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471,987. Divided and this application March 
15, 1947, Serial No. 735,014 . 

l 
The present invention relates broadly to mul 

tiple glazing and more particularly to glazing 
units in which two or more sheets or plates of 
glass are secured together in spaced relation to ' 
provide a unitary structure. 
This isa division of my copending application 

Serial No. 471,987, ?led January 11, 1943, now 
Patent No. 2,419,400, issued April 22, 1947. 
The multiple glazing unit herein provided is 

of the type known as “Thermopane” in which 
two sheets of glass are maintained in spaced, sub 
stantially parallel relation by metallic separator 
means secured to the glass sheets through the 
intermediary of metallic coatings on the glass to 
provide a sealed airspace therebetween. When 
Thermopane, or any other type of sealed air space 
construction, is subjected to wide changes of at 
mospheric pressure or temperature, high pressure 
differences can exist between the exterior and in 
terior of the unit. These pressure differences 
exert a strain on the separator means and, if 
great enough, breakage of the glass sheets can 
result unless the glass is unusually heavy, or 
rapid or slow progressive break down of the edge 
construction can take place. When reasonable 
pressure differences exist, Thermopane has been 
found to give excellent service in use. There 
fore, it is to provide for the unusual conditions 
met with that this invention is concerned. 
In order to prevent excessive differences in 

pressure between the inside and outside of a mul 
tiple glazed unit, the separator means has some 
times been provided with vents through which 
the interior of the unit is in communication with 
the atmosphere. By venting the air space to nor 
mal atmospheric pressures and conditions, no 
pressure differences can exist between the inside 
and outside of the unit. Thus, Thermopane so 
constructed may be used for any condition of 
pressure change or abnormal temperature change 
without the use of undue glass thicknesses. 
However, the'practical dif?culty with vented 

or semi-sealed air space constructions comes from ' 
water vapor entering the interior of the unit from 
the atmosphere. Attempts to reduce the water 
vapor content in the air space have usually been 
done by inserting small cartridges containing a 
desiccant in the air space or connecting an ex 
ternally located cartridge by tubes, etc., with 
the air space. In such cases, the amount of the 
desiccant used is small, the life of the unit rela 
tively short, and replacement must be made more 
or less often, depending on conditions and use. 
Furthermore, the replacement of a cartridge is not 
ordinarily done until condensation has taken 
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. place on the glass surfaces. When this happens, 
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e?'lorescence or staining of the glass surfaces has 
already occurred and the unit must be’ taken 
apart for cleaning or the unit discarded‘because 

Iv of glass stain. ' 

According to this invention, the multiple glaz 
ing unit is designed to provide a sufficient amount 
of desiccant or dehydrating material for long life 
and to eliminate the use of ?xed, inside-sealed 
or tube-connected cartridges, Preferably, the 
desiccant used consists of a relatively large num 
ber of granules, such as silica gel, activated 
alumina, calcium chloride and the like, arranged 
within the edge construction of the unit and ex 
posed to the airvwithin the space between the 
glass sheets so that vapor pressure will cause any 
moisture or vapor in the air between the sheets to 
seek the desiccant and be absorbed. If desired, 
the separator means may also be vented to the 
atmosphere so that the air entering or leaving 
the space between the glass sheets will have to 
pass through the desiccant. ' 
Among the various uses to which the units of 

this invention may be placed are for glazing air 
planes, railroad cars, low or high temperature 
cabinets for special usesv and conditions, and 
large store fronts to maintain the glass sheets in 
an unbowed condition. ' ‘ 

Other objects and advantages of the invention 
will become more apparent during the course of 
the following description, when taken in con 
nection with, the accompanying drawings. 
In the drawings, wherein like numerals are em 

ployed to designate like parts throughout the 
same: . 

