DESCRI PTION Title of Invention: PROCESS FOR PRODUCTI ON OF GLASS FI BER
FABRI C HAVI NG SI LI CA M CROPARTI CLES ADHERED THEREQN, 5 G.ASS Fl BER
FABRI C HAVI NG SI LI CA M CROPARTI CLES ADHERED THEREON, AND

FI BER- REI NFORCED MOLDED RESI N ARTI CLE Techni cal Field [0001] The
present invention relates to a process for the production of a 10
glass fiber fabric having silica mcroparticles adhered thereon that

Is excellent in resin inpregnation_property by adhering silica

m croparticles, a glass fiber fabﬂﬁg(ﬁﬁﬂ’ﬁ(ﬁﬁl ica mcroparticles
adher ed thereﬁnl, %a fiber-reinforced nolded resin article.
Backgr ound ArtWEAlINySRtion:r ecent years, fiber-reinforced nol ded
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preferable to use a glass fiber fabric in which mass is small an

t hi ckness i s RESIN ARIOCILEi s preferable to uniformy dispose a gl ass

fiber fabric in which weaving yarns (filanents) of glass fibers are

25wi dened, i MeshhidaddEield nf orced nol ded resin article and snooth it.

Further, in order to further increase the CAF (Conductive Anodic

Fil ament) re$P@@HnThe pregent invantionaelates the proeass far thecyrodiiction of a

transparent sheet a the |jke,,a further jnprovenent in the resin

i mpr elg)nat i on g?f’isépéb?ry?g?ﬂcgﬁégglg silice migropagicles edberedether¢modiyt is

Ther ef or e, convelPtionaI I¥ .it has been considered { hat ) .
excellent 1 Tesin 1mpregnation property by ad%ermg silica

(1)

microparticles, a glass fiber fabric having silica microparticles adhered
thereon, and a fiber-reinforced molded resin article.
Background Art

15 [0002] In recent years, fiber-reinforced molded resin articles
comprising a glass fiber fabric as a reinforcing material and comprising
an epoxy resin or the like as a matrix resin have been widely used for
printed boards, transparent sheet materials, and the like. Recently,
with the miniaturization and weight reduction of electronic equipment,

20 the requirement of the thinning of fiber-reinforced molded resin articles
has become strong. For the thinning of fiber-reinforced molded resin
articles, it is preferable to use a glass fiber fabric in which mass is small
and thickness is thin, and it is preferable to uniformly dispose a glass
fiber fabric in which weaving yarns (filaments) of glass fibers are

25 widened, in a fiber-reinforced molded resin article and smooth it.

Further, in order to further increase the CAF (Conductive Anodic



5 fiber-opening treatnent for glass fiber fabrics and the provision
of silica mcroparticles to glass fiber fabrics are perforned in
order to inprove the snpbothness and resin i npregnation property of
the glass fiber fabrics. For exanple, a process of renoving a sizing
agent attached on glass fibers by a heat treatnent, then inmmersing a
glass fiber fabric in an 10 aqueous di spersion of silica

m croparti cl to provi.de a z;}{rface treatnent, and then providing a
fi ber - openi ng:slqu@%}% Reistagce i pried hoards et transperencyr of fransparent

sili Cﬁ._ m cro?@ﬁ%@?gggi%gﬁse?%%@%? igr{%ﬂﬂltrg#‘t_ IBi teratEu_re 2. By
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I nventi on Techeismbotinetd amd résdf Obipregnation , prepeaypbf caki ghss ffer
reinforcing materials utilized for thin fiber-reinforced nolded resin

articles, fufabres.i nporosxameplesaipuocdse of esinovinga siping agentrattaehed yn
snoot hness, and appearance properties of glass fiber fabrics are
requi red. 5[ @essiiihess by irchcahdieatments theneimymersing addasy fiberdfabrickatmant
Litergture 1, the fiher-opening treatnment is, provided after the heat
treattent i s 2HBFPEY n@gperg t rséff;@# elnignep & ntp, pravideala fuETass,
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the case of a thin glass fiber fabrFic, the 15occurrente o

problléms is sfgsilicecaritrofa®i€l8y Bheleséiibed IhPHE@S qiiterhfiyenyi onghas
been made in view of the above problens, and it is an object of the

]E)_r esent i nveattachingsilpreomictepartilecens dlass fiber faboﬁu;ﬁiﬁ@&%r_o@:e@_e@ss
i ber fabric having silica mcroparticles adhered thereon ichis
excel | ent i ndasgriksd ingBatgnt Literature 1 and Patent Literature 2, in this manner,
certain resin impregnation property can be improved.
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Technical Problem



20 inpregnation property, snoothness, and appearance properties and
in which resin inpregnation property are stably maintained, a glass
fiber fabric having silica mcroparticles adhered thereon, and a
fiber-reinforced nolded resin article. Solution to Problem 25[0009] A
process for the production of a glass fiber fabric having silica

m croparticles adhered thereon according to the present invention is
a process fg{g Broductl on of afﬁll ass fiber fabric having silica

m croparti cl éhﬁféﬁewfelaécﬁ? iatians Hos reinforcing meqtarialscndlized for
attached or fuse t surfaces ass fiber fabric
to adhere th %b@’ér I'Sﬁé 515%3§68Wf9§5 %B“ﬁ?i’ HEPYVRHSHLS Bt 818 of

i nrersing the ass qber fabric in

it ached on SRETTIREEpgh RrpEaty, sl SerErePropegias o
m croparticl gagsaﬁ Hcg P_Fes ‘#“i‘%gr m cr opartl cI es on the glass

filanment surfaces 0 fabric; a fiber-opening step of

provi d§ ng a f[gbg(‘;%ﬂﬁ)%&gwbi-?@t]ﬂﬁﬂE pr8ctdied c@%@fi];]ﬂelb%%eﬁf? rrent

whi ch the silica mcroparticlés are “attache

step; and a hhatfiber-6p&tingf trogierit! i%a?rﬂﬁldbﬂeaﬂbﬁ%ﬁeflf\@%r trbatRhdrft iso

which the fiber-opening treatnent is provided by the er - openi ng

step, to fuseesformed; aad thetefobs, thel bemdinpe pasplt fisles @aid dehdttebyr
t he attachrrent ste E on the glass filanment surfaces of the gl ass

fiber fabric.glis ohts causatgby dhe heaptreatasantfmay tivedgar vepentyf a

glass fiber 15 fabric having silica mcroparticles adhered thereon
accor di ng tomm@slpﬂmmatmqvmpsﬁy andesmootbngssass fi ber fabrl cis
i mrer sed m&& ,?ﬁ dlsper5|on of silica microparticles by the
atta nt s § ‘&Oﬁgpy q process desgriped b Patentdliterabie @ in the

ar g ext or ndlb ae?f?epfebin%a B0 Hin 67 SHicR TUpPRIS 'gss%e%'f'gﬁ%ew& ¢
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i UH6 {1 ber oapanim of Heqmroblers¢ IXigsiRane Ther ef ore, the smoot hness
of the glass fiber fabric having silirca mcroparticles adhered

t her eon pr od{@@e8 Jo¥Yheredoye; dhie presemt inoerstieon hhs been phadent viewest then

i nproves, and appearance properties inprove. 5[0012] In addition,
when, after tah@vggar@hihmnanéuteqs ant dljehtaf thegpresent invepton to pravite a
heat-treat the glas er fabric, some or all_of the silica

m croparticl @§°Cf"-l§§e f e PERGRCSION; Iﬁn@n@assarf&eﬁ‘hé'@lﬁ‘ﬂ@rb@vmgeaﬂma,ces

are ensured between the ass,fi.l anents npregnation with a resin is
promot ed by OHErQREcles g‘h@?‘én%e%tm g%ee)@ei{%t fip| aREnek resing

20 impregnation property, smoothness, and appearance properties and in
which resin impregnation property are stably maintained, a glass fiber
fabric having silica microparticles adhered thereon, and a
fiber-reinforced molded resin article.
Solution to Problem

25 [0009] A process for the production of a glass fiber fabric having silica

microparticles adhered thereon according to the present invention is a



10 therefore, the resin inpregnation property of the glass fiber
fabric having silica mcroparticles adhered thereon produced by the
production process of the present invention inproves. Further, since
the silica mcroparticles fuse on the glass filanents, the clearances
ensured between the glass filanents are nmai ntained, and therefore,
resin 15i npregnation property is stably maintained. [0013] Moreover,
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of the silica mcroparticles can be preventeéd. On the other hand, in
t he fi ber- opemicrapastieles dytlienglass Silamenhautfarascrfathergasd fible fdbripyiad,
| ubrication function by the sizing agent inproves, and fiber-opening
effici ency caibes®peningstsy. ofpresd ai fibethepening Heratmpahito ghe tedass
the fi ber-opgg)i ng, treatnment ,is tBr ovided without the silica
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ric and s ress the e of
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that a fusion rate of the si a mcroparticles I1nt ass fiber

fabric havi ng0Gi0]i Agcoidii@nar thec bescess ok et bﬂdﬁ@ﬂphsoﬁﬁfy%%s e
The silica mcroparticles that the glass fiber fabric having silica

m cr dfar ti cl ésbricdtheving tsiéerse onicesjiwetielesandhdred elemont Becaidass to the
filaments, and therefore, the detachnent of the silica mcroparticles
cont ri but i ngprasenk dnventhen, egvhen te glegeerfiberi Hatsimis esmsmerseadndn ridsi n

i npregnation 20 property .is nore _reliably maintained. Thus, the gl ass
fiber fabricaf@&dusydipersion nof selies umisrepardightsr by thee atiephment atem be
suitably used as, a reipforgcing myateri,al for a thin fiber-reinforced
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[0016] In addjfi in_the oce for, the,production of .a,gl ass

fi ber 25f abr g%a hagpﬂchgogi ﬁ]%%iaﬁﬁcﬁ ‘?Ii‘tﬁc‘l”étbgggﬂ@g@deﬂ?@@o 158c3Pdi ng
to t?@ presephcitf&\ﬁ%tg %@ersi t is preferable that as the fi ber-opening
treatnent, a P )

[0011] Therefore, when, after the attachment step, the fiber-opening
step is performed to provide a fiber-opening treatment to the glass fiber
fabric, the sizing agent functions as a lubricant, and the fiber-opening
effect of the glass fiber fabric is promoted. Moreover, the sizing agent
25 prevents a large displacement of the glass filaments, and therefore, the

occurrence of bowed filling in the glass fiber fabric in the fiber-opening



| east one of a fiber-opening treatnent with a water jet, a
fiber-opening treatnent with a vi browasher, and a fi ber-opening
treatnent with an ultrasonic wave is provided. By using these

fi ber-opening treatnents, the excellent snoothness of the glass fiber
fabric having silica 5 mcroparticles adhered thereon obtained by
the production process of the present invention is ensured. [0017]

In addition, in the process fqQr the production of gl ass f.iber .
fabric havi ng*'sR 1§ SWPRFFEEpar eé@%ge,a tgﬁ@ﬁe theczlarsifikgr fabriqe
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m croparti cl enicaoparticteaciuee onrthe gast Hilangdressarfd tierefore selefaaess afe a
gl ass fiber fabric to 20adhere the silica mcroparticles. [0019]
Accor di ng t o enRaregl hebveédmdhe felass filamentsg dimpregnatian opith ta aksis is
adhered thereon acccf)ﬁ)gl{i gto thewzéesent i nvention, the silica
ni croparti cl é50m9sed iethe ersiired wieareness betveannthesglass dilaments, and
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havi ig si | i canpregoapont property dsliiabbdriahetawd, is 110 g/ n2 or |ess. By
decreasing the mass per unit area to 110 g/nR2 or less in this manner,

it is possibl@0ld Mareovére biyi cerfemmitg othet hattadhamentf i dtep famidr i theand
i nprove resin, inpregpation property. Thus, the glass fiber fabric
havi ng si | i caibsropspag step deforeribedieating step, thensibiea usistoasticles can
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~ fiber-opening step are separately performed, and therefore, independent

optimal temperature control can be performed. Therefore, in the
attachment step, by decreasing the temperature of the liquid, the
25 aggregation of the silica microparticles accompanying an increase in

liquid temperature is prevented, and soil on the glass fiber fabric due to



20 satisfying the above condition, excellent snoothness can be

obtai ned. [0022] A fiber-reinforced nolded resin article according to
the present invention is one in which any of the above gl ass fi ber
fabrics having silica mcroparticles adhered thereon is used as a
reinforcing material, this is inpregnated with a resin, and the resin
is cured. 25[0023] As described above, the glass fiber fabric having

silica mcroparticles ? heriii% thereon that is the reinforcin
material for A885C831°HEF N FINCR IBICHOPHTIGISS Gats be PEevanied i@net%@é:ﬂl@mt

in resin inmpregnat.iogn pioperty. snmpothpness, and appearance

properti es, apr?gllat H’ér@?oﬁ@ﬁé%‘%&%g OHsi 9 dnErsRAsg; Hieiemperatusg Hjthe

t ranspar ent S, 1.8l . .al the.like., The resin used is
not parti cul gﬁg&’l il%%@g%l%néﬁg%gﬁl gg g#]et SERE c 8BFRY LRRIQYCS:h AR
fol l owi ng. [Gfigd] I erposelti; pns f jnted bgard
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resins, allyl resins, Silicon resins, benzoxazine resins, phenolic
resins, unsatsilicd exicpsparteles; angsiheseforé)dits (R hoksiBld €0 tfipprbiestress
resins, alkyd resins, furan resins, nelam ne fesins, polydrethane

resins, and applieddortheigiass fib@2fibricnand dippress tflexdephesn@ of bowed
thernopl astic_resins for printed board applications include

pol ypheny! endilingeand Sgwssin fh@nglaiss)rfﬁ:}erdgmp.- milthief¢ fede, pibiey gipeaydreee
ether resins, alicyclic hydrocarbon 15 resins, thernoplastic

pol yi mi de r ereRertigsof dhe &lasst fiber fabrisnkavingmidica sitreparieley etdhered

sul f resins ol yam dej,m de resing, polyesterjmde resins,,

pol yg]rstfer r eg?ér’f?,gn [E%?@‘l‘)qegfl?% oductipg W@@%ﬁﬁ@%&h$ PESSRL IyenyaRicas
resins, pol y#e'% &9 al resins, polyvinyl alcohol resins, polyvinyl
acetate resins, 5 y% th)acryl ate resins, and pol yoxynet hyl ene
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addi tion, exanples of thernoplastic resins rans

sheet and di finksaseferalleithht 8FRdibASRIONS tHesilive oni -
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more. The silica microparticles that the glass fiber fabric having silica

microparticles adhered thereon adheres are fused on the glass filaments,
and therefore, the detachment of the silica microparticles contributing to
resin impregnation property is suppressed, and resin impregnation
20 property is more reliably maintained. Thus, the glass fiber fabric
having silica microparticles adhered thereon can also be suitably used as
a reinforcing material for a thin fiber-reinforced molded resin article for
which high properties are required.
[0016] In addition, in the process for the production of a glass fiber
25 fabric having silica microparticles adhered thereon according to the

present invention, it is preferable that as the fiber-opening treatment, at



pol yet her sul fone, pol yphenyl ene oxide, or blends or block or graft
copol yners thereof [0027] In the present invention, a glass fiber
fabric having silica mcroparticles adhered thereon refers to a gl ass
fiber fabric in which 5 silica mcroparticles are attached or fused
on the glass filanment surfaces of the glass fiber fabric to adhere
the silica mcroparticles. In addition, a glass fiber fabric having
silica mcroparticles a@ﬁg&sd t hereon neans _a glass fiber_fabric in
whi ch silica [RpsrFpart Adier-epeaing deatant withgg awater jetaadiherapenings

of the glass fiber fabrjc tg adhere the, siljca 10n croparticles, when
particul ar | y EHAMEeRE 4L I-%r""ob f‘%"ssaqq BeJﬁB?%BP‘?IBngsm' tiept i with an
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addition, in the ent 1 nvention, I ca mTropar I'ng fused

on gl ass fil ahepreseut irvepsiohds ehsured, as a result of a heat
treatnment, silica mcroparticles being in a state in which sone of

the silica m[60bPhit iaddiSomein thangravess ffox ate Grodnetion i\ odissBbEr
glass filanment 20surfaces and being in a state in which the silica

mi croparticl dabde hesting dsitiaz micropartictesghdberetli thereot acceitgeootirer
hand, silica mcroparticles being attached on glass filanment surfaces
refers to si [RIENGIBYPEM, It Iepraieiable thata sass per mnithareh afltbeglassca

urt albs. mai AP HgbBO eSS BURATTESTPRRCIS FOIPreAdNBEPds T O/svare
} inl \th%ﬁthst B;l s'gL;ﬁ%(%n é%%gtnilé:s_ls%sér Rt aoll'gé (():rhbr nr'rlhto??es%l ﬁsigpossible
to thin the thickness of the glass fiber fabric and improve resin
impregnation property. Thus, the glass fiber fabric having silica
microparticles adhered thereon can be used for a reinforcing material for
15 a thin fiber-reinforced molded resin article.
[0018] A glass fiber fabric having silica microparticles adhered thereon
according to the present invention is a glass fiber fabric having silica
microparticles adhered thereon in which silica microparticles are
attached or fused on glass filament surfaces of a glass fiber fabric to
20 adhere the silica microparticles.
[0019] According to the glass fiber fabric having silica microparticles
adhered thereon according to the present invention, the silica
microparticles that the glass fiber fabric having silica microparticles
adhered thereon adheres are fused on the glass filaments, and therefore,

25 the detachment of the silica microparticles contributing to resin

impregnation property is suppressed, and resin impregnation property is



i npact or the like. [0030] In addition, in the present invention,
glass filanment outer surfaces in contact with outside air or the

|l i ke, and glass filanment gap surfaces surrounded by a plurality of
glass filanents are included in 5glass filanent surfaces.

