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refrigeration door, insulated glass unit (IGU), or other article described herein.

Background of the Invention

[0003] All United States Patents and Patent Application Publications referred

to herein are hereby incorporated by reference in their entireties. In the case of
conflict, the present specification, including definitions, will control.

[0004] Refrigeration doors for commercial freezers, refrigerators and the like
are typically constructed of glass to allow the customer to view the products placed
therein for sale without opening the door. However, when condensation forms on the
glass (sometimes referred to as “fogging™), the customer is not able to see through the

door to identify the products inside, which is undesirable from the standpoint of both
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doors are required to comply with in order to be acceptable. In the United States,
much of the industry requires freezer doors (but not refrigerator doors) that prevent
external condensation when used in an environment with an outside temperature of
eighty degrees Fahrenheit (80F), an outside relative humidity of sixty percent (60%),
and an inside temperature of minus forty degrees Fahrenheit (-40F). Other countries
have different requirements.

[0008] As is well known in the art, a typical refrigeration door is comprised of
an insulating glass unit (IGU) housed in a door frame. The IGU in a refrigeration
door is, typically, comprised of two or three sheets of glass scaled at their peripheral

edges by a sealant assembly, generally referred to as an edge seal. In an IGU
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an energy cost above and beyond the energy costs of the cooling system. Ina

standard size commercial freezer, the additional cost to heat a freezer door is
substantial — based on current electrical utility pricing, such additional costs can be
$100 per year or more for each freezer. Considering that many stores utilize multiple
freezers, with some supermarkets and other food retailers utilizing hundreds of
freezers, the cumulative energy costs associated with such heated freezer doors are
significant.

[0012] Second, excess heat from conventional heated refrigeration doors will

migrate to the refrigeration compartment, creating an additional burden on the cooling
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these and other U.S. Patents and applications are hereby incorporated by reference in
their entireties into this application.

[0015] In addition to being used for conductivity, such low emissivity coatings
have been employed as another means for reducing condensation on refrigeration
doors. Specifically, one method of increasing the insulating value of glass (the “R
value”), and reducing the loss of heat from the refrigeration compartment, is to apply
a low emissivity (low E) coating to the glass. A low E coating is a microscopically
thin, virtually invisible metal or metallic oxide layer(s) deposited on a glass surface to

reduce the emissivity by suppressing radiative heat-flow through the glass.
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Moreover, known anti-fog products that function by absorbing condensate can
saturate and fail under very humid conditions, due at least in part to their highly
swollen state. Also, these products can scratch or smudge easily, and are not
sufficiently tolerant or resistant to common solvents. Furthermore, common coating

problems, such as drips, runs, trapped dust and chemical crazing can occur with

typical anti-fog products.
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[0023] Still another objective of the present invention is to provide a
refrigeration door with condensation control that is easier and more economical to
manufacture, operate, and maintain than the prior art refrigeration doors and systems.
[0024] Yet another objective of the present invention is to provide a
refrigeration door with condensation control that is easier to design, operate, and
maintain.

[0025] Another objective of the present invention is to provide a method for
making a refrigeration door with condensation control that does not use electricity to

heat the glass to control the condensation.
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argon is held in the first and second chambers. The outer sheet of glass and inner

sheet of glass each have an unexposed surface that faces the middle sheet of glass. A
low emissivity coating is disposed on the unexposed surfaces of the inner and outer
sheets of glass so that the glass door as a whole has a U value that prevents formation
of condensation on the outer surface of the outer sheet of the glass door, without the
application of electricity to heat the door, while also providing the desired evaporation
rate of condensation from the inner side of the inner sheet of the glass door. An anti-
fog/anti-frost coating or film is disposed on a surface of one of the glass sheets,
preferably the exposed surface of the inner sheet.

[0033] In an aspect, the invention also provides a novel anti-fog/anti-frost

coating.
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[0037] A more complete appreciation of the invention and many of the
attendant advantages thereof will be readily obtained as the same becomes better
understood by reference to the following detailed description when considered in

connection with the accompanying drawings, wherein:

[0038] FIG. 1 depicts a refrigeration system employing an embodiment in
accordance with the present invention.

[0039] FIG. 2 depicts a refrigeration door according to the present invention.
[0040] FIG. 3 is an illustration of a partial cross-sectional view of a

refrigeration door according to the present invention.
[0041] FIG. 4 is an illustration of a partial cross-sectional view of a

refrigeration door according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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of the glass door, the faster the condensation on the inside of the door will evaporate.

However, increased heat transfer through the door also results in increased energy
costs from the cooling system. Consequently, the optimal U value of the glass door
will be driven by numerous factors including the difference between the outside and
inside temperatures, the glass thickness, the spacing, the gas(es) used in the
chamber(s) of the IGU, the number of sheets, the spacer material, the ambient
humidity, the absorption coefficient of the coating in the far infrared spectrum, as well

as the desirable time for evaporation of the condensation. In addition, the costs
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[0046] As discussed above, the refrigeration door 10 includes an IGU 50

housed in a frame 55. As shown in Figure 3, the IGU 50 is comprised of an outer
sheet of glass 60, a middle sheet of glass 65, and an inner sheet of glass 70. The IGU
50 is housed in frame 55 and also includes a first sealant assembly 90 that extends
around the periphery of the inner surface 62 of the outer sheet 60 and the outer surface
of the middle sheet 65 of glass to define a substantially hermetically sealed insulated
outer chamber 92. Similarly, a second sealant assembly 95 extends around the
periphery of the outer surface 72 of the inner sheet 70 and inner surface of the middle
sheet 65 of glass to define a substantially hermetically sealed insulated inner chamber
94.

[0047] The outer surface 61 of the outer sheet of glass 60 is positioned adjacent
the external ambient environment 7. In other words, the outer surface 61 of the outer

sheet of 60 is exposed to the environment in which the refrigerator or freezer resides.
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70 of glass is also coated with a low emissivity coating 73. In this embodiment, the
coating 73 on the outer surface 72 of the inner sheet 70 is the same as that described
above with respect to the coating 63 of the inner surface 62 of the outer sheet 60. In
preferred embodiments, the inner surface 71 has an anti-fog or anti-frost coating or
film 75 applied to it, which reduces the clearing time during operation of the unit
significantly, preferably to virtually zero (i.e. no visible fogging occurs).

[0051] Preferred anti-fog coatings or films include those known in the art as
Vistex® and Visgard® Anti-Fog Films from Film Specialties, Inc. Such films may

include an optical adhesive on the reverse side for installation. Vistex, for example,
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C dﬁétpqng_ge’rae gﬂrfagﬁqte%qlbqf water causing the condensate tos 1eet out thus

eliminating fogging under all temperature and humidity conditions. Preferable
coatings tolerate a great deal more handling abuse than most untreated plastics. Slight
surface scratches that occur in the anti-fog film will actually heal themselves when
exposed to moisture. Moreover, preferred coatings exhibit a high degree of chemical
resistance and will withstand solvents such as isopropyl alcohol, toluene, or acetone,
therefore protecting the substrate from solvent attack. Ordinary glass cleaners can be
used when necessary.

[0053] Preferred films/coatings are insoluble in water, and will not smudge or

dissolve when wet, in contrast to other anti-fog coatings known in the art. The
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glpaslc. canthbendre rkpmﬂlnafttfmalwwent@maﬂdlhgnaémvetﬂf# gich as
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e ou er sur out’er s
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Corpugrento P grae ot URY d b i B G
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ibséeh ?2¥ Ssolillget s%?cltb?e (Lo%¥1\{1gl§/fgrlng§1§d aspec%s tﬂere&gare escrﬁaeclil m U.S.

Patent Nos. 4,467,073, 5,262,475, and 5,877,254, and U.S. Patent Application
Publication Nos. US2003/0205059 A1, US2005/0064101, US2005/0064173, and
US2005/0100730, all of which are hereby incorporated by reference in their entireties
into the present application. These and the other patents and applications and
description provided herein, provide ample guidance to one of skill in the art to
readily practice the present invention.
[0056] The present invention also provides novel anti-fog and anti-frost

coatings/films that exhibit improved properties over the above-noted and other known

coatings/films. The invention further provides novel processes for making and
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most preferably about 6%.

[0058] (3-glycydoxypropyl) trimethoxysilane provides a benefit in terms of
moisture resistance. The anti-fog or anti-frost coating is tested in a “P-1 box,” which
is 140 F rain with high UV. Without 3-G, the coating will last 2 or 3 days before
there is some peeling in the P-1 box. In contrast, with 3-G, the coating typically will
last more than 8 weeks, and exhibit no peeling. This represents a 30 fold
improvement over coatings lacking 3-G. To calculate a preferred quantity of 3-G to

use, the sum of the volumes of Part A and Part B chemicals is multiplied by 6%.
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soaking in acetone for about two minutes. Pre-washing the glass with amino alkyl
silicone has been shown to prevent peeling for more than 3 weeks in the acetone test.
This represents a 15,000 fold improvement. In preferred embodiments of the present
invention, approximately 3 ounces of amino alkyl silicone in about 75 gallons (or
similar ratio) of wash water is used to achieve this effect. Therefore, while some anti-
fog and anti-frost coatings or films are known, and can be used in combination with
the other aspects of the invention described herein, the present invention also provides
novel anti-frost and anti-fog coatings/films that exhibit improved characteristics over

those previously seen in the art, and novel processes for making and applying them.
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US208p4fi- 469 éfling ad des@fbeihitein oaraelehe b @bitioh nEthe pxmsmte d

by reference in their enftl reti es
wherein the substrate is part of a re r1gerat10n oor or is used to manufacture a
refrigeration door. In an embodiment, the method includes mixing Part A and Part B
chemicals to form a mixture, applying the mixture to at least a portion of the substrate
and curing the substrate. The invention further provides IGUs comprising a substrate
having an anti-fog or anti-frost coating on at least a portion thereof as described
herein, refrigeration doors comprising such an IGU, refrigeration systems comprising
the refrigeration doors. Moreover, in further embodiments, the invention provides a
refrigerator door comprising a substantially transparent substrate having on at least a

portion thereof a coating which prevents the condensation of water thereon when said

portion maintained at a temperature of about -28 degrees C is exposed to an
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into the present application. These and the other

patents and applications and description provided
wegoeiosssopr ovi de anpl e gui dance to one of ski | PCT/NS100€036593

art to readily practice the present invention. [0056]
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'%Pe%seﬂsu %1' tﬁ? p%g&g W Al |¥e R Bf mlﬁqtaﬁﬁatgqﬂé PRl Reetd A€

rat 'O nits Part A to about” 30%units Part
B ﬂa@OIEIZ ]Spamd-aiastoelhmlsme ercaﬁlcgmdmb@ﬁé ki fhy shaelst 60, 65,

