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GLASS STRANDS CAPABLE OF REI NFORCI NG ORGANI C AND/ OR
| NORGANI C MATERI ALS, PROCESS FOR MANUFACTURI NG SAID
STRANDS AND COVPCSI TION USED 5 The pre ent nven
relates to glass strands (or "fibers"), mm
used for reinforcing organi< 1 and/or i norg ” Hmﬂm, mmm”m
materials and can be used as textile strands, *tshiese
strands being able to be obtained by the 10 process
whi ch consi sts in nmechani cal dr awi streans
ol (GEASH SRRANRS GAPARHE 18, EANRIRGNG RGN G ANRAQR
Easte 0&N@§§H§EC”&A@Q§QMBLyPhO.GESQI POR' SANGFACTORING
eat i ng e present invent e
particul arly ShT IPQ?W r%sé‘%&émrj%%| c
const ant having a particularly advantageous novel
osition for.formn fi a IS
paER o REPRBPS | thEEBk St ng HEREee T sfipel Brdngs (o
\m@fs,@ewr'm ttthaty <am| éheel veedi cfopsgesnfioxcingy, organic
ﬁqoge'ﬂgof@éﬂ‘icy Hﬁ@grEngora'ﬁd | G WBeOhised abs i e8xtile
I C

are used 1 n order to reinforce prlnted clra ioy the

s@k%qam&tses thase |sftaads RRING Rt S §O 28 opPRaIne

I §ridicisgemitch eepeeiathy i@l agscrsdiagedsly acﬁlflaxalnc_lj eskmeams
on whi ch substrates_various el eg£ i cal % ted at
elCdct PohE &R ¢ i Tent SO I pPREedt T Wt RE L ﬁcteﬁe e

hahd basei odr emsbushitige gaeedbbiy Beapedcessi mgsoktance
elhect r.ical and/or electronic signals, which involve

Si &r?aﬁ?of ever hi gher frequency, and, on the other
hand, the mniaturization of the conponents which

al‘Ilhcé’\’S t-agkhrdensi iyt Phn a iUbstE make horbe pdﬂtclrcﬁﬂseﬁdly at
t he di eI ectric ropert| es of e:‘L}hl S substra % bec
CRUGER . S G opeit | C4SHGTR havE e tex JEUiEE

Pyl irallce; 1 v ft&i\mmfﬁa/gmgi nos&l ofompusi heati tﬁgr forming
an%/or q}f signal distortion. Mreover, to help in

1T ' on, strands of ever smaller - 2

dianeter are sought in order to reduce the thickness

’ﬁ‘ hiid1€; §ONONaN S @PngeO idmLoverdihehd BBy t¥or TRAass
pol'ynmers convention used for printed-circuit

strands whose permifttivity and dielectric losses are
low, these being mainly used to form lightweight
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 signals,
which involve signals of ever higher frequency, and, on
the other hand, the miniaturization of the components
which allows their density on a substrate to Dbe
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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5 boards consi st essentially of epoxy resin. Polyners
havi ng superior dielectric properties are known at the
present tine, especially polyimde resins, cyanate

et hers, polyesters or even PTFE, the dielectric
properties of which are satd &Xactory. 10 Any

i nprovenent in the_dielectrjc properties of a

pfipnedesi AEG SONGRTd 1y AGFerst orree({%%%e'%tl? at Py CFaess ot
ORKiMBbAYbAEntBe apaoRer ingsovk theirepiboegdirant
represented here by the glass strands according to the

15 present invention, which occupy in general about

6@%eof pol prevs| LpEnventlenal kyibjusaded 05 aRT ACLRHF FLRFULE
converts : t i i galsianer gyl
d'?grggteggﬁgl?%e %%seﬁ@léfi Bo Reey s i gy lymers

i . O material. This electricq% energy yo
i hakrioen supeti@rcdieEectHisS. PTRRCEFEPECH T TUEYEes
g%éyéﬂyﬂtefmgﬂ tesddeiaPey Mpslyimydandresinbe | oygnate
ngent (tansi whi ch  depend_on th%T@?pposéﬁéondgglgggric
I Hor aPYHYBRATEFFeq@éncy®VFhe diérectric | osses
a[}ﬁd@i@ifteiwd:ﬂ ¢ dlorarkb saEmfacthy . Dubois in
"Techni ques de |'Ilngeni eur [Engineering Techni ques"],
headi ng: "El ectroni que El ectroni cs],”, Chapter .E £
1866 “Rpomventant direl ddie | Gies afE Yol ;H@E)éfsftles ot &
[ D8l i& I @ dofmud®! yHerelforebyes bent bablyarely
S@Re/bn?{#v%% lg?gd Wis the el ectrical ener ment
diarsi plREeY g t hERGl aBECBRTERESdi 8fecti |r§ss;.f%§’5°ek ’
| S, CON\St88d ; hbrbspiheHe aflieneys t vands aapopeding) to the
gradient; ,Eis the permitivity. d S 0% of
diRresenrt c1PBeRtARgelitth ¥8Pé¥t??cg ?%gféaf%%ﬁ?t °
f agh®rvotume.|lt is usual to denote stan6 as s", if
tans < 0.1. It is clearly apparent fromthis fornula
that the nore the frequency increases, or the nop
t

