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%@he predent invention relates to a nethod for 5 reclaimng difﬁia LJLE?‘*ia
d%gnent-a ached red-emtting phosphor recovered froma manufacturing
%proé§%§ for a color
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METHOD FOR RECLAIMING PIGMENT-ATTACHED RED-EMITTING
PHOSPHOR |
The present invention relates to a method for

5 reclaiming a pigment-éttached red-emitting phosphor
recovered from a manufécturing.process for a color
picture tube, such as a red iron oxide—attached europium-
activated yttrium oxysulfide or a red iron oxide-attached
europium-activated yttrium oxide.

10 A fluorescent layer of a color picture tube is formed
in such a manner that each of green-, blue- and red-
emitting phosphors is mixed with predetermined
proportions of polyvinyl alcohol, ammonium dichromate, a
surfactant, etc. to obtain a phosphor slurry, which is

15 then coated over the entire surface of a face plate

| having a black matrix preformed by carbon, by a suitable
coating method such as a spin coating method, then
ultraviolet rays are irradiated through a shadow mask or
an aperture grille to cure the predetermined portions,

20 followed by developing with warm water. This operation
_ -
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.pitture tube, such as ared iron oxide-attached europihn} acti'vat ed

ttriumoxysulfide or a red iron oxide-attached eur opi um acti vat ed
yttrium oxide. 10 A fluorescent |layer of a color picture tube is

f or med in such a manner that each of green-, blue- and red-

em tting phosphors is mxed with predetermned proportions of,

pol yvi nyl al cohol, amroni um di chromate, a surfactant, etc. to obtain a
phosphor slurry, which is_ 15 then coated over the entire surface of a face
pl at e havi¥fy zeprakkdndi EhxrpEPRELNES BRIES SO L™ iR %D! e

coating nethod such as a spin coating met hod, then )
phosphors to form a fluorescent layer with a

predetermined arrangement of dots or stripes.
Phosphor slurries dripped or shaked off from the face
5 plate in the above coating step and phosphors washed off
by water in the developing step are recovered. Among
such recovered phosphors, a red-emitting phosphor
containing expensive rare earth elements, will certainly
be reclaimed and reused.

10 The red—-emitting phosphor slurfy recovered in the
coating step contains blue- and green—emitting phosphors
as contaminants in addition to polyvinyl alcohol and
ammonium dichromate as constituting components of the
phosphor slurry. The red-emitting phosphor slurry

15 recovered in the developing step is the one which is
obtained by washing non-exposed portions with developing
water and thus contains substantial amounts of other
color emitting phosphors.

Such recovered red-emitting phosphor will be purified

20 for reuse; by removing impurities. Among the impurities,
organic substances may be removed by treatment with an
oxidizing agent, alkali treatment or pyrolytic treatment
(400 to 450°C), and a blue-emitting phosphor contaminant
such as ZnS:Aqg and a green—emitting phosphor contaminant

25 such as ZnS:Cu,Al may be removed by dissolving them with
sodium hypochlorite or a mineral acid (such as HCl, H,;S0,

and HNO5).
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quravioIet‘Fays are irradiated through a shadow nmask or an aperture
rille to cure the predeterm ned portions, 20 followed by devel oping with

warm water. This operation is repeated with respect to
;;hree color-emtting phosphors to forma fluorescent layer ith a

o -3 -
However, when treated with a mineral acid, yttrium
oxysulfide as a host material of the red-emitting
phosphof will be partially dissolved to generate hydrogen
sulfide. This hydrogen sulfide will react with heavy
5 metal ions such as copper ions or silver ions which may
be present in the system, to form hardly soluble CuS,
AgS, etc., which will firmly adhere to the phosphor
surface. Such adherence impairs the phosphor surface
property and adversely affects the emitting property and
10 the coating property. Further, the dissolution of the
host material causes exfoliation of the pigment attached
to the phosphor. Accordingly, it is required to reattach
the pigment to the phosphor before reuse. This adds éo
the manufécturing cost. The use of a stroné acid
15 necessitates washing with water repeatedly and thus
requires a long time for treatment and extra cost for
equipment.
In the treatment with an alkali or with an oxidizing
agent, a strong alkali or a large amount of an oxidizing
20 agent is required, to dompletely remove blue- and green-
emitting phosphors. Besides, under such a treating
condition, the phosphor will be oxidized, whereby the
luminance will be reduced. Further, most of the pigment
will be exfoliated by the exfoliation of binder, and it
25 will be necessary to reattach pigment before reuse.
It is an object of the present invention to overcome

the above drawbacks and to provide a treating method for
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predeterm ned arrangenent of dots or stripes. Phosphor sl urries
dri pped or shaked off fromthe face 5 plate in the above coating step

and phosphors washed of f by water in the devel oping step are

recovered. Anong such recovered phosphors, a red-emtting phosphor S
contai ning expensive rare earth elenments, wll certainly be reclaimed <%
and reused. 10 The red-em tting phosphor slurry recovered in the -
coating step contains blue- and green-emtting phosphors as A

~contami nants. | pealdihing gophamenitrdt talahedlreditbnitting phosphor,
whereby not only blue- and green-emitting phosphors can
be completely removed while preventing the pigment from =%
exfoliation by suppressing dissolution of the binder
s which attaches the pigment to the phosphor, but also \
deterioration of the luminance and the coating property, |
can be prevented.
The present invention provides a method for
reclaiming é pigment-attached red-emitting phosphor
10 recovered from a manufacturing process for a color
picture tube, which comprises treating the phosphor with
an agueous solution containing NaOH, NaC¢O and H,0, and
subsequently treating it with a weak acid.
Now, the present invention will be described in
15 detail with reference to the.preferred embodiments.
The red—-emitting phosphbr suitable for the treating
method of the present invention is a Eu-activated Y,0,S
phosphor or a Eu—activatéd ¥,0; phosphor, to which a red
pigment such as red ion oxide is attached by means of a
20 synthetic rubber such as an acrylic resin and a SBR
resin. Such-a phosphor may be covered with silica. To
prepare a color picture tube, a red-emitting phosphor .is
used together with a Ag,Cl-activated ZnS blue—emittiné
phosphor, a Cu,Al-activated ZnS green—emitting phosphor
25 and a Cu,Au,Al-activated ZnS green-emitting phosphor, or
together with such blue- and green-emitting phosphors

having pigments attached thereto. Accordingly, the
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armoni um di
- The red-em

romate as constituting conponents of the phosphor slurry.
ti ng phosphor slurry 15 recovered in the developing step is

*the one whfch is obt ai ned by washi ng non-exposed portions with
devel opi n wat er and thus contains substantial anmounts of other
wolor emating phosphors. Such recovered red-emtting phosphor
_‘ﬁb}l be purified 20 for reuse, by renovi'ng inpurities. Anong the
.inpuritifes, organi ¢ substances may be renoved by treatnment with an

@()éqi’di zing agemecen&red redaembhting pphobphic sileatryesontains such
? blue- and green-emitting phosphors as contaminants.
The treating solution to be used in the method of the
present invention, is adjustéd preferably to contain NaOH
5 at a concentration of from 0.3 to 4.0% by weight, NaCeO
at a concentration of from 1.0 to 5.0% by weight and H,0,
at a concentration of from 0.5 t6 3.0% by weight, based
on the solid content of the phosphor slurry.
If the concentrations exceed these ranges, the
10 oxidizing effect of the treating solution will be SO
strong that the lumingnce and the coating property of the
phosphor will be detefiorated. On the other hand, if the
concentrations are below the ranges, it is likely that
the blue- and green-emitting phosphors, polyvinyl
15 alcohol, etc. can not be removed to a practical level.
The treatment is conducted preferably at a temperature of
at least 70°C.
In the weak acid treatment, dilute sulfuric acid,
dilute hydrochloric acid, acetic acid or the like may be
20 used. It is preferable that such a weak acid is added to
the phosphor slurry so that the pH of the slurry is
adjusted to from 2 to 3, and the slurry is stirred and
then washed with water repeatedly until the pH becomes at
least 4.
25 The present invention is directed to a method which
comprises treating a red pigment-attached phosphor
recovered from a manufacturing process for a color e

- -
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,(460 to 450[err]C), and a blue-enmitting phosphor contan nant g&fh as

ZnS: Ag and a green-emtting phosphor contam nant 25 such as ZnS: Cwn Al may

e renmoved by dissolving themwth sodi um hypochlorite or a m neral

acid (such as HO, Herr]SOerr] and HNO err]). )
-3 -. However, when treated \Mtglg.nineral acid, yttrium IR

picture tube, with an aqueous solution containing NaOH,

NaC¢0 and H,0,, and subsequently removing the oxide ?
produced by such an oxidizing agent with a weak acid, and
thus designed to completely remove blue- and green-

5 emitting phosphors contained as contaminants in the
recovered red-emitting phosphor slurry, while preventing
the pigment from exfoliation by suppressing the
dissolution of the binder which attaches the pigment to
the phosphor. The method of the present invention is

10 effective for preventing deterioration of the luminance
and the coating property of the red-emitting phosphor.

