ANTI-FOG REFRIGERATION DOOR AND METHOD OF MAKING THE
SAME [0001] This application claims benefit of U.S. Provisional
Application No. 60/610,964, filed September 20, 2004, and U.S.
Provisional Application No. 60/700,308, filed July 19, 2005, both of which
are hereby incorporated in their entireties into the present application.
Field of the Invention [0002] The present invention relates, generally, to
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refrigeration door, insulated glass unit (IGU), or other article described herein.

Background of the Invention
[00031 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 comtrol.

100043 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 “fo gging™), the customer is not able to see through the
door to identify the products inside, which is undesirable from the standpoint of both
the customer and the store owner or retailer. The formation of frost presents similar

problems.



problems. [0005] Moisture condenses on the outside of the glass
refrigeration door because the surface temperature of the outside of the
glass is reduced below the ambient temperature in the store by the colder
refrigerated interior of the freezer or refrigerator. When the temperature of
the surface of the glass drops below the dew point of the air in the store,
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[0007] There are various industry performance standards which refrigeration
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
cighty degrees Fahrenheit (80F), an outside relative humidity of sixty percent (60%),
and an inside temperatuore of minus forty degrees Fahrenheit (-40F). Other countries
have different requirements.
[G008] 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 sealed at their peripheral
edges by a sealant assembly, generally referred to as an edge seal. In an 1GYU
compnsed of three sheets of glass, two insulating chambers are formed between the

three sheets of glass. In an IGU comprised of two sheets of glass, a single insulating
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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
sealed at their peripheral edges by a sealant assembly, generally referred
to as an edge seal. In an IGU comprised of three sheets of glass, two
insulating chambers are formed between the three sheets of glass. In an
IGY camprised of two sheet lass, a single insylating. |
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[0011] There are numerous drawbacks and problems associated with these
conventional heated refrigeration doors of the prior art. First, heating the door incurs
an energy cost above and beyond the energy costs of the cooling system. In a
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 curmulative 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
system, which results in still greater enexgy costs. Third, if the power suppled 1o the

door for heating is too low, is turned off, or is shut down due to a power outage,



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
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desirabie thermal chardctenstics However, the refrigeration doors
disdleseddneyesepinurtsd o acks and problems associated with all electrically

heated refrigeration doors. Glass units, doors, refrigeration units and the like are also
described in U.S, Patent Nos. 6,367,223, 6,606,832, and 6,606,833, As indicated,
these and other U.S. Patents and applications are bereby incorporated by reference in
their entireties into this application.
f0015] 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.
Emissivity is the ratio of radiation emitted by a black body or a surface and the
theoretical radiation predicted by Planck’s law. The term emissivity is used to refer to

emissivity values measured in the infrared range by the American Society for Testing



from the previously described drawbacks and problems associated with all
electrically heated refrigeration doors. Glass units, doors, refrigeration
units and the like are also described in U.S. Patent Nos. 6,367,223,
6,606,832, and 6,606,833. As indicated, these and other U.S. Patents
and applications are hereby incorporated by reference in their entireties
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temperature of the refrigeration compartment is substantially near or below freezing.
[0018] Moreover, typical anti-fog/anti-frost coatings, films, etc. and methods
of applying them suffer limitations as well. For example, the films can still permit the
formation of water droplets, which appear as the fog and obscure vision. Also, the
anti-fog properties are often lost after a brief water soak or repeated cleanings.
Moreover, known anti-fog products that function by absorbing condensate can
saturate and fail under very umid 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.

[0019] Thus, notwithstanding the available electrically heated and low
emissivity coated refrigeration doors and available anti-fog and anti-frost products

such as films and coatings, there is a need fora refrigefettjon door: (1) that provides



doors both with and without electrically heating the doors, such coatings
and IGUs are not capable of controlling condensation and providing the
required thermal insulation through the broad range of temperatures and
environments in which such refrigeration doors are utilized without
applying electricity to heat the doors. More specifically, notwithstanding
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overcomes or reduces the problems described above.
and increasing energy costs.

[0023] Still another objective of the present invention is to provide a
refrigeration door with condensation control that is easier and more economical to
maﬁufacture, operate, and maintain than the prior art refrigeration doors and systems.
[06024] 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.

[0026] Yet another objective of the present invention is to provide a
refrigeration door with an emissivity of less than 0.04.

[0027] Still another objective of the present invention is to provide a

refrigeration door with an emissivity of approximately 0.0025.
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SUMMARY OF THE INVENTION [0020] An objective of the present
invention is to overcome the deficiencies of the prior art described above
by providing an energy-free refrigeration door with condensation control,
thermal insulation, and a desired amount of visible transmittance. [0021]
Another objective of the present invention is to provide a refrigeration

dogeAat doosnojarmplawalecicnl et adera pedice:
condensation on the glass. [0022] Anotheriﬁg ectiv, -lgf the present

invEREBALR P PR W YRR GE ISHORE W6 Phat Controis condensation and
thegodoles notsrdinstehsigrifitanbhdatpostheinyreorioPHe fidezer or

refrigaraies, hsrsh ihenburdsningthe;soolingrsyniamiand increasing
energy costs. OOZ%SUII angther gbjective of ”;‘18 e ent inyention is to
préfAH8 a refrGERARBST QBT VAR EhEE L TON contrcﬁ that Is easier and

Meskigcaiamidcalith mdtiofatitelonperzes-HaY PRIFETHPRYAHE prior art
refrigeration.dooss, ansbsyaiems. [0024] Yet another objective of the
present invention is to provide efrigeration %9 I ig;. 89@8&%@5% or
cofifdtthat is %g%p%éeaggﬁ@ﬁ{%%gpaﬁgg h cgn. a%aﬁwté%n. [0025] Another
objeéetiice ot the pfagentonvention isioeprovrrsdometHeaseid faknhygs
refriggration. ¢aar with.eadensatien control that does not use electricity to
heat the glass_to control.the condensation. LO %%Jgag@gmg jective of
the[%ent inVERABATE t8"gh 9/?0% 36‘6% r@éré% n door with an f(23_§r)nissivity
of lpssithani@4l{0eRTLShiteanbitrr i detvernt RESASERPNREHSN is
tO[I@{le%i‘)jﬁl & @E%ﬁfﬁ@g&ﬂ%%ﬂﬂﬂﬁﬂs Qmissivityedfagpgoximatialynd 9625
6 [0028) Yet another objective of the, present invention is.fo.pravide:
refﬁ@‘éF&H@H%‘&d?%ﬁr‘{‘%d%ev%%gué? e thart 0.2 BTU/hr-sq ft-F. [ooglg]
Stiltiaprotiderabibtiverpheneod the meTr iRt e ARt doTRR ighition
doQy with addnalus.of 2P pradraateldd 6 BTakd ha-sepdhdsealant assembly
disposed around the periphery of the middle and outer sheets of glass forms a second
chamber between the middle and outer sheets of glass. A gas, such as krypton, air, or
argon is held in the first and second chambers. The outer sheet of glass and inmer
sheet of glass each have an unexposed surface that faces the middle sheet of glass. A
Jow 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-
fogfanti-frost coating or film is disposed ona surface of one of the glass sheets,

preferably the exposed surface of the inner sheet.

F0033] In an aspect, the invention also provides a novel anti-fog/anti-frost
coating.
[0034] The anti-fog/anti-frost coating is useful in various applications, such as

insulated glass units, including those having multiple panes, refrigeration and freezer
doors for refrigerated and freezer display cases, automotive mirrors, particularly
external mirrors, saunas, steam rooms, shower doors, ticket booth windows, bathroom

windows, bathroom mirrors, outside coolers and freezers that are exposed to high



[0030] Yet another objective of the present invention is to provide a
refrigeration door with additional anti-fog and anti-frost properties that
reduce clearing time to zero or near zero. [0031] Further objectives
include providing an anti-fog or anti-frost coating or film for use in a
refrigeration door, as well as refrigeration systems and ICU's that include
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[0033).l3.@n aspect, the invention also provides a novel anti-fog/anti-frost

coating. [0034) The anti-fog/anti-frost coating.i I L
i g D O

mukifsheipandentafrighreabiiling fradlrpagmdadPs s ra it Heezer

displayKRsaSyAHAMA e N sRatauiarlss et almirorsdseditas,
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{00381 FIG. 1 depicts a refrigeration system employing an embodiment m
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 ofa
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
16042] In the following description, for purposes of explanation and pot
limitation, specific details are set forth, such as particular coatings, coating processes,
sheet and film fhicknesses, seal assemblies, number of sheets, sheet spacings, and
methods for assembling the door, etc. in order to provide a thorough understanding of

the present invention. However, it will be apparent to one skilled in the art that the
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7 humidity or rain, and any other applications in which an anti-frost or
anti-fog coating/film would be desired. Thus, although the
anti-fog/anti-frost coatings of the present invention are preferably used in
connection with energy free refrigeration and freezer doors, they are also
well suited for a variety of other applications, including doors having

energy applied thereto, such as electrically.hea th
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accq?dfhg 0 the present invention. [0040] FIG. 3 is an illustration of a
partietfeoskissneriaPeti st it e BRSO BLLBTITY t5'the ™
presgniinveBtiaRed004d ke ddsnanoitiastratitinlisfipepantialthe door is closed

cross-sectional view of a refrigesation dograccording.iarthe.present

v PR IS B SR TGN Of THE PREFERRED

EMBOBIMEN T bilsouesapmedon dwiFig et MsBRTS! Passeessr™ ™

explanadigfandnetilimitationnepedifie iistaisthedsst fombsmaety age speed

partioci"%%resgp%% 51'1’, %%%txilnc%tgr%g§§x%siength of time during which the
condensation is present (referred to as “clearing time™), is an important design
criterion. The more heat that is transferred through the glass door to the inner surface
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 doos
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
chambex(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
associated with the selected components (i.e., the gas, the sealant assembly, the glass,
etc.), the energy costs, and other factors are also design considerations. The preferred
embodiment described below provides a U value of 0.16 BTU/hr-sq ft F that prevents
condensation on the outside of the door, while permitting enough heat to penetrate

through the door from the ambient external environment to allow condensation on the
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sheet and film thicknesses, seal assemblies, number of sheets, sheet
spacings, and methods for assembling the door, etc. in order to provide a
thorough understanding of the present invention. However, it will be
apparent to one skilled in the art that the 8 present invention may be
practiced in other embodiments that depart from these specific detalils.
Detailed descriptions of well-know%ﬁaﬁn s,tc%aé;lrilg Rroces esdaagglant
a<BERISREL 4070 eI St HISRERINH G The tior are omitted S0 as not to
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the.lengthaftimecdutEine wbishihe eondedsgtands geesentirelenedwbics
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& g '

transrerre Orgﬁaﬁpt%}eo a5s door to the inner surface of the glass door,

thelfR46dr the chndiersanionhars. the rmisiera Bl ddSrivgindss ap brta?
Howsxed idncrheased haatisansiarigire s gheheit sofsalaopiesed 6§ 4n outer

increased energy costs from the.coql = thy, t
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incliftinbotseddiffarands BetNesRdrtes aiRIesaHaT fsatletl Pt SRS the
olasssthickpgssipthe spacingetRe@as sy usesier heet 60 and the outer surface

of the middle sheet 65 of glass to define a substantiaily 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 middie
sheet 65 of glass to define a substantially hermetically sealed insulated inner chamber
04,

[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.
The inner surface 62 of the outer sheet 60 forms part of, and is exposed to, the outer
chamber 92.

