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GLASS CONTAINER INSULATIVE COATING

The present disclosure is directed to glass containers, manufacturing processes for
glass containers, and to coating processes for glass containers including methods and matenials
for coating glass containers (e.g., glass bottles and jars).

Background and Summary of the Disclosure

Various processes have been developed to apply coatings to glass containers for
different purposes, including decoration, adhesion and glass strengthening for damage
prevention.  For example, U.S. Patent 3,522,075 discloses a process for coating a glass
container in which the container is formed, coated with a laver of metal oxide such as tin oxide,
cooled and annecaled through a lehr, and then coated with an organopolysiloxane resin-based
material over the metal oxide layer. In another exavople, U.S. Patent 3,912,100 discloses a
method of making a glass container by heating the glass container and applying a polyurethane
powder spray to the glass container.

A general object of the present disclosure, in accordance with one aspect of the
disclosure, is to provide an improved method of coating containers to impart insulating
properties to the containers to maintain colder or lower temperatures of contents in the containers
for a longer time without changing aesthetics of the containers, for instance, by using a separate,
external insulation sleeve or label.

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

A process for applying a low-¢ coating to a glass container in accordance with one
aspect of the disclosure includes the following steps: (a) preparing a low-¢ coating material

I



WO 2013/188032 PCT/US2013/040856

including at least one of a metal or a transparent conductive oxide {TCQ), wherein the metal is
selected from the group consisting of silver, gold, and aluminom, and wherein the TCO is
sclected from the group consisting of Sn0,:8b, SnGy F, y04:8n, ZnOF, Zn0:Al and Zn0:Ga;
and (b) applving the low-¢ coating material to the external surface of the glass container.

A method of coating a glass container in accordance with one aspect of the
disclosure includes the following steps: (a) depositing on an exterior surface of the contaiver, a
coating including at least one of a metal or a transparent conductive oxide (TC(), wherein the
metal is selected from the group consisting of silver, gold, and alominum, and wherein the TCO
is selected from the group consisting of Sn02:8b, SuO2:F, 0::8n, ZnthF, Zu0:Al, and
Zn(:Ga, to impart insulating properties to the container; and (b} applying a cold-end coating to
the exterior surface of the container afier step (a).

In accordance with another aspect of the disclosure, a method of coating an
exterior surface of a glass container includes the following steps: (a) depositing a hot-end coating
on an exterior surface of the container; and (b) applying a low-¢ coating to the exterior surface of
the container after step (a), wherein the low-¢ coating includes particles composed of at least one
of metal or transparent conductive oxide {TCO), wherein the metal is selected from the group
consisting of silver, gold, and aluminum, and wheretn the TCO s selected from the group
consisting of Sn(3,:8b, In;05:8n, ZaO:Al and ZnhGa.

In accordance with a further aspect of the disclosure, there 1s provided a glass
container that includes a closed base at one axial end of the countainer, a body extending axially
from the closed base and being circumferentially closed, and an open mouth at another axial end
of the container opposite of the base. An exterior surface of the container includes an infrared
wsulative coating including at least one of a metal or a transparent conductive oxide (TCO),
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wherein the metal is selected from the group cousisting of silver, gold, and aluminum, and
wherein the TCO is selected from the group consisting of Sn(3::8b, SnQy:F, ,0::8n, ZnO:F,
Zn{:Al, and Zn0:Ga.

In accordance with an additional aspect of the disclosure, there s provided a
method of manufacturing a glass container including the following steps: {a) forming the
cortainer; and then (b} applying 8 coating to an exterior surface of the container to impart
insulating properties to the container, wherein the coating includes at least one of a metal or a
transparent conductive oxide (TCO), wherein the metal is selected from the group consisting of
sitver, gold, and aluminum, and wherein the TCO is selected from the group consisting of
Sn(02:8b, SnO2:F, InyOs:Sn, ZnGF, Zo0:AlL and Zn(:Ga, to impart insulating properties to the
container; and then (¢} applying a cold-end coating to the exterior surface of the container.

