1 PRee=SS FOR THE MANUFACTURE OF AMVONI UM RARE- EARTH DOUBLE OXALATES AND
" THEI R USES FOR THE MANUFACTURE OF RARE- EARTH OXI DES The present invention
relates to a process 5 for the manufacture of ammpniumrare-earth
doubl e oxal ates, and to their use for obtaijning rare-earth oxides. It
rel ates nore especially to a process enabling doubl e oxal ates possessing

specified 10 NEXGEES © WOR NCHEP MANCFECTIRE 0P AeMONITHMNRARERBARTHarth
oxi des find nunerous applications in the field, in particular, of ceramcs

and el ectroni cs byuBLE oxAESATESSAND (THEIR USES IFORe I YAMSIRNATURE dBer ved
in the market for products having 15 controll ed particle size. One of

t he conventional nethods for obtal RARE-EMRTHQAIPESK des, and which is
anply described in the literature, in particular in the NOUVEAU TRAI TE DE
CH M E M NERALE (New Tr eaFheepomrsenbr javeatinenrelpfps 20 & PTog§edfe. VI |,

(1959), p. 1007 by Paul PASCAL, consists in_calcinin% at b%%ggﬁn 500 and
[err] rar®-eartfoBxahat BINBERGIHES BY AFRCPIPRTRSR - SAShy € acid, of

rare- S
oxalates, and to their use for obtaining rare-earth

oxides.

It relates more especially to a process

enabling double oxalates possessing specified
10 morpholegy and particle size to be obtained.

Rare-eartﬁ oxides find numerous applications
in the field, in particular, of ceramics and
electronics buﬁ, at the present time, an increasing
demand is obServed in tﬁe market for products having

15 controlie& particle size.-

o One of the conventional methods for obtaining
- rare-earth oxides, and which is .amply described in the
literature, in particular in the NOUVEAU TRAITE DE
CHIMIE MINERALE (New Treatise on Inorganic Chemistry).

20 Volume VII, (1959), p. 1007 by Paul PASCAL, consists in
calcining at between 500 and 900°C rare-earth oxalates
obtained by precipitation, using oxalic-acid, of rare-
earth salts in the form of an aqueous solution.
However, suéh a process of manufacture leads only to

25 raré-ea:th oxides possessing coarse particle size.

It is éls§ known, according to JP 53-0853911-2A
(Chemical Abstracts 90, 40940 w), to prepare fine rare-

earth oxides, and more especiélly fine yttrium oxide,



Barth salts in the formof an aqueous sol ution. However, such a process of
"manuf acture | eads onty to 25 rare-earth oxi des possessing coarse
particle size. It is also known, according to JP 53-095911-A (Chem ca
Abstracts 90, 40940 w), to prepare fine rarge- earth oxides, and nore
especially fine yttriumoxide, - 2 by calcination of an ammoni umyttrium
oxal at e, whi ch bgneaitinatishabifi ag wminondamagiteerdams exaliade ,ofwhdrehytt ri um
salt; in precipitating the yttriumin the formof its hydroxide, prepared
by reaction of ¢hesigbeods Btartingl wiitbnaof aguepuisr isghutdlon ®xfdaa basic
aqueous sol ution such as amoni a solution, then in treating the resulting
hydr oxi de sl urrythrivmogalte 48 pregipitafingy the y&fxiam 4@ tthe form
precipitate obtained, washing it and calcining it at a tenperature of [err]
The said 10 ofr dkasbydzaxddeac pEeprrg byt Feagsdion Rf Shegia@ieaqus Jp

e berneeh b. o SRS TR Er pB n¥eolulY R a0 § bR A Tl ol el

. : ) ! pl at es

with " solution such as ammopia sdlution; then in treating the
resulting hydroxide slurry with oxalic acid, and
finally in sepérating the precipitate obtained, washing
it and calcining it at a tempeiature of 750°C. The said

10 proceés leads,.accprding to the description given in

| JP 53-095911-A, to the production of fine yttrium

oxide. The particle diameter is between 0.9 and 4.5 um,
the crystals having the shape of small plates with
rounded edges. |

15 - However, dontfol of the particle size as well
of the particle.size distribution is relatively
difficult, since thiese are greatly influenced by the
conditions of implementation'of the process.

