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Description

Technical Field

[0001] The present invention relates to a light-storing
fluorescent pigment and, more particularly, to a light-
storing fluorescent pigment containing a mother crystal
doped with a rare earth metal.
[0002] The light-storing fluorescent pigment of the
present invention can be advantageously used as a dis-
play means of various apparatuses, measuring instru-
ments and members because of its excellent light emit-
ting characteristics, easy production, lack of contamina-
tion with impurities and ease of control of the particle
diameter of pigment particles. The present invention al-
so relates to a method of producing such a light-storing
fluorescent pigment. As recognized in this technical
field, the "light-storing fluorescent pigment" refers to a
fluorescent pigment capable of maintaining afterglow
enough to be visually recognized for a time of from tens
of minutes to several hours even after the termination
of stimulation when light is emitted by stimulating the
pigment using ultraviolet radiation. Background Art
[0003] Various light-storing fluorescent pigments
have been suggested and can be actually purchased
and used. Among them, a popularly used light-storing
fluorescent pigment is a zinc sulfide-based light-storing
fluorescent pigment, that is, those obtained by adding a
radioactive substance to a zinc sulfide-based fluores-
cent substance (ZnS:Cu) to enhance the light-storing
performance. This fluorescent pigment can emit light for
a long time using the energy of the added radioactive
substance. However, this fluorescent pigment has such
a drawback that it is chemically unstable and is inferior
in light resistance. Accordingly, its application is limited
to a narrow range. Furthermore, this fluorescent pig-
ment has such a drawback that production control is dif-
ficult and the amount is limited because a radioactive
substance is contained.
[0004] To solve the problems of a conventional zinc
sulfide-based light-storing fluorescent pigment, Japa-
nese Unexamined Patent Publication (Kokai) No.
7-11250 suggests a light-storing fluorescent substance,
which is characterized by using a compound represent-
ed by MAl2O4 (M is at least one metal element selected
from the group consisting of calcium, strontium and bar-
ium) as a mother crystal, and adding europium as an
activator and an element such as lanthanum as a coac-
tivator. According to this invention, there can be ob-
tained a light-storing fluorescent substance which has
afterglow characteristics with high luminance for a time
longer by far than that in the case of a commercially
available sulfide-based fluorescent substance, and
which is chemically stable and is also superior in light
resistance. Since this light-storing fluorescent sub-
stance does not use a radioactive substance, the draw-
backs caused by its use can be avoided.
[0005] U.S. Patent No. 5,376,303 discloses a light-

storing fluorescent substance comprising a composition
represented by the following formula:

(wherein MO represents at least one divalent metal ox-
ide selected from the group consisting of MgO, CaO,
SrO and ZnO; and R represents Eu and at least one
additional rare earth element selected from the group
consisting of Pr, Nd and Tm, and the rare earth element
is contained in the amount enough to enhance afterglow
characteristics). Also according to this invention, the
same effect as that of Japanese Unexamined Patent
publication (Kokai) No. 7-11250 described previously
can be obtained.
[0006] By the way, problems to be solved are still
present in these light-storing fluorescent substances
free from radioactive substance. A first problem is a
problem caused by using a solid state reaction method
in the production of the light-storing fluorescent sub-
stance. That is, these light-storing fluorescent substanc-
es are usually produced by mixing a mother crystal, and
an oxide, a halide or a carbonate of constituent elements
as an activator and a coactivator, and calcining the mix-
ture, but it is impossible to avoid that the resulting fluo-
rescent substance is contaminated by a trace amount
of impurities. Accordingly, characteristics of the fluores-
cent substance can vary largely. In other words, to avoid
such a problem of contamination with impurities, purifi-
cation of the oxide, halide or carbonate of constituent
elements as a starting material and purification of the
resulting fluorescent substance must be conducted
carefully. Therefore, the production process is compli-
cated.
[0007] Calcination for producing the light-storing flu-
orescent substance is conducted in the following proce-
dure. That is, starting materials after purification are
usually mixed by using a blender, a ball mill or the like,
and then the resulting mixture is calcined under a reduc-
ing atmosphere. In the case where the mother crystal is
an aluminate, the calcination must be conducted at high
temperature of not less than about 1300°C. However, it
is difficult to obtain a crystal having desired high purity,
which is also a problem. It is generally desired that the
calcination can be conducted at lower temperature and
the resulting crystal has high purity, that is, the crystal
is composed of a single phase.
[0008] After the completion of the calcination, the sin-
tered product is ground by using a crusher, a ball mill or
the like to obtain a powdered light-storing fluorescent
substance. Since the light emitting characteristics and
coating properties are influenced by the particle diame-
ter of the light-storing fluorescent substance, it is nec-
essary to classify for the purpose of removing coarse
particles and fine particles after the completion of the
grinding. In the solid state reaction method, the scatter
in particle diameter is generally large and a tendency to

Moa(Al1-bBb)2O3:cR
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form coarse particles is noticeable.
[0009] Furthermore, in the solid state reaction method
used conventionally, a flux such as halide of an alkali or
an alkali earth metal, boric acid, etc. is often used on
calcination for the purpose of promoting crystal growth.
Therefore, it is necessary to wash and dry for the pur-
pose of removing the flux and impurities after classifica-
tion.
[0010] In the light-storing fluorescent substance com-
prising a mother crystal doped with a rare earth metal,
which is produced by a conventional solid state reaction
method, various necessary conditions described below
must be satisfied as described above. That is, a purifi-
cation step before calcination is required; a flux to be
removed in a washing step after calcination must be
added in the system; high-temperature calcination is re-
quired to obtain a desired crystal form; a classification
step is required because the particle diameter of the flu-
orescent substance obtained after calcination and
grinding is not uniform; and a washing step for removing
the flux and impurities is required. Disclosure of the In-
vention
[0011] An object of the present invention is to solve
the above-described problems of the prior art and to pro-
vide a light-storing fluorescent pigment, which has high
crystal purity and uniform particle diameter and is free
from contamination with impurities, without requiring
complicated production process and reaction condi-
tions.
[0012] Another object of the present invention is to
provide a light-storing fluorescent pigment capable of
easily controlling the particle diameter and characteris-
tics of the pigment.
[0013] Still another object of the present invention is
to provide a method of producing such an improved
light-storing fluorescent pigment according to demand.
[0014] These objects and other objects of the present
invention will become apparent from the following de-
tailed description of the present invention.
[0015] In one aspect, the present invention provides
a light-storing fluorescent pigment for use as a display
element comprising a mother crystal and a rare earth
element with which said mother crystal is doped, char-
acterized in that said light-storing fluorescent pigment
is produced by calcining a gel powder as a starting ma-
terial obtained from at least two of an alkoxide deriva-
tive; an organic acid salt; one of barium carbonate,
strontium carbonate, strontium nitrate and an oxide of
metal elements constituting said pigment by using a sol-
gel method, and wherein the mother crystal is a metal
oxide-based crystal containing at least two metal ele-
ments selected from the group consisting of aluminum,
strontium, calcium and barium.
[0016] In another aspect, the present invention pro-
vides a method of producing a light-storing fluorescent
pigment for use as a display element, comprising a
mother crystal and a rare earth element with which said
mother crystal is doped, which method comprises the

