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COLORED GLASS CONTAINERS AND METHODS OF PRODUCING THEM

The present disclosure is directed to glass containers and, ruore particularly, o
coloring of glass containers.

Backeround and Summary of the Disclosure

Glass comtatners are often composed of so-called soda-lime glass, also called
soda-lime-sitica glass. Many such containers are colored, for example, for aesthetic or functional
purposes. Colored glass containers may be produced from soda-lime glass compositions which
include one or more colorants. For exarople, green glass can be made from a soda-lime glass
composition which includes chromium oxide {Ur03) as a colorant, and blue glass can be made
by adding cobalt oxide (Co{d} to a soda-lime glass composition. U.S. Patents that illustrate
colored glass compositions of this type include 3,326,702, 3,330,638, 3,345,190, 3,498,806, and
4,312,953,

Some coloranis in soda-lime glass compositions may not immediately impart
color to the glass. Instead, color may need to be developed by a heat-treatment process known as
“striking.” In this process, glass containers are formed from a glass composttion which contains
“latent” colorant materials. Thereafter, the glass contaivers are heated to a temperature slightly
above normal annealing temperatures so that the latent colorant materials in the glass inferact or
“strike” to impart color to the glass. 1.8, Patents that illustrate this method of coloring glass
containers include 2,672,423, 3,513,003, and 3,627,548,

A general object, in accordance with one aspect of the disclosure, is to provide a
mixture of latent colorant materials that may be introduced into a range of base glass

compaositions to produce lightly colored or clear glass containers that, upon heat treatment and
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striking, develop a deep red or visually black color. Accordingly, these glass containers may be
referred to as “color-strikable.” The heat treatment or siriking step is optional, which imparts
Hexibility to the mass production of different colored glass containers.

The present disclosure embodies a number of aspects that can be implemented
separately from or in combination with each other.

in accordance with an aspect of the disclosure, there is provided a mixture of
latert colorant materials formulated for use with a plurality of soda-lime silica base glass
compositions having redox numbers in the range of ~40 to +20 to produce a plurality of color-
strikable glass compositions and a plarality of color-strikable glass containers. The mixture of
iatent colorant materials includes cuprous oxide (Cwp(d), stannous oxide (Sn(d), bismuth oxide
(B1;03), and carbon ().

In accordance with another aspect of the disclosure, there is provided a method of
making a plurality of color-strikable glass containers. In this method, a mixture of latent
colorant materials is introduced into a soda-lime-silica base glass compositions having a redox
number i the range of -40 to +20 to produce a color-strikable glass compositions. The mixture
of latent colorant materials includes cuprous oxide (CunQ), stannous oxide (Sn(d), bismuth oxide
{B1,04), and carbon (C). Thereafier, a plurality of color-strikable glass containers is formed
from the color-sirikable glass compositions.

In accordance with vet another aspect of the disclosure, there s provided a
method of making a plurality of color-strikable glass containers. ln this method, a soda-lime-
silica glass compositions is prepared including: 60-75 wit. % Siy, 7-15 wt. % NayO, 6-12 wi.
% CaQ, 0.1-3.0 wt. % ALO:, 0.0-2.0 wt. % Mg, 0.0-2.0 wi. % K,0, and 0.01-0.30 wi. %

SO, and a latent colorant material composition iz mixed into the soda-lime-silica glass
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composition o produce a color-strikable glass composition including: 0.0875-0.35 wi. %
cuprous oxide {(Cup(), 0.06-0.5 wi. % stannous oxide (S0, 0.0125-0.05 wt. % bismuth oxide
(B1;03), and 0.02-0.10 wit. % carbon (C). Thercafter, a plurality of color-strikable glass
cortainers is formed from the color-strikable glass composition.

inn accordance with a further aspect of the disclosure, there is provided a color-
strikable glass container having a container glass composition including a base glass portion and
a latent colorant portion. The base glass portion comprises: 60-75 wt. % Si0;, 7-15 wi. %
Nay0, 6-12 wt, % Cal, 0.1-3.0 wt. % ALGs, 0.0-2.0 wi. % MgO, 0.0-2.0 wt. % Ku(3, and
0.01-0.30 wi. % SOs, and the latent colorant portion comprises: 0.0875-0.35 wi. % cuprous
oxide (Cwp0), 0.06-0.5 wt. % stannous oxide (8n0), and 0.0125-0.05 wt. % bismuth oxide
(B 01},

Brief Description of the Drawings

The disclosure, together with additional objects, features, advantages and aspects
thereof, will be best understood from the following description, the appeuded claims and the
accompanying drawing, in which:

FIG. 1 is a side elevation of a glass container in accordance with an exemplary
embodiment of the present disclosure.

