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ALUM NATE PRECURSOR COWMPCQUNDS, THEI R METHOD OF PREPARATI ON AND THEI R USE

I'N PARTI CULAR AS PHOSPHOR PRECURSORS 5 The present

al kal i ne- earyid 2pos/n06g6earth metal al um nate pr ECLﬁép}Fﬂt{;ﬁp}m‘;d
met hod of preparation and to their use in particular as phosphor

precursors.
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various types o
These products are generally obtained from a mixture of
salts or oxides of various constituents by heating them
at high temperature in the presence of a fluxing agent
or flux. To obtain effective phosphors, this method of
preparation generally requires high temperatures,
especially above 1400°C, for example around 1600°C, and
results in products of large particle size often with a
very Dbroad particle size distribution. Additional
milling or deagglomerating operations are then needed

in order to obtain a product of smaller particle size.

There are also methods that result in phosphors by
aeroscl pyrolysis at calcinations temperatures for
example between 1400°C and 1500°C. These methods
provide products at lower temperatures, but directly
give phosphors of well-defined characteristics. Now, it
would be beneficial to be able to have an initial or
precursor product which, on the one hand, makes it
possible to obtain final products and/or phosphors at a
relatively low temperature and which, on the other
hand, offers the possibility of resulting, via a simple
heat treatment step, without the addition of raw
materials other than the flux, in products or phosphors



-2 whose characteristics can be varied and controlled, for exanple in terns
of their norphol ogy, according to the conversion conditions, especially
whether a flux is present or not. 5 The object of the invention is to
devel op such a precursor product. For this purpose, the alkaline-earth or
rare-earth 10 nmetal alum nate precursor conpound of the invention has the
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of the inventjon_ nay result,
the following characteristics:

- it has a composition given by the formulae:
a(M'0) .b(Mg0) .c(Al;03) (1)
or
15 a (M?0;.5) .b(Mg0) .c(Al,03) (2)
in which M! denotes an alkaline-earfh metal and M?
denotes yttrium or a combination of cerium and terbium,
and a, b and ¢ are integers or nonintegers that satisfy
the relationships:
20 0.25 £a<4; 0£b<2and 0.5 < ¢c £ 9;
- it is essentially crystallized in the form of a
transition alumina;
- it is in the form of substantially spherical
and chemically homogeneous particles; and
25 - these particles include pores, the mean
diameter of which is at least 10 nm.

The invention also relates to a method of preparing
such an aluminate precursor, which is characterized in
30 that it comprises the following steps:

- a liquid mixture comprising aluminum compounds
and compounds of the other elements involved in the
precursor composition is formed;

- said mixture is spray-dried; and

35 - the dried product is calcined at a temperature
of between 700°C and 950°cC.

The precursor compound of the invention may result,
depending on its composition, in a crystallized



depending on its conposition, in a crystallized - 3 product, especially a
phosphor, after calcination above 1200C. O her features, details and

advant ages of the invention 5 will becone even nore clearly apparent on
reading the follow ng description, giveg with reference to the appended
drawings in which: - figure 1 is an X-ray diagram of a precursor conpound

according t o%ﬁwéayeegbeeiai@y; al PRYERndr, S a3t f '@ LRl A HAbdhe
alum nate obtained by calcination of a precursor conmpound according to the
i nvention; -1f¥?%Ufe 37 is an SEM (scanni ng el ectron mcro- scopy) photograph

of a precursor conpound of the 15 invention; and - figure 4 is an SEM
phot ograph o n_alum nate ccording to the inventiagn. .In the rest of the
description,éYﬁ Tt ?%%ufg?e-gﬁ&?ﬁgsZ%HQEPQWanfégﬁﬁdéﬁgfggﬁ AR he
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term"specif1C sur e area S”under to fean specific surface
area det er m aeRehyedi dragengs atdsovpi€bn i n accordance with the ASTM D

3663-78 standard_drawg,4e on the hasiks, Qf, theaBramavs  EEtirssr Teller
met hod described in T%%uJournal of the r38 Ane??%an Chen?cal Soéf%g§y 60,
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precursor coapoonding tdethaventvennibas a
- figure 3 is an SEM (scanning electron micro-
scopy) photograph of a precursor compound of the
15 invention; and
- figure 4 is an SEM photograph of an aluminate

according to the invention.

In the rest of the description, the term “rare-earth
20 metal” is understood to mean the elements of the group
formed by yttrium and those elements of the Periodic
Table of Elements with atomic numbers between 57 and 71

inclusive.

25 The term “specific surface area” is understood to mean
the BET specific surface area determined by nitrogen
adsorption in accordance with the ASTM D 3663-78
standard drawn up on the basis of the Brunauer - Emmett
~ Teller method described in The Journal of the

30 American Chemical Society, 60, 309 (1938).

The term “phosphor” is understood to mean any product
that can emit light after having undergone excitation.

35 It should be pointed out that in the rest of the
description, unless otherwise indicated, in the ranges
of values given, the values at the limits are included.



conposition given by the above fornulae (1) and (2). In the products of
formula (1), the alkaline-earth 5 netal nay nore particularly be barium
calciumor strontium The precursor conpounds of formula (1) may
furthermore contain, in a known manner,, additional elenments, called 10
"substituents”, as these elenents are regarded as partially substituting

for the consiibuens £l amts Minpollaand, . (Faese substidti ops make it

possible in particular to nodify the optical properties of the products
resul ting freaTPAELELAPOTRUSROPYL KBS| AbEHE SATMELaEX 4Apl 88Iof( 2P hese
substituents wll be given below for each constituent el enent on the basis
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means that i n\r/\rg’%F% OO B Gt sqfdet%fjﬁg‘ugé‘opélgf zﬁh?h§h]§f£LHh?‘??ﬁ%ti on if
a substi tuentetle@scrmbpd forea parveoutansyi tiventbettuent ¢aléhamh or
subsequentlysg£0H99 to be a substitution for a constituent el enent other

than the one pr%sun%%'in the present description. 25 Thus, the
al kaline-earth nmetal may be partly substituted with at |east one rare-earth

metal , whi chrpgey e8necha! | bR BIHOR HMEoRRTY M UM and, dysPrositiie it
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products resulting from the compounds of the invention.
15
Examples of these substituents will be given below for
each constituent element on the basis of what is
commonly accepted at the present time in the prior art.
This means that it would not be outside the scope of
20 the present invention if a substituent described for a
given constituent element in fact subsequently proved
to be a substitution for a constituent element other
than the one presumed in the present description.

25 Thus, the alkaline-earth metal may be partly
substituted with at least one rare-earth metal, which
may especially be europium, neodymium and dysprosium,
it being possible for these elements to be taken
individually or in combination. Likewise, magnesium may

30 be partially substituted with at 1least one element
chosen from zinc, manganese and cobalt. Finally,
aluminum may also be partially substituted with at
least one element chosen from gallium, scandium, boron,
germanium and silicon.

35
The quantities of these substituents may vary, in a
known manner, within wide ranges, however they must be
such that, for the maximum values, the crystallographic

structure of the transition alumina of the precursor



conpound i s maintained, which structure constitutes another feature of this
precursor and will be described below Mreover, the m ninum quantity of
substituent is that bel ow which the substituent no | onger produces any 5
effect. However, in general the quantity of substituent for ML and for
nmagnesiumis at nost 30% nore particularly at nost 20% and even nore
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Sro. 98Eu0. 01Dy0. 01AI 204; Ba0. 98Eu0. 02Al 204; Cao. 99Euo. 01A1204;

Ca0. 98Eu0. 01Ndo. 01AI 204; Bao. 9REuo. 02A112019; Bao. 99Mnho. 02A112019;
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substituent may be at least 0. l% for example.

15
Examples of aluminate precursor compounds of formula
(1) that may be mentioned include more particularly
those for which a =1, b = 0 and ¢ = 1, 6 or 7, and in
particular the products of formula: Srg 99EUg.01A1204;
20  Sro.98Eup.01DY0.01A1204; Bag.9sEug.02A1,04; Cap.99EUp.01A1,04;
Cap.98Eup.01Ndg.01A1204; Bao.9sEup.02A112019;  Bag.9sMng.g2A112019;

Sr3 9Eup.1A114025 and Sri.g9gEup.01DY0.01A114025.