e
ana/ gtasansub3ectefeside 2t BE FUEHET qﬁ?%ﬁﬁﬁ%ﬂﬁ?@%:ék the

lgfé?ﬁepepqﬂ%o'neiéétfﬁééloféﬂ@rgyaddi$hbpaEed1 in the
"direlec

a
t
g9

ZOTbmﬁtﬁr%;ig E%ggp%&%%%iic%if%ﬁ%fﬁ§tfgeﬂﬁgﬁn(éb §idlectric
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logss. The dielectric losses are proportional to the
permittivity and to the loss tangent (tand) wﬁich
depend on the composition of the glass for a given
frequency. The dielectric losses are expressed (see for

example J.C. Dubois in wrechniques de 1'Ingénieur
[Engineering Techniques”], heading: *Electronique
[Electronics]”, Chapter E 1850: “Proprietes

diélectriques des polymeres [Dielectric properties of
polymersl”) by the formula:
W = kfv’etand
where: W 1is the electrical energy dissipated in
the glass or the dielectric loss;
k is a constant;
f is the frequency:
v is a potential gradient;
¢ is the permittivity; and
tand is the dielectric loss tangent oOr

dielectric dissipation factor.
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distortion of a signal, it is desired that both 8 and
s" 10 be as low as possible. it is therefore

i mportant to obtain glass conmpositions that can be
fiberized, especially under the conditions of the
process al ready nentioned, -i3 erder to form 15

conti nuous reinforcing strands, havi, | &l echric
prLopestuesaintdoadanapet %‘?al%ﬂa'ﬂs Fre rrf):z%tnl%bl eb\ivltLt h the
requirenents of the latest printed circuits. Mre
specifically, a tendenc o.in S & 1P &1Rld Nghe 2Hore
f Loqdenc a1y c"%i?ﬁﬁﬁ%h%ls%r%nt Efl??egggﬂlcy ranges of = o
t hge OpfefuehcEzidgiemdes t z)or especi BPFF 0% 9 of gt@

Giz in_ the case of telephony.isheui¢d hesieiseteddnd.s
th@Fé]eérs@'véﬁ‘)‘? oD Ftegcnt%%{%olaéifeudy the behavior of 25

glass strands in this frequency range and to optimze
their GONPOSLLLON 50 ashd O Lkttt thdedi eteotricdielectric

;
I es, especlially for this field_of_appligakkainikt th
Sipmintiss axdt A EhetUSSPRE] OFI 15 b o o 3gee the

stydies B ished digrdii s fi elsl ded ared tehal dpefkl r§ @nd &
properties of glasses in a frequency range of the
oferas gfouAgS ( $2). The objective of the

present invention is to provide 35 novel glass

conposi tions f.or farmn ' r §8REDH glleasdsdmpdsigions
di &t et‘:?ritgeﬁlegﬁéfret ﬁ'é‘{sgdcq):fgta{ entfé(gnse orderg of MEINidugde s ons
asthdioseanf behef irenirzasl asaeReGHFhtY FRESTMTL'S ange,

V"hnéb h Gl Bs3 COIROST b pBachavrentiohed sarim pEdST EO form
i oved di [ [ '

electric properties._i he ge gidlectric
f ocomt Epapher sﬁ?’d’%ﬁo%@%}%tels,?:r\ﬁ%dltsé s%yiﬁgvi ngl _ec r;
sabishagtoey biberd dnaneuaperbaesars soaeR tE 1GhEi T he
refnfo

rcenent stra ' : 5c-Eutihegnore, it
i sTEEYLFSBFBtENAE Eg% g%gggg]s??ghgsedi r?E question can

be fiberized under conditions giving rise to the "

| onest possi.hl. nt aakage imctdmse esheopperating
i ntenei gﬁ,ectl%é%fagﬁ&gwaaneeﬁ 10 .de inf%én&wgnges of the
di €lreciienci@sosdr IBPARBHS b TG f oFThe <+ .
rangsie. 3 i@aensgdraee | n edpediabky 0.9 and 1.8 GHz %
ch&racteri zation of .the di | eqtd G, AR ties of the

gl ddeesase @irrqeé@%lﬂrfy'essgéoélla 'y at” 1 M and for

the 15 "GHz range", a frequency range in which the

Chaftacitserér%g%épgrgfvéw disbeehhtcrer spaayi eneobehhwior of
glass strands in this frequency range and to optimize
their composition so as to 1imit the dielectric losses,

especially for this field of application.

Tt should be noted that the vast majority of prior

30 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

35 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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gl asses is carried out, especially at 9.5 GHz; A the
fiberizing properties, which are especially

determ ned by: 20 - the tenperatuie corresponding to a
viscosity of 103 poise (decipascal.second or dPa.s),
denot ed by T(Iogij—3) whidh gi ves preci ous

i nformati on out e ature ar wh he
fEBErl 3 nﬁmi31 85ne?gfs?9& gg m%g gUt ‘(”)’iéiggécu %FFH Aaving
pkatisfiechosly nijhe2tzing herbpequneas Jtrerrpﬁﬂatfurt@ Obtaln
?gwh%gﬁcgheﬁt’swq Olis Sk 5%§BQQQ§ytO the tenperature

rovvt rate of the mbst refractory
crystal is zero. The liquidus tenperature gives the

u@'ﬁ?’i:hle'rmotwh:e()f ﬂthflé Sﬁ@@iﬂ&blé (t)hgﬁQQtnw gmaszh «.th:eands in
gl ass may have a ndenc evi
cENESHE LB G5B SPI 1]P8rF¥Bé “féelrhec Jafstsl 6ns gl"lng rise

e¢N@MeC dldwest! pbidsddl)e=3mount exfs hﬁwkacge equal to

1350C and if Tliq is nore than 100C, preferably nore

35 than 300C, below T(logr)=3). The greater this

d|Ifnf erdrece tEttweart T(they)=@yenptori | qthehefpbtewing are

'déqil d.he fiberizing will be carried out without any
i NCl &ent and the nore the risks, of breakagg duri ng h
fiberi 2 nghar dlifYAGR%ASH. PTABREEFAES riFHDr PEMBF For the

ft“ﬁvmdls &ﬁ&be\fmmrﬁaldy ﬂﬁ@qxflaney thmlgeg r anids fmhm:dh the

rom gl asses whic rive fr

t KhaEESAAFE IO Pér nEFS &ofd‘reg% %1 gg?‘ﬁ F’y %1 the

Stgimn:lfesr efereamrt 1 ed asut; gésnsecmllﬂnds 1t Mlalzaﬁclﬁetf?p‘e the
'Ch_ff escriped !EPeEQ gg %éez 334 98kl tne

