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Box No. I 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.
I:I a translation of the international application into which is the language of a

translation furnished for the purposes of:
I:l international search (Rules 12.3(a) and 23.1(b))
I:l publication of the international application (Rule 12.4(a))
D international preliminary examination (Rules 55.2(a) and/or 55.3(a) and (b))

2. Withregard to the elements of the international application, this report is based on (replacement sheets which have been furnished
1o the 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):

D the international application as originally filed/furnished, or

the description:

pages 1-22 as originally filed/furnished.

pages™® received by this Authority on
pages* received by this Authority on
the claims:
Nos. as originally filed/furnished.
Nos.* as amended (together with any statement) under Article 19

Nos.* 1-15 received by this Authority on 22 July 2021 (22.07.2021)

the drawings:
pages 1/2-2/2 as originally filed/furnished.
pages™* received by this Authority on

pages* received by this Authority on

I:I a sequence listing - see Supplemental Box Relating to Sequence Listing.

3. |:I The amendments have resulted in the cancellation of:

the description, pages

the claims, Nos.

the drawings, sheets/figs

EEEN

the sequence listing (specify):

4. I:I This report has been established as if (some of) the amendments annexed to this report and listed below had not been made,
since either they are considered to go beyond the disclosure as filed, or they were not accompanied by a letter indicating the
basis for the amendments in the application as filed, as indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

the description, pages

the claims, Nos.

the drawings, sheets/figs

the sequence listing (specify):

¢ Q00d

'

is report has been established:

taking into account the rectification of an obvious mistake authorized by or notified to this Authority under Rule 91
(Rules 66.1(d-bis) and 70.2(e)).

without taking into account the rectification of an obvious mistake authorized by or notified to this Authority under
Rule 91(Rules 66.4bis and 70.2(e)).

6. With regard to top-up searches (Rules 66.1zter and 70.2(f)):
A top-up search was carried out by this Authority on 10 September 2021 (10.09.2021)
Additional relevant documents have been discovered during the top-up search.

No top-up search was carried out by this Authority because it would serve no useful purpose.

OO

7. |:I Supplementary international search report(s) from Authority(ies) has/
have been received and taken into account in establishing this report (Rule 45bis.8(b) and (c)).

* If item 4 applies, some or all of those sheets may be marked “superseded.”
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Box No.V citations and explanations supporting such statement
1. Statement

Novelty (N) Claims 1-15 YES
Claims NO

Inventive step (IS) Claims YES
Claims 1-15 NO

Industrial applicability (IA) Claims 1-15 YES
Claims NO

2. Citations and explanations (Rule 70.7)

US 20140144185 A1 (JOHNS MANVILLE) 29 May 2014 (29.05.2014)

US 20130239618 Al (ASAHI GLASS COMPANY, LIMITED) 19 September 2013 (19.09.2013)
US 20140090421 A1 (JOHNS MANVILLE) 03 April 2014 (03.04.2014)

US 5588978 A (ARGENT; RONALD D.) 31 December 1996 (31.12.1996)

Claims 1, 3, 5, 9-11 lack an inventive step under PCT Article 33(3) as being obvious over JEANVOINE
et al. (US 2002/0162358) in view of SHOCK et al. (US 2014/0144185) and ISHIKAWA et al. (US
2013/0239618).

Jeanvoine teaches a method for melting glass. Jeanvoine teaches providing a glass batch comprising a
mixture of solid glass-forming materials and melting the glass batch in a melting chamber by application
of heat from one or more submerged combustion (see figure 1). Figure 1 shows directing the unrefined
molten glass from the melting chamber into a downstream treatment chamber including a refining section.
Jeanvoine teaches heating the unrefined molten glass including the refining agent in the refining section of
the treatment chamber at a temperature at most 1500°C (claim 11) which incorporates the claimed range
of 1200°C to 1500°C. It inherent that refined molten glass comprises, by volume fewer gas bubbles than
unrefined molten glass.

Jeanvoine is silent to the bubble content.

Shock teaches a method of melting glass by a submerged combustion melter. Shock teaches that melting
by a submerged combustion melter results in molten glass having up to 40% by volume of bubbles (para.
0002) which incorporates the claimed range of 20% to 40% gas bubbles. It would have been obvious to
one of ordinary skill in the art that the glass of Jeanvoine would have bubbles of the same content because
Jeanvoine teaches melting by a submerged combustion melter.

Ishikawa teaches a method of melting glass raw materials. Ishikawa teaches adding an additive to a molten
state glass. Ishikawa teaches a melting tank (30) and a fining chamber (20) downstream from the melting
tank that has a housing having each of a glass inlet, a glass outlet, and an auxiliary access passage (para.
0071). Ishikawa teaches introducing additive particles into the fining chamber of the fining tank through
the auxiliary access passage (para. 0079). Ishikawa teaches the additive particles comprising a glass
reactant material and one or more fining agents (para. 0107).

It would have been obvious to one of ordinary skill in the art to modify the method of Jeanvoine with the
fining steps of Ishikawa because Ishikawa teaches that adding additives in the fining tank reduces energy
consumption and exhaust gas (para. 0051).

