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(54) APPARATUS AND METHOD FOR TEMPERING GLASS CONTAINERS USING RADIO-
FREQUENCY

(57) A system and method is provided for tempering
a glass container. The method includes the steps of pre-
heating the glass container to a first predetermined tem-
perature. The method also includes the steps of applying
radio-frequency energy to the pre-heated glass container
to heat the glass container to a second predetermined
temperature and, after a predetermined amount of time,

simultaneously cooling at least one surface of the heated
glass container to a third predetermined temperature to
treat the glass container. The method further includes
the steps of, after a predetermined amount of time,
quenching the treated glass container to a fourth prede-
termined temperature to produce a tempered glass con-
tainer.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the priority date
of copending United States Provisional Patent Applica-
tion Serial No. 60/517,768, filed November 6, 2003, and
is a continuation-in-part of U.S. Patent Application Serial
No. 10/247,386, filed September 19, 2002, and entitled
"System and Method for Simultaneously Heating and
Cooling Glass to Produce Tempered Glass."

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates generally to glass
containers and, more particularly, to a system and meth-
od for tempering glass containers such as bottles, tum-
blers, and jars.

2. Description of the Related Art

[0003] Tempered glass is generally defined as glass
(e.g., annealed or ordinary) that has been pre-stressed
by heating it to a temperature at or above its softening
point and forcing the glass to suddenly and rapidly
quench under carefully controlled conditions. This tem-
pering process produces tempered glass, which has
highly desirable conditions of induced stress that result
in additional strength, resistance to thermal stress, and
impact-resistance, as compared to annealed or ordinary
glass.
[0004] The basic principle employed in the tempering
process is to create an initial condition of surface- and
edge-compression. This condition is achieved by first
heating the glass and then quenching the surfaces there-
of rapidly. Such heating and quenching leaves the center
of the glass relatively hot compared to the surfaces there-
of. As the center then cools, the surfaces and edges of
the glass are forced into compression. Wind pressure,
missile impact, thermal stresses, or other applied loads
must first overcome the compression before there is any
possibility of fracture to the glass.
[0005] With respect to the heating step, it is known to
use a hearth or lehr to heat glass that is to be tempered.
Generally speaking, the lehr is a furnace and may be of
a continuous-roller type, fixtured-roller type, or gas type.
For example, a gas-type lehr has a plurality of blocks
disposed beneath a plurality of radiant heaters. Typically,
the glass is placed inside the lehr, where the glass is
heated by conventional radiation and convection and
conduction heat. The glass is moved along the blocks at
a predetermined rate, which depends upon the thermal
conductivity of the glass, to reach a temperature in the
forming range of the glass. When the glass is at a tem-
perature in such range (e.g., approximately 1200 °F), the
glass is formed into a predetermined shape of the blocks.