Advant ageous Effects of Invention [0031] According to the present
invention, a glass fiber fabric which is excellent in. any of resin

why chr osi n I RBROGRIALIS B UARRLy A S8 Bty Toer AR diroRs BECS
roduced. Th £ hi nnin fiber-reinforced nolded resin .
grt i gl es can LCTEE%T%%%&?%%‘?%&@AW?&%SFQ%@W FthelHa%ﬁ]éﬂlggr
d the tran [+ . ] A d. Br.ief
Descr i pti o of T Sncraci e aaaa0 et RRChrtceaty icAHiEH Bopethp e
showi ng one g¥afpkg of steps carried out in a process for the
producti on of g glass fiber fabric having silica mcroparticles
adher e§l t her 0020 toritienglak® fterefitell WRving CRRGS hﬁéﬂdfﬁrt‘i’édles adhere

Enbodi ments [0033] An enbodi nent of a process for the production of a
gl ass fiber Zhefeshraccobdivipny el present Biveption) itlis prafirghledthaharaes a
gl ass fiber fabric having silica raicroparticles adhered thereon, and
a fiber-rei nfpgrcenit natededt rthei glaas tfibére falrioritdiving t silith emiurepanicles
invention will be described bel ow,in detail with reference to the

dr awi ng. adperssutherpuie 110igma ofiless. anBydeereasing) the xaasp Iper aihit
steps carried out | n,a; process for the production of a glass_ fiber
fabric havi ndré 19 iﬁd gy %%SPF%F‘& mRIerdd 18 peysills ta dhisrthe dgicknetsni s

embogyrent . A% the glass fiber fabric and improve resin impregnation property.

Thus, the glass fiber fabric having silica microparticles adhered thereon
can be used for a reinforcing material for a thin fiber-reinforced molded
resin article.
[0021] In addition, in the glass fiber fabric having silica microparticles

15 adhered thereon according to the preseht invention, it is preferable that a
mass per unit area, X g/m?, and air permeability, Y em®-cm™s™, of the
glass fiber fabric having silica microparticles adhered thereon satisfy a
condition of 0 < X x (¥)'? <300. When the mass per unit area of the
glass fiber fabric is small, its air permeability tends to increase, but by

20 satisfying the above condition, excellent smoothness can be obtained.
[0022] A fiber-reinforced molded resin article according to the present
invention is one in which any of the above glass fiber fabrics having
silica microparticles adhered thereon is used as a reinforcing material,
this is impregnated with a resin, and the resin is cured.

25 [0023] As described above, the glass fiber fabric having silica

microparticles adhered thereon that is the reinforcing material for the



shown in Figure 1, the process for the production of a glass fiber
fabric having silica mcroparticles adhered thereon according to this
enbodi nent is conposed of a weaving step of step Si, an attachnent
step of step S2, a fiber-opening step (first fiber-opening step) of
step S3, 5 a heating step of step S4, a silane coupling agent
treatment step of step 55, and a fiber-opening step after the heating

destr i bed ber e BN Toloek spstnabels i enorLion v iR drmmpeBatirep
o g A R BT S AR S
gl'ass conposih BAc ke GEPERGL e hnrflt heed HisSla i GRuds, b7
L P et (S A B A e

nor e p§ ef er abkyindngMdertht $6jowhkis.and further, particularly preferably
3to5 gmfor applications for reinforcing materials for thin

fiber-rei nf or[0624rbixdathlessf thanidsetthsy rdsD038&r Pritted ! sesd fa??ﬁbaf{&i@
formng the glass fiber fabric is preferably formed by 25 to 500

gl ass fil anenneludei egokyntiséns, thredmiosetiimpe modifiedatolyplesybehddyethér t o
300 glass filanments being bundled. In this 20 description, "a |ower
limt val ue tesian, thepaosetting: pelyimide resims wea nwgsins, aliyl resirge silicom
lower Iimt val,ue or nore, and an upper linmt value or_less. [0039]
The count of rFﬁBSgEP%Ri@Xﬁ@S@rre%ﬁnpﬁ@f}JKeEéMbWSWt@@)PQB@S’C%K:%SIRS;e

Cor r clbonds HSTRBIRAS 'tr%@‘quiﬁe‘éﬁ%sa%?ﬁwgfmi)ﬁfra%%is{ %Eﬁﬂfé%&?sms,

25[ 0040] | ' dZ i . [

chvergang ﬁ&ﬁ?%&%&gﬁf@fgﬁ@lﬁegﬁﬁg%l In; gfset heo\r/va£ p? and tEe
i ke BEx | o . J . .

{11 m  or m g D02 14 AUBILE Aeofdes b REEatc kT 45T bpid e ©
The sizing aagBlioAfons ONRichi® arpdlivbhadfiche a8cBRE! Chedifls A9%fnctiBhall Ne

| i ke. [0041] For the attachnent ‘a nt ‘of the sizing agent i

gl ass fiber groapmedificde palypienyiaie asmunt reding Nalisydid dhdiethrtich
preferably 02{ to 3 partspgl/ mass, nore preferaf)ly %?5 to 1.5 parts

by melss, wit nesinspihermbplato poiyimideyreshes polydther eties skdtbixe (PEBKDS -
The range of the attachnment amount of the sizing agent described
above, or theesing,aeolyether anifone resinshpokyianiideinsgenesinse pohyesterimide
particularly specified repr esentf t he 10average of the attachment
anount of t h&eSNSiRAIYesentesis polwalphnresips pelyskrenaresing palstamide
resins, polyvinyl acetal resins, polyvinyl alcohol resins, polyvinyl
acetate resins, poly(meth)acrylate resins, and polyoxymethylene resins.
20 [0026] On the other hand, examples of thermosetting resins for
transparent sheet and display material applications include epoxy resins,
phenolic resins, melamine resins, and polyester resins.
In addition, examples of thermoplastic resins for transparent
sheet and display material applications include polyethylene,
25 polypropylene, polymethyl methacrylate, polycarbonate,

polytetrafluoroethylene, polyvinyl chloride, polyvinylidene chloride,



[ 0042] The process of weaving is not particularly limted, and
exanpl es of the process of weaving include plain weave, sateen weave,
and twill weave. Waving density in the weaving of the glass fiber
yanms is not 15particularly limted, and is, for exanple, preferably
10 to 150 yarns/25 mm nore preferably 40 to 100 yarns/25 mm [0043]
The glass fiber fabric woven in this manner preferably has a mass per

unit area of 110 g/ nR | ess re_preferably g/n2 or less, in
terns of applﬁéﬁ?t?]@ﬁsg‘ﬁ]{ﬂner @OFNI{}‘}%@D’}@" ,afPrs?’?QﬂdStﬁT blogk or graft
fi ber-reinforced,nol de re%in articles. On the other hand, in terns
of weavi ng pr‘%?EQJWSES, Hlnass per unit area of the glass fiber

o1 chgaopl BOLFRE S9EA TS TR R BN 41
Cerl oot st e BISFpfariicl® Adtod thalddh rBERAPR SIS HoBETabllSh, whRH.°
when tfie nas il mitidpattidas bfe athcled%r fuksd bﬂitﬁiéﬁgésgl%lé.gﬂ%??gﬁrféges

[ 0044] Next, in the attachnent step of step S2, er
fabric is i mafithegliss fiberdabigous adhéﬁé&h&isﬂﬁb&fnié‘tbkhﬁi‘bléﬁ.Cr]ﬁ’]P&IdiﬁSﬁ,es
to attach the silica mcroparticles on the glass Tilanment surfaces of
the gl ass fi laeglasafiberfabriv hdving sithvadhicropartidhes gllrsed thdresn hehnsa
obtained by the 5 attachment step is also referred to as a fabric
havi ng si | i c&lasscibemfabriy s viiclashich ntieroparticlp90as fusadeontthe giasnt
anount of thgﬂsi lica mcroparticles attached on the glass fiber

fabric in thdlamentnshiacest o the pelaser Abey frbuil too adhpee tthoy siicss
of thgsili C%lfé}c%a?ﬁ%fets,i ‘C;slrhee%’ panr?lgﬁla?fyefsséc?ﬁ!ag. 0 e%e,te? g asgaﬁlgerb%{abric
is a fabric obtained by weaving glass fiber yarns.
[0028] In addition, in the present invention, a glass fiber yam refers to
one in which a plurality of glass filaments are bundled. In the present
invention, the weight of a sizing agent and silica microparticles attached
15 or fused is not included in the weight of glass fiber yams.
[0029] In addition, in the present invention, silica microparticles being
fused on glass filament surfaces refers to, as a result of a heat treatment,
silica microparticles being in a state in which some of the silica
microparticles melt and are fixed on one or two or more glass filament
20 surfaces and being in a state in which the silica microparticles do not
detach from the glass filaments. On the other hand, silica
microparticles being attached on glass filament surfaces refers to silica
microparticles being in a state in which the silica microparticles are
bonded on one or two or more glass filament surfaces mainly by
25 electrostatic inferaction and being in a state in which the silica

microparticles may detach from the glass filaments by receiving an
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10mass of the silica mcroparticles, with respect to 100 parts by
mass of the glass fiber yans. The attachnent anount of the silica

m croparticles can be obtained, for exanple, by observing and
measuring the nunber of silica mcroparticles that the glass fiber
fabric adheres on the glass filament surfaces by an SEM ( Scanni ng

El ectron 15M croscope). [0046] The aqueous di spersion of silica
mcroparticles is .a col].oidal solution in which silica mcroparticles
havi ng a vol dHﬁ’a&@é’FﬁbeeLg%rti cle dianmeter of 40 to 400 nm preferably

0.1, 20, GBS SR oo s, e
SRR L T
S 11 C2,m o ORBERERL it bPs RELAS) St AR OB AL IS

as spagers. |dladsGlaPmrtisaifacéy aneter is too large, it is difficult
25for the silica mcroparticles to enter between the glass filanents,

and on the otAdvamisdous Effdres pATRVGIGonli ameter is too snall, the
silica mcroparticles do not function as spacers. [0047] The

proportion of00BE] Meacerdihgttbehs ipréseat ivertioar, b glhesfibet fabrkswaidh 10
the solution i sgﬁreferabl y 0.01 to 5% by nmass, nore preferably 0.1 to
2% by mass. Axcellerd amoamy of resie dinpregnadiom qropenty, shewotlmess, and
contained in the solution, and thus, the silica mcroparticles are
easi |y att acRPRCHANCH PIgPaEiest and dnwhich rasiasimpregnadontprepertsinate i f

t he proportio f the. mass,of the silica mcropagrticles with respect
to the’ sol utig’rb?Yncm@Q%Qe@o CRBr ethBFP‘S%egy rra@g“,lsat Haesfhimng  of

151 R8RSR, SO P O SO0t e 0
oL ached L heseqnand dresiEa ilas LADIRL (LSpbiAl 4 SRR Se8l

40C. It is pegﬁ%qﬁ{ﬁo bat the liquid tenperature is higher because
the notion of the silica mcroparticles in 15 the aqueous di spersion

of silica M BrigkDesGiptiohafPidwimesand in terns of the attachnment of
the silica mcroparticles. On the ogther hand, if the liquid

t enperdat ur e {803t [Figgtei] Figured0H a tdiprain Bl@@wm;g;bﬁ@%khm%ﬂ@éf steps
aggregate easily due to internolecular Interaction, and the

aggr egat es ofauriesl ewl inca pnoasss far thecprestuntipn atftaaglase fibeh &rabhaving
having silica,_ 20m croparticles attached thereon and becone soil.
[0049] The i Fksadninsoparticias asderss thessarpacanrdimgdo an ¢mbadiment.

asi | ca m CDESRHPHONOBE MBI RS qsel |1 which the aqueous o
appl 1 ed i n ¢ IS AD RO AT Shrosist 16r Hic.pduclon atbeless Hhamor
partigul arly il h&¥ng silica microparticles adhered thereon, a glass fiber fabric
having silica microparticles adhered thereon, and a fiber-reinforced
molded resin article according to the present invention will be described
below in detail with reference to the drawing,.
[0034] Figure 1 is a diagram showing one example of steps carried out
25 in a process for the production of a glass fiber fabric having silica

microparticles adhered thereon according to this embodiment. As
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and is, for exanple, preferably 50 to 300 N per unit width. The unit
wi dth nmeans unit | ength expressed in neters (n) in the wdth
direction of the glass fiber fabric, that is, a well direction.
[0050] Tine required to pass the glass fiber fabric through the
silica mcroparticle attachnent vessel is not particularly limted as
|l ong as the 5 above-described attachnment anmount of the silica
n‘icroparticlgsimare, attached,, and the tine is, for exanpl e,ﬁgreferably

1 to 4 secondSwoWmusFigurs ladhe pressss for theepmadugtioneita glesy fibex fahsic
peferaile Cqysposgance e aploral iy ol wdenno tallers
255 15t el ST R T b AL bR
by the i it e ok 0 AU RSP LR A8 i 3,
TS LT ey Ty L S S

! g? g WidPsRerothe H&uﬂ?@‘éﬂiﬂ ggcbﬂtli &Wer—o?gwn

addition, the widening roller is a nenber tha ates tens

the gl ass fi seap)foflstépeS6n Baeherewild be desibédbelandirpdétatier al

di rection when bending the glass fiber fabric, and its shape is not

particul arly [D03§} Eitst, iheheiweavigastepaot stepd®heglaby fibenyhnts mephicdd
by the w deni ng@é_lo ler, and 20the silica mcroparticles easily enter
bet ween t he Gyasdlinggless §lamentsespwoveas ta vbbain agglashBbes tbricng

L R R L
rol | er sj in tﬂfémé?cﬁl @ga)r??(m%qr Prfgthﬁ f’lfsd@ﬁﬁﬁ?ﬁs% g%é@hgﬁ%‘\(ﬂgﬁ%généo\%he
RSN Lt S e I
A0 s T e S I .

ol ke pommpn ool s a2 oo

Here, if the mnor angle | pplied to

the disass filbad fiathere ;a@tiélﬂﬁrlﬂfapﬂﬂ'era@l‘{tjletoo?.ih mhﬁnﬁ‘da%lblicattiQﬁS Mgpor
angle is larger than 120 degrees, the glass fiber fabric is not

suf fi ci ent | yreinfleceny mabail} fosthin fiber-adinferced eadldedtredin apgeleor med,
and the attachnent step of step S2 is conpleted, for exanple, the
fabric havi n{0@38)i The glass fiber yam forming the glass fiber fabric is preferably

formed by 25 to 500 glass filaments being bundled, and is more
preferably formed by 40 to 300 glass filaments being bundled. In this

20 description, "a lower limit value to an upper limit value" means being in
the range of a lower limit value or more and an upper limit value or less.
[0039] The count of the glass fiber yarn is preferably 0.8 to 135 tex,
more preferably 1 to 25 tex. The count (tex) of the glass fiber yarn
corresponds to the mass of the glass fiber per 1000 m (unit: g).