Detailed Description of Preferrved Embodiments

In accordance with exemplary embodiments of a presently disclosed
manufacturing process, a mixture of latent colorant materials has been found, which can be
introduced into a plurality of base glass compositions having a range of redox rnurubers to
produce color-strikable glass compositions and color-strikable glass containers. The color-
strikable glass containers produced by the presently disclosed mannfacturing process are mitially

~
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lightly colored or clear, but may be heated to a temperature slightly above normal annealing
temperatures to sirike red or black therein.

As used herein, the term “lightly colored” is a relative term and is meant to vefer
to glass that is relatively transparent or translucent in comparison to the deeply colored red or
black glass containers produced upon striking. In one embodiment, the initially lightly colored
color-strikable glass containers may appear colorless or light blue, but upon siriking may turn
deep red. In another embodiment, the initially lightly colored color-strikable glass containers
may have amber, cobalt biue, or emerald green coloration, but upon striking may turn visually
black. That is, upon striking, the visible light transmission through the glass containers will be
recduced such that the glass containers appear visually black to the human eye in natural lighting
conditions {(e.g., indirect sunlight) at arm’s length.

FIG. 1 illustrates an exemplary embodiment of a glass container 10 that may be
produced in accordance with an exemplary embodiment of the presently disclosed manufacturiog
process, as described further herein below.

The glass container 10 mway be produced by the following method. fn addition to
the following disclosure, exemplary conditions and procedures for composing and melting
production container glass can be found in, ¢.g. the Handbook of Glass Manufacture by Fay V.
Tooley (3rd ed., Ashlee Publishing 1984},

The method may include preparing a batch of raw materials, i.e., the starting
materials for a color-strikable glass composition.  According to embodiments of the present
disclosure, the batch of raw materials is formulated to produce a glass composition having an
oxidation-reduction potential, or “redox” potential, within a predetermined range. One accepted
technique for quantifying the redox potential of molten glass is by calculating its so-called
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“redox number,” as described in Simpson and Myers, *“The Redox Number Concept and Its Use
by the Glass Technologist,” Glass Technology, Vol. 19, No. 4, Aug. 4, 1978, pages 82-85. In
general, an “oxidizing” glass composition is defined as a glass composilion having a redox
number of zero or above, and a “reduced” glass composition is defined as a glass composition
having a negative redox number. According to embodiments of the present disclosure, the batch
of raw materials is formulated to produce a glass composition having a redox number in the
range of ~40 to +2{.

The batch of raw materials may include soda-lime-silica glass precursor materials,
which may include base glass materials and, optionally, colovant materials. The base glass
materials may include sand (Si0;), seda ash (NapCOs), limestone (CaCOs), dolomite
{CaMg{COs};). and alumina (AL, O;)-containing materials such as feldspar, as well as culiet. The
colorant materials in the batch of raw muaterials may be in the form of metal compounds or
materials that contain a specific elemental metal or metal compound which produces a desired
colot in soda-lime glass. Examples of suitable colorant materials may include, for exarople, iron
oxides {e.g., FeQ or Fe,(Og), chromium oxides {e.g., CrO or Cr;0s), and/or cobalt oxides (e.g.,
Cold or Co O,

