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GLASS STRANDS CAPABLE OF REI NFORCI NG ORGANI C AND/ OR
| NORGANI C MATERI ALS, PROCESS FOR MANUFACTURI NG SAI D
STRANDS AND COWVPCSI TI ON USED 5 The present invention
relates to glass strands (or "fibers"), that can be
used for reinforcing organic and/or inorganic
materials and can be used as textile strands, these
strands being able to be obtained by the 10 process
whi ch consists in nmechanically drawi ng streans of
noldians g lsaraNDEOCAPEEDEt OF rREINFOROINES ORGARL € damwd /OR

the bagése %%Mﬂ gengral ¥sh§8§er9u¥}}’rdmc%§}ﬁ nee

heat i ng- resent ‘i nventron 1s
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constant having a particularly advant ageous novel
nposition far formng ne strands, 20 This is

BBER S 1 & YR aPBu oL Uekand ot orL 8 ais S L erEndbor

Wioberper m ttthaxi tgaandxﬁlebedtrﬁar | osseSomrieng | onganic

aha?srb%wggﬁael mauéggaﬁg gamaa&lgfﬂéﬂea@éﬁ éa?ék‘&%le

are uSed in order to reinforce prlnted clrcult
§Gséfliﬂat ekhespestands RGN SPlfaitm pe2sbbpiged by the
pebbéescenesh, ceapestal iy gleadansthdDgSdraning streams

120 C§1s SHP%}:{%& egu?{arflrgnﬁsﬁ)%nﬁfcfcrelsc ocaancde(cp rat
el ectronic onmponent s
hBAd Pasge ¢hcheddehinat f&eW@édYofhees@qorl@xegssngt@mce
gkaetrgcal and/or electronic signals, which involve
signal s of ever higher frequency, and, on the other
hand, the mniaturization of the conponents which
dheovwsradweitr dewsitiomn ia sabmtd amerto meertiiovdeedyedat
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cruclal, If these properties do not have the
e%%&%ﬁaw f M YRIHGET S M O ity %@PQSF—FéRno? or forming
oveeheatamds and/ or of signal distortion. Mreover, to
help in mniaturization, strands of ever smaller

GLASS STRANDS CAPABLE OF REI NFORCI NG ORGANI C ANDY OR
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fabrics, which are used in order to reinforce
printed-circuit substrates. The latter consist mainly
of a reinforcement, especially glass strands, and a
resin, on which substrates various electrical and/or

electronic components are placed.

With, on the one hand, the increase in the speed of
processing of electrical and/or electronic signalsg,
which inveolve signals of ever higher frequency, and, on
the other hand, the miniaturization of the components
which allows their density on a substrate to be
increased, the dielectric properties of this substrate
become crucial. If these properties do not have the
expected performance, there may be a risk of
overheating and/or of signal distortion. Moreover, to

help in miniaturization, strands of ever smaller
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and/ or inorganic materials and can be used as textile
strands, these strands being able to be obtai ned by
the 10 process which consists in nechanically draw ng
streans of nolten glass flowing out fromorifices

| ocated at the base of a_byshing generally heated by
resi stance heating. 15 The present invention is
aimed nore particularly at glass strands of |ow
dielectric constant having a particularly

ad Ve SBIRANRSY §IAPBBHEOSF t REINFORCING RGANILI AND/OR
st ranggordfnIhi SatEr DAAUSRIREC FbR AaREFAEGRAGIBN

for glass strands mhoseéﬁern1tt|V|t and dielectric
| osses are AW STRAVESHANRCHEFHITIReFSES f or m

i ghtweight fabrics, which are used in order to
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@ﬁsﬁi/geonog SuTHMY 1 PeBRFA S e rbedtrf Prie resistance
diealcéagri ¢ properties of this substrate 35 becone
crucial. If these properties do not have the
expected performance, there may be a risk of
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Thoepetyards. conventional |y used for printed-circuit

5 boards conS|st essentially of epoxy resin. Polyners
Fﬁ erior dlelectrlc roperties are known at
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printed-circuit substrates. The latter consist mainly
of a reinforcement, especially glass strands, and a
resin, on which substrates various electrical and/or
electronic components are placed.

With, on the one hand, the increase in the speed of
processing of electrical and/or electronic signals,
which involve signals of ever higher frequency, and, on
the other hand, the wminiaturization of the components
which allows their density on a substrate to be
increased, the dielectric properties of this substrate
become crucial. If these properties do not have the
expected performance, there may Dbe a risk of
overheating and/or of signal distortion. Moreover, to

help in miniaturization, strands of ever smaller
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on inproving the properties of the reinforcenent,
represented here by the glass strands according to
the 15 present invention, which occupy in genera
about 60% of the volume. A glass subjected to an AC
current converts sonme of tle-latter into electrica

S”S&Qxeg' éﬁé péé&gqé 311{ h_%c?e% Ry %fe'dﬁ'ce Iﬂbstﬁhé‘ﬁﬁéé§a&f

lelectric |oss. dielectric
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the | oss tangent (tans) which depend on the
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bigbleceLecti ol enaroudissshogbed in  the ol ass or

el ectric loss; is a constant; is the
frequency; 35 v is the potenti al gradlent; Eis the
ﬂﬁynllﬁ?ybﬁame@md:hﬁn$hbs Bheldiet Bet rgreodeasd eangénta

ectric dissi ation f
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phepeviliues’ refers to t he pair (s, s"). To mnimze
t he distortion of a signal, it is desired that both
s and ¢c" 10 be as | ow as p033|ble It is therefore