25 [0040] In the weaving step, a sizing agent is used for the convergence

of the glass filaments, the warping of the warp, and the like. Examples
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10 mcroparticles attached thereon is inserted between a pair of
opposed rollers to performthe squeezing of the fabric having silica
m croparticles attached thereon, and then, the fiber-opening step of
step S3 is perfornmed. [0055] Next, in the fiber-opening step of step
S3, a fiber-opening 15 treatnment is provided to the fabric having
silica mcroparticles attached thereon to widen the warp and weft of

o en "B S B0 5 0 TS o g o
{1 ber - opent nd pesitrEts Sardr SLE SRRyl b3l iy virba sibnt mas n
?i \8/2'; ?(r)pjeﬁ;[ hg&ﬁ%@{éﬁ%ﬁ?ﬁ%ﬁt@;@ﬁeﬁ%a |I%:t’h§/)\llgt\}'l i,l e(r?W?fl_ge;i’ bgr - openi ng
treatment of rppgspiFRd thy aﬁa&ﬁheh?m&%ﬁﬁ?b%gﬁg{é% ?,%?nr’%fe %ﬁgﬁgﬁgﬂ&

treatnent, any of” the above treatnents nmm

251 i beg - openifabrié, @t afethnyért hmfouts PRAsHLIg ekt Be phdREILIPREDHHS
treatment with an ultrasonic wave, which have a high*fi ber-0opening

effect, are marts ly sfass,abloes pfeferdbie 0f5 kel -pand By hasawinFespbbiene
treatnments may be perforned alone, or these treatnents may be

per forned i n 100msrtsdey vrass pd oy plash &bkt yarnsop dhiengnie edithe attastirhénta

water jet is a treathment in 5 which a liquidis jetted toward the

fabric havi ngmountef thecyizingr agent slesetibed hbave,herr tenattachmpent arheunt

fabric havi nigs' |ica.mcroparticles attached fhereon, and exanpl es of
i

the fiber-op SIEBE nREeNtWhena nRh ¢t patticalariyh speeidied reprgsendat then

whi ¢ spray_wat er ow, s jetted to, t fabric having silica

micr gﬁp(grt i cl ge%&fm@‘ﬁ W@b%‘ﬁﬁ% Wléoggl}"ﬁlél%%%% sespegkigiice
angle, and a jgn which columar flowing water is jetted to
the fabric hé}{’/&frﬁg}rgﬁﬂz@ﬁm croparticles attached thereon froma group

f ric hav ched ther
o 007715, PO HE SRood A0 e AR £5 Beblfdy BHIAUARS chhpldhe
the |iquid l%f@ﬁ@g%@@bbﬂ&ﬁéeﬁfml\)%lﬁclhﬁggﬁim \Qéa\?éatsaféreﬁsﬁﬂéﬁi‘%{n\si}tggll By

liquid is preferably 0.1 to 2 a, noré preferably 0.5 t
setting the jwetavpr eéﬁw\&n%fdehb'ﬁyﬁﬁ(mé Wda®irtks bf tie AAPEHbeHShAed & Adt

appearance in the fabric having silica mcroparticles attached
therddn are pagpudadedimided] aikis iforexapets, prefetblsigt 1®to 1150 ahs/s
having silica mcroparticles attached thereon 20i ncreases. [0060] The
fi ber - openi n§umy Berapnefevably 49 toi Kibyarss@s mm.a treat nent in which

the fabric hgm ’ﬂ)l ga m._croparticles attached thereon_is opened
using a vibr ef he glassphipen tiabyie svayen an fthisy mpner prefegaly] hamat he

fiber- [ t t t wt ' her, i |_ i Swhi ch
it d 1 o st BpSR Do MEL e of TG O IeSCnnie PORSERDLE PO GloRen

in terms of applications for reinforcing materials for thin

20 fiber-reinforced molded resin articles. On the other hand, in terms of
weaving properties, the mass per unit area of the glass fiber fabric is
preferably 8 g/m” or more. The mass per unit area of the glass fiber-
fabric is a value also including the mass of the attached sizing agent.
Here, the mass per unit area of the glass fiber fabric reflects the

25 thickness of the glass fiber fabric, and for example, when the mass per

unit area is 50 g/m?, its thickness is about 50 pm.
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thereon is pressed against a cylindrical body in which a |arge nunber
of small holes are fornmed, and the pressure wave of the liquid is
emtted fromthe small holes. Then, the fabric having silica

m croparticles attached thereon is opened by the pressing and the
pressure wave on the cylindrical body. 5[ 0062] Exanples of the liquid
used for the vibrowasher include water or organic solvents, such as
al cohol s. A t water is preferable, and_a slight apount (I ess
than 0.01% gﬁﬁé&f@% 1] ecaﬁ%ﬁq’e?%asiﬁp &f stemhilys %@e g@m Aibge dabmig s
if 0.01%by nass or ,nore of siliga m.cropariicles are.present wth
respect 1o ¢ HETUBRGE B RGPS ShaStign: Gontlivh i piswar isies to Stiaeh He

Fob T ona bollgr @c&%ﬁaﬁfﬂﬁ%&ﬁi_@%Lg%f%@%ﬂ‘éiﬁﬁtnhéﬁ‘&?%%u;ﬁ?@@ﬁgﬁgwfr
P o oor e pr of SOARST Hhothieriiilton 24P Mikes THBE HaBHB 0Malikd By ik
pressuse wavettaehiat t @te?e)gistals&efﬁ%h%dl%n ﬁp&eaf&aggﬁ h&lziir} € Pi@ss

fiber fabric are suppres and the fiber-opening effect reases.

[ 0064] The firhiire alaygttachad fesrtomi th an ultrasonic wave is a
treatnment in which the fabric having silica mcroparticles attached

thereon is of80é§] Mhepattachdiong smnowitt eftensificaanieropsdrtiglearattdched i ¢
20vibrator with a liquid or a gas as a nmedium [0065] The nedi um nay
be either of the glapsifibearfabric gndhe attachmentstep is prefersbly SOGL tEk papl es
of this liquid incl tg)ge water or, organic sol vents, such as al cohols,

and this |iqiydmass g dhe siisa migropartiies| mgre peaferably 0.5 $o tihpart y01%
oo 107 0. 0089y ESS IR fBi-EOBRHEIES ST eR8ERRE 10D sl & pFesscdh
2gar egat bs. of P nEET M 3BBbar « o e RRRRE ng oI n @i h s Slder
fabric and begpy o8R! call®he®Wthined, for example, by observing and

measuring the number of silica microparticles that the glass fiber fabric

adheres on the glass filament surfaces by an SEM (Scanning Electron
15 Microscope).
[0046] The aqueous dispersion of silica microparticles is a colloidal
solution in which silica microparticles having a volume average particle
diameter of 40 to 400 nm, preferably 60 to 300 nm, more preferably 80
to 200 nm, and particularly preferably 100 to 150 nm are dispersed in
20 water. The silica microparticles contained in the aqueous dispersion of
silica microparticles may be one type or a combination of two or more
types. Silica microparticles having the particle diameter described
above can easily enter between the glass filaments and effectively
function as spacers. If the particle diameter is too large, it is difficult
25 for the silica microparticles to enter between the glass filaments, and on

the other hand, if the particle diameter is too small, the silica
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[0066] Other than the liquid that is the medium a partition or the

| i ke may be di sposed between the ultrasonic vibrator and the fabric
having 5silica mcroparticles attached thereon, and di stance between
the ultrasonic vibrator and the glass fiber fabric is preferably 1 to
20 cm [0067] The frequency of the ultrasonic wave that the
ultrasonic vibrator generates is preferably 10 to 60 kHz, nore
preferably 30 to 50 kHz. By setting the frequency of the ultrasonic
wave to 30 tdnBwopasiclesedaneisfungiion as;spaseshce in the gl ass fiber

fabric are s I d, and the fiher-opening effect increases. [Q068]
In the fi berﬁﬁ@ﬁf?@lﬁt PEROTBAR ‘2# é3 Snﬁf%be Silea mickepartigiesc with

"ad- Shaped baPRh Peiibt hEIREAN, £ VIR, Ok 19 GrBpY (Hibbe TmOre. -
hed 15 ' | | QUAegl. fqilh d P

br coonce or ABSERA o0 ol B GRRE P 14EF oRRpunf et S el

Th t : | g ' h ki - ' t t '

(he 11 bbr- optncrpartichs; ) CuBREg Ty CRfer SRR °BER s, (8P M=o oc

or nore. At %k%ﬁ&fi@bﬂf&e@asﬁ?%ﬁch@ﬁfcﬁl tize gfask &hfe%@?su?f&@@&”eﬁﬁl '

in
t he sizing agent remaining on the fabric havi'ng glass mcroparticles
attached t hetkootidrdise] esmeqﬁdeﬁﬁfrebﬁﬂee miale of e kiR REpAticRE!

i ncrease. Further, at a tenperature of 60C or nore, the filmformng
agent conponavith irespece teithenglatjemtinsmekés tomaoel dann%edy mass, the
therefore, lubricity between the glass filanments 25i nproves, the
wi deni ng of sHisanmigropaticles agetagaby casidy,farsk the ppareggtesr ef tive silidas
easl 0 and trnhi%rc];;;a?tei\cr:l-egplgggrngttaegﬂ %%t ﬂilen%ggrei‘g el'fax;irlljétsrilleicr:é Irllir::roparticles
attached thereon and become soil.
[0048] The liquid temperature of the aqueous dispersion of silica
microparticles is preferably 10 to 40°C. It is preferable that the liquid
temperature is higher because the motion of the silica microparticles in
15 the aqueous dispersion of silica microparticles is active, and in terms of
the attachment of the silica microparticles. On the other hand, if the
liquid temperature is set higher than 40°C, the silica microparticles
aggregate easily due to intermolecular interaction, and the aggregates of
the silica microparticles may attach on the fabric having silica
20 microparticles attached thereon and become soil.
[0049] The immersion in the aqueous dispersion of silica microparticles
is performed by passing the glass fiber fabric through a silica
microparticle attachment vessel in which the aqueous dispersion of
silica microparticles is stored. At this time, tension applied in the
25 movement direction of the glass fiber fabric is not particularly limited,

and is, for example, preferably 50 to 300 N per unit width. The unit

15



terms of the workability of the fiber-opening treatnent, the

tenperature of the liquid is preferably 95C or less. [0070] Wen the

above treatnent is perforned, and the fiber-opening step of step S3

is conpleted, for exanple, first, the fiber-opened fabric 5 is passed

t hrough a washi ng vessel in which water is stored, next, the front

and back surfaces of the fiber-opened fabric are washed by a washing
silica mcroparticles attached

: Eg\rNZ{)n e éégggﬁﬁgié/&%mrwe@é@é@@@r&@)énﬂm wighhr disectiate
Sep 1057 1s GaPe @l I GRRRe, Relis: 2 Tol dOREIRA ng tap of ot ep o4,
ke tofuse 10BRQI Bt redfitefinto bRAPHE" glats A Habre ORER o gilier
ebod mant e opAEEl ¢ attathrmeld (e8ets not BERRLSHY 188 ol RoddbEha <
Sdher 6 t her eooverfserghd ke SRofc WY W sHicd TGRAABRS' bfé o

fi ber - opened ditabhed, dnd teeirhe, fbr SUMBIRY pheferdtdy 195U RBnds00 to
450C. In addition, the time of the heati ns ofra{b%% fi ber-cggg%ed fabric

in the heat t{08alJrEmadidiions in the/@tRBhesitsted, 30%IreTreble tbliispdseidie

agent attaching on the glass fiber fabric is renoved by this heat
treatment. [@U@plutalitycodwidening molleiscdxtemdingl inss direttiore otthogondlaot
together, and further, some of the glass filanents soften and

adj acent gl adBe oBIavemamit dinggtion apfy thieusglaso gibererfabry, dnc the byilidae
heat i eat ment, in the heating step. [ Q075] etothis Fhe_nomanon,

when the at t ZicHpAtticle nd; vgssel ghfanove theiglassstiber fabirieewhalet er
t he heati ten. t . f d, th i |

i or opar t o PERGR U BER H8F it B e N denint FaIGST Ay heeARuccus: er
sone glass fifiaeihy wﬁﬁﬁﬁtm?&ofmﬁl%lés(?g%lgr%c bending refers to the glass

fiber fabric curving along the outer peripheral surface of the widening

roller, that is, a certain area of the glass fiber fabric being in contact with
15 the outer peripheral surface of the widening roller. In addition, the
widening roller is a member that generates tension in the glass fiber
fabric in the movement direction and a lateral direction when bending
the glass fiber fabric, and its shape is not particularly limited. The
fiber yamns are widened by tension applied by the widening roller, and
20 the silica microparticles easily enter between the glass filaments.
*[0052] The number of the widening rollers and the number of times of
bending the glass fiber fabric, depending on the number of the widening
rollers, are not particularly limited, and for example, it is preferable to
dispose two widening rollers in the silica microparticle attachment
25 vessel and bend the glass fiber fabric twice in the aqueous dispersion of

silica microparticles.
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5 Therefore, even if the attachment step or a step simlar tothis is
perfornmed after the heating step, the anount of the silica

m croparticles present between the glass filanents is insufficient,
and the extent of resin inpregnation property inprovenent due to the
adhesion of the silica mcroparticles decreases. 10[0076] In

addi tion, when the fiber-opening step or a step simlar to this is
first perforned_after the heating step as conventionally perforned,
cl earances bdPfiedh It Kepmlaeablg mﬂgrfhﬂtféleaﬁlepmrﬂbh@df sideningootlerd ares
filaments conj.act ar, fﬁfe ..oget ber. Therefore, even if the .

fi ber - openi né‘%ﬁ‘%ﬁﬁ o esﬁli‘ﬁ SERIPRATtICY affachment vessel ser thet gemingn er

o7 B 950, B ERAR T SRR
bt cant o PARbIEACSP TR AP, S L 8T Mool I R °
{1 ber - opont ne BT ShepS Apbict 16 M8, SlebC IR TaBGE 10 BoCkBe. (O the,
Moreover, si ngler i i tHROMAEGNnd1E i %fgyfﬂlahy%zlcggt?g?g%ﬂﬁe a@%;%pﬁber

| ar ge di spl acenent occurs easily Tn the gl ass

dependi ng on fatwdc typet wiffitieatlyiwRlenegeni ng treatment provided after
the heating step, defects in appearance, such as bowed filling, my

occur easi |y [0@540Whén the abwveoirémmens ietperforrhéd sarshthedittiehinent biep
attachnment step is perfornmed before the heating step, thereby
contributingofostey S2 nsr commplated, nforhexaeyile, ithpr dapric | havipg opiicay
of the glass fjbers, In other words, the silica mcroparticles can be
al | oWl to emMgFoRREtiGles Attached therson; Isammsprted thetween whpaigl efsepposed
filanments bond,or fuse tg et hzﬁ. Theref,ore, .th sitjg' ca nicropartjcles
sufficient |y ¢Sr BetBR héhg s9ueezing i jofdhes faPriehdaying, c pisat

step, cleara . h ass fil apgnts. arg, ensured nd resin
i mpr egnat i onﬂﬁﬁg@é&@@%ﬁ%ﬁaﬁ%‘ﬁhe{rﬁ%ﬁn SN ﬁhﬁ{-op?}u{lgisgep of step
enbodi nment , pﬁygm ening step is performed before the heating
st ep, thereb§g§g#{erl u%lahg to an inprovenent in snoothness. In other

bof ore the AR atom S pond b RRg 1SBerharcs oot Eniparapting,

before the glhass filaments bond or r,
fi berkSopeni ngregfrhet! isqirovited ioohe-fabeiBi aaint @ﬂidasmﬁt%ﬁemﬁé%%ch dthe

i nfl uence of the bonding and fusion of the glass filanments caused by

the heat trethereon . taFuridear the nwhite dricdbeweRpefii the fiofc hédngi glied
agent is not renoved and renains on the glass fiber 15yans, and

t herefore, tmisrapiariiclgs aftached thereonns Iasthis kenbddiment, thenglasd dibieng
to excel l ent .snpothness. [0079] In addition, in this enbodi ment, the
fi ber - openi ngaﬁ:g'gcerp ained by the fiber-opening step is also referred to as a

fiber-opened fabric.
20 [0056] As the fiber-opening treatment, for example, a fiber-opening
treatment with a water jet, a fiber-opening treatment with a vibrowasher,
a fiber-opening treatment with an ultrasonic wave, or the fiber-opening
treatment of pressing by a bar is performed. For the fiber-opening
treatment, any of the above treatments may be performed, and the
25 fiber-opening treatment with a vibrowasher and the fiber-opening

treatment with an ultrasonic wave, which have a high fiber-opening
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perfornmed before the heating step, thereby contributing to excellent
appearance properties. In other words, in the fiber-opening step, the
20 sizing agent is not renoved and remains on the glass fiber yans,
and therefore, a large displacenent of the glass fiber yarns is
prevented, and the occurrence of defects in appearance, such as bowed
filling, in the fiber-opening step i s suppressed. [0080] In
addition, in this enbodinent, the attachnent _step is 25perforned

bef ore the hediqchgats apora mpeefsmbleontior nilei Fler-openieg meatmergpdhesence
properties. In other words, in the attachnment step, which is a_step
before the hdiAIMGNLS: JBaY ¢« e BenfrEge '%PBEarQTi élil%sg &oREReHS: WEdh Behe

glass filanents angjr.clc%aréﬁ%fs between the glass filanents are
ensured, and Reﬁ’E‘FB’F 17 cth Pt he heat treatment is performed in

ve"supor cacod CSTIIE BEEEORBARCH AR ol e i SEREAHCR,
easerind. [ 0GHTF HEEhA 0 EEP toleid e BRE BavIHE ifcBTnicrppBiicles o
i's performed ahthéd thieed Y open the BabridBAERY SBEH MibtdpaRslto ath&frd

resin inpregnation property. In other words;y when the“silica

i croparticl eherbOnaand asxdangtles ofrthe bat@remitg eatenndvittes oxgtel hst
weavi ng step, the silica mcroparticles my fall off, or the silica

ni croparti cl escludg aatygatgenteinawticiot speayivwdter fiow o feteddta thet fibric
glass fiber fabric, due to an inpact or the |like received in the
weavi ng st ep.having slive mricwpartidesatiashed dhensonnfronyaanozale havirg ay
due tgo. the rsrléiﬁl ca mcroparticles may decrease, 15and according to

this Ehbodi méAYSTEERFS BB 4 fipabnent Wewintals colugnassilawing Wegeralsi on
DL oo AU et 08 050k 0ot 55 ik ot a,
thereby cont il W HPobAes habing pores.
[0058] Examples of the liquid used for the water jet include water or
organic solvents, such as alcohols, and the liquid is preferably water.

15 [0059] The jet pressure of the liquid is preferably 0.1 to 2 MPa, more
preferably 0.5 to 1 MPa. By setting the jet pressure of the liquid to 0.5
to 1 MPa, defects in appearance in the fabric having silica
microparticles attached thereon are suppressed, and the fiber-opening
effect of the fabric having silica microparticles attached thereon

20 increases.

[0060} The fiber-opening treatment with a vibrowasher is a treatment in
which the fabric having silica microparticles attached thereon is opened
using a vibrowasher (see Patent Literature 1 or 2).