The batch of raw materials may further include supplementary materials which
have an oxidizing or reducing effect on the glass composition. For example, the batch of raw
materials may include one or more oxidizing agents, such as gypsum {Ca8Q0y-2H,0), salt cake
(Nap80y), sodium nitrate (NaNQ3), and potsssium nitrate (KNGOs), as well as one or more
reducing agents, such as carbon (C), fron pyrite (FeSy), iron chromite FeCryOy), and sulfide

sulfur {(e.g., as ferrous sulfide, FeS).
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The batch of raw materials also may include latent colorant materials. The latent
colorant materials may be in the form of a mixture, such as a mixture of suitable copper (Cu), tin
{Sn), bismuth (Bi), and carbon {Cl-containing materials, which react in the melt to form a redox
couple of cuprous oxide (Cwp0), stannous oxide (SnQ), and bismuth oxide (Bi;05). For
example, copper (Cu), tin (Sn), bismuth (Bi), and carbon {C) may be added to the batch of raw
materials in elemental form and/or in compound form, for example, in oxide form.

The redox couple of Cwp0, SnO, and B0 enables the formation of colloidal
copper particles in glass by the heat-treatment process known as “striking.” However, this redox
couple does not alter the color of the glass umtil it is suitably heat-treated. The formation of
colloidal copper particles in conventional flint or arctic blue base glasses imparts red coloration
to the glass. On the other hand, when colloidal copper particles are formed in conventional
amber, cobalt blue, or emerald green base glasses, the glass tums visually black in color.
Accordingly, this redox couple allows for the production of more than one color of glass from a
single color-strikable glass composition. For example, arctic blue glass containers and red glass
containers can be produced from a single color-strikable glass composition by striking only a
portion of the glass containers formed from the glass composition. As another example, emeraid
grecn glass containers and black glass containers can be produced from a single color-strikable
glass composition by striking only a portion of the glass containers formed from the glass
compaosition.

The method may include melting the batch of raw materials in a glass batch
furnace to produce molten glass. The batch of raw materials may be meited at temperatures
preferably between 1400 and 1500 degrees Celsius for about two to four hours, more preferably
between 1425 and 1475 degrees Celsius, and most preferably at about 1450 degrees Celsius for
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about three hours. Thereafter, the molten glass may flow from the tank 1o a refiver where it 1s
conditioned. From the furnace, the molten glass may be directed toward one or more
forghearths.

In one embodiment, referred to herein as a tank coloration method, the batch of
raw materials melted in the glass batch furnace may inclode base glass materials, latent colorant
materials, and, optionally, some other colorant materials. When this latent colorant-containing
batch of raw materials is melted in the glass batch furnace, a molien color-strikable glass
composition is produced. The term “color-strikable” is used herein to mean a glass composition
or a formed glass container that includes latent colorant materials, and can be heated to a
temperature slightly above normal annealing temperatures so that the latent colorant materials
interact or “strike” to change the color to the glass.

In another embodiment, referred to herein as a forehearth coloration method, the
batch of raw materials melted in the glass batch furnace may include base glass materials and,
optionally, some other colorant materials. However, in this embodiment, the batch of raw
materials does not contain any latent colorant materials. When this batch of raw materials is
melted in the glass batch fumace, a molten glass composition, for example, of flint, arctic blue,
amber, cobalt blue, or emerald green glass is produced. Thereafter, downstream of the batch
furnace, latent colorant materials are added to the base glass composition in one or more of the
forehearths. In this embodiment, a color-strikable glass composition is prepared by introducing
latent colorant materials into a previously prepared base glass in one or more of the forehearths,

A color-strikable glass composition prepared by either method can be thought of

as having a base glass portion and a latent colorant portion.
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The base plass portion may tnclade soda-lime-stlics glass matenialy, Forexymple,
the base glass portion may nclude substantially the seme muterials present in o Sing, amtic blug,
smber, coball blue, oremeradd green gluss.

