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Description

1 Field of the Invention

[0001] The present invention relates to surfaces used to reflect light, and particularly to highly light reflectant surfaces
for the purpose of enhancing the efficiency of chambers using visible and/or ultraviolet light to impart changes to ma-
terials or bodies placed in them.

2. Description of Related Art

[0002] Light energy from the ultraviolet (UV) and visible wavelengths of the electromagnetic spectrum can cause
both favorable and undesirable changes in a wide variety of materials. These light induced changes, hereby referred
to as "photoinduction," can include: chemical change (actinic), such as in UV curing of polyurethanes; structure and
color change, such as in the degradation of polymers, and biological change, such as in UV induced water sterilization
equipment, germicidal lamps and suntanning booths.
[0003] All of the above mentioned photoinduced material changes can be created and controlled through various
types of specialized optical equipment. This equipment, although it differs from application to application, shares some
common components such as: a light source, typically a UV lamp; a reflector to direct and maximize light radiation
onto the sample material; and a chamber in which to partially or completely house or contain the photoinduction process.
In some cases the reflector is incorporated into the walls of the chamber.
[0004] The nature of the reflectant material may be critical to maximize the efficiency of the system. The higher the
reflectance of the reflectant material, the more light energy is available to be redirected towards the sample material,
where photoinduction is desired to take place.
[0005] One such photoinduction application is the curing of polymeric resins through the exposure of ultraviolet and/
or visible light. A UV curable resin system achieves the transition from liquid to solid by many means such as chain
addition polymerization or an epoxy reaction, triggered by a photochemical interaction. Many systems have a photoin-
itiator which is the active component of the material formulation.
[0006] It is the energy absorber which starts the reaction when exposed to ultraviolet light. Typical applications which
utilize these types of UV curable systems can include, but are not limited to, UV curable inks; protective coatings for
wood, paper, plastics, and metal; electronic applications, such as solder masks and photoresist; and a wide range of
UV curable adhesives. The advantages that a UV curable system typically offers over existing methods are numerous.
Typically these systems are solvent free, which eliminates health, safety, and hazardous waste concerns. These sys-
tems also require less energy to cure, require less space for curing equipment, and can cure rapidly, thereby increasing
production line speeds. Furthermore, UV curing can also offer enhanced mechanical properties to the substrate not
found with existing systems.
[0007] UV curing equipment utilizes various methods for producing high intensity ultraviolet light. The three usual
means of generating UV energy are mercury arc lamps, pulsed lamps (e.g., xenon flash), and electrodeless lamps. In
each case, ultraviolet light is emitted from a rare gas, metal vapor, or metal halide plasma contained in a sealed quartz
tube. In virtually all cases, such as is described in U.S. Patent 3,983,039, a reflector is used to redirect the majority of
the light from the source to the substrate to be cured.
[0008] Typically, UV lamp reflectors are available in two shapes: elliptical and parabolic. Elliptical reflectors are used
to achieve basic requirements for curing in "UV-Vis" (i.e., ultraviolet and/or visible light) electromagnetic spectrum,
which gives the highest intensity and most efficient cure. Parabolic reflectors will yield dispersed radiation or broad
beam light useful in large area curing. Aluminum is used most frequently since it is thought to be the most efficient
reflector material, having a reflectivity of about 86% to 90% in the UV wavelengths.
[0009] Another significant application which utilizes a photoinduction technique is the process of sterilization and/or
disinfection of fluids, such as water or other process fluids, by the use of germicidal lamps. These lamps emit light at
about 254 nanometers, which is highly efficient in the destruction of microorganisms. Ultraviolet irradiation is rapidly
becoming the method of choice for disinfection/sterilization without the use of chemicals such as chlorine. The major
advantage of UV being that nothing is introduced to the fluid stream that may have to be removed later. Additionally,
UV does not affect the physical or chemical properties of water, therefore, no change occurs in pH, color, odor, tem-
perature, or taste. Application of ultraviolet purification systems include, but are not limited to, purification of water for
food and beverage use, fermentation products, cosmetics, pharmaceuticals, ultra-pure electronics, etc. Processing
fluids requiring purification can include photographic processing chemicals, ion exchange resin beds, etc.
[0010] Another sterilization application is described in U.S. Patent 5,433,920 where a process for sterilizing the
interior of food cartons is described for aseptic packaging. The medium pressure mercury vapor lamp in this application
generates UV light in the wavelengths of 240 to 370 nanometers. An aluminum reflector is utilized for directing light
into the cartons.
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[0011] Another photoinduction application, referred to in U.S. Patent 5,037,618, utilizes intense ultraviolet radiation
in the presence of an oxidant such as hydrogen peroxide for the purpose of breaking down hazardous molecules into
simpler and safer compounds. This oxidation chamber utilizes a UV reflective surface on the walls parallel to the lamps.
The composition of these panels or coatings is selected for several properties, which include UV reflectivity, corrosion
resistance, abrasion resistance, and ease of application and installation. It has been recognized that conventional
polytetrafluoroethylene (PTFE) has many of the above desirable properties; however, to date its reflectance perform-
ance is relatively poor except in the 250-350 nanometer regions using relatively thick cross sections.
[0012] There are many other types of photoinduction chambers which utilize reflectors other than those mentioned
above. One example is what is commonly known as a "suntanning booth," which directs UV light towards a user's skin
to cause pigmentation (color change) of the skin. Another example is an indoor actinic test chamber for the accelerated
testing of UV stability of polymers such as the color stability of plastics.
[0013] As should be appreciated, there are many applications which utilize a reflector for redirecting UV and or visible
light within a photoinduction chamber. However, it is believed that most reflectant materials used in these applications
are deficient in one or more respects.
[0014] The predominant reflecting material used in most of the above applications is polished aluminum. It is believed
that aluminum is the material of choice because of its durability, low cost, and relatively high reflectivity compared to
other known alternatives. Conventional PTFE (e.g., TEFLON® brand PTFE available from E. I. duPont de Nemours
& Company, Wilmington, DE) is occasionally used in corrosive applications. Unfortunately, conventional PTFE suffers
from relatively low reflectance at thinner material cross sections.
[0015] Another form of PTFE is sold under the trademark SPECTRALON by Labsphere, Inc., North Sutton, NH. As
described in United States Patent 4,912,720, this material comprises lightly packed granules of polytetrafluoroethylene
that has a void volume of about 30 to 50% and is sintered into a relatively hard cohesive block so as to maintain such
void volume. This material exhibits a relatively high level of visible reflectance, but limited level of UV reflectance. It is
not known to be used in any of the above applications. Some objections to using this material may be its lack of
durability, flexibility, and cleanability. Furthermore, this material is reported to be relatively expensive and therefore not
cost effective.
[0016] Accordingly, it is a primary purpose of the present invention to provide an improved material for use in effec-
tively reflecting UV and visible light in a chamber. This and other purposes of the present invention should become
evident from review of the following specification.