[0061] In the fiber-opening treatment with a vibrowasher, in a vessel in

25 which a liquid is stored, the fabric having silica microparticles attached

thereon is pressed against a cylindrical body in which a large number of
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mai ntai ning resin inpregnation property. In other words, nost of the
20 silica mcroparticles attached on the glass filanent surfaces by
the attachnment step fuse on the glass filanment surfaces by the heat
treatnment in the heating step. Thus, the detachnment of the silica
rnicroparticles is prevented, and excellent resin inpregnation
property due to the silica mcroparticles is inhibited from

decr easi ng. 25[%8?1% In ig)di tion, in this enbodi nent, the attachnment
step and the ¥} 1ﬁ§eﬁle riiedp apddhe apassre dvavener thsy liguist 15 emitted

t I 1 ent I€S. pcularly, ind adent |iquid
terper at ur o SR G1° RAUaBRIS epl et BR. 12bri50 Be ke SHPa SHORETIREN he
attachnent st fi.ber-o i step, can, prevent soil due.to
silica aggr e&i@g@@&ﬂ@%‘gg{lggﬁ?%%ae@x%ge& g’&saqq@'grprpaﬁr?é’.v avg
Speci ficall y1cfy‘l‘fﬂ?iPi Epgoéj', ber-opening treatnent of the glass fiber
fabric is per orrreg In & dispersion of silica microparticles to

si mul t@neousl M J 'IrEb(h? |
st ep, %s con\;ggte'ig](’)nal I flg??tétﬁﬁgﬁﬁ??gé‘?ﬁgﬂiﬂg@t@ﬁnﬁﬁégpﬁe 0 8\% %ter
aqueous di speyrsiopgardt sblvegts, ThGOPAS t AlebRS]s! eNdsmbAg | g aSPater is
Particularly, when 10 the fiber-opening treatnent with a vi browasher
i's provided, preferablecasd a rslight uirotenfesathure 0.61% byi hasdnbf sTliuss,
the li.quid tenperature increases to a tenperature at which the

aggr egat i on cehicroparticlasoaayiber opratained! e Herec iff 8.01% bygenss of edorsi 6f ca
m croparticle aggregates may attach on the glass fiber fabric and
becone soil . silf0onysIopaiticlss ase Heneseninwithi respett tethe diolution (watérs,
possief etoin endently control Jiquid tenperature_at optinmal

t enpettt ur e IPROPIREIS Y Fices SBEh 28 paresatey of g sikicagniarepartisias
th f , 1t i Bl et t. th ti f th il
R )
na 1 T10n, e , e | altt ac n S

and the fi ber[gg%j ?[?118 rs&)ée)(ﬂ‘{,eﬁgyl arfgﬁhgngjﬁé%%?ggqbﬂ%cage?ﬂeéé}ggarb[x ctes

t o STE . cae

equcti on i n “LprobREhE: BreRRSONNS0 10 680 MR Refly 01380 Ty
possible to I'B?yds@cﬁngﬁs%dd&bydﬁﬁéﬁeﬂsﬁr@%@é&@ﬁ@@ 0G0 Hiz"déflets

gl ass fiber fabric. 25Particularly, en a thin glass fiber fabric in
whi chiSvass pén appdaranic® ins tAd OglyssP fiber | Rbsici arr dvsreshedbonedl the
filling occurs easily when large stress is appliedto the glass
fiber fabri cﬁber—lopen};igﬁeatﬂmﬂeaga&reat ment. On the other hand, by
separating the attachngnt step and the fiber-opening step to decrease
stress appl i €0064] The Gbesepenipgr treabment iwithhanf ngasoopenvae sisep,

t he occurrence of bowed filli be - ) \
freatment in which the fabric gavmg silica microparticles attached

[72

thereon is opened by providing an ultrasonic wave using an ultrasonic
20 vibrator with a liquid or a gas as a medium.

[0065] The medium may be either of a liquid and a gas, and a liquid is

preferable. Examples of this liquid include water or organic solvents,

such as alcohols, and this liquid is preferably water. A slight amount

(less than 0.01% by mass) of silica microparticles may be contained in
25 this liquid. Here, if 0.01% by mass or more of silica microparticles are

present with respect to the selution, problems in appearance, such as
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S5prevented. [0087] In addition, in this enbodi nent, the attachnent
step and the fiber-opening step are separated, and the attachnent
step and the fiber-opening step are independently
tenperature-controll ed, thereby contributing to the naintenance of an
apparatus as well. In other 10 words, aggregates of the silica

m croparticles generated by insufficient liquid tenperature control

may danmage the appar at by..precipitating in the piping driyvin .
portion and tar@ggeﬁﬁs efa%éhaﬁaamn@iwgﬁ@ﬁt@p ,on Q%@S%ﬂbér gﬁbﬂc
conti nuous operation,. it 'Lls necessary to prevent the aggregation of
the silica mm@glb PeMF&-at ure control by a 15 cooling

cpparatus. | Topde KBl i HRCHERRERL 1 BT RBRERAL e 1
mcr opart | o el SORSCR GG L ROATRIGE o0 AL 0K

On thes ot her diﬂ%&nﬁél@gahﬂﬁﬁ@@nﬂ%eﬁerm&reﬁhur&l&oﬂfs ceOfhebRiEen  the
attachment step 20and the fiber-opening step can reduce the risk of
causi ng damaggirhsortib&ilafirigidihi \vilag Msertthbric agrdfBbly keo Wotdaut

i nposi ng such burdens. [0088] Next, in the silane coupling agent
treat ment st 4f067] Shefdr@fienchefthe dirssonie staverthatothetuleaghréie vibiabar
fabric having silica mcroparticles adhered thereon is performnmed
usi ng a sil agsneraips ihgrefgmvly IAF to 60 k25 meoneeprefedablyg BAst £0 ez,
fabric having silica mcroparticles adhered thereon and a resin

i nproves by t §e@ngftg]@§rqq:uea@mﬁtthe ulirayoai ware t@ 304as ke defgcts

agent, used in the silane coypling agent treatnment step i s not
part i i ar | y T APPEATANGH eyt ERSS o Fibeh e T2BIca e i dagend the

o ane”coupr g BB QTR P2 T B2 LR
by rmas i ¢ hIORSSELPHEMELBhY Bk anPOr PREAMS 1Y 2 hal e BBLS
[0091] In comuepid ek ﬁfiﬁﬁaﬁfc‘ieé Qftabiiel H&&QH&HF CeHang‘tﬁ%gAfE’Z?g\% b

fabrics, in a silfane coupling agent treatnent, c

gl ass fil anenbd-shipehodr Bgaihst ﬂk@fa&ﬁ)@hiaﬂﬁlg 5i%ieh R trop A dsCatefhed
narrowed. 10 On the other "hand, in the production process in this

embodiient , theresn lin aligmidr of¥dret ﬂthIESOiéﬂhbdfarpaﬁdvﬁw tdyenes 8pabsence
filaments and are fused, and therefore, clearances It:))etvveen the gl ass
filaments ar efadiatiopraesy sot particudariypBimitednarrowed in the sil ane
coupling agen&@érea ment step. Therefore, the resin inpregnation
property of LWeOYY A5e tampgrafer o€ #wnhdiguid used da @B@hoﬁgelt-bpemgg
adhered thereon is npintained. [0092] Next, in the fiber-opening step
after the hei€aHperk Bbﬂéﬁ fﬁ*éﬁpsemgﬁepb@rpl@&rﬁbbg 50Pea@miiare; sore

provided to the. glass ({)gﬁger fabric having silica rrifcr particles

adher ed t her E5 e’éfL’fbi 0 e ROLE o t.nmaqlﬁersofisge&- 8peiRgy a

t t t, f ' =oneni treat t 0 | bed f
LIPS ARl 1 B SORR R LRGN A0 AERELARAT O
fiber- openi ng1dss i b9 S théleoh® IRNEHELABNE LILERGE, Ane
possibility that problens I'n appearance, sucChas Dowed fiTlITng, cur

Is small.  £ibERY 31}%11?%&@&3 hr?df%ée% m&e}%,&g ft&hﬁ%e{%ﬁse? £ 60°C or

fiber-opening ste er 25t he ter ane
coupling agemdore) e fibmtfoskgng abBAt component in the sizing agent swells or

gelatinizes, and therefore, lubricity between the glass filaments
25 improves, the widening of the warp and the weft by the fiber-opening

treatment is easier, and the fiber-opening effect increases further. In
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uni form attachnment of the silane conpound on the glass fiber fabric
having silica mcroparticles adhered thereon is pronoted,
contributing to an inprovenent in the heat resistance of the gl ass
fiber fabric having silica mcroparticles adhered thereon. In

addi tion, the conpound excessively attached on the glass fiber fabric
having silica 5 mcroparticles adhered thereon in the silane coupling

?fﬁzié[)l:ﬂ? 23§%m§t fﬁ@eﬁ%‘orﬁ%@!@g%%}é‘f brpBoning é&?msfq“ﬁﬁéﬁemdmw
Cher con'| mor GYABS HARHISDIefaBBMOT I ORESE: ass 11 ber fabri ¢ havi ng

ot ococs ‘“aEL§ﬂQPZ%fF@ﬁfﬁﬁﬁgéﬁﬁx%%%ﬂﬁéﬁffﬁeﬁéﬁéﬁﬁ% 4 15T PREEFHEn

. . . 0 04 .

mor e, urther v of SieB 5% SEYRB bRl Bl RLEHER o Bicon,
or norg. Thei§ ?g's&,ra ﬂﬁ‘bﬁgﬁ’fa ?@E‘“@ | V&RelMF GARAH Wb R Stdrdd g{ma&%

thus, the sili m cropartic not 15 decrease due to detachnent

or the like, fand am baskebdr@iies’ 66 e iTB¥ragRAbH ORbRCORRY WashEd tHE a
gl ass fiber fabric having silica mcroparticles adhered thereon”is

mai nt ai ned. [Ma3hilg showerdi néxinthd febrid hasinp bidicalmburbpadtieldsngitadtedca
m croparticles adhered thereon according to this enbodi nent in.which
silica 20 ni ¢therpentiscinserted detweenl 2opairhef gppesed rolerento penformetheos
a glass fiber fabric to adhere the silica mcroparticles may conprise

silica mcropareszing ofdhe dtheswpsned fabrc.aand thang thehesting stapsofistepout
bei n iused,égbnd th fu%i on rate of the silica mcroparticles is
prefglr bly 6 lélpeﬁfeéi‘@,e more preferably 90% or nore, further
f bly 95% o 2 ticul arl f 99% I €.

o 1 200 S0P RBLE o R U Lo S S B e e

| | ent ! QR t f & I fiber fabri
havi ng o1 11 c LA GEREENAY bing RAREE: of o RS TS ngmBhn It e
erbodl ment | e MidopericlbOARMNE ' ald'ALEIDRBfed il of e P

m croparticles is obtalned OW ng pr ceeure. irst,
nunber of si fil&aem Sur@hads! | thehist &dbodiment, the glass fiber fabric obtained

15 by the heating step is also referred to as a glass fiber fabric having silica
microparticles adhered thereon.
[06072] The temperature of the heating of the fiber-opened fabric in the
heat treatment is, for example, 300 to 450°C. In addition, the time of
the heating of the fiber-opened fabric in the heat treatment is 36 to 72
20 hours.
[0073] Then, the sizing agent attaching on the glass fiber fabric is
removed by this heat treatment.
[0074] A phenomenon in which the glass filaments contact together,
and further, some of the glass filaments soften and adjacent glass
25 filaments partially fuse together may occur by the heat treatment in the
heating step.
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5 the glass fiber fabric having silica mcroparticles adhered thereon
adheres on the glass filanment surfaces, A is neasured by an SEM
Then, in pure water at 20C, in a state in which an ultrasonic
vibrator is spaced fromthe glass fiber fabric having silica

m croparticles adhered thereon by 10 cm an ultrasoni c wave having a
frequency of 50 kHz 10 generated fromthe ultrasonic vibrator is
allowed to agb Qn &?e | ass fjiber fabric_having silica m cropardcles
adhered t her d8R78bDue sepheniqenenam ewhemtthe astackmeng step or a step

m croparticles that the glass.fiber fabrjc having silica ]
i croparticl éémél&ﬁéPe@uﬁ ﬁ%r@éﬁp pHsr dhe theatigeasiers a9 gpawentionally

faces, B, jSe g he SEM..Then. by. dividing.B by A 15
%ﬁéigigf?gcﬁ <3t ?%Er}ﬁ%fﬁbli%%@agpam@eg ['?g?p#i@'z%%%é?e%ml i egéﬁ‘ﬁ::?g&e
| S , S |
fabric havi n?%élsl p@%hrgnﬁfér g%%‘& ggg}éegﬁaﬁgﬁﬁfdgéé@cﬁe@rﬂﬁc%pgdlﬁlggdtogﬂeﬁe
ric! 0 : d 1t M y
PRbr ¢ havi n eRForaC eobsl HoMheD alidtin B QYRR o Mieh Winflal o HRCEs,

aont e et o .
this enbodi ngiforaedafiahe MRALIHE Is%egglg@aﬂfo&%%f%@@ﬂgg &1&:’%61%3{@%[&%

preferably 50 g/n2 or less, in ter appl i cations rrei rcing

materi al s fomprédend Yetiveen rthe ndlase darehideld hesificient, | Gl the ERRNTRSS
per unit area of the glass fiber fabric having silica mcroparticles

adher ed t her eesini inpregnatien iproperty improeement dot R5thee adhdsion of the
m croparticles, attached or fused on the glass fiber fabric having
silica m croﬁdtqai@@gpmsedﬁmm&on, and the mass of the silane

coupl j age tacheq. on the glasg fiber fabric having ,silica

m cPoféggti ?l iéoﬁéih _ e@&% in%iﬂe "QP@flﬂlilgtﬁg‘@rfPry@ Isthe@g&lénla; tt@ythls

i mprovenents.i . resin inpregnation proper and snoot hness, it is
orof orabl o ¢ HatithBerQUUEh e 1hE hgaliREcTied % soRYRilonelly cherfammrad,
having silic ' L.elesyad reon is .snaller. because.the
ext en'? of r e?%%&r?p%%%ﬁnﬂ%r g%é?&i}%’%ﬁﬁo%%’ﬁﬁeﬁ@ ﬁf@ﬁ,soﬁt}‘?d Blass

i deni n effﬁgé:m t iber ] tr [ | bed
;Mn de!t aigl in arer%ﬁse(’}sb%lté]dtgﬁ @?ﬁ%@?‘?‘; fl?fe?;&&%?,; gﬁﬁ?ﬁe Fﬁg’f—gﬁ %ﬁhgass
per unit aregtefort H6tep! s@ﬁﬁla/}&@%sfilégfr&&%&m §ﬁbfﬂﬁ.ﬁ@a‘fﬁlg%§é,iot§l%es

10 adhered thereon is 110 g/ n2 or Ss ‘because resin inpre

tinme % reduetldct of Abldening efearaatisabetvasnt thea olins eilhties (dRefaséd. e
no attachnent and fusion of silica mcroparticles, and the gl ass

fiber yans aFerthegemethebhedtirtg ateppowkichyisuadtem befisret the fibbeopaiiagi ng
step. Further, it is nore preferable that its mass per unit area Is
50 g/ n2 or | 8&p, s seng egentcingtipningsamatubncantiie removed toethet lnea%
or less compared with a case where there are no attachnment and fusion
of silica m Beayaent; anddhergfore; uthy Gber-opeing siemswhich igiadstap @flsy

25% d i t | ber - [ tep. ,[0099] | ddj ti on,
on the g ass e HERERELHRE, HhS: HReEPpRBRErPRFan et e aliss Bber tabric

20 decreases further. Moreover, since the sizing agent is removed by the

heating step, large displacement occurs easily in the glass fiber yarns,
and depending on the type of the fiber-opening treatment provided after
the heating step, defects in appearance, such as bowed filling, may
occur easily.