I
Z dVI&hl ea stoI D l}jl%%bgr ﬂl 1!3 %g%hal%glny(ﬁﬁ{e B I‘?ﬂé se?fhe

ona ace one a tertlary
al shedtobs, 70 paarlteldmpha b ¢ saﬂondmenhnu aagpnEdid? 3 Whink bxtends around the

parr i e SR AP B e SRR b kAl
antlatibiisbipterqaeng cirammbac®t beatwepa el shedtabs, 7‘&!@/\1\6@/ elsq scabigh 1hg

b e(.‘éllﬁg %{?ﬁ rq.nbt%ﬁ %{;telﬁilaLéélg}r}grg%@?r’]E‘hre osg an er rgbﬁes%h% mam%?n a
Flhtflfe IheX ik 8pack DeterbIOtE bRt Sieafco hhlbmmdmw 66 medmhéraheet 70
the cur ri i cally included in previously
kl’?&ﬂﬁmfhﬂz ﬁ@ehgraﬁgé %Yl m nated by pre-treating the
I]@§§8] su bSt"{}l@k@al&ﬁthbeﬁthéd 98N, ofaliChrexddi dﬂ@oﬂmddnf frer ent
silane to the anti-f anti.-fr.ost
MRS S R R o Gt S T
adfeliy ds@nibhethsirodiceahaat léﬁlﬂﬁftelﬁbﬁnrcﬁﬁﬁanﬁbleﬂmmﬁhnum spacers

gg%)%é}sa:l‘%}qg%lg&pﬁémg ﬁ«%ﬁ}g ]ad LiIlEE gssgno ahes Bg, 95 or% t}ﬁsr grgl?ordqrggnt
includes its own spacer and desiccant, which replaces the need for a separate sealant,
metallic spacer, and desiccant, and has a heat transfer rate of 0.84 Btw/hr-{t-F
(sometimes referred to as K value). The sealant assemblies 90, 95 in this embodiment
are a composite extrusion containing a combination of polyisobutylene sealant, hot
melt butyl sealant, desiccant matrix, rubber shim and a vapor barrier. Suitable sealant
assemblies of this type are manufactured and sold by TruSeal Technologies of
Beachwood, Ohio, under the name “Comfort Seal.”
[0069] Referring to Figure 3, IGU 50 is shown. IGU 50 is comprised of glass
sheets 60, 65, and 70 integrated by sealant assemblies 90 and 95. IGU 50 is installed
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to the mxture is 3-glycidoxypropyl trinmethoxysilane
("3-G'). Including this silane has been surprisingly
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ex[c(:)g%sjl vel yAp elmg al?terli\;?l Qeotla %?e Crllobll r?(?)rt Ti-PS glass, other low E coated glass
may be used, such as, for example, Comfort Ti-R, Comfort Ti-AC, Comfort Ti-RTC,
and Comfort Ti-ACTC, all of which are available from AFG Industries, Inc., which
like Comfort Ti-PS, are titania/silver based low E coated glass manufactured by AFG
Industries, Inc. Another suitable type of glass is Comfort E2, which is coated with a
pyrolytic process and is a fluorine doped tin oxide low E coated glass, one eighth of
an inch thick, and which is manufactured by AFG Industries, Inc. Comfort E2 is

suitable for some of the less stringent performance standards because of its higher

emissivity. The low-E glass referred to herein is not limited to the above specifically
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in the curtain to avoid sem -turbul ent and turbul ent
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have anti-fogging and anti-frost-form ng properties
upon drying or curing.
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wafoets]t her emnin\whenatsaitelo pane embodiment of the present invention shown

in Figure 4, the IGU 50 includes an outer sheet 60 and inner sheet 70 of glass, the

frame 55, and a sealant assembly 90. In this two-pane embodiment, both the outer

sheet 60 and inner sheet 70 are one eighth of an inch thick and include the same low E

coating as described in the first embodiment, which is titania based silver low E

coating. Again, both the outer sheet 60 and inner sheet 70 may, for example, be a

sheet of Comfort Ti-PS glass, one eighth of an inch thick, manufactured by AFG

Industries, Inc. The coated sides of the sheets 60 and 70 are on the unexposed

surfaces of the sheets, sides 62 and 72, respectively, which form part of the chamber

92. In addition, the same sealant assembly 90 described above (the Comfort Seal)
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[0078]

In alternate embodiments, any suitable type of coating processes for the

low-E coating may be employed including pyrolytic (e.g., as in the Comfort E2),

which is often referred to as chemical vapor deposition (CVD), spray, and sputter

coating (e.g., as in the Comfort Ti-PS). Furthermore, these processes may be applied
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netallic spacer, and desiccant, and has a heat

transfer rate of 0.84 Btu/hr-ft-F (sonetines referred
W 200a933oval ue). The seal ant assenblies 90, 95PCTUSINEG036593

embodi ment are a conposite extrusion containing a
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Btu/hr-ft-F. Another suitable sealant assembly is the ThermoPlastic Spacersystem
(TPS) manufactured by Lenhardt Maschinenbau GmbH, which has a heat transfer rate
of approximately 1.73 Btu/hr-ft-F.

[0082] The spacing in the above disclosed embodiments is one half inch.
However, while the preferred spacing ranges between five sixteenths of an inch to one
half inch, other embodiments of the invention may use spacings up to three quarters
of an inch. In addition, while the above disclosed embodiments employ glass one

eighth of an inch thick that is tempered (except for the middle sheet), other
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on the inside of the door in a reasonable tine period.
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of design factors including the nunber of sheets of
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the IQU, the spacing between the sheets, and the gas
in the chanber(s). In the three pane refrigeration
door 10 of the preferred enbodi nent descri bed above,
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0. 0025. However, each of these factors can be varied
resulting in numerous pernutations of val ues that
coul d be conbined to provide the sane U value. In
addition, other applications nay require a snaller or
| arger U val ue depending on the environnent, costs
constraints, and other requirenents or considerations.
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92. In addition, the sane seal ant assenbly 90
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preventing the formation of condensation on said first surface of said outer sheet of
glass without the application of electricity for heating said first surface of said outer
sheet of glass, an anti-fog or anti-frost coating on a surface of the inner sheet, and a
frame secured around the periphery of said insulating glass unit. The insulating glass
unit can have a U value substantially equal to or less than 0.2 BTU/hr-sq ft-F.

[0087] The invention also provides a refrigeration door adapted for use in a
refrigerating compartment, the door comprising an inner sheet of glass inéluding a
first surface and a second surface, said first surface of said inner sheet being disposed
adjacent the interior of the refrigerating compartment, an outer sheet of glass

including a first surface and a second surface, said first surface of said outer sheet
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compartment is substantially equal to or less than zero degrees Fahrenheit, the

temperature of the exterior environment is substantially equal to or greater than
seventy two degrees Fahrenheit, and the humidity in the ambient environment is
substantially equal to or greater than sixty percent, the first surface of the outer sheet
of glass is substantially free of condensation and no fogging or frost formation occurs
on the inner sheet.

[0090] The invention further provides refrigeration doors (and IGUs, and
refrigeration systems comprising them) having an outer surface and adapted for use in
a refrigerating compartment, the door comprising a first sheet of glass, a second sheet

of glass, a first sealant assembly disposed around the periphery of the first sheet of
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necessary U value for the design, which in rum
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coating on one of the sheets of glass; and wherein said first sheet of glass, said second

sheet of glass, and said first sealant assembly form an insulating glass unit having a U
value substantially preventing the formation of condensation on the outer surface of
the refrigeration door component without the application of electricity for heating the
door component and substantially preventing fog or frost formation on a surface of
the component. The insulating glass unit can have a U value substantially equal to or
less than 0.2 BTU/hr-sq ft-F. In alternate embodiments, the method includes
providing a third sheet of glass, which may include a low-E coating adjacent at least

one of its surfaces; disposing a second sealant assembly disposed around the
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second sheet of glass; a first sealant assembly disposed around the periphery of said
first sheet of glass and said second sheet of glass for maintaining said first sheet and
said second sheet in spaced-apart relationship from each other; a first low emissivity
coating adjacent a surface of said first sheet or said second sheet of glass, and an anti-
fog or anti-frost coating on a surface of one of said sheets, and said first sheet of glass,
said second sheet of glass, and said first sealant assembly providing the insulating

glass unit with a U value effective to substantially prevent the formation of
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anti-fog or anti-frost coating on a surface of the
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of the insulati ng gl ass_un
said first or said second sheet of glass, sa1d first sheet, second sheet, first sealant
assembly, and said first low emissivity coating forming an insulating glass unit having
a U value substantially preventing the formation of condensation on the outer surface
of the door without the application of electricity for heating said first surface, an anti-
fog coating on a surface of one of the sheets of glass; and a frame secured around the
periphery of said insulating glass unit. The insulating glass unit can have a U value
substantially equal to or less than 0.2. BTU/hr-sq ft-F. In alternate embodiments, the
door further comprises a third sheet of glass and a second sealant assembly disposed

around the periphery of said second sheet of glass and said third sheet of glass for

29



[0091] The invention further provides refrigeration
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humidity or rain, and any other applications in which an anti-frost or anti-fog
coating/film would be desired . In some of these applications, condensation on the
second or colder side of the glass may not be an issue because the glass is not in a
door that is periodically opened exposing the cold glass to a more humid environment.
As a result, the key factors in designing the glass are economics (i.e., the energy costs
and the cost of the glass and its installation), visible transmittance, durability, and
other considerations.

