WD 97/ 26312 1 PCT/ FR97/ 00069 RARE- EARTH
BORATE AND PRECURSOR THEREOF, PROCESSES FOR THEI R PREPARATI ON
AND USE OF THE BORATE AS A LUM NOPHORE

The present invention relates to a rare-earth 5 borate, to a precursor

thereof, - to pgRC r their preparation and to ) S
V- Eh oS 2 e Raddh e

borate as a m nophor e. The fields

and el ectroni cs pape- RARTRUBHRATEY AN PRERAMIIHR AIRGH, Bre@ESsESr abl e
10 devel opnent. an exanpl e of suc evel opnment, nentron nay be

made of the inprovesyl MEIR SHEPANATEOR AND USBCOSCTREABORAGEDS) for
novel visualization and - I ghting techni ques. One concrete application
is the repl acenent of currenast 8l GUMINOPEIRE ens With flat 15
screens. These novel applications require |um nophoric materi al s
havi ng i ncreasingly enhanced properties. Thus, besides their

| um nescent property, specific characteristics of norphol ogy or of
particle size are - Fhgubreseast tinsantinnrrelates e dgerravefeartht ate,
in 20 particular, their use in the desired applications. .

Nbr e precﬁse|99r§ﬁgpetp5aappaﬁmqqgﬁﬂﬁhqqﬂof, to processes for their

preparation and to the use of this borate as a
luminophore.

The fields of luminescence and electronics
are currently experiencing a period of considerable

10 development. As an exémple of such development, mention
may be'made of the improvement of.plasma systems
(screens and lamps) forlnovel visualization and
lighting technigques. One concrete application is the
replacement of current television screens with flat

15 screens. These novel applications require luminophoric
materials having increasingly enhanced properties.
Thus, bésides their luminescent property, specific
characteristics of morphology or of particle size axe
required of these materials in order to facilitate, in

20 particular, their use in the desired applications.

More precisely, there is a requirement for
luminophores having a narrow particle siée distribution
and, optionally, in the form of micron-sized
individualized particles.

25 The main object of the invention is to afford
products having such particle size characteristics.

Another object of the invention is to afford



| um nophores having a narrow particle size distribution and,
optionally, in the formof mcron-sized I ndi vidual i zed particles. 25
The main object of the invention is to afford products having such
particle size characteristics. Anot her obj ect of the

I nvention is to afford 2

| um nophor es havi ng enhanced | um nescent propertles A

third subject 19hihR@HUPER Hai P éhhanced MR Sdddit BAGESSEYE ch makes
it possible to obtain products having these characteristics directly.

5 Wth this a Fhirde subjedid iy Amvedtidie is a invention is
characterized in that it is in the form of cubi c, parall el epipedal or

spheri cal par prepararidn process widbich mdless altlipgeesib e tadstainnot nore
t han 0. 8. By way of borate precursor, the invention 10

al so rel ates produciise haaniny mmaaeIqhknaqnﬁniztmnsadzrectlzharacterlzed in
that it is in the formof cubic, paral | el epi pedal or spheri cal
particlesSand in that |i#With th#ﬂﬂ?kﬁiﬂQ#ﬁn%ﬂnﬂr¢#ﬂkh<hﬁrakk ebrehehan 0. 8.

As ot her produyct, the invention noreover
invention is characterized in that it is in the form of

cubic, parallelepipedal or spherical partlcles and in
that it has a dispersion index of not more than 0.8.
By way of borate precursor, the invention
10 also relates to a rare-earth boron hydroxycarbonate,
characterized in that it is in the form of cubiec,
parallelepipedal or spherical particles and in that it
has a dispersion index of not more than 0.8.
As other product, the invention moreover
15 relates, by way of borate precursor, to an yttrium
boron hydroxycarbonate also comprising terbium, this
coméound having luminescent properties.
The invention also covers a process for the
preparation of a rare-earth boron hydroxycarbonate,
20 characterized in that a rare-earth carbonate or
hydroxycarbonate is reacted with boric acid, the
reaction medium being in the form of an agqueous
solution.
The invention moreover covers a process for
25 the preparation of a rare-earth borate, characterized
in that a rare-earth carbonate or hydroxycarbonate is
reacted with boric acid, the reaction medium being in

the form of an agqueocus solution, and the reaction



15 rel ates, by way of borate precursor, to an yttrium bor on

hydr oxycar bonate al so conprising terbium this conpound havi ng

| um nescent properties. : The invention al so covers a process
for the preparation of a rare-earth boron hydroxycarbonate, 20
characterized in that a rare-earth carbongte or hydr oxycar bonate is
reacted with boric acid, the reacti on nedium being in the formof an
aqueous dtdPNis caleined. The invention noreover covers a
process for the preparation of a rare-earth borate, characterized

in that a rare-earth carpené: ccRArd¥eePX¥EREBPNALLalss and alifaatagdedi th
boric acid, the reaction nediumbeing in the formof an aqueous

sol ution, and dhethieaihvention will become even more fully apparent 3
product is cal cined. O her characteristics, details and

advant ages on oéadimgi thhendescriptiobevhiehefoeblawsecahdl Eyomppheent
on reading the description which follows and fromthe 5 attached
drawi ngs, 5 n wtdched drawings, in whieheare 1 is a graph giving the
intensity of em ssion as a function of the wavel ength for a

- Figure 1 is a graph giving the intensity of
emission as a function of the wavelength for a
europium-doped yttfium borate according to the
invention, under excitation at 254 nm;

10 - Figure 2 is a graph giving the intensity of
emission as a function of the wavelength, under the
same excitation, for a product of the same formula
according to the prior art, preparéd by grogging.

Throughout the description, the term rare-

15 earth is understood to refer to the elements of the
group consisting of yttrium, scandium and the elements
of the Periodic Table of atomic number between 57 and
71 inclusive.

The preparation processes will first be

20 described and the products obtained in the various
steps will then be studied in detail.

One characteristic of the'processes of the
invention is the starting material. A rare-earth
carbonate or hydroxycarbonate is used at the start.

25 It is possible to start with a mixture of
carbonates or hydioxycarbonates of different rare-

earths or mixed carbonates or hydroxycarbonates of

rare-earths. Indeed, the invention applies to borates



eur opi um doped yttrium borate according to the I nventi on, under

excitation at 254 nm 10 - Figure 2 is a graph giving the

i ntensity of em ssion as a function of the wavel ength, under the
same excitation, for a product of the sane fornula according to the
prior art, prepared by grogging. Thr oughout the

description, the termrare- 15 earth i's understood to refer to the

el ements of tde GhoHE £RPSLSLrRHsObY kL ! o&?@&‘i‘ aq:'é%t

el enents o?n? h%rPer?odlfg Tab%e oF atr_orri C _?uarfbe bet#v\aéqen _ Jayrvnld

71 inclusive.poron and of one 6BEmBE8P2hak-@RArRHACCARD \Mildgiki,rst be 20
descri bed and the products obtained in the various steps wll then be

studi ed in dejliddughout the descrip®iénghatetithing @whifeH Hes processes of
t he invention is the starting material. A rare-earth car bonat e
or hydroxycardesmtibed regardingha sazetearZh borate, a rare-eanulssible to
start with a m xture of carbonat es or hydroxycarbonates of different
rare- 5 condn hydnoxydacrhebahat sndoregpading pricoessss dor
rare-earths. |Indeed, the invention applies to borates
: their preparation should be understood as applying to
the case where several rare-earths are present.
Rare-earth carbonates or hydroxycarbonates
are products which are known per se and which may be
10 obtained, for example, by precipitation of one or more
rare-earth salts with ammonium carbonate or
bicarbonate.
The starting material is reacted with boric
acid. The reaction is preferably carried out under hot
15 conditions, for example at a temperature of between
40°C and 90°C.
According to another characteristic of the
invention, the reaction medium is in the form of an
aqueous solution. This means that the amount of water
20 present in the reaction medium is such that the
water/boric acid + carbonate mass ratio is at least
300 %, more particularly at least 1000 %. This ratio
may even more particularly be at least 1500 %.

It is possible to work with an excess of.

25 boric acid. This excess may be, for example, between

5 mol% and 100 mol% ([B]/[RE] = 1.05 to 2, RE=rare-
earth) .