PrEdreanEuPYCEBeAi FO RAsRC IR ISHY S TR afOBanChethe
flakeeirzedntes pasieddni danderendeyycondtids igreedof ime the
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us ' rernforcin haV|n ec rc
pospger t Ths dﬁ@lacdraﬁetlé}s%ataﬁﬁ? ep@@ﬁﬁaﬁpenélw% the

thenitegvi tements ofo thed atesk peangésk Ci (teiidhs. which
depend on the composition of the glass for a given
frequency. The dielectric losses are expressed (see for
example J.C. Dubois in “Techniques de 1’Ingénieur
[Engineering Techniques”], heading: “Electronigque
[Electronicsl”, Chapter E 1850: “Propriétés
diélectriques des polyméres [Dielectric properties of
polymers]”} by the formula:
W = kfv’etand
where: W is the electrical energy dissipated in
the glass or the dielectric loss;
k is a constant;
f ig the frequency;
v is the potential gradient;
€ ig the permittivity; and
tand is the dielectric 1loss tangent or

dielectric dissipation facter.
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More specifically, a tendency to increase the
operating 20 frequencies of conponents, with
frequency ranges of the order of GHz (gigahertz),
especially 0.9 and 1.8 Giz in the case of telephony,
shoul d be noted. It is thesefore very inportant to
FLULY L% DERGRIoLRl e QlASS, SLEApAR 141 oLl S
Fequency range and to optim ze their conposition so
as to limt the dielectric | osses, especially for
thi sz tebdrdy apphrest i drom| thshofbbe ndtaed tHatmore
st orlt or .30 u publ ed i, .5
[:E reequ(?n!cgl a%e ?éa%éée’l eCtri %ﬁé r gdp?g%t [ gs aofal;} ?assaé%
mcaeweeqm;grre@ﬁgé shet %Ebf?@l@flc ofOMEE becore.
(megahertz). The objectlve of the present invention
IS to rovi de no ass conp ositions f
£r nt 5 réFﬁForfg %1 fﬁﬁ@ hd@lng d?%Wectg}eleCtrlc
properties’ ofeftdis Samszlrﬂ devir ofe, naghi t TedemEminiwssehe
{st@tiﬂ&@%’f o 35985 1W LRI Bt hees ME 10 octMkChng &

ass conpositions have at the sane tine i npr oved
?e@%c%?Wc?inRﬂﬁ%ﬁﬁ € in the GHz range - 4 for a
smal l er strand dianeter, while still having

PEl 18" BRLOLY gb%&héwgn@fegeggﬁﬁ_n glgggegoaﬁgo@pei%&
reln orcement - stfands econoni ca ur t her ,
Fba@egaﬁabﬁefﬂharlﬁﬁ@rg?ﬁ§§csﬁ¥%hd§n¢%r SEPRF

B.e fﬂrpser b%@deé‘@d%ﬂr@&@gﬂ tm@mslcgtéd ngml Scﬁrddxo tbe form
I eakage. the res

PREE oelis ot PeinfReTre| stranedye Al rafhdlere

frepecties @m@p@rdn@@etﬁer@h®©lﬁgef@mmm¢ﬁﬂbIQWWFth the

£85d gEremdh 4 QAUGIRY 162BEe bPiMbEgheiMfiits.
racterization of the dielectric properties of the

gl asses is carried out, especially at 1 MHz and for
MBEelﬁpéé}tidémmyﬁﬂaztdhdamm@nmp iacgeaba whecbpéheting

%Psge&ﬁsﬂg at# on, Q4 di ¢)ieqt %Feqagﬁeﬁri%ge@foﬁ héne

Sés 1s carried out, éspeci al i
PF@@?lQﬁn@Hﬁrb$kﬁ§hQﬁ$Z\MMQﬂPeﬁﬂél ¥pBcPapny 1-8 GHZ “in

drt ergioeskt a1 Hhony,t Ractueappe ahett@i corr espondi ng to
a viscosity of 103 poise (decipascal.second or

dPa.s), denoted by "T(logfl=3)", which gives
Btetsotheraforeedn atntante tot sipdyrat be ebahavier of

yhhch theahhbenhziidd sraRpRMAN Yrange and to optimize
their composition so as to limit the dielectric losses,

especially for this field of application.

It should be noted that the wvast majority of prior
studies published in this field relate to dielectric
properties of glasses in a frequency range of the order

of MHz (megahertz) .

The objective of the present invention is to provide
novel glass compositions for forming reinforcement
strands having dielectric properties of the same order
of magnitude as those of the known glasses within the
MHz range, which glass compositions have at the same

time improved dielectric properties in the GHz range
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carried out, especially from pl ati num bushi ngs; 25 -
the "liquidus tenperature”, denoted "Tlig", which
corresponds to the tenperature at which the growth
rate of the nost refractory crystal is zero. The
liquidus tenperature givest the upper limt of the

E%gpeéaté%&iléf““ﬁ%ﬂaﬂd“hHQQmé@§rglaﬁﬁjﬁﬁysEQYQ ahav1ng
tendency to devitrif consi der.ed possib

| t
F8CFFBaYFRY ¢ ﬁébaraggng DEABRTELS? i Of(jleagfqo-?,?b'i"%m
resafbhasmert egpradndso ecbdbdCcahttyif Tliq is nore than
100C, preferably nore 35 than 300C, bel ow T(Il ogj =3).
The gr eater this difference between T(]ogr)=3) and
Turgherwereor et | iRefgsirnple | Bedt 2t gy 94 3F5 betEands et
guksWi bhodhnaBy fu@@h:aeea uBfdrt BendDt Eohdegiviks pise

r ag durl n eri_zin ni. zed The gl ass
Eg ﬁF% E’rsalr]1O S r%“éjtuggomgmglfeaka 0 are thus

st rands formsd from gl asses which derlve fromthe
%FOQ@M&C}& Coef the SGrAb2EBnCaQhEr BT otk agr afte

particularly the strands referred to as E-glass
QFFéﬂﬁg the archetype of which is described in
Pat ents thdS- ds &1 834 198 1paopk 1iS-e 2t Bbdde 0B4ing- fleassthe

énds A}?%ee a %OWPEé%d%iSSQ% al ly;;pasgdliBR  che

|ca i me ric a h dride. The borlc
ghﬁyaﬁp%l%%gfenpflcﬁh% ﬁhﬁhﬁ?%r%%ngirﬁge%’ﬁl%? a&fi cehe
frapsest 9s 18debyeaehght edpeciklghass” it Mpe ghassor the