[0048] In this preferred example embodiment, the outer sheet 60 is one eighth
of an inch thick, tempered, and the inner surface 62 of the outer sheet 60 is coated

with a low emissivity coating 63. Specifically, in this embodiment, the low E coating
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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 associated with the selected
components (i.e., the gas, the sealant assembly, the glass, etc.), the
energy costs, and other factors are also design considerations. The

praferFRRlIeERBEAIRIB R aRRs e sbide: Bra\aberd Hrpam b tsedayer to
B TddfareahiiHdhabplievent pedona@ns atidndghthieisie teickendfative. dbos,

n%%%f@é%@r%@&%‘(g 9&?@%&%&@&5&9@3%@? REIRLIRG IR ihe

ient external environment to allow condensation on the 9 insjde fthe

dost iRl SRt aEASEH PR SN CBIT P& oE FERGRIATBR' ©
systemm dmenéfactoterstedqiindithatiicondbasetioshey & oratciwithample,

few, minuigs ARG AINer RO RYAPTAR0NAItHiR agﬁmmtﬁmmhwk
alternate embodiments,.the U- valu maybe s bstantlalg{ucﬂgaég or}Jiess

thaﬁ%ﬁ%@‘f&?ﬁﬁ?&ﬂ“ﬁusﬁ% tjrpﬁe %dt‘f FIRE ESnaensatio
evapaiatewiidim ywaosesdinoefd e dmisordlofve it é@dh@s(?@@éw the

hurﬁmxdmm& %gg&epﬁla@ selrigsration §M§@@E&9§&E@U&H@Hﬁtéﬁm&ﬁm&f@
the reHrng tion s c%ntecrlltts hthgrpgat fran grre héOl;I?h th%wﬁ
(WH[% elﬁa' ass Ta ug ottlll ac ors 0 Y

emb@ﬂm@@t%ﬁ@mbnmwmmm%Esa@wwmﬁm@aréﬂiwt lmtaﬁon
refrggﬁ@m@ggmgm@g@&q&lm@m% of transparent refrigeration

CORAY i SRChIAN0S NANIS L, AR MRS ARHSRE AR Bl

ow, eac geratlon oorl udes an | mounte Ina

frarimass 50 Tiretiricslar erdfarme nigerie rugstbrmbaciddes BorndIfyppper
shedvesk: fardhrlding meschandise iR caermitirongh thediamdfRederring
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mounte e op enl Oft ere rlgera’uon system with a hinge, which

alloiP85He doorT'R? Epenshah0h s 04 epaioarscicsed g’&d@*@“ﬂ’i gt the
refrigesati @ﬂdﬁ%&x&gﬁu@mﬂ@ Wifiluhaunsadiaca franess tisesshown
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middle’s eet (0] SS an inner sheet of glass 70. T
hougk aohifrerpRsessoatg | % hHemRsedh flstdis %faa%g% ﬁf&h? g@%ﬁiﬂﬂ
extends saQurlsthepetiphe nef thessiner uface6 2nofitherdutibnahebt

60 an %%9&2%&8 }S‘H(% Sirface 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).

100513 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,
comprises a polymer cured on a clear polyester film with an optically clear adhesive
on the reverse side. Vistex and Visgard® can be purchased on plastic film or as
Hiquids. The films eliminate fogging in all temperature-humidity conditions.
Moreover, fog and condensate formation is prevented even when the refrigerator or

freezer door has been propped open for extended periods of time, such as during
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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 i sitioned, adj the
e BB BRI TR AT e e ThD ol A
thechatiresheetcohé copsiesyroseeeertha BrlarcrmBHDifA SRRfEiPIeuch as
refigRralen i eR28FiRRI U9 Spsdia iidRnsitHacebR i haiduieishaetGo
forms part of, and is exposed to, the outer chamber 92, [0048314n this. 4
prefléer rasc&énrﬁeﬁl%éo%r%rﬁ% im hrjl%ofﬁg_no}a?sglrugﬁ%eeﬁ %%u?sl?n or?é}g(ight‘h of an
inclyvetiek, redipisbee doraing YrenS oY el RRPEa6 25dPEHE AT ENEEPBO is
coalgstewvih eenee missiuitseaalngifanSpe aiindlynincthis edhiddiomaht,
the Jow E coating 10 Is;a spufter-coatad. jow, & £aating thatdngludesan
ultra=hard 1 %n%%a%%ﬁg .ea{se Iaéegret%% ensure a high level of thermal
perfolonatheditin e deagplicrsip At Sh i alridacsa g AP
coated Wassseandritemperedidafiet shawoatimgthrdboffersihidl clésible

light transraissipniihiout high lewels ol clpeHitingsThe awsr surfaceif

of outer sheet 60 Is not coated. In this embodiment, the outer shéet 0

mayPeraPieiiprEng 8 TR GRARRRSHOR S PRSP EEH I TP S Biass,
one trighifsaf amihchhthitks el ifsciies diby AEGuritisstiibs, sareeate.

King@@?ﬁi’ Tennessee Whichbas Ao Encoatind.pEavidingranaaussivity
of 0.05. As is well-known in the art, the Comfort Tl- PS is cut tostger

apprgFRRElS PRI BThsEPa O g d B8 g e By TRtSgTATEd into Fhacine
|GU 60 sikheel ensibngitwsirefensan toelhendmsstniotshasited. thuheliapss
SpeCﬂéEﬁHg’ wRRNEARHOINES R IRAN e AR SHIl BT RV Fc GHRSS wierate 2

including, without limjfation, sputter coated ?egdlp%goly%? %(%%;[le_aclgvgm ches
glas€ YR RS YRse8P I SBEICS B IGHed e

ween the quter
60 aritt inneri7 heheeissdilgladh sndiyrims parosiwieberarppaisargaure.

and {&,inver shambes.2d.Jhaipnddigshostfs inspanasenadalidneh
from the outer sheet 6Q and inner slheet 70.and is a ope el htt} of an i@gg
thick "SRt SR BB EdRTpreRal gy, toluene, Or acetone, HErEiore piotcitie

the substrate from solvent attack. Ordinary glass cleaners can be used when
NECessary.
[0053] Preferred films are insoluble in water, and will not smudge or dissolve
when wet, in contrast to other anti-fog coatings known in the art. The preferred films
are cured under controlled conditions, thereby eliminating common ceating problems,
such as drips, runs, trapped dust and chemical crazing, Moreover, the films add
scratch resistance and a measure of shatter resistance to the glass to which they are
applied. The adhesives will bond to glass or any plastic, even a hard surface treated to
regist scratches.
[0054] With some known anti-fog and anti-frost films/coatings suitable for use
in embodiments of the present invention, a cured primer is applied to the glass prior to
application of the anti-fog or anti-frost film. A typical coating, Visgard®, publicly
known and available from Film Speciaities, Inc., as indicated above, contains a

mixture ratio of 100:40 of “Part A” to “Part B” chemicals. The Visgard® Part A
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[0050] The inner sheet of glass 70 is positioned adjacent the interior of the
freezer or refrigerating compartment 9, with its inner surface 71 exposed
to the interior of the compartment 9. The outer surface 72 of the inner
sheet 70 forms part of, and is exposed to, the inner chamber 94. The
outer surface 72 of the inner sheet 70 of glass is also coated with a low
emissivity coating 73. In this embodiment, the coating 73 on the outer

surfaupofeGhehalsn darsbret RO #& b Afmeethyt Rareledseat® . albsiedith
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sattHReER B Faiie AP SR R R B (i SIS Y RBE BT GRS That
funBticibyrehsosbingicomdbsfEatoe Pysher etiaanidifag filryired in the
preggRkinventigpAr e ARG S Malsiusp chastsoti-nudsibikon the.

coated surface, rather than formi lets w ear as.fog and
obs%ﬁ?@t\lﬁgfoﬁ’.‘s‘%g?éo@@??f} @félﬂge% gﬁﬂﬁ%%r%nscragfc%g%éls%ﬁf %*gr?a
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typicalyd4re e @RS AL COROLI R anthcalfmsthe il tadeeanptiedit@ies
any flat or cyIindricaI_su‘rfaciﬁ'l?'g%1 § hesjve S%Etem an be pressyre

seniif/B g HETA ARRIERNSPe et S pticaty clear Various

film déickmiss geevide berasauo ddrhonts afidpdireanosRilf itk itha it Hilte

rea %g%gp@g%%g;gém%gﬁ@mable thickness for the application

nee?@%g'ﬂA prefelrég present invention, however, also provides novel anti-fog and anti-
frost coatings/films that exhibit improved properties over the above-noted and other
known films. The invention further provides novel processes for making and
applying such improved films. It has been found surprisingly, for example, that a
mixture of Part A to Part B chemicals (described above in connection with Visgard®),
in a ratio of about 100 units of Part A to about 25-45 units of Part B, yields improved
anti-fog and anti-frost results over known films. A lower amount of the Part B
component (which serves as a hardener) within the above range improves the anti-
frost properties of the film while retaining scratch resistance. Good anti-fog
properties can be achieved with a much higher percentage of the Part B component.
In preferred embodiments, the ratio is about 100 units of Part A component to about
30-33 units of Part B component. In particularly preferred embodiments, the ratio is

about 100 units Part A to about 30 units Part B.
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thickness is 4 mil. The films can be installed on a glass surface with a
squeegee. [0052] Preferred films are permanent anti-fog or anti-frost films
based on hydrophilic polymer technology. The anti-fog/anti-frost coating
operates by reducing the surface tension of water causing the
condensate to sheet out, thus eliminating fogging under all temperature
and humidity conditions. Preferable coatings tolerate a great deal more
haniflg abusesthametost tviréatedplabtibst Sirnetng fheuss ofagdieepal
:h%@&{%& rsiﬂrl&éeaéﬁﬂirégﬂ &ﬁ&}?ewﬂé AckHallyb eatﬁghﬁmgﬁ Imk?&wh@arﬁmf ated
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attﬁ%%lﬁc%? ilﬁa%@ﬁ%a&?@?ﬂﬁragmg daenusReny hetafeaesarohd0RE3en
Preferred films are inspluble in water, and wij .Smudg issalve
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praferredipnson @ecared WW?BM@%&@W&%&@BV%TW&%@
CORBQNARHAG PrebiemBg Sldiqiaschipserais atdppethdustiond
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measure of shatter resistance to the glass to which they are apgllied. The

adPesheles i NobERd toiREsIbFaifys SERE AN S KIS IR Yreated to
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anB ST NG B B S VTG B UB TSR K 8 AR BV &ilable
fromiicinSpecialtiesbiiic:, agindioatpthaboimsbonrsiasealsnilagirectatio of
100 :1%91&]; %@ﬁ&fﬁgg 'i% }}%%Eé{s%%%g%ﬁn@ SRy ﬂ)?&@{x@ ) RUAkS, the 3-

component includes diacetone alcohol (46%), N-mefth | P ;,;otl{;d([))nuet (4%0),
t-butrid <Y CREheREHR t8Y8) 5 4 2P R ARG foong%b%)g,oana ,&romdtic
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[0058] The invention also provides novel processes for making and applying

e, WiNo
nown 1ims

the above films. In an aspect, the invention provides methods in which coating steps
can be reduced to a single coating with a single curing cycle. Among other
advantages, this reduces the opportunity for the damaging effects of over-curing.
Furthermore, in embodiments of the invention, the coating or film is applied with a
curtain coater. Adjustments are made to prevent excessively high Reynolds numbers
in the curtain to avoid semi-turbulent and turbulent flow regimes. For example, in
embodiments, a standard weir-type curtain coater can be modified to give the desired
larninar flow. Such modifications can include limiting the size of the weir lip to avoid
semi-turbulent flow regimes.

[0059] In alternate embodiments, the substrate, preferably glass, can be pre-
treated with a silane (preferably Silquest A-1106 amino alkyl gilicone) to promote
wetting and adhesion. A special silane is applied by mixing about 1% of the silane in

the rinse water of a glass washer, Such a process eliminates some of the additional
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additional amounts of diacetone alcohol and tertiary butyl alcohol, for
diluting the mixture, Moreover, processes for making the known films
often include the requirement of two separate coating steps and two
curing cycles. Curing time, temperature, and methodology can have a
significant impact on anti-fog and anti-frost properties. For example,
over-curing will significantly diminish the properties. Forced convection is
thetstevegaidnaihaet anchinpre-ddsedy 10 Tasy kinlosenecuning sarth pmskiosof

the, coating. £aNSINg.damade 19,0880 QAN s AR RS RE RGIIRSot
Radlanf”ener%%s a quick and effective method of avol%lfr}%%s{er-c ring.

