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USE OF A COVPOUND BASED ON A RARE- EARTH PHOSPHATE AS?A!?! -3

LWM NOPHOR | N' PLASVA SYSTEMS The present invention rela % .Y
the use of a conpound based on a rare-earth phosphate as a Iun1n phor
in plasma 5 systens. Pl asma systems (e.g. screens and |anps)
formpart of new di splay and lighting {echniques which are being

devel oped. One exanple is the replacenent of current television
screens by flat screens, which are | ess heavy and have |l arger 10

di mensions. This replacenent is on the point of being
USE OF A COMPOUND BASED ON A RARE-EARTH

PHOSPHATE AS A LUMINOPHOR IN PLASMA SYSTEMS

The present invention relates to the use of a compound

based on a rare-earth phosphate as a luminophor in plasma
5 systems.

Plasma systems (e.g. screens and lamps) form part of new
display and lighting techniques which are being developed.
One example is the replacement of current television screens
by flat screens, which are less heavy and have larger

10 dimensions. This replacement is on the point of being
resolved by the use of plasma panels.

In plasma systems, a gas introduced into a chamber is
ionized under the effect of an electric discharge. High-
energy electromagnetic radiation is emitted during this

15 process. The photons are directed onto a luminescent
nmaterial.

In order to be effective, this material should be a
luminophor which absorbs in the emission range of the plasma
and emits in the visible range with the highest possible

20 efficiency and with the appropriate dolour.

The present invention seeks to provide such a luminophor
material. |

The present invention provides the use as a luminophor
in plasma systems of a compound based on an yttrium,

25 lanthanum, gadoliriium or lutetium phosphate doped with at

least one rare earth selected from terbium, praseodymium,

europium and cerium.
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resol'ved by the use of plasma panels. In plasma systens, a gas

I ptroduced into a chanber is I oni zed under the effect of an electric
di scharge. Hi gh- energy el ectronmagnetic radiation is emtted during
this 15 process. The photons are directed onto a | um nescent

mat eri al . In order to be effectpve, this material should be a
| um nophor which absorbs in the em ssion range of the plasm and
emts in the visiblTaer pmgeent t intdntilbnghdstd possiddse a plassafsystency and
with the appropriate col our. The present invention seeks to

provi de such #hifh soprsises a lymimephgr as defined abpye.present invention

provi des the use a um nqphor in g asma systens of a gﬂﬁpound

based on 25 Ianthiﬁ%ﬁ?ﬁﬁﬁﬁb%%? Y88 frfl §2¢ s Hh FPGo FeBPAIRH bot h
terbi um and cefiumahetghiethe 4 e RiWILhS . fafefBidlaseionsP! OPOTLiON With
respect to the cerium
’ 5 corresponding to those in plasma systems. In the context of
the present invention, this term is taken to mean all systems
employing a gas which, after ionization, emits radiation
corresponding at least to wavelengths from 10 to 200 nm, that
is to say the far ultraviolet range.
10 Systems of this type include plasma lamps and screens.
According to the invention, use is made of a compound
comprising a matrix of the yttrium, lanthanum, gadolinium or
lutetium phosphate type.
Several types of phosphates may be used. They may be
15 orthophosphates of formula LnPO,, Ln representing one of the
elements mentioned above. Metaphosphates of formula LnP,0, or
pentaphosphates of formula LnP,0,, may also be used.
The matrix of the type described above is doped with at
least one rare earth selected from terbium, praseodymium,
20 europium and cerium.
The rare earth is chosen in accordance with the desired
emission colour.
The rare-earth dopant content, expressed as an atomic
percentage relative to the total rare-earth content in the
25 phosphate (rare-earth dopant/rare-earth dopant + Ln), is
generally from 10 to 50%, and more particularly from 20 to
45%.
According to a particular embodiment of the invention,

the phosphate used is a lanthanum phosphate.
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-2- The present invention also provides a plasnma system which
conprises a | um nophor as defined above. The i nveid $heud ket Keplade®

corresponding to those in plasm systens. In the contex
invention, this termis taken to nean all systems enpl
after ionization, emts radiation corresponding at | east

use of the compound described above as a | um nophor unIﬂ

I

to mavelengths

from10 to 200 nm wRabrdifigt fo SyotRe bartubilAYiRaikdlgCor the SYyStens

of this type include plasma | anps and screens. Accor

ding to the

i nvention, use inventdenef the compsuruckthc dopansi 11y @A daibinstObnt &L A1 v

Ianthanun1 gadollnlun1or | uteti um phosphate type.

