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INSPECTABLE BLACK GLASS CONTAINERS

The present disclosure is divected to glass containers and, more particularly, to
coloring of glass containers.

Backeround and Summary of the Hsclosure

Glass containers are often composed of so-called soda-lime glass, also called
soda~-time-silica glass. Many such containers are colored, for example, for acsthetic or functional
purposes. Colored glass containers may be produced from soda-lime glass compositions which
include one or more colorants. For example, blue glass containers can be made from soda-lime
glass compositions which include cobalt oxide (CoO) as a colorant. U.S, Patents that illustrate
colored glass compositions of this type include 3,326,702, 3,330,638, 3,345,150, 3,498,806, and
4,312,953,

Some colorants in soda-lme glass do not immediately impart color to the glass.
Instead, color may need to be developed in the colorant-containing glass by a heat-treatment
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process known as “striking.” In this process, glass containers are formed from a glass
composition which contains “latert” colorants. Thereafter, the glass containers are heated 10 a
temperature slightly above normal annealing temperatures so that the latent colorants in the glass
interact 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/or 3,(’52”754&

A general object, in accordance with one aspect of the disclosure, is o provide a
glass composition that may be used to produce cobalt blue glass containers that, upon heat
treatment and striking, develop a visuslly black color. Accordingly, this glass composition and

the glass containers formed therefrom may be referred to as “black-strikable” The glass
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containers may be mspected—hbefore or after striking—by infrared inspection equipraent in a
glass container production line or in a container filling operation.  Accordingly, these glass
containers also may be referred to as “inspectable.” Until now, the optical inspection of black
glass containers had been thought impossible due to their low percentage of light transmission.

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 method of
making a black-strikable glass container. In this method, a black-strikable glass composition is
prepared having a base glass portion and a latent colorant portion. The base glass portion
includes: 6075 wi. % Si0y, 7-15 wi. % Nax (3, 6-12 wit. % Ca0, 0.1-3.0 wit. % ALO;, 0.0-2.0
wi. % Mg, 0.0-2.0 wt. % K0, 0.01-0.25 wi. % SO, 0.01-0.25 wt. % FerOs, and 0.01-0.13
wt. % CoQ. The latent colorant portion includes: 0.0875-0.335 wt. % cuprous oxide {Cup(),
0.06-0.5 wt. ¥% stanoous oxide (Sn0), 0.006-0.05 wt. % bismuuth oxide (Bix(d), and 0.02-0.10
wt. % carbon {C). Thereafter, a black-sirikable glass container is formed from the black-
strikable glass composition.

In accordance with another aspect of the disclosure, there is provided a method of
inspecting a black glass container for commercial variations that affect optical characteristics of
the glass conmtainer. In this method, infrared light energy is directed onto and through the black
glass container, and is received on an infrared light sensor. The infrared light sensor is

esponsive to infrared light energy received thereon having wavelengths in the range of 730-

1100 nm.
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Brief Deserintion of the Drawings

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

FIG. 1 18 a side elevation of a glass container in accordance with an exeraplary
embodiment of the present disclosure; and

FIG. 2 is a graphical plot of light transmission through samples of inspectable
siruck~black container glass doped with three different amounts of copper oxide (CupO).

Detailed Description of Preferred Embodiments

FIG. 1 illustrates an exemplary embodiment of a glass container 10 {e.g., glass
bottle, jar, or the like) that may be produced in accordance with an exemplary embodiment of a
presently disclosed manufacturing process, as described further herein below. The glass
container 10 may be referred to as “inspectable,” meaning that the glass container 10 ransmits a
sufficient amount of infraved light 1o be inspected by infrared inspection equipment in a glass
container production line or in a container filling operation.

The glass container 10 may be produced by the following method. Additional
exemplary conditions and procedures for composing and melting production container glass can
be found in, e.g. the Handbook of Glass Manufacture by Fay V. Tosoley (3rd ed., Ashlee
Publishing 1984).

The method may include preparing a black-strikable glass composition. The
black-strikable glass composition may be thought of as having a base glass portion and a latent

colorarnt portion.
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The base glass portion may Include soda-lime-silica glass materialy and wne or
more blug colorant materialy, For exanmple, the base glasy povtion may inchade substantially the
sspe materials prosent in cobalt blue glas

Noch

The term “cobalt blue glass™ is emploved in ity conventinnal sense In glass
tochnology as referting to & glass having Mus coloration {e.g., blue plass). & proseatly preferred

coball blue glass may comprise the fillowing matevals in the following ranges of whounty by

swedghts

T-153% Nl

DO-2.0%  MgD
G.0-2.0% ka2
01023 SOy
GO0025%  Pedll
0.01-018% Col

More pariictdardy, and By way of example only, 8 prosently preferred cobalt blus
claws miay comprise the folowing nwiterials o substantistly the stated amounts by weights

Fa3% LNTE N
13% NaQ
1% Caly

16% Ali(n
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0.4% ks
0.15% SO
0.10% FepOs
0.06% Co(.