G 03|t|ons,,, repl acgs_sone. of si | ass,

s?ggnds “AVYE furt Rer %?%querhcz}’r ac eggzed Jb “ﬁl%ht ed

coarentevizat ket i offettdle dxea@@tn(iesséﬁpparwewa@@ the
andLets K:?—Q)carﬂécf'QHﬂ:h U&%b&l&@lf/' bery zalpddty is

good (T(!|ogr.l =3 around 120 ig_of aroun
1osoc§ thRoitibarapaesr %05%5%?%1 eghldhoe\g%erespﬁ%%ﬂly
tletbeminsdfdy ci ent as regards the new requirenents

for PEhD! edflebaulleSUbSIALRRI120 ANt by it o of

g ass stran known and 6btai néd._ from
Qmw%%%ns(‘j\?f@rlyaﬁi:éﬁ FRACARE | F affp&on. dfpgted by
glrassgq= Ef"thwmékar@iwes I«‘grmmdm tine orame i 50 gbass estie

E§%£§ a%gr Whl ﬁhgo%)%gr§%9§gaQ%;Bégﬁgrally

t hou ese asses re attractive
f:errtshdu pubp @ﬁ@@c&t%}fc fmoewpéﬂ@l:é@umabts@%rrw are

very Qhéfl‘qqtqmags fidwgydrae ur &t |, ogldrisda> HHOPC) which
particul a the strands _to ?1 %btcgl ned are
Fpﬁgef???éﬁeﬁ? %ﬁ%”ﬁﬁgﬁeggture at w e grow rate
of the most refractory crystal is zero. The liquidus
temperature gives the upper 1limit of the temperature
range in which the glass may have a tendency to

devitrify.

It 1is considered possible to fiberize the glass
economically if T(logn=3) is less than or equal to
1350°C and if Tiiq is more than 100°C, preferably more
than 300°C, below T{logn=3). The greater this
difference between T (logn=3) and Tiiq, the more likely
the fiberizing will be carried out without any
incident, and the more the risks of breakage during

fiberizing are minimized.
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10m). The yield of this type of strand is |ow (high
degree of breakage) and therefore their production is
30 particularly expensive. Novel famlies of

conposi tions have recently been proposed whi ch nake
it possible to obtain usef® - dielectric properties
and achieve relatively economc 35 fiberizing
condi ti ons. These CQ%EOS|t|on are described for

ERaNBLESFnTEPBEPESETTHs Tir 22 &5- 109 305y V5o are
88L52883ands 6fofhed ef conpobassensyhatit hdegivehafian the

%E%&P&amecgas' QG r.;ﬁ:e'g%é ol'r A té&%%@? 204, Gl agram,

§, are unsatisfactor ormng fine strands
Eﬁﬁéécﬁh%rlﬂengé oﬁtﬁﬁééﬁagéEéGFFﬁa fi erl%ﬁng -glass

EERBAhAS, Nt gl . a BcOiheroff afilch ok cegpesbedons Patents

g%a agy §%9ﬂ9§ﬁ%osﬁﬁf%92§%fl o@'sgh°§?gsg”55¥%£aé B

I ONS are capa
aelmmcvfelnmﬂn ssrandsal hnat b@&ﬁdbeo@atﬁlé'ﬂ&@t or alymlna,

fiper bﬁ@dbég}l@‘?%ﬁﬁ%?%éy 2nd Hak«@cl an?&ﬁi@ée bPesent
achi eve ieléectric

th ran
i §@@H&gﬁh5ﬁn9m% hﬁlgﬂrigﬂ‘ it VR f%?%% Fpone
ihe “preience- DypeF@IEssncmeOSIqunal|xﬁpiaQE$ some of

ﬂa&hou tﬂ&% addig i gg%s%f P20E. Dfves Lp. be ?ssaeﬁéﬁh@fe

r th |electr|c roperties, It also iIncreases

chakagtelbtRdi My afd ELohseflefOPierhe $or REFRR ome%ﬁl
het gegogenreu ighass NMeoChahd feks Kyof e gdasiHoypgthur tingir

Prberia] 3133 x
5%5%%#%%Q%}1E¥r%on §§$n ??g gfzg ?P é%@ﬁn& £200°c and
Eonpost t ikewubdset0®h’ Che tiede- A DOEREICT cBRBPABE &P

ABlsESett @Q%%bmﬂ%tEbOﬁhéhﬁf1§1é@@d§smhk@a&d§W%He new
di aneter, é§0|allyt%%Fs ,than or 25 e ual to 10 m

ﬁF@FéF%ﬁ??t? F (e EGEEP L oSYPRT T B ven ar ound

5 m under good fi beri zi ng condltlons with a reduced

358?539%5%@ W 1A St [d e JHRIGRE aj i ﬂgow@cgﬁ@t aﬁtsmed

ectric perti‘es in the Mz and Gz es.
froR ﬂ@@p@sa§é0§ﬁr AFAY 2Tt dihg StdifRe %nfﬁv ih a?‘%e

glasses of this family, known by the name "“D-glasses”
comprise about 75% of 8i0;, 20% of B,0; and 3% of alkali
metals. Although these glasses are attractive for their
dielectric properties, also they are very difficult to
fiberize (T(logn=3) > 1400°C) particularly when the
strands to be obtained are fine (filament diameter =
10um) . The yield of this type of strand is low (high
degree of breakage) and therefore their production is

particularly expensive.

Novel families of compositions have recently been
proposed which make it possible to obtain useful
dielectric properties and achieve relatively economic
fiberizing conditions. These cowpositions are described
for example 1in applications WO-A-96-A-/39363 and
WO 99/52833.
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obtained froma conposition essentially conprising
the follow ng constituents, within the limts
defined bel ow, expressed as percentages by wei ght:
35 Si2 50 to 60% A1203 10 to 19% B203 16 to 25%
Zr@2 0.5 to 1.5% Na20 | ess than or equal to 1.5% -

ne&20 | 85 Bgﬁglgﬁsequahlﬁﬁoégﬁgﬁ h&¢0n acceptable
Na20+K20+L| 20) | ess than or_equal to 2%

teseric mjoEses Tig2 HariGiR | IGﬁIEn 6?ng‘aﬁa:\/gﬁ“6e
A%t isesstdhan for ecﬁﬁﬁimlm 1&%1e 4stpaidd8y Oinaoe 2%he

Qe%eé %fa&d L8 rgmn g@& 10y 3%, Tgﬁgh

0Si t1ons ac e I nvention nma
possi bl e to obtain satlsfactory and advant ageous

