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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority and all other benefits of US Provisional Application Serial Number 61/360,188
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY

[0002] The present invention relates generally to a glass composition, and more particularly, to a high performance
glass composition that possesses acceptable forming properties and whose components are melted in a refractory
melter. Glass fibers formed from the inventive composition possess high strength and improved modulus and may be
used to reinforce composite matrices where high strength, stiffness and light weight are desired.

BACKGROUND

[0003] Glass fibers are manufactured from various raw materials combined in specific proportions to yield a desired
chemical composition. This collection of materials is commonly termed a "glass batch." To form glass fibers, typically
the glass batch is melted in a melter or melting apparatus, the molten glass is drawn into filaments through a bushing
or orifice plate, and a sizing composition containing lubricants, coupling agents, and film-forming binder resins is applied
to the filaments. After the sizing is 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.
[0004] 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. SiO2, Al2O3, CaO, MgO, B2O3, Na2O, K2O,
Fe2O3, and minor amounts of other compounds such as TiO2, Li2O, BaO, SrO, ZnO, ZrO2, P2O5, fluorine, and SO3 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.
[0005] There is a unique combination of forming properties that permit a glass to be melted and distributed in a
conventional refractory tank and glass distribution system. First, the temperature at which the glass is held must be low
enough so that the refractory is not compromised. The refractory can be compromised, 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 must be kept below a certain temperature and the glass viscosity (i.e., resistance to flow) must be maintained
above a certain value. 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 (i.e., 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 (i.e., forming temperature) and the liquidus temperature of the glass. This temperature differential, ΔT, is
a measurement of how easily continuous fibers can be formed without production of the fibers being interrupted by
breaks caused from devitrification crystals. Accordingly, it is desirable to have as large a ΔT as possible to achieve
continuous and uninterrupted glass fiber formation.
[0007] In the quest for glass fibers having a higher end performance, ΔT 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 con-
ventional 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. S2-glass is one example where both of these phenomena take place. The melting
temperature of S2-glass is too high for common refractory materials and the ΔT is very small (or negative), thus causing
the glass to be very fluid and very corrosive to conventional refractories at glass temperatures above the liquidus
temperature. Conventional R-glass also has a very small ΔT, and is therefore melted in platinum or platinum-alloy lined
melters.
[0008] Thus, there is a need in the art for high-performance glass compositions that retain favorable mechanical and
physical properties (e.g., specific modulus and specific tensile strength) and forming properties (e.g., liquidus temperature
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and forming temperature) where the forming temperature is sufficiently low and the difference between the forming and
liquidus temperatures is large enough to enable the components of the glass composition to be melted in a conventional
refractory tank.

