
EP 0 544 921 B1 Description TECHNICAL FIELD s     The present invention
relates to a pigment-attached blue-emitting phosphor suitable for a
fluorescent layer of a color cathode-ray tube, etc., and a color
cathode-ray tube provided with a blue-emitting fluorescent layer containing
blue pigment particles on the inner surface of a face plate. BACKGROUND
TECHNIQUE 10 To improve the contrast of images of color cathode-ray tubes,
fluorescent display tubes, etc., there have been known a method which
employs a pigment-attached phosphor wherein filter particles capable of
absorbing the reflection of an exterior light at a fluorescent screen, are
attached to the phosphor surface (USP 3,886,394 and USP 4,307,320), and a
method which employs colored glass as the face plate of a i5  cathode-ray
tube. In the method which employs colored glass as the face plate of a
cathode-ray tube, the transmittance of glass is reduced, whereby the
contrast can be selected relatively readily within a practical range, but,
the absorption of not only the exterior light but also the emission from
the fluorescent layer increases, whereby the reduction of brightness is
substantial. 20     Further, the method which employs the pigment-attached
phosphor as the fluorescent layer is a method effective for improving the
contrast without reducing the brightness of a screen as far as possible.
The above filter material is used sometimes for sharpening the emission
spectrum of a phosphor. This filter material is required to have a
transmittance high in the emission wavelength region of the phosphor and
low in other wavelength regions. By this characteristic of the
transmittance, light components which do 25  not correspond to the emission
of the phosphor itself will be absorbed, whereby the contrast under a
bright exterior light can be improved. With respect to the blue-emitting
phosphor, it is suitable to use a pigment which has an absorption as small
as possible at about 450 nm which is the emission peak of the phosphor, and
an absorption as large as possible within the ether wavelength regions. 30
As this sort of a blue pigment, there have been proposed ultramarine
(3NaAl-SiO2Na2 %), prussian blue (Fe4[Fe(CN)s]s-nH20), cobalt aluminate
(CoO-nAl2Os), cerulean blue (CoO-nSnO2), copper sulfide (CuS), etc. in
Japanese Unexamined Patent Publication No. 2878411979. However, from
researches of the present inventors, it has been found that the body color
of cobalt aluminate usually practiced does not correspond to the emission
spectrum of the blue-emitting phosphor. 35  The reflectance of the cobalt
aluminate is especially high at around 490 nm, such being ineffective to
improve the contrast. Further, the ultramarine practically used to some
extent has excellent properties as compared with the cobalt aluminate, but
its chemical stability is very poor, whereby a problem of fading in the
attaching step to the phosphor or in the coating step to the cathode-ray
tube is brought about. 40     To prevent the fading, it has been known to
employ a method wherein the ultramaine pigment is covered with a silicic
compound. However, when it is coated on a cathode-ray tube, there is a
problem that its body color is remarkably changed by irradiation of
electron beam, whereby a shift of the peak in the emission spectrum of the
fluorescent screen is likely to occur. Under these circumstances, it is
intended in the present invention to solve the above problems and to 45
provide a pigment-attached blue-emitting phosphor comprising a
blue-emitting phosphor having a blue pigment attached thereto, which has
fastness and chemical stability and is excellent in reflection spectrum
characteristics, whereby good blue emission can be obtained when coated on
the cathode-ray tube, and a color cathode-ray tube provided with a
blue-emitting layer containing the above blue pigment on the inner surface
of the face plate. 50 DISCLOSURE OF THE INVENTION The present invention
provides a pigment-attached blue-emitting phosphor comprising a
blue-emitting phosphor and a blue pigment attached to the surface of the
blue-emitting phosphor, said blue pigment 55  being a CoO*ZnO.SiO2 type
pigment, and a color cathode-ray tube comprising a face plate having a
blue- emitting fluorescent layer containing blue pigment particles on the
inner surface of the face plate, wherein a CoO* ZnO- SiO2 type pigment is
used as the blue pigment particles. 



2    EP 0 544 921 B1 The CoO.ZnO.8102 type pigment has been known mainly as
a glaze stains for coloring potteries. However, in general, such a material
has not been used alone as a pigment, etc., and only the ones having a
particle diameter of from 5 to 10 urm are usually available as the glaze
stains. Thus, its use has not been studied at all in the field of the
pigment-attached phosphor wherein a pigment particle size of about 1 am or
5  less is required. Here, the CoO* ZnOe SiO2 type pigment is the one
obtained by firing a material containing Co, Zn and Si usually at a
temperature of not less than 1,000 * C for several tens minutes to several
tens hours, followed by cooling and pulverizing. This pigment includes a
mixture of oxides of the respective elements or a composite oxide thereof,
a mixture of cobalt silicate and zinc silicate or a solid solution of the
both, and a l0  mixture thereof. The compositional ratio of the
xCoO-yZnO'zSiO2 type pigment is preferably within ranges of 0.05Sx/zS1.5
and 0.16y/zS2.0, particularly preferably ranges of 0.2Sx/zSl.0 and
0.3Sy/zS1.7. If the ratio is outside the ranges, color tone will be
changed, such being not suitable for the blue pigment to be combined with
the blue-emitting phosphor. This composite oxide includes a mixture of
oxides of the respective elements or double oxides thereof, a mixture of
cobalt silicate and zinc silicate or a solid solution thereof, i5  and a
mixture thereof. It is possible to incorporate various fluxes and other
elements upon sintering the above pigment if necessary. More specifically,
it is possible to incorporate Li, Na, K, Ca, Mg, Ba, Fe, Ni, Cu. Mn, Ti, V,
Al, Sn, Sb, Cr, Pr, etc. These elements may be added within the range of
not more than about 10% by weight. If the amount exceeds this limit, it
becomes impossible to obtain desirable color tone as the blue pigment. 20
Further, synthesis method of a blue pigment is not particularly restricted.
