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{54 Tiwlo: METODO Y APARATO PARA ENDURECER VIDRIO

(57) Revindicacion(es):

1. Un meétodo, que comprende los pasos de:

formar un articulo de vidrio de vidrio fundido, ianiendo el vidrio una temperatura de punto de recocido;
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la temperatura superficial del articulo de vidrio es por ko menos ja temperatura de punto de recocido def vidrio duranta el

paso de inmersion; y
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10.

mantener el articulc  vidrio a una temperatura
entre la temperatura del punto de deformacion del
vidrio y entre alrededor de 150°C por debajo de la
temperatura def punio de deformacion durante por
1o menos alredador de cinco minutos, en donde ol
vidric permanece a una temperatura mayor que la
temperatura del punto de recocido

Un aparato, que comprende.

un &rea de operaciones;

medios de kaslado de arficulos de vidrio para
trasladar un arficulo de vidrio después de la
formacion det articulo de vidsio y antes de enfriar el
articulo de vidrio a una temperalura por debajo de
la temperatwa de punio de recocido del articulo de
vidrio;

un baflo de sal, bafio de sal que comgrends sal
fundida, configurandose jos medios de rasiado del
articulo de vidrio para mover &l articulo de vidrio
desde el 4rea de operaciones y sumergh &l articulo
de vidrio en eof baflo de sal, configurandose los
medios de traslado del articulo de vidrio para

sumergir arti’ s dg vidrio con temperaturas
superficiales d8 por lo mends la lemperahira
de punto de recocido del vidrio,
configurandose el articulo de vidiio pars
permanacer en &l bafio de sal durante menos
de alrededor de un minuto; y un tinel de
endurecimiento, configurandose of tinel de
endurecimiento para mantener el articulo de
vidrio a una temperatura entre la temperatura
del punto de deformacion del vidrio y entre
arededor de 150°C por debajo de la
lemperatira del punto de  deformacidn

- durante por o menas arededor de cinco

minutos.
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Reivindicacion{es):

1. Un método, que comprende los pasos de:
formar un articulo de vidrio de vidrio fundido, teniendo el vidrio una temperalura de punio de recocido;
sumergir el articulo de vidrio formado en un bafio de sal fundida, comprendiendo ol bao de sal iones de polasio
en donde la temperalura superficial del artioulo de vidrio es por lo menos la temperatura de punto de recocido del
vidrio durante el paso de inmersion; y
mantener el articulo de vidrio a una temperatura entre la temperalura del punlo de deformacion del vidrio y
entre aededor de 150°C por debajo de la temperatura del punto de deformacion durante por lo mencs
alrededor de cinco minulos, en donde el vidrio permanecse a una temperatura mayor que la temperatura del
punto de recocido

10. Un aparato, que comprende:
un area de operaciones,
medios de tragiado de articulos de vidrio para traslader un articulo de vidrio después de la formacion del articulo
de vidrio y anles de enfriar el arliculo de vidrio a una temperatura por debaio de la temperatura de punto de
recocido del articulo de vidrio;
un bafio de sdl, bafio de sal que comprende sal fundida, configurandose los medios de traslado del articulo de
vidrio para mover el articulo de vidrio desde el area de operaciones y sumergir el articulo de vidrio en el baflo de
sal, configurandose los medios de ftraslado del articuo de vidrio para sumergir articulos de vidrio con
temperaturas superficiales de por lo mencs la lemperatura de punto de recocido del vidrio, configurandose el
articulo de vidrio para permanecer en el bafio de sal duranie menos de arededor de un minuto; y un tinel de
endurecimiento, configurandose el tiinel de endurecimiento para mantener el articulo de vidrio a una lemperatura
entre la temperatura del punio de deformacion det vidrio y entre irededor de 150°C por debajo de la temperatura
del punto de deformacién durante por ko menos alrededor de cinco minutos.
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I57% Absiract: The invantion relates 1o o metind anl apoaratos for sieevgthening glass.
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eeheaiment, the glass setic'es inzy be dipped in o st hath to apply the ions. 12 anal.
teintive embodimen, the gluss anfches mey Ine spraved with niclien pocassivem sl 1o
apply be ivns, As a reselt ol the eethods of the iavention, the treuted ghiss anicles may
Ixs strengihened by benirg an increas] surface sirees s may concain less ghuss with m
change ir: strengths s compores in the sne narested glass andele.
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METHOD AND APPARATUS FOR ST RENGTHENING GLASS

CrOs5-REFERE!CE TO BEL.TED APPLICATIONS
This application cluims priority to U.S. Provisional Applicution No. 60/464,356, filed and
April 22, 2003 (our reference: 01638.0010.PZUS00), entiiled “Methods and Apperatus for
Strengehening Glass,™ and its corresponding non-provisional application (serial number to he
assigned), filed March 31, 2004 (our reference: 01638.001 0NPUS02), entiled “Method and
Apparaws for Strengthening Glass,” the contents of which are hereby incorposated by reference

in their entirety.

FIFLD OF THE INVENTION
This invention relates to methods and apparatus for sirengthening glass. More
specifically, the invention relates 1o chemical swenghening methods in which jons are applied to

glass urticles, and apparatus for using thesc methods in bottle making.

q
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KNO; and K2Cry 05K C] baths, where the temperatures of the sah baths range from 525°C 10
625°C, and 1he glass immersion times range from 8 hours to 7 days, However, such Processes
are impractical in 2 mass production manufacnuring setting because they require batches of
products to bo submerged in the molien salt bath for extended perxiods, thus imicrrupting the
smooth flow of a conveyor-type menufscturing kine, U.S. Patent No. 3,751,238 discusses a two-
step potassium salt bath immersion chemical strengihening method. In the first step, a glass
article is immersed in o KCVK2SO; salt bath for 20 minues at 750°C (well above the strain point
of 581°C and anncaling poim of 631°C). in the second siep, the glass article is immersed in a
KNO: bath for 4 hours at 525°C (56°C below the sirain point).

Other chemical strengthening methods involve cooling glass articles well below the strain
point before the jon exchange material is applicd, 1ypically in the form of saturated salt solutions.
The strain point of the glass is the glass icmporature below which permancnt sirain cannor be
introduced, which may be the temperature at which the viscosity is 104 poise (10°** Pa-
sec).For example, in the processes described in U.S. Patent No. 4,206,253, after glass products
have been produced and cooled below about 60°C, aqueous solutions of KCl, KNO,, and K»SO.
at ubout 75°C are applied to the surfaces of the products. The products are then subjected to heat
treatmeit at a temperature just below: the sirain point (abowt 510°C).

Figure 1 shows an examplc of a prior art chemical strengthening process using a
polassium salt solution for strengthening glass articles. The bottle-forming 110 and annealing
120 stops are performed as described above. The glass is then transferred 130 to a secondary
process in which the bottlcs ure reheated 140 to a tsmperature of approximately 100°C. A salt
solution is applicd 150 to the bottles, which are then heated (o the ion exchange tcmperamre, i.e.,

46(0-550°C, in & strengthening lehr. The jon exchange temperature depends upon how much
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time is available for bo ion exchange reaction, which in tumn depends on practical production
considerations. The shorter the availahle time for ion exchange, the higher the ion exchange
temperature should be. Afier the heat soak at the jon exchange temperanure 160 the boitles are
permitted 1o cool 170 to room tempersture, at vhich time the residual coating, i.e., that portion of
{he salt that hias not contributed to ion exchange within the surfaco of the glass, is removed, for
example with a room icmperature waler spray. At this stage, the glass articles will prefersbly
have cooled to about 90°C.

One purposa of the jon-exchange process is 1o incroase the compressive stress at the
surface of the gluss by replacing smaller ions at the surface of the glass (e.g., sodium) with larger
ions (e.g., potassium). If the glass were thereafter held at the annealing temperature for a time,
the result woald be that the compressive stress introduced at the surfuce by ion-exchange would
be relieved. Thus the strongtheaing lehr may be withie a iemperature range of 460-550° C,
depending upon the available ion cxchange time hased on practical production considerations.
This temperature may, for example, be slightly below the amnealing temperature, for example,
525°C. Thore is a balancing required in this ion-exchange siep: hotter temperatures spoed the
jon-exchange process, but if the temperatare is too hot and approuches the annealing
temperaturo, the compressive stress introdnced by the jon-exchange might be relieved through
relaxation of the glass structurc.

Refetring back to Figure 1, a salt solution can be applied 150 to the bottles at a relatively
cool temperature, well helow the annealing and strain points. If the iemperature of the botiles is
100 high during the application of a salt solution, then the application of the aqueous salt solution
results in rapid quenching of the bottles, which often resulis in breakage. Afier application of the

salt solution, the temperature of the bottles is raised in order to speed the ion exchange process.

\©
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This prior ant method suffers from lack of adaptability to existing in-linc bottle manufacturing
tecilities because it requires that the bottles be cooled for o time in order to avoid fractures
during applicstion of the salt solution, and requires subsequent reheating for the ion-exchange
reaction. These additional steps take time and reducs the cfficiency of botle making. These
processes, however, aro disadvantageous in that they are not easily adapted (o pre-existing in-line
bottle manufacturing lines because of the additional cooling and heating cycles that standard
bortle manufacturing operations are nel oquipped t handle. Thus, changiny the industrial
process to include, for example, the aforeznentioned glass strengthening methods may be very
costly. .

U.S. Patent No. 4,218,230 pwpons to set forth a method to adapi the ion exchange
method 10 high-spced commercial production lincs. In this method, an aqueous solution of
potassium phosphate and sodium phosphute is sprayed on glass articles at a temperature between
200°C and the anncaling point of the glass. The gluss is held at a temperature in the range of
300°C 1 just below the annealing point for § 1o 30 minutes.

A method in which powdered salis are applied to hot glass articles is described in U.S.
Patent No. 3,791,809. In this method, a mixture of a low-meling point salt, KNO;, and a high-
melting point salt, K3POy, are ground to a powder and applied to the surface of a glass article at a
temsperaturs above the annealing point. The low-melting point salts melt and (use, adhering the
mixture to the surface of the glass. JTon exchange occurs at a temperature of at loast 200°C, but
prcferably above the sirain point of the glass.

Another approach to preventing glass breakage is flame polishing, which removes surface
defects such as small chips or scratches, by melting the defects and allowing the glass in the

region of the defect to harden smoothly. For example, U.S. Parent No. 4,231,778 describes a

S
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method in which newly formed glass products are allowed to cool somewhat, then the surfacc is
subjected 10 flame polishing following by a period of anncaling. There arc many palenis
describing apparotus for flame polishing glass, for example, U.S. Patems Mo. 4,265,651;
2,422,482; 2,338,841; and 2,331,014

There is a need in the art for methods of glass manufaciuring that produce high strength
glass articles. There is a related necd for improved methods of ion exchange strengthening.
There is also a need for glass strengthening methods that can be adapted w0 existing dottle

manulacturing facilities without requiring substantiel refining of those facilities.
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SUMMARY OF TIIE INVENTION

This invention provides methods for chemical swrengthening of glass anicles comprising
applying a salt to glass articles at temperatures of ar least the enncaling point lemperature of the
glass and then maintiniug the glass article ar elevated temperatures in a lehr, The elevated
temperatures may be, for example, between the strain point tempcerature of the glass and about
150°C below the strain point temperature, The glass may be maintuined at such elevated
temperature for at lcast about five minwtes. Embodiments of the invention may include methods
and apparatus for flame polishing in corbination with chemical strengthening, Some
embodiments of the apparatus of the invention are sdaptations of existing bottle making facilities
to perform embodiments of the methods of’ the invention,

In onc aspect, the invention provides a method for sirengthening a glass article, The
gluss article may be formed from molten glass using any glass forming process. The finished
formed glass article may he flame polished to melt and thus heal any surface imperfeciions while
increasing the temperature of the surfacc of the glass article to at least the annealing point
teraperature of the glass used to form the article. In onc cmbodiment, the glass article is a glass
bertle. In another embodiment, the glass article is formed from a glass with a strain point
wemperature of about 530°C and an anncaling point temperature of about 550°C.

Onc cmbodiment of the method the salt is applied in a step of dipping a glass article into
a mol(cn salt bath for less than about one minulc, for example, about 0.5 to about 30 scconds, or
preferably about 3 to about S seconds. In a preferred embodiment, the molten salt bath
compriscs potassium nitrate and porassium chloride in an equimolar mixiure, Some
emrbodiments of the salt bath include polassium nitrate and potassium chloride in molo percent

mixwures in the rmge of 40 to 60 perceut, and other embodiments include mixtures of 40-60%
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polassium nitrate and 40-60% potassium chloride. Other embodiments include molten sult baths
comprising potassium sulfaie and potassium chloride. In still other embodiments, the molten salt
bath comprises combinations of an¥ two or more of: potassium nitrate, polassium suliate,
polassium chloride, porassium phosphate, and potassium dichromate. In one embodiment, the
icmpersture of the salt bath is greater than the bottle temperature immedistely preceding
jmmersion. In another embodiment. the temperatures of the molten baths may be in excess of
25°C above the anncaling point of the glass. In yet another embodiment, the salt bath can have a
lempcrature range of between 550°C und 750°C.,

Tn an altornative embodiment, salt is applied to the surface of a glass article by spraving

the glass with a solution containing potassium ions or & powdered or molten potassium salt while -

the surface temperaume of the glass is at least about 25°C above the anncaling point of the glass,
Alternatively, the spraying step may take place ara temperatare of ai Jeast 50°C above the
anneuling point of the glass or at Jesst 100°C above the annealing point of the glass. In one
embodimient. the potassium solution or potassium salt is potussium phosphate (K;PQ,). In
another embodiment, the porassium solution comprises about 50% potassium phosphate by
weight and 50 wt.% water.

The spraying stcp may be conventiona) spraying by forcing a solution through a nozzle,
or it may be flame spraying, eloctrosiatic, or powder spraying. 1f conventional spraying is used,
droplets of a porassium solution or pofassium salt contact the hot glass article, and may cool the
surface of the hot glass article slightly. If flame spraying is used, a powdercd pofassium salt may
be fed through a powder flume spray gun where the powder is liquefied within the spray, and
molien potassium salt liquid droplets contact the hot glass anicle. Ahcmatively, a potassium

solution may be applied between fame polishing nozzles. If clectrosttic spray is used, droplets

'z
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of the porassium solution arc electrically charged and become elcctrostatically atracted to the
glass article. Aliernatively, powdored potassium salts may be uscd in a conventional or
electrostatic spray. In yet other embodiments, potassium salts ma ¥ be applied by chemical vapor
deposition,

Following the stop of applying sakt to u glass article, whether by dipping, spraying, or
other applying mcthod, the processes of the invention inclnde the step of heat-treating the glass
article in a Ichr or other heat reatment apparatus. Thie step allows a high rate of polassium ion
diffusion imo a surface of the glass article by maintaining the surfece at a temperature between
or including the strain point of the glass and 150°C below the strein point. The glass may be
maintained al an clevaied temperature for at least about five minutes, preferably less than one
hour, more preferably between ten minutes and one hour or between fifleen and twenty minutes.

In another embodiinent, the invention providas an apperatus for producing a strengthened
glass article. This apparatus may include a means for producing a molded glass article. The
melded glass articlo may be produced by any means known to those skilled in the art, including
but not limited to press-and-blow and blow-and-blow processes. The apparatus may include a
thermal insulating unnel after the forming station 10 minimize heat loss. The apparatus may
further include flame polishing nozzles for flame polishing the surface of the gless article to
remove surface flaws and 1o heat the surface 10 a temperature of at least abowt 25°C above the
annealing point of the glass. In one embodimert, the glass article is a glass bottle. In one
embodiment, the glass article is formed from glass with a strain 1emperature between 520°C and
540°C and an snnealing temperature between 540°C and 560°C. In smother embodiment, the
glass article is formed from a glass with a strain emperature of about 530°C and an annealing

temperature of about 550°C.

10
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Tn one embodiment, the apparatus muy further include a salt bath for dipping the glass
article prior 1o heat strengthening. Tn one embodiment, the molien salt bath is a polassium salt
hath, for exsmple, a KNO5KC! salt bath, 2 K3S04/KCl galt beth, or 8 K;SO4#KCIKNQ; salt
hath. Tn one embodiment, the sall bath is maintined a1 a temperature of at least about 25°C
above the annealing point of the glass.

In another embodiment, the apperatus may further include spray nozzles for spraying the
glass article with a solution containing potassium ions or another potassium source. In one
ombodiment, the spray nozzies spray the potassium source onlo the surfuce of the gless article
while the surfuce is maintained at a temperature of at least about 25°C above the annealing point
of the glass. In another cmbodiment, the spray nozzlcs spray the polassium onto the surface of
the glass arlicle whils the surfacc is maintained at a ilemperature of at least about 50°C abave the
atmealing point of the glass. Tn yet another embodiment, the surface is sprayed while it is
maintained at a temperature of at least about 100°C above the annealing point of the glass. The
spray nozzles may be substituted by a {lame spray nozzle spraying a powdered potassium salt.
Aliernatively, the spray nozzles may be substituted by an clectrostatic spray nozzle spraying a
potassium solution. Alternatively, the spray nuzzles may be substined by;' a conventional or
electrostatic powder spray nozzle. In onc embodiment, the potassium solution comprises 50%
potassium phosphate by weight and 50% water by weight.

Whether the apparatus has salt bath dipping means, salt spraying means, or other mcans
for applying ssl, the apparatus may furher include a strengthening lebr, wherein tho
strengthening lehr may be configured to kecp the glass articlo at a temperature greator than about
80°C below the strain point, and the glass article is kept in the strengthening lehr for at least

about 45 minutes. Alicratively, the strengihenirg lehe may be maintained at a iemperature up 10

n
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the strain point of the glass. The glass article may be kept in the strengthening lchr for a
maximum time ol 30 minutes. Alernatively, the glass anticle may be kopt in the strengthening
lebr for at feust about 15 minutes for higher temperature sirengthening. In et another
alternativc, the glass article may be kept in the strengthening lehr for aboul 45 minutes for lower
temperature strongthening.  In another embodiment, the glass article is maintained ai a
wenperature at or below the annealing point of the glass for at 1cast abowt § minutes.

A preferred method of practicing the invention will vary by type of glass, due to differing
armealing points and strain points, the weight of the glass, shape of the container, ¢tc. For
purposes of illustration, when a 200 ml Coce-Cola Company contour flint glass botde having a
weight of 165 grams is being strengthened, the container is subjeeted to about twenty minutes of
ion cxchange at about 520 degrees Celsius. Flint glass rypically used in such botiles has an
ammealing temperature of 550 degrees Celsius and a strain temperature of 520 degrees Celsius.



WO 2004094329 PCTAS2004,0MW716

BRIEF DESCRIPTION OF THE DRAWINGS

Figare ] illusirates a prior art method of glass sirengthening;

Figure 2 is a flow diagram of 3 method sccording to one embodiment of the invention;

Figure 3 is a Weibull plot ilustrating the benefits of flame polishing;

Figure 4 is a strength versus time plot for both a high temperature ion-cxchange glass
strengthening process and a low temperature jon-exchange glass strengthening process:

Figure § is a Nlow diagtam of « method according to an altienative embodiment of the
invention;

Figure 6 is a bar chart comparing the benefits of various glass strengthening methods
according to an embodiment of the invention;

Figure 7 is a plan view of u glass strengthening system according io one cmbodiment of
the invention;

Figure 8A. is a diugram illustraling onc cxample of an anncaling lchr used 1o compare the
methods of the present invention with those of the prior art;

Figurc §B is a diagram illustrating an excnplary strengthening lehr according (o an
embodiment of the invention;

Figure 9 is a perspective view of a mechanism for dipping bottles in a sysiem for
strengihcning bottles according w one aspect of the invention;

. Figure 10 is a perspective view of a mechanism for rinsing bottles in a system for

strengthening botiles according fo one aspect of the invention;

Figures 11-20 arc Weibull plots illustrating the benefits of the excmplary methods of
chemical glass strengthening according to embodiments of the invention as compared to prior art

glass strengthening methods;

13



WO 20441194329 PCT/US2M 2009716 .

Figure 21 is a plot of change in glass strength against the weight of the salr that adheres to
the bottle;

Figure 22 is & Weibull plot demonstrating superior suength characteristics of glass rods
manufaciured by the jmmersion method of the invention in KNOs/KCl baths; and

Figure 23 is a Weibull plot demonstrating supcrior strength characleristics of glass rods

memufactured by the immersion method of the invention in KaSO4/KCl and KsSO-KCIRNG,

baths.

\’/
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DETAILED DESCRIPTION OF THE TNVENTION

The methods and apparatus of the invention relate lo glassmaking processes and devices.
Specifically, tic methods and apparatus are improvements to existing glass bottle making
processes and devices that allow the production of glass botiles with the superior strength
characteristics provided by chemical strengthening. Some embodiments do not require
substantial changes 1o existing botie making facilities. The benefits of using the methods and
apparatus of the invention include higher strenglh bottles per unit weight of glass than prior art
methods. Alternatively, less ylass may be used to make bortles of the same strength using the
methods of the invention rather than using prior art methods. While the examples and
doscription provided herein are directed to the manufacture of glass bottles, it should be
understood that the invention may be applicable to any sort of lass articles, including but not
limited to: glass jars, drinking or wine glasscs or any glasswarc, glass jugs, and glass dinnerwarc,
prescription lenses, imaging lenses, optical fibers, and automobile and bailding windows, for
example.

Figure 2 is a flow chart of a method of strengihening glass according to one embodiment
of the invention. The boule forming steps 310 may be performed as described above in the
background scction. However, it has boen found that the blow-and-blow boille formation
process may form superior boulles than the press-and-blow process because of defects on the
inside of the bottles caused by contact between the plunger and the intcrior surface of the bortles
may occur when using the pross-and-blow method. Thcse defects may become the weak points
in bottles strengthcned by the methods of the invention, and thus the blow-and-blow process may
be preferable for botile formation. However, the sirengthening methods of the invention can be

beneficially used on bottles formed with the press-amd-blow and the blow-and-blow processes.
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Immediatcly afier a botrle has been formned, its temperature is typically ahove the
annealing point. In some embodiments, the botiles may then be dipped in a molten salt bath 320
afier they have been formed. In some embodiments, the bottles may be flame polished prior 10
being dipped in the salt bath. As described in further detail below, as a botle is passed through
the flame polishing section of a glass strengthening system according lo an cmbodiment of the
invention, the flames can be moved via a mechamical means perpendicular to the direction of
movement of the bottle. In some embodiments, a two-step flame polishing method may be used.
The first siep is performed, for example, whilc 1he glass articles are on the conveyor. This sicp
may include flame polishing of the sides and the flutes a1 the top of; for example, a glass bottic.
The second step may include flame polishing the botoms of the glass articles. This may be done
by lifting the glass articles ofT of the conveyor and nmning them over a flame. Flame polishing
including this sccond step may eliminate defecis in, for example, knurls (i.c., the ridges on the
bottom of a glass bottle).

Figure 3 illustrates the benefits that may be achieved using a flame polishing step
according 1o am embodiment of the invention. This plol was crealed using flat glass plates that
were damaged with a diamond stylus to induce 50-micron defecis. One sel of plates werc
subjected to flame polishing using a methane/oxygen tlame. A sccond set of plates were
subjected (o flame polishing using an acctylene/air flame. A third set of plates, the control
plates, were not flame polished. A fourth set of plates were ncither ctched to induce defects nor
flame pofished. The glass plates were then subjccted to siress umtil they fractured, and the
fraciure stress was recorded for each of the glass plates.

Figure 3 is a Weibull plot showing the results of thesc tests. The abscissa of the plot is a

measure of applicd stress and the ordinate is a measure of the probability of fracture. The flame
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polishod plates withstood upproximatcly as much stess as the plates with no induced defctts,
and were superior in strength 1o the conrol plates. Plates polished with the methane‘oxygen
flame were slightly superior in swrength to those polished with accrylone/air and the plates with
no induced defects. The plates polished with acerylend/air were slightly inferior in sirenglh to
the plates with no induced defects.

Tn some embodiments of the invention, the 1emperatare of the bottles immediatcly before
being dipped in a salt bath may be between, for oxample, 500 °C and 600 °C. In an allernative
smbodiment of the invention, the temperature of the botiles msy be above the annealing point of
{he glass. In yet another embodiment of the invention, the botiles may be at least about 25°C
shove the annealing point of the glass. In another embodiment, the temperature of the bottles
may be between 510 ° C and 590 ° C. Tn yet another embodiment, the temperature of the bottles
may be between, for example, 510 ° C and 550 °C. In one exemplary embodiment, the
temperature of the bottles immediaiely before dipping in the salt bath may be about 540°C. The
dipping time can be much shorter than prior arl dipping times. The salt bath temperaiure may be
higher than the boltlc temperature. In one cmbodiment, the salt bath iemperaturc may be
betwecn, for axample, 550°C avd 750°C. Tn one exemplary embodiment, the salt bath may be at
a 1emperature of approximately 610 °C. In another embodiment, the salt bath temperature may
be at about 600°C.  As discussed above, the prior ant typically requires immersion for between
hour to 4 hours. In step 320, however, the bollles may bo immersed for less than one minute
Prefcrably, the bottlos may be dipped in the salt bath for betwecn 0.5 seconds and 30 scconds. Jn
another embodiment, (he bottles may be dipped in the salt bath for betweea about 3 seconds and

5 seconds. In another preferred embodiment, the botiles may be dipped for less than 10 scconds.
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In onc embodiraer, the molten salt bath can be a potassium salt bath with a melting point
above the temperature of the strengthening lebr used during the heat treatmem siep 330. A
preferved conwposition for the molten salt bath is 45 mol% potassium nitrate (KNO») and 55
mol% potassium chloride (KCI). This composition may be at liquid at a temperature of between
550°C to 750°C, thus allowing uniform coating of the boulcs dipped into ihe hath mainigined in
this temperature range. This composition is semi-solid a1 a emperature of about 520°C, thus
allowing the salt to remain in place as a roughly uniform coating on the bottle during the hear
treatment stcp 330, which allows roughly uniform strengthening and prevents salt buildup within
the strengthening lehr. Other suitable salt bath compositions can be determined by those of’
ordinary skill in the art using phase diagrams and routine experimncniation, For example, other
suitable salt bath compositions may include KCVKNOyK;SOs. In goneral, the salt bath
composition is preferably such that the bath is Jiquid al a temperature of about 50°C abuve the
anncaling point of the glass, and solid or scmi-solid at the temperature of the strengthening Ichr.

As illusirated in Figure 4, the strength of the glass following a strengihening treatment is
dependent on temperature and the time that the gluss is treated. Thercfore, there arc trade-oiTs
when performing any glass strengthening methods.  For oxample, when strengthening glass at a
lower temperature, the glass may not become as strong as it otherwise would if the glass was
treated at a high temperature such as, for example, the snncaling temperature of the glass. When
treating glass at a higher temperature, however, the maximum glass strength vurics more
drumatically with time, and thcrefore, tolerances may need to be adjusied accordiné,ly.

Thus it is contemplated that the iom-exchange rcaction can occur at or below the
annealing point provided that the temperaturc is maintained for a time shorter than or equal to

about 15 to 20 minutes. JHowever, because both the ion-cxchange reaction and 1h2 relaxation
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{hat occurs at or above the anncaling point arc dynamic processes, significant deviation from this
general rule can be achieved. Thus ihe invention should not be considercd limited by any
parlicular temperature for any porticular ume.

The time and temperature of the heat-treatment step 1aay be adjusicd depending on the
requirements of the production facility, with greater tempcratures and shorter times used when
needed for more rapid production, and longer heat-treatment times uscd to further increaso the
strength of the treated glass. In another crbodiment, the glass article is maintained at the strain
point temperature for times in the range of 5 10 30 minutes. Tncreasing the cxposure time at thesc
temperatures may result in decreusing sirengths of the glass article. As the exposure time
increases at any temperature, the swengih of the glass article may gradually increase to a
maximum value, and then may decrease. This maximum strenglh time decreases with
temperaiure increases.

The bottles may then be subjected 1o hear treatment 330 in a strengthening lebr. This
heat treatment may accelerate the jion-cxchange process. The temperature of the suengihening
lehr is preferably lcss than or approximatcly cqual to 150°C less than the strain point of the glass.
More preferably, the temperatore of the strengthening Ichr may be sct between about 130°C
below the strain point of the glass and the strain point of the glass. In one embodiment, the
temperature of the strengthening lehr is approximately morc thun 30 °C below the strain point
temperature of the glass.  Allematively, the temperature of the strengthening lehr is
approximately more than 10°C less than the strain point temperature of the glass. In one
embodiment, the glass can remain in the lehr for a time between 15 minuates and 55 minunes.
More prelerably, the glass can remain in the lehr for a time between 20 and 50 minutes. In some

cmbodiments, depending on the type of glass used, the glass may remein in (he strengthening
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lehr for a duration of about 20 minutes. Largor botiles may need 10 be processed at slower
speeds, and thereforc, they may be in the lehr for longer time periods. Since they may be
exposed for a longer time period, the iemperature may ne&d to be reduced to optimize the
strengthening process. Howeever, the duration of the ion-exchange reaction can be more or less
than that depending on the temperature selectsd, as doscribed above with reforence to Figure 3,
After the beat wreatment 330, (he bottles may be cooled 340 and the salt removed 350 in the same
manner as described above. As will be described in edditional detail below with reference to
Figure 10, the glass may be cooled slowly in the Ichr.

In a onc exemplary method according 1o and embodiment of the invention, formed glass
articles emerge from the glass forming process at a temporature of approximately 650°C. The
lemperature may bo greater or lesser depending on the particular processes and materials used,
bottle design and wall thickness. 1n one ¢mbodiment, a minimal amount of a hot-end tin oxido
coating may be applied 10 the glass article 21 a coating thickness of anywhere between, for
example, 20 and 45 ctu (coating thickness units). Application of the tin oxide coating may form
a texture on the surface of the glass to allow for the cold-end couting, applied laer, to adhere 1o
the surface of the glass bottle. Tho coaling thickness unit associated with one ctu for tin oxide is
about 4 angstroms. This coating may be applicd using any method known in the glass-making
ans, typically at a location berweea bottle formation and the Ichr entramce. Aliernatively, the tin
oxide coaling may be applied prior to flame polishing of the bottlcs, if flame polishing is used.

After depositing the (in oxido coating, the tin oxide-coated glass article may, in some
embodiments, be flame polished to mclt and hesl any surface imperfections in the glass.
Alcmatively, any accepiable flame polishing rale may be used. Flame polishing may also

increaso the temperature of the glass article to about 25°C above the anncaling point of the glass,
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or even more in somc simations. In another cmbodiment of the invention, the boules are not
coated with the tin oxide. In some embodiments, afler flame polighing and deposition of the tin
oxide coating, the bottle temperature may be in excess of 550°C.

Chenical strengthening can occur either directly after applying the lin oxide coating or,
aliornatively, aftor flume polishing. To perform chemical srengthening, the article may be
dipped into a solt bath. In one srubodiment, the boules are dipped into, for example, a 50%
KNO3/50%KC1 salt bath that is st a temperature of 610°C for about ) second. Following the
brief dip in the sall bath, the bortles may be wansforred 0 a strengthening lehr that is at 2
temperaturc of, for example, berwecn 480°C and 530°C. In another embodiment, the borles can
be placed in a strengthening lehr, the lehr iemperature being betweon, for example, 490 °C and
520 °C. Tn altemative ecmbodiments, the strengthening Ichr may have 2 sei-point tempcrature
berween about 150°C less than the strain point of the glass and about the sirain point of the glass.
The temperature of the strengihened article may be reduced in a cooling section of the lehr for
approximately 25 minutes 10 90°C. Afier cooling, the glass article is subsequently dipped in a
waler bath at 90°C for a predetermined duration to remove the excess salt. In one embodiment,
the predctcrmined time can be, for example, 6 seconds to remove the cxcess sait. Excess water
may then removed using, for example, an gir curiain.

A cold-end coating such as, for cxample, 8 stearatc or polyethylenc coating may be
applied to the warm article. Other cold-end coatings may include adding a low-iemperature
cold-cnd coating such as siliconc wax, polyethylene, polyvinyl alcohol, stearic acid, or oleic
acid, or any other cold-end coating known to those in the bottle making art to provide lubricity
and prevent scuffing of the botile throngh the inspection and filling lines. The coaled article may

then be transferred 10 a decorating line to apply a low tomperature organic decorative coating. Tn

21

\D



WO 2004194329 PCT/US2004/009716

a embodiment using a polycthylene coating, the coating may not nced 1o be cured. In one
embodiment, a protective scuff-resistant coating may be applied to the surface of the glass
arficle. In an alternative embodiment, a post-end coating muy be applied after & caustic washing
process prior to filling the process of the bottle. This post-end coating may be, for example, a
polycthylene coating. In the case of refillablc bottles. these coatings may be applicd afler each
caustic wash cycle. One example of an accepuable bottle coating that may be wtilized as a post-
end coating is the Tegoglas 3000~ Anti-Scuff Coating offcred for sale by Atofina.

It should he noted that the greater swrength of the glass in bottles manufactured using the
techniques described herein may aflow less glass 1o be used while preserving equivalent bottle
strength. For example, using a computer model, boules ‘weighing 170 grams manufactured using
prior art methods can be reduced 10 110 grams while preserving the strength of the bortles. Tt
should also be noted that the superior strengthening methods of the presem invention may be
enhanced and bottle weight further reduced by designing bottles that cxploit the high strength
characteristics of the outer surfaces of bottles prepared by these mcthods. Bornles can be
designed to take advaniage of thesc characteristics using computer modeling, for example, finite
element analysis methods known to thosc skilled in the art.

Figure 5 is a flow charl of a method according to an altcrnative cmbodiment of the
invention. The bottle forming steps 210 may be performed as described above in the background
seclion. Immediatcly aficr a bolile has been formed, its temperature is typically above the
anpealing point. For example, in onc cmbodiment, the bottle may have a lemperature of
approximatcly 600°C. The bottle formation process frequently results in glass defects, gencrally
by thermal shock by contact with a colder material such as a mold or a dead plate. These defects

can be stress concenirators and are ofien the cause of low strength in glass botrles.
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The bowle may then be Same polished 220 in a similar manner 10 that described above
with respect to the salt bath dipping mothods. The flame polishing can be performed by any
method known in the art. For example, the flams polishing may be performed by passiny the
bole past a series of nozzles emitting a combustible gas, for example, air-methane, oXy-
methane, air-acetylenc, or oxy-acetylene. Other components such as moisture may be added to
the flame stream to accelerate the flaw blunting proccss. Flame polishing is useful for
accomplishing either or both of two ohjectives: (1) henling surfuce flaws in the glass surface,
and (2) raising the surface temperature of the glass to a temperature may be raised well beyond
the annealing point, thus minimizing sy breaknge during the subsequent spraying process
described helow.

Flame polishing 220 may be accomplished by applying the flame 1o the botile for 0.1-10
seconds, preferably from 0.1-5 seconds. Most preferably, the flame is placed in coutact with the
surface of tho botile for a 1ime sufficient 1o cause any sharp cracks to melt and become rounded.
The flame polishing step 220 may increuse the surface temperaturc of the bottle well shove the
annealing point of the glass. In one embodiment, the bortles may be heuted, {or example, to a
temperature ubove 650°C.  Altcmmatively, flame polishing 220 may increase the surface
temperature of the bottles 10 between 550°C and 650°C. The henefits of flame polishing have
been described with reference to Figure 3, above.

In alternative cmbodiments for dipping, spreving, or other salt application methods,
instead of, or in addition 10, flame polishing, one metbod of the invention may use microwave
surface heating to heal flaws in the glass, to introduce controlled surfuce residual stress, to speed
up ien-cxchange strengthening after a sult has been sprayed on, to strengthen by dealkalization

via a spraycd-on ammonium-sulfate compound, andior 1o ruisc the surface temperature to
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accclerate a subsequent ion-exchange sirengthening process.  Gluss swrface heating by
microwave irradiation may be facilitated by epplication of a microwave sensitive coating 10 the
eurface of the glass article. Particularly useful in ion-exchange reactions is a microwave
sensitive coating that also conlains exchangeable potassiom ions.

In one ecmbodiment of the invention. the botlles may then be sprayved 230 with a sall
solution while the surface lemperature of the bottle is greater than the annealing tomperuturs. In
onc exampls, the bottles may have 8 surfuce temperature of between abowt  550°C and 650°C
when the annealing temperature is about 550°C. Preferably, the surface temperature of the glass
is hot enough that spraying the salt solution does not cool the glass below the strain point (the
strain point may be, for example, 530°C). Preferably, the solveni evaporates prior to or
immediately on contact with the surface of the hottle. A preferred temperature renge is greater
than about 50°C ahove the anncaling point of the glass. An alcmative tempcrature range is
greaier than about 50°C above thc strain point of the glass. In yer another allemative
embodiment, the surfacc temperaturc of the glass is any temperature at which the spraying step
does not result in inducting defects in the glass anicle.

The salt solution may be any solution known to 10ss skilled in the art to be uscful in jon-
exchange glass strengthening. A preferred salt solution is a 50 wt.% aqueous solution of
potassium phosphate (K;PO,, anhydrous). This solution is preferred becausc a 50 wr%
potassium phosphate solution is achicvable at room temperature, thus jt would be unnecessary to
beat the solution. Howevcr, a 62 wt.% potassium phosphate solution may be achieved at about
50°C, and such a solution may also be uscd in the invention. Alternutively, the salt solution may

be 45 wt.% potassium phosphate, 10 wt.% sodivm phosphate (Na;PQ,), and the reraainder may
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he water. In snother smbodiment, the salt solution comprises a mixture of potassium sulfate
(K2S0s), potassium chloride (KCI), and potassium nitrate (KNO»).

In an alternative embodiment, the bottles moy be flame sprayzd rather than sprayed in a
conventional manner. In the flame spray cmbodiment. a powdered salt, for exaraple, polassium
phosphate salt, may be sprayed upon the surface of the botlles. By using a flame spraying
embodiment according to an embodiment of the invention, it is contemplated thal spraying
Lietics may be increased end breakuge reduced with the flame spray method becausc this
method does not require the heat of the bottle to evaporate the waier in the atonmized droplet.
Powdered salt may be melied in a flame to form a fine molien atomized spray. In an alternative
embodiment, rather than powdered sali, the flame spray may usc a salt solution. The flame can
be any flame known to those in the arl, for example, methaoe, oxy-mcthane, acclylene, oxy-
acetylenc or hydrogen. Examples of flame spray devices that may be useful for use in the
present invention include devices disclosed in and devices referred to in US. Palent Nos.
4,674,683 and 5,297,733, or any other flame spray device known to those of skill in the arl.

Tn yet another alternative embodiment, the botlles may be electroslatically sprayed. In
this embodiment, an clectric potential is applied 10 the sprayer, for example, a negative potential,
and the bottle is grounded. Droplets of salt solution or molten salt become ncgatively charged
and are atiracied to the noutral botde, thus providing an even coating to the bottle. Examples of
clecrosiatic spray devices that may be useful for use in the present invention include devices
disclosed in and devices refecred 10 in U.S. Patent Nos. 5,759,271 and 5,704,554, or any other
clectrostatic spray device known to those of skill in the art.

As in dipping methods previously described, the flame polished, sprayed bottles may then

ho subjected to heat trcatment 240 in a strengthening lehr or any other suitable environment such
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as an oven. Preferably, the heat trcatment is at 2 temperature less than the strain point of the
glass. For example, if the strain point is 530°C, heat treatment in the strengthening lchr may be
at a set point temperature of 510°C for 20 (0 25 minwes. As another example, heat treatment in
the strengthening lehr may be 520°C for 15 minutes, Howover, other embodiments include heat
ireatment at 4 temperature greater than 80°C below the strain point of the glass or heat treatment
al a temperature greatcr than the strain point of the glass. In a preferred embodimeny, the
strengthening lehr may have a tenperature between about 150°C below the strain point, more
preferably between about 130°C below the strain poini temperature and about the strain point
temperature of the glass. In each of thesc embodiments, as discusscd with reference to Figure 4,
there is a balancing that must be achieved between speecing up the ion-exchange reaction, which
huppens at higher temperatures, and preventing relaxation of the glass surface, which is best
achieved at Jower temperatures. For example, at the anmealing point, relaxation of the glass
surface occurs in approximately 15 minues.

In a preferred embodiment, the temperature of the heat treatment is less than the melting
point of the salt that was sprayed onto the surface of the botiles in order 1o prevent the salt from
dripping down the side of the bottle. This prevenis an uneven disiribution of the salt on the
bottle surface, and thus prcvents uncven strengthening, and it also prevents pooling of the salis
inside the lehr. The aqucous spray application of the sait forms a tenacious coating on the glass
bottle not easily removed by abrasivc contact. Afier the botiles have been subjected to heat
trcatment 240, they are cooled 250 and washed with water 260 io remove the remaining salt
residue.  Other additional processing may be the app.ication of decorative coatings and the

application of second protective coatings, as described above.
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Figure 6 is a bar chart comparing the bencfits of various glass strengthening methods
according 10 an embodiment of the invention. As is apparent from the charl in Figure 6, the use
of an ion-exchanged method including flame polishing can produce glass having a greater
strength than ion-exchanged mcthods and flame polishing methods alone. The cxperiments
conducled to achieve this chart are described in further detail below in Example 12.

Figure 7 is a plan view of a glass strengthoning system 700 according to oue embodiment
of (he invention. The glass forming machine 712 reccives ruw materials for muking a particular
type of glass via input 711. The glass forming machine 712 may be configured to process drops
or individual gobs of glass into formed glass articles as described in the backgronnd. Formed
glass articles cmerge from the forming machine in the shapes of, for example, botiles 701. Other
glass articles, such as, for oxample, jugs, jars, and vases, to name a few examples, can be formed
in the same manner.

Alier the bottles 701 are output from the forming machine 712, they may be monitored,
and defective bottles may be discarded via output 713. After an initial inspection, the botiles cun
be coated with a coating at 721. The application of the coating at 721, ean include, for example,
the application of a tin oxide coating. The tin oxide coating may he applied 10 a thickness of, for
cxample, between about 20 and 45 ctu. In some embodiments, coating of the bolies 701 is
optional, In yet another embodiment, the boutles 701 can be {lame polished prior to applying the
tin oxide coating at 721.

After the coating of the bottles 721 is complete, the boules may be passed through center
transfer wheel 722 onto the cross conveyor 730. On the cross conveyor 730, bottles 701 may be
flame polished using flame polishing means 731. The flame polishing means 731 can be any

type of flamc polishing apperatus that can be configured to be used on an industrial
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manufucturing line. Flame polishing of the boules is optional, but in some embodiments it may
be preferred because of the potentially beneficial cffects that flame polishing has or. the sirength
of the final glass product. 1t has been found that flame polishing is especially Feneficiul for
botles with large defects, which tend to weaken the glass article. Flame polishing can
substantially diminish the breakage ratc becauss ame polishing eliminates those large defects,
thus strengthening the bottles that are most likely to break due o imperfections, as described
above. In some embodimems, the botles do not nced 10 have the sides fame polished. For
example, beer bottics may not need lo have their sides flame polished in all embodiments of the
invention. Thereforc, a decision of whether to flame polish a botile may depend on the type of
bottls being polished.

After the botlles have been flame polished using Mlame polishing apparams 731, the
boltles may be arranged at the front of the I¢hr so that a 2lass article moving means 741, such as,
for examplc, a robotic machine arm, illusrated by circles 741 may pick the glass bottles up from
a staging arce in front of the lehr, and dip them into sal: bath 751, Allernatively, salt bath 751
may be rcplaced by a mechanism for spraying the boitles with a salt solution, ot al.ematively a
means for flame-spraying the bottle. In an allemative embodiment, prior io being dipped in the
salt solution, the glass bottles 701 can be moved over optional flame polishing mcans 732, so
that the bottom of the boutles 701 can be flame polished. The bottles may be flame polished at
any acceplable flame polishing rate.

After the bottles have been flame polished using optional (lame polishing mecans 732, and
dipped in the salt bath 751, the botiles may be placed into the strengthening lehr 760. In onc
embodiment of the invention, strengthening Ichr can have a stengthening section 761 and a

cooling section 762, Aliematively, there may be more than one strengthening section 761, and
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more (han one cooling section 762. An excmplary annealing Jehr configuration is illustrated in
Figure 8A. In this cmbodiment, therc are six annealing sections and threc cooling sections. The
annealing lehr in Figure 8A wus used 1o perform comparison testing as described with respect fo
Example 11. discussed below. the traditional annealing lehr illustrated in Figure 8A may include
a first zone having a sel point temperawire of 555°C. A glass anticle may remain in each zone
for, for cxample, Uree minutes. A second zone cun have a sct point temperature of S50°C. A
third zone can have a sct point temperature of, for cxample, 540°C. A fourth zone can have a sel
point temperaturc of about 500°C. A filih zone can have a sot point wemperature of 460°C. A
sixth zone can have a sct point temperature of 430°C. The seventh, eighth, and ninth zoncs can
have set poim temperatures of 320°C, 200°C, and 130°C, respectively. Any known annealing
temperature profilc may be used in comparing the cffects of maintaining the sct point
temperatures of the lehr below the temperature ot" the glass articles, and preferably between
aboul 150°C below the strain point tempersture of the glass and about the strain point
temperature of the glass. More preferably, the ismperature may be berween about 130°C less
than the strain point temperature of the glass and about the strain point temperature of the glass.
An example of a strengthening lebr is illustrated in Figure 8B. Lu this cmbodiment, there
are five strongthening sections and four cooling sections. A strongthening lobr may include a
first, second, third, fourth and fifih Zone each having a set point temperature of about 500°C. A
sixth zone may have a set point teperature of, for example, 470°C. The seventh, eighth, and
ninth zones can have set point temperaturcs of, for example, about 320°C, 200°C, and 130°C,
respectively, Other strengthening tempetature profiles may be used in conmection with the

methods of the present invention.
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A number of trials were performed using a sinwlated factory environment. In order to
simulate the production line, afier being formed in the forming machine 712, the bottles were
preheated. In one example, a 200 mL bonle was Aame tresied at 47 per second, prehcated at
500°C for five mimncs, dipped in a salt bath at 615°C, and strengthened in a lehr 760 for 20
minutes at 500°C. The average temperature of this hottle prior (o this treatment was 501°C and
aficr this wreatment was 451°C. In another example. a 200 mL bottle was flame polished at 47
per second, and was preheated for five minutes at 590°C. The surface temperature of the bottle
prior to the treatments was 501°C, and following the meatment was 525°C. In another cxample,
a 200mL bottle was flame polished at 4” per second, preheated at a temperature of 500°C for five
minutcs and was dipped in a salt bath, the sall bath being at a 1emperarare of 615°C. The
tempcrature of the boltle prior 1o this treatment was 495°C, and the temparature following this
reatment was 489°C. In yel another exemple, a 200 mL bonle was flame polish=d at 4" per
second, and was prcheated ar a temperaturc of 500°C. The boule jemperafure before the
treatment was 494°C and following the treaiment, the bottle temperawre was 463°C. In yet
another example, a 200 nil boule was only flame polished a1t 4" per second. The botile
temperature prior to flame polishing was 500°C and the temperature following the flame
polishing was 471°C. In another example, 2 200 mi. botlc was flame polished at a rate of 4™ per
second, was prehcated at a temperature of 500°C and was strengthened in a Ichr 760 for 20
minutes am 500°C. The boitle temperature prior to (this treaiment was 492°C and following the
treatment was 452°C. All of the tempcratures referred to above are average botile iemperatures

based on measurements taken from at least three locations on the botle,
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An oplional three-sicp sali removal process (where each of the sieps may be used alone
or in combinmion with any of the other steps) may begin with a first spray rinse step afier the
bortles leave the lehr 760. After bottles 701 have been sproyed, they can be moved by machine
arms 761 and immersed in a warm water bath 1o loosen any remaining salt on the bottles 701. In
one cmbodiment, after being immersed, bottles 701 may be spray rinsed aguin {o remove uny
remaining seit. Afler any optional rinsing sieps have been performed, the bottles may be dried
with, for cxample, a jer of air. After being dried, the bottles 701 can be output via conveyor 790
to a posi-coating machine (not illustruied).

TFigure 9 is a perspective view of a mechanism for dipping bottles in a system for
strengthening botlles according 10 one aspect of the invention. Mechmical amm 741 may be
configured to move, for cxample, two rows of boules 701 using grasping clements 742.
Mechanical arm can then dip the two Tows of hottles 701 into the salt bath 751. Bottles 701 may
be dipped in a salt bath for a duration betwooen, for example, one minute or less. Altematively,
the boules may be dipped for a timo between about 0.5 secon'ds and about 30 scconds.
Preferubly, the botiles may be dipped for a time between about 3 seconds and 5 seconds. In yet
another preferred embodiment, the bottles may be dipped for a time less than aboul 10 seconds.
Alter a predetermined tims has passed, mechanical arm 741 roay remove the bottles 701 from the
salt bath 751. In one embodiment of the inveation, the botloms of bottles 70 may be flame
polished. 1n an aliernative embodiment, the bottoms of botdes 701 are not flame polished.

Figure 10 is a perspective view of a mechanism for rinsing bottles 770 in a system for
strengthening bottles according to one aspect of the invention. The system for rinsing boules
770 can include a mechanical arm 771, having a grasping momber 772. In one embodiment of

the invention, the grasping member 772 can be configured to grasp two rows of bottles 701 and
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rinse them in a bath of warm water. In one embodiment, water in the rinse tank 780 can be ol a
temperature of, for example, 90 °C. Water in the rinsc tank 780 may be any teraperature close to
the temperature of the bottles when they leave the lehr 760, as described above. After rinsing the
hotles in the rinse tank 780 for a predetermined time period, the mechanical arm 771 may place
the rinsed botiles 701 on a conveyor 781 for further handling.