In accordance with vet another aspect of the disclosure, there is provided a
method of manufacturing a glass container including the following steps: (a) forming the
container; and then (b) applying a hot-end coating to an exterior surface of the container; and
then (¢} anncaling the container; and then (d) depositing a low-e coating on the container {o
mmpart insulating properties to the container, wherein the low-¢ coating inclades particles
composed of é’t lgast one of metal or transparent conductive oxide (TCO), wherein the metal is
selecied from the group consisting of silver, gold, and aluminum, and wherein the TCO s
selected from the group consisting of Su(01:8b, Ino0s:8n, Zn(:Al and Zn0:Ga.

Brief Description of the Drawinges

The disclosure, together with additional objects, features, advantages and aspects
thereof, will be best understood from the following description, the appended claims and the

accompanying drawings, in which:
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FIG. 1 is an elevational view of a glass container in accordance with an
illustrative embodiment of the present disclosure;

FIG. 2 is a cross-sectional view of the glass container body;

FIG. 3A shows one illustrative embodiment of an enlarged sectional view of the
glass container, taken from cirele 3 of FIG. 1

FIG. 3B shows. a further illustrative embodiment of an enlarged sectional view of
the glass container, taken from circle 3 of FIG. 1

FIG. 3C shows another illustrative embodiment of an enlarged sectional view of
the glass container, taken from circle 3 of FIG. 1;

FIG. 4 is a flow diagram of a glass container manufacturing process;

FIG. 5 is a flow diagram of g glass container manufacturing process in accordance
with one illustrative embodiment of the present disclosure, wherein a low-¢ ¢oaling replaces a
conventional hot-end coating and is applied before an annealing step;

FIG. 6 is a flow diagram of a glass container manufacturing process in accordance
with another iHustrative embodiment of the present disclosure, wherein a low-¢ coating replaces
a conventional hot-end coating and is applied after an annealing step; and

FIG. 7 is a flow diagram of a glass container manufacturing process in accordance
with an additional illustrative embodiment of the present disclosure, wherein a low-¢ coating is
applied after an annealing step.

Detailed Bescription of Preforred Embodiments

FIG. 1 shows an illusirative embodiment of a glass container 10 (e.g., glass bottle,
jar, or the like) that may be produced in accord with an illustrative embodiment of a
manufacturing process presently disclosed hereinbelow. The glass container 10 includes a
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longitudinal axis A, a base 10a at one axial end of the container 10 that is closed in an axial
direction, a body 10b exiending in an axial direction from the axially closed base 10a, and a
mouth 10c¢ at another axial end of the container 10 opposite of the base 10a.  Accordingly, the
glass container 10 is hollow. In the illusirated embodiment, the container 10 also includes a
neck 104 that may extend axially from the body 10b, may be generally conical in shape, and may
terminate in the mouth 10c. However, the container 10 need not include the neck 10d and the
mouth 10¢ may terminate the body 10b, such as in a glass jar embodiment or the like. The
body 1(b may be of any suitable shape in cross-section transverse o the axis A as long as the
body 10b is circumferentially closed.

For example, as shown in FIG. 2, the body 10b may be of cylindrical transverse
cross-sectional shape that is circomferentially closed.  In other embodiments, the body 10b may
be generally oval, square, rectangular, triangular, or of anmy other suilable iransverse
cross-sectional shape. As used herein, the term "circumferentially” applies not only 1o circular
iransverse cross-sectional shapes but also applies to any closed transverse cross-sectional shape.

FIG. 3A represents an illustrative embodiment of the glass container 10, wherein
the container 10 includes a glass substrate 12, a hot end low-¢ coating 15 applied to an exterior
surface of the container 10 on the substrate 12, and a cold-end coating 16 applied to the exterior
surface of the container 10 over the low-e coating 15, As used herein, the term “low-¢” coating
may include a low emissivity coating to reflect, or otherwise attenuate, radiation in an infrared or
near-infrared portion of the light spectrum, as will be described in greater detail below,

FIG. 3B represents a further illustrative embodiment of a glass container 110,

wherein the container 110 includes the glass substrate 12, a post-ammeal low-e coating 15" applied
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to an exterior surface of the container 10 on the substrate 12, and the cold-end coating 16 applied
to the exterior surface of the container 10 over the low-e coating 15",

FIG. 3C represents another illustrative embodiment of a glass container 216,
wherein the container 210 includes the glass substrate 12, a hot-end coating 14 applied to the
exterior surface of the container 10 on the substrate 12, and a post-anneal low-e coating 17
applied to the exterior surface of the container 10 after a cold-end coating (not shown) has been
previously applied and removed or to replace a cold-end coating (not shown).