However, synthesis can be conducted by, for example, the following methods:
(1) Dry mixing and firing method 25     A method wherein the pigment is
obtained by formulating raw materials containing Co, Zn and Si at a
predetermined ratio, mixing them by a ball mill, and firing the mixture at
a temperature of from about 1,000 C to 1,300*C for several tens minutes to
several tens hours, followed by cooling and pulverizing, and
classification. 30  (2) Co-precipitation method A method wherein the
pigment is obtained by adding an alkaline aqueous solution to an aqueous
solution containing cobalt and zinc to co-precipitate cobalt and zinc as
hydroxides, replacing water with an organic solvent, and having a silicone
oxide deposited on the surface of the precipitation by hydrolysis, 35
followed by firing. Here, as the cobalt and zinc compounds to be used for
the preparation of the aqueous solution, chlorides, fluorides, iodides,
bromides, sulfates, nitrates and the like may be used. As the organic
solvent for the replacement of water, ethanol, methanol add the like may be
used. As the silicon raw material, alkoxide silicate and the like may be
used. The firing temperature is usually within the range of from about 40
700 to 1,000 I C in air. (3) Co-precipitation/dry mixing and firing method
A method wherein the pigment is obtained by adding to an aqueous solution
containing cobalt and zinc, 45  an organic compound as a precipitating
agent, capable of being dissolved in cater and forming a water- hardly
soluble or water-insoluble substance by reacting with cobalt and zinc, to
co-precipitate cobalt and zinc, followed by drying, mixing with silicon
oxide, and firing. The aqueous solution containing cobalt and zinc to be
used, is similar to the one used in the above co- precipitation method. As
the precipitating agent, it is preferred to use an organic compound capable
of 5o  being dissolved itself in water and forming a water-hardly soluble
or water-insoluble substance by reacting with cobalt and zinc, for example,
oxalic acid or tartaric acid. As the silicon oxide, it is preferred to use
an anhydrous ultrafine particles having a specific surface area of not less
than 100 m2/g which is further excellent in the reactivity. The firing
temperature is usually within the range of from 800 to 1,100*C.
Particularly, the above co-precipitation method and co-precipitation/dry
mixing and firing method are novel 55  production methods, whereby the ones
having a smaller particle size than the pigment obtained by the 



conventional dry mixing and firing method, and more suitable ones in
viewpoints of color, attaching force and the like as the pigment for the
pigment-attached phosphor, can be produced readily. 3    EP 0544921 B1 The
blue-emitting phosphor useful for the present invention includes the ones
having a main part of the emission spectrum within the range of from 380 to
500 nm, more specifically, a silver-activated zinc sulfide type phosphor
[ZnS:Ag, X (X is halogen or Al), ZnS:Ag,MX (M is Ga, In, etc., and X is
halogen or Al)], Y2SiOs:Ce, Ca2BsOsCl:Eu, (BaxMgj1)jO-nAl2Oe:Eu (OSxS1,
7SnS8), SrSi3s0Cls:Eu, CaWO4, CaWOs:Pb, 6  BaFCI:Eu, Gd2O2S:Tb, ZnS:Zn,
etc. The attached amount of the above blue pigment to the blue-emitting
phosphor is preferably within the range of from 0.3 to 30 wt%. If the
attached amount is below the lower limit, the filter effect tends to be too
small, and if it exceeds the upper limit, the luminescence brightness tends
to be insufficient. The present inventors have studied various pigments
which have body colors corresponding to the lo emission spectrum of the
blue-emitting phosphor, and hardly undergo deterioration or fading upon
irradiation of electron beam for a long period of time in vacuum when used
for a fluorescent layer of a cathode-ray tube. As a result, they have found
that the above CoO.ZnOeSiO2 type blue pigment satisfies the above
requirements. They have also found it possible to obtain a fluorescent
screen of a high contrast while maintaining the brightness and to provide a
color cathode-ray tube which is easily seen under a bright is exterior
light, by using a face plate coated with a pigment-attached blue-emitting
phosphor having the blue pigment attached thereto, or a face plate provided
with a blue-emitting fluorescent layer containing blue pigment particles
wherein a pigment layer is coated between the face plate and the
blue-emitting fluorescent layer. By employing the above construction in the
present invention, it is possible to have attached, to a blue- 20  emitting
phosphor, a blue pigment having a diffuse reflectance corresponding to the