SUMMARY

[0009] In one embodiment of the invention, a composition that includes SiO2 in an amount from about 69.5 to about
80.0% by weight, Al2O3 in an amount from about 5.0 to about 18.5% by weight, CaO in an amount from 0.0 to about
3.0% by weight, MgO in an amount from about 5.0 to about 14.75% by weight, Li2O in an amount from about 3.25 to
about 4.0% by weight, and Na2O in an amount from 0.0 to about 2.0% by weight is provided. The phrase "% by weight",
as used herein, is intended to be defined as the percent by weight of the total composition. In exemplary embodiments,
the glass composition is free or substantially free of B2O3 and fluorine, although either can be added in small amounts
to adjust the fiberizing and finished glass properties and will not adversely impact the properties if maintained below
several percent. As used herein, substantially free of B2O3 and fluorine means that the sum of the amounts of B2O3 and
fluorine present in the composition is less than 1 % by weight of the composition. The sum of the amounts of B2O3 and
fluorine present in the composition can be less than 0.5 % by weight of the composition, or less than 0.2 % by weight
of the composition. Additionally, the composition may optionally contain trace quantities of other components or impurities
that are not intentionally added. Further, the glass composition possesses a forming temperature (also referred to herein
as the forming viscosity or the fiberizing temperature or the log 3 temperature) 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.
[0010] In another embodiment of the present invention, a continuous 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 glass
compositions may be used to form continuous glass strands for use in applications where high strength, stiffness, and
low density are required.
[0011] In yet another embodiment of the present invention, a reinforced composite formed of a matrix material and a
plurality of fibers formed with the composition described above is provided. The matrix material may be any suitable
thermoplastic or thermoset resin known to those of skill in the art, and include thermoplastics such as polyesters,
polypropylene, polyamide, polyethylene terephtalate, and polybutylene, and thermoset resins such as epoxy resins,
unsaturated polyesters, phenolics, vinylesters, and elastomers. The polymer resins can be used alone or in combination
to form the final composite product.
[0012] In a further embodiment of the present invention, a method of forming a high performance glass fiber is 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. The glass fibers of the present invention are obtainable by any of the
methods of forming glass fibers described herein.
[0013] In another embodiment of the present invention, glass fibers formed from the inventive compositions have a
liquidus temperature no greater than about 1510 or about 1500 °C, a log 3 temperature less than about 1550 °C and a
ΔT up to about 250 °C.
[0014] In one embodiment of the present invention, glass fibers formed from the inventive compositions have a liquidus
temperature no greater than about 1440 °C, a log 3 temperature less than about 1410 °C and a ΔT up to about 50 °C.
[0015] In another embodiment, the glass fibers formed from the inventive composition have a pristine fiber tensile
strength between about 4200 and about 5000 MPa, a modulus between about 78 and about 86 or 86.5 GPa and a
density from about 2.35 to about 2.46 g/cc.
[0016] In a further embodiment of the invention, glass fibers formed from the inventive composition have a specific
modulus between about 33.9 MJ/kg and about 35.0 MJ/kg and a specific strength between about 1.74 MJ/kg and about
2.09 MJ/kg.
[0017] In another embodiment of the present invention, the glass composition possesses a forming viscosity that is
low enough, and a ΔT that is large enough, to utilize low cost refractory melters instead of conventional high cost platinum-
alloy lined melters in the formation of the glass fibers.
[0018] In another embodiment of the present invention, fibers formed from the inventive composition are formed at a
lower cost due to the lower energy input needed to melt the glass 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.
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DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS

[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 glass composition used to form continuous glass fibers that possess an
improved strength, modulus and low density. In particular, the present invention relates to a glass composition suitable
for preparing glass fibers that have an excellent modulus value and low density. In some embodiments, the glass
composition possesses a low forming temperature and a sufficiently large ΔT to permit the utilization of low-cost refractory
tank melters for the formation of the glass fibers instead of conventional high-cost paramelters formed of platinum.
Surprisingly, it has been found that this can be achieved without comprising the strength of the glass, in a glass composition
comprising a relatively high amount of SiO2, by adding a relatively high amount of Li2O. 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 energy necessary to melt the components of the glass composition is less
than the energy necessary to melt many commercially available glass formulations. Such lower energy requirements
may also lower the overall manufacturing costs associated with the inventive glass. Further, 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. In particular, glass fibers formed using the inventive composition may be used to form
composite products that are both light weight and exceptionally strong.
[0022] The inventive glass composition includes the following components in the weight percent ranges given in Table
1. 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.

[0023] In one embodiment, the glass composition comprises Al2O3 in an amount of from 9.5 to 15.4 % by weight and
MgO in an amount of from 5.0 to 10.2 % by weight and thus includes the components set forth in Table 2.

[0024] In another embodiment, the glass composition comprises MgO in an amount of from 6.9 to 10.2 % by weight

TABLE 1

Chemical % by weight

SiO2 69.5 - 80.0

Al2O3 5.0 - 18.5

MgO 5.0 - 14.75

CaO 0.0 - 3.0

Li2O 3.25 - 4.0

Na2O 0.0 - 2.0

TABLE 2

Chemical % by weight

SiO2 69.5 - 80.0

Al2O3 9.5 - 15.4

MgO 5.0 - 10.2

CaO 0.0 - 3.0

Li2O 3.25 - 4.00

Na2O 0.0 - 2.0
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and thus includes the components set forth in Table 3.

[0025] In another embodiment, the glass composition comprises SiO2 in an amount of from 69.5 to 74.5 % by weight
and Al2O3 in an amount of from 10.20 to 18.5 % by weight and thus includes the components set forth in Table 4.

[0026] In another embodiment, the glass composition comprises SiO2 in an amount of from 69.5 to 76.5 % by weight
and Al2O3 in an amount of from 5.0 to 15.4 % by weight and thus includes the components set forth in Table 5.