The phosphat es of

formul a LaPQ erarnj SEE 19 hophesterhiam may be fhea maticizx pobpoheidny peith
descri bed above |s doped wjth
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espect to the cerium and more particularly in an atomic
proportion Tb/Ce + Tb of at least 80%. As an example the

product of the following formula can be given:

Lay 74Ty 5,Cey . PO,

According to another variant of the invention, it nmay be
beneficial to use phosphates with specific particle size
distributions.

'The mean size of the phosphates may thus be, for
example, from 1 to 20 gm, and more particularly from 2 to
6 pm.

Furthermore, their dispersion index may be, for example,
less than 0.5, and more particularly less than 0.4.

The mean diameter of the particles is measured using a
laser granulometer of the CILAS type (CILAS HR 850).

The dispersion index I is determined by the formulaf

By - D
I =
2825,
in which:
~ B, is tﬁe particle diameter such that 84% of the
particles héve a diameter less than &,
- @) is the particle diameter such that 16% of the

particles have a diameter less than 2,

- and &;, is the mean diameter of the particles.
The phosphates used and, more particularly, the

orthophosphates, may, for example, be in a monoclinic
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terbiumand cerium - The rare-earth dopant c ent, expressed as an
atom c percentage relative to the total rare-earth content in the

phosphate (rare-earth dopant/rare-earth dopant + Ln), is generally from 10
to 50% and nore particularly from20 to 45% The
terbiumis in a major proportion with respect to the ceriumand nore.
particularly in an atom c proportion Th/Ce + Tb of at |east 80% As an
exanpl e the presgeialdfinkeh&okal | ow ng fornmul a can be given:
La[err]Th[err]Ce[err] P( err]

The phosphates used in the context of the present

invention can be obtained by any known method. One particular
method, given without implying any limitation, will be
5 described below.

This method consists in carrying out direct
precipitation at a controlled pH by reacting (I} a first
solution containing soluble salts of rare earths, these
elements then being present in the stoichiometric proportions

10 required for obtaining a product with the desired formula,
with (II) a second solution containing phosphate ions.

The solution of soluble rare-earth salts is
progressively and continuously introduced into the solution '
containing the phosphate ions.

15 The initial pH of the solution containing the phosphate
ions is generally less than 2, and preferably from 1 to 2.

The pH of the precipitation medium is subsequently
adjusted to a pH value of, for example, less than 2, and
preferably from 1 to 2.

20 The term "controlled pH" means that the pH of the
precipitation medium is kept at a certain constant, or
substantially constant, value by adding basic compounds or
buffer solutions into the solution containing the phosphate
ions, at the same time as the solution containing the soluble

25 rare-earth salts is introduced into this solution. The pH of
the medium will thus preferably vary by at most 0.5 of a pH
unit around the fixed set-point value, and more preferably by
at most 0.1 of a pH unit around this value. The fixed

set-point value will advantageously correspond to the initial



Abcofding to another variant of the invention, it may _bhe beretH+ecial~to use

phosphates with specific particle size distributions. The nean si ze
of the phosphates may thus be, for exanple, froml to nor e
particularly from2 to 6 [err]m Furthernore, their dispersion index
may be, for exanple, less than 0.5, and poge particularly |less than 0.4,

The nmean di aneter of the particles is neasured using a |aser granul oneter

of the CILAS tyge (eCHLARSR GRA) 2) of thér M‘oldit%ar sbAPaimdex dnd S

determ ned by the formula: [err] i n which - 084 is the
particl e di amrephospHabet has 84% of the partlcles have a di aneter |ess
than [err] - [err] is the particle dianmeter such that 16% of the

particles have a di Zhetp¥ imssivapsagpbensly adjusted by adding a basic
compound, as will be explained below.

5 The precipitation is preferably carried out in an
aqueous medium at a temperature which is not a critical
factor and which is advantageously from room temperature
{15°C-25°C) to 100°C. This precipitation takes place with the
reaction medium being stirred.

10 The concentrations of the rare-earth salts in the first
solution can vary within wide limits. Thus, thé total
rare-earth concentration may, for example, be from
0.01 mol/litre to 3 mol/litre.

Suitable rare-earth salts are, in particular, salts

15 which are soluble in an aqueous medium, such as, for example,
nitrates, chlorides, acetates, carboxylates or a mixture
thereof. The salts which are preferred according to the
invention are nitrates.

The phosphate ions intended to react with the rare-earth

20 salt solution may be supplied by pure compounds or compounds
in solution, such as, for example, phosphoric acid,
phosphates of alkali metals or other metallic elements which
give a soluble compound with the anions associated with the
rare earths.