Mention may also be made most particularly of magnesium
25 aluminate precursors, that 1s to say those of formula
(1) for which b is not zero and especially those for
which a = b = 1 and ¢ = 5 or 7 and even more
particularly those in which the alkaline-earth metal is
barium, that 1is to say barium-magnesium aluminate
30 precursors. Mention may also be made of the products of
formula (3):
a (Baj-gEug) .b(Mg0) .c(Al,03) (3)
in which a, b and c are as defined above and satisfy
the relationships:
35 0.25 €< a<2; 0£b<2and 3 £ c< 9 and 0.01 £ d
< 0.3.

Thus, examples of this type of product that may be
mentioned include those of formula Bag. sEug . 1MgAlip0i7;



- 6 Ba0.9Euo. 1MyO 9Mho. 2AI 10017; and BaMgAl 19023. Mention nmay al so
of formula (1) in which a =1, b =2 and ¢c = 8, especially
Ba0. 9Euo. 2My1. 93MWh0. 07Al 16Q27. 5 I n respect of alum nate precursors of

these are products based gn_a rare earth netal, in which
iumand terbiummy also be substituted with at | east one ot her
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cerium, neodymium or terbium, it being possible, here
again, for these elements to be taken individually or

in combination.

The invention applies particularly to products of
formula (2) in which a = 3, b =0 and ¢ = 2.5 and in
which the rare earth metal is yttrium, such as
Y2.95Tbo.0sA1s012;  Y2.99C€0.01A15012; Y2.99Ndp.01A15012, and to
those of formula (2) with a = b =1 and ¢ = 5.5, for
example Ceq ¢7Tbg.33MgAl;11019. Mention may also be made of
the product of formula Yg.99Ceq.01A10;3.

The precursor compound of the invention is crystallized
in essentially the form of a transition alumina, which
may for example be of the gamma type. This
crystallization is demonstrated by X-ray analysis. The
word ‘essentially” is understood to mean that the X-ray
diagram may have, apart from the predominant transition
alumina phase, one or more minor phases corresponding
to impurities. According to a preferred embodiment of
the invention, the X-ray diagram shows that only the
transition alumina phase is present.

The precursor compound of the invention has a specific

morphology, as it takes the form of substantially



spherical particles. This norphol ogy may be denonstrated by scanning

el ectron mcroscopy (SEM. These particles are well separated and

irndi vidualized. 5 There is no or little particle aggloneration. These
particles may al so have a size that varies wdely. According to a preferred
énbodi nent of the invention, the nean particle diameter (d50), as defined

10 bel ow, isgprbweenll. 5 gaanid-120 gm This NeaibehddBSSF  MawynOr ebe
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el enents are not - 8

The particle size distribution of the precursor

15 compound of the invention may also be narrow. Thus, the
dispersion index o/m is at most 0.8 and may more
particularly be at most 0.6. The term “dispersion
index” is understood to mean the ratio:

6/m = (dgs-dis) /2dso

20 in which:

- dgs is the particle diameter for which 84% of
the volume of the population of said particles is
formed by particles having a diameter of less than this
value;

25 - djs is the particle diameter for which 16% of
the volume of the population of said particles is
formed by particles having a diameter of less than this
value;

- dso 1s the particle diameter for which 50% of

30 the volume of the population of said particles is
formed by particles having a diameter of less than this
value. Throughout the description, the mean size and
the dispersion index are values obtained by employing
the 1laser diffraction technique and using a Coulter

35 particle size analyzer.

The particles of the aluminate according to the
invention are also chemically homogeneous. By this it
is meant that at least the constituent elements are not



present in the conmpound in the formof a sinple physical m xture, for
exanple a m xture of oxides, but on the contrary there are chem cal -type
bonds between these elenents. 5 Moreover, this chem cal honpbgeneity may be
gquantified by determ ning the size of_the heterogeneity domains. These are
I'‘ess than 60 nn2. This neans that there 1s no difference in the chem cal

conposi tion gietBatpaihi ckas 18oRbohha PERCUERRT eHrhhecknvgnt ;s oppbet ween
regions 60 np2 in area. This honbgeneity feature Is determ ned b% EDS- TEM
anal ysis. MPBYBLERLsBUfe Hetter ¢ y2dBEH RS O REekEtF edPBY t he
ener gy di spebai ahespecthtoscppythierieS)araretheniyal ngydet nasIris Sbeoweehect ron

m cr oscopy (IENL gggggggbe. As seen above, the particles of the precursor
conmpound 20 of >the - rnvention are spherical. These spheres are generally

solid spheres. This feature may be denonstrated by TEM m crotony. However,

t hese partic spagifi :ASht I%§Fﬁhi ORQSI LS i ded by
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and nmercury techni ques. 30 The precursor conpound of the invention nay have

a nunber of SA88PTPBRSI 1Pedlr SOCTMHGRY, COMRATEt ¥Rt et P PHEL BFEREr sor
conpound ®f blie tB8& | prestitrsori Soft sthet r Dgesn pubht ybetdhgeni t Fo@gesngont ent
of this conp?gnd ﬂg{ be at nobst 1% which content is expressed as the nass
of nitrogen rél 8t ve®t® $he total nmmss of the conpound. This content may be
nore particularly at nost 0.6% The nitrogen content is - 9

This homogeneity feature 1is determined by EDS-TEM
analysis. More precisely, the heterogeneity domain is
15 measured by the energy dispersion spectroscopy (EDS)
method using a transmission electron ﬁicroscopy (TEM)

nanoprobe.

As seen above, the particles of the precursor compound

20 of the invention are spherical. These spheres are
generally solid spheres. This feature may be
demonstrated by TEM microtomy.

However, these particles have specific porosity, as
25 this porosity is provided by pores whose mean diameter
is at least 10 nm. This diameter may more particularly
be between 10 nm and 200 nm and even more particularly
between 10 nm and 100 nm. This porosity is measured by
the known nitrogen and mercury techniques.
30
The precursor compound of the invention may have a
number of additional features.

Thus, another feature of the precursor compound of the
35 invention is its nitrogen purity. The nitrogen content
of this compound may be at most 1%, which content is
expressed as the mass of nitrogen relative to the total
mass of the compound. This content may be more
particularly at most 0.6%. The nitrogen content is



measured by nelting a specinen in a resistance heating oven and neasuring
the thermal conductivity. According to other enbodi nents, the precursor
conpound 5 of the invention nmay al so have a high purity in terms of other
el ements. Thus, it may have a carbon cogtent of at nost 0.5% nore
particularly at nost 0.2% 10 According’to another enbodinent, it may al so

have a chl %éﬁfuﬁ@@tspt m@fl tahgMest ﬁnééc‘;{gmé?[fnpar&:egq's%ah%eathe{%%{g 5% 15

;
Finally, according to another énbodi , may also have a s dr content
of at npst PUHY%ARDHIRCAHAF IR uFRe | Yhe¥medhseond@avi vike- car bon content and
the sulfur content are nmeasured 20 by the conbustion of a specinen in a

resi stance heating. oven _and.b deteﬁﬁion using an infrared system_ The
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wei ght of the.el nt_4 tion relative to the total weight of the
conpound. Cfo%o f@%; #éh%#€§Ursor conpound of the invention, 30 apart from
the nitrogen content given above, nmay have at the sane tinme the

abovenent i ongg,car hen, | gui,pe 5 apd BBth!199Q¥ nys. khepREeCcWY s@r conpound
general |y has a BET sﬂg%?fgc 3§isurface af@a ot?a% Ié%stm 5°n2/'g, ‘which may
be for exarf®ee RANELFL B hp/yt S 200- 48/ g. The precursor conpound of the
inventigp may furthernore be characterized by its cal cination behavior.

Thus, its - 10 crystallographjc strycture changes as a result of a
cal ci nati on.A?%?Fé?éI‘q y O tRNPHRRE (FRPHMFR e 15t rIRY uPdSPs BR%Rsor med
i nt o anot hercisidtioielr eoAteAt oF adt vRb¥tl QW emierat paeritlhiarstyr ud ure and

this most 5%.

15 Finally, according tc ancother embodiment, it may alsoco
have a sulfur content of at most 0.05%, more
particularly at most 0.01%.

The carbon content and the sulfur content are measured

20 Dby the combustion of a specimen in a resistance heating
oven and by detection using an infrared system. The
chlorine content is measured by the X-ray fluorescence
technique.

25 With regard to the values given above, the contents are
all expressed in % by weight of the element in question
relative to the total weight of the compound.

0f course, the precursor compound of the invention,
30 apart from the nitrogen content given above, may have
at the same time the abovementioned carbon, chlorine

and sulfur contents.

