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filament w nding application. A conposite article
formed fromfibers sized with the sizing conposition
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conponent’s, gl.ass-resin coupling agents, and one or
mor élyipidatly cglessdibers are formed by attenuating streams of a molten glass material

from a bushing or orifice. The molten glass may be attenuated by a winder which collects
gathered filaments into a package or by rollers which pull the fibers before they are
collected and chopped. An aqueous sizing composition is typically applied to the fibers
after they are drawn from the bushing. Once the fibers are treated with the sizing
composition, they may be dried in a package or chopped strand form. Drying the fibers
evaporates the liquid medium and deposits the size as a residue lightly coating the surface
of the glass fiber.

Conventional sizing compositions typically contain one or more film forming
polymeric or resinous components, glass-resin coupling agents, and one or more lubricants
dissolved or dispersed in a liquid medium. The film forming component of the size
¢omposition is desirably selected to be compatible with the matrix resin or resins in which
the glass fibers are to be embedded. Epoxy resins and polyurethanes have been used as
film forming components in size compositions. Epoxy resins are typically utilized Wh¢re

the fibers are to be used for reinforcing articles made from epoxy resins or vinyl esters of
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di ssol ved or dispersed in a liquid medium The film

form ng conmponent of the size conposition is desirably
W@ e00e00AaM t 0 be conpatible with the matrix resPeT/082005/018014

resins in which the glass fibers are to be enbedded.
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matrix resin to produce a glass fiber reinforced
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t ha ntains a water e n systemsuc
com@ind An @POxyyresi@Sntulsiam aqddlphiaglpyrsiione amdaxpdlysthydenedslycol ester
and an aliphatic polycarboxylic acid. U S Patent No.
monoolpatel The patsnige @pserty daat tha,Bzng ceppewtien @imglculaﬂy suitable for
conposi thon .contai ns an epoxy resin enul sion, a
us%’é’f%?‘ﬁ@%’f/‘#%ﬁé%%‘%& and a pol yet hyl ene gl ycol ester

nmonaokepdtent N &, 1481888 tte BIAsBatiidoseh aklashizdis zofgosition that
_conposition is particularly suitable for use in epoxy
indladesmpepoxy Tedinreuleioss a podyERylpKBolidone4®, 833 to M Coy
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gl ycol ester nonostearate. The patentee asserts that
pulthisiogii zi ng conposition is particularly suitable for

cont i S | trusign. WU.-S, Patent,No, 4,305 742 t.

C0r BP0 0 i SR i JRTp gt o
trebfifPE I QO Hrdat fnbRBESa piablit egméﬁn,ac_hs lAidAbh BrodREPS a partial

resin, the reaction product of a partial ester of )
estpobfpaydachoxylic acid itltht coatning one ai moreunssisrifiad carboxyl groups with a

col AP S LB BRSSO g verie
B g S R

t o TeSpPaeniddr ¥iIvdst18 o Tqupbudesetilxs ag aguenus sizingrpmpeaition that
includes a polyvinyl acetate silane copolymer, an epoxy polymer, one or more lubricants,
an organosilane coupling agent, one or more non-ionic surfactants, a hydrocarbon acid,
and water. The organosilane coupling agent may be an amino-organosilane coupling
agent, a lubricant modified aminosilane coupling agent, an epoxy containing silane
coupling agent, or a mixture of two or more of these coupling agents. Optionally, the
sizing composition may also include a polyethylene-containing polymer, and/or a wax.

U.S. Patent No. 4,448,910 to Haines et al. discloses an aqueous sizing composition

for glass fibers that contains an emulsified epoxy resin, a lubricant, and 3-
chloropropyltrimethoxysilane.

U.S. Patent No. 4,448,911 to Haines et al. describes an aqueous sizing composition

for glass fibers that has an emulsified epoxy resin as the film former, an emulsified mineral
2
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i ncludes a polyvinyl acetate silane copol yner, an
epoxy polyner, one or nore |lubricants, an organosil ane
w@owpldTe® agent, one or nore non-ioni c surfactBel/ES$2085/018014
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sizing composition may also coritain -torming polymeric materials such as epoxy
resins and lubricants.

The sizing composition is applied to the fibers to reduce interfilament abrasion and
breakage during subsequent processing and to improve the compatibility of the fibers with
the matrix resin that is to be reinforced. In addition to improving the processability of the
fiber and the fiber-polymer coupling, the sizing composition should also enhance the
physical properties of the composite article formed from the reinforced fiber. Accordingly,
in view of the dual role of the sizing compositions in improving the processability of the

fibers while improving the physical properties of the resulting composite and the wide

variety of polymeric materials that can be reinforced with glass fibers, a continuing need
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U. S. Patent No. 5,262,236 to Brannon describes an
aqueous size conposition for glass fibers that

W0 p@bA0Ee? an epoxy resin, a coupling agent, anpCT/US2005/018014

crystalline pentaerythritol. Brannon asserts that the
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Sizing conposition may also contain filmformng
pol yItrEraImhjmit of thel p;esyut:imvamoarm pyovidssi sigingregmposition for

remLf{b” & lihsre g e%giaﬁ&i By catho 'rftb'&gsp a@f %Ef?ﬁlﬁljﬁ%g i AJ’S’SIS The
SIHH%'p P@é&?&ﬁ% ?Es ﬁ{e Eﬁo@%gém e@Ridn0ad 18 BUE cdiiffing agent, a

ity O rs wth the matrix résin that
cakionic Gutirecanie bnd o ecid. i adididor, itleersiting Dmppoﬂliwtgmuh énclude a non-

10%%3&&?%8’? Ia{I :%tgg éq ;ﬁlg‘g fLDer Ylgﬁtﬁqu?&)ﬁing ?%\TIE’ Hﬁré AR énﬁstatic
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e reln orce Accor aly,
wafghﬁ dferosiuals ~ake and at leest ohe surfaccmuphsittléasniend exemplary

nprovi ng the processability Of@ié e flg%gr whi | e
embﬂﬂarawtn%e@a@w@ hag an SpEHESRRiEnb et f fom 1t75n gl 90
(RIS Coufile bl e fsfilne Bl IR ot BRIl Soupling
ag@ﬁﬂd grefgk&l. i Thelsiding btbmf)@mtl@pﬁmlteﬁns{:ﬁ’[rh(;b 4Anadund béa wehlz aen@ such as

conpaositions that provide enhanced physical properties
acah@acpd dJeesisianyl, swrginie paf; diricesid andfariberig peiddo dytiobep the silane
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thé aaditieh 6f #vehlngeid) the kise soidPosiorimag fnchideermixt@arnolfa IWeak acid and
fibers, and synt heti c polyner fibers. The sizing
a bwsatsseltt The smmgmms@tﬁn éprivgnipgeoulysmnlayedio catt fibsgssised in
a cationic lubricant, and an acid.

one couplin
filane td‘?ﬂ”ﬁ n&‘fl%pﬁ §F2| ng conposition may include a

Noni PR dholP bbjeatBf. thePreSHR kchBbY 1o/ b 1idB @ cBposite article that is
pol yuret hane filmformer, and/or an antistatic agent.

folthed efﬁmlyrah@sofglesﬂﬂlmrs)ﬁzqdo\mtlaa sigingreoamesijiondkit inaldes an epoxy
et A KRS e S S AL R herved

above. The reinforced composite product made from fibers sized with the sizing

composition demonstrate improved physical properties such as improved wet mechanical
properties, improved strength, and superior processing characteristics such as faster
impregnation of a glass strand by the epoxy resin, a low level of broken filaments, and a
smoother surface of the pipe.

It is a further object of the present invention to provide a method of forming a
composite article that includes applying a sizing composition that includes an epoxy resin
emulsion, at least one coupling agent, a cationic lubricant, and an acid as described above
to glass fibers, winding the sized glass fibers around a mandrel, and heating the glass

fibers to cure the sizing composition and form the composite part.
4
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enbodi nent, the epoxy resin has an epoxy equival ent
wei ght of from 175 - 190. Al though the coupling agent
woreapeloe7ieny sil ane coupling agent, an epoxy sSiPERES2005/018014
coupling agent is preferred. The sizing conposition
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| ubricant, and an acid as described, above. The
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wazﬂ lfeanﬂt:s iy r@dﬂ@tlep Fx thepirg s ovegall W?ﬁé Fdughiosignaterials used to

ament of the pipe. It is a
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applying a srzing conposition that includes an_epox
appesginore Aullystesinafiar frasm gtconvideratinnnti they detaidest deseription that follows.
cationic lubricant, and an acid as descri bed above to
gl ass fibers, w ndi ng the sized glass fibers around a

:DgﬁggjgbDE@qupgﬁmnqggphe glass fibers to cure the
st zing conposition and formthe conposite part.It is
PMF%&EEtMBWMENT&Dﬁﬂ_ﬁMM&n that the | ow
Iar oxy sion resent.jn the
o 2 S delhed eGP b fral M B BRI hfplodve e

satl3Gn MR ds QbmATbrPy ﬁﬁ’d@r&o&ﬂw’ &Y of AdihRE skilZinNBe art to which the
conposi tion. The Treduction ‘of organic sol vents may
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%@?eﬁgg ?351| Tyl}stﬂ? ﬂ%ﬁ%&%&%ﬁ% Qb{egt?ttgé cr)]fgthe presen% 11’1ven?10n the

preferred methods and materials are described herein. All references cited herein,

including published or corresponding U.S. or foreign patent applications, issued U.S. or
foreign patents, or any other references, are each incorporated by reference in their
entireties, including all data, tables, figures, and text presented in the cited references. It is

<

to be noted that the phrases “size composition”, “sizing composition”, and “size” are used
interchangeably herein.