SUMMARY OF THE INVENTION

[0017] The present invention is an improved material and method for providing improved reflectivity of UV-Vis light
in a photoinduction chamber which incorporates a UV and/or visible lamp. The invention employs a reflectant material
comprising an expanded polytetrafluoroethylene (PTFE) having polymeric nodes interconnected by fibrils defining mi-
croporous voids therein. The reflectant material is mounted within the chamber such that light from the lamp strikes
and reflects from the reflectant material to provide efficient and effective use of the light within the chamber. It has been
determined that this expanded PTFE structure of the reflectant material used in the present invention provides ex-
tremely high reflectivity, with significantly better than 95% reflectance of light provided even at relatively thin material
cross sections. In fact, the material of the present invention has demonstrated higher diffuse reflectivity than the best
diffuse reflective materials presently employed.
[0018] Equally important, the material employed in the present invention demonstrates many other properties that
make it particularly desirable for use as a reflectant material in photoinduction chambers. First, the material is highly
flexible, allowing a multiple sided cavity or parabolic shaped reflectors to be readily formed from a single piece. By
reducing the seams which are inherent in a multiple piece product, total reflectance can be further enhanced. Second,
the material is easily die-cut, allowing each piece to be sized to the appropriate dimensions using clean and efficient
methods. Third, the material used in the present invention demonstrates excellent reflectant properties even at relatively
thin (e.g., <1 mm) thicknesses, making the material lighter, reducing material volume, and being less expensive to
employ than presently available materials. Moreover, the material of the present invention lends itself to use in many
applications not previously available. The material of the present invention is very stable over time with respect to a
wide range of environmental conditions, making it ideally suitable for applications requiring long life stability in harsh
environmental conditions. Furthermore, the material of the present invention has extremely low UV-visible light ab-
sorption which enables the material to remain virtually unaffected when exposed to these often harmful wavelengths.