The surface of the reclaimed phosphor is preferably
treated with gelatin, gum arabic and coating agent ZnSO,,
to improve the property of the slurry of the reclaimed

15 phosphor.

A fresh red-emitting phosphor is added to the
reclaimed red-emitting phosphor usually in a proportion
of the fresh phosphor/the reclaimed phosphor of from
20/80 to 50/50 for reuse.

20 Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that ﬁhe present invention is by no
means restricted to such specific Examples.

Example for the preparation of pigment-attached red-

25 emitting phosphor

600¢ of pure water was added to a slurry containing

300 kg of a Eu-activated Y,0,S phosphor, and 480 g of red

This Sheet Has Been Replaced

R




oxysulfide @s a host material of the red-emtting - phosphor will be
partially dissolved to cenerate hydrogen sul fide. This hydrogen
sulfide will react with heavy 5 netal ions such as copper ions or
silver ions which may be present in the system to formhardly
" sol ubl e CuS, AgS, etc., which will firmy adhere to the phosphor
éﬁa;ace. Such adherence inpairs the phosphot surface property and
adv¥sely affects the emitting property and 10 the coating property.
Further, the disggl uki@e ehstBéded thelretio maltdr isdicouses exfobigtion of
t he pignent attached

having 180 g of gelatin and 180 g of gum arabic dissolved

?
K in warm water, and 120 g of a SBR resin (as solid
; content) were added thereto and stirred for 20 minutes.
[ 5 Afte; adjusting the pH to 4.2 by acetic acid and stirring
f! for 30 minutes, 1.5¢ of a glutaraldehyde curing agent was

added and the resulting slurry was stirred for 60 minutes
and left to stand still overnight.

Then, coating agent ZnSO, was added thereto, the pH

10 ©of the slurry was adjusted and the slurry was stirred for

20 minutes.

The resulting slurry was dehydrated, aried and worked
up by sieving to obtain a red iron oxide-attached Eu-
activated Y,0,S phosphor.

15 Example for the manufacture of cathode—-ray tubes

To an aqgueous solution of polyvinyl alcohol, the
above red iron oxide-attached Eu-activated Y¥,0,S
phosphor, a dispersant, an anti-foaming agent, etc. were
added in a conveﬁtional manner and thoroughly stirred,

20 and ammonium dichromate sensitizer was added thereto
obtain a red-emitting phosphor slurry.

Separately, blue- and green-emitting phosphor
slurries were prepared in the same manner as for the red-
emitting phosphor slurry, by using a Ag,Cl-activated Zn$S

25 phosphor as a blue-emitting éhosphor and a Cu,Al-
activated ZnS phosphor as a green—emitting phosphor.

Then, a glass panel was coated with green-, blue- and
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tofthe phosphor. Accordingly, it'is recuired to reattach t h& pi gnent

t,0 the phosphor before reuse. This adds to t he manuf act uri ng\cost.

The use af a strongly acidic pH 15 necessitates washing with water

repeatedly and thus requires a long tinme for treatnment and extra cost .
for -~ ° equipnent. In the treatngnt with an alkali or with an <p9
oxi di zi ng agent, a strong alkali pH or a |arge anount of an oxidi zi ng

20 agent is required, to conpletely renove blue- and green- emtting 1

phosphors. Begiedesmidridery phospnanr esfirgies successively, followed by

drying, exposure and development to obtain a color

cathode-ray tube.

Example for reclaiminq treatment of the recovered red-

5 emitting phosphor

The red-emitting phosphor recovered in the developing

step was subjected to reclaiming treatment under the

following conditions.
Sample F:

10 300 kg, based on dry weight, of the recovered
phosphor was added to 300¢ of pure water, and the mixture
was stirred for 30 minutes, followed by sieving to remove
foreign substances.. Subsequently, warm water was added
to the resulting slurry to the total volume of 1,000¢.

15 After adjusting the temperature of the mixture to 75°C,
the slurry was stirred for 20 minutes and left to stand
still, and then, the supernatant was discarded. Warm
water was added again to the obtained precipitate to the
total volume of 700¢, and the temperature was adjﬁsted to

20 75°C. While stirring, a treating solution comprising 1.5
kg of NaOH as an alkali, 60¢ of 12.5% NaC¢0O (based on
effective chlorine) as an oxidizing agent and 8¢ of 35%
H,0,, was gradually added to the above slurry and the
slurry mixtufe was stirred for 3 hours and left to stand

25 still to precipitate the phosphor, and the supernatant
was discarded to remove polyvinyl alcohol, ammonium

dichromate, etc. Warm water was further added to the
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cohdition, tAe phosphor wi Il be oxidized, whereby the’ | um nance w | |

be reduced./ Further, nost of the pignent wi Il be exfoliated by the
&xfoliation of binder, and it 2 wi |l be necessary to reattach pignent
bef ore reuse. It is an object of the present invention to overcone
Qpe above drawbacks and to provide a treatlng met hod for
& 9
So s :

% phosphor slurry to the total volume of 1,000¢. The
resulting slurry was stirred for 20 minutes with 'the
temperature adjusted to 75°C and left to stand still, and
the supernatant was discarded.

/ 5 To the above phosphor slurry, water was added to the

total volume of 700¢, and 4N sulfuric acid was added to
the phosphor slurry while stirring and maintaining the
temperature at 25°C, to adjust the pH to 2.5. After
stirring for 2.5 hours, the resulting slurry was left to

10 stand still, and the supernatant was discarded, followed
by washing with water repeatedly so that the pH would be
about 4.

' To the phosphor slﬁrry thus reclaimed, water was
aaded to the total volume of 700¢, and the solution

15 having 180 g of gelatin and 180 g of gum arabic dissolved
in warm water, was added thereto. After stirring for 20
minutes, the phogphor slurry was left to stand still, and
the supernatant was discarded. After further adding
water to the slurry to bring the total volume to 700¢,

20 coating agent ZnsSO, was added, and the slurry was stirred
for 20 minutes, dehydréted, dried and sieved, to treat
the surface of the phosphor.

Sample A:
In the reclaiming treatment of Sample F, only the

25 initial washing treatment was conducted, and the
treatment with the treating solution and subsequent
treatments were omitted, to obtain a reclaimed phosphor,

_____—~———————f——"
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[ 3 A
-4- reclaimng a pignment-attached red- enitting phosphor, Wwher eby
npot only blue- and gren-em tting phosphors can be conpletely renoved
whi l e preventing the pignent from exfoliation by suppressing
di ssol ution of the binger whi ch attaches the pignent to the phosphor,
but al so deterioration of the Iun1nanci and the coating property,
can be prevented. The present inve Pi 6n provi des a net hod for
reclaimng a pignment-attached red-emtting phosphor 10 recovered froma

- manuf acturing prekess ierdesdghated as Sample A.
Sample B:
A slurry of a fresh red-emitting phosphor was |
prepared and used as a standard for the evaluation of
5 reclaimed phosphor slurries.
Sample C:
In the reclaiming treatment of Sample F, the
recovered phosphor was treated in the same manner as for
Sample F, except for omitting 3% NaC¢0O from the treating
10 solution comprising 0.5% NaOH, 3% NaC¢0 and 1l.4% H,0,, to
obtain a reclaimed phosphor, which is designated as
Sample C.
Sample D:
In the above reclaiming treatment of Sample C, the
15 recovered phosphor was treated in the same manner as for
Sample C, except that the concentration of H,0, of the
treating solution was 14%, to obtain a reclaimed

phosphor, which is designated as Sample D.

Sample E:

20 In the above reclaiming treatment of Sample F, the

T e

recovered phosphor was treated in the same manner as for

e

i Sample F, except that H,0, was excluded from the treating
5 solution comprising 0.5% NaOH, 3% NaC¢0 and l.4% H,0,, to
obtain a reclaimed phosphor, which is designated as

25 Sample E.

Evaluation of the reclaimed red-emitting phosphors

Phosphor slurries of Samples A to F, were evaluated
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plcture tubdf—ghlch conprises treating the phosphor wi'th an aqueous

sol ution containing NaOH, NaC[err]O and Herr] O and subsequently
treating it with an aci d. Now, the present invention will be
described in 15 detail with reference to the .preferred enbodi nments.