{\hb@lgéﬁi n&aﬁi&g@ert&ﬁs caiﬂp@}g:leggﬁgon@rmx@afdyberpmm@sed
0 e . carried jut eci,a caus l o 3)

1888145 e @6%3?F?$ons ac%:i?org‘ %g tesoz-g( hec%l Givent o
havpoait icwe epaabl e dapgbiléus afenpeiaing e, respéeregmgnt

Lesgndban tgirequaknt o LL50Cgwikhautof®i Pr rf§Be£ﬁzed
devitrification durlng fiberizing in the col:ld regio
[

BFORRBLFIbF | ATy EREE bEE APT P i%he HPeedEPLCYD goca
dﬁ)anj@ctfng phepgtabss f imnthhe GHar nacget.0 Ttheseems  that

| ber. i.hl.es ne_of ;t.h Les.
S s LW i gla el A S ol
BeToAd ﬁ@et gonpesiti@rti on and 25 plays an essenti al

role in stabilizing them The silica (Si02) content

he sel ect e%{ osi t en 09
BLphealt G eapaP TPhai tgnos bYoveh" e no BlcRidla)
for the dielectric properties, it also increases the
risk of demixing and consequently the formation of a
hetereogeneous glass which breaks more easily during

fiberizing.

It has now been found that the addition of =zirconium
oxide {(Zr0,) into a composition based on the
5i0,-A1,0;-B,0; combination makes it possible to obtain
strands with a small diameter, especially less than or
equal to 10 pm, preferably less than or equal to 7 pum
or even around 5 um under good fiberizing conditions
with a reduced breakage rate, while still waintaining
acceptable dielectric properties in the MHz and GHz

ranges.

Thus the glass strands according to the invention arxe
obtained from a composition essentially comprising the
following constituents, within the 1limits defined

below, expressed as percentages by weight:

S10, 50 to 60%;
Al,0; 10 to 19%;
B.O 16 to 25%;
Zr0; 0.5 to 1.5%;

Naz0 less than or equal to 1.5%;
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and/ or especially less than or equal to 57% 30 The
al um na A1203 al so constitutes a network forner of

the gl asses according to the invention and plays a

very inportant role as regards the hydrolytic

resi stance of these glasses.- Wthin the context of
the | gnpts defined 35 acaeisd RPahoothequayend i 0155 ;

reduci,n e a this ide to o means
t hat {Rﬁ(g é{ﬂ%@&%’%l stantia ?nnglrfeegﬁégep%% ‘e to
hydr opPi c att ack, mheré&§se%@é§spveE9u$hcﬁ%é%hhg

t he aggunt of this oxideesf t@RhabkScqhg] risksopf
devitrification and an increase_in the VISCOSIty

The ARSO8CE8nt MF°bf t he %&1%dP&d conpositions is 5
between 10 and 19% esped ald g%greater than or equa
to 13%. and/or especially dess.thgg or equal to 17%
The I%é% (CaO) content of the sél ect ed conp05|t|ons
is | ¥38iPHaN or equal t dSEFPAEPRE| §HYFL |83 T han
or 10 equal to 8% or even |less than or equal to 6%

referably reater than e %
3 Gt IR 0p8R g 23" Ohe TSl 2o s i
cosisébhi eof ttChe getain edsa@ngﬁ@q:t@ms ang |§dlvé§§aﬂﬁﬁﬁs

@1 pRgYak nko plf%ﬁée&%w @hthEﬁ%SebBﬁamQé egyatitond%o
or even.l essS tha

n or equa [ or r ef er apl
Ree&PEF tPAaR br STRAEG i Z%ec?ﬁéeaggg??’&n b= AR
zirconlun1OX|de (ZrQ2) appears to be an 20 essentia

U oSl 06 INENLLOIra e Lol Rontiahint SORCIHERN an

prefera ss than or equal to 1%
W%péﬁbéé Appadcast ot%‘l‘%%}-'ad“\?@ry SRSy rbree i fhan
tdie dleqlua@trl €opropesbres, nmeithquer ti eadjarl y iskhe of

s LN d I t
R
@ﬂherth@ pfeb@ﬁtzuﬁz urzeeéblabl andncrighseti tﬁéeders

| doatdiuee S nbeeRer gl HE 8. bR eied i Nethd ddTites tHen fliens z0hg
alkalbge earth netal oxides, |inme and magnesi a, nake

iT450SsPBre to adjust 30 the viscosity of the glasses
according to the invention. Good fiberizability is

%qtﬂ'ceeqsb%n%h%%slt@& d:hgesu mhqfcht hesasakkal h@%w@?fct Bt
netal oxides to be between 4 and 159@g$re er

P A o TRO DR MR (RO i pEBF oL BBF YLt daand
tthaysoanegeabnt DallOfble in stabilizing them.

The silica (8Si0,;) content of the selected compositions
is between 50 and 60%, especially greater than 52%,
and/or especially less than or equal to 57%.

The alumina Al,0; also constitutes a network former of
the glasses according to the invention and plays a very
important role as regards the hydrolytic resistance of
these glasses. Within the context of the limits defined
according to the invention, reducing the amount of this
oxide to below 10% wmeans that the glass is
substantially more susceptible to hydrolytic attack,