[0006] Once so formed, the surfaces of the glass are
rapidly air-quenched, typically by application of an air
stream thereto, thus creating a desired temperature dif-
ferential or gradient between the center of the glass and
the surfaces thereof to create a desired internal stress.
The air stream can consist of arrays of fixed, reciprocat-
ing, or rotating nozzles. It is important to extract heat
uniformly from all surfaces of the glass (uneven heat ex-
traction may produce bow or warp) and to sustain the
quench long enough to prevent reheating of the surfaces
from the still-hot center of the glass. A quenched condi-
tion becomes stable when the glass is reduced to a tem-
perature of approximately 400-600 °F.
[0007] Methods for tempering glass articles are known
in the art. For example, the International Publication
Number WO 02/051758 A2 is related to a Method and
device for tempering glass, particularly drinking glasses.
This invention describes an installation containing an in-
frared emitter and a cooling device. In this case, the glass
to be tempered is rapidly heated from an initial temper-
ature T1 to a maintenance temperature T2, with the aid
of the heating installation using infrared rays. The infrared
emitter and the cooling device are controlled in manner
which regulates a predetermined temperature gradient
from the surface of the glass to the depth of said glass
which is to be tempered. Finally, the glasses are cooled
to a temperature T3 which is lower that T2 by means of
a predetermined cooing rate independent from the reg-
ulated temperature gradient inside the depth of the glass.
[0008] Another apparatuses for tempering articles is
that claimed in the International Publication Number WO
2004/026775 A2 from the inventor of the present inven-
tion, which discloses a method for heating, forming, and
tempering a glass sheet by means of apply radio-fre-
quency energy (RF) from the at least one electrode to
the glass sheet to heat the glass sheet to at least a second
predetermined temperature, and applying at least one
air stream through the at least one aperture of the at least
one electrode to cool at least one outer surface of the
glass sheet to at least a third predetermined temperature
to temper the glass sheet.
[0009] Others developments for heating, forming and
tempering a glass sheet were also patented by the in-
ventor of the present application, by means of microwave
energy (gigahertz) which has been described in the pat-
ent applications EP 0761614 A1 and EP 0761613 A2.
[0010] Finally the EP 0780343 is referred to an instal-
lation for thermal quenching of hollow glassware in which
the articles to be treated are displaced longitudinally in
a lengthy equipment incorporating a primary zone in
which the articles are reheated followed by a quenching
zone. This quenching zone is created by: a) a zone in
which some quenching heads are lowered in order that
each surmounts an article and translationally driven in
synchronization with the articles; b) a zone in which the
individual quenching of each article is assured; c) a zone
in which the quenching heads are raised; and d) a zone
in which the cooling of the articles is completed.

1 2 



EP 1 808 418 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0011] In the case of tempering glass containers such
as glass bottles, however, the conventional tempering
processes just described are not practical. More specif-
ically, known mechanisms designed and employed to
quench the surfaces of the glass container do not suffi-
ciently quickly quench the surfaces such that a desired
temperature differential or gradient between the center
of the glass walls and the surfaces thereof to create the
desired internal stress is not created.
[0012] Therefore, there is a need in the art for a system
and method for tempering glass containers, in general,
and a system and a method for heating glass containers
during the heating portion of the tempering process while
maintaining a desired temperature differential or gradient
between the center of the glass walls of the containers
and the surfaces thereof to create the required internal
stress, in particular. There is also a need in the art for a
system and method that tempers glass containers such
as bottles rapidly, efficiently, and inexpensively.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is a system
and method for tempering a glass container. The method
includes the steps of pre-heating the glass container to
a first predetermined temperature. The method also in-
cludes the steps of applying radio-frequency energy to
the pre-heated glass container to heat the glass container
to a second predetermined temperature and, after a pre-
determined amount of time, simultaneously cooling at
least one surface of the heated glass container to a third
predetermined temperature to treat the glass container.
The method further includes the steps of, after a prede-
termined amount of time, quenching the treated glass
container to a fourth predetermined temperature to pro-
duce a tempered glass container.
[0014] In addition, the present invention is a system
for tempering a glass container that includes a plurality
of plates spaced relative to each other to apply radio-
frequency energy to a pre-heated glass container to heat
the glass container to a predetermined temperature. The
system also includes a spindle adapted to support and
transport the glass container between the plates. The
system further includes a quench tube including a portion
adapted to be disposed inside of the glass container,
wherein the quench tube is adapted for air to pass there-
through and into the glass container to thereby quench
the glass container and produce a tempered glass con-
tainer.
[0015] One advantage of the present invention is that
a system and method is provided for tempering glass
containers. Another advantage of the present invention
is that the system and method heats glass containers
during the heating portion of the tempering process while
maintaining a desired temperature differential or gradient
between the center of the glass of the containers and the
surfaces thereof to create the required internal stress.
Yet another advantage of the present invention is that

the system and method tempers glass containers rapidly,
efficiently, and inexpensively. Still another advantage of
the present invention is that the system and method pro-
duces glass containers that are lighter, stronger, and
more impact-resistant. A further advantage of the present
invention is that the system and method conserves raw
materials and energy in manufacturing glass containers.
[0016] Other features and advantages of the present
invention will be readily appreciated, as the same be-
comes better understood, after reading the subsequent
description taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a flowchart of a method, according to the
present invention, for tempering a glass container.
FIG. 2 is a fragmentary elevational view of a system,
according to the present invention, for tempering a
glass container.
FIG. 3 is a fragmentary plan view of the system for
tempering a glass container of FIG. 2.
FIG. 4 is another embodiment, according to the
present invention, of the system of FIG. 2 for tem-
pering a glass container.