Fig. 1 is a perspective view of one form of mul 
tiple glass sheet glazing unit constructed in ac 
cordance with the invention; 

Fig. 2 is a vertical transverse section there 
through; _ - 

Fig. 3 is a fragmentary plan view of one form 
of apparatus which'may beused for heating the 
marginal edge portions of the glass sheets and for 
applying the metallic coatings thereto; ' ' 

Fig. 4 is a face view of one of the glass sheets 
with the metallic coating applied entirely around 
the margins thereof; I > > 

Fig. 5 is a fragmentary perspective view illus 
trated the depositing of a coating of solder upon 
the metallized- border on the'glass sheet; 

Fig. 6 is a fragmentary perspective detail View 
showing-a metal separator strip precoated with 
solder; I ' ' ~ - ‘ 

Fig. 7 is a fragmentary perspective 'view show-r 
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ing the bonding or sweating of the metal separa 
tor strips to one of the glass sheets; 

Fig. 8 is a fragmentary transverse section 
through the glazing unit after the metal sepa 
rator strips have been secured in position be 
tween the two sheets of glass and the space be 
tween the separator strips ?lled with a desiccant; 

Figs. 9, 10, 11 and 12 are views illustrating 
four different steps in the method of fabricating 
a modi?ed type of unit; 

Fig. 13 is a transverse section through the 
?nished modi?ed type of unit; 

Figs. 14 and 15 are plan views showing two 
other modi?ed types of units; and 

Figs. 16, 1'7 and 18 are transverse sections 
showing modi?ed types of metal separators; 

10 

Referring particularly to Figs. 1 and 2, there r 
is disclosed a multiple glass sheet glazing unit 
comprising two sheets or plates of glass 21.1v and 
2| arranged in spaced, substantially parallel re 
lation to provide an air space 22 therebetween. 
This air space is formed by the provision of 
two spaced metal separator strips 23 and‘ 24* ar 
ranged at each edge of the unit and joined. to 
the glass sheets 20 and 2| through the inter 
mediary of metallic coatings 25 and 26 ‘adherent 
to the said sheets. 
The space or chamber between the separator 

strips 23 and 24 is ?lled with a suitable desiccant 
or dehydrating material 21, preferably consisting 
of a relatively large number of granules of silica 
gel, activated alumina, calcium chloride and the 
like. It will be noted that the outer separator 
strip 23 is secured to both of the glass sheets 
20 and 2|, while the inner separator strip 24 is 
secured only to the glass sheet 20, its opposite 
edge being spaced slightly from the metalliccoat 
ing 26 on glass sheet 2| to'provide a relatively 
narrow crack or gap a existing all around the 
unit which permits the air in the air space 22 
to freely contact the dehydrating material 21. 
Thus, vapor pressure would, quickly cause any 
vapor which found its way into the air space to 
travel to the desiccant and be absorbed. One 
or more openings 28 are also preferably, though 
not necessarily, provided in the outer separator 
strip 23 through which air passes into and from 
the air space 22 as temperature or» pressure con 
ditions require. 
In practice, assuming that the air within the 

space between the glass sheets is under suf 
ficient pressure to cause it to pass outwardly 
through the opening 28 it must ?rst pass through 
the dehydrating material 21 before it reaches 
the atmosphere at the opening. on the other 
hand, if the pressures are such that air tends 
to flow into the space between the glass sheets, 
atmospheric air will enter at the opening 28, pass 
through the dehydrating material 21, and then 
into the air space through the gap a. In this 
way, the moisture will be removed from the air 
so that when the air enters the space between 
the glass sheets it wil be thoroughly dry. It 
will thus be seen that as pressures vary'the moist 
air will leave the space between the glass sheets 
and be replaced by dry air. By maintaining 
the air dry, fogging, frosting and sweating of 
the inner surfaces of the glass sheets will be 
prevented. 
As will be readily appreciated, two or more 

sheets of glass can be fabricated into a glazing 
unit of this character, giving one or more spaces 
between adjacent glass sheets as occasion may 
require. Therefore, while the invention has been 
illustrated in the drawings and will be herein 
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4 
described as applied to a two-sheet unit, it will 
be understood that the invention is in no way 
con?ned to any particular number of glass sheets 
used or spaces between the sheets. 
In the manufacture of this type of glazing 

