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DESCRIPTION

[0001] The present invention relates generally to a glass composition, and more particularly, to
a high performance glass composition that achieves acceptable forming and mechanical
properties without the addition or inclusion of lithium and whose components are melted in a
refractory melter.

BACKGROUND OF THE INVENTION

[0002] Glass fibers are manufactured from various raw materials combined In specific
proportions to yield a desired chemical composition. This collection of materials 1Is commonly
termed a "glass batch.” To form glass fibers, typically the glass batch i1s melted in a melter or
melting apparatus, the molten glass is drawn into filaments through a bushing or orifice plate,
and an aqueous sizing composition containing lubricants, coupling agents, and fiim-forming
binder resins Is applied to the filaments. After the sizing I1s applied, the fibers may be gathered
INto one or more strands and wound Into a package or, alternatively, the fibers may be
chopped while wet and collected. The collected chopped strands may then be dried and cured
to form dry chopped fibers or they can be packaged In their wet condition as wet chopped
fibers.

[0003] The composition of the glass batch and the glass manufactured from it are typically
expressed In terms of percentages of the components, which are mainly expressed as oxides.
SI05, Al,O3, Ca0, MgO, B,0O45, NasO, K50, Fe,O4, and minor amounts of other compounds

such as TiO», LI,O, BaO, SrO, Zn0O, ZrO,, P>,0g, fluorine, and SO5 are common components of

a glass batch. Numerous types of glasses may be produced from varying the amounts of these
oxides, or eliminating some of the oxides in the glass batch. Examples of such glasses that
may be produced Include R-glass, E-glass, S-glass, A-glass, C-glass, and ECR-glass. The
glass composition controls the forming and product properties of the glass. Other
characteristics of glass compositions include the raw material cost and environmental impact.

[0004] Conventionally, lithium is added to glass fiber compositions in the form of spodumene (a
ithium aluminosilicate raw material) to facilitate melting and obtain desirable mechanical and
forming properties. For example, lithium 1s very effective in reducing the viscosity of the glass
formulation. Although lithium-containing glass compositions may possess desirable properties
with respect to mechanical and forming properties, the presence of lithium In the glass
composition raises the cost of glass fiber manufacturing. This cost could be offset If the
Inclusion of lithium lowered the viscosity sufficiently to enable a high-performance glass such
as R-glass to be melted In a refractory tank rather than in a platinum melter. R-glass is
commonly melted in platinum melters.

[0005] There is a unique combination of forming properties that permit a glass to be melted
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and distributed In a conventional refractory tank and glass distribution system. First, the
temperature at which the glass i1s held must be low enough so that it does not aggressively
attack the refractory. An attack on a refractory can take place, for example, by exceeding the
maximum use temperature of the refractory or by Increasing the rate at which the glass
corrodes and erodes the refractory to an unacceptably high level. Refractory corrosion rate Is
strongly increased as the glass becomes more fluid by a decrease In the glass viscosity.
Therefore, In order for a glass to be melted In a refractory tank, the temperature of the
refractory tank must be kept below a certain temperature and the viscosity (for example,
resistance to flow) must be maintained above a certain viscosity. Also, the temperature of the
glass In the melting unit, as well as throughout the entire distribution and fiberizing process,
must be high enough to prevent crystallization of the glass (that is, it must be kept at a
temperature above the liquidus temperature).

[0006] At the fiberizer, It Is common to require a minimum temperature differential between the
temperature selected for fiberizing (that is, forming temperature) and the liquidus temperature
of the glass. This temperature differential, AT, 1Is a measurement of how easily continuous
fibers can be formed without production of the fibers being interrupted by breaks caused from
devitrification. Accordingly, it 1s desirable to have as large a AT as possible to achieve
continuous and uninterrupted glass fiber formation.

[0007] In the quest for glass fibers having a higher end performance, AT has, at times, been
sacrificed to achieve desired end properties. The consequence of this sacrifice Is a
requirement that the glass be melted in a platinum or platinum-alloy lined furnace, either
because the temperature exceeded the maximum end use temperature of the conventional
refractory materials or because the viscosity of the glass was such that the temperature of the
glass body could not be held above the liquidus temperature while producing a glass viscosity
high enough to keep the refractory corrosion at an acceptable level. S-glass Is a good example
where both of these phenomena take place. The melting temperature of S-glass is too high for
common refractory materials and the AT is very small (or negative), thus causing the glass to
be very fluid and very corrosive to conventional refractories. Conventional R-glass also has a
very small AT, and is therefore melted in platinum or platinum-alloy lined melters. The addition
of lithium to the formulation sufficiently expands the AT of the R-glass to permit it to be melted
In a standard refractory melter. However, lithium raw materials are very expensive and greatly
Increase the manufacturing costs for the glass fibers.