DESCRIPTION OF THE DRAWINGS

[0019] The operation of the present invention should become apparent from the following description when consid-
ered in conjunction with the accompanying drawings, in which:
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Figure 1 is a scanning electron micrograph (SEM), enlarged 5000 times, showing the surface of a light reflectant
material of a commercially available reflective material;
Figure 2 is an SEM, enlarged 5000 times, showing the surface of one embodiment of a light reflectant material of
the present invention;
Figure 3 is an SEM, enlarged 5000 times, showing the surface of another embodiment of a light reflectant material
of the present invention;
Figure 4 is a three-quarter isometric view of a reflectant material of the present invention, wherein the flexibility of
the material is demonstrated;
Figure 5 is a graph plotting the reflectance verses wavelength of a reflectant material of the present invention as
compared to commercially available materials;
Figure 6 is a graph plotting the reflectance verses wavelength of a reflectant material of the present invention as
compared to commercially available materials;
Figure 7 is a graph plotting the reflectance verses wavelength of various structures of embodiments of the reflectant
materials of the present invention;
Figure 8 is a graph plotting the reflectance verses wavelength of varying thicknesses of the reflectant material of
the present invention;
Figure 9 is a side view drawing of an indoor actinic test chamber;
Figure 10 is a graph plotting the spectral energy distribution of an indoor accelerated test chamber;
Figure 11 side view drawing of a UV curing lamp system using the reflectance material of the present invention; and
Figure 12 is a top plan view of a conventional polished aluminum reflector used in a UV curing lamp system.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present invention relates to surfaces used to reflect light, and particularly to highly light reflectant surfaces
in the ultraviolet and visible wavelengths for photoinduction chambers. "Photoinduction chamber" is meant to describe
any volume of space where light energy is reflected in a controlled manner in order to effectuate a physical, chemical,
or biological change due to light energy impinging upon some surface. A photoinduction chamber would typically include
one or more UV and/or visible light sources and a reflector for redirecting light towards a subject material. The chamber
can either be partially or totally enclosed to contain or direct the light energy. Typically batch type processes employ
a totally enclosed chamber whereas continuous processes would normally utilize a partially enclosed chamber.
[0021] As the term "light" is used herein, it is intended to include any form of electromagnetic radiation. but especially
that in the spectrum of UV-visible light (250 to 750 nm wavelength) and through infrared (IR) light radiation (750 to
greater than 2500 nm wavelength) For the present invention involving photoinduction chambers, UV and the visible
wavelengths are considered of the primary importance. It should be appreciated that the material of the present inven-
tion may be tailored to modify reflectance in particular bands of light energy through the use of coatings, fillers, or
similar materials or modification of ePTFE structure.
[0022] As has been explained, one type of PTFE reflectant material commercially available today is that sold under
the trademark SPECTRALON by Labsphere, Inc., of North Sutton, NH. This material comprises a granular poly-
tetrafluoroethylene material that is lightly packed and then molded into a rigid block. Figure 1 is a scanning electron
micrograph (SEM) of a surface of a 1/2 inch thick reflectant sheet of SPECTRALON material. While this material
provides good reflectivity of visible and near IR light, its reflectance diminishes in the UV wavelengths below 325
nanometers and it has a number of drawbacks that constrain its use. Among the perceived problems with this material
are: difficulty in processing due to its rigidity, especially where non-planar reflectant surfaces are required; limited range
of effective light reflectance across UV-visible and IR light spectrum; relatively thick minimum thicknesses (i.e., its
effective reflectance diminishes at thicknesses of less than 4 mm); and less than optimum reflectivity.
[0023] The present invention employs a distinctly different material comprising an expanded polytetrafluoroethylene
(PTFE), such as that made in accordance with United States Patents 3,953,566, 3,962,153, 4,096,227, 4,187,390,
and 4,902,423, all incorporated by reference. This expanded PTFE matenal comprises a microporous structure of
microscopic polymeric fibrils (i.e., threadlike elements) interconnecting polymeric nodes (i.e., particles from which fibrils
emerge) The structure of a biaxially expanded example of this material is shown in the SEM of Figure 2. This material
10 comprises polymeric nodes 12 and numerous fibrils 14 extending from the nodes 12. As can be seen, numerous
microporous voids 16 are provided within the material 10. As the term "expanded PTFE" is used herein, it is intended
to include any PTFE material having a node and fibril structure, including in the range from a slightly expanded structure
having fibrils extending from relatively large nodes of polymeric or other material, to an extremely expanded structure
having fibrils merely intersect with one another at nodal points.
[0024] Expanded PTFE has a number of important properties that make it particularly suitable as a reflectant surface
of the present invention. First, PTFE is a highiy inert material that is hydrophobic. Accordingly, the material is resistant
to ooth water and a wide variety of other materials that could damage some other reflectant surfaces. Additionally. by
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expanding PTFE in the manner taught by United States Patent 3,953,566 to form the node and fibril structure, the
material undergoes a significant increase in tensile strength and becomes highly flexible. Moreover, while packed
granular based PTFE material provides good reflectant properties, it has been discovered that the node and fibril
structure of expanded PTFE provides a much higher reflectance property.
[0025] A preferred reflectant material of the present invention is made in the following manner. A fine powder PTFE
resin is blended with a lubricant, such as odorless mineral spirits, until a compound is formed. The volume of lubricant
used should be sufficient to lubricate primary oarticies of the PTFE resin so as to minimize the potential of the shearing
of the particles prior to extruding.
[0026] The compound is then compressed into a billet and extruded. such as through a ram type extruder, to form
a coherent sneet of extrudate. A reduction ratio of 30:1 to 300:1 may be used (i.e., reduction ratio = cross-sectional
area of extrusion cylinder divided by the cross-sectional area of the extrusion die). For most applications a reduction
ratio of 75:1 to 100:1 is preferred.
[0027] The lubricant may then be removed, such as through volatilization, and the dry coherent extrudate sheet is
expanded rapidly in at least one direction 1.1 to 50 times its original length (with 1.5 to 2.5 times being preferred).
Expansion may be accomplished by passing the dry coherent extrudate over a series of rotating heated rollers or
heated plates at a temperature of between 100 and 325°C, such as through the method taught in United States Patent
3,953,566. Altematively, the extruded sheet may be expanded in the manner described in United States Patent
4,902,423 to Bacino, prior to removal of the lubricant.
[0028] In either case, the material may be further expanded at a ratio of 1:1.1 to 50:1 (with 5:1 to 35:1 being preferred)
to form a final microporous sheet. Preferably the sheet is biaxially or multi-axially expanded so as to increase its strength
in both its longitudinal and transverse directions. Finally, the material may be subjected to an amorphous locking step
by exposing it to a temperature in excess of 340°C.
[0029] The material of the present invention is preferably made in the form of sheets, which, due to their inherent
flexibility, may be formed into a wide variety of other shapes as desired, such as tubes, strips, convex or concave
structures, etc. Additionally, to address particular applications, the material of the present invention may likewise be
extruded or otherwise formed into continuous tubes, rods (i.e., cylinders), rectangles, uneven shapes, and other struc-
tures that may be of interest.
[0030] Sheets made from the above processing steps can be produced in thicknesses ranging from, but not limited
to, 0.01 mm to 12 mm or more. Sheets can be subsequently layered upon themselves and subjected to temperatures
ranging from 300°C to 400°C while applying sufficient pressures to bond the layers together.
[0031] It has been determined that by providing a microporous surface of polymeric nodes and fibrils, such as that
of expanded PTFE, and particularly one that has been expanded in more than one direction, light is reflected off the
node and fibril structure at a very high efficiency rate, with very even dispersion (i.e., diffusion) of the light. The SEM
of Figure 2 shows expanded PTFE material 10 that has undergone extensive expansion in two different directions.
This structure exhibits a relatively "fine" structure with fibrils 14 oriented in both x and y directions, and small nodes
12 where the fibrils intersect. Still another embodiment of the present invention is shown in the SEM of Figure 3. In
this case, the expanded PTFE has been expanded in only the longitudinal direction. In this example there is a "coarser"
structure characterized by larger nodes 12 and thicker fibrils 14. The fibrils 14 are oriented predominantly in a longi-
tudinal direction.
[0032] As is explained in greater detail below, the present invention demonstrates extremely high reflectivity. When
compared to aluminum, the present material of choice for photoinduction chamber reflectors, the reflectant material of
the present invention exhibited substantially higher reflectivity. Furthermore, the material exhibits a very predictable,
flat-line reflective response across a wide spectrum of light.
[0033] Another important improvement of the present invention is shown in Figure 4. The reflectant material 10 of
the present invention is highly malleable, moldable, and flexible, allowing it to be bent, twisted, curved, or otherwise
formed into any suitable shape. In this respect, the reflectant material of the present invention is a dramatic improvement
over previously available other reflectant materials, such as polished aluminum that must be machined into desired
shapes. With the material of the present invention, a host of different non-planar shapes can be formed with minimal
effort. These types of thin, flexible, formable materials having a high reflectivity (e.g., 90 to 95% to 99% or more) should
have great value for a range of various photoinduction chamber applications.
[0034] Another valuable property of the inventive reflector material is that the base material of PTFE is not subject
to corrosion from moisture and chemical elements. Where these environmental conditions are present it would present
yet another advantage over polished aluminum.
[0035] The present invention may comprise single or multiple layers of expanded PTFE, or may comprise a laminate
of one or more layers of expanded PTFE and a backing support material. Since the expanded PTFE membrane alone
tends to be susceptible to stretching and distortion, for some applications it may be preferred that the membrane be
mounted to a support layer, such as through lamination to a flexible woven or non-woven material, that will help maintain
the shape of the image layer during use. One suitable support layer is applied by applying an adhesive material, such