E-gl ass's have conposi tion
emnacaue:;nm@e@ orfsi thea diglaatidc Pirﬁ@eaﬁaesm?% the

anpyglrddle- s Seafiorde aRDY dsdilees ropend 405 ieuamount s

ra glngln practlcefromSto 13% by ht __in 11
"E- gl ags" LR pé 1RREL S 1IBGIFARS LS 1 & Ja‘glé arsmespecially

tL‘&e@é:}mﬁ@ed B! assI strands are further m)rle

char act imt al,i

oxI des 'ieré zﬁﬂpé “ﬁaezoggﬁgg%g%bgé Z}llét(hougﬂ%ﬁélsjfty of

15163 beriizsabi I(|dqpmmisgmid sEransyr e3) B drloundeerE by

andy (4| %#@g?f"ar@Hfgh18§ggg3prEE@bﬁsdh%E%QhkaOn about the

prop owever, prove tq be | f.fi.ci ent

as
r e@gﬂmrﬂh@rﬂequwl weiEht sthor ThPERLEdNg r L8 generally

SUPSEF Pb@Soul) ABebealiantiymoplgtasemsbushtingss
EP??@aaggﬁogbggﬂs grgghgggggﬁkgbomﬁéﬁgg({'Gth , which

corresponds to the temperature at which the growth rate
of the most refractory crystal is zero. The liquidus
temperature gives the upper limit of the temperature
range in which the glass may have a tendency to

devitrify.

It is considered possible to fiberize the glass
economically if T(logn=3) is 1less 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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gl asses of this famly, known by the nane "D- gl asses”
conpri se about 75% of Si 2, 20% of B203 and 3% of

alkali nmetals. Although these glasses are attractive

for their 25 dielectric properties, also they are very
difficult to fiberize (T(lFogr)=3) > 14000

particularly when the strands to be obtained are fine
(filament dianeter < 10m. The yield of this type of
sThend_;llassI ae it aptcenmyr est BANGS cBRE e ) CANP e eI 627 €
thell ROdUel At 389" biaubas! wnexpenRite N¥GH the

f Pi &s 76 conposi t1ons have recently been rop

whiLZh °Raleutactigssphl £he %b@alﬁ%@ée?é? trﬁré}%é@ r{ibagram,

pbﬁ?%&khﬁérqwda?% eVQt_ﬁf_ﬁhdtsl va}e/fmdat nico35as E-glass

beri zi ng ndi |ons e .conpos
J6sEANES Qhﬁ' Jrgg é é@@ér?ﬁgd in Patents
WGsAR26- 63/4395863aszd Uspm@g/msmm @—gmestrands have

conposi tiaon alth t e Is@lzeCt Bl Gmina,
I &”gggmpﬁsﬁﬁgomegggﬁbﬂgﬂgg %ﬁ§§cgr ?H ur?égtlrégf actéo e
f drimeoraridigodihe enhaduddsi nd etf@“é‘eg"f‘%]%Y@’Fl‘B?eaPﬁ gent

el DB | 240 AEBANG Bl ce ShoRt fered ap bybol weight
conpositions a read gosed recent| S, $sgg e of
 ATER Pl 9% 0BYpe THAES COMPOSHS6) arteR ab ik
gipHdg rghm@acemeng g],sisrgandSStlﬂahdsan beere furthermore
sati sfactor, fiberize y &hd Jmkp it al
p&@ﬁqﬂQ$§§}%§§1$V% Good™ aF§§ ?&%gé%#oﬁg?tles Y the "
G IfeEge .  elsts esvrdand 1yhaNa,@ henid /AT p&e® br nefndd1Qudie| their
e 1ot f tf@fC@H@@ﬁﬁt 1Q0®eC and
15f3%?et%%flkﬁlrfﬁﬁ§; agg tglggﬁ oﬁag%i?r oves to ties
b@l@&l @fal arpund hd08P&Feet r FReHF otk ]ree%t“rcf Rroperties,
r}%‘;&&s t ?go\,@ stlfoogedelrﬂgum@r&utcoasem'aﬂ@s t hbbe new
formation o het er eogeneous SS M@&g% Qgeaks nor e
eastdylgemenes FPhaPTERhGS %br?? ﬁ now Héen' f ound

that the addition of zirconium oxide (ZrQ2) into a

R

arn strands with a s

di ﬁff@lhercon@sxsem:@lnw vesy tHal oin25iddGA %dlgoﬂﬁon The
pr eﬁﬁgr %gy lfe Qafaﬂ§l9qu@éno‘inﬁl Topmher newen @-oglaEsses”
comprlgg ggout 5%%r52|n Congbglo%SBﬁh 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 compositions are described
for example in applications WO-A-96-A-/39363 and
WO 99/52833.
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with a reduced breakage rate, while still nmaintaining
acceptable dielectric properties in the MHz and G
ranges. 30 Thus the glass strands according to the
invention are obtained froma conposition essentially
conprising the follow ng cenét+tuents wi thin the

limts defined below, expr ed as r cent ages

wiingse 35CLRRPSEBIPRS 6094 @ 7@?&9 A Yy efé:able
tQi:.&%cterdI 1bgsd0 Lrﬁ%tﬂ‘ebZ@HzesammalGPm e‘@@@leSt,o are
1. 5% Q.les h ua 1 0
(BRI | a2 et briquei by 8h inio pigge  the
t Reymre exfuddr dakadssdunye |%@@enmn%rr@ws i gy