The present invention relates to improved sizing compositions for fibers that may
be advantageously used in filament winding processes. The sizing composition includes

an epoxy film former, at least one coupling agent, a cationic lubricant, and an acid. In
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It is another advantage of the sizing conposition that
conposite articles forned fromfibers sized with the

W@ e@bngr1ednposi ti on denonstrate i nproved wet tRCEUE®05/018014
strength performance, inproved cyclic and static

addaidngHR, siARcd RYsRIBONAE 866 EGA atrdnGbaieHitithant, ApoBNeshane or
pi pe cyclic and static fatigue may permt a pipe

eporyYpbhutatitane filo fomgercand/oreant antigietie 8gendf t he pi pe wal |
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fufesfas 69 Riptech Hredtiices fromdompage AR PoResSIng a1 dmpas spgatibility of
h . "  oi naf
th b Sl E Moot I THERPEBTiLERO i 4hoWABE BLARNS Bive
cohglatibilisy widk Thd mEftixDESCR) RhicBthébNPedPRbdrE RFREEDe used.
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al | Rrefemed dikm formpers &grdise i the sizecrmpoeian Hslude praRY Eesin

en{l)@%oﬁ@fﬁﬁt é[%?aﬁﬁh R &&E@%@%%g%ﬁ@{f{e&ﬂ%ﬁﬁt RA& Ak surfactant. It is

I'nary in the ar e 1 nvention
profired gt thal dpboyigsindiay e aahdloclfarane ghaifdrdnaB S0 &i 4801 @k adrepoxy
equi val ent to those described herein can_be used_ in |
equivalest wetght ef Bemild3itp 4dd.cmnd eNen persrierably a mraleslar pypight of

0 : ' I iy & dke Q.
S R A e e
wé&ight” esnsedhérginlss Gefid Hyahe hleduai evight pPthe@Pbk Presin divided by
issued U S. or foreign patents, or_any other

- the spabeRiEpOXagieuRHRIESIHH Ebhs sPaPaUndyUrestlapery esing contain at least

their. entj.reti ] I j I i .

o Vo GOt fip i R P Ble Xh HED Byl 8 Feinert bWy aric

alfghoRWraliolsh ExatptesPkaisale &foxs FilHIORAMrbk inclugé Epoe® 825 and
conposition", and "size" are used i nterchangeabl

) ) L . y
- Epesr 826, witigh ayereosunercially eraiiable frandteselution,i dvea@nd DER 331,

R OBl o SRR B retD v i
arS b&hRBrEARRREIYIO RohEpteles an epoxy film forner, at

| east one coupling agent, a cationic lubricant, and an

aci dl'tieilawdnelearar weightsippkniesooempelsions ang imayiqaidsform which
re I?Crg:g,aain ig\ 'Sonn?g c_:ailsgsr] ie 1n'1|i1l1'1a er:sl hé %éd B¢ gglol)(fglgtesﬁlc A didtetone alcohol.
This reduction of organic solvents in turn reduces the amount of VOC’s (volatile organic
compounds) that are emitted into the working environment. In addition, the low molecular
weight epoxy film forming emulsions according to the present invention are substantially
color free. As used herein, the term “substantially color free”” means that there 1s minimal
or no coloration of the epoxy emulsions. Another advantage of the inventive epoxy
emulsions is that they disperse easily in water.

Examples of suitable surfactants for use in the epoxy resin emulsion include, but

are not limited to, Triton X-100, an octylphenoxypolyethoxyethanol (available from Union
Carbide Corp.), Pluronic P103, an ethylene oxide/propylene oxide block copolymer

(available from BASF), Pluronic F77, an ethylene oxide/propylene oxide block copolymer
6
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epoxy/ pol yurethane filmforner, and/or an antistatic
agent. The filmform ng pol yner conponent of the
W@ e@bngriepnposi ti on nmay be any suitabl e pol ynmePCT/iis1005/018014
can be dispersed or dissolved into an aqueous mnedi um
(aR0BbWE6H BASE), PRAGAS TORS Qunf lliyTere didieropsiend bgids bricRY
conposi tion has been dried. The filmformer functions
copolypres{avetlabln droim BaiSE).fa askdeapalyana of ctylone osislegind gropylene

and imparts co i bi Lity .of i bers with .
ok sl EbFaiS L (et e PASRLP ShipsfrioRE gL pyailable
v | el . _
L T b R R el PO P105
(atailabiesfeorn BASL), sudan etbylposoide/prapylEhe dsidepopglymes(anailable from
| siops . th contain a | ow nol ecul ar wei ght 0X
Bﬁéﬁ)-fﬁf&%&ﬁ%%%@&%ﬂ ST IR SQRFaIns Vo %{%f?rsfsgﬁ’?%%& Ina
o r - .
R AR J GBI OH BN SR el o i e
epoRy 283 erauldioay dihe sorfactipnt ef surddviantsamap be prosait imtiegipbxpfesin
from 350 to 380 and an epoxy equi val fnt vvei%ht of from
enquigion 1n gHamowy Ofrogy L vaP énmendy ogtireteraply {&%q herein
| S . o
o7 RS Pt DS i N Aol 8081 LR of o
aboatp®@tonubout 83% Ldndesven ynore prefisatipih ananaunt eBfém abeut 60 to about
epoxy or oxjrane group in the nolecule, such as
90% by giejght 89lidset her s of pol yhydric al cohols or thiols.

Exanpl sy & - ins i _
ey oh gl AR ARRbiy ROLL R R el P foming
epa¥akdsabbraulbionsisRes rtitin MableDER 330 and DER 331, whi ch

are comercially avail abl e from Dow Chem cal, and YD
127 and YD 128, which are EOBkrkially available from

EPefife_ITTe SR O el MEE‘*Q? PN hiEST ﬁlgkﬁ'bﬁi O Solvent
arP%rrlmanr a 'irqul ordm.TE ryg ﬁ@}/ Iﬂefn? ﬁa@tahtn S0 ?tgase"’Present
#

S .
el'imnates the nee such as di acetone

A~ A oY A Al

al ~aanhAl
al O .

C TR | CanatcRl T LRl [ S0 SOIETE P Shalafid” | Yes
RSNk Tgadven, | Caon $260L 178y 8o, Lo Lopp L Liquid | No
“““““““ e iRt gl BPSLEZ6 b d 78 {80 oA ar | woliid | No

miFERtieng| BReN 8250nd 72 r fi nB% o 1 ki ' No

.
I
invention are substantially color free. As ﬁE’étﬁleable
herein, the term "substanti al I‘y col or free" neans that

t herﬁlei (:Sougiirqé gge!nts used in the size composition may have hydrolyzable groups
that can react with the glass surface to remove unwanted hydroxyi groups and one 6r more
groups that can react with the film-forming polymer to chemically link the polymer with
the glass surface. In particular, the coupling agent preferably includes 1 - 3 hydrolyzable
functional groups that can interact with the surface of the glass fibers and one or more
organic groups that are compatible with the polymer matrix.

A suitable coupling agent for use in the sizing composition is an organosilane that
has a readily hydrolyzable bond to a silicon atom of the silane, or hydrolysis products
thereof. Silane coupling agents which may be used in the present size composition may be
characterized by the functional groups amino, epoxy, azido, vinyl, methacryloxy, ureido,

and isocyanato. Preferably, the organosilane has an epoxy group linked though non-
7
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or no coloration of the epoxy emul sions. Another
advant age of the inventive epoxy enulsions is that

W bayg/odliteper se easily in water. Exanpl es of suPCHDF®05/018014
surfactants for use in the. epoxy resin emnulsion

hy/dRfH248R boRidt tc4 §iliBH atohd™ Thedditien, the bi Rosttahlthayaficlude an acrylyl
octyl phenoxypolﬂ;{/et hoxyet hanol gaval abl e from Uni on

or@aﬂthﬂcdyiy@ppp Jinke? thrangh eophydrolyrabletbopteipea silicon atom of the
oxi de/ propyl ene oxi de bl ock copol yner (available from
silgd&F) Pl uronic F77, an ethyl ene oxi de/ propyl ene oxi de
bl o APl EeEof ﬁé’@i‘ﬂl tROi%e &frﬁ[ﬁ'ﬁsﬁﬁﬂﬂclu& Hfoﬁﬁélféné@&ﬁltalmng the
an et ene oxi de/ propyl ene oxi de copol yme
stifuetwuiee $1Q®R¢z, fathera ]B/iliSﬁ") orgambgmup sudp@ gm:dkylcgrouqt thcbveereﬂkyl groups
oxi de an pyl.ene oxi de su s Pluronig LI A
sugly AR S pyé Pf%%}ﬁf%’éfF nPHansEopplpe %%m. fmgfjog to
I
eﬁMtﬁ%@heg%g %‘?Ig%’ ur 2oh e?tgchgé(% ﬁoﬂ?%%&&fdr Rl:8&ite the level
of&&ﬁFbx bwhen fberfilnineatseduriigdabsegomt Ipeasr&ssmg dExamgsie& yfhamitable
(avail able from BASF). Preferably, the % resin
coBPNEFESRISIBRYSRi A0S WSewionas ade it aiemeh iitef fp. elycidoxy

