WO 2006/057669 A2 || 000000 0 000 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

B

G
)

2
&

(19) World Intellectual Property Organization (3
International Bureau

(43) International Publication Date
1 June 2006 (01.06.2006)

) I O A0 0 0 0

(10) International Publication Number

WO 2006/057669 A2

(51) International Patent Classification:
CO03B 17/06 (2006.01)

(21) International Application Number:
PCT/US2005/019667

(22) International Filing Date: 2 June 2005 (02.06.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
10/859,366 2 June 2004 (02.06.2004) US
(71) Applicant (for all designated States except US): CORN-
ING INCORPORATED [US/US]; 1 Riverfront Plaza,

Corning, NY 14831 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): RHOADS, Randy,
L. [US/US]; 29 Algonquin Drive, Horseheads, NY 14845
(US).

(74) Agent: BEALL, Thomas, R.; Corning Incorporated,
Patent Department, SP-TI-3-1, Corning, NY 14831 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: DEFECT REDUCTION IN MANUFACTURE GLASS SHEETS BY FUSION PROCESS

3

54

\

\\

66

(57) Abstract: Methods and apparatus for manufacturing glass sheets are provided. The apparatus includes an inlet for delivering
glass to a trough formed in a refractory body. The lowest point in the trough is located on the end opposite inlet end.



WO 2006/057669 PCT/US2005/019667

DEFECT REDUCTION IN MANUFACTURE GLASS SHEETS
BY FUSION PROCESS

RELATED APPLICATION
[0001] This application claims the benefit of priority from U.S. Patent
Application No. 10/859,366, filed June 2, 2004, the content of which is incorporated

herein by reference.

FIELD OF THE INVENTION
{0002} This invention relates to the production of glass sheets by the fusion

process.

BACKGROUND OF THE INVENTION

[0003] Liquid crystal displays (LCDs) are flat panel display devices that include flat
glass substrates or sheets. The fusion process is a preferred technique used to produce
sheets of glass used in LCDs because the fusion process produces sheets whose
surfaces have superior flatness and smoothness compared to sheet produced by other
methods. The fusion process is described in United States patent numbers 3,338,696
and 3,682,609, the contents of which are incorporated herein by reference.

[0004] Figure 1 shows a schematic drawing of a prior art fusion apparatus 10, which is
also known in the art as a downdraw apparatus. The apparatus 10 includes a supply
inlet 12 which delivers molten glass to a trough 14 formed in a refractory body 16,
which is also known in the art as an “isopipe.” The refractory body includes an inlet

end 13 and a compression end 15 opposite the inlet end. After sufficient glass has
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entered the trough 14 so that steady state operation has been achieved, molten glass
overflows over the top of the trough walls 18 on both sides, forming two sheets of glass
that flow downward and inward along the outer surface of the refractory body 16. The
two sheets meet at the bottom or what is typically called the root 19 of the refractory
body 16, where they fuse together into a single sheet 20. The single sheet 20 is then fed
to drawing equipment (represented schematically by arrows 22), which controls the
thickness of the sheet by the rate at which the sheet is drawn away from the root 19.
The drawing equipment is located downstream from the bottom so that the single sheet
has cooled and become rigid before contacting the drawing equipment.

[0005] In prior art systems, the slope of the trough 14 is such that the trough has its
maximum depth near the inlet end of the apparatus 10. One disadvantage of prior art
systems is that when the trough is drained of glass after a production run, a large
volume of glass accumulates in the deep end of the trough adjacent the inlet 12. The
trough 14 is usually drained by tilting the refractory body 16, however, the design
shown in Figure 1 does not allow all of the residual glass to be drained from the trough.
Higher density components of the glass composition tend to accumulate in the deep end
of the trough, and these high density components can cause defects such as streak or
inclusions in sheets drawn from the apparatus. In addition, when the process is idle, the
glass in the deeper end of the trough near the inlet end changes composition through
volatilization, changing the liquidus behavior of molten glass. During future furnace
runs long flushing cycles are required to clear this area of sources of defects when the
process is restarted. It would be desirable to provide a trough design that minimizes or

reduces these problems.

SUMMARY
[0006] The invention relates to an apparatus for forming glass sheets
comprising a refractory body including an inlet end and a compression end and an inlet
for delivering molten glass to the refractory body. The refractory body has a trough,
wherein the lowest point in the trough is located on the end opposite inlet end. A pair
of walls surrounds the trough on two sides and slope downwardly from the inlet end,
the sidewalls extending between the inlet end and compression end of the refractory

body. The sidewalls include top surfaces, and the trough and walls are arranged so that
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glass from the inlet fills the trough and flows over the top surfaces of the sidewalls
between the inlet end and the compression end to form a glass sheet having
substantially uniform thickness. In preferred embodiments, the trough is configured
such that the trough can be drained substantially free of glass during process stoppages
or changes in glass composition.