(OGBS Girabae hoeifinis PR AMEHSP SIS RIS SREdsEEh
U. Soti et eodtiNg i1 A6 7, 07EhH i2eRMddsarnd 58 084 st e Bomhtent

Appligafian JRUblicRiieNesst $a0033020R03 8 fie 4220 0R NG AAdnts,
US2005/0064173, and .US2005/0100730, a/JI of.which.are h§r%b .
%ﬁ é%%lé ied ratiosg.of

incBRBYSRAR By Yl A RS S e B e DS ES Shicatdn.
Thesie AeutitPre: Btblevedlsrits whreblslidations Sndudeseisenesidviadat

hhela%i Eloﬂf@}@&iﬁc@f’éﬁhﬁ|%ﬂb@ﬂ96§%%}0&§sofmé’dﬂoi¥bﬂhﬁ %ﬁb&iﬁ.@ﬂtﬁih{ peactice
the present inyventjon. [0056) The present inventio owever 0.
pr F&%%t H}(g% Dg.ht[ll“?f 'eract 8 (I:§ ?.P 'i] g]m can Fl%rﬂéhﬂ%e\%’E&ﬁB&EcaMns to

89 and an és?coa?lngs [ a bit improved
protpeméswektﬁﬁ@ﬁ@@@%daéﬂ@wﬁwﬁkﬁé\%?fﬂwT‘ﬁ@iﬂ’%\ﬁé‘fi{tion
furthgegugvides novel processes for making and applying such improved

fil as been found surprisingly, for example. that ixture A
to BARE chenm T o hRe St Bo gp%w??h%%%é’éﬂ%jﬁﬁﬁ%‘“a
ratitewt aittoloeinganf RBTofrrARO B BRATDES- UEPY ARENS PP SHERE iR lds

imprexeedapidegand maboirpstinat sguee knnwidinsx Atowesamount
of NRAR.E LRPROASALAMICHSLIYER As adardansn: wilin. DsaRove
range improves the anti- Trost properties of thé Tilm while retaining scratch

resHitEARE, GO AHMITIBrUE RIS E 8 AR MRER SR AFRAh higher
pereaptagsf the MarBwermnponediprifpvefcrrtiambpdiprents, the ratio
's about 1.00 Iffa@;'é? PLR %%%&%5888 Q50 SRQUL A0 S QIEAh Bhd

componen}g In particularly preferred embodiments, the ratio is about 100
unitgP&pER¥S about 30 units Part B. 13 [0057) It also has been found
surpsEngly thak elictispsipgcthidisecatiadpiticided refrigeration doors comprising

a substantiaily transparent substrate having an anti-fog or anti-frost coating on at least
a portion thereof, the portion of the substrate substantially not fogging or frosting
when the portion has an initial surface temperature and is then exposed to a moist air
ambient with a dewpoint temperature equal to or greater than the surface temperature
for a period of time. The surface temperature may be less than about 0 degrees C and
the period of time may be up to 6 seconds or more.

[0062] The invention also provides a method of making a refrigeration door
having a substantially transparent substrate, the method comprising forming an anti-
fog or anti-frost coating as described herein on at least a portion of the substrate
wherein the substrate is part of a refrigeration door 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
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solvents, such as additional diacetone alcohol and tertiary butyl alcohol,
(particularly eliminating additional diacetone alcohol) enhances anti-fog
and/or anti-frost performance. Elimination of such solvents enhances
anti-frost performance in particular. However, adding at least one such
solvent, tertiary butyl alcohol, has been found to not hinder anti-frost
performance. Furthermore, in embodiments of the present invention, the

Curggl RIS RRICAI O MRACHIEBH IR IS QUK RGeS HaenRe8Mprising
eIimﬂilnat%g blgtpre&treat%[g the glas SklﬂbStr%t(%iWiéhtsa tiigarrl@ 89:9 %‘9‘%29&&
differéfit shaneto the arti- 8§7dnlﬁ- TOSTIRIX. orflenxdmpfe, Ple silane
preTafzigtmaton tocarpheliitiece pulyiansiebp unpadhcrbtrthiasub st dtdetiider
eXt%?dgﬁ;&ﬂ%ﬁﬂ?ﬁb@ﬂﬁ@%@gg%&d&ﬁgm@@nﬁéﬁﬁ_ﬂﬁe&%ﬁﬂ&eﬂ&@Kﬂ;fezrrﬁdi
embodiments, the silane a ta the mixture is 3-=glycidox y

Nl e e LR e
inCrelausraBiais F IR SERAE A FE SIS HagaEs SnTEpsrorh SRl SR alfe
weatheeabilityr Selyciebxyprapwsiuimatioprsilaniznis chd oasniain pfépgiote
ye”%‘é‘g@%ﬂ%@%‘?@ﬁs do some silanes. In preferred embodiments, the 3-
egmdoxypf’opél trimethoxysilane is present in an amount of about 1% to

abotft®83, modpphersr Bl eoeomRrEan b lamRe AN AL 6'He
usedovditanini ey, eftecit iMosdover sipther SoitabicTadditonesigint pf amérsh

are fhoge, IAEARATRMANE ANNSSIQNRL, WRHRANE IR NQIMN Characteristics

compounds, such as glass. These materials include, without limitation,
polyié@ha# have an affinity to glass. [0058] The invention also provides
novebfsdicessesrfannaaidntfdcabplying: the cilhokerfifhsndrdamabpbdtiled

the ipy@nHOnRERVLES TRSAGHR 4R WhIsh CAMINGGRINRAN.E FRAHGE 4D
a single coating with a single curﬁﬁ cgcle. Amon%other advantages, %hls
Y suitabl

reduSEETE BH FSHIR thectshha b SHR RS RP bR RURIG €

Furtlzgesmore, in embodiments of the invention, the coating or film is

applighayith a cuitain.coatess A HSHSRisPSARRLRILR BEYRRY 90 which

excessively high Reynolds numbers in the curtain to avoid lsemé'l-turbulent '
and fHBRACHPRRRTREEY 6 e, SRR 80> SBEAHE REs 24 S eRRtAMY
weir-typiiatLyiaia cpaterisambemudiiiechengiveSthecdesirde deastitds flow.

Such,medifications eRRAGKKISIIMIiNgbaSize o thaxair indaavoik
semi-turbulent flow regimes. [0059] | al}ernate eqlbé%dlrg}egtstthc? dth
subsHEE refPI GRREE, e Fig 5 azelant assembly 55 which Xtends eround the

periphery of the sheets 65, 70 maintaining the giass sheets in parallel, spaced-apart
relationship creating chamber 94 between the sheets 65, 70 while also sealing the
chamber 94 from the external environment. The sealant assemblies 90, 95 maintain a
one half inch space between the outer sheet 60 and middle sheet 65 and inner sheet 70
and middie sheet 653, raspectively.
10066} The sealant assemblies 90, 95 of the present embodiment are
preferably, warnm edge seals. “Warm edge” is used to describe an insulating glass
sealing assembly that reduces heat loss better than conventional aluminum spacers
and sealant combinations. Each of the sealant assemblies 90, 95 of this embodiment
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 Buw/hr-ft+-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
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treated with a silane (preferably Silquest A-1106 amino alkyl silicone) to
promote wetting and adhesion. A special silane is applied by mixing
about 1% of the silane in the rinse water of a glass washer. Such a
process eliminates some of the additional 14 steps required in prior
known processes. Thus, while some anti-fog and anti-frost coatings or
films are known, and can be used in combination with the other aspects of
thenbalzdntjo sealesc diackdne reinixthebpee sent dnv e ntipey bisdeprévides raimek
antifastands aptidao soatingsiilms dhal axbibitimpiaveshehgraderistics

over those previously seen in the art, and ngvel processes for making

an&gﬁﬁfﬁﬂﬁ’ﬁ&ﬁ%@ﬁﬂ‘ﬁ?‘%ﬁ?ﬁ%ﬂﬁgﬁ?ﬁﬁiﬁéﬁﬂvéntion provides anti-fog and
antitPo#: films/Bektinys wiibum GdiffdiSiicbafn PEIUAGhdRarised of glass
cheymigalso(as, iefenedie-aboyeidndae mixnandeaatingsitimsdhahsdadaot
nclyge serian tpically used sovepis, Moreaver,  embogimenis of he
preSentmventidn’ e Criaracterisics of the fiths ¢an bé ennariced by

modffie atasiedrean eieruish Ripep cleotifH e Wisbist vaab-enal Senomsietple o to
pPromeiervueliiichandn Akesian of QAR ks infan AsPAckHIodByBatiaRnt
pro}{'}gﬁ%gg e gempeslions walch, hav egg;'fﬁgﬁ%';‘%?“% uire heating
anti-frrost-torming properties upon drying or curing. In pre erred

emBlsaHe Sieciie Toprpsirnsien ppHeker e cdeen il Paigret about
100@@ R art A tadlarinB cranmicals (dagerines ke ianchae. nii-inctide
solvents s dilutants, of &4 E%%%E‘éﬁ&ﬁ%&ha&%&%&%?%@&@ﬁ@ A8%0n zs is
substrate. In altérnate embodiments, the mix mc’luae_s a silane, pr‘e?erably
3-gIyeitisaptdbiie fathaxy siigiedordme bt o MpEBlE SHESronidta stot

scratehidsistiancer aghesiotiand weadtneshliya[00mk) incarethésoaspect,

the INNGIYQRPIRVIGGR FSINARIANOR.001R SUMRISIAG B SHPRIBMIALY. The
% I-Tro

transparent substrate aving an anti-fog or an st coating On at least a

porfiSHSHeHSB SR horRior P the A0p i B SR RIANY R MBIt for
frostinginw b esniheipanticachastan dtiakstisfaca. em peraiusd, i3d usikhen

expRse t&@oﬁ)@@@g{eﬁg@@&g%@a dewpoint temperature equal to or

greater than the surface temperature for a period of time. The surface
tempRUre malPpauREPIrERd P laer reeuits s HREaRdaco Fithe Y

mayviiesuyd 0 6 BECORdS DiFmedemissivity of 0.0025), which has been found to be
suitable for freezer door applications requiring the performance standards identified
above with respect to the United States industry, A U value of 0.16 BTU/hr-sq ft-F
permits the refrigeration door to easily meet the required performance standards,
while also allowing enough heat to penetrate through the door with the external
ambient environment (o evaporate condensation formed on the inside of the doorin a
reasonable time period. In addition, the preferred embodiment provides a visible light
transmittance of sixty-six percent (66%). In the above preferred embodiment, which
includes an anti-fog/anti-frost coating or film as described, no fogging or frost
formation is observed on the glass.
00707 As an alternative to the Comfort 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, ate titania/silver based low E coated glass manufactured by AFG
Tndustries, Inc. Another suitable type of glass is Comfort E2, which is coated with a
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[0062] The invention also provides a method of making a refrigeration
door having a substantially transparent substrate, the method comprising
forming an anti- fog or anti-frost coating as described herein on at least a
portion of the substrate wherein the substrate is part of a refrigeration
door or is used to manufacture a refrigeration door. In an embodiment,
the method includes mixing Part A and Part B chemicgls to form a .
mitahEiCpIR g E RibiaTRe AoRstIkn SRS BrF BETH & Wi P AtE™ R G
cusingetheisy kel atacHiaeninventien hiyrthe® frdwidies, IGU S eofpiidig a
Sl LRR0AR AN dod BraRlidinahortng. AN Btieasiapagien
thereof as described 15 herein, refrigeration ?,oo_rs comgrll%ggssucqgcgﬁ

| GO e PR ARV ot SoES S G P PAH RTS8, Roreover,
in fstbepretnbedimentshtheyimiehidnpRygite sierlydifriy sidior debirton,

compisingasHbsiantialytanshaemaybsiyale hadngvanaiieast a
portion thereof a coating which Fﬁrevents he %)lnsdd%psatlo of water

th&?88H when 258 BOISH IR LRIETHEE TS emperacffﬂ?lell%%b bt 3g o
degréssiGissxpodad to anmdnospherobgiastetpbidigs of hpshpessihe
geg;lgsgg,@ @Fﬁ&@?ﬁ}%&@ﬁ&ﬂgﬁe@bé&wﬂ&% sﬂihaszrammg‘mm@mmjﬁw?em
roplets results in the preventiop,of.the formation itering,fog or
o b8 A RO 2 L e B Tl o ik SEQUGLE R0
m lupor @B/ Mbeg fiittio etchmmlithsd, iRpREEYRE G RSIRE RS
ong,gighthgt anirehcthiskes srand laghured HyiAl & lichsttiesndhelf ivdtich
has the described.characteristi d.coali this.exemplified
emBodHFeH ,Efﬁ?egclﬁg%l Sars é’g 83?{2?%4%%%%%]%%2%& dv{\:}lsth a(i:r., In
alterniativesBtins delvwesaisesanuiians Vs Batsreld iRarTRed e or a
diffgrntanssand the.chambedsicowitihefiledivithoay ptomreargorjopother
suifable .gas. [0065].The sheets.60. 65 a apatoy.a dinst sealant
asi%rﬁ%&%%”\?[v%?@ﬁ“]dé%é)ﬁ iéeae%f%?lﬁ%’égi%?%}y of t?]e sheets 60, 65
maiedairsmenther GRS in parallel, spaced-apart relationship
cregding; chambern Sbbaieandkesshertnel 65 beahjefatsedwalwgriins
chamber 92 from the external.envir L ikEWise 1hs shestsds 70
aretgggc?ivgﬁlg?t f/mén ggggr%&s?efgﬁﬁ%%{;ggﬁr%bly 95 which ex}[ends around the
values of each of the various design pararneters combined in different permutations.