[0008] For example, US 2007/105701 discloses a method of manufacturing high performance
glass fibers, and fibers formed thereby to high performance glass fibers. WO 2006/064164
discloses glass yarns for reinforcing organic and/or inorganic materials, which yarns are
formed from glass compositions comprising LiO. US 4,199,364 discloses boron-free and

fluorine-free glass compositions comprising Li»0O.

[0009] Thus, there I1s a need In the art for high-performance, lithium-free glass compositions
that retain favorable mechanical and physical properties (for example, specific modulus and
tensile strength) and forming properties (for example, liquidus temperature and forming
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temperature) where the forming temperature i1s sufficiently low and the difference between the
forming and liquidus temperatures i1s large enough to enable the components of the glass
composition to be melted in a conventional refractory tank.

SUMMARY OF THE INVENTION

[0010] In one embodiment of the invention, an R-glass composition that includes SiO»5 In an
amount from 60.0 to 61.6% by weight, Al,O3 In an amount from 15.6 to 17.2% by weight, CaO

In an amount from 11.7 to 13.2% by weight, MgO in an amount from 9.4 to 10.9% by weight,
Na>O + K50 in an amount from 0.0 to < 2.0% by weight, TiO5 in an amount from 0.0 to 2.0% by

weight, Bo,O4 In an amount from 0.0 to about 0.5% by weight, Fe>03, SrO, ZnO and Fluorine,

each of which is present in an amount from 0.0 to about 1.0% by weight, Is provided, wherein
sald composition has a AT of at least 60°C and a log 3 temperature from 1285°C to 1320°C,
wherein said composition I1s free of lithium. The phrase "% by weight', as used herein, Is
Intended to be defined as the percent by weight of the total composition. Additionally, the
composition may optionally contain trace quantities of other components or impurities. In
exemplary embodiments, the glass composition is free or substantially free of boron. Further,
the glass composition possesses a forming viscosity that is low enough to utilize low cost
refractory melters instead of conventional high cost platinum-alloy lined melters In the
formation of the glass fibers.

[0011] In another embodiment of the present invention, a continuous R-glass fiber formed of
the composition described above Is produced using a refractory tank melter. By utilizing a
refractory tank formed of refractory blocks, manufacturing costs associated with the production
of glass fibers produced by the Inventive composition may be reduced. The R-glass
compositions may be used to form continuous glass strands for use In textiles and as
reinforcements for use in forming wind blades and aerospace structures.

[0012] In yet another embodiment of the present invention, a method of forming an R-glass
fiber 1s provided. The fibers may be formed by obtaining the raw ingredients and mixing the
components In the appropriate quantities to give the desired weight percentages of the final
composition. The mixed batch Is then melted In a traditional refractory melter and drawn
through orifices of platinum-alloy based bushings to form glass fibers. Strands of glass fibers
are formed by gathering the Individual filaments together. The strands may be wound and
further processed in a conventional manner suitable for the intended application.

[0013] In another embodiment of the present invention, glass fibers formed from the inventive
compositions have a liquidus temperature no greater than 1330 °C, a AT up to 135 °C, and a

specific modulus of at least 3.24 X 10° meters.

[0014] In yet another embodiment of the present invention, glass fibers formed from the
Inventive compositions have a strength from 4187 MPa to 4357 MPa.
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[0015] In a further embodiment of the present invention, the glass composition possesses a
forming viscosity that is low enough, and a AT large enough, to utilize low cost refractory
melters instead of conventional high cost platinum-alloy lined melters in the formation of the
glass fibers.

[0016] In another embodiment of the present invention, fibers formed from the inventive R-
glass composition are formed at a lower cost due to the lower energy input needed to melt the
glass composition.

[0017] In yet another embodiment of the present invention, the inventive glass has a specific
modulus strength and AT similar to traditional R-glass compositions that contain lithium. Thus,
the composition of the present invention retains the ability to make a commercially acceptable
R-glass fiber and fiber product produced from the R-glass fibers.