emission spectrum of the blue-emitting phosphor and being excellent in
fastness and chemical stability. It is also possible to provide an
excellent blue-emitting phosphor which undergoes no deterioration or a
color shift in the attaching step or in the coating step, or in the use for
a cathode-ray tube. Further, by providing the above blue pigment layer
between the face plate and the blue-emitting fluorescent layer, a
fluorescent screen of a 25 high contrast can be obtained while maintaining
the brightness, and as a result, it becomes possible to provide a color
cathode-ray tube having a screen which is easily seen under bright
lighting. BRIEF DESCRIPTION OF DRAWINGS 30     Figure 1 is a graph showing
diffuse reflectance spectrums of a cobalt aluminate pigment and a
CoO-ZnO.SiO2 type pigment. Figure 2 is a graph showing an emission spectrum
of a ZnS:Ag,CI phosphor which is a typical blue- emitting phosphor. Figure
3 is a graph showing a color shift upon irradiation of electron beam on an
ultramarine, a cobalt 35  aluminate pigment or a CoO ZnO. SiO2 type pigment
by x and y values of a CIE system. Figure 4 is a graph showing a ratio
R4so/Rs4o of peaks of diffuse reflectance spectrums at 490 nm and 450 nm
with respect to blue-emitting phosphors each having a cobalt aluminate
pigment or a CoO* ZnO- SiO2 type pigment attached thereto. Figures 5 and 6
are graphs showing diffuse reflectance distributions of blue-emitting
phosphors each 40 having a cobalt aluminate pigment or a CoO. ZnOe SiO2
type pigment attached thereto. Figure 7 is a graph showing the relationship
between an average particle size and an attaching force of a blue pigment.
Figure 8 is a partially cutaway side view of a color cathode-ray tube which
is a specific example of the present invention. 45     Figure 9 is an
enlarged sectional view of a main part of the fluorescent screen of Figure
8. BEST MODE FOR CARRYING OUT THE INVENTION Figure 1 is a graph comparing
the diffuse reflectance spectrums of a xCoO-yZnO.zSiO2 type pigment 50 (x =
0.36, y = 0.6 and z = 1.0) and a cobalt aluminate pigment. Figure 2 is a
graph showing the emission spectrum of the ZnS:Ag,CI phosphor which is a
typical blue-emitting phosphor. 



As is apparent from the comparison between Figure 1 and Figure 2, the
emission spectrum of the phosphor and the diffuse reflectance of the
pigment i.e. the body color, are corresponding to each other with respect
to the xCoO-yZnOozSiO2 type pigment rather than the cobalt aluminate
pigment. Further, the 5s cobalt aluminate pigment has a specific peak at
about 490 nm, but the xCoO*yZnOezSiO2 type pigment has no such a specific
peak, whereby its filter effect at 480 to 520 nm is excellent as compared
with the cobalt aluminate pigment. 4    EP 0 544 921 B1 Figure 3 shows the
deterioration upon irradiation of electron beam, namely the change of the
body color upon irradiation of electron beam of an intensity of 20 KV and
30 uA/cm2 for 30 minutes on a metallic plate having the xCoO.yZnO-zSiO2
type pigment, a cobalt aluminate pigment or an ultramarine coated thereto,
by the x and y values of the CIE system. As is apparent from Figure 3, the
body colors are substantially s  changed in the order of the ultramarine
and the cobalt aluminate pigment, but the xCoO.yZnO-zSiO2 type pigment
hardly shows a change and thus is excellent in fastness and chemical
stability. This means that the body color and the emission color undergo no
change even when used for the cathode-ray tube and the like for a long
period of time, such being extremely useful in a practical use.
Particularly, taking into consideration the deterioration due to the
excitation energy by electron beam or 10 the like, extremely stable
contrast and emission color can be shown by a color cathode-ray tube having
as fluorescent screens, respective blue-, red- and green-fluorescent layers
obtained by combining the pigment- attached blue-emitting phosphor of the
present invention, Y202S:Eu or a Y203:Eu red-emitting phosphor having a red
pigment of red iron oxide attached thereto, and a ZnS:Cu,AI green-emitting
phosphor or a ZnS:Cu,AI green-emitting phosphor having a TiO2*ZnO.CoO.NiO
type green pigment attached thereto, i5 such being useful. The present
inventors have studied the relationship between the average particle size
and the attaching force with respect to the CoOe ZnOe SiO2 type blue
pigment, and found the relationship as shown in Figure 7. Here, the
attaching force is obtained by shaking and mixing a pigment-attached
phosphor in water added with 0.1% of a surfactant, leaving it to stand for
2 hours, and measuring the transmittance of the supernatant 20  at 600 nm.