DESCRIPTION OF THE PREFERRED EMBODIMENT
(S)

[0018] Referring to FIG. 1, one embodiment of a meth-
od, according to the present invention, is shown for tem-
pering a glass container. The method includes first, sec-
ond, and third steps, 10, 20, 30, respectively. The method
can be employed in tempering any suitable glass con-
tainer such as a bottle, tumbler, or jar. In the system and
method shown in the figures and described below, a glass
bottle 40 is tempered as shown in Figures 2 and 3. How-
ever, it should be appreciated that the system and meth-
od can be used in connection with any suitable glass
container or object. It should be appreciated that the
glass, generally indicated at 42, of the bottle 40 is illus-
trated in Figures 2 and 3. It should also be appreciated
that the glass 42 of the bottle 40 illustrated defines two
major surfaces, namely an inner surface 44 and an outer
surface 45, but the glass container could include any suit-
able number and shape of major surfaces.
[0019] The method includes a first step 10a of receiv-
ing a hot glass bottle, generally indicated at 40 in Figures
2 and 3, from a mold (not shown) or step 10b of pre-
heating the glass bottle 40 to a first predetermined tem-
perature. This pre-heating can be accomplished in any
number of conventional ways, including heating with in-
frared energy. In one embodiment, the first predeter-
mined temperature falls within a range of about 900 °F
to about 990 °F. It should be appreciated that the glass,
generally indicated at 42, of the bottle 40 is illustrated.
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[0020] The method also includes a second step 20 of
applying radio-frequency energy to the pre-heated glass
bottle 40 to heat it to a second predetermined tempera-
ture. In one embodiment, the radio-frequency energy has
a frequency falling within the range of about 0.01 GHz to
about less than 0.2 GHz. Also, in one embodiment, the
second predetermined temperature falls within a range
of about 1150 °F to about 1250 °F. After a predetermined
amount of time, the second step 20 includes cooling at
least one, preferably both of the surfaces 44 and 45 of
the heated glass bottle 40 to a third predetermined tem-
perature to treat the glass bottle 40. In one embodiment,
the third predetermined temperature falls within a range
of about 600 °F to 1150 °F. This cooling can be accom-
plished in any number of conventional ways. For exam-
ple, at least one, and preferably, a plurality of air streams
are directed toward at least one, and preferably, a plu-
rality of the surfaces 44, 45 of the heated glass bottle 40
to cool the at least one surface 44,45. In one embodiment,
each of the major surfaces of the glass 42, such as the
inner surface 44 and outer surface 45, are cooled during
the second step 20. The purpose of the cooling of the
inner and outer surfaces 44, 45 is to maintain a desired
temperature differential or gradient between a center 46
of the glass 42, shown in FIG. 3, and the surfaces 44, 45
of the glass 42, with the center 46 having a higher tem-
perature than that of the surfaces 44,45.
[0021] The method further includes a third step 30 of
quenching the treated glass bottle 40 to a fourth prede-
termined temperature to produce a tempered glass bottle
40. In one embodiment, the fourth predetermined tem-
perature falls within a range of about 400 °F to 600 °F.
This quenching can be accomplished in any number of
conventional ways. One such way is to apply at least
one, and preferably, a plurality of air streams to the treat-
ed glass bottle 40, preferably directed at the inner and
outer surfaces 44, 45 thereof. After the quenching proc-
ess, the quenched glass bottle 40 can be further cooled,
for example, to room temperature.
[0022] Referring to FIGS. 2 and 3, one embodiment of
a system 50, according to the present invention, for use
in conjunction with the method of the present invention
for tempering a glass bottle 40, is shown. The system 50
includes a plurality of plates 52 that are adapted to radiate
radio-frequency energy, a spindle, generally indicated at
54, and a quench tube 56. The system 50 will now be
described in detail.
[0023] The system 50 shown in FIGS. 2 and 3 includes
a pair of radiation plates 52 that are substantially identical
and spaced relative to each other in a substantially
aligned and parallel fashion. The plates 52 are spaced
horizontally with the glass bottle 40 disposed between
the plates 52 as illustrated in FIGS. 2 and 3. The spaced
position of the plates 52 defines an elongate passage 53
between the plates 52, as illustrated in FIG. 3, in which
the glass bottle 40 can be disposed.
[0024] The system 50 also includes a plurality of hollow
plenums 70 that are each supplied with air under positive

