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Description

This invention relates to insulating multiple layer
sealed units for the building envelope incorporating
insulating spacers therefor and where the multiple
layers are typically made from transparent glazing
materials.

Insulating glass units generally consist of two or
more parallel sheets of glass which are spaced apart
from each other and which have the space between
the panes sealed along the peripheries of the panes
to enclose an air space between them. Spacer bars
are placed along the periphery of the space between
the two panes. These spacer bars aretypically long
hollow perforated metal sections, usually made from
an aluminum alloy and fabricated either in the form of
an extrusion or by rolling from flat strip material. The
hollow interior of the spacer contains a desiccant ma-
terial which is used to absorb any residual moisture
that may be in the enclosed air and to soak up any
additional moisture that may enter into the sealed unit
over a period of time. The spacers are assembled into
a generally rectangular-shaped frame typically using
corner keys.

Units are constructed using either a single or dual
seal. For single seal units, the structural, air and
moisture vapour seal is combined in one seal. Sealant
materials typically used with single seal design
include either thermoplastic sealants such as butyl or
thermosetting sealants such as polysulphide and
polyurethane. In general, the thermosetting sealants
are more permeable to moisture vapour than the ther-
moplastic sealants.

For dual seal units, there is an inner seal, as well
as the main outer seal with the inner seal generally
functioning as an additional moisture vapour seal.
Typically, for dual seal units, the inner seal is a ther-
moplastic material such as polyisobutylene and a
bead of the polyisobutylene is attached to the sides of
the spacer adjacent to the glass sheets. The spacer
frame is then placed between the panes and heat
and/or pressure is applied to ensure that the
polyisobutylene is compressed and fully wets out to
the surface of the glass. For the second outer seal,
typically a thermosetting sealant such as silicone or
polysulphide is used and is applied in the outward fac-
ing perimeter channel between the two glass sheets.

For sealed units conventionally manufactured
using corner keys, about 50 per cent of the moisture
vapour entering the sealed unit is through the corner
connections. Similarly, for sealed units filled with low-
conductive gas about 50 per cent of the gas loss from
the sealed units is through the corner connections. To
improve the durability of sealed units, the corner con-
nections can be eliminated and the metal spacer bar
can be bent or stretch-formed around the corners. To
complete the bent-corner spacer frame, the two ends
of the metal spacer can be welded or brazed together.
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With the introduction of automated equipment, bent-
corner spacer frames can be very efficiently fabri-
cated.

One problem with conventional sealed glazing
units is that because the aluminum spacer is highly
conductive there is a thermal bridge between the
glazing layers and this can cause perimeter misting or
ice build-up under extreme weather conditions. The
metal spacer also causes glass stress, especially with
low-e coated glass. On cold, sunny days the centre of
the interior glass heats up and expands but the ma-
terial is constrained by the cold perimeter glass, creat-
ing stress in the glass. Under extreme conditions this
stress can be sufficient to cause glass breakage.
These problems related to the use of a conductive
metal spacer are now becoming more significant with
the introduction of high thermal performance glazing.
Compared to conventional double glazing (R-2 centre
glazing), high thermal performance units range in
performance from R-4 to R-12 (centre glazing). This
increase in thermal performance is achieved through
various combinations of low-e coatings, low-conduc-
tive gas fill and additional glazing layers.

For high thermal performance glazing, one
option is for the low-e coating to be applied to a heat
shrinkable film which is incorporated within two outer
glazing layers. The method of manufacturing this type
of sealed glazing unit is described in U.S. Patent
4,335,166. A particular production problem is that in
order to avoid corner wrinkling of the film following the
heat shrinking process, steel spacers are used in pre-
ference to aluminum because of the higher stiffness
and rigidity of the steel spacer.

Particularly in buildings where there is a high risk
of vandalism, plastic sheets may be used instead of
glass in the manufacture of the sealed units. The
benefits of using plastic instead of glass are improved
security, reduced maintenance costs and increased
safety with no threat of glass breakage.

The main drawback of using plastic instead of
glass is early failure of the sealed unit which is caused
by two main factors. One cause is increased moisture
build-up and desiccant degradation resulting from the
comparatively high permeability of the plastic glazing
material. A second cause is premature seal failure
resulting from the increased expansion of the glazing
layers due to the higher coefficient of expansion of the
plastic glazing material. A further drawback is that
because of the build-up of moisture within the sealed
unit, high performance low-e coatings cannot be typi-
cally incorporated into sealed plastic glazing units
because these coatings will degrade rapidly. Simi-
larly, because of the permeability of the glazing ma-
terial, low-conductive gas fill cannot be incorporated
within the sealed glazing unit, because over time the
gas will diffuse out of the unit.

For high security glazing, laminated sheets of
glass and plastic are used. However, because of the
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higher coefficient of expansion of the plastic, the plas-
tic sheets are typically laminated between two glass
sheets in order to evenly constrain the plastic sheets
and help prevent delamination of the glazing layers.

Although most multiple glazed units incorporate
conventional metal hollow profile spacers, there are
other more specialized types and designs of sealed
units incorporating metal spacers. Two particular
specialized designs of sealed units are highlighted.

One specialized design of a sealed glazing unit

which is used for structural spacer glazing incorpo-
rates a metal channel-shaped spacer which is used in
combination with a deformable sealant tape, contain-
ing desiccant. The two legs of the spacer are sepa-
rately bonded to the glazing layers with structural
silicone sealant. The design of structural spacer glaz-
ing units is described in detail in U.S. Patent
4,552,790.
An interesting application of structural spacer glazing
is for flush glazed, openable windows. With this type
of window design, there is no need for a separate sash
frame and the opening window hardware, weather-
stripping and related components are directly fixed to
the sealed unit. Akey advantage of this type of design
for high thermal performance glazing is that without
the supporting frame, there is increased energy effi-
ciency. First, there are higher solar gains through the
increased glazing area. Second, there are lower heat
losses through the reduced perimeter frame area. A
particular problem of using a metal spacer for flush
glazed windows is that holes cannot be drilled in the
metal spacer as the metal spacer functions as a moist-
ure barrier and the integrity of the moisture vapour
barrier must be retained to order to maintain the integ-
rity of the edge seal.Consequently, it is comparatively
difficult to fix the different window components such
as hinges and opening hardware to the sealed unit.

A second specialized design of sealed unit is
manufactured with a continuous strip product which
combines spacer and sealant in a single product. The
metal spacer is a flat metal strip bent in a continuous
zigzag profile which is embedded within an elongated
ribbon of deformable sealant containing desiccant.
The product which is described in U.S. Patent
4,431,691 by Greenlee is marketed commercially
under the name of Swiggle Strip™ by Tremco Inc. of
Cleveland, Ohio.