If the numerical value is small, the pigment exfoliates in water, whereby
the transmittance will be reduced, such showing that the attaching force of
the pigment is low. As is apparent from Figure 7, if the average particle
size of this pigment exceeds 0.5 jm, the attaching force is low, and thus
the average particle size is preferably not more than 0.5 am from the
practical viewpoint. Further, taking the relationship with especially the
color development of this pigment into consideration, 25 the average
particle size is preferably within the range of from 0.1 to 0.45 am. Figure
8 is a partially cutaway side view of the color cathode-ray tube of the
present invention. Figure 9 is an enlarged sectional view of a main part of
the fluorescent screen of Figure 8. The formation of a pigment layer on the
face plate is carried out by a photolithography technique like the
formation of the fluorescent layer. First, a first pigment slurry, for
example, a slurry composed of a mixture of a green 30  pigment and a
photosensitive binder such as ammonium dichromate (hereinafter referred to
as ADC) and polyvinyl alcohol (hereinafter referred to as PVA), is coated
on the inner surface of a face plate 1 previously having a black matrix 2
formed thereon, and dried to form a layer. This layer is exposed to a light
through a shadow mask, and developed to form a green pigment layer 3 into a
predetermined pattern. Then, a second pigment slurry, for example, a blue
pigment slurry composed of a mixture of a blue pigment and a 35
photosensitive binder, is used to form a blue pigment layer 4 into a
predetermined pattern in the same manner as in the above at a position
other than the above green pigment layer 3. Further, a third pigment
slurry, for example, a red pigment slurry is used to form a red pigment
layer 5 into a predetermined pattern in the same manner as in the above at
a position other than the green pigment layer 3 and the blue Ks
pigment layer 4. 40     Then, a green phosphor, a blue phosphor and a red
phosphor are coated on the pigment layers of each color by a
photolithography technique to form a green phosphor picture element 6, a
blue phosphor picture element 7 and a red phosphor picture element 8.
Further, an aluminium layer is vapor deposited thereon to form a metal back
9, whereby a fluorescent screen is completed on the face plate 1. A panel
10 provided 



with this face plate 1 is sealed with a funnel 11, and an electron gun 12
is mounted thereon to complete a 45  color cathode-ray tube. EXAMPLE 1 1.7
parts of cobalt oxide, 2.6 parts of zinc oxide and 5.8 parts of silicon
oxide were mixed by a dry 5o  system, and sintered at 1,300*C in air for 2
hours, followed by pulverization and classification to obtain a
xCoO*yZnO-zSiO2 type pigment (x = 0.36, y = 0.6 and z = 1.0) having an
average particle size of 1.7 um. 100 parts of distilled water was added to
100 parts of a silver-activated zinc sulfide blue-emitting phosphor to
obtain a slurry, and 1 part of the above xCoO.yZnOezSiO2 type pigment (x =
0.36, y = 0.6 s5  and z = 1.0) was added thereto. An aqueous solution of
0.36 part of gelatin and 0.3 part of gum arabic as binders was added
thereto while heating to 45*C, and pH was adjusted to 4.1 by acetic acid.
The mixture was left to cool to room temperature, and then 7.5 parts of a
50% glutaraldehyde aqueous solution was added to cure the binder. 5    EP 0
644 921 Bi Pigment-attached phosphors of Examples were prepared by having
the pigment attached in the same manner except that the attached amount of
the pigment was changed to 3 parts, 5 parts or 7 parts. Further, for
comparison, pigment-attached phosphors of Comparative Examples were
obtained by attaching in the same manner as in the above Examples except
that the cobalt aluminate pigment was used 5  instead of the above pigment
in an amount of 1 part, 3 parts, 5 parts or 7 parts. Figure 4 is a graph
obtained by measuring diffuse reflectances at 490 nm and 450 nm with
respect to 8 kinds of pigment-attached phosphors of two types of the above
Examples and Comparative Examples, and plotting a (reflectance at 490
nm)/(reflectance at 450 nm) as an ordinate and the attached amount of the
pigment as an abscissa. As is apparent from Figure 4, the pigment-attached
phosphors of Examples show io  smaller values and thus have larger filter
effects than those of Comparative Examples. Figure 5 is a graph comparing
the diffuse reflectance distributions with respect to the phosphor attached
with 7 parts of the pigment in the above Examples (curve b) and the
phosphor attached with 3 parts of the pigment in the above Comparative
Examples (curve a). As is apparent from Figure 5, the phosphor of the
Comparative Example shows a peak at around 490 nm, but the phosphor of the
Example 15 has no such a peak and corresponds well to the emission spectrum
of the phosphor. EXAMPLE 2 A blue pigment layer having an average thickness
of 1 am was formed on the inner surface of a face 20  plate by a
photolithography method by using a pigment slurry of a formulation of 5
weight % of a xCoO-yZnO-zSiO2 composite oxide (x - 1.0, y = 1.0 and z =
1.0) as a blue pigment produced by a dry mixing and firing method, 2 weight
% of PVA (degree of polymerization: 2,400, degree of saponification: 88%),
0.15 weight % of sodium dichromate (Kanto Kagaku K.K.), 0.03 weight % of a
surfactant and water as a residue. 25     Then, a blue phosphor picture
element was formed on the blue pigment layer by a conventional method by
using ZnS:Ag,CI as a blue-emitting phosphor. For comparison, fluorescent
screens were formed in the same manner as in the above Example by coating
cobalt aluminate or ultramarine instead of the above blue pigment to the
same thickness as the above Example. 30 Comparison of brightness and
contrast The brightness and contrast of each fluorescent screen of the
above Example and Comparative Examples were measured to obtain the results
as shown in Table 1. The values of the contrast are shown 35  as a ratio of
the brightness at highlight parts (white-emitting parts under mounted
condition) and the brightness at shadow parts (non-emitting parts under
mounted condition) when the face plate surface was irradiated with an
exterior light. As is apparent from Table 1, the fluorescent screen of the
Example shows that the reduction of white luminance was small as compared
with two Comparative Examples, and that high contrast was maintained. 