PR LB EBR R by B SRR LBl PRI i oo
or Hhseylf g Ysolymethykuetialkogsitane swsh d3€3 —mb&ﬁeﬂ‘ylyld)xy— t -h e
epoxy resin_enmulsion in an anmount of from 10 -

pramdtnmhowém #iglypidogypropiEimpibRyysiens éAéﬁﬁ rf@rrrbﬁEu Sjlicones), v-

sen [ nt of from
m&égc %6&? %§1ﬁ—§n 5%?@?ﬁgggghz£§§mn§?§ﬂﬁrg? %f ably, in an
andfiBptopylaietiidxgpilatqut-1 81D fiam SPOSilicOR), bNaMﬁbgﬂbbyB@ﬂnbﬁSxysﬂane
A conparison of a_conventional epoxy resin emuls

(Aahtl G frere $3F Sdicpnesh N&r?ﬁlwgetéﬂowmrwmpymeéh%@lang (A-1120

d
N R e G
SitibeHes)C arbhlcﬁgﬁbpwtﬁxheﬂlbﬁyﬂh@eswf@cmm@hﬁ@mwe:hemmal Co.,
unwant ed hydr ox rout%g and one or nore grou s t hat

Ltdaso- gbfatdpxmmhyhne@hyﬂdlb xysilananE\ 828 % frem @ Selmm&)avmyl-ms—(Z-
Surjace.

P el S IR E SRR S: SRSy ieibiprppytamine

(A31 ok h XFRBI1IR ohH) C NIAB@Eh 18E 8P SotPaditiSidhal Bb@ERCIne or more
with the surface of the glass fibers and one or nore
coupling agents, the size composition preferably contains at least one epoxy silane such as

v-glycidoxypropyltrimethoxysilane (A-187 from GE Silicones). The coupling agent or
agents may be present in the siz'ing composition in an amount of from about 1 to about
15%, and more preferably in an amount of from about 5 to about 12% by weight solids.
The sizing composition also contains at least one cationic lubricant to aid in the
reduction of interfilament abrasion. Suitable examples of cationic lubricants include, but
are not limited to, a polyethyleneimine polyamide salt commercially available from Cognis
under the trade name Emery 6760L, a stearic ethanolamide such as Lubesize K-12
(Alpha/Owens Corning)), Cirrasol 185AE (Unichemie), and Cirrasol 185AN (Unichemie).
The amount of cationic lubricant present in the size composition is preferably an amount
sufficient to provide a level of the active lubricant that will form a coating with low fuzz

development. The cationic lubricant may be present in the sizing composition in an
8
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organi c groups that are conpatible with the pol yner
matri x. A suitable coupling agent for use in the
W@ e@bngr16Dnposi tion i s an organosil ane that haBCHUS2005/018014
readily hydrol yzable bond to a silicon atom of the
arrﬁiuh?\'fk?to DoulVSI90by wBhPEHE Bus i frefefMly prekérd d€an amount of from
coupliing agents which may be used in the present size
aboarpOisiotabont 2rY% yeweight sodide rand aaprp praferablymesenbimen amount of
groups _am no, epoxy., ,azi dq, vinyl, methacryl oxy,
frqsn eyt 028 apey Oé_lbéf.wqiﬁ fsglrl‘g%l y, the organosilane
has Iﬁ“ﬁdtﬁﬂ&ﬁ( Yo QLA Iuﬂi‘ig%t,ttHQ k’igﬁltgrb%ﬁmégi"ti%h)ﬁ@bcﬂ& RROAS at Teast
to asilicon atom 1In addition, the organosil'ane nmay
onk Mohtistec Ribriaaty IThe non-iomit ebricghtyih tlyy gzipg lcompesitioh adsigha “wet

non- hydrol yzabl e bonds to a silic atom of_, t he o
lulqagieand oFpasRssddaineal profectigniq te Phes e &fwﬂl@eflﬁ Bipding
prhdded UG aHRIASHE AORIofE MR RIING rthicl L BBurb ARl fuzz. A

ere I's ah o p sSu a

rgani c grou as an yl group.
noh@#ETusiak kyimple @faSuBatll nas-ionid hipticare iy polyalirglene glycol fatty acid
i sopropyl are preferred. Silane coupling agents,
suelypck 61600 denosteatate (arolyatindencaiyel mopastearpte availahle, fom
agent ~t.0 th . [ bers.
OGS Ol bPFUBHTRE s uE R 1RO A Enb AR E Chefl). PEG 400

MBAESS (QUEnishy MAHTES 600 Monblaakite(Cudufy)] Mye age-idtc fubkicant may
use in the invention include, but are not limted_ to,

be@f@jeyfcihdmw%?f?mifﬁn J@ra@tap}]oankﬁwsq + 3% Wﬁgl[afssolid&
e

Asistaichgerty bipleBWy lsit My for ibdRdrbi@inclidedifistatic agents that are soluble
g- gl ycrdoxypropyl tri met hoxysilane (A-1 87 from GE

in 8id siziog eepposiiomelirrannles ofeyprldp pniistaticeasnieyrilndarompounds such
as Riq]r';tgﬁ& kgw g:n'qu?%gﬁlg §§65’i {Hug%%a%) Xrlr&nrolmeutnrl] %Ys%ét{caa%%nts
av%ﬂalaﬂm&hq;)aﬁémhm&ﬁwm)l RieactifylddhBniubOOR16Hde, and lithium

111 Ccones), o
chidrhilea fihn entistatic- ageatminay pe tisiided inrtbieise\eoiripasidion fp dn @gount of
frfroﬂggﬁ tSiLiC%n@’?ﬁ)’ ight.soli e i unt of from-about

N2 g 10 GO BPE YA e s, B9 Riefarrhly (A EBevT Of foaE
0.%%? 1o 58 ; A tg,-‘g,g; gtré_g,fﬁagpyl trimet hoxysil ane (KBM 703

rom Shi n- Et Su em cal Co., Ltd'.), '

a- gl Burihein Xyepeizipy kompbsitioh wii oonytsinl scameal 228 i & msak GHd.
Alﬁslic{y:gﬁ %e\g%shn\ébg lgibto{ulgié}g %Eorrgf? }t r1150 l))(éil%tvgc? éﬁ/&% giltrlicagc?d, Ac_o%nzézntional
ac@ ftfd&ix’erf{)fﬁhﬁg )&fﬁlhb%?{i QR ATAdEst i 1Ay hredBfBly open the

I Trcones). Arfthough the size Conposition may confain

epoRe goupstirthe film formers and epoxy silanes if used in large amounts during the
drying of the glass fibers, which may result in a reduction of mechanical properties. In the
inventive size composition, a trace amount of acetic acid, formic acid, succinic acid, citric
acid, boric acid, and/or metaboric acid may be added to the inventive sizing composition to
hydrolyze the silane in the coupling agent without prematurely opening the epoxy groups.
In preferred embodiments, a trace amount of acetic acid and/or boric acid is included in the
size composition. The amount of acid included in the size composition is desirably an

amount sufficient to impart a pH of from 3.0 — 7.0, and more preferably a pH of from 3.5 —
5.5.
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coupling agents, the size conposition preferably
contains at | east one epoxy silane such as
w@2@bgpeileoxypr opyl t ri met hoxysil ane (A-1 87 fr oPeTEES2005/018014
Silicones). The coupling agent or 'agents may be
Pr esed, diRkidide 3 AeREdRRARY S ividaR AcidNthdRiZAMDetHp &itidn Ay
about 1 to about 15% and nore preferably In an anount
contiirf a mintateaifta veeakacabmoh ad 20¢tibyacide faghmic aaidl,icdisic aTideor succinic
sj zing conpasition alsq contains at,least on ionic .
AL AT ol & FIFERE ThRERACY POt} S PRES: 194l Aletnative
enfiR LR tho BiohABhEnfABRI:PiRe e pRIABLGah iR oAUt 0.1 to about
I ncl ude, Bat are not [imted to, a polyethyl enel mne
3.056lof ére sileng adrhpasitiore r Exdaatglss efisaititdbberate sabts Guyunles but are not