As with conventional sealed units, the main prob-
lem of using metal spacers for these specialized
designs is that the highly conductive metal spacer
acts as a thermal bridge creating heat loss and con-
densation around the inner perimeter of the sealed
unit. Again as with conventional units, this problem of
perimeter edge heat loss is now becoming more sig-
nificant with the introduction of high thermal perform-
ance glazing units.

In order to address this problem of perimeter edge
heat loss, various efforts have been made over the
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past twenty years to use lower conductive plastic
materials instead of metals for manufacturing the
spacer bar. However, these efforts to substitute con-
ventional thermoplastic materials have not proved to
be successful as plastics are generally unsuitable as
materials for manufacturing spacer bars. The main
drawbacks of conventional plastic materials include:
high coefficient of thermal expansion, poor UV stabi-
lity, high moisture vapour and gas transmission, low
rigidity or stiffness, poor thermal stability with volatile
outgassing and stress relaxation etc.

In order to overcome these drawbacks with con-
ventional thermoplastic materials, more complex
designs for the spacer have been developed using
reinforced engineering grade plastic materials. One
approach documented in U.S. Patent 4,479,988 uses
a glass fibre filled polycarbonate extrusion. The
advantage is that the coefficient of expansion of the
glass fibre filled polycarbonate is somewhat reduced,
however, the coefficient of expansion is still higher
than glass.

Another approach documented in U.S. Patent
4,551,364 and in U.S. Patent 4,564,540 uses a fibreg-
lass pultrusion. Again, the advantage is that the coef-
ficient of expansion of pultruded fibreglass is reduced
and in this case is almost the same as the coefficient
of thermal expansion of glass.

These efforts to develop reinforced plastic spac-
ers have not at present proved to be commercially
successful. There appears to be five main factors that
account for the lack of commercial success of reinfor-
ced plastic spacer bars.

One factor is that the costs of manufacturing rein-
forced plastic spacers are comparatively high for both
the extruded and pultruded spacers. For the extruded
spacer, production and material costs are high
because each spacer is individually extruded using
engineering grade plastic resins filled with glass fib-
res and because of the glass fibre fill, the extrusion
dies have to be replaced at regular intervals. For the
pultruded spacer, the costs of setting up to manufac-
ture a specific profile are high. In addition, the walls
of the pultruded profile are relatively thick and contain
a high percentage of glass fibre content and as a
result, the material costs are comparatively high and
the dies again have to be replaced at regular inter-
vals.

A second factor is that even with the glass fibre
fill reinforcement, the reinforced plastic materials
remain comparatively permeable. Consequently,
there is the concern that over time moisture vapour
will permeate into the sealed unit through the walls
and corner connections of the plastic spacer frame
and in the long term, this transmission of moisture will
cause desiccant degradation and eventual failure of
the sealed unit. This problem is particularly significant
where silicone is used as the outer sealant in man-
ufacturing the sealed unit. Similarly for gas-filled
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units, there is also a concern that the low-conductive
gas will permeate through the plastic spacer and over
time this will result in reduced thermal performance.

Athird factor is that reinforced plastic spacers can
cause increased sealant stress and this increased
stress can result in premature failure of the sealed
unit. For the extruded reinforced spacer, the
increased sealant stress is due to the fact that the
coefficient of expansion of the fibre filled polycarbo-
nate is higher than the coefficient of expansion of the
glass. For the pultruded spacer some sealed unit
manufacturers consider that there is increased seal-
ant stress due to the extreme rigidity and stiffness of
the thick wall spacer profile.

A fourth factor is that reinforced plastic spacers
can create production problems. For the extruded
spacer, the thin cross-section with glass fibre fill
means that the spacer cannot be easily thermally wel-
ded together if desired. For the pultruded spacer, the
high percentage of glass fibre fill means that very high
dust levels are created when the spacer is cut with a
saw. The fine dust is difficult to clean off the spacers
for clean assembly of sealed units.

A fifth factor is that for the extruded polycarbo-
nate spacer, the problem of volatile outgassing at high
temperatures has not been resolved and sealed units
fabricated using the polycarbonate spacer at present
have difficulty passing certain durability testing
requirements for sealed units.

By fabricating a multiple glazed sealed unit with
an insulating spacer made from oriented thermoplas-
tic polymer material it has been found that the prob-
lems with the prior art have been overcome. In
particular, it has been found that some of the apparent
drawbacks of using an oriented thermoplastic ma-
terial for manufacturing insulating spacers can be
used to advantage in the design of the product.

Accordingly, the present invention provides a
multiple layer sealed unit comprising at least two glaz-
ing layers arranged in a parallel spaced relation and
with an insulating spacer made from highly-oriented
thermoplastic polymeric material interposed and
adjacent to the periphery of the glazing layers. The
required physical properties of the insulating spacer
are substantially governed by controlling the degree
and directions of the oriented molecular structure of
the thermoplastic material or materials from which it
is formed. Typically, the orientation of the polymer ma-
terial of the insulating spacer is largely in the longitu-
dinal axis of the spacer.

The present invention also provides an insulating
spacer for multiple layer sealed units which is formed
from a highly-oriented thermoplastic polymeric ma-
terial. Among other physical properties of the spacer,
the thermal conductivity, coefficient of thermal expan-
sion and dead bend properties of the spacer are gov-
erned by controlling the degree and directions of
orientation of the molecular structure of the material
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from which it is formed.

Various methods can be used to manufacture the
oriented thermoplastic material and generally these
methods involve some way of drawing or stretching
the isotropic material. This process of drawing or
stretching the thermoplastic material aligns or orien-
tates the molecular structure of the isotropic polymer
and results in a material with substantially modified
properties. These modified properties are anisot-
ropic. The properties of the material in the direction of
draw are very different from the properties of the ma-
terial perpendicular to the direction of draw. The ma-
terial properties also vary significantly depending on
the type of polymer and in particular whether the
polymer is crystalline or amorphous in molecular
structure. Generally, it is the more highly crystalline
polymers that are most affected by the process of
orientating the polymer structure. Further, in general,
the higher the draw ratio, the greater the degree of
modification of the physical properties of the oriented
thermoplastic polymer.

For insulating spacers, the modified and
improved properties of the oriented thermoplastic
material make it feasible to manufacture insulating
spacers from conventional thermoplastic materials
usually without the need for additional reinforcement.
The use of oriented thermoplastic material results in
four main improvements.

One improvement is higher strength and stiffness
in the direction of draw. The advantage of these
improved structural properties is that without the
need for glass fibre reinforcement, the profile wall
thickness of the oriented thermoplastic spacer can be
thin, lowering the cost and weight of the spacer and
also reducing conductive heat loss through the thin
wall profiles. The increased stiffness of the insulating
spacer profiles also speeds up the assembly process
for the sealed unit as the spacer frame can more
easily be laid down on the glass so that the sides of
the frame are parallel to the edges of glazing sheets.