Regarding claim 3, Ishikawa shows in figure 1 that the refining agent is introduced into the unrefined
molten glass in the refining section of the treatment chamber.

Form PCT/IPEA/409 (Box No. V) (January 2015)

Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;
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Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;

Box No.V citations and explanations supporting such statement

Regarding claim 5, figure 1 of Ishikawa shows the refining agent is introduced into the unrefined molten
glass at a turbulent location downstream of the melting chamber.

Regarding claim 9, Ishikawa teaches that the additives have a mean particle diameter of 30 to 1000 ym
(para. 0109) which falls into the claimed range of 0.1 micrometers to 1000 micrometers.

Regarding claim 10, Ishikawa teaches the refining agent comprises a gaseous material of hydrogen (H,)
(para. 0077).

Regarding claim 11, Jeanvoine teaches forming glass articles from the molten glass (para. 0030).

Claims 2, 6, 7, 8 lack an inventive step under PCT Article 33(3) as being obvious over the prior art as
applied in the immediately preceding paragraph and further in view of KOBAYASHI (US 5,922,097).

Jeanvoine as modified by Shock and Ishikawa teaches a method of melting glass. 1shikawa is silent to the
fining agents use in the additive.

Kobayashi teaches a method of reducing gaseous inclusions in a glass making process. Kobayashi
teaches a common fining agents is sodium sulfate (col. 1 lines 61-63). It would have been obvious to
one of ordinary skill in the art to use sodium sulfate as the refining agent of modified Jeanvoine because
Kobayashi teaches that it is a common fining agent use in the art (col. 1 lines 61-63).

Regarding claim 6, Kobayashi teaches that sodium sulfate is typically added in an amount of 6 to 12 kg
per metric ton of the glass (col. 2 lines 4-5), or 0.66% to 1.3% which overlaps with the claimed range of
between 0.001% and 0.1% of the unrefined molten glass.

Regarding claim 7, Kobayashi teaches that refining agents may include sodium (col. 1 lines 61-63),
arsenic oxides, antimony oxides, and sodium chloride (col. 4 lines 44-45).

Regarding claim 8, Kobayashi teaches that refining agents may include arsenic oxides or antimony oxides
(col. 4 lines 44-45).

Claim 4 lacks an inventive step under PCT Article 33(3) as being obvious over the prior art as applied in
the immediately preceding paragraph and further in view of SHOCK et al. (US 2014/0090421).

Jeanvoine as modified by Shock and Ishikawa teaches a method of melting glass.

Shock (US 2014/0090421) teaches a method of melting glass. Shock teaches that the melter/finer may
contain one or more apertures in the roof and/or sidewall of the furnace for introducing one or more
compositions into the downstream apparatus (para. 0059). Figures 1 and 2 of Shock US 2014/0090421
shows an aperture for introducing additives (24, 24d, 24e) between the melting chamber (2) and the
treatment chamber (14). It would have been obvious to one of ordinary skill in the art to modify the
method of Jeanvoine to introduce the refining agent between the melting chamber and the treatment
chamber because Shock US 2014/0090421 teaches that introducing additives here can result in higher
foam decay rates (para. 0059).

Claim 12 lacks an inventive step under PCT Article 33(3) as being obvious over JEANVOINE et al. (US
2002/0162358) in view of SHOCK et al. (US 2014/0144185) and ISHIKAWA et al. (US 2013/0239618)
and ARGENT et al. (US 5,588,978).

Jeanvoine teaches a method for melting glass. Jeanvoine teaches providing a glass batch comprising a
mixture of solid glass-forming materials and melting the glass batch in a melting chamber by application
of heat from one or more submerged combustion (see figure 1). Figure 1 shows directing the unrefined
molten glass from the melting chamber into a downstream treatment chamber including a refining section.
Jeanvoine teaches heating the unrefined molten glass including the refining agent in the refining section of
the treatment chamber at a temperature at most 1500°C (claim 11) which incorporates the claimed range
of 1200°C to 1500°C. It inherent that refined molten glass comprises, by volume fewer gas bubbles than
unrefined molten glass.

Jeanvoine is silent to the bubble content.

Shock teaches a method of melting glass by a submerged combustion melter. Shock teaches that melting
by a submerged combustion melter results in molten glass having up to 40% by volume of bubbles (para.
0002) which incorporates the claimed range of 20% to 40% gas bubbles. It would have been obvious to

Form PCT/IPEA/409 (Box No. V) (January 2015)
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Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;

Box No.V citations and explanations supporting such statement

one of ordinary skill in the art that the glass of Jeanvoine would have bubbles of the same content because
Jeanvoine teaches melting by a submerged combustion melter.

Ishikawa teaches a method of melting glass raw materials. Ishikawa teaches adding an additive to a molten
state glass. Ishikawa teaches a melting tank (30) and a fining chamber (20) downstream from the melting
tank that has a housing having each of a glass inlet, a glass outlet, and an auxiliary access passage (para.
0071). Ishikawa teaches introducing additive particles into the fining chamber of the fining tank through
the auxiliary access passage (para. 0079). Ishikawa teaches the additive particles comprising a glass
reactant material and one or more fining agents (para. 0107).