The red-em tting phosphor suitable for th reating- met hod of the
present invention is a Eu-activated Y[errﬁ err]S phosphor or a
Eu-activated Y[err](Jerr] phosphor, to which a red pi gnent such as red

i on oxide is awtiabhedsppctnsandhef uiema)Shgmnrwanablﬁﬂﬁw sSemphe En

acrylic resin and a SBR
- represents the phosphor reclalmed according to the method

of the present invention.
@D The luminance shown in Table_l is a relative

/ 5 luminance based on the luminance of the fresh standard

phosphor being evaluated to be 100%.
'C) The powder reflectance of the phosphors was
measured at a wavelength of 500 mm, considering that the
powder reflectance is quite consistent with the hue (i.e.
10 the density) of red of the pigment-attached red—emittiné

phosphor.

® The amount of the remaining ZnS was calculated
from the Zn2+ content obtained by dissolving the
reclaimed phosphor with a strong acid completely and

15 determining Zn2?*. This value correqunds to the total
amount of the blue- and green—emitting phosphors
remaining in the red-emitting phosphor. The larger the
amount of the remaining ZnS, the smaller the value x in
x/y, and this indicates that the peak of the fluorescence

20 emitted by the red-emitting phosphor was shifted to the
short wavelength side.

@ The visually observed UV-stimulated color mixture
was measured by coating the red-phosphor on a transparent
glass plate by means of an alcohol and stimulating it by

25 ultraviolet light, whereupon the number of specks of
blue- and green-emitting phosphors existing in a field of

view of an optical microscope, was counted. It
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esin. Such a phosphor may be covered with silica. To prepare a Ior '
icture tube, a red-emtting phosphor is used together with a

g, -activated ZnS blue-enitting phosphor, a Cu, Al -activated ZnS
reen-emtting phosphor 25 and a Cu, Au, Al -activated ZnS green- en1tt|ng
hosphor, or toget her with such blue ang,green-enitting phosphors

aving piqnents attached thereto. Accordingly, the

corresponds to the amount of the remaining 2nS.
® The amount of the remaining SBR binder was
analyzed by pyfolysis gas chromatography, and calculated K
based on the value of the fresh red-emitting phosphor
5 Dbeing evaluated to be 100%. A decrease of the remaining
SBR binder which attaches the pigment to the phosphor,

indicates exfoliation of the pigment.

T
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I f the concentrations exceed these ranges, the 10 okidizing effé‘; of the

toreating solution will be so strong that the. |um nance and t\he

coating property of the phosphor will be deteriorated. On the otner i
hand, if the concentrations are below the ranges, it is |likely that @
t he blue- and green-emitting phosphors, pojyvinyl 15 alcohol, etc. can A
not be renobved to a practical |evel. The treatnent is conducted 4P
preferably at a tenperature of at | east, 70C. In the

acid treatnent,

10

15

20

25

di IARQNG ($3MPLesa6i and D, which were treated with a

treating solution comprising NaOH and H,0,, Sample C had
a large amount of remaining ZnS because of a lower
concentration of H,0,, and ten specks of ZnS, which is a

host material of blue- and green-emitting phosphors, were

observed by the visual observation of the UV-stimulated
color mixture. Further, exfoliation of the pigment was
confirmed by a decrease of the remaining SBR binder.

With respect to Sample D treated with an increased
concentration of H,0,, the decrease in the amount of the
remaining SBR binder was substantial, and exfoliation of
the pigment and the considerable reduction of luminance
were observed, although ZnS was sufficiently removed.
The reduction of luminance seems to result from partial
oxidization of the surface of the Y¥,0,S:Eu phosphor by
the oxidizing agent.

With respect to Sample E, which was treated with a
treating solution comprising NaOH and NaC#0, the removal
of ZnS proceeded considerably as compared with Sample C,
but the decrease in the amount of the remaining SBR
binder was substantial, which indicates exfoliation of
the pigment.

With respect to Sample F, an example treated by the
method of the present invention, namely treated with a
treating solution comprising NaOH, H,0, and NaC¢0, ZnS
was sufficiently removed, the ambunt of the remaining SBR

binder was similar to that-in Sample B of fresh phosphor,
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diiute hydro¢ghl oric acid, acetic acid or the |ike nay'be 20 wused. It is

preferable that such an acid is added to t he phosphor slurry so that
the pH of the slurry is adjusted to from2 to 3, and the slurry is
stirred an then washed with water repeatedly until the pH becones at
ﬁ@@st 4. [25 The present invention_igcgdirected to a nethod which
coftprises/treating a red pigment-attached phosphor recovered ,roma
smand act dr | ng process_for .a color ) .
cné no exfoliation of the pigment or no shift of the x/y

S

@ value was observed, and the luminance was as high as that
R of Sample B.

According to the present invention, by adopting the
5 above construction, it is possible not only to prevent
the pigment from exfoliation but also to completely
remove blue- and green—emitting phosphors contained as
contaminants in the recovered red-emitting phosphor, and
the recovered red-emitting phosphor can be reclaimed |
10 effectively to obtain a red-emitting- phosphor with high

luminance and a good coating property.
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6.

preventi ng

. - picture tube, with an aquecus sol ution contéining NaOH,
NaClerr]Oand Herr]derr], and subsequently renoving the oxide
produced by such an oxidizing agent wwth an acid, and ____ thus—designed

to conpletely renove blue- and green- 5 emtting phos
contanrnants in the recovered red-em §%i ng phospho \lﬁm \i@“‘ \m ©o°

10

15

20

25

the pignment fromexfoliation by suppres

CLAIMS:

1. A method for reclaiming a pigment-attached red-
emitting phosphor recovered from a manufacturing process
for a color picture tube, which comprises treating the
phosphor with an agqueous solution containing NaOH, NaC¢é0
and H,0,, and subsequently treating it with a weak acid.

2. The method according to Claim 1, wherein the pigment

is attached to the red-emitting phosphor by a synthetic
rubber such as an acrylic resin or a styrene-butadiene
resin as a binder.

3. The method according to Claim 1, wherein the red-
emitting phosphor is the one recovered from a
manufacturing process for a color picture tube wherein a
red iron oxide-attached europium-attached yttrium
6xysulfide red~emitting phosphor or a red iron oxide-
attached europium-activated yttrium oxide red-emitting
phosphor, and blue- and green-emitting phosphors of which
host materials are ZnS, are used. .

4. The method according to Claim 1, wherein the aqueous
solution contains NaOH at .a concentration of from 0.3 to
4.0% by weight, NaC¢0 at a concentration of from 1.0 to
5.0% by weigh£ and H,0, at a concentration of from 0.5 to
3.0% by weight, based on the solid content of the
phosphor slurry to be treated.

5. The method according to Claim 1, wherein the weak
acid is dilute sulfuric acid, dilute hydrochloric acid or

acetic acid. —
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di ssol utionf of the binder w ch attaches the pignent ' ‘“
The et hod/of the present inventionis 10 effectlve ‘ \& “

deterioratfion of the | um nance and the coating p

red-em ttf ng phosphor. The surface of the reclalned phosphor IS
pr ef er ablfy treated with gel atin, _gqp¥a1ab|c and coating agent

Znsq err/f], to inprove the property of the slurry of the reclained 15
phosphoy. A fresh red-em tting phosphor .is added to .the

recl ai fed r ed-Geni tTheguetRRGhECAEAANEy tPnCaadRodor timFein the

treatment with the weak acid is conducted at a pH of from
s 2 to 3, followed by washing with water to a pH of at

least 4.
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f “the fresh phosphor/the recl ai med phosphor of f’omggre(sﬂ%&dmw
I

or reuse. 20 Now, the present invention w be described in
urther detqil with reference to Exanpl es. However, it shoul d be
nderstood that the present invention is by no —peans restricted tao
uch spexific Exanpl es. - Exanple for the jpyeparation of

i gment -attached gegyop? Fore RECHAYYING SAEMENT-ATTACHES ORESE EMI PR IRG' PHOS

ter was added to_a sturry contarning 300 kg of a Eu-activated
[err] O err]S phodBfdRAGhd 480 g of red

A method for reclaiming a pigment-attached red-

emitting phosphor recovered from a manufacturing process
for a color picture tube, which comprises treating the

5 phosphor with an aqﬁeous solution containing NaOH, NaCZ0
and H,0, and then treating it with a weak acid, whereby
the pigment can be prevented from exfoliation by
suppressing the dissolution of the binder which attaches
the pigment to the phosphor, and blue- and green-emitting

10 phosphors contained as contaminants in the recovered red-
em%tting phosphor can be completely removed. The method
provides a reclaimed red-emitted phosphor with high

luminance and a good coating property.