It may be advantageous to carry out the



4 of one or nore rare-earths or to hydroxycarbonates of bor on
and of one or nore rare-earths. Accordingly, t hr oughout t he
description, everything which is described regarding a rare-earth
borate, a rare-earth 5 boron hydroxycarbonate and regardi ng processes
for their preparation should be undérstood as applying to t he
case where several rare-earths are present. Rare-earth
car bonat es or Wﬁ%@at@OVIng ‘3?% %DMW‘&W%eﬂkﬂom per se

and which may be 10 ob qﬁ.for e reci |tat|on of one or
nor e raﬁ?qﬁﬂﬁthﬁﬂ dﬁ?ﬁo ) B} ce, £OEj carbonat e.

The starting nmateri.a

12 |s r ac ed wit.h boric g. react on S
preferably carfied (ﬁjt e ng he %%‘-’h%ﬁ’t?rbrfge 9P %&glhp?‘enﬁ? zal
tenperature O%‘Qﬁ WeH'as n tf%iéﬂ éﬁfﬁ"bé@&&%é]éékes ltﬁpofﬁéb}gas?lon

According to ot Rer char acterd IMVEentTo

medi um i ssi N BN Prdaits of %@éi@ elhis nmeans that the

anount of water 20 “present in t ere on mediumis such that the

wat er/boric acid + car bRHFdBF totlddbieRlvaeidht, the3PBadtiBR' §s
particularly at least 1000 % This ratio . may even nore particularly be

at | east 1500c¥rried out by attadking {106 tdité-éHrvR!Earbbiat8 8xcess of
25 boric acid. This excess may be, for exanple, between
hydroxycarbonate with boric acid in the mother liquors
from precipitation thereof. It is advantageous to carry
10 out this attack on a freshly prepared carbonate or
hydroxycarbopate. This variant makes it possible to
obtain products of spherical morphology.
At the end of the reaction, a precipitate is
obtained which is separated from the reaction medium by
15 any known meansg, for example by filtration, and which
is opﬁionally washed and then dried. One of the
advantages of the process of the invention is that it
makes it possible to obtain a precipitate which may
readily be filtered and washed. After drying, an
20 additional washing with a diiute acid, for example
nitric acid, may also be carried out in 6rder to remove
any traces of carbonate which has not reacted
completely. '
The rare-earth boron hydroxyca;bonate of the
25 invention is thus obtained.
The process for the preparation of the
borates of the invention is also characterized in that

a rare-earth carbonate or hydroxycarbonate is reacted



5 nol % and 100 nmol % ([B]/[RE] = 1.05 to 2, RE=rare- earth).
It may be advantageous to carry out the

5 reaction while renmoving the CJerr] formed during the cour se
t hereof. This renoval may take place, for exanpl e, by flushing the
reaction mediumw th a neutral gas guch as nitrogen. This variant

makes it possible to 5 obtain products of finer particle size.

According to i Sorid iddld. (e AAdipitdtte is redivdiéd LEtedy
attacking the rare-earth carbonate or hydr oxycar bonate with boric

acid in the nuhisy deaptiicn and everybhimsiwhich ilofs (heswodtatédi S
advant ageous to carry 10 out this attack on a freshly prepared carbonate
or hydr @beome EomtthisThieaotaiomandraiies tztegtosenth| «f t the obt ai n
products of spherical norphol ogy. At the end of the
reaction, a plRxsqinitate also appijies rharevfiorh thisdhirst cstép ovft he
-~ reaction nediumby 15 any known neans, for exanple by filtration, and
whi ch 5 i $heymTARess, R RFetiPitatie &8 ddetoralsiinedd.
advantages of the pr Ocesﬁxiosf c;[a eciinrglteirgri Ognerixesratla}; t'i:a;[.ke.s place at a
temperature of between 500 and 1400°C, more
particularly between 500 and 1100°C. Given the
properties of the hydroxycarbonate precipitate, it is

10 entirely possible to carry out this calcination under
air. This is a valuable advantage when compared with
the processes of the prior art, which generally require
reductive atmospheres. Obviously, it would not be
departing from the scope of the present invention to

15 use, for this calcination, a reductive atmosphere (for
example hydrogen) or a neutral atmosphere (argon) or
mixtures thereof.

After the calcination, a borate according to
the invention is obtained.

20 Another important advantage of the process is
that it makes it possible to obtain directly a borate
having the desired particle size characteristics. It is
not necessary, for example, to carry out grinding in
order to arrive at the desired particle size.

25 The borate of the invention will now be
described.

The rare-earth borate of the invention is

. essentially an orthoborate of formula LnBO,, Ln



makes it possible to obtain a precipitate which may . readily be
filtered and washed. After drying, an 20 additional washing with a

dilute acid, for exanple nitric acid, nay also be carried out in order
to renove any traces of carbonate which has not reacted

conpl etely. ' The rare-earth boron hydroxycarbonate of the

25 I nvention is thus obtained. The process for the
preparation ofrdgiesentihy’@t Chefbtt BRel PYORLEARLtHS al SO characterized in

t hat a rare-earth carbonate or hydroxycarbonate is reacted

6 wi th boric aci d. THoefprs€i Ghavhetesibeseveredhikt Borate isthi s
reacti on and everythi ng which has been stated above for this reaction

“and the treat ntnd mdrghelogy. precipitate also applies here for this first
step of 5 the process. The precipitate is then cal cined.
Thi s cal ci nati on gener alThe théxate| afcthe dnventionempyr heuda t¢hebet ween
500 and 1400[err]C, nore particularly between 500 and 1100[err]C
G ven the5  form Rerspkerisal hecnhiieoRycRprE8AALAepipedpilt Pazticless 10
entirely pOSSi'I'lﬂee t:EeOrn? %argaffélégipseggicgggy 82vgrzl'csie£>roducts in the
form of platelets, that is to say, in effect,
parallelepipeds which are shorter, or very much
shorter, in height than they are long.

10 These particles may also have a size which
varies in wide proportions. According to a preferred
embodiment of the invention, the average particle size
is not more than 10 um, more particularly not more than
5 um, and, even more particularly, it may be between

15 0.5 and 5 um.

Throughout the description, the average size
and the dispersion index are values obtained by
carrying out the technique of laser diffraction, using
a granulometer of the Cilas HE 850 type (distribution

20 on a volume basis). |

The particles are of hémogeneous morphology,
that is to say that most of them, and preferably all §f
them, have this same morphology.

Another characteristic of the borate of the

25 invention is its particle size distribution; This

- particle size distribution is narrow. Thus, the

dispersion index o/m is not more than 0.8. It may more

particularly be not more than 0.7 and even more



air. This is a val uabl e advant age when conpared with t he processes of
the prior art, which generally require reducti ve at nospheres.
Qoviously, it would not be departing fromthe scope of the present

i nvention to 15 use, for this calcination, a reductive atnosphere (for
exanpl e hydrogen) or a neutral atnosphereg(argon) or m Xt ures

t her eof . After the calcination, a borate according to

the inventiongartdlhidiadr nod more than 0.6\10ftbeisi BBREEBNE, adHaRhage of
the process is that it nakes it possible to obtain directly a borate

havi ng the desiomxialidf dle Prasatr bevaitiébngStol bbtéin prodaets
necessary, for exanple, to carry out grinding in order to arrive at

t he desired poavigige asiddmperfion index of Ohe oprats.of the invention wll
now be descri bed. The rare-earth borate of the
invention is esserflien| term digpensiont tndéxf bsnuhdetsBOpdr tp, Ln

7 representing at |east one rare-earth. The first
char act er Pst | &edeRr s ther satias :

o/m = (dgg-dyq) /2ds,
in which:
- dgy is the particle diameter for.which
90 % of the particles have a diameter of
10 _ less than dg;;
- 4,, is the particle diametéf for which
10 % of the particles have a diameter of
less than,dlo;
- ds, is the average particle diameter.
15 The diameters are determined by Cilas
granulometry (distribution on a mass basis).
The borate of the invention may also be in
‘the form of well-separated and individualized
particles. There are few or no particle aggloﬁerates.
20 Consequently, the borate may be in the form of
particlés having a size, a dispersion index and a
morphology as described above, these particles being
substantially whole. The term whole particle is
understood to refer to a particle which has not been
25 broken or crushed as is the case during grinding.
Scanning electron microscopy photos make it possible to
distinguish crushed particles from particles which have

not been crushed.