It would have been obvious to one of ordinary skill in the art to modify the method of Jeanvoine with the
fining steps of Ishikawa because Ishikawa teaches that adding additives in the fining tank reduces energy
consumption and exhaust gas (para. 0051).

Argent teaches a method of making colored glass. Argent teaches adding a colorant to glass that has
already undergone melting and refining (col. 2 lines 1-6). It would have been obvious to one of ordinary
skill in the art to modify the method of Jeanvoine to add a colorant after refining because Argent teaches
that this allows for the production of both clear and colored glass (col. 1 lines 14-17).

Claims 13 and 14 lack an inventive step under PCT Article 33(3) as being obvious over the prior art as
applied in the immediately preceding paragraph and further in view of KOBAYASHI (US 5,922,097).

Jeanvoine as modified by Shock, Ishikawa and Argent teaches a method for melting glass. Ishikawa is
silent to the fining agents use in the additive.

Kobayashi teaches a method of reducing gaseous inclusions in a glass making process. Kobayashi teaches
that refining agents may include sodium (col. 1 lines 61-63), arsenic oxides, antimony oxides, and sodium
chloride (col. 4 lines 44-45). It would have been obvious to one of ordinary skill in the art to use the
refining agents suggested by Kobayashi as the refining agent of modified Jeanvoine because Kobayashi
teaches that these are conventional refining agents (abstract).

Claim 15 lacks an inventive step under PCT Article 33(3) as being obvious over the prior art as applied in
the immediately preceding paragraph and further in view of JACQUES et al. (US 2006/0105899).

Jeanvoine as modified by Shock, Ishikawa and Argent teaches a method for melting glass. Modified
Jeanvoine is silent to the amount of colorant in the final glass.

Jacques teaches a method of melting glass. Jacques teaches that colorant typically represents from 1 to 5%
of the glass composition (para. 0002) which overlaps with the claimed range of between 0.5 % and 3 %. It
would have been obvious to one of ordinary skill in the art that the colored glass of Jeanvoine would have
the range suggested by Jacques because Jacques teaches that typical amount of colorant in the prior art
(para. 0002).

Form PCT/IPEA/409 (Box No. V) (January 2015)
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Claims

1.

A process [or manulacturing glass comprising:

providing a glass batch comprising a mixture of solid glass-forming materials (18);

melting the glass batch in a melting chamber (12) by application of heat from one or more
submerged combustion burners (34) to produce a volume of unrcfined molten glass comprising,
by volume, 20% to 40% gas bubbles;

directing the unrelined molien glass [rom the melting chamber (12) into a downstream
treatment chamber (14) including a refining section (44);

introducing a refining agent into the unrefined molten glass after it leaves the melting
chamber (12) to promote gas bubble removal from the molten glass; and

heating the unrefined molten glass including the refining agent in the refining section (44)
of the treatment chamber (14) at a temperature in the range of 1200°C to 1500°C to produce a
volume of refined molten glass, the refined molten glass comprising, by volume, fewer gas bubbles

than the unrefined molten glass.

2.
The process set forth in claim 1 wherein the glass batch contains, by weight, less than 0.1%
refining agents selected from the group consisting of: sulfur-containing materials, sulfate

compounds, arsenic oxides, antimony oxides, cerium oxides, and metal halide salts.

23
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1 3.
2 The process set forth in claim 1 wherein the refining agent is introduced into the unrefined

3 molten glass in the refining section of the treatment chamber.

1
1 4.
2 The process sct forth in claim 1 wherein the refining agent is introduced into the unrefined

3 molten glass between the melting chamber and the treatment chamber.

1
1 5.
2 The process set [orth in claim 1 wherein the relining agent i1s introduced into the unrelined

3 molten glass at a turbulent location downstream of the melting chamber.

1
1 6.
2 The process set forth in claim 1 wherein the refining agent is introduced into the unrefined

3 molten glass in an amount constituting, by weight, between 0.001% and 0.1% of the unrefined

4  molten glass.

24
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1 7.

2 The process set forth in claim 1 wherein the refining agent comprises at least one element
3 selected from the group consisting of: aluminum (Al), silicon (Si), zinc (Zn), copper (Cu), tin (Sn),
4 gallium (Ga), beryllium (Be), boron (B), calcium (Ca), chromium (Cr), germanium (Ge), indium
5 (In), 1ron (Fe), lithium (L1), magnesium (Mg). mercury (Hg), niobium (Nb), silver (Ag), sodium
6 (Na), strontium (Sr), tantalum (Ta), titanium (Ti), tungsten (W), uranium (U), vanadium (V),
7 yttrium (Y), zirconium (Zr), hafnium (Hf), niobium (Nb), molybdenum (Mo), phosphorus (P),

8 sulfur (8), carbon (C), and/or hydrogen (H).