25 According to a preferred variant, the phosphate ions are
added in the form of ammonium phosphates because the ammonium
cation will decompose during the subsequent calcination, thus
making it possible to obtain a high-purity rare-earth

phosphate. Among the ammonium phosphates, diammonium or



- and [err]is the nmean di aneter of the particles. The—
phosphates used (orthophosphates), may, for exanple, be in a nmonoclinic

-4- crystalline form The phosphat es uséd Tn ttre:
context of the present i nvention can be obtained by any known net hod.
One particul ar met hod, given without-igplying any limtation, will be
5 descri bed bel ow. This nethod consists in carrying out direct
preci pitation aongagenbioh|mthgpHalty neacthaiprdieraefli cempounds sglrut i on
contai ning soluble salts of rare earths, these el ements then being

present in the iFPdeErrbiRg rfhe dgrysotitbns 10 required for obtaining a

roduct with the desjred fornula,
P The phosphate 'ions are present in a quantity such that

there is, between the two solutions, a PO,/Ln molar ratio of
5 greater than 1:1, and advantageously from 1.1:1 to 3:1.

Ag already indicated, the solution containing the
phosphate ions should in general initially have (that is to
say before the start of the introduction of the rare-earth
salt solution) a pH of less than 2, and preferably from 1 to

10 2. Thus, if the solution used does not naturally have such a
pH, the pH is brought to the desired suitable value either by
adding a base (for example ammonia solution in the case of a
phosphoric acid initial solution) or by adding an acid (for
example nitric acid, in the case of a diammonium phosphate

15 initial solution).

Subsequently, as the solution containing the rare-earth
salt or salts is introduced, the pH of the precipitation
medium decreases progressively. A base is thus simultaneously
introduced into this medium, with the aim of keeping the pH

20 of the precipitation medium at the desired constant working
value, which should in general be less than 2 and preferably
from 1 to 2.

Suitable basic compounds which may be mentioned by way
of examples are metal hydroxides (é.g. NaOH, KOH and CaOH,)

25 or ammonium hydroxide, or any other basic compound whose
constituent species will not form a precipitate when they are
added to the reaction medium, by combining with one of the
species also contained in this medium, and which allows tﬁe

PE of the precipitation medium to be adjusted.
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with*(1l) a second solution containing phosphate iong The
solution of soluble rare-earth salts is progressively and conti nuously
i ntroduced into the solution cont ai ni ng the phosphate ions. 15

The initial pH of the solution containing the phosphate ions is
generally less than 2, and preferably from7 to 2. yrmeeme e “The pH of the
precipitation nmediumis subsequently adjusted to a pH value of, for
exanpl e, | ess than Bt thml end ofprbéepaddipiftratioh soeR, a ZhosphateThe term
"Controlled pH' neans that the pH of the recipitation mediumis kept
at a certain cBﬁgFaﬂ%ta%ﬁ is dirggbly aektained @gh§baﬁ%n ke qeeoypraddbrig

basi c conpounds or uffer solutiopns into the solufian cqqﬁalnlng t he

phosphat e PP nBeaRf lf’f?é‘msz?ﬁE EP et AP “UIREL PEnS T S il
soluble 25 ra eeﬁéégbézfaée&r }g.llo?llu\c/:gt ;ng d, iyt a%ﬁga E’éé’t%ﬁ'}lpﬂ;h%lgﬂ of

t he. nedlun1mnl thus pre nDst

around the i xqdesg! -woimtenealug, oengeﬂa&ﬁlgorp%fs%m%ylﬁyunms FrofPst, 0. 1
of a pHunit around this value. The fixed

in particular adsorbed nitrate and/or ammonium groups.

The precipitate obtained is then subjected to a
heat-treatment, generally at a temperature above 600°C and
advantageously from 900 to 1200°C. This heat-treatment or

10 calcination makes it possible to obtain a product which has
luminescence properties. It is equally well possible to carry
out the calcination under a reducing atmosphere {(for example
hydrogen) or é neutral atmosphere (for example argon), or
mixtures thereof or else under a non-reducing atmosphere, in

15 particular under an oxidizing atmosphere such as, for
example, air,

The phosphates used in the context of the present
invention can also be obtained by the chamotte process. In
this case, the procedure adopted may be to form a mixture of

20 the oxides of the various rare earths or to take a mixed
rare-earth oxide and phosphatize this mixture or this mixed
oxide by calcination in the presence of diammonium phosphate.

In order to develop the luminescence properties further,
the phosphatesg may be subjected to a heat-treatment in the

25 presence of a flux.