[00100] While preferred embodiments of the present invention have been

described above, it should be understood that such have been presented by way of

30



one of its surfaces; disposing a second seal ant
assenbl y di sposed around theperi phery of said second
W@ b@en3shl gl ass and said third of glass for naPCIt/EBV061036593
sai d second sheet and said third sheet in spaced-apart
r edxatiplersby, pod oo timétatidn. dihhe ithe tacadthvind seipa of thie ghresent

srigbion SR8 BnliPuts o'be Bl 8RR A0 sty ent
[ 0@9&]1] The ObBViRDLlY,aRUIMBtR® njdidi¢itiies amal vrebing ot‘)fhe present

w&nufacturln f ation d or c V|n

o U PP RE lb?"slé‘ﬁ H%ﬂﬁ ﬁ"’&?ﬁ% g nﬁ rg)tﬁ eé‘flgerStOOd
pr @i i Mderdioh hia§ be pa6&Ied @fheBligsSthan Rrspatifibaliy d@scﬁ@saqmm
sheet of glass; providing a first low em ssivity
coating adjacent a surface of said first sheet of

gl ass or said second sheet of glass; disposing a first
seal ant assenbly around the periphery of said first
sheet of glass and said second sheet of glass to

mai ntain said first sheet and said second sheet in
spaced-apart relationship fromeach other; providing
an anti-fog or anti-frost coating on one of the sheets
of glass; and wherein said first sheet of glass, said
second sheet of glass, and said first seal ant assenbly
fopn an insulating glass unit an emssivity equal to
or less than 0.04 substantially preventing the
formati on of condensation on the outer surface of the
refrigeration door conponent w thout the application
of electricity for heating the door conponent and
substantially preventing fog or frost formati on on a
surface of the conponent. In alternate enbodi nents,
the nmethod includes providing a third sheet of gl ass,
which may include a | owE coating adjacent at |east
one of its surfaces; disposing a second seal ant
assenbly di sposed around the periphery of said second
sheet of glass and said third of glass for maintaining
sai d second sheet and said third sheet in spaced-apart
rel ati onship fromeach other; and wherein said

i nsul ating glass unit further includes said third
sheet of glass and said second seal ant assenbly.

[0094] The invention further provides a substantially
transparent insulating glass unit door having an outer
surface and being for use with a refrigerating
conpartnent residing in an exterior .environnment and -
having an interior refrigerating
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conpartment; said insulating glass unit door

conprising a first sheet of glass; a second sheet of
w@bk@3m3ssal first seal ant assenbly di sposed ar ourdI/UkI®06/036593

peri phery of said first sheet of glass and said second

shembt iotlaiphedss for mai ntaining said first sheet and

sai d second sheet in spaced-apart relationship from

each other; a first Iow enissivity coating adjacent a

sur.f ace refrigsatich ddor Bivigweiuted ke endaapudiodeesdunet on a

glass, and an antifoq 8r_anti:trqst coating on a

s UreHiEeRtge cOpReTgrenG S IQNSRPRISINE G said first sheet of

gl ass, s@kdhefepfekssheet of glass, and said first

seal ant assenbly providing the insulating glass unit

W th a ddevalduBecebf @4k ve to substantially prevent the

formati on of condensation on the outer surface w thout

th ef appd ﬂi:f@ﬁki#@;ﬁ_aﬁkﬁmlelyeﬁstpbéeﬁ:atqunﬂ chelpesifhetshef s?])idtfﬁft sheet of

surface_of the jnsulatin ass. unit, when the interior

t efiprat fidsegeng et PZW?S%@‘%&WP%]“@&H‘& Rt apdgsaid second

S Uik tan kpadbd-¥pafGHadonkilp @oml @8iBothétan zer o degr ees

Fahrenheit; the tenperature of the exterior.

envi r orymeet lolvenSddRay asuting hdjyceatiiai fateofRkid @i slie@t ortshidn

seventy degrees Fahrenheit; and the humdity in the

exteePiGieERUBRShment is substantially equal to or

greater than sixt ercent. Alternate e dipents .

D ur thorencmar sl N ittt e Mrs ST Ry S s st gheets

segd Ank; agsenbl y di sposed around the periphery of said

second sheet of glass and said third of glass for

mai nt ai Mfrdige $ahred drbfisl the papherRdsSdindulstRehds shiget i n

spaced- apart relationship fromeach other, and nay

I nghetel tee SIeR@ 1 ving WeantiFog v dnji-fRxedontig; tAdp@cie pteti@ated with

surface, of sgid first shee%, said second sheet, aor saildl

t h FEt ShaeEnd FIGPUSRE of GBS FOFtae PUPRISPE EHHT A PSich

t h@chmBdilad is AFfcgdnd®on MRiffrsthidea U val ue t hat

substantially prevents the formati on of condensati on

on the outer surface when the interior tenperature of

the refrigerating conpartnment is substantially equa

t 02.0r |'EsSefrigamatish dvdsof iyl , diegeie esd Fahsteeataad secohdgheets of

tenperature of the exterior.environnent.is at .

s B8 TSt SRR STl 57 TP SRR LY GRiEye feminede

Fahs@ e dlass amehdvig A umaldé &ipstaitial  @queX foadrilddE than 0.2 BTU/hr-

envi ronnent |s substantially_ equ r greater than

| to
si%f@FﬁéﬁﬁéﬁSﬁyfb@@g?“?ﬂﬁeWﬁ%EﬂFﬁﬁﬁﬂ?ﬁ Ofer. provides a
refrigeration unit including an insul ated encl osure
defining a conpartnent, a cooling system and a door

adapted_ to .. . . . : . .
?.p d’l‘he refrigeration door of claim 1, wherein the first silane comprises amino

alkyl silicone.

4. The refrigeration door of claim 1, wherein the second silane comprises 3-

glycidoxypropyl trimethoxysilane.
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be nmounted on an opening of said conpartnent, said

door having an outer surface and conprising a first
w@h@en3sshl gl ass, a second sheet of glass, a fiPGI/US2006/036593

seal ant assenbly di sposed around the periphery of said

fig. st a}me edfrigdratifinalosr @fivthirs aj wheeio drcntiifeptr atfi-fglsa®ating is
for qlnlng said first sheet and said second sheet
i rfPB z@&'gﬁart rel ati onship fromeach other, a first
| ow em ssivity coating adjacent the a surface of said
first or said second sheet of glass, said first sheet,
S X og?ﬂ 1& %1tg«§}a%061 ({oor oef%#a?{] \Qﬁeslgﬁ?heya‘ntl%ndorsa% quOS{S ééozslging is
unmph&awmngmalu val ue substantlally preventlng t he
formati on of condensation on the outer surface of the
door without the application of electricity for
heating said first surface, an antifog coating on a
sur.f ac a heﬁefﬂgﬁamifn dobeofscttéeﬂswbdleig [tlzesmii-fagol atiffraanmating has
sec d arf#’ %. Der %S{th%n%gld i nsul ating gl ass
uﬁilm(WWé ) ?Fﬁdwafass uni't can have a U val ue
substantially equal to or less than 0.2. BTU hr-sq
ft-F. In aIternate enbodi nents, the door further

ri h g
aggsTg m)ls[%% agfrl era d% %ﬁch dﬁ){ﬂ 7 &ﬁe?fgm?l%garng fg? &9 a1 Cf? ggéco%ﬁltl has
shahmkmﬁsgfﬂxmtHhﬂmsmsdumhMQQHQM@e$ of gl ass
formai ntai ni ng said second sheet and said third sheet
i n spaced-apart relationship fromeach other. [0097]
The invention further provides a glass door for a
ref.ri gefhatefdgehispl duyr cfabén 8t Weerdio die angrfpg prsintigfrast doating has
g at%lck{%c%n S{“ ab%a%/i f'lg{cﬁ)nxs lLona%l ﬁﬁlS%@i@roﬁp outsi de surface, a
e inside surface of the

flrst glass panel a second gl ass panel having an
i nsi de and an out si de surface, a low em ssivity
c Oﬁ)t in gIh% rlleﬁ” ?Saﬁ&l cfiog?oisc‘}larnﬁqc%h&&ntﬂtféeanﬁ%g B'xda gl fﬁﬁ@coaﬁng 1S
panél , I nter ne ass panel between t

mdmﬂdﬂcndwgﬁass panel, a first spacer assenbly
between the first and intermediate gl ass panels and a
second spacer assenbly between the internediate and
S eﬁo nd ’lgne"i‘ %@H&! cﬁ)oy\@fecﬁa%lnri P&eiﬁl'tﬁesatnti%% otseﬁl‘ﬁ%t coating
spacer ASsendli es are formed fromwarm e ge spacer
agsawnwpe$uﬁamdmamnﬂdﬁog or anti-frost coating on a
surface of
‘extending a 1r(3‘3c co Eglb&poﬁquﬁﬂxg%a tgg‘gtd@aoc%f’aﬁc??lcc%hﬁlé about
gI 48 N —maﬁnel Byrrolhdmm;] alerbéd it-retanql, dbhet % Cg¢lolzranes dwonehs 2,4~

pen?ang one, ancp B i% gnomaﬁcqglo Il%h ghts that are

i) a second component comprising about 66% polyisocyanate, about

1% free monomeric isocyanates, about 11% xylene, about 11% n-butyl acetate, and
about 11% toluene;
wherein the mixture ratio of the first component to the second

component is about 100:40.
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i dentical. [0098] The foregoing has descri bed

princi ples, enbodi nents, and nodes of operation of the
wWEe@3mes80i nventi on. However, the invention shoRdTUSZING6/036593

be construed as being limted to the particul ar

ent2odi ﬁﬁat#rigte&ﬁmi doedofa:brmlél vasrdinthy agindeg @ abi-frost coating

re not as restrictive.