/
et Has Been Replaced
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10

15

20

iron oxide was added thereto with stirring. A solution
having 180 g of gelatin and 180 _g of gumarabic dissolved in warm -
water, and 120 g of a SBR resin (as solid contehf%*mefevadded-kheﬁ

dnd stirred for 20 minutes. ~. - After adjusting the |pHEPLACEMENTy SHERER i
~acid and stirring ' : o . 2k

24 JUL 1996

-1 -

METHOD FOR RECLAIMING PIGMENT-ATTACHED RED=EMITTING ——

PHOSPEOR

The present invention relates to a2 method for

reclaiming a'pigment-attAChéd red-emitting phosphor

recovered from a manufacturing'process for a color

eto
c

picture tube, such as a2 red iron oxide-attached europium—

activated yttrium oxysulfide or a red iron oxide-attached

europium-activated yttrium oxide.

A fluorescent layer of a color picture tube is formed

in such a manner that each of green-, blue- and red-

emitting phosphors is mixed_with_predEtermined
proportions of polyvinyl alcohol, ammonium dichromate, a
surfactant, etc. to obtain'a phosphor slurry, which is

then coated over the entire'surféce'of a face plate

having a black matrix preformed by carbon, by a suitable

coating method such as a spin coating-method, then

‘ultféviolet rays are irrédiéted'thrdugh a shadow mask or

an aperture grille.toxcu:e the'préde:ermined portions,

followed by developing with warm water. This operation



fer 30 nihutes 1.5[err] of a glutaraldehyde curing agent'mas added

and the resultlng slurry was stirred for 60 m nutes + and left to stand
shlll oveBnlgPt ) ' Then, coating agent ZnSOerr] was added.t eto,
the pH 41 of the slurry was adjusted and. the slurr BET

20 m nut es. ' The resulting slurry yas dehydr Wﬁ@L ¢$ﬁgEE§§ woriked
up by sieving“to obtain a red iron oxide-attached Eu- activ d '
Yeerr]Jerr] S .phosphor. 15 Exanple for the nanufaf d“fé&%hggg

t ubes is repeated with respect to three colof-emi

pnosphors to form a fluorescent layer with a

predetermihed arrengement'of dots or stripes
| Phosphor slurrles dripped or shaked off from the face

5 plate in the above coatlng step and phosphors washed off
by water in the developlng step are recovered, Among

such recovered phosphors, a red—emitting‘phosphor
containing expensive.rare earth elements; will certainly
be reclaimea ahd_reused.

10 The red-emitting phosphor slurrylrecovered in the
coating step oontains-blue-.and green—emitting_phosphors
as oontaminants in addition to'polvvinvl alcohol and
ammonium dichromate as cohstituting oomponents of the
phosphor slurryQ The red-emitting phosphor slurry

15 recovered in the developing step is'the one whioh is
obtained by washlng non- exposed portions with developlng

'water and thus contains substantlal amounts of other
color emitting ohosphors. | |
Such. recovered red—emrtt;ng phosphor w1ll be purlfved

20 for reuse, by remov;ng rmpgrltles. Among the impurities,
organic'substenceSZmayfbe'remOVed by'treatment_with an
OdelZlng agent, alkal; treatment or pyrolytlc treatment'
(400 to 450°C), and a blue-emrttlng phosphor contamlnantf
such as 2ZnS: Ag and a green-em;ttrng phosphor contamrnant”

-:25.fsuch as Zns Cu Al may be removed by dissolving them thh
sod;um'hypochlorrte or-a_mxneral_ac;d (such as HCl, sto4

- and HNO;).



PERES

Te an aqueous.solutiOﬂ-of pol yvi nyl .af cohol , the above red iron
oxi de-att ached Eu-activated Y[err]J-err]S phosphor, a dlspersant an

anti-foam ng agent, etc. were added in a conventi ong—ranner—and
thoroughly stirred, 20 and ammonium di chromate sensiti 4eREMACENENESHEET

thereto = - obtaln a red-emtting phosphory slurry. Separ at el y,
bl ue- and green-enitting phosphor slurries were pre aredanJ@@epgﬁ

manner as for the r emtt sphor sl urr y juding a
Ag, d -activated Zn °"2%Ve’bho‘§5ﬁ8r égageg g Ehnid ‘fﬁtﬁo

oxysulfide as a host material of the red-
' phosphor will be partially dissolved to generate hydrogen
eulfide. This hydrogen sulfide will react with heavy
5 metal ions such as copper ions or silver ions whrch may
_be present in the system, to form hardly soluble CuS,
Ags, etc.,-whlch will firmly adhere to the phosphor
surface. Such adherence impairs the phosphor surface
property and adversely affects the emitting property and
10 the coating property. .Further, the dissolution of the
host material causes exfoliation of the pigment attached
to the.phosohor Accordlngly, it is reourreo to reattacn
the orgment to the phosphor before reuse. Thrs a2dds to
the manufacturing cost. The use of a strono acid
15 neeeesitates waehino with water repeatedly'and thus
requires a long'timelfor'treatment and extra cost for
_'eouloment | | | |
| In the treatment with an alkali or wrth an ox1d121nc
agent, a strong alkali or a_large amount of an oxrdrzrng
:20” agent is required, to.oomplete1Y'remove blue- and'green-
'ehitting phoephors.._Besides; uhder'such a treating
.condition,.the phosphoriwill'oe oxidized, whereby the
. luminance wrll be reduced Further, most of the pigment
will bé exfolrated by the exfollatlon or _binder, and it
o jsr.w1ll be necessary_tO'reattach pigment before reuee.

- It is an object of the present invention to overcome

" the above'drawbacks and to provide'a treating method for

. This'Sheet Has Been Replaced
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activated?ZnS:phosphor as a grEen-enitting phosphor-. - Then, a'gLass
panel was coated wth green-, blue- and

8 - red-enitting phosphor slurries successively, fol]owed by
dryi ng, exposure and devel opnent to obtain a col or Catha(eﬁEPLF@ﬂMENWW%&E$
Exanple for reclaimng treatnment of the regowered red- t--Rrg—-phesphol

" 2 4 JUL 1996
reclaiming a2 pigment-attached red-emitting phosphor,

whereby not only blue- and green-emitting_pggsphcrs can
be'combletely'removed while preventing the pigment from
exfoliation bj Suppressiug dissolution of rhe binder
s which attaches the piguent to the phcsphor,-but also
deterioration of the luminance and the coating ﬁroperty,
.can be prevented. | |
The present invention provides a hethodhfor

reclaiming a pigment-atteched red-emitting phosphor

'10 recovered from a manufacturing prccess for a cclor_

: picture tube, which comprises treating the phosphor with
an agueous scluticn conteining NaOH,'NaCeOI:_and.'HZO2 and
subsequently treat‘ng it with a weak acid. |

Now, the presenr invention will be descr;bed in
-15h detail with reference to the preferred embod*ments
~ The red-emitting.phosphor suitable for the.treating

‘method of.the present_inventicn.is.a Eu-actiueted ¥,0,8 ;
_phosphor or a Eu-actiuated yzoi phosnhor,'to which a red
pi gment such as red ion oxlde is attached by means of a

20 _synthetlc rubber such as an acrylzc resin and a SBR
=Tresrn. Such a-phosphor mey be covered with silica. To

~ prepare ercolor picture tube, a red—emitting phosphor .is -
used together wlth a Ag Cl-actxvaced Zns blue-emitting

hJ.ohosphor, a2 Cu,Al—actzvated Zn$s green-emlttlng phosphor-
;zs_eand a Cu,Au,Al-actxvated Zns green-emrtrlng phosnhor, or