steps of: producing a gel powder from at least two of an
alkoxide derivative; an organic acid salt; one of barium
carbonate, strontium carbonate, strontium nitrate and
an oxide of metal elements constituting said pigment by
using a sol-gel method; and calcining the resulting gel
under a reducing atmosphere, and in which method the
mother crystal is a metal oxide-based crystal containing
at least two metal elements selected from the group con-
sisting of aluminum, strontium, calcium and barium.
[0017] In the present invention, as is apparent from
the following description, not only a complicated produc-
tion process required for solid state reaction can be sim-
plified, but also a light-storing fluorescent pigment with
a desired crystal form and composition, which has high
purity and uniform particle diameter, can be obtained.

Brief Description of the Drawings

[0018]

Fig. 1 is a graph showing measuring results of
TG-DTA (thermogravimetric-differential scanning
analysis) of the gel powder obtained in Example 1.
Fig. 2 is a graph showing a change in crystal form
of the powder with a change in calcination temper-
ature in the process of calcining the gel powder in
Example 1 by XRD (X-ray diffraction method).
Fig. 3 is an electron micrograph (magnification:
10,000) of the light-storing fluorescent pigment
powder obtained in Example 1.
Fig. 4 is a graph showing a change in crystal form
of the powder with a change in calcination temper-
ature in the process of calcining the raw material
powder in Comparative Example 1 by an XRD (X-
ray diffraction) method.
Fig. 5 is an electron micrograph (magnification:
10,000) of the light-storing fluorescent pigment
powder obtained in Comparative Example 1.
Fig. 6 is a graph showing excitation and emission
spectrums of the light-storing fluorescent pigment
powder obtained in Example 3.
Fig. 7 is a graph showing an excitation spectrum
when light-storing fluorescent pigment powders ob-
tained in Example 3 and Comparative Example 1
are excited at 370 nm.
Fig. 8 is a graph showing a change in afterglow in-
tensity of light-storing fluorescent pigment powders
obtained in Example 3 and Comparative Example
1 after irradiation with light from a fluorescent lamp
(1600 Lux, 20 minutes).
Fig. 9 is a graph showing a change in afterglow in-
tensity when light-storing fluorescent pigment pow-
ders obtained in Example 3 and Example 4 are ex-
cited at 370 nm.
Fig. 10 is a graph showing afterglow characteristics
of light-storing fluorescent pigment powders ob-
tained in Example 4 and Example 6 after irradiation
with light from a fluorescent lamp (1600 Lux, 20 min-
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utes).
Fig. 11 is a graph showing afterglow characteristics
of light-storing fluorescent pigment powders ob-
tained in Example 6 and Example 7 after irradiation
with light from a fluorescent lamp (1600 Lux, 20 min-
utes).

Mode for carrying out the Invention

[0019] The light-storing fluorescent pigment accord-
ing to the present invention comprises a mother crystal
and a rare earth metal with which the mother crystal is
doped. The doping of the mother crystal with the rare
earth element can be conducted by various procedures,
but is preferably conducted by using an activator and a
coactivator. If necessary, other additional elements may
also be used, in addition to these additives.
[0020] In the light-storing fluorescent pigment of the
present invention, the mother crystal is preferably a met-
al oxide-based crystal comprising at least two metal el-
ements selected from the group consisting of aluminum,
strontium, calcium and barium. Suitable metal oxide-
based crystal is not limited, but includes, for example,
SrAl2O4, SrAl4O7, CuAl2O4, SrxBa(1-x)Al2O4, Srx-
Ca(1-x)Al2O4, SrxBa(1-x)Al4O7, SrxCa(1-x)Al4O7,
SrAl12O19, Sr2Al2O6 or the like. The raw material used
for formation of these mother crystals will be described
in detail below, but is preferably in the form of an alkox-
ide derivative, an organic acid salt, an inorganic acid
salt, an oxide, a chloride or the like. One example of a
suitable raw material used herein includes barium car-
bonate, strontium carbonate, aluminum tri(2-butoxide),
strontium di(2-propoxide), strontium acetate, aluminum
oxide, strontium chloride, strontium nitrate or the like.
[0021] Although the doping of this mother crystal with
the rare earth element is derived from use of the activa-
tor and coactivator as described above, the activator,
which can be advantageously used, is preferably euro-
pium. Europium is added in the form of an alkoxide de-
rivative, an organic acid salt, an inorganic acid salt, an
oxide, a chloride or the like, but is preferably added in
the form of the oxide such as europium oxide (Eu2O3).
The concentration of the activator to be added to the
mother crystal can vary widely depending on various
factors such as the composition and the characteristics
of the desired pigment, but is preferably within a range
from about 0.05 to 10% by weight, and more preferably
from about 0.1 to 5% by weight.
[0022] The coactivator, which can be advantageously
used in combination with the activator, is preferably at
least one element selected from the group consisting of
lanthanum, cerium, praseodymium, neodymium, sa-
marium, gadolinium, terbium, dysprosium, holmium, er-
bium, thulium, ytterbium and lutetium. These coactiva-
tors are added in the form of an alkoxide derivative, an
organic acid salt, an inorganic acid salt, an oxide, a chlo-
ride or the like and are preferably added in the form of
the oxide such as dysprosium oxide (Dy2O3), neodym-