[0027] In each of the embodiments represented by Tables 1 to 5, CaO can be present in an amount of from 0.18 or
from 0.2 to 3.0 % by weight and Na2O can be present in an amount of from 0.04 to 2.0 % by weight.
[0028] 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 chro-
mium, zirconium, potassium, iron, zinc, strontium, and barium, all of which are present in their oxide forms, and fluorine
and chlorine. The glass composition of the present invention can be free or substantially free of B2O3 and fluorine.
[0029] The present invention also relates to glass fibers formed from the inventive glass compositions described above.
Pristine glass fibers (i.e., unsized and untouched laboratory produced fibers) have a fiber tensile strength between about
4200 and about 5000 MPa. Additionally, the pristine fibers have a modulus between about 78 and about 86 GPa and a
density from about 2.35 to about 2.46 g/cc (compare S2 glass at 2.48 g/cc). The fiber tensile strength is also referred
to herein as "strength" and is measured on pristine fibers using an Instron tensile testing apparatus according to ASTM

TABLE 3

Chemical % by weight

SiO2 69.50 - 80.0

Al2O3 9.50 - 15.40

MgO 6.90 - 10.20

CaO 0.0 - 3.0

Li2O 3.25 - 4.00

Na2O 0.0 - 2.0

TABLE 4

Chemical % by weight

SiO2 69.50 - 74.50

Al2O3 10.20 - 18.50

MgO 5.00 - 14.75

CaO 0.0 - 3.0

Li2O 3.25 - 4.00

Na2O 0.0 - 2.0

TABLE 5

Chemical % by weight

SiO2 69.50 - 76.50

Al2O3 5.00 - 15.40

MgO 5.00 - 14.75

CaO 0.0 - 3.0

Li2O 3.25 - 4.00

Na2O 0.0 - 2.0
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D2343-09. As referred to herein, the modulus is an average of measurements on 5 single glass fibers measured in
accordance with the procedure outlined in the report, "Glass Fiber and Measuring Facilities at the U.S. Naval Ordnance
Laboratory", Report Number NOLTR 65-87, June 23, 1965. The density is measured by the Archimedes method (ASTM
C693-93(2008)) on unannealed bulk glass.
[0030] Fiberizing properties of the glass composition of the present invention include the fiberizing temperature, the
liquidus temperature, and ΔT. The fiberizing temperature is defined as the temperature that corresponds to a viscosity
of about 1000 Poise and as used herein is measured using a rotating cylinder method (ASTM C965-96(2007)). The
fiberizing temperature can also be referred to as the log 3 temperature or the forming viscosity. Lowering the fiberizing
temperature may reduce the production cost of the glass fibers because it allows for a longer bushing life and reduced
energy usage. For example, at a lower fiberizing temperature, a bushing operates at a cooler temperature and does not
quickly "sag". Sag is a phenomenon that occurs in bushings that are held at an elevated temperature for extended
periods of time. Thus, by lowering the fiberizing temperature, the sag rate of the bushing may be reduced and the bushing
life can be increased.
[0031] In addition, a lower fiberizing temperature allows for a higher throughput since more glass can be melted in a
given period at a given energy input. Additionally, a lower fiberizing temperature will permit glass formed with the inventive
composition to be melted in a refractory-lined melter instead of conventional high-cost paramelters formed of platinum
since both its melting and fiberizing temperatures are below the upper use temperatures of many commercially available
refractories. In the present invention, the glass composition has a fiberizing temperature (i.e., log 3 temperature) that is
less than about 1550 °C. The fiberizing temperature can be from about 1255 or from about 1300 °C to about 1550 °C.
In one embodiment, the glass composition of the present invention can have a fiberizing temperature of less than about
1410 °C. In exemplary embodiments, the fiberizing temperature is from 1255 to 1410°C.
[0032] The liquidus temperature is defined as the highest temperature at which equilibrium exists between liquid glass
and its primary crystalline phase. As used herein the liquidus temperature is measured by exposing the glass composition
to a temperature gradient in a platinum-alloy boat for 16 hours (ASTM C829-81(2005)). At all temperatures above the
liquidus temperature, the glass is free from crystals in its primary phase. At temperatures below the liquidus temperature,
crystals may form. Additionally, the liquidus temperature is 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 the inventive composition is desirably no greater than about 1505 or about 1500 °C, and may
range from about 1225 or 1240 °C to about 1500 °C. In one embodiment, the liquidus temperature is no greater than
1440 °C and may range from about 1225 °C to about 1440 °C.
[0033] A third fiberizing property is "ΔT", which is defined as the difference between the fiberizing temperature (i.e.,