pressure and adapted to supply air to the glass bottle 40.
In the embodiment shown, each radiation plate 52 is hol-
low and includes one of the plenums 70. Each of the
radiation plates 52 is also of a substantially rectangular
shape. Each of the radiation plates 52 includes a plurality
of air-outlet holes 58 disposed substantially equidistantly
from each other on an inside surface 60 of the radiation
plate 52 for supplying air to the glass bottle 40 in a manner
to be described.
[0025] The spindle 54 is disposed centrally between
the radiation plates 52. The spindle 54 includes a surface
62 that is adapted to support the glass bottle 40. The
surface 62 is substantially flat or planar. The spindle 54
is also adapted to transport the glass bottle 40 relative
to the radiation plates 52. For instance, in the embodi-
ment shown, the spindle 54 is adapted to continuously
spin the glass bottle 40 and to move the glass bottle 40
along the passage 53 defined between the radiation
plates 52. Preferably, the surface 62 is disposed in a
substantially perpendicular fashion to the inside surface
60 of each of the radiation plates 52 and such that sub-
stantially the entire glass bottle 40 is disposed between
the radiation plates 52.
[0026] The quench tube 56 includes a portion 57
adapted to be disposed through an opening 64 of the
glass bottle 40 and extend inside of the glass bottle 40.
The quench tube 56 also includes an opposite end 59
that is connected to a source of air 80 from an air-supply
system (not shown). It should be appreciated that the
portion 57 of the quench tube 56 disposed inside the
glass bottle 40 has an opening 60 to allow air to pass
therethrough and into the glass bottle 40. It should also
be appreciated that the quench tube 56 is adapted for air
to pass therethrough and into the glass bottle 40 to there-
by quench the glass bottle 40 and produce a tempered
glass bottle 40.
[0027] In operation, the glass bottle 40 is pre-heated
to the first predetermined temperature, such as about
550°C. Then, the pre-heated glass bottle 40 is loaded
onto the surface 62 of the spindle 54, and the quench
tube 56 is connected to the source of air 80 and the por-
tion 57 of the quench tube 56 is inserted into the pre-
heated glass bottle 40. Then, the spindle 54 transports
the pre-heated bottle 40 between the radiation plates 52
and through the passage 53 defined by the radiation
plates 52 as the radiation plates 52 apply radio-frequency
energy to the pre-heated glass bottle 40. The radio-fre-
quency energy heats the glass bottle 40 to the second
predetermined temperature. Simultaneously, the spindle
54 continuously spins the pre-heated glass bottle 40 to
provide uniform radiation and, thus, heating to the glass
bottle 40. As illustrated in FIG. 3, radio waves, represent-
ed at 66, travel through the surfaces 44,45 of the glass
bottle 40.
[0028] Then, after a predetermined amount of time,
the surfaces 44, 45 of the heated glass bottle 40 are
simultaneously cooled to a third predetermined temper-
ature to treat the glass bottle 40. More specifically, air is
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supplied to each of the plates 52 and the quench tube
56 and, consequently, through the holes 58 and opening
60 to the inner and outer surfaces 44, 45 of the heated
glass bottle 40 while the radio waves 66 are applied to
the pre-heated glass bottle 40.
[0029] A desired temper level is determined at this
point by the temperature differential or gradient between
the center 46 of the glass 42 and the surfaces 44,45 of
the glass 42, with the center 46 having a higher temper-
ature than that of the surfaces 44,45.
[0030] Finally, after a predetermined amount of time,
the treated glass bottle 40 is quenched to a fourth pre-
determined temperature to produce a tempered glass
bottle 40. More specifically, application of the radio waves
66 is discontinued while supply of air through the holes
58 and quench tube 56 is continued. If required, the tem-
pered glass bottle can be removed from the surface 62
of the spindle 54 for additional cooling.
[0031] Referring to FIG. 4, another embodiment, ac-
cording to the present invention, of the system 50 is
shown. Like parts of the system 50 have like reference
numerals increased by one hundred (100). In this em-
bodiment, the system 150 includes a plurality, preferably
a pair of plates 152 that are adapted to radiate radio-
frequency energy, a spindle 154, and a quench tube 156.
In the embodiment illustrated, the pair of radiation plates
152 are substantially identical and spaced relative to
each other in a substantially aligned and parallel fashion.
The radiation plates 152 are spaced vertically with the
glass bottle 40 disposed between the plates 152 as
shown in FIG. 4. One of the radiation plates 152 is dis-
posed above the glass bottle 40 and the other of the
radiation plates 152 is disposed below the glass bottle
40. One of the radiation plates 152 includes a slot opening
176, and the other radiation plate 152 includes another
slot opening 178.
[0032] The system 150 further includes a plurality of
hollow plenums 170. In the embodiment illustrated, there
are a pair of plenums 170 that are substantially identical
and spaced relative to each other in a substantially
aligned and parallel fashion. The plenums 170 are
spaced horizontally with the glass bottle 40 disposed be-
tween the plenums 170 as shown in FIG. 4. One of the
plenums 170 is disposed on one side of the glass bottle
40 and the other of the plenums 170 is disposed on the
other side of the glass bottle 40. Each of the plenums
170 is supplied with air under positive pressure and is
adapted for supplying air to the glass bottle 40. Each of
the plenums 170 is also of a substantially rectangular
shape and includes a plurality of air nozzles or tubes 172
disposed substantially equidistantly from each other on
an inside surface 174 of the plenums 170. The air tubes
172 are inserted and removed by a cam arrangement
(not shown). The spaced position of the plenums 170
and the plates 152 defines an elongate passage 153 be-
tween the plenums 170 and plates 152 in which the glass
bottle 40 can be disposed. It should be appreciated that
the air tubes 172 blow air on the sides of the glass bottle