unit, it has been customary to form the metallic 
coatings 25 and 26 on the glass sheets 20 and 24 
of pure copper or a suitable copper alloy prefer 
ably sprayed in a molten condition upon the glass 
which has been previously heated to a desired 
temperature. However, the invention is not 
limited to‘ the use of any particular mettal or 
metal alloy. It is also preferred that the sepa 
rator strips 23 and 24 be made of lead and that 
the lead stripsrand metallic coatings on the glass 
be joined together by layers of solder 29 and 3a 
or other inorganic bonding material. In solder 
ing the parts together, there is provided, in effect, 
a’ sweat‘ job and the materials are so controlled 
both as to composition and form that reinforcing 
or strengthening ?llets or accumulations of 
solder. 3|andl32 are formed on both sides of each 
separator strip in joining it to the respective glass 
sheet. 
In Fig. 3 is illustrated one type of apparatus 

and method“ which may be used in heating the 
glass sheets. and in applying the metallic coatings 
25 and ZS-thereto. As shown, glass sheets 20 to 
be metallized rest horizontally upon and are 
carried forwardly by a suitable conveyor 33 be 
neath a‘ metallizing gun 34. This gun may be of 
any construction capable of producing a spray of 
metal 35 which can be directed upon the pre 
selected portions of ' the glass sheets moving 
thereunder. However, it is preferred that a 
spray gun he used- in which a metal wire 36 is 
fed into the gun, melted, and sprayed in ?ne 
particles upon the glass. The deposit of metal 
upon the glass is not only controlled by the rela 
tive position-of the gun with respect to the glass, 
speed of wire through the gun, and speed of 
movement of the glass, but also by a guard mem 
ber 31 which may be used for this purpose. 
Before the metal is sprayed upon the glass, the 

marginal portions of the glass sheets are ?rst 
heatedv to the desired temperature. The exact 
temperature usedv will vary somewhat with the 
size and thickness of glass,.but in all cases where 
heating is resorted to, care should be exercised to 
avoid Warpage of the glass. For ordinary plate 
and window glass, it has been found that a tem 
perature of between 500 and 600‘ degrees F. is 
satisfactory although this temperature may be 
varied to suit the particular metallizing opera 
tion. In. fact, in» some cases it may not be de 
sired'to heat the glass at all. 

Asv the glass sheet 20 is carried along by the 
conveyor 33 and before it reaches the metal spray 
gun Blithe forward marginal edge portion of the 
sheet, whichprojects beyond the conveyor, passes 
through an electrical heating device 38. The 
number of‘heaters and length of heating zone are 
dependent upon the speed of the machine and 
exact operating temperatures desired. After the 
glass sheet passes beyond the heating device 38 
and just before the metal is sprayed thereon, the 
marginal edge portion thereof may be subjected 
to the action‘ of one or more burners 39 which 
heat the surface of the glass to the desired maxi 
mum temperature for the reception of the metal 
spray. 
The heating means is so controlled that when 

the glass reaches a position under the metal spray 
gun, it is‘ within the predetermined temperature 
range desired. The conveyor 33 is preferably 



’ may be subjected to a ?ne hydrogen ?ame. 

5 
'moved continuously > forwardly and successive 
she'etsof glass 20 are presented progressively to 
the spray of metal 35 issuing from the gun 34. 
Although it is preferred that the marginal edge 

portion only of the glass sheet be heated, the en 
tire sheet may be heated if desired, and in some 
cases this maybe found more satisfactory. The 
invention is also-not limited to the use of any 
particular air pressure for atomization of the 
metal and, likewise, a wide range of flame and 
spray metal temperatures can be used. Various 
gases and combinations of gases can also be used 
in the spraying operation, such as, for example, 
acetylene, propane, and hydrogen, in combina 
tion with oxygen. - 

' After one edge or marginal portion of the glass 
sheet has been coated’ with metal, the remaining 
edges or marginal portions thereof are similarly 
treated before fabricating the glass into a double 
glazing unit. A glass sheet 20 having the four 
marginal portions thereof provided with the 
metallic coating 25 is shown in Fig. 4. ' 