25 [0077] On the other hand, in this embodiment, the attachment step is
performed before the heating step, thereby contributing to an
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20 adhered thereon produced by the production process according to
this enbodi nent or the glass fiber fabric having silica

m croparticles adhered thereon according to this enbodi nent, 0.001 to
1 part by mass of the silica mcroparticles are preferably attached
or fused with respect to 100 parts by nass of the glass fiber yans,
and 0.01 to 0.1 parts by 25mass of the silica mcroparticles are nore
preferably attached or fuged. The silicg mcroparticles_in this range

are attac heg IH%PI'P&%%‘SW 52 & Tesd ?Pﬁ?@é@@ﬁ@ﬁ?]%i% O_ifiél_%? glaspdibstmatinon
i Efﬁ.roézt "ol B A BRI sCtmeniees <R t:aﬂ BUewerl @renies bapieen
i LB 0BG ot a0 et
i or opar 1 ¢1 el U ERORE A SIRDA ot SiericloR S i Bfifly SR SeHbeh g héTs
1 partsby Wﬁ%ﬁaﬁfents*s‘l?%%ﬁé APRIERGHR! )8 o@%aﬁcéwet%eﬁtm@%g%g %@Pﬁ

respect to 100 part y mass of the glass fiber yarns.

addition, it airsenmé&,rab:lmshhﬁhﬁfd@nhﬁen@r ifagfovedbri c having
silica mcroparticles adhered thereon produced by the production
process accorff0%§] I additorptindithisnemboditheny! tes fibdraspehddys i stefpaisi ng
silica mcroparticles adhered thereon according to this enbodi nent,
its mass per performedehefrey/ e, heating rstepyr rthetshyi t gontidbutig cite 2.an- 1,
satisfy a 15condition represented by the followng formula (1). 0 < X
x (Y)1/2 300improyepent in smgethnessi r Ip othesawords, \clearaness hetssencthepy

JTRG U e e W
P -0 e GSesT
o AR il PR i
endeney eyt L) ORISR AP S L e
fabric that iffahBhiNefustdthy e ng?trém&”e%&sﬁio P‘%ggﬁelt—%%rﬁng

reinforcing material for a“thin I'ber-rein res

article. In etdperhaaidte e ssindicfenicVrid ad Hemidigs Bl ifea
m croparticl es adhered %h%r eon in wﬁi ch snoot hness 1s hi 5%1&8%1}%}33& r

SN e M s o e o Ao
m croparti cl éenithhiingdotaxseHent sthaothsass.sfy the condition represent ed
by formula (%3079] In addition, in this embodiment, the fiber-opening step is
performed before the heating step, thereby contributing to excellent
appearance properties. In other words, in the fiber-opening step, the
20 sizing agent is not removed and remains on the glass fiber yarns, and
therefore, a large displacement of the glass fiber yamns is prevented, and
the occurrence of defects in appearance, such as bowed filling, in the
fiber-opening step is suppressed.
[0080] In addition, in this embodiment, the attachment step is
25 performed before the heating step, thereby contributing to excellent

appearance properties. In other words, in the attachment step, which is
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5[0102] Particularly, in ternms of an inprovenent in resin

i npregnation property, it is preferable that the value of X x (Y)1/2
descri bed above is snaller because the extent of resin inpregnation
property inprovenent is high. As described in detail in Exanples in a
| ater part, it is preferable that this value of the glass fiber
fabric having silica 10 mcroparticles supported thereon is 300 or

| ess because resin inpregnation time is_reduced tqQ 25% or | ess

conpar ed wi t H #ER DebouH1be deetiBg stepy thenzilige misronmiticlen entardicsiveon the

of the ol ass BPCRIIHCILEIRE? Pelvernheyalats laeiappe puared,
thereon is 200 OF | ess b 15resin | tion tige is redyced
Lo 5o or 1 eseoiFRieFIA I Lo BeatRRd B b @omped inathe birtig

fusion of sil

fabric havi ngsit%flltﬁ%gddr}nméé%%&ai?teﬁlg}({égégg#eEgaggﬁgg%é% ‘ B%E%%g%fé’lpggsﬁe

producgi on proggRs HH }{e‘ﬂ'ﬁﬁg‘ %réggﬁ t 1

fabri c5 havi ng si I’?ggﬁ%fﬁ%pr%ﬁri% es 20 a %Ilrﬁ?(% et}eggﬁogg‘%?f%?%lgﬁ{eo
thi s enbodi méphtingsted, i8I AB HenthgBEREH 8ot lgRERENating this with a
resin, and curing thé resin, a fiber-reinforced nolded resin article
conprising tH§8081hEs tddition, abii thivaemb@dinehtathie cavpehirhé® &ep is
adhered thereon as a reinforcing material can be produced. 25[0104] A
process for tpesformedegfiar itha wéaving si¢msthetetye cohtriinitimgh & ihigh siekinc a
m croparticles adhered thereon with a resin is not particularly
linited, and!@@scgnatioar pupesty. bynothebwiords, whemthesidicasnicropaxtiobis
The rgsin used ip the, pro %&hion of this fiber-reinfqrced no| ded

resi mrticl 8¢ gttachechan dhe @lass §ber yarns befarsdhe weming stap, the stissi n
brinted boar GUSHATAEesIREY ALl ook g siicaumRuODRRialss bt RgOEais
dified pol Lene.: i 0s. t | yinid ins,
irea resi he, S EENHEOAREy, S in IEEMRE Rbt bR el S iBedl®
phenolic resigpsghe HR%%?@i%&%B?é%%%{rﬁ{ sftﬁﬁ.' N§h ﬂsﬁ%ﬁ%&?&l&ﬂt'rﬁ ihne
resi ns, al kyg resi ns, uran resins, I'Té a ne resins, 0]0) yuret ane.

resins, and amipkdgifitionS prsperfy0 808 tol ﬂleaﬁlicﬂfc}hi ﬁibrogéﬁ{@ése?ﬂljéé’e decrease,

t hermopl astic resins for printed board applications 1nc
pol ypHeny! enendtaseordiag ito shisfansdiatemit, thiopsssibitity beéd derypbanredne
ether resins, alicyclic hydrocarbon resins, thernoplastic polyimde
resins, polyanpeegretioarpropenyeat PeEgoidéd.r esi ns, pol yet her sul f one
resins, polyam deimde resins, polyesterimde resins, polyester
resins, polydP@3%h e sddition o yibeye, eive this sembodiesntanhel dheatisgnstep is
pol yvi nyl acet reging, polyvinyl alcohol resins, polyvinyl acetate
resins, polyP ﬁ}lﬁar ﬁ%ﬁ éﬁﬁ? e@ﬁ%’m%ds@ﬁi Josighit eoutaibatings fo sstably
[0108] On the qther. hand, exanﬁpl es of thernosetti n% resins for
mamftaining resin mnpregnation property. other words, most of the

20 silica microparticles attached on the glass filament surfaces by the
attachment step fuse on the glass filament surfaces by the heat treatment
in the heating step. Thus, the detachment of the silica microparticles is
prevented, and excellent resin impregnation property due to the silica
microparticles is inhibited from decreasing,

25 [0083] In addition, in this embodiment, the attachment step and the

fiber-opening step are separated, thereby contributing to excellent
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20t ransparent sheet and display material applications include epoxy
resins, phenolic resins, nelamne resins, and pol yester resins.

In addition, exanples of thernoplastic resins for transparent sheet
and display material applications include polyethyl ene,

pol ypr opyl ene, pol ynethyl nethacryl ate, pol ycarbonate,

25pol yt etrafl uor oet hyl ene, pol yvinyl chloride, polyvinylidene

chl oride, polyether sul fone, pol yphenyl ene oxide, or_blends or block
or graft copBiPfAEAISC REMRESHES. [émg]uxaxlpr tulependent lgniddemperatuss n

ith which th | fib f .i.C.havin i1 ' ticl
\gldher edI tC her e@’i’%"iﬁ ﬁﬁ%’%g@b 3 rl%:]g 15}1%&%&@%%% P4 QrPWCBr paft'rtéﬂ’i,:ﬂmes st
b f d licly Kk . 5 110] ,A pr.ef d
orbodi rant - of b hep ek GptniRe Nepb P i eeRh SHl<LHd 0 FIlER PEETORRES he

e the] P b Thodi ment . and .

Pod £ cat | ondredatEnltl on H ot Bet B0 R C0000 T et e
h b d [ | | g t
(ot ep 55 or /O08eF Spopitically, WheAiBe HHdh o0 P & VATRE el 2l Her
step (step S@abfteiPepédbimed atd eh cheighi T ag@icﬁﬁg%czle@%

the silane coupling agent treatnent step (step Sb

fi ber - openi ngimuttateously pbtfotn: the dt&@hh:ﬂﬁlt%%ﬁ&ﬂ@ﬁﬁ@ﬁ-o?@%g@ép,be
performed after the heating step (step $4). anpl es 15[ 0111]
Preferred ExasptesventionaByppefemed,ntientiqmid viepetrtucte €T ihee daixsiuew,
but the present invention is not limted to the follow ng Exanpl es.
[0112] [ Examsispersiop@izsilicamienopretinlesjendls de incrghses s Rartionlathbmhen a
glass, fiber fabric in which the attachnent ampunt of a sizing agent
mai nl Y conpri ?%GWRPW%@@%W%? iasewashen is pepaded,tan Ipgesser t s

by mass of glass f.iber ya manuf.actured by N TTO BOSEKI CO., LTD.;
WEA1078) was 1%;’3%% %‘?ﬂléfr elSi$ ’é’aﬂf-asmﬁbcﬂi‘e 5&%1§f IgRPeragirgs s
Fitber fabricg,dbgeds lt@nfrktemperature at which the aggregation of the silica

microparticles occurs, and generated silica microparticle aggregates
may attach on the glass fiber fabric and become soil.

15 [0085] On the other hand, in this embodiment, it is possible to
independently control liquid temperature at optimal temperature in the
attachment step and the fiber-opening step, and therefore, it is possible
to prevent the aggregation of the silica microparticles and prevent soil
on the glass fiber fabric.

20 [0086] In addition, in this embodiment, by separating the attachment
step and the fiber-opening step, a large amount of silica microparticles
are not used in the fiber-opening step, thus contributing to a reduction in
stress applied to the glass fiber fabric. Thus, it is possible to reduce a
risk that defects in appearance ocecur in the glass fiber fabric.

25 Particularly, when a thin glass fiber fabric in which mass per unit area is

110 g/m® or less is produced, bowed filling occurs easily when large

25



25conposition was E-glass, filanent dianmeter was 5 pm the nunber of
filaments was 200, and count was 11.2 tex. In addition, this glass

fi ber fabric was one in which glass fiber yarns were plai n-woven,
and the weaving density of the glass fiber yarns was 53 yarns/25 mm
for the warp and 53 yarns/25 mmfor the weft, and its nmass per unit

area was 48 g/ n2. 5[0114] (Attachnent Step) The gl ass fi ber
fabric was immersed in.a, silica mc¢roparticle attachnment vessel
cont ai ni ng ar‘?‘t’:&a%é%ﬁﬁpnlé‘?éfféﬂlq 8 S%%@f%ﬁbﬁc il dhe plber-opeRing eatmentn

silica

1 S 0 AR LT B e RS oo
of S|I|ca.mcﬁ gd'tehﬂ§ atséc on |erAM| h b%b ] ro S.IC|.IC8.
m cro]E)art i cles a\)p! ng ti%Jl 8 I gsg% 56?1911“8f1 .ﬁ 35 1% nfh
(il oper aed | 1 by EbE0BEntRRGA! b o pomkO Bk Ehe by

the acggieous @repgfedon of silica 15mcroparticles was 20C. [0116] As
the silica mcroparticle attachnment vessel, one conprising two

wi deni ng rol I[e087Was adeiétion, The thisCeribogithaie, 18é | RiashiRhe st RAgethesO
that a mnor angle formed by the glass fiber fabric being bended by
these was abdikter-bp@niteyrsbes . ard Of@btatbdThed nhergiaehnicnt t step Sahd Cihe
m croparticle attachnent vessel and the attachnent of the silica

m croparti cl éibewopenigectdn ant lindeperidentlyd typpasseagpntiodled) dherebiyber
fabric through the silica mcroparticle attachnent vessel containing
the aqueous G&PBEEIEINE, tofthe; matnienarge odr an Gpperausras2 vwedl. 3 ke othets

whi | ppl yin tensi on of 240 N.to 25250 N per unit wdth in the
moverkht dl r SASragETeEHEs @é@@ stilgRePupEORarticlen genesatrch gy tinauldicaeny

e Rl R e
the piping driving portion and the like of the apparatus. Therefore, in
the case of continuous operation, it is necessary to prevent the
aggregation of the silica microparticles by temperature control by a

15 cooling apparatus, In addition, in the case of intermittent operation,
the prevention of the occurrence of the aggregation of the silica
microparticles by temperature conirol is incomplete, and therefore, it is
necessary to closely perform the daily check of the apparatus. On the
other hand, the independent temperature control of the attachment step

20 and the fiber-opening step can reduce the risk of causing damage to the
piping driving portion and the like without imposing such burdens.
[0088] Next, in the silane coupling agent treatment step of step S5, the
surface treatment of the glass fiber fabric having silica microparticles
adhered thereon is performed using a silane coupling agent. Affinity

25 between the glass fiber fabric having silica microparticles adhered

thereon and a resin improves by this surface treatment,
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A fiber-opening treatment with a vibrowasher in water was provided to
the fabric having silica mcroparticles attached thereon 5obtai ned by
the attachnment step, to obtain a fiber-opened fabric. [0119] The
vi bration frequency of a pressure wave provided by the vibrowasher to
the glass fiber fabric on which the sizing agent was attached was 150
Hz, and water tenperature was 40C. [0120] (Heating Step) 10By

roll of the_ fiber-opened fabric that

performng a eat jent on ) ¢
was obt ai ned @@géhéﬂﬁ @%ﬁ@ﬁpﬁggsa&eatamduﬁuéhmlmmmuplgl&ﬁgent
squeezing, the sizi agent s Le ed.to qbtai,n a glass fiber,
fabric havi ﬂ%ﬁ@&ﬁﬁ?@ﬂ%&&%%@ﬁﬁﬁlm@& ﬁgﬁe@@rgples Off they gilang
The heat tre Ll callv.perforned by heati at 15400C
for 48 hour s%fﬁg’%ﬁ}%(%%fP‘gci%‘iéc%‘%ﬁﬁéﬂgn%@mm??’i%%%% C%?%B‘;‘ Sanes.
surface treat laNg; [ (ﬁg&{nglﬂgg t p ' t he
gl ass fi ber JQE??L gbg%gmifkﬁﬁgn%i o%ar I'C gsoéﬁﬁgréﬁg%ﬂgggoﬁ&&w
obt ai ngd t hr qiagimd 58 gqﬁ&%&ﬁ . ' | gﬂ%f'snt’
N- 13-(N—viny|beé§yl§nino) hyFE§ﬁﬁﬁgﬁggﬁékﬁﬁfﬁggé§#$§ﬁ§9§£gb§ ed.
[0124] The sibyfmass ivithatespet tva90TReRI Ny fakt BT BRY FIaETHBePYaringIrer si ng
the glass fiber fabric having silica mcroparticles adhered thereon
in a silane ¢0091] hy ewyeentienhlitprocesteyifos thes ipkediectivaupii Slasao@ivér
25concentration of 0.3% by mass prepared at a pH of 3.5, and
squeezi ng t hdaliess dnfa sdand sbvpling agenytreatment, ol carames thetivesn aidmsr ed
thereon. [0125] (Fiber-opening Step after Heating Step) After
the silane cdlpiient wgdencd p¥aa fiber-opeamg freptment tandnionhe tnaznwedht
in jch a er, | e al lowed to act, on the gl ass fibher fabric
havi n’ si | \ggﬁl}nﬂa‘lr %ﬁ@i@\g@ﬁ&f@é}lﬁﬁﬁnd@ﬁceﬁsﬂbﬁw Sihadinent 1the]
The fiber- Op%ﬂic%gn}iél%%tﬁates e P& N e e téélagse rﬁflg.rrnré?l S lé’?{d are fused,
and therefore, clearances between the glass filaments are also prevented
from being narrowed in the silane coupling agent treatment step.
Therefore, the resin impregnation property of the glass fiber fabric
15 having silica microparticles adhered thereon is maintained.
[0092} Next, in the fiber-opening step after the heating step of step S6,
a fiber-opening treatment is provided to the glass fiber fabric having
silica microparticles adhered thereon after the heat treatment. For this
fiber-opening treatment, for example, the fiber-opening treatments
20 described for the fiber-opening step of step S3 can be performed.
Among them, the fiber-opening treatment with a water jet is preferable
in that a possibility that problems in appearance, such as bowed filling,
occur is small.
[0093] In this embodiment, by performing the fiber-opening step after
25 the heating step, after the silane coupling agent treatment step, the

uniform attachment of the silane compound on the glass fiber fabric
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jetting a high pressure water flow at 40C having a pressure of 2
Wlla to the glass fiber fabric having silica mcroparticles adhered
thereon. [0127] In the finally obtained glass fiber fabric having
silica mcroparticles adhered thereon, with respect to 100 parts by
mass of the 10 glass fiber yans, the attachnment or fusion anmount of
the silica nicroparticles was 0.01 parts by mass, and the attachnent

anmopunt of th S|Ian ent parts by mass. [0128]
[ Exanpl e 2] adll%é W%-th CHa ?l"& s‘ihlel'ft%'l iﬁﬁl’%@ﬁﬁdb epBEidEg ed

bt o %%?33%"%&%%@%a%tﬁﬁ%@t%ﬁﬁ%ﬁ aﬁb&ﬁﬁg}wﬁgﬁ’l?
in EX 1

e Rl SBLHHS LR Dma@é@%% SPct
; ) E.