40 Table 1 Pigment           White luminance   Contrast 45        Example 1
CoZn-Si type composite oxide      95           125 Comparative Example 1
Cobalt aluminate                 86          115 Comparative Example 2
Ultramarine                      89          125 Comparative Example 3   No
pigment                      100          100 50 EXAMPLE 3 4.7 parts of
cobalt chloride (hexahydrate) and 5.5 parts of zinc chloride were dissolved
in 100 parts of deionized water. 1 N sodium hydroxide aqueous solution was
gradually added under stirring to adjust the pH to 9. The mixture was left
to stand still, the supernatant was removed, and the same volume of ethanol
was added. The mixture was left to stand still again, and the supernatant
was replaced with ethanol. 24 parts of a 28% aqueous ammonia was added
thereto. Further, a solution of 20 parts of tetraethoxysilane dissolved in
20 parts of ethanol, was added and the mixture was heated to 409C and
maintained for 2 hours under 6    EP 0 544 921 Bi stirring. After
completion of the reaction, a solid product obtained by centrifugal
separation was subjected to air-drying to remove ethanol, and fired at
800*C for 2 hours to obtain a xCoO.yZnO-zSiO2 pigment (x = 0.3, y = 0.6 and
z = 1.0) having an average particle size of 0.3 am. Then, 100 parts of
distilled water was added to 100 parts of a silver-activated zinc sulfide
blue-emitting 8  phosphor to obtain a slurry. 7 parts of the above blue
pigment was added thereto, and an aqueous solution of 0.36 part of gelatin
and 0.3 part of gum arabic as binders was added thereto while heating to 45
IC, the pH was adjusted to 4.1 by acetic acid, and the mixture was left to
cool to room temperature. Then, 7.5 parts of a 50% glutaraldehyde aqueous
solution was added thereto to cure the binder. 1o  Comparison of filter
effects The diffuse reflectance of the pigment-attached phosphor obtained
in Example 3 was measured and the results are shown in Figure 5 as curve c.
The phosphor in Example 3 having attached the pigment of small particles
shows lower reflectance at around 600 nm and excellent filter effect as
compared with the 18  phosphor of Example 1 (curve b in Figure 5), although
the attached amounts of the pigments are the same in these Examples.
EXAMPLE 4 20 Preparation Example of blue pigment 32 parts of cobalt
chloride (hexahydrate) and 22.3 parts of zinc chloride were dissolved in
500 parts of deionized water. Separately, 40 parts of oxalic acid
(dihydrate) was dissolved in 500 parts of a deionized water. Then, the
oxalic acid aqueous solution was added to the metallic salt aqueous
solution under stirring. 25  Further, stirring was continued for 15
minutes, and the mixture was left to stand still for about 1 hour, and then
the supernatant was removed, followed by drying at 90 * C. After drying,
the product was mixed with 9.67 parts of silicon oxide having a specific
surface area of 200 m2/g in a dry system, and the mixture was fired at
1,000-C for 1 hour and pulverized to obtain a xCoO yZnO zSiO2 type
blue-pigment (x = 0.8, y = 1.0 and z = 1.0) having an average particle size
of 0.14 am. 30 Preparation Example of blue pigment-attached blue-emitting
phosphor 100 parts of distilled water was added to 100 parts of a
silver-activated zinc sulfide blue-emitting phosphor to obtain a slurry. 3
parts of the above blue pigment was added thereto, and an aqueous solution
35 of 0.36 part of gelatin and 0.3 part of gum arabic as binders was added
while heating to 45 * C. The pH was adjusted to 4.1 by acetic acid and the
mixture was left to cool to room temperature. Then, 7.5 parts of a 50%
glutaraldehyde aqueous solution was added to cure the binder. EXAMPLE 5 40
60 parts of cobalt oxide, 103 parts of zinc oxide and 64 parts of silicon
oxide were mixed in a dry 



system, and the mixture was fired at 1,300 C in air for 2 hours and
pulverized to obtain a xCoO-yZnO-zSiO2 pigment (x = 0.8, y = 1.3 and z =
1.0) having an average particle size of 0.64 am. This blue pigment was
attached to a silver-activated zinc sulfide blue-emitting phosphor under
the same 4s conditions as in Example 4. Comparison of filter effects The
diffuse reflectances of the pigment-attached phosphors obtained in Example
4 and Example 5 were 50  measured, and the results are shown by a and b in
Figure 6. The phosphor of the Example wherein the pigment of smaller
particles was attached, shows lower reflectance at around 600 nm and
superior filter effect, although the attached amounts of the pigments were
the same in these Examples. Claims 55 1. A pigment-attached blue-emitting
phosphor comprising a blue-emitting phosphor and a blue pigment attached to
the surface of the blue-emitting phosphor, said blue pigment being a
CoO.ZnO-SiO2 type pigment. 7    EP 0 544 921 B1              C 1111111 fLlI
li  I!IJ stirring. After completion of the reaction, a solid product
obtained by centrifugal separation was subjected to air-drying to remove
ethanol, and fired at 800-C for 2 hours to obtain a xCoO.yZnO-zSiO2 pigment
(x = 0.3, y = 0.6 and z = 1.0) having an average particle size of 0.3 um.