In one experiment using ali of the aforementioned sirengthening processes, except for the
chemical ion exchange process, the average temperature of five botiles was wken at various
points in the system. Temperatures of the plass bortles were taken a1 the following siages of the
process: the glass gob (“A™), glass blank (“B™), take outs (“C™), machine end (“D™), prior to the
hot-end coater (“E™), afier the hot-end coater (“F”), at the center transfer wheel ('G™), at the lehr
entrance (“H™), and at the end of the lehr (*I"). As meniioned ubove, these temnperature
measurements were taken withour the flame polishing on the convevor between the forming
machine 712 and the transfer wheel 722, or the trunsfer wheel 722 and the lehr entrance (“H™) or
a chemical ion exchange process or the flame polishing being used at the Ichr entrance (*I7).

The resulls represent an average of five bollles having the capacitics of 200 mL bottle, a
300 mL bottle, a 330 mL boltle, 2 350 mL boule, and a 1 L bottle. The results for these differcni

bottlc capacities at each of the different locations are illustruied in Table 1.

Tocation | 200mL (C) | 300mL (C) | 330mL (C) | 350mL (C) [TL(0)
A 10305 10073 10388 10168 10164
B 7965 7403 5047 7491 7764
c 6874 6341 6656 574 6221
B : 654 6185 5143 6362 605.0
E 6792 6187 T635.5 6206 6043
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F 1 673.9 6153 6212 I 630.8 594.4
IG 6374 592.8 | 581.8 570.8 578.0
H 605.3 579.3 T561.9 15709 5714
I 1725 1474 i 179.3 145.6 1764
| | FABLE 1 '

The 200 mJ, bottle had a cooling rate at cold-end per inch °C of 0.38. The conveyor

speed of the conveyor between the forming machine 712 and the transfer wheel 722 was 34" per

second. The conveyor speed between the transfer wheel 722 and the lehr entrance was 26" per

second. The 300 mL bottle had a cooling rate at cold-end per inch °C of 0.29. The conveyor

speed of the conveyor benween the forming machine 712 and the transfer wheel 722 was 21" per

second. The conveyor speed between the transfer wheel 722 and the lehr entrance was 16" per

second. The 330 mL botile had a cooling rate at cold-end per inch °C of 0.40. The conveyor

speed of the conveyor between the forming machine 712 and the transfer wheel 722 was 347 per

sccond. The conveyor speed between the trunsfer wheel 722 and the lehr entrance was 257 per

second. The 350 mL bortle had a coo¥ing rate at cold-end per inch °C 0f 0.35. The conveyor

speed of the conveyor between the forming machine 712 and the wransfer wheel 722 was 227 per

second. ‘The conveyor speed between the transfer wheel 722 and the lehr entrance was 16” per

sccond. The 1 L bottle had a cooling rate at cold-end per inch °C of 0.37. The conveyor speed

of the conveyor betwcen the forming machine 712 and the wransfer wheel 722 was 15" per

second. The conveyor speed between the transfor wheel 722 and the lehr entrance was 117 per

second.

One advantage of using the aforementioned system is that there is no need for substantial

modification to production lines to sot a manufacturing facility up 1o manufacture glass articles

33




WO 294329 PCT/LS 2L AN 716

using the methods of the present invention. For cxample, with the addition of boitle moving
meaas, as well as, for cxample, a salt bath or spraying m=ans, many of the features of the present
invention may be utilized. Additionally, an onnealing lehr muy be used as a sircngthaning lehr
merely by modifying the iemperatures within the Ichr. Finally, using the invention, glass may be
selectively made using cithcr anmealing methods or the methods of the present invention
depending on the requirements of the glass to be manufactured.
EXAMPLES

A number of examples arc presented herein using various methods according to the
present invention. Tn order 10 simulate conditions on an actual production line, the botiles were
preheated afier being (ormed in a forming machine and prior to being dipped and placed into a
furnace. In actual implementations of the invention, it is assumed that prcheating would be
unnecessary, and (hat the hotiles may have an average temperature approximating the
temperature 1o which the bottles were preheated . Add:tionally, rather than using a furnace, a
lehr may be used, as described above. The temperatures roferred to herein arc set-point
temperatures unless otherwisc statcd. Table 2 presents the results of 10 trials run using various

fumnace temperature settings in association with the present invention.

Run ' SnO; : Flamo | Preheat ; Salt {Dip !Strength  Wt. |[Burst | Control | Delta
| Coat | poish Bath |Time!ening (g |Press. [Bust ' (psi)
- (o) Ti |Tem |Temp!(s) |Temp. ° (psi) [Press.
) me |p 0 C) {psi)
(mi | (°C) ! :
n) : )
1 | 40 | Yes ' 1 510 | 600 | 1 53¢ 30 ' 739 427 312
2 | 404 ] Yes | 5 1510 630 | 1 52C 26 ' 738 433 305
3 | 416 ] No | 5 550 | 615 | 1 S0C 1.5 ., 724 443 281
4 ' 402 | Yes + 5 510 | 600 | 1 48C 72 . 763 4384 279 |
"5 404 | No | 5 i 510 [ 600 | 1 52 S6 1 760 486 274 |
6 : 40 | No | 1 | 550 | 615 | 1 500 1.5 | 701 ; 427 274
7 | 40 | Yes | 1 | 510 | 600 | 1 48C . 3.86 | 738 472 263
8 | 412 | Yes | 5 | 510 600 | 1 52 | 52 745 495 249
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[f9 |, 41 | WNo 5 | 550 | 615 , 1 : 500 : 13 ! 736 | 506 | 230
L 101406 0 No | § , 550 615, 1 , 500 | 13 j 662 434 | 228
TABLE 2

The type of glass used in making the bottles used in these examples was flint glass. As
one of ordinary skill in the art will appreciate, varying the type of glass used to make glass
arficles using any of the methods according to the various embaodiments of the invention, may
roquire some optimization because of potentially different characteristics of the glass, such as,
for example different anncaling temperatures, difTeront strain point temperatures, and different
resulting strengths. The composition of the flint glass used in the following examples is

summarized in Table 3, below.
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FLINT GLASS COMPOSITION
OXTDES [ COMPOSITION (%)
S102 | 72
B AL203 ! L6 |
FE203 l 0.7
NA20 ) _ 13 ]
K20 0.86 !
MGO 0.20 |
CAQ | 10 i
S03 | 0.21 ;
BAO 0 |
CR203 0.0010
TIO2 0.019
SRO 0 ,
Annealing Point 540°C '

TABLE 3
EXAMPLE1

In a first example according to an embodiment of the invention, five bottes wre formed
in the forming machine and wore coated with a tin oxide hot-end 'cnating. Then the botiles were
flamc polished. The tin oxide coating had a thickness of 40 ctu. To simulate conditions as they
might cceur in an actual production line, the bottles were preheated at a temperature of 510 °C
Tor onc minute. After being preheated. the bottles were dipped in a salr bath. The salt bath
consisted of 50/50 KCIKNO: and was kepr at a remperature of 600 °C. The bottles were then
dipped in the salt bath for 1 second. The average weight of the sali that adhered to the bortles
was 3.0 grams. The amount of sall that adheres to the botile is a fimction of both the temperature
of the salt bath and the tempcrature of the bottle before il is placed in the sali bath. Afler being
dipped, the bottles underwoent a heat treatment, which allows the reaction (i.e., the ion exchange
between the sodium ions and the potassium ions) to take place more cfficiently and more readily.

The heat treatment was performed in a furnace for a time of 20 minutes and at a tempcrature of
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520 °C. This process was repcated threc morc times 1o construct a 1oral of 20 strengthened glass
bottles. Additionally, 20 control boules were made. ‘The 20 control bottles had been annealed
using a prior arl annealing process in an annealing furnace hu were pot subjecied to chemical
strengihening.

These forty bottles were then tested to determine how much internal pressure could be
applied within the bortles before they burst. The average burst pressure of the swrengthsuned
bottles created using the temperatures mentioned above was 739 psi, as opposed 1o the avcrage
burst pressure applied to the control bottles of 427 psi, sccounting for a burst pressure differcnce
of 312 pei. These resulis are illustrated generally in the Weibull plot in Figure 11. The abscissa
of the plot of Figurc 11 is a measure of applied pressurc and the ordinate veflcets the probabhility
of failure. Figurc 11 shows that botiles strengthened according 1o 8 method of the invention
were stronger than those strengthened by prior art anncaling methods.

EXAMPLE 2

In a second exemple according to an embodiment of the invention, five boutles were
formed in the forming machine and were coated with a tin oxide hot-ond coating. Then the
bottles were flame polished. The tin oxide coating had a thickness of 40.4 ctu. To simulate the
conditions as they might occur in an actual production line, the hottles were preheated at a
temperature of 510 °C for five minutes. Afier being preheated, the bottles werc was dipped in a
salt bath. The salt bath consisted of 50/50 KCI'KNO; and was kepl at a tomperature of 630 °C.
The bottles were then dipped in the salt bath for 1 second. The average weight of the sall that
adhered to the bottle was 2.6 grams. Using Example 1 as a basis for compurison, on¢ can see
that less salt adhered to the surface of the bottle in this Example because the iemperature of the

salt bath was higher than that used in Example 1. This rclationship verifies that the amount of
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salt that adheres to the bottle is a function of at least the temperature of the salt bath. Afier being
dipped, the boules underwent heat treatment, which allows the reaction (i.e., (he jon exchange
benween the sodium ions and the potassium ions) to take place more cfficiently and more readil ¥,
The heat treatment was performed in a furnace for a time of 20 minutes and at o temperature of
520 *C. This process was repeated three more times 10 construct a total of 20 sirengthened glass
bottles. Additionally, 20 control botiles viere made, The 20 control boiiles had been annealed
using a prior art anncaling process in an anrcaling fumace, but had not been subjected to
chemical strengthening.

These forty botiles were then tested to determine how much internal pressure could be
appliod within the bottles before they burst. The average burst pressurc of the sirengtbencd
bottles created using the temperatures mentioned above was 738 psi, as opposed 10 the average
burst pressure applicd to the control bottles of 433 psi, accounting for a pressurc diffe-ence of
305 psi. Thus, lhis Example further illustrates 1he advantages of using a shon salt bath followed
by a period of heat strengthening in a furnace. These resulis are illustrated generally in the
Weibull plot in Figure 12. Figure 12 shows that the bottles strengthened according to a method
of the invention were stronger than those smrengthened by prior arl anncaling methods

EXAMPLE 3

In a third example according to an embodiment of the invention, five bollles wcre formed
in the forming machine and were coatcd with a tin oxide hot-end couting. Then the bottles were
flame polished. The tin oxide coating had a thickness of 41.6 c¢tw. To simulate the conditions as
they might occur in an actual production line, the bottles ‘were proheated at a temperature of 550
°C for five minutes. After being preheuted, the bottles were dipped in a sali bath. The salt bath

consisted of 50/50 KCI'KINO; and was kept at a iemperature of 615 °C. The bottles were then
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dipped in the salt bath for 1 second. The average weight of the salt that adhered 1o the bottle was
1.5 grams. Using Examplc 1 as a basis for comparigon, one can sec that less salt adhored to the
surface of the bottle in this Example because the temperature of the salt bath was higher than that
used in Example 1, and the temperature of the bottle was also greater than the tempesuture of the
hottle used in Example 1. This relationship verifies that the amount of salt that adheres to the
bottle is a funcion of both the temperature of the salt bath and the temporature of the bottle
befors it is placed ia the salt bath. After being dipped, the botlles underwent heat treatment,
which allows the reaction (i.c., the jon exchange berween the sodium ions and the polassiom
ions) to take place more efficiently and more readily. The hear treaument was performed in a
furnace for a time of 20 minutes and at a temperature of 500 °C. This process was repeated
three morc times to construct a total of 20 strengthened glass boutles. Additionally, 20 control
boitles were made. The 20 control bottles had been annealed using a prior art sunealing process
in an annealing furnace, but had not been subjected 1o chemical strengthening.

These forty botfles were then tested 10 detormine how much internal pressure could be
applied within the bottles before they burs.. The average bust pressurc that bottles created using
the temperatures mentioned above was 724 psi, as opposed Lo the average burst pressurc applied
1o the control bottles of 443 psi, accounting for a burst pressure difference of281 psi. Thus, this
Example further illustrates the advantages of using s short salt bath followed by a period of heat
strengthening in a furnace. These results are illusurated generally in the Weibull plot in Figure
13. Figure 13 shows that the boitlcs strengthened according to a method of the invention were

stronger than those strengthened by prior ant anmealing methods.
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EXAMPLE 4

In a fourth example according 10 an embodiment of the invention, five bottles were
formed in the forming machine snd werc coated with a tin oxide hot-end coating. Then the
bottles were flame polished. The tin oxide coating hud a thickness of 40.2 ctu. To si-nulate the
conditions as thcy might occur in an actual production lire, the botlles were preheated at a
temperature of 510 °C for five minutes. After being prehzated, the bottles were dipped in o salt
bath. The salt bath consisted of 5050 KCI'KNO: and wes kept at a temperature of 600 “C. The
bottles were then dipped in the salt bath for 1 sccond. The average weight of the salt that
adhered to the bottle was 7.2 grams. Using Example 1 as a basis for comparison, one can sce
that more salt adhered 10 the surface of the bottle in this Example. After being dipped, the
bottles underwent heat trcatment. which allows the reaction (i.e., the jon exchange beaween the
sodium ions and the potassivm ions) to take place more efficiently and more readily. The heat
{rcatment was performed in a furnace for a time of 20 minutes and at 2 temperature ot 480 °C.
This process was repeated a tolal of three more times (o construct a total of 20 strengthened glass
bottles. The 20 control botiles had been annealed using a prior art anncaling process in an
ammealing firmace, but had not been subjected 10 chemical sirengthening.

Thesc forty boitles were then tested to determine how much intemnal pressure could be
applied within the bottles before they burst. The average burst pressure that the strengthened
botlles created using the temperatures mentioned above vsas 763 psi, as opposed to the average
burst pressure applicd to the control bottles of 484 psi, accounting for a burst pressure difference
of 279 psi. Thus, this Example furthcr illustrates the advamtages of using a short salt bath

followed by a period of heat strengrhening in a fumace, ‘These resulis are illustrated generally in
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the Weibull plot in Figure 14. Figure 14 shows that the boutles strengthened according lo a
method of the invention werc stronger than thosc strengthened by prior art anncaling methods
FEXARRIE S

Tn a fifth example according to an embodiment of the invention, five botdes were formed
in the forming machine and were coated with a tin oxide hot-end coating. Then the bolitlcs werc
{lame polished. ‘The tin oxide coating had a thickness of' 40.4 ctu. To simulate the conditions 2s
they might occur in an actual production line, the bottles were prcheated a1 a temperature of 510
oC for five minutes. Aficr being preheated, the botdles were dipped in u sah bath. The salt buth
consisted of 50/50 KCVKNO; and was kept at & temperature of 600 °C. The bottles were then
dipped in the salt bath for 1 second. The waight of the salts thut adhered to the hotile was 5.6
grams. Afler being dipped in the salt bath, the bottles underwent heat treatment, which allows
the reaction (i.c., the ion exchange betwocen the sodium ions and the potassium jons) to take place
more efficiently and more readily. The heat treatment was performed in a furnace for a time of
20 minutes and at a temperature of 520 °C. This process was repeated a total of three more times
10 construct a total of 20 strengthened glass botlles. Additionally, 20 control bottles were made.
The 20 control bottles had been annealed nsing o prior art anmealing process in an aunealing
furnace, but had not been subjected 10 chemical strengthening.

These fory bottles were then tested to determine how much internal pressure could be
applicd within the bottles before they broke. The averuge pressure that the strengthened bottles
created using the temperaturcs mentioned above was 760 psi, as opposed 10 the averago pressure
applied to the conirol bottlcs of 486 psi, accounting for a pressure differonce of 274 psi. Thus,
this Example further illustrates the advantages of using & short salt buth followved by a period of

heat strengthening in a furnace. These results are illustrated generally in the Woibull plot in
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Figure 15. Figure 15 shows that the bottlcs strengthened according to a method of the invention
were stronger than those strengthened by prior art anneal:ng methods.
EZLHMPLE 6

In a sixth example according to an embodiment o the invenrion, five bottles were formed
in the forming machine and werc coated with a tin oxide hot-end coating. Then the honles were
flamec polished. The tin oxide coating had a thickness of 40 ctw. In this example, the botles
were not flame polished.  To simulate the conditions as :hey might occur in an actual
production line, the botlles were preheated af & femperature of 550 °C for one minue, After
being preheated, the bowtles were dipped in a sali bath. The salt bath consisted of 50/50
KCVENO» and was kept at a icmperaturc of 615 °C. 'The bottles was then dipped in the salt hath
for 1 second. The average weiglt of the sah that adhercd to the botile was 1.5 grams. After
being dipped. the botile underwent heat treatment, which allows the reaction (i.e., the ion
exchange betwecn the sodium ions and the potassium ions) to tuke place more efficiently and
more readily. The heat treatment was performed in a furnace for a time of 20 minutes and at a
temperature of 500 °C. This process was repeated a total of three more times Lo construct a total
of 20 strengthened glass bottles. Additionally, 20 control bottles were made. The 20 control
bortles had been amnealed using a prior art atmealing process in an annealing fumace, but had not
been subjected to chemical strengthening.

These forty bottles worc then tested 10 determine how much internal pressure could be
applied within (he bottles beforc they burst. ‘The average burst pressurc that the strengthencd
bottlcs created using the iemperatures mentioned ebove was 701 psi, as opposed to the average
burst pressure applied to the control botiles of 427 psi, accounting for a burst pressure differcnce

01274 psi. Thus, this Example farther illusirates the advantages of using a short salt bath
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followed by a period of heat strengthening in a fornace. ‘These resulis are illusirated generully in

the Weibull plot in Figure 16. Figure 16 shows that the botlles strengthened according 10 a

method of the invention were stronger then those strengthencd by prior art annealing methods.
BZ{4AMPLE 7

In a seventh cxample according 10 an embodiment of the invention, five bottles were
formed in the forming machine and werc coated with a tin oxide hot-end coating. Then the
bottles werc flame polished, The tin oxide coating had a thickness of 40 cru. To simulate the
conditions as they might oceur in an actual production Tine, the bottles were preheated ata
tomperture of 510 °C for one minute. Afier being preheated, the boliles were dipped in a salt
bath. The salt bath consisted of 50/50 KCKENO; and wus kept at a temperature of 600 °C. The
bottles were then dipped in the salt bath for 1 second. The average weight of the salt that
adbered 1o the botile was 3.86 grums. After being dipped, the bottles underwent a heal reatment,
which allows the reaction (i.e., the jon exchange between the sodium jons and the potassium
jons) 1o lake place more efficiently and more readily. The heal treatment was performed i a
furnace for a time of 20 minutes and ai a temperature of 480 °C. This process was repeated a
total of three more times to construct a tofal of 20 strengihened glass bottles, Additionally, 20
control bottles were mado. The 20 control bottles had boen annealed using a prior art annealing
process in an annealing furnace, but had not been subjected to chemical sirengthening,

Theso forty bottles were then tested to determine how much intemal pressure could be
applied within the boules before they burst. The average burst pressure that the strengthened
bottles created using the tsmperatures mentioned above was 7335 psi, as opposed lo the average
burst pressure applied to the control botiles of 472 psi, accounting for a burst pressure difference

of 263 psi. Thus, this Example farther illustrates the advantages of using a short salt bath
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followed by a period of hear sirengthening in a furnace. These rosults are illustrated generally in

the Weibull plot in Figure 17. Figure 17 shows that the botiles strengthened according to a

mcthod of the invention werc stronger than those strengttened by prior an urmealing methods.
EXAAPLES

In a eighth example according to an embodiment of the invention, five bottles were
formed in the forming machine and werc coatcd with a tin oxide hot-cnd coating, Then the
boitles were flame polished. The tin oxide coating had a thickness of 41.2 ctu. To simulate the
conditions as they might occur in an actual production ling, the botiles were preheated at a
temperature of 510 °C for one minute. Afier being preheated, the bottdes were dipped in a salt
bath. The salt bath consisied of 50/50 KCI'KNO; and was kept at a temperature of 600 °C. The
bottles were then dipped in the salt bath for 1 second. The average weight of the salt thut
adhered to the bottle was 5.2 grams. Alter being dipped, the bottles undenwent heat reatment,
which allows the reaction (i.¢., the ion oxchange between the sodium ions and the potassium
jons) to take place more efficicntly and more readily. The heat treatment was performed ina
furnace for a time of 20 minutes and a1 a temperature of $20 °C. This process was repeated 4
total of three more times to construct a lotal of 20 strengthened glass bottles. Additioaslly, 20
control botiles were made. The 20 control botiles had been annealed using a prior arnt annealing
process in an anncaling furnace, but had not been subjected 1o chemical strengthening.

These forty boitles were then lested to determine how much intemal pressure could be
applied within the bottles before they burst. The everage burst pressure that the swrengthened
botiles created using the tempceratures mentioned above was 745 psi, as opposed 1o the average
maximum burst pressare applied to the control bottles of 496 psi, accounting for a burst pressurs

difference of 249 psi. Thus, this Examplc further illusirates the advantages of using & short salt
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bath followed by a period of heat swrengthening in a furnace. These results are illustrated
generally in the Weibull plot in Figure 18. Figure |8 shows that the bottles swrengthened
according 10 a method of the invention were stronger than those strengthencd by prior art
anncaling methods.
EXAMPLE 9

In a ninth example according 1o on embodiment of the invention, five botlles were
formed in the forming machine and were coated with a tin oxide hot-end coating. Then the
bottles were flame polished. The tin oxide coating had & thickness of 41.0 clu. A lin oxide
coating was then applied to the glass. The tin oxidc coating had a thickness of 40 ctu. To
simulate the conditions as they might occur in an actual production line, the bottles were
proheated at a temperature of 550 °C for five minutes. After being preheated, the bottles were
dipped in a salt hath. The salt bath consisted of 5050 KCI/KNO; and was kepl a1 a temperature
of 615 °C. The bottles were then dipped in the salt bath for 1 second. The average weight of the
salt that adhcred to the bottle was 1.3 grams. Afer being dipped, the bottle underwent heat
treatment, which allows the reaction (i.e., the ion exchange berween the sodium ions and the
potassium ions) to take placs more efficiently and more readily. The heat treatment was
performed in a (urnace for a time of 20 minutcs and at a temperature of 500 °C. This process
was repeated a tolal of three more times to construct o total of 20 strengthened glass botlles.
Additionally, 20 control bottles were made. The 20 control bottles had boen annealed using a
prior art annealing process in an annealing furnace, but had not been subjected to chemical
strengthening.

These forty bottles were then tested to determine how much intemal pressure could be

applicd within the boitles hefore they bwist, The average burst pressure that the strengthened
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boitles created using the temperatnres mentioned above was 736 psi, ns opposed 1o the average
maximum burst pressure applied to the control bortles of 506 psi, accounting for a burst pressure
difference of 230 psi. Thus, this Example furiher illustrates the advantages of using a short salt
bath followed by a period of hcut strengthening in a furnace, These results are illustrated
generally in the Weibull plot in Figure 19. Figure 19 shows that the bottles strengthened
according to a method of the inveniion were stronger than those strengthened by prior art
annealing mecthods.
EXAMPLE 10

In a (enth example according to an cmbodiment ol the invention, five bottles were formad
in the forming machine and were coated with a tin oxide hot-cnd coating. Then the bottles were hdl
flame polished. The tin oxide coating had a thickness of 40.6 ctu. To simulate the conditions as
they might occur in an actual production line, the bottles ‘wexe prehcated at a temperaturc of 550
°C for five minutes. Afier being preheated, the bortles were dipped in a salt bath. The salt bath
consisted of 5050 KCYKNO; and was kept at a temperature of 615 °C. The bottles vere then
dipped in the sali bath for 1 second. The average weight >f the salt that adhercd to the borte was
1.3 grums. After being dipped, (he bottles underwent heat treamment, which allows the reaction
(i.c., the ion exchange between the sodivm jons and the potassiwn ions) to take place more
efficiently and more readily. The beat treatment was performed in a furnace for a time of 20
minutes and at & temperature of 500 °C. This process was repeated a total of three more times to =~
construct a tolal of 20 swengihencd glass bottles. Additionally, 20 control bottles were made.
Tho 20 control borlles had been aimealed nsing a prior art anncaling process in an annealing

furnace, but had not been subjected to chemical strengthcning, '
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These forty bottles were then tested 1o determine how much internal pressure could be
applied within the bottlcs before they burst. The average burst pressure that the strengthencd
bottles created nsing the temperatures mentioned above was 662 psi, as opposed to the sverage
burst pressure applied to ths control botues of 434 psi, accounting for a hurst pressurc difference
of 228 psi. Thus, this Example funther itlustrates the advantages of using a short salt bath
followed by a period of heat strengthening in a furnace. These resulis are illustroted gencrally in
the Weibull plot in Figure 20. Figure 20 shows the advantages of dipping the bottles in the salt
solution prior to performing heat strengthening according 10 an embodiment of the invention.
The abscissa of the plot in Figure 20 is a measure of applicd stress and the ordinate is a measurc
of the probability of failure.

As described in some detail with respect to Examples 1-10, the weight of the salt
adhering 10 the surface of each of the bonles deponds on at lcast the following factors: (1) the
temperalure of the bottles and (2) the temperaturc of the salt bath. Based on another sct of tosts,
it was dotermined that il 100 litle salt adhered 10 the glass, there wag a negalive impact on (he
glass strength. Additionally, as the amount of salt adhering to the glass was increased, there was
a clear indication of diminishing returns. The plot illustrated in Figure 21 illustrates this point.
Therefore, in some embodiments of the invention, particularly where cost is a concem,
temporatures of the salt buth and the boitles prior to dipping (or in alternative embodiments,
spraying) may be tilored so that approximately, for example, between 1 and 3 grams of salt
solution adheres to the bottles.

EXAMPLE 11
An additional set of 1ests was performed using both 2 200 mL bottle and a 330 mL bottle.

The test data appears in Table 4, below. This data demonstratcs that as the temperarure of the
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glass during jon-exchange approaches, and reaches the anncaling temperature of the glass, most
of the bencfils of using a chemical ion exchange process to strangthen glass ave lost. In one cuse,
the treated hottles had only 17 psi greater burst pressurc than the control, and in another case, the
treated bottle actually had 1 psi smaller burst pressure than the conrol. Therofore, this data
demonstrates the relative importance of keeping the lempcrature of the glass below the annealing
point aficr applying the salt coating to the glass, using for example a spraying or 8 dipping
process. The strengthening lehr profiles und the armealing lehr profile used 1o produce the

treated and contro] bottles are illustrated in Figures8A and 8B, described above.,

“Run |_ Pre-lleat ! Time: Dip | Strenpthening [ SnO; | Coat | WtJem™  IE | Ann, | Delta
| min. :| Temp () Temp: min. | Lehr | Coat Wt (e/em’) | (psi)l (psi) | (psh)
i O | 0 | t;mp (ctw) | (® - ! : i
4 : Q :

10 | 540 1 606 | Am.Profile | 42 | 1.45 - 0.00474 [ 680 | 681 | -1

D |4

1 | 540 T 1 - 630 |Ann Profilc | 42.5 1.9 1 0.00621 | 606 | 589 17 .

TABLE 4
EXAMPLE12

Glass rods were subjected to 1S minutes of shrasion by tumbling them with sund for 15
minutes. A first set of rods were immersed for approximately 5 seconds in a molien bath of 48
mol% KNO; and 52 mol% KCl, then subjecied 1o heat treaiment at 520°C for 20 minutes. A
second set of rods were inunersed for approximatcly 5 seconds in a molten bath of 45 mol%
KNO; and 55 mol% KCl, then subjected 10 heat treatment at 520°C for 20 minutes. Both sets of
rods werc cooled and the salt washed away with a cold water spray. The resulls of these tvo
trials arc shown in Figure 22. Control rods subjccted to abrasion with no ion-exchange treatment
werc less strong than control rods not subjecied to abrasion with no ion-exchange treatment, as
expected. However, both sets of rods subjected 1o abrasion followed by ion-exchange treatment

were much stronger than both sets of control rods.

48




WO 20044194329 PCTAUS04N97 16

EXAMPLE 13

Glass rods were subjected to 15 minutes of abrasion by tumbling them with sand for 15
minutes. A first set of rods were immersed for approximately 3 seconds in a molten bath of 26.3
mol% KaSO; and 73.7 mol% KCl having a bath temperature of 730°C, then subjecied to heat
treatment at 520°C for 20 minutes. A second set of rods were immersed for approximately 3
seconds in 2 molten bath of 20.2 mol1% K2SO4, 56.7 mol% KC1, and 23.1 mol% KNOs having a
bath temperature of 645°C, then subjecied ro heat treatment at 520°C for 20 minutes. Both scts
of rods were cooled and the salt washed away with o warm water spray. The results of (hese two
trials are shown in Figurc 23. Control rods subjected to abrasion with no ion-exchange treatment
were lcss strong than control rods not subjected to abrusion with no ion-exchange treatment, as
expecied. However, both sets of rods subjected to abrasion followed by ion-cxchangg treutment
were much stronger than both sets of control rods. The rods dipped in the K:2S0:/KCI'KNOa
bath were stronger than those dipped in the K2S02/KCl bath.

EXAMPLE 14

Glass botlles exited the forming muchine ar a temperature of approximately 600°C. The
anncaling point of the glass was 550°C, and the strain point was 530°C. The bottles were
annealed and cooled 10 room 1emperature. The bottles were pre-heated o approximately 665°C,
then sprayed with a 5050 weight percent aqueous solulion of potassium phosphate (K3POy).
The bottles were then maintained at a temperature of about 500°C for approximately 45 minutes
during the ion-exchange rcaction. As the bottles exitod the strengthening fumace, the salt
solution was rinsed from the bottles with a cold-water spray:,

Table 5, which follows, demonstrates the superior strength characteristics of botles

manufactured using the method described in this example, compared to control bottles prepured
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by prior arl methods. The impact resistance of the glass was mecasurcd with an AGR Pendulum
Tmpuct Tester using the straight bar-backstop. The tests were conducted i @ progressive siyle,
starting at a 20 in‘cec level, and increasing in increments of 5 in/sec. One samplic of bottles was
used to measure tho impact resistance at the shoulder centact. A second sample of bottles was
used to measure the impact resistance at the heel contuct. For the shoulder and heel impact data,

each bottle veas impacted at 10 locations equally spaced around the circumference at the shoulder

contact.

| Shoulder Deel Impact | Pressure Empty Drop : Filled Drop

Impact (ips) | (ips) ' (pst) ileipht (in) . Height (in)
Control 74 ' 85 | 389 as (164 26 (142
Bottles ‘ ! inches/sec) inches/sec)
Bottles 113+ T 112+ 730~ 59 (214 ' 38 (171
manufactured | inches/sec) imches/sec)
by the .
methed of . '
Example1 . i i
TABLE S

While the preceding sections describe several cmbodiments, they are not meant to limit
the scope of the invention in any way. For example, while parlicular embodiments were
described using a dipping method, glass may be coated with a hot salt solution using, for
cxample, a spray method, chemical vapor deposition, or flame spraying, as described above.
Additionally, while the hot-end coating applied to the bottles was described as being tin oxidc,
any number of coatings may be applied 10 the glass. Alternatively, as described above, no
coating need be applied to the glass.

Additionally, the invention was described in terms of sirengthening glass bottles. The
methods of the invention are equally applicable to strengthen all types of gluss articles. It will be

apparent to those skilled in the art that various modifications and variations can bc made in the
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apparatus and methods of the invention withowt departing from their spirit and scope. It shotid
also be noted that true definitions of the terms “strain point temperaturc™ and “annealing point
iemperature” are not to be literaily construed as one of ordinary skill in the art is avare that the
rate of stress release in a glass will dopend on the shear modulus, and therefore the definilions
are merely an approximation. Bach patent and other citation herein is incorporared by rejerence

in itg entirety.
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We claim:
1. A method, comprising the steps of:

forming a glass article from molten glass, the glass having an anmealing point
temperature;

dipping the formed glass article in a molien salt bath, the salt bath comprising polassium
ions whercin the surface temperature of the glass article is a1 least the annealing point
tempoerature of the glass during the dipping siep; ané

maintaining the glass article al a temperature between the strain point tomperamre of the

glass and about 150°C below the strain point temperature for at Jeast abowut five mumutes.

2 The method of claim 1, whercin the surface temperature of the glass article is at least

about 25°C above the annealing point temperature of the glass.

3. The method of claim 1, whercin the glass article i3 dipped in the sali bath for less than

about one minutc.

4, The method of claim 1, wherein the plass amicle is dipped in the salt bath for about 10

seconds or Jess.

5. The method of claim 1, whercin the-glass article is dipped in the salt bath for between

about 0.5 sccond and about 30 seconds.
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6. The method of claim 1, whercin the glass arlicle is dipped in the salt bath for betw

about 3 and abow § scconds.

7. The meihod of claim 1, whorein the salt bath comprises potassium nitrate and potassium

chloride.

8. The method of claim 7, wherein the potussium nitrate is in the range of 40-60 mol% and

the potassiumn chloride is in the range of 40-60 mol%.

9. The method of cluim 1, wherein the salt bath comprises potassium sulfate and potassium

chloride.

10.  The method of claim 1, wherein the sali bath comprises a combination of at Jcast two of

polussium nitrate, potassium chloride, and potassium sulfate.
11.  The method of claim 1, wherein the salt bath compriscs a combination of at least two of

potassium nitrute, potassivm chloride, and potassium sulfate, the combination having a melting

point of at least $50°C.

12.  The method of claim 1, wherein the salt bath hes a temperature of between about 550°C

and about 750°C,
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13.  The method of claim 1, wherein maintaining the glass articlc is at a tempersture beiween

the strain point temperature and about 130°C below the strain point temperature.

14.  The method of claim 1, wherein the strain point temperature is about S30°C.

15.  The mecthed of claim 1, further comprising:

flame polishing the glass article prior to dipping Lae glass article in the salt barh.

16.  Thc method of claim 1, further comprising:
afier the step of maintining, cooling the glass article, removing residual salt from the

glass article and applying a protective sculf resisiant coating to the surface of the glass article.

17.  An apparatus, comprising

a staging area,;

a glass articlc moving means;

a salr bath, the salt bath comprising molten salt. the glass article moving mears being
configured to move the glass article from the staging area and dip the glass article into the salt
bath, the glass article moving means being confligurcd to dip glass articles having a surface
temperatures of at least the annealing point iemperature of the glass, the glass article being
configured to remain in the salt bath for less than about one minute; and

a strengthening lehr, the sirengthening lehr being configured 1o kecp the glass article ala
temperature between the strain point temperature of the glass and about 150°C below the strain

point temperature for at lcast about five misules.
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18.  Theapparatus of claim 17, wherein the glass article moving means is configurcd to dip

the glass article in the salt bath for about 10 seconds or less.

19.  The apparatus of claim 17, wherein the glass article moving means is configured 10 dip

the glass article in the sult bath for between about 0.5second and about 30 scconds.

20.  The apparutus of claim 17, wherein the glass article moving means is configured lo dip

the glass article in the salt bath for betwcen about 3 and about 5 seconds.

21.  The apparatus of claim 17, wherein the sall bath comprises potassium nitrate and

potassium chloride.

22, The apparatus of claim 21, wherein the potassium nitute is in the range of 40-60 mol%

and the potussium chloride is in the range of 40-60 mol%.

23.  The apparatus of claim 17, whercin the salt buth comprises potassium soifate and

potassium chloride.

24,  Themethod of apparatus of claim 17, wherein the salt bath comprises a combination of at

least two of potassium nitrate, potassium chloride, and potassium sulfate.
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25.  The upparatus of claim 17, wherein the salt bath compriscs 4 combination of at Jeast two
of potassium nitrate, potassium chloride, and polassium sulfats, the combination haviag a

melting point of at least 350°C.

26.  The appuratus of claim 17, whercin the strengthcning Ichr is configured to keep the glass
article at a temperature between the strain point temperature of the glass and about 130°C below

tho strain point temperature

27.  The apparatus of claim 17, wherein the strain poinl temporaturc is about $30°C,

28.  The apparatus of claim 17. further comprising:
flame polishing means, the flame polishing means being configured to flame polish the

glass articles.

29.  The apparatus of claim 28, wherein the flame polishing means is a first {lame polishing
means configured to flame polish the sides of the glass article, the apparatus further comprising:
a sccond flame polishing means configured to flame polish the botioms of the glass

articles.

30.  The apparatus of claim 17, further comprising:
a coating mechanism configured to apply a protective scuff resistant coating o the

surface of the ulass article afier the glass article has been removed from the strengthening lehr.

h
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31. A glass manufacturing facility comprising a glass forming machine configured 10
glass articles, and a strengthening lehr, the improvement comprising:

1 salt bath comprising molten suli, the glass articles being dipped into the salt bath for
less then about one minute, the glass anticles having a surface lemperature at least ubovc the
anncaling point temperature of the glass while being dipped in the salt bath; and

a strongtbening lehir, the strengthening lehr being configured to maintain the temperature
of the glass articles at a tempcrature beiween the strain point temperature of the glass and about

150°C below the strain point temperature for at least about five minutes.
32.  The glass manufacturing facility of claim 31, further comprising:
a glass article handling meuns, the glass articic handling means being configured 1o dip

the glass articles in the salt bath.

33.  The glass manufacturing facility of claim 31, wherein the glass articles are dipped in the

salt hath for about 10 seconds or less.

34.  The glass manufacturing facility of claim 31, wherein the glass anicles are dipped in the

salt bath for between about 0.5sccond and abowt 30 seconds.

35.  The apparatus of claim 31, wherein the glass articles are dipped in the salt bath for

between about 3 and about 5 scconds.
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36.  The glass manufacturing facility of claim 31, whorein the salt bath comprises potassium

nitrate and potassium chloride.

37.  The glass manufacruring facility of claim 31, wherein the potassium nitrate is in the range

ol 40-60 mol% and the potussium chloride is in the range of 40-60 mol%.

38.  The glass manufacturing facility of claim 31, wherein the salt bath comprises potassium

sulfatc and potassium chloride.

39.  The glass mamufacturing facility of claim 31, wherein the salt bath comprises a

combination of at least two of potassium mitrate, polassium chloride, and potassium sulfate.

40.  The glass manufacturing facility of claim 31, wherein the sale bath comprises &
combination of at least two of potassium nitruic, potassiun chloride, and potassium sulfate, the

combination having a melting point of at least 550°C.,
41.  The glass manufacturing facility of claim 21 wherein the strengthening lehr is configured
to maintein the glass articles at a temporaiure between the strain point temperature and about

130°C below the strain point temperature.

42,  The glass marmiacturing facility of cluim 31 whercin the strain point temperatare is about
530°C.
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43.  The glass manufacwring facility of claim 31, further comprising:
flame polishing means, the flame polishing means being configured 10 flame polish the

glass articles.

44,  The glass manufacturing facility of claim 43, wherein the flame polishing means is a first
Name polishing means configured to flame polish the sides of the glass article, the apparatus
further comprising:

a sccond Name polishing means configured to flame polish the bottoms of the glass

articles.

45.  Tho glass manufacturing facility of claim 31, further comprising:
a coating mochanism configured to apply a protective scuil resistant coating to the

surface of the glass article after the glass article has been removed from tho strengthening lehr.

46. A method for strengthening a glass article, comprising:

forming the glass article from molien glass, the glass having an anncaling point
temperature;

applying potassium ions to the surface of the glass article, wherein the surface
temperature of the glass article is at Jeast the annealing point temperature of the glass during the
applying step; and

maintaining the glass articlc at a temperature between the strain point temperature of the

glass and about 150°C below the strain point temperature for at least about five minutes.
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47.  The method of claim 46, wherein the stcp of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for less than about 10

scconds.

48.  The method of claim 46, wherein the glass article is dipped in tho salt bath for about 0.5

sccond and about 30 scconds.
49  The method of claim 46, wherein the step of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for beiween about 3

and aboul 5 seconds.

50.  The method of claim 46, whercin the step of applying potassium ions to the surface of the

glass article is accomplished by spraying powssium jons on the surface of the glass article.

51.  The method of claim 50, wherein spraying comprises lame spraying,

52,  Themethod of claim 50, whercin the spraying comprises electrostatic spraying.

53.  Themcthod of claim 50, wherein the spraying slep compriscs power spraying,

54.  The method of claim 46, wherein the step of applying potassium ions to the surface of the

glass article is accomplished by chemical vapor deposition (CVD).
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55.  The method of claim 46, wherein the glass article is al a tempersture of at cast abowr

25°C above the annealing point of the ylass during the applying step.

56. ‘The method of claim 46, whercin the glass articlc is at a lemperature of at Jeast aboul

50°C above the anncaling point of the glass during the applying stop.

57.  The method of claim 46, whercin the surface of the glass article is at a Lemperature of' at

Juast about 80°C above the annealing point ol the glass during the applying step.

§8.  The method of claim 46 wherein maintaining tho glass article is at a temperature beiween

the strain point temperature and about 130°C below the strain point temperaturc.

59.  The method of claim 46 wherein the sirain point temperature is about 530°C.

60.  The method of claim 46, further comprising:
afier the siep of maintaining, applying a protective scuff resistant coating to the surface of

the glass article.

61. A method, comprising:
forming a glass article from molten glass;
dipping the formed glass article in a salt bath, the salt hath comprising potassium ions,

the glass articles being dipped for less than about 30 seconds; and

61



WO 20040194329 PCTIUSIMHIONOT 16

maintaining the glass article al a temperaure between the strain point lemperature of the

glass and sboul 150°C below the strain point lemperature for at least about five minctes.

62.  The mothod of claim 61, wherein the glass articlo is dipped in the salt bath for sbout 20

seconds or lcss.

63. The method of claim 61, wherein the glass article is dipped in the salt bath fer about 10

seconds or less.

64.  Themethod of claim 61, wherein the glass articls is dipped in the salt bath for between

about? and ahout 5 seconds.

65. The method of claim G1, wherein the salt bath comprises potassium pitrate and potassium

chloride.

66. The method of claim 65, whercin the potassium nitrate is in the range of 40-60 mol% and

the potassium chloride is in the range of 40-60 mol%.

67. The method of claim 61, wherein the salt bath comprises poassium sulfate and potassium

chloride.

68.  The method of claim 61, further comprising:

flame polishing the glass aricle prior to dipping the article in the salt bath,
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69.  The method of claim 61, further comprising:
afier the step of maimtaining, applying a protective scuff resistant coating to the surface of

the glass article,

70.  The method of ¢laim G1, wherein the salt bath has a lemperature of between about 550°C

and about 750°C.

71.  The method of cluim 61 wherein maintaming the glass article is at a temperature between

the struin point temperature and about 130°C below the strain point temperature.

72.  The method of claim 61 whercin the strain poini icmperature is about S30°C.

63



WO 2404329

‘ BOTTLE lJ—- ¢

FORRMIMNG:

L1y

ANNEALING | /120

l

|  BOTTLE | 130

TRANSFER

l

HEAT '
TREATMENT !f 140
(100 DEG. C)

!

SALT | /180
APPLICATION
(100 DEG. C)

!
ION EXCHANGE , /~ 160
(460-550 DEG. C)

;

coone /170
|

|

SALT REMOVAL |/~ 180

FIGURE 1

(PRIOR ART)

124

PCTICR2ML/MN9 716

O



-

WO 2M4A94329

BCTTLE Forstie | 510
|
|
Y 1
l 315
FLAME POLISHING .-/
]
320
DIPPING 4
3
HEAT TREATMENT | /330
!
;
/340
COOLING
. |
SALTREMOvAL -/ 3%0

FIGURE 2

y p2

PCT/LS200ANNTI6

L

- =t venm,



Lréiy

£
A\

FLAME POLISHING

Induced Defects (50 micron) on flat plates

30

2.0 -

Ox

1.0
T o0
b
z
% 1.0 -
- O Control

20 0 % CH4-0

o
3.0 - O o x acet-air
U as received
4.0 : a x_ . . —
4.0 45 50 55 8.0
In (Fracture Stress) (MPa)

FIGURE 3 N

GTEFGU/FIOT OAN

QTLOMYHNTS LA



WO 2004/094329

PCT/US2004/009716

HIGH TEMP.
= ———- LOW TEMP.

TIME

'FIGURE 4

HLONINLS

424



WO 2004/094329

p4

PCT/US2004/009716

BOTTLE FORMING |/ 210

l

| FLAME POLISHING

:

SPRAYING |/ 20

HEAT TREATMENT | 2%

h J
COOLING ‘ _/ 250

l

SALT REMOVAL ‘f 260

FIGURE 5

5124



WO 2004054329

120

(ISd) HLONTLS LOVdNI
24

FIGURE 6



UL

Q|| FLAME POLISH
Q|- 731

FIGURE 7

78

TO POST COATING

MACHINE

m\g

T

<

7711  RINSE
LEHR ko
' . :
.
780
1|e1 7!'2 O~
HEAT | !
“STRENGTHENING | " COOLING

6ZETG0/00T OM

91L600/TM00TSI/IOd



WO 2004/094329 PCT/US2004/009716|
....mm m
&4
g
...m.m Y
A5l
2
m Jmm m
g -1
-1 <
= & g Poe)
0 Sg? m
el 8 L
B g R
—0 4m.ﬂ .m U
1. £l 3 O
g 1 g g LL.
0 . m -
3 Bad |~
-
. B
g 58
§
: ¢ g
£ 0 =g°
B . 254
: A
¥



“10088:4: ke

BELT.SPEED.: GO0MM /LN
TRME. .

N2 mm

Py

358715 wat ‘

1624

N
% -

GTEFG0/100T OM

By [mer (e
%l %m EE%W

T

o

L
o
2

| G| emw | owm| om
ZoNec2 ZOND- 3 L T
: B, [0: 50 Qm-sm

FIME:I2MIS [T 1S TR

14825 B m

16353 -

ABFR2H mn

FIGURE 8B

ﬁmmwmsmm



rT0l

phepioe

tp T
POV STWESE ey

»»

"
T ity . s
- . o post .

s ¢ "~
v.(.» [

R0 SeS Yove e

g x> POy X5 st

R o oo o - TN i 4
oAk, - AT L%, gty $T
ey M .,..:é..., gt

g % ';:Ia,g:“ ¥ j."’ tﬁ,:..;_ v'.'" ”

o

49

SZEX60/00T OM

S1L600/S00TST/LDd



WO 2004/094329 PCT/US2004/005716

RESEOTRER

1



e

RUN NO. 1

Pre-heat 1 m @ 510°C; dip 600°C, Flame Polish - Side and Bottom, 4 In/sec, Strengthen 20 m

)

520°C

15

= Annealed
m Strengthened -

1

05

T v T = T T T T
58 58 a = 8.2 6.4 ggM 8.8

)
o

In In [1K1-s8)]

--
o

n

&
o

-35

in (sf)

FIGURE 11

6TET60/100T OM

91L600/H00TSN/L)d



Ul

Pre-heaté m 510°C, dip 830°C, Flame Polish - Side and Bottom, 4 In/sec, Strengthen 20 m @ 520°C

RUN NO. 2

16

1

06

0
6

5.6

58 -] - 82 84

6.8

8

Inin [1X1-af)]

&

P

o
a

36

in (e0)

FIGURE 12

s2

GTET6O/T00T OM

2/
z:mmzsmmd



x4

RUN NO. 3
Pre-heat 6 m @ 550°C, dip 615°C, Strengthen 20 m € 500°C

15

&

Q
th

58 58 ) 82 -~ 04 80

5

InIn [1X1-8t)]

in

kb

)
&

35

n (s

FIGURE 13

6TET60/400T OM

%msmm



tUST

RUN NO. 4
Pre-heat 5 m & 510°C, dip 600°C, Flame Polish - Side and Bottom, 4 Infsec, Strengthen 20 m @ 430°C

15

=— Annssied
» Strengthened - v

6TET60/100T OM

a

&

b

o

8

2 lecadon

Inin [1X1-s1)]
1

1
In(sn

FIGURE 14

9IL600/T00ZSI/LOd



9l

Pre-heat 5 m @ 510°C, dip 800°C, Flame Polish - Side and Bottom, 4 Infssc, Strengthen 20 m @ 520°C

RUN NO. 5

1.8

05

58

B8

tnin [1X1-s1)]

&
in

o

b
tn

in (sf)

FIGURE 15

STETF60/H0T OM

ﬁumsmmu



tuLY

156

0.5

inin [1{1-ef)]

18

35

RUN NO 6
Pre-heat1 m @ 560°C, dip 615°C, Strengthen 20 m @ 500°C
— Ammealad
= Sirengthened - .
5'0 El.l ; - Brz B'A 6'6 6:8

In (o)

FIGURE 16

STET60/T00T OM

/ 91L600/r00TSN/LId



s

RUN NO. 7
Pre-heat 1 m @ 510°C, dip 600°C, Flame Polish - Side and Bottom, 4 In/sec, Strengthen 20m @ 480°C
15
— Annealed
] = Strengthensd - ™
05 ~
o . ' = . .
54 58 58 82 a4 69" (Y]
_ 05 — 3
? —_ [
® —
E ——
5
15 .
-2 n
25
4
35
In (sf)

FIGURE 17

S

6TEF60/1007 OM

/%;mezsmmi



ti/6l

nin[iX1-sf)]

4

RUN NO. 8
Pre-hest 5 m @ 510°C, dip 600°C, Flame Pollsh - Side and Bottom, 4 In/ssc, Strengthen 20 m @ §20°C
15
~ Amaalad
1 =5 = .
05 _ .
0 T r T — T r —
5| 68 68 e 62 84 68 . 68
05 _ ’
=1 — -
18
2
25
a — L ]
35
In (af)

FIGURE 18

G6IET60/T00T OM

% 91L600/100TSNV/LDd



oz

L 4

15

Inin [1X1-81)]

15

25

a6

RUN NO. 9
Pre-heat 5 m @ 550°C, dip 616°C, Strengthen 20 m @ 500°C
= Amnsaled
= Birengthened —_ -
B 58 58 [ 82 — e84 88 85
In (of)

FIGURE 19

4

62Er60/r00T OM

9LL600/T00TSN/LDd

X



ULt

4 ®

RUN NO. 10
Pre-heat 5 m @ 550°C, dip 615°C, Strengthen 20 m @ 500°C
15
— Amealed
] = Btrengthened —
05 — =
— .-
0 T ' — r — '
bl4 58 58 [} - 82 84 - 88 8.8 T
0.6
s - -
] -
E .
& -
B
45
— n
2
25
_a L ]
35
In (o)

FIGURE 20

“

6ZEF60/T00T OM

ﬂ;umoozsmmi



g 44

L J

Weigh. vs. Increased glass streng.h

350 -

300 t

250 . / T ——C

150 +——~<

d lta (psi)
N
o
o

100 s .