Suitable fluxes which may be mentioned are, in
particular, lithium. fluoride, lithium chloride, potassium
chloride, ammonium chloride, boron oxide and ammonium

phosphateg, this list being, of course, in no way limiting.



set?point value wi || advant ageously correspond to the initial

pH (e.g. less than 2) of the solution containing the phosphat e i ons.
The pH i s advant ageously adjusted by addi ng a basic " compound, as w ||
be explained below 5 The precipitation is preferably carried out in
an aqueous nedium at a tenperature whgch is not a critical factor

and whi ch i s advantageously fromroomtenperature

(15[ err] G 25[err] C

to 100[ err] C. Thei £lpre&s prixad orithakbs plect phicsphake to bertgamitedn nedi um

10 The concentrations of the rare-earth salts in the
solﬁi’ﬁ‘oﬁhEaﬂlﬁ%H’iF witt Reatffdee| 2 nfePerpfyse pReITALRT than

bei ng stirred.

first
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1000°C, generally from 1000°C to 1200°C, this being done

under an atmosgphere which is suited to the nature of the rare

earth and which is a reducing atmosphere in the case of
cerium or terbium, for example. After treatment, the product
is washed and then rinsed, so as to obtain a luminophor in a
deagglomerated state.

As indicated above, the phosphate-based compounds which

have just been described have the property of luminescence

under electromagnetic excitation in the wavelength range used

in plasma systems.

For this reason, they can be used as a luminopbhor in
these systems and, more generally, they may be incorporated
in the manufacture of such systems. The luminophors are
employed according to well-known techniques, for example by
deposition by screen printing, electrophoresis or
sedimentation.

An Example is given below.

EXAMPLE

Preparation of the phosphates

The preparation of the product of formula
La, 55Ceq 35Te,.15P0, i8 given above. The other phosphates, of
formulae La, 3;Tb, 1,PO,, La, sThy 1sPOs, La, ;,Tb, ;,P0, and
La, ,,Tb, ,,PO,, are prepared in the same way by adapting the
reactant proportions.

500 ml of a solution of rare-earth nitrates with an
overall concentration of 1.5 mol/l and having the following
composition: 0.825 mol/l of La{NO,),; 0.45 mol/l of Ce(NO,),

____~____,_-———————
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rare-earth concentration may, for exanple, be from 0.01 nol/litre to 3

mol/litre. Suitable rare-earth salts are, in particular, salts
15 which are soluble in an aqueous nedium such as, for exanple,

nitrates, chlorides, acetates, carboxylates or a m xture t hereof. The
salts which are preferred according to thes - I nvention are nitrates.

The phosphate ions intended to react with the rare-earth 20 salt solution
may be suppl i &by -gdfemedhbortihd® &P bonpsanadded in qne Sehgt Fore0&udh as,

for exanple, phosphoric acid, . hosphat es of al kali, netal s or other
netal lic el emtt & \ﬁ%"@ﬁh"w a"g’i%€°&e§bf’ bt Oe 0 BTSRRI h PERRIRS tths

associ ated W bl NG by 2aafAL CuBRLNS gqPBeion and GERLALNG,L00 A PTeferr ed
variant, the osphat I ons re aaaed 1 n e 1ormor anmoni um

phosphat es becagse Tﬁllgepﬁggpﬂiyem rare-ea&@fxi ﬂglﬂ ':JatQ%CQEP%ES di" ETeN tptﬁe
subsequent cal ci nation, thus making it possible to obtain a

hi gh-purity raiweiedy the preciphosfiial és AgPEgLddaammRNbYThANOSP Nakehia
di anmoni um or
solution.

After the precipitation step, the reaction medium is
further maintained at 60°C for ome hour.

The precipitate is then recovered by filtration, washed

10 with water then dried at 60°C under air. The product is then
in the form of a white powder (resembling a talc) comnsisting
of particles (agglomerates) of 3 to 6 microns formed by
compact aggregates of approximately 250 nm, themselves formed
by the aggregation of elementary crystallites with sizes of

15 from 30 to 150 nm. The powder is then subjected to a heat-
treatment at 1150°C under air.