'together wrth such blue- and green-emlttlng phosphors

r hav1ng p;gments attached thereto ,Accordlngly, the

Thm Sﬁeet Has Been Replaced
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The.red-enitti hg phosphor recovered in thé devel oping step 10 was subject’ed
to reclaimng treatnent under the follow ng - condi ti ons. Sampl e F:
15 300 kg, based on dry weight, of the recovered phosph added to
300 litres of pure water, and the mixture was stirred RERLABBMPAT
foll owed by sieving to renove forei gn substances. Sups
wat er was added to the resulting slurry to the totalfv l?qf &f 000

litres. 20 After adjusting the tenperature of the nlxtur i éWFﬁC tihe
slurry was St'{ééabéfgc:4%énéhﬁﬁ§lﬁ&d pBBEthrSEQBQr§t ins mhen,| tlhe

super nat ant was di scar ded. Var m wat er was ain to the obtarngd

preClpltate‘“bﬂd&itéﬁé“gﬁE%ﬁ“@mlttQﬁg7Bﬂohpth§ a%n@oh
adjusted to 75[err] C

.The treating solution to be used in the nethod of the

present invention, is adjusted preferably to contain NaOH
5 at a concentration of from 0.3 to 4.0% by wezght, NaCs0
at a concentration of from 1.0 to 5.0% by weight and E,0,
at a concentration of from 0.5 to 3t0% by weight, based
on the solid content of the phosphor slurry. |
If the concentrations exceed these ranges, the
10 oxidizing effect of theitreating solution will be so
strong that the luminance and the coating property of the
phosphor“will be deteriorated. On the_other hand, if the
concentrations are below the ranges, it is likely that
the blue- and green-ehitting phosphors, polyvinyl : |
15. alcohol, etc. can not be removed to a practical ievel.
The treatment is oonducted preferably at a'temperatu:e-of
at least 70°C.
In the weak acid tteetment, dilute sulfﬁric-acid,
dilote hydrochlorio acid, acetic acid or the like may be
20 used. It is preferable that such a.veak.acid'is added to
the phosphor-slu:ry so that the pH of.the slurry is
adjusted to from 2 to 3, and the slurry is stirred and
thehlqashed with water :epeatedlynhntii the pH becomes at
least 4. N o : | | | | '
225 | _:1 The present lnventlon 1s dzrected to a method whlcn
comorlses treat;ng a- red plgment attached phosphor

;ecove:ed from a manufacturlng-process for a color

o This: Sheet Has Been Replaccd
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25 Wile stirring, 1.5 kg of NaoH:;as an alkali , 60 Ii f-
NaCl O (based on effective chlorine) as an oxidi zi ng VY hthes
of 35% Herr](err], were gradually added in this
slurry, so as to nmake a NaOH content of _ g Q 5% :
and a Herr]J]Qerr] content of 0.9%on 30 'the ba5|s of{ the SO|Id cont gnt} of

- the phosphor sluyrry, and the slurry mi xture wasg stir nd
.left to stand °1°§H?qItW§?¢N¥*§¥nQ%I%Q?ﬂ@uﬁhégﬁﬁoﬁ°“a BnFﬁénéﬁﬁeN

was ~ discarded to reymove ponV|nyI al cohol ;, anmoni y onp

etc: varn1mateyaﬁ£9 FaP2added QQEQQEPtIY removing the oxide’

v

oroduced by such an oxldlzlng agent with a weak ac1d, and
ehus designed -to comoletely remove blue- and green-
5V_em1tt1ng phosphors conta;ned as contaminants in the
recovered red-emlttlng phosphor slurry, while preventing
the pigment from exfoliation by suppressing the
dissolution of theﬁbinder whioh_atraohes the pigment to
the phosphorr The method of'the present invention is
10 effective for preveutiﬁg deterioration of the lumiuance
| and rhe coating property of the redeemitting phosphor. -
- The surface of the reclaimed phosphor is preferably
treated with gelatin, gum arabic and coating ageut Znso, ,
to improve the prOperty_of'the slurry of rhe reclaimed
'15 phosphdr. | |
| A fresh red-emitting phosphor is added to the
reclaimed red-emitting phosphor”usually in a proportion:
of the fresh-phosohor/Ehe3reclaimed phosphor of from
20/80 to 50/50 for reuse. L
' zo' : Now, the present rnventlon will: be descrxbed in
| further detazl Wlth reference to Examples However, it
_should be understood that the present lnventzon is by no -
means restrlcted to such specxflc Examples |

”example for the prepac atzon of pxgment-attached red—

25 emlttznq ohosohor

-600¢ oE pure water was’ added to 2 slurry containing

"p'300wkg of e-Eu-acrlyated-Yzozs.phosphor, and.480.g of red

: Th1s Sheet Has Been Replaced
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phosphor slurry to the total vol ume Cof 1, OOO[err] ‘The ' resultfng ‘

slurry was stirred for 20 minutes with the tenperature adjusted to
75[err]C and left to stand still, and t he supernat ant was discarded

5. To the above phosphor slurry, wat er was added to the Y

vol ume of 700e, and 4N sulfuric acid was added to t he phgé%ﬁﬁﬁdeﬁurwaT
while stirring and maintaining the -t@nperature at 25[efr]C, to adj UsST ™
the pHto 2.5. After "stirring for 2.5 hours, the resul ti gsjgwy-;g%s '
left to iron oxide was added thereto with stirring. |a[solution

w

20

25

having 180 g'of.gelatih and 180 g of gum araﬂic.diﬁﬁglveé:

~ in warm water, and 120 g of a SBR resin (as solid

content) were added thereto end stirred fcreZD mihutes;
Aftei adjusting the pH to 4.2 by acetic'aeid and stirring
for.30 minutes, 1.5¢ of a'glutaraldehyde'curing agent vas
added and the resulting slurry was stirred for 60 minutes
and left to stand still overnight.

Then, coating agent'ZnSO# was added Ehereto, the pE
of the slurry was-adjusted_and the slurry was stirred for
20 minutes.- | |

The resulting'sldrry was dehydrated;'dried and worked

- up by sieving to obtain a red iron oxide-attached Eu-

activated Y¥,0,S phosphor.

Example for the manufacture of cathode-rav_tubes

To an agqueous solution of polyvinyl alcohol, the

above red iron oXide-atteched_Eu-activeted ¥,0,S

‘phosphor, a dispersant, an anti-foaming agent, etc. were

added in a conventional manner end-thdrdughly stirred,

and ammonium dichromate sensitizer was added thereto

‘obtain a red-emitting phosphor slurry.

: Separately, blue--and greeﬁ-emitting phbsphoid
slurrles were preoared 1n the same manner as for the red-

emitting phosphor slurry, by u51ng a Ag Cl-actlvated ZnS

.nhosnhor as a blue-emlttlng phosnhor and a ‘Cu,Al-
actlvated .2nS phosphor as a green—emlttlng phosnhor

'Then, a glass panel was coated w1th_green-; blue- anda'



10 stand still, and the supernatant was discarded, followed by

~washing with water repeatedly so that the pH woul d be _.about4-
To the phosphor slurry thus reclai ned, water was a(R@PQAGEMEﬁ‘ﬁeSHtﬁTaI. _
vol ume of 700[ert], and the solution 15 ghaving 180 g lof e:at.u dﬂG 8Q g
of gun1arabic dissolved : in marn1mater, was added at 3
stirring for es, the hor slurr 1 Stl||,
and ther§6p€Pﬁ &HS\éi9 rﬁﬁ? suo&%sﬁeye & |n8 duéd’ Reter
to the slurrydto brln% t he totaltyolu to 700e

ving, exposure an

development to obtaip a color
cathode-ray tube. . | | |
Example for reclaiming treatment of the recovered red-

5 edittino phosschor

The red-emitting phosphor recovered in theddeveloping

step was subjected to reolaiming treatment under the
following conditions.
Samole F |

10 - 300 kg, based on dry wezght, of the recovered
ghosgnor was added to 3004 of pure water, and the mixture
was stirred for 30'minqtes, followed by'sieving to remove
foreign substances.. Subsequently, wasm water waS"added.
to the resultxng slurcry to the total_voluhe.offl,ucoe.

after adjusting the temperature of the mixture to 75°C,

|
w

the slur:y was stirred fof'zolminutes and left'to'stand
ill, ané then, the_superoatant was discarded. :Warm
water was added again to.Eheoobtained'precipita:e to the
totai voluﬁe.of 700!, andfthe temoeraaute'was-adjusted to
_ 26',75§C While . soxrtzng, a treatxng soluexon comot;s’ng .5
kg of aob as an alkalx, 60! of 12. Ss Naceo (based on |
gffe ct;va ch1orxne) as an oxxdxz*ng agent and 8¢ of 3353
-‘102' was g’adua1ly added to the above s‘urry and the
.slu;ry mzxeute was stx ed Eor 3 hours and left to stand

'-25' l1 to Dt=c101tate the ohosoho:, and the suoernaeant

:_was d;scarded to remove oolyvznyl alcohol, ammonxum

d;cnromate, etc. Warm water was further added to the

Th1s Sheet Has Been.: Replaced
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20 coating”agént ZnSA was added, "and the s[ufry was stirred : - for 20

mi nutes, dehydrated, dried and sieved, to treat - rtherSuriEr qu _
phosphar. . Sanpl e A " In the recl ai m ng r et AL 9€%fs%g le F,
only the 25 initial washing treatment was conducted, fand t he -
treatment with the treating solution and suBsgquent gggﬁﬁyﬂ%%s el e
omitted, to obtain a reclained phosphor

phosphor slur'y to the total volume df 1,000¢. The

10

15

20

25

-treatment w1th the treatlng solutlon and- subsequenr;”

resulting slurry was stirred for 20 minutes with the
temperature adjusted to 75°C and left to stand still, and
the supernatant was discarded. | |

To the above phosphor slurry, water was added to the
total volume of 7002, and 4N sulfuric acid was added to
the phospher slurry thle stirring and maintaining the
temperature at 25°C, to adjust the pH to 2.5. After
stirring.for 2.5 hours, tne resulting slurry was leftrto
stand stiil,.and the supernatant was discarded, followed

by washing with water repeatedly so that the pH would be

" about 4.