whereas excessively increasing the amount of this oxide
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35 Furthernore, CaO appears to nmake a benefici al
contribution to the hydrolytic resistance. - 9
Al kal i metal oxides, especially Na20 and K20 may be
i ntroduced into the conpositions of the glass strands
according to the invention 8morder to limt
devkt i kf bgat o8k ands p@sEi b Feduer bha whseaskbisefin
5 the,glass. However, the content of alkali netal
GREJELSCPREDD + K20 + Li20) nust remain |ess than or
equal to 2% in order to avoid any deterioration in
trﬂg dhgl@Ct hofir cREOPEET | B8 aNCh 1 Qo101 dompdel EhBRBt al s
reduction in the hydrolytic resistance oP t he glafs.
PrEvVaPRalP fRtal 910 PRl Toht SedteTgbharaPFysaual to
gseat ahdy banephdfhaldue s thenpoesegeel ofoixqfuriti es
contained in the batch materials bearing other
constituents and it is preferably | ess than or equal
Toe1dimegr (Ga9d soneeah of. IV Ted e €5RPoSPIPHRL FBYIS 18
qu?)baiih% zg)i1g|@;@1ka£b nefsg| é@wﬂ%@m}(}‘w%%\l&mn or
n [ or may contain a conbination at
Faal Eo S ket TEvI LR dOE fie Sebnt ent F- caRl/ "
prkdkbramiby aprexiee Peimepd espialhde %, equalenogiesipr
Ru&henablyub esss than or equal to 0.8% 20 The boron
content 1S between 16 and 25% preferably greater
than or equal to 18% and/or preferably |ess than or
efguahaac22% (Wgopvemtass dharhorsedgualed compO¥itions
Accqrdi_ng..t r red. v i 0 L N [
BB A el el R Y 08 e e i e CFan o
eaHeents 25 .aP% AR PSR t Hhathole 8Fud gFas8¥soand/or
oRetBeaBlf ghadthr Natard ®rdegfadetbheshydrol ytic
resi stance, and, on the other, since the cost of
boron-bearing batch materials is high. Boron may be
Ther eddéedonnof zhodenbge ewiimt (Zx020) neppparat Fagbe agn
Rateh: 1Bl ehiozhe 3 HiASSiSTERANMLSCr AP COPDY | Sbient is
boron, for _exanple _E--glass sﬁra d scrﬁ%. To |ngrgve
PREVRERt Png 8Pt e 5§r aBSSTRFABIY Nk ®) tHay ©he®dldbdte
LR .aTatral bxadeuappeaspecd ahlay fa omry Snpor2@nt3sodbe in
e [ yiEr
ghe RhepBehE e ﬁéﬁ%@%‘aﬂg’”ﬁ bprtiRs arey o' O ons
FAPBEdaSed A cafedaRBuRY pBsshS f%ﬁé%enﬁf-’w@"%f t bhe
3untcpnef anabl yel @sdited to 1.5% in order to prevent an

unacceptable increase in the liquidus temperature.

The defined limits, in terms of alkaline-earth metal
oxides, lime and magnesia, make it possible to adjust
the viscosity of the glasses according to the
invention. Good fiberizability is obtained by choosing
the sum of these alkaline-earth metal oxides to be
between 4 and 15%, preferably greater than or equal to
6% and/or preferably less than or equal to 10%.

Furthermore, Ca0 appears to make a Dbeneficial

contribution to the hydrolytic resistance.
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- 10 than 2% or even less than 1% of the

" conposition. It allows the viscocity to be | owered

wi t hout any appreciable degradation in the
di el ectric | osses. 5 The possible Fe2C3 content is
rather to be considered as 9an inpurity content,

Wl@;gllgn:rﬁéﬁ:aﬁln Clgiéﬂt&ﬁé ed e»s?et:fmatﬁhyf ?mdta ya8h x,0, may be
onpo 1 Tl n e res o) e le an erce a

SFTEOMECE Rt it RIS CoTB0Tt | BRE mLESpes T ads
wederstiogd aso a pbecentragethynwei gt , cadert heto limit
‘&%@H‘E%'l%&eaéléﬁc%@ nlgoé@lblt)herbaﬂsat lt@fé r@:‘/sc‘:ébcuﬂﬂeof

% of conpounds to be re
handilesed RUGRES oS e GPRESRRPPE SLBR LT SERtaknerAfEs
Nx@2), + as,d s kaewn st hfeandkimdeafs thancempesitionc 2%
the dysntion, gl s gsgahsﬁewo%?@})&?asstﬁgfﬁﬁglggemc
glass s rands® and. an rgani ¢ natérral, in whic
pacptstéefenndi sopeypided aetrdasntpy rraughégy in the

%W?Bq §t180 x@sﬁ‘s@%@&l tdﬂi’n@hﬁefg‘lﬁgg abmee. alkal:L metal
refera uch glass_strands are_u

ﬁﬁ‘ﬁ&?ac‘ﬁj{t@%f Y | ﬁ?%ﬁrﬁﬁ%uﬁfeggﬁgt %ELFES eslpém%lfef yt°
fcbve f pravagedi ghf weinghir iftdlesi csonbaposed iof $theanbistch
Rt thia diuBliely ofoigss teeﬂsgit@m tand0 Me  is

preferably |l ess than or equal_to 7 _gm and
Q&\‘?gﬁFéBéﬁuéWsar%{%’d % gRfuFhet guﬁj ectPTof¥ tHe Or even
ionkent Tae cesmpbsbt doproeessoritrin 30 asmylaclldpilhgmetal

%k&agtlgg%ﬁs 1\9-; MR §i td.Qps qeés negrahx%fgﬁ ao%twghch

cit en gl ass treans OMAng out

sompipalippl |oé| tayt ol edptf twes aiikeddd Rtatheox i@ ofhe

Q%t@htg%rfe s Mg& 1 il S?éiilfeﬁlw’b}tﬂié hs,e%lmfﬂzglfq m@ésh ©fEn Obr
nore.weps. o conti I, anen an t e 5
FAgtehPs? a%é g%?%g %Dsltyo&éaﬁﬁ;eF Pt 8T oRd 3T T eo .

strands which are collected on a noving support - 11

el esdlly, cbheeAP! tien Ylassed eedi nghd hgsori bireesrably
the bushing or bushi ngs has the fol ] ow n

SORBEEFL 'O ERprdiodd 58 parcemusls Byetighy less
SheR 5 teqhdPg tpr efdr,abbyy é?véﬁ 52%s anmdhaor ors Syl ko

%% ﬁ%gg%c}%ﬂgt 0o 13%}1:@9?.&??&@%&6”%0%%%%’eaqulbgﬁt ion,
it is dé51red to limit this oxide to moderate contents
as compared with those of DP-glass so as, on the one
hand, not to degrade the hydrolytic resistance, and, on
the other, since the cost of boron-bearing batch
materials is high. Boron may be introduced in a
moderate amount by incorporating, as batch material,
glass strand scrap comprising boron, for example

E-glass strand scrap.

To improve the melting of the glass, fluorine (F) may
be added in a small amount, especially from 0.5 to 2%,
or it may be present as an impurity, especially from
0.1 to 0.5%.