After the metallic coating 25 has been applied 
around the margins of the glass sheet, it is then 
further prepared by applying thereto a layer of 
solder 3| (Fig. 5), which consists preferably'of 
a low melting point solder. To insure a ?rm 
bond, a suitable soldering ?ux, of which there 
are a large number, is preferably used to get a 
permanent satisfactory union between the solder 
layer 3| and metallic coating 25 on the glass. 
This ?ux can be applied to the metallic coating 
by means of a brush or in any other desired man 
ner. However, after the metallic coating 25 ‘has 
been applied to the glass, there is a tendency 
toward oxidation thereof. Therefore, to facili 
tate tinning of the metal coated glass, this oxi 
dation should be removed before the ?ux is ap 
plied and for this purpose the metallic coating 

The 
?ux treated metallic coating may then be coated 
with the layer of solder 3| in the manner shown 
in Fig. 5, wherein a soldering iron 40 is being 
run over the metallic coating 25 to leave the 
solder layer thereon. 

After the two sheets of glass 20 and 2| (Fig. 2) 
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have been provided with the metallic coatings 25 “ 
and 26 and layers of solder 29 and 30, they are 
adapted to be secured together in spaced, sub 
stantially parallel relation by means of the inter 
posed metal separator strips 23 and 24. The 
separator strips 23 and 24 are preferably formed 
of lead or a lead alloy and to enable joining of the 
separator strips to the metal coated glass sheets 
there is applied to both sides of the outer strip > 
23 along the marginal edges thereof, a deposit 
of solder 4| (Fig. 6). A similar solder deposit 
is secured to only one edge of the inner separator 
strip 24. 
The solderdeposits 4| applied to the edges of 

the separator strips consists preferably of a low 
melting point solder having a wide plastic range 
with a minimum plastic temperature. The use 
of a low melting point solder is also. of bene?t 
during the time of sweating the soldered metallic 
coatings on the glass to the soldered lead sepa 
rator strips wherebya low temperature iron may 
be used without melting down the lead strips. 
To join the prepared separator strips 23 and 

24 to one of the glass sheets, they are associated 
therewith substantially as shown in Fig. '7. An 
electric iron 42 or other heating means may be 
employed to' elevate the temperature of the'solder 
deposits 4| and thesolder coating 29 to. induce 
?owing of the solderto produce a ?llet 3| on one 
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6 
side or; each separator strip and a second ?llet 
32 on the opposite side of said strip. In this 
way, the solder surrounds the edges of the sepa 
rator strips giving what may be called a sweat 
joint andproducing ?llets on both sides of the 
sep'arator'strips to give a balanced type of joint 
capable of standing strain and stresses in both 
directions laterally of said separator strips. A 
suitable type flux may also be used to aid in the 
sweating of the separator strips to the metallic 
coatings on the glass sheets. 

» For purposes of illustration, the ?llets 3| and 32 
arel shown as separate from the solder coating 
'29‘ on the metallized border 25 (Fig. '7). While 
these solder deposits are of course independent of 
one another initially, part of the solder being ap 
plied originally to the separator strips and the 
other solder being applied to the metallized coat 
ing on the glass, during the joining together the 
solder blends or amalgamates into a single mass 
or volume of solder permanently adherent to the 
separator strips and metallized coatings on the 
glass - and shaped as ?llets for mechanical 
strength. 
“In joining the separator strips to the ?rst sheet 

of glass, it’ is obviously possible to apply the sol 
dering iron to both sides of the separator strips 
for soldering purposes. but this, of course, is im 
possible when the second sheet of glass is being 
joined to the outer separator strip. However, by 
preparing the outer separator strip with substan 
tial deposits of solder on both sides thereof, the 
heat applied on one side of the strip is su?icient 
to cause proper ?owing of the solder on both 
sides. That is, as shown in Fig. 7, proper con 
trol of temperature application with the iron d2 
will result in the formation of not only the ?llet 
3| upon that side of the separator strip in con 
tact with the iron but will also result in forma 
tion of the ?llet 32 on the opposite side of the 
separator strip. 
After the separator strips have been joined to 

the ?rst sheet of glass 20, the space between the 
said strips is ?lled with the d-eyhdrating mate 