log 3 temperature) and the liquidus temperature. If the ΔT is too small, the molten glass may crystallize within the fiberizing
apparatus and cause a break in the manufacturing process. Desirably, the ΔT is as large as possible for a given forming
viscosity. A larger ΔT 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 ΔT 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 ΔT up to about 250 °C, and in exemplary embodiments, from about -70 °C to about 250°C.
[0034] In one embodiment the inventive composition may have a ΔT from about 100°C to about 250 °C. In this
embodiment, the inventive composition can correspond to that defined in Table 3 above.
[0035] Another property of importance is the specific modulus. It is 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 is important
in applications where stiffness of the product is an important parameter, such as in wind energy and aerospace appli-
cations. In exemplary embodiments, the glass fibers have a specific modulus from about 33.9 MJ/kg to about 35.0 MJ/kg
(compare S2 glass at 36.0 MJ/kg). In addition, the glass fibers have a specific strength from about 1.74 MJ/kg to about
2.09 MJ/kg (compare S2 glass at 2.01 MJ/kg).
[0036] In one embodiment, the glass fibers of the invention have a specific modulus of greater than 34.1 MJ/Kg, thus
having a specific modulus that exceeds that of commercial R-glass. In this embodiment the glass fibers have a specific
modulus of greater than about 34.1 M J/kg to about 35.0 M J/kg. In this embodiment, the glass fibers of the invention
can be formed from the composition defined in Table 4 above.
[0037] In another embodiment, the glass fibers of the invention have a specific strength of greater than 2.01 MJ/Kg,
thus having a specific strength that exceeds that of S2 glass. In this embodiment the glass fibers have a specific strength
of greater than about 2.01 M J/kg to about 2.09 M J/kg. In this embodiment, the glass fibers of the invention can be
formed from the composition defined in Table 5 above.
[0038] In general, glass fibers according to the present invention may be formed by obtaining the raw materials or
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 SiO2, limestone, burnt lime, wollastonite,
or dolomite for CaO, kaolin, alumina or pyrophyllite for Al2O3, dolomite, dolomitic quicklime, brucite, enstatite, talc, burnt
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magnesite, or magnesite for MgO, lithium carbonate or spodumene for Li2O and sodium carbonate, sodium feldspar or
sodium sulfate for the Na2O. 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 into bushings (e.g., 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 is automatically controlled to reduce or eliminate devitrification. The molten glass is then 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 or chopped at an adaptive speed.
[0039] 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 high strength and stiffness
and low weight. Such applications include, but are not limited to, woven fabrics for use in forming wind blades, armor
plating, and aerospace structures. In this regard, the present invention also includes a composite material including the
inventive glass fibers, as described above, in combination with a hardenable matrix material. The matrix material may
be any suitable thermoplastic or thermoset resin known to those of skill in the art, such as, but not limited to thermoplastics
such as polyesters, polypropylene, polyamide, polyethylene terephtalate, and polybutylene, and thermoset resins such
as epoxy resins, unsaturated polyesters, phenolics, vinylesters, and elastomers. These resins can be used alone or in
combination.
[0040] Having 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

Example 1: High Performance Glass Compositions

[0041] Glass compositions according to the present invention were made by mixing reagent grade chemicals in pro-
portioned amounts to achieve a final glass composition with the oxide weight percentages set forth in Table 4. The raw
materials were melted in a platinum crucible in an electrically heated furnace at a temperature of 1650 °C for 3 hours.
The forming viscosity (i.e., the temperature that corresponds to a viscosity of about 1000 Poise) was measured using
a rotating cylinder method (ASTM C965-96 (2007)). The liquidus temperature was measured by exposing glass to a
temperature gradient in a platinum-alloy boat for 16 hours (ASTM C829-81 (2005)). Density was measured by the
Archimedes method (ASTM C693-93(2008)) on unannealed bulk glass. The modulus reported in the tables below is an
average of measurements on 5 single glass fibers measured in accordance with the procedure outlined in the report,
"Glass Fiber and Measuring Facilities at the U.S. Naval Ordnance Laboratory", Report Number NOLTR 65-87, June 23,
1965. The strength was measured on pristine filaments using an Instron tensile testing apparatus (ASTM D2343-09).