Then, 100 parts of distilled water was added to 100 parts of a
silver-activated zinc sulfide blue-emitting 5 phosphor to obtain a slurry.
7 parts of the above blue pigment was added thereto, and an aqueous
solution of 0.36 part of gelatin and 0.3 part of gum arabic as binders was
added thereto while heating to 45 IC, the pH was adjusted to 4.1 by acetic
acid, and the mixture was left to cool to room temperature. Then, 7.5 parts
of a 50% glutaraldehyde aqueous solution was added thereto to cure the
binder. lo Comparison of filter effects The diffuse reflectance of the
pigment-attached phosphor obtained in Example 3 was measured and the
results are shown in Figure 5 as curve c. The phosphor in Example 3 having
attached the pigment of small particles shows lower reflectance at around
600 nm and excellent filter effect as compared with the is phosphor of
Example 1 (curve b in Figure 5), although the attached amounts of the
pigments are the same in these Examples. EXAMPLE 4 20 Preparation Example
of blue pigment 32 parts of cobalt chloride (hexahydrate) and 22.3 parts of
zinc chloride were dissolved in 500 parts of deionized water. Separately,
40 parts of oxalic acid (dihydrate) was dissolved in 500 parts of a
deionized water. Then, the oxalic acid aqueous solution was added to the
metallic salt aqueous solution under stirring. 25 Further, stirring was
continued for 15 minutes, and the mixture was left to stand still for about
1 hour, and then the supernatant was removed, followed by drying at 90 a C.
After drying, the product was mixed with 9.67 parts of silicon oxide having
a specific surface area of 200 m2/g in a dry system, and the mixture was
fired at 1,000 C for 1 hour and pulverized to obtain a xCoO.yZnO.zSiO2 type
blue-pigment (x = 0.8, y = 1.0 and z = 1.0) having an average particle size
of 0.14 am. 30 Preparation Example of blue pigment-attached blue-emitting
phosphor 100 parts of distilled water was added to 100 parts of a
silver-activated zinc sulfide blue-emitting phosphor to obtain a slurry. 3
parts of the above blue pigment was added thereto, and an aqueous solution
35 of 0.36 part of gelatin and 0.3 part of gum arabic as binders was added
while heating to 45 * C. The pH was adjusted to 4.1 by acetic acid and the
mixture was left to cool to room temperature. Then, 7.5 parts of a 50%
glutaraldehyde aqueous solution was added to cure the binder. EXAMPLE 5 40
60 parts of cobalt oxide, 103 parts of zinc oxide and 64 parts of silicon
oxide were mixed in a dry system, and the mixture was fired at 1,300 C in
air for 2 hours and pulverized to obtain a 



xCoO-yZnO-zSiO2 pigment (x = 0.8, y = 1.3 and z = 1.0) having an average
particle size of 0.64 am. This blue pigment was attached to a
silver-activated zinc sulfide blue-emitting phosphor under the same 45
conditions as in Example 4. Comparison of filter effects The diffuse
reflectances of the pigment-attached phosphors obtained in Example 4 and
Example 5 were 50 measured, and the results are shown by a and b in Figure
6. The phosphor of the Example wherein the pigment of smaller particles was
attached, shows lower reflectance at around 600 nm and superior filter
effect, although the attached amounts of the pigments were the same in
these Examples. Claims 55 1. A pigment-attached blue-emitting phosphor
comprising a blue-emitting phosphor and a blue pigment attached to the
surface of the blue-emitting phosphor, said blue pigment being a CoO. ZnO-
SiO2 type pigment. 7    2. The pigment-attached blue-emitting phosphor
according to Claim 1, wherein the blue pigment is represented by the
formula xCoO-yZnO.zSiO2 wherein the compositional ratio is within the
ranges of 0.05Sx/zS1.5 and 0.1Sy/zS2.0. 5  3. The pigment-attached
blue-emitting phosphor according to Claim 1, wherein the average particle
size of the blue pigment is not more than 0.5 micron. 4. The
pigment-attached blue-emitting phosphor according to Claim 1, wherein the
blue-emitting phosphor is at least one of a silver-activated zinc sulfide
type phosphor, Y2SiOs:Ce, Ca2BsOeCI:Eu, (BaxMg1.,J- 10     OenAl20:Eu