The precursor compound generally has a BET specific
35 surface area of at least 75 m?/g, which may be for
example between 75 m?/g and 200 m?/g.

The precursor compound of the invention may furthermore

be characterized by its calcination behavior. Thus, its



5 tenperature depending on the conposition of the precursor of the
irnvention. Thus, for conpounds of fornula (1) or (2) and in the case in
which b = 0, the structure of the alum nate 10 obtained after calcination is
of the tridimte type. For conpounds_ofyformula (2) with b =1 or b =0,
tthe structure of the alum nate obtained fromthe calcination is of the

Tagnel op! oMbt fetAPRofraBR BClr ARG CERSRLEKCI Yo 15 LBSLAE PAE! Ul ar

case of magneslum al um nate precursors f ormul a | ch t
al kal i ne- ear§M CHRABIOR s baFERfrasdYror vﬁﬁ%h atFaESitloﬁnd cal-‘m!‘:”@f 7 or

f/\ﬁ'r \f,]mleh Ss‘t'fﬁuctblrezléndtﬁalasﬁorlﬂ@d ?_Ir&@ ZQn@étﬁéglrE%er?cojAulrf@r gl & (3) in
ic > or_ ex uct s ornul a Bao uo

B0 OEu0. 1N DA S 1061 LA £1 0D 3N Phas b BHGATE. S8ul Ty from
t he cal ciSnatt@npénaa/tm:ae betiapahdlmga &t r ucher e compore tdissn vabéd tdier ef rom

and this str tenperature of 1200C or thereabouts.
The al um nat esé%lg %fl ng ?Q g{relgursor conpounds of the invention have

the formof a pure crystall ographl ¢ phase. 30 The term "pure" is understood

to mean thatpihe Xebay capsis bf 2Rduha d@lt e%ron('z» 219 Nghe hhase and
unabl e to detect the presence of phases other than the tridimte,

magnet opl ontfad¥e g& neRigh deta-Gl ukfRa S‘B’Gl%tl"’rb”s%s offor tBRamdumingt ean

advant ag©0USOM&ﬁ@édYa%e&hec£I@£Mé§%n ofist hef itheentioAimitei Syeso found
t hat , durlnchaIcmatlo of th i.nvention betalnsms
i\

t oun
spheri cal r ﬁBV‘BﬂBPaEy TH%?’%T“ g%l H’tlé fy of! tAE SpRelircdire
particl es amotwgudthersel ves. Tiee di glamsirate ndeobwdiddd®e phardn cl ehd s al so

mai nt ai ned. géf@illxélti&lﬂeigaréjfdt%e magnetoplombite type or garnet
type, respectively.
15
In the particular case of magnesium aluminate
precursors of formula (1) in which the alkaline-earth
metal is barium and for which a = b = 1 and ¢ = 5 or 7
or for which a= 1, b=2 and c¢c = 8, and also
20 precursors of formula (3) in which b > 0, for example
products of formula Bag.9Eug.1:MgAli10017;
Bag.9Eug.1Mgg . gMng. 22110017 and BaMgAlis 033, the products
resulting from the calcination have a beta-alumina
structure or one derivated therefrom and this structure

25 is obtained at a temperature of 1200°C or thereabouts.

The aluminates resulting from the precursor compounds
of the invention have the form of a pure
crystallograrhic phase.
30
The term “pure” is understood to mean that the X-ray
analysis 1s able to detect only a single phase and
unable to detect the presence of phases other than the
tridimite, magnetoplombite, garnet or Dbeta-alumina
35 phases for example.

As an advantageous property of the precursor of the
invention, it is also found that, during calcination,

the compound of the invention retains its spherical



size varies only slightly. The d50 may for exanple 5 increase by at nost 2
mor 1 pm Wthout wishing to be tied down by one theory, it is believed
that this property is the consequence of the existence of a certain
porosity inside the particles, 10 said poraosity comng fromthe

abovenenti oned presence of pores with a nean dianeter of at least 10 rim

The absencempipRalbiyyl.e shateriNg ey ke ARy ratredchiy  spBReRieadgr aph,
but nost partlcul_ail

it is confirmed by the fact that no_nmacroporosity is
observed | n PRECHELEF0HICR Al CEMSE Gt i, G4 SPAERA0N | TF3FE BashPBf t he
products of phetpries ais, gphsosimeEbhryaistwivs Fialaltilyer ethies paroscliyg com ng
frompores with_a i r of. nd 0 n r ia f
bet ween 25 %ngndﬁggegoﬁw V\%lc%@lﬁy’f ac cho%%sg?(&)1 dsi?g t%gglggéges 20
bet ween the aggkeaeeabydapamest! &sumThe Lnwenation also relates to
al kaline-earth or rare- earth netal alum nates, especially barium magnesium

al um nates, which may where appropriate_exhibit 25 | um nescence properties.
These al unmi n#i&EBoHEe WM AEO bPec at £8Gi AGWRhEYe PP UKESOE Y helt nyenti on at

a high enougBitelpar aiHye tRiObbabpelhe hel acrbudbRackiiasee JoOrtgxanpl e at
| east 1200C in.the case of barium, magnesi um alum. nates and in, a reducing

at mospher e WAEASSETFE i dBsiCREFALT LRI phBSpHGT DRERTEHES
substi t uent ssatigt geerdgi teduordngorfroml hehal wionaremiiicaiatedpaésencehi s

cal cination gy, ordee:_{)evggé ng_on tahe (gf;ﬂg%gg_i g@ ca({ndiégggslohamvne t@gesarre 35
nor phol ogi ca charact et s]?i Cs "(esﬁ)herl cal "particles, “particle size,

di spersi on i abeghcas ahoverdéesde beithtehove Mmayt hee cgsmonrls tried gst ebvr sor
conpound, theyxsange @g%%ﬁ.jti Ne apd ehe, Sare- Py LRt Fs phigogen,
carbon, chlori %e ar? sul fur’. 1‘?’ té \E}glsuegp gl ven%o_vye EL 121€§rn§ qul,tllngé{io t he
nor phol ogy, Ple Q¥hpbaFEi dhadndn® hBACEEPPEPSaARY rid aPPR§TVEdt H& pEeeur sor

conpound 4 hepeb@lhet after calcination. In fact, in the case of the
products of the prior art, porosimetry shows that there
is porosity coming from pores with a mean diameter of
around 50 000 nm or a diameter of between 25 000 and
90 000 nm, which in fact corresponds to the spaces
20 Dbetween the agglomerated particles.

The invention also relates to alkaline-earth or rare-
earth metal aluminates, especially barium-magnesium
aluminates, which may where appropriate exhibit
25 luminescence properties. These aluminates are obtained
by calcining the compound of the invention at a high
enough temperature to obtain the beta-alumina phase,
for example at least 1200°C in the case of barium-
magnesium aluminates and in a reducing atmosphere when
30 it is desired to obtain a phosphor and when the

substituents must be in reduced form.

The aluminate obtained after this calcination may,
depending on the calcination conditions, have the same
35 morphological characteristics (spherical ©particles,
particle size, dispersion index) as those described
above in the case of the precursor compound, the same
composition and the same purity in terms of nitrogen,

carbon, chlorine and sulfur. The values given above



al so apply here to the alumnate. This alumnate is in the formof a pure
bet a-al um na phase. In the case of 5 the products containing europium the
latter may be present in Eu2 form In this case and under excitation at
bel ow a wavel ength of |ess than 380 nm;4he alumnate may enmit in the blue
(450 nm. 10 The method of preparing the precur sor conpound of the