.under the trade nanme Enery 6760L, a stearic )
lingitqqltn dpQapR @ide: RoRTURg tatigbeiate; BORSSIUM mgtaosate, Rytassium tetraborate,

s 5] G P g O,

calRiigs edtiaflubrobbets lizldumaigeeshdratepatsssiuhefeatfibdrybarate, sodium
anount sufficient to provide a |evel of the active

tetrafioreherate.tteabulylammpesum teteBueioherals tetrapbilamyponium

,tedaﬁiél%'gf?@?aﬁétagg%%g??%%%%%f&g-bri cant nmay be present in

I'n ananmount up to about 15 % by

wei ghtionally,dBe sibeéltorhsositicf @ ptdntaip aepinirethmeiinafonmet such as
of from about 0.01 to about 2.0% b% wei , and

h lid
Baybord 51901 Bries) B pbeatRUAh Bavea b V- e10H (Gramagintior an
0,25 to about:: 1..259 i -ghto Sald e
engs el et it Bl B S SR BA AT AT Affaoteh no

wiSRiag 8 Pe Bdund@dshe @it RWibwdd that tHO pblgarthand fiém former increases
non-ionic lubricant in the sizing conposition acts as

strand insegrity rd thamechanien! frtigrepesfonnaice by henghgriag deg iesi/size

. to.the fibers during the filanment. wndin L Qces

it ohhe NGB B p ey R A S  ych ft hos an

inPESHeH k8GR0 EMERing Andd Bk iB¥Ehdiof EnBreFER hiRcBniéhl properties such
Sui tabl e non-ionic ?ubrlcant is a polyal kyl ene glyco

asfimptoyed stirehgthu cFhepolREShg 0 i lvb fygtee araztbe pfesent in the sizing

| yet hyl I I t t ilable f
cofgghfiog i PRu fdfere FRTET G Eareey MR ErliBEs 400
Vb N ogfe&eAlofplo SRR ifgdther et dtl Wabd2 RO 81831V € of EoEkssSthe active solids
and PEG 600 nol aurate (Cognis). The non-ionic

fot eomting aMtaterayaybles gpided @ntn amottisuificient todiss Hiciagneous siging
amount fromO - 20%.by .wejght. solids. In addition, .the..

CoRPPE BB IRREIEr U Ty SEEPIET 5 RO SR (P Sriag g Schieve

thﬁggs‘%d so¥ls! c%g%'h’c. CTROSHRS cESPEGH ¥y %éﬁtﬁiﬁtﬂpqlo Etg{)roﬂﬁﬁately 97%

erein include antistatic agents that are So e
water.

The sizing composition of the present invention may optionally contain
conventional additives such as dyes, oils, fillers, thermal stabilizers, biocides, anti-foaming
agents, anti-oxidants, organosilanes, dust suppressing agents, wetting agents, and/or other -
conventional additives. The amount of additives present in the size composition is
preferably not in excess of approximately 10% of the total weight of the size.

The range of components contemplated for use in the sizing composition is set
forth in Table 2.

TABLE 2
10



in the sizing conposition. Exanples of suitable
antistatic agents include conpounds such as

wEe®ws90As{ t ) 6660A and Enerstat(tm 6665 (quarEr/msz09s/018014

amoni um anti static agents avail able from Enery

I ndustries, M) FehB6AGENY | PRy WRighPEGhidd, and
l'ithium chlioet BT qsgnﬁr'ﬁ'u@ &c{lﬁt Sr,--.ge%f bgi)’/"umeal gﬁlt uged

in the siz chz%?%’.“m. .

to about 5.0@91&&&@?% HmEormae and—pg in an

amount of flrom &levpin®Agentt o about 3 1094y wei ght

solids. Furfther, thacsl zi ng copposit0&h-fay contain a

smal | anmount ofcagioMedkibaead. Al t houghonotsw shijng to

be bound by mﬁQﬁ-‘IoméLulbﬁcaﬁﬁ" reved thaipgrtric lacid, a

convent i onal—acrg ad AN vn for|ysizing oCQITPUST tTjons

used to adjlust fAHpS " pr-efrat u%e#y open—theg epoxy

groups in the film éﬁeﬁprq and pnnva%l?ﬂll(??npq i fl used

in |large anmounts durlng t he drylng of the glass

fibers, .which resu n.are

br opePERE RS AT, e bR SEI Qe PRl Ve QRS st
&% acetic acid, formc acid, succinic acid,

citri c acid, boric acid, and/or mataborl c acid may be

added to the inventive si zTAnELEdn'pom tion to hydr olyze

t he sil ape—+n—the—couplHngagent—pthout—pt el y
openi ng phe ep Z\in&ﬁﬂmgnéjmnunrnfnr%r_bé’jgﬁ%h%lgaﬂﬁﬁw a
trace anpunt oEpesselilm Feener and/ of bori0a80d is
includedlnt esnzeg sition. |The ar&ogé of ad
i ncl uded Polgusihpae Ton is desi y an
grnrgu%r: LL L,Oi&cln ],ap,eQm' eHI.AdevnE: ’)l |lur1_\512un 70,

PN
PTCT T ot

d

T U . J T

al t er nat |.veAnBngsHane Gornling Agent - \eak_gél—dﬁh%&zi ng
conposi t | on_may cBareAsid nixture|of aOwdakl-@cid duch
as acetit acid, fAcaticdAadi d, citric aciOd5 -dkl succi|nic
aci d and| a bor atsgos@!tubritinti S preferred.Adshatot he weak

acid is aceti ongehshic Lipddhe al ternative gypodi ment,
t he boro IlldIUlIIl the stze pr raply ranges
from about ;J)”EIJB:'Apt P@I\% EﬂO/ﬂ of—the E: &‘ngn?ﬁsy g

LAt |

conposi t Lan Exam)IWéteﬁf suitable hnratféai@metc
i ncl ude, but are not l[imted to, boron oxide, sodium

: Z: :Jgg)gliqeg:pgefeﬁ & ehlll],lﬁm%%lrrgt% ?greqégstltg?mg(??%{aﬁg {othe present invention is
setti%Fth%fl rygieabor at e, butyl anmoni um t et raf | uor obor at e,

~—+

ciumtetrafluoroborate, I|ithiumfluoroborate,
pot assi um tetrafl uoroborate, sodium
| TABLE 4
Sizing Component % by Weight Solids
Epoxy Film Former 80-90
Epoxy/polyurethane Film Former 0-5
Epoxy Silane Coupling Agent 8-12
Aminosilane Coupling Agent 0.25-3
Boric Acid 0.25-5
Cationic Lubricant 0.25-1.0
Non-Ionic Lubricant 0-5.0
Antistatic agent 0.25-1.25
Water balance
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tetrafl uoroborate, tetrabutyl anmoni um
tetrafl uoroborate, tetraethyl anmoni um
wa edos@b11eor obor at e, and zinc tetrafl uor obor at ePCT/US2005/018014
Optionally, the size conpositi.on may contain a
pol yieatRaiendds o4y &I m st KBNREhE OuhlinBageit) the acid
Baybor?d PU40 (SBayer )}m%;nd 290H (Cr g%t on‘)wpor §2§
or apithbptaie hyikiues, laad éhef apbry fesinnilim HueingenEgionRath agitation to form a
5520- W60, ( Resol utjon). Although..not
s g, KB e e B ot PR 1 8 g PRt od
apﬁgxﬁﬁﬁ@f 25 NG BRSERioflcN AR ahDARDIhE bifti@et a{é%ﬁt (1f present) may be
an fatigue perfornance by toughening t
sepastcty aﬂrmxed anideaduled $@the Tisn ixtyhe riadiddﬁmlnnthle mnmmm

results in a final co site.pr.o has . an
copREPONBHPREE (4 Pk (81 GF 2ER C AT oA miEieay SB Ugradded to
o4 FRLENFRESALA0 o ALRELH eyl S PYSomue

conébntﬂaeoﬁaﬂdcrgltmmﬁndofmnhdm anount of from about O to
about 30% by wej ght salids, The si é%?forrpo& tion

f ur tHRersizeOMRASEIoRaRa; be P lied oitipaduet glassfaracd Ry gonventional
tecﬁl‘fﬁc{}l\ég s&‘c@xf %,s%gfl ({r%m%%c}{eﬂ%las 8{1 H R NP6 ﬁ%ﬂlﬁ% gtb Bord'substantially

ent QUEOUS Sz

cofi i igldso fibérd. aAnyitpE0s gl%stshlah ab A-type phakd, €-fype glaks E-type
appl ication to glass fihers and to_achieve the_ desired

el oo TnOd gt m?@eoédﬁﬁwbcl? o U 188 Aibgy malggal. For
exia%g%pﬂlr (91%%' (ﬁl?chtl 7 las%r hfee §+1%h %Quféqgr{%%ﬂcgﬂ By nﬁ%nesmm

resen I nven y op ional Iy cont

oxédd) \&mhlacgm;ls 1§ctdnmér¢m1y&ualabaesﬁdm®wexm Cenirg Hiberpkss
thermal stabilizers, biocideg, anti-foam ng agents,

Cogperation et tratequmsshdaniss, - dbismasivplyy bssizing eayaresiiion may
b&ﬁggfl%ﬁﬂ%&% e@% 3f (a%n({q/n%re 9 Jtlcﬁ)t%%&% ﬁl?(ﬁ’lafls Zp%(lj}%'slleir \f:’%fyamme

I'ves prese

arSAIIP &S fnli@Grek Shepéctl dha Eblglm’é@htraﬂd‘ls exS/aseSused alone as the reinforcing
approxi mately 10% of the total weight of the size. The

fikenrgéerial, o dhgyonanbsused in eombineteen Voh slisestrands pechsiszhorg
d?@g tio g ﬁgfort egTabeZ TABLE 2A