Titanium oxide (Ti0;) may also be introduced in an

amount possibly representing up to 3%, preferably less
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B203 16 to 25% Zr2 0.5 to 1.5% 10 Na20 < 0.8%
K20 < 0.8% R20 < 1% CaO 10% MO 10% 15 F O
to 2% TiO2 0to 3% RO 4 to 15% preferably RO 6%
and/or RO < 10% and Various <_ 3% 20 where R20 =
Na20 + K20 + Li 20, and RO 20CaO + MJO. It is thus

RAss] Be P BRBHf agkur e swch gl ass §héa@6§po§it§8ﬁ| | It
fa(ﬁrmt er under %era.tl ng condj ‘tions si g t:
ang® HYs arfd thos L8YShE m‘”ﬁ out ' any

We@lhbﬂbydegoamm |3y tgleasised enkrihcgbosses.

di electric properties. The invention also relates to
| ass conpositions suitable for producing gl ass
enforcdre Rt Fe1af@aresd éonprilkng e ke femsénengd as

Q‘i@ﬂSE.inPUEﬁJtﬁ erItl’éalnlﬁ [t herednietid sy dehicbedt6£@W,in  this

Xpr sse? as ages by weight: SiQ2 50 to 60%

pre erab g 5/Oand/or SS2 < 57% 35 A1203 10

to 19% preferably A1208 13% and/ or A1203 <_ 17%

B203 & t or % oZr 2nd. 5té§t1 53{91y|\|a§@rcénﬂa§3/0 of a
pr ef er,abl 8% -

siro5 1 Gebs, OtnseogongPstEranl Pirsobe Lilptekestods @
MpOck¥pgeSbl @etighl% afld 02h® ¢onBitROM: tecdsding to
gc09%f §5RhY 1BR af% AOHEL W RS 2 10%: 20 VREBURaE to
be regarded as unanalyzed impurities (for example SrO,
8¢y, Mn0O and MnO;), a8 is known in this kind of

composition.

The invention also relates to composites formed from
glass strands and an organic material, in which the
reinforcement is provided at least by the glass strands

of compositions defined above.

Preferably, such glass strands are used for the
manufacture of printed-circuit substrates especially
for forming 1lightweight fabrics composed of strands
with a diameter of 1less than or equal to 10 um,
preferably less than or equal to 7 nm and

advantageously around 5 pm.

The subject of the invention 1is also a process for
manufacturing glass strands of compositions defined
above, in which a multiplicity of molten glass streams,
flowing out of a multiplicity of orifices placed at the
base of one or more bushings, is drawn in the form of
one or more webs of continuous filaments, and then the
filaments are gathered together into one or more

gtrands which are collected on a moving support.
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10 where R20 = Na20 + K20 + Li20, and RO = CaO + MyO
The advantages afforded by the gl ass strands

according to the invention will be nore fully
appreci ated through the follow ng exanples, denoted
Ex. 1 and Ex. 2, given 15 i@ Table 1, illustrating

the Rrasep!, ivienkbdremi bhaut f@@&%ﬁ%f didM 108l dds of

rati,ve exanpl es, denoted A , .are also given

T B L oo kit o bRy Graosdtich,
2 pkesBedl asspBrcghtmseadgomdiliggtt:o pat ent
app! | @qggon WO 599432833, 14-4M63818%X .88, 5541 aRdSor
conposed of 7 pmdianmeter 25 glass'filanents
(exanpl es 1, 2 @hee B) °ddd 10 m gl ass fil anents
(exanmplieoA) wereoobbailved byedeauwbly RDIdR 13kassd/or
the glass had the d:ogpg%,ti on indicated in Table 1,
expressed in percentages by wei ght. 30 Wien the total
sum oB:9he conteht&o 5%l | of the conpounds is
slighzkp,| ess than ws ©Orezater than 100% it shoul d
be understood thaf fhe residual content corresponds
to the®fhpuriti®s ahtd to mnor conponents not
anal y¥ed (W th €oht®&nts of at nost 1 to 2% and/or 35
is dug o the agcppted approximation in this field in
the analytical nethods used. - 13 - T(log-g=3)
denot £8%t he tenpet®tiure at which the viscosity of
the gMass is 108 pw#se (deci pascal.second or dPa. s)

5 Tki g denoteg tglggez%lj qui dus tenperature of the
gl ass, = corresponding to the tenperature at which the
nmost TEA€fractory Pphas®e, which may devitrify in the
gl assrohas a zerocgrowtd, r abes Ah1RUS reOLr €$p0AHE /or
to the melting _point of this devitrified phase. 10
The differences T the di%iCectric properties (As,
As") Vaeasused Hoith at 1 Mz and at 9.5 Gz are
i ndi cahede r©O00PRERA Wi +t BE,6O0NHOROA (EXP a9 h. 15
The nmeasurenents at 1 Mz were carried out in a
conventional manner, known to a person skilled in the
art ifeortiius spoypiold vet mehofyctiihe seasugtasst statnds

%fssﬁgilmﬁﬁgmgééfiSgdgytoﬁg¥§gfﬂdmkonditions similar to
those for E-glass and D-glass and thus to obtain,
particularly economically, glasses with good dielectric

properties.

The invention also relates to glass compositions
suitable for producing glass reinforcement strands,
comprising the following c¢onstituents, within the

limits defined below, expressed as percentages by

weight:
810, 50 to 60%, preferably 8Si0O; = 52% and/or
Si0; £ 57%;
Al,0, 10 to 19%, preferably Al;0; 2 13% and/or
Al,0;3 £ 17%;
B,0; 16 to 25%;
Zr0, 0.5 to 1.5%;