L nvent i on whid1 flowdbe rdesehe batbrdini ol cated a@eﬁ{§?gagaanmmd dc! udes a

first step in urd mxture 1's formed elng a 15 solution or
a suspensi oPWit & g%?dolfejc%'él%ﬂ?uﬁi?nﬁﬁﬁ B5REBLABE §ﬁ@P6Pnfih henediord enent s

i nvol ved in dihs @mwsnér@n tof tike d]!lﬁ!@llﬂaﬁﬁ compouglumMaaeenpeunigs of

t hese eIerrents % ommnlggabi: 20.t0 use inorganic salts or

hydr oxi des. A shPt8, pr & &bt y°h ?rﬁ}}é@l%yp 8SfentitbnedS &85&ciH Iy in
the cas#é oftl’fmr pnrmdualtlsrri oum:aenmngl mnmmhumgne;ﬁamlat‘@akf atas, bespecial ly
in the case orfe%,lmnrlynﬁuﬁhl mdesI qghldg S$?§)égglﬂ Cuﬁé eBﬁcgtt%)&%rgpl e

acet at es, onal | e errp oye is a 0 "uSe
al um num corﬁi’ouri@l?l@w cal | Ulacrglle@g§ber§1fon essol t}@anal aﬁﬁnum Suidle a

col I oi dal al i i e Ny g}gé/qolggét(g@mr 30 coll oids whose size
lies between 1 nmand 300 nm The alum num may be present in the sol in

boehmte form The next step consists in drying the m xture prepared
bef or ehapd. THY SmEENbAY ofS MRSPAFITRY Bie SPraYLRGor3IRFO@XPr 8ESiteR " SPray

drying" is understood tao nean .dryij o) raying the mxture into a hot
at mospher e. *TE! J(r)Pgl pf%e# ﬁ?ﬁo‘gby means of any sprayer known

per se, for exanple a spray nozzle of the - 13 sprinkler-rose type or

another tYPeg | ndfcalan, JBBRIDIG Lo Hepuahom zata eall odi LU bide,

at om zers Fegard t 6 the various Sprayi ng techni ques
in Wthh a liquid mixture 1is formed, this being a

15 solution or a suspension or a gel of the aluminum
compounds and of the other elements involved in the

composition of the precursor compound.

As compounds of these elements, it is common practice
20 to use 1inorganic salts or hydroxides. As salts,
preferably nitrates may be mentioned, especially in the
case of barium, aluminum, europium and magnesium.
Sulfates, especially in the case of aluminum, chlorides
or else organic salts, for example acetates, may

25 optionally be employed.

It 1s also possible to use, as aluminum compound, a
colloidal dispersion or sol of aluminum. Such a
colloidal aluminum dispersion may have particles or
30 colloids whose size lies between 1 nm and 300 nm. The
aluminum may be present in the sol in boehmite form.

The next step consists in drying the mixture prepared
beforehand. This drying is performed by spraying.

35
The expression “spray drying” 1is understood to mean
drying by spraying the mixture into a hot atmosphere.
The spraying may be performed by means of any sprayer
known per se, for example a spray nozzle of the



be used in the present nethod, reference may especially 5 be nmade to the
fundanental work by Masters entitled "Spray drying" (second edition, 1976,
publ i shed by George Godwin, London). it should be noted that it is also
possible to enploy 10 the spray-dryi ng]byperati on by neans of a "flash”
reactor, for exanple of the type described in French Patent Applications

NoS. 2 257 326yiPd9-#54eandypd 43k 32notHis typseof Spray Jryersamy be

used in particular to prepare products of small particle size. 15 in this

case, the trR¥FH Yases (F6t §ASBSFeEPe gRYLARD atW}%%l FHAMALEH 1 ow
into a vortexitvkl tegdhe t81 xhur €atrdohe @plraghh@ itRiceetiethedl aata qaat h

coincident wth t e, ax tr t he helical paths of sai gases,
t hereby al | d4F ngSEhe héﬁt BH%EHE @%ﬁg‘? & H5&E D6 < Sl SSHSF ]glr?’sf erred
to the mbsxt ube lmadm toeathed. findafmaotalt heogaséy tMelsténi;fléﬂtJtm‘md
functions: Mncy S | ti hat is
to say conver I?}%}(l tdhz'fo fi neé(%@%rg(lfietés)é%ln sec%(;n &%%ﬂ%ﬁ nctl n of
dryi ng the déepree sCodvirnedond®rieover, 25 the extrenely short residence

time (generally less than about 1/10th of a second) of the particles in the

reactor has the advantage, anong others, of limting ny risk of_ them being
over heat ed ast aSPeRGft & MRGSRY CRACcoht 46t FHI Pﬁéshmegé%senf@rmf oo | ong

a tine. I1|330 \é\m@ 8§1§ﬁ<ﬁ§| asythe fblfaélbzat@aﬁt orFa)ynembaﬁ@ed oFDOE, \\ﬂl%s?{'ggclze ggy

especially be made to _figure 1 of Fren at ent |ca|on :

Thi s consi sts® %‘ft%rcoﬁﬁﬁst‘?’&?i“%%nﬁér '%?‘ﬁj EYBSntd(fngpr FoptEed of a

doubl e cone Petent r KpHdlieth tiones Woese QppRF7 paaes di \Zerges. m Gardbusti on

chanber runs e tac a r.via a w_passage. 4 . The upper
2 J%Tgiu §£f riekicy EygSQ er zayv” dRLEd nPaFf ag af?&

part of the Co foh chartb S provi an “opening oW ng t he
ConbustlbIei@ﬁ%@%ﬁmbabetO prepare products of small particle size.

15 In this case, the treating gases (hot gases) are given
a helical motion and flow into a vortex well. The
mixture to be dried is injected along a path coincident
with the axis of symmetry of the helical paths of said
gases, thereby allowing the momentum of the gases to be

20 completely transferred to the mixture to be treated. In
fact, the gases thus fulfill two functions: firstly,
the function of spraying the initial mixture, that is
to say converting it into fine droplets, and secondly,
the function of drying the droplets obtained. Moreover,

25 the extremely short residence time (generally less than
about 1/10th of a second) of the particles in the
reactor has the advantage, among others, of limiting
any risk of them being overheated as a result of being
in contact with the hot gases for too long a time.

30
With regard to the flash reactor mentioned above,
reference may especially be made to figure 1 of French
Patent Application 2 431 321.

35 This consists of a combustion chamber and a contact
chamber composed of a double cone or a truncated cone
whose upper part diverges. The combustion chamber runs

into the contact chamber via a narrow passage.



i ntroduced. 5 Moreover, the conbustion chanber includes a coaxial interna
cylinder, thus defining, inside the conbustion chanber, a central region
and an annul ar peripheral region, having perforations |ocated nostly toward
the upper part of the apparatus. The_cpgnber has a mininum 10 of six
perforations distributed over at |least one circle, but preferably over
several circhkgs aé§rtSE@CeQbép%bhb%ékék$N cﬂgﬁbéPtQE St dRCgedr ea of

the perforations l[ocated in the |lower part of the chanbe may be very
smal |, of th¥lpRdén oPOFHIRE h Ald oA Te0t Bt CPB‘bPﬁélP&tealp}%%Fr$a6€ Pea of the
perforat|onslﬁfredudedcoaX|al internal cylinder. The perforations are
usual ly circular and of very small thickness. Preferably, the ratio of the
perforation 20 dianeter to the wall thickness is at least 5, the mninmum
wal | thiékneMerbeVﬂg,cwﬂheliqﬁmhuﬁﬂiwﬂth@hanéehanﬁnaﬂudequiaensm&&iarinaIIy,

an angl ed pi Pﬁté#ﬂé%i 8%91}18@ naLhw %ﬁaﬂ% 51h %% ens
along the axis o e tentra region as phase un er90|n el ical
moti on (her eFhafPe¥, al ceateRd heegean eBIic oABNYL 8T ofPer ] r@Penerally

30 air, intrpdyced, i MaQidly OpéfisLafBEgs | Nl AN 1y I eBWARA tihs orifice
preferably beln% located in_the [ower part of said region. To obtain a

hel i cal phas®PPRTt RETharforFaRRfFathe: BBegahaphsse RS G SPErHMEY

i ntroduged adfl oxhpresstfErations hedﬂi'@fﬂﬂ@tﬂécﬂor@xﬁb@rlét celeddrat dset o say
at a pressure o% Ie%§ thaq%% b rland nor e parti.cul a; % at a. pressure of
between 0.2 ahtC0®s5 BEF dove® Yr 8¥Ehr & V&% | RYT ThET h&PdGht ot chanber .
The vel oci t yspicedi sparlts aRébilizal [Hase tiosadensunfagebetngzenciO @mel 100 ni s
and. oref er ALy eheLLeshs 39 AU M ScnbIBRKE pdk COBRUHLP| Endlfise. Whi of

may especia
may be very small, of the order of 1/10th to 1/100th of

15 the total surface area of the perforations of said

coaxial internal cylinder.

The perforations are usually circular and of very small
thickness. Preferably, the ratio of the perforation
20 diameter to the wall thickness 1is at least 5, the
minimum wall thickness being only limited by the

mechanical requirements.

Finally, an angled pipe runs into the narrow passage,
25 the end of which opens along the axis of the central

region.

The gas phase undergoing a helical motion (hereinafter
called the helical phase) consists of a gas, generally
30 air, introduced into an orifice made in the annular
region, this orifice preferably being located in the

lower part of said region.