1
1 8.
2 The process set forth in claim 1 wherein the refining agent comprises at least one oxide,

3 nitride, carbide, or oxynitride of silicon (Si), aluminum (Al), gallium (Ga), beryllium (Be), boron
4 (B), calcium (Ca), carbon (C), chromium (Cr), sulfur (S), germanium (Ge), indium (In), iron (Fe),
5  lithium (Li), magnesium (Mg), mercury (Hg), niobium (Nb), phosphorus (P), silver (Ag), sodium
6  (Na), strontium (Sr), tantalum (Ta), titanium (Ti), tungsten (W), uranium (U), vanadium (V),

7 yttrium (YY), zinc (Zn), zirconium (Zr), hafnium (Hf), and molybdenum (Mo).

1 9.
2 The process set forth in claim 1 wherein the refining agent comprises a solid powder having

3 amean particle diameter in the range of 0.1 micrometers to 1000 micrometers.

25

AMENDED SHEET - IPEA/US



PCT/US20/53195 22 July 2021 (22.07.2021)

1 10.
2 The process set forth in claim 1 wherein the refining agent comprises a gaseous material
3  selected from the group consisting of carbon monoxide (CO), hydrogen (Hz), nitrogen (N2), and

4 combinations thereof.

5

1 11.

2 The process set forth in claim 1 including:

3 forming glass articles from the molten glass.

26
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10

11

12

13

14

15

16

17

18

19

20

12.

A process for manufacturing glass comprising:

providing a glass batch comprising a mixture of solid glass-forming materials (18);

melting the glass batch in a melting chamber (12) via application of heat from one or more
submerged combustion burners (34) to produce a volume ol unrelined mollen glass comprising,
by volume, 20% to 40% gas bubblcs;

directing the unrefined molten glass from the melting chamber (12) into a treatment
chamber (14) including a rcfining scction (44) and a color control scction (46) downstrcam of the
refining section (44);

introducing a relining agent into the unrelined molten glass alter it leaves the melting
chamber (12) to promote gas bubble removal from the molten glass;

heating the unrefined molten glass including the refining agent in the refining section (44)
of the treatment chamber (14) at a temperature in the range of 1200°C to 1500°C to produce a
volume of refined molten glass, the refined molten glass comprising, by volume, fewer gas bubbles
than the unrefined molten glass;

introducing a colorant matcrial into the refined molten glass in the color control scction
(46) of the treatment chamber (14) to produce a volume of molten glass having a final desired
color: and then

forming glass articles from the molten glass.

13.

The process set forth in claim 12 wherein the refining agent is a reducing agent.
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1 14.

2 The process set forth in claim 13 wherein the colorant material is an oxidizing agent, and
3 wherein the colorant material comprises at least one material selected from the group consisting
4 of sulfur-containing materials, sulfate compounds, arsenic oxides, antimony oxides, and cerium

5 oxides.

1 15.
2 The process set forth in claim 13 wherein the colorant material is introduced into the refined
3 molten glass in an amount constituting, by weight, between 0.5 % and 3 % of the refined molten

4  glass.
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ARTICLE 34 AMENDMENT AND RESPONSE TO WRITTEN OPINION

Mail Stop PCT
Commissioner [or Patents
PO Box 1450
Alexandria, VA 22313-1450

This Amendment is in response Lo the Search Report and Wrilten Opinion mailed 24
November 2020 in connection with the subject application. The period for filing this Article 34
Amendment expires twenty-two months from the 1 October 2019 priority date, i.e., 1 August
2021.

New claim 1 corresponds to original claim 1 and has been amended to recite additional
elements ol the claimed process.

New claims 2-11 correspond to original claims 2-11.

New claim 12 corresponds to original claim 12 and has been amended to recite additional

elements of the claimed process.

New claims 13-15 correspond to original claims 13-15.
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REMARKS

Item V

Original claims 1-15 of the application as filed were rejected as lacking novelty and/or an
inventive step in view of US2002/162358, cited as reference D1, US2006/105899, cited as
relerence D2, and US5922097, cited as D3.

Original claim 12 was rcjected as not complying with the requirements of Rule 6.4(a)
PCT because it was alleged to contain all the features of claim 1 without referring to it. Original
claim 12 docs include steps in common with original claim 1; howcver, it also includes
additional processing steps and structural features not found in original claim 1. Thus, it is
properly dralled as an independent claim and it complies with the requirements ol Rule 6.4(a)
PCT. In particular, claim 12 includes a limitation to “a treatment chamber (14) including a

refining section (44) and a color control section 46 downstream of the refining section (44)”

(emphasis added) not found in original claim 1. In addition, it includes the steps of “introducing
a colorant material into the refined molten glass in the color control section (46) of the treatment
chamber (14) to produce a volume of molten glass having a final desired color; and then forming
glass articles from thc molten glass”, which arc not found in original claim 1. Thus, original
claim 12 complies with the requirements of Rule 6.4(a) PCT.