ium oxide (Nd2O3), cerium oxide (Ce2O3), holmium ox-
ide (Ho2O3), terbium oxide (Tb2O3) or the like. The con-
centration of the coactivator to be added to the mother
crystal can vary widely depending on various factors
such as composition and characteristics of the desired
pigment, concentration of the activator, etc., but is pref-
erably within a range from about 0.02 to 10% by weight,
and more preferably from about 0.05 to 5% by weight.
[0023] When the present invention is carried out, at
least one of other additional elements may be added in
combination with the activator and coactivator. Use of
the additional element is particularly effective for further
reduction in calcination temperature, improvement in lu-
minance and improvement in afterglow characteristics.
A suitable additional element used herein is not limited,
but includes, for example, boron, copper and phospho-
rous. Similar to the above-described constituent ele-
ments, these additional elements are also added in the
form of an alkoxide derivative, an organic acid salt, an
inorganic acid salt, an oxide, a chloride or the like and
are preferably added in the form of the alkoxide deriva-
tive and oxide, such as boron oxide (B2O3), triethoxy-
boron (B (OC2H5)3), phosphorous pentaoxide (P2O5),
copper oxide (CuO) or the like. The concentration of the
additional element to be added to the mother crystal can
vary widely depending on various factors such as com-
position and characteristics of the desired pigment, con-
centration of the activator and coactivator, etc., but is
preferably within a range from about 0.01 to 10% by
weight, and more preferably from about 0.1 to 8% by
weight.
[0024] The light-storing fluorescent pigment accord-
ing to the present invention is characterized by using a
sol-gel method in place of a conventionally used solid
state reaction method in the production, that is, an arbi-
trary combination of an alkoxide derivative, an organic
acid salt, an inorganic acid salt, an oxide and a chloride
of the above-described various metal elements consti-
tuting the fluorescent pigment of the present invention
is used as a raw material and a gel powder prepared
from these raw materials by using a sol-gel method is
used as a starting material.
[0025] Accordingly, the method of producing the light-
storing fluorescent pigment according to the present in-
vention comprises the steps of:

producing a gel powder from an arbitrary combina-
tion of an alkoxide derivative, an organic acid salt,
an inorganic acid salt, an oxide and a chloride of
metal elements constituting the pigment by using a
sol-gel method; and
calcining the resulting gel under a reducing atmos-
phere.

[0026] In the practice of the method of the present in-
vention, the sol-gel method for production of the starting
material can be carried out by optionally using proce-
dures which have widely been known in the field of the
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inorganic material chemistry. Accordingly, the detail de-
scription is omitted in this specification.
[0027] The production of the light-storing fluorescent
pigment according to the present invention can be car-
ried out through the following steps.

First step

[0028] An alkoxide derivative, an organic acid salt or
an inorganic acid salt of metal elements constituting a
mother crystal is dissolved in a polar organic solvent to
obtain a homogeneous solution. Examples of the polar
organic solvent, which can be used, include alcohols. If
necessary, other organic solvents such as a glycol sol-
vent, a non-polar solvent such as benzene, etc., an
amine solvent and the like may also be used.

Second step

[0029] The reaction system of the homogeneous so-
lution prepared in the first step is hydrolyzed by adding
water, and then polycondensed. In this case, the reac-
tion rate can be controlled by changing the pH of the
reaction system and concentration of water. Ammonia
water is preferably used in the adjustment of the pH be-
cause ammonia water does not remain as an impurity.
As a result of the polycondensation, a sol solution is ob-
tained from the homogeneous solution.

Third step

[0030] After preparing the sol solution, the resulting
solution is allowed to stand as it is to naturally produce
a gel solution. Alternatively, the sol solution may also be
prepared by concentrating the resulting sol solution and
controlling the pH.

Fourth step

[0031] The resulting gel solution is aged for a suitable
time and then dried. As a result, a gel powder is ob-
tained.

Fifth step

[0032] The resulting gel powder is calcined under pre-
determined conditions. This calcination is preferably
carried out under a reducing atmosphere. This is be-
cause a deactivator as light emitting species, preferably
europium, must be reduced from trivalent to divalent.
Usually, the calcination is preferably carried out in two
stages such as temporary calcination and subsequent
proper calcination. The temperature of the temporary
calcination can vary widely depending on factors such
as kind of the mother crystal (constituent element or
crystal system), but is preferably within a range from
about 800 to 1500°C, and more preferably from about
900 to 1200°C. The temperature of the proper calcina-

tion can also vary widely depending on factors such as
kind of the mother crystal (constituent element or crystal
system), but is preferably within a range from about 800
to 1500°C, and more preferably from about 1000 to
1400°C. As a result of the calcination, a sintered powder
of the mother crystal can be obtained. As the reducing
atmosphere, for example, a mixture of nitrogen gas and
carbon dioxide or a mixture of a nitrogen gas and hydro-
gen gas can be used.
[0033] The addition of the activator, coactivator, and
alkoxide derivative, organic acid salt, inorganic acid salt,
oxide and/or chloride of other additional elements for
doping with the rare earth element may be conducted
in an arbitrary stage of the above-described first to fifth
steps. The substances to be added may be added at a
time in one step, or may be portionwise added in each
step. For example, the activator and coactivator may be
added after preparing the sol solution in the second
step, while the activator and coactivator may be added
after preparing the gel powder in the fourth step. Alter-
natively, the activator and coactivator may be added
during the calcination in the fifth step.
[0034] The method of the present invention can be
easily carried out by using the above-described simpli-
fied steps. The resulting light-storing fluorescent pig-
ment has high purity because the starting materials do
not contain impurities and a step capable of being con-
taminated with impurities is not included during the pro-
duction. In this light-storing fluorescent pigment, a fluo-
rescent pigment having a desired composition, particle
diameter and characteristics can be produced by option-
ally changing the composition and amount of the starting
materials as well as reaction conditions, according to the
desired results, without any difficulty.
[0035] The method of producing the light-storing flu-
orescent pigment using a sol-gel method of the present
invention is a method of producing the light-storing flu-
orescent pigment by obtaining a gel powder through a
homogeneous solution, a sol solution and a gel solution
using a sol-gel method and calcining under a reducing
atmosphere. When this production method is compared
with the production method using a conventional solid
state reaction method, both methods are different in
simplification of purification of raw materials, reduction
in calcination temperature, omission of a grinding step
and omission of a classification step with respect to the
production process. Both methods are different in that
the resulting light-storing fluorescent pigment of the
present invention is free from contamination with impu-
rities and a crystal form of the mother crystal having de-
sired high purity can be obtained under low-temperature
calcination conditions. It becomes possible to control
the particle diameter of the resulting pigment powder by
selecting the sol-gel reaction conditions, thereby mak-
ing it possible to obtain a light-storing fluorescent pig-
ment having a particle diameter suited for conditions of
subsequent coating step.
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Examples

[0036] The present invention will be described with
reference to examples thereof. It is appreciated that the
present invention is not limited by these examples. Par-
ticularly, the production of the light-storing fluorescent
pigment according to the present invention is not limited
by the constituent elements and crystal form of the
mother crystal of the fluorescent pigment as well as kind
and concentration of the activator, coactivator and other
additives to be added.