X-ray analysis shows that the product is an
orthophosphate with a monoclinic crystalline structure. It
consists of compact grains of approximately 250 nm,

' 20 agglomerated in the form of spherical particles with sizes of
from 3 to 6 micronsg. The CILAS particle size distribution,
measured after cursory deagglomeration under ultrasound,
gives a Z;, of 4.5 microns with a very tight distribution
since the dispersion index is less than 0.4,

25 Performance of the phosphates

The performance is evaluated in two ways.
A - the powder is compacted by hand in cylindrical
cavities, 8 mm in diameter, which are then arranged in a

chamber under a vacuum of 10°° torr at room temperature. The



nmonoamoni um phosphate are the preferred conpounds for I npl ementi ng

t-he i nventi on. The phosphate ions are present in a quantity such
t hat there is, between the two solutions, a PJerr]/Ln nolar ratio of
5 greater than 1:1, and advantageously from1l.1:1 to 3:1. As
al ready indicated, the solution containingothe phosphate ions shoul d
in general |n|t|aIIy have (that is to say before the start of the

i ntroducti on SFcikatiapres@iaras is ele§§F?mWQHJ1°oﬁ)nlasbPPo?r<P‘B5%eq ®ana2, and

preferably froml to, 10 2, Thys, if the sqlutjaqn us does. not na raIIy
have such a  SYRCHESLERR ?)’Hiu‘él ST LEPE e Ao dRPBLSE: FbTE VI dBE, ¢ hor

by addi ng, ﬁi%ﬁcfrf utlo r‘i»g?HERE'é‘o S @B elNo %h@?&@&% Unidtea

phosphori c aC| nitra addi ng an acid
in the visible range compared with the number of incident

5 photons at 160 nm and 200 nm, respectively.

Product Efficiency% at Efficiency% at
200 nm 160 nm
La,, g TP, 1.P0, 60 72
Lag 3;Tb, 1, PO; 65 76
La, 44Thy ,,PO, 70 85
10 La, ssCey.30TP,.15P0, 70 85

B - The products are evaluated on a plasma-screen test
cell containing a gas of the helium-neon type. The light
output efficiency is measured with a photometer and it is
compared with that of manganese-doped zinc silicate, to which

15 a wvalue of 100 is arbitrarily assigned.

Product Light output efficiency
La, ¢ Tb, .,PO, . 125
La, 45Tby 2,PO, 134
La, ,0Tbg. 3P0, 120
20 It can be seen that the light output efficiencies are

superior to that obtained with the doped zinc silicate used

in the prior art.
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exartpl e nitric acid, in the case of a dianmoni um phosphate 15 initial

sol ution). Subsequently, as the solution containing the .
rare-earth salt or salts is introduced, the thati on
medi um decreases progressively. A base is thus similtaneously —

I ntroduced into this nmedium wth the ai mof keepi ngi%ﬁmmung” he
precipitation nedium at the desired const art “wor ki ng' LR ,’mﬂh
should in general be less than 2 and prefgraply : from 1" td 25+
Sui t abl e basi ¢ conmpounds whi ch nmay be nenttoned by way of exanpl es
are netal hydroxides (e.g. NaOH, KOH and CaOH2) 25 or ammoni um hydr oxi de,
or any ot her basic conpound whose constituent species wll not forma
preci pitate when they auege as a lasld@dphorthe prosid eystessUst &Yod@idd ng
wi th one of the species also contained in this medium and which
allows the = basedHopf aphetipriesi.pilleathenunedgadelinive @) Ustedium

phosphate doped with at least one rare earth selected from

5 terbium, praseodymium, europium and cerium.

2. Use according to claim 1 wherein the phosphate is
LnPO,, LnP;0,, LnP,0,,, In denoting yttrium, lanthanum,
gadolinium or lutetium.

3. Use according to claim 1 or 2 wherein the phosphate

10 is a lanthanum phosphate.

4. Use according to any one of the preceding claims
wherein the phosphate has a rare-earth dopant content,
expressed as an atomic percentage, relative to the total
rare~earth content of the phosphate, of from 10 to 50%.

15 5, Use according to any one of the preceding claims
wherein the rare earth dopant is terbium and cerium in
combination.

6. Use according to claim 5 wherein the terbium is
prresent in an atomic proportion Tb/Ce + Tbh of at least 50%.

20 7. ﬁse according to claim 6 wherein the terbium is
present in an atomic proportion Tb/Ce ; Th of at least 80%.

8. Use according to any one of the preceding claims
wherein the phosphate has a.mean particle size of from 1 to
20 pm and a dispersion index of less than 0.5. |

25 9. A plasma system which comprises a luminophor as
defined in any one of the preceding claims.