[0018] In a further embodiment of the present invention, the glass composition reduces
production cost by excluding lithium from the composition and utilizing a conventional
refractory melting operation to melt the components of the composition.

[0019] The foregoing and other objects, features, and advantages of the invention will appear
more fully hereinafter from a consideration of the detailed description that follows.

DETAILED DESCRIPTION AND

PREFERRED EMBODIMENTS OF THE INVENTION

[0020] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
belongs. Although any methods and materials similar or equivalent to those described herein
can be used In the practice or testing of the present invention, the preferred methods and
materials are described herein. All references cited herein, Including published or
corresponding U.S. or foreign patent applications, issued U.S. or foreign patents, and any
other references, are each incorporated by reference In their entireties, including all data,
tables, figures, and text presented in the cited references. The terms "composition” and
"formulation” may be used interchangeably herein. Additionally, the phrase "inventive glass
composition” and "glass composition” may be interchangeably used.

[0021] The present invention relates to a high performance R-glass composition that does not
contain lithium and which possesses a specific modulus, tensile strength, and density that are
equivalent or substantially equivalent to R-glass compositions. The glass composition
possesses a lower forming temperature and larger AT than conventional R-glasses, thereby
permitting the utilization of low-cost refractory tank melters for the formation of the glass fibers
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Instead of conventional high-cost paramelters formed of platinum. By utilizing a refractory tank
formed of refractory blocks, manufacturing costs associated with the production of glass fibers
produced by the inventive composition are reduced. Additionally, the exclusion of expensive
ithium raw materials from the composition reduces the manufacturing costs of the glass fibers.
Further, the energy necessary to melt the components of the glass composition is less than the
energy necessary to melt commercially available R-glass formulations. Such lower energy
requirements may also lower the overall manufacturing costs associated with the inventive
glass. It has been discovered that the composition of the present invention retains the ability to
make a commercially acceptable high performance glass fiber and fiber product produced from
the glass fibers.

[0022] In at least one exemplary embodiment, the inventive glass composition includes the
following components In the weight percent ranges given in Table 1 and is free of lithium. As
used herein, the terms "weight percent” and "percent by weight” may be used interchangeably
and are meant to denote the weight percent (or percent by weight) based on the total
composition. The inventive glass composition Is free free of lithium, and in some exemplary
embodiments, the glass composition Is also substantially free of boron. As used herein, the
phrase "substantially free" is meant to denote that the composition is free or nearly free of that
component(s). For instance, it Is to be appreciated that if lithium 1s present Iin the glass
composition, it i1s present in only In trace amounts, such as, for example, several hundredths of
a percent. Similarly, glass compositions intended to exclude boron may contain trace amounts
of boron such as in the range of several hundredths of a percent. Compositions containing
such amounts are considered to be "free of lithium" and "free of boron".
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[0023] In a further embodiment, the glass compositions include the components set forth In
Table 2.
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[0024] Further, impurities or tramp materials may be present in the glass composition without
adversely affecting the glasses or the fibers. These impurities may enter the glass as raw
material impurities or may be products formed by the chemical reaction of the molten glass
with furnace components. Non-limiting examples of tramp materials include potassium, iron,
zinc, strontium, and barium, all of which are present in their oxide forms, and fluorine and
chlorine.

[0025] The forming viscosity of a glass composition i1s commonly defined by its log 3
temperature. The log 3 temperature Is the temperature at which the molten glass composition
has a viscosity of 1,000 poise (that is, roughly the fiberizing viscosity), where the viscosity Is
determined by measuring the torque needed to rotate a cylinder immersed in the molten glass
material according to ASTM C965. Lowering the fiberizing temperature may reduce the
production cost of the glass fibers because It allows for a longer bushing life, increased
throughput, and reduced energy usage. By lowering the log 3 temperature, a bushing operates
at a cooler temperature and does not quickly "sag”. Sag occurs in bushings held at an elevated
temperature for extended periods of time. Lowering the log 3 temperature reduces the sag
rate, and, as a result, the bushing life may be increased. Thus, the cost of producing the fibers
may be reduced. In the present invention, the glass composition has a log 3 temperature from
1285 °C to 1320 °C.

