US 20070200074A1

a2y Patent Application Publication (o) Pub. No.: US 2007/0200074 A1

a9y United States

Kohnen 43) Pub. Date: Aug. 30, 2007
(54) LONG LIFE SELF-LUMINOUS (52) US.CL ..o 250/462.1; 428/690; 428/402;
MICROSPHERES 40/542
(76) Inventor: Michael P. Kohnen, Clayton, WI
(US)
57 ABSTRACT

Correspondence Address:
Tipton L. Randall

19371 55th Avenue
Chippewa Falls, WI 54729

(21) Appl. No:  11/710,345

(22) Tiled: Feb. 23, 2007

Related U.S. Application Data

(60) Provisional application No. 60/776,249, filed on Feb.

24, 2006.

Publication Classification

(51) Int. CL
F2IK 2/00 (2006.01)
B32B 9/00 (2006.01)
B32B 1/00 (2006.01)

This invention relates to a means for more efficiently and
more safely providing self-luminous lighting devices for use
in signs, markers, indicators and the like. The present
invention provides self luminosity by means of a plurality of
glass or polymer microspheres containing both a light-
emitting phosphor and a radioactive gas. The “soft” emis-
sion of electrons from the beta emitting gas cannot penetrate
the glass or polymer wall of the microspheres, thereby
constituting no radiation hazard. A further advantage of the
present invention is that the plurality of individual contain-
ment microspheres minimizes the escape of radioactive gas
in the event of any physical damage to an assembly of such
microspheres. A still further advantage of the invention is
that the radioactive gas completely surrounds the phosphor
particles, thus causing light emission from one hundred
percent of the surface of the particles.
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LONG LIFE SELF-LUMINOUS
MICROSPHERES

CROSS-REFERENCE TO RELATED
APPLICATIONS, IF ANY

[0001] This application claims the benefit under 35 U.S.C.
§119 (e) of co-pending provisional application Ser. No.
60/776,249, filed 24 Feb. 2006. Application Ser. No. 60/776,
249 is hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A MICROFICHE APPENDIX,

IF ANY
[0003] Not applicable.
BACKGROUND OF THE INVENTION
[0004] 1. Field of the Invention
[0005] The present invention relates to a long life illumi-

nation source and, more particularly, to a self-contained,
long life illumination source and, most particularly, to long
life, self-luminous microspheres for such use.

[0006] 2. Background Information

[0007] Self-luminous signs and indicators have been in
use since early in the twentieth century and have experi-
enced numerous improvements over the intervening years.
The early uses of self-luminosity employed radium as the
activator for a phosphor; however, radium constituted a
health hazard from its “hard” radiation and was abandoned.
In more recent times a number of radio isotopes have been
developed and produced, which serve to activate phosphors
to luminescence. Depending upon the choice of isotope, one
may obtain alpha, beta or gamma radiation and it has been
found that alpha and gamma radiation are hazardous to
health, leaving the beta radiators as the safe type for self-
luminescence devices. By definition, the beta radiators emit
electrons which are relatively heavy particles and exhibit
less velocity. This type of radiation will not penetrate a thin
glass wall, such as is employed in the present invention.
However, beta radiation is effective in causing phosphors to
luminesce. Among the beta radiating isotopes, we have
selected tritium as the activator for the present device.
Tritium exhibits a half-life of 12.5 years, which is quite
adequate for the purpose intended. Other isotopes might be
used; however, some have small amounts of “hard” radiation
and exhibit differing half-lives, such as:

[0008] Promethium'#’, having a half-life of 2.7 years,
Thallium®®*, having a half-life of 3.6 years and Krypton®*,
having a half-life of 10.0 years. However, Krypton®’ yields
approximately 0.5% of its radiation in the form of gamma
rays, which are hazardous to living organisms.

[0009] Others have made various forms of self-luminous
devices; however, these have suffered from lack of efficiency
for any of the following causes:

[0010] (a) Light being obstructed by the phosphor and the
radioactive substance being chemically combined to become
a solid.

[0011] (b) Light being obstructed or attenuated by having
to pass through a layer of phosphor to become visible.
[0012] (c) Light being limited by only one side of the
phosphor particles being exposed to the radiation.
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[0013] A further problem with some of the previous
devices has been that the phosphor was combined with a
binder to allow a film coating on the inside of a glass
envelope which contained the radioactive gas. In this
instance, not only did the film attenuate the light, but the
binder deteriorated with time due to its exposure to the
radiation.

[0014] Some individuals have made self-luminous paints,
wherein the radioactive gas was converted to a solid by
chemical combination with a transparent polymer, which
was then deposited on phosphor crystals. In this instance,
exposure to its own radiation resulted in the tritiated poly-
mer losing gas and the tritiated gas compounds readily
diffuse through the polymer, thus resulting in a radiation
hazard, as well as to degrade the transparency of the
polymer.

[0015] Work in the area of self-luminous signs has been
done by such companies as American Atomics, Inc., Self
Powered Lighting, Inc. and by the Oak Ridge National
Laboratories (ORNL). See U.S. Pat. No. 4,383,382 of Self
Powered Lighting, Inc. In addition, the 3M company has
done considerable work with self-lumination; however, their
means involve the hazard and light attenuation problems
described above.

[0016] NASA'’s Jet Propulsion Laboratory has done work
with the confinement of atomic waste materials in glass
envelopes and in a manner similar to that described herein.
However, NASA’s Jet Propulsion Laboratory employed a
standard method of forming glass spheres, and they were not
concerned with self-luminescence. No phosphors were
involved with their work.

[0017] A recent invention, disclosed in U.S. Pat. No.
4,677,008 by Webb, provides a safe and efficient self-
luminous microspheres and a process for making the same.
The self-luminous microspheres disclosed are of limited
utility because the phosphor particles were inefficient at
producing illumination from the tritium radiation and are
subject to degradation, particularly on exposure to ultravio-
let light. The ultraviolet light degradation of the phosphor
particles, disclosed by Webb, prevents applications in which
the self-luminous microspheres are located outdoors.

[0018] Applicant has devised an improved and more effi-
cient self-luminous microspheres that overcome many of the
shortcomings of those disclosed in the above-mentioned
patents.

SUMMARY OF THE INVENTION

[0019] The invention obviates the problems described in
the foregoing approaches to self-luminosity by confining the
radioactive material within a glass walled sphere, along with
the light-emitting phosphor in such manner that the emitted
light does not have to pass through any light attenuating
medium.

[0020] Though numerous radioactive gases might be
employed, tritium gas was chosen as the activator for the
light-emitting phosphor. Tritium is a “soft” beta emitter, and
the radiation does not penetrate the glass wall of the enve-
lope. The clear borosilicate glass microsphere offers no
appreciable attenuation of the emitted light.

[0021] The formation of glass microspheres is a well-
known art and is widely used in providing strong, light-
weight fillers for epoxies and the like. Also well known is the