Amended independent claim 1 recites

A process for manufacturing glass comprising:

providing a glass batch comprising a mixture of solid glass-forming materials (18);

melting the glass batch in a melting chamber (12) by application of heat from one or
more submerged combustion burners (34) to produce a volume of unrefined molten glass

comprising, by volume, 20% to 40% gas bubbles;
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directing the unrefined molten glass from the melting chamber (12) into a downstream
treatment chamber (14) including a refining section (44);

introducing a refining agent into the unrefined molten glass after it leaves the melting
chamber to promote gas bubble removal from the molten glass; and

heating the unrelined molien glass including the relining agent in the relining section
(44) of the trcatment chamber (14) at a temperature in the range of 1200°C to 1500°C to produce
a volume of refined molten glass, the refined molten glass comprising, by volume, fewer gas
bubblcs than the unrcfincd molten glass.

D1, with reference to FIG. 1 at

FiG
right, discloses a system and a method for
S
refining vitrifiable materials. The system === .| 2 . 9
W%T s ~ > : N, n'\~.;-x\——»- o 7;
includes a canal (1) for simultancously Ti A i R
_Hriﬂqpq 0()(\(‘7(’“(3‘7(” C ﬂ s
¢ RN T Y / \ ) A ) H mzm:_:\;
allowing the deposit of glass batch °Q \} Q (rg O \ Q:%f"’“ J 3
I hr U@ﬂ\r B u ﬁ - \3

materials into a melting chamber (2)

through the roof (3) and allowing the escape of combustion smoke. Thus, some of the glass
batch matcrials can be introduced to the melting chamber (2) from above the melt (7). The rest
of the glass batch materials can be injected into the melt (7) from at least one point 1° located
below the level of the melt (7). The siege (4) of the melting chamber (2) is equipped with rows
of submerged burners (5) which pass through it and penetrate into the melting chamber (2). The
burners (5) in operation develop combustion zones (6), creating near them, convection streams
within the melt (7). The convection stirring creates foams which transfer the heat throughout the
melt (7). The molten foamy glass resulting from the melting by the submerged burners (5) is

then drawn off at the bottom of the melting chamber (2) by a canal (8) Lo enter a slalic relining
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compartment. The refining compartment is in the form of a channel (9) defined by a runner (10)
and a roof (11). The refining compartment also has a series of oxygen burners (12). The molten
foamy glass flow through the channel (9) without a return current over a height H of from 5 to 10
cm. This creates a plug flow in the channel (9). To create the desired thin-layer flow it is
necessary Lo raise the level ol the runner (10) with respect to the siege (4) ol the melting chamber
(2). Reference D1 teaches in paragraph [0015] that the burners (5) producc a foamy glass having
large bubbles with virtually no bubbles smaller than 200 microns in diameter. These large
bubblcs facilitatc the coalcscence of smaller bubbles. In addition, D1 tcaches in paragraph
[0015] that the coalescence is facilitated by adding into the glass batch materials refining agents
ol the cake or sulphate type. The [ormation of these large bubbles in the melting chamber (2) is
described as a “microrefining” which allows the “thin-layer” refining step in the channel (9) to
be very efficient in removing the residual large bubbles to refine the molten glass according to
paragraph [0015]. In paragraph [0038] D1 teaches that to improve the refining of the glass by
the thin-layer method it is advantageous to add to the glass batch materials various refining
promotors as they are added to the melting chamber (2). This promotes the formation of large
bubblcs by coalescence of the smaller bubbles in the melting stage. The thin-layer refining is
further described in paragraphs [0040] to [0043]. In all the descriptions it is formation of the
thin-layer that constitutes the refining process. In one variant the thin-layer is also formed using
a centrifugal rotating refiner. Most importantly, in using the apparatus of D1 the only place
where any refining agents are added is to the glass batch materials in the melting chamber (2).
Although D1 may disclose adding refining agents to the melting chamber (2), it does not
disclose or suggest introducing a refining agent into the unrefined molten glass after it leaves the

melting chamber, as recited in independent claim 1. Instead, D1 discloses adding any refining



PCT/US20/53195 22 July 2021 (22.07.2021)

agents to the glass batch materials in the melting chamber (2). Claim 1 also requires that the
unrefined molten glass comprise by volume 20% to 40% gas bubbles. This is not disclosed in
reference D1.

The Written Opinion stated that D1 teaches in claim 10, Fig. 1 and paragraphs 39 and 99
a glass manulacturing process including the steps ol submerged combustion melling the raw
materials including a refining agent, followed by refining the melt at temperaturcs not excceding
1500° C. The Written Opinion suggested this was sufficient to rule that the subject matter of
claim 1 is not ncw in the sensc of Article 33(2) PCT, that thcerefore the criteria of Article 33(1)
PCT was not met. This analysis leaves out any discussion of the other limitations of the method
ol claim 1 that are not found in or are directly taught against by D1. Namely, the production ol a
molten unrefined glass comprising by volume 20% to 40% gas bubbles and introducing a
refining agent into the unrefined molten glass after it leaves the melting chamber.

Thus, the subject matter recited in independent claim 1 is novel and includes an inventive
step over D1.