[0026] The liquidus temperature of the glass composition is the temperature below which the
first crystal appears In the molten glass material when it i1s held at that temperature for 16
hours, according to ASTM C829. Additionally, the liquidus temperature i1s the greatest
temperature at which devitrification can occur upon cooling the glass melt. At all temperatures
above the liquidus temperature, the glass is completely molten. The liquidus temperature of
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the Inventive composition Is desirably no greater than about 1330 °C, and may range from
about 1190 °C to about 1330 °C or from 1190 °C to about 1235 °C.

[0027] The difference between the log 3 temperature and the liquidus temperature is termed
"AT". If the AT Is too small, the molten glass may crystallize within the fiberizing apparatus and
cause a break in the manufacturing process. Desirably, the AT is as large as possible for a
given forming viscosity. A larger AT offers a greater degree of flexibility during fiberizing and
helps to avoid devitrification both In the glass distribution system and In the fiberizing
apparatus. Additionally, a large AT reduces the production cost of the glass fibers by allowing
for a greater bushing life and a less sensitive forming process. The inventive composition may
have a AT up to about 135 °C, and in exemplary embodiments, from about 60 "C to about 135
"C or from about 75 °C to 105 °C. In some exemplary embodiments, the AT is greater than

about 60 °C.

[0028] Another property of importance is the specific modulus. Is it desirable to have a specific
modulus as high as possible to achieve a lightweight composite material that adds stiffness to
the final article. Specific modulus 1s important in applications where stiffness of the product Is
an important parameter, such as in wind energy and aerospace applications. In the inventive

composition, the glass has a specific modulus of at least 3.24 X 10° meters, or from about 3.24
X 10° meters to about 3.43 X 10° meters. In exemplary embodiments, the glass has a specific

modulus from about 3.39 X 10° meters to about 3.43 X 10° meters.

[0029] The Inventive glass has a specific modulus, strength, and AT similar to traditional R-
glass compositions that contain lithium. Thus, the composition of the present invention retains
the ability to make a commercially acceptable R-glass fiber and fiber product produced from
the R-glass fibers and is able to reduce the cost of production by excluding high cost lithium
from the composition and utilizing a conventional refractory to melt the components of the
composition.

[0030] In general, fibers according to the present invention may be formed by obtaining the
raw Ingredients and mixing or blending the components In a conventional manner In the
appropriate quantities to give the desired weight percentages of the final composition. For
example, the components may be obtained from suitable ingredients or raw materials
Including, but not limited to, sand or pyrophyllite for SIO5, limestone, burnt lime, wollastonite, or

dolomite for CaO, kaolin, alumina or pyrophyllite for Al,O43, and dolomite, dolomitic quicklime,

brucite, enstatite, talc, burnt magnesite, or magnesite for MgO. Glass cullet can also be used
to supply one or more of the needed oxides. The mixed batch is then melted in a traditional
refractory furnace or melter, and the resulting molten glass is passed along a forehearth and
INnto bushings (for example, platinum-alloy based bushings) located along the bottom of the
forehearth. The operating temperatures of the glass in the furnace, forehearth, and bushing
are selected to appropriately adjust the viscosity of the glass, and may be maintained using
suitable methods such as control devices. Preferably, the temperature at the front end of the
melter 1s automatically controlled to reduce or eliminate devitrification. The molten glass is then
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pulled (drawn) through holes or orifices in the bottom or tip plate of the bushing to form glass
fibers. The streams of molten glass flowing through the bushing orifices are attenuated to
filaments by winding a strand formed of a plurality of individual filaments on a forming tube
mounted on a rotatable collet of a winding machine.

[0031] The fibers may be further processed in a conventional manner suitable for the intended
application. For instance, the glass fibers may be sized with a sizing composition known to
those of skill in the art. The sizing composition IS In no way restricted, and may be any sizing
composition suitable for application to glass fibers. The sized fibers may be used for reinforcing
substrates such as a variety of plastics where the product's end use requires strength and
stiffness equal to or superior to traditional R-glass products. Such applications include, but are
not limited to, woven fabrics for use In forming wind blades, armor plating, and aerospace
structures.

[0032] Having generally described this invention, a further understanding can be obtained by
reference to certain specific examples lillustrated below which are provided for purposes of
llustration only and are not intended to be all inclusive or Iimiting unless otherwise specified.