I tﬁ%ﬁ% g PI&}P%SeeS %5%?%% for%sh tn}gb[ ?I%S‘glﬁu ‘ati ons may be made

in those enbodlnents by those skilled in the art

Ymnfﬁgg? i Ji‘ﬁ N f} !9%% C{Wﬁ ﬁr’?ézﬁaflﬁéﬁ’;‘%%ﬁu& g’telsglﬁelgfs atl}?écop‘}Plewnt

i nvention has been described in the appllcatlon of a

refrlgerator or .freeze ot he cat.i ons

| T UGG e RO HeE Ry gt e HPholds pGhma pkghel o
tr@g%gqn@ghggmﬂlve mrrors, particularly externa
mrrors, saunas, steamroons, shower doors, ticket

boot h wi ndows, bat hroom w ndows bat hroom m rrors,

0 Ufss' deryg Mlgaalcﬁmof $0eA8 rlswhé}ah R B TSP -F Rt Jfaaallfg
hum dity or rain, and any ot her applications in which
anfUEhiricomprsss 2 gExmats f og coating/filmwould be

desire ko aablma%aa A QRse 2O SBSRUDOR-
on theq%%%%ﬂﬁﬁggﬁgol%e?gégbe of X agg may not be

anméthy Paripbdangsdopto gheanpliahow é% YP?@ eza@@rahowaé% 24-
pﬁvalgqé&ale' YndABEIEY,; gm%wg?,tdﬁ@ cold glass to a nore
envi f onment a resul't, the key factors in
desi gniitg stdved ghraswenircemetgrR#Hoaks6h payisoqyrate gy % free
CORERnRRY 14008608 bl 1145 %@%ﬁoﬁfﬂ@'%'r{ Sur 84! Al bOdk 11%
SPBIET AR ance, ar y, and er
comkmmeratlons [001 00] While preferred enbodi ments
of the resen i.nven
shoul d 151661}] g rmsl ture ?ci,]& tpeafvr%hc%ﬁ §>0n q1b§oct[1é Per%g%cg%?négn%ﬁ ‘s
maﬁmofﬂmaBQHQSQﬁly, and not limtation. Thus t he
breadth and scope of the present invention should not
be limted by the above descri bed exenplary
enhﬁdiﬁmﬁ&ah@&@&ﬁmkmﬁhmﬂﬁmsbywhmﬁnﬁmomsumnMﬁébﬁmeﬁans

d t f th t i bl
AT 08 R Sa PR ORGSO L 0P Rer ef ore o' be

understood that the invention may be practiced

ot herw se t an as specjfi.c descri bed her.ei a
i sltl ai ]Pr’ééie eratjon ‘i? Of %Ilf‘il?”é‘gp AV RBHR ’c?d?lxﬂ‘a‘?ﬁaﬁ& ogﬁg\gﬁ% er
S U§dndfeterd Etdth@ d@@h@@oﬂqﬁmb& iaddint 19d:aBsut 30.

18. The refrigeration door of claim 15, wherein the second silane is present in an

amount of about 1% to about 8%.

19, The refrigeration door of claim 15, wherein the second silane is present in an

amount of about 6%.

20.  The refrigeration door of claim 1, further comprising:

a third sheet of glass;
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refrigerating conpartnent, said door conprising: a

first sheet of glass; a second sheet of glass; a first
w@eabasisonssenbl y di sposed around the peri pherpCDUSHaé/aB6593

first sheet of glass and said second sheet of gl ass

for maiaseadndiseadpns adsenbly dspossth ewiindihe paghdryd caid decohd dicet

2%5 gia?#: glgd]_ %{é&é} %%g?tac}% I& agsd{c])ég%]hl%alnm%salairl sgcéOéllao ¥1é6§ gllac{jsl,a{ds t]hird
f i gsét is fpedd-mart selittbnsiap Goth ecattedherpdndgl ass; an anti - f og
or anti-frost coating adjacent a surface of at | east

one of vefkain ﬁlﬁtbﬁﬁﬂatﬁfg pisasst fugthe isclidessmd thad uheedof glass and
arou g- ﬁerl E of said insulating glass unit,
whidt Wﬂm & §HF having the anti-fog or anti-frost
coating thereon is pretreated with a first silane, and
said anti-fog or anti-frost coating conprises a second

fi %,lgtn €, Sqlﬁéégel%leo%%gr Stl cglarnpg&izftf% Ancliie 1nn ! O%ecr:] ar& IP%GIHISSIVIW
1, saetieidiacs@tiaduffadesif s dast slaatdseﬁcegeomd shtpeetr said fthigl shes of
sald first sealant assenbly, and said first |ow
en¥88ivity coating formng an insulating glass unit
having a U val ue substantially equal to or |ess than
0.2 BTU hrsqg ft-F or an em ssivity substantially equa

to,or less than.0.04. .The _refrigeration
cl an m 1 ﬁleﬁ{%geéflthontcﬁgr ? -c}asninI'},S Fler in tlgagU varlllues %fs sa{a%l:)hnsu?atmg glass
al i is siftdticodeubdantidiepreednt thg édiraiatlmﬂofd:omdensﬁtloﬂ baith® oilter

t“‘ﬂﬁ?%é%q%& CooPERs B e DT RLT LI ABudte SR e

, wﬂé’iﬁh@inﬁbrioh%ﬁmi@%mré &g:hé)lfefrﬂgfdfaitmﬁ Ediﬁ}ianﬁﬁgﬁlb E]Lg)s;aﬁtlilly equal
as a.film T refrigeration do of clalm
TP B\ G i P P i abrediis T[S Runet g gt
ap@ivﬁr@ﬂn@ﬁ issubdtaiiallly eqhial to bR gresitef thirgRvéiy-orb @HQedes Bihrenheit;

claim1, wherein the anti-fog aor anti-frost coatin 9
haad the humidity in the ambient environment is substantially equal to or greafer than

sixty percent.

23.  The refrigeration door of claim 22, further comprising:

a first chamber defined by said first sheet of glass, said second sheet of glass,

and said first sealant assembly; and

a gas disposed in said first chamber.

24, The refrigeration door of claim 23, wherein said first sealant assembly has a

heat transfer rate substantially equal to or less than 1.73 Btu/hr-ft-F.

25.  The refrigeration door of claim 23, wherein said gas is selected from the group

consisting of argon, krypton, and air.
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a thickness of about 4 mcrons to about 20 microns. 8.

The refrigeration door of claim?7, wherein the
w@eiorA088e1 or anti-frost coating has a thi cknesBCD1S2006/036593

about 10 microns to about 20 microns. 9. The

refrigeration door of claim@8, wherein the anti-fog or

anti-frost coating has a thickness of about 12 m crons

to about 15 microns. 10. The refrigeration door of

claim1, wherein the anti-fog or anti-frost coating is

i n%(ol ulee refignatiar dood df clafimel, wééneingher iate'rionteuip@mtum‘of the

f ulrettlrx]%e}dtmg coumHneElp? smtantlllglgaf]ual t(? or, leﬁs tlga%%m&s%% tg%Fgrees

a mx
C ORgMt elﬁlkem;ghatamperaw&%faﬂnmm onenvatborodho ks, suhdmmllhllﬂ%ual to or

W@F%tﬁ%thgglﬁ%evelg%gd oeneg g)alg ﬁl%}t aélétﬂi{jr%glg}tug ﬁrom ‘tlge ‘%1 Lipr e1}v1r%13}nent
Ar El’iﬁlbsiteﬁmﬁl@oequ@]nd ot gﬁ:ata th&mrtgaI peespaneé nheem i d)lﬁem;grfaoe of

ut, 66% te about 1% free nononeric
gl ATt @@Smétﬁilpjﬁ% PoRoPIFIHLD. ahout 11% n- but y!

acet ate, and about 11%t ol uene; wherein the m xture
ratio of the first conmponent to the second corrponent
r.efri

| s...abo 0 Th er at
o oo tiergtatgoo! P wRk AR i St et
c Ofmﬁge‘ﬁﬁﬁlg doapdrinednt is kalistadiidilitdqng té hxelemthmumms ﬂ)ﬁ'y dérgneas
re on door of. claim 12, .whe venf i s
L F R b PO e e ag it bR S o'er
Wh gegknhhhegal Gééi\@els FhlgrelieaCaidanehumligighialtheodxtdiier éﬂv&’bﬁmen’c
but yl. al cohol The r frigeration gw%r of cl ai

oht BT Saghio Pb%je@d?f Y ST ABA A b 9 ieuitce of

C OB Idb&ES sbsiahtdlly e 6f Gontignsaidni r St conponent
conpri sing about 46% di acet one al cohol, about 4%

Nrmet hyl Pyrrolidone, about 4%t - butanol about 8%
Cycl ohexane, about 6% 2, 4- pent anedi one, and about 2%

Ar gerat i Thelld@igei@fiéh door of Claim 21, wherein:

the first sheet of glass is an inner sheet of glass including a first surface and a
second surface, said first surface of said inner sheet being disposed adjacent the

interior of the refrigerating compartment;

the third sheet of glass is an outer sheet of glass including a first surface and a
second surface, said first surface of said outer sheet being disposed adjacent the

exterior environment of the refrigerating compartment;

the second sheet of glass is a middle sheet of glass disposed between said

inner and outer sheets of glass;

the first sealant assembly being disposed around the periphery of said inner
sheet of glass and said middle sheet of glass for maintaining said inner sheet and said

middle sheet in spaced apart relationship from each other;
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ii) a second conponent conprising about 66%

pol yi socyanate, about 1% free nononeric isocyanates,
W@bwan3BiLo Xyl ene, about 11% n-butyl acetate, BCTUSIH06036593