I ts norphol ogy. The borate of the invention may be in the
5 form of spherical, cubic or parall el epi pedal particles. The term
par al | el epi pedal al so covers products in the formof platelets, that
is to say, in effect, par al | el epi peds which are shorter, or very nuch
shorter, in height than they are long. 16 These particles may
al so have a size which varies in wde proportions. According to a
preferred enbodi Nnerie aofatdrceartienalkingtie therboraparb£ctResi ze

is not nore than 10 [err]m nore particularly not nore than 5 [err]m
and, even nor eirprenttion arthat iis ey $ay behakecwhidls fofm$ the productm

Thr oughout the description, the average size and t he di spersion index
are val ues obmatrix (With borater Jerevally eelond® i tpecthe gunoup of
diffraction, using a granul oneter of the Glas HE 850 tyge '

(di stributi on TaRF-eaxEhs viiigh hake o luminescent properkYpafBueies are

of honogeneous .nor phol og that is to s that nost of them and

pref erabl Y al IShjf8 rare %/?fé"rﬁ VRARR (FRkes R %? pPRFRLS . may be

Anot her char acéhegéesr;rihcafgné hgr bor at e ;of _t I nvention is its particle
|

25
si ze distributTom  This pat t‘f"cﬁué?gg‘”&‘l sﬁ"?ﬂbu F8r9¥%Rarrow. Thus,

AT T s R e
scandium. More particularly, it may be yttrium and/or
gadolinium.

10 The boréte may moreover comprise one or more
dopants. In a manner which is known ber se, the dopants
are used in combination with the matrix in order to
give it iuminescegt properties. These dopaﬁts may be
chosen from antimony, bismuth and rare-earths. In the

15 latter case, the rare-earth(s) used as dopant are
chosen from the group of rare-earths with luminescent
properties and they are different. from the rare-earth

_ making up the borate. As dopant rare-earth, mention may
be made of cerium, terbium, europium, thulium, erbium

20 and praseodymium. Terbium and europium are more
particularly used. The content of dopant is usually not
more than 50 mol% relative to the rare-earth borate
matrix f[dopant]/[EREBO3] ratio), IRE representing all
the rare-earths and dopants'present in the borate. In

25 the particular case of europium and terbium, the
contents of these elements are preferably between 5 and
25 % and 5 and 50 % respectively. In the case of

thulium, the content of thulium is preferably between



8  particularly not nore than 0.6. It is possible, in the cont ext

of the present invention, to obtain products havi ng a di spersion i ndex
of 0.4 or 0.5. The term di spersion index is understood to

5 refer to the ratio: [err]/m= (d[err]-d[err])/2d[err]

i n which:. ' - dlerr] i40the particle dianmeter for which
90 % of the particles have a dianeter of 10 | ess t han
dierr]; 0.1 and 1 %. - d[err] is the particle dianmeter for which

10 % of the particles have a diameter of ) | ess than
dlerr]; Accordipmete] & pantdariangmhndiments dihgeter. 15
The dianmeters are deternined by Gl as ranulonetry (distribution on a

mass basis). rare-earth boratgof,thes inv Ihichtd #PTRle Ak Rbe in

or ‘nopar i ¢l 2885 BAey aeent, shears KRar KEexim DAl e 0 the

for”‘Qf 5 scandium and lutetium. It is characterized in that it
comprises europium as dopant and in.that it has an
emission intensity maximum in the wavelength (\) range
between 600 and 6§50 nm under excitation at 254 nm. The
term emission intensity maximum is understood to mean

10 that the value of the integral of the curve: intensity
= £(A\) for values of A from 600 to 650 nm represents
the major part of :he value of the integral of the same
curve for Qalues of A varying throughout the wvisible
region. Consequentiy, the borate according to this

15 embodiment is a red luminophore, essentially emitting
in this colour, in contrast with the luminophores of
the same composition of the prior art which essentially
emit in the orange region, that is to say in
wavelengths less than 600 nm.

20 " The europium content in the borate of this
embodiment is generally not more 50 % calculated as
described above.

Lastly, in this embodiment, the rare-earth
element is more particularly yttrium and/or gadolinium.

25 . As dther embodiments of the invention,
mention may be made of cerium-doped gadolinium
orthoborate, thulium-doped gadolinium orthoborate, both

of pseudo-vaterite structure, and thulium-doped



particles having a size, a dispersion index and a - nor phol ogy as

descri bed above, these particles being substantially whole. The term
whol e particle is understood to refer to a particle which has not been
25 broken or crushed as is the case during grinding. Scanni ng el ectron
m croscopy photos make it possible to 11di stinguish crushed particles
from particles which have not been crushed.

9 lanthEmum ortissbdia e ko figatagbhitBoseiractiiriehe

i nvention, that is to say that which forns the product matrix with
borate, generally bel on®y tway lef preguoéor of ther boratilss whilichh hlasee no

| um nescent property Thus, 5 this rare-earth which nmakes up the borate
may be Mefehean sirsanibed c ottt nimventionoalshergletes to a

conpri sing yttrlun1 adolinium_Ilanthanum |utetiumand scandi um
More particul FARF- %%%W‘Eé’%/t yixgregaFbenate.  gadolinium 10

The borate nay noreover ri se one or., nore dopant s a manner
which is Ehomm per se, t EB zﬁ%??ycarb°%?Eeu%%dcpﬂrESﬁﬁFH&FFoﬁQMtklthe

ggtrlx in Ord%&a&?;t is fﬁ V&hd Iunlqgsggg prggra&igiéplgggg dogants may

spherical particles and in that it has a dispersion
index of not more than 0.8.
This hydroxycarbonate may moreover comprise,
10 as additive, an element which is of the same typé as
the dopants which have been described above.
The rare-earth making up the hydroxycarbonate
(other than the additive) generally belongs to the
group of rare-earths which have no luminescent
15 property. Thus, this rare-earth making up the borate
may be chosen from the group cpmprising yttrium,
gadolinium, lanthanum, lutetium and scandium. It may
more particularly be.yttrium and/or gadolinium.
Moreover, the charaéteristics of particle
20 size, morphology, homogeneity and absence of
agglomeration which have been mentioned for the borates
of the invention are found in the precursors. These
pPrecursors may also be in the form_of whole particles
in the sense given above. Thus, everything which has
25 been described regarding the characteristics of the
borates also applies here.
As other novel precursors, the invention also

relates to an yttrium boron hydroxycarbonate and an



chosen from anti nony, bisnmuth and rare-earths. In the 15 | atter case,
the rare-earth(s) used as dopant are chosen fromthe group of
rare-earths with | um nescent properties and they are different from
the rare-earth maki ng up the borate. As dopant rare-earth, nention
may be nmade of cerium terbium eurppium thulium erbium 20 and
praseodym um Ter bi um and europi um are nore particul arly used. The
content of dopettriwm gaddlinivh boron hpdeokiraarbonaek belati ve to the
rare-earth borate matrix ([dopant]/[[err]REBd err]] ratio), [err]RE
representi ng a9reover qimrprigsingatehbiumd whpaht bageeclentiniescent bor ate.
In 25 the particular case of europiumand terbium the contents of
t hese el enent PEARETRiA %D thegreen Teghen. To ths pphdcdnid 50 %

respectively. .In the, case of thuliu the content of thuliumis
pre]PerabI y %etlﬁwﬁledge, no product of th:ir.ns type also havingi( 0.1

d1l % . . A di t ti.cul, nmbodi t, .the
?gr e-eart P borRERPRIRLG Crﬁcl‘%gﬁ?l’gﬁl?% %"gg{:a{igﬂbglﬁg to. Ir"g?’lné"ééﬁ one

el ement Choseny idfRadd [ 14l SRR bEMerbPum 255 Hb BedbdensoLLY™ 1t 19
50 %, this amount expressed as before.
Lastly, the latter precursor may also have a
dispersion index of not more than 0.8 and the same

10 cubic, parallelepipedal or spherical morphology as that
described above. It may, here also,'have the same
characteristics of particle size, homogeneity and
absence of agglomeration as those of the other
hydroxycarbonates of the invention.