The latent colorant portion of the black-strikable glass composition may inchade
cuprous oxide {Cup(), stannous oxide (Sn(O}, bismuth oxide (BixO3), and carbon (C), as this
combination of materials has been found to enable the striking of copper (Cu) in soda-lime glass
containers.

The molar ratio of tin oxide (Sn0) to copper oxide (w0} 1o the latent colorant
portion may be about one, for example, the molar ratio may be in the range of 0.9 10 1, or inthe
range of about 1 to 0.9, However, the latent colorant portion suitably may contain an excess of
tin oxide (Sn(). For example, when an excess of tin oxide (Sn0) 1s present in the latent colorant
portion, the molar ratio of tin oxide (Sn0) to copper oxide (CuyO) may be about 1.5,

In one embodiment, the black-sirikable glass composition may include about
$.175 wi. % cuprous oxide {Cip(0), about 0.25 wit. % stannous oxide {(Sn{3}, about 0.0125 wi. %
bismuth oxide (Bi:03), and about .06 wt. % carbon (C}. For example, the black-strikable glass
composition may include 0.0875-0.35 wi. % cuprous oxide (Cwp0), 0.06-0.5 wi. % stannous
oxide {(SnQ), 0.006-0.05 wt. % bismuth oxide (Bi;0;), and 0.02-0.10 wt. % carbon (), In
another embodiment, the black-sirikable glass composition may include substantially 0,175 wit.
% cuprous oxide (Cu()), substantially (.25 wt. % stannous oxide (SnQ), substantially 8.0125 wt.
% bhismuth oxide (Bi(1), and substantially 0.06 wt. % carbon (C). As used herein the term

i

"substantially”

means within manufacturing tolerances customary in the glass container

manufacturing industry.
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The remaining portion of black-strikable glass composition may inclade small
amounts of other materials. Such materials may be additives, residual materials from cullet,
and/or impurities typical in the glass container manufacturing ndustry, Such materials may be
present in trace amounts, for example, less than 0.2 wt %. In one specific example, the
remaining portion of the black-sirikable glass composition may include trace amounts of Tily,
BaO, and/or S

The method also may include forming black-strikable glass containers from the
black-strikable glass composition. A feeder located at a downsireamn end of the one or more
forehearths may be used to measure oul gobs of molien glass and to deliver them to glass
container-forming machines. Thereafier, the gobs may be formed into glass comtainers, for
example, by press-and-blow or blow-and-blow processes and by individual section machines, or
in any other suitable manner by any suitable equipment.

The method further may include annealing the black-strikable glass containers in
any suitable manner, for example, in an annealing lebr. At an entry, hot end, or upstream portion
of the annealing lehr, the temperature therein may be between 550 and 600 degrees Celsius.
Through the lehr, the temperature may be brought down gradually to a downsiream portion, cool
end, or exit of the lehr, for example, to a temperature therein of between 130 degrees Celsius and
65 degrees Celsius. In any event, the glass containers may be annealed, preferably between 550
and 600 degrees Celsius for 30 to 90 minutes, more preferably between 525 and 375 degrees
Celsius for 45 to 75 minutes, and most preferably at substantially 550 degrees Celsius for one
hour.

The method also may include raising the temperature of the black-strikable glass
containers above the highest temperature at which they are annealed (L.e., the highest annealing
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ternperature) to strike black coloration into the glass containers. Accordingly, this temperature-
raising step may be referred to as "striking."

The siriking or temperature-raising step may include, for example, heat-treating
the glass containers between 600 and 680 degrees Celsius for 10 to 90 minutes to produce black
glass containers. In a more specific example, the temperature-raising step may include heat-
ireating the black-strikable glass containers between 630 and 650 degrees Celsius for 30 1o 40
minutes.

In one embodiment, the temperature raising or striking step way be carried out
after the annealing step. For example, a furnace or secondary lehr may be used in line or off line
downstream of the annealing lehr. The temperature of the glass containers may be raised in the
furnace or secondary lehr to a temperature and for a time suitable to strike black into the glass
containers. Thereafler, the temperature of the black glass containers may be brought down
gradually, for example, according to an awnealing schedule to avoid fracture or failure of the
containers,

In another embodiment, the temperature raising or striking step may be carmed
out between the time the annealing step begins and the time the annealing step ends. In one
example, a separate furnace may be nsed off line adjacent to the annealing lehr. In another
example, the annealing lehr may be operated in accordance with a modified heating profile. For
tnstance, the modified heating profile may inchide a typical annealing teraperature profile
modified to include temperatures and times suitable to strike black into the glass containers
before, during, or after annealing.