5 RO(CaO+ WO 4 to 15% F O to 2% TiO2 0 to 3%

and Various | ess than or equal to, 3% 10 The

cARINY ondaBEANT di RE t oCPRROF hVLPHS on HeiGPqy  Proposed
Posstdi€Ly O 9Bt aigi srAldssfpct Dy &@meAxdvarBZijeo084. These

fiberizipn operties, allo on c fib

SRR Hiek $RF egf&ec.%fr‘%bﬁ”% 2% T%R’ln{g peHlttddhent
13506andS Thehaorrpos:am onsbelccosdl:mgfagtphelb/nverﬁliktﬁiflzed
have an t dus, t e, &SRR Ay d
Ie%%o?%hca%fyeg%é(? %55% Wi t out]y(a":majtoére sk of . oo

de@mlecﬁtnm. pmoﬁgifltﬁgsf iiger toe n§HPn TaE ol Hr é&F—B‘ﬁs that

%@e f'glﬂer;?]@ff&rﬁ%[ﬁ@é bheyvand i &he freederie PResence of
con uctin | ass fromthe furnace to the

f i Basi 20n hecFGE‘PBISé§l°§15I ica is one of the oxides
whi ch fornms the network of the gI ass conposi tions

accordi n to the_inventi o SedASMicial
r ofet hﬂu Ralkhs z‘—f‘?l@ tH‘]%n |ca Zé O%] g%ntent of o
thEOSeltﬂn:I ediedepositi cpmperstlb:eft weéli FOLsmdipgypgases the

egi.al] 5 SLOTvESIRC Bbliyat €68 of a
gﬁsgr e%ugéﬁ?;&ég% 0 ﬁ(es?i&aum n]%yA12CB al so a
cohscerepgenaonét VBtae$ oMfgiChpf breaks more easily during

fiberizing.

Tt has now been found that the addition of zirconium
oxide (Zr03z) into a composition Dbased on the
S10,~-A1,03-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 um
or even around 5 pm under good fiberizing conditions
with a reduced breakage rate, while still maintaining
acceptable dielectric properties in the MHz and GHz

ranges.

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

below, expressed as percentages by weight:

Si0; 50 to 60%;
Al,03 10 to 19%;
B203 16 to 25%;
Zxr0s 0.5 to 1.5%;

Na,0 less than or equal to 1.5%;
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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 limts defined 35 according to the invention,
reduci ng the anount of this- bx de to bel ow 10% neans

that the glass is substantially nore susceptible tq
hydrol $ePc attack, wher eas&&eceddQYy § a$ ﬁg%ﬁe

amount gof (Rhso-0xjode.i,08 arisa Itharher ickmlofto 2%;
devitrification and an incr.ease ,i\n. the Vi SGOSi .nglhe
A1208 &Gftent of the sel ectleec?scotrp&?siotrl (Ser%lfaﬁ'ssd%ym%’

bet weemgt) and 19% especi dldss drhea @rr tderplort gl
to 139 /or %ﬁﬁﬂm ally tdyan or equal to 17%
The |i e ?(gasj cortent of t gt%:e ected conpositions is
| ess tHan or equal to 10% Qsied®ily less than or 10

equal ng](ﬁ% or even | ess thap ¥y eqrad to 6% and/ or
prefera

y greater than or equal_.to 2% or_ even
gr eat erVa®igi® or equal to ﬂeﬁqssrh@%g%%s?oél%\/ga 3%.
content of the selected conpositions 15 is |less than
or__equal

to 10% especiall ess,t 0 - 50 B9 Lt
oeréQ/eﬁoF‘P§§lt%H§ﬁlSora%aagiﬂ{lg 6‘5}3 IaE% / o?nggir{g 8{r1abnl%ﬁe *
gresdsibldantor evhedino 2WciPH@cAOdM | RNGf AVEHHARAOUS
oxide (Zr ' b 12y essedhad Bobekiefing to
R TR B TonEE FREE D BD canrani A, Bet yeen 5 and. .0
1.8 careied apny, | esReeiahl Broee@afet b (1990=Thi S ox? Ue""
appears to play a very inportant role in the
dielectric properties, nore particularly_li
r abigR éfsomﬁﬂﬁlégt% bBFGRE PN het%xauﬁ'ln:g% e)sink’%él&g\%g?ﬁ?ﬁg an
255 €08 €& HULL e duismi temipepatubes i resmraisally phegentthan
an__unaccept abl e inc 8q Nt I duspd-eywer atiie.  of
Th%rdef?ﬂ‘égil i m%f)s, irlﬁgt%ercr‘rs 0 _gil"l?gll%i,ne- sarth netal .
oxfidestrifireandnneEprEgion, f HERBLFENG0SE bFRE{ 5O §j Jsggrons
SOO%he_t\Hesco%%gFgg%ihBe Hagsesiaccand ngid o the feeders
i nvention. Goo I berizabili t%ﬁl S. obt ai neiid]O bé/ ch 0S40, ing
t hgosdnebinghebe LRSS AEoBat? fRtaskidesT o be
betygenp4eand 15% preferably greater than or equal to
35 6% and/ or preferably less than or equal to 10%

Furthernore, CaO appears to nmake a benefici al ¢
cogtlLilbut iien dre to tiyer okydes mbdicht fezds -the network o

the glass compositions according to the invention and
plays an essential role in stabilizing them.