A second improvement is enhanced resistance to
ultraviolet (UV) radiation degradation. The advantage
of improved weatherability is that for certain types of
thermoplastic materials, there is no need for a sepa-
rate UV barrier and the front face of the oriented plas-
tic spacer will not dust or flake even after prolonged
exposure to sunlight. Also, colour fading of the plastic
material will be reduced.

A third improvement is enhanced high tempera-
ture stability. One advantage of improved temperature
resistance is that the spacer is not deformed by the
application of hot sealant during the fabrication of the
sealed unit. Arelated issue is that the improved ther-
mal stability of the oriented thermoplastic material
helps prevent outgassing at elevated temperatures
which causes fogging of the sealed unit due to volatile
plastic materials condensing on the inner cold sur-
faces of the glass. The improved thermal stability of
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the material also eliminates the problem of stress
relaxation.

A fourth improvement is enhanced barrier
properties. The advantage of a lower rate of moisture
vapour transmission is that without the need for a
separate barrier coating, certain types of oriented
plastic materials have the necessary barrier proper-
ties to ensure long term performance for the sealed
unit. Similarly, the enhanced barrier properties of the
oriented thermoplastic material help reduce the loss
of low-conductive gas from the sealed unit.

As well as these improved properties, the pro-
cess of producing the oriented spacer also results in
modified material properties that are not on their face,
apparently advantageous or compatible with the
requirements of an insulated spacer for sealed glaz-
ing units.

One such property is that the thermal conductivity
parallel to the direction of draw is increased. The con-
ductivity perpendicular to the direction of draw, how-
ever, is somewhat decreased. We have found that by
ensuring that the direction of orientation is located
largely in the longitudinal axis of the spacer, advan-
tage can be taken of the lower conductivity perpen-
dicular to the direction of draw with the result that heat
loss across the edge seal is reduced.

A second property which is a considered draw-
back, is negative thermal expansion along the draw
direction. For an insulated spacer, in order to avoid
sealant stress, the coefficient of thermal expansion of
the polymer material should substantially match the
coefficient of positive expansion of the glass within
the temperature range of -30°C to +60°C. Our
research has shown that this problem of negative
expansion can be overcome and the coefficient of
expansion in the longitudinal axis can be fine tuned to
match the coefficient of expansion of glass.

A third property which is a considered drawback
is that the polymeric oriented material in the direction
of draw exhibits dead bend properties. Like a metal,
the material can be dented on impact. For an insu-
lated spacer, however, advantage can be taken of this
"nuisance" property. One example is where the
spacer frame is fabricated by cold forming or bending
the spacer bar around the corners or partly cutting or
V notching the spacer and then bending the spacer
bar around the corners. The advantages of the bent-
corner spacer frame are, more efficient assembly of
the sealed unit particularly with automated production
methods and improved durability of the sealed unit
with reduced moisture vapour transmission and low-
conductive gas loss at the corners.

The process of manufacturing the oriented plastic
sheets or profiles does not alter other key properties
of the polymer material that makes thermoplastic
materials more suitable than metals as materials for
manufacturing spacer bars. These improved proper-
ties include: light weight, no corrosion, weldable, ease
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of handling etc.

The property of the oriented thermoplastic spacer
being weldable is particularly advantageous for three
reasons. First, in the fabrication of a bent-corner
spacer frame, it is easy to weld the final joint connect-
ing the two ends of the spacer bar. Second, with gas
filling the units, it is easy to seal up the holes after the
nozzles of the gas filling equipment are removed.
Third, in the fabrication of sealed units incorporating
glass and plastic laminated glazing sheets or plastic
glazing sheets or films, the thermoplastic spacer can
be bonded to the plastic glazing material.

According to a feature of the present invention,
the sealed unit can incorporate sealant wetted outand
adhering to the spacer and to at least one or both of
the glazing layers depending on the design configu-
ration of the spacer. The sealed unit can also incorpo-
rate additional inner glazing layers arranged in a
parallel and spaced relationship to the outer glazing
layers. The glazing layers can be glass sheets or ther-
moplastic sheets or heat shrinkable plastic films.
Where thermoplastic glazing sheets or films are used,
the films or sheets can be bonded directly to the orien-
ted thermoplastic spacer.

Where the outer glazing layers are plastic sheets
or laminated sheets of glass and plastic, the oriented
thermoplastic spacer can be bonded around the
periphery of the outer glazing sheets and no sealant
is necessary for the fabrication of the sealed unit.

For sealed plastic glazing units in particular, the
use of the oriented plastic spacer results in substan-
tial improvements in the performance of the sealed
unit especially where the outer glazing sheets are also
made from transparent oriented thermoplastic sheet
material.

First, the fabrication of the glazing unit is simpli-
fied because there is no need for outer sealant. Sec-
ond, the durability of the sealed plastic glazing unit is
improved because of the enhanced barrier properties
of the oriented thermoplastic polymer. Third, the heat
loss through the edge seal is reduced as compared to
solid sealant, the thin walls of the oriented thermop-
lastic spacer create a minimal thermal bridge. Fourth,
the energy efficiency of the sealed plastic glazing unit
can be substantially improved as it is feasible
because of the improved barrier properties of the
plastic glazing to incorporate low-e coatings and low-
conductive gas fill. Also, because of the strength of
the oriented plastic glazing, it is feasible to fabricate
thick air space sealed units incorporating multiple
layers of low-e coated, heat shrinkable plastic films.
Compared to conventional double glazing (R-2) the
thermal performance of these thick airspace, low-
conductive gas filled, multiple-layer sealed plastic
glazing units can be in excess of R-16. A particular
advantage of using these high thermal performance,
sealed plastic glazed units for openable, flush glazed
windows is that the various window components such
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as opening hardware, hinges and weatherstripping
can be easily bonded to the oriented thermoplastic
glazing and spacer.

For plastic sealed glazing units, the outer plastic
glazing sheets are typically manufactured from biaxi-
ally oriented thermoplatic material or biaxially orien-
ted thermoplastic material bonded to glass sheets. In
contrast to conventional laminated glazing of glass
and plastic, the biaxially oriented thermoplastic ma-
terial does not have to be sandwiched between glass
sheets as the coefficient of expansion of the oriented
thermoplastic material can be fine-tuned to match the
coefficient of expansion of glass. The advantage is
that the fabrication of the sealed unit is simplified as
the oriented thermoplastic spacer can be bonded
directly to the inward facing plastic layers of the lami-
nated glazing sheets.