TABLE 4

Chemical
Ex. 1 (% 
by wt.)

Ex. 2 (% 
by wt.)

Ex. 3 
(% by 

wt)

Ex. 4 (% 
by wt.)

Ex. 5 (% 
by wt.)

Ex. 6 (% 
by wt.)

Ex. 7 (% 
by wt.)

SiO2 72.80 80.00 71.07 71.36 72.30 72.66 72.43

Al2O3 14.38 9.54 18.50 10.28 12.99 13.99 13.34

MgO 8.93 6.90 6.87 14.75 8.35 8.77 8.49

CaO 0.52 0.25 0.25 0.29 3.00 0.50 0.46

Li2O 3.28 3.27 3.27 3.27 3.28 4.00 3.28

Na2O 0.09 0.04 0.04 0.05 0.08 0.08 2.00
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[0042] Looking at Tables 4 and 5, it can be concluded that the glass compositions of Examples 1-13 have forming
viscosity temperatures (fiberizing temperatures) that are applicable for use in refractory furnaces. The specific modulus
values for the glasses in some cases exceed commercial R-glass (approximately 34.1 MJ/Kg) and the specific strength
in some cases exceed commercially available S2-glass from AGY (approximately 2.01 MJ/Kg). In addition, it may be
concluded that these glasses are particularly suited for applications that require both strength and stiffness to be equal
to or greater than R-glass (e.g., wind blades). Further, the density of some of the glasses shown in Tables 4 and 5 is
extremely low, which allows these glasses to be employed in aerospace applications. This glass has properties similar
to those of S2 glass with toughness that is very good.
[0043] The invention of this application has been described above both generically and with regard to specific embod-
iments. 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.

(continued)

Property

Forming Viscosity (Log 3 
Temperature) (°C)

1434 1551 1482 1302 1393 1405 1415

Liquidus Temperature (°C) 1303 1369 1503 1374 1237 1277 1262

Delta-T (°C) (Forming - 
Liquidus Temperatures)

131 182 -21 -72 157 128 153

Density (g/cc) 2.42 2.35 2.41 2.46 2.44 2.41 2.42

Modulus (Gpa) 83.6 79.7 83.8 86.2 83.5 83.4 82.9

Specific Strength (MJ/kg) 1.92 2.09 2.07 1.79 1.85 1.9 1.88

Specific Modulus (MJ/kg) 34.6 33.9 34.8 35.0 34.20 34.50 34.30

TABLE 5

Chemical
Ex. 8 (% 
by wt.)

Ex. 9 (% 
by wt.)

Ex. 10 (% 
by wt.)

Ex. 11 (% 
by wt)

Ex. 12 (% 
by wt.)

Ex. 13 (% 
by wt.)

SiO2 69.51 76.53 74.50 72.98 72.80 72.82

Al2O3 15.28 5.00 15.37 14.49 14.39 14.40

MgO 10.20 11.94 5.00 9.09 8.94 8.96

CaO 1.06 1.80 1.12 0.00 0.53 0.53

Li2O 3.44 3.65 3.46 3.30 3.25 3.29

Na2O 0.51 1.08 0.55 0.14 0.09 0.00

Property

Forming Viscosity (Log 3 
Temperature) (°C)

1365 1320 1518 1444 1437 1447

Liquidus Temperature (°C) 1263 1328 1269 1274 1268 1268

Delta-T (°C) (Forming - 
Liquidus Temperatures)

102 -8 249 170 169 180

Density (g/cc) 2.45 2.43 2.38 2.41 2.42 2.42

Modulus (Gpa) 85.5 82.7 81.5 83.6 83.7 83.6

Specific Strength (MJ/kg) 1.85 1.74 2.01 1.95 1.91 1.95

Specific Modulus (MJ/kg) 34.9 34.1 34.2 34.7 34.6 34.6
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Claims

1. A composition for preparing high strength, light weight glass fibers comprising:

SiO2 in an amount from about 69.5 to about 80.0% % by weight of the total composition,
Al2O3 in an amount from about 5.0 to about 18.5% by weight of the total composition,
CaO in an amount from 0.0 to about 3.0% by weight of the total composition,
MgO in an amount from about 5.0 to about 14.75% by weight of the total composition,
Li2O in an amount from about 3.25 to about 4.0% by weight of the total composition, and
Na2O in an amount from 0.0 to about 2.0% by weight of the total composition.