The black-sirikable glass containers may, in some respects, have a container glass
composition that is different fromn the black-strikable glass composition. For example, the
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amount of sulfur trioxide (SOs) retained in the glass containers may be substantially less than the
amount of sulfur trioxide {SO43) in the black-strikable glass composition. The actual amount of
sulfur trioxide (SO3) retained in the glass containers will vary depending on the amount of
carbon () in the black-strikable glass composition. In suitable embodiments, the amount of
sulfur trioxide (SO;) retained in the glass containers will be in the range of 0.01 to 0.22 wit. %
In general, the more carbon {C) in the black-strikable glass composition, the less sulfur irioxide
{803} will be retained in the glass containers. As ancther example, the latent colorant materials
of Cuz(3, Sn(, and B3 may be largely retained in the container glass composition. For
example, about 75-100% of the Cuy0, SnG, and B1,05 in the black-strikable glass compostiion
may be retained in the container glass composiion.

A struck-black glass container produced in accordance with this disclosure may
have a wall thickness of greater than 0.040 inches (i.e., greater than about 1 mm). At this wall
thickness, the glass container transmits a minimal aroount of light at wavelengths between 390
nm and 700 nm and, thus, appears visually black 10 the human eye in natural lighting conditions
{e.g., indirect sunlight) at arm’s length. For example, a struck-black glass container produced in
accordance with this disclosure may transmit light in an amount less than 10 % at wavelengths
between 390 nm and 675 nm.

At the same time, a struck-black glass container produced in accordance with this
disclosure transmits infrared light in the near-infrared region of the electromagnetic spectrum

~
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H

{e.g., from about 730 nm to 1100 nm) and, thus, may be inspected by infrared inspection
equipment in a glass container production line or in a container {illing operafion. For example, a
struck-black glass container produced in accordance with this disclosure may transmit light in an

amount between about 30 % and about 65 % at wavelengths between 750 nm and 850 nm. In
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one specific example, a struck-black glass container produced in accordance with this disclosure

may transmit light in an amount of at least 40 % at a wavelength of 750 nm.

gither before or afifer striking—to detect for commercial variations in the glass. Such
commercial variations may include, for example, dimensional anomalies in the sidewalls, heels,
botioms, shoulders, and/or necks of the glass containers, as well as inhomogeneities in the glass
itself that affect the optical propertics of the glass contaivers. Sowe of these cormmercial
variations may be within commercially acceptable standards or thresholds, while other variations
may be outside of such standards or thresholds, and thus may be nnacceptable.

A suitable apparatus for detection of cornmercial variations in a glass container
produced in accordance with this disclosure inclades a light source, a hght receiver, and an
information processor. The light source may include a lamp or a laser capable of emitting
infrared Hght in the near-infrared region of the electromagnetic spectrum (e.g., from about 750
nm to 1100 nm), and the light receiver may include a laser optic sensor responsive to Hght
energy at wavelengths in the range of about 750 nm to 1100 nyo.

A glass container produced in accordance with this disclosure may be inspected
by directing light energy from an infrared light source through the glass container and onto a
light sensor. In one embodiment, infrared light in the near-infrared region of the electromagnetic
spectrum may be directed through the glass container and onto the light sensor. In another
embodiment, infrared Hght at wavelengths in the range of about 750-850 nm may be directed
through the glass container and onto the light sensor. In response, the light sensor may provide
electrical signals to an information processor, which may analyze the elecirical signals
determine whether the glass container is commercially acceptable or unacceptable. Before the
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wresent discovery, no known cornmercially available black glass countainers were believed 1o be
capable of inspection using an infrared hight source.

According to the present disclosure, a black-sirikable glass composition is
provided that may be used to produce cobalt blue glass containers and optionally black glass
containers by the process of “striking.” In addition, the glass containers produced according to
the present disclosure may be inspected—before or after striking——by infrared inspection
equipment in a glass container production line or in 8 container filling operation.

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

EXAMPLE

In the following example, a batch of raw materials was prepared and used to
produce 300g of molten glass. The batch of raw materials included the necessary raw materials
to produce a black-strikable glass composition. The necessary arnount of each raw material for
the batch was weighted out in accordance with standard batch calculation practice common in
the glass industry. Thereafter, the raw materials were crushed and ground nsing a mortar and
pestle to break up agglomerate material, and then mixed together using a mixer for about ten
minutes. While mixing, a crucible was pre-heated in a furnace at 1350 degrees Celsius for about
teny mimutes. The cructble was removed from the furnace and the entire batch of raw materials
was added to the crucible. The crucible was again placed 1o the furnace, 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 molien glass was poured into splat quenched patties. Some of the
patties were placed in an annealing oven at 350 degrees Celsius, and some of the patties were left
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unannealed. The patties which were placed in the annealing oven were annealed at a temperature
of about 350 degrees Celsius for about 10 to 20 minutes, and then a door of the annealing oven
was cracked open until the annealing oven temperatore decreased to a temperature of about 300
degrees Celsius. Thereafter, the annealing oven temperature was set to 20 degrees (elsius to let
the glass cool down to room temperature overnight.