The term “Hint glasy™ is emploved i tts conventional sense v glass technology as
veforring to g generally colorless or clear plass, and may be characterized as an oxidized glass,
having a redox namber of zero or above. Foy sxaniple, fiat glass may Have o redox manber In
the rangerof about 2 40 about 4200 A prosently preferred flint glass composition may comprise
the following matirials in the following rangss of smounts by weight:

HO-T5% S0
T 5% Ml
G P Cald

01308 Al

0.0-2.0% Mgy

Mare particnlarty, and by way of exanmple aéﬁzifgg s presently preforred flint glass
gomposition may comprise the Pllowing materialy fn substantially the stated armeunis by welght;
Fivy Sy
13.3% Ny O
0.5 Cal
1.3% A
0.2% Ml

2% KaQd
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Oy

.20 SO
The teom “arciie blue glaws™ s likewise guploved in g a*:tir'sxr:t'vﬁ}'}‘iimmi sense and
refers toa Hghily ootored glass having blug tones fe.g., Hght bhae glasg), Arctle blue glass also
may be charavterized as an oxidived ploss, having a redox number of zero or ghove,  Por
sxample, arctic blue pluss may beve a redox number in the range of ghout +3 to abow <20, A
prevently preforted wetic Blus glasy eomposition may comprise the bllowing materials in the
following ranges of amowits by weightt
H-T5% S
T-15% Ny
B12% Catd
0.1-3.0% Algtds
0.0-2.0% Mg
0.0-2.0% sl
GO0 1% 8Oy
0, 1-0,3% Fagdsy
Muore particularly, and by way of example ondy, 2 prosenthy preforred arctic blue
glasy composition may comprise the following matenials in sobstantially the stated amounts by

widights
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The term “amber glass™ is likewise

o n glass havi ing

contaier. Amber glas

.04%

( ‘"“h,;

ih;”& ;
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an amber volorstion that reduces jransmission of light through the

crnptoved i iy conventional sense and refers

pldss

may be charastertzed ax a reduced plass, having a redox wumber of <20

or less. Forexample, amber glass may have a redox namber in the range of about <20 o abou -

40, A presently preforred amber glass oo

following ranges of amounts by weight:

More particularly

0 1 g (5
0,1-3,0%
{,0-2,0%

{02 0%

x-(,

i«

Facoed
i

Iz

o [ e
ad
ALy

MgO

G010 108 Ry

28,0%

. avid by weay of &

wample ondy, o prosently preforred ambe

wposition may comprise the following materials in the

ap glass

composition way comprise the following materials In substantially the sted amonnts by weighn

FRR S
13 1%

14.9%

4%

810,
Ma:O
af}
Al
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0.49% MgO
0.4% K
0.05% SOy
0.4% Fe:s,

The term “eobalt blue glaas™ i Hkewise smployed 1 its conventional sense and

b

=

vt o 8 glass having blue soloration (e, bloe glass). Cobalt glass may be charadtsrized ax g
reduced or oxidized glass, having a redox aumber in the range of about 20 o abewt +10. A
presently preferred cobalt blue glass composition may comprise the fdllowing materials ia the
following ranges of smounis by weight:

GO-75% S0

F-13% Naglld

&-12% Cald

{4 1-3.0% RN

O0-2.0%

=
i,
w5
i3
>

00-2.0%% ¥alo
Q00235 S0
0255 Fogth
G001 Cotd
More partieulaly, and by way of exaniple only, a presently proforred eolws HE T
glass gomposition may comprise the following muterials tn substantially the stated aounty by

weight
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H1% L80
1L.6% Al
0.5% gl
4% kot
0.15% SOy
0,10% }‘k?(}(
2.06% Codh
The e “omerald green glage™ iy also cmployed i ity conventional sense and
refeey 1o o glass baving gresn coloration. Emerald groen glass may be chavacterized as a reducsd
glass, having a redox namber of about -3, For oxample, emerald green glass may have a redox
muamnber i the renge of about +1 w0 100 A presently preforred emevald green glass eomposition

may comprize the following materials in the ollowing ranges of amounts by weight:

&

60-T5% S,

Fed S5 Wil
G 3% {ald
L300 AL,
2000 MeQ
0.0-2.0% 1N
001025 S
GO0 Oy

0.1-0.6% FeaOx
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Maore a:rticulariv, and by way of exam le 01’1,1‘/’, a presently preferred emerald
o o ¥ o o
reen glass composition may comprise the following muaterials in substantially the stated
fad Py

amounts by weight:

73% Si0;
13.3% N0
10.5% Cal
1.7% ALO;
0.4% Mg
0.4% K20
0.08% 8Os
0.25% Cr0;
0.3% Fey0s.

