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(57) Abstract: A composition for the manufacture of high strength glass fibers suitable for manufacture in a refractory lined glass
melter 1s disclosed. The glass composition of the present mvention includes 64-75 weight % S10,, 16-24 weight % Al,Os; 8-11
weight % MgO and 0.25 to 3.0 weight % R,0O where R,0 1s the sum of L1,O and Na,O. A preferred composition of the present in-
vention includes 64-75 weight % S10,, 16-24 weight % Al,Os, 8-11 weight % MgO and 0.25 to 3.0 weight % L1,0. Another pre-
ferred composition mcludes 68-69 weight percent S10,, 20-22 weight percent Al,Os, 9-10 weight percent MgO and 1-3 weight
percent L1,O. By using oxide based refractory lined furnaces the cost of production of glass fibers 1s substantially reduced in com-
parison with the cost of fibers using a platinum lined melting furnace. Fibers formed by the present mvention are also disclosed.
The fibers have a fiberizing temperature of less than 2650° F (1454 °C), a AT of at least 80° F (44.44 °C). Further, the glass fibers

have a strength i excess of 680 KPSI, preterably a strength i excess of about 700 KPSI, and most preferably a strength 1n excess

of about 730 KPSI. The glass fibers will desirably have a modulus g

MPSI, and most preferably greater than about 12.7 MPSI.

reater than 12.0 MPSI, preterably greater than about 12.18
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FORMED THEREWITH

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION

The present mvention 15 generally divected {0 a compostlion for use i
manufacturing contipuous ngh strength plass fibers and bers {formed from the

COIMPOSHION.

BACKGROUND OF THE INVENTION

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

A conmmon glass composition for making continuous high-strength giass hbey
strands 15 "S~Glass.” The term S~Glass defines a famuly of glasses composed primardy of
the oxides of magnesum, alununum, and stlicon with a chemical composition that
produces elass fibers having a higher mechantcal strength than E-Glass fibers. The
chemical composition of the S-glass family produces high strength glass fiber and enables
these glasses 10 be used in lngh strength applications sach as ballistic armor. ASTM
magnesium, aluminum, and silicon with a cerlified chamical commposition which conforms
o an apphcable matenal specthication and which produces ngh mechameal strength
(D3TR-033. The Deutsches Instisut fir Normung (DINY defines S-Glass as an
glununosilicate plass without added Ca0 and having a partial mass of MO where MgQ is
about 10%: by weight {An alapuno-sidicate alass 13 dehimed as a glasy wihach consials

e,

targely of alumuanum noxide and silicon dioxide and other oxides ) (DIN 1250-15.

R-(lass 1s another famidy of high strength, high modulus glasses that 15 typically
formed mio fibers for use 1 gerospace compostie apphications. The R-Glass family is
pramarily composed of stheon oxide, ahaniman oxide, magnestum oxide, and calciam
oxide with a chemical compositon that produces glass fibers with a lngher mechanical
strength than S-Glass fibers. R-(Glass generally contams less silica and greater calciam
oxide {CaQ) than S-Gilass which requires higher melting and processimg temiperatures

during fiber [orming,
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Tables 1A~ IE set forth the compositions for 3 mumber of conventional high

strength glass composiions.
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Typical R-Glass and S~Glass are generally produced by meliing the constituents of

the compositions in g platinum Hned melting container. The costs of forming R-Glass and

s-Latass fibers gre dramatically higher than E-Glass ibers due to the cost of producing the

fibers m such mehers. Thus, there 15 a need w the art for methods of fornung glass
4
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conmpositions useful in the formation of high performance glass fibers from a direct-melt

PTOCEss.

SUMMARY QF THE INVENTION

The present invention is a glass composition for the formation of continuous glass
fibers suitable for use m hgh strength applications. The composiion may be
mexpensively formed nto glass fibers using low-cost, direct melting in refractory-lined
tumaces due to the relatively low libertang (emperature of the composition. Onge formed
inio fibers, the elass @0-‘1}-‘;3‘3{‘;9&5 on provides the strength charzcterisiios of S-Glass., One
composition of the present invention includes 64-73 weight % SiO, 16-24 wetght %

AbOs, 811 weight %6 MeO and 0.25 0 3 0 weight %% RoO where R0 s the sum of LHO

and Nax(). The composition of the present invention includes 64-73% weluht 86 Si04, 16-24

wetuht 96 ALQL, 811 wetsht % MO and 025 10 3.0 weaight e L), In a preferred

embodiment, the glags composition 1s composed of 64-70 weight %o S10;, 17-22 weight ¥

ALOL, 9-11 weighd Y MeO and 1.75-3.0 werghi % R0 where RQ 15 the sum of L0 and

Naxl In gnother preferred embodiment, the glass composition i3 composed of 64-70

weieht % S10., 17-22 weight %6 ALO;, 911 wetght %6 MeO and 1.75-3.0 weight % Lilh