15 On account of their properties, the borates
of the inventién and the terbium-doped yttrium boron
hydroxycarboﬁates described above, or as obtained by
the processes described above,'may be used as
.luminophores. They may bé used, in particular, in low-

20 voltage luminescence, in particular in the manufacture
of any device using this low-voltage luminescence, such
as screens with a field effect. These borates and
hydroxycarbonates moreover have lumiﬁescent properties
under electromagnetic exciﬁation in the wa#elength

25 range used in plasma systems.and in mercury wvapour
lamps. Thus, they can be used as luminophores in plasma
systems (visualization screen or lighting system) or in

trichromatic lamps.



conpri ses europiumas dopant and in that it has an em ssion intensity
maxi mumin the wavel ength ([err]) range ~ between 600 and 650 nm under
excitation at 254 nm The termem ssion intensity maxi numis
understood to nean 10 that the value of the integral of the curve:
intensity = f([err]) for values of f¢rr] from600 to 650 nm
represents the major part of the value of the integral of the sane

curve for values of [errjagtliy, Nthd NMOHEOLdn LAEsy | SéDA€es to rEQI ON.
Consequently, the borate according to this 15 enbodinent is a red

| unmi nophore, aifndlidsddnt alévided) of thé Ntyhé shavimgira sdréemiwdch av th
the | um nophores of . the sane conposition of the prior art which
essentially fielccmfifeat tfver examysl e cgimrorpdwdating tthe dyorates or

wavel engths | ess than 600 nm 20 The europiumcontent in the
borate of thi fydroxycanhatiates desquihed|dhovetonms Gotdined chyathe as
descri bed above. . Lastly, in this enbodinent, the rare-earth
el enent i & noPFsaasesIdqs9rihed iaheved/ I there i devisesosthe As
ot her enbodi nents, of .the invention, menti on may be pade of .

ceri um doped naphpRes are, Riaged An the ATXRERH RPILLEERE nFam
orthoborate, RoLh onergy e AT i SHYCIWE 1 AL ' 40T dopsd
to plasma systems or to mercury vapour systems in whose
manufacture the borates or the hydroxycarbonates may
10 take part. The use of the luminophores in the
manufacture of low-voltage luminescence devices or
"plasma systems takes place according to weli-knéwn
techniques, for example by.silk-screen printing,
electrophoresis or sedimentation.
15 Examples will now bé given.
EXAMPLES
Two types of precursors are used for ﬁhese
syntheses: a rare-earth carbonate Ln,(CO;);°-xH,0 and a
rare-earth hydroxycarsonate LnOHCO; (Ln = rare-earth).
20 These precursors are used in suspension in
water, the carbonate and the hydroxycarbonate having
been precipitated beforehand by reaction of ammonium
bicarbonate and aqueous ammonia with rare-earth
nitrates or co-nitrates, washed and then dried in the
25 oven (50°C).
A solution of boric acid is used as second
reactant.

The amount of carbonate is such that the



11 | ant hanum ort hoborate of aragonite structure. By way
of precursor of the borates which have just been described, the
invention also relates to a rare-earth boron hydroxycarbonate. 5
Thi s hydroxycarbonate is characterized in that it is in the form of
cubi c, parall el epipedal or spherical, particles and in that it has a
di spersi on i ndex of not nore than éﬁB Thi s

hydr oxycar bonghe e TR\, %\A%MHH&& is 16,2 3 2fdeti ¥Re AdafLESRNGEWNI ch
is of the sane type as t he dopants which have been descri bed above.

The rare-eartQeq@ki Ng up the hydroxycarbonate (ot her than the
additive) generally belongs to the group of rare-earths which have no
|l umi nescent 15 proper tphe Bittunt 65 Bbarie eacid D@kéaghuphatieaborate

may be chosen fromthe group conprising yttrium gadol i ni um

| ant hanum | usatiitailend®/doakitiirco id oletyained.nore particularly be yttrium
and/ or gadol i ni um Moreover, the characteristics of particle
20 size, 5norphol ogy, hdhsy@arocedunel t®sasmctobiows: " aggl onerati on which
have been nmentioned for the borates, of the invention are found in the
precursors. These Fhe fusRengisn £ CHEPPRAEROF 0P of whol e

particles “ ) .
hydroxycarbonate, introduced into the bottom of the

reactor tank, is heated to the desired temperature T
and stirred vigorously. The boric acid solution is
10 added (introduction time of about 30 min) using a
peristaltic pump and the reaction mixture is left
stirring for a further two hours counting from the end
of the addition. The precipitate obtained is filtered
off on a sinter funnel, washed with millipore water and
15 then dried in the oven at 110°C. The powder is finally
washed with a sufficient amount of dilute nitric acid
in order to remove any traces of cérbonate which has
not reacted completely.
The powder obtained is then calcined in a
20 muffle furnace (under air) at 1100°C for two hours.
All the compoﬁnds described hereinbelow have
the same crystallographic structure, determined by
X-ray diffraction: |
- before calcination: LnB(OH),CO,; (rare-earth
25 boron hydroxycarbonate, File 3CPDS 40-508)
- after calcination: LnBO, (orthoborate of
pseudo-vaterite structure, JCPDS 16-277).

In the examples, the particle size was



In the sense given above. Thus, everything which has 25 been described

regardi ng the characteristics of the borates al so applies here.

As ot her novel precursors, the invention also relates to an yttrium
boron hydroxycarbonate and an , 12
yttrium gadol i ni um boron hydroxycarbonatq_ bot h nor eover conpri sing
terbi um which have | um nescent propertles in the green region. To

the Applicant dﬁtermlnehn%\@cgiéﬂé.%l ; &r%'céb&f‘eﬁéhéléﬂQ& éisgghaving 5

| um nophori c properties exi erto. For th precursor, the

anount of ter RiewlnTele TRetine Gl po:.nte&Qm% thae eppunt expressed as
bef ore. Lastly, the latter precursor may al so have a

di spersi on i nie4sureiRhntas e b DndispersioR of OthéUPréduct in

par al | el epi pedal or spherical norphol ogy as that descri bed above. It
may, here al sagueaus Oh®5 &by weighthazediwn ilséxametdphasphate si ze,
honogenei ty and absence of aggl oneration as those of the other

hydr oxycabbonapdutdon: which dad @revikisly been sultheateduho passager

properties, the borates of the invention and the terbiumdo ed
yttrlun1b0r0nW1th an ultrasound probe (probe with an end piece 1

in diameter, 20 KHz, 120 W) for 3 minutes.
Examples 1 to 4 which follow relate to the
synthesis of europiqudoped yttrium orthoborate YBO,.

10 EXAMPLE 1

The precursor used is a mixed carbonate of
yttrium and of europium. The final composition aimed at
is ¥, gEu, ,BO;. |

The attack temperature T = 70°C and the ratio

15 [B]/[Lm] = 1.5.

Characteristics:

Before calcination, the product is in the
form of small cubes with an average Cilas diameter of
2 pym and a dispersion index o/m = 0.6.

20 After calcination, the morphology and the
size are conserved but with a sliéhtly higher
dispersion index o/m = 0.7.
| Figure 1 is a graph giving the emission
intensity as a function of the wavelength for this

25 borate under excitation at 254 nm.

EXAMPLE 2

Example 1 is repeated, but with an attack

temperature of 90°C.



hydr oxycar bonat es descri bed above, or as obtai ned by - the processes
descri bed above, may be used as | um nophores. They may be used, in
particular, in low 20 voltage |um nescence, in particular in the

manuf act ur e of any device using this | owvoltage | um nescence, such
as screens wth a field effect. These bo&gtes and hydr oxycar bonat es
nor eover have | um nescent properties under el ectronmagnetic excitation
in the wavelength 25 chakdetésddijlaghl asma systenms and in mercury vapour

| anps. Thus, they can be used as .I um nophores in plasna systens

(visualization screen opelfogal bl c3%aitddh,0the! product rJ.'sC'lrzprEi:fé c lanps.
13 Lastly, the invention also rélates to um nescent

devices, of tBermypf kaullgcabes’ @dthVahhaverage cil@lsd @fafitied W exanpl e
i ncorporating the borates or hydr oxycar bonat es descri bed above or as

obt ai ned by theum 8ngracdisperddsear ilndédxalbgwe = I0n4t.hese devices, the
| um nophores- are placed on the screens subjected to | ow ener gy
excitatioh. Sinmlarly, Afternvedrivatienatéhe morphiodogyasimn esytsitraly or to

mercury vapour systens in whose
conserved (o/m = 0.4).