The silica (Si0,) 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 Dbelow 10% means that the glass is
substantially more susceptible to hydrolytic attack,
whereas excessively increasing the amount of this oxide



Al kali netals, especially Na20 and K20, may be
i ntroduced into the conpositions of the glass strands
according to the invention in order to limt

devitrification and possibly reduce the viscosity of 5
t he gl ass. However, the comntéht- of al kali netal oxides

(Na20 + K20 + Li 20 nust remain |ess thah;oi,eghgledfe in

2untanler ¢ive trdskeoidf Jote?eﬁ}icoaretz O|I£)n i'h the

diiel ectLi-¢giRkoperties and to avoid a detrinental

ré:gll?c?irlgr? isﬁ tvlze hydrol yti c resi stance of the gl ass.

The al kali netal 10 content is generally greateh tg%g is

0.7k% dueoto tbetepteseficethe i AphPFEREs EBRPSPAa s

t he batch teri bgakLhgs piyhegreqnsti thant srardug to
5 i@%@aﬁb&f?%i%thgﬁﬁor e u‘gl to 1% of 0. 5pQr

eviey 0.8394/ Giheesrapiiost Y | BE Say b Mt%ai FE4 si ngl e

al kali netal oxide 15 (from Na2O K2O and Li20) or nay

contain a combi nati on of |.eas akkalmpdRtidlions is

oxies]impe @éﬁt)erﬁon&fentea% %}I?(ga%fﬁ%gfa%i oxi. de beiﬁg or

| epsSsd hamhy e@Uadqlial t5% 0y efemnafipt Bss l&§8n bren

equal to 0.8% 20 The bo CRENtot Sehehveen ¥ arahd/or
10 25egudt ef@r %ﬁ?'y orgr%‘é?lgr&tgﬁgn%or eq%al 0 18% and/ o cacer

preferabhyliegseathantbrneqialtdglo sy G- Kfer” | ess

thag or equal &otOZQ%Q According to a preferred

veF8BnObf *EH8 invention, it is desiredto limt this
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rol ytic resistance, gnd, oh,ethe-gther)1$ Nesd hthan or
15 codts dfesfor epeBeri Stho ?r%%ériggps i's h|§’gth. Boron. s/ or
may, Jg 1l M ogiucedri rven riotis ateamnBEnePPt O O
i ncor porating, as . .ba teri aBGglmss strand
scﬁ&f&?ﬁ%ﬁgi%geabtoer%%}la?%r&gxﬁrupl e E-glass strand
scrap. To inprove the nmelting of the glass, fluorine

(P By, epgg,gie i D AcSARLI ambdBt (ZeOpeCcRRPEFTEr /M L& an
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20espessentie¥ rpaind. Ph othes élv?ﬁttér??‘uma@%(é. de (£I'i @) 1o
Y& gL ol B! 5?@“%(?/@**'”mfmmql | b%%%i]l gl?;t;;;;ui _
representing up.to refer ese iGhp ole in
or b%enThé§s°%‘Egﬁ i‘%)%?i?stltﬁg %on%’ogiti gyn. Lt _al |.%[V\Ethe GHz
t hey i S8l byt Ehchprbpretagswi MREE PAR L CIF i abt e o
degr adation i.n {. | £118S1 W Cih 08BES examPlesposEiaer, e
Fez@ngﬁnf“éntmlélr&%#hcgr%o belcgnggéder e%rﬁ%r to prevent an
25 content must be limited to 1. in

unacceptable increase in the ligquidus temperature.

The defined limits, in terms of alkaline-earth métal
oxides, lime and magnesia, make it possible to adjust

30 the viscosity of the glasses according to Fhe
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%.

35 o
Furthermore, cao appears to make a beneficial

contribution to the hydrolytic resistance.



an inmpurity content, frequently encountered in this
famly of conpositions. In the rest of the text, any
percentage of a 10 constituent of the conposition
nust be understood as a percentage by weight, and the
conposi tions according to the 9nvention may include

nafdigIdy (TREeTET ot SRS el NERE “HHEE® Kooy, oy P
MhOZ)ntrasivicedknbmio | §hehi PnRaRi Fons 50 orkssi %’l%}‘hs strands

The JJueitiin akgo rehdt es hRqanResi tas f@fa@ial from 1imit
gl ass strands and an organic material, in
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li gh.trweogdi]érf abr |ax&xd)nm§seded1ferspramds>n251rw theadielectric
di a er¥id sesémlfl h@B %(roggu% d@cﬂ%{ﬁtﬁ ef:@(ﬁ@@{:i/on in the

| ess than or equa vant ageously ar ound
PM &nufiroiey tsihi §§§l§£af1ﬁ§ il eftiBorgiassy sdhg p“’i”o}é%ls% metal