One of the objects of the present invention

20 ig, in ﬁarticular, to remedy these drawbacks by
proposing a process for the manufacture of ammonium
rare-earth double oxalates.possessing a narrow particle
size distribution, with average crystal sizes which can
be controlled. -

25 . Ammonium rarefeérth double oxalate should be
understoqd to mean a‘' compound comprising one or more
rare earths combined Qith ammonium and oxalate ions

enabling simple or mixed oxides to be produced after



rounded edges. 15 However, control- of the particle size as

‘wel |

of the particle size distribution is relatively difficult,
are greatly influenced by the conditions of
One of the objects of the present

si nce these

i mpl enent ati on of the process.
i nventi org 20 I's, in particular, to

remedy these drawbacks by proposing a process for the manufacture of
anmoni um r ar e- eeallbidathba.oxal at es possessing a narrow particle size
distribution, with average crystal si zes which can be controlled. 25
Anmoni um rar e- eart h doubl Fhex akpresstionl dare eacthst ebduld bean a conmpound

conpri sing one or

nore rare earths conbi ned with ammopni um and oxal ate ions

enabl i ng si npl eunfderskegdokiodaeanc the eletenss dieaging aoydiccinvabiesrs The
expression rare earths should be, understood to nean the elenents bearlng

atoni ¢ nunbers bBetweern 57 and 71 ((inclusive) belonging te tthe

5 lanthanide family, as well as yttrium bearing atomic

number 39.

To this end, the invention proposes a process

for the manufacture of an ammonium rare-earth double

oxalate, characterised in that it consists in:

10 _ - mixing, in an aqueous medium, at least one

compound capable of liberating oxalate ions in solution

with at least dne water-soluble rare-earth compound and

one ammonium salt,
- separating the precipitate obtained,

15 - and, where. appropriate, drying it.

According to a feature of the invention, the

ammonium salt is selected from ammonium nitrate,

ammonium chloride and ammonium acetate.

Thus, the use of an'ammonium gsalt such as,

20 .for example, ammonium nitrate, which is the prefefred

compound of the invention, permits better control of

the precipitation of the double oxalate, since it

precipitates directly without prior precipitation of

the rare-earth hydrokide as in the previous process

25 mentioned above. This direct precipitation enables the

~particle size and the spread of érystallife sizes of

the precipitated double oxalate to be controlled.

According to a first, preferred embodiment of



-5 | ant hanide famly, as well as yttrium bearing atom c nunber 39. To
" this end, the invention proposes a process for the manufacture of an
anmoni um rare-earth doubl e oxal ate, characterised in that it consists in:

10 - m xing, in an aqueous ned um at |east one conpound
capable of liberating oxalate ions in solution with at |east one .

wat er - sol ubl e tke cirvenhionapthadammanine aakbnibfh thet rare-eax&parati ng

t he precipitate obtained, 15 . - and, where appropriate, drying
i t. According eempoved: are vixefeinndenaguaoushBediipBntemtoam aj £igstect ed
from anmmoni um ni trate, ammoni um.chl oride and ammoni um acetate. Thus, the
use of an amoFPi¥ELE8Rt such as, 20 .for exanple, amoniumnitrate,

which is th f d ad of _ t ' | | t.s _bet trol of
the. preci pitaton of thettoutne sepdtmenty bl poPelh eapabTy PR 1y ©
without prior prectpiigli on bLBScRALEaRELNMNYT Gl dR13%440 Lle Previ ous
process 25 . I'TEan oned above. I'S 8I rect precipitation enables the

particle size g58e hgosghga?-ggtcgggh@gbhge sizes of the precipitated
doubl e oxal ate to be control[ed.