B P8 rbﬁ'f BUEE ARG E61RpSEt i on according to the

pr esﬁfét51idﬁbﬁfﬁds%n|r§ayﬂﬁt apbRéd B fiberd BRYiRg B diameter of from about 4 to

about 30 microns, with fibers of from about 12 to about 23 microns in diameter being

more preferred. The mix solids content of the size may be from about 1 to about 15%,
preferably from about 3 to about 8%, and most preferably from about 5.3 to about 5.8%.
Further, the size is preferably applied to the fibers and dried such that the size is present on
the fibers in an amount of from about 0.3 to about 1.25 percent by weight based on the
total weight of the fibers. This can be determined by the loss on ignition (LOI) of the fiber
rovings, which is the reduction in weight experienced by the fibers after heating them to a
temperature sufficient to burn or pyrolyze the organic size from the fibers. To achieve the
desired solids content on the fibers, the amount of water added to dilute the size mixture
may be varied. In addition, the size composition may be applied to single or multi-

filament fiber strands. Each strand may contain from approximately 2000 - 4000 fibers.
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TABLE 3 Anot her preferred aqueous sizing conposition
according to the present invention is set forth in
W 219b007A69 TABLE 4The size conposition maybe nmaRET/Dg2005/018014
first adm xing the coupling agent, the acid or acid
bor atige dhikk éb@po@ien hia§ b8 Bﬁ?%dfts shdfiberk M 467 dBnPntional manner
emul sion with agitation to forma main mxture. |f _
usieraysanyentionel applinativncuol as hsspayiog pedravingithd dibersde be sized

acfeiBATEHPE AR AT kT SRt e A (PO Ber i Sag opgosition
is zgaglé’%?lgﬁ%p}ﬁ%lﬁfgm pﬁg? ¢ibaRdn afl %Quﬁt‘%ufﬁlﬁ’eﬂ@? ProvideltHE b e(:r:s ?Vlth a

yur et hane or epoxy/ pol yur et hane
mpisase odnterod ftolheabuan 5Yoy weighitoiabawit 1 506 by pregghent ) may
be added to the main mxture. Water .is _.then added i .
an alUVEE GORBAMEOR s ATIBROBY PHIPLOYEE R Enft (S69) S B vsed in
t L i . : . _
o SABjehlyindi Mpficlort 3 R P eI RAPAC ol bt dring
cang@iiftionuad fomodd iat dyovilrgawiargnvaitiven mimes The Soghrosing may
heat ed bushing to form substantially conti n,uoiis gl ass
then beveungagtoiapandsel. dihganandegh apyhe daycopeengenalgnandrel such as a
rol 5 B o A phEE an ko REmPhSF or PSacrifcil mandr,
Ohédrae ravafighistieen @iné xbom tties mindrel) éhenodligostaparomdihandrel are

E-type glass, the boron oxide is replaced by magnesi um
hesiedeich 3 bb passilebs compedivmsrienandryl taxpaeh g p¥er oty passing hot
R L SORELE S AREGa} ot B! BdEmovea

Cﬁﬁ?oé@t% PR bidthstppestor &S niikle Gioén Abersvized sythithesiz€composition
pol ynmers such as pol yester, polyam de, aram d, and
demopsiipte supdrior seengtly aad pwerierprosdssing ¢hangiprigiics syeyas faster

o 48R s et P T S BTG an

I on S SucC

sthdbE® s8E86y dlipdpippove. Carbon fibers may be al so used.
The size conposition nay be applied to fibers havin

a
di anBedng géneralbidespahed thisiwyveationta Bohes @xd@mndmgtqan%e obtained

boppeliia o parg ST SR AN eddb i, S8t Bragied for purposes
ofafludtfifiod bAR diYardBotlihRAIRIRE B afl iAQuabOLE lichRe unless otherwise
specified.
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preferably fromabout 3 to about 8% and nost

preferably fromabout 5.3 to about 5.8% Further, the
wGarme/0dE6pr ef erably applied to the fibers and PET/E82005/018014

such that the size is present on the fibers in an
EXaMVpLEST from about 0.3 to about 1.25 percent by
~wer ght based on the total weight of the fibers. This
Exampled : duteprrdatinacolia Sizing Compositiongni tion (LO) of the

fibe vin whi ch is,.the reducti in wei ght..
expor e 88y ¥eorpnarbe S oS f L5 ReliBicptigs content of
fréf mll%%‘is%ﬁdegw £d<ﬁqhg9@t 9tg9arﬂéld§f1Aqu OD%ﬂﬂ{eyté %pﬁﬂ&ﬁiﬂ@ét&@ﬂl,ﬁoo grams
size fromthe Tibers. To achi eve the desired solids
5  ofcleimngzet] vaatertwigh §tirbieg & a tlsen Aigallon pal omaicket fthdaditl @ motorized

oA B Tl a0 e
budckb BB e xfebtﬁﬁﬁ% Sl RRIS pefrRHRd 88 SR By RRNGE. MrHeiMms

approxi mately 2000 - 4000 fi bers. The si zing
detaymbeesly suchras gysing agpiphrietst or pHitgaper, tdles betivaerahy and 7.0. 4 -7
conventi onal . npnne si ng any.conventional _application
e R Q@lw@ Ema?ﬂ #geg g %}fvﬁ“ﬁ‘@“& REORBEs 1_9@ *Beb st 187
10 sidfé %%ei%éd%ﬁtaﬂ@&iﬁrthihﬂithﬁ @MHe bkt WEie r‘ﬁﬁx%ﬂeﬁ?éenntiﬁted to stir
Sl zi ng conposition. The size conposition is preferably
foapipdut 8dnihotes.h &350 b &FG0 gmamaof RISHVHIBO E isf thers addtet] td form a main
provide the fibers with a noisture content of from
m§YEt 5% by weight to about 15% by wei ght. The sizing
conmpRS-L.1-Qn o ot dnismRk t j
t he ‘?? érellrug %lggg%fﬁ?\r?@%{‘ aP‘??amsn(%invvl nd?cﬁlggaplgl %q%g% Pé?]f.né o6r76OL’
- ane>%anp gams b€ Efrckstats™ 56604 & madd iac beakdr. (The psénzixrig stirred, such as

conmposition and forned into a roving in a conventional .
15 withafngue depressps ead pddadg thspainiaitye. WBeMpDHRUEUE is then stirred

. r gl ' l. r
tof R i, IS TR o RV EOMMETE S o BBl he
buckétag dederriidd diceinix @lida FAE it balidInuibe fseleterfittd dnbi@ simple
rovi ng _has been wound about the mandrel, the conposite
cafsaitation atidongrie deferming thoamennt of yeter feedsyd tphe aidag tolgehicve a final
[of0) S| rtdopandrel through an oven or by passing
e e ??%ﬁ%lggtu'g /q’?he part. Once the conposite is cured
and cool ed, the mandrel isTaspmEpwed. Conposite parts
such as pipes or tanks made fromfibers sized with the

size conposi tign Semsi€emperens uper oL, 1%{1(1' ngth and
superi or processing characteristjcs ghic ggs faster
i npregnation off the sartiand with he gpoxy resin, a | ow
| evel . of broken TiTamgnig; and a| smagfhef surface of
the pi pe. Acetic Acid 8-13
Boric Acid 4-7
RSW-3861 1350 - 1500
Emery 6760L 8-12
Emerstat™ 6660A. . 9-14
Water balance

20 Example 2: Effect on Pipe Axial Tensile Strength
Glass fibers sized with sizing compositions A and B (shown in Table 6) were each
helically wound about a mandrel and cured to form amine cured epoxy pipes. Pipes were

also made using Control A and Control B, which are current commmercial epoxy compatible
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Havi ng general ly described this invention, a further
under st andi ng can be obtained by reference to certain
W@ p®6i06ile9 exanpl es il lustrated bel ow whi ch ar er@r/os100%¢i18014
for purposes of illustration only and are not intended
pro@uddE o Farh & WHAAIKE 11k atel dBhirh&8ialD heSRbRL fGH\BW&hs Coming, and
speci fi ed. EXAMPLES Exanpl e 1: Preparation of a Sizing
Cc@ominelr Aiand Comped®r @, 6o compstitie apony ospatihie pwduéts fertfilament

Ta Elb%é:gagpa%alng%o ‘8{05 tr;f&%%]_& ﬁ}%g%h?@ﬁé‘le{sggﬁépoxy filament
Wﬁ@ﬁfg‘%ﬁéﬁﬁ&lﬁhéﬁ ﬁ 200 Qo%ﬂﬁg‘%?%ts %b?ﬁﬁﬁﬁ gorﬁ@rse (JJS lubricants.

stirring I1n a c ean on pai l cket Itte

with a notorized stirrer tﬁiAiBltEﬁns at a sl ow speed.
10 13 nr ahs nLnl f‘l :\I acati c Df‘l rl 'c- fhnn :\Hdaﬂ to

ST

tHe Birn@Companatte | cugngGomnesitiond | s SwpsCompesitign B
stlir for a few mnutes. TheCpH is detlerm ned, Gech as
byl usi R§V&3p6l Het er| or pH Bapér, to bk bet wee®6.865 and
7.10. 4 -pA7ggPans of | boric agipd is then added apdat he
StITTT NG i jodnt i nupd. 130 ;5§70 granp of A Lglsesl I ane