1hor c&&éf?tfmfl%mé}éhegagh.?ssgﬁéé@é‘ﬁs tharf:om%l ti @ﬂé to the
defi ned above, in which mJ|tI$|,ICIt

st r RFRSENGY Ff nngB‘&FElBJI‘e%\ foREephed ¥§} 5he &’F‘IE Eleg‘asterlals
p| agsheiing hethbas ecaris toiteu @it stoaadbusti lig;s preféerabhy less

int form of e e wWe nt

fil rﬁiﬁﬂ cftﬁ"gh &ho ng"s%’flliksne;qsﬁgre Pog0-3%. The
t ogeidrmos:rnx:oronelam gontaist r@n@smechagkéléolm%‘@bd oxide
18N & Z,Sdlppf@_{d ax?d LHO P6§f %fﬁzbld’@ntt_@lenn@ I®hbination

glass e the"orifices o bushi ng or bushin g
has Q%eafioll%%ﬁ‘hgté"@ }Fﬂbnmeté%pr‘é’é’s%% as the content of

per%@gﬁikﬁll\/\ﬁhéﬁl DS Obé Dn@0%espr ef Ranblor Se@lal to

? 52% nd/ or 57% A1203 10 to, 19% .preferably

A2 T80 BRI %&6@1%&%&1@ 5089k 15 9585 7r O

0.5 to 1.5%

20 The boron content is between 16 and 25%, preferably
greater than or equal to 18% and/or preferably less
than or equal to 22%, or even less than or equal to
20%. According to a preferred version of the invention,
it is desired to limit this oxide to moderate contents

25 as compared with those of D-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,

30 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%,

35 or it may be present as an impurity, especially from
0.1 to 0.5%.

Titanium oxide (TiO,;) may also be introduced in an

amount possibly representing up to 3%, preferably less



10 Na20 < 0.8% K20 < 0.8% R20 1% CaO 109

< 10% 15 FOto2% TiO2 0to 3% ??O4to(1)5A23/<; Voo
preferably RO ? 6% and/or RO <_ 10% and Various 5
3% 20 where R20 = Na20 + K2Q + Li 20, and RO = CaO +
MJO. It is thus possible to nehuf act ure such gl ass

str.ands, of  smgl L di t d ' Sl

. 2% 123R! efpdindes , opar athegcompaktiicapa. It
si WH#ar %00 © ho_se'nfor E-glass and Dgl assgcndpt.h S

oba BLows 25 ther t iCiBeRTIEecoRBni OF | yIOYFLE os WhiRUE. any

go?g?gégl%i | GegPhORELIbhesn The dbekettphcalesses.
re es to glass conpositions suitable for producing
gl ass reinforcenment strands, 30 conprising the

5 L gr:r%@v\bagsggmgt Sbwt@nm‘ﬂmiﬂs trechdy riq oelefomeidered as
w, , expressed._as rce [ ntral 5@nt i
6094 p%'%‘?‘é?laBYy %@‘_2%%2’% angégr &éym%bagg?%ékr% A?%Ogthls
10£amil19% fpremppablkons2C8 13% and/ or  A1203 5 17%
B203 16 to 25% ZrQ2 0.5 to 1.5% Na20 5 1.5%

preferably Na20 <_ 0.8% - 12 K20 <_1.5%
K2On<_ thesoyreso @I ths efeddlhi y RBY Pe%o%%%%agl‘yf a

10 10? ML Gent0%F Stie Ocdmp@ds tidh0Rubtt De3yndTstqad as a
15% preferably RO >. 6% an&i/ r §9n< 109 ng .
VaprEEEsag8, Bl VAN RIBIL N0 IR 1150 S R
:t f@zlgdtn%QtiHm nev antclgete afd dtaled @y $heodl gempounds to
apaeeg%?aglg&%qﬂlr%%thgnyﬂ§zleﬁV(m{du%t\Mésl b oERahpl ey STO,

S0, MnO and MnO;), as is known in this kind of

15 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
20 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

25 with a diameter of less than or equal to 10 pm,
preferably less than or equal to 7 pm and
advantageously around 5 um.

The subject of the invention is also a process for
30 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
pase of one or more bushings, is drawn in the form of
one or more webs of continuous filaments, and then the
35 filaments are gathered together into one or more

strands which are collected on a moving support.



the follow ng exanples, denoted Ex. 1 and Ex. 2, given
15 in Table 1, illustrating the present invention

wi thout however |imting it. Conparative exanples,
denoted A and B, are also given in Table 1 and
correspond to the follow ng gllasses: 20 A: D-gl ass B

gl ass according to patent applicatio 9/5 3
tim@ééﬂmresth§t r“éiﬂcrserboﬁg S&d ‘i;lftﬁ dltg‘lg?et erlfo’jz%ég ot
ﬂ)‘ﬁél@ﬂ@@t ér(@@@mhgs hasZ einel Bplaowing woggsdtion,

ament s exa A vvere by drawi ng nolten
QQ%RFG%%ﬁé %ﬁﬁ 03| on indicated in

Tabl e Isi@xpr esse5:0| nopeﬁOﬁent]agéﬁeb§bW| §02 30°9fesnd/or

the total sum of %{@ onrtgnts of all of the conpounds
is slightly less

reater than 100% oul d
be undexkiod thatOt ke ﬂ@%ﬁd@ﬂe éghr s&§%d§nd/or
to the inpuritiesafl koipinor corrponents not
anal yzed (wth contents at nost 1 to 2% and/or 35
i s due B3t he accept & %g%roxi mation in this field in
the anagydj cal neoh5d60useﬂ% - 13 T (log7l=3) denotes
the tenperature Qh% h the viscosity of the glass
10js 103ng?ﬂow (dect‘p al. second or dPa.s). 5 Tligq

denot eskithe |i qui du§. Bén'perature of the gl ass,
correspﬁnglng to kmﬁ%tenperature at which the nost
refractofy phase, i ch may devitrify in the glass,
has a Eéﬂo gront & L8%e and thus corresponds to the
mel tingy gm nt of <t hpg;devitrified phase. 10 The
dlfferences in the dielectric properties (As, As")
15 reasured both at gnd at 9.5 GHz are indicated,
conpar egighth theocamt B&l; A (D-glass). 15 The

measur e nts at 1 NHQkV\Efﬁggarrﬂ)fgf@idébl aro = 6% and/or

convent i naI manner nown to person skilled in the

art for this typeR§f <rd0fdl 68 The rmeasurements at
9.5 Gz & &arriedgqout according 20 to the method