After the black-sirikable glass patties were annealed, they were heat treated at
oven temperatures of 550, 600, and 650 degrees Celsius for durations of 195 to 90 minutes, At
600 and 0650 degrees Celsius, the samples struck black by 30 minutes.

FIG. 2 ilustrates three plots of Transmission (Yo} vs. Wavelength (nm) through
samples of cobalt blue glass doped with suitable amounts of the disclosed latent colorant
materials. However, cach of the samples was doped with a different amount of copper oxide
{(Cuz00). The three plots illustrate samples doped with .12 wt. % CwO3 {dash dot), (.15 wt. %
CupO (dashed), and 0.175 wt. % CuyO (solid), respectively.  As shown, these struck-black
samples exhibit 0% to 3% transmission at wavelengths between 200 mm and 390 nn (ultraviolet
light), 0% to 10% transmission at wavelengths between 390 nm and 675 mn (visible light), and
30% to 65% transmission at wavelengths between 730 nm and 850 nm (nfrared light).
Therefore, a struck-black glass container formed by doping a cobalt blue glass with suitable
amounts of the disclosed latent colorant materials transmits a sufficient amount of infrared lght
30 as to be inspected by infrared inspection equipment.

There thus has been disclosed suitable methods of producing a black-strikable
glass composition and black-sirikable glass containers that fully satisfy all of the objects and
aimas previously set forth, The disclosure has been presented in conjunction with several
exemplary embodiments, and additional modifications and variations have been discussed.
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Other modifications and variations readily will suggest themselves to persons of ordinary skill in

the art in view of the foregoing discussion.
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Clabms

A misthod of making ¢ blackestrilable glasy contalnsy (10), the method inchading
the steps of!

preparing & black-sirikable glass composition having a base glass portion ancha
fatent codovamt portion, whevein the base glass portion ineludes 60-73 wi. ¥ Sil, T-18 wt. %
Nasld 6-12 wi, 8 Ca), 0030 wi % AlGa, 0020 st % Math, D.0-2.0 wi. % Ky, (01

025 Wi % K0k, 001035 wit. % FepQa and D01-0.15 wil %6 Cor and the Itent volorant

pattion includes G0875-033 wi % cuprous axide {0 00603 wio % stannous oxide

{Suly), 0.006-0.05 wi. % bivnuth oxide (BHO:), and 802-0010 w5 Carbon (O and
forming the black-sirikable glags comtainer from the black-strikable gluss

e

compsiton,

2
The method set forth n chaiay | including the addibonal step oft
raising the tempenainre of the hlack-suikable glass container gbove 600 degress

Celeius 1o strike black colovation into the glass container,

X

The method set fonh in chuim @ whersin the tomperature of the black-striksble

clasy container is ratved for 10 © 90 minnies W stvtke black coloration into the glags comtainer,
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4,
Theemethod set forth in claim | including the additional step oft
ralsing the temporature of the black-strikable glass vontainer © a tomperature

hetween 630 dud 850 degrees Colsius to strike back coloration intw the glass contaiver.

The method sot forth in claim 4 whersin the temperatare of the black-swikable

glass contatner is raised for 30 1o 40 minutes to sirtke black coloration into the glass container.

&.
A glass container (10} produced by the method sot forth in alainy T having bl

eoloration

7
i

A glass container (10) produced by the method sev forth in claim 2 having black

ORI
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8.
A msthod of inspecting o black glass container (10} oy contmercial variations that

affeet opticad chuwacteristior ofthe glass container, the method including the steps off

directing infrared lght encrgy onto the black ghiss container; and

recetving infraved Hght enecgy from the hlack glass comtainer on an indrared Hght
sensor, the fnfrared Hght sensor belng responsive to infrared Ught snergy having wavelengths in

the eavge of 730 nim to 1100 nm.

g,
The methad as set forth i oelalm 8, wherein the infrared light sensor s a haser
optic sensor and {5 responsive to indrared light energy having wavelongths in the rapge of 750 am

oy 830 o

L
The method set forth o clatin § weluding the additional steps oft
providing elovirical signaly from the taftared lght sersor 1o an informution

provessor in response to infraved Hght energy rersived from the black glass containery and
snsdvzing the slectrical signals @ the Information provessor to determing whethey

commercisl varistions i the black glass contatner ave acceptable or unsceeptable.

o
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