The table below includes the design parameters and corresponding calculated U
values for a number of three pane IGU configurations. In addition to the design
parameters listed in Table 1 below, all of the three pane IGU U value calculations
were computed with each pane being one eighth of an inch thick, and a total of two
sides of the three panes being low E coated. Tempering of the glass does not
- significantly affect the calculated performance values. Moreover, the addition of the
anti-fog/anti-frost coating or film in accordance with the invention does not

significantly affect these values.
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periphery of the sheets 65, 70 maintaining the glass sheets in parallel,
spaced-apart relationship creating chamber 94 between the sheets 65, 70
while also sealing the chamber 94 from the external environment. The
sealant assemblies 90, 95 maintain a one half inch space between the
outer sheet 60 and middle sheet 65 and inner sheet 70 and middle sheet
65, respectively. [0066] The sealant assemblies 90, 95 of the present
embodiment are preferably, warnd4B5& Eeals. "Warm edge” is used to
describe an insulating glass sealing assembly that reduces heat loss

bett |aE|L.'|a|| COtY It;Lﬂ_jlu: a:ur-u.u,twu %Jguo,?\}ﬁolﬁ arreh Qscsgl:l ||E}_FU|.|| ‘. |$§1¥ém
E tg,ﬁlﬁe seaquﬁsaﬁﬁégnbhes &, G50t tifts eﬁ%o iment inCHICOR IS £ F)
oW sRACEI:AS| desiccant, which replaces the need for a sepprate

se ﬂ;@nt, metalll(l:a‘}pace.r, and dﬁ&h@cant, and h@@@f\eat trans @r]_@te of
O_EA Rl |/hr ft . YHocametimas-r fn_r;'rerl to-as-K Alue)...Thacaal

nt.
as ;g/rgﬁ)lies 90, 98in this emb Jﬂlc-ffﬁﬁent are a cghqg%?site extrug %%2’

coftaining a comigigration of pglAdtbutylene se@df&as hot 16 méltButyl

Seqliag, desicTa IAriX; TUDeE BEimTand - ygep arTer - Suippse
o : ;

lies_of this type are manufactyred and sold-by TruSeal——
Tetfinologies of | §&4Rwood, [RIS, under thej A&t "Comfort 844

[0067E Referring teyptigure 3, I3WPS0 is shown.A@13550 is comidrised of

ey

glags—sheets 66y 65;and 70 tgglrassembties §Gand95:
IGY 5Q is installed._in frame 5% In any. suitablel manner well-known to

thos¥'ékilled in th&ffart. The fral&255 is made P& extruded pf&dfic or

othgr, suitable welirkBown fram[e:materlals, sudh.as extruded atuminum,
fibg 3 F: ng.lgterial. H+ E:E%ny alternatt e embodiment B‘““ frame
55 |&'formed of altifinum or other material, the door may reguiré heating

alofl§ its edges tpkeipterre condéiBation control&Péund the edges-of the

dogk;{g068] Ref ,ggiﬂ.gogp Figurecksa refrigeratighogaystem 5 1S Shown. The
dodu—frame.55 id caupled-to fhE;eLﬂgezaﬁga.companmem_&i-many
suitable fashion as is well known in the art, such as a single door long

hingegaiultiple Thiegesf dicaibles stolded bliding ThéSlosfeopernhanardosed.
In addifion, e rRme eG4t NaReE L efATheh SWitaRle

actuating means as is appropriate for the application, The refrigeration
systEAis, SrHEFIE o b TP &b AR ECARy Sy StefH B B

U values in the tables are calculated as “center of the glass” values, because the
computer simulation does not have the capability to consider the sealant assembly.
Consequently, there are no sealant assembly data or design criteria listed in the tables.
[0074] in an alternative two 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 eighthy 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 giaés, 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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cooling a compartment, such as that disclosed in U.S. Pat. No. 6,148,563,
which is hereby incorporated herein by reference. [0069] The above
preferred embodiment provides a refrigeration door with a U value of 0.16
BTU/hr-sq ft-F (and emissivity of 0.0025), which has been found to be
suitable for freezer door applications requiring the performance standards
identified above with respect to the United States industry. A U value of
0. 18yBF st and el tpnavids aiparirRigboatibrldaet e wss parakt flgnd
regiireth RRifRINaNAGE ansand snwbientlsmaltowing e fidudl helptoed
pene&lrate thg()iugg tr}eifigf{n\ﬁ\g}s 1:3%97 ternal ambient environment to
ev3borate tondensation formed on the inside of the door in a_reasonable
tini0PBriod. I adelRibrlohabHTe freELrABEEE ARDTSTREEROU e light
trapsmittance oh&i Xy ShxpeicetvGGHeE) IGUth énalidireprefey dedign
embodiment, which Ingliides an. ARk iRAUANIIOShGARING 96dIBAted
described, no fogging or frost formation is observed on the gla hll(?\gm]
Asvifk arBPRnRE RS he R RTRB sk iR SHE éﬁigfe%stg ass
maydee msedosE boagdforexanplef GopMertifisReGumfurnti AGcComfort
Ti-R T Croe@ S OmIQR TrC 16 uplk huich a1 Availahlailtam Akkag or
Industries, an:., which like Comfort Ti-PS, are titania/silver based low E
codtarry AesaihrdAetEiBured by AFG Industries, Inc. Another suitable type
of glass is Comfort E2, which is coated with a 17 pyrolytic process and is
a fluorine doped tin oxide low E cogied 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

en‘%lsgmmg. The tawi(asserelayeddbtetien iEnasiimited to (Hévabisve

spébifisadly named products, hut may be any sifEble low E glgBév/hr-sq

incledasg, without limitation, the above noted, gnd other sputteft“c@ated
an( (ﬁ?ﬁ?ﬁ}tir coated low E gl : W \vmlsz:n otthe+e -% Fatem
do@t?10 is deterifiined by a nu Pof design gcq%rg includin ?he
nufpes of shegig of glass, thelthigkness of the 8l#8afs, the emigdivity of
the llfl‘u, the sp%\rci.g." _betwc_c.. hesheets,and{yggas e c_i FRHEr(S).
In the three pahe Tefrigeration oor 10 of the pteferred embodiment———
ded@itfed aboversthe U value bFeEE6 BTUIhr-34-#9%is accomphigifed
usifig, air asg B9p:heng heldmi-ps 0.0025 0.22

5/16 krypton Ti-PS 0.0025 0.20

Y air CE2 0.04 0.32

5/16 air CH2Z 0.04 0.39

4 argon CE2 0,04 0.27

516 argon CEZ .04 .31

Y krypton CE2 0.04 0.26

5/16 krypton CE2 0.04 0.24

{0076] In alternate embodiments, any suitable type of coating processes for the

low-E coating may be employed inchiding 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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the chambers, glass thicknesses of one eighth of an inch on all sheets,
one half inch spacing, and an IGU emissivity of 0.0025. However, each of
these factors can be varied resulting in numerous permutations of values
that could be combined to provide the same U value. In addition, other
applications may require a smaller or larger U value depending on the
environment, costs constraints, and other requirements or considerations.
[00%25 weHrryet of-Eonms erchins muafisheipa s Bl rhs FU e
deigrniniate the thk valwes ahhiymretusdistis tardysectasrdfiigeistienydoors
10,8 & ERNI S oY S B U ST G NRT IOV S 48219 RREAMEIGHS tin

combined in different pérmutations. The table below includes the design
patEHiete¥é8nd corresponding calculated U values for a number of three
paiteTGU confiffuvatioms. snbediditon desttibedebinn ipandeietdislistoss i

Tahle, l-Relow @Rt hedhrennanelE ddyalup Lalsations e
computed wijth each pane készln%.one eighth of g,n mcﬂ tkglc 1argd aeggltarl of
tw VERHSE B EHIHPSE SN SE BEIRE B E SR EMPaTing of the glass
dosgenot osiopilfigdes\i &ffadeteatcateedperfolim anddasnrses! sistédver,
.thQ}@élq;gﬁgb%gaﬁné}ﬁfiﬂ?ﬁ(ﬁé’i‘%&@ﬁﬁ%@@ﬁﬁ@ﬂr@bﬂ'B‘Mi@r@ﬁ@q&iﬁ&ﬁ@i&\éﬁh the
invention does nat . significantly affect these valugs. 18 TABLE in
G el SRR, IS SAQU e o Ml bR
(BIOMBLq ft-F i StiespthanimsPray 2ralodiopatloonsiphest o/ 2BaifCrops
0.0Q28:0e22 0%/ E @gnR Ji-RHe0:00235 0 kB-0/d16:Rego0. TiHk&i:002b 0.17

h kaypion 11500080014, 20 knrplan THESORIZR. % Ml 2687
on only one sheet, or on both sides of both sheets. In general, the number of sheets
that have the low E coating and the side (or sides) that have the coating is a design
choice. The total emissivity of the IGU, which along with other factors determines
the U factor of the door, is more important with respect to the thermal performance
than which side or sides of which sheet(s) are coated. In addition, although the
embodiments described herein have emissivities of less than or equal to 0.04 for
refrigeration door applications, using a high performance gas (such as krypton) may
enable an IGU with an emissivity of slightly more than 0.04 to provide the necessary
condensation control in some circumstances,

[0079] In other embodiments, other sealant assemblies may be employed
including for example, an all-foam, non-metal assembly such as the Super Spacer,
manufactured by BdgeTech, Inc, which has a heat transfer rate of approximately 1.51
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.