The state or concentration of this compound
enables the size of the crystallites of precipitéted
double oxalate, as well as their éarticle size

10 distribution, to be modified.

Advantageously, the coﬁpound dapable'of
libe;ating oxalate ions is seléctgd from oxalic acid,
crystallised or in solution, alkali metal oxalates,
crystallised or in solution, or the like. |

15 Thus, addition of the compound capable of
liberating oxalate ions in solid form enables a
precipitate with small-sized crystallites, for example
of thé order of 1 to 4 um, to be obtained, while
addition of this.compound in the form of an aqueocus

20 solution, thereby forming a second solution, enables
larger crystallite sizes to be obtained.

In a secon@ embodiment of the invention, the
firét solution containing an ammonium salt and a rare-
earth compound is added to the second solution

25 céntaining the compound capable of liberating oxalate
ions. |

However, in this embodiment, the rare-earth

compound and the ammonium salt may be added in the form



According to a first, preferred enbodi ment 'of 4 the invention, the
“anmmoni.um salt and the rare-earth conpound are mixed in an agueous nediumto
forma first solution.. In this enbodi nent, the conmpound capabl e of 5

i berating in solution oxalate i.ons in solution is added to the first
solution. The state or concentration of this conpound enables the size of
the crystallitesoHfapsertupitat el thnubresbailised fisrmel Thaset hompopadsi cl e
size 10 ~distribution, to be nodified. Advantageously, the conmpound
capabl e of i bermay e cxdfledeceitheri insthecfeumf pbnaoralid mékbure or
crystallised or in solution, -al kali netal oxalates, crystallised or in

sol uti on, or theofjkecomgon solution, orTimnssepaupteofiosh,t hutcshpyund

capabl e. of. Iiberatinf oxalate igns in solid_formenables a precipitate with
smal | - si zed crys¥BPpidether pretanpbiyobe; addefd8imyl tanpgualyekp] theo be

Obtalned, ¥h||e second solution.-

As rare-earth compounds which are suitable
for the invention, thgre may be mentioned pitrates,
chlorides and sulphates, for example, or a mixture of
rare-earth salts, nitrates being the preferred

10 _ compounds of the invention.

Ambng these-compounds, yttrium nitrate,
europium nitrate, lanthanum nitrate, neodymium nitrate,
dysproéium nitrate, cerium nitrate, gadoliniﬁm nitrate,
terbium nitrate ér a mixture of these are preferred.

15 - In particular, it is possible to employ an
aqueous solution containing rare-earth salts which
originates airectly or'indirectly.from the processing
of rare-earth ores.

Although the process of the invention applies

20 perfectly well.to the cerium rare earths, it is more
especially suited to the yttrium rare earths.

ﬁCerium rare earths" is understood to mean
the lighter rare-earth elements beginning with
1anthaﬁum and extending up to neodymium in accordance

25 - with the atomic-number,'and "yttrium rare earths"
denotes the heavier rare-earth elements in accordance’
with the atomic number, beginning with samarium and

finishing with lutecium and including yttrium.



~addition of this conpound in the formof an aqueous 20 - solution,
"thereby fornmng a second solution, enables larger crystallite sizes to be
obtained. In a second enbodi ment of the invention, the first solution
contai ning an ammoni um,salt and a rare- eagth conpound i s added t'o the

second sol ution 25 cont ai ni ng the conpound. capabl e of |iberating
oxal ate ions. However, inrhdliSocdeehdeidn bferdféceith hcémppanadiand the
anmoni um salt nay be added in the form 5 of a solution or in

crystallised faron chliasicabnpounds may be added either in the formof a
solid mxture or of a common solution, or in separate form but they should
t hen preferably be. added Atocikdimgots| gndthéhepbeferredcbeateneudf obheAs
rare-earth conpounds which are suitable for the invention, there may be
.mentioned nitr&Arecesthy o‘Fh%i&zandREuIapﬁaNHs+/R%rm@3(%np$§1°%ra'a m xture of

rare- earth salts, nitrates being the preferred
completion of the precipitation are not less than 2,

and preferably not less than 2.5.