' To the phosphor slurry thus reclaimed, water was
2dded to the otal.volume of 700¢, and the solution’
hav;ng 180 g of gelatln and 180 g of gum arabic dlssolvad
in warm water, was added thereto.: After stzrrlng_for,ZO
minutes, the phgsphor slurry-was left to-stand still,'and_
the supernatant was diScarded '.After further adding
water to the s’urry to brrng the total volume to 700e,
.coatlng agent ZnSO was added, ‘and the slurry was st;rred
-for 20 minutes, dehydrated, drred_and sieved, todtreat"
the surface of'thedphOSthrrdd ' |

_Sambie A: | |
In the reclalmlng treatment of Sample F,_only the f. -

11n1t1a1 washlng treatment was conducted, and the

eatments were omltted to obtaln a reclaimed ohosohor,:_



10 -

mhlch S de5|gnated as Sanple A - Sampl e B:

slurry of a fresh red-emtting phosphor was prepared and used as a

standard for the evaluation of -5 reclained phOSphonﬂﬁ%mACEMENJ SHEET

- Sanpl e C

10

15

20

25

In the recla|n1ng treatment of Sa
_10_

24 JUL 1996

which is designated as Sample A&.

Sample B:

A slurry of a fresh red-emitting phoeéhor was
prepared and used as a standard for the evaluation of
reclaimed.phoephor slurries.
Sample C: _ |

In the reclaiming treatment of Sample F, the
recovered'phosphor'was treated in the’same manner as for
Sample ?; except fer Qmitting'B% NaC¢0 from the treating
solution comprising 0.5% NaOH, 3% NaCs0 ahd 1.4% H,0,, to
obtain e'reclaimed phosphor, which.ie designated as
Sample C. | | | |
Sample D{

In the above reclaiming treatment df.Semple.C; the
reCovered phosphor was treated iﬂ-the same manner as for

Sample c, except that the concentration of H,0, of ‘the

'treatlng solutlon was 14%, to obtain a reclalmed

phosphor,'whlch is de51gnated-as Sample D.
Sample E: | '
In. the above reclaiming treatment of Sample F, the

recovered phosphor was. treated in’ the same manner as fo.

-Sample F, except that H202 was excluded from the treatlng

solutlon comnr;s;ng 0.5% NaOH, 3% NaCe0 and 1.4% Hy0,, to

-obtaln a reclaimed phosphor, which is desxgnated as

'-Samole E.

gvaluation'of the reclaimed red-emitting phosphors

'Phosphor slurries of SampIeS'A to F, were evaluated

A



recover ed phosphbr was treated in the same nanner as for = Sanpl e F,
except for omitting 3% NaCerr]O fromthe treating 10  solution conprising

0.5% NaOH, 3% NaC[err]O and 1.4% Herr](Jerr], to - ULaIH | d
phosphor, which is designated as Sanpl e C. EﬁFNF%H%tFE
In the above reclaimng treatnent of SaquF,C the 15 r=covered phosphof
was ‘treated in the sanme manner as for Sanpl e C e ceptz Ahatl 1996
concentration of Her](err] of the treating solufi ¢n was 14% to
obtain a recl aiiddr respect to the 1tems shown in Table|ll—=©Sampte—

represents the phosphor reclaimed accordiTg—to the metnod
of the present invention; | .
&) The_iuminante.shown in Table 1 is a telative_
5. luminance based on the luminance of the fresh standard
phosphor being evaluated to be 100%. |

_C) The powder rsflectance of-ths phosphors was
measured at a wavelength of 500 mm, considering that the
powder reflectance is quite consistent with the hus (i.e

10 the: den51ty) of red of the plgment-sttaghed red-émitting
phosphor.

@ The amount of the remaining Za$ was cslculated
from the Zn2* content obtained by dissolving the
rec’a*mea phosohor with a strong acié como’ete’y and

._15 'determlnﬁng zn?*. This value corresponds to the total
amount of the blue- and green- emitting Dhosphors
remalnlng-ln the red-emlttxng,phosphor, The larger th=
amcunt'of thé remaining 2ZnS, the smaller the value x in
x/y., and this indic;tes_that the peak of the fluorescence

20 emitted by the red-emitting phosphor was shifted'tO'the

| shoff.waveiength side. | | |

' C) The visually'observed'UV-stimulated color.mixtﬁ;e
was measured by coatlng the red-phosohor on a transparenus
glass plate by means’ of an alcohol and stlmulatlng it by o

25 :.ultraVLOIet llght,'whereupon the number of specks-of-
blue- and. green em;ttlng phosphors ew’sglng in . a fleld of

view of an. opglcal mlcroscope, was coun;ed It- S



phosphor V\IhHCh S de5| gnat ed as Sarrpl e D 'Sarrpl e:?'i'—f'

20 In the

above reclalnlng treatnent of Sanple F, the recovered phosphor was
treated in the sane_manner as for © Sanpl eF, except tha T

was excluded fromthe treating = . solution conprising 0.5 ‘ﬂgﬁﬁEé®%§¥7§q
NaClerr] O and 1.4% Herr]Jerr], to -ofRain a recl ai nedj pphosphor, which
is designated as 25 Sanple E. . - Eval uatlon of. the reclalnpd24 JUL 9% |
cval ated 0 e8P Sonas to ene"SABIRE RS Sla SR P L0 T vETe

w

® The amount of the remaining SBR binder—was

analyzed by pyrolysis gas chromatography, and calculated

'based on the value of the fresh red-emitting phosphor

being evaluated to be 100%. A decrease of the remaining
SBR binder which attaches the pigment to the phosphor,

indicates exfoliation of the pigment.



Sa.

.=\, th respect to the itens shown in Table 1. Sanple F

L3

11

recl ai med according to the nethod

of the
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phosphdr'being eval uated to be 400@67 ' [err] The powder

refl ectance of the phosphors was - neasured at a wavel ength of 500 mm
“considering that the powder reflectance is quite consistent m}@ f e
hue (i.e. 10 the density) of red of the pignment-attac @EHLAGEMEWIS w

phosphor.

fromthe Zn[err] content obtained by dissolving the

phosphor with a strgﬁgﬁchgégﬁgg[%tgﬂ%aﬂvjwﬁg%hcwgfgné é

val ue corresponds t0

e

20

1'%

[err] The anount of th&4remai ni ng ZhSfweas cal cul at ef
r Q%hf%w‘?@% |
ge&"l$ T

)

(ply T

treating solution comprising NaOH and.Hz;;L_sample—G—ha&¥~
a large amount of remaining 2ZnS because of a lower

concentration of'Hzoi, and ten specks of ZnS, which is a

" host material of blue- and green-emitting phosphors, were

observed by the visual observation of. the UV-stimulated

color mixture. Further, exfoliation of the pigment was
confirmed by a decrease of the remaining SBR binder.
With respect to Sample D treated with an increased

concentration of H,0,, the decrease in the_amoﬁnt of the

‘remaining SBR binder was substantial, and exfoliation of

the pigment'and'the considerable reduction of luminance,
were observed, although ZnS was sufficiently removed.
Tne reduction of luminance seems to result from partial

oxidization of the surface of the Y¥,0,S:Eu phosphor by

the oxidizing agent.

'With_respect to Sample E, which was tréated'with a
treating-solution'comprising.NaOH and NaC¢O, the rembval

of ZnS proceeded bonSiderably as'compared with Sample C,

 but the decrease in the amount of the remaining SBR

binder was_Substantial};which indicates exfoliation of

‘the pigment.