D2, with reference to FIG. 1 to the
right, discloscs a systcm and a mcthod for

improved melting of glass batch materials

by using a plurality of melt tanks in series.
In FIG. 1 the system includes three melt

tanks (1, 2, 3) in series. The tanks (1, 2, 3)

4" , Fig. 1

all include submerged burners (4) the gases
from which make the glass foamy. The melted glass level is shown by (5). The silica and

fluxing agent [or the silica are introduced at (6) in tank (1). The thinner and coloring oxides are
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introduced into the second melt tank (2) at (7). The molten glass flows from melt tank (1) to
melt tank (2) via a throat (8) and from the second melt tank (2) to the third melt tank (3) via a
spout (9). The second tank (2) includes a flue (10) to remove flue gases. The molten glass
leaves the third tank (3) to undergo a fining step in the zone (13). The zone (13) is indirectly
heated by burmners (14) through a relractory stone (15). The [lue gases [rom the burners (14)
cscapce via opcning (12). The final composition is then removed at (16). This system is
described in detail in paragraph [0063] of D2. The temperature in the first tank is from 1230 to
1350° C while the other tanks (2, 3) use much lower temperaturcs of 1000 to 1150° C and 900 to
1000° C, respectively according to paragraph [0022]. In paragraph [0029] the fining system is
described as [ollows: “On leaving the [urnace according to the invention, the melt may be
conveyed to a conventionally radiation-heated feeder to improve the fining or to a fining zone.
In such a zone, the glass is spread out with a shallow depth, for example ranging from 3 mm to 1
cm, and heated so as to be effectively degassed. This fining step is generally carried out between
1050 and 1200° C.” Nowhere in D2 is there any discussion of the use of any refining agents.
Although D2 may disclose components for melting and refining glass, D2 does not
disclosc or suggest: creating an unrcfined molten glass comprising by volume 20% to 40% gas
bubbles; introducing a refining agent into the unrefined molten glass after it leaves the melting
chamber (12) to promote gas bubble removal from the molten glass; and heating the unrefined
molten glass including the refining agent in the refining section (44) of the treatment chamber
(14) at a temperature in the range of 1200°C to 1500°C to produce a volume of refined molten
glass, the refined molten glass comprising, by volume, fewer gas bubbles than the unrefined

molten glass. All of these limitations are required by claim 1.
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Instead, D2, like D1, teaches fining the molten glass by passing it through a zone (13)
that produces a thin-layer of from 3 mm to 1 cm with refractory heating to drive the gas bubbles
out. The reference D2 does not disclose any use of any refining agents at any point in the
process. The Written Opinion suggests that the definitions of refining agents found in claim 7 of
the present applicalion are so broad thal any raw malerial can be delined as a relining agent.
One of skill in the art would recognize that claims 7 and 8 claim known refining agents and that
not “any raw’” material meets the definition of a refining agent.

Thus, the subject matter recited in independent claim 1 is novel and includes an inventive
step over D2.

D3, with relerence to FIG. 6 (o the right,

= : 2]
discloses which shows a cross-section of a typical — [~ 7 ( . ﬂ 3
C 9] 0 21} ] /
. . . . I R SRy
atmospheric pressure glass making furnace (1), having ===«¢, _, . , 324 _ 7 ;_};j*f/
=7 o 1
) \\im/fﬁ/
combustion burners (2). The glass batch materials (3), 7

are melted in the batch melting zone (5) to produce a

glass melt (4) in the batch melting zone (5). The system also includes gas bubblers (6),
submerged clectrodes (7), and an active fining arca (8). The process disclosed in D3 involves
using a reduced level of conventional batch fining agents and substituting for them dissolved
water provided by adding alkali metal hydroxides or bubbled steam into the molten glassmelt or
by vacuum refining. As described in column 5, lines 27 to 38, the process comprises adding to
the batch of glass forming materials a reduced amount of a conventional refining agent and
dissolved water such that the conventional refining agent and the dissolved water are melted into
the glassmelt and are sufficient to refine the glass produced. As described in column 11, lines 43

to 45, il is critical to add eh dissolved waler into the glassmelt at or before the [ining zone for the
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water to be effective. Thus, it is added between the batch charging end of the furnace and before
the fining area.

Thus, although D3 may disclose adding refining agents, it does not disclose or suggest
creating an unrefined molten glass comprising by volume 20% to 40% gas bubbles, directing the
unrelined molten glass [rom the melting chamber (12) into a downstream (reatment chamber (14)
including a refining scction (44), and introducing a refining agent into the unrefined molten glass
after it leaves the melting chamber to promote gas bubble removal from the molten glass, as
rceited in independent claim 1. Thus, the subject matter recited in independent claim 1 is novel
and includes an inventive step over D3.

Accordingly, it is respectlully submitted that the subject matler recited in independent
claim 1 is novel and involves an inventive step over the cited references D1, D2, and D3,
individually and collectively.

Dependent claims 2-11 are also novel and include an inventive step both by reason of
their dependency from independent claim 1, and because of the additional inventive elements set
forth therein.