Example 1

[0037] 0.02 mol (4.927 g) of aluminum tri(2-butoxide)
was added to 40 ml of 2-ethoxyethanol, followed by stir-
ring for 1 hour. Similarly, 0.01 mol (2.058 g) of strontium
tri(2-propoxide) was added to 20 ml of 2-ethoxyethanol,
followed by stirring for 1 hour. After mixing the resulting
solutions, the mixed solution was refluxed at 130°C for
17 hours. Subsequently, the temperature of the mixed
solution was reduced to room temperature and 5.406 g
of water was added for hydrolysis. After stirring for 30
minutes, a solution prepared by dissolving 0.00328 g of
Eu2O3 (as activator) and 0.00325 g of Dy2O3 (as coac-
tivator) in 2 g of nitric acid was added, followed by suf-
ficient stirring. The resulting gel solution was aged at
60°C for 24 hours. After the completion of the aging, the
gel solution was dried at 150°C. As a result, a very brittle
mass of gel powders acid was obtained. This mass was
ground by a mortar and the resulting powder was tem-
porarily calcined under a reducing atmosphere (atmos-
phere of nitrogen gas and carbon dioxide) at 1000°C for
2 hours, and then properly calcined under the same at-
mosphere at 1300°C for 2 hours. As a result, a sintered
powder in accordance with the sol-gel method was ob-
tained.
[0038] To evaluate whether the resulting sintered
powder is a desired light-storing fluorescent pigment or
not, the following evaluation test was conducted.

TG-DTA (thermogravimetric-differential scanning
analysis):

[0039] The resulting gel powder was subjected to
TG-DTA. As a result, the results as plotted in Fig. 1 were
obtained. It was considered from the measured results
of Fig. 1 that an exothermic peak recognized at about
120°C is caused by evaporation of the solvent, whereas,
an endothermic peak recognized at about 320-350°C is
caused by combustion of the organic matter. An endo-
thermic peak, which is considered to show generation
of crystallization, can be recognized at about 900°C.

XRD (X-ray diffraction method):

[0040] The gel powder was calcined at various calci-
nation temperatures and the resulting sintered powder

was subjected to XRD. As a result, the results as plotted
in Fig. 2 were obtained. Fig. 2 shows a change in the
XRD spectrum when the calcination temperature was
changed to 400, 600, 800 and 1000°C, respectively. At
the calcination temperature of 400 and 600°C, it is pos-
sible to recognize each peak of strontium nitrate and
strontium carbonate, which are considered to be pro-
duced by reacting strontium as the constituent element
of the mother crystal with nitric acid or carbon dioxide in
an air. However, when the calcination temperature is
raised to 800°C, the resulting powder becomes amor-
phous. When the calcination temperature is further
raised to 1000°C, a SrAl2O4 crystal is present as a sin-
gle phase. As is apparent from these results, the endo-
thermic peak at about 900°C in the graph of Fig. 1 de-
scribed previously is caused by crystallization of
SrAl2O4.

Observation by electron microscope:

[0041] The resulting sintered powder in accordance
with the sol-gel method was observed by an electron
microscope (magnification: 10,000). As a result, it was
found that it was a powder having a uniform particle di-
ameter of about 0.4-0.8 µm, which particles had a
smooth surface and a generally spherical shape. Fig. 4
is an electron micrograph (SEM) of this powder.

Comparative Example 1

[0042] In this example, a light-storing fluorescent pig-
ment was prepared by a solid state reaction method.
[0043] 0.01 mol (1.020 g) of α-aluminum oxide, 0.01
mol (1.476 g) of strontium carbonate, 0.00328 g of
Eu2O3 (as activator) and 0.00325 g of Dy2O3 (as coac-
tivator) were mixed by a mortar and the resulting powder
was temporarily calcined under the same reducing at-
mosphere as in Example 1 at 1300°C for 2 hours. The
resulting calcined substance was ground by a ball mil
and then mixed. Subsequently, the resultant was prop-
erly calcined under the same atmosphere as in the tem-
porary calcination at 1300°C for 2 hours. As a result, a
sintered powder was obtained.

XRD (X-ray diffraction method):

[0044] The sintered powder obtained by sintering at
various calcination temperatures using the solid state
reaction method described above was subjected to
XRD. As a result, the results as plotted in Fig. 4 were
obtained. In Fig. 4, only a peak of aluminum oxide and
strontium carbonate as the raw material was recognized
at the calcination temperature of 400 and 600°C. Unlike
the results plotted in Fig. 2 of Example 1, a SrAl2O4 crys-
tal was not recognized at 1000°C. At 1300°C, the
SrAl2O4 crystal was present as a principal phase, but it
was recognized that SrAl4O7 coexists as a secondary
phase.
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Observation by electron microscope:

[0045] The resulting sintered powder was observed
by an electron microscope (magnification: 10,000). As
a result, unlike the gel powder of Example 1, a large dif-
ference in particle diameter between the respective
powders was recognized (about 0.1 to 2 µm). The pow-
der had a generally rectangular shape. Fig. 5 is an elec-
tron micrograph (SEM) of this powder.

Example 2

[0046] 0.02 mol (4.927 g) of aluminum tri(2-butoxide)
and 0.01 mol (2.058 g) of strontium tri(2-propoxide)
were hydrolyzed in the same manner as in Example 1,
followed by stirring at room temperature for 30 minutes.
The resulting gel solution was aged at 60°C for 24 hours.
Then, the gel solution was dried at 150°C. As a result,
a very brittle mass of gel powders was obtained. To this
mass, 0.00328 g of Eu2O3 (as activator) and 0.00325 g
of Dy2O3 (as coactivator) in 2 g of nitric acid were added,
followed by mixing and further grinding by a mortar. The
resulting powder was temporarily calcined under a re-
ducing atmosphere (nitrogen gas atmosphere) at
1000°C for 2 hours, and then properly calcined under
the same atmosphere at 1300°C for 2 hours. As a result,
a sintered powder in accordance with the sol-gel method
was obtained.
[0047] To evaluate whether the resulting sintered
powder is a desired light-storing fluorescent pigment or
not, the following evaluation test was conducted in the
same manner as in Example 1.

XRD (X-ray diffraction method):

[0048] The resulting sintered powder was subjected
to XRD. As a result, it was confirmed that a SrAl2O4 crys-
tal was present as a single phase similar to Example 1.
Observation by electron microscope:
[0049] The resulting sintered powder was observed
by an electron microscope (magnification: 10,000). As
a result, it was found that it is a powder having a uniform
particle diameter of about 0.4 to 0.8 µm, which particles
had smooth surface and a generally spherical shape,
similar to Example 1.