40.
[0033] The spindle 154 is disposed between the radi-
ation plates 152. The spindle 154 includes a surface 162
that is adapted to support and transport the glass bottle
40 within the space defined between the radiation plates
152. The surface 162 is substantially planar or flat. The
spindle 154 is also adapted to continuously spin the glass
bottle 40 and move the glass bottle 40 through the pas-
sage 153. In the embodiment illustrated, the spindle 154
extends through the slot opening 176 in the lower radia-
tion plate 152. Preferably, the surface 162 is disposed in
a substantially perpendicular fashion to the inside surface
174 of each of the plenums 170 and such that substan-
tially the entire glass bottle 40 is disposed between the
plenums 170.
[0034] The quench tube 156 includes a portion 157
adapted to be disposed through the slot opening 178 in
the upper radiation plate 152, through an opening 64 of
the glass bottle 40, and inside the glass bottle 40. The
quench tube 156 also includes an opposite end 159 that
is connected to a source of air 180. The operation of the
system 150 is similar to the system 50.
[0035] Accordingly, the system 50, 150 and method of
the present invention tempers glass containers, in gen-
eral, and heats glass bottles 40 during the heating portion
of the tempering process while maintaining a desired
temperature differential or gradient between the center
of the glass 42 of the bottles 40 and the surfaces 44, 45
thereof to create the required internal stress, in particular.
The system 50, 150 and method of the present invention
also tempers glass containers rapidly, efficiently, and in-
expensively. The system 50, 150 and method of the
present invention also produces glass containers that are
lighter, stronger, and more impact-resistant. The system
50, 150 and method of the present invention also con-
serves raw materials and energy in manufacturing glass
containers.
[0036] The present invention has been described in an
illustrative manner. It is to be understood, that the termi-
nology that has been used, is intended to be in the nature
of words of description rather than of limitation.
[0037] Many modifications and variations of the
present invention are possible in light of the above teach-
ings. Therefore, the present invention may be practiced
other than as specifically described.