[G020] 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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Y2 argon CE2 0.04 0.17 5/16 argon CE2 0.04 0.21 t/2 krypton CE2 0.04
0.15 5/16 krypton CE2 0.04 0.15 [0073] In each of the tables included
herein, "Ti-PS" refers to the low E coating of AFG Industries' Comfort
Ti-PS glass and "CET refers to the low E coating of AFG Industries'
Comfort E2 glass, both described above. In addition, the U values in the
tables are calculated as "center of the glass" values, because the

CovmpotnesiinIRIRSA ERIUERREC Re SR RSN AP EOTEATE M LdSant
asgan) by ciganseatiaaily, there are no sealant assembly data or design

criggiaisted in g IaRlesMRZAL I an Alpsalve du pRBRAREROA ment
of the ;}res’ent invention shown in Figure 4, the IGU 50 incl .desta outer
shbefeoaieinershEdte PR g et Racsl B5 P SoarAnt

assemhly1g0mnciisidnanprneepbotimantrivo thnthauute ASHEEESD and
inner;sheet 70.:2re.0n6.cighit af#ndnaiibisioanchinglusie: hrisamenlomeE

coating as described in the first embodiment, WhiCQ ti]se tcigania baseqe%ilver

lovPEse BRIt RSP B TR Ehre Bt SR BT ARG inher Shest 70 may, for
exanielef flesq catmotvf Qormdoet TeRS glass-bne eighth of an inch thick,
maga%ftured BY. AEGyINdusthe s: iR ceaiesBidensobtbacheat 360
and 70 are on_ the unex ,osedf Sﬁgff%cedsa (Pfsghgnghe 1S, ﬂ&e&éﬁo@nd 72,
resMANER S ARG B PO Pfhe BHamBer B2, Tn addition, the same
seatantasse iy G0wstrimeaEveh RO AbIISEEN s R EUsed
and 26ts taioYdaB:shasing.af @ne Balfincbimies pthiioutemb ot
inner. 70 sheets of glass. Again, the anti-fag/anti-frost coating or film 75 is
dis%é’éd%ﬁ%?m‘é‘%%?b”&?é’?gg LS 'r?{r?e‘%ls Teet 70. [0075] Table 2
below includes design parameters and the corresponding calculated U
values for a number of two pane IGUs. In addition to the design
parameters listed in the table below, all of the two pane calculations were
computed with each pane being one eighth of an inch thick, and a total of
two sides of the two panes being low E coated. Tempering of the glass
does not significantly effect the calculated performance values, nor does
addition of an anti-fog/anti-frost coating or
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film as described herein. TABLE 2 Spacing Gas in Chambers Type of
Coating Emissivity of U value between IGU (Btu/hr-sq Sheets ft-F)
(inches) air Ti-PS 0.0025 0.29 5116 air Ti-PS 0.0025 0.36 12 argon
Ti-PS 0.0025 0.23 5/16 argon Ti-PS 0.0025 0.28 /z krypton Ti-PS 0.0025
0.22 5/16 krypton Ti-PS 0.0025 0.20 1/2 air CE2 0.04 0.32 5/16 air CE2
0.04 0.39 1/z argon CE2 0.04 0.27 5/16 argon CE2 0.04 0.31 V krypton
CE2 0.04 0.26 5/16 krypton CE2 0.04 0.24 [0076] In alternate

embodiments, any suitable type ofjgaating prOcesses for the low-E coating

ludina-oveabutic. oo

ﬂ“ﬁﬁg@@ ''''' A cposion '@E&%&%ﬁ%&%ﬁ%‘éﬁm
‘f’ea'i“' éﬁo?*’ ”i}LVSlhéU t ER4QRSCS ITRAY In
Eég I;gégﬂng;mfell- nQasHelinerier-di 1egﬁaem¢)fa ,tumtgdmeﬁmdmbers
@@Q$SU|tatﬂe andrapprapiaesiey the|qianttyyand type of production and
process. Likewise, any suitabléFlow E disatgng may be employed including
sikier hasedor fluofing doped #Soxide ddating. [(5FH AlthoudB the]  &F
ETRPOUNTIERIS UeSTHRGU apoveHICTUdE T0WE Coatirgs on |thesarexppsedir
P SS nfhnr amhnnli ante.of-thad.arecant
ndnibn it Inolids 2 fpw & Ut abitied to Soi onk ehmof gace™
orgelther -40 0.18 65.7 61.8 CE2 3/8 argon
80 -40 0.25 60.3 51.1 CE2 3/8 air
80 -40 0.16 67.3 65.3 CE2 L krypton
80 -40 0.17 66.5 63.5 CE2 ) argon
80 -40 0.20 64.1 58.5 CE2 %3 air
&0 40 0.11 70.6 73.1 Ti-PS 3/8 krypton
80 -40 0.14 68.6 68.3 Ti-PS 3/8 argon
80 -40 0.19 65.0 60.3 Ti-PS 3/8 air
80 -40 .12 70.2 72.1 Ti-PS _ 14 krypton
80 -40 0.13 69.4 T0.2 Ti-PS %3 argon
20 -40 0.17 66.7 64.0 Ti-PS 1 air
72 -10 0.18 61.2 68.9 CE2 318 argon
72 0 0.18 62.1 71.1 CE2 3/8 argon
72 10 0.18 63.0 73.4 CE2 3/8 argon
70 t] 0.18 60.3 7L.4 CE2 3/8 argon
80 0 0.18 69.2 05.7 CE2 3/8 argon
90 0 0.18 78.1 68.3 CE2 3/8 argon
70 -20 G.21 55.5 60.1 CE2 3/8 alr
86 22 0.11 T1.5 759 Ti-PS 318 krypton
80 40 6.19 65.0 60.3 CEl %3 air
70 32 0.18 63.4 79.6 CE2 38 argon
80 32 0.18 72.2 77.2 CE2 3/8 argon
90 32 0.18 81.0 75.0 CE2 3/8 argon
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side, or on both sides. Likewise, in other embodiments the middle sheet of
glass (of a three pane embodiment) may include a low E coating on either
side (or both sides) instead of, or in addition to, coatings on the inner
sheet 70 and outer sheet 60 of glass. [0078] In yet another three pane
embodiment, the inner sheet of glass 70 does not have a low E coating
on either side of the sheet of glass 70. Likewise, in an alternative to the
two sheet embodiment described above, the low E coating is present on

onyn@ie Sheefh@&&&@ﬁé&ﬁ@&é‘ & helb Siegtsy thganemjdiewiichber of
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sheel(s) are coated. Iaddiion. athouah e cmbadimants eserived

her e AREVE emissivities of less than or equal to 0.04 for refrigeration door

apphatienof Gsihand Bigttefoithadeedasifuch as krypton) may enable
an[iigddwith amemispivitynefestightly manaishanodides togiguigentvisor
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ThermoPIastic Spacer stem ;PS ) manufactured by Lt}mre | S,
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1. 783Bﬁafhﬁeiifl§dﬁﬂ&&h@dnefwm@mmeeab@wdmwdétﬁ%ﬁﬁ%ﬁfs

is ORgd halkinch 1 ONENSEy WE&B’&&Q erRgie W {angeshabaegn

five S|xfeenths of an inch to one half inch, ot ment 8%1; he dte
invelsbrpfral puddlsherh gL TS HPAL GUIeS 5rnslnc h additio
whijgeth e abaes-gisc lemdmmmﬁdmnt@@mpmcgt@%%’é a@FﬁﬁtH of an

inchy; E%t%%é&%ttﬁa tﬁ%ﬁgﬁ&t%a&tﬁm&@ eneuddleshert)kaaiRet2dheet of
embodiments may use untempered %(gss or thlclﬁwr’lesses thgt are greater

thadiast ﬁ@ﬁa‘ﬂ’iﬁﬁmﬁﬁ%‘de%‘ﬂ%e&‘%?ﬁ FR{OOBTTRE BEEIGN parameters of
an enkioginieitoftoe gheseritrinlentmisity coating adjacent the second

surface of said inner sheet of glass, a second low emissivity coating adjacent the
second surface of said outer sheet of glass, said inner sheet, outer sheet, middle sheet,
first sealant assembly, second sealant assembly, and said first and second low
emissivity coatings forming an insulating glass unit having a U value substantially
equal to or less than 0.2 BTU/hr-sq fi-F substantially preventing the formation of
condensation on said first surface of said outer sheet of glass without the application
of eleciricity 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.

10085] The invention also provides a refrigeration door adapted for use ina
refrigerating compartment, the door comprising 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, an outer sheet of glass

including a first surface and a second surface, said first surface of said outer sheet
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be determined, in part, by the application or intended use of the
embodiment. More specifically, the exterior ambient temperature, interior
temperature, and exterior ambient humidity (and associated dew point)
are important factors in determining the necessary U value for the design,
whl_ch_in turn, determines the design parameters (type of glass,
emissivity, number of sheets, gas, etc.). [0082] The left five columns of
Tabigzliopteut pifevideta tistxdroaldatechl of viad uefs for e ierpartment a
B e S e P A g
Ire, umidijty, and.c ated de i
fE i e e et
emidtitlindent ob itive foveritiemiteteidiinprosices the wbeiisiryhes\alteced
T'%ﬁérﬁ%la@&l&ﬁgﬁ%% LhAHES JQE VAt ARICd:LAaSi0NsYRE@RIamMd the

Environmental Parameters Eor Satisfyin ldentifiedU Value. E ior..
InRFBPEP\ AT BRRBOI LRI LS (e e s Tt T hing
Temip Didd Biue{ GutsitfeoRe shive IS presesi preh sl ERaiii s R 2
2 ;gﬁg;ﬁtﬁ%%l,%ggég)gﬁgé%uémg;ﬁ%& 26660 Bi8Ekc408id 9:6d DB001 gTasP.S

3/8 air 27.97. 5 air 80:-400.1
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3/Boadrr@er sheed ABeE TP eBidiTEhesh Tay stalinst Al Fyopwt 55818 ce2

;?8@59@?@89?;@1@ 20: 661 15351 GEAni ity 80atsGuthiT a6 FulatligPS
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formation of condensation on said first surface of said duter sheet of glass without the
application of electricity for heating said {irst 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.
[0086] In emboditments, 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 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.
{0087} In further embodiments, the interior temperature of the refrigerating
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.
[0088] 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 2 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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80-400.13 69.4 70.2 Ti-PS 1/2 argon 80 -40 0.17 66.7 64.0 Ti-PS 1/2 air
72-100.18 61.2 68.9 CE2 3/8 argon 72 00.18 62.1 71.1 CE2 3/8 argon
72 100.18 63.0 73.4 CE2 3/8 argon 70 0 0.18 60.3 71.4 CE2 3/8 argon
8000.18 69.2 69.7 CE2 318 argon 90 0 0.18 78.1 68.3 CE2 3/8 argon
70-200.21 55.560.1 CE2 3/8 air 86 -22 0.11 77.5 75.9 Ti-PS 318
krypton 80 -40 0.19 65.0 60.3 CE1 1/2 air 70 320,18 63.4 . 7953% E2.3/8
argjen 2pbiaseraml hegt o2l ey UIBR M0 BT BT TP 0 CES 318
argared2:p4A 083} chkiddesig mgarhmetdist 6 W ablesFideatiipahdiagié of

9lass.(Weh is-LaeLighth oban ek thisk)sthe spacig Eméeaemahws
and ﬁe gas in the chambers. In a d‘i“ aII of the, IGU of%h
|n6FL&5‘§SaqﬁlfiﬂStﬁ6ﬂaEb§P§Hﬂ§ﬁ’eaé‘fi RO SRISTIL & Sighth of an |nch

thigkylai e isdispdsed Ibemee:bmetm% efpabts @flgq%@n B RtieE

th@ table, Gl @Wﬁ@%ﬁf@gm Gemfost B whighihes am emissivity
SO

35 and is é){ dustr (ia5[0084] In an aspect, therefore,
thé‘“‘ﬁ‘?\rfi@rﬂ%‘?{‘ Y RFEE 1'lye,\(i"rlgera |onlg%8r adapted for use in a

refiiggghting c'@hﬁpmmntﬁ*H@rd@@ﬁ%ﬁ?éFﬁF@%{hdﬁﬂﬁ%%ﬂé%pﬁfa@ass
inclyding.afi %%%é%ﬂ%@&;ﬁﬁ%@ﬁ&ﬁmﬁﬁg Haceaiesantfistislufapedbsaid in
inner sheet bein I%dl osed adjacent the | geﬂg{s%ép&%@gggggg@gm sheet
coRTERIERE En% Sheet of glass incfuding a first surface and a
segﬁﬂdssmfaereses@m wgﬁ@éﬁffaw%# @&?an%l%?‘“éﬁ’é&‘tyﬁ’é i %ﬁ%

adjacgnhdhs.axterios R IIED! Biiherefige ttingeeomp amm@n?h@ﬁ in
middle heeto a%as%ldlégose%gh%ﬁlgyegﬁr&qgvl@%W&g&g ; shgeis of
gla§acc fr"Paftsea assem dlsposed around th ri hedy of said inner
shé@ﬁ@ﬁ@ﬁﬁ%é@ﬁiﬁfﬁ%%’é‘hﬁﬁb‘f fglass W fr‘ﬁsf inthg %Cé{f’c’jglﬁr?gr