EXAMPLES

Example 1: Lithium Free Glass Compositions

[0033] Glass compositions according to the present invention were made by mixing reagent
grade chemicals in proportioned amounts to achieve a final glass composition with the oxide
weight percentages set forth in Tables 3-6. The raw materials were melted In a platinum
crucible in an electrically heated furnace at a temperature of 1620 °C for 3 hours. The forming
viscosity (that is, log 3 temperature) was measured using a rotating cylinder method (ASTM
C9695). The liguidus temperature was measured by exposing glass to a temperature gradient in
a platinum-alloy boat for 16 hours (ASTM C829). AT was calculated as the difference between
the temperature at which the viscosity of the glass was 1000 poise and the liquidus
temperature. The speed of sound was measured using the sonic fiber method whereby a
sound wave Is propagated down the length of a fiber. The modulus was calculated based on
the relationship between the speed of sound, density, and Young's modulus. Density was
measured by the Archimedes method. Finally, the specific modulus was calculated from the
Young's modulus and measured density.

[0034] Example 1 set forth In Table 3 i1s a conventional lithium-containing R-glass. The
composition and properties for this lithium-containing R-glass were included for comparison
purposes.

TABLE 3
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Ex. 12 Ex 13 | Ex. 14 Ex 15 Ex 16

Chemical [ by | (% by | (% by | (% by (° by | (%D (° by (° by
wt.) wt.) Wt wt.) Wt) wt.) Wt

Log f’gemp 1301 | 1298 | 1294 | 1308 | 1299 | 1306 | 1299 | 1306
T;'r?]“'dus 1224 | 1209 | 1223 { 1232 { 1216 | 1229 | 1220 | 1216

m---‘Nm

Modulus
GPa 8 . 85 8 8
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Chemical | % by (% by (% by (% by (% by (% by (% by (% by

0§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0H§0§§0§§0§§0‘50‘50.50‘50§§0§§0§§0§§0§§0§§0§.0§§0§§0‘50‘50‘50‘50§§0\‘0‘50‘50‘50‘§0§§0§§0§§0‘\3‘50‘50‘50§§0§§0§§0§§0§§\0§0§§0§§0§§w\‘0QQCQQCQQCQQCQQCQQCQQCQ\ QQQQQQQQQQQQQQQQQQQQQQQQ

‘000CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCHCCQCCQCCQCCQCCQCCQ.CQCCQCCQCCQCCQCCQCCQCCQC.QCCQCCQCCQCCQCCQCCQCCQ\\QCCQCCQCCQCCQCCQCCQCCQC\\CCQCCQCCQCCQCCQCCQCCQCC\‘CQCCQCCQCCHCQCCQCCQCCQ\\QCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCC

oo oo Hor oo a0 [ e oo
mmm

Li>O 0.00 . 0.00 . . 0.00 0.00 0.00



DK/EP 2462069 T3

-
Chemical

(% by (% by (% by (Yo by (° Dy (° Dy (°
wt.) wt.) wt.)

—mmmmm
(e Lo Tom oo oo o o o o

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

0CCOCC.CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCO0COCCOCCOCCOCCOCCOCCOCC\‘COCCOCCOCCOCCOCCOCCOCCO0COCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.HC CCOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC.CC. C.CC.CC.CC.CC.CC.CC.CC.\ CCCCCCCCCCCCCCCCCCCCCCCCC

L|qU|dus
Temp ( C)

Den3|ty
(g/om3)

R -
R R R D R R R R ) 0§§0§§0§§0§§0§§0§§0§§0‘.0‘50‘50‘50§§0§§0§§0§§0‘§0§§0§§0§§0§§0‘50‘50‘50\50§§0§§0§§0§§0§§0§§0§QCQQO‘50‘50‘50‘50‘50‘50‘50‘\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Specific
Modulus

(MetersX10°)

Strength
(Mpa)

* not within the scope of the clalms
TABLE 6

3.38 3.39 § 3.38 § 3.33 3.38 3.43 3.43 3.42

Chemical
% by % by % by % by % by % by % by % by % by
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Chemical

% by % by (% by } % by % by % by (% by { (% by (% by
wt)

wt.) wt.) wt.)
mm 0.00 | o mmmm
-m | 000 | 000 000 {000

‘COCCOCCOCCOCCOCCOCCOCCOCCOCCOCC06\.060060060060060060060 B T T T T s e e e ) QCCQCCQCCQCCQCCQCCQCCQ\. CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