The composition preferablv does not contain more than about 5.0 weight % of oxides or
compounds selected from the group consisting of CaQ, P-Ox, Zn00, 2101, S0, BaO, STk,
F"f,, Bﬁ}w TJU"* and i“f:a{i-«

The desived properties of the i ugh perfornunce compaosite fibers manutactared by
the present invention include a fiberizing temperature of less than about 2630 ° F (1454
"1, preferably less than abowt 262537 F {1441 (), more preferably less thas about 26000 F
(1427 °C Jand most preferably less than about 2575% F (1413 °C jand a hiquidus
ternperature that is preferably below the fiberizing temperature by at least 80° F {44 44
°C). move preferably by at feast about 1200 F (66 67 °C), and most preferably by at least
about 1509 F (83,33 °CY The present tnvention also mcludes fibers formed from such a

COMPOSIION.

)
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In one aspect, there is provided a composition for high strength glass fibers, formable

from a direct melt process, comprising:

64-74 weight percent SiO»;

16-24 weight percent Al,Ox;

8-12 weight percent MgO;

1.75 = 3.0 weight percent RO, where RO equals the sum of Li,O and Na,O: and

no more than 2 weight percent CaO,
the composition having a fiberizing temperature of less than 2650 °F (1399 °C) and the high
strength glass fibers formed from said composition have a density no greater than 2.486 g/cc and
a strength of greater than 700 KPsi (4.83 GPa).

In another aspect, there is provided a high strength glass fiber formed by melting a glass
batch 1n a refractory lined glass melter, comprising:

64-74 weight percent S10;;

16-24 weight percent Al,Os;

8-12 weight percent MgQO; and

1.75 = 3.0 weight percent RO, where R,0 equals the sum of Li,O and Na,O: and no
more than 2 weight percent CaO, wherein the batch has a fiberizing temperature of less than
2650 °F (1399 °C) and wherein the glass fiber has a density no greater than 2.486 g/cc and a
strength of greater than about 700 KPsi (4.83 GPa).

5a

CA 2747993 2018-11-01
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The fiberizing properties ol the glass baitch composition of the present mvention
include the fiberizing temperature, the hquidus, and dela-T (AT). The fiberiang
iemperature 1s defined as the iemperature that corresponds to a viscosily of 1 Poise.

As discussed in more detad below, a fowered Sberizing temperature redaces the

praduction cost of the fibers, altows for 8 longer bushing hife, mcreases throaghput,

permuts the glass to be mehed i a refractorv-lined melier, and reduces energy

consumption. For example, at a lower ibenzig temperature, a bushmg operates at a
cooler temperature and does not "sag” as quickly. Sag is a phenomenon that occurs in
lowering the [iberizing temperature, the sag rate of the bushing may be reduced and the
bashing hite can be increased. In addition, a lower hiberinng temperatare allows fora

higher throughput since more glass can be melted in a given penod at a given energy

witl also permit glass formed with the inventive composition 1o be melied w a refractory-

imed melter since both 113 melting and {ibetiring temperatures are below the upper vse

femperatures of many commercially avadable refractories.

The hopndus of a glass 1s dehined as the highest temperature at which eqguibibrizan
exists between hguid glass and s primary orystatline phase. At all temperaties above
the Hguidus, the plass is free from orvstals o its primary phase. At temperatures below the
hguidus, crystals may form. Crystals in the melt will cause blockages in the bushing and

weakness in the hbers.

Another fberizing property is delia-T (AT, which is defined as the difference
between the fiberizing teroperature and the hquidus. A farger AT offers a greater degree

of Hexibility during the formation of the glass fibers and helps {o mhilat devitnificatzon of

-

the glass {that 15, the formanion of arysials within the mell} during melting and hberirme.

Increasing the AT also reduces the production cost of the glass fibers by allowmng for a

-

preater bushing hife and by providing a wider process window for forming fibers

The plasses of the present ivention arg suitable for melting m traditional

commercially avalable refractory-lined glass melters that are widely used in the

b
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manutacture of glass reinforcement fibers. Starting batch components typically include SiO,
(ground silica sand), and A1,03 (calcined alumina) or pyrophyllite, as well as chain modifiers
from source materials such as talc, magnesite or dolomite. The carbon included in materials such

as magnesite 1s off gassed as oxides of carbon such as CO,.

