of polymeric particles.

42 ~ The fiber strand according to claim 41, 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.

43.  The fiber strand according to claim 42, wherein the at least one polymeric
lubricant is present in the compdsition in an amount ranging from 1 to 10 weight percent
on a fotal solids basis.
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d) at |east one organosilane coupling agent. 48. A fiber strand conprising
at least one fiber at least partially coated wwth a starch-free .
conposition formed froma) at |east one rosin, b) at |east one polyneric

| ubricant, c) at least one filmformng material, and d) at |east one
organosi | ane coupling agent. 49. A fiber strand conprising at |east one
fiber at least partially coated with a conposition formed froma) at |east
one rosin, b) at least one silylated polyamne, c) at |east one film
formng material, and d) at |east one organosil ane coupling agent. 39

44, The fiber strand according to claim 43, 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.

45.  The fiber strand according to any one of claims 41 to 44, wherein the at
least one polymeric lubricant is selected from polyamine polymers.

_ 46. The fiber strand according to any one of claims 41 to 45, wherein the at
least one polymeric lubricant comprises a silylated polyamine polymer.

47.  Afiber 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,

c) at least one film forming material, and

d) at least one organosilane coupling agent.

48.  Afiber 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,

c) at least one film forming material, and

d) at least one organosilane coupling agent.

49.  Afiber strand comprising at least one fiber at least partially coated with a
composition formed from

a) at [east one rosin,

b) at least one silylated polyamine,

c) at least one film forming material, and

d) - atleast one organosilane coupling agent.

39



