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which subsequently excite a luminophorous material disposed
on the display screen.

That luminophorous material must have two essential
properties.

It must firstly have adequate optical
characteristics, especially luminescence properties, and it
must emit effectively in the desired colour.

It must secondly have electrical conductivity. The
material must be capable of removing the charges when it is
used in the above-mentioned application.

The problem lies in the difficulty of having a
material which combines those two properties to an adequate
degree. The luminous effectiveness of the material decreases
with excitation potential. In addition there is a minimum
excitation poﬁential (Vamin) below which the material no
longer presents conductivity. It is desired to use a
potential range which is as low as possible, of the order of
from 200 to 800V as indicated above.  There is therefore a
need for a material which has the lowest possible Vamin while
retaining adequate iuﬁinous effectiveness.

The present invention seeks tofprovide a material
which jointly presents adequate luminous effectiveness and
conductivity in a voltage range corresponding to the required
use (200 - 800V). ' ' '
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particul ar kjiey are subjected to low-energy electron radiation, that is
to say of the order of from about at least 200V and at most
about 800V. '

In the accompanying drawings:

Figure 1 is an ESCA analysis spectrum of a product
in accordance with the invention, and

Figure 2 is an ESCA analysis spectrum of a product
in accordance with the prior art.

The product of the invention is a rare earth
oxysulphide. The term rare earth is used here to denote
elements of the group formed by yttrium and the elements in
the periodié gystem with atomic numbers from 57 to 71
inclusive. The periodic system of elements to which
reference is made is that published in the Supplement to the
Bulletin de la Société Chimique de France No 1 (January

1 1966) . | | |

The rare earth oxysulphide may more particularly
have the formula Ln,0,S in which Ln denotes the rare earth.

The rare earth of the rare earth oxysulphide may,
for example, be lanthanium, yttrium, gadoliﬂium or lutetium.

In accordance with a particular embodiment of the
invention the rare earth is gadolinium.

It will be noted that, irrespective of the presence
of the additive which will be\described hereinafter, the
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use a plurality of additives in combination, such as for
example terbium with praseodymium or europium with samarium.

Generally the additive is present in an amount of
from 0.1 to 7%mol, and in particular from 0.1 to  4%mol,
this amount being caléulaﬁed in respect of the number of
moles of additive/number of moles of additive + number of
moles of rare earth oxysulphide Ln,0,S. The amount may be
more particularly between 0.3 and 2%.

A main characteristic of the oxysulphide composition
of the invention lies in its structure. It presents an
equilibrium or a deficit in respect of oxygen at its surface.
By way of non-limiting example and having regard on the other
hand to the analysis procedures used, the term surface
concerns here a thickness corresponding to about 5 atomic
layers.

The terms equilibrium and deficit in respect of
oxygen indicate the fact that, when the atomic ratio 0:8 at
the surface of the oxysulphide is measured, £hat ratio is
equal to or lower than the 0:S stoichiometric ratio of the
oxysulphide. For example, for an oxysulphide of the formula
In,0,S, the stoichiometric ratio is 2:1. In the case of the
product of the invention, that ratio is at most equal to 2:1.
In the case of the known oxysulphides that ratio .is higher
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By way of example the pH for the isoelectric point of a
terbium-doped gadolinium oxysulﬁhide is equal to 10 while the
gadolinium oxysulphide of the same composition according to
the invention has a lower pH for the isoelectric point.
. Finally the product is preferably in the form of a.
powder. In that case the mean size of the particles of the
. powder is generally from 1 to 12 um. '

A proceés-for the preparation of the composition of
the invention will now be described.

This process essentially involves calcination of an
oxysulphide in the presence of hydrogen.

The starting product is an oxysulphide which may be
prepared by any means, for example by chamotting.