Example 3

[0050] Aluminum tri(2-butoxide) and strontium tri
(2-propoxide) were hydrolyzed in the same manner as
in Example 1, and then a gel powder was prepared from
a gel solution. A mass of the gel powder was ground by
a mortar and the resulting powder was temporarily cal-
cined under the same reducing atmosphere as in Exam-
ple 1 at 1000°C for 2 hours. After the completion of the
temporary calcination, 0.00328 g of Eu2O3 (as activator)
and 0.00325 g of Dy2O3 (as coactivator) were added,
followed by mixing and further grinding by a mortar. The

resulting powder was temporarily calcined under the
same reducing atmosphere at 1000°C for 2 hours, and
then properly calcined under the same atmosphere at
1300°C for 2 hours. As a result, a sintered powder in
accordance with the sol-gel method was obtained.
[0051] To evaluate whether the resulting sintered
powder is a desired light-storing fluorescent pigment or
not, the following evaluation test was conducted.
[0052] First, excitation and emission spectrums of the
resulting sintered powder were measured. As a result,
the results as plotted in Fig. 6 were obtained. As is ap-
parent from the measuring results of Fig. 6, the sintered
powder obtained in this example has a wide excitation
band ranging from 220 to 420 nm and exhibits an emis-
sion peak having λmax at about 510 nm.
[0053] Then, the resulting sintered powder was excit-
ed at 370 nm and the emission spectrum at that time
was measured. As a result, the results as plotted in Fig.
7 were obtained. In this figure, the emission spectrum
excited at 370 nm of the powder obtained in Compara-
tive Example 1 is also plotted for comparison. As is ap-
parent from the measuring results of Fig. 7, both pow-
ders exhibit characteristics of the light-storing fluores-
cent pigment, but the powder obtained by the sol-gel
method of this example is superior in light emitting in-
tensity to the powder obtained in Comparative Example
1.
[0054] Furthermore, a change in afterglow intensity
after irradiating the resulting sintered powder with light
from a fluorescent lamp (1600 Lux, 20 minutes) was
measured. As a result, the results as plotted in Fig. 8
were obtained. In this figure, a change in afterglow in-
tensity of the powder obtained in Comparative Example
1 after irradiating with light from a fluorescent lamp
(1600 Lux, 20 minutes) were also plotted for compari-
son. As is apparent from the measuring results of Fig.
8, both powders exhibit characteristics of the light-stor-
ing fluorescent pigment, but the powder obtained by the
sol-gel method of this example is superior in afterglow
characteristics to the powder obtained in Comparative
Example 1.

Example 4

[0055] Aluminum tri(2-butoxide) and strontium tri
(2-propoxide) were hydrolyzed in the same manner as
in Example 1, and then a gel powder was prepared from
a gel solution. A mass of the gel powder was ground by
a mortar and the resulting powder was temporarily cal-
cined under the same reducing atmosphere as in Exam-
ple 1 at 1000°C for 2 hours. After the completion of the
temporary calcination, 0.0164 g of Eu2O3 (as activator)
and 0.00325 g of Dy2O3 (as coactivator) were added,
followed by mixing and further grinding by a mortar. The
resulting powder was temporarily calcined under the
same reducing atmosphere at 1000°C for 2 hours, and
then properly calcined under the same atmosphere at
1300°C for 2 hours. As a result, a sintered powder in
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accordance with the sol-gel method was obtained.
[0056] Then, a change in afterglow intensity when the
resulting sintered powder was excited at 370 nm was
measured. As a result, the results as plotted in Fig. 9
were obtained. In this figure, a change in afterglow in-
tensity when the sintered powder obtained in Example
3 was excited at 370 nm was also plotted for compari-
son. As is apparent from the measuring results of Fig.
9, both powders exhibit good characteristics of the light-
storing fluorescent pigment, but the afterglow charac-
teristics can vary with a change in concentration of the
activator and coactivator to be used. It has also been
found that the light-storing fluorescent pigment obtained
in this example is superior in initial luminance to that of
Example 3.

Example 5

[0057] 0.02 mol (4.927 g) of aluminum tri(2-butoxide)
was added to 40 ml of butanol, followed by stirring for 2
hours. To the resulting solution, an aqueous solution
prepared by dissolving 0.01 mol (2.147 g) of strontium
acetate 1/2 H2O in 7.2 g of water was added, followed
by mixing. The resulting solution was hydrolyzed by
adding 20 g of an aqueous 28% ammonia solution. After
stirring for 30 minutes, a solution prepared by dissolving
0.00328 g of Eu2O3 (as activator) and 0.00325 g of
Dy2O3 (as coactivator) in 2 g of nitric acid was added,
followed by sufficient stirring. The resulting gel solution
was aged at 60°C for 24 hours. After the completion of
the aging, the gel solution was dried at 150°C. As a re-
sult, a very brittle mass of gel powders was obtained.
This mass was ground by a mortar and the resulting
powder was temporarily calcined under the same reduc-
ing atmosphere as in Example 1 at 1000°C for 2 hours,
and then properly calcined under the same atmosphere
at 1300°C for 2 hours. As a result, a sintered powder in
accordance with the sol-gel method was obtained.
[0058] The shape, particle diameter and afterglow
characteristics of the powder obtained as described
above were the same as those of the powder obtained
in Example 1.

Example 6

[0059] 0.04 mol (9.854 g) of aluminum tri(2-butoxide)
was added to 80 ml of 2-ethoxyethanol, followed by stir-
ring for 5 hours. Similarly, 0.01 mol (2.058 g) of strontium
tri(2-propoxide) was added to 20 ml of 2-ethoxyethanol,
followed by stirring for 5 hours. After mixing the resulting
solutions, the mixed solution was refluxed at 130°C for
17 hours. Subsequently, the temperature of the mixed
solution was returned to room temperature and 9.01 g
of water was added for hydrolysis. The resulting gel so-
lution was aged at 60°C for 24 hours. After the comple-
tion of the aging, the gel solution was dried at 150°C.
As a result, a very brittle mass of gel powders was ob-
tained. This mass was ground by a mortar and the re-