41

i 9 deg—toth l)uwc mthebu —The
i p¢ Céﬂé%m&'c O%+e t+o steom about—5—m nué"e@ 1350
- ,(l(b(:oq«) d to forh main

mi|xt dmeerstat 6668M°% of about &¥® grans of dei oni0Z¥H

wat eBorig Acid(200foans! of Ener 9.06760L, and 9 - 14.5 ans
of| Emer st'Bétht M 666DA is nmadeoi n a beaker. Theogoem x
|s(lsE &d €15 + 38%IP@S/Mighih a tongue depressor, and added
%az)tggl x{%ﬁ H{rﬁetkg . ETSﬁchﬁgs s then stirred
Q)

. m sa Ieoftherraln
m st *HPB?OP ORI

ﬁ ]g?s o determne the mx
so(g)l geolyqifyleppiningpqlypmidy ‘?%ﬂ eternined and a

si npwt@‘awmq%wnuagﬁﬁé%a&e@t daney dpstisselngdount  of
wat er needed to be added to achieve a final mx solids

of f 4 - ABLE 5. Ex Ef f ect Pi.
i o R PR ARG A E B e S P e B g an
in§888RRIctdr @0 3.285 FBeBard BN thiBknkaPb Latdhit WBEELRAES The pipes

were made on a Mclean-Anderson filament winding machine using a filament winding

process in which glass rovings sized with the appropriate sizing compositions were dipped
into a resin bath, excess resin was removed by squeegees, and the wetted roving was
wound onto the pipe at a 54.75 degree angle. The completed (wound) pipe and mandrel
were transferred to a pipe curing oven to chemically crosslink the epoxy matrix to form the
finished pipe. After cooling, the pipe was removed from the mandrel and cut into four
sections. Some of the pipe was cut into longitudinal sections for axial tensile strength
measurements and other sections of the pipe were used for pipe cyclic fatigue testing.

The portions of the pipe used for axial tensile strength measurements were cut
longitudinally into test strips about 0.5 in wide and about 10 inches long. The strips were
tested for axial tensile strength according to the method disclosed in ASTM D2105 except
that the longitudinal test strips were tested instead of a whole pipe. The samples were

broken using an Instron testing machine. Some of the samples were tested dry and other
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helically wound about a mandrel and cured to form

am ne cured epoxy pipes. Pipes were al so nmade using
w@0vb0wileA and Control B, which are current coPeEDS1085/018014

epoxy conpati bl eproducts for filament winding that are
sa%glég Blebd Ah¥rs8Y gi bk EwhiePor § aftPiRh Rted@Mhe results are shown
npetitor A and Conpetitor B, fwo conpetitive epoxy
in Tablpdt i bl e products for filanment w nding. The control

and conpetitor products Ung_Birlg ng chem stries for
epoxy filanment w nding tha uded sil ane coupli ng

m i ca
'%5\' n g o TRi1e, 40 M sfength
A‘Et\]CéH%BSQ%I + é‘gb 5 ,\]j]‘z I gie a%})’@ﬂslﬂl. uz,nesfetentlon
M nopPBHE T i et hoxysi ¥ 1n’e(GE S|I| 4f’?es) (4) a 80
Dl \(Wﬁh\bl‘)@ﬁéplﬁi) ne polyamide salt (Cognis) quaternary

mmoni SizimgBi st atli ¢ age26® (Emefy | nd®ries| Inc. Y3The
pehomderiandidyged in this experinment were|12 foot

bng qr;d;}gl%l% aft’ Had angbpsi de i anetserg of 2235 igghes
,d,olﬁa CRMESS 0 7 bout - 060 5 f;ehes. | The PigBES

a £
PVLI eatt= T SUTI 1 I I d.iéb‘ —wat IIUI LLL®) 69
ch

dpgnp¢éll% a f lJ anet \l\l nr~|| o wihi

II"\
=09 I 11| vuriT \JII

§qrmﬁﬂﬁm si zed \M?ﬂst he a zr:;\;gui&p sizing

corrp05|t| ons were dipped into a resin bat h, excess

AR RO, YRR IE B Al 5 SR on
coﬁ@iﬁéh%ﬁg ko8 InsRhieE a@ﬁ‘@l&ﬁ%éﬁ' stiéBEtR réteRit £tk 89 dag boil.

a pipe curi ng oven to chemcally crosslink the epoxy
Thealata in Table Dalso shoavsithati Sshleg Cmnmsmmwe hasm;mtan@lg wntastrength

orBssgnumatsiig i cnfig! propecthaet fisSmRebt sitirisdifly the high
pegt‘t%ﬁf étﬂ:ﬂgthfﬁfenﬁéﬁ 8f Sltzﬁl'gs(ﬁdrﬁp&ﬁt[cﬁﬂgt ﬁh%ﬁﬁé‘ IHROBE fforﬁ’ﬂﬂ from

er sections of the pipe were used for pipe cyclic
Sifiag Coyupotitiehibad Mipeoyedrwétonschaificalpeoyprides avsethefcorrent state of
axi al tensile strenth rrea nt s cyt
1§ g AR G () REGHOUER o JRSCRb i Dot e hafihfeprasgce of
trd tested for axial
bo g%glfdllﬁ%‘lt)reng&h&gg%é?l ?ﬁlgat o ?heﬂiﬁg&ﬁod di scl osed in
ASTM D2105 except that the Iongltudl nal test strips

were tested instead of a whole Ee The sanpl es were
Example 3: Effect on Pipe Axial Tensile Strengt

QJ_UQJUQJ@—|QJ

An amine cured epoxy pipe containing fibers sized with Sizing Composition A
(shown in Table 6) was made in the same manner as described in Example 2 above. Pipes
were also formed in the same manner using the epoxy compatible products Control A and
Competitor A. The formed pipes were cut longitudinally into test strips about 0.5 in wide
and about 10 inches long. The strips were tested for pipe axial strength in the same

manner as in Example 2. The results are shown in Table 8.
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broken using an Instron testing machi ne. Sonme of the

sanples were tested dry and ot hersanpl es were i nmersed
w0 poobod1ibng water for 7 days and then tested. A¢EUS2005/018014

results are shown in Table 7. TABLE 7 As shown in

Table 7, Sizing Conpositi OTAﬁLEtg‘e i nventive size

COMpOSI LI Tph ON% 'Rxﬁ‘f gnsﬂ%WD”S“H bt
_r|1_|hgherf P %%fﬁirsngﬁgy li(e% em‘l oa ?-k ln,ﬁ dﬂq;cgrﬁ}%t

W T UQILIUII

A has NewS#R8Ang [wet 2¢9engt h pr Op’é?)%l es cpnpardd t o
t he cmthmnooafé)@ucts and the conpetitor progucts due
to {he Kogholpkrcent stpdflgth retent6.6h of S| zi ng65

Conmpos¢himpstitdr ATher ef opge the| pi pe .orned fyom Siegi ng
Conposition A had inproved wet nechani call properties

overt.he curr f .

i srTHis S SBE Rt dls e plropdh Qf?g%s‘h EFtingd by fg pive
mELHSA TR A siRdrigh Sﬁzhrik @&Mp&@tléﬂ’lﬁ affief4 Sdveh May boiMPTRY 8@t tensile

the wet properties. Exanmple 3: Effect on Pipe Axial

strtegthuus e beiterandjeatorel theiindity of he C@pmfvltﬁmi’lp@ agemnpdared teghe dry

stgheieToRahiny i § NemesnBmahRTe tesistBalts nERchd S e
prg &BOY the FIRRBItNBIPE idloIavE MnFREmh PerfdiehaRBdTEL SHRNBLA performance
usi ng the epoxy conpatible products Control A and

of@ompesiid pipe AndeT theglt tsmperhiyse pad pigesuee suder Weh gmdy@cbmaxs mgasured

tot t
by g marnecdids b BTV LeRtity Yt ataRnB Pt mtngs A be
relaﬂsdttb%eﬁéﬂ%n YereminteExanpl e 2. The results are
shown in Table 8 TABLE 8 This exanple further

illustrates the hi gh percent of strength retained by

the pip fibers.sized wth Sizing
E ?Ega tRfj) yg‘“ﬁ'&?féﬁ’l“’day boil. The wet tensile
str e@ﬁ&&lﬁb&s azéﬁvﬁtﬁrsmﬁg t%ﬁ;pegmeﬁ A Gﬁoﬁﬂ o Thde @j wte{aaqested for

conposite plpe as conpared to the dry strength
pipbeydlit fattfuedn both angintoerpasd tndan amhyrlade smredvap@ry p1pe The test