To obtain a helical phase in the narrow passage, the
35 gas phase is preferably introduced at low pressure into
the aforementioned orifice, that 1s to say at a
pressure of less than 1 bar and more particularly at a
pressure of between 0.2 and 0.5 bar above the pressure
existing in the contact chamber. The velocity of this



5 methane, is injected axially via the aforenenti oned opening into the
central region at a velocity of about 100 to 150 m's. The conbusti bl e phase
is ignited, by any known neans, 10 in that region where the fuel and the
hel i cal phase conme into contact with S@Ch_ other. Thereafter, the flow
i-mposed on the gases in the narrow passage takes place along a nunber of

pat hs coi ncident. % fggl gneqfefg nﬁ%?wééﬁeéoc’fanad hyé)@rplggm i These

generatrices are Sl ze circles or rings |ocated
close to an@%ﬁwb% b%ﬁweﬁm 31)‘%13%@@650 Befdre diverging in all directions.
20 Next, the mxture to be treated in liquid formis introduced via the

aforenentioned i pe. The |égUId i then divided into a nultlaﬁde of drops,

each drop bélHFo4$anspofFP uﬁfrlQi@olpﬁ’ﬁ@eof WS me¥ uBFReCed LY £ notion
creatingsa Q@éﬁﬁaﬁelgallsef ﬁﬁgtectlésiuahkyalwe tiawthd aForepleridiondquid is
bet ween 0. 03 and. 10 P)e rati to theo&ao er nﬁnt ug1 of thz}rh li cal
phase to tﬁﬁeQﬁth%nF?qE § ﬁF?tﬁP hrstt B, VERCCHEYt P&ul® is at
| east 100 arid prted erblny/ et ween 30 1000 and 10000 The nonenta in the
narrow passage are cal cul ated based on the input flow rates of the gas and
of the mxture to be treated, and on the cross section of said passage.
IncreaS|ngtTh?fF@mbu&téblﬁn@haﬁﬁﬁ#Sth@nstﬁé ofowt Hnydr bpewn3segmger t hese

condi ti ggs, #ietRREPEFediin ORnRlet NEndagee1 | Snd ORI DAL | BHASS
direction and its intensity, on the drops of the mxture to be treated,

t hese being C%&%%&?W?ﬁﬁ%ﬁ@%cﬁ%@? 9%P®he regi on of convergence - 16
of the two streans The velocity of the liquid mxture 1is, in addition,

reduced to t mum needed t o Obtaﬁﬁ a cggtlnuous flo@h 5 The
spray-dryin te?r’%vll Sar PRt BROS Gt AR a G| F@SSS 1in the narfow
passage takes place along a number of paths coincident

15 with families of generatrices of a hyperboloid. These
generatrices are based on a family of small-sized
circles or rings located close to and below the narrow
passage, before diverging in all directions.

20 Next, the mixture to be treated in 1liquid form is
introduced via the aforementioned pipe. The liquid 1is
then divided into a multitude of drops, each drop being
transported by a volume of gas and subjected to a
motion creating a centrifugal effect. Usually, the flow

25 rate of the liquid is between 0.03 and 10 m/s.

The ratio of the proper momentum of the helical phase
to that of the 1liquid mixture must Dbe high. In
particular, it is at least 100 and preferably between
30 1000 and 10000. The momenta in the narrow passage are
calculated based on the input flow rates of the gas and
of the mixture to be treated, and on the cross section
of saild passage. Increasing the flow rates increases
the size of the drops.
35
Under these conditions, the proper motion of the gases
is imposed, both in its direction and its intensity, on
the drops of the mixture to be treated, these being

separated from one another in the region of convergence



out put tenperature of between 100C and 300C. The final step of the nethod
consists in calcining the product obtained fromthe drying. 10 The
calcination is carried out at a tenperature of between 700C and 950C, nore
parti cularly between 700C and 900C. At £nper ature bel ow 700C coul d not
produce the conpound of the invention |1n an essentially 15

transition- alunipa crystalblized bafn, ARoue 980E. (nLhete iy dutish

parasitic phases appearing um nat e obet ai ned
fromthe prigour Sav . a@@lth@ndur Fedoredf the el ciminiromm| negdrikn it be | ong

enough to oA he dpdustond thwyessentially transition-alum na
crystallized formand with nitrogen contents and contents of the other

elenments (C, Sand ) that are given above. For exanple, the duration may
25 thus be Mev\egﬁréﬁ-mwﬁgslan@e&e&@qw adrrisedheit ewithhe Righey the

caIC|nat|onte ture. The cal tion i eral l ried out in air. 30
The precursdtt Un’“-p SFATHRS | € a‘f"&?‘neri‘ sf%(gg(g §’9§0 this cal ci nation.
As descri bed above, an alum nate may be obtai ned from this conpound by
cal ci ning i to, Thi | cLpatian S o] Is ugh
tenperature q’? or %%ngﬁpggggctogt harH#e tmés)ﬁﬁﬁs (‘f; ere rsomil{lo%%%%ll%lpgr tq:lrh%ul ar in

t he desired BteducturaRtdimedeirametled dryingn magnesi um al uminates, this
tenperaggre is at |east 1200C. This calcination may be carried out in air

or, preferably - 17 when it is desired_to obtain a phosphor, in a reducing
at rmsphere T SRAGHGLLPThy §F ot 7 @d G hatni 2r deRPETA YR Ofse of

eur opi um as sateddrd uerggod t qﬂdlusgacm@ngesnotx@ t @)%r(t&ldﬂﬁtdxqfﬂ/ Stlﬁztteqe%n The
curation of oyl SpSAISTR ] 00 | S Tol SXBIPLERBAVG O3, I
produce the compound of the invention in an essentially
15 transition-alumina crystallized form. Above 950°C,
there is a risk of parasitic phases appearing, which
might remain in the aluminate obtained from the

precursor.

20 The duration of the calcination 1is chosen to be long
enough to obtain the product in the essentially
transition-alumina crystallized form and with nitrogen
contents and contents of the other elements (C, S§ and
Cl) that are given above. For example, the duration may

25 thus be between 10 minutes and 5 hours and is shorter
the higher the calcination temperature.

The calcination is generally carried out in air.

30 The precursor compound of the invention is obtained

from this calcination.

As described above, an aluminate may be obtained from
this compound by calcining it. This calcination must be
35 carried out at a high enough temperature for the
product that results therefrom to be in particular in
the desired structure. In the case of barium-magnesium
aluminates, this temperature is at least 1200°C. This

calcination may be carried out in air or, preferably



flux. Exanples of suitable fluxes that nmay be nentioned include in
particular lithiumfluoride, alum num 10 fluoride, magnesium fluori de,
lithiumchloride, alum numchloride, magnesium chloride, potassium

chl oride, ammoni um chl oride and boron oxjde, this list of course not being
i.n any way exhaustive. The flux is mixed with the product and then the

mxture S Neakeds . 19:t Ackhecahased AImEr AUk SopAD-al U ALY {he

same nor phol ogy as t pr ecur sor conpound o i nvention e obt ai ned
by cal ci ni iFUPIRRRESS | WECTOr BK8BPASpr ddlict hvAroRens orIPrP%dof Witdt el ets by

cal ci ni ng vaﬁbua?g}émx Th tﬂﬁe C@&gteOfof gé@gbﬁﬁbﬁmhﬁé nguasbet:aﬁﬂtumlrt?_h
structure. e alum nates thus obtained may be us osphars us,
they nay be #’P?ﬁgsnﬁﬁuf dc}”f %Ite"'\llt—recef ST?’ﬁ VAt o es
phosphor §, smis asa pt orsaral o S ag/orsexa@sﬂse abocthrdnaducs| anps and
light-emtting di odes. As exanpl es of the abovenentioned products, it is
possible to use in | anps those of fornulae: 30 Bao. 9Euo. 1IMJAl 10017,

Bao. 9Euo. 1l\/gﬁ’1m/hoa2¢\_i_mec1¢n 1By0.beFoarzhgd. 93IVhovidtAl @60%Zthout a

Ceo. 67Tho. 33MAL 11, 3 1 F I Y; ens, the
follow ng are especially us% fgggggié\EﬁgQ%ésA%% glgn%@aggo%g ulo&g%(ﬁlzofl

Cao. 99Eu0. olimolyde andnBacP@B%‘éub@Z\llzl@i:@lWhe BEUDF bdfict s GfITFHEHY a:

Sr 0. 98E4Q. 01lfMeneldd 2O4, ma&@@sQ&EuO Qib@h@éAlZOh%Qum chloride,
Sr 3. 98Euo. 01Dyo. p1Al 14% rr&%/ be used for their hor escence properties.
1?‘&7‘% LRSS

For |ight- WEHHY™ di He f oMATRGRE PF oddt al s@°

Bao, 9Euo. 1I\/gﬂ]1m61d’e,andmﬁ{8n9%e@habﬁlla@1%ﬂd1 bowset Soxidéd t¥2s99ANd: 01A15012
may be enpl oyed_an as_scintill ator A1501 be used in
proj ection s%fee%‘ég Fi ?118 I I‘belpﬁe 1’|nnva2n %%és to° pl ihrera%&l spI ay 5
screens or fieted ewitsbi (mhle( mrdidp) anldsph&;n ddreensxthirghtisedigatiasy di odes

and triggrongtigd %Wés&?%é”xﬁﬂéf‘&uf@?se al um nat es as phosphors.