In the fabrication of the spacer frame for the insu-
lated glazing unit, the oriented thermoplastic spacer
bars can be conventionally assembled into a gener-
ally rectangular-shaped frame using corner keys.
Alternatively, the spacer frame can be assembled by
cold forming or bending the spacer bar around the
corners or partly cutting or V notching the spacer bar
and then bending the spacer bar around the corners.
To complete the bent-corner spacer frame, the two
ends of the spacer bar can then be welded or sealed
together.

Conventional hollow profile oriented thermoplas-
tic spacers can be manufactured in various ways
including extruding the spacer as individual profiles
with the material being oriented as part of the produc-
tion process, or alternatively, roll-forming the spacer
from flat strips of already oriented thermoplastic sheet
material. The oriented thermoplastic material typically
only exhibits increased dead bend properties in the
direction of draw. For the roll-formed spacer, in addi-
tion to the need for orientation in the longitudinal axis
of the spacer, there is also a need for some degree of
orientation normal to the longitudinal axis of the
spacer to allow roll-forming as well as bending of the
spacer profile. This biaxial orientation can be
achieved in various way, including: biaxially orientat-
ing the sheet during production or laminating two or
more layers of oriented thermoplastic sheets together
so that the direction of draw of one sheet is normal to
the direction of draw of the other sheet.

The biaxially oriented sheets may be manufac-
tured using a crossroll stretching process where the
material is orientated in opposing diagonal directions
to the longitudinal axis of the sheet material. In this
instance and with this production method, the
required material properties in the longitudinal axis of
the spacer can be achieved where the main direction
of orientation may not be largely in a direction longitu-
dinal to the axis of the spacer.

Generally in the fabrication of the sealed unit, the
hollow profile spacer contains desiccant and the side
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of the spacer facing the airspace typically incorpo-
rates perforated holes or a slot so that the desiccant
material can absorb moisture from the air within the
sealed unit. Where the profiles are roll-formed, one
option is for the edges of the plastic sheet to be inter-
mittently thermally welded together creating a con-
tinuous but perforated seam on the side of the spacer
facing the airspace.

The spacer can be manufactured from different
types of thermoplastic polymer materials. One option
where no sealant is used or alternatively where avery
permeable outer sealant such as silicone is used, is
to fabricate the spacer from a thermoplastic material
which already has very good barrier properties and
further improve these properties through the process
of orientation. One preferred material is vinylidene
chloride (Saran™) and in addition to its very good bar-
rier properties, a further advantage of using Saran™
is that all common types of sealant material adhere
strongly to it.

Depending on the type of thermoplastic material
used for the spacer, the spacer may incorporate a
separate moisture vapour film or coating or a sepa-
rate UV barrier on the front face. Where the spacer is
roll-formed from flat strips cut from sheet material, the
required coatings or films are first laminated or
applied to one or two surfaces of the sheet material.
The hollow profile spacer is then manufactured in
such a way that after the hollow profile spacer is roll-
formed, the coatings or films are located on the
appropriate surface of the spacer.

Various profile designs of the oriented thermop-
lastic polymer spacer can be used for different
specialized sealed glazing applications. One example
is where the spacer is used for structural spacer glaz-
ing. A second example is where the spacer is a con-
tinuous zigzag bent flat strip which is embedded
within an elongated ribbon of deformable sealant con-
taining desiccant material.

At present, building panels used as part of the
building envelope are not fabricated as multiple layer
sealed units. However, because of the advances
made in developing high thermal performance sealed
glazing units, there are now advantages in using the
same edge seal technology developed for glazing
units for the fabrication of opaque insulating panels.
These advantages of using sealed opaque panels for
the building envelope include: the ease of future
upgrading of the thermal performance of the building
envelope and the ease of maintaining and repairing
the required air barrier incorporated within the build-
ing envelope. These panels can provide more insula-
tation per unit thickness than conventional insulation
materials used at present in the building envelope.
The outer opaque layers used to manufacture these
high thermal performance sealed panels can be
made from a variety of impermeable materials includ-
ing: thin stone or marble sheets backed with metal or
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biaxially oriented thermoplastic sheets.

The following is a description by way of example
of certain embodiments of the present invention,
reference being had to the accompanying drawings,
in which:

Figure 1 shows a drawing of a roll-formed orien-

ted thermoplastic spacer;

Figure 2 shows a detail in cross-section of a dual

seal double glazed unit incorporating an oriented

thermoplastic spacer;

Figure 3 shows a detail in cross-section of a

single seal double glazed unit incorporating an

oriented thermoplastic spacer;

Figure 4 shows a detail in cross-section of a triple

glazed unit with an inner flexible, heat shrinkable

film sandwiched between two oriented thermop-
lastic spacers;

Figure 5 shows detail plan views of three alterna-

tive corner constructions of spacer frames man-

ufactured from oriented thermoplastic polymers;

Figure 6 shows a detail in cross-section of a triple

glazed unit incorporating a heat shrinkable film

where the oriented thermoplastic spacers are
directly bonded to the glazing layers;

Figure 7 shows a detail in cross section of a dou-

ble glazed unit for structural spacer glazing incor-

porating a channel shaped oriented
thermoplastic spacer;and

Figure 8 shows a corner detail of a double glazed

unitincorporating a deformable sealant edge seal

with an oriented thermoplastic spacer strip.

Figure 1 shows a spacer 30A for multiple layer
sealed units which are used for such applications as
windows. The insulating spacer is of conventional
cross section but according to the invention is of orien-
ted thermoplastic material rather than metal, conven-
tional plastic or re-inforced plastic material.

There are essentially two known methods for pro-
ducing oriented polymeric material. One method is to
produce an aligned extended structure in the polymer
melt or solution which is followed by or associated
with crystallization which may involve the formation of
a liquid crystal phase. A second method for producing
oriented polymeric material is based on the solid state
deformation and concomitant orientation of the orient-
able thermoplastic polymers. Solid-phase defor-
mation processes include: extrusion drawing, tensile
drawing, hydrostaticextrusion, ram extrusion, die
drawing, and roll press stretching. Generally the dif-
ferent processes involve in some way drawing or
stretching the isotropic material. As an example, the
specific technique of die drawing is described in U.K.
Patent 2,060,469.

The present oriented thermoplastic spacer is typi-
cally manufactured using solid-phase deformation
processes. For solid-phase deformation processes,
the degree of orientation is largely determined by the
draw ratio although other factors such as tempera-
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ture, pressure and the type of production process also
play a role. The process of orientating the isotropic
material enhances key properties of the thermoplas-
tic polymer material and it is these modified proper-
ties that allow the insulating spacer to be
manufactured from commodity or intermediate grade
thermoplastic polymeric materials.