EP 0 865 460 B1

6

5

10

15

20

25

30

35

40

45

50

55

as moisture curable polyurethane or solvated polyurethane, to the expanded PTFE membrane and then applying the
adhesive-coated expanded PTFE membrane to a flexible backing material (e.g., polyester, polypropylene, MYLAR®,
KEVLAR®, nylon, etc.). The two materials can then be bonded to each other under applied pressure, such as by rolling
the material between one or more pairs of nip rollers. With use of a moisture curable polyurethane adhesive to bond
an expanded PTFE membrane to a woven fabric, such as nylon, the application of a pressure of about 1150 g per
linear meter is sufficient to bond the materials together. The materials are then allowed to moisture cure for a period
of about 48 hours before use.
[0036] In addition, to create complex shapes, an expanded PTFE sheet can be bonded to a rigid support material
and then formed as a composite into shapes, such as parabolic or ellipsoidal domes. One suitable method for such
forming techniques comprises using vacuum forming devices.
[0037] Without intending to limit the scope of the present invention, the following examples illustrate how the present
invention may be made and used:

EXAMPLE 1

[0038] A reflectant material of the present invention was prepared in the following manner:
[0039] A fine powder PTFE resin was combined in a blender with odorless mineral spirits (ISOPAR K available from
Exxon Corp.) until a compound was obtained. The volume of mineral spirits used per gram of fine powder PTFE resin
was 0.275 cc/gm. The compound was compressed into a billet and extruded through a 1.14 mm gap die attached to
a ram type extruder to form a coherent extrudate. A reduction ratio of 47:1 was used.
[0040] Subsequently, the odorless mineral spirit was volatilized and removed, and the dry coherent extrudate was
expanded uniaxially in the longitudinal direction 4.0 times its original length by passing the dry coherent extrudate over
a series of rotating heated rollers at a temperature of 300°C. The sheet was subsequently subjected to an amorphous
locking step by passing the sheet over a series of rotating heated rollers at a temperature of 385°C such that the
material was in contact with the rollers for about 12 seconds.
[0041] This material formed a relatively course expanded structure such as that shown in Figure 3.

EXAMPLE 2

[0042] Another sheet of the present invention was produced in the same manner as Example 1 except for the following
differences:
[0043] The volume of mineral spirits used per gram of fine powder PTFE resin was 0.297 cc/gm. The compound was
compressed into a billet and extruded through a 1.52 mm gap die attached to a ram type extruder to form a coherent
extrudate. A reduction ratio of 70:1 was used.
[0044] Subsequently, the odorless mineral spirit was volatilized and removed. Three layers of the dry coherent ex-
trudate were then stacked and expanded uniaxially in the longitudinal direction 4.6 times its original length by passing
the dry coherent extrudate over a series of rotating heated rollers at a temperature of 310°C. The sheet was subse-
quently subjected to an amorphous locking step by passing the sheet over a series of rotating heated rollers at a
temperature of 385°C for about 40 seconds.
[0045] Again, this material formed a relatively course expanded structure such as that shown in Figure 3.

EXAMPLE 3

[0046] A sheet of the present invention was produced in the following manner:
[0047] A fine powder PTFE resin was combined with an odorless mineral spirit. The volume of mineral spirits used
per gram of fine powder PTFE resin was 0.275 cc/gm. This mixture is aged below room temperature to allow for the
mineral spirits to become uniformly distributed within the PTFE fine powder resin. This mixture was compressed into
a billet and extruded at approximately 8300 kPa through a 0.71 mm gap die attached to a ram type extruder to form a
coherent extrudate. A reduction ratio of 75:1 was used.
[0048] The extrudate is then rolled down between two metal rolls which were heated to between 30-40°C. The final
thickness after roll down was 0.20 mm. The material was transversely expanded at a ratio of 3:1 and then the mineral
spirits were removed from the extrudate by heating the mass to 240°C (i.e., a temperature where the mineral spirits
were highly volatile). The dried extrudate was transversely expanded at 150°C at a ratio of 3.5:1. After expansion, the
sheet was amorphously locked at greater than 340°C and cooled to room temperature. This material forms a relatively
fine expanded structure such as that shown in Figure 2.
[0049] Multiple layers of this sheet material can then be stacked, placed under pressure, and exposed to a temper-
ature of about 360°C for about 30 minutes to bond the layers into a cohesive sheet of virtually any desired thickness.
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EXAMPLE 4

[0050] Layered expanded PTFE material similar to that described in Example 3 above is commercially available from
W. L. Gore & Associates, Inc., Elkton, MD, as a sheet gasket material under the trademark GORE-TEX GR® sheet
gasketing. This material is available in different thicknesses (i.e., constituting different number of layers formed into
cohesive sheets). In order to test the effectiveness of the material of the present invention as compared to commercially
available light reflectant materials, various samples of sheet gasketing material were tested as follows:
[0051] Sample 1: A composite sheet comprising about 15 layers of expanded PTFE sheets with the following prop-
erties:

[0052] Sample 2: A composite sheet comprising about 25 layers of expanded PTFE sheets with the following prop-
erties:

[0053] Sample 3: A composite sheet comprising about 60 layers of expanded PTFE sheets with the following prop-
erties:

[0054] Sample 4: A composite sheet comprising about 85 layers of expanded PTFE sheets with the following prop-
erties:

[0055] Sample 5: A composite sheet comprising about 150 layers of expanded PTFE sheets with the following prop-
erties:

[0056] Additionally, material similar to that described in Examples 1 and 2, above, is commercially available from W.
L. Gore & Associates, Inc., as a gasket tape under the trademark GORE-TEX® gasket tape. Again, this material is
available in different thicknesses. Samples of this material were tested as follows:
[0057] Sample 6: A gasket tape comprising a single layer of relatively course expanded PTFE with the following
properties:

[0058] Sample 7: A gasket tape comprising a single layer of relatively course expanded PTFE with the following
properties:

EXAMPLE 5

[0059] Several single layers as described in Example 3 were then stacked upon itself without pressure and heat to

Thickness 0.5 mm
Density 0.60 g/cc

Thickness 1.0 mm
Density 0.57 g/cc

Thickness 2.2 mm
Density 0.61 g/cc

Thickness 3.4 mm
Density 0.59 g/cc

Thickness 6.2 mm
Density 0.51 g/cc

Thickness 1.0 mm
Density 0.50 g/cc

Thickness 3.3 mm
Density 0.66 g/cc
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form a composite of two, three, and four layered material. These examples are herein designated as Samples 8, 9,
and 10 respectively.
[0060] Sample 8: A composite sheet comprising 2 layers of expanded PTFE sheets with the following properties:

[0061] Sample 9: A composite sheet comprising 3 layers of expanded PTFE sheets with the following properties:

[0062] Sample 10: A composite sheet comprising 4 layers of expanded PTFE sheets with the following properties:

[0063] Each of Samples 1 through 10 were tested in the following manner to quantify their reflective properties:
[0064] A 2 inch by 2 inch swatch from each of Samples 1 through 7 was placed in a CARY 5E Spectrophotometer
with a Labsphere integrating sphere. The spectral range measured was 175 nm to 2500 nm. Data below 250 nm was
not reported due to the unreliability of the standard material below this value. All measurements were made in the
double-beam mode with the same working standard in the sphere's reference reflectance port. The reflectance standard
used was of SPECTRALON material, Labsphere Serial Number SRS-99-010-8111-A. Photomultiplier detection was
used below 800 nm and lead sulfide detection was used above 800 nm. All measurements were normalized with respect
to the baseline of the system. This data is then corrected by multiplying it by the correction factors supplied with the
reflectance standard. This data was then averaged and plotted.
[0065] The graph of Figure 5 records the reflectance verses light wavelength of one sample of the present invention
as compared with three commercially available reflectant materials. Line 18 is the performance of the material of Sample
4 of the present invention. Line 20 is a 3 mm thick commercially available reflectant material called SPECTRALON
available from Labsphere, Inc., North Sutton, NH. Line 22 is a 3.2 mm thick another PTFE reflectant material called
FLUOROGLAS 513892 T100 125 available from Allied-Signal Inc., Hoosick Falls, NY. Line 24 is a reflectant material
of polished aluminum called BRITELITE available from Aquarium Products, Glen Burnie, MD. As can be seen, at all
wavelengths of the UV-visible light tested, the reflectant material of the present invention demonstrated markedly higher
reflectivity than the commercially available reflectant materials.
[0066] It should be noted here that the reflectivity numbers reported herein are not asserted to show better than
complete reflectance of light, but, rather, as demonstrating significantly better reflectance than the present state-of-
the-art SPECTRALON reflectant material which was used as the calibration test standard in the spectrophotometer.
[0067] The graph of Figure 6 records the reflectance verses light wavelength of different thicknesses of inventive
material compared to other reflective materials. Lines 26, and 28 represent the performance of inventive samples 1
and 2, respectively. Line 30 represents the reflectance performance of 1 mm thick SPECTRALON as reported in the
Labsphere technical literature. Lines 32 and 34 represent the reflectance of 1.6 mm and 0.8 mm thick conventional
skived PTFE available from McArnold-Desco of Wilmington, DE. Line 36 is a reflectant material of polished aluminum
called BRITELITE available from Aquarium Products, Glen Burnie, MD. This graph demonstrates that even at thinner
cross sections, the inventive material outperforms the reflectant aluminum and even other thicker cross section PTFE
reflectant materials in all wavelengths tested in the UV-visible light spectrum.
[0068] The graph of Figure 7 records the reflectance verses light wavelength of four samples with similar densities
of expanded PTFE material of the present invention. Of the four samples, there are two different thickness levels
represented, with a coarse and fine structure material at each level. Lines 40 and 42 represent Samples 6 and 7,
respectively, each with a relatively coarse structure characterized by large nodes and thick fibrils. Lines 44 and 46
represent Samples 2 and 4, respectively, each having a relatively fine structure characterized by small nodes and fine
fibrils.
[0069] In like thickness comparisons, the finer structure material demonstrated much higher reflectivity than the
coarser structure material at all wavelengths tested. For instance, Sample 2 with a thickness of 1.0 mm was substantially
more reflective than Sample 6 with the same thickness of 1.0 mm.
[0070] The graph of Figure 8 represents the reflectance of various thicknesses of the inventive material. Lines 50,
52, 54, and 56 represent the reflectance of samples 1, 2, 3, and 4 respectively from Example 4. Lines 58, 60, and 62