A prior art glass container with conventional hot-end and cold-end coatings would
allow substantial transmission of infrared (IR} and pear-infrared (NIR} radiation. As used
herein, for the sake of simplicity, the term "infrared” includes infrared and near-infrared
radiation. In ome example, the IR wavelength includes 800 nm to 1,000 pm, and the NIR
wavelength inclodes 800 nm to 2 ym. In a more particular example, the IR wavelength
includes 800 nm to 30 um.

According to the present disclosure, however, the glass contatner 10 may include
the low-e coating 15 {or 15"} to replace a conventional hot-end coating applied before application
of the cold-end coating 16 {c.g. FIGS. 3A and 3B), or may include the low-e coating 17 nstead
of the cold-end coating {e.g. FIG. 3C). Therefore, the low-e coatings 15, 15, 17 may wmpart
insulating propertics to the container 10 to maintain colder or lower temperatures of contents in
the container 10 for a longer time than otherwise would be possible without the coating(s} and
without a separate, external insulating clement on the container 10, In other words, the coatings
15, 15, 17 may provide good protection from IR/NIR energy entering a cold interior of the

container 10 o keep beverages colder, longer.
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Although the various coatings 14 through 17 are shown as adjacent layers
overlying one another sequentially, one or more of the coatings 14 through 17 may penetrate into
or even through onc or more of the other coatings. Accordingly, the various coatings 14
through 17 may be fairly described as being applied generally to the glass container 10,
regardless of how or to what extent any given coaling contacts any of the other coatings and/or
the substrate 12.  Similarly, when a material is described as being applied to an exterior surface
of the glass container 10, the material may be applied over one or more of the coatings 14
through 17 and/or the glass substrate 12 itself.

With reference to FIG. 4, glass containers can be produced in any suitable
manner. Typical glass comtainer mwanufacturing includes a "hot end” that may include
producing a glass melt using one or more melting furnaces, forming the glass melt into glass
containers using forming machines, and applying a hot-end coating to the glass containers.  The
"hot end” alse may include an anncaling lehr, or at least a begioning portion of the annealing
lehr, and annealing the glass containers therein. At an entry, hot end, or upstream portion of the
annealing lchr, the temperature therein may be between 750 and 550 degrees Celsius.  Through
the lehr, the temperatare may be brought down gradually to a downstream portion, cool end, or
exit of the lehr, for example, to a temperature therein of between 130 degrees Celsius and 65
degrees Celsius.

Typical glass container manufacturing also invelves a "cold end” that may include
an end portion of an annealing lehr, inspection equipment, and packaging machines. Also, the
cold end may include application of a cold-end coating to the glass containers dowustream of the
annealing lehr. For example, the glass containers may be coated with the cold-end coating,
which may be a protective organic coating applied downstream of the annealing lehr. The
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cold-end coating may include a polyethylene material, hke a polyethylene wax or the like,
stearate, oleic acid, and/or any other suitable cold-end coating material(s). After the cold-end
coating is applied, production also may include inspecting the glass containers for any suitable
characteristics and using inspection equipment. For cxample, the glass containers may be
manually or automatically inspected for cracks, inclusions, surface irregularities, hot end and/or
cold-end coating properties, and/or the like. After inspection, the glass containers may be
packaged using any suitable packaging machines,

Accordingly, a "hot end” coating is a coating applied at the hot end of the glass
container manufacturing process, and a "cold end” coating is a coating applied at the cold end of
the glass container manufacturing process.

With general reference to FIG. 5, and according to a first embodiment, the
containers may be provided with a low-e coating generally in the hot end of the glass container
manufacturing process, upsiream of the application of the cold-end coating.  For example, after
forming a plurality of the glass container 10 with forming machines, the glass containers may be
coated in any suitable manner with any suiiable low-e coating materials to produce the low-¢
coating 15 of FIG. 3A.  In this embodiment, the low-e coating replaces a conventional hot-end
coating and is applied before and/or during an annealing step. For example, the glass
containers may be coated, for instance, under a hood between the forming machines and an
annealing lehr, in the annealing lehr, or under a hood in a line branched out of and back into the
annealing lehr.