Amended independent claim 12 recites

A process for manufacturing glass comprising:

providing a glass batch comprising a mixture of solid glass-forming materials (18);

melting the glass batch in a melting chamber (12) via application of heat from one or
more submerged combustion burners (34) to produce a volume of unrefined molten glass

comprising, by volume, 20% to 40% gas bubbles;
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directing the unrefined molten glass from the melting chamber (12) into a treatment
chamber (14) including a refining section (44) and a color control section 46 downstream of the
refining section (44);

introducing a refining agent into the unrefined molten glass after it leaves the melting
chamber (o promole gas bubble removal [rom the molien glass;

hecating the unrcfined molten glass including the refining agent in the refining scction
(44) of the treatment chamber (14) at a temperature in the range of 1200°C to 1500°C to produce
a volume of rcfined molten glass, the refined molicn glass comprising, by volume, fewer gas
bubbles than the unrefined molten glass;

introducing a colorant material into the relined molten glass in the color control section
(46) of the treatment chamber (14) to produce a volume of molten glass having a final desired
color; and then

forming glass articles from the molten glass.

D1 teaches the features as described above with respect to amended claim 1. It does not
teach numerous features of amended claim 12 that are common with amended claim 1. These
featurcs arc fully discusscd above and will not be repcated here. In addition, D1 does not tcach
anything concerning a treatment chamber having a color control section (46) downstream of a
refining section (44) or introducing a colorant material into the refined molten glass in the color
control section (46) of the treatment chamber (14) to produce a volume of molten glass having a
final desired color, as required by amended claim 12. D1 mentions in paragraph [0082] that
colouring oxides can be added to the glass, but does not teach anything regarding how or where

the coloring oxides are added to the glass. Accordingly, it is respectfully submitted that the
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subject matter recited in independent claim 12 is novel and involves an inventive step over the
cited reference D1.

D2 teaches the features as described above with respect to amended claim 1. It does not
teach numerous features of amended claim 12 that are common with amended claim 1. These
featlures are [ully discussed above and will not be repealed here. In addition, D2 does not teach
anything concerning a trcatment chamber having a color control scction (46) downstrcam of a
refining section (44) or introducing a colorant material into the refined molten glass in the color
control scction (46) of the trcatment chambcer (14) to produce a volume of molten glass having a
final desired color, as required by amended claim 12. Instead, D2 teaches in paragraph [0063]
that the coloring oxides (7) in the lorm ol [rits are added to the second melt tank (2).
Accordingly, it is respectfully submitted that the subject matter recited in independent claim 12
is novel and involves an inventive step over the cited reference D2.

D3 teaches the features as described above with respect to amended claim 1. It does not
teach numerous features of amended claim 12 that are common with amended claim 1. These
features are fully discussed above and will not be repeated here. In addition, D3 does not teach
anything concerning a trcatment chamber having a color control scction (46) downstrcam of a
refining section (44) or introducing a colorant material into the refined molten glass in the color
control section (46) of the treatment chamber (14) to produce a volume of molten glass having a
final desired color, as required by amended claim 12. Instead, D3 does not teach anything
specifically concerning addition of colorant materials to glass. Accordingly, it is respectfully
submitted that the subject matter recited in independent claim 12 is novel and involves an

inventive step over the cited reference D3.

10
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Accordingly, it is respectfully submitted that the subject matter recited in independent
claim 12 is novel and involves an inventive step over the cited references D1, D2, and D3,
individually and collectively.

Dependent claims 13-15 are also novel and include an inventive step both by reason of
their dependency [rom independent claim 12, and because ol the additional inventlive elements
sct forth therein.

Thus, claims 1-15 are novel and include an inventive step over references D1-D3.

It thercfore is belicved and respectfully submitted that claims 1-15 meet the novelty,

inventive step, and clarity and conciseness requirements of the PCT.

Owens-Brockway Glass Container Inc.

By: /Stephen L. Scharl/
Stephen L. Scharf, Reg. No. 36,916
Phone: (567) 336-1443
Fax: (567) 336-8555

SLS/SBW/RLS
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Reivindicaciones enmendadas capitulo Il

1. Un proceso para fabricar vidrio que comprende:

proporcionar un lote de vidrio que comprende una mezcla de materiales formadores
de vidrio sélidos;

fundir el lote de vidrio en una camara de fusion mediante la aplicacion de calor de
uno o mas quemadores de combustién sumergidos para producir un volumen de vidrio
fundido no refinado que comprende, en volumen, 20% a 40% de burbujas de gas;

dirigir el vidrio fundido no refinado desde la camara de fusién hacia una camara de
tratamiento corriente abajo que incluye una seccion de refinado;

introducir un agente de refinado en el vidrio fundido no refinado después de que
abandona la camara de fusion para promover el retiro de burbujas de gas del vidrio fundido;
y

calentar el vidrio fundido no refinado que incluye el agente de refinado en la seccién
de refinado de la camara de tratamiento a una temperatura en el intervalo de 1200 °C a
1500 °C para producir un volumen de vidrio fundido refinado, el vidrio fundido refinado que
comprende, en volumen, menos burbujas de gas que el vidrio fundido no refinado.