For an insulating spacer to function and perform
satisfactorily within a sealed glazing unit, a number of
demanding material requirements must be met. We
have found that these demanding requirements can
be obtained through controlling the degree and direc-
tions of orientation of the molecular structure of the
thermoplastic material from which the spacer is
made.

One required property for the insulating spacer
30A is strength and stiffness in the longitudinal axis
of the spacer as shown by arrow 34. In general, the
higher the draw ratio, the greater the strength and
stiffness of the material in the draw direction which
should be parallel to the longitudinal axis of the
spacer. However, compared to other uses of the ultra
drawn oriented thermoplastics, very high draw ratios
are not necessarily required to manufacture an insu-
lated spacer as the need for strength and stiffness
must be offset against the other requirements of an
insulated spacer.

A second property for an insulating spacer is
dimensional stability in the longitudinal direction of the
spacer as shown by arrow 34. Particularly where the
outer glazing layers are glass, the coefficient of ther-
mal expansion of the oriented thermoplastic spacer
should substantially match the positive coefficient of
expansion of glass between the temperatures of -
30°C to +60°C.

Generally, at high draw ratios, most crystalline
thermoplastic materials exhibit a negative coefficient
of thermal expansion. However, the negative coeffi-
cient of thermal expansion of the oriented thermop-
lastic material in the draw direction can be fine-tuned
to match the positive coefficient of thermal expansion
of glass. This can be achieved in three main ways.

First, the type of polymeric material used has to
be carefully selected as the coefficient of thermal
expansion varies significantly depending on the type
of oriented thermoplastic material used. Materials
such as low density polyethylene have a very high
rate of negative thermal expansion while materials
such as polypropylene have a lower rate. Second, the
rate of negative thermal expansion increases with
draw rates. At low draw rates, the rate of thermal
expansion is positive while at high rates, the rate
becomes negative. Through careful optimization, the
coefficient of expansion can be made slightly positive
to again match the coefficient of expansion of glass.
Third, the coefficient of thermal expansion can also
be increased by annealing the oriented thermoplastic
material at high temperatures.
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A third required property for an insulating spacer
is low moisture vapour and gas permeability.
Research has shown that the permeability of oriented
thermoplastic material is sensitive to draw ratio. For
example for polyethylene, the permeability of the
polymer is reduced dramatically as the draw ratio is
increased from 5 to 10.

Afourth required property is low conductivity nor-
mal to the longitudinal axis of the spacer (shown by
arrow 33). Generally, the thermal conductivity of the
oriented material normal to the draw direction dec-
reases with increasing draw ratio although after a
draw ratio of about 5, increasing the draw ratio typi-
cally does not result in further substantial reductions
in thermal conductivity.

Other required properties include thermal stabi-
lity and UV resistance and, it is found that these
properties are also enhanced by increasing the draw
ratio.

Where the spacer is used to manufacture bent-
corner spacer frames a further required property is
that the spacer 30A can be stretch formed or bent
around the corners (see Figure 5).

Through the appropriate control of draw ratio and
production conditions, and these optimum ratios and
conditions vary by material type, a number of different
types of thermoplastic materials can provide the
required properties for a insulating spacer, including:
polypropylene, high density polyethylene and
polyethylene terephthalate.

Insulating hollow profile spacers 30A as shown in
Figure 1 can be manufactured in various ways includ-
ing extruding the spacer in profile form so that the ma-
terial is oriented as part of the production process or
by roll-forming the hollow profile spacer from flat
strips cut from sheet material which has been previ-
ously oriented. The specific design illustrated in Fig-
ure 1 is for a roll-formed spacer.

The hollow profile spacer 30A is roll-formed from
flat strips of oriented thermoplastic material using
similar production methods as are used to manufac-
ture metal roll-formed spacers. As shown in Figure 1
after the hollow profile section is roll-formed, the two
edges of the flat strip of material are heat welded
together creating an invisible seam 28 parallel to the
longitudinal axis of the spacer as shown by arrow 34.
The seam 28 as shown in Figure 1 is on the backside
31 of the spacer although alternatively, the seam 28
can be located on one of the sides 27 of the spacer
or on the front face 32 along the longitudinal axis of
the spacer.

When installed within a sealed unit, the spacer
30A usually incorporates desiccant material con-
tained within the hollow profile. The desiccant ma-
terial must be in moisture communication with the
airspace enclosed by the glazing layers. As shown in
Figure 1, one way that this can be achieved with either
the extruded or roll-formed spacer is by incorporating
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perforations 29 on the front face 32 of the spacer 30A.
A second way, particularly for roll-formed spacers is
to incorporate a continuous slot along the front face
32 of the spacer 30A. A third way, again particularly
for roll-formed spacers, is for the edges of the orien-
ted thermoplastic sheet to be intermittently welded
together creating a continuous but perforated seam.
Compared to a continuous slot, the advantage of an
intermittently welded slot is a more rigid profile which
allows the wall thickness of the spacer to be reduced.

Where the spacer is roll-formed from flat strips, it
is necessary that the sheet has dead bend properties,
both parallel and normal to the longitudinal axis of the
spacer as shown by arrows 34 and 33. To achieve
dead bend properties in two directions typically
requires that the thermoplastic material is also orien-
ted in atleast two directions. This arrangement can be
achieved in different ways.

One way is to manufacture the strips from orien-
ted thermoplatic sheets where the material is oriented
atleast biaxially. The biaxially oriented sheets may be
manufactured using a type of crossroll stretching pro-
cess where the material is orientated in two opposing
diagonal directions from the longitudinal axis of the
spacer. It should be noted that by balencing the deg-
ree and directions of the orientation of the sheet ma-
terial produced using the crossroll production
process, the required properties of the spacer in the
longitudinal axis can still be acheived even though the
main direction and degree of orientation may not be
largely in the longitudinal axis of the spacer as shown
by arrow 34.

A second way is to cut the strips from sheets of
oriented thermoplastic material which are laminated
from at least two layers. One of the layers may be
oriented to a greater degree than the other and the
layer with the greater degree of orientation is located
so that the direction of draw is parallel to the longitu-
dinal axis of the spacer as shown by arrow 34. The
second sheet is located so that the direction of draw
(as shown by arrow 33) is normal to the longitudinal
axis of the spacer. In roll-forming the spacer from the
laminated sheet material, the first layer where the
direction of orientation is longitudinal to the axis
should become the outer surface on the side 27 of the
spacer adjacent to the glazing layers (see Figure 3)
and the second layer should become the inner sur-
face of the spacer. This arrangement is preferred as
the layer with reduced thermal conductivity on the out-
side of the spacer 30A helps prevent heat flow to the
inner layer with increased thermal conductivity.

Although the process of orientating the thermop-
lastic material generally improves the barrier proper-
ties of the material, for certain applications where no
outer sealant is used or alternatively where a very
permeable outer sealant such as silicone is used,
there is a need to further improve the barrier proper-
ties of the spacer.