In accordance with a particular embodiment of the
invention, instead of employing pure hydrogen, a
hydrogen-bearing inert gas may be used. In that case the
nature of the inert gas does not matter. Argon is usyally
employed. o

The amount of hydrogen depends on the duration of
the calcination operation and the amount of oxysulphide to be
treated and the rate of deficit in respect of oxygen which is
wanted for the product. When using a hydrogen-bearing inert
gas, the amount of hydrogen.generally varies from 1 to 20% by
volume. '
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It is preferable to use a crucible of an inert metal

such as platinum, which makes it possible to achieve a
product affording better luminous effectiveness and in which
the grains suffer less agglomeration.

The invention alsoc concerns the luminescent
compositions dontaining a rare earth oxysulphide of the type
described above or of the type obtained by the process
described above. '

' Those compositions and the oxysulphides of the
invention can be used as a luﬁinophore in low-voltage
luminescence, in particiular in the production of any
apparatus suing such low-voltage luminescence, such as for
example field emission display screens.

Finally the_invenﬁion also concerns luminescent
apparatuses, for example of the field emission display screen
type, which incorporate the compositions or the oxysulphides
as described above or as obtained by the process described
above. In those apparatuses the oxysulphides are disposed on
screens which are subjected to low-energy excitation. The
use of the luminophores in the production of apparatuses
involving low-voltage luminescence is effected in accordance
with well-known procedures, for example by deposits on the
screens by means of screen printing, sedimentation or '
electrophoresis. :

The invention will now be further described in the
following Examples.
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The luminescence properties of the products in the
Examples are measured by low-voltage cathodoluminescence of
the products which are deposited without binder on a
transparent substraﬁe, under the conditions of excitation
involving lpA/mm? in respect of direct current. The
thickness of the layer of product on the substrate is 10um.
Example 1 '

The starting point taken is a gadolinium oxysulphide
Gd,0,8 doped with terbium (1.5%mol).

It is calcined at different temperatures in a
platinum crucible with a sweep of argon containing 10%
hydrogen. A calcination period of 2 hours is used.

The calcined product emits a green luminescence.
The results are set out in the following Table.

Calcination Luminous
.temperature °C effectiveness at
400 V in lm/W
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particularly, in the context of Figure 1, a deficit in
respect of oxygen.

Example 2 _
This example uses an yttrium oxysulphide Y,0,5 which
is doped with europium (3%mol).

It is calcined at 1200°C in a platinum crucible with
a sweep of argon containing 10% hydrogen. A calcination
period of 2 hours is used.

The product emits a red luminescence. It has a
luminous effectiveness at 400V of 2.5 Lm/W and a Vamin of
250V. The uncalcined product has a Vamin of 400V and a
luminous effectiveness at 400V of 0.8 Lm/W.
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of 2.5 LmWand a Vami n of 250V. The uncal ci ned product has a Vamin of 400V
and a | um nous effectiveness at 400V of 0.8 Lm W 8 CLAI M5 1. Use as a
| um nophore in | ow vbltaghk tompasitionecofprisinposi tave eanphi sing a rare
carth oxysulpblrogide el 8Lt LyG1 e 2be! CAEI 10068 FRELNCEEE

sai d conposi Ravih S surface an equilibriumin respect .o oxygen
2. Use asehemqmtnopﬁbﬂeanppemﬁwenthgﬁlnsnﬁheéﬁénéﬁrﬁ?ca 8Bnposi tion

conpri sing é?ﬁfifbfgﬁﬁhlﬂX¥§ngEtdgfaaﬂy éa.an additive, at |east one rare
earth ele , sald conposition havin ? s surface a deflgh i n respect
e

of oxygen. 3.  Use %ccorﬁlﬁ@mPBS&FéP §°8Pr&?éPﬁ1§ TREPPRAT rare earth
of the rarebﬁyéanpnxaauaﬁa;dasuanlaaamamva1 sitt least gnedoraneusaoth

lutetium 4. according to.amy one of th | ai th
additive is %@Tﬁ?§n155%3588§?ﬁfb§%38u98ﬁlﬁﬂ1og ggﬁgggffgcé §|3E§£Q§%§%ﬁdlng
to any one oéspaetpofcesyggnel ai ns wherein the additive is present in an
amount of fromO0.1 tg 7%l csggsgkeasﬁ aecafamﬁgt tsfciagmnynaercealﬂvbes of

addi ti ve/ nunber of nbles of Itive + nunb noles of _rare earth
oxysul phi dewherein the rare earth of the rare earth oxysulphide is

lanthanum, yttrium, gadolinium or lutetium.