[0007] Advantages of the invention will be apparent from the following detailed
description. It is to be understood that both the foregoing general description and the
following detailed description are exemplary and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a schematic drawing illustrating a representative construction of a
prior art trough and refractory body used for making flat glass sheets;
[0009] FIG. 2 is a schematic drawing illustrating a representative construction of a
trough and refractory body used for making flat glass sheets according to one
embodiment of the present invention;
[00010] FIG. 3 is a cross-sectional view taken along line 3-3 of FIG. 2;

[00011] FIG. 4 is an enlarged cross-sectional view of the apparatus shown in FIG. 1.

DETAILED DESCRIPTION
[00012] Before describing several exemplary embodiments of the invention, it is to
be understood that the invention is not limited to the details of construction or process
steps set forth in the following description. The invention is capable of other
embodiments and of being practiced or carried out in various ways.
[00013] The invention pertains to apparatus used in fusion or overflow downdraw
glass sheet manufacturing. Figure 2 is a schematic representation of a fusion
downdraw apparatus 50 according to one embodiment of the present invention. The
apparatus includes an inlet end 52 and a compression end 54. The apparatus includes a
refractory body or isopipe 56 that includes a trough 58 formed therein. An inlet 60 is in
fluid communication with the refractory body such that it can deliver molten glass to
the trough 58. Figure 3 is a cross-sectional view taken along line 3-3 of Figure 2.

According to the present invention, the lowest point in the trough 58 is located on the
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end opposite inlet end. The trough is enclosed by two walls 62, 64 that slope
downwardly from the inlet end 52 of the apparatus.
[00014] In operation of an apparatus during the fusion or overflow downdraw
forming process, molten glass 66 flows into a trough, then overflows and runs down
both sides of a refractory body or isopipe 56, fusing together at what is known as the
bottom or root 68(where the pipe ends and the two overflow portions of glass rejoin),
and is drawn downward until cool. Further details of the overflow downdraw sheet
manufacturing process are described, for example, in United States patent number
3,338,696 (Dockerty) and United States patent number 3,682,609 (Dockerty), the
contents of which are incorporated herein by reference. One advantage to the fusion
forming process is that the glass sheet can be formed without the glass surface
contacting any refractory forming surfaces. This provides for a smooth, contaminant-
free surface.
[00015] United States patent number 3,338,696 describes a fusion downdraw sheet
forming apparatus in which the slope of the trough from the inlet toward the
compression end of apparatus is upward. United States patent number 3,338,696 also
proposed a mathematical relationship between the depth of the trough, the volumetric
flow through the trough and the physical properties of the fluid and walls or weirs
surrounding the trough and extending from the inlet end to the compression end of the
apparatus.
[00016] A variable o relates the ratio of the effective depth and width of the trough.
United States patent number 3,338,696 does not provide a preferred regime for the
value of . Referring to Figure 4, and according to one aspect of the present invention,
a relationship between trough depth (H) and width (W) is provided that reduces glass
defects. According to one embodiment of the present invention, a relationship is
proposed in which the trough is designed so that the maximum depth of the trough is at
the compression end of the refractory body, which allows substantially all of the glass
in the body to drain cleanly during shut down of the apparatus. As used herein,
draining substantially all of the glass from the trough means that the depth of glass
remaining in the trough after draining is less than about one-half inch (1.27 cm) of
glass, preferably no more than about one-quarter inch (0.635 cm), and most preferably

no more than about one-eighth of an inch (0.318 cm). In prior art systems, significant



WO 2006/057669 PCT/US2005/019667

5
amounts of glass would remain in the trough after draining, and in particular, an
amount of high density species of the glass composition, which would contaminate
future batches of glass made in the apparatus leading to glass defects such as streaks
and inclusions.
[00017]  According to the present, with reference to Figure 5, the depth of the inlet
end of the trough of the forming apparatus is given by:
H=Tan (J +¢) * L, where
@ = Angle of the wall of the forming apparatus,

¢ = maximum adjustment or tilt of the forming apparatus, and
L = Length of the portion of walls which glass flows over the walls.

The width of the trough is dependent on physical properties of the glass, the operation
conditions of the forming apparatus and can be found empirically or mathematically

using computational fluid dynamics or other computational methods.

[00018] The trough design of the present invention results in a decreased trough
depth compared to trough depths in prior art systems. One major challenge in
maintaining steady state operation during a fusion downdraw process is controlling the
shape of the trough. The shape of the trough changes during the process due to
material creep that causes structural sag in the refractory body that forms the trough.
The walls of the trough can spread apart due to hydrostatic head from molten glass in
the trough. A small amount of spreading in a portion of the trough walls can result in
defects and rejected glass during the fusion downdraw manufacturing process. The
spread of the trough walls can cause glass to preferentially flow to a central portion of
the trough between the inlet end and compression end, which causes difficulty in
maintaining stability of the sheet and thickness control of the glass sheet. Spreading of
the walls is related to the wall height and wall thickness. The shorter walls provided by
the present invention reduce the effect of hydrostatic head and greatly improves
dimensional stability and process stability, extending the life of the fusion apparatus.
Although dimensional stability could be improved by increasing the wall thickness,
thus allowing higher walls to be used, this approach is generally undesirable because it