However, the concentration of (C,0,)" and NH4+
16ns in the solutions is not cr1t1cal and can vary
within wide limits.

10 .. According to a preferred embodiment, the
oxalate concentrations as well as the rare;earth and
ammonium ion concentration in the different solutions
and the volumes of the first and second solutions, as
well as the masses of crystallised products added, will.

15 be determined éo as to obtain in the final reaction
‘medium a mole ratio of oxalate ion to rare éarths
((0204)=/RE) of not less than 2, and advantageously not
less than 2.5, and a ratio Qf ammonium to rare earths
(NH4+/RE) of not less than 2, and preferably not less

20 than 2.5. -

The conditiéns of implementation of the
process are fairiy uncritical for obtaining a double
oxalate. Névertheless, control of the rate of mixing of
the different solutions or the rate of introduction of
25 the érystallised products into the solutions, of

temperature and of the stirring of the mixture enables
the morphoclogy of the precipitated double oxalate to be

modified and controlled.



10 conpounds of the invention. Anong these conpounds, yttriumnitrate,
‘europiumnitrate, lanthanumnitrate, neodymumnitrate dysprosiumnitrate,
ceriumnitrate, gadoliniumnitrate, terbiumnitrate or a mxture of these
are preferred. 15 In particulay, it is possible to enploy an
aqueous solution containing rare-earth salts which originates directly.or
indirectly fromthe proces®ngpmfer,arthe renpexrassareAlHdmw ugh il yerrome sen of
the invention applies 20 perfectly well -to the ceriumrare earths, it
is nore especi al Ithes pinegd pidatiien/ tyieldn rsinc e itehssor Wiy rare eart hs”
I's understood to nmean the lighter rare-earth el enents beginning with

| ant hanum and exceefifigignt ehdhy darhlia axadetrincranses witlh a eise
atom ¢ nunber, and "yttriumrare earths" denotes the heavier rare-earth

el enents in accorBat®®RATAFUAR> at omi ¢ nunber, begi nning wi th samari um and
fini shing \y th lutecium anq\'cicrljczl'éjiqjlgn%alté rpiJ:'uerge:r:ent6ial feature of the
invention, ﬁhe precipitation is carried out at a.
temperature 6f between 30°C and 90°C, and preferably
between 35°C and 70°C.
According to another preferential feature of

10 the invention, the separation of the precipitate is
carried out between 5 min and 2 h approxiﬁately-aftér
completion of érecipitation.-During this period, the
reaction medium may be kept stirring or otherwise.

This step permits a rearrangement of the

15 crystals and is génerally.referred to as a step of
ageing of the precipitate.

The precipitate obtained is separated from
the subernatant liquid by any solid/liquid separation
. process such as, for example, filt:atiog,

20 centrifugation, decantation or the like. It may also 5e
-subjected tc one or more washes in order, for example,
to remove s&luble salts.

The ammonium rare-earth double oxalate can
ﬁndergo a drying in ordér to evaporate unbound water,

25 for example by a thermal treatment at between 50°C and
100°C or a dryiﬁg under redﬁced pressure.

The process of the invention enables an

ammonium rare-earth double oxalate possessing a



~The concentration of .rare-earth conpound is not critical. According to
“another preferred feature of the process, the [err] and [err] nole ratios
at 5 conpl etion of the precipitation are not |less than 2, and .
preferably not less than 2.5. However, thegconcentration of [err] and [err]
ifons in the solutions is not critical and can vary within wide. limts. 10
Accordi ng t o a hySgeneshenbodtiehs  site oxdatcbeaimed! rasiwellagzswel | as
the.rare-earth and anmoniumion concentration in the different sol utions
and t he vol unesreofy trieerfow spanbitcbe coize sdistripetion of| thescryietadsses of
crystallised products added, will. 15 be determ ned so as to obtain in
the final reaction nedi urfhke nerestals cbtabxed sare; ofo¥ cexarelearths [err]
of not less than 2, and advantageously not |less than, 2.5, and a ratjo of
anmoni um t o r arkeBEeemst [¥rd ] 4 of RPPFREENR FatY 210 B {Z 8, BRI BRYEenERe| 65