10. A system according to claim 2 which is a screen or

lamp.
.\
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- i - At the end of the precipitation step, a phosphate
precipitate is directly obtai ned which can be recovered by any neans
known per se, in particular by sinple filtration. The recovered
product can then be washed, for exanple with 5 water, with the ai m of
removi ng possible inpurities fromit, - 12in particular adsorbed nitrate
and/ or anmoni um gr oups. The precipitate obtained is then
subjected to a heat -t reat ment, gemsTahky at a tenperature above

600[ err] C and ~advant ageously from 900 to 1200[err]C. This
heat-treatnment or 10, calcination nakes it possible to obtain a product
whi ch has | um nescence properties. It is equally well possible to
carry out the calcination under a reduci ng atnosphere (for exanple

- hydrogen)..or- a neutral apnq&phere m xtures

e
: b2 A NSl

L20P0r el se under

. . PHOSPHATE AS A LUMINOPHOR IN PLASMA SYSTEMS

Use HE a Juminophor in plasma systems of a compound based on
an yttrium, lanthanum, gadolinium or lutetium phosphate doped
with at least one rare earth selected from terbium,

praseodymium, europium and cerium.
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15 “particul ar under an oxidizi ng atnosphere such as,
air. The phosphates used in the context of
i nvention can al so be obtained by the chanpotte procesk
t he procedure?ﬁﬁﬁﬁ?ﬂf7mn#$&&44piorn1a m xture of 20

for exanpl e

>m0 Se,

re—oXTdes of it h
xpae 1993 L

various rare eaumnmmm m xed rare-earth i
phosphati ze thi E m"ﬂ m xed oxi de by caIC|nat|on I n_t

presence of di amtonfum pHosphate. I n order {t c~deVelrop the

| um nescence properties further, t hé lphosphat es 1

y be subjected a

heat-treatment in the 25 presence of a fl ux.

Sul tabl e fl uxes

whi ch may be nentioned are, in palGlddifSar, lithium fluoride, Iithium
chl oride, potassiu U g und I%i'mir?rﬂl%@nge’sﬁ‘%f?@ g¥i de and

anmoni um phosp ates this 1ist belng, cour se
compound based on an yttrium, lanthanum, g

n no way |imting.
adolinium or

lutetium phosphate of formula LnPO, and doped with at

o) least one rare earth selected from terbium, praseodymium

and cerium.

2. Use as a luminophor in plasma systems of a

compound based on a lanthanum phosphate of
and doped with praseodymium or with both t
10 praseodymium.

formula LaPO,

erbium and

3. Use as a luminophor in plasma systems of a

compound based on a lanthanum phosphate of formula LaPQ,

and doped with both terbium and cerium, wherein the

terbium is in a major proportion with respect to the

15 cerium,

4, Use according to any one of the

preceding

claims wherein the phosphate has a rare-earth dopant

content, expressed as an atomic percentage, relative to

the total rare-earth content of the phosphate, of from 10

20 to 50%.

5. Use according to claim 1 wherein the rare earth

dopant is terbium and cerium in combination.

6. Use according to claim 5 wherein the terbium is
in a major proportion with respect to the cerium.
25 7. Use according to claim 3 or 6 wherein the

terblum is present in an atomic proportion Th/Ce + Tb of

at least 80%.

B. Use according to any one of the

preceding

claims wherein the phosphate has a mean particle size of

30 from 1 to 20 um and a dispersion index of

9. A plasma system which comprises

less than 0.5.

2 luminophor as

defined in any one of the preceding c¢laims.

10. & system according to claim 9 which is a screen

or lamp.
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The flux is mxed wth the m xed phosphate to be treated, t hen the
m xture is heated to a tenperature of greater than 1€
general ly from 1000[err] C to 1200[err]C, this being dn‘
at nosphese which is suited to the nature of the rare
a redu0|ng at nosphere in the case of ceriumor t¢
After treatnent, the product I s washed and then
obtain a Iunlnophor in a deaggl oner at ed st ate. '
above, the phosphat é-based conmpounds whi ah- 10 have jjust been descrlbeo
have the property of |uninescence under el ectronmag
t he wavel ength range used in plasna syst emns. For thIS

reason, they can be usegg@ScR A Hy g rBAsQD oN a HI8SEEa¥skeNs and, nore
generally, they nmay be incorporate
PHOSPHATE AS A LUMINOPHOR IN PLASMA SYSTEMS

The present invention relates to the use of a compound

based on a rare-earth phosphate as a luminophor in plasma
) systems.

Plasma systems (e.g. screens and lamps) form part of new
display and lighting techniqueé which are being developed.
One example is the replacement of current television screens
by flat screens, which are less heavy and have larger

10 dimensions. This replacement is on the point of being

resolved by the use of plasma panels.

In plasma systems, a gas introduced into a chamber is
ionized under the effect of an electric discharge. High-
energy electromagnetic radiation is emitted during this

15 process. The photons are directed onto a luminescent

material.

L In order to be effective, this material should be a
luminophor which absorbs in the emission range Af the plasma
and emits in the visible range with the highest possible

20 efficiency and with the appropriate colour.
The presené invention seeks to provide such a luminophor

material.