The low-e coating 15 may be an inorganic coating and may be applied to the
container by chemical vapor deposition (CVD), or by any other suitable techuique. Also, the
low-¢ coating 13 may be applied as a stack of multiple layers.

3



WO 2013/188032 PCT/US2013/040856

In one implementation of the hot end low-e coating cmbodiment, the low-e
coating 15 may inchude a CVD stack including a transparent conductive oxide (TC(O). In one
example, the TCO CVD coating stack may be applied as a “hot end” coating upstream of the
annealing lehr using latent heat of the containers to affect decowposition of precursors of the
coating 15.  Accordingly, the CVDy stack may be applied m a pyrolytic process, and may
include a relatively thick TCO layer on the order of 250 to 400 wu and one or more relatively
thin color suppression layers having a total thickness on the order of 10 to 30 nm.

For instance, the TCO may include an oxide of tin (Sn), indium (Tn), or zinc (Zn),
and the low-¢ coating 15 of this embodiment also may include any suitable dopants. Examples
follow.

in a first example, the metal oxide may include Sn0; and the dopant may include
fluorine {F) or antimony (Sb). In a particular example, a tin oxide may be provided from a
gaseous form of moncbutyl tin trichloride. The resulting coating 15 may have a generic
formula of Sn0y: D where D is the dopant atom. The dopant atoms may be provided from any
suitable dopant molecules.  For example, hydrogen fluoride, tri-fluoro acetic acid (TFA), or the
like, may be used to provide a fluoride dopant. In another example, antimony irichloride
{Sb(1:), antimony pentachloride (SbCls), triphenyl antimony ((CsHs):Sb), or the like, may be
used to provide an antimony dopant. A simplified example of a CVD low-¢ coating stack may
include glass/Sn(./810,/5n0::F, wherein the glass is the container glass, the Sn0) and the 102
are the relatively thin color suppression layers, and the SnOyF is the relatively thick TCO layer.

In a second example, the metal oxide may include InyO; and the dopant may
include tin. In other words, the coating 15 may be a tin-doped indium oxide, or indium tin
oxide ({TO). The dopant atoms may be provided from any suitable dopant molecules.
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In a third example, the metal oxide may include Zn0 and the dopant may include
fluorine (F}, aluminum (Al}, or gallium (Ga). The dopant atoms may be provided from any
suitable dopant molecules. For ZnQ based TCOs, it may be desirable to deposit a protective
layer over the CVD stack. For exarmaple, the protective layer may mclude Si0; or any suitable
mert metal oxide.

During deposition of the low-e coating 15, molecular precursors of the dopant
may be added into a gas phase of the metal oxide precursor, for example, by CVD. Any
suitable source of the dopant molecules or precursor and any suitable means to vaporize the
dopant precursor may be used.  Tn one embodiment, the dopant precursor may be vaporized ina
hot-end coating hood depending on vapor pressure of the precursor.  In another embodiment,
the precursor may be volatilized separately and then delivered to the hot-end coating hood.
Once vaporized, the dopant precursor gas may be mixed with the metal oxide gas, for example,
in the hot-end coating hood, where the resulting low-e coating 15 may be deposiied onto the
containers.

With reference to FIGS. & and 7, and according o a second embodiment, the
containers may be provided with a low-¢ coating after annealing of the containers (post-anneal)
and generally in the cold end of the glass container manufacturing process.

With specific reference to FIG. 6, there is illustrated a glass container
mwanufacturing process in accordance with one implementation of the second embodiment. For
example, the glass containers may be coated in any suitable manner with any suitable low-e
coating materials to produce the low-e coating 15" of FIG. 3B, In this imoplementation, the
low-¢ coating 15" may replace a conventional hot-end coating and is applied after an annealing
step. For example, the glass containers may be coated with the low-g coating, for instance,
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under a hood between the annealing lehr and a location upstream of where the containers enter
bulk-flow where the containers underge confainer-to-container contact, More specifically, the
containers may be coated with the low-¢ coating just upstream of where a cold-end coating is
appited to the containers.