20 than 2.5.- The conditions of jnplenentation of the process are fairly
“uncritica for THREP gaas’ﬂ%ﬁilgiﬁﬁﬁhate. Nevert hel ess, control of the

rate of mixing of One of the uses of these ammonium rare-earth

double oxalates is the production of rare-earth oxides
obtained by thermal decomposition of these oxalates.
The morphology aﬁd particle size of the rare-
10 earth oxides obtained by decomposition of a double
oxalate is generally similar to that of the said double
oxalate used as a precursor. However, depending on the
conditions of thermal treatment of the double.oxalate,
the particle size of the oxide may be siightly
15 different from that of the oxalate.
| The thermal treatment or calcination is
generally carried out at a temperature of between 600°C
and 1200°C, and advantageously between 800°C and
1000°C.
20 _ The calcination time is determined in a
ponvéntional manner by éhecking for constant weight. As
a guide; the calcination time can vary between 30
minutes and 6 hours approximately.
The invention will be illustrated by some.

25 examples given below, exclusively as a guide.



.the different solutions or the rate of introduction of 25 t he
crystallised products into the solutions, of tenperature and of the
stirring of the m xture enabl es the norphol ogy of the precipitated double
oxal ate to be nodified and controll ed. 79 Mor eover, the tenperature has
-an influence on the precipitation yield, since the solubility coefficient
of the doubl e oEzhmpdel Acreases wWith a rise in tenperature. 5

According to a preferential feature of the invention, the precipitation is.
carried out at a tenperat & soduticnweonthdnihgayd tirdmm nityc e afteraabl y
between.[err] and [err] According to another preferential feature of 10-
the invention, FRBCSBSAR&LODNOS 1-R6 prddilpisamdxiesl selith @d 20M bet ween 5

mn and 2 h. approxi mately after conpletion of precipitation. During this
period, the reafFPSRIHRIRISTALP HoluEdenster Pbﬁ@lﬁr amt MBI Eerathos=s5ep

permts asrearrangenent O&hls solution is heated to 45°C.

85 g of crystallised oxalic'acid are added,
this resulting in a-(c204)=/Y ratio = 2.5.

The mixture is kept stirring for one hour at
this temperaturé.

10 - The precipitate is then recovered by
filtration and washed with water.

The washed precipitate is dried at 100°C and
tﬁen éubjected to X-ray analysis to confirm its
ammonium yttrium double oxalate structure.

15 This salt is converted to oxide b&
calcination at 900°C for 1 hour. |

Particle size analysis carried out by meané
of a crLas® granulometer shows that the oxide possesses

a mean particle diameter of 2.55 um, with a particle

20 .8ize disbersion factor g of 0.53.
' m
The factor g is calculated by the formula
m ' B
o bos - ¢
25 T 84 b16
m 2 ¢s5p

in which:
¢34 : represents the diameter for which
84% of the particles have a diameter not exceeding &g,

30 P16 : represents the diameter for which



15 crystals and is generally referred to as a step of ageing of the
precipitate. The precipitate obtained is separated fromthe supernatant
liquid by any solid/liquid separation process such as, for exanple, :
filtration, 20 centrifugation, decantatg on or the like. It may al so be
subjected to one.or nore washes in order, for exanple, to renove sol uble

salts. The anmmueyired afte Godxti el itavixadl  Parketter NGISE 0Oxdeddhdigs] L Or der
.to evaporat e unbound water, 25 for exanple by a thermal treatnent at