Claims

1. A method for tempering a glass container comprising
the steps of:

pre-heating the glass container to a first prede-
termined temperature;
applying radio-frequency energy to the pre-
heated glass container to heat the glass con-
tainer to a second predetermined temperature
and, after a predetermined amount of time, si-
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multaneously cooling at least one surface of the
heated glass container to a third predetermined
temperature to treat the glass container; and
after a predetermined amount of time, quench-
ing the treated glass container to a fourth pre-
determined te
mperature to produce a tempered glass contain-
er.

2. A method as set forth in claim 1 wherein said step
of applying comprises providing a plurality of plates
spaced relative to each other to apply radio-frequen-
cy energy to the pre-heated glass container to heat
the glass container to a predetermined temperature.

3. A method as set forth in claim 1 wherein said step
of applying comprises providing a spindle and sup-
porting and transporting the glass container between
the plates with the spindle.

4. A method as set forth in claim 3 including the step
of spinning the glass container with the spindle.

5. A method as set forth in claim 1 wherein said step
of pre-heating the glass container comprises mold-
ing the glass container from molten glass.

6. A method as set forth in claim 1 wherein said step
of pre-heating the glass container comprises heating
a pre-formed glass container.

7. A method as set forth in claim 1 wherein said step
of simultaneous cooling comprises directing at least
one air stream toward the at least one surface of the
heated glass container.

8. A method as set forth in claim 7 including the step
of providing a plurality of plenums and supplying the
plenums with air under positive pressure to direct
the at least one air stream.

9. A method as set forth in claim 7 including the step
of providing a quench tube and disposing a portion
of the quench tube inside of the glass container for
allowing air to pass therethrough and into the glass
container.

10. A method as set forth in claim 1 including the step
of spinning the pre-heated glass container during the
step of applying radio-frequency energy to the pre-
heated glass container.

11. A system for tempering a glass container comprising:

a plurality of plates spaced relative to each other
to apply radio-frequency energy to a pre-heated
glass container to heat the glass container to a
predetermined temperature;

a spindle adapted to support and transport the
glass container between said plates; and
a quench tube including a portion adapted to be
disposed inside of the glass container, said
quench tube adapted for allowing air to pass
therethrough and into the glass container to
thereby quench the glass container and produce
a tempered glass container.

12. A system as set forth in claim 11 including a plurality
of plenums supplied with air under positive pressure,
each of said plenums adapted to supply air to the
glass container.

13. A system as set forth in claim 12 wherein said ple-
nums are spaced horizontally so as to define a pas-
sage between said plenums in which the glass con-
tainer can be disposed.

14. A system as set forth in claim 12 wherein each of
said plates includes one of said plenums.

15. A system as set forth in claim 12 wherein said ple-
nums are spaced horizontally and said plates are
spaced vertically so as to define a passage between
said plenums and said plates in which the glass con-
tainer can be disposed.

16. A system as set forth in claim 11 wherein said spindle
is adapted to spin the glass container.

17. A system as set forth in claim 11 wherein said plates
define a passage and said spindle is adapted to
move the glass container through said passage.

18. A system as set forth in claim 11 wherein at least
one of said plates includes a slot opening.

19. A system as set forth in claim 18 wherein said quench
tube extends through said slot opening.

20. A system as set forth in claim 18 wherein said spindle
extends through said a slot opening.
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