In one implementation of the post-anneal low-¢ coating erabodituent, the low-¢
coating 13" may be applied by physical vapor deposition (PVD), for example PVD spuitering.
Accordingly, the low-e coating 15" may include a PVD stack including an active layer between
diclectric layers, which may serve as anti-reflective and/or protective layers. In one example,
the active layer may include a metal, for example, silver (Ag), gold (Au)}, or aluminum (Al), and
the dielectric layers may incluade silica (810;).  Accordingly, & simplified example of a PVD
low-~e coating stack may include giass/SiO;’metaﬂSi(}z, wherein the glass is the container glass,
the Si0; are silica layers that may be applied in any suitable manner, and the metal layer s the
active layer.

In another implementation of the post-anueal low-e coating embodiment, the
low-e coating 15" may include a CVD stack including a transparent conductive oxide (TCO). In
this implementation, assisted or activated CVD techniques may be used and may include
combustion CVD, plasma enhanced CVD, or the like.  Accordingly, the CVD stack may be
applied in a pyrolvtic process, and may include a relatively thick TCO layer on the order of 250
0 400 nm and one or more relatively thin color suppression layers having a total thickuess on the
order of 10 to 30 nm.  The CVD stack may include doped metal oxides, as already discussed
above with respect to the hot end low-e coating 15.

With specific reference to FIG. 7, there is illustrated a glass container
manufacturing process in accordance with a second implementation of the post-anneal low-e
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coating embodiment.  For exampie, the glass containers may be coated in any suitable marmer
with any suitable low-¢ coating materials to produce the low-¢ coating 17 of FIG. 3C.  In this
implementation, the post-anneal low-¢ coating 17 replaces the cold end coating.  For example,
the glass containers may be coated with the post-anneal low-¢ coating 17, for instance, under a
hood in a cold end of the container manufacturing process.

The low-e coating 17 may be applied to exterior surfaces of the glass containers in
any suitable manner and by any suitable equipment for IR/NIR protection.  The coating 17 may
be applied, for example, before inspection.  The post-anneal low-e coating 17 may be applied
by spraying, dipping, powder coating, electrostatic coating, or other suitable techniques. The
post-anmneal low-e coating 17 may be based oun one or wore of a variety of polymers including
acrylates, epoxies, orethanes, and/or the like. The coating 17 instead may be based on one or
more of a variety of silanes,

In a first example of the second irmplementation of the post-anneal coating
embodiment, the sccond post-anncal coating 17 may include metal particles dispersed th a
polymer base or silane base. For example, the coating 17 may include nano-particles of silver
{Ag), gold (Au), or alumimun (Al).

In a second example of the second implementation of the post-anneal coating
embodiment, the post-anneal low-¢ coating 17 may include TCO particles dispersed in the
polymer base or silanc base. For example, the TCO may inclade oxides of indivm (In), zinc
(Zn), or tin {Sn). Also, the TCO low-¢ coating 17 of this embodiment also may include a
suitable dopant. In a first example, the metal oxide may include InyOs and the dopant may

include tin.  In a second example, the metal oxide may include ZnO and the dopant may include
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aluminum (Al} or gallium (Ga). In a third example, the metal oxide may include Sn(y, and the
dopant may include antirnony (8b).

Also, for good distribution of the metal or TCO particles within the polymer or
silane and to prevent agglomeration, the particles may be capped, passivated, and/or
functionalized with a suitable organic based ligand.

The metal or TCO particles may represent 1 to 10 % by weight of the coating
material before it is applied to the containers. More particularly, the metal or TCO particles
may be about 2 to 7 % by weight of the coating material before application.  In a more specific
immplementation, the metal or TCO particles may be about 3 to 5 % by weight of the coating
material before application.

In one embodiment, the post-anneal low-¢ coating 17 may be applied in
conditions under 150 deprees Fahrenheit and, preferably, at an ambient temperature.  As used
herein, the terminoclogy "ambient temperature” may inclode the temperature of the surrounding
container manufacturing environment.