sheetrnd saiGkieldiat assembly, and the first low emissivity coating forming an
insulating glass unit having an emissivity equal to or less than 0.04 , an anti-fog or
anti-frost coating on a surface of one of the sheets and a frame secured around the
periphery of the insulating glass unit.
[0090] The invention also provides a method of manufacturing a refrigeration
door component having an outer surface, said method comprising the steps of
providing a first sheet of glass; providing a second sheet of glass; providing a first low
emissivity coating adjacent a surface of said first sheet of glass or said second sheet of
glass; disposing a first sealant assernbly around the periphery of said first sheet of
glass and said second sheet of glass to maintain said first sheet and said second sheet
in spaced-apart relationship from each 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 sealant assennbly form an insulating glass unit havinga U
value substantially equal to or less than 0.2 BTU/hr-sq f1-F 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. In
alternate embodiments, the method includes providing a third sheet of glass, which
may include a low-E coating adjacent at least onc of its surfaces; disposing a second

sealant assembly disposed around the periphery of said second sheet of glass and said
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sheet in spaced-apart relationship from each other, a second sealant
assembly disposed around the periphery of said middle sheet of glass
and said outer sheet of glass for maintaining said middle sheet and said
outer sheet in spaced-apart relationship from each other, a first low
emissivity coating adjacent the second surface of said inner sheet of
glass, a second low emissivity coating adjacent the second surface of
saitiduimtshEetrofykisinesaid iread sirebtnd trid b Etes v sracehart! first
lseﬁ:'ﬁﬂ&_éﬁﬁa%ﬁhéaﬁ%ﬁeﬁ m&e&gﬁsﬁﬁfﬁ\w@i@g@b{ﬁfmﬂ& B@S@@?
ow emissivity coatings forming an insulatin s unit having a U value
suBHEAT ﬁ?ﬁééeagglﬁ?ég%‘rglsea@, St%ﬁ%%??ﬁ@d?ﬁ?%%sﬁ-F substantially
prd0ifing thétsrimemsantise prryides aterhon SanimiecLing aaesraggen
ouiRhshagletdiassivilhoutihaerappliantinamhod etegtrigity ferdupatfig said
first surface of said. ouler J0eEl ok Alass. A AR00,0k: Ankviast carling:
onBStirtce of the inner S eet, and a frame secured aroung the ¢
penpiet PaiREiRdaratY BIRSs TR BT FRS Sh SHES e ss
a refrigerafiamgadiadepiadifemise doadréfigentngdomptirthyest, che
doog com %‘%H‘ 3 a0d @ggert sh gllc%s% dlassincluding @ofirshsuigce andider

second surface, said first surface of said inner sheet b%in%disg seg
adjRcEReaharintar BB R TSP ARG CEMIS T R AR ST feY é?ﬁ?eset of
glassatineludingod fiestsofat glamncial secormd sighfiseshselialfngss sHd s Br
Sai%'hQ#tg{ g&;@,%é‘éal?@m disppsadadiassat thesxterierpaviiaranent of

the refrigerating compartment a middle_g1 eet ofr%las&dg oggglggtween
Sai GRS ARl IRSIRETL P GRS ANHRSY RIEETAR %sseempmy lisposed
aroundidiatperipherpwobsaidanTs tehebizohg sl armeBamierh MU fset of
9'a%r?gﬁsaa&'@%a&e&ﬁmn@ﬁagn@%mﬁ@@mmmmmmmg
apartrelationship from each other, a second Ste"i‘;llaﬁttg?ns%énlﬁé(d%%%sﬁg
aroteR LT SRFBE B SRTHT Ghis SRBBPETGlass and said outer sheet of
glassctashainteiningidaarticd beshefafizmnd il Butandpise oy -E coating
spagad-apartdelaieneipsTem-eaeh et sedistionneniasbliyicpating
adjacent the second surface of said inn risQ%EEOfig%ﬁﬁ’o? g§a%§9&d low

e miSETHRY OB S Bt YN StiffACE ot said outeT sheet of
glassaisaitrinsed sheet] datershett indlreshsRIcHePEE kAP INR S

secqQnd, sgalants 3ssemblyidanshadid fikst anesrpansclon emissivitgheet of
coatings forming an ins%atina% _
glass and said Second sealant assembly.

10092} The invention further provides a substantially transparent insulating
gla;ss wnit door having an outer surface and being for use with a refrigerating
compartment residing in an exterior environment and having an interior refrigerating
compartment; said insulating glass unit door comprising a first sheet of glass; 2
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

condensation on the outer surface without the application of electricity to heat the
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glass unit having an emissivity equal to or less than 0.04 substantially
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. [0086] In embodiments, the interior
teryeeratire of Grcrefigey ativgudowipatimavieiordasestiugiRt B§ual to or
lessrihan RNy Nan: degirasdal E@ﬁﬁ@&oﬂt&@s@ﬁi@f&ﬁé&,@e@i the
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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 exissivity coating adjacent the a surface of
satd first or said second sheet of glass, said first sheet, second sheet, first sealant
assembly, and said first low emissivity coating forming an insulating glass unit having
a U value substantially equal to or less than 0.2. BTU/hr-sq ft-F 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. In altemnate 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 maintaining said second sheet

and said third sheet in spaced-apart relationship from each other.
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secured around the periphery of the insulating glass unit. [0089] 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 glass and the second shegt of glass Ior
mEINRAining tiihdiimtestior fuather SECGHRT 4518t fio B’éééa@é%?éar&g?z% iGnship
frameaghiathemafirst lowsegmiasiity! cadtipgradiatentan surfdesufatie

first sheet or the second, sheet o sycthe first.shestand seepndisheets
of GrASEITHEHIE ag%%fglr?é‘ %ggéﬁéi%%%nd the first Io_wﬁemis%sivi% &loa}gsqgﬁ
fonrmieharingrisunaifsges as SUHAEHARTG: AN RMIRERITY S§RiA1aS or eSS than
0.04r5:88 AR fogha oRIipHiast eoatingdine slasiavecdbonecdiip &8ss

O SEETE. S s AR e RSB OLDrnBulaliog glas i

[05’5 e Invention also provides a method of m ”t‘éfg}%‘éé‘%?{%%as
refrpekatish? WU BARBCHEMRYADECER BulBFP R LR Said method
compesing:thia siepsohdravidingefirstsidiat akdtansd Hiuvinig &ise
second sheet ﬁ%ﬁgl&%ﬁéﬂﬂ% 'g;la‘gl@ﬁi(gg 4%5%@@%%&?&6@&&5}?0&@%@& a
surface of said first sheet of glass or said second sheet %gl%g%%??paneis_ In

dispUeingra ?iﬁ%ﬁ?ﬂ?‘ﬁ%@?ﬁbﬁ%’%ﬁ%apenpﬁ%crfl) said first sheet
of glasmantiaaidsicond sheat elagiapeds haidRsHId Heh i AEnd
saigdg&c%pd sheet in spaced-apart relationship from each other; providing

an antl-Fog' or anti-frost coating on_.one of the sheets. o ; wherein
saidCfipst sheetja’feéi’é‘é%o,“é%ﬁss%é%‘%‘fg “enéipg?sg g‘g’é’ ,dl anegtg’j%d;?ﬂrs% sealant

assemablisfaithapdnsulatiensiolasiounichabirig antion ARrdsh Qfa??l‘f‘é‘ﬁﬁ}"d as
eq %%'iﬁ% Ariesshan A BT livaeniih substantisdy preventingdive

formation of condensatign on the outer syrface of fi longqor
compBrstEO R Y TSP AAASH TR e%{fﬁgit?/t%éﬂgggr%%%%@%oor

compringns ang beubstaintibiy préveierRToy b 8B FIMENGH dif™"
: Sw@g,_ggﬁé%ﬁ%@%}ﬁ%m riematesgihodiments, the method includes
RHOBR Tt oadt Bl R A En SR A b tha i e
assepphibadis posedraroprbtiitsgreristery TSRl SHan P EEBr U gigag e
and said: 20 tird.Af: olpssdermRainaRing saidseenndssheet b sait-trikd
Sheerrgilr?oﬁs? gaa%%gs- %?c%% rooms, shower doors, ticket booth windows, bathrocom
windows, bathroom mirrors, outside coolers and freezers that are exposed to high
hamidity 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 isnotin 2
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.
[0098] While preferred exmbodiments of the present invention have been
described above, it should be understood that such have been presented by way of
example only, and not limitation. Thus, the breadth and scope of the present

invention should not be limited by the above described exemplary embodiment.
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relationship from each other; and wherein said insulating glass unit further
includes said third sheet of glass and said second sealant assembly.
[0091] The invention also provides a method of manufacturing a
refrigeration door component having an outer surface, said method
comprising the steps of providing a first sheet of glass; providing a
second sheet of glass; providing a first low emissivity coating adjacent a
surfeR¥bf saiddirspstivenpriasestiiientionse aphirshauref hagesent
diSB%MﬁMH%B&Q@&&Hh@&&WH@'MI}@w&d&ﬁhgspﬁriphﬂfyf&%saiﬁ% firgesheat
o AR 2eenAnes! Shaige da e hialn ol ket aneslan
said secon tm K spaced-apart re atlonshlp?rom edc er providing
an anti-fog or antl frost 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 an emissivity equal to or less than
0.04 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. 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 periphery of
said second sheet of glass and said third of glass for maintaining said
second sheet and said third sheet in spaced-apart relationship from each
other; and wherein said insulating glass unit further includes said third
sheet of glass and said second sealant assembly. [0092] The invention
further provides a substantially transparent insulating glass unit door
having an outer surface and being for use with a refrigerating
compartment residing in an exterior environment and having an interior
refrigerating compartment; said insulating glass unit door comprising a
first sheet of glass; a 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,
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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 27 outer surface of the insulating glass unit when the
interior temperature of the refrigerating 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
CLAaIegrees Fahrenheit; and the humidity in the exterior environment is
substantially equal to or greater than sixty percent. Alternate embodiments
further comprise a third sheet of glass; and a second sealant assembly
L. dispuseérawand-et perisasrorstlg savshdesteet of glass and said
third of %ass for maintaining said first sheet and said second sheet in
l

spacedibhp SFetrePRRINER SITRTSECIP O &P A dirtrise eRTgs aberibAdNERshY!
emissiyit ti dj t f said first t, said d
e e ke

20/, AI;{g]sulatllrg%. lags unit has a U value that substantially prevents the

matic [ 5% ) . .
ormation of condensation on the outer surface when the interior

temperq]{%%e%wa%&ﬁlfﬁg%@%&g?ﬁ?ﬁaﬂimﬁ%i% sHRRB RN SRl 10Ok ee

less than minus forty degrees Fahrenheit; the temperature of the exterior
mono2BNY RRBR IS abslhstantalh etdal 10 gRaiesdhar /gy Regreeivene:

Fahrenheit; and the humidity in the exterior environment is substantially

equal tosdrgiaateribanskstic petaeitsiQodlohbe toventianddkib@ponent 1s about

provides a refrigeration unit including an insulated enclosure defining a
100:algompakiiment, a cooling system, and a door adapted to be mounted on an

opening of said compartment, said door having an outer surface and

- comprising a first sheet of glass, a second sheet of glass, a first sealant
assembly disposed around the periphery of said first sheet of glass and

2. sditP<atcing Shudt BPyReEETE P htditalniBeSsi rsP SRS ARy ¥l frst

second Eslheet in scpaced-agart relaltb%nsgg f£8m each other, a first low

compPERALARART SRty HRREEh B A5 irtare’df “Laid first or said second sheet

of glass, said first sheet, second sheet, first sealant assembly, and said
first low emissivity coating forming an insulating glass unit having a U

3. Vahe skbaigatialy. eaualdifs 1essthan Qe BR Wb sehitenaustantiahiles a

silane.