0SS Lo W WeStphel 4Py DSOS M ¥ i
Technol ogy Press of NIT and John Wley & Sons I nc.
hbm,Yb{g tgn%mg%ss1 e o Lhd g £hRRdeR k994 g$88s strands

of small diameter under operating conditions similar to
those for E-glass and D-glass and thus to obtain,

25 particularly economically, glasses with good dielectric

properties.

The invention also relates to glass compositions
suitable for producing glass reinforcement strands,
30 comprising the following constituents, within the
limits defined Dbelow, expressed as percentages by

welght:
Si0; 50 to 60%, preferably SiO» 2 52% and/or
810, £ 57%;
35 Al203 10 to 19%, preferably Al;03 2 13% and/or
Al,03 < 17%;
B203 16 to 25%;
Zxr0z 0.5 to 1.5%;

Naz0 < 1.5%, preferably Na;0 < 0.8%;
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especially page 69). The principle of this nethod is
25 based on neasuring the dielectric properties of a
di sk- shaped speci men pl aced agai nst a wavegui de. This
nmet hod all ows accurate results to be obtained at very
hi gh frequency. In Table 1-ig2akso shown the nunber of
conpl ete bobbins of strand that _are _for S r day 30
under ®a@ condi t ioRs StenPrEfed 2Ry &20 Tge g%nber
provi dggoa neasurie 2<%f wamgﬁ rgocanpar abl e
flber|2|ng y|eld e various glasses. It is
appare G hat the' Ies according to the 35

i nvent iMyo r epr esentl0& ;r emar kabl e conprom se bet ween
the fiherizing c Jiqns (breakage rate, fiberizing
tenpergﬁure T(Iog?ﬁisfﬂgnd Tliqg) and the dielectric
propertTigs. - 14 0 e I¥berizing range is
satisfq&;ory, especi@ghl y1vgt h gredethplgnceobet 68enand/or
T(logy)=3) and Tlig of reater than or equal to 180C
5 The dielectric PEQO?) ied t he conpositions
accordiygridus thesigwention are of t he sanme order of

magni tude_as _ t hos o he co | Qf@d@;#(m 0.
VIO 99/ 750 iaah, ke TREE R P o St Lo
10 Thus, dielectric properties renarkably close to

h@%e a8£aEE éggs %E%r@%ﬁmﬁyﬁhh%mbigséOQQ&bmﬂﬁ'&tcordlng

fibe i ZI'ng

asses accord %%@f h
t heo i hhenm@ﬁntl@m’ﬁaiiédbﬁn f“ﬁrtehét‘ll&ﬁ/ BRETESS 2 oug
gl&%ée%%%@&i;ign@ﬁa% e, : lru/eﬁftmealn Bte Bl and Ex. 2, given
noteworthy in al | ow snma ran
{oinbgapobmda v LHPSEARR T F S |9rsa%g§?%§%&§3f?le| ehout
Theswevéhel tritbengoi t conpl et e bobbins of strand is

greater wth the glasses according to the invention

than with 20 the gl asses according to WO 99/5283 QP a
36epmparativei deamiodAls f | AeprFRd dhafdtlerB: afge also “give

Coﬂgeggﬁﬂ Iy Qh&hébrrégﬁoﬁgo%% than el bwbngl aiassasd

or a nmuch snaller dianmeter (7 minstead of
10 m). 25 AdPafAta§éously, the glass strands accordi ng
to the gi.nvegthes ameceuidiall e door mderthe applcation WO
appl i cations % gg ventional E-glass strands and can
repl ace D-glggé 28¢Pands in sone applications. In
particular, the glass strands according to the

#entl on. haye the 2dvapt Ageas0 d?:fmeﬁer& abl & tygn baéiameter

obt & ned" Wit h 4 better yield and )

glass filaments (examples 1, 2 and B) and 10 pm glass
filaments (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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| ower cost than the known gl ass strands. Thanks to
their fineness and therefore their |ow |inear

density, the glass strands according to the invention
35 are useful for formng |ightweight fabrics

exhibiting good planarity- narpicularly desirable in

el ectronic applications. i O 01 MI -0 t1.Q
dd(lagnasy | deneresLn e W‘“@eﬁaﬁuﬁﬁ r?brlod“h qMothe

OQgdchbN th rdf I e+ gt N0 | +0t opldis® QdkchBabralOskcond
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T1iq denotes the liquidus temperature of the glass,
corresponding to the temperature at which the most
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 (Ag, 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 Tiig) 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 to 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 is 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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16 to 25% 0. 5to 1. 5% :5 1.5% preferably Na20 :5
0.8% :~ 1.5% preferably K20 '~ 0.8% 5. 2%
preferably RRO :5 1% :!~ 10% :5 10% O to 2% O to
3% 4 to 15% preferably RO ~! 6% and/or RO !~ 10%
and various :5 3% where R2016 Na20 + K20 + Li 20, and
RO = CaO + MBO 25 2. The glass strand as clained in
claim1, characterized in that the conposition has a
Zr02 content such that Zr02 :5 1% 30 3. The gl ass
strand as clainmed in one ofLAEIMS preceding cl ai ns,
characterized in that the conposition has a line