15 EP 0 328 823 B1 16

One way that the barrier properties can be
improved is to manufacture the spacer 30A from a
thermoplastic material which already has very good
barrier properties and further improve these proper-
ties through the process of orientation. One preferred
material is polyvinylidene chloride (Saran™) and in
addition to its very good barrier properties, a further
advantage of using Saran™ is that all common types
of sealant material adhere strongly to it. Asecond way
that the barrier properties can be improved is to add
a separate moisture vapour and gas barrier film or
coating to at least the back 31 and the sides 27 of the
spacer 30A.

Compared to an extruded profile, a particular
advantage of a roll-formed spacer 30A manufactured
from strips cut from oriented thermoplastic sheets is
that the sheets can be more easily laminated or
coated with one or more layers of high barrier mate-
rials. These high performance barrier materials and
coatings can include: EVA, EVOH (Eval™), PVdC
(Saran™), and metallised coatings on PET film.

In addition to the need for a separate barrier film
or coating there may also be a need with certain types
of plastics for a separate UV resistant film or coating
on the front face 32 of the spacer 30A.

Figure 2 shows a dual seal unit with an oriented
thermoplastic polymer spacer 30B. As with a conven-
tional dual seal unit, beads of polyisobutylene sealant
36 are applied to the sides of the hollow profile spacer
30B.The spacer 30B is formed into a spacer frame as
will be explained more fully hereinafter. The preas-
sembled spacer frame is interposed between the first
glazing layer 37A and the second glazing layer 37B,
adjacent to the periphery of the glazing layers. Typi-
cally the orientation of the polymer material of the
spacer 30B is largely in the longitudinal axis of the
spacer.

Sealant 40A is applied in the outward facing
channel around the periphery of the glazing sheets
37A and 37B. The sealant 40A must adhere to the
back 31 of the spacer 30B and for certain types of
thermoplastic materials, it may be necessary to treat
or prime the spacer 30B to ensure good adhesion.
The spacer 30B contains desiccant material 39 and
typically incorporates perforations 29 to allow airflow
between the desiccant material 39 and the air or low-
conductive gas 38 within the sealed unit.

Figure 3 shows a cross-section of a single seal,
double glazed unit incorporating a hollow profile
oriented thermoplastic spacer 30A. The outer sealant
40B can be any sealant with good barrier properties
such as hot melt butyl, polysulphide or polyurethane
and so with this design because of the lower per-
meability of the outer sealant 40B, there is typically
not the same need or requirement for the spacer 30A
to be made from an oriented plastic with outstanding
barrier properties or alternatively be coated with a
separate moisture vapour and gas barrier film or coat-
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ing.

Figure 4 shows a detail of a cross-section of a tri-
ple glazed sealed unit where two oriented thermop-
lastic spacers 30C support a heat shrinkable plastic
film 51 between two parallel and spaced apart glazing
sheets 37A and 37B. The heat shrinkable plastic film
51 is typically made from polyethylene terephthalate
(PET). The outer sealant 40C is typically
polyurethane sealant. The sealed unit is generally
manufactured using a known method such as that out-
lined in U.S. Patent 4,335,166. The particular advan-
tage of using oriented thermoplastic polymer spacers
30C for this application is that the spacers can be as
stiff and rigid as steel spacers used to date. A further
advantage is that the film 51 may be thermally bonded
to the spacers 30C and this can simplify the assembly
of multiple glazed units incorporating heat shrinkable
flexible films.

Figure 5 shows plan views of three alternative
corner details of spacer frames. In Figure 5A, the two
spacers 30A are conventionally joined with corner
keys 42. In Figure 5B, the spacer 30E is cold formed
or bent around the corners 43 at room temperature or
at slightly elevated temperatures. In fabricating the
spacer frame from the oriented thermoplastic hollow
profiles, similar equipment to that used for corner
bending metal spacers can be used. The two ends of
the rigid plastic spacer 30E can be welded together as
a butt joint 45 to ensure a continuous moisture vapour
and gas barrier around the perimeter of the sealed
unit. Alternatively, as shown in Figure 5C, the spacer
50 can be partially cut and then bent around the cor-
ners 44. The specific corner detail shown in Figure 5C
is for structural spacer glazing (See Figure 7).

Other alternative corner details of the spacer
frames not shown in the drawings include: thermally
welding and sealing the spacers together at the cor-
ners with a conventional mitre joint and V notching the
spacer and then bending the spacer around the cor-
ner.

Figure 6 shows a detail of a cross-section of a tri-
ple glazed sealed unit where two oriented thermop-
lastic spacers 30G support a heat shrinkable film 51
between two parallel and spaced apart glazing sheets
52A and 52B. The glazing sheets 52A and 52B can
be biaxially oriented thermoplastic polymeric sheets
or laminated sheets from glass and biaxially oriented
thermoplastic polymeric material. Where laminated
sheets are used, the oriented thermoplastic material
is on the side of the glazing facing the airspaces 38A
and 38B. The hollow profile spacers 30G contain
desiccant material 39 and are bonded to the outer
plastic sheets 52A and 52B respectively as well as to
the film 51 and to each other.

Various processes can be used to directly bond
the spacer to the plastic glazing sheets 52A and 52B
including: magnetic heat sealing, adhesive bonding,
ultrasonic sealing and solvent welding. No outer sea-
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lant is used and so the spacers 30G must have a very
low rate of moisture vapour and gas transmission. As
explained previously, this can be achieved by either
manufacturing the oriented thermoplastic spacers
from materials such as vinylidene chloride which have
very good barrier properties or by incorporating a
separate high performance barrier layer. Similarly, for
long term durability of the sealed unit,the the plastic
glazing sheets 52A and 52B must have a very low
rate of moisture vapour and gas transmission and as
with the spacer 30G this can again be achieved by
either manufacturing the glazing sheet from an orien-
ted thermoplastic material which has very good bar-
rier properties such as polyvinylidene chloride or by
incorporating a separate transparent high perform-
ance barrier layer.

As no outer sealant is used in fabricating the
spacer frame, the corners must be hermetically sea-
led. This can be achieved by either manufacturing the
spacer frame using the bent-corner method as des-
cribed in Figure 5B or by assembling the frame from
separate pieces and hermetically welding the cor-
ners.

The biaxially oriented thermoplastic glazing
sheets 52 can be manufactured from various ther-
moplastic materials. In addition to plastic glazing
materials such as polycarbonates or acrylics which
are conventionally used, other materials such as
polypropylene and polyethylene may also be used as
the process of orientating the material improves opti-
cal clarity.