EXAMPLE 3
The precursor used is a mixed
hydroxycarbonate of yttrium and of eurcpium. The final
10 composition aimed at is Y; gEu, ,BO,.
The attack temperature is 70°C and the ratio
[B]/[Ln] is 1.05. |
Characteristics:
Before calcination, the product is in the
15 form of small cubes with an average Cilas diameter of
3 pym and a dispersion index o/m = 0.5.
After calcination, the morphology and the
particle size remain unchanged but the dispersion index

is 0.6.

20 | EXAMPLE 4
Example 3 is repeated, but with an attack
temperature of 40°C.
Characteristics:
Before calcination, the product is in.the
25 form of small cubes with an average Cilas diameter of

1 um and a dispersion index ¢/m = 0.6.



manuf acture the borates or the hydroxycarbonates may 10 take part. The
use of the |um nophores in the manuf acture of | ow vol tage

| um nescence devices or pl asma systens takes place according to

wel | - known t echni ques, for exanple by silk-screen printing,

el ectrophoresis or sedinmentation. 15 " Examples will now be

gi ven. EXAMPLES Twoltypes of precursors are used for

t hese synt heses: a,f - eant Honat r ]xHerr]O
and a rare-earth hf&?z(r)e%y%%‘rlb%réﬁqel %Oﬁemrﬁgé{l%eré%%ét h)y. 20

These precur soLg Aad g but" tﬁx‘é’sm%?él%ii&: index e .7t he carbonate and

't he hydr oxycar bonat e “havi ng en precipitated beforehand by reaction
of ammoni um bi carbonat e and aqueous anmmonia with rare-earth
nitrates or co-nitrates, washed and then dried in the 25 oven
(50[err] Q). ExXaMPI3plsuti on of boric acid is used as second
react ant. The anpbunt of carbonate is such that the
14 rare-earth concalisatexanpgle Gdldtad ttoy thee saduilesis odf a

5 europium-doped mixed orthoborate of yttrium and of

gadolinium (YGd)BO;.

The precursor used is a mixed carbonate of
yttrium, of gadolinium and of europium. The final
composition is Y, ,5Gd, 45Eu,.;BO0;.

10 The attack temperature is 70°C and the
stoichiometric ratio [B]/[Ln] used is 1.05.

Before calcination, the product is in the

form of small cubes with an average Cilas diameter of
15 1.5 pym and a dispersion index o/m = 0.5.

After calcination, the morphology and the

size are unchanged (¢/m = 0.5).

EXAM?LE 6
This example relates to the synthesis of a
20 terbium-doped yttrium orthoborate YBO,;.

The precursor used is a gixed carbonate of
yttrium and of terbium. The final composition aimed at
is ¥, gTb, ,BO;. |

The attack temperature is 70°C and the

25 stoichiometric ratio [Bl1/[Ln] used is 1.5.

Characteristics:



aci d. The amount of boric acid is such that a

suitable B/Ln ratio is obtained. 5 The procedure is as

fol |l ows: The suspension of carbonate or of

hydr oxycar bonate, introduced into the bottom of the reactor tank, is
heated to the desired tenperature T nd stirred vigorously. The boric

acid solution is 10 added (introduction time of about 30 mn) using a

peristaltic punp and thed rcﬂéﬁ$é?§%§£&51Sth%;bfﬁgugédi%!QBFQ%ﬁior a

further two hours counting I tion.

preci pitate OEANME ighndll (GIck with 2hfaP8ragel Bighsl WilGletetadized Wi th

mllipore water and 15 then dried in the oven at 110[err]C. The.powder
is finally 1.5 vyashal W (dispsrdidsi EnderNBpAL =00 .i.| The shiphidducaci d
in order to renove any traces of carbonate which has not reacted
conpletely. has the charactiéwigoicefeathrenef beinbelumdibhescethti ina 20
muf fl e furnace (under air) at 1100[err]C for two hours. Al
t he conpodnds ties grded regiombdivectiycafter drigdngamt 31PSCal | ogr aphic
structure, determ ned by X-ray diffraction: ' - before
cal ci nation: LnB(OH) [ er Aftgrereal¢inationy t hhe2norphedogyhF@@incar bonat e,
File JCPDS 40-508) - after calcination: LnBG3 (orthoborate
of unchanged (¢/m = 0.7). _
EXAMPLE 7

‘This example relates to the synthesis of a
10 terbiuﬁ-doped mixed orthoborate of yttrium and of
gadolinium (YGd)BO;. |
The precursor used is a mixed carbonate of
yttrium, of gadolinium and of terbium. The final
composition aimed at is Y, ,Gd, ,Tb, ,BO;.
15 The attack teméerature is 70°C and the
stoichiometric ratio [B]/[Ln] used is 1.5.
Characteristics:
Before calcination, the product is in the
form of small cubes with an average Cilas diameter of
20 1.5 pm and a dispersion index o/m = 0.6. This product
has the characteristic feature of being luminescent in
the green region directly after drying at 110°C.
After calcination; the morphology and the
size are unchanged but the dispersion index o/m is

25 equal to 0.7.

EXAMPLE 8



pseudo-vaterite structure, JCPDS 16-277). In the exanpl es,
the particle size was 15

determ ned according to the abovenentioned Ci | as technique. It is
further pointed out that the measur enent was made on a di spersion of
the product in aqueous 0.05 % by j ght sodi um hexamet aphosphat e 5
sol ution which had previously been subjected to passage with an

ul trasound probe (probe i é&ﬁ;ﬂ pi-@f&'t £ £h 20 KHz,
120 W for 3 mnutes. H é1%es 1 t% ﬁ Pghgg‘sf’?ow rel ate

to the %&mmfoﬁﬁmméq&s’eamwnaeﬂ{iﬁbaﬁate YBJerr]. 10
EXAMPLE 1 he precursor used is a m xed carbonate of

yttrium.and of ﬁgéuam“ﬂ',he final conposition ained at S
Y[err]Eu[err]qurr] - The attack tenperature T = 70[err]C
and the ratio 15 [B]/[thd prdcursor used is a mixé&#acarbenatei of:
Before cal cination, the product Is in the formof small cubes with an
average CS as giidelbdumf cerium andrpiasesdynianspThei anaddex [er r] /m=
0. 6.
composition aimed at is Gd; Ce, osPry 5BO;.
The attack temperature is 70°C and the
stoichiometric ratio [B]/[Ln] used is 1.5.
Characteristics:
10 Before calcination, the product is in the
form of small cubes with an average Cilas diameter of

4 um and a dispersion index o/m = 0.5.

EXAMPLE 9
This example relates to the synthesis of a
15 gadolinium orthoborate doped with cerium and terbium.
The precursor used is a mixed carbonate of
cerium, gadolinium and praseodymium.
The final composition aimed at is
Ceg.38dy 5Tbg 2BO;.
20 The attack temperature is 70°C and the
stoichiometric ratio [B]/([Ln] used is 1.5.
Characteristics:
Before calcination, the product is in the
form of small cubes with an average Cilas diameter of

25 4 um and a dispersion index ¢/m = 0.5.

EXAMPLE 10



20 After calcination, the norphol ogy and thé size are

conserved but with a slightly higher di spersion index [err]/m= 0.7.
Figure 1 is a graph giving the em ssion intensity as a function of

t he wavel ength for this 25 borate under excitation at 254 nm

EXAMPLE 2 Exanple 1 is regpated, but with an attack
tammauUeprMeH]C 16
Characteristics: xample {gﬁfgﬁhéfgawrgﬁtoghetgﬁhggfd gt is in the
formof small cubes mnth an average ["as di ameter of err]mand a_
di spersion i Nn¢R%ediRdd ldue wHiYe £l¥shing with n1£§$§5ncﬁ$Qé§a€60n the

nmor phol ogy is entirely conser ved %[err]/n1— .