11%t ol uene; wherein the mxture ratio of the first

conponeMimb@x&hﬂmﬁeaanWGBmgdﬂpmﬁdm&uﬁbmabmﬁﬂﬁnaﬂaﬁﬂ

refri. on or .of claimi15_ wherein
¢ Fai e of Piiede v T b ol A o so e S
C o @naRhter Sheafia lslﬁac&d)ﬁ)aaﬁtbﬁihlﬁon&ﬁp 33m ebdh othre
refrigeration door of claim16, wherein the m xture
rati o afe filselofviengdsivitg rpaing béing adjideat the csotel wolgosfent] inner
i s_abo t 100: about 30. 18. The refrigeration door of
%‘F%Og §Wherein the second silane is present in an

anDunt ab 1%to0. abo

Goor o iR eriasi Potthe ethe aBieartRs defetd SRR
| Noudd? sRevpuNglasef about 6% 20. The refrigeration door
of claim1l, further conprising: a third sheet of

gl ass; aaideanchese ahtartheasse b |sl;leedifﬁ$3@&ﬂ%d1t assaubig, sedvad

Do BrE 581 SRR el S G5 T e ROk

S aihgh1dthis oths S @ W hdréin SRACE i op off donﬂéillszﬁtoln@ﬁslﬁﬂ Birdt E@fice of
each other; and wherein said ins Ia | ass un|%

PN et B S RS TrRt ‘OPof B R
S %%%1%@@1‘ 1RBHingA M sMrfacd bf sald6utteshedt @egladsi on door of

claim?2 further including a second | ow em ssivity
coating adjacent a surface of said first sheet, said
second sheet, or said third sheet of glass. 22. The
refor i gelﬂl@tléﬂgerﬁl@ﬁfdo@f ofCl ek 178 2vhe1£ KR afti fbyorldnil &g obting is

said insulating glass. unit is effective to

sdﬁ@?%ﬁf@%@@&“%ggvgﬁﬂdPﬁ@r*%?ﬁggaﬁh of condensation on
the outer surface of the door w thout the application
of electricity for heating the outer surface when the

: 2’}02 L Ibglirlgme T?r[g@otng aléﬁ?tf cla1m%8 rﬁrt{ler%glglgrtislig ? conpar t ment
a first chamber defined by said inner sheet of glass, said middle sheet of glass,

and said first sealant assembly;

a second chamber defined by said middle sheet of glass, said outer sheet of

glass, and said second sealant assembly; and

a gas disposed in said first and second chambers.

31. The refrigeration door of claim 30, wherein:

said inner, said middle, and said outer sheets of glass have a thickness

substantially equal to one eighth of an inch;

said inner and said middle sheets of glass being spaced apart a distance

substantially equal to one half inch; and
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to or less than m nus zero degrees Fahrenheit; the

tenperature of the exterior environnment is
wGepgnzasti al |y equal to or greater than seventBET/WA2006/036593

degrees Fahrenheit; and the humdity in the anbient

envi r osaEmiiddle agdifzsd ari¢rishdelsyol gipsabentgrspacedgpati distabdean

Six@ﬁmﬁggcgthuﬁgmhgyﬁ Befrigeration door of claim 22,

f UPPREMCORR SING 2" ' st chanber defined by said
first sheet of glass, said second sheet of glass, and
said first seal ant assenbly; and a gas disposed in
sald fi.rst_chanper 4, T r p.ger.atl. of
ol 2 m 24% refRRERE o B 00" By AR HL RO ity
heatd teeadstdamt nesemblyldaslt lzave b hédt rawsdrradte subsentidliysgudl ooy
1.73 Btu =ft-F -25. The refrigeration door of claim
23?“%%%%%?%Bé@Téh5as is selected fromthe group
consi sting of argon, krypton, and air.26. The
refrigeration door of claiml1, wherein the interior
tenperature. .of the refriqerat| .compartment is
subst aﬁﬁlﬁeéefflge%%od"a ©0 8{%%% BZSésVﬁ]etgﬁg'n m nus twenty
degr ees_FEahrenhei t. 3 . exter]
eni T ontetier o Dok s LFTBRL IS Rlest HELER BELR,
sewbsttiytiatie gt ® draleighthheiab inchnd t he humidity in the
exterior environnent is substantially equal to or
gr eat ersatdhismer sidksayd peldeehtets dnthswhrargipacedhparoy tligtance
surface. of the doar i.s substantially free of
co%l%W@ggy8%@?57¥w+%%n¥§fﬁﬁgeration door of claim1,
wher ei n_t.he. ..nt er| . ' [.ng
Compar (e S G 5B ol ERRH(rales ind Hcdabl DR
m substadtaily yqubdgreedalFakchenhei t; the tenperature of the
exterior environnent is substantially equal to or
greater than eighty degrees Fahrenheit; and the
hum dity in the exterior environment is substantially
eqdral tThegefrigerearedoot hbmaimi 30t yheyein saiAgas inndd s clesintber and
t he.out er rfac the door is substantially free of
co%leﬁg%FV%%mﬂgggﬂﬁggm%%frigeration door of Claim 21
wherein: the first sheet of glass is an inner sheet of
glass including a first surface and a second surface,
s 3}%5; cfe ; ’{h%:rﬁigi‘ééﬁﬁ‘&ledo@; oBAkifh JNHRLeiR REELa PR sNE £ SRASRFAand

said second chamber are not the same.

36.  The refrigeration door of claim 30, wherein said first and second low
emissivity coatings are selected from the group consisting of a titania based silver and

fluorine doped tin oxide.

37.  The refrigeration door of claim 30, wherein said first and second low
emissivity coatings are applied with a process selected from the group consisting of

sputter coating, pyrolytic coating and spray coating.
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interior of the refrigerating conpartnent; the third
sheet of glass is an outer sheet of glass including a

wo poogo3ssor f ace and a second surface, said firsPCHUS00€E36593
of said outer sheet being disposed adjacent the
exd er i ffe reMyéraigsniot offlaiinl®, whdrein ged &tung @}3 iomatdlm nt ;

the second sheet of gl ass i

meistsaeBel NiBareard SRR Bar b e e o e
gl I rst seal ant assenbly bei ng dlsposed around t he

peri phery of said inner sheet of glass and said mddle

sheet of glass for maintaining said imer sheet and

said mddl e sheet in spaced apart relationship from

egsh otihatfizhetisedonds deinl Bl;'ltvhasmemrb Ifiyst kealamtjasdérsipp sudi

around the erlph h

R A R R S L
Stk%gsamﬁmda@w/ﬂmpter sheet in spaced-apart
relationship fromeach other; the first Iow emssivity
coati ng being adjacent the second surface of said

i nner sheet of glass; the second | ow em ssivity

cogt i ng RehdAGfadhatasting hefieecon dsucoapmenfhasaigedn outer

out er sheet of gl ass aid inner sheet, outer sheet,
nﬁ@ﬁ%éﬁgﬁgﬁﬁmeﬁF@ng%g éWPsggsenbly, second seal ant
assenbl y, and f t and second | ow em ssivity
CO&tIh@@VﬁB%ﬁ1 §ﬁ1at|ng gl ass unit wherein the

formation, of cond@ s %g@g on said first surface of
sai d o@P@ﬁH§Hé@?“ gt &s% s substantially pr event ed

W t hout the application. of elec i

said f P‘io§{dm§&r rﬁ\té%W 8’(1115?’3((%3 o5l aéja en Suh?{e ({}gﬁﬁ fﬁ]% gheet of
Thenst 8f hidgesdat ket 6fadss;0f cla|n128 mhereln t he
anti-fog or anti-frost coating is adjacent the first

sur f acgispésirpai fifsti seal@t a&hﬁbly apdung tleegeripi®ey of Baidl first sheet of
refrigeration

f iglass algﬂlséﬁlbsg?ong é]quh%gogl%sy ?o 1ga18f%h nsﬁlleérérgé{%féeeet? %?Jaidfs'e%d sBeet

s g ehagbdslag rahegkhipfrogl @sisothanshdsai d first s eaI ant
assenbly; a second chanber defined by said mddle

sheet @fovgligSd, and dbgloutiefrossdvettg alfacent a surface of at least one of
said sheets of glass, wherein the surface having the anti-fog or anti-frost coating
thereon is pretreated with a first silane, and wherein said anti-fog or anti-frost coating

comprises a second silane, which second silane is different than the first silane;

said first sheet of glass, said second sheet of glass, and said first sealant
assembly forming an insulating glass unit wherein the formation of condensation on
the outer surface of the refrigeration door component is substantially prevented

without application of electricity for heating the door component.

41.  The method of claim 40, wherein said first sheet of glass, said second sheet of
glass, and said first sealant assembly define a first chamber; and further comprising

the step of disposing a gas in said first chamber.
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gl ass, and said second seal ant assenbly; and a gas
di sposed in said first and second chanbers. 31. The

wo edoriogssnat i on door of claim 30, wherein: sai dPCTII82006/036593
said mddle, and said outer sheets of glass have a
t Mxknel® nsatlasitodnkinafd, yurdguedmpringriee s¢pglot:h of an
inch; said inner and said m ddl e sheets of gl ass being
spaced mpading a thldidsheeh okglswbst antial |y equal to one
hal f inch; andsaid m ddl e and said outer sheets ot
gl ass bispaging psecent! wplanttassgmiiysdispose! aserind tlrpetipliery of said
equal ne hal f .inch. i.gerati
o1 P B U AF e W i 38 G bl A Bl Pl O S
s eaohtilirg eladetintspasd-epol 1yladachipfavecaah hibat atd ansfer rate
substantially equal to or less than 1.73 Bru/hr-ft-F.
33. Thewleadin bgdinatlatong gihepnnivfurtbéranaiudd saidvherl ehagt ofsgdasd and
im'ed;S S%idmﬁkﬂgkﬁmﬁ”d said outer sheets of glass
haVi ng AR EkAeSS " Subst antial |y equal to one eighth
of an inch: said inner and said m ddl e sheets of gl ass
bei ng spaced apart a distance substantially equal to
ong, hal.f i nch: . Sad 1 dd '
o Pl astreisiiivg 3l 2. 3ol A0F 4R8O Bl ARG
e qenaiksitiy @adngaljdcentneinfacd 4f salhihird efiaet ofediat.i on door of
claim 30, wherein said gas in said first chanber and
sai d second chanber are the same. 35. The
refrigeration door of claim30, wherein said gas in
saddd fiTstmativalmbelina#e] vdaicth setionicedmdrembhrhes mbeat trassfer
sane. i [ | O f cl ai m 30, wherein
said Sflﬁg%l}tllgﬁﬁ%‘{ugggc?gggﬁa%w g?ngggl{l%/r&[g coatings are
selected fromthe group consisting of a titania based-
silver and fluorine doped tin oxide. 37. The

14,1 90 Qi 190hirfla, Gl 30, vherein said first and

r
second

said first and said second sheets of glass having a thickness substantially equal

to one eighth of an inch; and

said first and said second sheets of glass being spaced apart a distance

substantially equal to one half inch.