After applying the post-anneal low-¢ coating 17, the glass c@ntaiﬁers may be
cured in any suitable manner. For example, the post-anneal low-¢ coating 17 may be a
radiation-curable organic coating cured by any suilable type of radiation like, for instance,
altraviolet or eleciron beam radiation. In another embodiment, the post-anneal low-¢ coating
17 may be a thermaliy-curable coating cured by convection oven, infrared lamps, or the like.

After curing, the glass containers may be filled and packaged or simply packaged
i any suitable manner.

The glass container manufacturing process may or may not include all of the
disclosed steps or be sequentially processed or processed in the particular sequence discussed,

-+
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and the presently disclosed mamufacturing process and coating methods encompass any
sequencing, overlap, or parallel processing of such steps,  Also, the various embodiments may
be provided in any suitable combinations with one another.

The present disclosure provides an advancement in the art.  Conventionally, it
has been understood that successful insulation of glass countainers required separate, external
insulating elements hike foam sleeves or labels to impart insulating properties to the containers,
Contrary to conventional wisdom, it is now possible to produce traunsparent, substantially
colorless, glass containers with improved insulating properties, but without having to use
separate, external insulating eloments that are opaque and detract from the transparent, pure
appearance of a glass container.  In contrast, the use of at least one of the low-¢ coatings of the
presently disclosed method provides a simple but elegant solution to a problem in the art of glass
container manufacturing that has long been experienced but apparently unappreciated.

There thus has been disclosed methods of coating glass containers and methods of
manufacturing glass containers that at least partially satisfy one or more of the objects and aims
previously set forth,  The disclosure has been presented in conjunction with several iHustrative
embodiments, and additional modifications and variations have been discussed. 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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A process for applying & low-e coating (15, 137, 17} do a glass container (1)
having an external surfive, which neludes the steps off

{ay  prepaning & lowee couting material including at least one of & metal or @
transparent comductive oxide {TCQ), wherein the metal is selected from the group consisting of
silver, gold, and ghoninwy, and wherein the TCD ix selogted fram the gronp cansisting of

SuOx8b, Sa0:F, IpOuSn, ZoihF, 2o AL and Zald Gy and

{hy  applving the coating material to the exteornal surface of the glass contatner,

The process sot forth i elaim 1 owhirein the applying step (b) s carvied out at g

het end of g glass container manufacturing provass,

The process set forth i claim 2 whereln the applying step (b} is cavried et before

the glass coitainor isomealed i the glass contiiner manifactving provss.

The process set forth in clatm 1 whesein the preparing step {a) includes the TCQ

and the spplying step (4 includes chomical vapor deposition of the TCO to the glass container.

—r.
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Thee process aet forth in claim 1 wherein the applying step (b) is corried out at a

cold ead of 2 glass container manufacturing provess,

&
The process set forth i olaim & whersln the applying step (b} s camed out sfier

the glass container Is anmealed incthe glass container manufadiuning progass.

5
s

The provess sot fosth in claim 6 wheretn the preparng step {9 nchudes the metal

and the applying step (b)Y includes phyvadeal vapor deposition of the metal o the glass container,

The process set forth in elaim § wherstiy the at least one of & metal or & TOQ is

mrovided as particles inoat least one of & polvmer solution or silane solution,

9.
The process set forth inolaim 8 inchuding curing the at least one of a polymer or

stlane solution o form o transparent extornal costing on the contaner that reflects or wtherwise

attenuates infraved energy.
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1

The process set forth in claam R wherein the particles represent 1 to 10 % by

weight of the couting material bofore it iy applied t© the containers.

1
The process set forth in elaim 8 wherein the particles represent 2 to 7 % by weaight

of the cogting material before It s spplicd 1o the containers,

The procesy seb forth in elaim 8 wherein the particles veprosent 3 40 3 %% by weight

of the coaling material beftre it Wapplied 1 the containers.

13,
The process set forth o cladm 1, wherein stop (b s carried out gt gn ambicnt
temperature,

4,

The process set forth i clainn 1, wherein step (0) s carned out at less than 150

degrees Fahrenheit,

peee
L0

A glass container (10} made by the process set forth tn olaim 1
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