W%e%%aﬁ%é | gcnqqlgfa]ég F%&S&@%ﬁi Do y teg]tﬁﬁa%o rrggy tde three times in

a .
o TR % pAR RO P, nsﬁF sc““ﬁggg"”?é'@?%y‘f%% figes were
madbniufthe taniemsnner tas desctibéd Md i Basmpler?y Adefhilededescription of the

strength performance may. be
expenmegtal pr%cedure 1s set forth b)c/alow

hn\n
TTrov

In this example, a section of pipe approximately 30 inches long was installed with
end fittings that had a port to accept water under high pressure. The pipe was filled with
water and subjected to a cyclic test where the interior of the pipe was pressurized then
depressurized. The cycle testing rate was about 25 cycles per minute. As the test
progressed, cracks appeared in the pipe due to the applied pressure. These cracks are
typically one of three types: resin matrix cracking, cracking due to de-bonding between the
glass matrix interface, and de-bonding between layers of helically wound glass and resin.
Over time, water penetrated the cracks in the pipe to the surface of the pipe. The
penetration of the water through the pipe wall was termed a leak or a pipe failure. Leaks

were electronically detected by completing an electrical circuit that was set up by wrapping
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related to better |long term performance. Exanple 4:
Effect of Pipe Cyclic Fatigue dass fibers sized with

w@E2@bng71@nposi ti on A (shown in Table 6) were PEFUSH05/018014

for pipe cyclic fatigue in both an am ne cured and an

thé ggﬁé%ﬁﬂj@ cSilBEvERE%Y fdl. Pherd B eak 9%ds doRBtcAOME6HREr was stopped
a rding to ASTM D2992, part A. The test was

anddhelmorbleet dfeyeles Wirescarded. HBhepipawas thes dakepepyrt g the wall
and oggggl n the anh dr de cured epoxy pipe. The pipes

thigkpess RIPP YVARS nner as descri bed above in

Exa Qe [ L.

pr 02@{ raga i l@a@i{l ?ﬂfo ort h%gaﬁ&ﬁ{ﬂlgﬂ{}%sﬁ{lg& ex a%p e ,d tg%an% using
lirpactegressiofl. BThe b gaphmoxf thehebly stéds was iphdtet agginsethe logarithm of the

install ed vvlth end flttlngs that had a port to _accept
cyfte e hefrplenivgre thebempascd ineeletise a\b@gp ﬁ#rP%S@advéﬁieﬁmmng the

RS EA SR BPLR! 1R GG U Ml BPEIcRe Bfiducted, the higher

thdp@r&’@ﬁfaﬂbd: ZElk redifiles @y Glh(ﬁmi asTibigor ate was about 25
cycles per mnute. As the test rogressed cracks
appeared in the pipe due td pplled pressure.

IIIC% C1 de) al y I (..dl I ll ec S. [SIS1IL

matri x crackin ":Teh{; |ng due% g glgr%ée gt e ggzﬂ d
t he g}l ass mat f ac haEE- He wggﬂf,gy e Cure
RpyipgPgodyct e BiRe (ygleist noplg? dsslesatl | Pas, Ryclegat| thipe Cycles at
wat er penet [ at #H3¢hpesicr ack$5.03° ptie pi p%§$i§2}?$|e sur Baed psi
of the pi pe/ Hoepdmes r at iHoopditreshe | whioep Stigssouigh Hdop Stress

SpifeAwal | was te d a lleak qr_a pipe failure. |Leaks
(&ﬁ[@orﬁ!&@d roni ca{]ir%? det ect ed6§§ corrpl eti ﬁ%}’yan 1030

Cght?&l[Al cat ¢l rcw@ztnat WS 5g¢ Up by vvrgﬁal ngt e pipe

¥ bUIIU Jbll VA IIEL d.l | UI | . V\'ICII ql | cdAd asS
C&’é&f?-l, ed,—the—counter wis—s{—eppeel—eu 0 of 005
_C_ég@ﬁ%@r_@pre recoP8®d  The pipe was then taken art 315

and the wall thickness of the pipe was neasured. The
dat t ai ,ned romthe cllctetln and ...
£t crbts S0 e e ged] Ytk lob it 8 Bh vidR sikihg Coffposition A
ha'd%@fdv‘é@ @&fcykﬁ@falﬁ%@@c&hﬁ%ﬁ% tofipedthedd whh ﬁ%oﬂﬁbl dd¥€ompetitor
 ogarithmof "the cycles.” The sanpl es were then
siziogrp@mpehitnnss éinpmtvmwlpe hidip fatiguessn alhelv deglmr mamufmgurer to

‘ 1‘6351 ne &0 %g%&?égeg@g% g;gliltaélg fm%lc%tgnﬁﬁ% ﬁ%l::l]ee ]tegél ol}?eak resistance. The

thidgEf \951%9 Cesultf a h&RMLiLS irPth8 pReVWVekdll WaBhear a reduction in

materials used to form the pipe ,which may result in a reduction in manufacturing costs.

Example 5: Effect of Cyclic Fatigue
Glass fibers sized with Sizing Composition M (shown in Table 10) and Control A,
a current commercial epoxy compatible product for filament winding available from
Owens Corning, were each helically wound about a mandrel and cured to form amine
cured epoxy pipes. The control product used sizing chemistries for epoxy filament
winding that included silane coupling agents, epoxy film formers, and various lubricants,
but no polyurethane film former.
TABLE 10
18



TABLE 9 Table 9 shows that pipes made with gl ass
fibers sized with Sizing Conposition A had inproved
w@ee/oemed i ¢ fatigue conpared to pi pes made w PET/UR®05/018014

contr ol

and conpetitor sizing conpositions.

| mprovi ng

pi pe cyclic flatigue can al T qwsg i O6mPBaKHEAN Urer to
reduce the thi ck momntshe pi pe wal l)/ and maiftain the
same | evel of }am, —The I. er—wat| may
result in a re °§3ng2 ) pi-pe-s 25”,“ wei ght and
a reduction iln B@tb@fldgﬂgﬂmpd to_f ol he pi pe , whi ch
may result ir a r Al87%on i n manuf addldr i ng codt s.
Exanpl e 5: Ef|fsesticXcidydos) [Fati gue @llass fibgrs sized
wi th Sizing (onpegj ddeoms® (shown in sgble 10) |and
Control A a CURL& 6Wr0| at EDOXQISCOﬂ'pa[I l e
product for ff (6)' avatrran T om-Onens
Corni ng, were 5 —mund—agagu(—a—mdrel and
cured to forr ani nJ‘E@lred epoxy pi pdd0 The control

product used €} Fpog® 82emil8s PEAS/EHH epoxy fil anent

wi ndi ng t hat hpblyﬁmihalelfﬂnﬁfoﬁmm(ﬂam) agents, epoxy
filmformers, Chngiyadégptopylttifictdrysiland ErSi’hcones)

pol yur et hane 4 Lm,f\RiHR e g ﬁ%}g&,@g&%e 8%
P105/L101 (2) spg Ip\élw

g- gl yci doxypr @p 0X . a
pol'yothylene. o E%tﬁ%vn%@?% %“%(S ﬁ%%l}t( merysﬂidﬁﬁ%es: Inc)

pol yet hyl enei m ne pol yam de salt (Cogm s) (6)
quat-flahds ﬁ&g‘ﬁwntteét@cﬂfdrg e;?éd 11@&% e A&BRIiNg to ASTM D2992, part
I ndustries, Inc The pi ret en tested for pipe

A cSFhé samplag woreeoapamaddiynglactinAShvdDRAB8L anddeternAininglike

npl es wer ared _by sel ecting_.a_ho tress and
coREtRaH] %wglehe of Gistesed36 RERUHS forthgp %391? The
results are set forth in ﬁq@ TABLE | TabI e 11
shows that pipesmadewth Q'EE:ii'Iﬁlﬁg S i Led with
SizingM a size|that
Roving Product Pipe, Cycles at
25,021 psi Hoop
Stress
Sizing M
(with polyurethane 962
film former)
Control A 450

Table 11 shows that pipes made with glass fibers sized with Sizing M, a size that
included a polyurethane film former, had an improved pipe cyclic fatigne compared to
pipes made with the control sizing composition. Although not wishing to be bound by
theory, it is believed that the presence of a polyurethane film former in the size
composition may be the factor that improved the cyclic performance, and thus improved
the mechanical strength, of the pipes sized with Sizing Composition M.

The invention of this application has been described above both generically and
with regard to specific embodiments. Although the invention has been set forth in what is

believed to be the preferred embodiments, a wide variety of alternatives known to those of
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i ncluded a pol yurethane filmfornmer, had an inproved
pi pe cyclic fatigue conpared to pipes made with the
W@ wb0wi16%i zi ng conposi tion. Al though not w shPemUS®oOfe18014
bound by theory, it is believed that the presence of a
skﬁpinmdé &t RaN6e §éléd%cf AR thé PerfeRie dfscFRueO Mpe SitdnBibn fdot
be the factor that inproved the cyclic performance,
otlareriseHinsitédypxapetdr theerenitstoarmfdld claimseagtonth bstow.he
pi pes sized with Sizing Conposition M The i nvention
of this application has been descri bed above both
generically and with regard to specific enbodi nents.
Al t hough the invention has been set forth in what is
believed to be the preferred enbodi nents, a w de
variety of alternatives known to those ofskill in the
art can be selected within the generic disclosure. The
invention is not otherwise linmted, except for the
recitation of the clains set forth bel ow WHAT IS
CLAIMED I'S: 1. An aqueous sizing conmposition
conprising: an epoxy resin enul sion containing an
epoxy resin having a | ow epoxy equi val ent wei ght and
at | east one surfactant; one or nore organosil ane
coupling agents; a cationic lubricant; and at | east
one acid. 2. The sizing conposition of claim1,
wherei n said epoxy resin has an epoxy equival ent
wei ght of from 175 - 225. 3. The sizing conposition of
claim1l1l, wherein said acid is one or nore acids
sel ected fromthe group consisting of acetic acid,
boric acid, nmetaboric acid, succinic acid, citric acid
and formc acid. 4. The sizing conmposition of claima1,
further conprising a nenber selected fromthe group
consisting of a polyurethane filmfornmer and an
epoxy/ pol yurethane filmforner. 5. The si zing
conposition of claiml1, further conprising a borate
salt and wherein said acid is selected fromthe group
consi sting of acetic acid, succinic acid, citric