between [err] and [err] or a dbyi:ngeppdeentedtiieneumegsrteicThe process of
t he invention enabl es an amoni umrare-earth doubl e oxal ate possessing a
8 honogeneous. PH@ametier size to be obtained, as well as a very narrow
particle size distribution of the crystals. The crystals obtained are, for
exanpl e, betwedxamnkel 21 [err] approximately in size, and have the 5
shape of a small plate. L. )
5 In a manner similar to Example 1, a solution
is prepared containing yttrium nitrate and ammonium
nitrate with an NH,'/Y ratio = 3.90.
To this solution, after being brought to
45°C, a.l M solution of oxalic acid is added so as to
10 obtain a C,0,/Y ratio = 2.
The'reaction medium is then kept stirring for
30 minuteé.
After filtration and washing with water, the
precipitate is dried at 100°C and then calcined at

15 900°C to convert it to yttrium oxide.

Particle size analysis of this oxide shows

that it has a mean diameter ¢;, equal to 13.6 um and a g
m
equal to 0.51.
20 The crystals of this oxide are illustrated in

the single Figure (magnification 6000 times).
Example 3

A solution containing 0.675 mol of
crystallised oxalic acid is heated to 45°C.

25 _ , To this solution, a second solution
containing an ammonium nigrate and an yttrium nitrate
is added to obtain the following ratios in the reaction
medium;

C,0,%/Y

2.5



‘One of the uses of these amoniumrare-earth double oxalates is the
‘production of rare-earth oxi des obtained by thermal deconposition of these
oxal ates. The norphol ogy and particle size of the rare- 10 . earth oxides
obt ai ned by deconposition of a.double oxalat¢ is generally simlar to that
of the said doubl e oxal ate used as a precursor. However, depending on the
conditions of thermal treatment of tRg #pybl e oxal atge, the particle size of
t he oxide may be slightly 15 di ffefent fromthat of the oxal ate. The
thermal treatnment or cal ci nflel @ixthr@Cier Mept GHirrGhddHorall hdudTREIAL Ure
of between [err] and [err] and advantageously between [err] and [err] 20
The cal ci nati on theeprecdpitatendd itheh FaltedledrAf mmmdevashed hdaddt ng for
constant weight. As a guide, the calcination tine can vary between 30

.m nutes and 6 howaseazpproxi mately. The invention will. be illustrated by
sonme 25 5 exanpl es given bel ow, exclusively as a guide: '

After drying at 100°C, the double oxalate is
calcined for 1 hour at 900°C.

Particle size analysis shows that it has a ¢,

equal to 4.06 um and a g = 0.48

B

10 Example 4
To a solution of oxalic acid heated to 60°C,
a solutioﬁ of &ttrium.nitrate and a solution of
ammonium nitrate are added simultaneously so as té
obtain the following ratios in the reaction medium:

15 C,0,°/Y = 2.5

NH,"/Y 5.15
The mixture is kept stirring fér one hour.
The precipitate is then filtered off ﬁnd
washed with water, the;eaftér dried and caicined as in
20 previous examples.

The oxide thereby obtained possesses a mean

particle diameter equal to 3 um and a ¢ equal to 0.6.
. m

Example 5

25 Example 1 is reprodﬁced, but using a solution
of.yttrium chloride and ammonium chloride in place of
the solution of yttrium nitrate and ammonium nitrate.

' The ratios of the species in the reaction

medium are:

A



9 Exanple 1 A solution containing yttriumnitrate at a concentration of
~1.36 mol /1 is mixed with a 2 Mamoniumnitrate.solution to obtain an [err]
ratio = S. 5 This solution is heated to [err]. 85 g of
crystallised oxalic acid are added, this rgqgulting.in a [err] ratio = 2.5.
The m xture is kept stirring for one hour at this tenperature. 10 _
The precipitate-is then recovered by f,Fygati on and- vagwed wth water. The
washed precipitate is dried at [err] "and then subjected to X-ray analysis
to confirmits ammoni um yttrium doulNE,*g¥al ate structinas 15

This salt is converted to oxide by calcination at [err] for 1 hour. -
Particle size anal ysis carfhedtinivay ordales aiftaingid A eplginatierrofhows
that the oxi de possesses a nean particle dianmeter of 2.55 [err], with a
particle 20 the erticipsiti ey frraaveredfaqra3ling 4R YRR (RFOTFF] is

~calculated by the formul a : '
5 described in the previous examples, possesses a mean

particle diameter equal to 3.5 pum and a g = 0.56.