- rial 27 and the assembly so formed is then se 
cured to the second sheet of glass 2| as illustrated 
in Fig. 8, the soldering job being completed by 
operating the iron or other heating element on 
the exterior coating of solder 4| carried by the 
outer-separator strip. This, as has already been 
explained, will result in sweating together or j cin 
ing of the separator strip and prepared metal 
coatings on the glass as well as formation of the 
?llets 3| and 32.‘ 

~ As pointed out above, the outer separator strip 
23 is secured to both glass sheets, while the inner 
separator strip 263 is secured to one of the glass 
sheets only leaving the small gap or crack a along 
its opposite edge through which air may pass into 
and from the space between the glass sheets, and 
in > so doing contact the dehydrating material 
which absorbs the moisture therefrom. The out 
er separator strip 23 can then be punct ired as at 
28 to equalize air pressures at all times. Any air 
entering the unit would come into contact with 
the dehydrating material or desiccant can be 
dried. Should the desiccant adjoining the open 
ing become fully charged with moisture, the en 
tering moisture would temporarily pass into the 
unit but would continue totravel toward the bal 
ance of the desiccant in the unit and so main 
tain a dehydrated air space. The desiccant sur— 
rounds the unitat' all edges, providing the maxi 
mum of exposure of the desiccant to the air in 
the space between the glass sheets. Further 
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more,'instead-of being localized, all places where 
possible leakage of air-can take place have a bar 
rier of the desiccant interposed between the leak 
and the airspace between the glass sheets. Thus, 
it will be seen that there is provided an excessive 
amount of desiccant for long life of the unit and 
that the use of ?xed, inside-sealed or tube-con 
nected cartridges is eliminated. 
In Figs. 9 to 13 is illustrated a modi?ed type of 

glazing unit and method of fabricating the same. 
In the construction of this unit, the inner and 
outer metal separator strips Hand 24 are secured 
to the ?rst sheet of glass 20 in the manner above 
described and, in addition, the inner separator 
strip 2% is also‘secured to both glass sheets. Fur 
ther, both separator strips are vented, with the 
vents being preferably located at opposite ends of 
the unit so that the air passing from or into the 
space between the sheets will be caused to follow 
a relatively long- path. 
More particularly, in preparing the inner sep~ 

arator strip 24, a "deposit 43 of a very low melting 
point solder is applied to one edge thereof as in 
Fig. 9. The solder for this purpose can have a 
melting point as low as 160° F. After the entire 
unit has been assembled as previously described, 
nitrogen or some inert gas is passed into the space 
between the sheets to replace the air and this can 
be accomplished by inserting through both the 
inner and outer separator strips a hypodermic 
needle or the like 44 (Fig. 10). The unit indi 
dicated at A is then placed in an oven 45 as shown 
in Fig. 11, which may be heated by the electrical 
heating elements 46 or in any other desired man 
ner, and the unit raised to a temperature suffi 
ciently high to cause the low melting point sol 
der @3 on the inner separator strip to liquify and 
to fuse with the solder on the glass surface. The 
purpose of the nitrogen is to prevent oxidation of 
the solder before this fusing has taken place. Be 
cause the solder on the balance of the unit will 
have a higher melting point, there should be no 
?owing of this solder. Some of the inert gas such 
as nitrogen or CO2 would escape but with the 
constantly rising temperature in the oven there 
would be no inward flow of air until after the fu 
sion of the soft solder had taken place. Several 
other methods of assembly might be used to bring 
about the soldering of the inner separator strip 
to the second sheet of glass, such as by heated 
plates brought into contact with the glass sur 
faces with or without pressure, radiant heat ap 
plied to the glass edges, etc. 
In order to prevent internal pressures, the 

outer separator strip 23 would normally be punc 
tured at one end of the unit and the inner sep 
arator strip 24 at the other end. To this end, 
when the hypodermic needle 44 is removed, the 
opening in the outer separator strip can be sol 
dered closed as indicated at 47 in Fig. 12 by use 
of an iron 43. The opening 49 in the inner sep 
arator strip is left open and an opening 58 
formed in the outer separator strip at the op 
posite end of the unit. With this construction, 
it will be evident that the air entering or leav 
ing the unit will have to travel through the 
desiccant over a relatively greater distance. 