The latent colorant portion of the color-strikable glass composition may include
cuprous oxide (Cw0), stamous oxide (Sn(), bismouth oxide (Bia(s), and carbon (C). As
discussed above, this combination of materials has been found to enable the stiiking of copper
(Cu) (ie., the formation of copper colloids) in soda-lime glass containers. In addition, when
present in suitable amounts, this combination of latent colorant materials will not alter the
coloration of the base glass unless an additional heat treatment or striking step is performed.
Therefore, use of these fatent colorant materials in soda-lime glass compositions can provide
flexibility to the production of different colored glass containers on a mass production basis,

‘The molar ratio of tin oxide (Su0) to copper oxide (CuwpO) in the latent colorant
portion may be about one, for example, the molar ratio may be in the range of 0.9-1, or in the
range of about 1-0.9. However, the latent colorant portion suitably may contain an excess of tin

13
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oxide (Sn0). For example, when an excess of tin oxide (Sn(} is present in the latent colorant
portion, the molar ratic of tin oxide (SuQ) to copper oxide (Cuwp(Q) may be about 1.5,

In one embodiment, the color-strikable glass composition may include about
0.175 wit. % cuprous oxide (Cwy0), about 0.23 wi. % stannous oxide {(Sn(}, about 0.0125 wt. %
bismuth oxide (Bi01), and about 0.06 wi. % carbon (C). For example, the color-sirikable glass
composition may include 0.0875-0.35 wi. % cuprous oxide (Cup0), 0.06-0.5 wt. Y% stannous
oxide (Sn(, 0.006-0.05 wi. % bismuth oxide (B:03), and 0.02-0.10 wi. % cacbon (C).

In another embodiment, the color-strikable glass composition may include
substantially 0.175 wt. % cuprous oxide {C1p0), substantially 0.25 wt. % stannous oxide (Sal3),
substantially 0.0125 wt, % bismuth oxide {Bi;03), and substantially 0.06 wt. % carbon (C}. As
used herein the term "substantially” means within manufacturing tolerances custornary in the
glass container manufacturing industry.

The remaining portion of color-strikable glass composition may include small
amounts of other materials. Such materials may be additives, residual materials from cuilet,
and/or impurities typical in the glass container manufachuring industry. Such materials may be
present in trace amounts, for example, less than 0.2 wt. %. In one specific example, the
remaining portion of the color-strikable glass composition may include trace amounts of Ti0s,
BaQ, and/or Sr(.

The method also may include forming glass containers from the color-strikable
glass composition, and these glass containers may be referred to as “color-strikable.” A feeder
focated at a downstream end of the one or more forchearths may measure out gobs of molten

glass and deliver them to glass container-forming machines. Thereafter, the gobs may be formed

14
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into glass containers, for example, in individual section machines by press-and-blow or blow-
and-blow processes, or in any other suitable manner by any suitable equipment.

The method further may include annealing the color-strikable glass containers in
any suitable manner, for example, in an annealing lehr. At an entry, hot end, or upstream portion
of the annealing lehr, the temperature therein may be between 350 and 600 degrees Celsius.
Through the lehr, the temperature may be brought down gradually to a downstream portion, ool
end, or exit of the lehr, for example, to a temperature therein of between 130 degrees Celsius and
65 degrecs Celsius.  In any event, the color-strikable glass containers may be annealed,

preferably between 550 and 600 degrees Celsius for 30 to 90 minutes, more preferably between

25 and 575 degrees Celsius for 45 to 75 minutes, and most preferably at substantially 530

L4

degrees Celsius for one hour.

The method alse may include raising the temperature of the color-sirikable glass
containers above the highest temperature at which they are annealed (i.e., the highest annealing
temperature) to strike a red or black coloration into the glass containers. Accordingly, this
temperature-raising step may be referred to as "striking.”