The present invention provides the use as a
luminophor in plasma systems of a compound based on
25 lanthanum phosphate of formula LaPO, and doped with both
terbium and cerium, wherein the terbium is in a major

proportion with respect to the cerium.

Rt - 3
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15 in the manufacture of such systens. The | um nophors are enpl oyed

according*to well-known techni ques, for exanple by deposi tion by
screen printing, electrophoresis or sedi ment ati on. A
Ref erenge Exanple is given below. 20 REFERENCE EXAMPLE Preparation
of the phosphates The preparation of the product of formula

La[err]Ce[err] Te[err]P(J err] is given-apove. The ot her phosphates, of
formul ae La[err]Th[err]PQJerr], La[err]Tblerr]PJerr],
La[ err] Tb[ err] FEperpfedaitt izgyentipara}qp[rreyityers plassappEpheed in the

Zaggl \llj\?%/ogx]&?g}?g%‘égg’é}r%]% rft tlr“éﬁiré‘gggﬁt’?ﬂgﬁg&g fhed g’\r}%’.rvaﬂ'l concent ratSPgnmof !
LTl T R BB o onfHOYE  Sae |
described above as a luminophor under conditions
corresponding to those in plasma systems. In the context of
the present invention, this term is taken to mean all systems
employing a gas which, after ionization, emits radiation
corresponding at least to wavelengths from 10 to 200 nm, that
" is to say the far ultraviolet range.
Systems of this type include plasma lamps and screens.
According to the invention, use is made.of a compound
comprising a matrix of the yttrium, lanthanum, gadolinium or
lutetium phosphate type.
The phosphates of formula LaPQ, are orthophosphates.

The matrix of the type described above is doped with

terbium and cerium,.

The rare-earth dopant content, expressed as an atomic
percentage relative to the total rare-earth content in the
Nt phosphate (rare-earth dopant/rare-earth dopant + Ln), is

generally from 10 to 50%, and more particularly from 20 to

45%.




-9- and 0.225 nol/1 of Tb(NdJ err])[err], are added in one hour to 500

m of a phosphoric acid solution Herr]PQJ err], previously brought to
pH 1.4 By-addi ng anmoni um sol uti on and heated to 60[err]C. The
phosphate:rare-earth nolar ratio is 1.15:1. The pH 5 during the
preC|p|tat|on Is adjusted to 1.4 by addi ng ammoni a sol ution.

After the precipitation step, the reaction mediumis further
mai nt ai ned at 60[err] C for one hour. The precipitate is then

recover _ed by fiThe aleirbiym vigss ieda mbQor widpowaiet wiltenrekpeed ad B err] C
under air. Jhg,PLagdugd,d §a§:9f"crhlarly J.'nn ahhged rg%?%p@rt%ht'?b}&wer

(resenbling a talc) consisting partic | omerates) of 3 to 6
mi crons forneRf By teast 8Q&pacts é@g‘i"&"’d‘!i’tlés“&ﬁ P&ﬁﬁP%&l%FBPy 250 nm
t hensel vestébrawdag formuly tie beggiegeati on of el enentary crystallites with
sizes of 15 from30 to 150 nm The powder is then subjected to a heat-
treatnent at 1150[err] C under air.

La, 4¢Tby 52Ceq 42 PO,

According to another variant of the invention, it may be
beneficial to use phosphates with specific particle size
distributions.

The mean size of the phosphates may thus be, for
example, from 1 to 20 um, and more particularly from 2 to
6 pm.

Furthermore, their dispersion index may be, for example,
less than 0.5, and more particularly less than 0.4.

The mean diameter of the particles is measured using a
laser granulometer of the CILAS type (CILAS HR 850).

The dispersion index I is determined by the formula:

584 - zlG

I =
Nt 225,

in which:
- Qg4 is the particle diameter such that 84% of the
particles have a diameter less than ©,,,

- @ is the particle diameter such that 16% of the
particles have a diameter less than &,
~ and @,, is the mean diameter of the particles.