2. The glass composition of claim 1, wherein
Al2O3 is present in an amount from about 9.0 to about 15.4 % by weight of the total composition, and
MgO is present in an amount from about 5.0 to about 10.2 % by weight of the total composition.

3. The composition of claim 1 or claim 2, wherein said composition is substantially free of B2O3 and fluorine.

4. The composition of any one of claims 1 to 3, wherein said composition has a ΔT up to about 250 °C.

5. The composition of any one of claims 1 to 4, wherein said composition has a log 3 temperature from about 1255
°C or from about 1300 °C to about 1550 °C.

6. The composition of any one of claims 1 to 5, wherein said composition has a liquidus temperature no greater than
about 1510 °C.

7. The composition of any one of claims 1 to 6, wherein components of said composition are melted in a refractory
tank melter.

8. A continuous high strength, light weight glass fiber produced from a composition according to any one of claims 1 to 7.

9. The glass fiber of claim 8, wherein said glass fiber has a specific modulus from about 33.9 MJ/kg to about 35.0
MJ/kg and a specific strength from about 1.74 MJ/kg to about 2.09 MJ/kg.

10. The glass fiber of claim 8 or claim 9, wherein said glass fiber has a pristine fiber tensile strength between about
4200 and about 5000 MPa, a modulus between about 80 and about 86 GPa, and a density between about 2.35 and
about 2.46 g/cc.

11. A method of forming a continuous high performance glass fiber comprising:

providing a molten glass composition including a composition according to any one of claims 1 to 7; and
drawing said molten glass composition through orifices in a bushing to form a continuous glass fiber.

12. The method of claim 11, wherein said glass fiber has a specific modulus from about 33.9 MJ/kg to about 35.0 MJ/kg
and a specific strength from about 1.74 MJ/kg to about 2.09 MJ/kg.

13. The method of claim 11 or claim 12, wherein said glass fiber has a pristine fiber tensile strength between about
4200 and about 5000 MPa, a modulus between about 80 and about 86 GPa, and a density between about 2.35 and
about 2.46 g/cc.

14. A reinforced composite product comprising:

a polymer matrix; and
a plurality of glass fibers, said glass fibers being produced from a composition according to any one of claims
1 to 7 or glass fibers according to any one of claims 8 to 10.

15. The composite product of claim 14, wherein said polymer matrix is a thermoplastic polymer selected from polyesters,
polypropylene, polyamide, polyethylene terephtalate, polybutylene and combinations thereof.
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16. A method of preparing a reinforced composite product comprising combining at least one polymer matrix material
and a plurality of glass fibers according to any one of claims 8 to 10.

17. The use of the glass fiber of any one of claims 8 to 10 or prepared according to the method of any one of claims 11
to 13 to form a reinforced composite product.

18. The use of claim 17 wherein the reinforced composite product is a wind blade.

Patentansprüche

1. Zusammensetzung zum Herstellen von Glasfasern mit hoher Festigkeit und geringem Gewicht, umfassend:

SiO2 in einer Menge von ungefähr 69,5 bis ungefähr 80,0 Gewichts-% der Gesamtzusammensetzung,
Al2O3 in einer Menge von ungefähr 5,0 bis ungefähr 18,5 Gewichts-% der Gesamtzusammensetzung,
CaO in einer Menge von 0,0 bis ungefähr 3,0 Gewichts-% der Gesamtzusammensetzung,
MgO in einer Menge von ungefähr 5,0 bis ungefähr 14,75 Gewichts-% der Gesamtzusammensetzung,
Li2O in einer Menge von ungefähr 3,25 bis ungefähr 4,0 Gewichts-% der Gesamtzusammensetzung und
Na2O in einer Menge von 0,0 bis ungefähr 2,0 Gewichts-% der Gesamtzusammensetzung.

2. Glaszusammensetzung nach Anspruch 1, wobei
Al2O3 in einer Menge von ungefähr 9,0 bis ungefähr 15,4 Gewichts-% der Gesamtzusammensetzung vorhanden
ist und
MgO in einer Menge von ungefähr 5,0 bis ungefähr 10,2 Gewichts-% der Gesamtzusammensetzung vorhanden ist.