The striking or temperature-raising step may include, for example, heat-treating
the color-strikable glass containers between 600 and 680 degrees Celsius for 10 to 90 minutes to
produce strack-black or struck-red glass coniainers.  In a more specific example, the
temperature-raising step may include heat-treating the color-sirikable glass containers between
630 and 630 degrees Celsius for 30 to 40 rnutes.

In one embodiment, the temperature raising or striking step may be carried out
after the annealing step. For exarnple, a furnace or secondary lehr may be used in line or off line
downstream of the annealing lehr. The temperature of the color-sirikable glass containers may

15
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be raised in the furnace or secondary lehr to a temperature and for a time suitable to strike a
desired color into the glass containers. Thereafter, the temperature of the struck-black or struck-
red glass containers may be brought down gradually, for example, according to an annealing
schedule to avoid fracture or {ailure of the containers.

In another embodiment, the temperature raising or striking step may be carried
gut between the time the annealing step beging and the {ime the annealing step ends. In one
example, a separate furnace may be used off line adjacent to the annealing lehr. In another
example, the annealing lehr may be operated in accordance with a modified heating profile. For
instance, the modified heating profile may include a typical annealing temperature profile
modified to include temperatures and times suitable to strike the desived color in the glass
containers betfore, during, or afier annealing.

The glass containers may, in some respects, have a container glass composition
that is different from that of the color-strikable glass composition. For example, the amount of
sulfur trioxide (SO3) retained in the glass containers may be substantially less than the amount of
sulfur trioxide {80:) used to prepare the color-strikable glass composition. The actual amount of
sulfur trioxide (8Os} retained in the glass containers, however, will vary depending on the
composition of the base glass and on the amount of carbon (C) in the color-sirikable glass
composition. In general, the more carbon (C) added to a base glass composition, the less sulfur
trioxide (8Os) will be retained in the glass containers.

In suitable embodiments, the amount of trioxide (803) retained in the glass
containers will be in the range of 0.01-0.22 wt. %. In onec specific embodiment, an oxidize
glass composition having a redox number in the range of zero to +14 will typically result in glass
containers including about 0.04-0.14 wt % sulfr trioxide (SO5).  In another specific
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embodiment, a reduced glass composition having a redox number in the range of -4 to 40 will
typically result in glass containers including about 0.0035-0.02 wt. %% sulfur trioxide (805},

In one representative example, a color-strikable glass compaosition was prepared
by adding latent colorant materials to an arctic blue glass composition. The as-prepared color-
strikable glass composition included 0.11 wt. % sulfur trioxide {SO3) and 0.089 wi. % carbon
(C), and the glass containers formed from this color-strikable glass composition were found fo
contain 0.043 wt. % sulfur trioxide {803), which is about 40% of the original amount,

The latent colorant materials of Cu O, 8n0, and Bi,O3 may be largely retained in
the container glass composition. For example, about 75-100% of the Cuy; (3, Sn0, and BiO; in
the color-strikable glass composition may be retained in the container glass composition.

According to the present disclosure, a mixture of latent colorant materials is
provided that may be introduced into a plarality of base glass compositions having a range of
redox numbers to produce color-strikable glass compositions and color-strikable glass containers
that can be struck red or black, depending upon the composition of base glass.

in one embodiment, this mixture of latent colorant materials may be introduced
into a flint glass or an arctic blue glass having a redox number in the range of +2 to +20 to
produce a color-strikable glass composition and color-strikable glass containers that can be
struck red. In another embodiment, the mixture of latent colorant materials may be introduced
into an amber base glass having a redox number in the range of ~20 to -40 o produce a color-
strikable glass composition and color-strikabie glass containers that can be struck biack, In yet
another embodiment, the mixture of latent colorant matenals may be introduced into a cobalt
blue base glass having a redox number in the range of -20 to +10 to produce a color-strikable

glass composition and color-strikable glass containers that can be struck black., In a further
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embodiment, the mixture of latent colorant materials may be introduced into an emerald green
base glass having a redox number of abont -5 to produce a color-strikable glass composition and
color-strikable glass containers that can be struck biack.

EXAMPLES

Several glass test samples were prepared in a laboratory environment and color
was observed in each sample.