An aluminate having the same morphology as the
precursor compound of the invention may be obtained by
calcining without flux, or else a product in the form
20 of platelets by calcining with a flux in the case of

products having a beta-alumina structure.

The aluminates thus obtained may be used as phosphors.
Thus, they may be used in the manufacture of any device
25 that incorporates phosphors, such as plasma display

screens, trichromatic lamps and light-emitting diodes.

As examples of the abovementioned products, it is

possible to use in lamps those of formulae:

30 Baop.sEup.1MgAl;0017; Bao.9EUo.1Mgo. gM1g.2A110017;
Bag.gEup.2Mg1.93Mng, 07A116027; Cep.67Tbg.33MgALl11019 and
Sri3. 9EUp.1A114055. For plasma display screens, the
following are especially useful: Bag.9Eug.1:MgAl 00:7;
Sro.99Eu0.01A1204; Cap.99EUp.01A1204; and Bag.ggMng p2A112019. The
35 products of formula: Sry.98EUg.01DY0.01A1204;

Cap.98Eup.01Ndo.01AL1204 and Sri ggEuo.01DY0.01A114025 may be used
for their phosphorescence properties. For 1light-
emitting diodes, the following products are also
useful: Bag.9Eup.1MgAl;(0;7 and Y, ¢9Cep.01A15012. In lasers,



In the manufacture of the devices described above, 10 these phosphors are
applied using well-known techni ques, for exanple by screen printing,

el ectro- phoresis or sedinentation. An exanple will now be given. 15 For
this exanple, the follow ng nmeasurenent thods were enpl oyed. Analysis of
the carbon and sul fur contents 20 An L CS 444 anal yzer was used to

det er m ne, §%_g}&&aa91%qgély,ﬁngpe gt %}ﬁggggggn St enk %ﬁpﬁ%gﬁ/@fgl | sul fur

content by a t'echni'que’involving c ustion Inan in ion furnace in
oxygen and 35 stfReediloRibyasn Henfs@ted s PHOIRCERHRR S5e@9Rsn (standard or
unknown specinmen) is introduced into a ceramc crucible in which a LECOCEL-
type accelergtor_and an | RON-type flux (for _analysis af 30 unkno

speci nens) a énﬁalggd. e s ‘%/%511?% n’é?f%ﬁeit Ri g ra ‘\é\f‘-f% t he
furnace, mndstheensninist fanldgasessave finieredimyvediapieyal sgaees and t hen
they pass oyer.,a ser| f i a . .t DI . et, the
S2 is det ec#éahgséﬁblcgilfqgr (sitlglg%%r %h?d @gc?é:ﬂ%eaﬁr?; I;a{é‘g%{ ?é}%ﬁgjfr?%%vét hr ough
a catal yst tbheaei alemidnsikbcasgehpsphpth.-converts the COinto C2 and the
SQ2 into 503. The.latter is trapped by cellulose and the CO2 is detected
using two infrared cells. - 19 Analysis of the nitrogen content An LECO
TC 436 anal y2Br W8 Jsdyfaresier Mine thse dgViF8§endesnt éhedby2BOYR@chni que
that inva vesheekt i nghddphord esigta@nceappat by fwgiaee. ThelDikAogen
content is peasured by thermal conductivity. The analysis is carried out in
two stages: Pe%@ﬁé@s}?ﬁg °% hé& c?iﬁcisd'lyree.erbnp&‘rﬁf:gnglo Hephf e

cruci bl e i s phatedibebweesadihentwaiehect r odes

An example will now be given.

15
For this example, the following measurement methods
were employed.
Analysis of the carbon and sulfur contents

20

An LECO CCS 444 analyzer was used to determine,
simultaneously, the total carbon content and the
overall sulfur content by a technigque involving
combustion in an induction furnace in oxygen and

25 detection by an infrared system.

The specimen (standard or unknown specimen) is
introduced into a ceramic crucible in which a LECOCEL-
type accelerator and an IRON-type flux (for analysis of
30 unknown specimens) are added. The specimen is melted at
high temperature in the furnace, and the combustion
gases are filtered over a metal gauze and then they
pass over a series of reactants. After the moisture
trap outlet, the S0, is detected using a first infrared
35 cell. The gases then flow through a catalyst
(platinized silica gel) which converts the CO into CO,
and the SO, into SO;. The latter is trapped by cellulose

and the CO,; is detected using two infrared cells.
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"this having the effect of heating the latter to very
high temperatures;

- analysis of the specimen: the weighed specimen,
introduced into the 1loading head, drops into the
degassed empty crucible. A further application of a
large electric current through the crucible results
this time in the specimen being melted. The nitrogen is

then detected by a thermal conductivity cell.

Laser scattering particle size analysis

The measurements are made on a Coulter LS 230 1light
scattering analyzer (standard module) combined with a
450 W (power 7) ultrasonic probe. The specimens are
prepared in the following manner: 0.3 g of each
specimen is dispersed in 50 ml of purified water. The
suspension thus prepared is subjected to ultrasound for
3 minutes. One aliquot part of the suspension as such
and deagglomerated is introduced into the vessel so as
to obtain correct obscuration. The optical model used
for the measurements is: n = 1.7 and k = 0.01.

Porosity measurement

Two techniques are used to be able to measure the pore

domains ranging from 2 nm to several hundred microns.

y

is



powder is degassed for 4 h at 200C. EXAMPLE 1 15 This exanple relates to the
synthesis of a barium alum nate precursor of formula Bao.9Euo. 1IMJA113017.
The raw materials used were a boehmte sol (specific 20 surface area of 265
n2/ g) containing 0.157 nol Al per 100_gogf _gel, a 99.5%bariumnitrate, a
99% magnesium nitrate and a europiumnitrate solution containing 2.102
nmol /1 of Eu (d = 1.5621 g/m ). 200 m of boehmte sol were nade (i.e. 0.3

nol of Al). Ngfegy the salt 25 sol ution. 150 m ) contained: 7.0565 g of
Ba(NB)2; 7.19% 15 ( RoS)&F By 2295831 ¥ oA, )11 uBfon. The
final vol urreap@aramdtes up tam 405Auto1(>bre 2%20f Algord#jtmteur xi ngrohe sol

ey 50 ol RERHETs ool NEhE NGl Ra WASS a0 TOE TLHLYEE QHAIdICeRS

spray 30 drie drier mn enperature of 145C.
The dri ed powdér .waBetarei rtél@ a}PO%@GYoﬁnea@uH@H@ti n ahe. POyYElgoWeE t hus

obt ai ned was g a%%ed' tegabi $f i;8d Slghec 35 GReeal, conposition
Bao, 9Euo. 1MjAl IOL7. The particles were spherical, having a d5o0 of 10.4 pm

and had a dlsper5|on index of 0.6 (laser Coulter <counter). - 21 The
product had a galmmo@letmrri e cHriitidlr 6 XRD)so Thesed) odeeplepihged &b the

red, the emtter ing Eu D di agr corresponded to that_of figure
1. The photo® §P6F§§H5|n flaurehgr%ggﬁﬁly t hBCSPREMTEST ap%ﬁgwance of

t he partiel eMicaosertitticsg tdrel pra)dutmc | PRE®d alayasrsagen c:ongenfrom 0. 39%

(moasur ed onysRecnkSO0:TC 438,308y 200k Bopubivy CROLENLEAL Less hban 10

0.01% and a ca n-content o con tS bei ng neasured
on a LECO CSpéddegnalsy degpsstide fogordody ars 200t°&i-ned by the porosinetry
measurenents gave a mean pore dianmeter of 10 nm

EXAMPLE 1

15
This example relates ¢to the syntheéis of a barium
aluminate precursor of formula Bag sEup.1MgAlig017.

The raw materials used were a boehmite sol (specific

20 surface area of 265 m?/g) containing 0.157 mol Al per
100 g of gel, a 99.5% barium nitrate, a 99% magnesium
nitrate and a europium nitrate solution containing
2.102 mol/1l of Eu (d = 1.5621 g/ml). 200 ml of boehmite
sol were made (i.e. 0.3 mol of Al). Moreover, the salt

25 solution (150 ml) contained: 7.0565 g of Ba(NOs3);;
7.9260 g of Mg(NO3), and 2.2294 g of the Eu(NO3);
solution. The final volume was made up to 405 ml (i.e.
2% of Al). After mixing the sol with the salt solution,
the final pH was 3.5. The mixture obtained was spray-

30 dried in an APV® spray drier with an outlet temperature
of 145°C. The dried powder was calcined at 900°C for
2 hours in air.