Thickness 0.07 mm
Density 0.61 g/cc

Thickness 0.11 mm
Density 0.61 g/cc

Thickness 0.15 mm
Density 0.61 g/cc
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represent the reflectance of samples 8, 9, and 10 respectively from Example 5. As can be seen materials of similar
structure increase in reflectance as their thickness increases. With decreasing thickness there is a greater loss of
reflectance towards the higher wavelengths (in the infrared region of 750 to 2500 nanometers).
[0071] In some applications, such as UV curing, the substrate that is being cured may not be able to withstand the
relatively high infrared heat that can be delivered from the UV curing lamps. In these type of applications, it may be
desirable to have a reflector which is highly reflective in the UV regions but have low reflectivity in the IR regions(i.e.,
being absorptive and/or transmissive of IR radiation). Therefore, some of the thinner inventive materials may be suitable
for these applications.
[0072] It should also be noted that the material of the present invention may be modified through processing or
additional fillers and/or coatings to provide high reflectance in one range of the light spectrum and absorbence in
another range of the spectrum. For some applications, it is known in the art to incorporate coatings and or absorbers
in the reflector to minimize the reflected IR energy in the form of heat that radiates from the reflector towards the
substrate. Some examples of suitable fillers for modifying the reflective properties of the inventive material include
carbon, titanium dioxide, and a wide range of pigments.
[0073] Another method for controlling the heat dissipation of the inventive reflecting material is by the addition of
fillers and or coatings that modify the thermal conductance of the material. Boron nitride is an example of one such
filler which may be used to increase the thermal conductivity while having little effect on reflectance Other examples
of fillers which increase the thermal conductivity include silicon oxide, alumina, zinc, graphite, zinc oxide, etc.

EXAMPLE 6

[0074] Another application for the inventive material is in an indoor actinic test chamber. These photoinduction cham-
bers are utilized to conduct accelerated studies on the affect of UV light on various plastic materials. A typical chamber
70 is described in ASTM test method D4674 and is shown in Figure 9. The test chamber 70 is generally constructed
of UV reflective aluminum 72 with a clear, chromate conversion coating. An arched reflector 74 with a radius of 330
mm serves as the chamber roof. A test drawer 76 made also of reflective aluminum is place 140 mm from the lower
edge of a center bulb 78. Samples for evaluation are placed on the sample drawer 76 for a specified amount of exposure
time. The typical source light spectral energy distribution of the indoor accelerated test chamber is shown in Figure 10.
[0075] Inventive material produced in the same manner as Example 3 was used to line the top of the sample drawer
76 of the chamber. This composite sheet comprising about 20 layers of expanded PTFE sheets was measured to be
0.8 mm thick with a density of about 0.6 g/cc. Measurements of ultraviolet and visible light levels were taken both
before and after introducing the inventive material lining the sample tray The ultraviolet light level increased approxi-
mately 24% over the original aluminum surface. The visible light level increase was measured to be 30%. This procedure
was repeated three times. The percentage increase remained constant for all three tests.
[0076] An additional test was also conducted on the inventive material that lined the actinic chamber as described
above. The material was exposed to the light energy equivalent of fifteen years in a business/office environment. The
material was tested for color difference periodically throughout the duration of the test using a spectrophotometer
according to ASTM D2244 test method. No significant color change was detected. Typically, most polymeric materials
degrade in the UV wavelengths and therefore undergo some physical color change when exposed to this duration of
light energy.

EXAMPLE 7

[0077] In another example the inventive material is employed in a UV curing lamp system. The system used was a
model F300 Ultraviolet Lamp System supplied by Fusion Systems Corporation, Rockville, MD. The system as shown
in Figure 11 incorporates a magnetron 80, a polished aluminum waveguide and reflector 82, a electrodeless mercury
vapor lamp 84, and a conveyor belt 86. The photoinduction chamber in this application can be identified as the partially
enclosed area beneath the reflector and including the reflector and the portion of the conveyor belt under the reflector.
The system operates as follows: The magnetron 80 is a diode vacuum tube in which the flow of electrons is controlled
by an externally applied magnetic field to generate power at microwave frequencies. The microwave energy is directed
towards the electrodeless mercury vapor lamp 84. The lamp is a closed quartz tube containing a small amount of
mercury and an easily ionized starter gas. The microwave energy in the form of a high frequency and high intensity
electric field excites the gas inside the bulb to extremely high energy levels, vaporizing the mercury, and causing the
molecules in the resulting plasma to emit their characteristic wavelengths of light. The peak wavelength of the lamp
used was 365 nanometers. Light from the lamp emits in all directions, with the portion impinging upon the reflector
being redirected back towards the area of the conveyor belt within the photoinduction chamber. Samples are placed
upon the conveyor belt which transports them through the photoinduction chamber. Curing speeds of the sample are
a function of the light energy impinging upon the sample and the speed of the conveyor belt.
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[0078] The waveguide/reflector 82 is further detailed in Figure 12. The polished aluminum waveguide/reflector 82
incorporates a series of openings in the form of holes 90 and slots 92. The main purpose for these openings is to
transmit and guide the microwave energy from the magnetron to the lamp. These openings can also be utilized to
provide additional air circulation for cooling of the lamp.
[0079] Although it is necessary to provide these openings for the above reasons, it is desirable to limit these openings
in order to maximize the surface area of the reflector available for the intended purpose of reflecting the UV light
generated from the UV lamp. Without the openings, microwave energy would not transmit through the aluminum re-
flector to the bulb since it is well known that aluminum is not transmissive to microwave energy. It is also well known
that expanded PTFE is extremely transmissive to microwave energy. In fact expanded PTFE has been calculated to
have a microwave energy transmission rate of higher than 99.99%. Therefore, when expanded PTFE is combined with
metal as a reflector for a microwave energy induced UV curing system, it is not necessary to provide openings in the
expanded PTFE to enable transmission of the microwave energy. With fewer openings in the expanded PTFE reflective
surface, there is more surface area available for UV reflection enabling an even further increase of reflectance efficiency.
[0080] A test was conducted by first establishing the light output of the system. This was accomplished by utilizing
a light sensor 94, such as an IL 390B LIGHT BUG available from International Light, Inc., Newbury Port, MA. The light
sensor 94 records the total cumulative light energy exposure in milijoules/cm2. The light sensor 94 was placed on the
conveyor belt at a constant speed and run through the photoinduction chamber five times to establish a base line of
the system. Then inventive material 88, such as described in sample 4 of Example 4, was attached to the surface of
the polished aluminum waveguide/reflector 82, effectively replacing the reflector surface. This inventive material 88
had only a fraction of the openings as compared to the aluminum waveguide/reflector 82 such that a portion of the
openings in the aluminum reflector were covered by the inventive reflective material. The relatively small fraction of
openings in the expanded PTFE reflector were solely for the purpose of cooling air circulation. The light sensor 94 was
again run through the system another five times at the same conditions as described above. The inventive material 88
was then removed and the light sensor 94 was again run through the system another five times at the same conditions.
All of the data from the above test is reported in the table below:

[0081] Using the average values from the three runs, the calculated percent increase of total cumulative energy
measured using the inventive material as a reflector was 14.3% higher than that of the standard polished aluminum
reflector.
[0082] There are a variety of methods for combining a microwave guiding material such as metal with an expanded
PTFE reflector. Certain methods include the thin coating of a metal material on an expanded PTFE substrate, i.e.,
vacuum deposition, sputter coating, lamination, etc., which can provide a flexible composite. Other embodiments could
combine a rigid metal waveguide with the expanded PTFE reflector through adhesives or mechanical fasteners to
create a relatively rigid composite reflector.
[0083] While particular embodiments of the present invention have been illustrated and described herein, the present
invention should not be limited to such illustrations and descriptions. It should be apparent that changes and modifi-
cations may be incorporated and embodied as part of the present invention within the scope of the following claims.

Claims

1. A method of providing improved reflectivity of light in a photoinduction chamber (70) incorporating a light source,
which comprises:

providing a reflectant material (10) comprising an expanded polytetrafluoroethylene having polymeric nodes

Polished Aluminum (mj/cm2) Inventive Material (mj/cm2) Polished Aluminum (mj/cm2)

Test 1 3391.2 3892.1 3436.4

Test 2 3443.9 3922.9 3447.5

Test 3 3429.2 3884.7 3405.7

Test 4 3394.5 3881.7 3383.1

Test 5 3361.4 3894.7 3382.8

Average 3404.0 3895.2 3411.1

Std. Dev. 32.8 16.4 29.9
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(12) interconnected by fibrils (14) defining microporous voids (16) therein; and
mounting the reflectant material (10) such that light can strike and reflect from the reflectant material (10).

2. The method according to claim 1 wherein the light source emits ultraviolet light from a UV lamp.

3. The method according to any of claims 1 and 2 that further comprises that the reflective material (10) provides
reflectivity.

4. The method according to any of claims 1 and 3 that further comprises providing light in the photoinduction chamber
(70) including wavelengths in the visible light spectrum.

5. The method according to claim 2 that further comprises the reflectant material (10) reflecting greater than 90% of
the UV light striking its surface.

6. The method according to claim 2 that further comprises the reflectant material (10) reflecting greater than 95% of
the UV light striking its surface.

7. The method according to claim 2 that further comprises the reflectant material (10) reflecting greater than 99% of
the UV light striking its surface.

8. A method of providing improved reflectivity of light in a photoinduction chamber (70) which incorporates a micro-
wave activated lamp, which comprises:

providing a reflectant material (10) comprising an expanded polytetrafluoroethylene having polymeric nodes
(12) interconnected by fibrils (14) defining microporous voids (16) therein; and
mounting the reflectant material (10) such that microwave energy transmits through the reflectant material
(10), energises the lamp and that light from the lamp can strike and reflect from the reflectant material (10).

9. The method according to claim 8 that further comprises the reflectant material (10) reflecting greater than 99% of
the UV light striking its surface.

10. A photoinduction chamber (70) that comprises:

a light source;
a reflective surface oriented to direct light from the light source;
a layer of reflectant material (10) mounted on at least a portion of the reflective surface, the reflectant material
(10) comprising an expanded polytetrafluoroethylene having polymeric nodes (12) interconnected by fibrils
(14).

11. The photoinduction chamber (70) according to claim 10 wherein the light source emits ultraviolet light; and greater
than 95% of the ultraviolet light striking the reflectant material (10) is reflected therefrom.

12. The photoinduction chamber according to claim 10 that further comprises the reflectant material (10) reflecting
greater than 99% of the UV light striking its surface.

13. The photoinduction chamber (70) according to claim 10 wherein the reflectant material (10) reflects greater than
99% of the light striking its surface.

Patentansprüche

1. Verfahren zur Schaffung von verbessertem Licht-Reflexionsvermögen in einer Photoinduktionskammer (70), die
eine Lichtquelle enthält, aufweisend:

Vorsehen eines reflektierenden Materials (10), das ein geschäumtes Polytetrafluoroethylen mit polymeren
Knoten (12), verbunden durch Fibrillen (14), die darin mikroporöse Hohlräume (16) definieren, aufweist; und
Anbringen des reflektierenden Materials (10) dergestalt, daß Licht auf das reflektierende Material (10) auftref-
fen und von ihm reflektiert werden kann.



EP 0 865 460 B1

12

5

10

15

20

25

30

35

40

45

50

55

2. Verfahren nach Anspruch 1, bei dem die Lichtquelle ultraviolettes Licht von einer UV-Lampe emittiert.

3. Verfahren nach Anspruch 1 oder 2, das außerdem beinhaltet, daß das reflektierende Material (10) Reflexionsver-
mögen schafft.

4. Verfahren nach Anspruch 1 oder 3, das außerdem das Vorsehen von Licht, das Wellenlängen im Spektrum sicht-
baren Lichts enthält, in der Photoinduktionskammer (70) beinhaltet.

5. Verfahren nach Anspruch 2, das außerdem beinhaltet, daß das reflektierende Material (10) mehr als 90 % des
UV-Lichts, das auf seine Oberfläche auftrifft, reflektiert.

6. Verfahren nach Anspruch 2, das außerdem beinhaltet, daß das reflektierende Material (10) mehr als 95 % des
UV-Lichts, das auf seine Oberfläche auftrifft, reflektiert.