46. The method of claim 40, further including the step of disposing said insulating

glass unit in a door frame.

47.  The method of claim 46, wherein said gas is selected from the group

consisting of argon, krypton, and air.

48.  The method of claim 40, wherein said insulating glass unit has a U value
substantially equal to or less than 0.2 BTU/hr-sq ft-F or an emissivity substantially

equal to or less than 0.04.
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em ssivity coatings are applied with a process
sel ected fromthe group consisting of sputter coating,
W@R0000$I8IC coati ng and spray coating.38. The PCT/US2006/036593

refrigeration door of claim30, wherein said frane is

formed froma material selected fromthe group

consi sting of extruded plastic, alum num and fiber

gl %s B8.meMhel ofefamin g@.rveteragmsagtblow emflssmﬂmcmtﬁ@ is seleeted iflom

sa IS | ant

asglg qtty c‘éns‘tt;'sﬁlngI %P a tl%% e%h %(1}@{;] L 109111% gopéau 62 toglﬁe.i ally

equal to or less than 1.73 Btu/hr ft-F. 40. A nethod

of manufacturing a refrigeration door conponent having

S?% (\8 ug ef;]heshlllgt];toadco% Cl&%ﬁ '43 vﬁ%#ehp %1&31(3%1{1&5\,1% cggﬁlg% %J%ﬁe@ \fvith a

S hmecesmﬁelqlt@sfmm mecgmuwcmg;lsang Dﬁ'@tlttél cvataug) p;ﬁq)lytnt goating and

coathg gg%acent a surface of said first sheet of

gl B8Y OF"%i d second sheet of glass; disposing a first

seal ant assenbly around the periphery of said first

sheet of glass and said second sheet of glass to

mig 1nt ai 'ﬂlesnulttld cifrcfagm ﬁli] %}eleﬁ\pgléﬁls{j 11%%{:; %QQ sealﬂ:t%%ssén%hes have

spaced-apar ation Roother

prmhmﬂumgﬁammamﬂkmmﬁ@yemmanunhﬁsd@hlﬁééﬁWh@ﬁéﬁjacent a

surface of at |east one of said sheets of gl ass,

wherein the surface having the anti-fog or anti-frost

coating thereon is pretreated with a first silane, and

vvh@r ei rtsanadha@inificlafiro g4.dhrtteen iiclifingshe stepatfidmgosiogaid isgdating

oG %ﬂgnlad %anwhlch second silane is different than

th% T ?ane “said first sheet of gl ass, said

second sheet of glass, and said first seal ant assenbly

forning an insulating glass unit wherein the formation
?§ ondﬂﬁql%ﬁ(%:})f%ﬁll{l QG v%éte%{ SMJS?%%&IQJ&S§G % y isa composﬁe

rigeration door conponent is substantia

p r evmpive domprisie s coapplatione] rolyivbutyleae sqalaoi, hyt thedt butyl sealant,

he {0 Jhe nethod of claim
$3 %?é?ﬁ”gg]g ﬁ%ﬂggﬂgﬁkgméb%hglass sai d second

sheet of glass, and said first seal ant assenbly define

a first chanber; and further conprising

54, The method of claim 40, wherein said first sealant assembly is a Comfort Seal

sealant assembly.

55. The method of claim 42, wherein said second sealant assembly is a composite
extrusion comprising a combination of polyisobutylene sealant, hot melt butyl sealant,

desiccant matrix, rubber shim, and a vapor barrier.

56. The method of claim 42, wherein said second sealant assembly is a Comfort

Seal sealant assembly.
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the step of disposing a gas in said first chanber. 42.

The nmethod of claim40, further conprising the steps
w®@Re07/0838vi di ng a third sheet of glass; di sposiPOI/ES2006/036593

second seal ant assenbly di sposed around the periphery

of 5%ai dlizendind «hdh 40fwighas st leastomsal chid fiist sbalafit Sheassy and

for . |n§9 qg a%&_second sheetdand said third sheet

i nSADE Sﬁagﬁl SPmPL SOBRERTS 3 FBIEAIH ot her; and

wherein said insulating glass unit further i ncl udes

said third sheet of glass and said second seal ant

assenbly. .43, . met hod. of claim 42, .wherein said
roba shastp Rt e R By Rt enmge
adpaceidy far e Kxﬁm@&ei@fgeﬁaﬁgj‘:oﬁﬂpﬁftﬁielﬁ hﬁ&hng)ilh afleistor 44.
The net hod 5 cl.aim.4 €r6I n said first iﬂe.al zi\nt
as SBHBPYeT 284 lavingAn lPtF’a\?fé? ‘ngelf‘téﬂigecog%‘é?lﬁ‘ﬁt fexl ipsplaligg glass
t ougf ddoes&mpriyadp: 1. 73 Btu/ hr-ft-F. 45. The net hod of
claim 44, wherein: said first and sai d second sheets
of gl assfiBasba@f glaéshi ckness substantially equal to one
eighth of an inch; and said first and said second
sheet s Diec@ldatset belag; spaced apart -a di stance
substantially equal to one half inch. 46. The nethod

of cl ai ermi14&,ealﬁ1hirabda:&ﬂ)1§j diglobudi an@int ke petigheprpdf sdidspeshed of

said in t|n Ias

oEhisan L respa el hationSufianeia 0B e womd
t Nghed'i YphcEPNSISElaiGhsBh fRhQRBh ofkérypt on, and air. 48.
The net hod of claim40; wherein said insulating glass
uni t hasfist Iblv\ealidssrits ubsing alijacdnt y siefjondf shid st shes 6r dafdian
0.2 BTU hr - §g%ft F or an em ssivity substantially
eqtFsPId eGPl #a%s t han o, 04.49. The nethod of cIa|n140

e o el PR Dot R A Bk T PGS e

f | ofoglaseewlitene the tsinfaco b ieg t115 @uti-Tdpeor ARt- t‘resi ceétmfgltlwrmlém
coating i ied with a

wherein said Low.en ss I S
i R e R L R T
CO@tdcBeH siRdd, hydhisecon@ailind @ @ffetent than the first silane; and
said first sheet of glass, said second sheet of glass, and said first sealant
assembly providing the insulating glass unit with a U value effective to substantially
prevent the formation of condensation on the outer surface without the application of
electricity to heat the outer surface of the insulating glass unit when the interior
“temperature of the refrigerating compartment is substanﬁally equél to or less than zero
degrees Fahrenheit; the temperature of the exterior environment is substantially equal
to or greater than seventy degrees Fahrenheit; and the humidity in the exterior

environment is substantially equal to or greater than sixty percent.

59.  The door of claim 58, further comprising:

a third sheet of glass; and
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spray coating. 51. The nethod of claim42, wherein
said first and second seal ant assenblies have a heat

wo e@n®3snl rat e substantially equal to or | ess PCEHOSHIFZB6593
Btu/ hr-ft-F. 52. The nmethod of claim44, further
i ncl udia@g:oh&n eealzmamswiblydﬁismed a’rgulsla*h@lpeiripsw at samysegbraissheet
uni t

Wﬁ’é ﬁ@?%ﬂlggﬁlg o]?lfdrogtg{ggsegr gﬁ{n!—aéggg%%cp P rst S%GEt% 1&1 éal s‘.gc)?nd sheet in

eX%biiddaiaPitt RDUPRshiI fgn eachottier.nat i on of poI y| sobut yl ene
seal ant, hot nelt butyl seal ant, desiccant matri x,

r ubber sh|n1 and a vapor barrler 54. The net hod of
clai m 40, wherein said first sealant assenbly is a
Cauf or tTh&eedr of elainast, ﬁ&ﬁ&ei‘nibllllgimg SSGCOK&bmthYOIoamigai m

42, . wherein sapd.second seal ant

S pen St SR T BRI y Bgeotass
pol yi sobut yl ene seal ant, hot nelt butyl seal ant,
desiccant natrix r ubber shin1 and a vapor barrier.

th
se@(r anteﬂ g’gg%o Fk}m? @ 1%%%%?56 lPSl tm %gsg'ng‘ h?‘?g B ue that

a%ﬁ%tﬁllﬁﬁreveﬂﬂﬂh%hhﬁtbn@ff cm{danméhﬁon t‘hb] euted surfade wieashe

s gg‘ieg{)ﬁ tgl?}{gegg%| @ tﬁl}? %gtglgga%%}%é%&g és Sélb gnt 91113‘? g@%p% or less
Suhst b ﬂirﬂy)degl’é@ff&?ﬁhﬁd’\ﬂ; thie Ahidedtirt gf '@b aﬂmmrenmmimmnt is
outer surfac

havij ng se wi.tha .. .
" HPHGSRLY PGl ©ORBRFErGH PSRRI TRITOHR ol Edp pmicio i

enyé £Q8NR REvidAtheMAY subgtadiully BE@IN toddr ghafer thge siatyl jegrent.

conpartnent; said insulating glass unit door

conprising: a first sheet of glass; a second sheet of
glass; a first seal ant assenbly di sposed around the
pegd. phemy deér o alatin 60, rvﬁier@ﬁhﬁei lowfentidsadty cauitlg Sxifftcsecongse

sheet of glass f.or naln aj. eet. a

S ARt SR Bt o s Hale AP ity bl by SRS RSl
eaghutben-F.a first low em ssivity coating adjacent a
surface of said first sheet or said

63.  The door of claim 59, wherein said first sealant assembly and said second

sealant assembly each have a heat transfer rate substantially equal to or less than 1.73

Btu/hr-ft-F.