20



acid and formc acid. 6. The sizing conposition of
claim2, further conprising at | east one nenber
W@ 20060086 from t he group consisting of a non-iPCI/TS2005/018014
| ubricant, an antistatic agent, .a polyurethane film
nggT@gC@pgNgﬂ)ﬁpoxy/polyurethane filmformer. 7. The
si zing conposition of claim1, wherein said
or ganosi IAmaqlmuplsnzng c@gmqsltlonnpmpsesgan epoxy sil ane
coupling agent. 8. The SIZIH%’ osition.o

Aher el n s GPosisasRn PRSI GHTETOnT Sy SEun bR & epory
111043t bk SpfRERLNt of from about 60 to
© ﬁ%b@%@%gﬂv\élg t so oells daid coupling agent is
pr esent icrneecﬂlmﬂorslozgangsﬂamapomlingcagemtn an anount of
fromabout 1 to about 15% by weight solids, said
cat i oni c 3 ¢aAsoRicAHbriGagt; ﬁ‘lnésent in said sizing
composi ti unt of from about 0.01 to about
2. 0% by ﬁ%.j%?’%%}?gg and said acid is present in
sai .si zi Tige sigiARosinpogition of dainphntiireinfsailirepoxpdesinthas an epoxy
0.01 to about 5.0% by weight solids. 9. A reinforcing
eqpjvistant wetehf phiromtl 7Pea®®S-partial ly coated with a sizing
ConpjoSI t 'ﬂ{é S cblﬁbgﬁn@r{]o rﬂ&ﬁﬁll rvﬂ?er&n%%'a%iﬁg one or more acids
cont’di ni ng- an epoxy- resi
seRGted \fedne tHe gh@ipbnsRtidg af adeeaamdplbt&usatﬁd al(l‘dtﬂﬁinc a0l swcinic acid,
nor e organosi | ane coupling agents; a cationic
cirigigeidoandtformisd@cisk | east one acid. 10. The reinfercing
fi .be malt'Fhe ?i%gggﬁg?%tp (Iglar]gtoclg i 'Hu%{xerga&r S'af”}hgmber selected

rei nf'or ci ng 'S s€el'ec

fréif fisd Sbinh Bordstia @8 8 pblyRfdilsane Fdek foirest @H%ﬁ%pf)k}bﬁ(ﬁl?hlrethane film

carbon fibers and synthetic polynmer fibers. 11. The
foyna¢rnf or ci ng fiber material according to claim 10,
wherei n ui.-va f. i is from175 -
pos 515, e eBR APt D oDt ety gt and

witdréih Ehililacid 1 s6186Ed EBAPIE S Bhsisting of acetic acid, succinic acid, citric
acid and formic acid.

6. The sizing composition of claim 2, further comprising at least one member
selected from the group consisting of a non-ionic lubricant, an antistatic agent, a
polyurethane film former and an epoxy/polyurethane film former.

7. The sizing composition of claim 1, wherein said organosilane coupling
agent comprises an epoxy silane coupling agent.

8. The sizing composition of claim 1, wherein said epoxy resin emulsion is
present in said sizing composition in an amount of from about 60 to about 90% by weight
solids, said coupling agent is present in said sizing composition in an amount of from
about 1 to about 15% by weight solids, said cationic lubricant is present in said sizing
composition in an amount of from about 0.01 to about 2.0% by weight solids, and said
acid is present in said sizing composition in an amount of from about 0.01 to about 5.0%
by weight solids.

9. A reinforcing fiber material at least partially coated with a sizing

composition comprising:
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| east one nmenber selected fromthe group consisting of

a non-ionic lubricant, an antistatic agent, a
w@oiogeashane filmformer and an epoxy/ pol yur epdiENS2005/018014

filmformer. 13. The reinforcing fiber nmaterial

accor di NGarf okl #ési SmulfeRrcohRinAd sh §90x9 rbsin BBENL b 16Weoxy

aci ds selected fromthe group consisting of acetic
eqabiatent eight amtatdgastrenapwiacentici d, succini ¢ aci d,

citric acid and formc 'fCi d.‘iéA. The reinforcing fiber

mat eri al WEBIHRGTEFORAP FOUPINEASPN Rer  conpri sing a

menber sel g6 I(lﬁlgggng.%dgroup consisting of a
pol yurethane filmformer and an epoxy/ pol yur et hane

filmfornaieasilane acie rei nforcing fiber materi al
according to claim14 wherein said organosil ane |
coupl® ngg?a‘beeﬁ‘?%nf%w@rﬁ@égla&vaéﬁ%@gg r%%éme U ﬁ?rﬁlg said
. | | . .
rofjine SRy mbltfi 8 Ricolol i e RSy o AR A Riied
glaiflbers tatbos fibeks @aad eyhthetizpolymerdiberp consi sting of

acetic acid, succini¢c acid, _ citrig acid and formc .

aci dt1- 17. The reaioucaecdiher amigsisd pecordipg fa-¢laing dRnivhessin gaid epoxy
cailyiigl Wenpls Aghnyerohao fibers at |east partially

ICoated vvlgth a Sl zing conposition including: an epoxy

r esi1p. enullsd rethforeitigaiver Atitedial aswordihgtudlaiin Ve fghherepoyyising at

resin and at | east one surfactant; one or nore . o
legst gammsmbgneelectrsbirom dhagronp sonsistiagof g gpa-iprjp lybaigant; an antistatic

d | t ' ' it
o3 b i e At B5hS adtin cfO8 A QAR Aufi ARE.
epoxy3. eqUTAleRiToreiMe filek nekerfal adBoidibg to AZitn 9, W0herdinaid acid is one

reinforced conposite article of claim18, wherein said,
oradrd afids selected fraprthe grupsosustmgaf@ceticoreid. herigeeidpmetaboric acid,

caonsi std' ngrciof .gce i.c_acid, boric acid, netaboric acid,
85 pei Ry 4

SUCHHES 461 % TEYE'Y and formic acid. 20. The

rei nf4or cethRIFORideeiRE hiatdridl &cofdig 0 dfim YA &uRhdt cdipLising a
mgrglgéyselresgd r%rom the group consisting of a polyurethane film former and an
epoxy/polyurethane film former.

15.  The reinforcing fiber material according to claim 14, wherein said
organosilane coupling agent comprises an epoxy silane coupling agent.

16.  The reinforcing fiber material according to claim 9, further comprising a
borate salt and wherein said acid is selected from the group consisting of acetic acid,
succinic acid, citric acid and formic acid.

17. A reinforced composite article comprising a plurality of reinforcing fibers
at least partially coated with a sizing composition including:

an epoxy resin emulsion containing a low molecular weight epoxy resin and
at least one surfactant;

one or more organosilane coupling agents;

a cationic lubricant; and

at least one acid.

18.  The reinforced composite article of claim 17, wherein said epoxy resin has
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23.  The reinforced composite article of claim 18, further comprising a member
selected from the group consisting of a polyurethane film former and an
epoxy/polyurethane film former.

24.  The reinforced composite article of claim 18, wherein said reinforcing fiber
is selected from the group consisting of glass fibers, modified glass fibers, carbon fibers
and synthetic polymer fibers.

25. A method of making a wound reinforced composite article comprising the
steps of:

applying a sizing composition to glass fibers, said sizing composition
including:
an epoxy resin emulsion containing a low molecular weight epoxy
resin and at least one surfactant;
one or more organosilane coupling agents;
a cationic 1ubricanf; and

at least one acid;
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a cationic lubricant; and at |east one acid;w ndi ng

said sized glass fibers around a mandrel to forma
wowwatodAse i cl e having a desired shape; and heap@nysSma#/iso14

wound article to cure said sizing conposition and form
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of claim25, wherein said epoxy resin has an epoxy

havmgmﬂalmedshawsgtd of from175 - 225. 27. The net hod of
claim26, wherei.n said si,zing C i
conpr i selealingspigivgouny, aftlcé%to %%egag? el % g)ﬁ%ﬁ Og%ltog%d form a
Wo%&%&{fggegg&gbggt% SiQup consisting of acetic acid,

sSuccl ni ¢ acl and formc acid. 28. The nethod of cI aim
26, 26her @h@mﬁhod afclaimi?S, whereor sabenoxadpes haedneenogy equivalent

fromt he % consi sting of acetic acid, boric acid,
We@f%@‘i’m “succinic acid, citric acid and formc

aci gy 29Th€ BR Rt 1thifl26C lgﬂbﬂa%m §ibnb B Fp6SIaDA RSHHRE comprises
the“step o renoving sald mandrel from said
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28. The method of claim 26, wherein said acid is one or more acids selected
from the group consisting of acetic acid, boric acid, metaboric acid, succinic acid, citric
acid and formic acid.

29.  The method of claim 26, further comprising the step of:

removing said mandrel from said reinforced composite article.
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