7. Verfahren nach Anspruch 2, das außerdem beinhaltet, daß das reflektierende Material (10) mehr als 99 % des
UV-Lichts, das auf seine Oberfläche auftrifft, reflektiert.

8. Verfahren zur Schaffung von verbessertem Licht-Reflexionsvermögen in einer Photoinduktionskammer (70), die
eine mikrowellenaktivierte Lampe enthält, aufweisend:

Vorsehen eines reflektierenden Materials (10), das ein geschäumtes Polytetrafluoroethylen mit polymeren
Knoten (12), verbunden durch Fibrillen (14), die in ihm mikroporöse Hohlräume (16) definieren, aufweist;
Anbringen des reflektierenden Materials dergestalt, daß Mikrowellenenergie durch das reflektierende Material
(10) hindurchgeht, die Lampe mit Energie versorgt, und daß Licht von der Lampe auf das reflektierende Ma-
terial (10) auftreffen und von ihm reflektiert werden kann.

9. Verfahren nach Anspruch 8, das außerdem beinhaltet, daß das reflektierende Material (10) mehr als 99 % des auf
seine Oberfläche auftreffenden UV-Lichts reflektiert.

10. Photoinduktionskammer (70), aufweisend:

eine Lichtquelle;
eine reflektierende Oberfläche, die so ausgerichtet ist, daß sie Licht von der Lichtquelle lenkt;
eine Schicht aus reflektierendem Material (10), die an mindestens einem Teil der reflektierenden Oberfläche
angebracht ist, wobei das reflektierende Material (10) ein geschäumtes Polytetrafluoroethylen mit durch Fi-
brillen (14) verbundenen polymeren Knoten (12) aufweist.

11. Photoinduktionskammer (70) nach Anspruch 10, bei der die Lichtquelle ultraviolettes Licht emittiert; und mehr als
95 % des ultravioletten Lichts, das auf das reflektierende Material (10) auftrifft, von ihm reflektiert wird.

12. Photoinduktionskammer nach Anspruch 10, die außerdem aufweist, daß das reflektierende Material (10) mehr als
99 % des auf seine Oberfläche auftreffenden UV-Lichts reflektiert.

13. Photoinduktionskammer (70) nach Anspruch 10, bei der das reflektierende Material (10) mehr als 99 % des auf
seine Oberfläche auftreffenden Lichts reflektiert.

Revendications

1. Un procédé destiné à communiquer une réflectivité améliorée de lumière dans une chambre de photo-induction
(70) incorporant une source lumineuse, qui comprend les étapes consistant à:

♦ agencer une matière réfléchissante (10) comprenant un polytétrafluoréthylène expansé à noeuds polymères
(12) interconnectés par des fibrilles (14) qui y définissent des vides microporeux (16); et

♦ monter la matière réfléchissante (10) d'une manière telle que la lumière peut frapper la matière réfléchissante
(10) et être réfléchie par celle-ci.
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2. Le procédé selon la revendication 1 dans lequel la source lumineuse émet une lumière ultraviolette à partir d'une
lampe UV.

3. Le procédé selon l'une quelconque des revendications 1 et 2 qui comprend en outre le fait que la matière réflé-
chissante (10) communique une réflectivité.

4. Le procédé selon l'une quelconque des revendications 1 et 3 qui comprend en outre le fait d'envoyer dans la
chambre de photo-induction (70) une lumière qui inclut des longueurs d'ondes du spectre de la lumière visible.

5. Le procédé selon la revendication 2 qui comprend en outre le fait que la matière réfléchissante (10) réfléchit plus
de 90 % de la lumière UV qui frappe sa surface.

6. Le procédé selon la revendication 2 qui comprend en outre le fait que la matière réfléchissante (10) réfléchit plus
de 95 % de la lumière UV qui frappe sa surface.

7. Le procédé selon la revendication 2 qui comprend en outre le fait que la matière réfléchissante (10) réfléchit plus
de 99 % de la lumière UV qui frappe sa surface.

8. Un procédé destiné à communiquer une réflectivité améliorée de lumière dans une chambre de photo-induction
(70) qui incorpore une lampe activée par micro-ondes, qui comprend les étapes consistant à:

♦ agencer une matière réfléchissante (10) comprenant un polytétrafluoréthylène expansé à noeuds polymères
(12) interconnectés par des fibrilles (14) qui y définissent des vides microporeux (16); et

♦ monter la matière réfléchissante (10) d'une manière telle qu'une énergie de micro-ondes est transmise à tra-
vers la matière réfléchissante (10), qu'elle excite la lampe, et qu'une lumière prove-nant de la lampe peut
frapper la matière réfléchissante (10) et être réfléchie par celle-ci.

9. Le procédé selon la revendication 8 qui comprend en outre le fait que la matière réfléchissante (10) réfléchit plus
de 99 % de la lumière UV qui frappe sa surface.

10. Une chambre de photo-induction (70) qui comprend:

♦ une source lumineuse;

♦ une surface réfléchissante orientée de manière à diriger une lumière provenant de la source lumineuse;

♦ une couche de matière réfléchissante (10) montée sur au moins une partie de la surface réfléchissante, la
matière réfléchissante (10) comprenant un polytétrafluoréthylène expansé à noeuds polymères interconnectés
par des fibrilles (14).

11. La chambre de photo-induction (70) selon la revendication 10 dans laquelle la source lumineuse émet une lumière
ultraviolette; et une fraction supérieure à 95 % de la lumière ultraviolette qui frappe la matière réfléchissante (10)
est réfléchie par celle-ci.

12. La chambre de photo-induction selon la revendication 10 dans laquelle, en outre, la matière réfléchissante (10)
réfléchit plus de 99 % de la lumière UV qui frappe sa surface.

13. La chambre de photo-induction (70) selon la revendication 10 dans laquelle la matière réfléchissante (10) réfléchit
plus de 99 % de la lumière qui frappe sa surface.
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