In each of the following examples, a batch of raw materials was prepared and
used to produce 300g of molten glass. The necessary amount of each raw material for each glass
composition was weighted out in accordance with standard batch caleulation practice common in
the glass industry. Thereafter, the raw materials were crushed and ground using a mortar and
pestle to break up agglomerate material, and mixed together using a mixer for about ten minutes.
While mixing, a crucible was pre-heated in @ furnace at 1350 degrees Celsius for abowt ten
minutes. The crucible was removed from the furnace and the entire batch of raw materials was
added to the crucible. The crucible was again placed in the fumace, and the temperature of the
furnace was increased to form a glass melt having a temperature of about 1450 degrees Celsius.
The glass melt was held at that temperature for about 3.5 hours.

Thereafter, the molten glass was poured into splat quenched patties. Some of the
patties were placed in an annealing oven at 550 degrees Celsius, while some of the patties were
not annealed.  The patties which were placed in the annealing oven were annealed at a
temperatare of about 550 degrees Celsius for about 10 to 20 minutes, and then a door of the
annealing oven was cracked open until the awncaling oven temperature decreased fo a
temperature of about 300 degrees Celsius. Thereafier, the annealing oven temperature was set to
20 degrees Celsius to let the glass cool down to room temperature overnight.

18
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EXAMPLE 1

in this example, a batch of raw materials was prepared and used to produce 300g
of color-strikable glass. The batch included the necessary raw materials for a flint glass
composition, as well a3 suitable amounts of the latent colorant materials.

After the color-sirikable glass patties were annealed, they were heat treated at
oven {emperatures of 5508, 600, and 650 degrees Celsius for durations of 30, 60, 90, 124, 150,
and 180 minutes. At 550 degrees Celsius, uniform striking and a good red color was observed
after 150 minutes. At 600 and 650 degrees Celsius, the samples struck a shade of red within 30
minutes and then continued to darken in color to almost black by 180 minutes,

EXAMPLE2

In this example, the batch of raw materials included the necessary raw materials
for a cobalt blue glass composition, as well as suitable amounts of the latent colorant materials.

After the color-sirikable glass patties were annealed, they were heat treated at
oven temperatures of 530, 600, and 650 degrees Celsius for durations of 15 to 80 minutes. At
600 and 650 degrees Celstug, the samples struck black by 30 mimutes.

EXAMPLE 3

In this example, the batch of raw materials included the necessary raw materials
for an emerald green glass composition, as well as suitable amounis of the latent colorant
raaterials,

The ratio of carbon in this mixture was at a standard ratio of carbon to silica for
an cmerald green glass. This differs from flint glass (above) in that relatively wore carbon is
present. To produce emerald green glass, a redox number between -5.3 and -5.8 may be sought,
and may be obtained by adjusting the amount of carbon in the batch.
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There thas has been disclosed stitable methods of producing 8 color-surikable
glass compesition and colorstrikable glass contaipers that Rully satisfy all of the objects and
abms proviowsty set forth, The disclesure has been prosented o conjunction with. several
sxemiplary embodiments, and adatiionsl modifications and variations have been distussed,

Other modifications and variations readily will suggest themselves to pe Tsans of srdinaey skill in

the art o view of the forepeing discussion.
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Claims

o
>

A misiureof latent colorant materials formulated far nse with a plurality of sudse
fime silica buse glass conpositions having redox numbers 1 the vange of -0 to +20 o produee @
plutatity of colar-strikable glass compositions and a plurality of color-strikable glass containers,
the mixture of latent colorant materialy including:

caproys oxide {Capdy, stmous oxide {(8n0), bismauth oxide (BRiOg), and

garbon (€1

3
e

The misturi of lotont coloram matedials set forth in olaim 1, wherain the mistwe

s formulared to produee a phucality of colorstrikable glass compositions which contain 00875~

0.3% wi. % coprous ogide (Ca0) 0.06-0.5 wi. % stannons oxide (SaQd), 0.006~0.05 wi, %

bismueth oxdde (BHO ), and G02-0.10 wil % carhon ()

Las

The fixtare of menteolorant materials ser funh dnelain 1 whersi the mixiare

is formulated for use with fint and arctic blue hase glass compositions having redox numbers in

the range of +2 1o 420 1 praduce a phaallly of volor-strikable glass contiinges,

X =
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4.
The st of latent colorant materials sot fueth o chdm 1, wherein the mixiure
i Forrmuduted for useowith amber base glass compositions having redox rumbers i the range of -

26 0 40 1o precdoes a plurality of colorsstrikable glass containers.