\\E\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\&\\&\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\k\\E\\k\\k\\k\\E\\%\\k\\k\\E\\k\\k\\k\\&\\k\\k\\k\\E\\k\\&\\k%\E\\k\\k\\k\\E\\k\\k\\k\\E\\k\\k\\k\\E\\k\g&\\k\\E\\k\\k\\k\\k\\:

0CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCO0COCCOCCOCCOCCOCCOCCO0COCCOCCOCCOCCOCCOCCQQCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Tlélr?]l:)ldus 1226 § 1229 § 1196 | 1220 § 1232 § 1211 § 1218 § 1220 § 1210

7 | 72 [ 104 | 80 | 66 | 77 | 8 | 8 | 75

Z?Q;'ty 2620126181 2.621 261812617 12624 | 2627 1 2.623

Specific
Modulus

(MetersX10°)

Strength 4220 4316 | 4282 | 4357 | 4233
(Mpa) ‘ | | | |

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

* not within the scope of the claims

[0035] Looking at Tables 3-6, it can be concluded that the glass compositions of Examples 2-
29 have forming viscosities and liquidus temperatures that permit them to be produced in a
refractory melter without including lithium in the composition. In addition, the exclusion of
ithium from the glass composition greatly reduces the production cost of the glass since
spodumene and lithium carbonate, which are very expensive, are not required as materials for
the batch formulations. Also, many of the compositions listed in Tables 3-6 met or exceeded
the specific modulus of commercially available R-glass that included lithium in the composition
(for example, Example 1). The inventive glass has strength that is equal to or improved over
conventional lithium-containing R-glass compositions.

Example 2: Glass Formulations Containing Lithium
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[0036] Glasses which Iincluded lithium were also investigated for comparison to the inventive
glass compositions. Tables 7 and 8 set forth the data obtained regarding the log 3
temperature, the liquidus temperature, the AT, the modulus, the density, and the specific
modulus for each of the lithium-containing glass compositions.

TABLE 7
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L|qu|db|s 1233 {1190 § 1165 {12251 1223 {1184 {1245 { 1197 { 1253 { 1198
Temp C)

‘COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOC.0CCOCCOCCOCCOCCOCCﬂ.hCOCCOCCOCCOCCOCC.\‘.CC.CC.CC.CC.CC.CC. ‘0CCOCCOCCOCCOCCOCC.CCOCCOCCOCCOCCOCCO-.COCCOCCOCCOCCOCCOC.0CCOCCOCCOCCOCCOCC.CCOCCOCCOCCOCCQCCQQCQCCQCCQCCQCCQCCQCx CCCCCCCCCCCCCCCCCC

I(:;(j;?t))/ 2610 2640 2.613 2578 2611 2630 2626 2617 2.620{2.619

Specific
Modulus 3.40 § 3.53 § 3.53 { 3.47 { 3.36
(MetersX1 06)
TABLE 8

AR R N R R R e O D D D D D D e O D D D e D D D D e e D e D D D D e D D e D D D D e O D D D e D D D D D D D D D D O D D D D e D e e D e O e B D D D D D D D D D D D D D D D e e 0050050050050050050.5005005005005005005\ 00000000000000000000000000000000000000000

(% by (% by (% by (% by (% by (% by (% by (% by % by (% by

L R R R R R R R R R R R R R e T . 0QQOQQOQQOQQQQQ“Q‘\QO‘Q“Q“QOQQOQQOQQ\QQOQQOQQOQQQQQ“Q“\O‘Q“Q“Q“Q“QO‘QO% QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

59 61161.40, 60 19 58 25 57 42162.2960.55 61 52 60 32 61 33
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Q0000000@0000000000Q.CQ.{Q.CQ.CQ000000000000‘000000000000000000000000000000000000000.000000000000000000000000000000000000000*00000000@ 0000000000000000000.0000000000000000000\ 00000000000000000000000000000000000000000

Liquidus
Tem (°C

86 |
Modulus
& --lﬂﬂl

8 |of6s |42 |0 |5 |71

Density
(g/cm )

2.647 {2.601§2.619{2.601{2.615§2.585

- - 4 - 4 - 4 - 4 - 4 - 4 “« 4 - 4 - 4 - 4 - 4 - 4 « 4 4 4 S - 4 - 4 - 4 - 4 - 4 £ - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - -« 4 4 - 4 - 4 - 4 - 4 - 4 - - 4 - 4 - 4 - 4 - 4 - 4 -« 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 0'\06 - 4 - 4 - 4 - 4 - 4