50

D I I I
0 2 4 6

Welght of salt on glass (g)

FIGURE 21

e\

SIET6O/T00T OM

% L600/+H00TSO/LDd



ruct

Inin[1/(1-P)]

L J

Exchanges performed at 520C for 20 minutes after dips In elther 48 mol % KNO;-
52 mol % KCI or 45 mol % KNO3~55 mol % KCI

X
. - -
= ] L =
*
[] *
. | S . —ah
45 u h 55 6 6
. b4 5
- & ¥
n A ¥ 4
. :
* X
Be— =
x -
| ¥ -
X #NoAbrasionNoEx
- B 15minAbrasionNo
%48/52
- 45/55
In (or)

FIGURE 22

2

SLET60/T00T OM

9TLG00/T00TSN/LDd



tUrt

Inin[1/(1-R)]
[ ] (-

1
~N

L J

Rods exchanged at 520C for 20 minutes in 26 3 mol % K2504, 73 7 mol %KCI
and 20.2 mol % K2S04, 56 7 mol % KCland 23 1 mol % KNO3.

- X
» Y -
™ ® =
n 'Y -
[ ] ® -
' 45 ; 5,* " ss = 6 & ol
[ ] [ -
¢ -
: . - s
] . - X
X
- — N
- X * NoAbrasionNoEx
= 15minAbrasionNol
n L 3 - x
- X
In (or)

FIGURE 23

6TET60/T00T OM

91L600/100TSN/1LDd



INTERNATIONAL SEARCH REPORT I

/uszoo4/00971q‘ A/

al Application No

GLAZSSIFICATION OF SBJECT WATTER
IPC 7 C03Cz1/00

7\

According 1o imemational Patent Classification (IPC) or 1o both national classification and IPC

B. RELDS SEARCHED

IPC 7 CO03C

Minimum documentation searchad (classificafion system followed by classificalion symbols)

Documentation searched other than minimum documentation to the extant that such documents ane inclzded in the fiekds seerched

EPO-Internal

Electronic data base consulled during the intamational search (name of data base and, where praclical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indicalion, where appropriate, of the relevant passages Relevant to claim No.
X 6B 1 010 164 A (PITTSBURGH PLATE GLASS CO) 1-72
17 November 1965 (1965-11-17)
page 4, 1ine 35 -~ line 68
page 4, line 89 - line 116
page 5, 1ine 58 - line 81
examples I,IV
page 16, line 4
claim 2
figure 1
X GB 1 346 747 A (SAINT GOBAIN) 1-72
13 February 1974 (1974-02-13)
page 2, line 49 - Tine 78
page 2, 1ine 89 ~ line 92
A US 3 938 977 A (GLIEMEROTH GEORG) 7,8,21,
17 February 1976 (1976-02-17) 22,36,
37,65,66
cotumn 4, Tine 57 -~ column 5, line 1

D Furthar decuments are listed in the continuation of box C.

IEI Patent family marmbers are listed in annex.

* Special calegories of clled documents :

*A" document defining the general state of the an which is not
considered to be of particular relevance

‘e aglh;r docurnent but published on or afterthe international

*L' document which may throw doubts on prlority claém(s) or
which is cited to esiablish the publication date of another
ditation or other special reason (as

*Or documant referring to an oral disclosure, use, exhibition or

'T latar documant published afler the Intemational filing date
or prioriy date and not in conflict with the  application but

clled 10 undarstand the principle or theoty underlying the
invention

*X" documen! of padicular relevance; the claimed hwention
cannct be considerad novel or cannol be considared to
involve an iInventive stap when the document is taken alone

°y* document of particular relevance; the clalimed invention

cannot be considered to involve an Invenlive siap when the
document is combined with one or more other such docu—

othvar means mants, such combination being obvious to a person skiled
"B documant published prior 1o the international filing date but in the ar.
kater than the priority dale claimed ‘3" documeni member of the same patent family
Date of the actual campletion of the international search Date of maling of the intamaticnal search reporl
17 September 2004 30/09/2004
Name and malling addrass of the ISA Authorized officar
Eurcpean Patent Office, P.B. 5818 Patentlaan 2
R ot
(+31-70) 3402040, Tx. 31 651 epo ni,
Fax: (+31-70) 3403016 Somann, K

Form PCTASA/21D (second sneet) (January 2004)




R X

o

2 B

1
e SR

LS

(12) SOLICITUD INTERNACIONAL PUBLICADA SEGUN EL TRATADO DE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES (PCT)

{19) Organizacién Mundial de Propledad Intelectual

(43} Fecha de Publicacién Internacional

Oficina Internacional

4 de Noviembre de 2004 (04.11.2004)

PCT

(10) Namero de Publicacién fnternacional

WO 2004/094329 A1

(51) Clasificacién Internacional de Patentes’ C03C 21/00 PUSTUPACK, Dennis [US/US], 560 Waterview Trail,
Alpharetta, GA 30022 (US). LACOURSE, William
. [US/US]; 15 Reynolds Street, Alfred, NY 14802 (US)
(21} No. Sollcitud Internacional: PCT/US2004/009716 . !
(74) agente: BELL, Michael, J. et al.. Howrey Simon
(22) Fecha de Presentacién Internacional: Amoid & White, LLP, 2841 Fairview Park Drive, Box
31 de marzo de 2004 (31.03.2004) 7, Falls Church, VA 22042 (US).
{25) Idloma de Presentacién: Inglés (8%) paises designados (2 menos que se indique lo
contrario para cada clase de profeccion disponible):
{26) Idioma de Publicacidn: Inglés AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 8w,
BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM,
{30) Datos relativos a la Prioridad: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH,.GM, HR,
60/464 356 22 de abril de 2003 (22.04,2003) US HU, ID, iL, IN, 1S, JP, KE, KG, KP, KR, KZ, LC, LK,
No suministrada 31 de marzo de 2004 (31.03.2004) US LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NA NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
(71) Solicitante (pars fodcs los palses deslinatarios con SC, 8D, SE, 8G, SK, St, 8Y, TJ, TM, TN, TR, TT,
excepcion de US). THE COCA-COLA COMPANY TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.
(USMUS]; One Coca-Cola Plaza, N.W., Atlanta, GA
30313 (US). (84) paises designados (2 menos que se indique lo
conlrario para cada clase de profeccion disponible).
{72) Inventores, e
{78) Inventores/Solicitantes (para US tnicamente):
[Contintia en la pégina siguiente}
il
"
- (54) Titulo: METODO Y APARATO PARA ENDURECER VIDRIO
g FORMAGION DE 310
BOTELLAS (57) Extracto: La invencion se refiere a un método y aparato para
! endurecer vidrio. Un método de acuerdo con un aspecto de la
= invencién endurece vidrio aplicando iones de potasio a la superficie
de un articulo de vidrio, estando la superficie a por lo menos la
’ L i temperatura de punto de recocido del vidric y, luego, mantener la
! i /318 temperatura del vidrio entre la temperatura de punto de deformacion
= PULIMENTO A LA del vidrio y alrededor de 150°C por debajo de la temperatura de
- LLAMA punto de deformacién durante ai menos cinco minutos, para facilitar
una reaccion de intercambio ibnico mas eficiente. En una
incorporacion, el articulo de vidrio puede sumergirse en un bafio de
E sal para aplicar los iones. En una incorporaciéon alternativa, los
. articulos de vidrio pueden rociarse con sal de potasio fundida para
= | 320 aplicar los iones. Como resultado de los métodos de la invencion,
— INMERSION los articulos de vidrio tratados pueden endurecerse teniendo un
- esfuerzo superficial incrementado, o pueden contener menos vidrio
= sin variacion en la dureza, comparados con el mismo articulo de
E vidrio no tratado.
ITRATAMIENTO TERMICO | /~ 330
<
N
& o
<t ENFRIAMIENTO
S
2 ‘.
™ ELIMINACION DE aso
- sAL

s



O

WO 2004/094329 A1 | mBmIEERIIDEEN

ARIPO (BW, GH, GM, KE, LS, MW, MZ, 8D, SL, —  Con reivindicaciones comegidas y d\ Gidn
SZ, TZ, UG, ZM, ZW), Eurasidlica (AM, AZ, BY,
KG, KZ, MD, RU, TJ, TM), Europea (AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, Fecha de publicacién del informe de busqueda
HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, S|, SK, internacional:
TR), OAP! (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 27 de enero de 2005
GW, ML, MR, NE, SN, TD, TG).
Para cédigos de dos letras y otras abreviaturas, remitase
a las “Nolas Gula sobre Cddigos y Abreviaturas™ que

Publicado: aparece al comienzo de cada edicién regular del Boletin

con informe intemacional de busqueda Oficial PCT.

AP

— g LG -
- T — " L :
P D S SN TN T S = .- . CorowviatyT AadARgfed  Conl - s
B i a7 e o ‘C-z%:i ; PR R . IR 13.%:;'&%15&5:?&4@\5». - R



L L

s b b

Ao Ay W

Eaieh 2

Pttt S AL C ORI T T “ A R AR A i A b

WO 2004/094329 PCTIUS2004/009716

METODO Y APARATO PARA ENDURECER VID

REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS
La presente solicitud reclama prioridad a la Solicitud Provisional de los
Estados Unidos No. 60/464,356, presentada el 22 de abril de 2003 (nuestra
referencia: 01638.0010.PZUS00), titulada "Métodos y Aparato para
Endurecer Vidrio," y su correspondiente solicitud no provisional (nimero de

serie por asignarse), presentada el 31 de marzo de 2004 (nuestra referencia:

01638.0010.NPUSO02), titulada "Método y Aparato para Endurecer Vidrio,"

cuyos contenidos se incorporan aqui por referencia en su integridad.

CAMPO DE LA INVENCION
Esta invencion se refiere a métodos y a un aparato para endurecer
vidrio. Mas especificamente, la invencidon concierne a métodos de
endurecimiento quimico, en los cuales se éplican iones a articulos de vidrio,

y a un aparato para usar estos métodos en la manufactura de botellas.
ANTECEDENTES DE LA INVENCION

Durante muchos afios la manufactura de botellas de vidrio se ha
automatizado y existen muchas instalaciones para la produccion de botellas
de vidrio, especialmente para las industrias de bebidas no-alcohdlicas y
bebidas alcohdlicas. La manufactura tradicional automatizada de botellas de
vidrio se inicia en un horno de fusién de vidrio. Las materias primas,
incluidos carbonato de calcio, arena (silice), carbonato de sodio y vidrio roto,
por ejemplo, se alimentan al horno de fusidn de vidrio, donde se funden a una
temperatura de aproximadamente 1500°C. La temperatura de fusion
depende de los ingredientes usados en el vidrio. Una corriente de vidrio
fundido sale continuamente del horno, y un alimentador corta la corriente en
bulbos de una cantidad predeterminada de vidrio.

Los métodos de formacion de botellas de vidrio implican a menudo un

paso inicial de formacién y un paso de acabado. El proceso inicial de
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formacion deja caer bulbos individuales de vidrio en un molde de blancos,
donde toman una forma inicial, convirtiéndose en parisones. El paso inicial
del proceso de prensado-y-soplado usa un piston de metal para prensar un
bulbo en un molde de blancos, y el paso inicial del proceso de
soplado-y-soplado utiliza aire comprimido para presionar un bulbo en un
molde de blancos. Los parisones de los pasos iniciales se transfieren luego a
un molde de acabado. Los parisones pueden recalentarse, si es necesario,

antes de aplicar aire comprimido para expandir los parisones y llenar e]

molde de acabado, de manera que el vidrio tome la forma del molde de.

acabado, moldeando asi la forma final de la botella.

Tipicamente, las botellas recién formadas se transportan a través de un
tanel de recocido, en el cual éstas se recalientan y enfrian gradualmente por
el punto de recocido del vidrio. El punto de recocido del vidrio depende de la
composicion del vidrio. Por ejemplo, el punto de recocido puede definirse
como la temperatura a la cual un vidrio liberara 95% de sus esfuerzos en un
término de 15 minutos. Esta definicion puede variar, sin embargo,
dependiendo de la composicion del vidrio y el modulo de corte asociado con
la composicion del vidrio. Para cualquier composicion particular, el punto de
recocido es la temperatura a la cual la viscosidad del vidrio es 10" poise. En
el punto de recocido, se elimina la deformacion en el vidrio en 15 minutos.
Para efectos de ilustracion, el punto de recocido del vidrio de pedemnal es
alrededor de 550°C. Manteniendo las botellas a la temperatura de recocido o
por encima de ella durante un tiempo, la temperatura cerca de la superficie
del vidrio se hace practicamente la misma que la temperatura en el interior.
Esto minimiza el diferencial de temperatura entre el interior y las superficies,
e impide asi que las superficies exteriores se enfrien a una velocidad mas
rapida que el interior. Por consiguiente el recocido reduce en gran medida la
deformacion del vidrio que, de io contrario, resultaria eventualmente. En
ausencia del proceso de recocido, los articulos de vidrio acabados pueden
hacerse afiicos espontaneamente bajo sus propias deformaciones internas. El
vidrio recocido es por lo tanto mucho mas fuerte que el vidrio que se ha

enfriado rdpidamente por su temperatura de recocido en una manera no
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controlada.

La rotura del vidrio ocurre como resuitado de la tension, especialmente
en las superficies, y las fracturas del vidrio se originan tipicamente en las
superficies. Con el propdsito de endurecer articulos de vidrio y, por
consiguiente, reducir la probabilidad de rotura, un enfoque alternativo al
recocido es aumentar uniformemente el esfuerzo compresivo en las
superficies de los articulos de vidrio. El endurecimiento quimico de vidrio es

un proceso mediante el cual iones mas pequefios, en la superficie del vidrio,

se reemplazan por iones mas grandes, con el fin de aumentar el esfuerzo .

compresivo en la superficie del vidrio e incrementar asi su dureza. Muy
tipicamente con vidrios de silice-cal-sosa, los iones de sodio en la superficie
del vidrio se reemplazan con iones de potasio, aunque el sodio puede
reemplazar al litio, y el potasio puede reemplazar tanto al sodio como al litio,

En un método de endurecimiento quimico, un producto de vidrio se
trata con iones intercambiantes por inmersién en un bafio de sal fundida
durante un periodo de tiempo. Por ejemplo, Tabla 1 de la Patente de los
Estados Unidos No. 3,773,489 muestra varios bafios de sal de potasio para
uso en endurecimiento duimico de vidrio, incluidos bafios de KNO,
K;Cr,0,/KCl, donde las temperaturas de los bafios de sal varian desde 525°C
a 625°C, y los tiempos de inmersion del vidrio varian desde 8 horas a 7 dias.
No obstante, tales procesos son poco practicos en un escenario de
manufactura de produccion masiva, porque requieren sumergir lotes de
productos en el bafio de sal fundida durante periodos prolongados,
interrumpiendo en esa forma el flujo suave de una linea de fabricacion tipo
cinta transportadora. La Patente de los Estados Unidos No. 3,751,238
discute un método de endurecimiento quimico, con inmersion en bafio de sal
de potasio, de dos pasos. En el primer paso, un articulo de vidrio se sumerge
en un bafio de sal de KCI/K;SO, durante 20 minutos a 750°C (bien por
encima del punto de deformacién de 581 °C y el punto de recocido de 631
°C). En el segundo paso, el articulo de vidrio se sumerge en un bafio de
KNO; durante 4 horas a 525°C (56°C por debajo del punto de deformacién).

Otros métodos de endurecimiento quimico involucran enfriar articulos
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de vidrio bien por debajo del punto de deformaci6n, antes de aplicar‘el
material de intercambio idnico, tipicamente en la forma de soluciones de
sales saturadas. El punto de deformacion del vidrio es la temperatura del
vidrio por debajo de la cual no puede introducirse una deformacién
permanente, que puede ser la temperatura a la cual la viscosidad es 10'**
poise (10"
los Estados Unidos No. 4,206,253, una vez se han producido y enfriado los

Pa-sec). Por ejemplo, en los procesos descritos en la Patente de

productos de vidrio por debajo de alrededor de 60°C, se aplican soluciones

acuosas de KClL, KNO; y K;80, a alrededor de 75°C a las superficies de los .

productos. Los productos se someten entonces a tratamiento térmico a una
temperatura justo por debajo del punto de deformacion (alrededor de 510°C).

Figura 1 muestra un ejemplo de un proceso de endurecimiento quimico
del arte previo, que utiliza una solucion de sal de potasio para endurecer
articulos de vidrio. Los pasos de moldeo de las botellas 110 y recocido 120
se realizan como se describe anteriormente. EI vidrio se transfiere luego 130
a un proceso secundario, en el cual las botellas se recalientan 140 a una
temperatura de aproximadamente 100°C. Se aplica una solucion de sales 150
a las botellas, las cuales se calientan entonces a la temperatura de intercambio
ionico, es decir, 460-550°C en un tinel de endurecimiento. La temperatura
de intercambio ionico depende de cudnto tiempo se dispone para la reaccion
de intercambio i6nico, lo que a su vez depende de consideraciones practicas
de produccion. Entre mas corto el tiempo disponible para el intercambio
ionico, mas alta debe ser la temperatura de intercambio idnico. Luego del
remojo en caliente a la temperatura de intercambio i6énico 160, las botellas se
dejan enfriar 170 a la temperatura de la sal, tiempo en el cual el
recubrimiento residual, es decir, aquella porcion de la sal, que no ha
contribuido al intercambio iénico en la superficie del vidrio, se retira por
ejemplo con un atomizador de agua a temperatura de la sala. En esta etapa,
los articulos de vidrio se habran enfriado preferiblemente a alrededor de
90°C.

Un propésito del proceso de intercambio ionico es aumentar el

esfuerzo compresivo en la superficie del vidrio sustituyendo iones mds
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pequefios en la superficie del vidrio (por ejemplo, sodio) con iones mas
grandes (por ejemplo, potasio). Si el vidrio se mantuviera luego a la
temperatura de recocido durante un tiempo, el resultado seria que se
mitigaria el esfuerzo compresivo, introducido en la superficie por el
intercambio idnico. Por lo tanto, el tunel de endurecimiento puede estar en
un margen de temperatura de 460-550 °C, dependiendo del tiempo de
intercambio i0nico disponible, basandose en consideraciones practicas de

produccion. Esta temperatura, por ejemplo, puede estar ligeramente por

N et

debajo de la temperatura de recocido, por ejemplo, 525°C. Se requiere un .

equilibrio en este paso de intercambio idnico: Temperaturas mas calientes
aceleran el proceso de intercambio idnico, pero si la temperatura es
demasiado caliente y se acerca a la temperatura de recocido, el esfuerzo
compresivo, introducido por el intercambio i6nico, podria mitigarse por el
relajamiento de la estructura del vidrio.

Refiriéndonos de nuevo a Figura 1,’puede aplicarse una solucion de
sales 150 a las botellas a una temperatura relativamente fria, bien por debajo
de los puntos de recocido y deformacion. Si la temperatura de las botellas es
demasiado elevada durante la aplicacion de una solucion de sales, entonces la
aplicacion de la solucion de sales acuosas se traduce en un enfriamiento
rapido de las botellas, lo cual resulta a menudo en rotura. Luego de la
aplicacion de la solucion, se eleva la temperatura de las botellas con el fin de
acelerar el proceso de intercambio iénico. El método del arte previo adolece
de falta de adaptabilidad a los equipos de manufactura de botellas en linea,
porque requiere que las botellas se enfrien durante un tiempo, con el fin de
evitar fracturas durante la aplicacion de la solucién de sales, y exige el
recalentamiento posterior para la reaccion de intercambio idnico. Estos
pasos adicionales toman tiempo y reducen la eficiencia de la fabricacion de
botellas. Estos procesos, sin embargo, tienen la desventaja de no adaptarse
facilmente a lineas pre-existentes de manufactura de botellas en linea, debido
a los ciclos adicionales de enfriamiento y calentamiento, que las operaciones
de manufactura de botellas estandar no estan equipadas para manejar. Por

consiguiente, cambiar el proceso industrial para incluir, por ejemplo, los

ooy .
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meétodos ya mencionados de endurecimiento de vidrio, puede resultar muy
€OSt0s0.

La Patente de los Estados Unidos No. 4,218,230 se propone divulgar
un método para adaptar el método de intercambio idnico a lineas de
produccion comerciales de alta velocidad. En este método, una solucién
acuosa de fosfato de potasio y fosfato de sodio se rocia sobre articulos de
vidrio a una temperatura entre 200°C y el punto de recocido del vidrio. El
vidrio se mantiene a una temperatura en el margen de 300°C a justamente por
debajo del punto de recocido durante 5 a 30 minutos.

Un método en el cual se aplican sales en polvo a articulos de vidrio en
caliente se describe en la Patente de los Estados Unidos No. 3,791,809. En
este método, una mezcla de una sal con bajo punto de fusiéon, KNO;, y una sal
con alto punto de fusion, K3PO,, se muelen hasta obtener un polvo y se
aplican a la superficie de un articulo de vidrio a una temperatura por encima
del punto de recocido. Las sales con ba}o punto de fusion se funden y
fusionan, adhiriendo la mezcla a la superficie del vidrio. El intercambio
ionico ocurre a una temperatura de por lo menos 200°C, pero preferiblemente
por encima del punto de deformacion del vidrio.

Otro enfoque para impedir la rotura del vidrio es el pulimento a la
llama, que elimina los defectos superficiales tales como pequeiias astillas o
rayaduras, fundiendo los defectos y permitiendo que el vidrio en la zona del
defecto se endurezca alisa(}amente. Por ejemplo, la Patente de los Estados
Unidos No. 4,231,778 describe un método en el cual productos de vidrio
recién formado se dejan enfriar un poco, luego la superficie se somete a
pulimento a la llama, seguido por un periodo de recocido. Existen muchas
patentes que describen aparatos para pulir vidrio a la llama, por ejemplo, las
Patentes de los Estados Unidos No. 4,265,651; 2,422,482; 2,338,841; y
2,331,014.

Subsiste una necesidad en el arte de métodos de manufactura de vidrio
que produzcan articulos de vidrio de alta dureza. Existe una necesidad
relacionada de métodos mejorados de endurecimiento por intercambio

iénico. Hay igualmente una necesidad de métodos de endurecimiento de
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vidrio que puedan adaptarse a los equipos existentes de manufaefurasde

botellas, sin requerir re-equipamiento sustancial de esas instalaciones.

SUMARIO DE LA INVENCION
Esta invencion proporciona métodos de endurecimiento quimico de
articulos de vidrio, que comprenden aplicar una sal a articulos de vidrio a
temperaturas de por lo menos la temperatura de punto de recocido del vidrio

y, luego, mantener el articulo de vidrio a temperaturas elevadas en un tinel.

Las temperaturas elevadas pueden estar, por ejemplo, entre la temperatura ,

del punto de deformacion del vidrio y entre alrededor de 150°C por debajo de
la temperatura del punto de deformacion. El vidrio puede mantenerse a tal
temperatura elevada durante por lo menos alrededor de cinco minutos.
Incorporaciones de la invencioén pueden incluir métodos y un aparato para
pulimento a la llama en combinacion con endurecimiento quimico. Algunas
incorporaciones del aparato de la invencién son adaptaciones de plantas de
fabricacion de botellas existentes para realizar incorporaciones de los
métodos de la invencion.

En un aspecto, la invencion provee un método para endurecer un
articulo de vidrio. El articulo de vidrio puede moldearse de vidrio fundido
usando cualquier proceso de moldeado de vidrio. El articulo de vidrio
moldeado acabado puede pulirse a la llama para fundir y, asi, corregir
cualesquiera imperfecciones superficiales, aumentando al mismo tiempo la
temperatura de la superficie del articulo de vidrio a por lo menos la
temperatura de punto de recocido del vidrio, usada para moldear el articulo.
En una incorporacion, el articulo de vidrio es una botella de vidrio. En otra
incorporacion, el articulo de vidrio se moldea de un vidrio con una
temperatura de punto de deformacion de alrededor de 530°C y una
temperatura de punto de recocido de alrededor de 550°C.

En una incorporacion del método, la sal se aplica en un paso de
sumergir un articulo de vidrio en un bafio de sal fundida, durante menos de
alrededor de un minuto, por ejemplo, alrededor de 0.5 a alrededor de 30

segundos, o preferiblemente alrededor de 3 a alrededdi‘ de 5 segundos. En
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una incorporacion preferida, el bafio de sal fundida comprende nitrato e
potasio y cloruro de potasio en una mezcia equimolar.  Algunas
incorporaciones del bafio de sal incluyen nitrato de potasio y cloruro de
potasio en mezclas de porcentaje molar en el margen de 40 a 60 por ciento, y
otras incorporaciones incluyen mezclas de 40-60% de nitrato de potasio y
40-60% de cloruro de potasio. Otras incorporaciones incluyen bafios de sal
fundidas que comprenden suifato de potasio y cloruro de potasio. Entodavia
otras incorporaciones, el bafio de sal fundida comprende combinaciones de
cualesquiera dos 0 mds de: nitrato de potasio, suifato de potasio, cloruro de
potasio, fosfato de potasio y dicromato de potasio. En una incorporacion, la
temperatura del bafio de sal es mayor que la temperatura de la botella
inmediatamente precedente a la inmersion. En otra incorporacion, las
temperaturas de los bafios de sal fundidas pueden ser superiores a 25°C por
encima del punto de recocido del vidrio. En todavia otra incorporacion, el
baiio de sal puede tener un margen de temfaeratura de entre 550°C y 750°C.

En una incorporacién alternativa, se aplica sal a la superficie de un
articulo de vidrio rociando el vidrio con una solucién que contiene iones de
potasio o una sal de potasio en polvo o fundida, mientras la temperatura
superficial del vidrio esta por lo menos alrededor de 25°C por encima del
punto de recocido del vidrio. Alternativamente, el paso de rociado puede
tener lugar a una temperatura de por lo menos 50°C por encima del punto de
recocido del vidrio o por lo menos 100°C por encima del punto de recocido
del vidrio. En una incorporacion, ia solucion de potasio o sal es fosfato de
potasio (K3P0O;). En otra incorporacion, la solucion de potasio comprende
alrededor de 50% fosfato de potasio en peso y 50% en peso de agua.

El paso de rociado puede ser cualquier pulverizacién convencional
forzando una solucion a través de una tobera, o puede ser pulverizacion a la
llama, pulverizacion electrostatica, o pulverizacion de polvo. Si se utiliza
pulverizacién convencional, pequefias gotas de una solucion de potasio o sal
de potasio contactan el articulo de vidrio caliente, y pueden enfriar
ligeramente la superficie del articulo de vidrio caliente. Si se emplea

pulverizacion a la llama, una sal de potasio en polvb puede alimentarse a
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través de una pistola aspersora de polvo a la llama, donde el polvo se lictia en
el aspersor, y pequefias gotas liquidas de sal de potasio fundida contactan el
articulo de vidrio caliente. Alternativamente, puede aplicarse una solucién
de potasio entre las toberas de pulimento a la llama. Si se usa pulverizacion
electrostatica, pequefias gotas de la solucion de potasio se cargan
eléctricamente y se hacen electrostaticamente atractivas al articulo de vidrio.
Alternativamente, pueden emplearse sales de potasio en polvo en un
atomizador convencional o electrostatico. En todavia otras incorporaciones,
pueden aplicarse sales de potasio por deposicion de vapor quimico.

Luego del paso de aplicar sal a un articulo de vidrio, por inmersion,
pulverizacion, u otro método de aplicacion, los procesos de la invencion
incluyen el paso de tratar térmicamente el articulo de vidrio en un tiinel u otro
aparato de tratamiento térmico. Este paso permite una alta tasa de difusién
de iones de potasio en una superficie del articulo de vidrio, manteniendo la
superficie a una temperatura entre, o incluyéndo, el punto de deformacion del
vidrio y 150°C por debajo del punto de deformaciéon. El vidrio puede
mantenerse a una temperatura elevada durante por lo menos alrededor de
cinco minutos, preferiblemente menos de una hora, mas preferiblemente
entre diez minutos y una hora, o entre quince y veinte minutos.

En otra incorporacion, la invencion provee un aparato para producir un
articulo de vidrio endurecido. Este aparato puede incluir un medio para
producir un articulo de vidrio moldeado. El articulo de vidrio moldeado
puede producirse por cualesquiera medios conocidos por las personas
expertas en el arte, incluidos pero no limitados a procesos de
prensado-y-soplado y soplado-y-soplado. El aparato puede incluir un tanel
de aislamiento térmico luego de la estacion de formacion para minimizar la
pérdida de calor. El aparato puede incluir ademds toberas de pulimento a la
llama para pulir a la llama la superficie del articulo de vidrio para eliminar
desperfectos superficiales y calentar la superficie a una temperatura de por lo
menos alrededor de 25°C por encima del punto de recocido del vidrio. En
una incorporacién, el articulo de vidrio es una botella de vidrio. En una

incorporacion, el articulo de vidrio se forma de vidrio con una temperatura de
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deformacion entre 520°C y 540°C y una temperatura de recocidg ehtre
540°C y 560°C. En otra incorporacién; e} articulo de vidrio se forma de un
vidrio con una temperatura de deformacioén de alrededor de 530°C y una
temperatura de recocido de alrededor de 550°C.

En una incorporacion, el aparato puede incluir ademas un bafio de sal
para sumergir el articulo de vidrio antes del endurecimiento por calor. En
una incorporacion, el bafio de sal fundida es un bafio de sal de potasio, por
ejemplo, un bafio de sal KNQ,/KCl, un bafio de sal K,SO,/KCl, o un bafio de
sal K;SO/KCI/KNO;. En una incorporacidn, el bafio de sal se mantiene a |
una temperatura de por lo menos alrededor de 25°C por encima del punto de
recocido del vidrio.

En otra incorporacion, el aparato puede incluir asimismo toberas de
aspersion para rociar el articulo de vidrio con una solucion que contenga
iones de potasio u otra fuente de potasio. En una incorporacion, las toberas
de aspersion pulverizan la fuente de potasic; sobre la superficie del articulo de
vidrio, mientras que la superficie se mantiene a una temperatura de por lo
menos airededor de 25 °C por encima del punto de recocido del vidrio. En
otra incorporacion, las toberas de aspersion pulverizan el potasio sobre la
superficie del articulo de vidrio, mientras la superficie se mantiene a una
temperatura de por lo menos alrededor de 50°C por encima del punto de
recocido del vidrio. En todavia otra incorporacion, la superficie se rocia
mientras se mantiene a una temperatura de por lo menos alrededor de 100°C
por encima del punto de recocido del vidrio. Las toberas de aspersion pueden
sustituirse por toberas de aspersion a la llama que pulverizan una sal de
potasio en polvo. Alternativamente, las toberas de aspersion pueden
sustituirse por una tobera de aspersion electrostitica que pulveriza una
solucion de potasio. Alternativamente, las toberas de aspersion pueden
sustituirse por una tobera de aspersion de polvo, convencional o
electrostatica. En una incorporacion, la solucion de potasio comprende 50%
de fosfato de potasio en peso y 50% de agua en peso.

Si el aparato tiene medios de inmersién en bafio de sal, medios de

pulverizacion de sal, u otros medios para aplicar sal, el aparato puede incluir
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ademas un tinel de endurecimiento, en donde el tinel de endurecimie}:lta

puede configurarse para mantener el articulo de vidrio a una temperatura
mayor de alrededor de 80°C por debajo del punto de deformacion, y el
articulo de vidrio se mantiene en el tinel de endurecimiento durante por lo
menos alrededor de 45 minutos. Alternativamente, el tanel de
endurecimiento puede mantenerse a una temperatura hasta el punto de
deformacion del vidrio. El articulo de vidrio puede mantenerse en el tinel de
endurecimiento durante un tiempo maximo de 30 minutos.
Alternativamente, el articulo de vidrio puede mantenerse en el tinel de .
endurecimiento durante por lo menos alrededor de 15 minutos para un
endurecimiento con temperatura mas alta. En todavia otra alternativa, el
articulo de vidrio puede mantenerse en el tinel de endurecimiento durante
alrededor de 45 minutos para un endurecimiento con temperatura mas baja.
En otra incorporacion, el articulo de vidrio se mantiene a una temperatura en,
o por debajo del punto de recocido del vidrio durante por lo menos alrededor
de 5 minutos.

Un método preferido de poner en practica la invencion variard de
acuerdo con el tipo de vidrio, debido a diferentes puntos de recocido y puntos
de deformacidn, el peso del vidrio, la forma del envase, etc. Para efectos de
ilustracion, cuando se tiempla una botella de vidrio de pedernal, con disefio
de contorno, de la Compaiiia Coca-Cola de 200 ml con un peso de 165
gramos, €l envase se somete a alrededor de veinte minutos de intercambio
iénico a alrededor de 520 grados Celsius. El vidrio de pedernal tipicamente
usado en tales botellas tiene una temperatura de recocido de 550 grados

Celsius y una temperatura de deformacion de 530 grados Celsius.

BREVE DESCRIPCION DE LOS DIBUJOS
Figura 1 ilustra un método del arte previo de endurecimiento de vidrio;
Figura 2 es un flujograma de un método de acuerdo con una
incorporacion de la invencion;
Figura 3 es un grafico de Weibull, que ilustra los beneficios del

pulimento a la llama;
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Figura 4 es un gréfico dureza vs. tiempo, tanto para un proceso de
endurecimiento de vidrio con intercambio idnico a alta temperatura como
para un proceso de endurecimiento de vidrio con intercambio idnico a baja
temperatura,

Figura 5 es un fluyjograma de un método de acuerdo con una
incorporacion alternativa de la invencion;

Figura 6 un grafico de columnas que compara los beneficios de varios
métodos de endurecimiento de vidrio de acuerdo con una incorporacion de la
invencion;

Figura 7 es una vista en planta de un sistema de endurecimiento de
vidrio de acuerdo con una incorporacion de la invencion;

Figura 8A es un diagrama que ilustra un ejemplo de un tinel de
recocido, usado para comparar los métodos de la presente invencion con los
del arte previo;

Figura 8B es un diagrama que ‘ilustra un tinel ejemplar de
endurecimiento de acuerdo con una incorporacion de la invencion;

Figura 9 es una vista en perspectiva de un mecanismo para sumergir
botellas en un sistema para endurecer botellas de acuerdo con un aspecto de
la invencién;

Figura 10 es una vista en perspectiva de un mecanismo para enjuagar
botellas en un sistema para endurecer botellas de acuerdo con un aspecto de
la invencion;

Figuras 11-20 son graficos de Weibull que ilustran los beneficios de los
métodos ejemplares de endurecimiento quimico de vidrio de acuerdo con
incorporaciones de la invencién, comparados con métodos de
endurecimiento de vidrio del arte previo;

Figura 21 es un grafico del cambio en la dureza del vidrio vs. el peso de
la sal que se adhiere a la botella;

Figura 22 es un grafico de Weibull que demuestra caracteristicas
superiores de dureza de varillas de vidrio manufacturadas por el método de
inmersion de la invencion en bafios de KNOy/KCl; y

Figura 23 es un grifico de Weibull que derﬁuestra caracteristicas
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superiores de dureza de varillas de vidrio, manufacturadas por el método de
inmersion de la invencion en bafios de K;SO4/KCl y K;SO/KCI/KNO;.

DESCRIPCION DETALLADA DE LA INVENCION

Los métodos y aparato de la invencion se refieren a procesos y
dispositivos de manufactura de vidrio. Especificamente, los métodos y
aparato son mejoras a procesos y dispositivos existentes de manufactura de
botellas de vidrio, que permiten la produccion de botellas de vidrio con las
caracteristicas superiores de dureza aportadas por el endurecimiento .
quimico. Algunas incorporaciones no requieren cambios sustanciales a

O equipos existentes de fabricacion de botellas. Los beneficios de usar los
métodos y aparato de la invencion incluyen botelias de dureza mas alta por
peso unitario de vidrio que los métodos del arte previo. Alternativamente,
puede usarse menos vidrio para fabricar botellas de la misma dureza usando
los métodos de la invencién en lugar de utilizar los métodos del arte previo.
Aunque los ejemplos y la descripcion ofrecidos aqui se dirigen a la
manufactura de botellas de vidrio, deberia entenderse que la invencion puede
ser aplicable a cualquier clase de articulos de vidrio, incluidos pero no
limitados a: jarras de vidrio, vasos o copas de vino o cualquier articulo de

(\ vidrio, potes de vidrio y vajillas de vidrio, lentes con formula médica, lentes
reflectivos, fibras opticas y parabrisas para automoviles y ventanas para
edificios, por ejemplo.

Figura 2 es un flujograma de un método de endurecer vidrio de acuerdo
con una incorporacion de la invencion. Los pasos de moldeado de la botella
310 pueden realizarse como se describe anteriormente en la seccion de
antecedentes. No obstante, se ha descubierto que el proceso de formacidn de
botellas soplado-y-soplado puede moldear botellas superiores que el proceso
prensado-y-soplado, porque pueden ocurrir defectos en el interior de las
botellas, causados por el contacto entre el piston y la superficie interior de las
botellas, cuando se usa el método prensado-y-soplado. Estos defectos se
pueden convertir en los puntos débiles en botellas endurecidas por los

métodos de la invencién y, por consiguiente, el prodéso soplado-y-sopiado
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puede ser preferible para la formacién de botellas. No obstante, los métodos
de endurecimiento de la invencion pueden usarse beneficiosamente en
botellas formadas con los procesos prensado-y-soplado y soplado-y-soplado.
Inmediatamente después que se ha formado una botella, su temperatura
estd tipicamente por encima del punto de recocido. En algunas
incorporaciones, las botellas pueden sumergirse entonces en un bafio de sal
fundida 320, una vez se han moldeado. En algunas incorporaciones, las
botellas se pueden pulir a la llama antes de sumergirse en el bafio de sal.
Como se describe con mayor detalle a continuacion, a medida que una botella |
se pasa a través de la seccion de pulimento a la llama de un sistema de
endurecimiento de vidrio de acuerdo con una incorporacion de la invencidn,
las llamas pueden moverse por medios mecanicos perpendiculares a la
direccion de desplazamiento de la boteila. En algunas incorporaciones,
puede usarse un método de pulimento a la llama, de dos pasos. El primer
paso se realiza, por ejemplo, mientras los articulos de vidrio se encuentran
sobre la cinta transportadora. Este paso puede incluir pulimento a la llama de
los lados y las acanaladuras en la parte superior de, por ejemplo, una botella
de vidrio. El segundo paso puede incluir pulir a la llama los fondos de los
articulos de vidrio. Esto puede hacerse levantando los articulos de vidrio de
{a cinta transportadora y pasandolos sobre una llama. E! pulimento a la llama
que incluye este segundo paso puede eliminar defectos en, por ejemplo,
protuberancias (es decir, los pliegues en el fondo de una boteila de vidrio).
Figura 3 ilustra los beneficios que pueden lograrse usando un paso de
pulimento a la llama de acuerdo con una incorporacion de la invencion. Este
grafico se cred usando laminas de vidrio plano, dafiadas con una aguja de
diamante para inducir defectos de 50 micrones. Un juego de laminas se
sometid a pulimento a la llama usando una llama de metano/oxigeno. Un
segundo juego de idminas se sometio a pulimento a la llama usando una
llama de acetileno/aire. Un tercer juego de laminas, las laminas de control,
no se pulieron a la llama. Un cuarto juego de laminas no se rayé para inducir
defectos ni se pulieron a la llama. Las laminas de vidrio se sometieron

entonces a esfuerzo hasta romperse, y se registré el esfuerzo de fractura para
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cada una de las laminas de vidrio.

Figura 3 es un grafico de Weibull que muestra los resultados de estos
ensayos. La abscisa del grafico es una medida de! esfuerzo aplicado y la
ordenada es una medida de la probabilidad de fractura. Las ldminas pulidas a
la llama resistieron aproximadamente tanto esfuerzo como las ldminas sin
defectos inducidos, y fueron superiores en dureza a las laminas de control.
Las laminas pulidas con la llama de metano/oxigeno fueron [igeramente

superiores en dureza a las pulidas con acetileno/aire y las laminas sin

defectos inducidos. Las laminas pulidas con acetileno/aire fueron

ligeramente inferiores en dureza a las laminas sin defectos inducidos.

En algunas incorporaciones de la invencion, la temperatura de las
botellas inmediatamente antes de ser sumergidas en un bafio de sal puede ser
entre, por ejemplo, 500 °C y 600 °C. En una incorporacion alternativa de la
invencion, la temperatura de las botellas puede estar por encima del punto de
recocido del vidrio. En todavia otra ini:orporacién de la invencion, las
botellas pueden estar por lo menos alrededor de 25°C por encima del punto
de recocido del vidrio. En otra incorporacién, la temperatura de las botellas
puede estar entre 510 °C y 590 °C. En todavia otra incorporacion, la
temperatura de las botellas puede estar entre, por ejemplo, 510 °C y 550 °C.
En una incorporacion ejemplar, la temperatura de las botellas
inmediatamente antes de la inmersion en el bafio de sal puede ser de
alrededor de 540°C. El tiempo de inmersiéon puede ser mds corto que los
tiempos de inmersion del arte previo. La temperatura del bafio de sal puede
ser mas alta que la temperatura de la botella. En una incorporacion, la
temperatura del bafio de sal puede estar entre, por ejemplo, 550°C y 750°C.
En una incorporacion ejemplar, el bafio de sal puede estar a una temperatura
de aproximadamente 610 °C. En otra incorporacion, la temperatura del bafio
de sal puede estar a alrededor de 600°C. Como ya se discutid, el arte previo
requiere tipicamente una inmersion durante entre 2 hora a 4 horas. En el
paso 320, sin embargo, las botellas pueden estar inmersas durante menos de
un minuto. Preferiblemente, las boteltlas pueden sumergirse en el baiio de sal

durante entre 0.5 segundos y 30 segundos. En otra‘incérporacién, las botellas
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pueden sumergirse en el bafio de sal durante entre alrededor de 3 segundos y
5 segundos. En otra incorporacion preferida, las botellas pueden sumergirse
durante menos de 10 segundos.

En una incorporaciodn, el bafio de sal fundida puede ser un bafio de sal
de potasio con un punto de fusion por encima de la temperatura del tinel de
endurecimiento, usada durante el paso de tratamiento térmico 330. Una
composicion preferida para el bafio de sal fundida es 45 mol% de nitrato de
potasio (KNQO;) y 55 mol% de cloruro de potasio (KCI). Esta composicion
puede ser liquida a una temperatura de entre 550°C a 750°C, permitiendo asi |
un recubrimiento uniforme de las botellas sumergidas en el bafio mantenido
en este margen de temperatura. Esta composicion es semi-solida a una
temperatura de alrededor de 520°C, permitiéndole asi a la sal permanecer en
su sitio como un recubrimiento uniforme en términos generales en la botella
durante el paso de tratamiento térmico 330, el cual permite un
endurecimiento uniforme en términos genérales e impide la acumulacion de
sal en el tunel de endurecimiento. Otras composiciones apropiadas de bafio
de sal pueden determinarse por las personas de habilidades ordinarias en arte
usando diagramas de fases y experimentacién rutinaria. Por ejemplo, otras
composiciones apropiadas de bafio de sal pueden incluir KCI/KNOy/K,80;.
En general, la composicion de bafio de sal es preferiblemente tal que el bafio
sea liquido a una temperatura de alrededor de 50°C por encima del punto de
recocido del vidrio, y sélido o semi-sélido a la temperatura del tinel de
endurecimiento.

Como se ilustra en Figura 4, la dureza del vidrio luego del proceso de
endurecimiento depende de la temperatura y el tiempo en que se trata el
vidrio. Por lo tanto, hay que transar, cuando se realizan cualesquiera
métodos de endurecimiento de vidrio. Por ejemplo, cuando se endurece
vidrio a una temperatura inferior, el vidrio puede no volverse tan fuerte como
lo seria si el vidrio se tratara a una temperatura elevada tal como, por
ejemplo, la temperatura de recocido del vidrio. No obstante, cuando se trata
vidrio a una temperatura mas elevada, la dureza maxima del vidrio varia mas

dramaticamente con el tiempo y, por consiguiente, puede requerirse ajustar
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las tolerancias en la forma correspondiente.

Por lo tanto, se contempla que la reaccién de intercambio ionico pueda
ocurrir en o por debajo del punto de recocido, a condicion de que la
temperatura se mantenga durante un tiempo menor que, o igual a, alrededor
de 15 a 20 minutos. No obstante, debido a que tanto la reaccion de
intercambio i6nico como el relajamiento, que ocurre en o por encima del
punto de recocido, son procesos dinamicos, puede conseguirse una
desviacion significativa de esta regla general. Por consiguiente, la invencion
no deberia considerarse limitada por cualquier temperatura particular durante
cualquier tiempo particular.

El tiempo y temperatura del paso de tratamiento térmico puede
ajustarse dependiendo de los requerimientos del equipo de produccion,
usandose mayores temperaturas y menores tiempos, cuando sea necesario,
para una produccion mas rapida, y empleandose tiempos mas prolongados de
tratamiento térmico para incrementar atn més la dureza del vidrio tratado.
En otra incorporacion, el articulo de vidrio se mantiene a la temperatura del
punto de deformacion durante tiempos en el margen de 5 a 30 minutos.
Aumentar el tiempo de exposicion a estas temperaturas puede resultar en
durezas decrecientes del articulo de vidrio. A medida que aumenta el tiempo
de exposicion a cualquier temperatura, la dureza del articulo de vidrio puede
incremetarse gradualmente a un valor maximo y, luego, puede decrecer. Este
tiempo de dureza maxima disminuye con incrementos de temperatura.

Las botellas pueden someterse entonces a tratamiento térmico 330 en
un tunel de endurecimiento. Este tratamiento térmico puede acelerar el
proceso de intercambio iOnico. La temperatura del tunel de endurecimiento
es preferiblemente menos de o aproximadamente igual a 150°C menos del
punto de deformacion del vidrio. Més preferiblemente, la temperatura del
tunel de endurecimiento puede fijarse entre alrededor de 130°C por debajo
del punto de deformacion del vidrio. En una incorporacion, la temperatura
del tinel de endurecimiento es aproximadamente mas de 30 °C por debajo de
la temperatura del punto de deformacion del vidrio. Alternativamente, la

temperatura del tinel de endurecimiento es aproximaidamente mas de 10°C
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menos de la temperatura del punto de deformacion del vidrio. En un
incorporacion, el vidrio puede permanecer en el tinel durante un tiempo
entre 15 minutos y 55 minutos. Mas preferiblemente, el vidrio puede
permanecer en el tinel durante un tiempo entre 20 y 50 minutos. En algunas
incorporaciones, dependiendo del tipo de vidrio usado, el vidrio puede
permanecer en el tinel de endurecimiento por ﬁn& duracién de alrededor de
30 minutos. Puede necesitarse procesar botellas mas grandes a velocidades
mas bajas y, por lo tanto, pueden estar en el ttiinel durante periodos de tiempo
mas prolongados. Puesto que pueden estar expuestas durante un periodo de |
tiempo mas prolongado, puede necesitarse reducir la temperatura para
optimizar el proceso de endurecimiento. No obstante, la duracion de la
reaccion de intercambio ionico puede ser mas o menos de esa, dependiendo
de la temperatura seleccionada, como se describe anteriormente con
referencia a Figura 3. Luego del tratamiento térmico 330, las botellas pueden
enfriarse 340, y retirarse la sal 350 en la misma forma que ya se describio.
Como se expondra con detalles adicionales mas adelante con referencia a
Figura 10, el vidrio puede enfriarse lentamente en el tinel.

En un método ejemplar de acuerdo con y en una incorporacion de la
invencidn, articulos de vidrio formados emergen del proceso de formacion de
vidrio a una temperatura de aproximadamente 650°C. La temperatura puede
ser mayor o menor, dependiendo de los procesos y materiales particulares
usados, el disefio de la botella y el espesor de la pared. En una incorporacion,
una cantidad minima de un recubrimiento de 6xido de estafio en la zona
caliente puede aplicarse al articulo de vidrio con un espesor de recubrimiento
de cuaiquiera de entre, por ejemplo, 20 y 45 ctu (unidades de espesor de
recubrimiento). La aplicacion del recubrimiento de dxido de estafio puede
formar una textura en la superficie del vidrio para permitir que el
recubrimiento de la zona enfriamiento, aplicada mas tarde, se adhiera a la
superficie de la botella de vidrio. La unidad de espesor del recubrimiento
asociada con una ctu de 6xido de estafio es alrededor de 4 angstroms. Este
recubrimiento puede aplicarse usando cualquier método conocido en las artes

de manufactura de vidrio, tipicamente en un sitio entre la formacién de la
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botella y la entrada del tinel. Alternativamente, el recubrimiento dé éxido
de estafio puede aplicarse antes del pulimento a la llama de las botellas, si se
usa pulimento a la llama.