Na,0 < 1.5%, preferably Na;0 < 0.8%;
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20 to the nethod described by WB. Westpha
("Distributed Grcuits", in "Dielectric materials and
applications”, the Technology Press of MT and John
Wley & Sons, Inc. New York, Chapman & Hall, Ltd.,
London, 1954; see especiralBy-page 69) . The

pri ncKMe of this; net, h@qelfgrgﬁlgaﬁgﬁ 0 . rgeasurl ng the

di el ectric propertjes of a haped speci men
placegtggalnst % véﬁﬁf&53b$ﬁl OSﬁt 6d al | ows

accur 8ae resul ts 1@ be obtained at very high
frequggey. In Tablg .l is also shown the nunber of
conple e bobbins of strand that are formed per day 30
under Ft he condi®ighs*¥enti oned above. Thi's nunber
provi ges, a neaswren afsassessing the conparable

flber ing yielgd f t var QHﬁ lasse t

appareét t hat tﬂe %ianp €'s daccor §rtso%%)h(% 655 and/ox
i nvention repre¥ent @%emifkabl e conpron1se bet ween
the fi/geibgsng condi tions (breakage rate, fiberizing

tenperature_T(lo ) q) . and di ctri.c
propewg?eg c§ %a ﬁﬁgé ﬁﬁ% ‘%gl a8 ho.
satisfactory, espeC|aIIy mnth a dlfference between T
@h@gf la73ht38ds ThirdoPhedr 831 ehet 289" stedHak E\@cég@gng

dieleCtric progertles of _f.he conpositi
&CchPai AGVeRblPReVHhy iR i B are o ARETEZ B BRAERT BRI
whgnifioldewasg kkasplef, tBEnCDﬁ®OExtIDﬂSndCEEdeﬂggi@en

%% %8%3 Eﬂ. easyh n%ﬂgs séanﬁn@@ t rthout
Thus, & &l |§ g%

ectr prop rtles r enmar ose
b@wﬁﬁ@§e11@¥t£ﬂ%la%s are obtained, while Iomerlng t he
flber|2|ng tenperature of the glasses according to

|nv ntion C hat of, D-gl ass, 15 The
bPReBEE LR o PP RE RS { REPPHURnt GRoary dfsp aled “ailén
not Eablehy almdtmretﬂreandaltknwhsnébll@lwammtgslra@teﬁands
to bg.forgegdiyidh a particularly advantageous yleld
Thus, the nunber of conpl et e bobbi ns of s&ran
great Bf  wtH°¥ hea‘“g?%%%]g& or BTG o PRR Fﬁ@%ﬁ?ﬁlonwo
than with 29/352&33l asses according to WO 99/52833 ( by
3699 for an identical filanent dianmeter, and
consi der abl y hlﬁﬁgr (by 300% than with D-glass, and
5 Hehass f oramp S§ﬁami%r COMRREEEr 97 T Hhsfeaneber
H0a8). £2Dandvost qesanplys the2glaasis Bt rantisi@acoer diags

%?1%%8nts (example A) were obtained by drawing molten
glass; the glass had the composition indicated in
Table 1, expressed in percentages by weight.

When the total sum of the contents of all of the
compounds is slightly less than or greater than 100%,
it should be understood that the residual content
corresponds to the impurities and to minor components
not analyzed (with contents of at most 1 to 2%) and/or
is due to the accepted approximation in this field in

the analytical methods used.
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invention are suitable for all the usual applications
of conventional E-glass strands and can repl ace
D-glass strands in sone applications. In particular,
the glass strands according to the invention have

t he advantage 30 of being aBle to be obtained with a

ﬁq%%g el Qieame% | oyer eesbethenrd he aknowm Hassthe
st.rands, %nk their flganesa and hereforﬁ their 4
V3R PFAEYr °td %}ast%elsa & s B e An dS St OGP G gSf‘—Son

e dpavehti on 35 are useful for formng |ightweight
fabrics exhibiting good planarity, particularly
desirable in electronic_applications. | OO0 0.0W
Weo @efotes oithew BLer LR ) YEFPRIREBAST - @de.ta*eon%aw
QoldrBspohiihgr -dot the M &ndddcee Na© cohfl:h OtBe Lmbst

refractory phase, which may devitrify in the glass, has
a zero growth rate and thus corresponds to the melting

point of this devitrified phase.

The differences in the dielectric properties (Ae, Ag”)
measured both at 1 MHz and at 9.5 GHz are indicated,
compared with the control A (D-glass).

The measurements at 1 MHz were carried out in a
conventional manner, known to a person skilled in the

art for this type of metrology.

The measurements at 9.5 GHz were carried out according
to the method described by W.B. Westphal (“Distributed
Circuits”, in *“Dielectric materials and applications”,
the Technology Press of MIT and John Wiley & Sons, Inc.
New York, Chapman & Hall, Ltd., London, 1954; see
especially page 69). The principle of this method is
based on measuring the dielectric properties of a
disk-shaped specimen placed against a waveguide. This
method allows accurate results to be obtained at very
high frequency. In Table 1 is also shown the number of
complete bobbins of strand that are formed per day
under the conditions mentioned above. This number
provides a measure of assessing the comparable

fiberizing yield for the various glasses.

It is apparent that the examples according to the
invention represent a remarkable compromise between the
fiberizing conditions {breakage rate, fiberizing
temperature T{logn=3) and Tiiqy) and the dielectric

properties.
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The fiberizing range is satisfactory, especially with a
difference between T(logn=3) and Tiiq of greater than or
equal to 180°C.

The dielectric properties of the compositions according
to the invention are of the same order of magnitude as
those of the compositions according te WO 99/52833 for

measurements at 1 MHz and at 9.5 GHz.

Thus, dielectric properties remarkably close to those
of D-glass are obtained, while lowering the fiberizing
temperature of the glasses according to the invention,

compared with that of D-glass.

The glasses according to the invention are also
noteworthy in that they allow small-diameter strands to
be formed with a particularly advantageous yield. Thus,
the number of complete bobbins of strand i1s greater
with the glasses according to the invention than with
the glasses according to WO 99/52833 (by 36%) for an
identical filament diameter, and considerably higher
(by 300%) than with D-glass, and to be so for a much

smaller diameter (7 um instead of 10 um).

Advantageously, the glass strands according to the
invention are suitable for all the usual applications
of conventional E-glass strands and can replace D-glass
strands in some applications. In particular, the glass
strands according to the invention have the advantage
of being able to be obtained with a better yield and a

lower cost than the known glass strands.