(09x51, 7SnS8), SrSi3OaCl4:Eu, CaWOs, CaWO4:Pb, BaFCI:Eu, Gd2Q2S:Tb and
ZnS:Zn. 5. The pigment-attached blue-emitting phosphor according to Claim
1, wherein the blue pigment is a CoOsZnO.SiO2 type blue pigment obtained by
adding an alkaline aqueous solution to an aqueous solution containing
cobalt and zinc to co-precipitate cobalt and zinc as hydroxides, replacing
water with 1s     an organic solvent, and having a silicon oxide deposited
on the surface of a precipitate by hydrolysis, followed by firing. 6. The
pigment-attached blue-emitting phosphor according to Claim 1, wherein the
blue pigment is a CoO*ZnOeSiO2 type blue pigment obtained by adding to an
aqueous solution containing cobalt and 20     zinc, an organic compound, as
a precipitating agent, capable of being dissolved in water and reacting
with cobalt and zinc to form a water-hardly soluble or water-insoluble
material, to co-precipitate cobalt and zinc, followed by drying, mixing
with a silicon oxide, and firing. 7. A color cathode-ray tube comprising a
face plate having, on the inner surface thereof, a blue-emitting 25
fluorescent layer, a red-emitting fluorescent layer and a green-emitting
fluorescent layer, wherein the blue-emitting fluorescent layer contains
CoO. ZnO- SiO2 type blue pigment particles. 8. The color cathode-ray tube
according to Claim 7, wherein the blue-emitting fluorescent layer contains
a silver-activated zinc sulfide phosphor, the red-emitting fluorescent
layer contains a europium-activated 30     yttrium oxysulfide phosphor or a
europium-activated yttrium oxide phosphor, and the green-emitting
fluorescent layer contains a copper- and an aluminum-activated zinc sulfide
phosphor. 9. The color cathode-ray tube according to Claim 7, wherein the
red-emitting fluorescent layer contains a red pigment of red iron oxide. 35
10. The color cathode-ray tube according to Claim 7, wherein the
green-emitting fluorescent layer contains a TiO2 * ZnO- CoO- NiO type green
pigment. PatentansprUche 40 1. An Pigment anhaftender, blau emittlerender
Phosphor, umfassend einen blau emittierenden Phosphor und ein blaues
Pigment, das an der Oberflache des blau emittierenden Phosphors anhaftet,
wobei das blaue Pigment ein Pigment vom CoO. ZnO- SiO2-Typ ist. 45  2. An
Pigment anhaftender, blau emittierender Phosphor nach Anspruch 1, in dem
das blaue Pigment durch die Formel xCoO.yZnO-zSiO2 dargestellt wird, in der
das Zusammensetzungsverhdltnis in den 



Bereichen 0,05Sx/zS1,5 und 0,1Sy/zS2,0 liegt. 3. An Pigment anhaftender,
blau emittierender Phosphor nach Anspruch 1, in dem die durchschnittliche
50     TeilchengroBe des blauen Pigments nicht mehr als 0,5 Um betr~gt. 4.
An Pigment anhaftender, blau emittierender Phosphor nach Anspruch 1, in dem
der blau emittierende Phosphor mindestens einer aus einem Phosphor vom
Silber-aktivierten Zinksulfid-Typ, Y2SiO :Ce, Ca2BsOsCI:Eu,
(Ba.Mg-,J)O.nAl20s:Eu (05x51, 7SnS8), SrSi3O8C14:Eu, CaWO4, CaWO4:Pb,
BaFCI:Eu, 55     Gd2O2S:Tb und ZnS:Zn ist. 5. An Pigment anhaftender, blau
emittierender Phosphor nach Anspruch 1, in dem das blaue Pigment ein blaues
Pigment vom CoO.ZnO.SiO2-Typ ist, das erhalten wird durch Zugabe einer
alkalischen 8    EP 0 544 921 B1         I I!IIII IBID 1110 DIIII II III *
C   L   M   S* wifirigen Losung zu einer wifirigen Losung, die Kobalt und
Zink enthalt, um Kobalt und Zink als Hydroxide zusammen auszufallen,
Ersetzen von Wasser durch ein organisches Losungsmittel und Abscheiden
eines Siliciumoxids durch Hydrolyse auf der Oberfilche eines Niederschlags,
gefolgt von Brennen. 5 6. An Pigment anhaftender, blau emittierender
Phosphor nach Anspruch 1, in dem das blaue Pigment ein blaues Pigment vom
CoO.ZnOSiO2-Typ ist, das erhalten wird durch Zugabe einer organischen
Verbindung, die in Wasser gelost werden und mit Kobalt und Zink zum Bilden
eines kaum in Wasser l6slichen oder in Wasser unloslichen Materials
reagieren kann, als Fallungsmittel zu einer waBrigen 10     Losung, die
Kobalt und Zink enthalt, um Kobalt und Zink zusammen auszufallen, gefolgt
von Trocknen, Mischen mit einem Siliciumoxid und Brennen. 7.