With réspect_ﬁo'sémple'F, an example treated by the

method of the present iﬁvention, namely treated with a

' treating solution comprising NaOH, H,0, and NaCeO, 2Zn$

1was sufficient1y_removed,'the amount of the remaining SBR

binder was.similar to .that 'in Sample B of fresh phosphor,



arount of the blue-.and'green-eniiting phosphor s remai ni ng in the

red-emtting phosphor. The larger the anmount of the remaining ZnS,
the smaller the value x in -X/'y, and this.indicate —Peal
the fluorescence 20 emitted by the red-emitting phosphBEPLAES!

t he short wavel ength si de. .. “[&Brr  The vi4us

UV-stinul ated color m xture was neasured by coati g

on a transparefd exfolh8$snPbat @hlY piR#EN ool 1t
by 25 ‘ultraviolet |ight, whereupon'the nunber of speck

value was observed, and the luminance wag

of Sample B.
According to ﬁhe presént inventioh,.by adopting the

5 above construction, it is poséible not only to prevent

the pigment” from e#foliaﬁion but also to éompléﬁely

;émové'blue- and green-emitting phosphoré contained as

contaminants:in the reéovered red—emitting_phosphor}'and

the recovered réd-emitting phosphor can bé reciaimed
10 effectively to obtain a redfemitting phospho: with high

luminance and a good coating property.



blue- and green en1tt|ng phosph field of view of an -
optical m croscope, was count edﬁm"fm "1“, M‘, 12- corresponds to the
anount of the remaining ZnS. nmount of__the renai-pirg—S

-bi nder was- anal yzed by pyronS|s gas chronatogfaphy Aew| ACEMENT BHEET -

based.on the val ue of the_fresh_red-eni[}ﬁng-phosphor
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 CLAIMS:

1. A method for reclaiming a'pigment—atteched—;eé-—¥——4—’
,emitting phosphor recovered'from elmanufactﬁring.process
for. a color picture tobe, which oompfisee treating the
5 phosphor with an aqueous-solutioo'containing NaOH, NaC¢0
'-end H,0,, and subsequently treating'it with a weak'acid.
2. The methoo accordlng to Clalm 1, wherein the plgment
is attached to the red-emitting phosphor by a synthetic
rubber such as an acrylic resin or a styrene-butadiene
10 re51n ‘as a b;nder | |
‘3. The method accordxng to Claim 1, whereln the red- |
~emitting phosphor is the:one recovered from a
.-mahufacturing procese'for-a COlo; picture tube wherein a _
red iron oxidefatteched'eutopium-atteched yttrium_: |
15 oxysulfide.red-emitting phosphor or a red'iron'oxioe—
attached eurooiumeactivated yttrium oxide red-emitting
'phosphor, and blue- and green—emlttlng phosphors of which
~host mater;als are 2nS, are used
| 4. The method accordlng to Claim 1, wherein the .agueous
_.20, solutlon contalns NaOH at~a concentratlon of from 0.3 to
4. 0% by wexght, NaCeo at a concentratlon of from 1.0 to
5. 0% by welght and Hzoz at a concentratlon of from 0. 5 to
3.0% by welght, based on’ the SOlld content of the -
;phosphor slurry to be treated :. .'
*;;25' 5. The method accord;ng to Claxm 1, whereln ‘the weak
| teo;dgls_dllute sulfur;g acxd,;dllute hydrochlorlcuaCLd_or'
. acetlcac1d _. .. \\\_
' ' . This Sheet Has Been Rep :

Hll!lﬂ W lll llll



5.bei ng eval uated to be 100% A decrease of the r emai ni ng SBR bi nder
whi ch attaches the pi gnent_to t he phosphor, - indicates exfoliation of
the pignent. - 13- [err] E -

L1y -

2 to 3, followed by washing with water to a pH of at
l.east'4'. _\

AN O i

Th:s Sheet Has Bee ace d

.



AnDng Sanples C and D, mhlch were treated with a

- 14 -
treating sol uti on. conpri sing NaOH and Herr]dJerr], sanple C had - a

| arge anount of remaining ZnS because of a |ower concentration of
Herr]Qerr], and ten specks of ZnS, which is a 5 hi EE?' e-
and green-emtting phosphors wer e obsq@yed by 't eRE?HﬁE Lvat fon

of the UV- sti mil at ed

RED-EMITTING PHOSPHOR

.ABSTRACT

A method for reclalmlng a p;gment-artached red-

_emittlng phosphor recovered from a manufacturing process

for a color picture tube, which comprises treating the

' phosphor with an aqueous solution containing NaOH, NaCe0

'and HZO: and then treating 1t with a weak acig, whereby

the p;gment can be prevented from exfollatlon by

_'suppre551ng_the dlssolurlon of the binder which attaches

the pigment to the phosphor,_and blue- and green-emitting

phosphors contained as_contaminants in the recovered red-

emitting ph05phor can be completely'removed.' The method

provides a reclaimed red-emitted phosphor with high

. luminance andraléood coating property.



o “Oo U 1S/ 7~
colo? m xture. Further, exfoliation of the pigment was | POS C°E¢nf|rned by a

décrease of the renai ni ng. SBR bi nder . Wth respect £ ,Sa )].e
treated with'an increased’ 10 concent Bation of H[err]C{errTf"thé“ﬂ€09é5§
in the amount of the remai ni ng SBR bi nder was subst anti al, and
exfoliation of zgyewetfhey agg tLhexcansiderabl e reductlpﬁ Dfesy w97

| um nance, o'(/\?er%i; obggrb\g/gg%gl f%o&gh zns’ vvasé’ s%‘lff‘?%T Y- refbved.

The reduct iy 0f nanc ﬁgg epesul éfLQ parilal Jb —oxrdirzartomn of
t he surface 3 fhqu%er?] err] u phosphar S et oiéi9i zi ng agent.

phcsdhor will be pa;tlallv d-ssslvac L0 generate hyérocen
sulficde. This hydrcgen suliicde will react with hezuvy

5 metal ions such as copper ions or siliver ions which may
be present in the system, to form hardly sbluble Cus,

é:

N
'J

AgS, etc., which will firmly ‘€Ze to the phoszh

0

r
surface. Such acherence impairs the phosphor surface

property and adversely affects the emitting property znd

'1]

10 the coating property. urther, the cissolution of the
host material causes exfoliztion of the pigment attached
tq the phosp%or: Accordingly, it is reguired to reattacj
the pigment to the pnosphor befcre feuse. This ad&s.to
the manufacturing cost. The use of a strongly acidic pHﬁ

15 necessitates washing with water repeatedly-and thus
rgquires 2 long time for treatment and extra cost for
eéuipment. |

In the treatment with an zlkali or with an oxidizing
ggent, a strcne alke pH or a large amount of an oxidizing

20 agent is reguired, to completely remove blue- ané green-
emitting phosphors. Besides, under such a treating

condition, the phosphor will be oxidized, whereby the

)
1

e, most of the pigment

.

will be exfoliated by the exfoliation of binder, and it

iuminance will be reduced. FTurt

[Te]

25 will be necessary to reattach pigment before reuse. -
‘It is an object of the present invention to overcome

the above drawbacks and to provide a treating method for



" Wth respect to Sanple E, which was treated with a treatlng soLutlon_

]
(e

(=
(V)]

20

‘conpri'sing NaOH and NaClerr] O the renoval of ZnS pf o

considerably as conpared with Sanple C, 20 but the dec

of the remai ni ng SBR bi nder was-s#ébstantial, which

exfoliation of t he pignent Wth respect t

.exanple treated. by_ h f_hod, é e._pre EQL . nvent,

witha 25° %F‘é fl—h% S0Pt oa{r?izocnpr?méng f\l%é]—lg ‘A &r r]‘?q"e - af

 2nS vBS, SELLT GLenty g yed o ddeg AERHDE ;0% ¢ RE TeiBining SR
be complietely removed whlie preventing the picmenc froz

exfoliiation by suppressing éissolution of the bincer

’-a
0

which attaches the pigment to the phosphor, but zlso

0,
m

cr
4]

r{

'-J
0
[
m
ot

tion of the luminance ané the cozating property,

0O
i\
b |
o

e prevented.
The present invention provices a method for

reclaiming 2 pigment-attached red-emitting phosphor

-

'_I

co

or

]

recovered from a2 manufacturing process for

picture tube, which comprises treating the phosphor with?

n

Y
1]

gueous sclution containing NaOX, NaC#0. and £,0, 2nd

subsequently treating it with _a;ﬁ- acid. . :
Now, the present invention will be described in

detail with reference to-the.preféfred embodiments_

The red-emitting phosphor suitable for: the treating

method of the present invention is a Eu-activated ¥,0,S

phosphor or a Eu-activated ¥,0, uhos hor, to which a red

'_IA

picment such as red ion oxide is attached .by means of =
synthetic rubber such as an acrfliC'resin and a SBR

resin. Such z phosphor may be covered with silica. To
prepara a2 color picture tube, a2 reéfemitting phosphor is

used together with a Ag,Cl-activated ZnS blue-emitting

phosphor; & Cu,Al-activated 2nS green—-emitting phosphor

.« N
Y Y

K

a Cu,:

(e]]

an —activated IZInS green-emitting phosphor, or

together with such blue- and green-emitﬁing phosphors

'.n

having pigments attached thereto. Accordingly, the



bi nder was simlar to that in Sanple B of fresh phosphor, :
- no exfoliation of the pignent or no shift of the pehyacepirnvaHER
was observed, and the |um nance was as high as that of | : _
According to the present invention, by %dbpting t he { o2

I15 -

10

20

't
oo |

¢ phosphcr slurry centainlk lewen

f=re

recoverec .rec-emicti

A E

"
: I
5

itting phos

) (J
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Hely

tn

biuve- ané green-e:x &s contamine®Ts.

o

€ Us

({1

m
e
l onb

The trezting solution to € in the mezhod of tre

rn

n

”re

present invention, is adjusteé preferably to contzin N2OZ

n

from 0.3 ¢

(@]
~

a concentration o

1]
T

¢.0% by weich:, NaCs0

from 1.0

[}
cr
(&}
(84]
-
o
o0
o

concentration o

2]
rr
f

v weight and E,0,

h
n

o

rem 0.5 &

2D

3.0%

0

at a2 concentretion of y weigkt, based
on tne soll3d content of the phosphor slurry.