requires a larger block of refractory material which is difficult to manufacture.
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[00019] The apparatus described above can be used to manufacture sheets
viscoelastic materials, including but not limited to polymers and silicate glass
compositions. Preferred glasses are aluminosilicate or boro-aluminosilicate glasses.
The invention is particularly useful for forming high melting or high strain point
glasses, e.g. those used for manufacturing glass substrates for flat panel display devices.
The invention is particularly useful for making boro-aluminosilicate and
aluminosilicate glasses, particularly those which have melting points (defined herein as
the temperature in which the viscosity corresponds to 200 poise) greater than about
1500° C, as well as glasses having high strain points, i.e., greater than 630°, more
preferably greater than 640° C. The invention is especially useful in forming glass
sheets having a silica content greater than 60%. Such glasses are sold by Corning, Inc
under the trademark EAGLE 2000. However, the present invention is not limited to the
manufacture of any particular type of glass. Such glasses are employed in a number of
technologies, and in particular, the formation of high strain point glass sheet substrates
for flat panel displays. The methods of the present invention enable the formation of
other high strain point (i.e., greater than about 630° C) silicate glasses, particularly
aluminosilicate and boro-aluminosilicate glasses.

[00020] In other embodiments, an apparatus can be used to form sheets from other
viscoelastic materials such as polymers. According to these embodiment, the
apparatus includes a main body including an inlet end and a compression end, and the
main body does not have to be a refractory. The other components of the apparatus are
similar to the glass forming apparatus described above and include an inlet for
delivering viscoelastic material to the main body, and a trough formed in the main
body where the lowest point in the trough is located on the end opposite the inlet end.
The apparatus further includes a pair of sidewalls sloping downwardly from the inlet
end, the sidewalls extending between the inlet end and compression end of the main
body and surrounding the trough on two sides and including top surfaces. According to
this embodiment, the trough and walls are arranged so that viscoelastic material from
the inlet fills the trough and flows over the top surfaces of the sidewalls between the
inlet end and the compression end to form a sheet having substantially uniform

thickness.
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[00021] It will be apparent to those skilled in the art that various modifications
and variations can be made to the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present invention cover
modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.
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What is claimed is:

1. An apparatus for forming glass sheets comprising:
a refractory body including an inlet end and a compression end;
an inlet for delivering molten glass to the refractory body;

a trough formed in the refractory body, wherein the lowest point in the trough is

located on the end opposite inlet end; and

a pair of sidewalls sloping downwardly from the inlet end, the sidewalls
extending between the inlet end and compression end of the refractory
body and surrounding the trough on two sides and including top
surfaces, wherein the trough and walls are arranged so that glass from
the inlet fills the trough and flows over the top surfaces of the sidewalls
between the inlet end and the compression end to form a glass sheet

having substantially uniform thickness.

2. The apparatus of claim 1, wherein trough is configured such that the trough can

be drained substantially free of glass at the end of a manufacturing cycle.

3. The apparatus of claim 2, wherein after the trough is drained the film of glass
remaining in the bottom of the trough has a depth of less than about one-half inch

(1.27 cm).

4. The apparatus of claim 2, wherein after the trough is drained the film of glass
remaining in the bottom of the trough has a depth of less than about one-quarter inch

(0.635 cm).

5. The apparatus of claim 2, wherein after the trough is drained the film of glass
remaining in the bottom of the trough has a depth of less than about one-eighth inch

(0.318 cm).
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6. The apparatus of claim 1, wherein the glass is a boro-aluminosilicate glass.
7. The apparatus of claim 6, wherein the glass sheet has a high strain point and
used in flat panel displays.
8. The apparatus of claim 1, wherein depth of the trough is equal to or less than H

where H is provided by the following relationship,

H=Tan (J +¢) * L, where

@ = Angle of the wall of the forming apparatus,

¢ = maximum adjustment or tilt of the forming apparatus, and

L = Length of the portion of walls which glass flows over.

9. An apparatus for forming a precision sheet from viscoelastic material

comprising:
a main body including an inlet end and a compression end;
an inlet for delivering viscoelastic material to the main body;

a trough formed in the main body where the lowest point in the trough is located

on the end opposite the inlet end; and

a pair of sidewalls sloping downwardly from the inlet end, the sidewalls
extending between the inlet end and compression end of the main body
and surrounding the trough on two sides and including top surfaces,
wherein the trough and walls are arranged so that viscoelastic material
from the inlet fills the trough and flows over the top surfaces of the
sidewalls between the inlet end and the compression end to form a sheet

having substantially uniform thickness.
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10. The apparatus of claim 9, wherein depth of the trough is equal to or less than H

where H is provided by the following relationship,

H=Tan (J +¢) * L, where

& = Angle of the wall of the forming apparatus,

€ = maximum adjustment or tilt of the forming apparatus, and

L = Length of the portion of walls which glass flows over.
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