4, The anti-fog or anti-frost coating of claim 3, wherein the silane comprises 3-

glycidoxypropyl trimethoxysilane.

5. The anti-fog or anti-frost coating of claim 4, wherein the silane is present in an amount of

about 1% to about 8%.
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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. In alternate
embodiments, the door further comprises a third sheet of glass and a
second sealant assembly disposed around the periphery of said second
6. sheetafigtassrand-sait dhitthgbeeloh glassdeiMaintaing [Haidnsacandmount of
sheet and said third sheet in spaced-apart relationship from each other.
about 38:[0095] The invention further provides a glass door for a refrigerated
display case, the door comprising a first glass panel having an inside and
_ an outside surface, a low emissivity coating on the inside surface of the
first glass panel, a second glass panel having an inside and an outside
T sdMBeEod Rﬁ/@oé‘ﬁﬂ%ﬁ]ﬁwl&t?aﬁr?@ eSSt SoRfACE36T 4ROBOBGH @ substrate,
lass pane|, an intermediate glass panel between the first and second
the mgiﬁ% SHEI 8irst spacer assembly between the first and intermediate
gla%%regggelﬁ east a poraon of the su 1rst siiane: .
and second glass "panels wherein n secondﬂ’spacer assemblies
ar&ég&mpgdafﬁ%gu\%agﬁw edge spacer assemblies, and anti-fog or anti-frost
coating on a surface of one of the glass panels and a frame extending

about and suppQing.aticashane A Ip6.9laRs BARAIh Y AIBRCRARIMERL.

the first and second glass panels have widths and heights that are
methid@pticakd{RA6hdihe farmgaioy Masdrsarieshprineipies.embndipaaittadione,
and modes of operation of the present invention. However, the invention
and abhoulthnatbettohStrued as being limited to the particular embodiments
described above, as they should be regarded as being illustrative and not
as restridtiveschoskogidiyacap protitiriesthlaueiiationd soryisecnabole if¥o free
those embodiments by those skilled in the art without departing from the
. MONYUBERIFIHHEFFEREINVehtiBlFnfo 0B WA tPiEhd pReiti GROTRAE presiHiens:
invention has been described in ﬂ]e lication of a refrigerator or freezer
door, o8P ESEA BRI HCHTE S SRR A hIE S EHRpoBF  sbout
100: {Egﬂgﬁﬂ?ﬁ-d trucks, automotive mirrors, particularly external mirrors,
“saunas, steam rooms, shower doors, ticket booth windows, bathroom

applying the mixture to the substrate; and

an a secondfﬁtplac r %%gewmya tween the intermediate
the first a

curing the substrate.
8. The method of claim 7, wherein the mixture does not contain additional solvents.

S. The method of claim 7, wherein the mixture ratio of the first component to the second

component is about 100:about 30.
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windows, bathroom mirrors, outside coolers and freezers that are exposed
to high 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 per_i%dicigglo ene

d
10 exysaniPaseotsltgiasy e d i HiMRISHRAISHMERE SRES F8RURE fie

key factors in designing the glass are economics (i.e.,.the energy costs
T it R B e e R ot
durability, and- other considerations. [0098] While preferred embodiments
of the present invention have been described above, it should be
12. unﬂ}%rggtggd%§ %}%ﬂﬁh],%}l@l& gg&ﬁﬁﬁﬁwgh‘@%m SSXAMP B ORY @B 0wherein

not limitation. Thus, the breadth and scope of the present invention :

the sSigH!diaRt Redimitad e akeveadescribed exemplary embodiment. 29
[00991 Obviously, numerous modifications and variations of the present

invention are possible in light of the above teachings. It is therefore to be
understood' that the invention may be practiced otherwise than as
13. spegifieatyodesctied herbimeiBOLE kAS silanAspaiifesgd of g doppropy!
coating comprising a mixture of: i) a first component comprising about
trim&Bdbydikoetone 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%
pol isocyanat{t)ef about 1% free E&}onome IC. isoc%anate%.about 119
a

\ /e .
14. xyl H"e?’&ﬂ@ﬂt f%”ﬁ-b%]twhﬁf‘?é? e’ SERQP t%ia{ui %refg?aefﬁea;n \?vrﬁoun? of about 1%

erein the
mixtyre ratio of the first component to the second component is about

to abgyh: @'out 30-33. 2. The anti-fog or anti-frost coating of claim 1, wherein
the mixture ratio of the first component to the second component is about
100:about 30. 3. The anti-fog or anti-frost coating of claim 1, wherein the

15, MixyLe fLEHEL COMRIISESvBeRIRRR second silane is present in an amount of about 6%.

16.  The method of claim 7, wherein the first silane comprises amino alky! silicone.

17. A refrigeration door having an outer surface and adapted to be mounted on a refrigerating
compartment, said door comprising:

a first sheet of glass;
a 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;

an anti-fog or anti-frost coating adjacent a surface of at least one of said sheets of glass;
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4. The anti-fog or anti-frost coating of claim 3, wherein the silane
comprises 3- glycidoxypropyl trimethoxysilane. 5. The anti-fog or anti-frost
coating of claim 4, wherein the silane is present in an amount of about
1% to about 8%. 31 6. The anti-fog or anti-frost coating of claim 5, wherein

the silane is present in an amount of _about 6%. 7. Abmeth d og hormlinvg an
IS PSS IO AL RSO ASTR L OG0 UG ©
emissi?il?m&g)mﬁﬁiﬁ@@_h piaireatingat leashaperionafitbessbstidte wugi & or less
ir ne; preparing a mixture of: i).a first component IS out
han O BB B H0h K T R S e P e

‘thutanal, ahout A% Cyelohexane ,Abot A% 2 Rentanadione, 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-ttﬂj | acetate, and about 11% toluepe, wherein the .
15 I T P T B e SLror Sommion e g priscs
polymk30:about30-33; applying the mixture to the substrate; and curing the

substrate. 8. The method of claim 7, wherein the mixture does not contain
additional solvents. 9. The method of claim 7, wherein the mixture ratio of

19, tHEMirsfrinabonareieiisisetdnyhesn ey rEabbider dbout 30. 32

10. The method of claim 7, wherein the mixture is applied with a single

cqating step. . 11. The method, of claim 7, wherein the curing is achieved in
20 o G RTHTROE ABRe PO R AT P hAS) Lo eany ortples a
opticaddiagia second silane to the mixture, wherein the second silane is

different than the first silane. 13. The method of claim 12, wherein the

second silane comprises 3-g|¥cidoxypropyl trimethoxysilane. .
21, The refrigeration door of claim 20, wherein the adhesive comprises an acrylic.

22, The refrigeration door of claim 18, wherein the polymer is cured on a polyester film.

23, The refrigeration door of claim 17, wherein the anti-fog or anti-frost coating is applied on

the surface of the inner sheet as a film.

24.  The refrigeration door of claim 17, wherein the anti-fog or anti-frost coating is applied on

the surface of the inner sheet as a liquid.

25.  The refrigeration door of claim 17, wherein the anti-fog or anti-frost coating has a
thickness of about 4 mil.

26.  The refrigeration door of claim 17, wherein the anti-fog or anti-frost coating is insoluble

in water.

27.  The refrigeration door of claim 17, further comprising a cured primer applied to the

surface of the sheet prior to application of the anti-fog or anti-frost coating.
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14. The method of claim 13, wherein the second silane is present in an
amount of about 1% to about 8%. 15. The method of claim 14, wherein
the second silane is present in an amount of about 6%. 16. The method
of claim 7, wherein the first silane comprises amino alkyl silicone. 17. A
refrigeration door having an outer surface and adapted to be maunted on
28 GlRerFrGEESTNG P CORTRETAERT SR EARBHEMEE T HEPEHEaHBE ghauses &
mixtur@cgecond sheet of glass; a first sealant assembly disposed around the
peripher. said first sheet of glass.,an id . second sheet, o :
maintaiH{ﬁgug’é%’ FRPSheet s r(% i bglej(g:ﬁdﬂs %g%ﬁ%gs%%%gé-é%%ﬁ?ﬁ A% methyl
Pyrroliddaticiship! forhwanhi. et S Hitstlove anrisshaw eoaifpenijediong and about

294 Ar%%£ cq g{; %%pl first sheet or said second sheet of glass;_an anti-fog or
anti-frost coating adjacent a surface of at least one of said sheets of g Qr?sé';ﬁ;

33 said ir AL SEBRANSRE B BRY IS W ROHPRUEAPAR LS ARBI |
monoSRitk Fi&)}&éﬁte@[ﬁl&ﬁﬂity%@%,fﬂfmmﬂ%Ihllﬂﬁt;laﬁi@t)@agiaﬁﬁiuhﬁdna\V%gomene;

U value substantially equal to or. les an 0.2 BTU/hr-sq ft-F or an .

emissiviYS}“é‘iﬁ[:5’5%%1‘?1[‘éﬁ§/&eeqrtﬁ}taii)t(c)}[(t:)ralggssE fhan 8}8%;%;: STfand corionent is about
100:abaid the periphery of said insulating glass unit. 18. The refrigeration

door of claim 17, wherein the anti-fog or anti-frost coating comprises a

polymer. 19. The refrigeration door of claim 18, wherein the polymer is

29.  hydeoishilisraprTiierefiiiarabsnuisr 6PRRIMIE 2 NHERSIFPHIL g Hgrapkture.

anti-frost coating comprises an optical adhesive. 21. The refrigeration

door of claim 20, wherein the adhesive comprises.an acrylic, 22. The
0. eGSO BT P B Rha A eei

on a polyester
film. 23. The refrigeration door of claim 17, wherein the anti-fog or

31. 3HE0ste0aling is anRlsd e SUTARE ALUGIIIRESNGRAS AR Ffary
The Féfrigeration door of claim 17, wherein the anti-fog or anti-frost coating
butyliglegholied on the surface of the inner sheet as a liquid.

32, The refrigeration door of claim 17, wherein the anti-fog or anti-frost coating comprises a
mixture of:

i) 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 1 1% toluene;

wherein the mixture ratio of the first component to the second component is about
100:about 25-45,

33.  The refrigeration door of claim 17, wherein the mixture ratio of the first component to the

second component is about 100:about 30-33.
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25. The refrigeration door of claim 17, wherein the anti-fog or anti-frost
coating has a thickness of about 4 mil. 26. The refrigeration door of claim
17, wherein the anti-fog or anti-frost coating is insoluble in water. 27. The
refrigeration door of claim 17, further comprising a cured primer applied to
the surface of the sheet prior to application of the anti-fog or, anti-frost

34, coairgisrrsprTRerehiburadon s bR T, HRPEHTRESAARMREH © the

secon@BbirfpOsEAQAHRELEQDIRLISRS . mixture of: i) 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

35, 2%hArdnatiaibGpandfiiplaséfontadmpenbaticoinprisitng albtioe 669ptifrost

coatin%lgé?&?%%mthagﬁ% %?{%Jé%%d%%%%&%@% Méélaggéecﬂﬁ%tagré;%hich second

e, about 11% n-butyl acetate, and about 11% toluene; wherein the
silanerifiiffracpaticra i st @8mponent to the second component is about
100:about 40. 29. The refrigeration door of claim 28, further comprising a
solvent for diluting the 'ixtur . 30. The refrigeration door of claigl 29,
36 WABFSRTRE LN AROTCE R AR R ST ‘th’geéf’?fé“ersa1 {1 O6F 6t elaim 30,
glyciduheseinythamtteholsisadiacetone alcohol or tertiary butyl alcohol. 32. The
refrigeration door of claim 17, wherein the anti-fog or anti-frost coating
comprises a mixture of: i) a first component comprising about 46%
37.  didbetsfiezarebhotoanalitaus REmdwigingie ssraah ellasot PHss L iR BarRgtount of
aboutPut 8% Eymlohexane, 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%
38, xylaieesflpetiibh Yonrbdtyhacetaterhanth albosicbidsitohsengresvhisredn thwunt of
aboul ig;ture ratio of the first component to the second component is about
106:about 25-45. 33. The refrigeration door of claim 17, wherein the
mixture ratio of the first component to the

39.  The refrigeration door of claim 35, wherein the first silane comprises amino alkyl

silicone.
40.  The refrigeration door of claim 17, further comprising:
a third sheet of glass;

a second sealant assembly disposed around the periphery of said second sheet of glass
and said third sheet of glass for maintaining said second sheet and said third sheet in spaced-

apart relationship from each other;

wherein said insulating glass unit further inciudes said third sheet of glass and said

second sealant assembly.