3. Zusammensetzung nach Anspruch 1 oder 2, wobei die Zusammensetzung im Wesentlichen frei von B2O3 und Fluor
ist.

4. Zusammensetzung nach einem der Ansprüche 1 bis 3, wobei die Zusammensetzung eine ΔT von bis zu ungefähr
250 °C aufweist.

5. Zusammensetzung nach einem der Ansprüche 1 bis 4, wobei die Zusammensetzung eine log3-Temperatur von
ungefähr 1255 °C oder von ungefähr 1300 °C bis ungefähr 1550 °C aufweist.

6. Zusammensetzung nach einem der Ansprüche 1 bis 5, wobei die Zusammensetzung eine Liquidustemperatur von
nicht mehr als 1510 °C aufweist.

7. Zusammensetzung nach einem der Ansprüche 1 bis 6, wobei Komponenten der Zusammensetzung in einer feuer-
festen Schmelzwanne geschmolzen sind.

8. Endlos-Glasfaser mit hoher Festigkeit und geringem Gewicht, die aus einer Zusammensetzung nach einem der
Ansprüche 1 bis 7 hergestellt ist.

9. Glasfaser nach Anspruch 8, wobei die Glasfaser einen spezifischen Modul von ungefähr 33,9 MJ/kg bis ungefähr
35,0 MJ/kg und eine spezifische Festigkeit von ungefähr 1,74 MJ/kg bis ungefähr 2,09 MJ/kg aufweist.

10. Glasfaser nach Anspruch 8 oder 9, wobei die Glasfaser eine ursprüngliche Faserzugfestigkeit zwischen ungefähr
4200 und ungefähr 5000 MPa, einen Modul zwischen ungefähr 80 und ungefähr 86 GPa und eine Dichte zwischen
ungefähr 2,35 und ungefähr 2,46 g/cc aufweist.

11. Verfahren zum Herstellen einer Endlos-High-Performance-Glasfaser, umfassend:

Bereitstellen einer geschmolzenen Glaszusammensetzung, die eine Zusammensetzung nach einem der An-
sprüche 1 bis 7 umfasst, und
Ziehen der geschmolzenen Glaszusammensetzung durch Öffnungen in einer Buchse, um eine Endlos-Glasfaser
zu bilden.

12. Verfahren nach Anspruch 11, wobei die Glasfaser einen spezifischen Modul von ungefähr 33,9 MJ/kg bis ungefähr
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35,0 MJ/kg und eine spezifische Festigkeit von ungefähr 1,74 MJ/kg bis ungefähr 2,09 MJ/kg aufweist.

13. Verfahren nach Anspruch 11 oder 12, wobei die Glasfaser eine ursprüngliche Faserzugfestigkeit zwischen ungefähr
4200 und ungefähr 5000 MPa, einen Modul zwischen ungefähr 80 und ungefähr 86 GPa und eine Dichte zwischen
ungefähr 2,35 und ungefähr 2,46 g/cc aufweist.

14. Verstärktes Verbundprodukt, umfassend:

eine Polymermatrix und
mehrere Glasfasern, wobei die Glasfasern aus einer Zusammensetzung nach einem der Ansprüche 1 bis 7
hergestellt sind oder Glasfasern gemäß einem der Ansprüche 8 bis 10 sind.

15. Verbundprodukt nach Anspruch 14, wobei die Polymermatrix ein thermoplastisches Polymer ist, das aus Polyestern,
Polypropylen, Polyamid, Polyethylenterephthalat, Polybutylen und Kombinationen davon ausgewählt ist.

16. Verfahren zum Herstellen eines verstärkten Verbundproduktes, umfassend Kombinieren wenigstens eines Poly-
mermatrixmaterials mit mehreren Glasfasern nach einem der Ansprüche 8 bis 10 sind.

17. Verwendung der Glasfaser nach einem der Ansprüche 8 bis 10 oder die nach einem Verfahren der Ansprüche 11
bis 13 hergestellt ist, um ein verstärktes Verbundprodukt herzustellen.