Itthz nlungg'rsnz)fe&gg g +1glrrg%tt%{s@l\%gs %g%ﬁeamglcoun be{jl ’Tﬁ‘&;@ %ﬂPJE
addi tipn, t h'rﬁw%ﬁé'ﬁcfdsbﬁdhér@@ rthéredASinCfiR: !3 : heﬁg]lt)lgﬂég%%eﬁt %ﬁtﬁi@ﬂfg

wer e pl ai n-woven,” and the weavi ng density o er yarns

was 69 yar ns/stdp bamlisnlwdshedef@y dncthéZsuragiat fbedep g H&ithendnd
its mass per unit area was 24 ginR. 25[0130] In the flnal y obt ai ned

gl ass fiber fEtereforgathangesinl impreghatiopapropetigsoficher gldsd Hirepofabrivi t h
respect to 100 parts by mass of the gl ass fiber yans, the
attachment ohaving %ihcamampwﬁclmadheﬂaddhemommga‘oves:ﬁerﬁleras 0. 01

parts by nmas the attac nt _anmpunt of the silane couplin ent
was 0.1 parti%@‘?}w&sé‘-ﬁe ehaying ssificasmigropartiales g are

Eiékﬁ%:i' ex %@8{1‘83)?5@@%432 b 368 Praskiction pced Séjciéégcﬂnféﬁébnmxgr o
N'T70 Boseni RUHETER, HiEkefii? %%a ; ﬁ%aﬂl B raEid i 1% fopliss’
was - b ass, OPF Shaio R Pacie e R0 5004 & O‘féaﬁ%@ « S EREE Y

200, and Couﬁ‘ﬁoféaéngémﬁl&ﬁéﬂy ﬁeﬁ‘i‘%l& DDA 61'%6}'@' apfe ihd6h r£ b(th@lewas

one in which the abo gl ass ber yans were ai n-woven,

weavi ng densistljcaohitropatticies i hbg m&&a&@&ﬁ@rﬂﬁéﬁgaﬁl&é@ﬂotﬂlﬁ
warp and 57 yans/ 25 mmfor the wef and 1ts mass per unit area 1l5was

104 d/np. decrease due to detachment or the like, and the excellent resin

impregnation property of the glass fiber fabric having silica
microparticles adhered thereon is maintained.
[0095] In addition, the glass fiber fabric having silica microparticles
adhered thereon according to this embodiment in which silica
20 microparticles are fused on the glass filament surfaces of a glass fiber
fabric to adhere the silica microparticles may comprise silica
microparticles attached on the glass filament surfaces without being
fused, and the fusion rate of the silica microparticies is preferably 60%
or more, more preferably 90% or more, further preferably 95% or more,
25 and particularly preferably 99% or more. The fusion rate of the silica

microparticles is high, and thus, the excellent resin impregnation
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[0133] In the finally obtained glass fiber fabric having silica

m croparticles adhered thereon, with respect to 100 parts by nmass of
the glass fiber yans, the attachnent or fusion anmount of the silica
m croparticles was 0.01 parts by nass, and the attachnent anount of
20t he silane coupling agent was 0.1 parts by mass. [0134] [ Exanple 4]
A glass fiber fabric having silica mcroparticles adhered thereon was

duced in Exanple. 1 hat . | fiber fapri
Ol a5 1 ber (EIBPFRYGRH s Slkss Thor, Rbria etingilica misrrmsrtialop 'ra:daag%am e
1 25 f d_by N FTO,BOSEK .. LTD.; 7628 .
[01355]@ &‘irifttﬁ%?wﬁapa gfp %‘%%%F“glﬁ%laa} ’é’?ﬁfi)b\gﬁsfgzﬁc, its
fil e - ' di.anet er. 9
nunber of 11 180051 e B BT A {f 0 Sllbs BRGFtioRR S5 efhel Y
this glass f'tﬁér’fbﬂ@‘@g{ Hi‘@c%dﬁﬂf 'F‘ié&hﬂ@hﬁﬂﬁeﬁﬁ?gﬁcglrﬁﬁ?oé&%ﬁesmﬁ
wer e pl ai n-woven, an e weaving dehsity o e glass fiber yarns

4 / - d
was 445 yarns/tge Bnss Ofib&t TELME Ravifig %ﬁcﬁaﬁﬁé}%fpﬁ.gﬁglﬁé”?c}l{/k?% therec n

its mass per unit area was 180 Wi2. ~[0136] | I na

gl ass fiber fadbetes bavihegglis ifilamsne supRicks,CAeSs adbasRed tIERAOSEMY t h
respect to 100 parts by mass of the glass fiber yans, the  attachnent
or fusion anmdien, ad ptie waidn atR0PQiig mogatetinovigishwasulBa8dnieavibiatbyis
mass, and the attachment anount of the silane coupling agent was 0.1
parts by nasspa¢el om [tm ghessafibarefabrianiawng |silica micropgirticlss fadhered
fabric was producedlé’?s I n Exanpl e 1 except that the attachnent step
before the hdBeicAE &Y 9 ®s anoultmsenisr waye having a1 §regreness of 50 kHz

T o L] B GENREIN 1ot B el LD SO CONUL LSS B8 A e

P00, o G R O R0 R A TR PR

100 the number of silica microparticles that the glass fiber fabric having

silica microparticles adhered thereon retains on the glass filament

surfaces, B, is measured by the SEM. Then, by dividing B by A and

15 expressing a result by percentage, the fusion rate of the silica
microparticles is obtained.

[0097] In addition, the glass fiber fabric having silica microparticles

adhered thereon produced by the production process according to this

embodiment or the glass fiber fabric having silica microparticles

20 adhered thereon according to this embodiment has a mass per unit area

of 110 g/m® or less, more preferably 50 g/m® or less, in terms of

applications for reinforcing materials for thin fiber-reinforced molded

resin articles. The mass per unit area of the glass fiber fabric having

silica microparticles adhered thereon is a value including the mass of

25 the silica microparticles attached or fused on the glass fiber fabric

having silica microparticles adhered thereon, and the mass of the silane
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parts by nass of the glass fiber yans, the attachnent anobunt of the
20silica mcroparticles was 0.01 parts by mass, and the attachnent
anount of the silane coupling agent was 0.1 parts by mass. [0139]

[ Conpar ati ve Exanple 2] A glass fiber fabric was produced as in
Exanpl e 1 except that the attachnent step and the

fi ber-opening step before the heating step 25were not perfornmed, a

St henmont | orCHniBEe AFef A Re Tl B keS| T o THERC ahewnes dica
heat i 1 I i [ i Tt 1 1 1 , d
o el T bep RGPS Adh S Rt D | g e e e et he
fiber- i At -1l i i | d.t t

{1 ber - openi ng00p S5 FEEuletly 6nfs WF. BholSentils 3 RSEF bbrdGiarda
[0140] In theyb &%&'andoﬁﬁaéﬂﬂﬁgsag!iﬁfépféf&%bléﬁ%% ;qi? %ﬁgﬁg%ﬁﬁﬁﬁeég

100 parts by 'nmass ©of the gl as er-yans, t anount

the sisica nitse qlas fibkestabrls Kaidg Rilits Iﬁ%r?;?tﬁcle%nﬁdﬁé?Sd%%% et
|

anount of the silTane coupling agentf was 0.1 S by nmss. 01411

[ Conpar at i ve sixallaplbecahse the exténiobBresid ilpreghatioh dr NRgeesmast | n
Exanmple 1 exqegj}i that the attachnent step and the fiber-opéning step
before the héatighy andethevwwidening effiect of el fibandpeming teedtieat o egeng
step after the heatjng step, instead of the fiber-opening treatmnment
in which a watedescsb detaibiebixamplesaiat 3 lagerf past it symefergblerthat thent

e o redAR R B 1 8 b SRl
' ticl | ut i i whieh 1% by nass of. silica . ) .
o ol 1 o1 EahrlRsteorh Wb BibSion Jess Hedist £Stin amsregasion Bmenis

f act ' ' stries, Ltd. ;.S EX) were
(ranuf act ur edeled 13 NGB8 cERRINSHER o e e SNPHEE e
the aqueous QispREhOAn®fusibh! AL hIBAIFaIGLIES, #REHE Stass fiber yarns

are widened by 15% or more by undergoing the fiber-opening step.

Further, it is more preferable that its mass per unit area is 50 g/m” or less
15 because resin impregnation time is reduced to 5% or less compared with
a case where there are no attachment and fusion of silica microparticles,
and the glass fiber yarns are widened by 25% or more by undergoing
the fiber-opening step.
[0099] In addition, on the glass fiber fabric having silica microparticles
20 adhered thereon produced by the production process according to this
embodiment or the glass fiber fabric having silica microparticles
adhered thereon according to this embodiment, 0.001 to 1 part by mass
of the silica microparticles are preferably attached or fused with respect
to 100 parts by mass of the glass fiber yarns, and 0.01 to 0.1 parts by
25 mass of the silica microparticles are more preferably attached or fused.

The silica microparticles in this range are attached or fused, and thus,

30



[0143] In the filially obtained glass fiber fabric, with respect to
100 parts by mass of the glass fiber yans, the attachnent
anount of the 25silica mcroparticles was 0.01 parts by mass, and the
attachnment anount of the silane coupling agent was 0.1 parts by nass.
[ 0144] [ Conparative Exanple 4] A glass fiber fabric was
produced as in Exanple 1 except that the attachnent step was not
performed. [Ql45] In the finally obtained glass fjiber fabric, with
respect to 1GHBORSCEISH IeaEcmprepRalion hreperiymnd ympsthneszdue to the

attachnment or;fusi ampunt of the.silica mcroparticles was, 0.0Q1
parts by nas sfac"aﬁ@?&hs Séﬁ?%@ﬁﬁ%?ﬁargﬁ%ﬁ rfsgye P[f‘@r@qeﬁrﬁetﬁ@ﬁ%lthﬁggléﬁe

nt
was 0.1 part [ Conpar ati ve Exanpl e 5] A
gl ass fi ber ialgﬁeg%a/éarg e{ﬁ?%e ed as in Exanple 2 except that 10t he

ol aaa 1 ber SROVEFuNREDEA Bk THidss itk bt hiinl @hé@ﬁ%@ﬁ%ﬁ? s
0. i :

SPaes Trber pnsfdbtintediplodided B IRE Prolfet i pREELS attoline 8 mh"®

fabric was preothmlitheas on tﬁéaglhdf BbexcRBtict B_ﬁﬁé’?"%ﬂ%& W@L&P

was not perfornmed. [0149] In finally obtain gl ass ric,

the att achneatherediutheravh adeerdingao ¢hisamboditneagemD1wod Shrlbpanis d1y
mass with respect to 100 parts by mass of the glass fiber yarns.

20[ 0150] [ CoftiasHane eowmylimgagerr may be attacHedswithi tespedtabrido pass by
produced as inglaslgxo%r][ﬁéeﬁ %(b%gpt that the attachnment step was not
per f or med. glass yarus.

10 [0101] In addition, it is preferable that in the glass fiber fabric having
silica microparticles adhered thereon produced by the production
process according to this embodiment or the glass fiber fabric having
silica microparticles adhered thereon according to this embodiment, its
mass per unit area, X g/mz, and air permeability, Y’ cm® cm s, satisfy a

15 condition represented by the following formula (1).
0<Xx (V)"<300...(1)

Here, air permeability can be measured by the air permeability
test process of JIS L 1096.  As the widening of the warp and the weft
in the fiber-opening step increases, air permeability decreases, and

20 therefore, air permeability is an indicator of the magnitude of
smoothness. Formula (1) corrects a tendency that air permeability
increases when the mass per unit area of the glass fiber fabric is small,
considering that a glass fiber fabric that is thinner and has high
smoothness is suitable for a reinforcing material for a thin

25 fiber-reinforced molded resin article. In other words, glass fiber

fabrics having silica microparticles adhered thereon in which
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[0151] In the finally obtained glass fiber fabric, the attachnent
anount of the silane coupling agent was 0.1 parts by nmass with
respect to 100 25parts by mass of the glass fiber yans. [0152]
<Processes for Evaluation of G ass Fiber Fabrics> For the
respective glass fiber fabrics produced in Exanples 1 to 4 and
Conparative Exanples 1 to 7, the evaluation of snpothness, appearance

Fuaron 1 ore SEscso P R b sl enb s a0 s er
LT o R R BRSPS oD AT
Fusi on pr oper VA SRS RAuleIS; BYBSHA, LB o0 EY it FBAT B
yarn w dth ofregfbgﬁ%raqﬁﬁ%d#ﬁ%%k s fiber yarns of the warp and the

weft before an -Opening step and air perneability

wWere mgasur ec[()lb@]l@é}tjdﬂﬂélg% hRrdar oY ik r%eﬁ&gtfﬂiﬂe;sﬁbﬁﬁal?gé | ?irgrﬁs

and the air perneability ow the w dened state

yarns and ar erapérpgliic & plfﬁefafmé feat SAB Yahiess Xok mé’z abﬁﬁgoefd e is

fabric. The air perneability was neasured accor gto L 1096.

[0155] [ Appeanzailee becaps theesxténtad fiaksiroithpregnationl i opérey eRprowiment
absence of bowed filling in the produced glass fiber fabric was
visual |y evalisdtigh. 2% Glesefibathdnpdetainie Examplesnire aolatbowadt, fitl isi ng
I ndi cates the presence or absence of problens in appearance in the

gl ass fiber Maslerable| thatqtiisi valuet 0§ fheeglase fheratfabme chatingosidita

filli reflects th gni tude of stress  on_the glass fjiber fabric in
the f er-Op%’Pﬁ@”{E‘é@ [S@PB?lFeg Réﬁ?rﬁonrrﬁ egfft iYn IgFopbeeapse resin

reai n varni sARPRSOE TPE S red o 100t T8 FOGRRICHr "il BEEsot
lTght Was  where there are no attachment and fusion of silica microparticles.
Further, it is more preferable that this value of the glass fiber fabric
having silica microparticles supported thereon is 200 or less because
15 resin impregnation time is reduced to 5% or less compared with a case
where there are no attachment and fusion of silica microparticles.
[0103] By using the glass fiber fabric having silica microparticles
adhered thereon produced by the production process according to this
embodiment or the glass fiber fabric having silica microparticles
20 adhered thereon according to this embodiment, as a reinforcing
material, impregnating this with a resin, and curing the resin, a
fiber-reinforced molded resin article comprising the glass fiber fabric
having silica microparticles adhered thereon as a reinforcing material
can be produced.
25 [0104] A process for the impregnation of the glass fiber fabric having

silica microparticles adhered thereon with a resin is not particularly
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shone on the glass fiber fabric to visually observe voi ds between
glass filanments within the glass fiber yans, and tinme until the voids
di sappeared was neasur ed. [0158] The extent of the fraying of the
gl ass fiber yarns, and the size of 5 clearances between the gl ass
filaments were reflected in resin inpregnation property. [0159]
[Silica Mcroparticle Fusion Properties Eval uation] The fusion

rate of the silicg mgroparticles s obtained by measuring the
nunber of sil %&?&i%‘%‘ﬁ%ﬁ%@? TR Ytaf@u@#‘gg VBEPIGCEBYi ¢ 10 havi ng
urf aces, - TH10Sh TERRSENRE LN Tin HgaRtiah of A5 HRmeVEore Hgded
bur & wat or _a 235 eleris Bk oRoaR HRe R BleseRibleT of Hesbsiamiliae "

SONI C B1200 nppyiasssied by BRANSON) set to 10 cm then 15 neasuring
t he nunber of SIEE{)ICG. r%e'croparticles that the glass fiber fabric

retaingd on t Bonid Lyt ding
B by A and egg;fgg]si ng £ léigg:ﬁ%e%;%fgg??zﬁs%sem IS mf%%&]r &gﬁgﬂ?ﬁﬁgn
rate of the dntivda epexppassing! ﬁ&mﬁ)sé@iﬂﬁn@m@am ?olﬁ?ﬁef e Yethdt

t he detachnent of the silica mcroparticles fromthe glass 20
filament surfrasies, tHefrh®$ttingppelyimnide resing; arda tresins, alhd @xhlsuaiiicon
results in the above Exanpl es and Conparative Exanples are shown in
Table 1. |n @esiparbenzpsagingmpsins3phemdicemdinsf unsedieatedipblyester sesips, a
fiber-opening.treatmgnt with a vibrowasher in an aqueous_ dispersion
of silica 25miupalsanideiriazmgresieallyslresimsafurannesing, melamiae resins,

m croparticles able 1] | Copparative | &note 7 1 081 o0oss OtS
Juar polyulle‘-trhane resﬂns, an Elne resems_

[0107] In addition, examples of thermoplastic resins for printed board
applications include polyphenylene ether resins, functional
group-modified polyphenylene ether resins, alicyclic hydrocarbon
resins, thermoplastic polyimide resins, polyether ether ketone (PEEK)

15 resins, polyether sulfone resins, polyamideimide resins, polyesterimide
resins, polyester resins, polyolefin resins, polystyrene resins, polyamide
resins, polyvinyl acetal resins, polyvinyl alcohol resins, polyvinyl
acetate resins, poly(meth)acrylate resins, and polyoxymethylene resins.
[0108] On the other hand, examples of thermosetting resins for

20 transparent sheet and display material applications include epoxy resins,
phenolic resins, melamine resins, and polyester resins.

In addition, examples of thermoplastic resins for transparent
sheet and display material applications include polyethylene,
polypropylene, polymethyl methacrylate, polycarbonate,

25 polytetrafluoroethylene, polyvinyl chloride, polyvinylidene chloride,
polyether sulfone, polyphenylene oxide, or blends or block or graft
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copolymers thereof.

[0109] A process for curing the resin with which the glass fiber fabric
having silica microparticles adhered thereon is impregnated is not
particularly limited, and can be performed by a publicly known process.
[0110] A preferred embodiment of the present invention has been
described above, but the present invention is not limited to the above
embodiment, and various modifications can be made. For example, in
the above embodiment, it has been described that the silane coupling
agent treatment step (step S5) or/and the fiber-opening treatment after
the heating step (step S6) are performed after the heating step (step S4),
but the silane coupling agent treatment step (step S5) and the
fiber-opening treatment after the heating step (step S6) need not be
performed after the heating step (step §4).