2. El proceso expuesto en la reivindicacién 1, en donde el lote de vidrio contiene,
en peso, menos de 0.1% de agentes de refinado seleccionados del grupo que consiste en:
materiales que contienen azufre, compuestos de sulfato, 6xidos de arsénico, 6xidos de
antimonio, 6xidos de cerio y sales de haluro de metal.

3. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado se
introduce en el vidrio fundido no refinado en la seccion de refinado de la camara de
tratamiento.

4. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado se
introduce en el vidrio fundido no refinado entre la camara de fusion y la camara de
tratamiento.

5. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado se
introduce en el vidrio fundido no refinado en una ubicacion turbulenta corriente abajo de la
camara de fusion.

6. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado se
introduce en el vidrio fundido no refinado en una cantidad que constituye, en peso, entre
0.001% y 0.1% del vidrio fundido no refinado.

7. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado
comprende al menos un elemento seleccionado del grupo que consiste en: aluminio (Al),
silicio (Si), zinc (Zn), cobre (Cu), estafio (Sn), galio (Ga), berilio (Be), boro (B), calcio (Ca),
cromo (Cr), germanio (Ge), indio (In), hierro (Fe), litio (Li), magnesio (Mg), mercurio (Hg),

niobio (Nb), plata (Ag), sodio (Na), estroncio (Sr), tantalio (Ta), titanio (Ti), tungsteno (W),
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uranio (U), vanadio (V), itrio (Y), circonio (Zr), hafnio (Hf), niobio (Nb), molibdeno (Mo),
fésforo (P), azufre (S), carbono (C), carbono y/o hidrégeno (H).

8. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado
comprende al menos un 6xido, nitruro, carburo u oxinitruro de silicio (Si), aluminio (Al), galio
(Ga), berilio (Be), boro (B), calcio (Ca), carbono (C), cromo (Cr), azufre (S), germanio (Ge),
indio (In), hierro (Fe), litio (Li), magnesio (Mg), mercurio (Hg), niobio (Nb), fésforo (P), plata
(Ag), sodio (Na), estroncio (Sr), tantalio (Ta), titanio (Ti), tungsteno (W), uranio (U), vanadio
(V), itrio (Y), zinc (Zn), zirconio (Zr), hafnio (Hf), molibdeno (Mo).

9. El proceso expuesto en la reivindicacion 1, en donde el agente de refinado
comprende un polvo sélido que tiene un diametro medio de particula en el intervalo de 0.1
micrometros a 1000 micrémetros.

10. El proceso expuesto en la reivindicacién 1, en donde el agente de refinado
comprende un material gaseoso seleccionado del grupo que consiste en mondxido de
carbono (CO), hidrégeno (Hz), nitrégeno (N2) y combinaciones de los mismos.

11. El proceso expuesto en la reivindicacion 1, que incluye:

formar articulos de vidrio del vidrio fundido.

12. Un proceso para fabricar vidrio que comprende:

proporcionar un lote de vidrio que comprende una mezcla de materiales formadores
de vidrio sélidos;

fundir el lote de vidrio en una camara de fusion mediante la aplicacion de calor de
uno o mas quemadores de combustion sumergidos para producir un volumen de vidrio
fundido no refinado que comprende, en volumen, 20% a 40% de burbujas de gas;

dirigir el vidrio fundido no refinado desde la camara de fusién hacia una camara de
tratamiento que incluye una seccién de refinado y una seccion de control de color corriente
abajo de la seccion de refinado;

introducir un agente de refinado en el vidrio fundido no refinado después de que
abandona la camara de fusion para promover el retiro de burbujas de gas del vidrio fundido;

calentar el vidrio fundido no refinado que incluye el agente de refinado en la seccién
de refinado de la camara de tratamiento a una temperatura en el intervalo de 1200 °C a
1500 °C para producir un volumen de vidrio fundido refinado, el vidrio fundido refinado que
comprende, en volumen, menos burbujas de gas que el vidrio fundido no refinado;

introducir un material colorante en el vidrio fundido refinado en la seccion de control
de color de la camara de tratamiento para producir un volumen de vidrio fundido que tiene
un color final deseado; y luego

formar articulos de vidrio del vidrio fundido.

13. El proceso expuesto en la reivindicacion 12, en donde el agente de refinado es

un agente reductor.
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14. El proceso expuesto en la reivindicacion 13, en donde el material colorante es
un agente oxidante y en donde el material colorante comprende al menos un material
seleccionado del grupo que consiste en materiales que contienen azufre, compuestos de
sulfato, 6xidos de arsénico, 6xidos de antimonio y éxidos de cerio.

15. El proceso expuesto en la reivindicacion 13, en donde el material colorante se
introduce en el vidrio fundido refinado en una cantidad que constituye, en peso, entre 0.5

% y 3 % del vidrio fundido refinado.
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