EXAMPLE 3 remove the CO,lForiiedl duifiing! Xk Ifea’:btﬂild!ﬁdnore quickly.
hydroxycarbonate of yttrlun1and of europium The final 10 conposition
aimed at is Y[Dhe gardeicl]dJobtdined are of finer particle size than
. 5 in the absence of flushing.
. Characteristics:
Before calcination, the product is in the
form of small parallelepipedal grains with an average
Cilas diameter of 1 um and a dispersion. index
10 -o/m = 0.7.
After calcination, the morphology is
conserved. The average Cilas diameter changes to 1.5 um

whereas the dispersion index remains unchanged

{o/m = 0.7).

15 | EXAMPLE 11
The same product as that of Example 1 is
prepared, but the mode of synthesis consists in
attacking a mixed carbonate of yttrium and of europium
(freshly precipitated) directly in the mother liquors
20 from precipitation. Boric acid in crystalline form is
then added thereto and the mixture is heated at 70°C
with stirring (2 hours). The rest of the process is
identical to the general procedure.
Characteristics:
25 Before and after calcination, the product is
in the form of small spheres with an average Cilas

diameter of about one micron and are very monodisperse



The attack tenperature is 70[err]C and the ratio [.B]/[Ln] |s 1. 05.

Characteristics: Before cal cination, the product is in the
15 formof small cubes with an average Cilas dianeter of 3 [err]m
and a dispersion index [err]/m= 0.5. After cal cination,

t he nor phol ogy and the particle sizgyremain unchanged but the

di spersion index s 0.6. 20 EXAMPLE 4

Example 3 is regpaptede Hpt With an attack tenperature of 40[err]C
Characteri stics: Before cal cination, the product is in the
25 formof small cubes with an average G| as di aneter of 1 [err]m
and a dispersion index [err]/m= 0.6.

17 Af t erEXaMBLBai2on, the norphol ogy remains

unchanged but the dispersion index is 0.7. EXAMPLE 5

This example relates to the synthesis of a
cerium-doped gadolinium orthoborate GdBO,.

5 The precursor used is a mixed carbonate of
gadolinium and of cerium. The final composition is
Gdy_55Ceq. 05803 -

The attack temperature is 70°C and the
stoichiometric ratio [B]/[Ln] used is 1.5.

10 : Characteristics:

Before calcination at 1100°C under air, the
product is in the fonm of small cubes with an average
Cilas diameter of 2.2 um and a dispersion index
o/m = 0.6. |

15 | After calcination, the morphology remains

unchanged. The product has a pseudo-vaterite structure.

EXAMPLE 13
This example relates to the synthesis of a
thulium-doped lanthanum orthoborate LaBO;.
20 The precursor used is a mixed carbonate of
lanthanum and of thulium. The final composition is
Lag, 59Tmg 01B0;.
The process is carried out as in Example 12.
Characteristics:
25 Before calcination, the product is in the

form of slightly agglomerated platelets with an average



This exanple relates to the synthesis of a 5 europi umdoped m xed

orthoborate of yttrium and of gadolinium (Y&)Bderr].

The precursor used is a m xed carbonate of yttrium of gadolinium and
of europium The fi nal conposition is Y[err]Gd[err]Eu[err]Bderr].

10 The attack tenmperature is,f0[err]C and the

stoichionetric ratio [B]/[Ln] usedile%

Characteristicsilas size of 4.8 umBgha's ﬁﬁhﬁb%&b&“fmﬁ%‘g‘ 9{/%9”“ in the

formof small cubes with an average Clas dianeter o 5 [€rr]™m and
a dispersion index [err]AftérOc&lcination at 1100°cAfuh§ezC@f:' ngipn. the

nmor phol ogy and t he size are unchanged ([err]/m=
EXAMPLE 6 morphology remainscundhargedlates to the synt hesis of a 20
ter bi um doped yttrium orthoborate YBg err]. The precursor
used is a m xed carbonate of yttriumand of terbium The final
conposition ained at is Y[err]Tb[err]BJerr]. The
attack tenperature is 7BEAMBLEAIH the 25 stoichionetric ratio [B]/[Ln]
used is 1.55. ) Characteristics:

This example relates to the synthesis of a

thulium-doped gadolinium orthoborate GdBO, .

' The precursor used is a mixed carbonate of
gadolinium and of thulium. The final coﬁposition is
Gdy.99Tmg_ 01805

10 The attack temperature is 70°C and the
stoichiometric ratio [B]/[Ln] used is 1.5.
Characteristics:
Before calcination, the product has an
average Cilas diameter of 2.1 um and a dispersion index
15 c/m = 0.6. After calcination at 1100°C under air, the

morphology remains unchanged.



18 Bef ore cal cination, the product is in the f or m of
smal | cubes with an average C |l as dianeter of 1.5 [err]mand a

di spersion index [err]/m= 0.7. This product has the characteristic
feature of being luminescent in 5 the green region directly after drying

at 110[err]C After calcinagtion, the nDrphoI r enai ns
unchanged ([ef"?/97,26?¥¥. §§ EXAVPLE 7 28&97’°°°‘3h|s
exanple relates to the synthesis of a ﬁéblun}doped m xed orthoborate
of yttrium and of gadol i ni um ( Y&) r]. The
precursor used is a m xef, carRepalgaftn bora¥&trbHH}a9E39§g8h'Qhughggd of
terbium The final conposition ained at

Ylerr]Gd[ err] Thf eid | £ €hé ] formSof cubic, paIQElélE thelgiipgrature is
70[err]C and the stoichionetric ratio [B]/[Ln] used is 1.5.

Characteri sti capherical particledeandcifiathataitORast AcdRbpd¥siohs i N the
formof small cubes with an average C | as dianeter of 20 1.5 [err] mand
a di spersi®dn iintlex [ef riétn mode Gthani 6. i oduct has the characteristic
feature of being |um nescent in
2. Borate according to claim 1,
characterized in that it moreover comprises, as dopant,
at least one element chosen from antimony, bismuth and
rare-earths other than that making up the borate, it
10 being possible for the dopant rare-earth more
particularly to be cerium, terbiuﬁ, europium, thulium,
erbium and praseodymium.
3. Borate according to either of the
. preceding claims, characterized in that the rare-earth
15 mak;ng up this borate belongs to the group comprising
yttrium, gadolinium, lanthanum, lutetium and scandium.
4. Borate of at least one element chosen
from yttrium, gadolinium, scandium and lutetium
according to one of the preceding claims, characterized
20 in that it comprises europium as dopant and in that it
has an emission intensity maximum in the wavelength
range between 600 and 650 nm under excitation at
254 nnm.
5. Borate according to the preceding claim,
25 characterized in that the abovementioned element is
yttrium and/or gadolinium.
6. Borate éccording to one of the preceding

claims, characterized in that it has an average



the green region directly after drying at 110[err]C After
cal ci nation, the norphol ogy and the size a t he

di spersion index [err]/mis 25 equal to 0.7. I-hSSHEET]HASB- r"PLE 8

19 This exanple relates to the sjynt

gadol i ni um ort hobor ate doped wi th cerlun1$£d “"“““““""‘“m

The precursor used is a m xed carbonate o 5 gadollnlun1 cerium and
praseodym um o]

Gd[err] Ce[err] err{%&lze of BHRbL ghghngghéﬁattack tenperature is
70[err]C and the 5 Oi c%&f&éélaceaiaﬂ GELLbHb UFCtnbSplededing

Characteristics: 10 Bef ore cal cinati on, e product IS |n t he

formof small caxiess Wdﬁhﬁb@dﬁi&& fh! eRadi 28EhES afcontent4okerr] mand a
di spersi on i ndex [err]/m—O XAMPLE 9

dopant element of not more than 50 mol%.

5 8. Rare-earth boron hydroxycarbonate,
characterized in that it is in the form of cubic,
parallelepipedal or spherical particles and in that it
has a dispersion index of not more than 0.8.

9. Hydroxycarbonate according to claim 8,

10 characterized in that it moreover comprises at least
one element chosen from antimony, bismuth and rare-
earths other than that making up the hydroxycarbonate.