Examples

[0111] Preferred Examples of the present invention will be described
below, but the present invention is not limited to the following
Examples.

[0112] [Example 1]

(Glass Fiber Fabric)

As a glass fiber fabric, a glass fiber fabric in which the
attachment amount of a sizing agent mainly comprising starch was 1
part by mass with respect to 100 parts by mass of glass fiber yarns
(manufactured by NITTO BOSEKI CO., LTD.; WEA1078) was used.
[0113] Here, in the glass fiber yarn of this glass fiber fabric, its filament
composition was E-glass, filament diameter was 5 pm, the number of

filaments was 200, and count was 11.2 tex. In addition, this glass fiber

34



OLZ Conparative Exanple 5 171 OEl1 Present Absent QZzZ ObE 744

Absent

10

15

20

25

1 091

| Conpar ati ve Exanple 4

fabric was one in which glass fiber yarns were plain-woven, and the
weaving density of the glass fiber yarns was 53 yamns/25 mm for the
warp and 53 yarns/25 mm for the weft, and its mass per unit area was 48
o/m>,

[0114] (Attachment Step)

The glass fiber fabric was immersed in a silica microparticle
attachment vessel containing an aqueous dispersion of silica
microparticles to attach the silica nﬁcropal'ticlés to obtain a fabric
having silica microparticles attached thereon.

[0115] As the aqueous dispersion of silica microparticles, a solution in
which 0.2% by mass of silica microparticles having a volume average
particle diameter of 100 nm (manufactured by Nissan Chemical
Industries, Ltd.,; SNOWTEX) were dispersed in water was used. In
addition, the liquid temperature of the aqueous dispersion of silica
microparticles was 20°C.

[0116] As the silica microparticle attachment vessel, one comprising
two widening rollers was used. The two widening rollers were
disposed so that a minor angle formed by the glass fiber fabric being
bended by these was about 100 degrees.

[0117] The immersion in the silica microparticle attachment vessel and
the attachment of the silica microparticles were specifically performed
by passing the glass fiber fabric through the silica microparticle
attachment vessel containing the aqueous dispersion of silica
microparticles over 2 to 3 seconds while applying a tension of 240 N to
250 N per unit width in the movement direction of the glass fiber fabric

and bending the glass fiber fabric by the widening rollers disposed in
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the liquid in the silica microparticle attachment vessel.
[0118] (Fiber-opening Step)

A fiber-opening treatment with a vibrowasher in water was

provided to the fabric having silica microparticles attached thereon
5 obtained by the attachment step, to obtain a fiber-opened fabric.

[0119] The vibration frequency of a pressure wave provided by the

vibrowasher to the glass fiber fabric on which the sizing agent was

attached was 150 Hz, and water temperature was 40°C.

[0120] (Heating Step)

10 By performing a heat treatment on a roll of the fiber-opened
fabric that was obtained by the fiber-opening step and underwent
washing and squeezing, the sizing agent was removed to obtain a glass
fiber fabric having silica microparticles adhered thereon.

[0121] The heat treatment was specifically performed by heating at

15 400°C for 48 hours.

[0122] (Silane Coupling Agent Treatment Step)

A surface treatment using a silane coupling agent was provided
to the glass fiber fabric having silica microparticles adhered therson
obtained through the heating step.

20 [0123] As the silane coupling agent,
N-f-(N-vinylbenzylamino)ethyl-aminopropylmethoxysilane was used.
[0124] The surface treatment was specifically performed by immersing
the glass fiber fabric héving silica microparticles adhered thereon in a
silane coupling agent solution having a silane coupling agent

25 concentration of 0.3% by mass prepared at a pH of 3.5, and squeezing

the glass fiber fabric having silica microparticles adhered thereon.
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[0123] (Fiber-opening Step after Heating Step)

After the silane coupling agent treatment step, a fiber-opening
treatment in which a water jet was allowed to act on the glass fiber
fabric having silica microparticles adhered thereon was performed.
[0126] The fiber-opening treatment was specifically performed by
jetting 2 high pressure water flow at 40°C having a pressure of 2 MPa to
the glass fiber fabric having silica microparticles adhered thereon,
[0127] In the finally obtained glass fiber fabric having silica
microparticles adhered thereon, with respect to 100 parts by mass of the
glass fiber yamns, the attachment or fusion amount of the silica
microparticles was 0.01 parts by mass, and the attachment amount of
the silane coupling agent was 0.1 parts by mass.

[0128] [Example 2]

A glass fiber fabric having silica microparticles adhered thereon
was produced as in Example 1 except that as the glass fiber fabric, a
glass fiber fabric on which a sizing agent was attached as in Example 1
(manufactured by NITTO BOSEKI CO., LTD.; WEA1037) was used.
[0129] Here, in the glass fiber yarn of this glass fiber fabric, its filament
composition was E-glass, filament diameter was 4.5 pm, the number of
filaments was 100, and count was 4.2 tex. In addition, this glass fiber
fabric was one in which glass fiber yarns were plain-woven, and the
weaving density of the glass fiber yarns was 69 yarns/25 mm for the
warp and 72 yarns/25 mm for the weft, and its mass per unit area was 24
g/m?.

[0130] In the finally obtained glass fiber fabric having silica
microparticles adhered thereon, with respect to 100 parts by mass of the
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glass fiber yams, the attachment or fusion amount of the silica
microparticles was 0.01 parts by mass, and the attachment amount of
the silane coupling agent was 0.1 parts by mass.
[0131] [Example 3]

A glass fiber fabric having silica microparticles adhered thereon
was produced as in Example 1 except that as the glass fiber fabric, a
glass fiber fabric on which a sizing agent was attached as in Example 1
{(manufactured by NITTO BOSEKI CO., LTD.; WEA116E) was used.
[0132] Here, in the glass fiber yarn of this glass fiber fabric, its filament
composition was E-glass, filament diameter was 7 um, the number of
filaments was 200, and count was 22.5 tex. In addition, this glass fiber
fabric was one in which the above glass fiber yams were plain-woven,
and the weaving density of the glass fiber yams was 59 yarns/25 mm for
the warp and 57 yarns/25 mm for the weft, and its mass per unit area
was 104 g/m?,
[0133] In the finally obtained glass fiber fabric having silica
microparticles adhered thereon, with respect to 100 parts by mass of the
glass fiber yarns, the attachment or fusion amount of the silica
microparticles was 0.01 parts by mass, and the attachment amount of
the silane coupling agent was 0.1 parts by mass,
[0134] [Example 4]

A glass fiber fabric having silica microparticles adhered thereon
was produced as in Example 1 except that as the glass fiber fabric, a
glass fiber fabric on which a sizing agent was attached as in Example 1
(manufactured by NITTO BOSEKI CO., LTD.; WEA7628) was used.
[0135] Here, in the glass fiber yarn of this glass fiber fabric, its filament
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composition was E-glass, filament diameter was 9 um, the number of
filaments was 400, and count was 67.5 tex. In addition, this glass fiber
fabric was one in which the above glass fiber yarns were plain-woven,
and the weaving density of the glass fiber yarns was 44 yarns/25 mm for
the warp and 32 yams/25 mm for the wefl, and its mass per unit area
was 180 g/m?.
[0136] In the finally obtained glass fiber fabric having silica
microparticles adhered thereon, with respect to 100 parts by mass of the
glass fiber yarns, the attachment or fusion amount of the silica
microparticles was 0.01 parts by mass, and the attachment amount of
the silane coupling agent was 0.1 parts by mass.
[0137] [Comparative Example 1]

A glass fiber fabric was produced as in Example 1 except that
the attachment step before the heating step was not performed, and a
silica microparticle attachment step under the same conditions as the
attachment step before the heating step was performed after the heating
step and before the silane coupling agent treatment step.
[0138] In the finally obtained glass fiber fabric, with respect to 100
parts by mass of the glass fiber yarns, the attachment amount of the
silica microparticles was 0.01 parts by mass, and the attachment amount
of the silane coupling agent was 0.1 parts by mass.
[0139] [Comparative Example 2]

A glass fiber fabric was produced as in Example 1 except that
the attachment step and the fiber-opening step before the heating step
were not performed, a silica microparticle attachment step under the

same conditions as the attachment step before the heating step was
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performed afier the heating step and before the silane coupling agent
treatment step, and in the fiber-opening step after the heating step,
instead of the fiber-opening treatment in which a water jet was allowed
to act, a fiber-opening treatment with a vibrowasher in water was
performed.

[0140] In the finally obtained glass fiber fabric, with respect to 100
parts by mass of the glass fiber yams, the attachment amount of the
silica microparticles was 0.01 parts by mass, and the attachment amount
of the silane coupling agent was 0.1 parts by mass,

[0141] [Comparative Example 3]

A glass fiber fabric was produced as in Example 1 except that
the attachment step and the fiber-opening step before the heating step
were not performed, and in the fiber-opening step after the heating step,
instead of the fiber-opening treatment in which a water jet was allowed
to act, a fiber-opening treatment with a vibrowasher in an aqueous
dispersion of silica microparticles was performed.

[0142] As the aqueous dispersion of silica microparticles, a solution in
which 1% by mass of silica microparticles having a volume average
particle diameter of 100 nm (manufactured by Nissan Chemical
Industries, Ltd.; SNOWTEX) were dispersed in water was used. In
addition, the liquid temperature of the aqueous dispersion of silica
microparticles was 40°C.

[0143] In the finally obtained glass fiber fabric, with respect to 100
parts by mass of the glass fiber yarns, the attachment amount of the
silica microparticles was 0.01 parts by mass, and the attachment amount

of the silane coupling agent was 0.1 parts by mass.
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[0144] [Comparative Example 4]
A glass fiber fabric was produced as in Example 1 except that
the attachment step was not performed.
[0145] In the finally obtained glass fiber fabric, with respect to 100
5 parts by mass of the glass fiber yarns, the attachment or fusion amount
of the silica microparticles was 0.01 parts by mass, and the attachment
amount of the silane coupling agent was 0.1 parts by mass.
[0146] [Comparative Example 5]
A glass fiber fabric was produced as in Example 2 except that
10 the attachment step was not performed.
[0147] In the finally obtained glass fiber fabric, the aftachment amount
of the silane coupling agent was 0.1 parts by mass with respect to 100
parts by mass of the glass fiber yams.
[0148] [Comparative Example 6]
15 A glass fiber fabric was produced as in Example 3 except that
the attachment step was not performed.
[0149] In the finally obtained glass fiber fabric, the attachment amount
of the silane coupling agent was 0.1 parts by mass with respect to 100
parts by mass of the glass fiber yarns.
20 [0150] [Comparative Example 7]
A glass fiber fabric was produced as in Example 4 except that
the attachment step was not performed.
[0151] In the finally obtained glass fiber fabric, the attachment amount
of the silane coupling agent was 0.1 parts by mass with respect to 100
25 parts by mass of the glass fiber yarns.

[0152] <Processes for Evaluation of Glass Fiber Fabrics>
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Yarn vvi.dth Warp width before (I An) opening Weft width step (pm
Presence or absence of opening step before heating step Attachnent
step (before/after dcoiling, or absent) Warp width (4m Well wdth
0100 (sirtuaktua) Amreauuodipir | Bowed filling Rosin
i npregnation time (seconds) Silica meroparticle fusion rate (%
For the respective glass fiber fabrics produced in Examples 1 to
4 and Comparative Examples 1 to 7, the evaluation of smoothness,
appearance properties, resin impregnation property, and silica
microparticle fusion rate was performed. In addition, for the glass
5 fiber fabrics having silica microparticles adhered thereon in Examples 1
to 4 in which silica microparticles were fused on glass filament surfaces
in the heating step, the evaluation of silica microparticle fusion
properties was performed.
[0153] [Smoothness Evaluation]

10 The yarn width of the respective glass fiber yams of the warp
and the weft before and after the fiber-opening step and air permeability
were measured.

[0154] Here, the yarn width of the glass fiber yams and the air
permeability show the widened state of the glass fiber yarns and are

15 indicators of the smoothness of the glass fiber fabric. The air
permeability was measured according to JIS L 1096.

[0155] [Appearance Properties Evaluation]
The presence or absence of bowed filling in the produced glass
fiber fabric was visually evaluated.

20 [0156] The presence or absence of bowed filling indicates the presence
or absence of problems in appearance in the glass fiber fabric. In
addition, the presence or absence of bowed filling reflects the
magnitude of stress on the glass fiber fabric in the fiber-opening step.
[0157] [Resin Impregnation property Evaluation]

25 The glass fiber fabric was impregnated with an epoxy resin
varnish having a viscosity of 100 CPS, the light of an LED light was
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Yarn wi dth after opening step [ 0162] <Eval uati on Results of { ass
Fi ber Fabrics> [ Snmoot hness Eval uati on Resul t s] In Exanples 1 to
4, the glass fiber yans were wi dened for both the warp and the weft.
5[0163] Fromthe conparison of Exanples 1 to 4, as the nmass per unit
area decreased, the widening rate of the warp and the weft increased,
and particularly, when the mass per unit area of the glass fiber
fabric was 11Q g/n2 or |ess,_a w dening of 15% or nore was confmed,

and thither, $iea§ emtherglass giherdabric 4pedsually ebsgvamoids betvesenaglass

i [ of 1025% or e s cqnfirjyed. , ) A
Wi deni ng t?lzamé)n S Wi e glass fﬂm%r yarns, and time until the voids

disappeared was measured.
[0158] The extent of the fraying of the glass fiber yarns, and the size of
5 clearances between the glass filaments were reflected in resin
impregnation property.
[0159] [Silica Microparticle Fusion Properties Evaluation]
The fusion rate of the silica microparticles was obtained by
measuring the number of silica microparticles that the glass fiber fabric
10 having silica microparticles adhered thereon adhered on the glass
filament surfaces, A, by an SEM, then allowing an ultrasonic wave
having a frequency of 50 kHz to act on the glass fiber fabric for 1
minute in pure water at 20°C with spacing from an ultrasonic vibrator
(BRANSONIC B1200 manufactured by BRANSON) set to 10 cm, then
15 measuring the number of silica microparticles that the glass fiber fabric
retained on the glass filament surfaces, B, by the SEM, and dividing B
by A and expressing a result by percentage.
[0160] The fusion rate of the silica microparticles is an indicator of
difficulty in the detachment of the silica microparticles from the glass
20 filament surfaces.
[0161] Implementation conditions and evaluation results in the above
Examples and Comparative Examples are shown in Table 1. In
Comparative Example 3, instead of the attachment step, a fiber-opening
treatment with a vibrowasher in an aqueous dispersion of silica

25 microparticles was provided to attach the silica microparticles.
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[0164] From the conparison of Exanple 1 with Conparative Exanple 1,
it was confirmed that whether the attachnent step was perforned
before the heating step or after the heating step, there was no | arge
i nfluence on w dening effect and air perneability. 15[0165] Fromthe
conpari son of Exanple 1 with Conparative Exanples 2 and 3, it was
confirmed that perform ng the fiber-opening step and the attachnent
step before ;ﬁe Peﬁai ng step had a |l arger widening effect of the

gl ass fi ber able hhn perform ng the fiber-opening step and the

attachment step after the heating step. In addition, also fromthe
fact 20that the ali_gn;p rijeal)i | ity decreaspd,| @an |i nprovenent in
snoot hness was co&ﬁ;gngd.g[OﬁGE] sFnam tghpoqéngari son of Exanples 1 to
. . f= hatie = . .
4 with Conparativig xaltpl es tto<7,| 71 “wa8 |[BoRfli rred that influence
that the attachngRt iskeg had on the wi dehing of|l the warp and the weft
and air per rreabiljgt\:) P5vas |not |l arge. [ O1L67]| [ Appear ance Properties
Eval uation Resul tiglElsl 5 | g | §'n Bxamp|es| 1 {§oed,  bhowed filling was
not observed, and g@*was TOnEi nmed |t'hat” sTr@ss |on|the glass fiber
fabric in the fih@r{gpening step accofrdingitio tihe|present invention
was not large. [Q%268]| Il additiion, |fromfthe |conpani son of Exanple 1
w th 5Conparat i vegﬁ(ﬁngl es (2zand&3, 4 [ owas |oafli rqred that by
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10 Exanples 4 to 7, it was confirnmed that by providing silica

m croparticles by the attachnment step, resin inpregnation tinme was
significantly reduced. Particularly, when the nass per unit area of
the glass fiber fabric was 110 g/n2 or |less, by perform ng the
attachnment step, resin inpregnation tinme was reduced to 25% or |ess
of that in the 15 cases where the attachnment step was not perforned,
and thither, when the nmass per unit area was 50 g/n2 or |less, resin

i npregnation tlOAE2has r edbvalmationdResuitsiafdslags FibeaFabricshe cases
where the attachnent st was nqot rformed. Sinultaneously, when the
val ue of X x @Wﬁ?@“@%ﬁﬁ%@?"é@%ﬁﬁﬂhe mass per unit area, X g/ng,
and air perneability~Y 20 cnBc -1. of .1he glass fib f i S
300 or less, by pewcﬁjﬁﬁr@@% eog,@gmﬁﬁ T’re%‘,ﬂnisé@qrﬁ Wﬁ??@g&é’f f’Bﬁ?

time was red O ss of that in the cases where the
Y56 e R

attachnent step wasS not pertornmed, and when this val ue was 200 or
| ess, gesin i } t A %.0 i
t he casses m;pgs;gg%éﬂoglce hﬁ?%@é{)sg\a%géwiép%’r ?’oirl%eﬁ?f HZ{%&&%}‘ L1_‘1—3;'?tom
the conpari scere®debreassd, ethd Mdehj%'f@@r &f (S wRrE Thidethe xa%%’cthﬂlc?easba,
g e

was confirmed that by perform the attachnent” step an

fi ber - openi ngmsit paticalaelye Wit teniiasg sdrenit afed GPHRY eIBRLTb& Flgid

i npregnati on property s larger than’in the cases whére the
attachment stveas &bl gv’mgla dri Ibss, -sopedening wfels Yesrempes frrsneshiafed, drde
heating step. 5[0171] [Silica Mcroparticle Fusion Properties

Eval uati on Rdyitheswhen the pashpexunitiasea wasSMg/mt ombesscawideming afhat
the fusion rate of the silicar,ni%[oparticles of the glass fiber

f abri havi ?é/sprmrem&%—m -es adhered thereon obtained by the

e LT SR
e, ot o Tk s FOTRAR! oA M A 5 A e
) et open ek pacThskugl shieof ol SRR Lol 15 RS 80

L510172] FromflincRayigdahyebienai®att detmeabilitgs confirmed that the
gl ass fiber fabrics having sTlica mcroparticles”adhered thereon

obt ailfed by {0B6Hr Breashé eomipacison @ Bxarmpleof withotampatdtRA Exalbids

having silica mcroparticles adhered thereon according to the present
i nvention we2earek el eastcandirared that pesforminpthedfisdr apenii@ seiptand the
snoot hness, and 20 appearance. In addition, it was confirned that
they were gl atfschment stepthefere the hdtintg stepthad a darper svidemingpefiedt dfes
present on glass_fil nt surfaces were fused to adhere the silica

m croparticl e 8[1@&73 e wamscthags perfguming dhe dibaropsnagstep and the

Resin i ti ty, t , [ 5 ti
wer ¢ conpar CALBUEREN PSS BAERERC PRy D BUARER. Glo Hora the dtion
stepgnd thegllRgL 'a%pggﬁﬁ]e%b%t%pdemﬁéfse ?(a:ﬂ ﬂn%?‘gggnqggtnﬁll dmoothness was

confirmed.