4. A composition according to any one of the
preceding claims wherein the édditive is terbium,
praseodymium, eurocpium and samarium.

5. A composition according to any one of the
preceding claims wherein the additive is present in an amount
of frdm 0.1 to 7%mol calculated in respect of the number of
moles of additive/number of moles of additive + number of
moles of rare earth oxysulphide.

6. A process for the preparation of a rare earth
oxysulphide composition which cdmprises calcining a
composition comprising a rare earth oxysulphide and, as an
additive, at least one rare earth element, in the presence of
hydrogen.

7. A process according to claim 6 wherein the
calcination is effected in the presence of a hydrogen-bearing
inert gas.

8. A process.according to claim 7 wherein the
hydrogen-bearing inert gas has a hydrogen content of from 1
to 20% by volume.

9. A process according to any one of the claims 6
to 8 wherein the calcination operation is performed by
effecting a sweep of hydrogen or a hydrogen-bearing inert gas
over the rare earth oxysulphide.

10. A process according to any one of claims 6 to 9

wherein the rare earth oxysulphide composition produced is as



’ U:mssteercwadB Rmacah one of the precedi ng cl ai 5 whereirm the

'conp03|t fornlof a powder having a nean from
[err_] t l conposition as defined in anymll"wl"qlmmﬂm

aid conp OSI |on aving at its surface a%eficit in respectiof®n oxygen. 8.
A process for tgs Rreparatlon of a rare earth oxysul phide conposition as
defined i ndeEAPRA71BHPBY OBRpPEsedadmscdnit®ySa conpositi on conprising a
rare earth oxysul phide amdlug§inagcedd towmpalsitean! wAleh! abapedkls @l ement,
in the presence_o rocess a co&dln go clg|n18 wher ei n

(o]

t he caIC|ng?m8351218¥f88tgﬁfﬁﬁeghénpgggéﬁ8§ 8 ef®h@aPrng i nert

gas. 9 ¢omppsptdossprepeved by aopcbaessgauhdeénneﬂhénhpdyogan—b&arlng
inert gas BagiAshgdegougg content of from1l to 20% by volume. 11. A process
according to any one of the clains 8 to 10 wherein the cal cination
operation is perforf@d byysef rcpi Ayminopbegeoinhy}awoyeAtages

hydr ogen- beaningstefte GQSaOEthbEQtﬁéheaﬁaabhlﬁéﬁsthah§eon£20fAcla1ms
Iunlnesceni E nﬁos tlg gh éei a conposition efined in.claim?7
or a conposi tPoR BFePar&d B§ Erﬁ sP¥s 2dBFPREFS| A=a a?fbﬁédancPQth 8 to
11. 13. Appmeabfisclaimg Bouevmbtagealnahpesdemon aki definedr iacslaim
conposi tiopqas defined in any one of clains 1 to 6, a conposition prepared

by a process as defined in any one of clains 8 to 11, or a conposition as
defined in claim121314, Anpﬂaﬂaﬂasuaeagr&ngvpétegalhumsnﬁhpencesW&lﬁheld

en ssi on di&RbAYs8E" 8€Bomposition as defined in any one of claims 1 to

5, a composition prepared by a process as defined in any one

of claims 6 to 10, or a composition as defined in claim 11.
. 14. Apparatus according to claim 13 which is a
field emission display screen.