sulting powder was temporarily calcined under the same
reducing atmosphere as in Example 1 at 1000°C for 2
hours. After the completion of the temporary calcination,
0.0164 g of Eu2O3 (as activator) and 0.0065 g of Dy2O3
(as coactivator) were added, followed by mixing and fur-
ther grinding by a mortar. The resulting powder was tem-
porarily calcined under the same reducing atmosphere
at 1000°C for 2 hours, and then properly calcined under
the same atmosphere at 1300°C for 2 hours. As a result,
a sintered powder made by a sol-gel method was ob-
tained.
[0060] To evaluate whether the resulting sintered
powder is a desired light-storing fluorescent pigment or
not, the following evaluation test was conducted in the
same manner as in Example 1.
[0061] A change in XRD spectrum at various calcina-
tion temperatures of the resulting gel powder was ex-
amined. As a result, it was recognized that the resulting
powder becomes amorphous at the calcination temper-
ature of 900°C and a SrAl2O4 crystal and a SrAl4O7
crystal coexist at 1000°C. It was also recognized that a
peak of the SrAl2O4 crystal disappears at a high tem-
perature of not less than 1100°C and the SrAl4O7 crystal
is present as a single phase.
[0062] The emission spectrum when the resulting sin-
tered powder was excited at 370 nm was measured and
compared with that of the sintered powder obtained in
Example 4. As a result of comparison, it was recognized
that the powder of Example 4 exhibits a maximum emis-
sion peak at 508 nm, whereas, the powder of this ex-
ample exhibits a maximum emission peak at 498 nm
and a difference in emission spectrum is caused by a
difference in crystal form of the mother crystal.
[0063] Furthermore, the afterglow characteristics af-
ter irradiating the resulting powder with light from a flu-
orescent lamp of 1600 Lux for 20 minutes were meas-
ured. As a result, the results as plotted in Fig. 10 were
obtained. In Fig. 10, the afterglow characteristics of the
powder obtained in Example 4 after irradiating with light
from a fluorescent lamp of 1600 Lux for 20 minutes are
also plotted for comparison. As is apparent from the
measuring results of Fig. 10, the afterglow characteris-
tics can vary with the crystal form of the mother crystal
and the light-storing fluorescent pigment comprising the
SrAl2O4 mother crystal obtained in Example 4 exhibits
high initial luminance, whereas, the light-storing fluores-
cent pigment comprising the SrAl4O7 mother crystal ob-
tained in this example is slightly inferior in initial lumi-
nance but is superior in afterglow characteristics.
[0064] According to the present invention, it is possi-
ble to obtain light-storing fluorescent pigments having
different characteristics in high purity and it is possible
to prepare the light-storing fluorescent pigment comply-
ing with required characteristics by separately produc-
ing these fluorescent pigments and mixing them.
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Comparative Example 2

[0065] In this example, a light-storing fluorescent pig-
ment was prepared by a solid phase reaction method.
[0066] 0.02 mol (2.040 g) of α-aluminum oxide, 0.01
mol (1.476 g) of strontium carbonate, 0.0164 g of Eu2O3
(as activator) and 0.0065 g of Dy2O3 (as coactivator)
were mixed by a mortar and the resulting powder was
temporarily calcined under the same reducing atmos-
phere as in Example 1 at 1300°C for 2 hours. The re-
sulting calcined substance was ground by a ball mill and
then mixed. Subsequently, the resultant was properly
calcined under the same atmosphere as in the tempo-
rary calcination at 1300°C for 2 hours. As a result, a sin-
tered powder was obtained.

XRD (X-ray diffraction method):

[0067] The sintered powder obtained by sintering at
various calcination temperatures using the solid state
reaction method described above was subjected to
XRD. As a result, unlike the case of Example 6, each
peak of aluminum oxide, strontium carbonate and
Sr3Al2O6 as the raw material was recognized even when
the calcination temperature was raised to 900°C. Even
at the calcination temperature of 1200 to 1300°C at
which SrAl4O7 was obtained as a single phase, the
SrAl4O7 crystal was not present as a principal phase
and many crystals such as aluminum oxide, Sr3Al2O6
and SrAl2O4 coexisted.
[0068] Subsequently, the emission spectrum when
the powder obtained in this comparative example and
powder obtained in Comparative Example 1 were excit-
ed at 370 nm was examined. As a result, since the moth-
er crystal of the powders was not a single crystal phase,
a difference in emission spectrum was not recognized.

Example 7

[0069] 0.04 mol (9.854 g) of aluminum tri(2-butoxide)
and 0.002 mol (0.292 g) of triethoxyboron were added
to 80 ml of 2-ethoxyethanol, followed by stirring for 5
hours. Similarly, 0.01 mol (2.058 g) of strontium di(2-pro-
poxide) was added to 20 ml of 2-ethoxyethanol, followed
by stirring for 5 hours. After mixing the resulting solu-
tions, the mixed solution was refluxed at 130°C for 17
hours. Subsequently, the temperature of the mixed so-
lution was returned to room temperature for hydrolysis
and 9.01 g of water was added. The resulting gel solu-
tion was aged at 60°C for 24 hours. After the completion
of the aging, the gel solution was dried at 150°C. As a
result, a very brittle mass of gel powders was obtained.
This mass was ground by a mortar and the resulting
powder was temporarily calcined under the same reduc-
ing atmosphere as in Example 1 at 1000°C for 2 hours.
After the completion of the temporary calcination,
0.0164 g of Eu2O3 (as activator) and 0.0065 g of Dy2O3
(as coactivator) were added, followed by mixing and fur-

ther grinding by a mortar. The resulting powder was tem-
porarily calcined under the same reducing atmosphere
at 1000°C for 2 hours, and then properly calcined under
the same atmosphere at 1300°C for 2 hours. As a result,
a sintered powder in accordance with the sol-gel method
was obtained.
[0070] The afterglow characteristics after the result-
ing powder was irradiated with light from a fluorescent
light of 1600 Lux for 20 minutes were measured. As a
result, the results as plotted in Fig. 11 were obtained. In
Fig. 11, the afterglow characteristics of the powders ob-
tained in Example 6, after irradiating with light from a
fluorescent lamp of 1600 Lux for 20 minutes, were also
plotted for comparison. As is apparent from the meas-
uring results of Fig. 11, the initial luminance and after-
glow characteristics are also improved by adding ele-
ments other than the rare earth element as the activator
and coactivator, with which the mother crystal is doped.
[0071] As is apparent from the above detailed de-
scription, according to the present invention, there can
be obtained many noticeable effects which could not be
obtained in a conventional light-storing fluorescent pig-
ment.
[0072] First, the method for production of the light-
storing fluorescent pigment of the present invention has
effects such as simplification of the purification of raw
materials, reduction in calcination temperature, omis-
sion of a grinding step and omission of a classifying step
with respect to the production process in comparison
with the method for production using a conventional sol-
id state reaction method.
[0073] Since a sol-gel method is used in the produc-
tion of the light-storing fluorescent pigment of the
present invention, the resulting pigment is free from con-
tamination with impurities and a crystal form having de-
sired high purity can be obtained under low-temperature
calcination conditions. It is particularly noticeable in the
respect that the desired light-storing fluorescent pig-
ment can be produced stoichiometrically from the start-
ing material.
[0074] In the present invention, light-storing fluores-
cent pigments having different characteristics can be
obtained in high purity and it becomes possible to pre-
pare the light-storing fluorescent pigment complying
with required characteristics by separately producing
these fluorescent pigments and mixing them.
[0075] Furthermore, since fine pigment powders hav-
ing uniform particle diameter can be produced in the pro-
duction of the light-storing fluorescent pigment of the
present invention, an additional refining step and a clas-
sifying step are not required in the case of printing on a
dial by screen printing. Therefore, the operatability can
be markedly improved.
[0076] Furthermore, in the production of the light-stor-
ing fluorescent pigment of the present invention, the par-
ticle diameter of the resulting pigment particles can be
easily controlled by selecting the reaction conditions of
the sol-gel method to be used, thereby making it possi-
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ble to obtain a light-storing fluorescent pigment having
the particle diameter suited for conditions of the subse-
quent coating step.