A fiber formed in accordance with the present invention will preferably include 64-75
weight % Si0,, 16-24 weight % A1,03, 8-11 weight % MgO and 0.25 to 3.0 weight % R,0
where R0 is the sum of L.1;0 and Na;O. More preferably, the composition will include 0.25 to
3.0 weight % L1,0 rather than a combination of Li,O and Na,O. In another preferred
embodiment, the glass composition is composed of 64-70 weight % Si0,, 17-22 weight %
A1,0;3, 9-11 weight % MgO and 1.75 to 3.0 weight % R,O where R,O is the sum of Li,O and
NayO. More preterably, the composition will include 1.75 to 3.0 weight % LiO,. A fiber formed
in accordance with the present invention will typically include small amounts of CaQ, P,0s,
/nQ, ZrO,, SrO, BaO, 8Os, F,, B,03, Ti0O; and Fe, O3, preferably in a total amount of less than 5
weight percent, and more preferably less than about 4 weight percent. In addition, a fiber formed
1n accordance with the method and composition of the present invention will have a fiberizing
temperature of less than 2650° F (1454 °C), preferably less than about 2625° F (1441 °C), more
preferably less than about 2600° F (1427 °C) and most preferably less than about 2575° F (1413
°C) and a liquidus temperature that 1s preferably below the fiberizing temperature by at least 80°
F, more preferably by at least about 120° F (66.67 °C), and most preferably by at least about
150° F (83.33 °C). Further, the glass of the present invention preferably will have a pristine fiber

strength in excess of 680 KPSI, more preferably a strength in excess of about 700 KPSI, and
most preferably a strength in excess of about 730 KPSI. Further, the glass fibers will desirably

have a modulus greater than 12.0 MPSI, preferably greater than about 12.18 MPSI, and most
preterably greater than about 12.6 MPSI.

The glass batch of the present invention is preferably melted using the glass melting
furnace made from appropriate refractory materials such as alumina, chromic oxide, silica,

alumina-silica, zircon, zirconia-alumina-silica, or similar oxide-based refractory materials. Often,
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such glass melting furnaces include one more bubblers and/or electrical boost electrodes (one
suitable glass melting furnace 1s disclosed in U.S. Application Number 20070105701 entitled
"Method of Manufacturing High Performance Glass Iibers in a Refractory Lined Melter and

Fiber Formed Thereby"). The bubblers and/or electrical boost electrodes increase the

temperature of the bulk glass and increase the molten glass circulation under the batch cover.

The melted glass 1s delivered to a bushing assembly from a forehearth. The bushing
includes a tip plate with a plurality of nozzles, each nozzle discharges a stream of molten glass,
which are mechanically drawn to form continuous filaments. Typically, the filaments are coated
with a protective sizing, gathered into a single continuous strand and wound onto a rotating collet
of a winder device to form a package. The filaments may also be processed into other forms
including, without limitation, wet used chopped strand fibers, dry use chopped strand fibers,

continuous filament mats, chopped strand mats, wet formed mats or air laid mats.

Ilaving generally described this invention, a further understanding can be obtained by
reference to certain specific examples illustrated below which are provided for purposes of

illustration only and are not intended to be all inclusive or limiting unless otherwise specified.

EXAMPLES

The glasses in the examples listed in Tables IIA 1ID were melted in platinum
crucibles or in a continuous platinum-lined metier for determining the mechanical and physical
properties of the glass and fibers produced therefrom. The units of measurement for the physical
properties are: Viscosity (°F), Liquidus temperature (°F) and AT (°F). In some examples the

glasses were fiberized and Strength (KPsi1), Density (g/cc), Modulus (MPs1) were measured.

The fiberizing temperature was measured using a rotating spindle viscometer. The
fiberizing viscosity 1s defined as 1000 Poise. The liguidus was measured by placing a platinum
container filled with glass in a thermal gradient furnace for 16 hours. The greatest temperature at

which crystals were present was considered the liquidus temperature. The modulus was
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measured using the sonic technique on a single fiber of glass. The tensile strength was measured

on a pristine single fiber.

Ka
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The composition of the present invention may alsy include chain modifiers such as

Na0, CaO and B2y, Such compositions are shown s Table H-D (below).
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The fibers of the present invention have superior modulus and strength

Measured Strength of 658 KPsi. The fibers of Example 3 have a Measured Modulus of

J',‘Jn{

12.96 MPst and a Measured Strenath of 737 KPsi. The fibers of Example 17 havea

Measurad Modulus of 12.75 MPsi and a Measured Streneth of 734 KPsh.

As 1s understood in the an, the above exemplary inventive compositions do not
always total 100% of the listed components due to statistical conventions {such as,
rounding and averaging) and the fact thai some compositions may mclude mpurities that

1} are not histed. Of course, the actual amounts of all compoenents, mchiding any impunitses,
i a compoesiion abways jotal 1%, Furthermore, # should be undersiood that where
smatl guantiies of components are specihied m the composiions, for example, guantiies
on the order of about 0.03 weight percent or less, those components may be present in the

form of frace impurities present in the raw materials, rather than intentionally added.