10. BHRydroxycarbonate according to claim 8 or
9, charactérizéd in that the rare-earth making up this
15 hydroxycarbonate belongs to the group comprising
| yttrium, gadolinium, lanthanum, lutetium and scandium.
11. Yttrium boron hydroxycarbonate or
- yttrium gadolinium boron hydroxycarbonate, also
comprising terbium, ﬁaving luminescent properﬁies.

20 12. Hydroxycarbonate according to claim 11,
characterized in that it has a dispersion index of not
more than 0.8.

13. Hydroxycarbonate according to claim 11
or 12, characterized in that it is in the form of

25 cubic, parallelepipedal or spherical particles.

~ 14. Process for the preparation of a rare-
earth boron hydroxycarbonate, characﬁerized in that a

rare-~earth carbonate or hydroxycafbonate is reacted

This Sheet Has Been Re;
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This exanple relates to the synthesis of a 15 gadol i ni um ort hobor at e
doped with ceriumand terbium The precursor used is a

m xed car bonat e of cerium gadolinium an
The final conposition ainmed at is Ce[errﬂéﬁfeﬁgﬁgﬁnéggFﬁcf%r] .20
The attack tenperature is 70[err]C and thg

[B]/[Ln] used is 1.5. Characteristics:

Bef ore cal ci nitRbotie aéﬂdvcahbSrbacfch%n mediundBitg SIR thé UaSSmW th an
average Gl as dianeter of 4 [err]mand a dispersion index [err]/m=
0.5. of an aqueE%ANBbEuﬁQon.

20 Exanple 1 is repeated, but the attack is carried
out while flushing withiSitrpgecess fort the prepaxabior lvef GOxerg-f or mned
during the reaction nore quickly. The particles obtained are of finer
particle sizeea¥tin boBate, t tbancterdzed finudhatya rare-earth

Characteristics: Before cal cination, the product is in the
5 carbonate or hydroxycarbonate is reacted with boric

acid, the reaction medium being in the form of an
agueous solution, and the reaction product is calcined.
16. Process according to claim 14 or 15,
characterized in that the reaction medium is formed
10 using water in a water/boric acid + carbonate mass
ratio of at least 300 2, more particularly of at least
1000 %.
17. Process according té claim 14, 15 or 16,'
characterized in that the'reaction is carried out while
15 removing the CO, formed.
18. Process accordipg to one of claims 15 to
17, characterized in that calcination is carried out at
a temperature between 500 and 1100°C, preferably under
air. |
20 19; Process according to one of claimsg 14 to
18, characterized in that boric acid is reacted with
the rare-earth carbonate or hydroxycarbonate in the
- mother ligquors thereof.
20. Use, as a luminophore, of a borate
25 according to one of claims 1 to 7 or of a borate
obtained by the process according to one of claims 15

to 19 or of a hydroxycarbonate according to one of

claims 11 to 13.
- This Sheet Has Been Reﬁac
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formof small parallelepipedal grains with an averageA_____,_' S 4li anet er

of 1 [err]mand a dispersion index 10 [err]/ =0T

After calcination, the norphology is consée . soED age Qi | as
di aneter changes to 1.5 [err]m wher eas t he\\di spersiesFndex renai ns
unchanged ([err]/m=0.7). 15

The same product as that of Example 1 |s prepared, but the node of
synthesis consists in C onat f m and of
eur opi um (freshly pr ‘eci pél%la{ﬂegld)ghl ?%ﬁéf@ #il ?r%‘?h‘é%ii:gﬁﬁor S

from preci pi t guniheddtnde Efﬂ%i %ﬁéﬁé‘%éq@éﬁchromaéf En added

thereto and the mxture 1s heat [err] h stirring (2
hours). The r asimgy, t&le@W@eIa%cordmﬂ?@td,ﬁalofociéaﬂngeﬂeeal7 or

procedure. Characteristics: 25 Bef ore and
after cal ci natofora Bd¥aty Gbidinéd by theé pidceddraecdrding| t6p6ReESEW th
an average G| as di aneter of about one mcron and are very

nonodi spelSse claims 15 to 19 or of a hydroxycarbonate according to
one of claims 11 to 13.
22. Device using low-voltage luminescence,
characterized in that it comprises a borate according
‘to one of claims 1 to 7 or a borate obtained by the
10 process according to one of claims 15 to 19 or a
hydroxycarbonate according to one of claims 11 to 13.
23. Plasma system, chﬁracterized in that it
comprises a borate according té one of claims 1 to 7 oxr
a borate obtained by the process according to one of
15 ciaims 15 to 19 or a hydroxycarbonate according to one
of claims 11 to 13.
24. Trichromatic lamp, characterized in that
it comprises a borate according to one of claims 1 to 7
or a bor#te obtained by the process according to one of
20 claims 15 to 19 or a hydroxycarbonate according to one

of claims 11 to 13.
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21 ([err]/m= 0.5). EXAMPLE 12 Thi s
exanpl e relates to the synthesis of g1, 1/1ceriumdoped gadolinium

ort hobor at e WRiH36312 | . 5 The precursor used is BCRHFRI®H0069
car bonat e of gadol i nium and of cerium The final conposition is
Gd[err]Ce[err]BJerr]. The attack tenperature is 70[err]C
and the stoichionetric ratio [B]/[Ln] used is 1.5. 10
Characteri stics: Before cal cination at 1100[err] C under
air, the produ&h‘is in the formof snall cubes with an average
C | as dianeter of 2. efT]m and; a alspe'sm'n"l-fn X "= = 0. 6.
15 After calgination{ the nofphol ogyiremi ns uhchanged.
The product has a pseudofvateritg structre. EKAMPLE 13
This exanple relates to fhe synthesis off-a t hul i unt doped | gnt hanum
orthoborate LaB(Jerr]. RO The precugsor used is a njxed
car bonat e of I@%mmmm S
La[err]Tn{err]Bderr]. [} The proceg$s is cajried ouf as in
Exanpl e 12. i
h p
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Characteristics: 25 Bef ore cal ci nati on, ‘%he—pLOdUQL IS in the

formof slightly agglonerated platelets with an avera

22 Cilas size of 4.8 [err]mand a dispersion in lmw ”"E

After calcination at 1100[err] C under air, the '
S

unchanged. EXAMPLE 14 Thi's Bxahpl®e
relates to the synthesis of a thul?ﬁn}doped gadol i ni um ort hobor at e
GdBJ err]. The precursor used is a pixed-carbonate, of
gadol i nium and of thulium The final conposition is
Gd[err] Tnferr]Bgerr]. 10 The attack tenperature ,§ 70[err]C
and t he stoichionetric ratio [B]/[Ln] used is 1.5.
Characteri stics: Bef ore cal ci nation, the oduct has an
average Cilas dianmeter of 2.1 [err]mand a dispersion isdex 15 [err]/m=
0.6. After calcination at 1100[err] C under air, the nor phol ogy
remai ns unchanged.

5

1o

10. Hydroxycarbbnﬁte according to claim 8 or
9, characterized in that the rare-earth making up this
hydroxycarbonate belongs to the group comprising

15 yttrium, gadolinium, lanthanum, lutetium and scandium.

11. Yttrium boron hydroxycarbonate or
yttrium gadolinium boron hydroxycarbonate, also
comprising terbium, having luminescent properties.

12. Hydroxycarbonate according to claim 11,

20 characterized in that it has a dispersion index of not
more than 0.8.

13. Hydroxycarbonate according to claim 11
or 12, characterized in that it is in the form pf
cubic, parallelepipedal or spherical particles.