Luego de depositar el recubrimiento de 6xido de estafio, el articulo de
vidrio cubierto con 6xido de estafio, en algunas incorporaciones, puede
pulirse a la llama para fundir y corregir cualesquiera imperfecciones
superficiales en el vidrio. Alternativamente, puede emplearse cualquier

velocidad aceptable de pulimento a la llama. El pulimento a la liama puede

aumentar asimismo la temperatura de] articulo de vidrio a alrededor de 25°C |

por encima del punto de recocido del vidrio, o incluso mds en algunas
situaciones. En otra incorporaciéon de la invencion, las botellas no se
recubren con el oxido de estafio. En algunas incorporaciones, después del
pulimento a la llama y la deposicion del recubrimiento de oxido de estafio, la
temperatura de la botella puede ser superior a 550°C.

El endurecimiento quimico puede ocurrir directamente luego de aplicar
el recubrimiento de oxido de estafio o, alternativamente, después del
pulimento a la llama. Para efectuar el endurecimiento quimico, el articulo
puede sumergirse en un bafio de sal. En una incorporacion, las botellas se
sumergen en, por ejemplo, un bafio de sal 50% KNO3/50% KCI que esta a
una temperatura de 610°C durante alrededor de 1 segundo. Luego de la
breve inmersion en el bafio de sal, las botellas pueden transferirse a un tiinel
de endurecimiento que esta a una temperatura de, por ejemplo, entre 480°C y
530°C. En otra incorporacion, las botellas pueden ponerse en un tunel de
endurecimiento, siendo la temperatura del tunel entre, por ejemplo, 490 °C y
520 °C. En incorporaciones alternativas, el tinel de endurecimiento puede
tener una temperatura de punto de ajuste entre alrededor de 150°C menos del
punto de deformacion del vidrio y entre alrededor del punto de deformacion
del vidrio. La temperatura del articulo endurecido puede reducirse en una
seccidén de enfriamiento del tinel durante aproximadamente 25 minutos a
90°C. Después del enfriamiento, el articulo de vidrio se sumerge a
continuacién en un bafio de agua a 90°C durante una duracién

pre-determinada para eliminar el exceso de sal. En una incorporacion, el
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tiempo pre-determinado puede ser, por ejemplo, 6 segundos para eliminilr el
exceso de sal. A continuacion puede eliminarse el exceso de agua utilizando,
por ejemplo, una cortina de aire.

Un recubrimiento de zona de enfriamiento tal como, por ejemplo, un
recubrimiento de estearato o polietileno puede aplicarse al articulo caliente.
Otros recubrimientos de zona de enfriamiento pueden incluir agregar un
recubrimiento de zona de enfriamiento a baja temperatura tal como una cera
de silicona, poletileno, alcohol polivinilico, acido estearico, o acido oleico, o
cualquier recubrimiento de zona de enfriamiento conocido por aquelios enel .
arte de la fabricacion de botellas para proporcionar lubricidad y evitar el

C' rayado de la botella al pasar las lineas de inspeccion y llenado. El articulo
recubierto puede transferirse entonces a una linea de decoracion para aplicar
un recubrimiento decorativo organico de baja temperatura. En una
incorporacion usando un recubrimiento de polietileno, es posible que no se
requiera que el recubrimiento cure. En una incorporacion, puede aplicarse a
la superficie del articulo de vidrio un recubrimiento protector, resistente al
rayado. En una incorporacion alternativa, puede aplicarse un recubrimiento
pos-terminado luego de un proceso de lavado caustico antes del proceso de
envasado de la botella. Este recubrimiento pos-terminado puede ser, por

0o ejemplo, un recubrimiento de polietileno. En el caso de botellas recargables,
estos recubrimientos pueden aplicarse después de cada ciclo de lavado
cdustico. Un ejemplo de un recubrimiento de botella aceptable que puede
utilizarse como un recubrimiento pos-acabado es el Recubrimiento
Anti-Rayaduras Tegoglas 3000+ ofrecido para venta por Atofina.

Debe anotarse que la mayor dureza del vidrio en botellas
manufacturadas usando las técnicas descritas aqui puede permitir que se
emplee menos vidrio, conservando al mismo tiempo una dureza equivalente
de la botella. Por ejemplo, usando un modelo por computador, botellas que
pesan 170 gramos, manufacturadas empleando métodos del arte previo,
pueden reducirse a 110 gramos, conservando simultdneamente la dureza de
las botellas. Debe anotarse ademas que pueden mejorarse los métodos

superiores de endurecimiento de la presente invencion, y reducirse ain mas
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el peso de la botella disefiando botellas que aprovechen las caracteristicas de
alta dureza de las superficies exteriores de las botellas elaboradas por estos
métodos. Pueden disefiarse botellas para sacar provecho de estas
caracteristicas usando modelamiento por computador, por ejemplo, métodos
de anélisis de elementos finitos conocidos por los expertos en el arte.

Figura 5 es un flujograma de un método de acuerdo con una
incorporacion alternativa de la invencion. Los pasos de formacion de la

botella 210 pueden realizarse como ya se describid en la seccién de

antecedentes. Inmediatamente después de que se ha formado una botella, su |

temperatura esta tipicamente por encima del puede tener una temperatura de
aproximadamente 600°C. El proceso de formacion de la botella acarrea
frecuentemente defectos del vidrio, en general por choque térmico por el
contacto con un material mas frio tal como un molde o una placa pasiva.
Estos defectos pueden ser concentradores de esfuerzos y constituyen a
menudo la causa de la baja dureza en las botellas de vidrio.

La botella puede pulirse entonces a la ilama 220 en una manera similar
a la ya descrita con respecto a los métodos de inmersion en bafio de sal. El
pulimento a la llama puede realizarse por cuaiquier método conocido en el
arte. Por e¢jemplo, el pulimento a la llama puede llevarse a cabo pasando la
botella a lo largo de una serie de toberas que despiden un gas combustible,
por ejemplo, aire-metano, oxi-metano, aire-acetileno, u oxi-acetileno.
Pueden agregarse otros componentes tales como humedad a la corriente de la
llama para acelerar el proceso de suavizado de los defectos. El pulimentoala
liama es ttil para realizar cualquiera de los dos 0 ambos de los dos objetivos:
(1) corregir los defectos superficiales en la superficie del vidrio, y (2)
aumentar la temperatura superficial del vidrio a una temperatura que puede
aumentarse mas alla del punto de recocido, minimizando asi cualquier rotura
durante el subsiguiente proceso de pulverizacion descrito a continuacion.

El pulimento a la llama 220 puede efectuarse aplicando la llama a la
botella durante 0.1-10 segundos, preferiblemente desde 0.1-5 segundos.
Muy preferiblemente, la llama se pone en contacto con la superficie de la

botella durante un tiempo suficiente para hacer que cualesquiera grietas
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filosas se fundan y se redondeen. El paso de pulimento a la llama 220 puede
aumentar la temperatura superficial de la botella bien por encima del punto
de recocido del vidrio. En una incorporacion, las botellas pueden calentarse,
por ejemplo, a una temperatura por encima de 650°C. Alternativamente, el
pulimento a la llama 220 puede aumentar la temperatura superficial de las
botellas a entre 550°C y 650°C. Los beneficios del pulimento a la llama ya se
han descrito con referencia Figura 3.

En incorporaciones alternativas de métodos inmersion, pulverizacion,
u otros métodos de aplicacion de sales, en lugar de, o adicional al, pulimento
a la llama, un método de la invencién puede utilizar calentamiento superficial
con microondas para corregir defectos en el vidrio, para introducir esfuerzo
residual superficial controlado, para acelerar el endurecimiento con
intercambio i6nico luego de que se ha rociado una sal, para endurecer por
desalcalinizacion mediante un compuesto de sulfato de amonio aplicado por
pulverizacién, y/o aumentar la temperafura superficial para acelerar un
proceso de endurecimiento subsiguiente de intercambio idnico. El
calentamiento de 1a superficie del vidrio por irradiacién de microondas puede
facilitarse por la aplicacion de un recubrimiento sensible a microondas a la
superficie del articulo de vidrio. Particularmente 0til en reacciones de
intercambio i0nico es un recubrimiento sensible a microondas, que contiene
también iones de potasio intercambiables.

En una incorporacion de la invencion, las botellas pueden rociarse
entonces 230 con una solucion de sal, mientras la temperatura superficial de
la botella es mayor que la temperatura de recocido. En un ejemplo, las
botelias pueden tener una temperatura superficial de entre alrededor de
550°C y 650°C cuando la temperatura de recocido esta alrededor de 550°C.
Preferiblemente, la temperatura superficial del vidrio es lo suficientemente
caliente para que la pulverizacion de la solucién de sal no enfrie el vidrio por
debajo del punto de deformacion (el punto de deformacién puede ser, por
ejemplo, 530°C). Preferiblemente, el disolvente se evapora antes de, o
inmediatamente, en contacto con la superficie de la botella. Un margen

preferido de temperatura es mayor que alrededor de 50°C por encima del

22

N N N O R A T AT — LR —
EERSSOURRIR. P R T S Y AP SR S SR TS ey < TU TS T SRR L TR ﬁ!{?ﬂ; B e e 4 Tt



CIERE ’%ﬁ@éﬁgﬁgﬁg,ég%%@ﬁﬁﬁgw;ﬂ’;.i BBy o ¥ f%@gx%:gmgm Bt e x b o B OCRMER SRS - Ty LRI

o e emekor e o b b it R B AR T S o A A4 v 2ol VI Yo SR TG S AT k) S BT T Tl I e e

WO 2004/094328 PCT/US2004/009716 ﬁ

punto de recocido del vidrio. Un margen alternativo de temperatura es mayor
que alrededor de 50°C por encima del punto de deformacion del vidrio. En
todavia otra incorporacién alternativa, la temperatura de la superficie del
vidrio es cualquier temperatura a la cual el paso de pulverizacion no resulta
en inducir defectos en el articulo de vidrio.

La solucion de sales puede ser cualquier solucién conocida por
aquellas personas expertas en el arte por ser ftiles en el endurecimiento de
vidrio con intercambio idnico. Una solucion de sales preferida es una
solucion acuosa con 50% en peso de fosfato de potasio (K3PO,, anhidro).
Esta solucion es preferida porque una solucion de 50% en peso de fosfato de

(’\ potasio es obtenible a la temperatura de la sal; por consiguiente, seria
| innecesario calentar la solucién. No obstante, una solucion de 62% en peso
de fosfato de potasio puede lograrse a alrededor de 50°C, y tal solucion puede
usarse igualmente en la invencion. Alternativamente, la solucion de sales
puede ser 45% en peso de fosfato de potasio, 10% en peso de fosfato de sodio
(Na3P0Oy,), y el resto puede ser agua. En otra incorporacion, la solucion de
sales comprende una mezcla de sulfato de potasio (K;S0;), cloruro de
potasio (KCl), y nitrato de potasio (KNQO;).

En una incorporacion alternativa, las botellas pueden rociarse a la
llama en lugar de rociarse de una manera convencional. En la incorporacion
del rociado a la llama, una sal en polvo, por ejemplo, sal de fosfato de
potasio, puede pulverizarse sobre la superficie de las botellas. Usando una
incorporacion de pulverizacion a la llama de acuerdo con una incorporacion
de la invencion, se contempla que la cinética de rociado puede aumentarse y
reducirse la rotura con el método de rociado a la llama, porque este método
no requiere que el calor de la botella evapore el agua en la goticula
atomizada. La sal en polvo puede fundirse en una llama para formar un
rociado atomizado fundido, fino. En una incorporacién alternativa, en lugar
de la sal en polvo, el rociado a la llama puede usar una solucion. La llama
puede ser cualquier llama conocida pm" aquellas personas expertas en el arte,
por ejemplo, metano, oxi-metano, acetileno, oxi-acetileno o hidrégeno.

Ejemplos de dispositivos de rociado a la llama que pueden ser tiles para uso
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en la presente invencion incluyen dispositivos divulgados y mencionados en
las Patentes de los Estados Unidos No. 4,674,683 y 5,297,733, o cualquier
otro dispositivo de rociado a la 1lama conocido por las personas expertas en el
arte.

En todavia otra incorporacion alternativa, las botelias pueden rociarse
electrostiticamente. En esta incorporacion, se aplica un potencial eléctrico al
pulverizador, por ejemplo, un potencial negativo, y la botella se conecta a

tierra. Pequeiiisimas gotas de solucion de sales o sales fundidas se cargan

negativamente y se atraen a la botella neutra, proporcionando asi un,

recubrimiento uniforme a la botella. Ejemplos de dispositivos de rociado
electrostitico que pueden ser utiles para uso en la presente invencion
incluyen dispositivos divulgados y mencionados en las Patentes de los
Estados Unidos No. 5,759,271 y 5,704,554, o cualquier otro dispositivo de
rociado electrostatico conocido por las personas expertas en el arte.

Como en los métodos de inmersion &escritos previamente, las botellas
rociadas, pulidas a la 1lama, pueden someterse entonces a tratamiento térmico
240 en un tunel de endurecimiento o cualquier otro entorno apropiado, tal
como un horno. Preferiblemente, el tratamiento térmico se hace a una
temperatura menor que el punto de deformacion del vidrio. Por ejemplo, si el
punto de deformacion es 530°C, el tratamiento térmico en el tinel de
endurecimiento puede estar a una temperatura de punto de ajuste de 510°C
durante 20 a 25 minutos. Como otro ejemplo, el tratamiento térmico en el
tinel de endurecimiento puede ser 520°C durante 15 minutos. No obstante,
otras incorporaciones incluyen tratamiento térmico a una temperatura mayor
de 80°C por debajo del punto de deformacion del vidrio o tratamiento
térmico a una temperatura mayor que el punto de deformacion del vidrio. En
una incorporacion preferida, el tinel de endurecimiento puede tener una
temperatura entre alrededor de 150°C por debajo del punto de deformacidn,;
mas preferiblemente, entre alrededor de 130°C por debajo de la temperatura
del punto de deformacién y entre alrededor de la temperatura del punto de
deformacién del vidrio. En cada una de estas incorporaciones, como se

discute con referencia a Figura 4, hay un equilibriohue tiene que lograrse
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entre acelerar la reaccion de intercambio idnico, que ocurre a temperaturas
mas elevadas, y evitar el relajamiento de la superficie del vidrio, lo cual se
obtiene mejor con temperaturas mas bajas. Por ejemplo, en el punto de
recocido, el relajamiento de la superficie del vidrio ocurre en
aproximadamente 15 minutos.

En una incorporacion preferida, la temperatura del tratamiento térmico
es menor que el punto de fusion de la sal que se rocio sobre la superficie de
las botellas, con el fin de evitar que la sal escurra por las caras de la botella.
Esto impide una distribucion desigual de la sal en la superficie de la botella y, .
por consiguiente, impide un endurecimiento desigual, y evita ademas la

(\ acumulacion de las sales dentro del tinel. La aplicacién de rociado acuoso

- de la sal forma un recubrimiento persistente sobre la botella de vidrio, que no
se elimina facilmente por contacto abrasivo. Una vez las botellas se han
sometido a tratamiento térmico 240, se enfrian 250 y se lavan con agua 260
para eliminar el residuo de sal residual. Otro procesamiento adicional puede
ser la aplicacion de recubrimientos decorativos y la aplicacion de segundos
recubrimientos protectores, como ya se describid.

Figura 6 es un grafico de columnas que compara los beneficios de
varios métodos de endurecimiento -de vidrio, de acuerdo con una
incorporacion de la invencion. Como es evidente en el grafico de Figura 6, el

f“ uso de un método de intercambio i6nico, incluyendo el pulimento a la llama,
puede producir vidrio con una dureza mayor que los métodos de intercambio
ionico y pulimento a la llama, solos. Los experimentos llevados a cabo para
obtener este grafico se describe con mas detalle a continuacion en Ejemplo
12.

Figura 7 es una vista en planta de un sistema de endurecimiento de
vidrio 700 de acuerdo con una incorporacién de la invencién. La maquina
formadora de vidrio 712 recibe las materias primas para elaborar un tipo
particular de vidrio por la entrada/carga 711. La maquina formadora de
vidrio 712 puede configurarse para procesar gotas o bulbos individuales de
vidrio en articulos de vidrio formados, como se describe en los antecedentes.

Articulos de vidrio formados emergen de la méquifla formadora en las
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formas de, por ejemplo, botelias 701. En la misma manera pueden formarse
otros articulos de vidrio, tales como, por ejemplo, potes, jarras y vasos, para
mencionar unos cuantos ejemplos.

Luego que las botellas 701 se extraen de la maquina formadora 712,
pueden monitorearse, y las botellas defectuosas pueden descartarse por la
salida/descarga 713. Después de una inspeccion inicial, las botellas pueden
recubrirse con un recubrimiento en 721. La aplicacion del recubrimiento en

721 puede incluir, por ejemplo, la aplicacion de un recubrimiento de 6xido de

estafio. El recubrimiento de oxido de estafio puede aplicarse en un espesor

de, por ejemplo, entre alrededor de 20 y 45 ctu. En algunas incorporaciones,
el recubrimiento de las botellas 70! es opcional. En todavia otra
incorporacion, las botellas 701 pueden pulirse a la llama antes de aplicar el
recubrimiento de 6xido de estafio en 721.

Una vez concluido el recubrimiento de las botellas 721, las botellas
pueden pasarse por una rueda de transferencia de centro 722 a la cinta
transportadora transversal 730. En la cinta transportadora transversal 730,
las botellas 701 pueden pulirse a ]a llama usando medios de pulimento a la
ltama 731. Los medios de pulimento a la {lama 731 pueden ser cualquier tipo
de aparato de pulimento a la llama, que puede configurarse para utilizarse en
la linea de manufactura industrial. El pulimento a la llama de las botellas es
opcional, pero en algunas incorporaciones puede preferirse debido a los
efectos potencialmente benéficos que el pulimento a la llama tiene sobre la
dureza del producto finai de vidrio. Se ha descubierto que el pulimento a la
llama es especialmente beneficioso para botellas con grandes defectos, que
tienden a debilitar el articulo de vidrio. El pulimento a la llama puede
disminuir sustancialmente el porcentaje de rotura porque el pulimento a la
llama elimina estos defectos grandes, endureciendo asi las botellas que tienen
mas tendencia a romperse debido a las imperfecciones, como ya se describid.
En algunas incorporaciones, las botellas no necesitan que se pulan a la llama
los lados. Por ejemplo, es posible que las botellas de cerveza no necesiten
tener pulidos sus lados en todas las incorporaciones de la invencién. Por lo

tanto una decisién de si pulir o no una botella a la llama puede depender del
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tipo de botella que se esté puliendo.

Una vez que las botellas se han pulido a la llama usando un aparato de
pulimento a la llama 731, las botellas pueden disponerse frente al tunel, de
modo que un medio de traslado del articulo de vidrio 741, tal como, por
ejemplo, un brazo de una maquina roboética, ilustrado por circulos 741 pueda
recoger las botellas de vidrio de un 4drea de operaciones frente al tanel, y
sumergirlas en el bafio de sal 751. Alternativamente, el bafio de sal 751
puede reemplazarse por un mecanismo para rociar las botellas con una
solucion de sales o, alternativamente, un medio para rociar la botella a la
llama. En una incorporacion alternativa, antes de sumergirlas en la solucion
de sales, ias botellas de vidrio 701 pueden desplazarse sobre medios
opcionales de pulimento a la llama 732, de manera que puedan pulirse a la
llama los fondos de las botellas 701. Las botellas pueden pulirse a la llama a
cualquier velocidad aceptable de pulimento a la llama.

Después de que las botellas se han .pulido a la llama usando medios
opcionales de pulimento a la llama 732 y se han sumergido en el bafio de sal
751, las botellas pueden ponerse en el tinel de endurecimiento 760. En una
incorporacion de la invencion, el tunel de endurecimiento puede tener una
seccion de endurecimiento 761 y una seccion de enfriamiento 762.
Alternativamente, puede haber mas de una seccion de endurecimiento 761, y
més de una seccion de enfriamiento 762. Una configuracion ejemplar de
tunel de recocido se ilustra en Figura 8A. En esta incorporacién, hay seis
secciones de recocido y tres secciones de enfriamiento. El tinel de recocido
en Figura 8A se uso para efectuar pruebas de comparacion, como se describe
con respecto a Ejemplo 11, discutido mas adelante, el tunel tradicional de
recocido ilustrado en Figura 8A puede incluir una primera zona con una
temperatura de punto de ajuste de 555°C. Un articulo de vidrio puede
permanecer en cada zona durante, por ejemplo, tres minutos. Una segunda
zona puede tener una temperatura de punto de ajuste de S50°C. Una tercera
zona puede tener una temperatura de pﬁnto de ajuste de, por ejemplo, 540°C.
Una cuarta zona puede tener una temperatura de punto de ajuste de alrededor

de 500°C. Una quinta zona puede tener una temperatura de punto de ajuste
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de 460°C. Una sexta zona puede tener una temperatura de punto de ajuste de
430°C. La séptima, octava, y novena zonas pueden tener temperaturas de
punto de ajuste de 320°C, 200°C y 130°C, respectivamente. Puede usarse
cualquier perfil conocido de temperatura de recocido en comparar los efectos
de mantener las temperaturas de punto de ajuste del tinel por debajo de la
temperatura de los articulos de vidrio y, preferiblemente, entre airededor de
150°C por debajo de la temperatura del punto de deformacion del vidrio y

entre alrededor de la temperatura del punto de deformacion del vidrio. Mas

preferiblemente, 1a temperatura puede estar entre alrededor de 130°C menos ,

de la temperatura del punto de deformacion del vidrio y entre alrededor de la
temperatura del punto de deformacion del vidrio.

Un ejemplo de un tunei de endurecimiento se ilustra en Figura 8B. En
esta incorporacion, existen cinco secciones de endurecimiento y cuatro
secciones de enfriamiento. Un tinel de endurecimiento puede incluir una
primera, segunda, tercera, cuarta y q{xinta zona, cada una con una
temperatura de punto de ajuste de alrededor de 500°C. Una sexta zona puede
tener una temperatura de punto de ajuste de, por ejemplo, 470°C. Las zonas
séptima, octava y novena pueden tener temperaturas de punto de ajuste de,
por ejemplo, alrededor de 320°C, 200°C y 130°C, respectivamente. Pueden
utilizarse otros perfiles de temperatura de endurecimiento en conexioén con
los métodos de la presente invencidn.

Se realizd un nimero de ensayos usando un entorno de fébrica
simulado. Con el fin de simular la linea de produccion, luego de haberse
formado en la maquina formadora 712, las botellas se pre-calentaron. En un
ejemplo, una botella de 200 mL se traté a la llama a 4" por segundo, se
pre-calentd a 500°C durante cinco minutos, se sumergié en un bafio de sal a
615°C, y se endurecid en un tinel 760 durante 20 minutos a 500°C. La
temperatura media de esta botella antes de este tratamiento era de 501 °C y,
después de este tratamiento, era de 451°C. En otro ejemplo, una botella de
200 mL se pulio a la llama a 4" por segundo, y se precalenté durante cinco
minutos a 590°C. La temperatura superficial de la botella antes de los

tratamientos era de 501°C y, luego del tratamiento, era de 525°C. En otro
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ejemplo, una botella de 200mL se pulié a la llama a 4" por segundo, /se
pre-calenté a una temperatura de 500°C durante cinco minutos y se sumergié
en un bafio de sal, estando el bafio de sal a una temperatura de 615°C. La
temperatura de la botella antes de este tratamiento era 496°C, y la
temperatura luego de este tratamiento era 489°C. En todavia otro ejemplo,
una botella de 200 mL se pulié a la llama a 4" por segundo, y se pre-calento
a una temperatura de 500°C. La temperatura de la botella antes del

tratamiento era 494°C y, luego del tratamiento, la temperatura de la botella

era 463°C. En todavia otro ejemplo, una botella de 200 mL se pulio,

Unicamente a la llama a 4" por segundo. La temperatura de la botella antes
del pulimento a la llama era 500°C y la temperatura luego del pulimento a la
llama era 471°C. En otro ejemplo, una botella de 200 mL. se puli6 a la llama
a una velocidad de 4" por segundo, se pre-calentd a una temperatura de
500°C y se endurecié en un tinel 760 durante 20 minutos a 500°C. La
temperatura de la botella antes de este tratamiento era 492°C y, luego del
tratamiento, era 452°C. Todas las temperaturas ya mencionadas son
temperaturas medias de la botella, basadas en mediciones tomadas de por lo
menos tres sitios en la botella.

Un proceso opcional de eliminaci6n de sal en tres pasos (donde cada
uno de los pasos puede usarse solo 0 en combinacién con cualquiera de los
otros pasos) puede comenzar con un primer paso de enjuague por rociado
después de que las botellas salen del tunel 760. Una vez rociadas las botellas
701, pueden moverse por los brazos de la maquina 761 y sumergirse en un
bafio de agua caliente para disolver cualquier sal que quede en las botellas
701. En una incorporacion, luego de sumergirse, las botellas 701 pueden
enjuagarse nuevamente por rociado para eliminar cualquier resto de sal. Una
vez realizados los pasos opcionales de enjuague, las botellas pueden secarse
con, por ejemplo, un chorro de aire. Una vez secadas, las botellas 701
pueden extraerse por la cinta transportadora 790 a una mdaquina de
post-recubrimiento (no ilustrada).

Figura 9 es una vista en perspectiva de un mecanismo para sumergir

botellas en un sistema para endurecer botellas de _acuérdo con un aspecto de
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la invencion. Un brazo mecanico 741 puede configurarse para mover, por
ejemplo, dos hileras de botellas 701 usando elementos de agarre 742. El
brazo mecanico puede entonces sumergir las dos hileras de botellas 701 en el
bafio de sal 751. Las botellas 701 pueden sumergirse en un bafio de sal
durante un periodo de entre, por ejemplo, un minuto o menos.
Alternativamente, las botelias pueden sumergirse durante un tiempo entre
alrededor de 0.5 segundos y entre alrededor de 30 segundos.

Preferibiemente, las botellas pueden sumergirse durante un tiempo entre

alrededor de 3 segundos y 5 segundos. En todavia otra incorporacion ,

preferida, las botellas pueden sumergirse durante un tiempo menos de
alrededor de 10 segundos. Una vez transcurrido un tiempo pre-determinado,
el brazo mecanico 741 puede retirar las botellas 701 del bafio de sal 751. En
una incorporacion de la invencion, los fondos de las botellas 701 pueden
pulirse a la llama. En una incorporacién alternativa, los fondos de las
botellas 701 no se pulen a la liama. ‘

Figura 10 es una vista en perspectiva de un mecanismo para enjuagar
botellas 770 en un sistema para endurecer botellas de acuerdo con un aspecto
de la invencion. El sistema para enjuagar botellas 770 puede incluir un brazo
mecanico 771, con un miembro de agarre 772. En una incorporacion de la
invencion, el miembro de agarre 772 puede configurarse para agarrar dos
hileras de botellas 701 y enjuagarlas en un bafio de agua caliente. En una
incorporacion, el agua en el tanque de enjuagado 780 puede estar a una
temperatura de, por ejemplo, 90 °C. El agua en el tanque de enjuagado 780
puede estar a cualquier temperatura cerca de la temperatura de las botellas
cuando salen del tinel 760, como ya se describié. Luego de enjuagar las
botellas en el tanque de enjuagado 780 durante un periodo de tiempo
pre-determinado, el brazo mecanico 771 puede depositar las botellas
enjuagadas 701 sobre una cinta transportadora 781 para manejo posterior.

En un experimento utilizando todos los procesos de endurecimiento ya
aludidos, excepto por el proceso quimico de intercambio idnico, se tomé la
temperatura media de cinco botellas en varios puntos en el sistema. Las

temperaturas de las botellas de vidrio se tomaron en las siguientes etapas del
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proceso: el bulbo de vidrio ("A"), blanco de vidrio ("B"), desmoldeados
("take outs') ("C"), extremo de la maquina ("D"), antes del recubridor de
zona caliente ("E"), después del recubridor de zona caliente ("F"), en la rueda
de transferencia de centro ("G"), en la entrada del tinel ("H"), y al final del
tinel ("I"). Como ya se menciond, estas mediciones de temperatura se
tomaron sin el pulimento a la llama en la cinta transportadora entre la
méquina formadora 712 y la rueda de transferencia 722, o la rueda de
transferencia 722 y la entrada del tanel ("H") o un proceso quimico de
intercambio ionico o el pulimento a la llama que se usa a la entrada del tunel
"I").

Los resultados representan un promedio de cinco botellas con las
capacidades de botella de 200 mL, una botella de 300 mL, una botella de 330
mL, una botella de 350 mL, y una botella de 1 L. Los resultados para estas
diferentes capacidades de botella en cada uno de los diferentes sitios se

ilustran en Tabla 1.

Punto 200 mL (°C) P00 mL (°C) B30 mL (°C) B50 mL (°C) [1 L (°C)
A 1030.5 1007.3 10388 1016.8 1016.4
B 796.5 740.3 804.7 749.1 776.4
C 687.4 634.1 665.6 6574 622.1
D 683.4 6188 6148 636.2 605.0
E 679.2 618.7 638.5 620.6 604.5
F 673.9 615.3 621.2 630.8 5944
G 637.4 592.8 581.8 570.8 578.0
H 605.3 579.3 561.9 570.9 5714
I 172.5 1474 179.3 145.6 176.4
TABLA 1

La botella de 200 mL tuvo una velocidad de enfriamiento en la zona de
enfriamiento por pulgada °C de 0.38. La velocidad de la cinta transportadora

entre la maquina formadora 712 y la rueda de transferencia 722 era de 34"
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por segundo. La velocidad de la cinta transportadora entre la rueda de
transferencia 722 y la entrada del tinel era de 26" por segundo. La botella de
300 mL tuvo una velocidad de enfriamiento en la zona de enfriamiento por
pulgada °C de 0.29. La velocidad de la cinta transportadora entre la méaquina
formadora 712 y la rueda de transferencia 722 era 21" por segundo. La
velocidad de la cinta transportadora entre la rueda de transferencia 722 y la
entrada del tunel era de 16" por segundo. La botella de 330 mL tuvo una

velocidad de enfriamiento en la zona de enfriamiento por pulgada °C de 0.40.

La velocidad de la cinta transportadora entre ia maquina formadora 712 y la .

rueda de transferencia 722 era 34" por segundo. La velocidad de la cinta
transportadora entre la rueda de transferencia 722 y la entrada del tanel era
25" por segundo. La botella de 350 mL tuvo una velocidad de enfriamiento
en la zona de enfriamiento por pulgada °C de 0.35. La velocidad de 1a cinta
transportadora entre la maquina formadora 712 y la rueda de transferencia
722 era 22" por segundo. La velocidad de la cinta transportadora entre la
rueda de transferencia 722 y la entrada del tanel era 16" por segundo. La
botella de 1 L tuvo una velocidad de enfriamiento en la zona de enfriamiento
por pulgada °C de 0.37. La velocidad de la cinta transportadora entre la
maquina formadora 712 y la rueda de transferencia 722 era 15" por segundo.
La velocidad de la cinta transportadora entre la rueda de transferencia 722 y
la entrada del tinel era 11" por segundo.

Una ventaja de emplear el sistema ya mencionado es que no hay
necesidad de modificacién sustancial a las lineas de produccion para montar
una instalacién de manufactura para fabricar articulos de vidrio usando los
métodos de la presente invencion. Por ejemplo, con la adicién de los medios
de traslado de botellas, asi como, por éjemplo, un bafio de sal o medios de
rociado, pueden utilizarse muchas de las caracteristicas de la presente
invencion. Adicionalmente, puede usarse un tinel de recocido como un tinel
de endurecimiento simplemente modificando las temperaturas dentro del
tanel.  Finalmente, usando la invencion, se puede fabricar vidrio
selectivamente usando cualquiera de los métodos de recocido o los métodos

de la presente invencion, dependiendo de los requerimientos del vidrio a
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ordinaria en el arte, variar el tipo de vidrio utilizado para elaborar articulos de
vidrio empleando cualquiera de los métodos de acuerdo con las varias
incorporaciones de la invencion, puede requerir alguna optimizacion debido
a caracteristicas potencialmente diferentes del vidrio, tales como, por
ejemplo diferentes temperaturas de recocido, diferentes temperaturas de
puntos de deformacion, y diferentes durezas resultantes. La composicion del
vidrio de pedernal usada en los siguientes ejemplos se resume en la siguiente

Tabla 3.

COMPOSICION DEL VIDRIO DE PEDERNAL
OXIDOS COMPOSICION (%)
Si0, 72
Al,O4 1.6
Fe,Oy 0.7
Na20 13
K,0O 0.86
MgO 0.20
CaO . 10
SO, 0.21
BaO 0
Cr,0, 0.0010
TiO, 0.019
SrO 0
i Punto de Recocido 540°C
TABLA 3
EJEMPLO 1

En un primer ejemplo de acuerdo con una incorporacién de la
invencion, se formaron cinco botellas en la maquina formadora y se
recubrieron con un recubrimiento de oxido de estafio en la zona caliente. A
continuacion, las botellas se pulieron a la llama. El recubrimiento de éxido
de estafio tenia un espesor de 40 ctu. Para simular las condiciones, como
podrian ocurrir en una linea real de produccion, las botellas se pre-calentaron
a una temperatura de 510 °C durante un minuto. Una vez pre-calentadas, las
botellas se sumergieron en un bafio de sal. El bafio de sal consistia de 50/50
KCI/KNO; y se mantuvo a una a temperatura de 600 °C. Las botellas se

sumergieron entonces en ¢l bafio de sal durante 1 segundo. El peso promedio
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1.  Un método, que comprende los pasos de:
formar un articulo de vidrio de vidrio fundido, teniendo el vidrio una

temperatura de punto de recocido;

sumergir el articulo de vidrio formado en un bafio de sal fundida,
comprendiendo el bafio de sal iones de potasio en donde la temperatura
superficial del articulo de vidrio es por lo menos la temperatura de punto de

recocido del vidrio durante el paso de inmersién; y

mantener el articulo de vidrio a una temperatura entre la temperatura

del punto de deformacion del vidrio y entre alrededor de 150°C por debajo de
la temperatura del punto de deformacion durante por lo menos alrededor de

cinco minutos.

2. El método de la reivindicacion 1, en donde la temperatura superficial
del articulo de vidrio es por lo menos alrededor de 25°C por encima de la

temperatura de punto de recocido del vidrio.

3. El método de la reivindicacion 1, en donde el articulo de vidrio se

sumerge en ¢l bafio de sal durante menos de alrededor de un minuto.

4. El método de la reivindicacion 1, en donde el articulo de vidrio se

sumerge en el baiio de sal durante alrededor de 10 segundos o menos.

5. El método de la reivindicacion 1, en donde el articulo de vidrio se
sumerge en el bafio de sal durante entre alrededor de 0.5 segundo y entre

alrededor de 30 segundos.
6. El método de la reivindicacion 1, en donde el articulo de vidrio se
sumerge en el bafio de sal durante entre alrededor de 3 y entre alrededor de §

segundos.

7. El método de la reivindicacién 1, en donde el bafio de sal comprende

TR E LT T Fat IR, o I
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nitrato de potasio y cloruro de potasio.

8. El método de la reivindicacion 7, en donde el nitrato de potasio esta en
el margen de 40-60 mol% y el cloruro de potasio esta en el margen de 40-60

mol%.

9. El método de la reivindicacion 1, en donde el bafio de sal comprende

sulfato de potasio y cloruro de potasio.

10. El método de la reivindicacién 1, en donde el bafio de sal comprende
una combinaciéon de por lo menos dos de nitrato de potasio, cloruro de

potasio y sulfato de potasio.

11. El método de la reivindicacion 1, en donde el bafio de sal comprende
una combinacion de por lo menos dos de nitrato de potasio, cloruro de

potasio y sulfato de potasio, teniendo la combinacién un punto de fusion de

por lo menos 550°C.

12. El método de la reivindicacion 1, en donde el bafio de sal tiene una

temperatura de entre alrededor de 550°C y entre alrededor de 750°C.

13. El método de la reivindicacion 1, en donde mantener el articulo de
vidrio esta a una temperatura entre la temperatura del punto de deformacioén y
entre alrededor de 130°C por debajo de la temperatura del punto de

deformacion.

14, El método de la reivindicacion 1, en donde la temperatura del punto de

deformacion es alrededor de 530°C.
15. El método de la reivindicacion 1, que comprende ademas:

pulir a la llama el articulo de vidrio antes de sumergir el articulo de

vidrio en el bafio de sal.
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16. El método de la reivindicacidn 1, que comprende ademas:
después del paso de mantenimiento, enfriar el articulo de vidrio, eliminar la
sal residual del articulo de vidrio y aplicar a la superficie del articulo de

vidrio un recubrimiento protector resistente al rayado

17.  Un aparato, que comprende:

un area de operaciones;

medios de traslado del articulo de vidrio;

un bafio de sal, comprendiendo el bafio de sal fundida, configurandose
los medios de traslado del articulo de vidrio para mover el articulo de vidrio
desde el darea de operaciones y sumergir el articulo de vidrio en el bafio de sal,
configurandose los medios de traslado del articulo de vidrio para sumergir
articulos de vidrio con temperaturas superficiales de por lo menos la
temperatura de punto de recocido del ‘vidi'io, configurandose el articulo de
vidrio para permanecer en ¢l baflo de sal durante menos de alrededor de un
minuto; y

un tunel de endurecimiento, configurandose el tinel de endurecimiento
para mantener el articulo de vidrio a una temperatura entre la temperatura del
punto de deformacion del vidrio y entre alrededor de 150°C por debajo de la

temperatura del punto de deformacién durante por lo menos atrededor de

cinco minutos.

18. El aparato de la reivindicacién 17, en donde los medios de traslado del
articulo de vidrio se configura para sumergir el articulo de vidrio en el bafio

de sal durante alrededor de 10 segundos o menos.

19. El aparato de la reivindicacion 17, en donde los medios de traslado del
articulo de vidrio se configura para sumergir el articulo de vidrio en el bafio
de sal durante entre alrededor de 0.5 segundo y entre alrededor de 30

segundos.

52

T S

Y Taw & FuBoiio. gl



=

w0 p T R e TRTRTCREAD. o B 2 g
o DT A BIERRARL N T AR G s e 0 N T
P - R T I Str AT R 'S

WO 2004/094329 PCT/US2004/009716

20. E! aparato de la reivindicacion 17, en donde ios medios de trasKElao{

articulo de vidrio se configura para sumergir el articulo de vidrio en el bafio

de sal durante entre alrededor de 3 y entre airededor de 5 segundos.

21. El aparato de la reivindicacion 17, en donde el bafio de sal comprende

nitrato de potasio y cloruro de potasio.

22. Elaparato de la reivindicacion 21, en donde el nitrato de potasio estd en

el margen de 40-60 mol% y el cloruro de potasio esta en el margen de 40-60

mol%.

23. El aparato de Ia reivindicacion 17, en donde el bafio de sal comprende

sulfato de potasio y cloruro de potasio.

24. El método de aparato de la reivindicacién 17, en donde el bafio de sal
comprende una combinacion de por lo menos dos de nitrato de potasio,

cloruro de potasio y sulfato de potasio.

25. El aparato de la reivindicacion 17, en donde el bafio de sal comprende
una combinacion de por lo menos dos de nitrato de potasio, cloruro de
potasio y sulfato de potasio, teniendo la combinacién un punto de fusion de

por lo menos 550°C.

26. El aparato de la reivindicacion 17, en donde el tinel de endurecimiento
se configura para mantener el articulo de vidrio a una temperatura entre la
temperatura del punto de deformacion del vidrio y entre alrededor de 130°C

por debajo de la temperatura del punto de deformacion

27. Elaparato de la reivindicacion 17, en donde la temperatura del punto de

deformacion es alrededor de 530°C.

28. El aparato de la reivindicacién 17, que comprende adems:
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medios de pulimento a la llama, configurdndose los medios de

pulimento a la llama para pulir a la llama los articulos de vidrio.

29. El aparato de la reivindicacion 28, en donde los medios de pulimento a
la llama es un primer medio de pulimento a la llama configurado para pulir a
la llama los lados del articulo de vidrio, aparato que comprende ademas:

un segundo medio de pulimento a la llama configurado para pulir a {a

llama los fondos de los articulo de vidrio.

30. El aparato de la reivindicacion 17, que comprende ademas:

un mecanismo de recubrimiento configurado para aplicar un
recubrimiento protector, resistente al rayado, a la superficie del articulo de
vidrio después de que el articulo de vidrio se ha sacado del tinel de

endurecimiento.

31. Una instalacion de manufactura de vidrio que comprende una maquina
formadora de vidrio configurada para formar articulos de vidrio, y un tinel
de endurecimiento, mejora que comprende:

un baflo de sal que comprende sal fundida, sumergiéndose los articulos
de vidrio en el bafio de sal durante menos de alrededor de un minuto,
teniendo los articulos de vidrio una temperatura superficial por lo menos por
encima de la temperatura de punto de recocido del vidrio, mientras estin
siendo sumergidos en el bafio de sal; y

un tinel de endurecimiento, configurandose el tnel de endurecimiento
para mantener la temperatura de los articulos de vidrio a una temperatura
entre la temperatura del punto de deformacidn del vidrio y entre alrededor de
150°C por debajo de la temperatura del punto de deformacidn durante por io

menos alrededor de cinco minutos.

32. El equipo de manufactura de vidrio de la reivindicacion 31, que
comprende ademas:

medios de manipulacién del articulo de vidrio, configurandose los
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medios de manipulacién del articulo de vidrio para sumergir lo§ articulo de

vidrio en el bafio de sal.

33. El equipo de manufactura de vidrio de la reivindicacién 31, en donde
los articulos de vidrio se sumergen en el bafio de sal durante alrededor de 10

segundos o menos.

34, El equipo de manufactura de vidrio de la reivindicacion 31, en donde
los articulos de vidrio se sumergen en el bafio de sal durante entre alrededor.

de 0.5 segundos y entre alrededor de 30 segundos.

35. E!l aparato de la reivindicacion 31, en donde los articulos de vidrio se
sumergen en el bafio de sal durante entre alrededor de 3 y entre alrededor de 5

segundos.

36. Elequipo de manufactura de vidrio de la reivindicacion 31, en donde el

bafio de sal comprende nitrato de potasio y cloruro de potasio.

37. El equipo de manufactura de vidrio de la reivindicacion 31, en donde el
nitrato de potasio esta en el margen de 40-60 mol% y el cloruro de potasio

estd en el margen de 40-60 mol%.

38. El equipo de manufactura de vidrio de la reivindicacion 31, en donde el

bafio de sal comprende sulfato de potasio y cloruro de potasio.

39. Elequipo de manufactura de vidrio de la reivindicacién 31, en donde el
bafio de sal comprende una combinacion de por lo menos dos de nitrato de

potasio, cloruro de potasio y sulfato de potasio.
40. El equipo de manufactura de vidrio de la reivindicacion 31, en donde el

baflo de sal comprende una combinacién de por lo menos dos de nitrato de

potasio, cloruro de potasio y sulfato de potasio, te;nieiido la combinacion un
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41. El equipo de manufactura de vidrio de la reivindicacién 31 en donde el

WO 2004/094329

punto de fusién de por lo menos 550°C.

tunel de endurecimiento se configura para mantener los articulos de vidrio a
una temperatura entre la temperatura del punto de deformacion y entre

alrededor de 130°C por debajo de la temperatura del punto de deformacion.

42. El equipo de manufactura de vidrio de la reivindicacion 31 en donde la

temperatura del punto de deformacion es alrededor de 530°C.

43. El equipo de manufactura de vidrio de la reivindicacion 31, que
comprende ademas:
medios de pulimento a la [lama, configurdndose los medios de

pulimento a la {lama para pulir a la llama los articulos de vidrio.

44, El equipo de manufactura de vidrio de la reivindicacién 43, en donde
los medios de pulimento a la llama es un primer medio de pulimento a la
llama configurado para pulir a la llama los lados del articulo de vidrio,
aparato que comprende ademas:

un segundo medio de pulimento a la ilama configurado para pulir a la

{lama los fondos de 1os articulos de vidrio.

45. El equipo de manufactura de vidrio de la reivindicacion 31, que
comprende ademas:

un mecanismo de recubrimiento configurado para aplicar un
recubrimiento protector, resistente al rayado, a la superficie del articulo de
vidrio después de que el articulo de vidrio se ha retirado del tGnel de

endurecimiento.

46. Un método para endurecer un articulo de vidrio, que comprende:
formar el articulo de vidrio a partir de vidrio fundido, teniendo el

vidrio una temperatura de punto de recocido;
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aplicar iones de potasio a la superficie del articulo de vidrio, en donde
la temperatura superficial del articulo de vidrio es por lo menos la
temperatura de punto de recocido del vidrio durante el paso de aplicacion; y
mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacidn del vidrio y entre alrededor de 150°C por debajo de
la temperatura del punto de deformacién durante por lo menos alrededor de

cinco minutos.

47. Elmétodo de la reivindicacion 46, en donde el paso de aplicar los iones
de potasio a la superficie del articulo de vidrio se ileva a cabo sumergiendo el
articulo de vidrio en un bafio de sal durante menos de alrededor de 10

segundos.

48. El método de la reivindicacion 46, en donde el articulo de vidrio se
sumerge en el bafio de sal durante alrededor de 0.5 segundo y entre alrededor

de 30 segundos.

49. El método de la reivindicacion 46, en donde el paso de aplicar los iones
de potasio a la superficie del articulo de vidrio se lleva a cabo sumergiendo el
articulo de vidrio en un bafio de sal durante entre alrededor de 3 y entre

alrededor de 5 segundos.
50. El método de la reivindicacién 46, en donde el paso de aplicar iones de
potasio a la superficie del articulo de vidrio se lleva a cabo rociando iones de

potasio sobre la superficie del articulo de vidrio.

51. El método de la reivindicacion 50, en donde el rociado comprende

pulverizacion a la llama.

52. El método de la reivindicacion 50, en donde el rociado comprende

pulverizacion electrostatica.
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53.  El método de la reivindicacion 50, en donde el paso de pulverizacion

comprende pulverizacion de polvo.

54. El método de la reivindicacién 46, en donde el paso de aplicar iones de
potasio a la superficie del articulo de vidrio se lleva a cabo por deposicion de

vapor quimico (CVD).

55. El método de ia reivindicacion 46, en donde el articulo de vidrio estd a
una teraperatura de por lo menos alrededor de 25°C por encima del punto de ,

recocido del vidrio durante el paso de aplicacion.

56. El método de la reivindicacion 46, en donde el articulo de vidrio estd a
una temperatura de por lo menos airededor de 50°C por encima del punto de

recocido del vidrio durante el paso de aplicacion.

57. El método de la reivindicacion 46, en donde la superficie del articulo de
vidrio esta a una temperatura de por io menos alrededor de 80°C por encima

del punto de recocido del vidrio durante el paso de aplicacion.

58. El método de la reivindicacion 46 en donde el mantenimiento del
articulo de vidrio estd a una temperatura entre la temperatura del punto de
deformacion y entre alrededor de 130°C por debajo de la temperatura del

punto de deformacion.

59. El método de la reivindicacion 46 en donde la temperatura del punto de

deformacion es alrededor de 530°C.
60. El método de la reivindicacion 46, que comprende ademas:
luego del paso de mantenimiento, aplicar un recubrimiento protector,

resistente al rayado, a la superficie del articulo de vidrio.

61. Un método, ﬁue comprende:
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formar un articulo de vidrio a partir de vidrio fundido; y/

sumergir el articulo de vidrio formado en un bafio de sal,
comprendiendo el bafio de sal iones de potasio, sumergiéndose los articulo de
vidrio durante menos de alrededor de 30 segundos; y

mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacion del vidrio y entre alrededor de 150°C por debajo de
la temperatura del punto de deformacion durante por o menos alrededor de

cinco minutos.

62. El método de la reivindicacion 61, en donde el articulo de vidrio se

sumerge en ¢l bafio de sal durante alrededor de 20 segundos o menos.

63. El método de la reivindicacion 61, en donde el articulo de vidrio se

sumerge en el bafio de sal durante alrededor de 10 segundos o menos.
64. El método de la reivindicacion 61, en donde el articulo de vidrio se
sumerge en el bailo de sal durante entre alrededor de 3 y entre alrededor de 5

segundos.

65. El método de la reivindicacion 61, en donde el bafio de sal comprende

nitrato de potasio y cloruro de potasio.
66. El método de la reivindicacion 65, en donde el nitrato de potasio estd en
el margen de 40-60 mol% y el cloruro de potasio esta en el margen de 40-60

mol%.

67. El método de la reivindicacion 61, en donde el bafio de sal comprende

sulfato de potasio y cloruro de potasio.
68. El método de la reivindicacidn 61, que comprende ademads:

pulirala llama el articulo de vidrio antes de sufhergir el articulo en el
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bario de sal.

69. El método de la reivindicacién 61, que comprende ademas:
luego del paso de mantenimiento, aplicar un recubrimiento protector,

resistente al rayado, a la superficie del articulo de vidrio.