[0166] From the comparison of Examples ! to 4 with Comparative
Examples 4 to 7, it was confirmed that influence that the attachment
step bad on the widening of the warp and the weft and air permeability

25 was not large.

[0167] [Appearance Properties Evaluation Results]
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controlled at an optinmal tenperature and cases where the tenperatures
of the attachnent step and the fiber-opening step were uniformy
controlled at either optinmal tenperature. [0174] [Exanple 5] 5A gl ass
fiber fabric having silica mcroparticles adhered thereon was
produced as in Exanple 1 except that the water tenperature of the
fiber-opening step was set to 70C. [0175] In the finally obtained
glass fiber fabric_having silica mcroparticles adhered thereon, with
respect to 100 par 8 hxamples 1o 4.neowed dilkisg wasaet gbsesyed,nd it was

attachnent or_ fusio mpunt of the siliga nmjcroparticles was 0.01
parts by nass?onﬁ@efrih@%ﬁ?ﬁ%%ﬁﬁegi%ﬁrﬁb%&a%ﬂé 1g; thgebercunsning stapent
was 0.1 parts A gl ass fiber

fabric hiavi n&cgﬁ{cﬁg%%g%%ﬁ@g%ﬁé@Wg’}sé}?ttlﬂgpe?n 15was produced as
i n Exanple | GTS%E{J ? ﬁ@# Eer%%{}g%ﬁﬁr%o t athac ma‘r?lvtiﬂ,1
step was set [to_ oC. [1 ];%H’In_ e Trna n&H S'fr‘ﬁg Y% per

100 pa o by Gonphiafive EXARAIE ' F R 326 REE CohIRLER Tty Bréiifting ©
amunt of theitgirlopRaiRdFeahiinlin Whith s@?e%sgag%glea%ttﬁe PladiPfiBer, B! N

attachnment anount "of the silane coupling a was 0. T parts by nass.
[0178] [ Exanmvas sthall, before the baghgsser, boeved Alirigcwhavimsresidd, ca

m croparticles adhered thereon was produced as in Exanple 1 except

that the wat ¢0162hResin dmpregnation @ohettyEvyleaiiogRetwlis]was set to
20C. [0179] In the_finally obtained glass fiber fabric having silica
microparticles adhBram theecemparispn hofr Expmples d 106 peith Chmparsiveof

t he g@ss fiber yams, the attachnment or fusion anmount of the silica
mi crofarti cl ng%. 61 War s by Wags sonfismedhthat ¢ by hpeaviding ustlicaf

t he silane coupling.age s 0,1 parts by nass., \ .
m1%ropagt1(a:1%s nﬁy %e attachment steig, reg‘m Impregnation tune was

significantly reduced. Particularly, when the mass per unit area of the

glass fiber fabric was 110 g/m?® or less, by performing the attachment
step, resin impregnation time was reduced to 25% or less of that in the
15 cases where the attachment step was not performed, and further, when
the mass per unit area was 50 g/m’ or less, resin impregnation time was
reduced to 5% or less of that in the cases where the attachment step was
not performed. Simultaneously, when the value of X x (Y)Y
calculated from the mass per unit area, X g/m?, and air permeability, Y
20 cm’ecm?s™, of the glass fiber fabric was 300 or less, by performing the
attachment step, resin impregnation time was reduced to 25% or less of
that in the cases where the attachment step was not performed, and
when this value was 200 or less, resin impregnation time was reduced to
5% or less of that in the cases where the attachment step was not
25 performed.

[0170] From the comparison of Example 1 with Comparative Examples
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5[ 0180] For Exanples 5 to 7, evaluation was perfornmed as in Table 1

for the sane evaluation itens as Table 1. Regarding soil derived from

aggregates of the silica mcroparticles, the presence or absence of

white soil acconpanying the aggregation of the silica mcroparticles

was visually evaluated. Evaluation results are shown in Table 2.

10[ Tabl e 21 Inplenmentation conditions and eval uati on Exanple 5

Gpeni ng st ep | Ryl  WenBeraRRP (Y DEromatnE i ettt sap anbiliang

step fiber-opening step before the heating step, an improvement in resin
impregnation property was larger than in the cases where the attachment
step and the fiber-opening step were performed after the heating step.

5 [0171] [Silica Microparticle Fusion Properties Evaluation Results]

From Examples 1 to 4, it was confirmed that the fusion rate of
the silica microparticles of the glass fiber fabrics having silica
microparticles adhered thereon obtained by the process for the
production of a glass fiber fabric having silica microparticles adhered

10 thereon according to the present invention was extremely high. From
this result, it was confirmed that by performing the heating step after the
attachment step and the fiber-opening step, most of the silica
microparticles attached on the glass fiber fabric were fused on the glass
filament surfaces.

15 [0172] From the above evaluation results, it was confirmed that the
glass fiber fabrics having silica microparticles adhered thereon obtained
by the process for the production of a glass fiber fabric having silica
microparticles adhered thereon according to the present invention were
excellent in any of resin impregnation property, smoothness, and

20 appearance. In addition, it was confirmed that they were glass fiber
fabrics in which most of silica microparticles present on glass filament
surfaces were fused to adhere the silica microparticles.

[0173] <Effect of Liquid Temperature Control>

Resin impregnation property, smoothness, and appearance

25 properties were compared between a case where the temperatures of the

attachment step and the fiber-opening step were each independently
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Varp width (pm 345 350 325 Weft width (pm) 460 460 435 Silica
m croparticle aggregation soil Absent Present Absent Resin
| npregnation tine 10 8 15

10

15

20

25

controlled at an optimal temperature and cases where the temperatures
of the attachment step and the fiber-opening step were uniformly
controlled at either optimal temperature.

[0174] [Example 5]

A glass fiber fabric having silica microparticles adhered thereon
was produced as in Example 1 except that the water temperature of the
fiber-opening step was set to 70°C.

[0175] In the finally obtained glass fiber fabric having silica
microparticles adhered thereon, with respect to 100 parts by mass of the
glass fiber yarns, the attachment or fusion amount of the silica
microparticles was 0.01 parts by mass, and the attachment amount of
the silane coupling agent was 0.1 parts by mass.

[0176] [Example 6] '

A glass fiber fabric having silica microparticles adhered thereon
was produced as in Example I except that the liquid temperature of the
attachment step was set to 70°C.

[0177] In the finally obtained glass fiber fabric having silica
microparticles adhered thereon, with respect to 100 parts by mass of the
glass fiber yarns, the attachment or fusion amount of the silica
microparticles was 0.02 parts by mass, and the attachment amount of
the silane coﬁpling agent was 0.1 parts by mass.

[0178] [Example 7]

A glass fiber fabric having silica microparticles adhered thereon
was produced as in Example 1 except that the water temperature of the
fiber-opening step was set to 20°C.

[0179] In the finally obtained glass fiber fabric having silica
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[0181] Fromthe conparison of Exanple 5 with Exanples 6 and 7,

confirmed that by controlling the liquid tenperatures of the
attachnent step and the fiber-opening step each independently at an
a glass fiber fabric having silica

m croparticles adhered thereon in which resin inpregnation property,

15 optimal tenperature,

snoot hness,
obt ai ned.
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[0184] From

having silica mcroparticles adhered thereon, having high resin
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[0181] From the comparison of Example 5 with Examples 6 and 7, it

was confirmed that by confrolling the liquid temperatures of the

attachment step and the fiber-opening step each independently at an

15

optimal temperature, a glass fiber fabric having silica microparticles

adhered thereon in which resin impregnation property, smoothness, and

appearance properties were collectively better was obtained,

<Making of Fiber-Reinforced Molded Resin Articles>

Fiber-reinforced molded resin articles comprising the glass fiber

20

49

material having silica microparticles adhered thereon in Example 1 and

in the fiber-reinforced nolded resin articles conprising
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m croparticles adhered thereon is preferred for a reinforcing
material for a thin fiber-reinforced nolded resin article. A
fiber-reinforced nolded resin article conprising the glass fiber
fabric having silica mcroparticles adhered thereon as a reinforcing
material can be utilized for printed boards, transparent sheet
materials, and the like. CLAIMS [Caim1]A process for production of
a glass fiber,fabric having, . silica mcroparticles adhered thereon
in which sil it glees g rfﬁbacésn&@nﬁﬂaéw&@npkwem drasq zeinforcing
filanment surfaces. of | ass .fiber fabric, to 5adhere the silica

m croparti cl S8ateHE 1 11SIng an eRpXy FegirArehinatiis Fesn WHrgdRadeg t he

e A 09 P AR L
;H:gﬁntﬁ’e Isi ' § r I Sg}é I £ ] r%ﬁ urfaces of
%09(? rgkiﬁ fb?ilgt éeﬁ)ﬁ&s o L krgﬁ-g %tflﬁ moved
]E_hgegl_aszn}‘ inb rofapric, 10a fI er’;iopen! ﬁ% ]E f}np%o% _iVFPgst%? ve .
i oropar et ol &F SEREIFROlIC, hE U, HlAIE HER tinfe s e 10T 10
heating step vollatheah-Jolediti Eempbert @S tdliebs prb i.CIt'Hén‘,’"Qhéger?lgeg

fiber-opening treatnent is provided by the fi'ber-opening’ste

fuse 15sone avasmhioldéd thyeasvdcuom pressonadén HeepraabhuasdiReh Biid !t diting
attachnment step, on the glass filanent surfaces of the glass fiber

fabric. [C aiconditiomes prfocER0C, o20priogfont’] omdf 98 ghiasses i feer mbRE' iaC
havi ng silica mcroparticles adhered thereon according to claim
1, wherein afibgsireinferced meldedacsiniartaleni croparticles in the gl ass

fiber, fabric [N Osilica.m,croparticles adhered thereon is 60% or
nor e.l({ d ai m[gf%eﬂbﬁ%gggﬂ%g}'%ﬁ%ﬁmld% regin arelecomprising fthe glass
havi ng silica,m Cfrgﬁart | ¢l es.ladhered t hereon. according to ¢claim1 or
2. wherein t ESF ilBRNS 3¢S SlCALRIGraRarticles adbered theredn in Example 1

as a reinforcing material, voids could not be visually confirmed. On
the other hand, in the fiber-reinforced molded resin articles comprising
the glass fiber fabrics in Comparative Examples 1 to 4 as a reinforcing
15 material, voids were visually confirmed.
[0184] From the results, it was confirmed that by using a glass fiber
fabric having silica microparticles adhered thereon, having high resin
impregnation property, a fiber-reinforced molded resin article having a
small amount of voids could be easily produced.
20 Industrial Applicability
[0185] A glass fiber fabric having silica microparticles adhered thereon
that is excellent in any of resin impregnation property, smoothness, and
appearance properties can be produced by the process for the production
of a glass fiber fabric having silica microparticles adhered thereon
25 according to the present invention. This glass fiber fabric having silica

microparticles adhered thereon is preferred for a reinforcing material for
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provi des at |east one of a fiber-opening treatment with a water
25jet, a fiber-opening treatment with a vi browasher, and a

fi ber-opening treatnment with an ultrasonic wave. [C aim 4] The
process for production of a glass fiber fabric having silica

m croparticles adhered thereon according to any one of clains 1 to 3,
wherein a mass per unit area of the glass fiber fabric having silica
m croparticles _agdhgred %Bgreon is, 110 g/n2 or less. 5[ C aim5]A glass
fiber fabric hEURdApesirinarcedaneliod esmeartioder Adiberarcdnrdad muol
silica nicroparlic%gﬁégre fused on glass fil nt surfaces, of a_ gl ass

fiber fabric ¥tihad t (FOTLRIISIRE HIgr oHass i &ibes . fpbriai hayjnge sificsss
fiber fabric i Stlica mceroparticles.adhered thereon accordi
':1 o claim I5_, %ﬂ%}féﬁ%ﬂgi%%@%gfﬁgﬁ??ngpgar %‘Pﬁfnar CpR E’@lrutilé@pig c
aving silic ﬂgpﬁ e 0 412 or |ess.
[Clain17]Theq8P§§é I %?ﬂ¢Q%??@EﬁgﬁSH%QQﬁﬁﬁggmiﬁgﬁgggﬁ tl es adhered
thereoyn according to claim5 or 6, wherein a nmass per unit area, X
g/n2, and air perneability, Y cnBcm2s-1, of the glass fiber fabric
15having silica mcroparticles adhered thereon satisfy a condition of

0 <X x 00112 300. [ aim8]A fiber-reinforced nolded resin article
conprising the
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gl ass fiber fabric having silica mcroparticles adhered thereon
according to any one of clains 5 to 7 as a reinforcing naterial. 20

10

15

20

25

CLAIMS
[Claim 1] A process for production of a glass fiber fabric having
silica microparticles adhered thereon in which silica microparticles are
attached or fused on glass filament surfaces of a glass fiber fabric to
adhere the silica microparticles, comprising:

an attachment step of immersing the glass fiber fabric in which a
sizing agent is attached on the glass filaments, in an aqueous dispersion
of silica microparticles to attach the silica microparticles on the glass
filament surfaces of the glass fiber fabric;

a fiber-opening step of providing a fiber-opening treatment to
the glass fiber fabric on which the silica microparticles are attached by
the attachment step; and

a heating step of heat-treating the glass fiber fabric to which the
fiber-opening treatment is provided by the fiber-opening step, to fuse
some or all of the silica microparticles attached by the attachment step,
on the glass filament surfaces of the glass fiber fabric.

[Claim 2] The process for production of a glass fiber fabric having
silica microparticles adhered thereon according to claim 1, wherein a
fusion rate of the silica microparticles in the glass fiber fabric having
silica microparticles adhered thereon is 60% or more.

[Claim 3] The process for production of a glass fiber fabric having
silica microparticles adhered thereon according to claim 1 or 2, wherein
the fiber-opening treatment

provides at least one of a fiber-opening treatment with a water
jet, a fiber-opening treatment with a vibrowasher, and a fiber-opening

treatment with an ultrasonic wave.
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[Claim 4] The process for production of a glass fiber fabric having
silica microparticles adhered thereon according to any one of claims 1
to 3, wherein a mass per unit area of the glass fiber fabric having silica
microparticles adhered thereon is 110 g/m?® or less.

[Claim 5] A glass fiber fabric having silica microparticles adhered
thereon in which silica microparticles are fused on glass filament
surfaces of a glass fiber fabric to adhere the silica microparticles.

[Claim 6] The glass fiber fabric having silica microparticles
adhered thereon according to claim 5, wherein a mass per unit area of
the glass fiber fabric having silica microparticles adhered thereon is 110
g/m® or less.

[Claim 7] The glass fiber fabric having silica microparticles
adhered thereon according to claim 5 or 6, wherein a mass per unit area,
X g./mz, and air permeability, Y em*em?s™, of the glass fiber fabric
having silica microparticles adhered thereon satisfy a condition of 0 <X
x (Y)" < 300.

[Claim §] A fiber-reinforced molded resin article comprising the
glass fiber fabric having silica microparticles adhered thereon according

to any one of claims 5 to 7 as a reinforcing material.
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