64.  The door of claim 58, wherein the insulating glass unit has an emissivity

substantially equal to or less than 0.04.

65.  The door of claim 58, wherein the interior temperature of the refrigerating
compartment is substantially equal to or less than minus twenty degrees Fahrenheit;
the temperature of the exterior environment is substantially equal to or greater than
seventy degrees Fahrenheit; and the humidity in the exterior envirorment is

substantially equal to or greater than sixty percent.
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second sheet of glass; an anti-fog or anti-frost
coating adjacent a surface of at |east one of said
w@h@ensssof gl ass, wherein the surface havi ng tPEI/US2006/036593

anti-fog or anti-frost coating thereon is pretreated

with a first silane, and wherein said anti-fog or

anti-frost coating conprises a second sil ane, which

S e@fo n d Eﬁel dameofickind 5B f vdreeam the linacridr temferatigt ofihe safiegerating

secon heet o | as

o S bty Pl o fef FEGR Ry RBira e eaRER e

[ nlﬁhhlpahtuﬂ@oigh@s&l ion B1tv1mmt1l§ntas dubstadtisity efuabtotor geatbothan eighty
st an |aII the formati.on of condensati on
bt B e rd S Lottt e RisHoT eXepBierp e oo aaly

eI &It o byateOthiedkty pheedut er surface of the

insul ating glass unit when the interior tenperature of

the refrigerating conpartnment is substantially equa

to or less than zero degrees Fahrenheit; the

t egrper sk wfﬁg@itloﬁlhlﬁlt @xchdingan isnMicd @Adtedite deSining a compartment,

subst anti al | or eater than sevent egr ees
e TG Pt 6 oo e b B T By ofsald
enyEniaRRAY sdidddod BSkiadin cikdr Yur@@e ahd dodnpeikingr eat er t han
sixty percent. 59. The door of claim?58, further

conpri s Mgt sheetbhplagh; sheet of gl ass; anda second

seal ant assenbly di sposed around the periphery of said
second sshesid sbfet gf @&s; and said third of glass for

mai ntai ning said first sheet and said second sheet in
S p aced- aaiﬁlatr sfealm&lameinblysiiﬁppseﬁ raoime detpenpteey of s6id.firstlieet of

ur.t her. i ncl udi n econd | ow
ooitsigd % Bt e hp AR P ReR BRGH wispoona
shgett,in Siiced-seaeldi gligpfromreasiasttert hi rd sheet of gl ass.
61. The door of claim®60 wherein the insulating glass
uni t hasfigt Ibwv\ealidsiity badting udjsdeanthe akdrfacobesaenfist drked second
formation of condensation on the outer surface when
tH@E?ﬁgéﬁ?%r tenperature of the refrlgeratlng

conpart ubst [l u n
e R B aee R Mo it pEr s tufsnd ST AEIRR (e

exéRikitity @auhg ARG LN insulstilpsilan hmabvhgrelaqlntaﬂonﬁmoﬁ of -
greater than ht s .Fahrenhei t

D raregh ooy o bt BR ghoh SRAE ey Dt by gt gre

e Qafplicdtion OF elgdtadityefor hdaty Siddit uekhe@ent . 62. The door

of claim®60, wherein said |l ow em ssivity coating is

ef f ect i a@ntidog aLiBE-frost coating adjacent a surface of at least one of said sheets
of glass, wherein the surface having the anti-fog or anti-frost coating thereon is
pretreated with a first silane, and wherein said anti-fog or anti-frost coating comprises

a second silane, which second silane is different than the first silane; and

a frame secured around the periphery of said insulating glass unit.

68. The refrigeration unit of claim 67, further comprising:

a third sheet of glass; and
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the insulating glass unit to have a U val ue
substantially equal to or less than 0.2 BTU hr-sq

WO 200703681 The door of claimb59, wherein said PCT/ES2006/036593
seal ant assenbly and said second seal ant assenbly each
have a dweatndtsezimgfaesempiytdespeseh atcand ieipeypleguet] saticeand sheet
l ests ge st1 glg]c}]gald7ﬂ:i1s1u%>yélggs f& 1}121: ﬁtalgé}l% g H%%ng‘g ﬁh e{rﬁmé giu\c}rtnll 5?18 sheet
subspmaﬁmpdu’t selagiquishiip fla)ln eachloﬁss than 0.04. 65. The door
of claim58, wherein the interior tenperature of the
refrigerating conpartnent is substantially equal to or
| ess than mnus twenty degrees Fahrenheit; the
t e6Per dfherrefrigratireurgixdfetaim 67,6wmitier oompising: s
substantially equal to or greater than seventy degrees
Fahr enhefiitst chambtlert de€ndilivyi sdidtfiystisheet bfeglesg tseidi sogond sheet of glass,
envdrq&qﬁqgedm sggsh ntiaIIy equal to or greater than
si Kty et Eent BES TR door of claim 58, wherein the
: 212 ngbg ] se‘c:: G c]? fu? {) rd%ﬁ]? ed bgqgid n‘ﬁglcﬁé g%%t%tflgpagsﬁ E%HB%%{ sy'ﬂ@éltof
deghaeaﬁﬁaﬂmenhdmmumth@mh@npmdature of the exterior
environnent is substantially equal to or greater than
ei ght y degrdepssefFahvaghfiei and seoad ¢thaebhsm dity in the
exterior environnent is substantially equal to or
greater than sixty percent. 67. A refrigeration unit
including an insul ated encl osure defining a
coffpar t Frentfrigerat oty chyrs b&nyhegsitisaid Bisbiealaniapteatlt apd said
bese@&#?]steglgntoagse% L}p&gﬂ hﬁg %eatstﬂhsgeﬁgtg@%s{aﬁﬁﬁfy egﬁ?!tg or less
door havi ng an out er surface an conpri sing irst
shémnlﬁBBgUm$&F a second sheet of glass; a first
seal ant assenbly di sposed around the periphery of said
first sheet of glass and said second sheet of gl ass
for maintaining said first sheet and sai d second sheet
i n7spacEy-refpigeratiorimt ¢fohghiop heenin tadpordahar emigsivify st
'°&%9§Hﬁﬁg%h%¥u§8ﬁéé%&ﬁ@QMacent the a surface of said

a

first or secon eet of gl ass;

72.  The refrigeration unit of claim 67, wherein the insulating glass unit has a U

value substantially equal to or less than 0.2, BTU/hr-sq ft-F.

73.  The refrigeration unit of claim 67, wherein said first sealant assembly has a

heat transfer rate substantially equal to or less than 1.73 Btu/hr-ft-F.

74.  The refrigeration door of claim 1, wherein said first sealant assembly is a
composite extrusion comprising a combination of polyisobutylene sealant, hot melt

butyl sealant, desiccant matrix, rubber shim, and a vapor barrier.

45



said first sheet, second sheet, first seal ant
assenbly, and said first |ow em ssivity coating
w0 o00m08s308N | nsul ati ng gl ass unit wherein t he POY/DB100€086593
of condensation on the outer surface of the door is
s u’mst arTheatfiigerpti@vdniot efblaiit I etitreinfseid djpgsscadat hAnembl is a

f.or hea g said first surface; an
an Pm¥6tgéegiyse%1 AThasE E)ngt coating adjacent a surface of

at | east one of said sheets of glass, wherein the
urface having t he anti-fog or anti-frost coating

tsg an hie 1?er gtéi)iﬁcganotolr g‘r;M rl%l%ltz%t\g 1(%1@31% Sglh lse%nlr?d ssegﬂnt as%emb?%l& a

S i tan®sitariitatios eanndingial c@ﬁﬁmiaﬁoﬂcbffpbbf[sebﬂtylbmeana]ahlehot melt
st Si cur aro nd t he periphery
%téli Saali“ﬁS%ISlaT“i“ﬂ’émélixalélgg% ﬁie , albcg“ Va’?ﬂr Y i ger ati on

unit of claim®67, further conprising: a third sheet of

glass anda second seal ant assenbly disposed around

per S eet of
A ofRg et o ke REGR S PSS o sl e Bt Ry 5 -
saCdmﬁﬁﬂ$ﬂ1@h@ﬁhﬂmnmspaced apart relationship from
each other. 69. The refrigeration unit of claim 67,
further conprising: a first chanber defined by said
first sheet of glass, said second sheet of glass, and
s ard fi Tl&tdoseﬁi chaih 58 swlemdih ygid firss eelanithssshdoirbie a Cdmbbsiiied
gi’[gismg ﬁ%m%résng asceocnléaﬁgltlglg a‘ia po%r%{lso%utggﬁ% %Jetaﬁi‘lt ﬁgten%lt bustyl sealant,
di&nﬁsaﬂnMﬁu@ﬁﬁHmﬁhmawnaudmsmbmnd:chanbers 70 The
refrigeration unit of claim68, wherein said first
seal ant assenbly and said second seal ant assenbly each
have a heat transfer rate substantially equal to or
I e%% t hH‘re dbo7& cBtim/5By whidreifr said fifst silat asgsfrbilyyis rdtdndprt Seal
a{] 4 1n167 wherein the door has an em ssivity
su§§ AP A1y equal to or less than 0.04. 72. The
refrigeration unit of claim®67, wherein the insulating
glass unit has a U val ue substantially equal to or

| €35 t hﬁﬂ: d%blzdf C%THI SB,r v'vﬁ‘e%ifl L4l second sealant assembly is a composite

extrusion comprising a combination of polyisobutylene sealant, hot melt butyl sealant,

desiccant matrix, rubber shim, and a vapor barrier.

81.  The door of claim 59, wherein said second sealant assembly is a Comfort Seal

sealant assembly.