(CaO) content such that CaO.:5 8% _ or en Q! ~ 69
i br o) 455 2 e LHE ST RE0 ST 36TF. YT AELCh Of
Styarth asompal sesl theorfoldowing quresedivegnts ai within the
characterigzed. |n.t e c LELAN as '

S e T i Rt e
anddightMgO ~: 2% - 17 5. The glass strand as cl ai ned

in one §ifoz_t he pragedbng ol ai PeerePabagt ghilozed 5p%t ald/or
the conposition has a boron (B203) content such that
B203 >  18% and/ cti® F0°B%¥03 < 22% or even B203 <_

20% 6.aAcc0Nposit® eb gbass iefnddlandibigani ¢3% and/or
and/or inorganic j;%t eri ﬁZ%S)’ characterized in that

it conprises gl d55%t Pa "as defined by one of

cl ai ms H,03t0 5. 716 The 2s%; of the gl ass strands

defi ne one of | ai to 5 for the manufacture

of prig%lg%z-circui?'§su g?'r%%és. 15 8. A [ Qcess for
manuf ad¥aud ng gl aSsl s?$ areiEe kerakky ¥ i 0?? i
claims g 4o 5, incwhigd, apreferably K0 < 0.8%;

'of

R,0 < 2%, preferably R0 £ 1%;

Cao < 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 + K0 + Li,0, and RO = CaO + MgO.
2. The glass strand as claimed in claim 1,
characterized in that the composition has a Zr0,

content such that ZrO; < 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 Ca0O < 8%, or even
ca0 < 6% and/or CaO 2 2%, or even Cal 2 4%.

4. The glass strand as claimed in one of the
preceding claims, characterized in that the composition
has a magnesia (MgO) content such that MgO £ 8%, or
even Mg0O < 6% and/or MgO 2 2%.
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multiplicity of nolten glass streans, flow
mul tiplicity of orifices |ocated at ihe basggo?ugngfo?
nore bushings, is drawn in the formof one or nore
webs 20 of continuous filanments and then the filanments
g:: gglt :ﬁer?ddt oget her into éde-or nore strands which
ec on a_myvi

p|50c:es§'h§s d-&Sed ?Br%ﬁug gppggthQ%tderTlrl?egs?Iﬁ@t o the

I e JE g & 1ari mesx pﬂmt%ﬂsl wdpin1HBat nhhee ﬁoa‘Péi’é% tion

ed in he or| e t
piRceabee oy (RS %?%6?%56%‘?? S5 IRt e
pﬁﬁb@rﬂbl&%ofoIh@V@@ﬁ%ﬁélﬁl ‘Si2 ? 52% and/or 10 to
19% preferably A1203 > 13@6and/or Al1203 < 17% B203
Zr2 Na20 16 to 25% 5to 1.5% 1.2% aky
NeRO < A 0Cempogs tR2(PH 9%@555 o ¥ & %%l “%2 0%5{5% n/ox
Ezg}lct;r/ argi@fem@kﬂerﬁzasﬁ 1%:ha®a©ter1:=_9ﬁ) MB® < tl’i‘!)% it

coméglé;s glassTg% é%dé é%ﬁdeflned by one of claims 1

to b.

7. The use of the glass strands defined by one of
claims 1 to 5 for the manufacture of printed-circuit

substrates.
8. A process for manufacturing glass strands as
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 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 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:

Si0; 50 to 60%, preferably si0, = 52% and/or
Si0, £ 57%;

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

B203 16 to 25%;

Zr0; 0.5 to 1.5%;

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

K,;0 < 1.5%, preferably K0 = 0.8%;

R0 < 2%, preferably R0 < 1%;

cao < 10%;

MgO < 10%;

F 0 to 2%;
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RO 4 to 15% preferably RO >_ 6% and/or RO <_ 10%

and Various 3% 5 where R20 = Na20 + K20 + Li 20, and

RO = CaO + MJO. 10. A gl ass conposition suitable for
produci ng glass reinforcenent strands, conprising the
following constituents, withfn-the linits defined
beIomATiéO expre%s%g g§,percentages by weight: Si02 50
to 60% ~preferably "Si02'52% and/or Si02 < 5792 A1203
10 to ROY% pref edablop ALEIS 1PFFRFIRLINIER X 6% 7ofnd/or
15 20 25 B203 Zrp2< Nag0 K40 R20 CaO MO F Ti 02
RO 16 to 25% 0.5 to 1.5% 1.5% preferably Na20
0.8% Verswusprefedbly K20 0.8% 2% preferably R20
10% 1QHerd ®,8% N&O 3MK© BULiLO, 16% BoOekeCabl y REO.
6% and/ or RO <_ 10% and Various <_ 3% where R20 =
Na20 + K20 + Li20, and RO = CaO + MO

10. A glass composition suitable for producing glass

reinforcement strands, comprising the following
constituents, within the limits defined below,
expressed as percentages by weilght:

S10; 50 to 60%, preferably SiO, 2 52% and/or
Si0,; £ 57%;

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

B,03 16 to 25%;

2x02 0.5 to 1.5%;

Na,0 < 1.5%, preferably Na;0 £ 0.8%;

X0 < 1.5%, preferably K0 < 0.8%;

R,0 < 2%, preferably R,0 £ 1%;

Cao < 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 R,0 = Na0 + K0 + Li0, and RO = Ca0O + MgO.