The power thus obtained was white. It satisfied the
35 chemical composition Bap.sEup 1MgAl;0i17.

The particles were spherical, having a dso of 10.4 pm,
and had a dispersion index of 0.6 (laser Coulter

counter) .



15 After the powder was cal cined at 1200C for 2 hours in argon, a product
again in the formof a white powder was obtained. This powder consisted of
spherical particles, having a d50 of 9.7 m wth a dispersion index of 0.5
(laser Coulter counter). 20 The product,had a beta-alumna structure (XRD).
The X-ray diagram corresponded to that of figure 2. The photograph in
figure 4 clearly shows the spherical appearance of the particles
constituting_the product. 25 The product emtted in the blue_ the emtter
bei ng Eu2+ CBRi SAUWCR 136 ) JoTRE-RURPABEs TFTICH SRy (WED)at T3st equal
to that of gBoptedueins tebtaiimedtHy wad, deisol i teaet befinggERgdyi Nnpheand it
was at | east éooaor even 30% hi gher. than,that of.. products,obtal ned by

aer osol pyro¥ sPSAIERAVEPE 5588 Ffils 8x§ﬁﬁle° el B T o th %h% QrAti on of
various 9roduepk. -ir22 fipguseprebar afleanlwas aows ed thet asghedicglto the

ti I , hall 1t h hm t | .
The vari ous. SPERRRTECForki hBt RS CCaReBsr Pl on o TR breaReraitiare ar th

netals and 5 al kaline-earth netals) were supplied in nitrate formin the

quantities needeghd 0500 Al Mbdipi EBhEEBEN Yoof ot Bey desidsd-&@meRsi thon. As in
Example 1, the salt solutions and the sol were m xed together, and this
m xture was tBpBedup? i t BREHY 2881 ume® of UhAHEr GREEEY 20 tl&SShtBRM conpl et e

di ssol Utl!(DE otomela&aita. chodn xau?eewas SPr ay 0dki et S| ugt@eBUCHz?spray
rer oiLh an outlet Lemperature af 120C, oI (Il £ PRVEIR/, oMFS gl ol ned a
porograms obtained by the porosimetry measurements gave

a mean pore diameter of 10 nm.

15 After the powder was calcined at 1200°C for 2 hours in
argon, a product again in the form of a white powder
was obtained. This powder consisted of spherical
particles, having a dso of 9.7 um, with a dispersion

index of 0.5 (laser Coulter counter).

20
The product had a beta-alumina structure (XRD). The
X-ray diagram corresponded to that of figure 2. The
photograph in figure 4 <clearly shows the spherical
appearance of the particles constituting the product.

25

The product emitted in the blue, the emitter being Eu?

(emission at 450 nm).

The luminous efficiency was at least equal to that of

30 products obtained by solid-solid reaction (grogging)
and it was at least 20% or even 30% higher than that of
products obtained by aerosol pyrolysis.

EXAMPLE 2
35
This example relates to the preparation of various

products.



The precursors were then calcined at various tenperatures in order to
obtain the correspondi ng phosphor. 20 The table bel ow gives the
conpositions prepared, the particle size characteristics of the precursors,
the precursor calcination tenperature fgr _obtaining the corresponding
phosphors and the phosphor em ssion color at the wavel ength indicated. 25

Particl eCal cirpalsi OpERLE$H@A op0l @asCorResh kiionsuzet gpperat Hye(wavekragth in
anal ysi s(C) nm d50a/n1CEo,67Tbe33A1"O 94, 690. 53140QG een eé$4% Srg alAl204
4. 490. 711300CPEERSTEUFCFANRPE EXappigi bI o PSPEFARL LIRSS 30N the

9. 660. 521300 bamguobsehhi e HIY0 TH2Fuvarious elements forming the
composition o©of the products (rare earth metals and
5 alkaline-earth metals) were supplied in nitrate form in
the quantities needed to obtain stoichiometry of the
desired <composition. As in Example 1, the salt
solutions and the sol were mixed together, and this
mixture was topped up with the volume of water needed
10 to obtain complete dissolution of the salts.

The mixture was spray-dried using a BUCHI spray drier
with an outlet temperature of 120°C. The dried powder
was calcined at 900°C for 2 hours in air.

15
The precursors were then calcined at various
temperatures in order to obtain the corresponding

phosphor.

20 The table below gives the compositions prepared, the
particle size characteristics of the precursors, the
precursor calcination temperature for obtaining the
corresponding phosphors and the phosphor emission color
at the wavelength indicated.

25
Particle Calcination | Emission color
Composition size temperature | (wavelength in
analysis (°C) nm)
dsg c/m
Ceo.57Tbo.33A111019 4.69 0.53 1400 Green (254)
Green
Sro'ggEUO.olDYO'olAlzo,; 449 0.71 1300 (VlSlble)
ST3 62EUp 0aDYo. 0eAl14025 | 9.66 | 0.52 1300 Turquoise blue
3.92 0.04 0.04 1425 . . (VlSlble)

The product Ceq ¢7Tbg.33A11:019 1s luminescent, while the
other two are phosphorescent.



(visible) . The product CeO 6-1TbO 33Al 11019 is |um nescent, while the
ot her two are phosphorescent. we 2004/106263 - 23 - PCIT/ FR2004/ 001240 CLAI M5
1. An alkaline-earth or rare-earth netal alum nate precursor compound,

characteriz i bgkahas the 5 followi ng char WSEA ST ad s a
conposi ti oneg?v%bnd‘gsbf%?f ormul ae: a( I\/% ) . b?l\/gO) : %ﬁ@%dfﬁsogz a( mqt. 5)

.b(MJO .c(Al 233) (2) 10 in which ML denotes an al kaline-earth netal and M
denotes yttriumor a conbination of cektIM$and terbium and a, b and c are
integers or nonintegers that satisfy the relationships: 0.25 < a < 4; 0
< b< 2and 0.5 < ¢c<_9; 15 - it is essentially crystallized in the form
of a transition APuREILNGTeR%ER b Ahe TRERPALEE tEULBEERE | A1V iHER i cal

and chemi cal pyeborpgeneapdiaid, ctRsraabdrizthesi pankicCl &5 hagl ugee por es,
the mean _ 20 d'ﬁmst er o% whi ﬁh s, ,at least 10 nm 2. The conpound as cl ai ned
in clai m’, tRarQ¥tRYi SBATeFheThat e has a nitrogen content of at nost 1%
25 3. The conpound astchasmadcompokatihoh givén beghahactfermanédei:n that it

satisfies forrmula (1) 1 0e ' bar S ntiumor calcium 4. The
SRR R b AL

conpound as clainmed in clainms, characterized in
that it satisfies foprrula (1) in which a =1, b=0and c =1, 6 or 7. 5.
The conpound as cl ai meg jm.clyai Qa1 @harasterized in that it satisfies
formula (3):, 35 a(Bal _a ugyﬁ%(ﬁ§§g§§/u&0§3B?n@mzich a, b and c are,as

def i ned ldbovelarkthsel i 3fy BRBOEBFatdBnghikgstine-earth metal and M

denotes yttrium or a combination of cerium and terbium,
and a, b and c¢ are integers or nonintegers that satisfy
the relationships:
0.25 <a<4; 0<b<2and 0.5 £c¢c < 9;
15 - it is essentially crystallized in the form of a

transition alumina;

- it 1is in the form of substantially spherical
and chemically homogeneous particles; and

- these particles include pores, the mean

20 diameter of which is at least 10 nm.