70. El método de la reivindicacion 61, en donde €l bafio de sal tiene una

temperatura de entre alrededor de 550°C y entre alrededor de 750°C.

71. El método de la reivindicacion 61 en donde el mantenimiento del
articulo de vidrio esta a una temperatura entre la temperatura del punto de
deformacion y entre alrededor de 130°C por debajo de la temperatura del

punto de deformacion.

72. Elmétodo de la reivindicacién 61-en donde la temperatura del punto de

deformacidn es alrededor de 530°C.
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AMENDMENT TO THE CLAIMS
We Claim: w v

1. A method, comprising the steps of:

forming a glass article from molten glass, the glass having an annealing point
temperature,

dipping the formed glass article in a molten salt bath, the salt bath comprising potassium
ions wherein the surface temperature of the glass article is at least the annealing point
temperature of the glass during the dipping step; and

maintaining the glass article at a temperature between the strain point temperature of the
glass and about 150°C below the strain point temperature for at least about five minutes, wherein
the glass remains at a temperature greater than the annealing point temperature of the glass from

the forming step to the dipping step.

2. The method of claim 1, wherein the surface temperature of the glass article is at least

about 25°C above the annealing point temperature of the glass.

3. The method of claim 1, wherein the glass article is dipped in the salt bath for about 10

seconds or less.

4. The method of claim 1, wherein the glass article is dipped in the salt bath for between

about 0.5 second and about 30 seconds.

5. The method of claim 1, wherein the salt bath comprises a combination of at least two of

potassium nitrate, potassium chloride, and potassium sulfate.

6. The method of claim 1, wherein the salt bath comprises a combination of at least two of
potassium nitrate, potassium chloride, and potassium sulfate, the combination having a melting

point of at least 550°C.

3%




i A3 b o GeeptMo AR E Lo s Qe Btk sNELAR TH S LSRR IR 4 ek L e d ek - - Rl el L LT

7. The method of claim 1, wherein the salt bath has a temperature of betweeh aboat 550°C
and about 750°C,

8. The method of claim 1, wherein maintaining the glass article is at a temperature between

the strain point temperature and about 130°C below the strain point temperature.

9. The method of claim 1, further comprising;
after the step of maintaining, cooling the glass article, removing residual salt from the

glass article and applying a protective scuff resistant coating to the surface of the glass article.

10.  An apparatus, comprising:

a staging area;

a glass article moving means for moving a glass article after forming of the glass article
and prior to cooling the glass article to a temperature below the annealing point temperature of
the glass article;

a salt bath, the salt bath comprising molten salt, the glass article moving means being
configured to move the glass article from the staging area and dip the glass article into the salt
bath, the glass article moving means being configured to dip glass articles having a surface
temperatures of at least the annealing point temperature of the glass, the glass article being
configured to remain in the salt bath for less than about one minute; and

a strengthening lehr, the strengthening lehr being configured to keep the glass article at
a temperature between the strain point temperature of the glass and about 150°C below the

strain point temperature for at least about five minutes.

11.  The apparatus of claim 10, wherein the glass article moving means is configured to dip

the glass article in the salt bath for between about 0.5 second and about 30 seconds.

12.  The apparatus of claim 10, wherein the glass article moving means is configured to dip

the glass article in the salt bath for between about 3 and about 5 seconds.
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13.  The apparatus of claim 10, wherein the salt bath comprises potassium nitrate in the

range of 40-60 mol% and potassium chloride in the range of 40-60 mol%.

14.  The method of apparatus of claim 10, wherein the salt bath comprises a combination of at

least two of potassium nitrate, potassium chloride, and potassium sulfate.

15.  The apparatus of claim 10, wherein the salt bath comprises a combination of at least two
of potassium nitrate, potassium chloride, and potassium sulfate, the combination having a

melting point of at least 550°C.

16.  The apparatus of claim 10, wherein the strengthening lehr is configured to keep the glass
article at a temperature between the strain point temperature of the glass and about 130°C below

the strain point temperature.
17.  The apparatus of claim 10, wherein the strain point temperature is about 530°C.

18.  The apparatus of claim 10, further comprising:
flame polishing means, the flame polishing means being configured to flame polish the

glass articles.

19.  The apparatus of claim 18, wherein the flame polishing means is a first flame polishing
means configured to flame polish the sides of the glass article, the apparatus further
comprising:

a second flame polishing means configured to flame polish the bottoms of the glass

articles,

20.  The apparatus of claim 10, further comprising:
a coating mechanism configured to apply a protective scuff resistant coating to the

surface of the glass article after the glass article has been removed from the strengthening lehr.

21. A method for strengthening a glass article, comprising:

. A e e
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forming the glass article from molten glass, the glass having an annealing point
temperature;

applying potassium ions to the surface of the glass article before the glass article cools
below the annealing point of the glass following the formation of the glass article, wherein the
surface temperature of the glass article is at least the annealing point temperature of the glass
during the applying step; and

maintaining the glass article at a temperature between the strain point temperature of

the glass and about 150°C below the strain point temperature for at least about five minutes.

22.  The method of claim 21, wherein the glass article is dipped in the salt bath for about 0.5

second and about 30 seconds.

23.  The method of claim 21, wherein the step of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for between about 3

and about 5 seconds.

24.  The method of claim 21, wherein the step of applying potassium ions to the surface of

the glass article is accomplished by spraying potassium ions on the surface of the glass article.

25.  The method of claim 24, wherein the spraying step comprises at least one of power

spraying, electrostatic spraying, and flame spraying.

26.  The method of claim 21, wherein the step of applying potassium ions to the surface of the

glass article is accomplished by chemical vapor deposition (CVD).

27.  The method of claim 21, wherein the glass article is at a temperature of at least about

25°C above the annealing point of the giass during the applying step.

28. The method of claim 21, wherein the glass article is at a temperature of at least about

50°C above the annealing point of the glass during the applying step.
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29.  The method of claim 21, wherein the surface of the glass article is at a temperature of

at least about 80°C above the annealing point of the glass during the applying step.

30. The method of claim 21 wherein maintaining the glass article is at a temperature

between the strain point temperature and about 130°C below the strain point temperature.
31. The method of claim 21, wherein the strain point temperature is about 530°C.

32.  The method of claim 21, further comprising:
after the step of maintaining, applying a protective scuff resistant coating to the surface of

the glass article.
33. A method comprising:

forming a glass article from molten glass;
dipping the formed glass article in a salt bath before the glass article cools below the
annealing point of the glass following the formation of the glass article, the salt bath
comprising potassium ions, the glass articles being dipped for less than about 30 seconds;

and

maintaining the glass article at a temperature between the strain point temperature of

the glass and about 150°C below the strain point temperature for at least about five minutes.

34.  The method of claim 33, wherein the glass article is dipped in the salt bath for about

20 seconds or less.

35. The method of claim 33, wherein the glass article is dipped in the salt bath for about

10 seconds or less.

36.  The method of claim 33, wherein the glass article is dipped in the salt bath for

between about 3 and about 5 seconds.
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37.  The method of claim 33, wherein the salt bath comprises potassium nitrate in the

range of 40-60 mol% and potassium chloride in the range of 40-60 mol%.

38.  The method of claim 33, wherein the salt bath comprises potassium sulfate and

potassium chloride.
39.  The method of claim 61, further comprising:

flame polishing the glass article prior to dipping the article in the salt bath.
40. The method of claim 33, further comprising:

after the step of maintaining, applying a protective scuff resistant coating to the surface

of the glass article.

41.  The method of claim 33, wherein the salt bath has a temperature of between about

550°C and about 750°C.

42,  The method of claim 33, wherein maintaining the glass article is at a temperature

between the strain point temperature and about 130°C below the strain point temperature.

43.  The method of claim 33, wherein the strdin point temperature is about 530°C.
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CORRECCION A LAS REIVINDICACIONES
Reivindicamos:

1.  Un método, que comprende los pasos de:

formar un articulo de vidrio de vidrio fundido, teniendo el vidrio una
temperatura de punto de recocido;

sumergir el articulo de vidrio formado en un bafio de sal fundida,
comprendiendo el bafio de sal iones de potasio en donde {a temperatura
superficial del articulo de vidrio es por lo menos la temperatura de punto de
recocido del vidrio durante el paso de inmersion; y

mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacion del vidrio y entre alrededor de 150°C por debajo
de la temperatura del punto de deformacién durante por lo menos alrededor
de cinco minutos, en donde el vidrio permanece a una temperatura mayor
que la temperatura del punto de recocido del vidrio desde el paso de

formacion hasta el paso de inmersion.

2. El método de la reivindicacion 1, en donde la temperatura superficial
del articulo de vidrio es por lo menos alrededor de 25°C por encima de la

temperatura de punto de recocido del vidrio.

3. El método de la reivindicacién 1, en donde el articulo de vidrio se

sumerge en el bafio de sal durante alrededor de 10 segundos o menos.

4, El método de la reivindicacion 1, en donde el articulo de vidrio se

sumerge en el bafio de sal durante entre alrededor de 0.5 segundo y entre

alrededor de 30 segundos.

5. El método de la reivindicacion 1, en donde el bafio de sal comprende
una combinacidn de por io menos dos de nitrato de potasio, cloruro de

potasio y sulfato de potasio
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6. El método de la reivindicacién 1, en donde el bafio de sal comprende
una combinacion de por lo menos dos de nitrato de potasio, cloruro de
potasio y sulfato de potasio, teniendo la combinacién un punto de fusién de

por lo menos 550°C.

7. El método de la reivindicacion 1, en donde el bafio de sal tiene una

temperatura de entre alrededor de 550°C y entre alrededor de 750°C.

8. El método de la reivindicacion 1, en donde mantener el articulo de
vidrio esta a una temperatura entre la temperatura del punto de deformacion
y entre alrededor de 130°C por debajo de la temperatura del punto de

deformacion.

9.  El método de la reivindicacion 1, qué comprende ademas:
después del paso de mantenimiento, enfriar el articulo de vidrio,
eliminar la sal residual del articulo de vidrio y aplicar a la superficie del

articulo de vidrio un recubrimiento protector resistente al rayado.

10. Un aparato, que comprende:

un area de operaciones;

medios de traslado de articulos de vidrio para trasladar un articulo
de vidrio después de la formacion del articulo de vidrio y antes de enfriar
el articulo de vidrio a una temperatura por debajo de la temperatura de
punto de recocido del articulo de vidrio; ’

un bafio de sal, bafio de sal que comprende sal fundida,
configurdndose los medios de traslado del articulo de vidrio para mover el
articulo de vidrio desde el area de operaciones y sumergir el articulo de
vidrio en el bafio de sal, configurandose los medios de traslado del articulo
de vidrio para sumergir articulos de vidrio con temperaturas superficiales de
por lo menos la temperatura de punto de recocido del vidrio,

configurandose el articulo de vidrio para permanecer en el bafio de sal
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durante menos de alrededor de un minuto; y

un tinel de ~endurecimiento, configurandose el tinel de
endurecimiento para mantener el articulo de vidrio a una temperatura entre
la temperatura del punto de deformacion del vidrio y entre alrededor de
150°C por debajo de la temperatura del punto de deformacion durante por

fo menos alrededor de cinco minutos.

11. El aparato de la reivindicacién 10, en donde los medios de traslado

del articuio de vidrio se configura para sumergir el articulo de vidrio en el .

bafio de sal durante entre alrededor de 0.5 segundo y entre alrededor de 30

segundos.

12. El aparato de la reivindicacién 10, en donde los medios de traslado
del articulo de vidrio se configura para sumergir el articulo de vidrio en el

bafio de sat durante entre alrededor de 3 y entre alrededor de 5 segundos.

13. El aparato de la reivindicacion 10, en donde el bafio de sal comprende
nitrato de potasio en el margen de 40-60 mol% y el cloruro de potasio esta

en el margen de 40-60 mol%.

14. El método de aparato de la reivindicacién 10, en donde el baiio de
sal comprende una combinacion de por lo menos dos de nitrato de

potasio, cloruro de potasio y sulfato de potasio.

15. EIl aparato de la reivindicacion 10, en donde el bafio de sal
comprende una combinacion de por lo menos dos de nitrato de potasio,
cloruro de potasio y sulfato de potasio, teniendo la combinacion un

punto de fusién de por lo menos 550°C.

16. El aparato de la reivindicacion 10, en donde el tunel de
endurecimiento se configura para mantener el articulo de vidrio a una

temperatura entre la temperatura del punto de defprrriﬁcién del vidrio y
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entre alrededor de 130°C por debajo de la temperatura del punto de

deformacion

17. El aparato de la reivindicacién 10, en donde la temperatura del

punto de deformacion es alrededor de 530°C.

18. El aparato de la reivindicacién 10, que comprende ademés:
medios de pulimento a la llama, configurindose los medios de

pulimento a la llama para pulir a la llama los articulos de vidrio.

19. El aparato de la reivindicacion 18, en donde los medios de
pulimento a la llama es un primer medio de pulimento a la llama
configurado para pulir a la llama los lados del articulo de vidrio, aparato
que comprende ademas:

Un segundo medio de pulimento a la llama configurado para pulir

a la llama los fondos de los articulo de vidrio.

20. El aparato de la reivindicacion 10, que comprende ademas:

un mecanismo de recubrimiento configurado para aplicar un
recubrimiento protector, resistente al rayado, a la superficie del articulo
de vidrio después de que el articulo de vidrio se ha sacado del tinel de

endurecimiento.

21. Un método para endurecer un articulo de vidrio, que comprende:

formar el articulo de vidrio a partir de vidrio fundido, teniendo el
vidrio una temperatura de punto de recocido;

aplicar iones de potasio a la superficie del articulo de vidrio antes de
que el articulo de vidrio se enfrie por debajo del punto de recocido del
vidrio luego de la formacion del articulo de vidrio, en donde la temperatura
superficial del articulo de vidrio es por lo menos la temperatura de punto de
recocido del vidrio durante el paso de aplicacion; y

mantener el articulo de vidrio a una temperatura entre la temperatura

|



o RS o IR RETRRTES o DE VAR T e BT el e Y : AT LT
e . - s s LY Ao otgh - FE i

L g

B e E LT

del punto de deformacion del vidrio y entre alrededor de 150°C por debajo
de la temperatura del punto de deformacion durante por lo menos alrededor

de cinco minutos.

22. El método de la reivindicacion 21, en donde el articulo de vidrio se
sumerge en el bafio de sal durante alrededor de 0.5 segundo y entre

alrededor de 30 segundos.

23. El método de la reivindicacion 21, en donde el paso de aplicar los .

jones de potasio a la superficie del articulo de vidrio se lleva a cabo
sumergiendo el articulo de vidrio en un bafio de sal durante entre alrededor

de 3 y entre alrededor de 5 segundos.

24. El método de la reivindicacion 21, en donde el paso de aplicar iones
de potasio a la superficie del articulo de vidrio se lleva a cabo rociando

iones de potasio sobre la superficie del articulo de vidrio.

25. El método de la reivindicacion 24, en donde el paso de rociar
comprende por lo menos pulverizacion de polvo, pulverizacion

electrostatica, y pulverizacion a la llama.

26. El método de la reivindicacion 21, en donde el paso de aplicar iones
de potasio a la superficie del articulo de vidrio se lleva a cabo por

deposicion de vapor quimico (CVD).

27. El método de la reivindicacion 21, en donde el articulo de vidrio esta a
una temperatura de por lo menos alrededor de 25°C por encima del punto

de recocido del vidrio durante el paso de aplicacion.

28. Eilmétodo de la reivindicacion 21, en donde el articulo de vidrio esta a
una temperatura de por lo menos alrededor de 50°C por encima del punto

de recocido del vidrio durante el paso de aplicacion.
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29. El método de la reivindicacién 21, en donde la superficie del articulo
de vidrio estd a una temperatura de por lo menos alrededor de 80°C por

encima del punto de recocido del vidrio durante el paso de aplicacion.

30. El método de la reivindicacion 21 en donde el mantenimiento del
articulo de vidrio estd a una temperatura entre la temperatura del punto de
deformacion y entre alrededor de 130°C por debajo de la temperatura del

punto de deformacion.

31. El método de la reivindicacion 21 en donde la temperatura del punto

de deformacion es alrededor de 530°C.

32. El método de la reivindicacion 21, que comprende ademas:

luego del paso de mantenimiento, aplicar un recubrimiento protector,

resistente al rayado, a la superficie del articulo de vidrio.

33. Un método, que comprende:

formar un articulo de vidrio a partir de vidrio fundido;

sumergir el articulo de vidrio formado en un bafio de sal antes de que
el articulo de vidrio se enfrie por debajo del punto de recocido del vidrio
luego de la formacion del articulo de vidrio, comprendiendo el bafio de sal
iones de potasio, sumergiéndose los articulo de vidrio durante menos de
alrededor de 30 segundos; y

mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacion del vidrio y entre alrededor de 150°C por debajo
de la temperatura del punto de deformacion durante por lo menos alrededor

de cinco minutos.

34. El método de la reivindicacién 33, en donde el articulo de vidrio se

sumerge en el bafio de sal durante alrededor de 20 segundos o menos.
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35. EI método de !la reivindicacion 33, en donde el articulo de vidrio se

sumerge en el bafio de sal durante alrededor de 10 segundos o menos.
36. El método de la reivindicacion 33, en donde el articulo de vidrio se
sumerge en el bafio de sal durante entre airededor de 3 y entre alrededor de

5 segundos.

37. El método de la reivindicacion 33, en donde el nitrato de potasio esta

en el margen de 40-60 mol% y el cloruro de potasio esta en el margen de .

40-60 mol%.

38. El método de la reivindicacion 33, en donde el bafio de sal comprende

sulfato de potasio y cloruro de potasio.

39. El método de la reivindicacion 33, qile comprende ademas:
pulir a la llama el articulo de vidrio antes de sumergir el articulo en el
bafio de sal.

40. El método de la reivindicacion 33, que comprende ademas:
luego del paso de mantenimiento, aplicar un recubrimiento protector,

resistente al rayado, a la superficie del articulo de vidrio.

41. El método de la reivindicacién 33, en donde el bafio de sal tiene una

temperatura de entre alrededor de 550°C y entre alrededor de 750°C.

42. El método de la reivindicacién 33 en donde el mantenimiento del
articulo-de vidrio estd a una temperatura entre la temperatura del punto de
deformacion y entre alrededor de 130°C por debajo de la temperatura del

punto de deformacion.

43. El método de la reivindicacién 33 en donde la temperatura del punto

de deformacién es alrededor de 530°C.

149




LN -l

PATENT COOPERATION TRF

PCT

NOTIFICATION CONCERNING
TRANSMITTAL OF COPY OF INTERNATIONAL
APPLICATION AS PUBLISHED OR REPUBLISHED

WO 2004/094329

Y

From the INTERNATIONAL BUREAU

PCT/US2004/009716

150

To: )

BELL, Michael, J.

Howrey Simon Amold & White, LLP
2941 Fairview Park Drive, Box 7
Falis Church, VA 22042

ETATS-UNIS D'AMERIQUE
Date of mailing (davimonth/year)
27 January 2005 (27.01.2005)
Applicant's or agent's file reference
1638.10.PC00 IMPORTANT NOTICE
Intemational applicaiion No. Intenational filing date {dav/monti/year) Priority dale (day/month/year)
PCT/US2004/009716 31 March 2004 (31.03.2004) 22 April 2003 (22.04.2003)
Applicant

THE COCA-COLA COMPANY et al

[l

No. WO

No. WO 2004/094329

The International Bureay transmits herewith the following docaments:

copy of the international application as published by the Internaticnal Burean on under

copy of international application as republished by the International Bureau on 27 January 2005 (27,01.2005) under

For an explanation as to the reason for this republication of the international application, reference is made to INID codes (15), (48)
or (88) (as Hhe case may be on the front page of the attached document.

4]

FEB G 3 4

GOWREY & Sy

The Imemalional Burea: of WIPO
34, chermnin des Colombentes
121} Geneva 20, Switzerland

Facsimile No.+41 22 740 14 35

Authorized officer
Athina Nickitas-Etienne

Facsimile No.+4122 338 89 95

Form PCT/IB/311 (Jannary 2004)




wO 2004/094329 A1 |0 BN DA 00 0 T 0 0 G0

{12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION

AS.T7 09,

‘

ATY WPCT)

(10) International Publicalion Number

WO 2004/094329 Al

(19) World InteBectual Property 2
Organization 42 G
Intemational Burean ROMPIE
LA
{(43) International Publication Daile
4 November 2004 (04.11.2004) PCT
(51) International Patent Classification’ C03C 21/00
(21) nternational Application Number:
PCT/US2004/0097 L6
(74)
(22) Intcrnational Filing Date: 31 March 2004 (31.03.2004)
{25) Filing Language: English 1)
{26) Publication Language: English
(30) Priority Data:
60/464,356 22 April 2003 (22.04.2003) US
Not furnished 3i March 2004 (31.03.2004) US

(71) Applicanl (for all designated States except US): THE
COCA-COLA COMPANY (US/US). Ore Coca-Cola
Plaza, N.W,, Atlanta, GA 30313 (US).

{72) Inventors;and

{(75) Inventors/Applicants (for US only): POSTUPACK,

(84)

Dennis [US/US]; 560 Waterview Trail, Alpharetta,
GA 30022 (US). LACOURSE, Willlam [US/US); 15
Reynolds Street, Alfred, NY 14302 (US).

Agents: BELL.,, Michael, J. et al.; Howrey Simon Amold
& White, LLP, 2941 Fairview Park Drive, Box 7, Falls
Church, VA 22042 (US).

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, Fl,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, 8C, SD, SE, 8G, SK. SL, 5Y, TI,T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated. for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR STRENGTHENING GLASS

BoTNE FORMING - 10

| /315

(57) Abstract; The invention relates to a method and apparatus for strengthening glass. A
method acconding to one aspect of the invention strengthens glass by applying potassium
jons to the surface of a glass article with the surface being 21 Jeast the annealing point tem-
perature of the glass and then keeping the temperature of the glass between the strain point
temperature of the glass and about 150°C below the strain point temperature for at least
+ about five minultes to facilitate a more efficient ion-exchange reaction. In one embodiment,
the glass articles may be dipped in a salt bath to apply the ions. In an altemative embod-
jment, the glass articles may be sprayed with molten potassium sait 1o apply the jons. As
a result of the methods of the invention, the treated glass articles may be strengthened by
having an increased surface stress or may contain less glass with no change in strength as
compared to the same untreated glass article.

S|




e RS st A

.

WO 2004/094329 Al

LI LR L LT

GM, KE, LS, MW, MZ, SD, SL, 8Z, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, F1, FR,
GE, GR, HU, [E, IT. LU, MC, NL, PL, PT, RO, 8E, S, 8K,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, 8N, TD, TG).

Published:

with international search report

with amended claims and statement

Daie of publication ol the amended claims and statement:
27 January 2005

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 Gazerte.




VP B Y ey 7 N

- i b . S .
v 4 eyt AR o 0 AR Gk S e Y 00 3 QU % e e 370 W aps a0 s e Gl wrEsde e

WO 2004/094329 PCT/U 9716

AMENDED CLAIMS
received by the International Bureau on 30 November 2004 (30.11.04): original claims 1 ta 72 have been
replaced by amended claims ] to 72.

CLAIMS
We claim:
1. A method, comprising the steps of:

forming a glass article from molten glass, the glass having an annealing point
temperature;

dipping the formed glass article in a molten salt bath, the salt bath comprising potassium
ions wherein the surface temperature of the glass article is at least the annealing point
temperature of the glass during the dipping step; and

maintaining the glass article at a temperature between the strain point temperature of the
glass and about 150°C below the strain point temperature for at least about five minutes, wherein
the glass remains at a temperature greater than the annealing poin{ temperature of the glass from

the forming step to the dipping step.

2, The method of claim 1, wherein the surface temperature of the glass article is at least

about 25°C above the annealing point temperature of the glass.

3. The method of claim 1, wherein the glass article is dipped in the sait bath for less than

about one minute.

4, The method of claim 1, wherein the glass article is dipped in the salt bath for about 10

seconds or less.
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5. The method of claim 1, wherein the glass article is dipped in the salt bath for between

about (0.5 second and about 30 seconds.

6. The method of claim 1, wherein the glass article is dipped in the salt bath for between

about 3 and about 5 seconds.

7. The method of claim 1, wherein the salt bath comprises potassium nitrate and potassium

chloride.

8. The method of claim 7, wherein the potassium nitrate is in the range of 40-60 mol% and.

the potassium chloride is in the range of 40-60 mol%.

9. The method of ¢laim 1, wherein the salt bath comprises potassium sulfate and potassium

chloride.

10.  The method of claim 1, wherein the salt bath comprises a combination of at least two of

potassium nitrate, potassium chloride, and potassium sulfate.

11.  The method of claim 1, whercin the salt bath comprises a combination of at least two of
potassium nitrate, potassium chloride, and potassium sulfate, the combination having a melting

point of at least 550°C.
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12 The method of claim 1, wherein the sait bath has a temperature of between about

and about 750°C,

13, The method of claim }, wherein maintaining the glass article is at a temperature between

the strain point temperature and about 130°C below the strain point temperature.

14.  The method of claim 1, wherein the strain point temperature is about 530°C.

15.  The method of claim 1, further comprising:

flare polishing the glass article prior to dipping the glass article in the salt bath,

16.  The method of claim 1, further comprising:
after the step of maintajning, cooling the glass article, removing residual salt from the

glass article and applying a protective scuff resistant coating to the surface of the glass article.

17.  An apparatus, comprising;

a staging area;

a glass article moving means for moving a glass article after forming of the glass article
and prior to cooling the glass article to a temperature below the annealing point temperature of
the glass article;

a salt bath, the salt bath comprising molten salt, the glass article moving means being
configured to move the glass article from the staging area and dip the glass article into the salt

bath, the glass article moving means being configured to dip glass articles having a surface
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temperatures of at least the annealing point temperature of the glass, the glass article being
configured to remain in the salt bath for less than about one minute; and

a strengthening lehr, the strengthening lehr being configured to keep the glass article at a
temperature between the strain point temperature of the glass and about 150°C below the strain

point temperature for at least about five minutes.

18.  The apparatus of claim 17, wherein the glass article moving means is configured to dip

the glass article in the salt bath for about 10 seconds or less.

19.  The apparatus of claim 17, wherein the glass article moving means is configured to dip

the glass article in the salt bath for between about 0.5second and about 30 seconds.

20.  The apparatus of claim 17, wherein the glass article moving means is configured to dip

the glass article in the salt bath for between about 3 and about 5 seconds.

21.  The apparatus of claim 17, wherein the salt bath comprises potassium nitrate and

potassium chloride.

22.  The apparatus of claim 21, wherein the potassium nitrate is in the range of 40-60 mol%

and the potassium chloride is in the range of 40-60 mol%.

23.  The apparatus of claim 17, wherein the salt bath comprises potassium sulfate and

potassium chloride.
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24.  The method of apparatus of claim 17, wherein the salt bath comprises a combination of at

least two of potassium niiﬁ'ate, potassium chioride, and pbtassim sulfate.

25.  The apparatus of claim 17, wherein the salt bath comprises a combination of at least two
of potassium nitrate, potassium chloride, and potassium sulfate, the combination having a

melting point of at least 550°C.

26.  The apparatus of claim 17, wherein the strengthening lehr is configured to keep the glass
article at a temperature between the strain point temperature of the glass and about 130°C below

the strain point temperature
27.  The apparatus of claim 17, wherein the strain point temperature is about 530°C.

28.  The apparatus of claim 17, further comprising:
flame polishing means, the flame polishing means being configured to flame polish the

glass articles.
29.  The apparatus of claim 28, wherein the flame polishing means is a first flame polishing
means configured to flame polish the sides of the glass article, the apparatus further comprising:

a second flame polishing means configured to flame polish the bottoms of the glass

articles.
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30.  The apparatus of claim 17, further comprising:
a coating mechanism configured to apply a protective scuff resistant coating to the surface

of the glass article after the glass article has been removed from the strengthening lehr.

31. A glass manufacturing facility comprising a glass forming machine configured to form
glass articles, and a strengthening lehr, the improvement comprising:

a salt bath comprising molten salt, the glass articles being dipped into the salt bath for
less than about one minute, the glass articles having a surface temperature at least above the
annealing point temperature of the glass while being dipped in the salt bath; and

a strengthening lehr, the strengthening lehr being configured to maintain the temperature
of the glass articles at a temperature between the strain point temperature of the glass and about
150°C below the strain point temperature for at least about five minutes, the glass manufacturing
facility being configured to dip the glass articles in the salt bath prior to the glass articles while

the glass articles are still hot after being formed by the forming machine.
32.  The glass manufacturing facility of claim 31, further comprising:
a glass article handling means, the glass article handling means being configured to dip

the glass articles in the salt bath.

33.  The glass manufacturing facility of claim 31, wherein the glass articles are dipped in the

salt bath for about 10 seconds or less.

57

AMENDED SHEET (ARTICLE 19)




'
ot e - 7 . " - - P

WO 2004/094329 PCT/US2004/009716 %
34.  The glass manufacturing facility of claim 31, wherein the glass articles are dipped in the /

salt bath for between about 0.5second and about 30 seconds. W

35.  The apparatus of claim 31, wherein the glass articles are dipped in the salt bath for

between about 3 and about 5 seconds.

36.  The glass manufacturing facility of claim 31, wherein the salt bath comprises potassium

nitrate and potassium chloride.

37.  The glass manufacturing facility of claim 31, wherein the potassium nitrate is in the range

of 40-60 mol% and the potassium chloride is in the range of 40-60 mol%.

38.  The glass manufacturing facility of claim 31, wherein the salt bath comprises potassium

sulfate and potassium chloride.

39.  The glass manufacturing facility of claim 31, wherein the salt bath comprises a

combination of at least two of potassium nitrate, potassium chloride, and potassium sulfate.

40,  The glass manufacturing facility of claim 31, wherein the sale bath comprises a
combination of at least two of potassium nitrate, potassium chloride, and potassium sulfate, the

combination having a melting point of at least 550°C.
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41.  The glass manufacturing facility of claim 31 wherein the strengthening lehr is configured
to maintain the glass articles at a temperature between the strain point temperature and about

130°C below the strain point temperature.

42.  The glass manufacturing facility of ciaim 31 wherein the strain point temperature is about

530°C.

43,  The glass manufacturing facility of claim 31, further comprising:
flame polishing means, the flame polishing means being configured to flame polish the

glass articles. -

44.  The glass manufacturing facility of claim 43, wherein the flame polishing means is a first
flame polishing means configured to flame polish the sides of the glass article, the apparatus
further comprising:

a second flame polishing means configured to flame polish the bottoms of the glass

articles.
45.  The glass manufacturing facility of claim 31, further comprising:
a coating mechanism configured to apply a protective scuff resistant coating to the surface

of the glass article after the glass article has been removed from the strengthening lehr.

46. A method for strengthening a glass article, comprising:
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forming the glass article from molten glass, the glass having an annealing po?d{ |
temperature;
applying potassium jons to the surface of the glass article before the glass article cools
below the annealing point of the glass following the formation of the glass article, wherein the
surface temperature of the glass article is at least the annealing point temperature of the glass
during the applying step; and
maintaining the glass article at a temperature between the strain point temperature of the

glass and about 150°C below the strain point temperature for at least about five minutes.

47.  The method of claim 46, wherein the step of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for less-than about 10

seconds.

48.  The method of claim 46, wherein the glass article is dipped in the salt bath for about 0.5

second and about 30 seconds.
49 The method of claim 46, wherein the step of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for between about 3

and about 5 seconds.

50.  The method of claim 46, wherein the step of applying potassium ions to the surface of the

glass article is accomplished by spraying potassium ions on the surface of the glass article.
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51.  The method of claim 50, wherein spraying comprises flame spraying.

52.  The method of claim 50, wherein the spraying comprises electrostatic spraying.

53.  The method of claim 50, wherein the spraying step comprises power spraying.

54,  The method of claim 46, wherein the step of applying potassium ions to the surface of the

glass article is accomplished by chemical vapor deposition (CVD).

g 55.  The method of claim 46, wherein the glass article is at a temperature of at least about

25°C above the annealing point of the glass during the applying step.

56.  The method of claim 46, wherein the glass article is at a temperature of at least about

50°C above the annealing point of the glass during the applying step.

57.  The method of claim 46, wherein the surface of the glass article is at a temperature of at

Jeast about 80°C above the ammealing point of the glass during the applying step.

58.  The method of claim 46 wherein maintaining the glass article is at a temperature between

the strain point temperature and about 130°C below the strain point temperature.

PPV

59.  The method of claim 46 wherein the strain point temperature is about 530°C.

PRPRI
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60.  The method of claim 46, further comprising:

after the step of maintaining, applying a protective scuff resistant coating to the surface of

the glass article.

61. A method, comprising:

forming a glass article from molten glass;

dipping the formed glass article in a salt bath before the glass article cools below the
annealing point of the glass following the formation of the glass article, the salt bath comprising
potassium ions, the glass articles being dipped for less than about 30 seconds; and

maintaining the glass article at a temperature between the strain point temperature of the

glass and about 150°C below the strain point temperature for at least about five minutes.

62.  The method of claim 61, wherein the glass article is dipped in the salt bath for about 20

seconds or less.

63.  The method of claim 61, wherein the glass article is dipped in the salt bath for about 10

seconds or less.

64.  The method of claim 61, wherein the glass article is dipped in the salt bath for between

about3 and about 5 seconds.

65.  The method of claim 61, wherein the salt bath comprises potassium nitrate and potassium

chloride.
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66.  The method of claim 65, wherein the potassiumn nitrate is in the range of 40-60 mol% and

the potassium chloride is in the range of 40-60 mol%.

67.  The method of claim 61, wherein the salt bath comprises potassium suifate and potassivm

chioride.

68.  The method of claim 61, further comprising:

flame polishing the glass article prior to dipping the article in the salt bath.
69.  The method of claim 61, further comprising:

after the step of maintaining, applying a protective scuff resistant coating to the surface of

the glass article.

70.  The method of claim 61, wherein the salt bath has a temperature of between about 550°C

and about 750°C.,

71.  The method of claim 61 wherein maintaining the glass article 1s at a temperature between

the strain point temperature and about 130°C below the strain point temperature.

72.  The method of claim 61 wherein the strain point temperature is about 530°C.
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PCT International Patent Appl. No. PCT/US2004/009716
International Filing Date: 31 March 2004 (31.03.04)
Applicant: The Coca-Cola Company

Title: Method and Apparatus for Strengthening Glass

Attorney Docket No.: 1638.10.PC00

STATEMENT UNDER PCT ARTICLE 19(1)
International Bureau of WIPQ

34 chemin des Colombettes

1211 Geneva 20

SWITZERLAND

Via facsimile to: 011 41 22 740 14 35

Dear Sir or Madam:

Upon entry of the amendment Under PCT Article 19, claims 1-72 are pending in this
application. For the following reasons Applicants believe that the pending claims are both novel
and meet the requirement of inventive step over the British patents to Pittsburgh Plate Glass
Company and Saint-Gobain Industries.

Claims 1, 17, 31, 46, and 61 are independent claims. Each of these independent claims
recite that salts are applied to the surfaces of the glass articles at a temperature greater than about

the annealing point temperature of the glass. This is not disclosed or suggested by Reference D1.

In fact, Reference D1 requires that the glass article be preheated to a temperature that is
approximately the same as the temperature of the salt bath. Page 7, col. 2, line 86 to page 8, col.
1, line 7. As described throughout Reference D1, from the preheating step to the dipping step,
the glass is always in a heating condition. Moreover, the invention disclosed in Reference D1
pertains to flat glass articles, such as, for example, windowpanes and windshields. Page 1, col. 1,

lines 19-36. The methods disclosed in Reference D1 will be substantially complicated by non-
uniform glass articles.
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Because the present invention as recited in claims 1, 17, 31, 46, and 61 includes the
forming of glass articles and then dipping them before the temperature of the glass falls below

the annealing point of the glass, the present invention is both novel and has inventive step over
the prior art method disclosed in Reference D1.

Claims 17, 31, and 61 all include “dipping” of glass articles. Unlike the present
invention, where the glass articles are dipped for times of less than about 1 minute (claims 17 and
31), and less than about 30 seconds (claim 61), reference D2 discloses a standard prior art
approach for strengthening glass articles in which the glass articles are soaked in a salt bath for
significantly longer periods of time, such as “38 hours.” Page 1, col. 2, lines 89-90. Reference
D2 discloses glass strengthening using a two-step process for which the glass articles are soaked
for a time of a total of 11 hours. Page 2, column 2, lines 109-112. Thus, the present invention
permits mass production and strengthening of glass articles in a manner that distinguishes and
significantly improves over prior art glass strengthening methods. _ q

Claims 1 and 46 recite that the application of potassium ions to the surface of the glass
article occurs before the glass article cools below the annealing point of the glass following the
formation of the glass article. This is not disclosed or suggested by the prior art and once again
provides significant advantages in permitting the mass production of glass articles.

Thus, claims 1, 17, 31, 46, and 61 are both novel and have inventive step over Reference

@pec ly Sutfhitt /Zﬂ//
> 0

“Whictael I, BellAR M )
Agent for Applicants

HOWREY SIMON ARNOLD & WHITE, LLP

2941 Fairview Park Drive, Box 7

Falls Church, Virginia 22042

Telephone: 202-783-0800

Facsimile: 703-336-6950
Date: 30 November 2004 (30.11.04)
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Because the present invention as recited in claims 1, 17, 31, 46, and 61 includes the
forming of glass articles and then dipping them before the temperature of the glass falls below
the annealing point of the glass, the present invention is both nove] and has inventive step over
the prior art method disclosed in Reference D1.

Claims 17, 31, and 61 all include “dipping” of glass articles. Unlike the present
invention, where the glass articles are dipped for times of less than about 1 minute (claims 17 and
31), and less than about 30 seconds (claim 61), reference D2 discloses a standard prior art
approach for strengthening glass articles in which the glass articles are soaked in a salt bath for
significantly longer periods of time, such as “38 hours.” Page 1, col. 2, lines 89-90. Reference
D2 discloses glass strengthening using a two-step process for which the glass articles are soaked
for a time of a total of 11 hours. Page 2, column 2, lines 109-112. Thus, the present invention
permits mass production and strengthening of glass articles in a manner that distinguishes and
significantly improves over prior art glass strengthening methods.

Claims 1 and 46 recite that the application of potassium ions to the surface of the glass
article occurs before the glass article cools below the annealing point of the glass following the
formation of the glass article. This is not disclosed or suggested by the prior art and once again

provides sigpificant advantages in permitting the mass production of glass articles.

Thus, claims 1, 17, 31, 46, and 61 are both novel and have inventive step over Reference

D2.

Echael J. BellfReg.
Agent for Applic ts

HOWREY SIMON ARNOLD & WHITE, LLP
2941 Fairview Park Drive, Box 7

Falls Church, Virginia 22042

Telephone: 202-783-0800

Facsimile: 703-336-6950

Date: 30 November 2004 (30.11.04)
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PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

) PCT

BELL, Michael J. et ai.
HOWREY SIMON ARNOLD & WHITE, LLP

2944 Fairview Park Drive, Box 7 NOTIFICATION OF TRANSMITTAL COF
Falls Church, VA 22042 THE INTERNATIONAL PRELIMINARY
ETATS-UNIS D'AMERIQUE REPORT ON PATENTABILITY

(PCT Rule 71.1)

‘ Date of malling

(daysnonthyear) 19.09.2005
Applicant's or agent's file reference
e 01638. 0010, DOPE OO IMPORTANT NOTIFICATION
Interationai application Na. Intermational fillng date {dayfmonthyear) Priority date (dayfmonfhiear)
PCTAS2004009716 31.03.2004 22.04.2003

Applicant
THE COCA-COLA COMPANY et al.

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the

internationat preliminary report on patentability and its annexes, if any, established on the international
application,

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for
communication to all the elected Offices.

3. Where required by any of the elected Offices, the lnternational Bureau will prepare an English translation of
the report {but not of any annexes} and will transmit such translation to those Offices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts {filing
transiations and paying national fees} within 30 months from the priority date (or later in some Offices)
{Article 39(1)} {see also the reminder sent by the International Bureau with Form PCTAB/Z01).

Where a translation of the international application must be fumished to an elected Cffice, that transiation
must contain a transiation of any annexes 1o the international preliminary report on patentabiiity. It is the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume |l of the
PCT Applicant's Guide.

The applicant's attention is drawn to Articie 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Articie 33{2} to (4) merely serve the purposes of international
prefiminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that State, the claimed inventions is patentable or not" {see also Article
27(5)}. Such additional criteria may relate, for example, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.

Name and mailing agdress of the intamational 1 Authorizad Officer

prafiminary axamining authority: M
European Patent Office Galatioto, M i -0)) %
0-80298 Munich
Tel. +49 89 2399 - 0 Tx: 523656 epmu d Tel. +48 89 2399-7849 5 .J 5
Fax: +49 89 2399 - 4465 e et

Form PCTAPEA/416 {January 2004)
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PATENT COOPERATION TREATY {("(
PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
{Chapter Il of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant's or agent's file reference

XXX ; FOR FURTHER ACTION Sos Form PCTAPEAK1E
International application No. International filing date (dayfmonthiyear) Priority date (daymonthiear)
PCTAUS2004008716 31.03.2004 22.04.2003

{
international Patent Classtication (IPC} or national classification and IPC
Ca3c2100
Applicant

THE COCA-COLA COMPANY et al.

1. This report is the infernational preliminary examination report, established by this international Preliminary Examining
Authority under Article 35 and transmitted to the appiicant according to Anticle 36,

This REPORT consists of a total of 7 sheets, including this cover sheet.

3.  This report is also accompanied by ANNEXES, comprising:
a. @ sent to the applicant and to the Intemational Bureau) a totai of 12 sheets, as follows:

[J sheets of the description, claims andior drawings which have been amended and are the basis of this report
andior sheets containing rectifications authorized by this Authority (see Rule 70.16 and Section 607 of the
Administrative Instructions).

B sheets which supersede earlier sheets, but which this Authority considers contain an amendment that goes
beyond the disclosure in the international application as filed, as indicated in item 4 of Box No. | and the
Suppiemental Box.

b. O (sent to the International Bureau only) a total of (indicate type and number of electronic carrier(s)) |, containing a
sequence listing andbor tables related thereto, in computer readable form only, as indicated in the Supplemental
Box Relating to Sequence Listing (see Section 802 of the Administrative instructions),

4. This report contains indications relating to the following items:

B3 Box No. | Basis of the opinion
[2 Box No.il  Priority
O BoxNo.lll  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

0] Box No.IV  Lack of unity of invention

I BoxNo.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industriat
applicability; citations and explanations supporting such statement

0 Box No.VI Certain documents cited
[0 Box No. Vil  Certain defects in the international application
] Box No. Vili Certain observations on the international application

Date of submission of the demand Date of completion of this report

08.10.2004 19.09.2005

Neme and maling address of the international Authorized Officer

praliminary examining authority: f-ﬂ" Py,
European Patent Office N ‘1
D-80298 Munich Somann, K g g ;
Tel. +49 89 2389 - 0 Tx: 523656 epmu d %

‘ —7— Fax: +49 89 2399 - 4465 Telephone No. +49 89 2399-8586 q"»-..w-‘; ‘

Form PCTAPEA/408 (Cover Sheet) (January 2004}
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INTERNATIONAL PRELIMINARY REPORT international application No.
ON PATENTABILITY PCTAJS2004009716

Box No.| Basis of the report

1. With regard to the language, this report is based on the international application in the language in which it was
filed, unless otherwise indicated under this item.

O This report is based on translations from the criginal language into the following fanguage
which is the language of a translation fumished for the purposes of:

[0 international search (under Rules 12.3 and 23.1(b))
[J pubiication of the international application {under Rule 12.4)
O international preliminary examination {(under Rules 55.2 andfbor 55.3)

2. With regard to the elements” of the infernational application, this report is based on {replacement sheets which
have been furnished to tha receiving Office in response to an invitation under Article 14 are referred to in this
report as “originally filed" and are not annexed to this report).

Description, Pages
1-51 as originally filed

Claims, Numbers

1.72 as amended (together with any statement) under Art. 19 PCT

Drawings, Sheets
1/24-24/24 as originally filed

O asequence listing andbr any related table(s) - see Supplemental Box Relating to Sequence Listing

3. [0 The amendments have resulted in the cancellation of:

[0 the description, pages

O the claims, Nos.

0 the drawings, sheetsfigs

L] the sequence listing (specify):

O any table(s) related to sequence listing (spscify):

4, B This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the
Supplemental Box (Rule 70.2{(c)).

Bl the description, pages

the claims, Nos. 1-72

I the drawings, sheetsfigs

B the sequence listing (specify):

[] any table(s) related to sequence listing (specify}:

* If item 4 applies, some or all of these sheets may be marked "superseded.n"

Form PCTAPEA/409 (January 2004)
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INTERNATIONAL PRELIMINARY REPORT international application No.
ON PATENTABILITY PCTAIS2004/009716

Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims

No: Claims 1-72
Inventive step {IS) Yes: Claims

No: Claims 1-72
industrial applicability {IA) Yes: Claims 1-72

No: Claims

2. Citations and explanations {Rule 70.7):

see separate sheet

Form PCTAPEA/ 409 (January 2004)
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(SERARATE SHEET) PCT/US2004/009716
Re ltem |

Basis of the report

In a submission dated 30/11/2004 the applicant has made the mere assertion that the
Article 18 PCT amendments he is filing and which he wishes to be considered for the
intemational preliminary examination simply clarify the invention as claimed. in the letter
accompanying the replacement sheets he has omitted to draw attention to the differences
between the replaced sheets and the replacement sheets. Furthermore no reasons for the
amendment were given in this letter other than for reasons of clarity. Clarity had never
been an issue in the preceding written opinion. The applicant has also not indicated a
basis in the originally filed version of the application for these amendments. Contrary to
any ascertainable opinion of the applicant, the application has on account of the
amendments become unclear in the case of claim 31 and are not regarded as mere
clarifications. A facility in claim 31, which is configured to dip the glass articles in the salt
bath prior to the glass articles while the glass articles are stili hot is an obscure feature. No
sense whatsoever can be made of prior to the glass anicles, The amendments to the other
claims now specify no cooling to below the annealing point of the glass to have taken
place between the forming and the dipping step, whether intentional or unintentional. The
skilled person is being present with information which had never been part of the original
disclosure, whare what happened 1o the surface temperature of the glass between the
formation and dipping the step was not disclosed in any form. Consequently the applicant's
comments filed with the accompanying letter are taken into account in the subsequent
section of this report only insofar as they pertain to the originally filed version of the
application.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

D1: GB 1010 164 A (PITTSBURGH PLATE GLASS CO) 17 November 1965
(1965-11-17)
D2: GB 1346 747 A (SAINT GOBAIN) 13 February 1974 (1974-02-13)

D3: US-A-3 938 977 (GLIEMEROTH GEORG) 17 February 1976 (1976-02-17}

Form PCT/Separate Sheet/409 {Sheet 1) (EPO-January 2004)
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2 INDEPENDENT CLAIM 1

2.1 The present application doas not meet the criteria of Article 33(1) PCT, because the
subject-matter of Claim 1 is not new in the sense of Article 33(2) PCT.
Document D1 discloses (the references in parenthesis applying to this document):
a method of dipping a glass articie in a molten salt bath comprising potassium ions
wherein the surface temperature of the glass is at least the annealing point
temperature during the dipping step (1050°F - 585°C) and then maintaining the glass
at a temperature at just below the strain point of the glass (950°F - 510°C) for at Ieast
5 minutes (15 minutes) (example IV, samples 60 to 65, page 12, lines 33 to 38).

2.2 The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of Claim 1 Is not new in the sense of Article 33(2) PCT.
Document D2 discloses (the references in parenthesis applying to this document):
a method of dipping a gless article in a molten salt bath comprising potassium ions
wherein the surface temperature of the glass is at least the annealing point
temperature (545.5°C) during the dipping step (800°C) and then maintaining the
glass at a temperature (450°C) at just below the strain point of the glass (511.5°C) for
at least 5 minutes (hours) (example on page 2, lines 49 to 78).

3 INDEPENDENT CLAIM 17

3.1 The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of Claim 17 is not new in the sense of Article 33(2) PCT.
Document D1 discloses an apparatus comprising a staging area, glass articie moving
means, salt bath and a strengthening Iehr all of which fulfill the functions specified in
Claim 1. This also applies with respect to document D2,

4 INDEPENDENT CLAIM 31

4.1 The present application does not meet the criteria of Article 33(1) PCT, because the

Form PCT/8eparate Shaet/400 (Sheet 2) (EPO-January 2004)
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subject-matter of Claim 31 is not new in the sense of Article 33(2) PCT (see point 3
above).

5 INDEPENDENT CLAIM 46

5.1 The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of Claim 46 is not new in the sense of Article 33(2) PCT (see point 2
above).

6 INDEPENDENT CLAIM 61

6.1 The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of Claim 61 is not new in the sense of Article 33(2) PCT (see point 3
above).

7 DEPENDENT CLAIMS 2-16, 18-30, 3245, 47-60, 62-72

Dependent Claims 2-16, 18-30, 32-45, 47-60, 62-72 do not contain any featuras
which, in combination with the features of any Claim to which they refer, meet the
requirements of the PCT in respect of noveity and/or inventive step (Article 33(2) and

(3) PCT).

8 The disclosure in Document D3 is particularly pertinent to the specific salt bath
formulations defined in Claim 7, 8, 21, 22, 36, 37, 65 and 66.