£51

The mixturs of ntent colorant mateials ser forth fo odaiey 1, wherein the misture
s formudated for use with cobalt Blue base glass compositions haviag redox numbers in the

vange of <20 o +10 o preduce a plurality of colov-strikeble glass containers,

8.
The mixtare of lotert colorantmaterialy set foth in oladmy 1, wherein the mibsiuee

compositions having rodox numbers of about

i formulated for use with emerald groen base glas

-3 to produce a phuatity of color-strikable glass camainess,

s

R
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:~.}

A method of making a plurality of color-strikable glass containers, the method
including the steps of!

introducing a mixture of latent colorant materials into a soda-lime-silica base
glass composition having a redox number in the range of -40 to +20 to produce a color-sirikable
glass composition, the mixture of latent colorant materials compnising cuprous oxide (CipO),
stannous oxide (Sn(), bismuth oxide (Bir(O4), and carbon {C); and

forming a plurality of color-strikable glass containers from the color-strikable

glass composition.

The method set forth in claim 7 including the additional step oft
raising the ternperature of at least a portion of the plurality of color-strikable glass
containers above 600 degrees Celsius to strike red or black in at least a portion of the plurality of

glass containers.

9.
The method set forth in claim 8, wherein the temperature-raising step includes
heating at least a portion of the plurality of color-strikable glass containers to a temperature
hetween 630 and 650 degrees Celsius for 30 to 40 minutes to strike red or black in the glass

containers.
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1
The method st forth in clatm 8, whersin the soda-limessihica base glass
compuosition is & fint or avetic blue glass compesition wd at keast @ portion of the phivality of

eodor-strikable plass containers are heated 1 o temperature above 600 degrees Calsius 1 strike

red therein.

it
The method set forth in olaim 8, whereln the sode-lime-silica base glass
composition Is an amber, vobalt blue, or emerald green wlass composition sud st leust 3 portion
of the plurality of color-strikabile plass containery are heated o 3 lempévatirs above 800 degrees

Celstus o sirtke black therein,
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A methed of making & plurlity of colorsteikable glass containers, the method
inchuding the steps oft

preparing & soda-Hmi-silica glass Somposition ncluding: 8075 wi. Y S0y, 7
PR gt 96 Naglh 612w, % Cal, §.1-3.0 wil 96 ALOsy, 0.0-2.0 wit Yo MO, 0:0-2.0 wi, 55 K0,
arad Q010030 wi % 80y

mixing o latent colorant materiad compesition fnte the seda-limessilive glass
composition 1o prodice @ colopstrikable glass composition including: GOETS-0.35 wi %

cuprons oxids (G, 0.06-0.5 wi. % stannous axide (Sn0), (0125008 wi, % blamuth oxide

(B0, and H.02-0,10 wi. % carbon (T amd

forming o pluradity of colorstrikable glass containers from the colossirikable

glasy composition.

The mithod set forth in elain 12 inclading the additional step oft
ratfsiniy the toraperature of at ledsta portion of the plurality of colopstrikable glass
containers above 600 degrees Celstus to strike red or Black inat least aportion of the pluradity of

glass containers.



WO 2014/070362 PCT/US2013/063199

14,
A colorsirikable glass comtaiver {10} having o Container glass componition
nchading:
2 base glass portion comprising: 00-73 wi % $iy, 7-18 wi % Nagh, 612 wi. %

Cal, G130 wi, % AL 2.0 wi % Mafd, 8.0-2.0 wi, % Kotk and Q01030 wi %% S0y

and

a latent colorant portion contprising: SO873-03F wi, % cuprous oxide (T3},

3.06-008 o, W stanons oxide (S0, and 8.0123-0.05 wit % hismuth oxide (B0

6