18. Verwendung nach Anspruch 17, wobei das verstärkte Verbundprodukt ein Rotorblatt ist.

Revendications

1. Composition pour la préparation de fibres de verre de poids léger et de résistance élevée, comprenant :

SiO2 dans une quantité d’environ 69,5 à environ 80,0 % en masse de la composition totale,
Al2O3 dans une quantité d’environ 5,0 à environ 18,5 % en masse de la composition totale,
CaO dans une quantité de 0,0 à environ 3,0 % en masse de la composition totale,
MgO dans une quantité d’environ 5,0 à environ 14,75 % en masse de la composition totale,
Li2O dans une quantité d’environ 3,25 à environ 4,0 % en masse de la composition totale, et
Na2O dans une quantité de 0,0 à environ 2,0 % en masse de la composition totale.

2. Composition de verre selon la revendication 1, dans laquelle
Al2O3 est présent dans une quantité d’environ 9,0 à environ 15,4 % en masse de la composition totale, et
MgO est présent dans une quantité d’environ 5,0 à environ 10,2 % en masse de la composition totale.

3. Composition selon la revendication 1 ou la revendication 2, dans laquelle ladite composition est pratiquement
exempte de B2O3 et de fluor.

4. Composition selon l’une quelconque des revendications 1 à 3, dans laquelle ladite composition présente un ΔT
allant jusqu’à environ 250°C.

5. Composition selon l’une quelconque des revendications 1 à 4, dans laquelle ladite composition présente une tem-
pérature log 3 d’environ 1255°C ou d’environ 1300°C à environ 1550°C.

6. Composition selon l’une quelconque des revendications 1 à 5, dans laquelle ladite composition présente une tem-
pérature de liquidus d’au plus environ 1510°C.

7. Composition selon l’une quelconque des revendications 1 à 6, dans laquelle les constituants de ladite composition
sont fondus dans une cuve de fusion réfractaire.

8. Fibre de verre continue de poids léger et de résistance élevée produite à partir d’une composition selon l’une
quelconque des revendications 1 à 7.

9. Fibre de verre selon la revendication 8, dans laquelle ladite fibre de verre présente un module spécifique d’environ
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33,9 MJ/kg à environ 35 MJ/kg et une résistance spécifique d’environ 1,74 MJ/kg à environ 2,09 MJ/kg.

10. Fibre de verre selon la revendication 8 ou la revendication 9, laquelle fibre de verre présente une résistance à la
traction de fibre vierge comprise entre environ 4200 et environ 5000 MPa, un module compris entre environ 80 et
environ 86 GPa, et une densité comprise entre environ 2,35 et environ 2,46 g/cm3.

11. Procédé de formation d’une fibre de verre continue de performance élevée comprenant :

la fourniture d’une composition de verre fondu comprenant une composition selon l’une quelconque des reven-
dications 1 à 7 ; et
l’étirage de ladite composition de verre fondu à travers des orifices dans une filière pour former une fibre de
verre continue.

12. Procédé selon la revendication 11, dans lequel ladite fibre de verre présente un module spécifique d’environ 33,9
MJ/kg à environ 35,0 MJ/kg et une résistance spécifique d’environ 1,74 MJ/kg à environ 2,09 MJ/kg.

13. Procédé selon la revendication 11 ou la revendication 12, dans lequel ladite fibre de verre présente une résistance
à la traction de fibre vierge comprise entre environ 4200 et environ 5000 MPa, un module entre environ 80 et environ
86 GPa, et une densité entre environ 2,35 et environ 2,46 g/cm3.

14. Produit composite renforcé comprenant :

une matrice polymère ; et
une pluralité de fibres de verre, lesdites fibres de verre étant produites à partir d’une composition selon l’une
quelconque des revendications 1 à 7 ou des fibres de verre selon l’une quelconque des revendications 8 à 10.

15. Produit composite selon la revendication 14, dans lequel ladite matrice polymère est un polymère thermoplastique
choisi parmi des polyesters, du polypropylène, du polyamide, du polyéthylène téréphtalate, du polybutylène et des
combinaisons de ceux-ci.

16. Procédé de préparation d’un produit composite renforcé comprenant la combinaison d’au moins un matériau de
matrice polymère et d’une pluralité de fibres de verre selon l’une quelconque des revendications 8 à 10.

17. Utilisation de la fibre de verre selon l’une quelconque des revendications 8 à 10 ou préparée selon le procédé selon
l’une quelconque des revendications 11 à 13 pour former un produit composite renforcé.

18. Utilisation selon la revendication 17, dans lequel le produit composite renforcé est une pale d’éolienne.
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