Farbkathodenstrahirbhre, umfassend eine Frontplatte, die auf der inneren
Oberflache eine blau emittie- rende fluoreszierende Schicht, eine rot
emittierende fluoreszierende Schicht und eine grtn emittierende is
fluoreszierende Schicht aufweist, wobei die blau emittierende
fluoreszierende Schicht blaue Pigment- Teilchen vom CoO.ZnOeSiO2-Typ
enthalt. 8. Farbkathodenstrahlrbhre nach Anspruch 7, bei der die blau
emittierende fluoreszierende Schicht einen Silberaktivierten
Zinksulfid-Phosphor enthilt, die rot emittierende fluoreszierende Schicht
einen Europi- 20     um-aktivierten Yttriumoxysulfid-Phosphor oder einen
Europium-aktivierten Yttriumoxid-Phosphor enthalt und die grdn emittierende
fluoreszierende Schicht einen Kupfer- und einen Aluminium-aktivierten
Zinksulfid-Phosphor enthilt. 9. Farbkathodenstrahlrbhre nach Anspruch 7,
bei der die rot emittierende fluoreszierende Schicht ein 25     rotes
Pigment aus rotem Eisenoxid enthalt. 10. Farbkathodenstrahlrdhre nach
Anspruch 7, bei der die grOn emittierende fluoreszierende Schicht ein
grOnes Pigment vom TiO2 - ZnOe CoOs NiO-Typ enthIlt. 30  Revendlcatlons 1.
Substance phosphorescente emettant dans le bleu, a laquelle est fixe un
pigment, comprenant une substance phosphorescente dmettant dans le bleu et
un pigment bleu flxe a la surface de la substance phosphorescente 6mettant
dans le bleu, le pigment bleu dtant un pigment de type CoO- ZnOe SiO2 . 35
2. Substance phosphorescente emettant dans le bleu, a laquelle est fixe un
pigment, selon la revendica- tion 1, dans laquelle le pigment bleu est
represente par la formule xCoO-yZnO-zSiO2, od les rapports de composition
entrent dans les plages 0,05SxIzS1,5 et 0,1Sy/zS2,0. 40 & Substance
phosphorescente dmettant dans le bleu, & laquelle est flx6 un pigment,
selon la revendica- tion 1, dans laquelle la granulometrie moyenne du
pigment bleu n'est pas superieure a 0,5 um. 4. Substance phosphorescente
emettant dans le bleu, a laquelle est fixe un pigment, selon la revendica-
tion 1, dans laquelle la substance phosphorescente emettant dans le bleu
est au moins une substance 45     fluorescente choisie parmi l'ensemble
comprenant la substance phosphorescente de type sulfure de zinc  activ6  &
I'argent,  Y2SiOs:Ce,  Ca2BsO9CI:Eu,  (Ba.Mgj-iO.nAl2Os:Eu(OSxS1,  7SnS8),
SrSisOsCl4:Eu, CaWO4, CaWO4:Pb, BaFCI:Eu, Gd2O2S:Tb et ZnS:Zn. 



5. Substance phosphorescente emettant dans le bleu, a laquelle est fixe un
pigment, selon la revendica- 50     tion 1, dans laquelle le pigment bleu
est un pigment bleu de type CoO.ZnO.SiO2, que l'on obtient en ajoutant une
solution aqueuse alcaline & une solution aqueuse contenant du cobalt et du
zinc, pour provoquer la co-precipitation, sous forme d'hydroxydes, du
cobalt et du zinc, en remplagant l'eau par un solvant organique, et en
deposant un oxyde de silicium sur la surface du prdcipit6, par hydrolyse,
avant de proc6der a une cuisson. 88 6. Substance phosphorescente emettant
dans le bleu, & laquelle est fixd un pigment, selon la revendica- tion 1,
dans laquelle le pigment bleu est un pigment bleu de type CoO.ZnO.SiO2, que
l'on obtient en ajoutant & une solution aqueuse contenant du cobalt et du
zinc, un compos4 organique servant d'agent 9    EP O 544 921 B1        !
c L  M   Sllll de precipitation A m~me d'8tre dissous dans I'eau, et
pouvant reagir avec le cobalt et le zinc pour former un materiau peu
soluble dans l'eau ou insoluble dans I'eau, pour provoquer la
co-precipitation du cobalt et du zinc, puis en proc6dant A un sechage, A un
mdlange avec un oxyde de silicium, puis a une cuisson. '5 7. Tube a rayons
cathodiques couleur comprenant un fond, ayant, sur sa surface interieure,
une couche phosphorescente 6mettant dans le bleu, une couche
phosphorescente 6mettant dans le rouge et une couche phosphorescente
emettant dans le vert, ob la couche phosphorescente emettant dans le bleu
contient des particules de pigment bleu de type CoO.ZnO.S102. 10 &  Tube a
rayons cathodiques couleur selon la revendication 7, dans lequel la couche
phosphorescente emettant dans le bleu contient une substance
phosphorescente du type sulfure de zinc activ6 a l'argent, la couche
phosphorescente emettant dans le rouge contient une substance
phosphorescente du type oxysulfure d'yttrium active A 'europium ou une
substance phosphorescente du type oxyde 15     d'yttrium active a
l'europium, et la couche phosphorescente emettant dans le vert contient une
substance phosphorescente du type sulfure de zinc active au cuivre et A
I'aluminium. 9. Tube a rayons cathodiques couleur selon la revendication 7,
dans loquel la couche phosphorescente emettant dans le rouge contient un
pigment rouge d'oxyde de fer rouge. 20 10. Tube & rayons cathodiques
couleur selon la revendication 7, dans lequel la couche phosphorescente
emettant dans le vert contient un pigment vert de type TiO2.ZnO.CoO.NiO. 25
30 35 40 45 50 55 10    