25 14. Process fof the preparation of a rare-
earth boron hydroxycarbonate, characterized in that a

rare-earth carbonate or hydroxycarbonate is reacted
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iC![_AiI E/Bi n the form of cu%i c, Rg;(raéfa?ref gpibgreggf’ o(r:har ac“mmmm"ﬂ' W“H,cl es
.08 *

and in that it has a dispersion 5 i ndex of not notre ¢han

2. Borate according to claiml1, @waracterized in that it noreover
conpri ses, as dopant, at | east one el enment chosen from antinony,

bi snuth and with bakécecacids @heerdatiiddaiediih Weligt D8 R&aESmMIt 10 -
bei ng possible for the dopant rare-earth nore particularly to be
cerium terbi off anuagpestts sbluticn. er bi um and praseodymnmi um

3. Borate according to either of the precedi ng clainms, characterized

in that the rare-earth 185 RPelocepsufdhithe prapaiatbogsof oathargroup
conpri sing Kttriunl gadol i nium_|ant hanum |utetium and scandi um

4. Bor at e ofaxkh| beratenc chrgmsterizasin that fa gmxetrean®h gadol i ni um
scandi um and | utetium according to one of the precedi ng clains,

char act er Pzedcashonats of; byProseRy turighixpackedopite Berien that it
has an em ssion; 5N ¢S’ LaalRion Medivn befhs £ %tle form of an
aqueous solution, and the reaction product is calcined.
16. Process aécording to claim 14 or 15,
characterized in that the reaction médimm is formed
10 using water in a water/boric acid + carbonate mass
ratio of at least 306 %. |
17. Process according to claim 14 or 15,
characterized in that the reaction medium is formed
using water in a water/boric acid + carbonate mass
15 ratio of at least 1000 %.
18. Process according to one of claims 14 to
17, characterized in that the reactioh is carried out
while removing the CO, formed.
18. Process according to one of claims 15-to
20 18, characterized in that calcination is carried out at
a temperature between 500 and 1100°C, preferably under
air. -
20. Process accoxrding td one of c;aims 14 to
19, characterized in that boric acid is reacted with
25 the rare-earth carbonate or hydroxycarbonate in the
mother liquors thereof.
| 21. Use, as a luminophore, of a borate

according to cne of claims 1 to 7 or of a borate
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rénge bet ween 600 and 650 nm under excitation at '254 nm

5. Borate according to the preceding claim 25 —ehafacrerrféaﬂrﬁ—Fﬁat

t he abovenentioned el enent is yttrium and/ or ga

6. Borate according to one of the preceding m“H“‘“E“H “a“ um zed in
that it has an average - ,

5 10 10. Fwﬁ?oxycarbonate accordlng to claim38

or with boric acid, the reaction medium being in the form

of an agqueous solution.

15. Process for the pfeparation of a rare- .

earth borate, characterized in that a rare-earth

5 carbonate or hydroxycarbonate is reacted with yoric
acid, the reaction medium being in the form of an
aqueous solution, and the reaction product is calcined.

16. Process according to claim 14 or 15,
characterized in that the reaction médium is formed

10 using water in a water/boric acid + carbonate mass
ratio of at least 300 %.

17. Process according to claim 14 or 15,
characterized in that the reaction medium is formed
using water in a water/boric acid + carbonate mass

15 ratio of at least 1000 %.
is8. Pr&éess according to one of claims 14 to-
17, characterized in that the reaction is carried out
‘while removing the CO, formed.
19. Process according to one of claims 15 to
20 1s, characterized in that calcinatioﬁ is carried out at
a temperature between 500 and 1100°C, preferably under
air.

20. Process according to one of claims 14 to
19, characterized in that boric acid is reacted with

25 the rare-earth carbonate or hydroxycarbonate in the
mother liquors thereof.

21. TUse, as a luminophore, of a borate

according to one of claims 1 to 7 or of a borate
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9, characterized in that the rare-earth making up this
hydr oxycar bonate bel ongs to the group conpri si ng’m—u’m' gadol i ni um

| ant hanum [ utetium and scandi um _ mmmnt

hydr oxycar bonate or - yttrium gadol i ni um boro mmgm aI o)
conprising terbium having | um nescent prggertles * 0 C

Hydr oxycar bonat e according to claim11, characterized in that |t has

a di spersion iggex th EE tQ@@ Qal £ £ clains 15
Hydr oxycar bonate accor I'hg t?) % 38 s ° ng ° mT1ar¢'actcer| zed |n t hat

it isinthe fi% ni@for of a%ﬁ?&fox?é&ébbﬁh%l&' B@@rﬂn&%%ﬁé"o@a” icles.
25 . Process for the preparation of a rare- earth

bor on hydroxyoam&ﬂﬁat£1 gbaracterized in that a rare-earth carbonate
or hydroxycarbonate is reacted 25
Wi th boric acid, the rea2z2ionused as hcllaginophord dmnlow-valtage agueous
sol uti on. 15. Process for the preparation of a rare-
earth bordie, Iiminescencedinnplasamassystemsaczh in Trigchobomettic or
hydr oxycarbonate is reacted wth boric acid, the reaction nmedi um bei ng
in the form oflamps, of a borate according to one of claims 1 to 7 or
of a borate obtained by the process according to one of
claims 15 to 20 or of a hydroxycarbonate according to
one of claims 11 to 13.
10 23. Device using low-voltage luminescence,
characterized in that it comprises a borate according
to one of claims 1 to 7 or a borate obtained by the
process according to one of claims 15 to 20 or a
hydroxycarbonate according to one of claims 11 to 13.
15 24. Plasma system, characterized in that it
comprises a borate according to one of claims 1 to 7 or
a borate obtained by the process according to one of
claims 15 to 20 or a hydroxycarbonate according to one
of claims 11 to 13.
20 25. Trichromatic lamp, characterized in that
it comprises a borate according to one of claims 1 to 7
or a borate obtained by the process according to one of

claims 15 to 20 or a hydroxycarbonate according to one

of élaims 11 to 13.
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aqueous sol ution, and the reaction product is calcined. 16.
Process according to claim 14 or 15, characterized in that the
reaction nediumis fornmed 10 wusing water in a water/boric acid +

carbonate mass ratip% %L@W%ifﬂﬂ?&q"?ﬂscw L PROPERTY 7. Process
according to claim14 or 15 aslt @rficged in that the reaction
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a f 2 Imervtioon] sl atig oo SSREO) BV CRTBRIR AL I G4 W 15 1 3,
chgracterized in that boric acid is rea¢ted wmfles, 6ibIe. Iwhey, Marie: erisEN]
carnb@RatleemationyyFibiey dde:honat e Friagupr 19971 npther |iquors thereof.

. .97 . :
21. (lélse,n as 1a | um nophore, of a bora%e) according to one of clains 1
j iority: DE
to | 790 DO B B oary 096 (17.01.96) R AVENDED SHEET

(71) Applicant (for all designated States except US):
RHONE - POULENC CHIMIE [FR/FR]: 25, quai Paul-
Doumer. F-92408 Courbevoie (FR).

(72) Inventors: and Published
(75) Inventors/Applicants (US only): Denis HUGUENIN With the International Search Report.
[FR/FR]: 12, rue Poncelet, F-92600 Asniéres-sur-

Seine (FR). Pierre MACAUDIERE [FR/FR]: 9, rue de
1'Eglise, F-92600 Asniéres-sur-Seine (FR).

(74) Representative: Philippe DUBRUC: Rhdne-Poulenc
((:2;:;11‘& 25, quai Paul-Doumer, F-92408 Courbevoie

As printed
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(54) Titre: BORATE DE TERRE RARE ET SON PRECURSEUR, LEURS PROCEDES DE PREPARATION ET L'UTILISATION DU
BORATE COMME LUMINOPHORE

(57) Abstract

The present invention relates to a rare earth borate, a precursor thereof, their preparation processes and the use of such borate as
luminophore. The rare earth borate and its precursor are characterized in that they are provided in the form of cubic, parallelepipedic or
spherical particles and in that they have a dispersion index of at least 0.8. According to one embodiment of the invention, the borate is a
red luminophore. The process of preparing the precursor is characterized in that a rare earth hydroxycarbonate or carbonate is reacted with
boric acid, the reaction medium being an aqueous solution, The borate is obtained by calcining the precursor.

(57) Abrégé

La présente inveation conceme un borate de terre rare, un précurseur de celui-ci, leurs procédés de préparation et I'utilisation de ce
borate comme luminophore. Le borate de teme rare et son précurseur sont caractérisés en ce qu'ils se présentent sous forme de particules
c'qbiqu?. panailélépipediques ou sphériques et en ce qu'ils présentent un indice de dispersion d'au plus 0,8. Selon un mode de réalisation de
Finvention, le borate est un luminophore rouge. Le procédé de préparation du précurseur est caractérisé en ce qu’on fait réagir un carbonate
ou un hydroxycarbonate de terre rare avec de 1'acide borique, lc milicu réactionnel sc présentant sous forme d’une solution aqueuse. On
obtient le borate en calcinant le précurseur. : .