8  Applicant's response to the explanations given in view of document D1 do not deal
with the basis for these observations, which is example |V of document D1, (see
above). Thus the observations can only be maintained.

Form PCT/Separate Shest/408 (Sheet 3) (EPO-Januiry 2004)
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10 Applicant's responsse to the explanations given in view of document D2 do not relate
to the basis for these observations, which in this case is the novelty of the subject-
matter of independent claims 1 and 42 only with respect to the example given in
document D2. The only references in the response to these claims when considering
document D2 relate to subject-matter not considered in this report (see item | above).

Form PCT/Sepamate Shest/408 (Sheet 4) (EPO-Jaruary 2004}
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CLAIMS

*  Weclam:

. 1. Amethod, comprising the steps of
forming a glass article from moltan glass, the glass having un annealing pofut
temparature;
dipping the formed glass aricle in a maolten salt bath, the salt bith comprising potassium
ions wherein the muface temperature of the glass axticle ix 2t laast the snealing point -
tempertuure of the glass during the dipping step; ind
maintaining the plass articls at s tmperature betwoen the struin point teampershure of the

glass and about 150°C below the strain point tempesature for at least sbout five minutes, wherein
the glass remains at a temperature greater then the annealing point tempersturs of the glays from
the forming step to the dipping step.

2. The method of claim 1, wherein the surface texpersture of the glass axticle is at least
about 25°C above the annealing point temperature of the giass,

3. Themethod of claim 1, wherein the plass urticle is dipped in the st bath for lees than

. about pne minute,

4, "The method of claim I, wherein the glass article is dipped in the salt bath for about 10
geconds or Jess. - |

52 _ |
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5, ' The method of claim 1, wheroin tho glass mticle is dipped in the salt bath. for between

zbout 0.5 second and about 30 seconds.

6. The method of claim 1, wherein the glass article is dipped in the salt bath for between
sbout 3 and abont 5 seconds.

7. The method of claim 1, whersin the salt beth comprisas potassium nitrate snd potassimn
chlorids.

B.  Themethod of claim 7, whersin e potassium nitrate is in tho renga of 40-60 mal% end

the potazsizm chlaride is in the rmge of 40-60 mol%.

9.  Themethod ofclaim 1, whersin the salt bath comprises potaxsium slfate snd potasxien
chloride.

10. Themethod of claim 1, wherein the aalt bath comgprises » combinstion of at lesst two of

potassium nitrate, poﬁ:am chloride, and potassium sulfate. :

il.  The method of clsim 1, wherein the salt bath comprises & combination of st least two of
potaarium nitrate, potessium chiaride, snd potassium sulfite, tha combination having a mslting
point of &t least 550°C. '

33
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12.  The method of claim 1, wherein the saht bath has a temperature of between about 550°C

and sbout 750°C.

1. The method of claim l.wherdlmnhhi;:ingthezllultﬁehil at a tamoperature between
the strain paint temperature and sbout 130‘Cb=lowtl::eltrlinpointhmpnl.hnn.

14.  The method of claim 1, whervin the strain point temperature is about 530°C,

15. The method of olaim 1, fixther comprisng:
fleme polishing the glass srticls prior to dipping the glss article in the salt bath.

16. The method of claim 1, further comprising:
after the step of maintaining, cooling the glass article, removing rosidnal salt from the
glusa article end epplying a protactive stuf¥ resistant coating to the purface of the glass article

17.  An spparstus, comprising:

A staging aroa;

a glass mticle moving meuns for moving & glass article after forming of the glass srticle
ﬁmmwumﬁemmw.wummmmpmwof
the glass articls;

u salt bath, the salt bath comprizing molten salt, the glass articls moving means being
configured to move the glass articls from the staging srea snd dip the plass article into the salt
bath, the glass atticle moving mesns being configured to dip glass articles having a anface

54
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tormperatures of at loast the aunealing point temperature of the glass, the glass erticle being
sonfigured to ranain in the salt bath for less than sbout one mimte; and

B strengthening lehr, the strengthening lahr being configured to keep the glass article ata
temperature between the strain point temperature of the glass md about 150°C below the strain

point tempemiure for at Jeast about five mimites.

18.  The spparats of claim 17, wherein the glasy articlo moving meens is configured ta dip
the glasa srticle in the salt bath for sbout 10 seconds or less,

19.  The apparstus of claim 17, wherein the glass article moving mosns is configured to dip
the glass article in the salt bath for between sbout 0.53econd end shout 30 seconda.

20. Theapparatus of claim 17, wherein tho glass erticle moving means is configured to dip
the glags artiole in the salt bath for between sbout 3 and showt 5 saconds.

21. The wppamtos of claim 17, whercin the salt bath comprises potassivm nitrate and

potassium chloride,

22. The sppamtus of claim 21, wherein the potessium nitrate is in the renge of 40-60 mol%
and the potassium chloride is in the rangs of 40-60 mol%. ’

23.  The spparstus of clsim 17, wharsin the xalt bath comprises potagsiom sulfite end

A
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24. Themethod of spparatus of clxim 17, wherein the salt bath comprises a combination of et
1oast two of potassium mitrate, potassitm chioride, md potassivm slfstn.

25.  The spparetus of claim 17, wherein the mit buth corprises & combination of =t least two
of potassivm nitrate, potassium chlorids, and potassium sulfite, the combination having a

muelting point of at least 550°C.

25,  The apparetug of cletm 17, wherein the strengthening lehr ia configured to keep the glas

aticle at a temperature betwoen the strain point tenperature of the glass sud about 130°C below

the strain point termperatore
27.  The apperatus of claim 17, wherwin the strain point tsmperature is about 530°C.

28. Theepparatus of claim 17, fxther comising:
flarns polishing mesans, the flame polishing meens being configured to flame polish the
glass articles.

29. Ths apparatus of claim 28, wherein the flams polishing means ix a first flame polisking
nmscqnﬁ;urdbﬂmnpoﬁlhhﬁduofmmmh,m-ppmm farther comprising: -
a second flame polishing mesns configured to flame polish the bottoms of the glass

acticlos.
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30. The spparatus of claim 17, further comprising: .
lconﬁngm configursd to epply a protective scuff rexistant costing to the surface
of the glass article after the glass srticle hes been removed from the strengthening lehr,

31. A glass mannfachuring facility comprising a pluss forming machine configured to form
glaxs articles, and & strengthening lekr, the improvement comprising:

a salt bath comprising molten salt, the glass articles being dipped into ths salt bath for
Jess than, about one mimute, the glasy aticles having » surface tempersture at least above the
aznealing point temperature of the glass whils being dipped in the salt beth; and

a strengthening lel, tho ptrengthening lehr being configurad to maintain the tamperahre ,
of the glass articles at a tempersture between the strain point tempentare of the glass and about
150°C below the strain poiot tempersture for at loast sbout five mimutes, the glass mennfachiing
facility being configured to dip the gluss articles in tha selt bath priot to the plass articles while -
ths glass articles sre still hot after boing formed by the forming machine.

32 mglmmmuﬁdhningﬁniﬁtyofehimn.ﬁuﬂ:umpﬁling:. ;
& glass article handling moans, the glass srticle handling mesus being configured to dip
the glass srticles in the salt bath. '

33,  The plass manufacturing facility of claim 31, whersin the glass articlas are dipped in the
salt bath for about 10 seconds or lexs.

" bl 3 )
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34.  The glass manufactaring facility of claim 31, wheren the glasy articles are dipped in the
salt bath for between sbout 0.5sccond and about 30 seconds. '

35. The apparstus of claim 31, wherein the glass aticles are dipped in the sslt bath for

betwean about 3 and about 5 seconds,

36. The glass manufacturing facility of claim 31, wharein the salt bath comprises potassium

37. The glass memfactaring facility of claim 31, wherein the potsasivm nitrate is in the range
of 40-60 mo]% and the potassivun chloride i in the xange of 40-60 mol%.

38.  The plass manufacturing facility of claim 31, wharein the salt bath comprises potassiom
sulfate end poteszium chlorids,

39. ﬁeglmmmﬁﬂmingﬂﬁﬁty?fellim 31, wherein the st bath comprisea s
combination of st least two of potassivm nitrate, potassivm chloride, and potassivm sulfite.

40, Theg!namuﬁ:ﬁuiuﬁniiﬁyofchimﬂ.whﬁeinﬂ:ﬂnhbpﬂwompﬁlu;

combination of at least two of potassium nitrete, potassium chloride, ard potassium sulfste, the
combination having a melting point of at least 550°C,

T g 17
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41, mglmmmmﬁnhtycfchmnwhmmmgmumﬁguﬂ
mmﬁnﬁnhﬂmuﬁchanmmmbﬂwmhmmmwmmdnbm

130°C below the strain point temperature.

42,  The glass menufacturing facility of claim 31 wherein the struin point tempersture is about

530°C.
43,  The glass manufacturing facility of clitm 31, finther comprising:
fixme polishing mesns, the fams polishing mesas baing confipured to fieme polish the

glags axticles.

44.  The glass manufucturing facility of claim 43, wharein the flxma polishing mesms is & first

" flame polisking means configured 1o flame polish the sides of the glass srticls, the spparatus

fortt —
a second fxme polishing mema configured to flame polish the bottoms of the glass

45.  The plass manufactring facility of clxim 31, further coreprising:
neolﬁn;mechmimcmﬁg;uudh apply a protective scuff resistant coating to the suxface

of the plass article after the glass article has been removed from the strengthening lebr.

46. _Ammwmhgnghuuﬁde,wmm

59
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forming the glass wrticle from molten glass, the plass having m amealing point
temperature;

applying potassium ions o the mface of the glass article befre the plass rticle cools
below the axnsaling point of the plass following the formation of the glass articls, whegein the
qﬁammofugmuﬁmunmwmmmmmpmufmga
during the spplying step; md '

mdmﬁ:ﬁuthoglniuﬁcl-_uampmmbmmmpoimmmuofm

glaas mdlbc_mt 150°C below the strain point temperature fox at least about fve manmtes.

47.  The method of claim 46, wharein the step of applying the potassium ions to the nuface of
the glasa article is accomplished by dipping the glass mticle in a salt bath for less than sbout 10

seconds.

48. Tho method of clsim 46, whersin the glass article is dipped in the salt bath for sbout 0.5
socond and about 30 seconds, . _ l.

49 The mathod of claim 46, wherein the step of applying the potassium ioms to the surfuace of
the glass article is sccomplishad by dipping the plass article in a salt bath for between about 3

and sbout 5 geconds.

50. ‘The method of claim 46, wherein the step of applying potassium ions to the surface of the
glass article is mplishedhylptlyinzpﬂlli\miunsmﬂnmofﬁlglmm

-m R — | T
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' SUBSTITUTE SHEET

5).  The method of claim 50, whersin spraying comprises flame spraying,
52, Themoﬁodofdﬁmso,whm&ewh;wmmhudmmﬁcm
53, Themeﬂ:odofehi:g: 50, wherein the gprayimg step comprises power spraying.

54, Ths method of claim 46, wharein ths step of spplying potassium ions to the surface of the
glams srticle is acoomplished by chamical vapor deporition (CVD).

55, The method of cleim 46, wherein the glass article is at & temperature of &t least about
25°C above the apnsaling point of the glass duxing the applying step.

'56.' The mathod of clsim 46, wherein the glass articls is it & tempearuture of at Joast sbout
50°C sbove the amealing point of the glags uring the applyixg step.

57. mmm&ddﬁmﬁ.mmpmﬁudhglmuﬁdohgnmmun
lcast about BO°C above the anncaling point of the glass daring ths =pplying step.

S8.  The method of cleim 48 wherein maintaining the glass axticls is at a tempersturs between

the strain point tanpersturs apd about 130°C below the strain point temperate.

59.  Tho method of claim 46 wherein tha strain point temperature i about 530°C.

61
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60. The mothod of claim 46, further comprising:
after the stop of meinteining, spplying a protective scuff resistant coating to the surfice of
:lhos'h-lﬂiclu.

61. A method, comprising:

forming a giars article from moltan glue;

dipping the formed glass article in 2 sakt bath before the glass article cools balow the
armealing point of the glass following the formation of the glazs article, the salt bath comprising
potassium jons, the glass articles being dipped for less tham about 30 ssconds; aud

maintaining the glass article st & temperature between the strain poixt tempersture of the
glazs aud about 150°C below the strain point temperature for at least about five minutes,

62. Themsthod of claim 61, wharein the glass mrticle is dipped in tho sslt bath for sbout 20

ssconds or leas.

63. Themothod of claim 61, whersin the glass article is dipped in the salt bath for about 10

seconds or less.

64. The method of claim 61, whercin the glass uﬁslcisdbpedinﬂunhbuhﬁnrm
ebom3 and about 5 seconda.

65. 'Themethod of claim 61, wherein the st bath camprises potassiure ritrata sud potassiom
chiczide.

AMENDEN SHFFT WF b“'!""'n n ﬁ
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and sbout 750°C.

SUBSTITUTE SHEET

66. The method of claim 65, wherein the potassivam nitrste is in the range of 40-50 mol% and

the potessinm chlorids is in the renge af 40-50 mol%.

67.  The method of claim 61, wherein the salt bath comprises potassium sulfate and potassium
chlonids.

68. The method of claim 61, further comoprising:
flambs polishing the glass article prior to dipping the article in the salt bath,

69. The method of claim 61, fixther compriting:
_after the step of maintaining, epplying a protective scuff resistent corting to the surface of

the plass article,

70. The method of olzim 61, wherein the salt bath has a temperature of botween abont 550°C

71.  The method of clsixa 61 wherein mainteining the glass srticle is &t 2 temperstors butwesn
the strain point tamperature and sbout 130°C below the strain point temperature. ) .

72. Tha method of claim 61 whminih:minpoimmmia about 530°C.

63
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TRATADO SOBRE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES

Remitente:

\

OFICINA ENCARGADA DEL EXAMEN PRELIMINAR INTERNACIONAL

A

BELL, Michael J. et. al.

HOWREY SIMON ARNOLD & WHITE, LLP
2841 Fairview Park Drive, Box 7

Falls Church, VA 22042

PCT

COMUNICACION SOBRE EL ENVIO DEL

INFORME DE EXAMEN PRELIMINAR
ESTADOS UNIDOS DE AMERICA INTERNACIONAL
(Regla 71.1 PCT)
Facha da envio
(Dia/Mes/ARo/)
19.08.2004

No. de Expediante del Solicitants o Apoderado

01838.0010.00PC00 COMUNICACION IMPORTANTE
No. de Solicitud Intemacional | Fecha intemacional de Presentacién Fecha de Prioridad
PCT/US2004/009716 (dia/mes/afio) (dia/mes/afio)
31.03.2004 22.04.2003
Bolkitants
THE COCA-COLA COMPANY et al.

Se comunica ol solicitants que la oficine sncargads del examen preliminar intamacionsl e snvia con ol presente el Informe de
auamen preliminar intemacional, slsborade pare |a solictud Internacional, en caso dado con los anaxos cormespondisntes.

Una copla del informa, en caso dado con ios anaxos correspondiantes se hace lleger a ia Oficina Internacionel par su envio
pasterior & todes lus ofichas sslscclonadas.

A solicitud da una oficing ssleccionads, la Oficine Intsmacional prepamark una breduccién del informs {pero no de jos anaxos) al
ingids y la remitini & esta oficina.

RECORDATORIO

PnIngmnrlnhfnonndunuleluﬂunh.donhdnhﬂm.uapuﬂkdehhﬂd-pw(onnnlyumn'oﬂm
inchmo despuds), tiene que realizar anie cada oficina seisccionada clerios actos (entrega de traducciones y dessmboiso de

honorarios nacionales) (Asticulo 38 (1)) (wéase tambidn i Informacidn remitida por la Oficina Intemacional en of Formutario
PCTABA0Y).

Si ea tiene que envisr & una oficina seleccionada una treduccién de la solickud Intemacional, sntonces ests traduccidn tiens que
Inclulr ireducciones de todos los anexos &l Informe de examen prefiminar Intemacional  Es obligacion del solicitanie elaborar
dichas traducciones y hacerias fleger directaments a las oficines seisccionades respeciivas.

Mayares detalies en cuanto a los plazos normativos y los requisitos de les oficinas seleccicnadas se desprenden del Volumen [ de
la gula PCT para solickantes.

Sa lama la atencién del soliciiants sl Articiio 33(5), que establece que los criterios de novedad, sctiviiad inventive y posibiidad de
aplicacién Industrisl descritos en Articulo 33(2) a {4) siven maramanta jos propdelios dal examen preliminar Intamacional ¥ que
"todo Esiasdo Contratents pueds aplicar witerios sdicionsies o difsrentes pam efecios de decidi sl ls Invencién reivindicada as
patentable o no® (whesa tembién Articulo 27 (5)). Los criferios adiclonsies pusden inclulr, por sjempio, sxsncion de pstertabilidad y

Nombre y direccidn postel de la Oficina Encargada del Empleado Autorizado
Examen Preliminar intemacional
Oficina Europea de Patentss .
D-80208 Munich Galatloto, M

e ——————— —
Formularo PCTAPEA/418 (Enero 2004)

Tel.: +49 B9 2390 -0 Tx: 523956 epmu d
Fax: +48 89 2390 - 4485

los.requarimiantos, sl ss pamniie b dhvuigacidn, y da clerided y soporis de lss reivindicaciones.
)
g

Tel.: +48 89 2390-7840




tq

TRATADO DE COOPERACION EN MATERIA DE PATENTE

PCT

INF RME DE EXAMEN PRELIMINAR INTERNACI NAL
(Capitulo Il del Tratado de Cooperacién en Materia de Patentes)

(Articuio 38 y Regla 70 PCT)
No. c!o Expedients del
Solicitante o Apoderado PROCEDIMIENTO POSTERIOR Véass formularic PCTAPEA418
Xxx
No. Solicitud intermacional Fecha inlemacional de Presentacion (die/mea/aio] | Fecha de Prioridad (diaimes/ano)
PCT/AUS2004/008716 31.03.2004 22.04.2003

Clasificacién Intemacional de Patents (IPC) o Clasiicacion Naclonal 8 IPC
C03C21/00

Soficitente
THE COCA-COLA COMPANY et al.

El presenta informe comprende untotaide 7  hojus, inchmive esta portada
3. Ests importe se acompafia igusiments por ANEXOS, qus compranden:

Saccidn 607 de las Insirucciones Administratives).

de Cuadro No. 1 y el Cusdro Adicional.

Instrucciones Adminisirativas).

1.  E!pressnis informe es of informa de eamen praliminar intemacional, satabdecido por ests Oficing Encamgada del Examen
Prelimingr intemacions! bajo Articulo 33 y tranamitido a sofickantes de acuerdo con el Articulo 38.

a. [X] (enviado o salictante y a ia Oficina internacional) un total de 12 hojes, como sigue:

D haojas de b descripeidn, relvindicaciones yo dibujos que se hen comegikio y constiiuyen la base da ol
presanis informe yfo holes que contienan reciificaciones autorizades por ssta Oficing (viase Regia 7D.18 y

X holes que resmplazan hojes anteriorss, pero que sata Oficing considera que contiensn una comeccidn que
vlmlnnlldoIldlvulgldoﬂmhmmmuhlmupmnw.mulnﬂuan_elm4

b D {enviedo ¢ la Oficine Intsmacions! dnicamsnts) un total de (Indicer tipa y ndmero de medios slectrinicos)) .que
: contiens un latada de secuenciss o tables relacionadas con esta asunto, en formelo de fecture por
dnicsmants, come s indica en ol Cuadro Adicional Relutivo sl Listado de Secuerciss (wiase Seccién BD2 de lss

4.  Elpresents Inforna contiens datos con reapecto @ los sigulemeas puntos:

Tel.: +46 88 2389 - 0 Tx: 523868 spmu d

Fax: +40 89 2308 - 4485
. Tel: +40 80 2399-8580

X] cCusdroNo.!  Base delinforme
0 cusdroNoe.h  Priorded
O cCusdroNo.li  Sin sisboracién de un dictamen sobre novedad, activided inventiva y posibliidad de splicacidn Industrial
[0 cusdroNe.IV  Uniormidad deficiemie de la Invencién
B ey e
[0 cusdoNo.V1  Ciertos documentos enumersdos
[0 cusdroNo. Vil Cierias deficencias del reglstro inlemacional
[0 cusdsoNe. Vil Clertas cbsarvaciones relacionades con is soficitud intsmacionai
Fecha de presentacion de I8 peticon Fecha de la preparacion de el presents informa
08.10.2004 19.08.2005
Nombre y direccidn postal de la Oficina Encargada del Empleado Autorizado
Examen Preliminar intemacional
ot aachen, o Petarise Somann, K
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INFORME DE EXAMEN PRELIMINAR
INTERNACION

"Cuadro No.1 Base del informe

1.

En lo concerniants al idioma: El presents informe se basa en a solicitud internacional an el idioma on
el cual se presentd, salvo indicacién en contrario consignada bajo este punto.

[0 E! presents informe se basa en traducciones del idioma original al sigulente ldioma INGLES,
que es el idioma de una traduccién suministrada para los efeclos de:
{71 labosqueda internacional (segin ias reglas 12.3 y 23.1 (b))

[} le publicacién de ia solicitud Internacional (segdn la regla 12.4).
[(] el examan praliminar intemacional (segln las reglas 5§5.2 y/o 55.3).

Con respecto a los elementos de la eolicitud Intemacional, este informe se besa en (hojas
intercamblables que se han suminisirado @ Ia officine recepiora en respuesia a una invitacién bajo
Articulo 14 se tisnen en aeste informe por "preseniadas origineimente” y no se anexan a esle informs):

Descripcién, piginas
1-51 version original

Relvindicaciones, No.
1-12 comegidas (junto con cualquisr declaracion) bajo Art. 18 PCT

Dibujos, Hojas
17/24-24/24 versidn original

[0 Un listado de secuencias y/o cualquier tabla(s) relacionada(s)- véase Cuadro Adicional relativo al
Listado de Secuencias

[ Las correcciones han resultado en la cancelacion de:
[J la descripcion, paginas
[0 las reivindicaciones, Nos.:
] los dibujos, hojasffigs.
[] el listado de secuencias (eapecificer)
[J cualquier tabla{s) relacionada con el listado de secuencias (especificar)

[X] E! presente informe se prepard como &i no se hubleran hecho (aigunas de) las correcclones
anexades a asts Informa y enumeradas a continuacién ya que éstas, por laa razones aducidas, en
concepio de la oficine van més alld del contenido de divuigaclén en la version presentada
originaiments (Regla 70.2 (c)).

la descripcidn, pégines:

las reivindicaciones, Nos.: 1-72

los dibujos, hojas/figs.

el iistado de secuencias {especificar)

cualquier tabla(s) relacionadea con el listado de secuenclas (especificar)

O000x®O

* Si se aplice el punio 4, algunas o todas estas hofas pueden estar marcadas como ‘reemplazedas.”

Formularic PCTAPEA/MO8 (Enaro 2004)



INFORME DE EXAMEN PRELIMINAR : Solicitud Intemaclonal No.
INTERNACIONAL PCT/US2004/000716

Cuadro No. V Deciaracién motivada bajo Articulo 38{2) en cuanto a Is novedad, la actividad
inventiva y Ia posibllidad de aplicacién Industrial; documentos y explicaclones que sustentan ssta
declaracién

1. DECLARACION

Novedad (N) Si: Relvindicaclones
No: Reivindicaciones 1-72

Actividad Inventiva (IS) Sl Reivindicaclones
No: Relvindicaclones 1-72

Posibilidad de Aplicaclén Industial (IA) SI: Reivindicaclonea 1-72
No: Reivindicaclonas

2. Documentos y explicaciones (Regla 70.7)
Véase hoja separada

Formulario PCTAPEA/408 (Enera 2004)



INFORME DE EXAMEN PRELIMINAR Solicitud Inhmadonal%vlgq
INTERNACIONAL (HOJA SEPARADA) PCT/US2004/008716

Ref. Cuadro |
Base del Informe

En una alegacién fechada el 30/11/2004, el solicitante se limitd a sostener que las
correcciones del Articulo 18 PCT, que él presenta y desea que se consideren para el
examen preliminar intemacional, simplemente ‘aclaran la invencién como se reivindica.
En la carta que acompafia las hojas sustitutivas, omitié llamar la atencién a las
diferencias entre las hojas sustituidas y las hojas reemplazantes. Ademds, no se
adujeron razones para la cormaccion en esta carta dietintas a las razones de claridad.
En el concepto escrito anterior ia claridad no habla sido la cuestién. En la versidn de
la solicitud presentada originalmente, el solicitante tampoco indicd un fundamento de
g@sas comrecciones. En contra de cualquier concepto verificable del solicitante, por,
cuenta de las comecciones la solicitud se ha tomado confusa en el caso de la
reivindicaciébn 31 y no se considera como simple aclaracién. Una Instalacion en la
reivindicacién 31, que se configura para sumergir los articulos de vidrio en el bafio de
sal antes de los articulos de vidrio, mientras los articulos de vidrio estén ain calientss,
es una caracteristica confusa. No se puede formar una idea de la expresion antes de
los articulos de vidrio. Las comecciones a las demas reivindicaciones no especifican
ahora que haya tenido lugar enfriamiento a por debajo del punto de recocido del
vidrio, entre el paso de formacién e inmersion, intencional o no intencional. A la
persona experta se la confronta con informacion que nunca habla sido parte de la
divuigacion original, en la que no se divulga en manera alguna qué sucedid a la
temperatura de la superficie del vidrio entre el paso de formacién e inmersion. Por
consigulente, los comentarios del solicitante presentados con la carta acompanante
se toman en cuenta en la secciéon subsiguiente de este informe, Gnicamente en la
medida en que conciemen a la version de la solicitud originalmente presentada.

Ref. Cuadro V

Declaracién justificada segin Articulo 35(2) con respecto a la novedad, la
actividad Inventiva y la posibliidad de aplicacién industrial; documentos y
explicaciones que sustentan esta declaracién

D1: GB 1 010 164 A (PITTSBURGH PLATE GLASS CO) 17 de noviembre de
1985 (1965-11-17)
D2 : GB 1 348 747 A (SAINT GOBAIN) 13 de febrero de 1974 (1974-02-13)

D3: US-A-3 838 877 (GLIEMEROTH GEORG) 17 de febrero de 1878 (1976-02-
17)

Formulario PCTHoja Separada/d0d (Haja 1) (EPO-snemo 2004)
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INTERNACIONAL (HOJA SEPARADA) PCT/US2004/000718 |

2, REIVINDICACION INDEPENDIENTE 1

21 La presente solicitud no satisface los criterios del Articulo 33(1) PCT, porque el
asunto de la Reivindicacién1 no es nuevo en el sentido del Articulo 33(2) PCT.
El Documento D1 divuiga (las referencias entre paréntesis se aplican a este
documento): un método de sumergir un articulo de vidrio en un bafio de sal
fundida, que comprende iones de potasio en donde la temperatura de la
superficie del vidrio es por lo mencs la temperatura del punto de recocido
durante el paso de inmersion (1050°F - 565°C) y, luego, mantener el vidrio a
una temperatura justo por debajo del punto de deformacién del vidrio (950°F -
510°C) durante al menos 5 minutos (15 minutos) (ejempio 1V, muestras 80 a
85, pagina 12, renglones 33 a 36).

2.2 La presente solicitud no satisface los criterios del Articulo 33(1) PCT, porque el

asunto de la Reivindicacién 1 no es nuevo en el sentido del Articulo 33(2) PCT.

El Documento D2 divulga (las referencias entre paréntesis se aplican a este

documento): un método de sumergir un articulo de vidrioc en un bafio de sal

fundida que comprende iones de potasio, en donde la temperatura de la

-superficle del vidrio esta a por lo menos la temperatura del punto de recocldo

(545.5°C) durante el paso de inmersién (800°C) y, luego, mantener el vidrio a

una ternperatura (450°C) a justo por debajo del punto de deformacién del vidrio

(511.5°C) durante por lo menos 5 minutos (horas) (ejemplo en pagina 2,
renglones 49 a 78). :

3.  REIVINDICACION INDEPENDIENTE 17

3.1 La presente solicitud no satisface los criterios del Articuio 33(1) PCT, porque el
asunto de la Reivindicacion 17 no es nuevo en el sentido del Articulo 33(2)
PCT.
El Documento D1 divuiga un aparato que comprende un drea de operaciones
("a staging area™), medios de traslado del articulo de vidrio, bafio de sal y un
tinel de endurecimiento, todos los cuales cumpien las funciones especificadas
an la Reivindicacion 1. Esto de aplica asimismo respecto al documento D2.

4 REIVINDICACION INDEPENDIENTE 31
4.1 La presente solicitud no satisface los criterios del Articulo 33(1) PCT, porque el

asunto de la Relvindicacién 31 no es nuevo en el sentido del Articulo 33(2)
PCT (véase Punto 3 mds arriba).

Fomulario PCT/Hoja Separada/400 (Hojs 2) (EPO-anaro 2004)
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INTERNACIONAL (HOJA SEPARADA) PCT/US2004/008716

5. REIVINDICACION INDEPENDIENTE 46

5.1 La presente solicitud no satisface los criterios del Articulo 33(1) PCT, porque el
asunto de la Reivindicacién 48 no es nuevo en el sentido del Articulo 33(2) PCT
(véase Punto 2 méas amiba).

6. REIVINDICACION INDEPENDIENTE 61

8.1 La presente solicitud no satisface los criterios del Articulo 33(1) PCT, porque el
asunto de la Reivindicacién 81 no es nuevo en el sentido del Articulo 33(2)
PCT (véase Punto 3 mas arriba).

7. REIVINDICACIONES DEPENDIENTES 2-16, 18-30, 3245, 47-80, 62-72
Las Reivindicaciones Dependientes 2-18, 18-30, 32-45, 47-60, 62-72 no
contienen caracteristicas de ninguna clase que, en combinacion con las
caracteristicas de cualquler Reivindicacién a la cual se refieren, satisfagan los
requerimientos del PCT con respectc a la novedad y/o ectividad inventiva
(Articulo 33(2) y (3) PCT).

8. l.a divulgacibn en Documento D3 es particularmente pertinente a las
formulaciones especificas del bafio de sal, definidas en la Reivindicacion 7, 8,
21, 22, 38, 37,65 y 66. -

9. La respuesta del solicitante a las explicaciones dadas en vista del c'locuménto

D1 no se ocupan de |a base de estas observaciones, que es ejemplo IV de
documento D1, (véase mas arriba). Por lo tanto, solo se pueden sostener las
observaciones.

Formulario PCT/Hola Separada/408 (Hoja 3) (EPO-anero 2004)
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INTERNACIONAL (HOJA SEPARADA) PCT/US2004/008718

10. La respuesta del solicitante a las explicaciones dadas en vista del documento
D2 no se relacionan con la base de estas observaciones, que este caso es la
novedad del asunto de la relvindicaciones independientes 1 y 42, Gnicamente
con respecto al ejemplo dado en el documento D2. Las Gnicas referencias en la
respuesta a estas reivindicaciones, cuando se considera el documento D2, se
relacionan con el asunto no considerado en este Informe (véase Cuadro | mas
armiba).

Formulario PCT/Hoja Separade/408 (Hoja 4) (EPO-enero 2004)
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REIVINDICACIONES

Reivindicamos:

1.  Un método, que comprende los pasos de:

formar un articulo de vidrio de vidrio fundido, teniendo el vidrio una
temperatura de punto de recocido;

sumergir el articulo de vidrio formado en un bafio de sal fundida,
bafio de sal que comprende iones de potasio en donde la temperatura
superficial del articulo de vidrio es por lo menos la temperatura de punto de .
recocido del vidrio durante el paso de inmersion; y

mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacion del vidrio y entre alrededor de 150°C por debajo
de la temperatura del punto de deformacién durante por lo menos alrededor
de cinco minutos, en donde el vidrio permanece a una temperatura mayor
que la temperatura de punto de recocido del vidrio, del paso de formaci6n

al paso de inmersién.

2. El método de la reivindicacién 1, en donde la temperatura superficial
del articulo de vidrio es por 1o menos alrededor de 25°C por encima de la
temperatura de punto de recocido del vidrio. '

3. El método de la reivindicacion |, en donde el articulo de vidrio se

sumerge en el baflo de sal durante menos de alrededor de un minuto.

4, El método de la reivindicacion 1, en donde el articulo de vidrio se

sumerge en el baflo de sal durante alrededor de 10 segundos o menos.

5. El método de la reivindicacién 1, en donde el articulo de vidrio se
sumerge en el baflo de sal durante entre alrededor de 0.5 segundo y entre
alrededor de 30 segundos.

6. El método de la reivindicacién 1, en donde e'l' articulo de vidrio se
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sumerge en el bafio de sal durante entre alrededor de 3 y entre alrededor de

5 segundos.

7.  El método de la reivindicacién 1, en donde el bafio de sal comprende
nitrato de potasio y cloruro de potasio.

8. El método de la reivindicacién 7, en donde el nitrato de potasio estd
en el margen de 40-60 mol% y el cloruro de potasio estd en el margen de
40-60 mol%.

9. El método de la reivindicacién 1, en donde el bafio de sal comprende

sulfato de potasio y cloruro de potasio.

10. El método de la reivindicacion 1, en donde el baflo de sal comprende
una combinacién de por lo menos dos de nitrato de potasio, cloruro de

potasio y sulfato de potasio

11. El método de la reivindicacién 1, en donde el bafio de sal comprende
una combinacién de por lo menos dos de nitrato de potasio, cloruro de
potasio y sulfato de potasio, teniendo la combinacién un punto de fusion de

por lo menos 550°C.

12. El método de la reivindicacién 1, en donde el bafio de sal tiene una
temperatura de entre alrededor de 550°C y entre alrededor de 750°C.

13. El método de la reivindicacion 1, en donde mantener el articulo de
vidrio estd a una temperatura entre la temperatura del punto de deformacién
y entre alrededor de 130°C por debajo de la temperatura del punto de

deformacion.

14. El método de la reivindicacién 1, en donde la temperatura del punto
de deformacién es airededor de 530°C. )

83
HOJA CORREGIDA



Printed 02/12/2004 CLMSPAMD US04769778 % D

i5. El método de la reivindicacién 1, que comprende ademds:
pulir & la [lama el articulo de vidrio antes de sumergir el articulo de
vidrio en el bafio de sal.

16. El método de la reivindicacion 1, que comprende ademas:
después del paso de mantenimiento, enfriar el articulo de vidrio,
eliminar la sal residual del articulo de vidrio y aplicar a la superficie del

artfculo de vidrio un recubrimiento protector resistente al rayado.

17. Un aparato, que comprende:

un érea de operaciones; 1

medios de traslado para trasladar un articulo de vidrio luego de
formar el articulo de vidrio y antes de enfriar el articulo de vidrio a una
temperatura por debajo de la tempemtl-xra de punto de recocido del
articulo de vidrio;

un bafio de sal, bafio de sal que comprende sal fundida,
configurindose los medios de traslado del articulo de vidrio para trasladar
el articulo de vidrio desde el érea de operaciones y sumergir el articulo de
vidrio en el baflo de sal, configurindose los medios de traslado del articulo
de vidrio para su;llergir articulos de vidrio con temperaturas superficiales de
por lo menos la temperatura de punto de recocido del vidrio,
configuridndose el articulo de vidrio para permanecer en el bafio de sal
durante menos de alrededor de un minuto; y

un tinel de endurecimiento, configurindose el tinel de
endurecimiento para mantener el articulo de vidrio a una temperatura entre
la temperatura del punto de deformacion del vidrio y entre alrededor de
150°C por debajo de la temperatura del punto de deformacion durante por
lo menos alrededor de cinco minutos.

18. El aparato de la reivindicacién 17, en donde los medios de traslado
de] articulo de vidrio se configuran para sumergir el articulo de vidrio en el
&4
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bafio de sal durante alrededor de 10 segundos o menos.

19. EIl aparato de la reivindicacién 17, en donde los medios de traslado
del articulo de vidrio se configuran para sumergir el articulo de vidrio en el
bafio de sal durante entre alrededor de 0.5 segundo y entre alrededor de 30
segundos.

20. El aparato de la reivindicacién 17, en donde los medios de traslado
del articulo de vidrio se configuran para sumergir el articulo de vidrioen el .

bafio de sal durante entre alrededor de 3 y entre alrededor de 5 segundos.

21. E!aparato de la reivindicacion 17, en donde el bafio de sal comprende

nitrato de potasio y cloruro de potasio.

22. El aparato de la reivindicacién 21, en donde el nitrato de potasio estd
en el margen de 40-60 mol% y el cloruro de potasio ests en el margen de
40-60 mol%.

23. El aparato de la reivindicacién 17, en donde el bafio de sal
comprende sulfato de potasio y cloruro de potasio.

24. El método de aparato de la reivindicacién 10, en donde el bafio de
sal comprende una combinacion de por lo menos dos de nitrato de

potasio, cloruro de potasio y sulfato de potasio.

25. El aparato de la reivindicacién 17, en donde el baflo de sal
comprende una combinacion de por lo menos dos de nitrato de potasio,
cloruro de potasio y sulfato de potasio, teniendo la combinacidon un
punto de fusién de por lo menos 550°C.

26. El aparato de la reivindicacion 17, en donde el tinel de
endurecimiento se configura para mantener el articulo de vidrio a una

56
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temperatura entre la temperatura del punto de deformacion del vidrio y
entre alrededor de 130°C por debajo de la temperatura del punto de

deformacion

27. El aparato de la reivindicacién 17, en donde la temperatura del
punto de deformacidn es alrededor de 530°C.

28. El aparato de la reivindicacion 17, que comprende ademas:
medios de pulimento a la llama, configurindose los medios de

pulimento a la llama para pulir a la llama los art{culos de vidrio.

29. El aparato de la reivindicacién 28, en donde los medios de
pulimento a la llama son un primer medio de pulimento a la Ilama,
configurado para pulir a la [lama los lados del articulo de vidrio, aparato
que comprende ademads: .

un segundo medio de pulimento a la llama, configurado para pulir

a la llama los fondos de los articulo de vidrio.

30. El eparato de la reivindicacion 17, que cémprende ademds:

un mecanismo de recubrimiento, configurado para aplicar un
recubrimiento protector, resistente al rayado, a la superficie del articulo
de vidrio después de que el articulo de vidrio se ha sacado del tiinel de

endurecimiento.

31. Una instalacién de manufactura de vidrio que comprende una
méaquina formadora de vidrio, configurada para formar articulos de
vidrio, y un tiinel de endurecimiento, mejora que comprende:

un bafio de sal que comprende sal fundida, sumergiéndose los
articulos de vidrio en el bafio de sal durante menos de alrededor de un
minuto, teniendo los articulos de vidrio una temperatura superficial por o
menos por encima de la temperatura de punto de recocido del vidrio,
mientras estin sie;\do sumergidos en el bafio de sal; y“
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un tinel de endurecimiento, configurindose el tinel de
endurecimiento para mantener la temperatura de los articulos de vidrio a
una temperatura entre la temperatura del punto de deformacion del vidrio y
entre alrededor de 150°C por debajo de la temperatura del punto de
deformacion durante por lo menos alrededor de cinco minutos,
configurdndose Ia instalacion de manufactura para sumergir los articulos de
vidrio en el baflo de sal antes de los articulos de vidrio, mientras los
articulos de vidrio estdn aln calientes después de haberse formado por la

maquina de formacién.

32. El equipo de manufactura de vidrio de la reivindicacién 31, que
comprende ademés:

medios de manipulacion del articulo de vidrio, configurindose los
medios de manipulacion del articulo de vidrio para sumergir los articulos de

vidrio en el bafio de sal.

33. El equipo de manufactura de vidrio de la reivindicacion 31, en donde
los articulos de vidrio se sumergen en el bafio de sal durante alrededor de

10 segundos o menos.

34. El equipo de manufactura de vidrio de la reivindicacién 31, en donde
los articulos de vidrio se sumergen en el bafio de sal durante entre alrededor
de 0.5 segundos y entre alrededor de 30 segundos.

35. El aparato de la reivindicacién 31, en donde los articulos de vidrio se
sumergen en el baflo de sal durante entre alrededor de 3 y entre alrededor de

5 segundos.

36. El equipo de manufactura de vidrio de la reivindicacion 31, en donde

el bafio de sal comprende nitrato de potasio y cloruro de potasio.

37. El equipo de manufactura de vidrio de la rei,vin&icacién 31, en donde

a7
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el nitrato de potasio estd en ¢l margen de 40-60 mol% y el cloruro de
potasio estd en el margen de 40-60 mol%.

38. El equipo de manufactura de vidrio de la reivindicacién 31, en donde
el bafio de sal comprende sulfato de potasio y cloruro de potasio.

39. El equipo de manufactura de vidrio de la reivindicaciéon 31, en donde
el bafio de sal comprende una combinacién de por lo menos dos de nitrato

de potasio, cloruro de potasio y sulfato de potasio.

40. El equipo de manufactura de vidrio de la reivindicacién 31, en donde
el bafio de sal comprende una combinacion de por lo menos dos de nitrato
de potasio, cloruro de potasio y sulfato de potasio, teniendo la combinacién
un punto de fusién de por lo menos 550°C.

41. El equipo de manufactura de vidrio de la reivindicacién 31 en donde
el tinel de endurecimiento se configura para mantener los articulos de
vidrio a una temperatura entre la temperatura del punto de deformacion y
entre alrededor de 130°C por debajo de la temperatura del punto de

deformacién.

42. El equipo de manufactura de vidrio de la reivindicacién 31 en donde
la temperatura del punto de deformacidn es alrededor de 530°C.

43. El equipo de manufactura de vidrio de la reivindicacién 31, que
comprende ademds: _
medios de pulimento a la llama, configurindose los medios de

pulimento a la llama para pulir a la llama los articulos de vidrio.

44. El equipo de manufactura de vidrio de la reivindicacion 43, en donde

los medios de pulimento a la llama es un primer medio de pulimento a la

llama conﬁgurado' para pulir a la llama los lados del articulo de vidrio,
8
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aparato que comprende ademds:

un segundo medio de pulimento a la llama configurado para pulir a la
llama los fondos de los articulos de vidrio.

45. El equipo de manufactura de vidrio de la reivindicaciéon 31, que
comprende ademds:

un mecanismo de recubrimiento configurado para aplicar un
recubrimiento protector, resistente al rayado, a la superficie del articulo de

vidrio después de que el articulo de vidrio se ha retirado del tinel de .

endurecimiento.

46. Un método para endurecer un articulo de vidrio, que comprende:

formar el articulo de vidrio a partir de vidrio fundido, teniendo el
vidrio una temperatura de punto de recocido;

aplicar iones de potasio a la superﬁc.ie del articulo de vidrio antes de
que el articulo de vidrio se enfrie por debajo del punto de recocido del
vidrio, luego de la formacion del articulo de vidrio, en donde la
temperatura superficial del articulo de vidrio es por lo menos la
temperatura de punto de recocido del vidrio durante el paso de aplicacion;
y

mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacion del vidrio y entre alrededor de 150°C por debajo

de la temperatura del punto de deformacién durante por lo menos alrededor

de cinco minutos.

47. El método de la reivindicacion 46, en donde el paso de aplicar los
iones de potasio a la superficie del articulo de vidrio se lleva a cabo

sumergiendo el articulo de vidrio en un bafio de sal durante menos de

alrededor de 10 segundos.

48. El método de la reivindicacién 46, en donde el articulo de vidrio se
sumerge en el bafio de sal durante alrededor de 0.5 segundo y entre
[
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alrededor de 30 segundos.

49, El método de la reivindicacion 46, en donde el paso de aplicar los
iones de potasio a la superficie del articulo de vidrio se lleva a cabo
sumergiendo el articulo de vidrio en un bafio de sal durante entre alrededor

de 3 y entre alrededor de 5 segundos.

50. El método de la reivindicacion 46, en donde el paso de aplicar iones
de potasio a la superficie del articulo de vidrio se lleva a cabo rociando .

iones de potasio sobre la superficie del articulo de vidrio.

51. El método de la reivindicaciéon 50, en donde el rociado comprende

pulverizacion a la llama.

52. El método de la reivindicacién 50, en donde el rociado comprende

pulverizacion electrostatica.

53. El método de la reivindicacién 50, en donde el paso de pulverizacion

comprende pulverizacion de polvo.

54. El método de la reivindicacion 46, en donde el paso de aplicar iones
de potasio a la superficie del articulo de vidrio se lleva a cabo por
deposicién de vapor quimico (CVD). -

55. El método de la reivindicacidn 46, en donde el articulo de vidrio esta
a una temperatura de por lo menos alrededor de 25°C por encima del punto

de recocido del vidrio durante el paso de aplicacion.

56. El método de la reivindicacion 46, en donde el articulo de vidrio esta
a una temperatura de por lo menos alrededor de 50°C por encima del punto

de recocido del vidrio durante el paso de aplicacién.
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57. El método de la reivindicacién 46, en donde la superficie del articulo

de vidrio estd a una temperatura de por lo menos alrededor de 80°C por

encima del punto de recocido del vidrio durante el paso de aplicacién.

58. El método de la reivindicacién 46 en donde el mantenimiento del
articulo de vidrio estd a una temperatura entre la temperatura del punto de
deformacién y entre alrededor de 130°C por debajo de la temperatura del
punto de deformacién.

59. El método de la reivindicacion 46 en donde la temperatura del puntd
de deformacidn es alrededor de 530°C.

60. EI método de la reivindicacion 46, que comprende ademas:
luego del paso de mantenimiento, aplicar un recubrimiento protector,

resistente al rayado, a la superficie del articulo de vidrio.

61. Un método, que comprende:

formar un articulo de vidrio a partir de vidrio fundido;

sumergir el articulo de vidrio formado en un befio de sal antes de que;
el articulo de vidrio se enfrie por debajo del punto de recocido del vidrio
luego de la formacién del articulo de vidrio, bafio de sal que comprende
iones de potasio, sumergiéndose los articulo de vidrio durante menos de
alrededor de 30 segundos; y

mantener el articulo de vidrio a una temperatura entre la temperatura
del punto de deformacidn del vidrio y entre alrededor de 150°C por debajo
de la temperatura del punto de deformacién durante por lo menos alrededor

de cinco minutos.

62. El método de la reivindicacién 61, en donde el articulo de vidrio se

sumerge en el bafio de sal durante alrededor de 20 segundos o0 menos.

63. El método de la reivindicacién 61, en donde el articulo de vidrio se

a1
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sumerge en el bafio de sal durante alrededor de 10 segundos o menos.

64. El método de la reivindicacién 61, en donde el articulo de vidrio se
sumerge en el bafio de sal durante entre alrededor de 3 y entre afrededor de

5 segundos.

65. El método de la reivindicacion 61, en donde el bafio de sal comprende

nitrato de potasio y cloruro de potasio.

66. El método de la reivindicacion 65, en donde el nitrato de potasio estd
en el margen de 40-60 mol% y el cloruro de potasio estd en el margen de
40-60 mol%.

67. El método de la reivindicacion 61, en donde el bafio de sal comprende

sulfato de potasio y cloruro de potasio.

68. El método de la reivindicacion 61, que comprende ademds:
pulir a la 1lama el articulo de vidrio antes de sumergir el articulo en el
bailo de sal.

69. El método de la reivindicacién 61, que comprende ademads:
luego del paso de mantenimiento, aplicar un recubrimiento protector;

resistente al rayado, a la superficie de] articulo de vidrio.

70. El método de la reivindicacion 61, en donde el bafio de sal tiene una
temperatura de entre alrededor de 550°C y entre alrededor de 750°C.

71. El método de la reivindicacion 61 en donde el mantenimiento del
articulo de vidrio esti a una temperatura entre la temperatura del punto de
deformacion y entre alrededor de 130°C por debajo de la temperatura del
punto de deformaci6n.
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72. El método de la reivindicacidn 61 en donde ia temperatura del punto
de deformacién es alrededor de 530°C.
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PCT International Patent Appl. No. PCT/US2004/009716 1‘&
International Filing Date: 31 March 2004 (31.03.04)
Applicant: The Coca-Cola Company
Title: Method and Apparatus for Strengthening Glass
Attorney Docket No.: 1638.10.PC00 e

AMENDMENT UNDER PCT ARTICLE 19

Internationa} Bureau of WIPO

34 chemin des Colombettes

1211 Geneva 20

SWITZERLAND

Via facsimile to: 011 41 22 740 14 35

Dear Sir or Madam:

Applicants request the Examiner to consider the following amendment. Applicants
include herewith substitute pages for all amendments entered in this communication.

In the Claims:

Please amend claims 1, 17, 31, 46, and 61. The substitute pages 52-63 of the claims are
attached herewith.

Summary

Applicants submit that the present amendment is simply to clarify ﬂle embodiment of the
invention. This amendment does not go beyond the disclosure of the injeme

filed. Entry of the amendment is respectfully requedt2d.
By: /l '

HOWREY SIMON ARNOLD & WHITE, LLP
2941 Fairview Park Drive, Box 7

Falls Church, Virginia 22042

Telephone: 202-783-0800

Facsimile: 703-336-6950

Date: 30 November 2004 (30.11.04)
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SUBSTITUTE S

CLAIMS
We claim:

1. A method, compriging the steps of:

forming a glass article from molten glass, the glass having an annealing point
temperature; -

dipping the formed glass article in a molten galt bath, the salt bath comprising potassium
ions wherein the surface temperature of the glass article is at least the annealing point
temperature of the glass during the dipping step; and

maintaining the glass article at a temperature between the strain point temperature of the
glass and about 150°C below the strain point temperature for st least about five minutes, wherein
the glass remains at a temperature greater than the annealing point temperature of the glass from

the forming step to the dipping step.