The sealed unit in Figure 6 incorporates a heat
shrinkable film 51, typically PET which is also bonded
to the spacers 30G. Although only a single film 51 is
shown in Figure 6, the sealed unit can incorporate
multiple parallel layers of heat shrinkable film. Super
high energy efficient sealed units (R-18 centre glaz-
ing) can be manufactured using low-e coated glazing
sheets or heat shrinkable flexible films and filling the
sealed unit with low-conductive krypton gas fill which
allows reduced spacing between the glazing layers.
For these thick airspace sealed plastic glazing units,
there is no concern of breakage caused by pressure
fluctuations within the sealed unit as the outer glazing
sheets are made from essentially unbreakable, rigid
oriented thermoplastic polymeric material.

Where the plastic sealed unit is used for flush
glazed openable windows, weatherstripping, window
hardware and hinges can be directly bonded to the
plastic glazing and spacer. The unit is self supporting
and there is no need for a separate sash frame. As a
result, the cost of manufacturing the flush glazed,
openable window is reduced.

Although the glazing sheets 52A and 52B are
typically transparent, the layers may be translucent or
opaque. Where the sheets are opaque, one option is
to use laminated sheets made from biaxially oriented
thermoplastic material bonded to thin sheets of stone
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or marble.

Different profile designs of the oriented thermop-
lastic polymer spacer can be used for a wide variety
of specialized designs for sealed glazing units. One
specialized design is for structural spacer glazing.

Figure 7 shows a detail of a cross-section of an
oriented thermoplastic spacer 50 for a structural
spacer glazing unit where the spacer is U shaped in
profile creating a recessed channel 56 around the
perimeter of the sealed glazing unit. The channel 56
is partially covered with a butyl tape 52 containing
desiccant material. The spacer is bonded to the glaz-
ing sheets 37A and 37B with structural silicone seal-
ant 53. In addition to reduced perimeter heat loss, a
particular advantage of using the oriented thermop-
lastic spacer for this application is that the spacer
frame can be very efficiently fabricated. As shown in
Figure 5C, the oriented thermoplastic channel spacer
is partially cut through the back legs of the U channel
and bent around at the corners. The two ends of the
channel spacer are then welded together at a butt joint
creating a rigid bent-corner frame.

Figure 8 shows a detail drawing of a second
specialized design for the oriented thermoplastic
spacer which for this application is a spacing element
55 incorporated within an edge seal strip product 57.
The continuous spacer element 55 of undulating
shape is embedded within an elongated ribbon of
deformable sealant containing desiccant material.
The edge seal strip product 57 is placed around the
periphery of the glazing layers 37A and 37B. The
oriented thermoplastic material is used for the spac-
ing element particularly because of its dead bend
properties in the longitudinal axis which allow the
oriented material to be very easily bent or folded
creating the necessary zig-zag profile. However, in
contrast to the conventional spacing element, the
heat loss across the edge seal in a direction normal
to the longitudinal axis of the spacer is reduced.

The drawings described herein illustrate only a
very small representative sample of some of the poss-
ible design configurations for multiple-glazed sealed
units incorporating the oriented thermoplastic spacer
bar.

Further, for the different sealed unit designs illus-
trated herein, it is recommended for improved high
thermal performance that the airspaces are filled with
a low-conductive gas fill, that one glazing surface in
each separate airspace is coated with a high perform-
ance low-emissivity coating and where appropriate a
further glazing layer or layers may be incorporated
between the outer glazing layers creating additional
airspaces. To avoid repetition in the description of the
drawings, specific reference has not been made in
each case that the sealed units may incorporate these
features. It should also be noted that hereinbefore, the
space enclosed by the spacer and glazing layers has
been referred to as an airspace, and that this specifi-
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cally does not exclude the possibility that the space
may be filled with an inert gas such as argon or alter-
natively, there may be no air enclosed and a partial
vacuum may be maintained between the glazing
layers. For good thermal performance, where air or
argon gas is used, the optimum spacing between the
glazing layers is about 14 mm. Where low-conductive
krypton gas is used, the optimum spacing between
the glazing layers is reduced to about 7 mm.

Claims

1. An insulating spacer of thermoplastic
polymeric material interpositioned between at least
first and second glazing layers of a multiple-pane sea-
led unit characterized in that the material of the spacer
is highly-oriented (anisotropic), among other physical
properties of which the thermal conductivity, coeffi-
cient of thermal expansion, dead-bend properties,
stiffness and rigidity, UV resistance, moisture vapour
and gas permeability are governed by controlling the
degree and directions of orientation of the molecular
structure of the material.

2. Aspacer as in Claim 1 in which the degree and
directions of orientation of the molecular structure of
the thermoplastic material are such that the thermal
conductivity of said spacer normal to its longitudinal
axis is less than its thermal conductivity along its lon-
gitudinal axis.

3. Aspacer as in Claim 1 in which the degree and
directions of orientation of the molecular structure of
the thermoplastic material are such that the thermal
coefficient of expansion in the longitudinal axis of the
spacer substantially matches the coefficient of ther-
mal expansion of the glazing layers of said sealed unit
between at least the temperatures of -30°C and
+60°C.

4. A spacer as in Claim 1 in which the degree of
orientation of the molecular structure of the material
in a direction normal to the longitudinal axis of the
spacer is such as to provide adequate roll-forming
and bending properties to the material.

5. Aspacer as in Claim 1 where said spacer is roll-
formed from oriented thermoplastic polymeric sheet
material which is oriented in at least two directions
and highly oriented in at least one.

6. A spacer as in Claim 1 where said multiple-gla-
zed sealed unit incorporates at least one heat-shrink-
able plastic film between outer glazing layers and
where said spacer is charachterised by a rigidity and
stiffness comparable with a conventional hollow-pro-
file steel spacer.

7. A spacer as in Claim 1 where said glazing
layers are oriented thermoplastic sheets and said
spacer is bonded to said glazing sheets.

8. A spacer as in Claim 1 where said spacer is
substantially U shaped in cross-section whereby pro-
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viding a recess for receiving structural mounting fixt-
ures.

9. A spacer as in Claim 1 where said spacer is a
continuous undulating flat strip embedded within an
elongated ribbon of deformable sealant containing
desiccant material.

10. A multiple layer sealed glazing unit compris-
ing an insulating spacer of thermoplastic material
interposed between two glazing layers characterized
in that the material of the spacer has a molecular
structure which is highly oriented in the longitudinal
direction of the spacer.