82. The door of claim 59, wherein at least one of said first sealant assembly and

said second sealant assembly comprises a warm edge seal.
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73. The refrigeration unit of claim67, wherein said

first seal ant assenbly has a heat transfer rate
wGew3nzasti al [y equal to or less than 1.73 Bt u/PCF1$206/036593

74. The refrigeration door of claim1l1, wherein said

fi B3t sEa raihigelassembﬂ cy' clagn &7/,c0rpws sa ceiigkdealangsiagsembly is a

?(Er c]stten %(&tum'on com 1las 1 anc&)gfbup 8!)1}/ ?fs pg}g'?s%XLlltﬁ@l?e %egﬁ 19{}%‘:.’111(31‘:

andutal sealpity ddsmcmt manm&ubﬁ'ehehmeﬁnd geapat bapterdoor  of
claim1, wherein said first sealant assenbly is a
Confort Seal sealant assenbly. 76. The refrigeration
door of claim 20, wherein said second seal ant assenbly
isga c oTﬂmasﬁ igeragot unjnsifcahim Oprhiesiimgpidfisiosehlamasieomlyof a

polyi sof e, seal hot melt butyl seal ant,

de@gl&lioaﬁ ﬁr%?{;lwsse}lﬁ er shim and a vapor barrier.

77. The refrigeration door of claim?20, wherein said

second seal ant assenbly is a Confort Seal sealant
§$ :ﬁlt '}lhaes1s el%li-!a_ g‘h L(Ijll?t orf cPalm %g a\}/llere?n %alm%n%l s@a(i)l%%lra?sse{n:l]nérsiaa

c ormnpstattd; exirusibn pmhgtlsargmmyibemaome(:‘aioafmobuthbtle seelant, boitmydlt

seal esi ccant tr nd a vapor
Sk R R R R T

seal ant assenbly is a Confort Seal seal ant assenbly.
80. The door of claimb59, wherein said second seal ant

as nbl i Si :
§ : na’{he éfl%?r%{?&})l?ﬁ{s&g%bﬁékg #zﬂe?é’]n a?cir:%%?el St@zge#gclatssegllj%yylf a
seé?bmfdrtSeﬁieseakamaasﬁenﬂmyH X, rubber shim and a vapor
barrier. 81. The door of claim 59, wherein said second
seal ant assenbly is a Confort Seal seal ant assenbly.

82. The door of claimb59, wherein at |east one of said
fiB%t sEarafriceatsenbl of chnd 68.avirdraidendt weal smd first sealant

nh
azgsesem{)lxra%&) Ry ée%g fd s%al% Q%e%%%%oﬁ@ﬁges %%VanI 'Eﬁ%e seal.

i on" uni rein sard tirst
sealant assenbly is a conposite extrusion conprising a
combi nati on of polyisobutylene sealant, hot nelt butyl

segbant 5, gﬁt{s fo%%@ Qltltl— okt Ichafin cb‘lgpﬁgmg?ﬂhg’tm gel a vapor

barri er. he re I geratlion uni alm 67,

wherein sai q) £ fi{s%onﬁ%ﬁelﬁ%mﬁ%%?gr%@(t 468 @acetone alcohol, about
4% N-methyl Pyrrolidone, about 4% t-butanol, about 8% Cyclohexane, about 6% 2,4~
pentanedione, and about 2% Aromatic 150; and
ii) a second component comprising about 66% polyisocyanate, about
1% free monomeric isocyanates, about 11% xylene, about 11% n-butyl acetate, and
about 11% toluene;
wherein the mixture ratio of the first component to the second

component is about 100:about 30-33.

89. The anti-fog or anti-frost coating of claim 88, wherein the mixture ratio of the

first component to the second component is about 100:about 30.
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Confort Seal sealant assenbly. 85. The refrigeration
unit of claim®68, wherein said second seal ant assenbly
WO 2008/08380PpOsSi t e extrusi on conpri sing a conbi naPCDOSWD6/036593

pol yi sobutyl ene seal ant, hot nelt butyl seal ant,
d eSO c c aﬁte amgfod oc,anti-Uivbenoaisiy aficlazm dY,avhegpoihe baxtoregnrther

reffl eration unit of claim®68, wherein said
se%%ﬂﬁm% chi'dnt assenbly is a Confort Seal seal ant
assenbly 87. The refrigeration unit of claim 68,

ast o of sai d f

L car b salsEfceoBiied o iethisleym o nipr Bl T3E tiys >

Segbmd&épu@mwﬁnkmmkngmﬁf anti-frost coating conprising
a mxture of: i) a first conponent conprising about
46% di acet one al cohol, about 4% N-nethyl Pyrrolidone,

aboyt 4f/ertan@-lF<§ Qﬁ‘hﬁlﬁl-f@)@@d)btufg%f@éﬁh ohexareen thakidiHe 145(9f‘bsent in
2, 4- pentanedi one, and about 2% Aromatic 150; and ii)

a §b@@%@i@ﬁﬁﬂéﬁéﬁpz@8Wﬁ¥@S|ng about 66%
pol yi socyanat e, about 1% free nononelic isocyanates,

about 1196xglene about 11% n- but& acetate and about
1193t ol Theraii-fogerragtiriioptroatnaalglaim P2 Therest the silageiis Repsent in

cogpgﬂgpgoﬂgohhgssecond conponent is about 100: about
. The anti-fog or anti-frost coating of claim

88 mhereln the m xture ratio of the first conponent

togf he HRCARYG, &IEEQ et co'aéngatngim %@%@%ﬂh@ 3028 or-EHf? frost

anti’-fog or "an rost coating of claim, wherein t

m saatinghdsyrthinkerescaimpeitdanicns jol agpe, 20gicTohe ant i - f og

or anti-frost coating of claim90, wherein the silane
conprises 3- gl ycidoxypropyl trinethoxysilane . 92.

The anti-fog or anti-frost coating of c

whef-ei nTherpalidpg enrfatifrosioatingpf claym gfﬁ Vﬂ%?beawhe @fm—é%fe}tamif%ost

t oc@a@ﬁ%has%o/ icRRss JBo@NbimikB8k BhbARLD nfid:@st coating of
claim erein the Sllage i s present in an anpunt

of about 6%

96.  The anti-fog or anti-frost coating of claim 95, wherein the anti-fog or anti-frost

coating has a thickness of about 12 microns to about 15 microns.

97. A method of forming an anti-fog or anti-frost coating on at least a portion of a
substrate, the method comprising:
pretreating at least a portion of the substrate with a first silane;
preparing a mixture of:
1) a first component comprising about 46% diacetone alcohol, about
4% N-methyl Pyrrolidone, about 4% t-butanol, about 8% Cyclohexane, about 6% 2,4~
pentanedione, and about 2% Aromatic 150; and
ii) a second component comprising about 66% polyisocyanate, about
1% free monomeric isocyanates, about 11% xylene, about 11% n-butyl acetate, and
about 11% toluene;
wherein the mixture ratio of the first component to the second

component is about 100:about 30-33;
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94. The anti-fog or anti-frost coating of claim 88,
wherein the anti-fog or anti-frost coating has a

wao biocksssss of about 4 microns to about 20 m cre@BEUSHB6/036593
The anti-fog or anti-frost coating of claim 94,
wher ei npplpmg dretmixfuogtodhe substiatd; post coating has a
t hi ckness of aQ9§H 10 mcrons to about 20 m crons. 96.
The anPPFW5368+S fiti -frost coating of claim 95,
wherein the anti-fog or anti-frost coating has a

t hi ckness of abqut. 12 m.crons to abqut 15 m crons. 97.
A ot ha gl ORI G R o QAo et CUSirRy
OngoRleniseast a portion of a substrate, the nethod
conprising: pretreating at |east a portion of the
substrate with a first silane; preparing a m xture of:

)o@ fiThSincaRaReBRM 9T AiRfdiSihe thiahe witiods thetiraCi@bRent to
al cohol , about 4% N net hyl rrolidone, about 4%

t - heseaed compenent gdpelid0shakdhe, about 6% 2, 4-

pent anedi one, and about 2% Aromatic 150; and ii) a
second conponent conpri sing about 66% pol yi socyanate,
abt9:  [Bremrethod b sl PT.ovhiersae faa At is appled With 95iRgle sppiing
ab&a} 11% n- butyl acetate, and about 11%+t ol uene;
wherein the m xture ratio of the first conponent to

t he second conponent is about 100: about 30-33; appl yi ng

Sufuf, Mgl degfict UPRAT R Pie Bilthe G Iod 1 single uring
m otcler e does not contain additional solvents. 99. The
met hod of claim97, wherein the mxture ratio of the
first conponent to the second conmponent is about
10002a b dte nBBhod 1P0lairTAe fmtlich odnwisingladding 8 Fecondhsitaat o ththre

m xture i.s applied w.th walol t4 ng..step. 101
: et :
ThE! ?ﬁgEKQPR%F%Pﬁm PE%H%@%%H%Fﬁgﬁggggﬁé‘is achi eved
in a single curing
103. The method of claim 102, wherein the second silane comprises 3-

glycidoxypropy! trimethoxysilane.

104. The method of claim 103, wherein the second silane is present in an amount of

about 1% to about 8%.

105. The method of claim 104, wherein the second silane is present in an amount of

about 6%.

106. The method of claim 97, wherein the first silane comprises amino alkyl

silicone.

107. The method of claim 97, wherein the pretreating comprises preparing a rinse
water mixture comprising about 1% or less of the first silane and applying said

mixture to said portion of the substrate.
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cycle. 102. The nethod of claim 97, further conprising

addi ng a second silane to the m xture, wherein the
waewonssssi | ane is different than the first silpeEUSH0B036593

The nmet hod of claim 102, wherein the second sil ane

conprises 3- glycidoxypropyl trinethoxysilane . 104.

The nethod of claim 103, wherein the second silane is

pr@sentThe medod affclaint 1@ wabemtthel¥bst wateboirttu8 Yompidss abdue

netgﬁg q{ cga%nhé04, wherein the second silane is

prie&rt ofithe 4 4i8Bunt of about 6% 106. The method of

claim97, wherein the first silane conprises an no

al kyl silicone. 107. The nethod of claim 97, wherein

the pretreating conprises preparing a rinse water

m xture conprising about 1% or |ess of the first

silane and applying said mxture to said portion of

t he substrate.108. The nethod of claim 107, wherein

the rinse water m xture conprises about 0.031% of the

first silane.

50