Industrial Applicability

[0077] According to the present invention, not only the
desired light-storing fluorescent pigment can be pro-
duced by the simplified production process, but also the
resulting light-storing fluorescent pigment has high pu-
rity and it is possible to easily control the particle diam-
eter of the pigment. Accordingly, according to the
present invention, the resulting light-storing fluorescent
pigment can be advantageously used as a display
means of various apparatuses, measuring instruments
and members because the freedom of the employment
of the light-storing fluorescent pigment increases.
[0078] Describing in more detail, the light-storing flu-
orescent pigment of the present invention can be used
by coating on the surface of various apparatuses, as a
matter of course, and can be used by optionally mixing
with various materials such as plastic, rubber, glass, etc.
Specific application is not limited, but includes, for ex-
ample, the dials of various measuring instruments,
wristwatches, clocks, etc.; display signs such as traffic-
control signs, safety signs, etc.; display an vehicles such
as aircraft, automobiles, bicycles, etc.; and display an
writing utensils, etc.

Claims

1. A light-storing fluorescent pigment for use as a dis-
play element comprising a mother crystal and a rare
earth element with which said mother crystal is
doped, characterized in that said light-storing flu-
orescent pigment is produced by calcining a gel
powder as a starting material obtained from at least
two of an alkoxide derivative; an organic acid salt;
one of barium carbonate, strontium carbonate,
strontium nitrate and an oxide of metal elements
constituting said pigment by using a sol-gel method,
and wherein the mother crystal is a metal oxide-
based crystal containing at least two metal ele-
ments selected from the group consisting of alumi-
num, strontium, calcium and barium.

2. The light-storing fluorescent pigment according to
claim 1, wherein doping with the rare earth metal is
conducted by using an activator and a coactivator.

3. The light-storing fluorescent pigment according to
claim 2, wherein the activator is europium.

4. The light-storing fluorescent pigment according to
claim 2, wherein the coactivator is at least one ele-
ment selected from the group consisting of lantha-
num, cerium, praseodymium, neodymium, samar-

ium, gadolinium, terbium, dysprosium, holmium, er-
bium, thulium, ytterbium and lutetium.

5. The light-storing fluorescent pigment according to
any one of claims 2 to 4, wherein at least one ele-
ment selected from the group consisting of boron,
copper and phosphorous is additionally used when
doping with the rare earth metal is conducted.

6. The light-storing fluorescent pigment according to
any one of claims 1 to 5, wherein calcination of the
gel powder is conducted under a reducing atmos-
phere.

7. A method of producing a light-storing fluorescent
pigment for use as a display element, comprising a
mother crystal and a rare earth element with which
said mother crystal is doped, which method com-
prises the steps of: producing a gel powder from at
least two of an alkoxide derivative; an organic acid
salt; one of barium carbonate, strontium carbonate,
strontium nitrate and an oxide of metal elements
constituting said pigment by using a sol-gel method;
and calcining the resulting gel under a reducing at-
mosphere, and in which method the mother crystal
is a metal oxide-based crystal containing at least
two metal elements selected from the group con-
sisting of aluminum, strontium, calcium and barium.

8. The method of producing a light-storing fluorescent
pigment according to claim 7, wherein doping with
the rare earth metal is conducted by using an acti-
vator and a coactivator.

9. The method of producing a light-storing fluorescent
pigment according to claim 8, wherein the activator
is europium.

10. The method of producing a light-storing fluorescent
pigment according to claim 8, wherein the coactiva-
tor is at least one element selected from the group
consisting of lanthanum, cerium, praseodymium,
neodymium, samarium, gadolinium, terbium, dys-
prosium, holmium, erbium, thulium, ytterbium and
lutetium.

11. The method of producing a light-storing fluorescent
pigment according to any one of claims 8 to 10,
wherein at least one element selected from the
group consisting of boron, copper and phosphorous
is additionally used when doping with the rare earth
metal is conducted.

Patentansprüche

1. Lichtspeicherndes Fluoreszenzpigment zur Ver-
wendung als Anzeigeelement mit einem Mutterkri-
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stall und einem Seltenerdelement, mit dem der Mut-
terkristall dotiert ist,
dadurch gekennzeichnet, dass
das lichtspeichernde Fluoreszenzpigment durch
Calcinieren eines Gel-Pulvers als Startmaterial her-
gestellt ist, das aus wenigstens zwei von einem Alk-
oxid-Derivat, einem Salz einer organischen Säure,
einem von Bariumcarbonat, Strontiumcarbonat und
Strontiumnitrat und einem Oxid von das Pigment
bildenden Metallelementen unter Verwendung ei-
nes Sol-Gel-Verfahrens erhalten wird, und dass der
Mutterkristall ein Kristall auf Metalloxidbasis ist, der
wenigstens zwei Metallelemente enthält, die aus
der Gruppe ausgewählt sind, die aus Aluminium,
Strontium, Calcium und Barium besteht.

2. Lichtspeicherndes Fluoreszenzpigment nach An-
spruch 1, wobei die Dotierung mit dem Seltenerd-
metall unter Verwendung eines Aktivators und ei-
nes Koaktivators durchgeführt ist.

3. Lichtspeicherndes Fluoreszenzpigment nach An-
spruch 2, wobei der Aktivator Europium ist.

4. Lichtspeicherndes Fluoreszenzpigment nach An-
spruch 2, wobei der Koaktivator wenigstens ein Ele-
ment ist, das aus der Gruppe ausgewählt ist, die
aus Lanthan, Cer, Praseodym, Neodym, Samari-
um, Gadolinium, Terbium, Dysprosium, Holmium,
Erbium, Thulium, Ytterbium und Lutetium besteht.

5. Lichtspeicherndes Fluoreszenzpigment nach ei-
nem der Ansprüche 2 bis 4, wobei zusätzlich we-
nigstens ein Element, das aus der Gruppe ausge-
wählt ist, die aus Bor, Kupfer und Phosphor besteht,
verwendet wird, wenn das Dotieren mit dem Selten-
erdmetall ausgeführt wird.