If desired, the inner metal separator strip 24 
need not extend around all four edges of the 
unit but may be limited to one, two or three sides 
thereof, as indicated in Fig. 14. In this type of 
unit, the outer separator strip is provided with 
a vent opening 51 at one end of the unit and the 
inner separator strip with vent openings 58 ad 
jacent the opposite end of the unit. 
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In order to still“ further increase the travel of 

the vair entering or leaving the unit, the space 
between the two separator strips might be closed 
off by a suitable transverse partition 5] as shown 
in Fig. 15, with the outer separator strip being 
provided with an opening 52 at one side of the 
partition and the inner separator strip with an 
opening 53 at the opposite side of the partition, 
thus causing any air entering or leaving. the air 
space to travel through the desiccant completely 
around the perimeter of the unit. 
In Figs. 16, 17 and 18 are shown three modi?ed 

types of metal separators which could be used 
and soldered to the metallic coatings on the 
glass sheets. Thus, a separator 54 of U-shaped 
channel formation may be employed as in Fig. 
16; a separator 55 of hollow, substantially rec 
tangular formation in cross section as in Fig. 17; 
or a separator 55 of tubular formation in cross 
section as in Fig. 18. In each of these construc 
tions, the separator is ?lled with the dehydrating 
material 2‘! and the said separator may be vented 
by an opening to the space between the glass 
sheets only or to both the air space and the 
atmosphere as explained above. 

It is to be understood that the forms of the 
invention herewith shown and described are to 
be taken as illustrative embodiments only of the 
same, and that various changes in the shape, size 
and arrangement of parts may be resorted to 
without departing from the spirit of the inven 
tion or the scope of the subjoined claims. 

I claim: 
1. A multiple panel glazing unit, comprising 

a pair of transparent panels arranged in spaced 
face to face relation, metallic coatings on the 
inner adjacent faces of said panels around the 
margins thereof», separator means for maintain 
ing said panels in proper spaced relation and 
forming a closed air space therebetween, said 
separator means comprising 'an'inner wall and 
an imperforate outer wall and a connecting wall 
therebetween, dehydrating material arranged be 
tween the walls of said separator, bonding ma 
terial securing said connecting wall to the metal 
lic coating on one of the glass sheets, bonding 
material securing the separator to the metallic 
coating on the other glass sheet and an opening 
in the inner wall of‘ said separator exposing the 
dehydrating material to the air within the space 
between the glass sheets. 

2. A multiple glazed unit, comprising a pair 
of glass plates arranged in spaced substantially 
parallel relation to provide an insulating air 
space therebetween, metallic coatings applied to 
the inner adjacent faces of the glass sheets 
around the marginal portions thereof, a metal 
separator of substantially U-shaped channel for 
mation in cross section positioned between the 
glass plates and secured to the metallic coatings 
thereon and hermetically sealing the space be 
tween the glass sheets from the atmosphere, a 
dehydrating material arranged within said chan 
nel member, and an opening in the inner wall of 
said metal separator exposing the dehydrating 
material only to the air within the space be 
tween the glass plates. 

3. A multiple glazed unit, comprising a pair 
of glass plates arranged in spaced substantially 
parallel relation to provide an insulating air 
space therebetween,>metallic coatings applied to 
the inner adjacent faces of the glass sheets 
around the marginal portions thereof, a metal 
separator of hollow substantially rectangular 
formation in cross section positioned between the 
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glass plates ‘secured to the metallic coatings _ i I 
thereonsphdhermetically sealing the space be-_ I I CITED 
tween the-glass sheets from the atmosphere, a -‘ ‘ The knowing referqnces are of record in the 
dehydratingmaterial arranged within said chan- me 0: thls Patent? _ i 

neildmemtbinjand at? openingi in ttllile igngr gvaltli qt“; 5 1; UNITED STATES PATENTS 
sa. me afsi‘epara 01' expos ng e e y ra rig , , materlalfwiqglyv to the air within the space be- rguggzgq smiff'me Delgafelg‘m 

tween the “1?” plates‘ 2,419,400 Haven ___________ __ Apr. 22,‘ 1947 
CHARLES D. HAVEN. 