If the concentrations exceed these ranges, the
oxidizing ezrect of the treating solution will be so
strong that the. lunlnance and the coating property of the
phosphor will be deterio:ated. On the othesr hané, if égé
concentrations are below the ranges, it is likely fhat :
the blue- and green-emitting phosphors, polyvinyl
alcohol, étc. can not be removed to a practical level.
The trea;ment is conducted preferably zat a temperature of
at.least 70°C.

In the acid treatment, &ilut e sulfuric acid,

€ilute hycérochloric acid, acetic acié or the like may be
used. It is preferable that such an acid is added to
the phespher slurry sb that the pE of the slurry is
adjusted tc from 2 to 3, and the ‘slurry is stirred and
then washec with water repeatedly-éntil the pHE be;omes at
least 4.

The present invention is directed to 2z method which
comprises treating a red pigment-attached phosphor

recovered from a manufacturing process for a color




5 above construction, it is possible not only to prevent t he pi gnent

fromexfoliation but also to conpl etely renove bl ue- and I
green-em tting phosphors contained as contam nants i T“ecowqrgqFr;
red-em tting phosphor, and the redovered red- emtting P
reclaimed 10 effectively to obtain a red-emitting phosphpr mnth m
| umi nance @ricttairgodo:z@at whghipeopegtigcus ssluticn contzaipn eI
16

NaC20 ané E,0,, anc subseguently remcving the

procucec by such &n cxidizing acent with an acié, ané

15

20

25

thus designed to completely remove biue- and cresz--

Cdissolution of the bincder which attaches the Digzent to

the phosphor. The method of the present invention is
effective for preventing deterioration of the luminance

and the coating property of .the red-emitting nhpénhér;

The surface of the reclzimed phosphor is o:efera-;y
treated with gelatin, gum arabic and coating agent ZnSsSo,,,
to improve the property of the slurry of the reclzimed
phosphor.

A fresh red-emitting phosphor is added :o the

reclaimed red-emitting phosphor usually in a proportion

"J

of the fresh phosphor/the reclaimed phosphor of from
20/80 to 50/50 for reuse.

Now, the present invention will be described En'

further detail with reference to ;xamnles. Eowever, it

should be understood that the present invention is by no

means restricted to such specific Examplies.

Example for the preparation of pigment-attached red-

emitting phosvhor

600¢ of pure water was added to 2 slurry containing

300 kg of a2 Eu-activated Y,0,5 phosphor, and 480 g of red



CLAI MS: 5 1. Anmethod for reclaimng a pignent-attached red-emtting
-phosphor recovered froma manufacturing process for a CO'°FEPLMH'thi§ ET
t ube, which conprises treating the phosphor with an agugeuds-s ﬂ_
containing NaCH, NaC O and Herr](Jerr], and subsequentlly treating it
with an acid. 10 2. The nethod according to C aim 1, helB&i HAY higv7
pi gnent is attached to the red-emtting phosphor by ajsynthetic rubbe
as a bi ndeedfemitting . phosphor slurries successively, followed by

drying, exposure and development to obtain a coIor—cathode——
ray tube.

Example for reclaiming treatment of the recovered red-
emittin hosphor

The red-emitting phosphor recovered in the developing step
10 was subjected to reclaiming treatment under the following

conditions.

Sample F:

15 300 kg, based on dry weight, of the recovered-phosphor was
added to 300 litres of pure water, and the mixture was
stirred for 30 minutes, followéd by sieving to remove
foreign substances. Subsequently, warm water was added to
the resulting slurry to the total volume of 1,000 litres.

20 After adjusting the temperaﬁure.of the mixture to 75°C, the
slurry was stirred for 20 minutes and left to.stand still,
and ﬁhen, the supernatant was discarded. Warm water was -
added again to the obtained preciéitate to the total volume
of 700 litres, and the temperature was adjusted to 75°C.

25 While stirring; 1.5 kg of NaoH as an alkali , 60 litres of
12.5% NaClO (based on effective chlorine) as an oxidizing
agent and 8 litres of 35% H,0,, were graduaily added in this
order to the above slurry, so as to make a NaOH content of
0.5%, a NaClo content of 2.5%, and a H,0, content of 0.9% on

30 the basis of the solid content of the phosphor slurry, and
the slurry mixture was stirred for 3 hours and left to stand
still to precipitate the phosphor, and the supefhatant was
discarded to remove polyvinyl alcohol, ammonium dichromate,
etc. Warm water was further added to the

35



3. *The method according to Caim1, wherein said.color @ﬁﬁ;\""f{
0 VLT

.contains a red iron oxide-attached europi um activate umn.’
oxysul fide red-emtting phosphor or a red 20 iron oxide-pt{ached
europi untactivated yttriumoxide red- _ jgmitting phosphpr Gah Y w97
Ag, d -actiyvated ZnS blue-emtting phosphor_havi ng a pl ghent attached
thereto, and:a CufAr- or -~ Cu, Au, Al ractijvated ZrfS gr eenflemTTTTig phosptior}.
25 4. The net hpdgaccérding tp daj m1,| wherlei ] tHe aqglieous sol ution

. vod . A
contains NaOH at p goncéntratiop & freum-o.g tjo | 4. 026 By wei ght,. NaCl O at
a concentration of Erorgl.05to b. 6% | byl wei dht {aRid H202 at a
concentration of [rBnE0§5EtH 3. P% by| 30 wei ght], Hasgd onthe solid content -
of the phosphor sjurry ¥d? 2 Yeltreated :
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5. The nethod according to Claim1, wherein the acid is 35 h % g q
acid, dilute hydrochloride acid or acetic aci d. RH%ACEmrN HEET
17 6. The nethod according to cld m 1, wherein thg tfeat nent

with the acid is conducted at a pH of from2 to 3, followed § by esli 1§97

with water to a pH of at |east 4. -

cLamws: B [T

5 1. A method for reclaiming a pigment-attached red-emitting
phosphor recovered from a manufacturing process for a color
picture tube, which comprises treating the phosphor with an
aqueous solution containing' NaOH, NaClO and H,0,, and
subsequently treating it with an acid.

10
2. The method according to Claim 1, wherein the pigment is
attached to the red-emitting phosphor by a synthetic rubber
as a binder.

15

3. The method according to Claim 1, wherein said color
picture tube contains a red iron oxide-attached eﬁropiuﬁ—.
activated yttrium oxysulfide red-emitting phosphor or a red
20 iron oxide-attached europium-activated yttrium oxide fed-
emitting phosphor, aﬁ Ag,Cl-activated ZnS  blue-emitting
phosphor having a pigment attached thereto, and a Cu,Al- or
Cu,Bu,Al-activated ZnS green-emitting phosphor.

25
4. The method according to Claim 1, wherein the agqueous
solution contains NaOH at a concentration of from 0.3 to
4.0% by weight, NaClO at a concentration of from 1.0 to 5.0%
by weight and H,0, at a concentration of from 0.5 to 3. 6% by
30 weight, based on the solid content. of the phosphor slurry to
be treated. '

5. The'method_according to Claim 1, wherein the acid is
35 dilute sulfuric acid, dilute hydrochloride acid or acetic
acid.



7. The met hod according to G aim2, wherein said synthetic. rubber is an
acrylic resin_or _a styrene-butadi ene rubber. 10

o | 17 REPLACEMENT SHEeT |
O A o EVENT SHEET

[ Y W) .
C LR rgf

6. The method according to claim 1, wherein-thentzééEESEE___
with the acid is conducted at a pH of from 2 to 3, followed

5 by washing with water to a pH of at least 4.

7. The method according to Claim 2, wherein said synthetic
rubber is an acrylic resin.or a styrene-butadiene rubber.

10