6. Lichtspeicherndes Fluoreszenzpigment nach ei-
nem der Ansprüche 1 bis 5, wobei die Calcinierung
des Gel-Pulvers in einer reduzierenden Atmosphä-
re ausgeführt wird.

7. Verfahren zur Herstellung eines lichtspeichernden
Fluoreszenzpigments zur Verwendung als Anzei-
geelement mit einem Mutterkristall und einem Sel-
tenerdelement, mit dem der Mutterkristall dotiert ist,
wobei das Verfahren folgende Schritte umfasst:

- Herstellen eines Gel-Pulvers aus wenigstens
zwei von einem Alkoxid-Derivat, einem Salz ei-
ner organischen Säure, einem von Bariumcar-
bonat, Strontiumcarbonat oder Strontiumnitrat
und einem Oxid von das Pigment bildenden
Metallelementen unter Verwendung eines Sol-
Gel-Verfahrens und

- Calcinieren des resultierenden Gels in einer re-
duzierenden Atmosphäre,

- wobei in diesem Verfahren der Mutterkristall ein
Kristall auf Metalloxidbasis mit wenigstens zwei
Metallelementen ist, die aus der Gruppe aus-
gewählt werden, die aus Aluminium, Strontium,
Calcium und Barium besteht.

8. Verfahren zur Herstellung eines lichtspeichemden
Fluoreszenzpigments nach Anspruch 7, wobei das
Dotieren mit dem Seltenerdmetall unter Verwen-
dung eines Aktivators und eines Koaktivators aus-
geführt wird.

9. Verfahren zur Herstellung eines lichtspeichernden
Fluoreszenzpigments nach Anspruch 8, wobei der
Aktivator Europium ist.

10. Verfahren zur Herstellung eines lichtspeichernden
Fluoreszenzpigments nach Anspruch 8, wobei der
Koaktivator wenigstens ein Element ist, das aus der
Gruppe ausgewählt wird, die aus Lanthan, Cer, Pra-
seodym, Neodym, Samarium, Gadolinium, Terbi-
um, Dysprosium, Holmium, Erbium, Thulium, Ytter-
bium und Lutetium besteht.

11. Verfahren zur Herstellung eines lichtspeichernden
Fluoreszenzpigments nach einem der Ansprüche 8
bis 10, wobei wenigstens ein Element, das aus der
Gruppe ausgewählt wird, die aus Bor, Kupfer und
Phosphor besteht, zusätzlich verwendet wird, wenn
das Dotieren mit dem Seltenerdmetall ausgeführt
wird.

Revendications

1. Pigment phosphorescent stockant la lumière pour
l'utilisation dans un élément d'affichage compre-
nant un cristal mère et une terre rare avec laquelle
ledit cristal mère est dopé, caractérisé en ce que
ledit pigment phosphorescent stockant la lumière
est produit par calcination d'une poudre gel comme
matériau de départ obtenu à partir d'au moins deux
composés parmi un dérivé d'alcoxyde ; un sel d'aci-
de organique ; un composé de carbonate de ba-
ryum, de carbonate de strontium, de nitrate de
strontium et d'un oxide d'éléments métalliques
constituant ledit pigment, en utilisant un procédé de
solidification - gélification, et dans lequel le cristal
mère est un cristal à base d'oxyde de métal conte-
nant au moins deux éléments métalliques choisis
dans le groupe comprenant l'aluminium, le stron-
tium, le calcium et le baryum.

2. Pigment phosphorescent stockant la lumière selon
la revendication 1, dans lequel le dopage avec le
métal terreux rare est réalisé en utilisant un activa-
teur et un co-activateur.
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3. Pigment phosphorescent stockant la lumière selon
la revendication 2, dans lequel l'activateur est
l'europium.

4. Pigment phosphorescent stockant la lumière selon
la revendication 2, dans lequel le co-activateur est
au moins un élément choisi dans le groupe compre-
nant le lanthane, le cérium, le praséodyme, le néo-
dyme, le samarium, le gadolinium, le terbium, le
dysprosium, l'holmium, l'erbium, le thulium, l'ytter-
bium et le lutétium.

5. Pigment phosphorescent stockant la lumière selon
l'une quelconque des revendications 2 à 4, dans le-
quel au moins un élément choisi dans le groupe
comprenant le bore, le cuivre et le phosphore est
en outre utilisé lorsque le dopage avec le métal ter-
reux rare est réalisé.

6. Pigment phosphorescent stockant la lumière selon
l'une quelconque des revendications 1 à 5, dans le-
quel la calcination de la poudre gel est réalisée sous
une atmosphère réductrice.

7. Procédé de production d'un pigment phosphores-
cent stockant la lumière pour l'utilisation dans un
élément d'affichage comprenant un cristal mère et
une terre rare avec laquelle ledit cristal mère est do-
pé, ledit procédé comprenant les étapes consti-
tuées de : la production d'une poudre gel à partir
d'au moins deux composés parmi un dérivé
d'alcoxyde ; un sel, d'acide organique ; un composé
de carbonate de baryum, de carbonate de stron-
tium, de nitrate de strontium et d'un oxyde d'élé-
ments métalliques constituant ledit pigment, en uti-
lisant un procédé de solidification - gélification, et
la calcination du gel obtenu sous atmosphère ré-
ductrice, et dans ledit procédé, le cristal mère étant
un cristal à base d'oxyde de métal contenant au
moins deux éléments métalliques choisis dans le
groupe comprenant l'aluminium, le strontium, le cal-
cium et le baryum.

8. Procédé de production d'un pigment phosphores-
cent stockant la lumière selon la revendication 7,
dans lequel le dopage avec le métal terreux rare est
réalisé en utilisant un activateur et un co-activateur.

9. Procédé de production d'un pigment phosphores-
cent stockant la lumière selon la revendication 8,
dans lequel l'activateur est l'europium.

10. Procédé de production d'un pigment phosphores-
cent stockant la lumière selon la revendication 8,
dans lequel le co-activateur est au moins un élé-
ment choisi dans le groupe comprenant le lanthane,
le cérium, le praséodyme, le néodyme, le sama-
rium, le gadolinium, le terbium, le dysprosium, l'hol-

mium, l'erbium, le thulium, l'ytterbium et le lutétium.

11. Procédé de production d'un pigment phosphores-
cent stockant la lumière selon l'une quelconque des
revendications 8 à 10, dans lequel au moins un élé-
ment choisi dans le groupe comprenant le bore, le
cuivre et le phosphore est en outre utilisé lorsque
le dopage avec le métal de terre rare est réalisé.
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