2. The method of claim 1, wherein the surface temperature of the glass article is at least

about 25°C above the annealing point temperature of the glass.

3. The method of claim 1, wherein the glass article is dipped in the salt bath for less than

about one minmute.

4. The method of claim 1, wherein the glass article is dipped in the salt beth for ahout 10

seconds or leas.
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5. ° The method of claim 1, wherein the glass article is dipped in the salt bath for b E

about 0.5 second and about 30 seconds.

6. The method of ¢laim 1, wherein the glass article is dipped in the salt bath for between

about 3 and about 5 seconds.

7. The method of claim 1, wherein the salt bath comprises potassium nitrate and potassium

chloride.

8. The method of claim 7, wherein the potassium nitrate is in the range of 40-60 mol% and

the potassium chloride is in the range of 40-60 mol%.

9.  The method of claim 1, wherein the salt bath comprises potassium sulfate and potassium

chloride.

10.  The method of claim 1, wherein the salt bath comprises a combination of at least two of

potassium nitrate, potassium chloride, and potassium sulfate.
11.  The method of claim 1, wherein the salt bath comprises a combination of at least two of

potassium nitrate, potassium chloride, and potassium sulfate, the combination having a8 melting

point of at least 550°C.
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0@

12.  The method of claim 1, wherein the salt bath has a temperature of between about 550°

and about 750°C.

13.  The method of claim 1, wherein maintaining the glass article is at a temperature between

the strain point temperature and about 130°C below the strain point temperature.
14,  The method of claim 1, wherein the strain point temperature is about 530°C.

15. The method of claim 1, further comprising:

flame polishing the glass article prior to dipping the glass article in the salt bath.

16.  The method of claim 1, firther comprising:
after the step of maintaining, cooling the glass article, removing residual salt from the
glass article and applying a protective scuff resistant coating to the surface of the glass article.

17.  An apparatus, comprising;

8 staging area;

a glass article moving means for moving a glass article after forming of the glass article
and prior to cooling the glass article to a temperature below the annealing point temperature of
the glass article;

a salt bath, the salt bath comprising molten salt, the glass article moving means being
configured to move the glass article from the staging area and dip the glass article into the salt

bath, the glass article moving means being configured to dip glass articles having a surface
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temperatures of at least the annealing point temperature of the glass, the glass article being J\

configured to remain in the salt bath for less than about one minute; and @/
a strengthening lehr, the strengthening lehr being configured to keep the glass article at a

temperature between the strain point temperature of the glass and about 150°C below the strain

point temperature for at least about five minutes.

18.  The appamtus of claim 17, wherein the glass article moving means is configured to dip

the glass article in the salt bath for about 10 seconds or less.

19.  The apparstus of claim 17, wherein the glass article moving means is configured to dip

the glass article in the salt bath for between about 0.5second and about 30 seconds.

20. The apparatus of claim 17, wherein the glass article moving means is configured to dip

the glass article in the salt bath for between about 3 and sbout 5 seconds.

21.  The apparatus of claim 17, wherein the salt bath comprises potassium nitrate and

potassium chloride.

22.  The apparatus of claim 21, wherein the potassium nitrate is in the range of 40-60 mol%

and the potassium chloride is in the renge of 40-60 mol%.

23.  The apparatus of claim 17, wherein the salt bath comprises potassium sulfate and

potassium chloride.
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24,  The method of apparatus of claim 17, wherein the salt bath comprises a combination of at

least two of potassium nitrate, potassium chloride, and potassium sulfate.

25.  The apparatus of claim 17, wherein the salt bath comprises a combination of at least two
of potassium nitrate, potagsium chloride, and potassium sulfate, the combination having a

melting point of at least §50°C.

26.  The apparatus of claim 17, wherein the strengthening lehr is configured to keep the glasa
article at a temperature between the strain point temperature of the glass and about 130°C below

the strain point temperature
27.  The apparatus of claim 17, wherein the strain point temperature is about 530°C.

28.  The spparatus of claim 17, further comprising:
flame polishing means, the flame polishing means being configured to flame polish the

glass articles.

29.  The apparatus of claim 28, wherein the flame polishing means is a first flame polishing
means configured to flame polish the sides of the glass article, the apparatus further comprising:
a second flame polishing means configured to flame polish the bottomns of the glass

articles.
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30. The apparatus of claim 17, further comprising: .LM
a coating mechanism configured to apply a protective scuff resistant coating to the surface

of the glass article after the glass article has been removed from the strengthening lehr.

31. A glass manufacturing facility comprising a glass forming machine configured to form
glass articles, and a strengthening lehr, the improvement comprising:

a salt bath comprising molten salt, the glass articles being dipped into the salt bath for
less than about one minute, the glass articles having a surface femperuture at least above the
annealing point temperature of the glass while being dipped in the salt bath; and

a strengthening lehr, the strengthening lehr being configured to maintain the temperature
of the glass articles at a temperature between the strain point temperature of the glass and about
150°C below the strain point temperature for at least about five minutes, the glass manufacturing
facility being configured to dip the glass articles in the salt bath prior to the glass articles while

the glass articles are still hot after being formed by the forming machine.
32.  The glass manufacturing facility of claim 31, firther comprising:
a glass article handling means, the glass article handling means being configured to dip

the glass articles in the salt bath.

33.  The glass manufacturing facility of claim 31, wherein the giass articles are dipped in the

salt bath for about 10 seconds or less.
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34.  The glass manufacturing facility of claim 31, wherein the glass articles are dipped in

salt bath for between about 0,5second and about 30 seconds.

35.  The apparatus of claim 31, wherein the glass articles are dipped in the salt bath for

between'about 3 and about 5 seconds. »-

36. The glass manufacturing facility of claim 31, wherein the salt bath comprises potassium

nitrate and potassium chloride.

37.  The glass manufacturing facility of claim 31, wherein the potassium nitrate is in the range

of 40-60 mol% and the potasgium chloride i3 in the range of 40-60 mol%.

38.  The glass manufacturing facility of claim 31, wherein the salt bath comprises potassium

sulfate and potassium chleride,

39.  The glass manufacturing facility of claim 31, wherein the salt bath comprises a

combination of at least two of potassium nitrate, potassium chioride, and potassium sulfate.

40,  The glass manufacturing facility of claim 31, wherein the sale bath comprises a

combination of at least two of potassium nitrate, potassium chloride, and potassium sulfate, the

combination having a melting point of at least 550°C.
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41.  The glass manufacturing facility of claim 31 wherein the strengthening lehr s confi At

to maintain the glass articles at a temperature between the strain point temperature and about

130°C below the strain point temperature.

42.  The glass manufactiring facility of claim 31 wherein the strain point temperature is about

530°C.

43.  The glass mamufacturing facility of clair 31, further comprising:
flame polishing means, the flame polishing means being configured to flame polish the

glass articles.

44.  The glass manufacturing facility of claim 43, wherein the flame polishing means is a first
flame polishing means configured to flarne polish the sides of the glass article, the apparatus
further comprising:

8 second flame polishing means configured to flame polish the bottoms of the glass

articles.
45.  The glass manufacturing facility of claim 31, further comprising:

a coating mechanism configured to apply a protective scuff resistant coating to the surface

of the glass article after the glass article has been removed from the strengthening lehr.

46. A method for strengthening a glass article, comprising:
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forming the glass arficle from molten glass, the glass having an annealing
temperature;
applying potessium ions to the surface of the glass article before the glass article coois

. A

below the ammealing point of the glass following the formation of the glass article, wherein the
surface temperature of the glass article is at“least the annealing point temperature of the glass
during the applying step; and

maintaining the glass article at a temperature between the strain point temperature of the

glass and about 150°C below the strain point temperature for at least about five minutes.

47. The method of claim 46, wherein the step of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for less than about 10

seconds.

48.  The method of claim 46, wherein the glass article is dipped in the salt bath for about 0.5

second and about 30 seconds.
49  The method of claim 46, wherein the step of applying the potassium ions to the surface of
the glass article is accomplished by dipping the glass article in a salt bath for between about 3

and about 5 aeconds.

50.  The method of claim 46, wherein the step of applying potassium ions to the surface of the

glase article is accomplished by spraying potassium ions on the surface of the glass article.
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51. The method of claim 50, wherein spraying comprises flame spraying. ’L&
52, The method of claim 50, wherein the spraying comprises electrostatic spraying.

53. The method of claim 50, wherein the spraying step comprises power spraying.

54.  The method of claim 46, wherein the step of applying potassium ions to the surface of the

glass article is accomplished by chemical vapor deposition (CVD).

55. The method of cleim 46, wherein the glass article is at a temperature of at least about

25°C above the annealing point of the glass during the applying step.

56. The method of claim 46, wherein the glass article is at a temperature of at least about

50°C above the annealing point of the glass during the applying step.

57. The method of claim 46, wherein the surface of the glass article is at a temperature of at

least about 80°C above the annealing point of the glass during the applying step.

58. The method of claim 46 wherein maintaining the glass article is at a temperature between

the strain point temperature and about 130°C below the strain point temperature.

59.  The method of claim 46 wherein the strain point temperature is about 530°C.
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60.  The method of claim 46, further comprising: U A

after the step of maintaining, applying a protective scuff resistant coating to the surface of

the glass article.

61. A method, comprising:

forming a glass article from molten glass;

dipping the formed glass article in a salt bath before the glass article cools below the
annealing point of the glass following the formation of the glass article, the salt bath comprising
potassium ions, the glass articles being dipped for less than about 30 seconds; and

maintaining the glass article at a temperature between the strain point temperature of the

glass and about 150°C below the strain point temperature for at least about five minutes.

62.  The method of claim 61, wherein the glass article is dipped in the salt bath for about 20

seconds or less.

63.  The method of claim 61, wherein the glass article is dipped in the salt bath for about 10

seconds or less,

64.  The method of claim 61, wherein the glass article is dipped in the salt bath for between

about3 and about 5 seconds.

65. The method of claim 61, wherein the salt bath comprises potassium nitrate and potassium

chloride.
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66. The method of claim 65, wherein the potassium nitrate is in the range of 40-60 mol% and

the potassium chloride is in the range of 40-60 mol%.

67. The method of claim 61, wherein the salt bath comprises potassium sulfate and potassium .. .

chloride.

68.  The method of claim 61, further comprising:

flame polishing the glass article prior to dipping the article in the salt bath.
69. The method of claim 61, further comprising:
after the step of maintaining, applying a protective scuff resistant coating to the surface of

the glass article.

70.  The method of claim 61, wherein the salt bath has a tempersture of between about 550°C

and about 750°C.

71.  The method of claim 61 wherein maintaining the glass article is at a temperature between

the strain point temperature and about 130°C below the strain point temperature.

72.  The method of claim 61 wherein the strain point temperature is about 530°C.
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PATENT COOPERATION TREATY
IN THE INTERNATIONAL BUREAU OF WIPO

PCT International Patent Appl. No. PCT/US2004/009716
International Filing Date: 31 March 2004 (31.03.04)
Applicant: The Coca-Cola Company

Title: Method and Apprratus for Strengthening Glass

Attomey Docket No.: 1638.10.PC00
LETTER ER SE N 205
G ND UNDER PCT ARTICLE 19

International Bureau of WIPO

34 chemin des Colombettes

1211 Geneva 20

SWITZERLAND

Via facsimile to: 011 41 22 740 14 35

Dear Sir or Madam:

The applicants respectfully request that the International Bureau amend the claims of the
above-captioned PCT international application by replacing sheets 52 through 63 of the claims as
originally filed with the sheets 52 through 63 submitted herewith.

Claims 1, 17, 31, 46, and 61 have been replaced by amended claims bearing the same
numbers.

The undersigned hereby confirms that the amended claims do not include matter that goes
beyond the disclosure of the international application as filed.

The applicants respectfully request that the application be puplished with the claims as

smended.

HOWREY SIMON ARNOLD & WHITE, LLP
2941 Fairview Park Drive, Box 7

Falls Church, Virginia 22042

Telephone: 202-783-0800

Facsimile: 703-336-6950

Date: 30 November 2004 (30.11.04)
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International Filing Date: 31 March 2004 (31.03.04)
Applicant: The Coca-Cola Company

Title: Method and Apparatus for Strengthening Glass
Attorney Docket No.: 1638.10.PC00

STATEMENT UNDER PCT ARTICLE 19(1)

International Bureau of WIPO

34 chemin des Colombettes

1211 Geneva 20

SWITZERLAND

Via facsimile to: 011 41 22 740 14 35

Dear Sir or Madam:

Upon entry of the amendment Under PCT Article 19, claims 1-72 are pending in this )
application. For the following reasons Applicants believe that the pending claims are both novel
and meet the requirement of inventive step over the British patents to Pittsburgh Plate Glass
Company and Saint-Gobain Industries.

Claims 1, 17, 31, 46, and 61 are independent claims. Each of these independent claims
recite that galts are applied to the surfaces of the glass articles at a temperature greater than about
the annealing point temperature of the glass. This is not disclosed or suggested by Reference D1.
In fact, Reference D1 requires that the glass article be preheated to a temperature that is
approximately the same as the temperature of the salt bath. Page 7, col. 2, line 86 to page 8, col.
1, line 7. As described throughout Reference D1, from the preheating step to the dipping step,
the glass is always in a heating condition. Moreover, the invention disclosed in Reference D1
pertains to flat glass articles, such as, for example, windowpanes and windshields. Page 1, col. 1,
lines 19-36. The methods disclosed in Reference D1 will be substantially complicated by non-
uniform glass articles.



Because the present invention as recited in claims 1, 17, 31, 46, and 61 includes the
forming of glass articles and then dipping them before the temperature of the glass falls below
the ennealing point of the glass, the present invention is both novel and has inventive step over
the prior art method disclosed in Reference D1.

Claims 17, 31, and 61 all inchude “dipping” of glass articles. Unlike the present
invention, where the glass articles are dipped for times of less than about 1 minute (claims 17 and
31), and less than about 30 seconds (claim 61), reference D2 discloses a standard prior art
approach for strengthening glass articles in which the glass articles are soaked in a salt bath for
significantly longer periods of time, such as “38 hours.” Page 1, col. 2, lines 89-90. Reference
D2 discloses glass strengthening using a two-step process for which the glass articles are soaked
for a time of a total of 11 hours. Page 2, column 2, lines 109-112. Thus, the present invention
permits mass production and strengthening of glass articles in a manner that distinguishes and
significantly improves over prior art glass strengthening methods.

Claims 1 and 46 recite that the application of potassium ions to the surface of the glass
article occurs before the glass article cools below the annealing point of the glass following the
formation of the glass article. This is not disclosed or suggested by the prior art and once again
provides significant advantages in permitting the mass production of glass articles.

Thus, claims 1, 17, 31, 46, and 61 are both novel and have inventive step over Reference
D2.

HOWREY SIMON ARNOLD & WHITE, LLP
2941 Fairview Park Drive, Box 7

Falls Church, Virginia 22042

Telephone: 202-783-0800

Facsgimile: 703-336-6950

Date: 30 November 2004 (30.11.04)
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From the INTERNATIONAL SEARCHING AUTHORITY PCT ’L\q
T

NOTIFICATION OF TRANSMITTAL OF
HOWREY, SIMON, ARNOLD & WHITE LLP THE INTERNATIONAL SEARCH REPORT AND
Attn. Bell, Michael J. THE WRITTEN OPINION OF THE INTERNATIONAL
1299 Pennsylvania Avenus, N.W. SEARCHING AUTHORITY, OR THE DECLARATION
Box 34

Washington D.C. 20004-2402
UNITED STATES OF AMERICA

(PCT Rule 44.1)
' | I o2 ot maliing
| | (dayinonthvenry 54 /09/2004
Appicants ar agenta flis reference
1638.10.2C00 FOR FURTHER ACTION  See paragraphs 1 and 4 below
Imemational application No. Iniemational flling date
PCT/UB2004/009716 {deyfmonttyea)  31/03/2004
Apphcant

THE COCA-COLA COMPANY

1. [g] The appiicant is haraby notified that the intsmational aearch report and the writien opinion of the Internationel Searching
Autharity hmhemewedmdnmnmdm

Flling af amendmanis and stxisment under Articie 18:
Tha appiicant is antithed, If ha 80 wishas, © amend tha ciaima of the Intemational Application (sse Fule 46):
When? The time kit for fling such amendmants is normally 2 mondha from the dele of tanemitial of the
Imemational Search Repart; however, for mare defalls, sed the notes on the accompanying sheet.

Where? Dimcliy o the  Intemnational Bureau of WIPO, 34 chamin des Colombetina
1211 Geneva 20, Switzeriand, Faacimia Na.: (41-22) 740.14.35

For more detalled instructions, see the notee on the accompanying sheet.

2, D The appiicant la hareby notifled thet no intemational ssarch report will ba astablished and thet the declaration undar
m1m)(nbmmmhmnuphmmnnmw Saarching Authorlly are iransmitied harewith.

3. D With regard fo the protest against paymant of (an) addiional fee(s) under Rule 40.2, the appiicant |a notified that:
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flcant's recquest 10 forward the taxts of both the protest and the decision © the designaied Offices

no dacision has baen made yst on the prowet; the appiicamt will be notifiad as soon es a dacision ks mads.

4. Ramindars

mmwummlmmmmmu the imamationad epplication wil be published by the
imamational Bureau. If the applicant wishes to avold or posipons publcation, a notice of withdrawal of the Inlemational
wnumumum.mmmlmm provided in Pules 80bis.1 and 80bis.3, respectively,
befors the compistion of the tacinical preparations for Intemational publcation.

The appiicant may submit comments on an Infanmal basis on the written opinion of the Inemationsl Searching Authority to the
Imemational Bureau. The imematonal Bureau will ssnd a copy of such commanis to all designated Offices uriess an
imarnational preiminary samination report has besn of is 10 be establahed. These commants would alsd be mads svalabie to
the public but not bafors the sxpiration of 30 months from the pricrily dats.

Within 18 moirths from the priority dais, but only in espect of some desipneied Ofices, a dermand for Imemational prel
axamination must be fad I the epplicant wishes to postpons the entry inio the nafional phase untl 30 months from the

dae (In eome OfMocas even iater); otharwiss, the appliicant must, within 20 months from the priorty dede, parform the preacribad
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Bea the Annsx o Form PCT/I/301 and, for detalls about the applicabis ime limits, Office by Office, see the PCT Applicant’s
Guide, Volums |I, National Chapters and the WIPQ Inlamat sie.

Nama and meing accirass of the intsmational Seerching Authortty | Authortaed officer b
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Tek (+31.70) 3402040, Tx. 51 861 apo, Véronique Baillou F"E'.E[:)
Feoc (+31-70) 340-3018 J U]“”dq

Form PCT/ISA/220 (Januery 2004) {See noie on acooniperlying sheet)




NOTES TO FORM PCTASA/220

Thase Notes are intended (o give the basio insiruslions sonsaming the §ing of emendmanis under article 18. The
Noies are based on the requirements of the Pateni Cooperation Treaty, the Peguiations and the Adminiirative instructions
under that Tresty. (n oase of beitween theas Nolas and those requiemanis, the jetter are applioabls. For more

detsiled Informalion, ses alse the PCT Guidle, a publioation of WIPO.,

in thaae Noles, “Arisls®, "Fuls”, snd "Geslion” refar to tha provisians of Sw PCT, e PCT Regulslions and the PCT
rwirustions respestively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

Tha applicart has, afler having reseived tha Inlemational ssarch report, one apporbunily o amsisd the clasims of the

dmeription and drawings; ba amended dwing tha inlemational preliminary ssamination thera ls
nenudbl-mﬂn-):ZhddmunhMH-10—#m-..hm-ﬂhlﬁ-hhﬂd
for the purposss of provisional protestion or has ansther resson lor esmending the claims belore inlemations! phbulioslion.
Furthermore, i should be amphasizad that provisional prolestion i avallshis in some Glates only.

What paris of the inlermational appliostion may be amended?
Undier Article 18, only the laims may be amemdad,

Dun-ll-i'i-n-him the clsims may sizo be amendad {or further smendad) under Article 34 belore
the ntemational Preliminary Examining Authorlly. The description and drawings be smended undar
Avticle 34 belore the intemational Examining Authority. ey oely

Upon anfry Mo the national phase, all paris. of the inlemationsl sppfioation may be amended under Articls 28
o, whers sppliosble, Asticle 41.

Whanx'} Within R montha fram the deie of traemital of the inlemationsl esarch repart or 16 monihs from the priority
dein, whischever lima Imi expires (sler. & showld be noled, however, that the amendimenis will be sonsidered
- bean resaived on fima ¥ they are recsived by the Inlsmational Burvau afier the sxpiration of the
time Imk but balore the complsfion of the technisel preparsiions for intsmational publioation

(Pada 46.1).

Whare not te file the emandments?
The amandments may only be fled with the Intemational Buresu and nat with the reasiving Offios or the
intemnational Searching Authorly (Fule 40.2),

Whers a daman for inlemnalional preliminary sxsminslion has beenis filed, see below,

How? Eiher by cancaling one or more antire alsima, by adding one or more new clalms or by amending the it of
are or mome of he cdalme as fled.

A replacement shest must be submilind for sash shest of the laims whish, en sooount of an emendment er
amsandmenis, differs from the shest originally fled.

Alhﬂllm-n:'“‘—i-iiﬂmtn:.n:uﬂhummﬂ "-lldﬂ:.bv“
cuncelied, no enumbering alher claims i required. canes where clsims are enumbered,
be renumbsted sonessautively (Adminsiralive insirustions, Bpation 206(b}).

The amandmenta st be rmatle In the innguags In whish the intarnationsl sppiication s te be published.

What docispants Must/mey scoompany the smendments?
Latier (action 208(b]):
The smendmernts must be submifted with » jetier.

Tha isttar will net be publishad with the inlsmations! spplioation and the smenced clsims. & should not be
conhused with the “Stalemant urlar Artiols 15(1)" (see bulow, undar *Statement under Artiole 19(1)°).

The istter munt be in Y
E'-Hurﬂur-n.-hdlﬂ::h qﬂ"-.l...l'h-v. l.'ll‘u.-l'd.-
Is Fronoh, the istter must be In Franah,

Notes in Form PCTASA/ZZ0 (lirst sheel) {January 1984)



NOTES TO FORM PCTSA/220 (continusd)

partiouler, hﬁd-.lnmuludlﬁnm wm undarsiood
that kisniiasl indiesiions sonesming savaral slaima may be grouped), whether W helry

00 theoclaim i unshanged;

(D the alaim i sancelied:

(i} thaolsim b naw;

(v) the clsim replems one or mom daims & Med;

{v) the olaim b the result of the dvision of a siaim as fed.

£ [Whare originally there were 15 alairs and afler amendment of sl alairw thers are 11}
"Cisims 1 to 15 mpinoed by amanded deims 1 to 11.”

M-.ulflﬂyll-umﬂdhlﬂhmﬂ in osnosling same claims and In wdding
new olabns]:

“Claime 1 1o 8 and 14 unshanged; alsims 7 1o 13 cancslied; new alaims 15, 16 and 17 edded " or

"Clainm 7 t» 13 oxnoeliad: new daima 15, 16 and 17 adkied; all other claims unchanged *

‘4 "Claims 1 lomh" dlll.l'lh'll 18 and 10 aanesled; olaims 14, 15 and 18 eplaced by smended
ﬂll‘ll.dﬁni?lﬂ“ﬂn“ddﬂ.ﬁ 18 and 17; new slaima 20 and 21 ﬂw

»

"Stvbssnent Unsder arviloin 10(1)" (Fule 48.4)
The amandments may be scoompanied by a ststsmant sxpiaining the amescimants and indiosling any Impast

that such amendmanis have on e sl the oarnct be anvended under
Ty might on the dessription drwwings (whish

The stalameni will be published with the inlematisnal sppleslien and tha amended alsims.
B mamt be in the haguage s whish the inlernalional apppieaion is to be published.
R rmust be bris!, not suosacing 500 words i in English or if irsreisied inio English.

R should nof be conflsad with end doss nat eplace the lsier inclioxling the <diffstences between the claime
us fod and as smencied. R musst be Sad on o separsie shest and must bs identiied as such by & hearing,
prwiarably by using the words "Bialament under Artlals 15(1)."

& may not contain any dsparaging comments on the inlemational saarch report or the relsveanse of dllations
mnu&m—ummu-mmmmum-—m
raport may be made only in sorneclion with an amendment of

Consequance If & ssmnand for sisrnstions) praliminery susmination has sirendy been e

N, st the ime of any amandmanis undar Article 18, a demand for inlernational axaminalion
haa sirpady bean h-hmwm-“hdhhmmh
intamnalionsl Bureay, a smendmanin intemational Preliminary Examining
m—nhmmu-u-)

Cansacguance with regard o henaisiion of the intersstiongt sppfication fer enlry lwio the nelional phase

ﬂ-mmht-nhhfdﬁl.d.lwmbyhbhmm a rarslafion of the
claime & smended unslar Arisla 18 may have o be lumished to the wu—.nﬂd.
in askillion 1o, the innslelion of e daims as Sied.

For further detaiis on ihe requiremenia of eash designaindisissied Offios, sne Voluma |l of he POT Applioent’s

Nalws (o Form PCTABARR0 (sesond shael) (larusry 1894)
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PATENT COOPERA..ON TREATY

INTERNATIONAL SEARCHING AUTHORITY /&(123
| PCT

To:

WRITTEN OPINION OF THE
see form PCTASAR220 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
Dww of malling
{capinonthesr) sew form PCTISAR10 (sacond shest)
Appicants or agacts fie reference FOR FURTHER ACTION
see form PCTASAZ220 See paragreph 2 below
imemational application No, intermational fiing date (deysnanthyear) Priority date (dayénonthjear)
PCTAJS2004/0007 16 31.03.2004 22.04.2003
irtematonal Patent Classification ({PC) or both national clssslificstion und 1PC
C03C2100
Applcant
THE COCA-COLA COMPANY

This opinion containe indications relating to the following ltems:

B BoxNo.|  Basks of the opinion

B BoxNo.ll Priorty

[J BoxNo.lll  Non-establishmert of oplnlon with regard to novelly, Inverntive step and industrial applicabilly
O BoxNo.IV  Lack of unity of Invention

[ BoxNo.V  Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, inventive step or industrial
applicablilty; cltations and axpianations supporting such stainment

O BoxNo.Vl Certaln documents clted
[ Box No.VIl Certain defacts In the Imismational application
O Box No.Vill Cartain cbsarvations on the Internetional application

FURTHER ACTION

if a demand for Internetional preliminasy examination s mads, this opinion will usually be considered to be a
written opinion of the Imtemational Preliminary Examining Autharity ("IPEA®). However, this does not apply where
the applicant chooses an Authority other than this ane to be tha IPEA and the chosan IPEA has notifed the
Intemational Burenu undser Rule 88.1hix(b) that wiitten oplnions of this Inemational Searching Authority

will not be 80 congidered,

i this opinion Is, as provided above, considered to be & written opinion of the IPEA, the applicant Is invited to
submit to the IPEA & writhen reply together, where appropriate, with amendments, bafore the expiration of three
months from the date of malling of Form PCTASAR20 or before the explration of 22 montha from ths priority dais,
whichever expirea later.

For further options, sea Form PCTASAZ220,

For further detrlls, see nates io Form PCTASAZ20.

Nams and mafling addrags of the IBA: Authorized Officer f
Tn-mad ml mp Te Somann, K ‘ @}
5 89 2309 - 0 Tx: 523850 spmu d
Fax: +49 B9 2399 - 4485 Telephons No. +48 80 2260-8588 \_

Form PCTABARST (Cover Sheef) (Jamumry 2004)
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WRITTEN OPINION OF THE Intarnatio lcation No.
INTERNATIONAL SEARCHING AUTHORITY PCTAJS200400098716

Box No.! Basls of the opinion

1. With regard to the language, this apinion has been established on the basis of the Imternational application in
the language In which i was field, uniess gtherwise indicated under thia item.

0 Tnis opinion has besn established on the basis ot & transiation from the original language into the following
langusge . which Is the language of a translation furnished for the purposes of international search
(under Ruleg 12.3 and 23.1(b)).

2. With regard to any nucieotiie andor amino acld ssquence disciosed in the international application anu
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:

O asequence listing

O tebie{s) related to the sequence listing
b. format of material:

O In written format

O in computer readabla form
¢. time of filingfumishing:
O contained in the interational application as filed.
O filed together with the intemational appiication in computer readabie form.
O fumished subsaquently to this Authority for the purposes of search.
3. [ In addition, in the case that more than one version or copy of & sequence listing andbr table relating thereto

has been filed or fumished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as

appropriate, were fumished.
4, Additional comments:

Form PCTAPEA/237 (Jaruary 2004)
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WRITTEN OPINI N OF THE Imemationg! application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAJS2004/009716

Box No. Il Priority

1. B The following document has not been fumished:
[ copy of the earller application whose priority has been claimed (Rule 43bis.1 and 68.7(a)).
O transiation of the earlier application whose priority has been claimed (Rule 430is.1 and 66.7(b)).

Consaquently it hes not been posable to consider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. O This opinion has been eatablished as if no priority had been claimed due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 84.1). Thus for the purposes of this opinlon, the intemational
filing date indicated above is considerad 1 be the relevant date.

3. Addtional observations, if necessary:

Box No.V HReasoned statement under Rule 43bis.1(a)(l) with regard to noveity, Inventive siep or
Industrial applicabliity; citations end explanations supporting such statement

1. Stalement

Novelty (N) Yes: Claims

No: Claims 1-72
Inventive step (I1S) Yes: Ciaims

No: Claims 1-72
Industrial applicablity (I1A) Yes: Claims 1-72

No: Clalms

2. Citationa and explanations
500 separate sheat

Form PCTAPEA/237 (January 2004)
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WRITTEN PINION FTHE International application No.
INTERNATI NAL SEARCHING

AUTH RITY (SEPARATE SHEET) PCT/US2004/009716
Re tem V.

1  The following documents are referred to in this communication:
D1: GB 1010 164 A (PITTSBURGH PLATE GLASS CO) 17 November 1965
(1965-11-17)
D2: GB 1 346 747 A (SAINT GOBAIN) 13 February 1974 (1974-02-13)

D3: US-A-3 938 877 (GLIEMEROTH GEORG) 17 February 1978 (1976-02-17)

2 INDEPENDENT CLAIM 1

2.1 The present application does not meet the criteria of Article 33(1) PCT, because
the subject-matter of Claim 1 is not new in the sense of Article 33(2) PCT.
Document D1 discloses (the references in parenthesis applying to this document):
a method of dipping a glass article in a molten salt bath comprising potassium ions
wherein the surface temperature of the glass is at least the annealing point
temperature during the dipping step (1050°F - 565°C) and then maintaining the
glass at a temperature at just below the strain point of the glass (950%F - 510°C)
for at least 5 minutes (15 minutes) (example IV, samples 60 to 65, page 12,
fines 33 to 36).

2.2 The prasent application does not meet the criteria of Article 33(1) PCT, becauss
the subject-matter of Claim 1 is not new in the sense of Article 33(2) PCT.
Document D2 discloses (the refarences in parenthesis applying to this document):
a method of dipping a glass article in a molten sait bath comprising potassium ions
whereln the surface temperature of the glass s at ieast the annealing point
temperature (545.5°C) during the dipping step (600°C) and then maintaining the
glass at a temperature (450°C) at just below the strain point of the glass (511.5°C)
for at least 5 minutes (hours) (example on page 2, lines 49 to 78).

3 INDEPENDENT CLAIM 17
3.1 The present application does not meet the criteria of Article 33(1) PCT, because

the subject-matter of Claim 17 is not new in the sense of Article 33(2) PCT.
Document D1 discloses an apparatus compriging a staging area, glass article

Form PCT/Separsia Sheet'237 (Sheet 1) (EPO-Janusry 2004)
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WRITTEN PINI N FTHE Intornational appiication No.
INTERNATIONAL SEARCHING
AUTH RITY (SEPARATE SHEET) PCT/US2004/009716

moving means, sak bath and a strengthening lehr all of which fulfill the functions
specified in Claim 1. This also applies with respect to document D2.

4 INDEPENDENT CLAIM 31

4.1 The present application does not meet the criteria of Article 33(1) PCT, because
the subject-matter of Claim 31 is not new in the sense of Article 33(2) PCT (see
point 3 above).

5 INDEPENDENT CLAIM 46

5.1 The present application does not meet the criteria of Article 33(1) PCT, because
the subject-matter of Claim 46 is not new in the sense of Article 33(2) PCT (see
point 2 above).

6 INDEPENDENT CLAIM 61

6.1 The present application does not meet the criteria of Articie 33(1) PCT, because
the subject-matter of Claim 81 is not new in the sense of Article 33(2) PCT (see
point 2 above).

7 DEPENDENT CLAIMS 2-18, 18-30, 32-45, 47-60, 62-72
Dependent Claims 2-16, 18-30, 32-45, 47-80, 62-72 do not contain any features
which, in combination with the features of any Clalm to which they refer, meet the

requirements of the PCT in respect of novelty and/or Inventive step (Article 33(2)
and (3) PCT).

8 The disclosure In Document D3 is particularly pertinent to the specific salt bath
formulations defined in Claim 7, 8, 21, 22, 36, 37, 85 and 686.

Form PCT/Ssparain Sheet237 (Eheet 2) (EPO-January 2004)
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PATENT COOPERATION TREATY
IN THE INTERNATIONAL BUREAU OF WIPO

PCT International Patent Appl. No. PCT/US2004/009716
International Filing Date: 31 March 2004 (31.03.04)
Applicant: The Coca-Cola Compeny

Title: Method and Apparatus for Strengthening Glass

Attorney Docket No.: 1638.10.PC00
SPONSE TO WRITTEN OPINION

European Patent Office

D-80298 Munich

GERMANY

Via facsimile to: 011 49 89 2399 4465

Dear Sir or Madam:

In reply to the Written Opinion mailed 30 September 2004 (30.09.04), Applicants hereby
request the Examiner to consider the following reply. Upon entry of the amendment Under PCT
Article 19, claims 1-72 are pending in this application (copy of amendment attached herewith).
For the following reasons Applicants believe that the pending claims are both novel and meet the
requirement of inventive step over the British patents to Pittsburgh Plate Glass Company and
Saint-Gobain Industries. P

The Examiner has indicated that claims 1-72 lack both novelty and inventive step over
GB 1,010,164 to Pittsburgh Plate Glass Company (Reference D1). Applicants believe, however,

that the claims are patentable over Reference D1.

Chaims 1, 17, 31, 46, and 61 are independent claims. Each of these independent claims
recite that salts are applied to the surfaces of the glass articles at a temperature greater than about
the annealing point temperature of the glass. This is not disclosed or suggested by Reference D1.
In fact, Reference D1 requires that the glass article be preheated to & temperature that is
approximately the same as the temperature of the salt bath. Page 7, col. 2, line 86 to page 8, col.
1, line 7. As described throughout Reference D1, from the preheating step to the dipping step,
the glass is always in a heating condition. Moreover, the invention disclosed in Reference D1



pertains to flat glass articles, such as, for example, windowpanes and windshields. Page 1, col. 1,
lines 19-36. The methods disclosed in Reference D1 will be substantially complicated by non-
uniform glags articles.

Thys, because the present invention as recited in claims 1, 17, 31, 46, and 61 includes the
forming of glass articles and then dipping them before the temperature of the glass falls below
the annealing point of the glass, the present invention is both novel and has inventive step over
the prior art method disclosed in Reference D1. The remainder of the claims are dependent
claims are likewise both novel and have inventive step over Reference for D1 for at least the
reasons set forth above.

The Examiner has indicated that claims 1-72 lack both novelty and inventive step over
GB 1346747 to Saint-Gobain Industries (Reference D2). Applicants believe, however, that the
claims are patentable over Reference D2.

Claims 17, 31, and 61 all include “dipping” of glass articles. Unlike the present
invention, where the glass articles are dipped for times of less than about 1 minute (claims 17 and
31), and less than about 30 seconds (claim 61), reference D2 discloses a standard prior art
approach for strengthening glass articles in which the glass articles are soaked in a salt bath for
significantly longer periods of time, such as “38 hours.” Page 1, col. 2, lines 89-90. Reference
D2 discloses that this 38 hour soak time is unacceptable, and therefore, significantly improves
over this 38 hour dip time by using a two-step process for which the glass articles are soaked for
a time of a total of 11 hours. Page 2, column 2, lines 109-112. Thus, the present invention
permits mass production and strengthening of glass articles in a manner that distinguishes and
significantly improves over prior art glass strengthening methods.

Claims 1 and 46 recite that the application of potassium ions to the surface of the glass
article occurs before the glass article cools below the annealing point of the glass following the
formation of the glass article. This is not disclosed or suggested by the prior art and once again
provides significant advantages in permitting the mass production of glass articles.
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Thus, claims 1, 17, 31, 46, and 61 are both novel and have inventive step over Reference
D2. The remainder of the claims are dependent claims are likewise both novel and have
inventive step over Reference for D2 for at least the reasons set forth above.

In response to the Examiner's indication that a copy of the earlier application to which
priority is claimed is outstanding, it is respectfully noted that upon filing the international
application priority was claimed to two U.S. applications. Applicants respectfully note that a
copy of the first claimed priority application, U.S. Serial No. 60/464,356 (filed 22 April 2003),
was received by the International Bureau on 04 June 2004 (copy of Form PCT/IB/3004 attached
herewith). With respect to the second claimed priority, U.S. Serial No. 10/813,435 (filed 31
March 2004), it is acknowledged by the applicant that the filing date of this U.S. application does
not fall within the period of 12 months preceding the filing of the subject international
epplication and, therefore, the U.S. Receiving Office will not transmit a copy of U.S. Serial No.
10/813,435 to the International Bureau.

By
Michael J. Bell (Reg/ No. 39/604)

Agent for Applicants
HOWREY SIMON ARNOLD & WHITE, LLP g‘“
2941 Fairview Park Drive, Box 7

Falls Church, Virginia 22042

Telephone: 202-783-0800

Facsimile: 703-336-6950

Date: 30 November 2004 (30.11.04)
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PCT

“gI'IFICAﬂON CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administratlve instructions, Section 411)

Dats of malling {day/month/year}
21 June 2004 {21.06.2004)

PCT/US2004/009716
PATENT COOPERATION TRLATY

From the INTERNATIONAL BUREAU :é j M

To:

BELL, Micheel, J.

Howrey Simon Arnold & White, LLP
1299 Pennsylvania Avenue, N.W.
Box 34

Washington, DC 20004-2402

United States of America

Applloant's or agent's flla reference

1638.10.PCO0 IMPORTANT NOTIFICATION
Iintarnetional application Na. International filing date (dey/month/year)
PCT/US2004/009716 31 March 2004 (31.03.2004)

Imternational publication date {day/month/yean
Not yet published

Priority data (day/month/yaar)
22 Aprll 2003 (22.04.2003)

Appligant
THE COCA-COLA COMPANY &t al

reasonable under the circumstances.

which is reasonable under the circumstances.

2. ({ applioable) The latters "NR" appearing In the right-hand solumn denote a priority which, on the data of maifne
atthis Form. had not yst been received by the intemstional Bureau under Rule 17.1{a) or {b). Where, under Ruls 17.1{a) , the
priority dooumant must be submitted by the applicant to the regslving Office or the Imtsmational Bureauy, but the applicant
falla to submit the priority document within the applioable ime limit under thet Ruls, the sttention of the applicant la direcind
ta Rule 17.1(c) which provides that no designated Offios may disregard the priority clalm concerned before giving the
applicant an opportunity, upon entry Into the national phase, ta fumnish the priority dooument within 2 ime limit which la

1. By means of this Form, which replaces any previously lssusd notifiaation conosming submission or transmittal of priority
documants, the applicant Is hereby notiflad of the date of recelpt by the international Bureau of the priority dooument(s)
ralating to all eariler application(a) whoae priority is claimed. Uinless otherwise Indlcated by the letters “NR", In the
right-hand column or by an asterisk appesring next to a dats of recaipt, the priority dooument concerned was submittad or
transmitted to the imternational Bureau In compllancs with Rule 17.1(a) or (b).

dosumant

3. (It applicable) An astwrisk({*) appearing naxt to a dats of receipt, In the right-hand ocolumn, denotss s priority document
submitted or transmitted to the Intermational Bureau but nat in compliancs with Rule 17.1(a) or (b} (the priority document
was regelved after the time limit presaribed In Rule 17.1{s) or the request to prepare and transmit the priority document was
submitted to the receiving Offies sfter the applicakle time limit under Rule 12.1(b)). Even though the priority document was
not furnished in complianocs with Rule 17.1(a) or (bj, the Intsmnational Bursau will nevertheless transmit a copy of the
document to the designated Offlees, for their consideration. In case such a copy is not sccsptad by the deslgnated Office
as priority documant, Rule 17.1(0) provides that no designatad Offilce may disregard the priority claim concarnad before
giving the apptioant an opportunity, upon enry Into the national phase, to fumnish the priority dogument within s time Hlimit

Eriodty date Priority anplication Na, Country or raglonal Office Data of recalot
or PCT raoeiving Offic of orlority document
22 Apri 2003 (22.04.2003) 60/464,366 us 04 June 2004 (04.06.2004)
31 Marc 2004 (31.03.2004) us NR
The trtemational Bureau of WIPO Authortzed officer

34, chemin des Colombetine Marina BIARGE-THURRE {Fax 338-]

1211 Geneva 20, Switzeriand
Facsimile No. {41-22) 338.80.85 Telephone No. (41-22) 338 8373

Form PCTAB/304 (January 2004) 008314327

ﬁ?’CKErlI oY
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PATENT COOPERATION TRE/ ' PCT/US2004/009716

From the INTERNATIONAL BUREAU /Qp

PCT ™

INFORMATION CONCERNING ELECTED BELL Wichsel
OFFICES NOTIFIED OF THEIR ELECTION Howrey Simon Amokd & White, LLP
2941 Fairview Park Drive, Box 7
Falls Church, VA 22042

(PCT Article 31(7) and Rule 61.3) ETATS-UNIS D'AMERIQUE

Dale of mailing (day/month/vear)

06 January 2005 {06.01.2005)

Applicant's or agent’s file reference
1638.10.PCO0 IMPORTANT INFORMATION
Imernational application No. 1ntemnational filing date (day/Anondvyear) Priority date {day/month/year)
PCTAUS2004/008716 31 March 2004 {31.03.2004) 22 April 2003 (22.04.2003)
Applicant

THE COCA-COLA COMPANY et al

The appliosut iy herebvy informed thar the Internationa) Boresn has, scrording 10 Asticle 31(7), notified aach of the following Offices of is aloetion:
EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, F1, FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SL SK.

TR
Natiomal: BG, CA, CN, CZ, DE, JP, KP, KR, MN, NO, PL, RO, RU, SK, US

The following Officss bave waived the requirement for the potification of their alsetion; the notifiestion will be gt 10 themn by the International Boyeam
ouly zpos their reqoest-
AP: BW, GH, GM, KE, LS, MW, MZ, 5D, SL, SZ, TZ, UG, ZM, ZW
EA: AM, AZ BY, XG,.KZ MD,RU. T], ™™
OA: BF, B], CF, CG, CI, CM, GA, GN, GQ. GW, ML, MR, NE, SN, TD, TG
National: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BR, BW, BY, BZ, CH. CO, CR, CU, DK, DM, DZ. BC, EE, EG,
ES.FL GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG,KZ LC,LK,LR, LS, LT, LU, LV, MA, MD,
MG, MK, MW, MX, MZ, NA, NI, NZ, OM, PG, PH, PT, 8C, 8D, SE, 8G, SL, 8Y, TI, T™M, TN, TR, TT, TZ, UA,
UG,UZ, VC, VN, YU, ZA, ZM, ZW
Since the lection(s) was (wers) made before the expiration of 19 monthy frem the priarity date, the spplicant is reminded that he nmat ester the “national
phasc"before the expiration of 30 months from the priority dute before each of the Offices listed above. This st be done by paying the national foels)
and furnishing, if prescribed, & translation of the internarional appliestion (Asticle 39(1 a1, as well as, whers spplicable, by furnishing a translation of sny
wnnexny of the international prefimirary report on parentability (Chapeer 11 of the Puzest Cooperation Treaty) (Asicle 36(3Xb) and Rule 74.1).
Some Offices bave finad time limita expiring later than the shove-mentioned cime limit. See the Amex to Form PCT/IRA01 and, for details about the
gmnmommah—hmw' 's Guide, Volume [1, National Chapters, the PCT Newsistter and the WIPO Internet sits,
,.

Recelved
JAN 11 2005
Howrey Simon Amoid & Whits LLP
Docleting Dept.
N,
The International Burean of WIPO Autharized officer
chemin des Colombeties H * mles :
L e Athina Nickitas-Etienne
Facgimile No.4+41 22 740 14 3§ Pacsimile No.+41 223 338 89 95

Form PCT/IB/332 (Jasmmry 2004)

1\



PCTIUSMTIG
PATENT COOPERATION 1..ZATY

From the INTERNATIONAL BUREALU /\%

PCT
NOTIFICATION CONCERNING
THE FILING OF AMENDMENTS OF THE CLAIMS BELL, Micheel, J.
PCT Administrative Instructions, Section 417 Howrey Simon Arnold & Whits, LLP
{ inistrative Instructions, Section 417) 2941 Feirview Park Drive, Box 7
Falls Church, VA 22042
United States of America
| Dutw of mafing
(day/monthivesr) 15 Dacember 2004 (15.12.2004)
Applicant’s or agent’s flls reference
Internstional sppllcstion No. Intemstional filing date
PCT/US2004/009716 {dsy/monthiyesr) 39 March 2004 (31.03.2004)
Appiicant
THE COCA-COLA COMPANY et al

1. The applicant Is heraby notified that amendments to the claims under Artiole 18 were racsived by the International Buresu on:

30 Novembar 2004 {30.11.2004)

2. This date Is within the tims limit under Rule 48.1.

Conssquently, the intemational publication of the International application will contein the amended olalms aoocording
to Rule 48.2{f), (h) and {1).

3. The applicant is reminded that the intemational application (description, claims and drawings) may be amended during
the International preiiminary examination under Chapter Ii, aceording to Articla 34, and In any oase, before sach of the
designatad Offices, socording to Artiole 28 and Ruls 52, or befors sach of the sleated OHfices, according to Article 41
and Rule 78.

Recelved
DEC 2 9 2004
Howrey Simon Amokd &Whie LLR
Dockating Dept
The nal B oI WIPO Authorised officer
34, chomin dea Colombetins
1211 Geneva 20, Swieeriand Marina BIARGE-THURRE {Fax 338-71-30)
Facalmlle No. (41-22) 338.86.686 Telephone No. {41-22) 338 8373
Form PCTAR/348 {September 1863) 8530107

DOCKETED



O b2 arch 2004(31,03.06
TRANSMITTAL LETTER TO THE 2004(31,03,04

Intsmadional Application Ne. | my Be AsS
UNITED STATES RECEIVING OFFICE - igned
Attorney Dockst Ne. 1638.10.PCO0

L Cartification under 37 CFR 1.10 C1 )

Expraas Mal maling number Dats of Deposh

|uﬁmuunmmmmumwmnummmmmm
Post Ofice io Addresses” service under 37 CFR 1.10 on the date indicxind above and s addressed to Mal Stop PCT, Commissionar for
Patents, PO Bax 1450, Alexendria, VA 22313-1450.

Signuiure of parson maling comespondenca

Typad or printed nama of perscn maling comespondance

L New International Application

TME | MPTHOD AND APPARATUS FOR Esrfiest priortty daie

STRENGTHENING GLASS ayiNonth/Year)

iz AEIT. fOOS

SCREENING DISCLOSURE INFORMATION: In order to sssist in acreaning the accompanying intemational appiication for
purposes of detarmining whether a ficanse for foreign trensmittal shoukd and could be gramied and for other purposss, the
following (nformation is supplied. (Note: check &3 many boxes as apply):

Tha invention disciosad was not made in the Uniiad Steiss.

A
B. D Thare is no pricr U.S. application relating io this Invention.
€ X] The loliowing prior U.S. application(s) contain subject martisr which ks related to the invention disciosad In the sttached
Intarrationsl spplicadion. (NOTE: gricrlly 1o thees agpicsiions mey or may not be claimed on farm PCT/ARO/101
{Requexi) and this Belivg doss nof conaiiute @ cleim for priorkty.)
(1) | application no. 60/464,356 fied o1 22 April 2003 (22.04.03)

(2) | applcstion no. THA_ fedon | 31 March 2004 (31.03.04)

D. fxf The prasent interational sppilcation conlains acdiional subject mattar not found in the prior U.S. applastion(s)
identifisd in pursgreph C. shova. The addifional subject matiar s found on pages M?M

and C1 DOES NOT ALTER [0 MIGHT BE CONSIDERED TO ALTER the ganarsl nture of the Inveutian In & manner

which would equire the U.S. spplication (0 have bean made svallable Inspaction the appropriate
ior 2208 6. 101 ey Gl 8.1, Bem 37 CLR 645, Portalns to ( abov l|

m. L] AResponasts en invitetion from the ROASS. The fcowing documant(s) Is (are) enclosac: o j
A [ ARequestior An Extension of Tims to Flie » Resparse

B D A Power of Altorney [Ganenl or Reguisr)
c D Rapiaceman pages:

of the 01) | pages of tha
_ofthe description o the sbaract
of the claims

D. [} "Submission of Priority Documants

[Priorty document | | Pricrity document | ]
E. [ Fessasspecied on sttached Fes Calculition shest form PCTRGMO1T annex
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A A 1Y

Intemational Application No.
REQUEST
lnmﬁa-ll-‘ig'lbm
The undersigned that the present
nternaona] eppiication be provoased
acconding to the Patent Cooperation Tresty. Name of Office and “PCT International Application”
Ao e e e ) 1638.10.PC00
Box No. I TITLE OF INVENTION

METHOD AND APPARATUS FOR STRENGTHENING GLASS

BoxNa.Il  APPLICANT ) ‘This person is slao inveator

Box iz the applicant’s Stats (that s, conumpry) of residence ifno Siase of iy Indlieated below )

Telephone No.