The phosphates used {orthophosphates), may, for
example, be in a monoclinic

| 16DEC 99
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X-ray anal ysis shows that the product is an onLhophasphaLeka%ﬂ a
monoclinic crystalline structure. It consi sts REFEQ@@@@@ﬁbSﬁEEE of
approxi nat-ely 250 nm 20 agglonerated in the form gf opHEIILdI rticles
with sizes of from3 to 6 mcrons. The Cl LAS par ga%%d .

di stribution, measured after cursory deaggl onmgrati 9 der”‘ul {rasound,
gives a [err] of 4.5 microns with a very tight distjritbution nte the
di spersion index is less than 0.4. 25 Bgnfornance of t he phosphateg

The performance is evaluated in two mayé._ _ A—~—t-hre—powder—i s
conpacted by f@ndeliuk g%l hidld Galth the ®AMd pBSspBadNdd vdi 8pBi€Lq, Which are

then arranged in a chanber under a vacuum of 10[err] torr at’ room
tenperature. flen the mixture is heated to a temperature of greater than
10060°C, generally from 1000°C to 1200°C, thie being done
under an atmosphere which is suited to the nature of the rare
5 earth and which is a reducing atmosphere in the case of
cerium or terbium, for example. After treatment, the product
is washed and then rinsed, so as to obtain a luminophor in a
deagglomerated state.
As indicated above, the phosphate-based compounds which
10 have just been described have the property of luminescence
under electromagnetic excitation in the wavélength range used
in plasma systems.
For this reason, they can be used as a luminophor in
these systems and, more generally, they may be incorporated
15 in the manufacture of such systems. The luminophors are
employed according to well-known techniques, for example by:

deposition by screen printing, electrophoresis or
sedimentation.

N A Reference Example is given below.

20 REFERENCE EXAMPLE

Preparation of the phosphates

The preparation of the product of formula
La, ssCeqy s0Tey 1sPO; is given above. The other phosphates, of
formulae Lia, 4Th, ,,P0O,, La, 4 Th, ,P0;, La, ,,Tb, ;,PO, and
25  La, ;5Tb, ,,P0,, are prepared in the same way by adapting the .
reactant proportions.
500 ml of a solution of rare-earth nitrates with an
overall concentration of 1.5 mol/l and having the following

composition: 0.825 mol/l of La(NO,),; 0.45 mol/l of Ce(NO,),



- 10 - excitation source is electromagnetic em ssion produced by a
synchrotron and with a wavel ength of from 150 to 350 nm Efficiency val ues
are calculated fromthe nunber of photons emtted in the visible range and
t he nunber of incident photons at 160 nm and 200 nm respectively.

B - The products are evaluated on a plasma-screen test cell containing a
gas of the heliumneon type. The light output efficiency is nmeasured with
a photoneter and it is conpared with that of manganese-doped zinc
silicate, to which a value of 100 is arfgtrarily assigned.

excitation source is electromagnetic emission produced by a

synchrotron and with a wavelength of from 150 to 350 nm.

: Efficiency values are calculated from the number of photons
emitted in the visible range and the number of incident
photons at 160 nm and 200 nm, respectively.

B - The products are evaluated on a plasma-screen test

cell containing a gas of the helium-neon type. The light

output efficiency is measured with a photometer and it is
compared with that of manganese-doped zinc silicate, to which
a value of 100 is arbitrarily assigned.
"
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-11- CLAI M5 1. Use as a

| umi nophor in plasma systens of a conpound based on a | ant hanum
phosphat.e -of fornula LaP( err] and doped with both terbiumand cerium
wherein the 5 terbiumis in a major proportion with respect to the
cerium 2. Use according to claim1 wherein the hos hat

has a rare-earth dopant content, expressed as an atonH lﬂ m
relative to the total rare-earth content of 10 he on110
to 50% _ 3. Use according to Cllalml wherelntheterblumls
present in an_atom c proportion Th/Ce + Tb of at | east 80%

4, Use accordlng to any one of the preged 15 clains wherein the
phosphat e has a nean particle size of _—‘j£$0n11 to 20 [err]mand a
di spersion index of Less ¥Harn®.% luminophor ingplasma syssemsspEtem which
conprises a |uny efyi S5 dihe Efnﬁ dj cl ai ns.
6. A systenlaccgggpggd?%a% % on dﬁ&ﬁﬂahﬂmggg%reeﬁggo o FQ L,&fo,

and doped w1th both terbium and cerium, whereln the

5 terbium is in & major proportion with respect to the
cerium.
2. Use according to claim 1 wherein the phosphate

has a rare—earth dopant content, expressed as an atomic
N percentage, relative to the total rare-earth content of
10 the phosphate, of from 10 to 50%.
3. Use according to claim 1 wherein the terbium is
present in an atomic proportion Tb/Ce + Tb of at least
80%.
4. Use according to any one of the preceding
15 ¢laims wherein the phosphate has a mean particle size of
from 1 to 20 um and a dispersion index of less than 0.5.
5. A plasma system which comprises a luminophor as
defined in any one of the preceding claims.
6. A system according to claim 5 which is a screen
20 or lamp.