2. The compound as claimed in claim 1, characterized

in that it has a nitrogen content of at most 1%.

25 3. The compound as c¢laimed in claim 1 or 2,
characterized in that it satisfies formula (1), M!

denoting barium, strontium or calcium.

4. The compound as claimed in one of the preceding
30 claims, characterized in that it satisfies formula (1)

in which a =1, b= 0and c =1, 6 or 7.

5. The compound as <c¢laimed in claim 1 or 2,
characterized in that it satisfies formula (3):
35 a{Bai_qEug) .b(Mg0O).c(Al;03) in which a, b and c¢ are as
defined above and satisfy the relationships:
0.25 £a <£2; 0<b<2and 3 <c <9 and 0.01 £4d
< 0.3.



0.25 :5a:52; 05 b <2and 3<¢c <9 and 0.01 :5d < 0.3. - 24 6. The
conpound as clainmed in claiml, 2 or 3, characterized in that it satisfies
formula (1) in which a =b =1and c =5 or 7, M denoting nore
particularly 5 barium 7. The conmpound,gas_clained in claiml, 2 or 3,
characterized in that it satisfies formila (1) in which a =1, b =2 and ¢
= 8 M denoting nore particularly 10 barium 8. The conpound as clained in
claiml, 2 or. 3, characterized in that it _satisfies formula (2) in which a
=3, b = 0 aRd ¢ The 5CORRAURAerdSMC123iRRE s it clBig the onPdund: as

cl ai/\/n m_edhi n cba%&a&erigredS,in5@§@kggtte6§a1$%f.iireSI hf.&irﬂadléatliﬁfiEZWﬁQéHm a ]g2)
in iC a=bzs nd _c, = 5. ool compound as cl ajned,in.one o

t he preceding =0Pafn§,a5ﬁ5ﬁééfe§i%5d i nfht ?n$égﬁ% Tﬁﬁ?i%ﬁ?g}?vlagﬁﬁstituted
with at |®asbaenemrare earth netal, which may nore particularly be

eur opi um neodym um or dysprosium 25 11. The conpound as clained in one of
the preceding clains, characterized in that the magnesiumis partially
substituted Vi-t h &hel eaompronedel @fentlaimedn 114 r ghadithe land 2naAgandse. 30

12. The conpeundaasech 3bBEdni RHaRe 10f ddi8 d¥iecedidignuicd aj 1p. ighanacheri zed
in that the alumnumis gartlally substituted with at |east one el enent

chosen from 2gal INi-urf Scan@¥mC bor 8n, YyeSPBRitdRmdaitP=s | PRPRICRE2IEY The
conpoundi@s shaigRd i n one of the preceding clains, characterized in that
the particles have a nean

8. The compound as claimed in claim 1, 2 or 3,
characterized in that it satisfies formula (2) in which
a=3,b=0andc=2.5 and where M* is yttrium.

15
9. The compound as claimed in c¢laim 1, 2 or 3,
characterized in that it satisfies formula (2) in which
a=>b=1and c = 5.5.

20 10. The compound as claimed in one of the preceding
claims, characterized in that M! is particularly
substituted with at least one rare earth metal, which
may more particularly be europium, neodymium or
dysprosium.

25
11. The compound as claimed in one of the preceding
claims, characterized in that the magnesium 1is
partially substituted with at least one element chosen
from zinc and manganese.

30
12. The compound as claimed in one of the preceding
claims, characterized in that the aluminum is partially
substituted with at least one element chosen from
gallium, scandium, boron, germanium and silicon.

35
13. The compound as claimed in one of the preceding
claims, characterized in that the particles have a mean

diameter of between 1.5 pum and 20 um.



di ameter of between 1.5 mand 20 pm - 25 14. The conpound as clained in
one of the preceding clains, characterized in that the particles have a

di spersion index of at nost 0.8. 5 15. The conpound as clainmed in one of the
preceding clains, characterized in th it has a nitrogen content of at
nost 0.6% 16. The corrpound as clained 7h one of the precedi ng 10 cl ai s,
characterized,in t t

particul arl yPat n%lg(? %‘ %?a #%elag%ﬁg%gn?}gs c%a?énfeggﬁﬁ gj

precedi ng ctERHBS, ch%l'réb}tétféﬁr@’zle%lednltﬂqatthlatt habea Iéﬁréﬂihéscohﬁ‘é@lt a 15 of at
nost 10% mogesparsisnll hdyxabr "Betmd%e @8s. The conpound as claimed in one
of the preceding clainms, characterized in that it has a sul fur content of
at nost 0.05% nore particularly at nost 0.01% 20 19. The conpound as
clained isn one. ofT}ﬁéle c@h@@aehjdngas Cba'aliﬁledChiat acher igedtha tgwdcddimati sfies
formula (1) i hhthe%ﬁ eea{:bt (S bartumandi wﬁilcha:b
=landc =% %er% of "Fh% ?EhZ% az 2 2 25nd QTR CAS

formul a (3) ahdat mostatOi €3 has, by calcination at above 1200C, a pure
beta-alumna structure. 20. The conpound as clainmed in one of the preceding
30 clains, characterized in that the nean pore dianeter of the particles is
bet ween 10 nh§ andTh®0 compound. 2 kglpamedarith oner mfe- shet prRaeding uni nat e,

char act gpi Zeéllaﬁné hathhtakse@Bbalined byngeal Etn@{asona ota3Bohh&Lmaund as

clainmed in one of the preceding clainms, 22. A method of preparing a
precursor cdpdihd st %i%\% m§6°¥‘ﬁ RAEC HFUER R} s IE‘%S?OO tharacterized in
that it conprises the followng steps: - 26 - a liquid mxture conprising

al um num co un , . .
qu. C%Be compound as claimed in one of the preceding
claims, characterized in that it has a chlorine content

15 of at most 10%, more particularly at most 5%.

18. The compound as claimed in one of the preceding
claims, characterized in that it has a sulfur content
of at most 0.05%, more particularly at most 0.01%.
20
19. The compound as claimed in one of the preceding
claims, characterized in that it satisfies formula (1)
in which the alkaline-earth metal is barium and in
which a = b =1 and ¢ = 5 or 7 or in which a =1, b = 2
25 and ¢ = 8, or satisfies formula (3) and in that it has,
by calcination at above 1200°C, a pure beta-alumina

structure.

20. The compound as claimed in one of the preceding
30 claims, characterized in that the mean pore diameter of

the particles is between 10 nm and 100 nm.

21. Alkaline-earth or rare-earth metal aluminate,
characterized in that it is obtained by calcination of

35 the compound as claimed in one of the preceding claims.

22. A method of preparing a precursor compound as
claimed in one of claims 1 to 20, characterized in that

it comprises the following steps:



and conpounds of the other elenments involved in the precursor conposition

s formed; - said mxture is spray-dried; and 5 - the dried product is
calcined at a tenperature of betmeen 700C and 950C. 23. The nethod as
clainmed in claim?22, characterized cég. it uses, as al um num conpound, a
sol of this 10 elenent. 24. The netho s clained in cIa|n122 or 23,

characterized in that Eétrates are used_ as al um nu g\ oqus and. as
conmpounds of the af of e HPISHQH'§H¥ el eERt 5129, @ 5Tévnﬁghe
char act er i zesndn ddmgiounds cofit dilis athairune henen s dlnaziode@d niol ailre 21 as

phosphor. gpg$ cuddd hé&ﬁ?ééft%?ﬂplscg A erlzed inthat it contains an
as

alum nate a al ne arm osp or. 25 27. Light-enitting diode,
characterized in thasai@ miwhenenss apPBRVINHREEE; agnél ai ned in claim 21 as

phosphor 5 - the dried product is calcined at a temperature
of between 700°C and 950°C.

23. The method as claimed in claim 22, characterized
in that it uses, as aluminum compound, a sol of this

10 element.

24. The method as claimed in claim 22 or 23,
characterized in that nitrates are used as aluminum
compounds and as compounds of the aforementioned

15 elements.

25. Plasma display panel, characterized in that it
contains an aluminate as claimed in claim 21 as
phosphor.

20
26. Trichromatic lamp, characterized in that it
contains an aluminate as claimed in claim 21 as

phosphor.

25 27. Light-emitting diode, characterized in that it
contains an aluminate as c¢laimed in claim 21 as

phosphor.