Thanks to their fineness and therefore their low linear
density, the glass strands according to the invention
are useful for forming lightweight fabrics exhibiting
good planarity, particularly desirable in electronic

applications.
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4 (dwd4l) z - 16 CLAIMS 1. A glass reinforcenent
strand, the conposition of 5 which conprises the
followi ng constituents, within the limts defined
bel ow, expressed as percentages by weight: SiQ2 50
to 60% preferably SiQ2 ? 5%% and/or Si2 < 57% 10
A1203 10 to 19% preferably A1203 13% and/or A1203
< 17% B203 16 to 25% ZrQ2 0.5 to 1.5% Na20 <_
1.5% preferably Na20 < 9,84 15 K20 <_ 1.5%
preferably K20 _< 0.8% —RZ20 2% preferably R20 <_
1% CaO 10% MO <_10% F O to 2% 20 Ti02 0 to
%0/%/ RO ?l@@sl?éirﬁ’{;@fc%h\éhhy g;o@ahdﬁ%ztgm/%%pmtﬁfg of
an arious. 3% re. = + +. Li 20
TR RO EmiBip e SENSOR I PRal Al b e
Lamgtai niefineharkeler.i zeakduessiedt eBe penpestagen by
hasgR: 2r02 content such that Zr02 <_ 1% 30 3. The

glass_strand as_clained, in one of the .preceding

cl ai 8 %har act¥t i E‘éd6gﬁ't t?gte‘%feﬁ@bigwﬁégh? o%f haRdAer
lime (CaO) contsidt, sushsthat CaO < 8% or even CaO
<_ 6% angll or  CaQ >, 295 OF LENLD LBQ 21 B% > 3Py 4 adlifor
gl ass strand as cl ai ned Jnone of thhe 'preced ng

clai ms, charact®ezPzetl 1%t hat the conposition has a
magnesi®a (MO womentsssuch that MgO _< 8% or even

MO <560 and/ o MQ 3 53%

Na-O < 1.5%, preferably Na,0 £ 0.8%;

K,0 £ 1.5%, preferably K,0 £ 0.8%;

R0 < 2%, preferably RO £ 1%;

Ca0O < 10%;

MgQ < 10%;

F 0 to 2%;

TiO; 0 to 3%;

RO 4 to 15%, preferably RO 2z 6% and/or

RO £ 10%; and
Various < 3%,
where R;0 = Na;0 + K;0 + Liz0, and RO = Ca0 + MgO.

2. The glass strand as claimed in c¢laim 1,
characterized in that the composition has a Zr0;

content such that ZrQ, < 1%.

3. The glass strand as claimed in one of the
preceding claims, characterized in that the composition
has a lime (Ca0) content such that Ca0C £ 8%, or even
Ca0 £ 6% and/or Ca0O =2 2%, or even CaQ 2 4%.

4, The glass strand as c¢laimed in one of the
preceding claims, characterized in that the composition
has a magnesia (MgQO) content such that MgO £ 8%, or
even Mgo < 6% and/or Mg0 = 2%.
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- 17 5. The glass strand as clainmed in one of the
precedi ng clainms, characterized in that the
conposition has a boron (B203) content such that

B2G3 >_ 18% and/or B203 <_ 22% or even B203 <_ 20%
5 6. A conposite of glass $frands and organi c and/ or
5nor ganec ghbesi abtsindchasacteaived i int hatei tof the

' st : i ned 0 0 L k8.
?%g‘é?*%%@??i%ﬁfésus%ﬂo%da?%%éﬂgﬁ%*séﬁsf?léﬁdﬁﬁse%fﬁéééEglén
BAE of PRI MEBPOH 0 BtERtt Fe'GiarfiatctBate f18% and/or
prontedoei r gui tvesubgi.ratess. 15 8. A process for
manuf acturing glass strands as defined in one of
claimse 1 to 5 in which a multiplicity of nolten
§l- assAstacegesitel owi nglass etrandaulandpl ¢xganiofand/or

ohbi-heRsc| oGafed-iall (khe bagkafctia-Qd "PEe that it
bushings, is drawn in _the form.of .one or nor bs 20
SPTEBHTEAUBLESF: FAFBRLE &Rd FRAASENEY etk < s 1
gat hered together into one or nore strands which are
coll ected on a noving support. 9. The process as
claimed in claim8, characterized 25 in that the
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defined in one of <claims 1 to 5, in which a
multiplicity of molten glass streams, flowing out of a
multiplicity of orifices located at the base of cne or
more bushings, is drawn in the form of one or more webs
of continucus filaments and then the filaments are
gathered together into one or more strands which are

collected on a moving support.

9. The process as claimed in claim 8, characterized
in that the molten glass feeding the orifices of the
bushing or bushings has the following composition,

expressed as percentages by weight:

510, 50 to 60%, preferably Si0O, = 52% and/or
810, £ 57%;

Al,0, 10 to 19%, preferably Al;0, 2 13% and/oxr
Al,0; £ 17%;

B,0, 16 to 25%;

Zr0; 0.5 to 1.5%;

Na,O < 1.5%, preferably Na,0 £ 0.8%;

K,0O < 1.5%, preferably K0 £ 0.8%;

R0 < 2%, preferably R:0 < 1%;

CaC < 10%;

MgO < 10%;

F 0 to 2%;
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0.5to 1.5% 1.5% preferably Na20 <_ 0.8% 1.5%
preferably K205 0.8% < 2% preferably R0 < 1%
10% 0 to 2% - 18 Ti2 0 to 3% RO 4 to 15%
preferably RO > 6% and/or RO <_ 10% and Various <
3% 5 where R20 = Na20 + K2@ + Li 20, and RO = CaO +
MyO. IMo,A gl as® eenpesition suitable for pr oduci ng
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Lé)?p%esagé% %@ Ee&:%QnEaJ}/EQ by weight:

Si0; 50 to 60%, preferably 8i0; = 52% and/or
510, £ 57%;

Al,0; 10 to 19%, preferably Al,;0; 2 13% and/or
Al,03 2 17%;

B205 16 to 25%;

ZrQy 0.5 to 1.5%;

Na,0 < 1.5%, preferably Na,0 < 0.8%;

K,0 < 1.5%, preferably K0 £ 0.8%;

R,0 < 2%, preferably R0 £ 1%;

Ca0o < 10%;

MgO < 10%;

F 0 to 2%;

Ti0, 0 to 3%;

RO 4 to 15%, preferably RO 2 6% and/or

RO £ 10%; and
Various < 3%,
where R0 = Na,0 + K,0 + Li0, and RO = Ca0 + MgO.