THE COCA-COLA COMPANY

Facaimile No.

One Coca-Cola Plaza, N.W.
Atlanta, GA 30313

Teleprinter No.

United States of America
Applicant's registration No. with the Office
[ State (that s, couniry) of nationality: State (that ir, coumtry; of residence:
Us us

fort pupoanat ™[] e O T s ofAmachoaty | Suppmesa Box
BexNo.Il FURTHER APPLICANT(S) ANIVOR (FURTHER) INVENTOR(S)
e e i o e e e
Bax iy the applicamt's Siate (that iz, country) of residence | np Siote of ix inalicared bulow )} D appticazt ouly
POSTUPACK, Dennis .

560 Waterview Trail spplicant :QT
Alpharetta, GA 30022 ] inventor chack-bor ir
Unlted States of America o o Rl )

Applicant‘sregistration No. with the Office
State (Yhat is. coangryy of nationality: State fthat iz, country) of residence:
us us
gt e it e, K] Sy [ nrse
Further applicants and/or (further) inventors are indicated on a continuation shees.
BoxNa.IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE
D e L
Name and addresy; Family aome, given nane; for a legul extity, full official daxignation. | Telephone Na.
n:ﬂ-,-u bnlz pasial code and name of cxmury) 202-783-0800

BELL, Michael J. Facsimile No,

HOWREY SIMON ARNOLD & WHITE, LLP 202-383-7195

1298 Pennsylvania Avenue, N.W. Teleprinter No,

BOX 34

Washington, D.C. 20004-2402 Agent’s reginuation No. with the Office

United States of America 39,604

D space shove is used mstead to indicate « special addraas to whi

Address for correspondencs: mumm»,rxummmmwmm

Form PCT/RO/101 (first sheet) (January 2004)

Soe Notes to the raquass form



Continustion ofBox No. Il FURTHER AFFLICANT(S) AND/OR (FURTHER) INVENTOR(S)
[fnone of the following nub-boxes iy ured, this sheet should not be inchaded in the request.

Fﬁ

Name and addresy: Family
The culdrass ot includs postal code aund name

“Mbr-wlwﬂﬂwm

oy This parsen |s:
indicated

B I o ppaicams's S (e i, country) of e o Sl of residance s bolow) [C] sppticant caly
LaCOURSE, William ~ . .
15 Reynolds Street spplicent nd p
Alfred, New York 14802 C u-h?fuﬁumw
Unlted States of America

Applicant's registration No. with the Office

[State (that is, cowntry) of nationalky: State (thar i, couniry) of residence:
us us

Bormmarnes [~ imepbs, XSy [ oimete
e e e SR P, | i peeni
Box s the appiica's Sixte (Yt ix, country) of reridance ifwo St of it indicated bukrw) |:| spplicant only

[] soplicamt et imvenes
O Foara Sy

Applicant’s raginmtion No. with the Office

State (thar ix, cunry] of natiooality:

State fthar iz, cosstry] of residence:

it [1RE"™ aGEnemm []

the United States
of Amsrics aoly

the
the Supplemerl Box

 followed

nam by _c.r-fa
The aldraxsy nclady code amd
T s el ot S o oo e

ﬁw#m

addrexs indicated in this Thit *

[] septicant only

[] sppticant and inventor

[ e 2 oo
Applicant’s registration No. with the Office

State (that ks, couniry) of nationality:

Toinperwnis wplicent [ ll dsigotad [ all derirmnd S o

State (thar ir, country) of residence:
D #w-d-ly- D Bhul‘“‘l:

mmvr-;c-hdmﬂﬂw
B ir she applicant s a-m-uummm-a-d' iz indicated

This parson is:
[] swticant oty
] wplicant and imvemtor
[ St Sl ectones

Applicant’s registration No, with the Office

country

Stxte {that i, couniry) of nationality:

State fthay ir, coumtry) of reaidence:

This person is spplicant
hﬁemﬂﬂ

O == [JatEsadas [

the United States
of America only

D Further applicants and/or (farther) inventors are indicated on another continuation shoet.

Form PCT/RC/101 (continuation sheet) (Jamuary 2004)

See Notas to the request form



SheetNo. .. 3... w

Supplemental Box I the Supplemental Bax is not used, this sheet should not be inchuded in the regusst.

i rumqm-am nTlmNal. w:rmnmpwnu CONTINUATION OF BOX NO. IV
continuation box w

"""",L"‘"’""‘""M,__,,, Anadio" CHEN, Anderson (Reg. No. 44,436)
Pt - wﬂ tothe CHEN, Jenny W. (Reg. No. 44,804)

wvhhnmrhm- in GRIMALDI, Alan M. (Reg. No. 26,590)
pearticular: JARDIEU, Derak J. (Reg. No, 44,483)
/] #mhmmmbkmw MEOLA, Anthony L. {Reg. No. 44,838)

and/or ixvextors and no “continuation sheet ™ it OWENS, David P. (Reg. No. 43,344)
.nniar.wh"&mdhhb.lﬂ and indicaty for RASSER, Jacobus C. (Reg. No. 37,043)

tha raquired
ummm_ f:m mmuﬁh STIMSON, Michael J. {Rag. No. 45,426)

dnﬂ-hldﬂll. '&md‘hhﬂ'
“Contimucgion of Bax No. Il " ar “Continuation of Boxes No. I
and No. 7" (as the case may ba), indicate the name of the
involved and, next to faach) xuch name, the Suxre(s)

Tﬂg ARIPQ, Eurasian, Exropesn or
Mpﬂ.q)ﬁr prpu.d‘ﬂkjﬁlmndmh

No. I or n any of the yub-baxex of Bex No. IIT, the
) Sl a’n’-—-&-hma{-_ph

prposex dasignated the the
Unl'-'h‘. Anh.hnda:iﬂ:m g o
BaxNo O"or of Bax No. I or “Contimuntion

d’hllh.ﬂndhb.!ﬂ"(ﬂlban be), indicase the

MHHM name, the Saxtet)
(M whars ARIPO, Ewarian, Europesn or
QAP paterg) for ihe purposes of whick the names persan is
inventor;

™ nm»n-mwnummm.:
:  in suck care, write "Conmtinuation qf

% I inBaxNo. V7, here are mere thn threg eurlier applications
wikgue priariy Is cisimed: in such care, write “Contimustion of
Baz Ne. V1" ared Indicete for each adiitional earlier
the same typs of information as required in Box No.

rl Fﬂlqﬂuﬂ“buﬁhntﬂuﬂudhmm
hmwurudhaﬁ
States, ar am  for o pas of addition, 9

nfl“q " ‘addition, ~
.‘&.vm-*m
d’ﬁuprmpm::rw

nrllmilh mm (Rules 4. H{’“'

E 5 'tha applicary intends to make an indication ﬁllﬂdﬂd
£ qplﬂ:hlht-hlillk

or
" and the mumber and the dame of the
mmm {Rules 4.1 1 (a)(iv) and F9bix. 1 (). o he parent

Form PCT/RO/101 (supplementnl shoet) (Janusry 2004)) See Notes to the requsst form



BoxNe.V  DESIGNATIONS v

The filing of this request constitntes nnder Rule 4.5(a), the States bound by the PCT on the international
ﬂuﬁhhmdmhﬂdm : ﬂ graxt of both regional and national patents.
Howewer,

D DE Germany by not degignated for smy kind of nations] protection

[0 XR Republic of Kores Is mat designated for srry kind of national protection

[0 RURumisn Federation is not designated for sy kind of national protection

Ehudunﬂuﬁ ) the designations concernad in arder to avoid the ceasing of the gffect, under

{The chock-baxes
the national law, of an s claimed See the Notes io Bax No. ¥ as to the
tha » “:f rlier  from rb'lly consequences of

BoxNo. VI  FPRIORITY CLAIM
Tha priority of the following eartier application{s) is hereby claimed:

¢ o Fling des o Nu::lr Where earlier application is:
(dayimondh/yecr) national epplication: | reg;ong) application:* | internationa) application: |
"m%%h regicnal Office receiving Office
Itemn (1)
22 Aprl 2003 80/464,358 us
[22 D4.03)
ftem (2)
31 March 2(:04 TBA us
(310304
item (3)

[] Puther priority claims are indicatad in the Supplemental Bax.

The recedving Offics is requasted to prapare and trangmit 1o the Intemational Buresm a certifisd copy of the exxlier spplication(y) (only §f”
the eariier application way filed with the Office which for the purpases of tir international application is the recetving Office) identified
shove ax:

all items O sem O iem@ O eme) [ other, see Supplemenn] Box
* Whers the sarlier application is an ARIPO the Parir Convention
Imm'mﬂang:'dlh m%mm;m“ﬁﬂmgtlmd

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Cholee of Isternatioasl hﬁ!‘u Alma!&)ﬁmwmlwmdm“mnmm&

7 N = PSPPSR

Request to use results of earller search; refervace to that vearch (if an aarlier search has been carried ow by or regquesied from the
Ingrnational Searching Autharity):
Dute (day/month/year) Number Country (or regional Office)

BaxNo. VI DECLARATIONS

The following declaratioas are contained in Boxes Nos. VIII (i) to (v) (mark the qppiicable Nuzmber of
check-beoves below and indicats in the right cokomn the monber of such type of declaration): declarntions
D Box No. VI () Declaration s 1o the idantity of the fnvertor
D Box No. V1II (i) Declaration as t the applicent’s extitiement, ss at the international filing

dats, to apply for and be granted a patent

[0 BexNe. v i) Declaration as to the spplieant’s entitiement, ss at the intemational filing
date, to clalm the pricvity of the sarlier spplication

[J BoxNo. VI (iv) Declaration of inventorship {(oaly for the purposes of the designation of the
United States of America)
[0 BoxNe.val (v) Declaration a5 to nop-prejudicia! disclosures or exceptions to leck of novelty

Form PCT/ROV101 (second sheet) (January 2004) Sea Notex (o the request form




Box No.IX CHRECK LIST; LANGUAGE OF FILING v
This international application contalng: This international application is sccompaniad by the following Number
checkt-boxes below and indicate in of i
W hppubrm,hmmlmbuuf "::"(')ﬂ"*l* wld-dw Itemi
mnﬂ(lmludhq‘ I.[E foe calculstion sheet (in duplicate)
: 5 | 2.0 original scparate power of stiomey
dnl:iplm(uﬂudln; 3.0 original general power of attarney
m) : 5 | 40O wdmﬂmﬂwmm
em : 12 m ---------------------------------------------
abatract : 1 5.1 stxtement explaiming lack of signatore .
drawings : 24 | 60 lnmt;dmunn(l)ldnnﬁdmnuhlo Vim
s-b-uuﬁz-:-du 7 83 | 7.0 translation of imermatioeal application loto
nl:lum ; (RERGUBRE): . .« ecceerrnernaarnaranarenaaranaas
#}TH thereto 8. mmwww
readahls form
R N
e HW) ® 0 eﬁfmly(mﬂmnmofﬂnmmmﬂmm):
Tslmmmberofos Bl ow D e e Wity eppieabie, by camy P the
@)D&’L?(.n)md“fm pupuaofmmuumﬂmhuziule‘s o :
tha identity of the
0 5 O e e e ik ™™ .
compnte 10. 0 tables in compurer resdable form related to sequence listing
OF & ¢ SOMai) A {th -:::::'fwﬂn m‘if of intemational search under
ég E ml ® mmloz)(qu)wly(mdwumofﬁehmm _
and namber of carriers (disketir, 6 O 0 or () is morkad in i o) '
MDM, . c.rd-')m [ fﬂ of wﬂum fcrll;e .
E :u:uhm.. (i) Dmﬂ;?h@mtm:ﬁnhiﬂwuhmug
(additional copies to be indicated 1. [l other fipecify): 2 pturn.post carde; taosmitial lnter. ...
MWMMM.MMM
Figure of the drawings which 2 I..;nlu'uﬂlllud'ﬂn . ish
should accompany the abstract international applieation: Engl

BoxNo.X  SIGNATURE OF APFLICANT, AGENT OR COMMON REPRESENTATIVE
hndm indicte _“km“dhwhﬂﬁn'lﬂni copulty i not olviows fom reading the ragusg)

2 LM

AmhonyL MEOLX”
Agent for Applicants

For receiving Office use only

1. Deute of actoal receipt of the purported 2. Drawings:
mmhmﬂm:dm

i Cnnshddmofaﬂﬁn&nhhuht
timaly recelved or
o papers wwmplm
4, Duie of timely recei dﬁ;rﬂ}lﬁ! D

5. Internatiomal Searching Authority delayed
(if two or more are competent):  ISA / "D mulﬂn-.hh pnlnw

For International Buresn use only

Date of receipt of the record
byhhumﬂmllnmm

Form PCT/RO/101 (last sheet) (Jenuary 2004) Sew Nodes o the requast form



For receiving Office use only  ==——————mm
FEE CALCULATION SHEET -
Annex to the Request Internationsl Application Ne.
m:plinn‘lu:qﬂn's
reference 1638.10.PC00 Datz stamp of the receiving Office
Applicant
THE COCA-COLA COMPANY ]]
CALCULATION OF PRESCRIBED FEES
. TRANSMITTALFEE . . . . .« o v v v oo e eee e 300 [T]
2, SEARCHFEE . . . . o v ot e e ne e . 1,818 [8]
Intamatianal search to be carried out by _ISA/EP
 mtiond et imieats e s o ey S e koo & carry out
tha international reareh )
3. INTERNATIONAL FILING FEE
‘Where itesns (b) and/or (c) of Bax No. IX apply, enter Sab-total sumber of shests 93 |
Where items (b) and (¢) of Bex No. IX do not spply, enter Total number of sheets
[i] frse3onhoem . . . ... ... ........ 1035
E x 11 -l 693 (2]
ommber of sheets fee per sheet
in exceny of 30
if
] st s oy e B e i “
or both in that form on paper, under Section 801{a}{(iD):
400 x -| _IEl
for per sheet
Add smounts entered st il, 2and i3 and emter toml st . . . . | 1,728 [1]
(Applicanss from certain States ars entitled (o a reduction of 75% of the
Internationel Where applicants
entitled, m»ﬂ%ﬂ‘méﬂ ”:f"m‘.' Mwﬁmﬂ))
4. FEE FOR PRIORITY DOCUMENT (ifapplicabl) . . . . . . . . .. 30 [F]
S. TOTALFEESPAYABLE . . . . . . . v v v v v v n v s e s 3876
Add emoun entered a2 T, S, 1 and P, and enter total in the TOTAL bax TOTAL
MODE OF PAYMENT
I e (e holow) [ posalmoneyorder [ eash O covpons
AUTBORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT .
(This mode of payment may not be available ot alf receiving Offices) Receiving Office: Rov_US
Amhmhwreummm Deposts Nox 038
. (s chack u - :: pae: 31 March 2004 (31.03.04)
4’. nymllymmt A mv: Name: AN
a Authummmdmpﬂnfufwmmm:. Si

Farm PCT/RO/101 (Annex) (Jaxmary 2004)

See Noses 1o the fes calculation sheet
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f.\ UNITED STATES DEPARTMENT OF
pd * | Patant and Trademark Offics
\'-..-/ crmﬁsam RN
Washinggan, D.C. 20231

sE 08, 2004 G

PTAS Fo00E007ON
HOWREY SIMON ARNOLD & WHITE, LLP
1255 PENNSYLVANIA AVENUE, N.W.
BOX 34
WASHINGTON, DC 20004

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFIIM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROCM ON THE REEL AND FRAME NUMBER
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED CN THIS NOTICE. THE

INFORMATION CONTAINED ON THIS RECCRDATION NOTICE REFLECTS THE DATA
PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD
FIND ANY ERRORS (R HAVE QUESTICNS CONCERNING THIS NOTICE, YOU MAY
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 703-308-8723.
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 06/08/2004 REEL/FRAME: 014708/0256
NUMBER OF PAGES: 3

BRIEF: ASSIGNMENT OF ASSIGNCR'S INTEREST (SEE DOCUMENT FOR DETAILS).

ASSIGNCR:

POSTUPACK, DENNIS DOC DATE: D6/03/2004
ASSIGNOR:

LACOURSE, WILLIAM DOC DATE: 06/03/2004
ASSIGNEE:

COCA-COLA CCMPANY, THE
P.O. BOX 1734
ATLANTA, GEORGIA 30301

SERIAL NUMBER: 60464356 FILING DATE: 04/22/2003
PATENT NUMBER: ISSUE DATE:
TITLE: METHCDS AND APPARATUS FOR STRENGTHENING GLASS
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014708/0256 PAGE 2

SERTIAL NUMBER: 10813435 FILING DATE:

PATENT NUMBER: ISSUE DATE:
TITLE: METHOD AND APPARATUS FOR STRENGTHENING GLASS

MARCUS KIRK, EXAMINER
ASSIGNMENT DIVISION
OFFICE OF PUBLIC RECORDS

03/31/2004

W\
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RECCRDATION FOEM COVEN SHEET
PATENTS ONLY &7/
7o o0 Mygmmais oo o Py o2 D, Py e o snsted it dooman o0 gy fomat 1
1. Numo of couveylay party(isg)- 1 Nune tnd addrass of receiving partyGes):
Dexmiz POSTUPACK
Williswn LalOURSE Yemt  The Cow-Oela Coupany

SretAddrns:  P.OBox 1734
Cliy Atisnis Stew GA: Tp Code: 30301
Comlry: UBA

Additional sama(s) & addoes(es) attachad? O yeo ' mo

Al semaly) o smrvayieg paryCe) stsied? O Yoo ¢ D0

3. Nature of Coxveyeser:

" Amsigoooent O Mepe
gas:ﬂym O Change of Naow

Beacution Datale): June 3, 2004

4. Application mmber(s) or putevt marber(s)
Il s document 1y being fllad wgethar with & new spplioxtion, the sxaction dete of tha spplication (1
A- Petemt Applioation No(s).

60/464,356, flad April 22, 2003 B Pewant No(s)
1O/B12,415, fled Mareh 31, 2004

mnbors attachod? Oym < po

5. Nuxme md afdrms of paty to whoen sorrpoadents & Toial zomber of spphicetions and patants iovolved
concerning docoment shovld bo mailed: 1

r Nexe HOWEREY SIMON ARNOLD & WHITE, LLY 7. Tolal e 37CFR. § 341).....S_BLOQ 1
faztrnal Addrean Bncloewd
o _Antharized fo be sharged to Deposl: Assocat
Screet Addrem: mwnmn,x.w. & Deposit Assatmxt Nugnber: 03-3028 i

| Wackiagion Sorm: DC 2p Cole: 20004

DONOT USE TRYS BPASE

9. Bwremnew wnd gignatem.
To tha baxx of wy inowledpe and beliyf; the fwugoing informazion is tres and corrsat end any aitecked copy 15 8 Dus

¢ <opy of the ariginal docwment. .
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Anomey Docket No: 01638.0010.NPUS02

ASSIGNMENT

In considerstion of the sum of One Dollar (51.00) or cquivalent and other good and valuable
cormiderstion paid to each of the undersigned: POSTIPACK, Desals end LsCOURSE, Willam. the
undersigned hareby sells and amigns to The Coca-Cols Company, a Delaware Corporation, the Assignes,
his/her entire right, title and interest

check applicable bax{er) B for the Unitod States of Amurica (as defined In 35 US.C, § 100),
I and throughout the world,

in the invegtiom inown as _Methed and Anparstas For Strensthanine Glass for which applications for
patent in the United States of America (also known as United Surtes Application Nos: 60/464,338, filed April 22,
2003 and 10/813,435, filed March 31,2004) have been executed by the undersigned, in any and all applications
thereon, in any and all Letters Paterts therefor, and in sny and all reissues, axtensions, renewala, resxaminations
of such applications or Letters Patents and divisional and continumtion spplications thereof, to the full end of the
term or tevrma for which such Letters Putenin imsue, including all olsima, if any, that may have arisen for
infringemnent prior to the date of this asxignment, such entire right, title and interest to be beld and enjoyed by the
above-named Amsignee to the same extent as they would have been held and enjoyed by the undersigned had this
amignment and mle not been made.

Thcmd.uipﬁwhmnllppmmryinmimwiﬂﬂhmlhﬁmmﬂmy
continuing (continuation, divisional, or eumnmmn—m-pn). reimus, repaminetion or corresponding
applications thereof and also to execure separste asignments in connection with such applications as the

Amignes may deem necessary or expadient

The underigned agree to execute all papers necesmary in connection with any interference that may be
declared concerning the application or any continuing (continuation, divisional, or continustion-in-part), relssue
or reexamvination application thereaf and 1o cooperuts with the Assignee in every way possible in obtaining

The undersigned hereby reproscats that the undersigned hes flfl right to convey the entire interest
herein ssxigned, and that the undersigned has not executed, mnd wil) not sxecute, any agreement in conflict
therewith,

The undersigned hersbry grant
Bell, Michasl J. Reg. No. 35,604 Meola, Aothony L. Reg. No. 44,936
CGrimaldi, Alan Reg. No. 26,599 Stimson, Michael J. Reg. No. 45,429
Jardieu, Derek J. Reg. No. 44,483

of HOWREY SIMON ARNOLD & WHITE, LLP, BOX NO. 34, 1299 Panayivenia Ave., N.W., Washingten,
D.C. 20004-2402, pawer to ingert in thia Agsignment sny further identification tat may be necesmry or
desirable in ordor to comply with the rules of the United States Putent and Trademark Office for recardation of
this documant.

IN WITNESS WHEREOF, exocuted by the undersigned on the dates oppasite their names.

lnventor: POSTUPACK, Deanks

WMW,«

W5
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. Apostille
(Convention de La Haye du 5 octobre 1961)

1. District of Columbia
United States of America
KATHLEEN M. SRENIK
2. This public document has been signed by

R THE D
s, ting in the ity of NOTARY :UBLIC IN AND FO ISTRICT
. F COLUHBIA

. KATHLEEN M. SRNIK, NOTARY PUBLIC, D.C.
4. bears the seal/stamp of

CERTIFIED

6. at Washington, D.C.
i OCTOBER 2005

6. the day of

7. by Secretary of the District of Columbia

8. No. 1483502




NOTARIZED STATEMENT %

I, Elena Sergeev, hereby affirm that the attached hereto is a true copy of the aoriginal Worldwide
Assignment document along with a true copy of the Notice of Recordation document, which was
recorded with the United States Patent and Trademark Office on June 8, 2004 at Reel/Frame
014708/0256. The Worldwide Assignment is relevant to the patent applications entitled
“Method and Apparatus for Strengthening Glass™, having serial numbers 10/813,435 and
60/464,356, filed on March 31, 2004 and April 22, 2003, respectively.

IN WITNESS WHEREOQOF, I have hereunto set my hand this 20th day of October 2005.

/ﬁ%

Elena Sergeev

DISTRICT OF COLUMBIA
88:

S’ Y’ “uan’

On this 20™ day of October 2005, before me, a Notary Public, personally appeared Elena
Sergeev, to me known to be the individual described in and who executed the foregoing
instrument, and duly acknowledged to me that he executed the same for the purpose therein set
forth.

Notary Public

Kathisen M. Smik o
N Public, Colambia
(SEAL) ~ o eeaios Bt May 14,2010



. sOPR/ASS1GNMENTS

8/9/04 4:35 PAGE
S AN
\‘i-u/
JUNE 09, 2004
PTAS

HCWREY SIMON ARNOLD & WHITE, LLP
1299 PENNSYLVANIA AVENUE, N.W.
BCX 34

WASHINGTON, DC 20004

UNITED STATES PATENT AND
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EEE&E&E%:EHHMAHDJ:==;nMH /qgi?f”zjka,

Waeshinggon, D.C. ROZ31

~ 7000800704

TRADEMARK OFFICE

NOTICE OF RECORDATION OF ASSIGNMENT DOCIMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED
THE U.S. PATENT AND TRADEMARK OFFICE.
AVAILABLE AT THE ASSIGNMENT SEARCH ROCM
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED

BY THE ASSIGNMENT DIVISION OF

A COMPLETE MICROFIIM COFY IS

CN THE REEL AND FRAME NUMBER

ON THIS NOTICE. THE

INFORMATION CONTAINED ON THIS RECCRDATION NOTICE REFLECTS THE DATA

PRESENT IN THE PATENT AND TRADEMARK ASSI

GRMENT SYSTEM. IF YOU SHOULD

FIND ANY ERRORS CR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY

CONTACT THE EMPLOYEE WHOSE NAME APPEARS
PLEASE SEND REQUEST FCR CORRECTION TO:

ON THIS NOTICE AT 703-308-9723.
U.S. PATENT AND TRADEMARK COFFICE,

ASSIGRMENT DIVISION, BOX ASSIGNMENTS, CG-4, 1213 JEFFERSON DAVIS HWY,

SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 06/08/2004

BRIEF: ASSIGNMENT OF ASSIGNCR'S INTERES
ASSIGNCR:

POSTUBACK, DENNIS
ASSTIGNCR:

LACOURSE, WILLIAM
ASSIGNEE:

COCA-COLA COMPANY, THE

P.O. BOX 1734

ATLANTA, GEORGIA 30301
SERIAL NUMBER: 60464356
PATENT NUMBER:
TITLE: METHODS

REEL/FRAME: 014708/0256
NOMBER OF PAGES: 3

T (SEE DOCUMENT FCR DETAILS) .
DOC DATE: 06/03/2004

DOC DATE: 06/03/2004

FILING DATE: 04/22/2003
ISSUE DATE:

AND APPARATUS FOR STRENGTHENING GLASS
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014708/0256 PAGE 2

SERIAL NUMBER: 10813435 FILING DATE: 03/31/2004
PATENT NUMBER: ISSUE DATE:
TITLE: METHCD AND APPARATUS FOR STRENGTHENING GLASS

MARCUS KIRK, EXAMINER
ASSIGNRMENT DIVISION
OFFICE OF PUBLIC RECORDS
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Anorney Docket No: 01638.0010.NPUS02

ASSIGNMENT

In cousiderstion of ths mum of One Dollar ($1.00) or equivalent and other good and vahuwble
congidaration paid to cach of the undersigned: POSTUPACK. Denply and LaCOURSE. WiElam the
wmﬂ-dumbwwhm
his’her entire right, tile and interest

chack applicabls box{es) [ for the United States of Americe (as defined In 35 U.S.C. § 100),
T and throughout the world,

in the inveotioos known s _Mothed and Asnarstss For Strensthening Glas for which applications for
patent in the United States of America (also known as United Sixtes AppHcation Nos 60/464,356, filed Apeil 22,
2003 snd 10/513 435, filed March 11,2004) have beon executed by the imdarsigned, in any and af] applicatiors
thereon, in any and all Letters Putents therefbr, snd in sny and all reissoes, edensions, renewals, reexxminations
of such applications or Lettors Patents and divisiona] and continustion appiicstions thereof, to the full and of the
term or lrms for which such Letters Patents imus, incloding all claims, if any, that may have arisen for
infringument prior to the date of this assigament, such entire right, tithe and interest to be held and enjayed by the
above-named Assignee to the same extentt es they would have been held and snjoynd by the undersignad had this
assignment and sale not been made.

The undersigned agree 30 cxocute all papers necesmry in commection with the application and any
continuing (continustion, divisional, or continustion-in-part), reissue, reaxsmination or comesponding
applications thereof and alsmo to exacute separste amsignments in connection with much spplications ss the
Amignee may deem necessary or expediont.

The undersigned agres to execute all papers necemary in connection with any interference that may be
declared concerning the application or any continuing {(contimmtion, divisional, or continustion-in-part), relse
or recxaminetion spplication thereof and th cooperate with the Assignes in every way possible in obtainiog
evidonoe end going forward with such interference.

The undersigned heroby represoaty that the undersigned has full right © convey the entire internst
hereln sasigned, and that the vodersigned has oot executed, snd will oot exscute, eny agreement in conflict
therewith.

The undersignad hereby grant:
Bell, Michael I, Reg. No. 35,604 Muols, Anthonry L., Rag. No. 44,936
Griomldi, Alan Reg No. 26,599 Stirngon, Micheel J. Reg. No. 45,429
Jerdieu, Derek J. Reg. No. 44,483

of HOWREY SIMON ARNOLD & WHITE, LLP, BoxX NO. 34, 1299 Pennsylvenis Ave., N.W., Washington,
D.C. 20004-2402, power to insert in this Axvignment any firther idemtifimation that may be nocessary or
desirable in order o comply with the rules of the United States Patent and Trademark Office for recordation of
this document.

IN WITNESS WHEREOF, executed by the undersigned on the dates opposite their names.

Invermor: POSTUPACK, Deanis

MMD%L_&'Y
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Invenior:  L«COURSE, Willam
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TRADUCCION AL ESPANOL del Documento de Cesién a The Coca-Cola
Company domiciliada en Atlanta, GA, Estados Unidos..

© ® N o o

APOSTILLA

Distrito de Columbia

Estados Unidos de América

Este documento publico ha sido firmado por KATHLEEN M. SRNIK

actuando en capacidad de NOTARIO PUBLICO EN Y PARA EL
DISTRITO DE COLUMBIA

Lieva el sellofiimbre de KATHLEEN M. SRNIK, NOTARIO PUBLICO,

CERTIFICADO

en Washington D.C.

el 21° dia de OCTUBRE de 2005

por el Secretario del Distrito de Columbia
No. 148502

Sello/timbre

SHERYL H. NEWMAN



Hres

DECLARACION NOTARIZADA

Yo, Elena Sergeev, por la presente afirmo que el anexo a éste es una copia
verdadera del documento mundial de cesién original junto con una copia del
documento de notificacién de registro, la cual fue registrada en la Oficina de
Marcas y Patentes de Estados Unidos el 8 de junio de 2004 en el
Rollo/cuadro 014708/0256. El documento mundial de cesion es relevante a
la solicitud de patente titulada “Método y aparato para fortalecer vidrio®, que
tiene el nimero de serie 10/813,435 y 60/464,358, presentadas el 31 de
marzo de 2004 y 22 de abril de 2003, respectivamente.

EN TESTIMONIO DE LO CUAL, he puesto mi fima a la presente este 20 de

octubre de 2005.

(Fima)
Elena Sergeev

DISTRITO DE COLUMBIA )

Este 20 de octubre de 2005, ante mi, un notario piblico, aparecié
personalmente Elena Sergeev, a quien conozco como el individuo descrito en
y quien ejecutd el instrumento anterior, y debidamente reconocié que ejecutd
el mismo para el propésito alll establecido.

(Firma)
Notario Publico

(SELLO) Kathleen M. Smik
Notario Publico, Distrito de Columbia
Mi comisién expira Mayo 14 de 2010



JUNIO 09 DE 2004

HOWREY SIMON ARNOLD & WHITE, LLP
1280 PENNSYLVANIA AVENUE, N. W.
CASILLA 34

WASHINGTON, DC 20004

OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS
INFORME DE GRABACION DE DOCUMENTO DE CESION

EL DOCUMENTO ADJUNTO HA SIDO GRABADO POR LA DIVISION DE
CESIONES DE LA OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS
UNIDOS. HAY DISPONIBLE UNA COPIA COMPLETA EN MICROFILME EN EL
CUARTE DE BUSQUEDA DE CESIONES EN EL NUMERO DE ROLLO Y CUADRO
REFERENCIADOS ABAJO.

POR FAVOR REVISE TODA LA INFORMACION CONTENIDA EN ESTE
INFORME. LA INFORMACION CONTENIDA EN ESTE INFORME DE GRABACION
REFLEJA LOS DATOS PRESENTES EN EL SISTEMA DE ASIGNACION DE
PATENTES Y MARCAS. SI USTED ENCUENTRA CUALQUIER ERROR O TIENE
PREGUNTAS CONCERNIENTES A ESTE INFORME, PUEDE CONTACTAR AL
EMPLEADO CUYQO NOMBRE APARECE EN ESTE INFORME AL 703-308-9723.
POR FAVOR ENVIE LA SOLICITUD DE CORRECCION A: OFICINA DE MARCAS
Y PATENTES DE LOS ESTADOS UNIDOS, DIVISION DE CESIONES,
ASIGNACION DE CASILLAS, CG-4, 1213 JEFFERSON DAVIS HWY, SUITE 320,
WASHINGTON, D.C.20231.

FECHA DE GRABACION:  06/08/2004 ROLLO/CUADRO: 014708/0256
NUMERO DE PAGINAS: 3

RESUMEN: CESION DE INTERES DEL CEDENTE (VER DOCUMENTO PARA
DETALLES).

CEDENTE:
POSTUPACK, DENNIS FECHA DE DOC:  06/03/2004

CEDENTE:
LACOURSE, WILLIAM FECHA DE DOC:  06/03/2004

CESIONARIO:
COCA-COLA COMPANY
CASILLA POSTAL 1734
ATLANTA, GEORGIA 30301

Nl;lMERO DE SERIE: 604643564 FECHA DE PRESENTACION: 04/22/2003
NUMERO DE PATENTE: FECHA DE EMISION:

TITULO: METODOS Y APARATOS PARA FORTALECER VIDRIO



014708/0256 PAGINA 2

NI;IMERO DE SERIE: 10813435
NUMERO DE PATENTE:

FECHA DE PRESENTACION: 03/31/2004
FECHA DE EMISION:

TITULO: METODO Y APARATO PARA FORTALECER VIDRIO

MARCUS KIRK, EXAMINADOR
DIVISION DE CESIONES
OFICINA DE REGISTROS PUBLICOS

755
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HOJA DE PORTADA DEL FORMULARIO DE Do oo ol
Espaciants da abogario No PR20Z7
REGISTRO
SOLAMENTE PATENTES

Comislonado Asistante para patenies: Por favor archive los documentos originales anexos o coplas da
los mismos

1. Nombre da Ia(s) parte{s) cadenta(s): 2. Nombre y deccin de la{s) paris(s)
Dennis POSTUPACK recepiora(s)
William [Acourse Nombre: The Coca-Cola Company
Direccion intema: Casila Postal 1734
Cludad: Alanta Estado: GA Cadigo ZIP: 30301
| Se snexsn nombre(s) de parie(s) cadenis(s) edicionsies? L1831 RINo | Pals: ESTADOS UNIDOS DE AMERICA
3. Naturaleza del traspaso:
B Cesitn O Fusién ¢Se ansxan Nombre{s) y direccidn(es) adicionai(es)? [ 51 & No
3 Acuerdo de seguridad [ Cambio de nombre
0 Otro

4. Numero(s) de solicitud o nimero(s) de paients:
Si este documentn se presenta junto con una solicitud nueva, la fecha de ejecucion de la solicilud es:

A Solicliud de patente No(s). B. Palents No{s).
60/464,356, presentada en abrl 22 de 2003
10/813,435, presentada en marzo 31 de 2003

Se anexan ofros nimeros? [1 §i 1 No

5. Nombre y direccion de la parte & quien so le debe | 6. Numero total de solicudes y pateniss

enviar la correspondencia; involucradas: 1
Nombre: HOWREY SIMON ARNCLD & WHITE, LLP
Direccién interna: 7. Tarfa total (37 C.F.R 3.41): $80.00
Adjunta
Direccién: 1288 Pennsylvania Avenue, N.W. Autorizado para cargaria a una cuneta
Casilla 34 de depdaito

8. Cuenta de depdsiio Na.: 08-3038

Washingion Estado: OC_Cédigo ZIP: 20004

NO USE ESTE ESPACIO
9. Dedclaracidn y firma

Hasta donde se y creo, le informacidn antarior es verdaders y comecia y cuslquier copia anexa eg una copla
verdadera del documento original.

Michael J. Stimeon Firma 6/8/04
Nombre de Ia parsona que firma Flrma Facha
Registro No. 45429

Namero total de pagina incluyendo portada, anexos y documento: 3

OMB NO. 0651-0011 (exp. 4/84)

Documentos enviados por comeo para que sean registrados requieren la informacién de la portada a:
Comisionado de Patentes y Marcas, Casllla de Cesiones
Washington, D.C. 20231
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Expadients de Abogado No.: 01638.0010.NPUS02

CESION

En consideracién a ia suma de un délar ($1.00) o equivalents y otra consideracién buena y
valiosa pagada a cada uno de los suscritos: POSTUPACK, Dennls y LaCOURSE, Willlam, los
suscritos por la presente venden y ceden a The Coca-Cola Company, una corporacién de
Delawars, el Casionario, la totalidad de su derecho, titulo e interés

Hene la(s) caslila(s) aplicable(s) para Estados Unidos de América (como se define en
35 U.S.C. § 100)
y alrededor del mundo,

en la invencidn conocida como _Método y aparato para fortalecer vidrio, para la cual los suscrito
ejecutaron solicitudes de patente en Estados Unidos de América (también conocidas como Solicitudes
de Estados Unidos Nos.: 60/464,356, presentada ol 22 de abril de 2003 y 10/813,435, presentada el 31
de marzo de 2004), en cualqulera y todas las solicitudes sobre la misma, en cualquiera y todas las
patentes para la misma, y en cualquiera y todas las reemisiones, extensiones, renovaclones,
reexaminaclones de tales solicludes de patente y solicitudes divisionales y de continuacion de las
miasma, hasta |a totalidad del término o tirminos para los cuales se emitan tales patentes, incluyendo
todas |as reivindicaciones, de haber, que puedan haber surgido por violacion antes de Ia fecha de esta
casion, tal derecho, titulo e interés total serén tenidos y disfrutados por el aniba nombrado Cesionario
hasta la misma extansién que serian tenidos y disfrutados por los suscritos si no se hubiere hecho esta
casion.

Los suscritos acuerdan ejecutar todos los documentos necesarios en conexidn con la solicitud
y cualquier solicitud de continuacidn (continuacion, divisional, o confinuacion parcial), reemision,
reexaminacion o soficiudes comespondientes de las mismas y también a ejecutar cesiones separadas
en conexién con tales solicitudes que el Casionario considere necesarias o convenientes.

Los suscritos acuerdan sjecutar todos los documentos necesarios en conexion con cualquier
interferencia que pueda declararse concemients a la solicitud o cualquier solicitud de continuacion
(continuacidn, divisional, o continuacidn parcial), reemision, o reexaminacién de la misma y a cooperar
con el cesionario en cualquier forma posible en obtener evidencia y avanzar con tal Interferencia.

Los suscritos por la presente manifiestan que los suscritos tiene pleno derecho para ceder la
totalidad del interés aqul cedido, y que los sucritos no han ejecutado, y no ejecutarén, ningln acuerdo
en conflicto cono éste.



Los suscritos por la presente otorgan a.
Bell, Michael J. Reg. No.: 39,604 Meola, Anthony L. Reg. No.: 44,936
Grimaldi, Alan Reg. No.. 26,599 Stimson, Michael J. Reg. No.: 45,429
Jardieu, Derek J. Reg. No.: 44,483

de HOWREY SIMON ARNOLD & WHITE, LLP., Caslla No. 34, 1299 Pennsylvania Ave., NW.,
Washington, D.C. 20004-2402, poder para Insertar en esta cesion cualquier identificacion adicional que
pueda ser necesaria 0 deseable con el fin de cumplir con las reglas de la Oficina de Marcas y
Patentes de Estados Unidos para el registro de este documento.

EN TESTIMONIO DE LO CUAL, ejecutado por los sucritos en las fachas opuestas a sus
nombres;

Inventor: POSTUPACK, Dennis

Firma: (Firma) Fecha: junio 3 de 2004

Inventor: LaCOURSE, Willlam

Firma; (Firma) Fecha: junio 3 de 2004
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.' GEBRGIA SUPERIOR COURT
CLERKS’ COOPERATIVE AUTHORITY
Notary Division

1875 Century Boulevard, Suite 100

Adlanta, Georgia 30345

APOSTILLE
{(Convention de La Haye du 5§ Octobre 1961)

1.Country: UNITED STATES OF AMERICA

2. This public document
has been signed by TERESA MORRIS

3. acting in the capacity of NOTARY PUB

ir -5-1

LIC, S-TATE'OF GEOR_G!A
: -'='1‘":'-*:' I

4, bears the seal/stamp of ‘. TERESA MORRIS--

o | -’ .— B S _f"' A \{ ’l‘
ROTARY PUBLIC W o E A

~ FAYEITE COUNTY, GEORGEA v .~}

A T e Lt --_-:e-f- "‘I'i"!'.-:'!"'_

N R A A

SRR ';""""gf-}

v CERTIF:IED o I

-t .l- T - - = !:-" "l'
5.st ATLANTA, GEORGIA.- | vhoon T Sy

6.the 30TH DAY OF AiJGUST 1005 i -

‘. .-_.A'_,i"

7.by GEORGIA SUPERIOR COURT CLE!it , -COOPERATJVE AUTHORITY

.l-_

8. No. I-132797 =38

p

-—_. '-;r.-.t —

nb - g —

10. Signature:

Qs».):zz.{ae»-

DAVID R. WILLIAMS
EXECUTIVE DIRECTOR

P



. . Brigard & Castro
=, BOGOTA - COLOMBIA %b
PODER Otorgada y medo
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B
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--------------------- o 1) 1T T
En colided NOmbIs.........oovererinmcasessanienns N
et Aot s Cargo.....ccceiansmnannans CeivameieereretasEeerneresnanenrensarserrrnrsbtaLaLas
................ POWER OF ATTORNEY
Socledsd comtituida de scue—ndo con len leyes
de Tha undersigned....deve Whalay,

..................... Acting as Lagal Reprassntative
dorniclllo Of THE COCK.COLA COMPANY
eon m Campany Incorporsted sa par tha laws of STATE OF DELAWARE
Ellerarsemssnmertmntmasnsns sttt e e e damiclied In One Coca-Cola Plaza. Atlents, Georgla 30313,
Oficines principaies Estados Uridos de América
o o TTUEPEER eeeeeesmaeseeense s esasa e e e e R SRS RO
.......... With principal officss In ATLANTA, GEORGIA

Nombro{amos) a JUAN PABLO CADENA SARMIENTO y/o

CARLOS M. PALACIO EASTMAN y/o HECTOR QOMEZ
MEJIA, de Bogotd, Colombia, apoderados vardaderos y legales
con poder espaclal, amplio y suficlente, para recabar de las
oficines y sutoridadea colomblanes administrativas, judiclales
y da palicla, en cuaiquiar inatancla o recurso, la obtencidn da
patenmtes de invenckdn, registos de marcas, dissflos
Industriales, modelos de utlidad, depdsitos de nombres
comarciales, lemas comercisles y snesfiaa, reglstros da
derachos de sutor y contratos sobre los miamos, obtenclén de
cortificados de obtantor da variadedes vegsetales, asl como sus
prérogas, renaovecionas, anataciones de traspaso, cambios de
nombre y/o domicilio; elaborer, tramitar y reglstrar contratos
de licencla vy ficencias de cusissquiera classs; interventr como
demandants o como demandado sn cumiquisr Instancls y
recusso ante cusiquisr jua2, corporacién, funclonaro pdblico o
sutorided en acclones judiclales, administrativas v de policla
tules como: opoaiclones al reglstro de marcas; acclones de
caducided, cancalacidn y rwlidad; acclonas ralvindicatorias,
acclones dwrivadaa de ls obtencidn o axplotacién de licencias;
acciones de competencia deslesl; demandes penales; acclones
de indemnizacién de perjuicios, reclamos y obaservaciones a
solicitudes de patentes, disefios industriales modulul de

A esta sfecto,
formuler descripclones, snmiandas, protesta
oposiclones, cancelaclones, nulidedes,

reclamos; pegar impuestos, i

' f

curso de concesidn; reclbir toda class d
valores, dando of descargo reapectivo, y, en gend
ante dichas sutorikiades todos los pasos n:e-lrlol
Indicado y tomar todas lee madkias que creyeren cond
o resgusrdo ds mis (nuastros intereses), con todas las demids
fecultades Isgalee necasaries.

Este podor comprands 1a feculted de ratificar o conflirmar en
ml {nueatro} nombra lo actuado esl como la facultad de
desistr, ransigir, comprometer, y la de sustituirio en todo o
en parts y ravocar sustituciones. Asimiamo nombro{amos} a
JUAN PABLO CADENA SARMIENTO y/o CARLOS H.
PALACIO EASTMAN vy/o HECTOR GOMEZ MEJIA,
domiclliadois) on ta Carrera 7 No. 168-68 Piso 8, mis
(nuestros) spoderedos en Colombia, con facuitades para
reciblr notificaciones y designar apoderados judiclales o
extrajudiclales.

{4
;f,.l

lols) fecultolemos) para elgver oolclh:af . .'

Hersby appoints JUAN PABLO CADENA SARMIENTO and/or
CARLOS H. PALACIO and/or HECTOR GOMEZ MEIIA, of
Bogotd, Colombla, my {our) trus end lawful attomeys with
special, ampla and wsufficlent powsr to obtain from the
Colomblan administrative, judiclal and police offices and
authoritles, In any Instance, privilagea of patents of Invention,
reglatration of trademarks, Industrial designa and utliity madels;
registration of commerclal namss, siogans and emblema,
ragintration of copyright end contracts related thereto,
certificates of obtalnara of vegetables varisties, as woll as
axtersions, renewals and racordal of assignments and changes
of nama snd domiclia ralated to the sbove; to prepare,
praascuts and regleter licenses of any kind; to act as pleintlff’
or defandant In any inatance or recourss, snd beform any
hrdge, corporation, public officlal or authority I judiclal,
adminlatrativa and police actions, such ss: oppositions to the
registration of trademarks; caduchy, cancellstion and nuliity
actions; claim ectlons derived from the obtaining or
nploluﬂun of licenses, action of unfair competition; criminal

bogpdings, actions for payment of damaeges: claima or

afations on patent applications, modals, Industris! deaigns
3ty models; I the exercise of preventive measures and
ar actions or similar procesdinga.

t they hereby smpowsred to fila applicetions,
dhacriptions, amandmanta, protests, declaratians,
cancellations, nullities, appeals and clalme; to

r walve the rights grented or In the process of
n raceive all kinds of documents and valuables,
N respective relesse of recelpt, and, in general, te

haTire eald authoritiss the necessary steps ta such
effect, and any measurss that they may deem pertinent to
tha safeguard of my (our) Intersstis) with all the other
necessary lagal powers.

This powsr Includes the faculty to ratify or confinn desist,
settls and compromise on my {our) behalf, and to substiute
this power [ whole or In part and to revoke substitutions. At
the same tima | (Wa) hareby appoints JUAN PABLO CADENA
SARMIENTO and/or CARLOS H. PALACIO EASTMAN and/or
HECTOR QOMEZ MEJIA, domiclied In Carrera 7 No. 18-58,
Plso 8, my (our} sttomey(s} In fact, with powars ta receive
notifications and to designate judiclal and extrajudiclal
attomaya.

-



-. NOTARIAL CERTIFICATE
NATURAL PERSON

who ia{are) known to me and who | attest executed the
foregoing document and ha (they) declared he (they)
grant(s) the document for the uses and purposss
therain exprassed.

j_a./«_zsu h’\W

Notary Public {Seal)

LEGALIZATION BY APOSTILLE I§ REQUIRED,

®\



CERTIFICADO NOTARIAL (SOCIEDAD)

comparecid ants

8 qulen conozco, y de quien me consta que firmé el
anterlor documento, debidemente juramentedo declard
y dijo que é (ella)

Socledad legeiments constitulda para un perfodo de
durecidn que aiin no ha terminado; que el declarante
estd autorizedo por dicha compafila pars conferir este
poder; que &l selio estampado por él al pie de tel poder,
en nombra y representacién de la expreseda compaiila,
a3 al sello oficlel de ella; y que el objato para el cual se
conflers aste inatrumento asté comprerndido dantro del
objeto social ds la socledad.

El suscrito Notario hace constar que tuvo o la vista las
pruebas de la existencia de |la socledad.

Estado

y que qgulen confiere sl prese
repraesentante.

Notario Pablico (sello)

CERTIFCADCO NOTARIAL
PERSONA NATURAL

a quien (es) conozcc y ma consta que esison} lae(e)
personala) firmante{s} del documento que preceds y
qulen{ea) declara{n) que otorgen el mismo para loa fines
y propéaitos qus an &l se exprasan.

Notarlo Publico (seilo)

LEGALIZACION POR APOSTILLA ES REQUERIDA.

NOTARIAL CERTIFICATE (CORPORATION)

On thle...26th.....day of August of...2005..,

paraonelly sppeared befors me Steve Whaley, Vice
President, Generel Tax Counsel end Aasistant

to ma known, and known to me to ba the pamon who signed
tha foregoing istrument who being by ms duly swom did
deposa and say thet he {(she) M the.........cccvvnnannmnecacecaa

of...The Coca-Cola Company...........

Which Is legally constituted for a tarm not yet sxpired,
that deponent is authorized by ssid Company to confer
this Power of Attorney: that the saal affixed hersunto
by the deponent in the name and on behalf of sald
Corporatiop Is the corporate seal thersof; and that the
purposa for which this instrument ia granted is included
within the corporate purpese of company.

{ undersigned Notary Public ettests that he has sesn
fdocuments that prove the exlstence of the

shat he (she} who granta the present power of
Is its Reprasantative.

s Moo

* & Public Notery (Seal)