Patentanspriiche

1. Isolierendes Abstandsstiick aus thermoplasti-
schem, polymeren Material, das zwischen zumindest
ersten und zweiten Verglasungsschichten einer abge-
dichteten Mehrfachverglasungseinheit angeordnet
ist, dadurch gekennzeichnet, dal das Material des
Abstandsstiickes hochgradig orientiert ist (anisotro-
pisch), wobei unter anderen physikalischen Eigen-
schaften insbesondere die thermische Leitfahigkeit,
der thermische Expansionskoeffizient, die Biegeei-
genschaften, die Starrheit und Festigkeit, der UV-
Widerstand, die Feuchtigkeits- und
Gasdurchlassigkeit dadurch bestimmt sind, dal das
Ausmal und die Richtung der Orientierung der mole-
kularen Struktur des Materials gesteuert ist.

2. Abstandsstiick gemaR Anspruch 1, wobei das
Ausmall und die Richtungen der Orientierung der
molekularen Struktur des thermoplastischen Mate-
rials derart sind, daB die thermische Leitfahigkeit des
Abstandsstiickes senkrecht zu seiner Langsachse
geringer ist als seine thermische Leitfahigkeit entlang
seiner Langsachse.

3. Abstandsstiick gemaR Anspruch 1, wobei das
Ausmall und die Richtungen der Orientierung der
molekularen Struktur des thermoplastischen Mate-
rials derart sind, dal der thermische Expansions-
koeffizient in Richtung der Langsachse des
Abstandsstiickes im wesentlichen dem thermischen
Expansionskoeffizienten der Verglasungsschichten
der abgedichteten Einheit zwischen zumindest Tem-
peraturen von -30°C und +60°C entspricht.

4. Abstandsstiick gemaR Anspruch 1, wobei das
Ausmal} der Orientierung der molekularen Struktur
des Materials in Richtung senkrecht zur LAngsachse
des Abstandsstiickes derart ist, dall die richtigen
Roll-Formungs- und Biegeeigenschaften des Mate-
rials erreicht werden.

5. Abstandsstiick gemaR Anspruch 1, welches
durch Walzung aus orientiertem thermoplastischem
polymeren Scheibenmaterial geformt ist, welches in
zumindest zwei Richtungen orientiert und in zumin-
dest einer Richtung hochgradig orientiert ist.

6. Abstandsstiick gemafl Anspruch 1, wobei die
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genannte mehrfachverglaste, abgedichtete Einheit
zumindest einen durch Hitzeeinwirkung schrumpf-
fahigen Kunststoffilm zwischen &uReren Vergla-
sungsschichten aufweist, und wobei das genannte
Abstandsstiick gekennzeichnet ist durch eine Starr-
heit und Festigkeit, die vergleichbar ist mit herkdmm-
lichen, hohlen Stahl-Abstandsstiicken.

7. Abstandsstiick gemaR Anspruch 1, wobei die
genannten Verglasungsschichten orientierte thermo-
plastische Scheiben sind und das genannte
Abstandsstiick hiermit verbunden ist.

8. Abstandsstiick gemaR Anspruch 1, welches im
Querschnitt im wesentlichen U-férmig ist, wodurch ei-
ne Aufnahme geschaffen wird fiir Befestigungsmittel.

9. Abstandsstiick gemaR Anspruch 1, wobei es
als gekreuselter flacher Streifen ausgebildet ist, der
eingebettet ist in einen langgestreckten Streifen aus
verformbarem Abdichtungsmaterial, das Trock-
nungsmaterial enthalt.

10. Mehrschichtige, abgedichtete Verglasungs-
einheit mit einem isolierenden Abstandsstiick aus
thermoplastischem Material zwischen zwei Vergla-
sungsschichten, dadurch gekennzeichnet, daR das
Material des Abstandsstiickes eine molekulare Struk-
tur aufweist, die in Langsrichtung des Abstands-
stiickes hochgradig orientiert ist.

Revendications

1. Intercalaire isolant en matiére polymére ther-
moplastique interposé entre au moins une premiére et
une deuxiéme couche de vitrage d’une unité scellée
a panneaux multiples, caractérisé en ce que la
matiére de I'intercalaire est fortement orientée (aniso-
tropique) d’autres propriétés physiques de celui-ci,
dont la conductibilité thermique, le coefficient de dila-
tation thermique, les propriétés de pliage résiduel, la
raideur et la rigidité, la résistance aux UV, la perméa-
bilité a la vapeur humide et aux gaz étant déterminées
par le réglage du dégré et des directions d’orientation
de la structure moléculaire de la matiére.

2. Intercalaire selon la revendication 1, dans
lequel le degré et les directions de I'orientation de la
structure moléculaire de la matiére thermoplastique
sont tels que la conductibilité thermique dudit interca-
laire dans la direction normale & son axe longitudinal
soit inférieure a sa conductibilité thermique selon son
axe longitudinal.

3. Intercalaire selon la revendication 1, dans
lequel le degré et les directions de I'orientation de la
structure moléculaire de la matiére thermoplastique
sont tels que le coefficient de dilatation thermique
selon I'axe longitudinal de I'intercalaire corresponde
sensiblement au coefficient de dilatation thermique
des couches de vitrages de ladite unité scellée, au
moins entre les températures de -30°C et +60°C.

4. Intercalaire selon la revendication 1, dans
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lequel le degré d’orientation de la structure molécu-
laire de la matiére dans une direction normale a I'axe
longitudinal de I'intercalaire est de nature a conférer
a la matiére des propriétés adéquates de profilage a
la molette et de pliage.

5. Intercalaire selon la revendication 1, dans
lequel ledit intercalaire est profilé a la molette a partir
d’'une matiére en feuille polymére thermoplastique
orientée, qui est orientée dans au moins deux direc-
tions et fortement orientée dans au moins une.

6. Intercalaire selon la revendication 1, dans
lequel ladite unité scellée a vitrages multiples
comprend au moins un film plastique thermorétracta-
ble entre des couches de vitrage extérieures, et ou
ledit intercalaire est caractérisé par une rigidité et une
raideur comparables a celles d’un intercalaire classi-
que en acier faite d’un profilé creux.

7. Intercalaire selon la revendication 1, dans
lequel lesdites couches de vitrage sont des feuilles
thermoplastiques orientées et ledit intercalaire est
fixé auxdites feuilles de vitrage.

8. Intercalaire selon la revendication 1, dans
lequel ledit intercalaire est sensiblement en forme de
U en section transversale, en formant ainsi une rai-
nure pouvant recevoir des ferrures de montage struc-
turales.

9. Intercalaire selon la revendication 1, dans
lequel ledit intercalaire est une bande plate ondulée
continue noyée dans un ruban allongé d’'une matiére
d’étanchéité déformable contenant une matiére des-
siccatrice.

10. Unité de vitrage scellée a couches multiples
comprenant un intercalaire isolant en matiére thermo-
plastique interposé entre deux couches de vitrage,
caractérisée en ce que la matiére de I'intercalaire pos-
séde une structure moléculaire qui est fortement
orientée dans la direction longitudinale de linterca-
laire.
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