H Additionally, components may be added to the batch composiuon, for example, {0
faciitate processing, that are later ehimmated, thereby fornunge a plass composiison that 18
essentially free of sach comoponents. Thus, for sostance., nunuie quaniities of components
providing the silica, calcia, aluming, and magnesia components in commercial practice of

/‘}‘) i- % .;‘.' : ' — } . A . i . - ? s * {,} . -d“' i * . :.‘_) :“":_,'\. .. “K'SHEE-\&‘ o .. . ..:‘ d ‘{ .. :'5.: {)

20 the invention or they may be processing aids that are essentially removed dunng
manualacturs,

As apparvent from the above examples, glass fiber compositions of the invention

have advaniageous properites, such as low fbenizimg emperatures and wide differences

between the hquidus temperatures and the fiberizang temperatures thigh AT values).

I-.2
<

Other advantages and obvious modifications of the mvennon will be apparent 1o the
high-perfommance glass of the present mvention melis and refies at relatively low
tenperatures, has a workable viscosity over a wide range of relatbively low lemperatures,

and g low Hquidas tenmpergiure range.,

with regard {0 specilic samboduments. Although the mvention has been set forth iy what is

i
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believed 1o be the preferred embodiments, a wide variety of alternatives known to those of
skill in the art can be selected within the generse disclosure. Other advantages and
obvicus modifications of the mvenitton will be apparent to the arttsan from the above

description and further through practice of the mvention. The mvention 15 nol otherwise

M

Limgted, except tor the reciiation of the claning set {orth below.



CLAIMS

1. A composition for high strength glass fibers, formable from a direct melt process,

comprising:
64-74 weight percent Si05:
16-24 weight percent Al,Ox;
8-12 weight percent MgO;
1.75 = 3.0 weight percent R,0, where R>O equals the sum of Li,O and Na»,O: and

no more than 2 weight percent CaO,

the composition having a fiberizing temperature of less than 2650 °F (1399 °C) and the high

strength glass fibers formed from said composition have a density no greater than 2.486 g/cc and

a strength of greater than 700 KPsi (4.83 GPa).

2. T'he composition for high strength glass fibers of claim 1, wherein the glass batch

comprises less than 5 weight percent total of compounds selected from the group consisting of

Pgos, ZI’IO, Zl‘Oz, SI‘O, BaO, SO3, Fz, B203, TIOQ and FCQO3.

3. T'he composition for high strength glass fibers of claim 1, wherein glass produced from

said batch has a AT of at least 80° F (44.44 °(C).

4, T'he composition for high strength glass fibers of claim 3 wherein glass produced from

said batch has a AT of at least 120° F (66.67 °C).

. T'he composition for high strength glass fibers of claim 1, wherein glass produced from

said batch has a fiberizing temperature of less than 2600° F (1427 °C), and a AT of at least 140° F
(77.78 °C).

6. The composition for high strength glass fibers of claim 1, wherein the glass batch further

comprises 0 to 3 weight percent alkali metal oxides.

13
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7. T'he composition for high strength glass fibers of claim 1. wherein the composition

COMpTISEs:
68-69 weight percent SiO»:
20-22 weight percent AlL,Ox:
9-10 weight percent MgQO; and
0.25-3 weight percent Li,O.

8. A high strength glass fiber formed by melting a glass batch in a refractory lined glass

melter, comprising:
64-74 weight percent SiO;:
16-24 weight percent Al,O;:
8-12 weight percent MgQO; and
1.75 — 3.0 weight percent R,0, where R,0 equals the sum of Li,O and Na,O: and
no more than 2 weight percent CaO,

wherein the batch has a fiberizing temperature of less than 2650 °F (1399 °C) and

wherein said glass fiber has a density no greater than 2.486 g/cc and a strength of greater than

700 KPsi (4.83 GPa).

9. The high strength glass fiber of claim 8, wherein the fiber has a modulus greater than
12.0 MPSI (82.74 GPa).

10. The high strength glass fiber of claim 8, wherein the fiber has a modulus greater than
12.7 MPSI (87.57 GPa).

L1, The high strength glass fiber of claim 8, comprising:
68-69 weight percent SiO»;

20-22 weight percent Al,Ox;

14
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9-10 weight percent MgO; and
1.75 — 3.0 weight percent Li,O.

2. The composition of claim 1, wherein Li,O is present in said composition in an amount

from 1.75 to 3.0 weight percent.
3. The high strength glass fiber of claim 8, wherein:
said Al,Oj is present in said fiber in an amount from 17 to 22 weight percent;

said MgO is present in said fiber in an amount from 9 to 11 weight percent; and

said L1,0 is present in said fiber in an amount from 1.75 to 3.0 welght percent.

14, The composition of claim 1, wherein the components of said composition are meltable in

a refractory-lined melter.

15
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