(R"/I‘;f:r'g; 3.48 3.41 3.44 { 345 { 345 | 346 | 3.43

109)

HHBLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLN LN HRLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLALLLLLLLLLLLLLLLLLELLLLLLLLLLLLLLLLLLLLLLLALLLLLLLLLLELLLEN LY LLELLLLLLLLLEL Y

[0037] It can be concluded from Tables 7 and 8 that levels of Li,O greater than 1 percent

generally resulted In AT levels that were less than desirable for melting iIn a conventional
refractory melter. It was noted that a few glasses having a LioO content near 0.5% did possess

acceptable forming and product properties; however, production costs for those glasses would
be far greater than production costs for the inventive lithium-free glass compositions due to the
need for expensive lithium raw materials.

[0038] The invention of this application has been described above both generically and with
regard to specific embodiments. Although the invention has been set forth in what is believed
to be the preferred embodiments, a wide variety of alternatives known to those of skill in the art
can be selected within the generic disclosure. The invention is not otherwise limited, except for
the recitation of the claims set forth below.
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PATENTKRAV

1. Sammensaetning til fremstilling af R-glasfibre omfattende:

SIO2 1 en maengde fra 60,0 til 61,6 vaegt-% af den totale sammensaestning;

Al2Os 1 en maengde fra 15,6 til 17,2 vaegt-% af den totale sammensaetning;

Cal 1 en meengde fra 11,7 til 13,2 vaegt-% af den totale sammensastning;

MgO i en maengde fra 9,4 til 10,9 vaegt-% af den totale sammensaetning;

Na.O + K>O i en maengde fra 0,0 til < 2,0 vaegt-% af den totale sammensaetning;
B2O3 | en maengde fra 0,0 til 0,5 vaegt-% af den totale sammensaetning;

Fe2O3 1 en maengde fra 0,0 til omkring 1,0 vaegt-% af den totale sammensaestning;
SrO 1 en maengde fra 0,0 til omkring 1,0 vaegt-% af den totale sammensaetning;
Zn0O | en maengde fra 0,0 til omkring 1,0 vaegt-% af den totale sammensastning;
TiO2 1 en maengde fra 0,0 til 2,0 vaegt-% af den totale sammensaestning; og

fluor 1 en maengde fra 0,0 til omkring 1,0 vaegt-% af den totale sammensaetning;
hvor sammensastningen har et AT pa i det mindste 60°C og en log3 temperatur
fra 1285°C til 1320°C, hvor log3 temperaturen er den temperatur, ved hvilken den
smeltede glassammensaetning har en viskositet pa 1.000 poise, hvor viskositeten
er bestemt ved maling af det moment, som kraeves til at rotere en cylinder
neddykket | det smeltede glasmateriale | overensstemmelse med ASTM C965;

0og hvor sammensastningen er fri for lithium.

2. Sammenseaetning ifelge krav 1, omfattende fra 0,0 til 0,2 vaegt-% B.Os.

3. Sammensaetning ifslge ethvert af kravene 1 til 2, hvor sammensaetningen har et AT
op til 135°C, fortrinsvis fra 75°C til 105°C.

4. Sammenseaetning ifalge ethvert af kravene 1 til 3, hvor sammensastningen har en

liquidus temperatur som ikke er starre end 1330°C.

5. Sammensaetning ifalge ethvert af kravene 1 til 4, hvor sammensaetningen har et
specifikt modul pa i det mindste 3,24 X 10° meter, fortrinsvis fra 3,24 X 10° meter til
3,43 X 10° meter.

6. Kontinuert R-glasfiber fremstillet af en sammensastning som angivet | ethvert af

kravene 1 til 5.
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7. Fremgangsmade til dannelse af en R-glasfiber omfattende:
tilvejebringelse af en smeltet glassammensaetning som angivet | ethvert af
kravene 1 til 5;
5 traekning af den smeltede glassammensaetning igennem abninger i en spinddyse
for dannelse af en R-glasfiber.

8. Fremgangsmade ifelge krav 7, som yderligere omfatter:

10 smeltning af komponenter af glassammensastningen i1 et ildfast smeltekar.
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