41.  The refrigeration door of claim 17, wherein the U value of said insulating glass unit is
effective to substantially prevent the formation of condensation on the outer surface of the door

without the application of electricity for heating the outer surface when the interior temperature
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second component is about 100:about 30-33. 35 34. The refrigeration door

of claim 17, wherein the mixture ratio of the first component to the second

component is about 100:about 30. 35. The refrigeration door of claim 32,

wherein the sheet adjacent the antifog or antifrost coating is pretreated

with a first silane and the mixture comprises ' ' "
of the g BARET G0N R T T AT Be IR e uenhet
the terfjRiNa5 oihe rairrthecseTom silaneubsirnAdE s BAYIY BN HTOPHN seventy-two

trimethoxysilane, 3¢, The refrigeration fopriskaim shusbenairy @igal wo or
degreesse%gﬁ%ggﬁ{;naengg%resent i% an amount of about 1% to about 8%. 38. The
greatergirigeratiorsdedr of claim 35, wherein the second silane is present in an

amount of about 6%. 39. The refrigeration door of claim 35, wherein the
first silane comprises amino alkyl silicone. 40. The refrigeration door of
clajm 17, further comprising: 12 thitgsheghefalass; a second sealant

42. ag err%szﬁ %%%nsg%oground the’peripheryﬁt%f said second sheet of glass _
and-said: third sheglatglass fesrmaintaningsseait seaondshieef ghessaid said
third sheet in spaced- apart relationship from each other; wherein said

first SprepARAMGERASL it further includes said third sheet of glass and said
second sealant assembly. %b‘gpe refrigeration door of claim 17, wherein
thé @S\/%ﬁ?éjsgfq e lﬁ@ﬁ E’:l%llll’lg glass unit is effective to substantially
prevent the formation of condensation on the outer surface of the door

without the application of electricity for heating the outer surface when the
43. iNtgHiOFdRMRENaiieo3E ohthe! fefryerating comparirme nedenlpdwiatg transfer

equal to or less than zer degr%ge Eahrgnheit; the temperature of the
rate %f‘fgfaﬁﬁ | u":rlmlr%oe%rt1?:3S Ssugsta'ntla%ly 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.
44.  The refrigeration door of claim 17, wherein said first sealant assembly has a heat transfer

rate substantially equal to or less than 1.51 Btu/hr-ft-F.

45, The refrigeration door of ctaim 17, wherein said first sealant assembly has a heat transfer

rate substantially equal to or less than 0.84 Btuw/hr-ft-F.

46.  The refrigeration door of claim 42, wherein said gas is selected from the group

consisting of argon, krypton, and air.

47.  The refrigeration door of claim 17, wherein said insulating glass unit has a U value

substantially egual to or less than 0.16 BTU/hr-sq ft-F.

48. The refrigeration door of claim 17, wherein said insulating glass unit has an emissivity

substantially equal to or less than 0.01.
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42. The refrigeration door of claim 17, 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. 43. The
refrigeration door of claim 17, wherein said first sealant assembly has a
at transfer r e su tant| ual to or. r
49. 1hr & FRFHGETAROGE oor o %%w eSraeilniléal fl}l 'tkgaesg%xﬁf lgégszégm%llé ;Ik;lsty
substargidibatcralnsfer 1¢aélsml$1&2ftlally equal to or less than 1.51 Btu/hr-ft-F. 45.

The refrigeration door of claim 17, wherein said first sealant assembly has

a heat transfer rate substantially equal to or less than 0.84 Btu/hr-ft-F. 46.

so. e refigesatinnaipor ofl.piaim 42evdieteinmait gasisselectéthirorfiifeating
group, consistin of argon kr to and air. 47.. T fr| lop,dapr of

compaghnant iAWRHATN STt %nsu aty g tg SO haay Ug%alu lrlQ%)sta{ntlall

temperequiabfolerdess dhar GobB1BT 1/ hubstyiftifll 81 IR KEfERGRIH BN ST 6! degf@ﬁs

jm 17 RERNBS M1 RS tRREAN Yhan
e SR R e

sixty pwmr@.méamqm@ (o e suEassie e SR8 %ﬁ.%%‘?\ﬂﬂ?“éﬂks ShohFOPEERFES
or less than 0.0025. 50. The refrigeration door of claim 17, wherein the
interior temperature of the refrigerating compartment is substantially

°f al § norr'a S5 than [pinys tye %Meqagrﬁ@%rfamp{anﬁ;émrm@e (2R EASating

& extarior environment is Substantially equal to or greater than

compaaenits detgreetinl aianshies iapvtiae Birde areektehtrERGiBRment

tempek%tﬁ%bc%ﬂ{g@Wrﬁﬂ%ﬂbf&%%@é@[bﬂﬂﬁﬂlaﬂﬂb’qﬂﬂrﬁﬁ&t,gﬁd’afbﬂ\thaiehlgﬁhﬁiegrees
outer surface of the door is substantlalg%ree of cond atlon 51. T

Fahre?gﬁxfg%pgﬁlaq]h&%iil&i B}éh%%ﬁerwﬁgr}é iy nf is substantia b ] Iya?aual t? (ﬁ egreater than

|nter|or em re o
sixty peftigeraiingheampastoentsisfasbsfahtidiyraguabsoniakesithah wendegsation.

forty degrees Fahrenheit; the temperature of the exterior environment is

substantially equal to or greater than eighty degrees Fahrenheit; and the
humidity in the exterior environment is sub ntlallg

52. thhbe S‘i%ﬂﬁeﬁ’é?%ﬁf’aéﬁé HBréin Yﬁ’gr&?té?@ff faice oﬁ%lﬂé éctJr%ro |rsg Al sclected

from Substaptialiitee of eenddnisstion, SRiTihenmefrigdietiagiadpor of claim 17,
wherein said frame is formed from a material selected

53, A method of manufacturing a refrigeration door component having an outer surface, said

method comprising the steps of:
providing a first sheet of glass;
providing # second sheet of glass;

providing a first low emissivity coating adjacent a surface of said first sheet of glass or

said second sheet of glass;

disposing a first sealant assembly around the periphery of said first sheet of glass and said
second sheet of glass to maintain said first sheet and said second sheet in spaced-apart

relationship from each other;
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from the group consisting of extruded plastic, aluminum, and fiber glass.
53. A method of manufacturing a refrigeration door component having an
outer surface, said method comprising the steps of: providing a first sheet
of glass; providing a second sheet of glass; providing a first low emissivity

C?'a;[fl; haCF‘{ (}'a Surfatc%rogt%%la 33} st SESﬁ%ggegiﬁﬁi%t%ﬂ@o%(ggﬁrﬁeets of

ass osmg a first searant assembly around the periphery of
glass; said first sheet of glass and said second sheet of glass to maintain said

first sheakand spiksesend sheehisraged: anadaefationshin keemench
other; 38 providing an anti-fog_or anti-frost coating on a surface of t%za} ore
formingrfs BPYRPERASE B HRiES %&id’?\i@t%‘i’?é‘é?‘diﬂb}iﬁé‘gs‘é’ 3o

sq ft- Fg@a&@admﬁﬁamgaammmﬁamm@mm nistiating glass afiitte
having a U value subs nti 0 or BTV sadEF
r‘if”gesﬁtbsi%ﬁ?r ﬁomiﬁ%r\ieenﬁti)ﬁtgt}% LF% ?ﬁqgt{i%anl% c%)en'% er%}sa %rbi% ont lﬁegouter
compmgrface of the refrigeration door component without the application of
electricity for heating the door component. 54. The method of claim 53,
wherein said first sheet of glass, said second sheet of glass, and said first
ant as ne a first ch - and f rther.c mpris t‘Q%é €Rs. and
54 T HUTORG AU o SR SR e T e ey s an
said fiurﬂeemmambgdafmstaeﬁs@hapmidnmgfmhwwsmeeﬁ@ggliﬁﬁezdﬁde%wgng a

as m g%%% fe‘%@pt assembly disposed around the periphery of said second
g eet of glass and said third of glass for maintaining said second sheet

and said third sheet in spaced- apart relationship from each other; and
wherein said insulating glass unit further includes said third sheet of glass
55. artisaighséodndisedlatfitdssembilyist® Bhetenetdod of claim 53, wherein

said first sealant assembly has a heat transfer rate substantially equal to
omfesilihgp thirBsheel Ri-§lass:;

disposing a second sealant assembly disposed around the periphery of said second sheet
of glass and said third of glass for maintaining said second sheet and said third sheet in spaced-

apart relationship from each other; and

wherein said insulating glass unit further includes said third sheet of glass and said

second sealant assembly.

56. The method of claim 53, wherein said first sealant assembly has a heat transfer rate

substantially equal to or less than 1.73 Btu/hr-fi-F.

57. The method of claim 53, wherein:

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

eighth of an inch; and
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57. The method of claim 53, wherein: said first and said second sheets of
glass having a thickness substantially equal to one eighth of an inch; and
39 said first and said second sheets of glass being spaced apart a
distance substantially equal to one half inch. 58. The method of claim 53,
furilg %Esion RN cgﬁ%&%%oﬁgﬂpﬁé{%'E@i&éé%ﬁdxl{'étd@@lﬂ@@ﬁb@@ﬂ?ﬁﬂ?@qual
The mathod ot claim 4, wherein said gas is selected from the group

to one palfisisting of argon, krypton, and air. 60. The method of claim 53, wherein

said insulating glass unit has a U value substantially equal to or less than
0.16 BTU/hr-sq ft-F. 61. The method of claim 53, wherein said insulating

ss unit has an emjssivity substantially, soual 19:851658Hh2918:0%n$% a door
8T er(ﬁ‘étl?% gﬁgfgfm 5 r\t/v %?%?E sg%%:nésa?lating gfasfs unit h@a% an
frame.emissivity substantially equal to or less than 0.0025. 63. The method of

claim 53, wherein said low emissivity coating is selected from the group
consisting of a titania based silver and fluorine doped tin oxide. 64. The

method of claim 53, wherein saidlow emissivily:coatnd I8 aPpigGwith@ argon,
29, pﬁl‘?éggtgg I%aflcnéadr?rg\%,h\?’égr%"l}lo%aﬁ)dc%ﬁslfs%?negc gf%putter coa{i?lr:lpg, pyrolyt%i]c
krypteatidgiand spray coating. 65. The method of claim 53, 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. 40 66. The metho ' a?%ﬂ‘%%@igh%g‘?ﬁﬁﬁ
60. og@%%ﬁ@fﬁ@ﬁ%&%%ﬁt%%%@%E)a[)l/ ana %Ei%? é{ea%go%? sr,%alant assembly ¢
equaleomissaha WasB Edge-se@tF67. The refrigeration door of claim 17,

wherein said first sealant assembly is a composite extrusion comprising a

combination of polyisobutylene sealant, hot melt butyl sealant, desiccant .
61. mabbaetisider sk %W@%ﬁé@gé‘i‘ﬂéﬁ“&& glass unif has an emissivity substantially

equal to or less than 0.01.

62.  The method of claim 53, wherein said insulating glass unit has an emissi_vity substantially
equatl to or less than 0.0025.

€3, The method of claim 53, wherein said low emissivity coating is selected from the group

consisting of a titania based silver and fluorine doped tin oxide.

64  The method of claim 53, wherein said low emissivity coating is applied with a process

selected from the group consisting of sputter coating, pyrolytic coating and spray coating.

65.  The method of claim 53, 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.
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66.  The method of claim 33, wherein at least one of said first sealant assembly and said

second sealant assembly comprises a warm edge seal.

67. The refrigeration door of claim 17, 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.
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