8



[err] in which: [errl : represents the dianeter for which 84%wef the
particles have a dianeter not exceeding [err] 30 )
represents the diameter for which 10 16% of the particl ed® t Has Been Replaced
di aneter not exceeding [err] [err]: represents t he rr‘ean'partiJ ,’Hﬂ”'g"’
Exanmple 2 5 tn a manner simlar to Exanple 1, :
prepared containing yttriumnitrate and a iqgn nitrate with an [err]

ratio = 3.90. To this solution, after being brought to [err], a.1 M

sol ution of oxalic acid i s pddedpsdcéss t fordOthe mifddt@re esfJakatio = 2.

. The reaction mediumis then kept stirring for 30 mnutes. After filtration

and washi ng w t h a@icaiiun ea s osd Pt adGubFe i£Thité, [chdtacterided fal ci ned
at -

that it consists iﬁ:

5 : - mixing, in an aqueous medium, at least one
coﬁpound capabie of liberating oxalate ions in solution
with at least one water-soluble rare-earth compound and
one ammonium salt,

- separating'the precipitate obtained,

10 - and, where appropriate, drying it.

2. Process according to claim 1,
‘characterised in that the ammonium salt is selected
from ammonium nitrate, ammonium chloride .and ammonium
acetate.

15 3. Process acéording to claim 1 or 2,
characterised in that the ammonium salt and the rare-
earth éompound_are mixed in an aqueous medium to form a
first solution.

4. | Proceés adcording to claim 3,

20 characterised in that'the compound capable of
liberating oxalate'ions_in solution is added to the
first solutiomn. |

5. Précess according td claim 3,
charactefised in that the éompound capable of

25 liberating oxalate ions is selected from oxalic acid,
.crystallised of in solution, and alkali metal oxalates.

6. Process according to one of claims 1 to

3, characterised in that the compound capable of

aL T




15 °  [err] to convert it to yttrium oxide. ParticlgmlTsi_s of -this

oxi de shows that it has a meéan diameter [err] equal tHume,” a-
[err] [err] equal to 0.51. 20 The crysts mﬂ [ Ee are
illustrated in the single Figure (magnificatdon 6000 ti meSs) .t BExanpl ex3 A

solution containing 0.675 nol of crystallised oxalic acid is heated to

[err]. 25 liberatind Cokdll S804tk Ofls i SESDRES SOh Uk 08r COHL BbPING an
amoniumnitrate and an yttriumnitrate is,added to obtain the follow ng

ratios in the resaddmd $6EThtidn] ethi¢ fiFse. SolutiGirbeing added6tdhehe
m xture is kept stirring for 1 hour and the precipitate is then filtered
of f and washed wedid vee¢aond Ssolution. After drying at [err], the
doubl e oxal ate is
7. Process according to one of the
5 . preceding claims, charécterised in that the soluble
rare-earth salt is selected from the group comprising
nitrates, chlorides, sulphates or a mixture of rafe-
earth salts.
8. Précess according to claim 7,

10 charactefised in that the rﬁre—earth compoupds are
yttrium nitrate, europium nitrate, lanthanum nitrate,
neodymium nitrate, dyéprosium, cerium, gadolinium oxr
térbium nitrate or a mixture of these.

9. -Précess according to one of the

15 preéeding claims, characterised in that the C,0,/RE and
NH,*/RE mole ratios at completion of the preéipitation
are not less than 2, and preferably not less than 2.5.

10. Process according to one of the
preceding claims, characterised in that the

.20 precipitation is 6arried out at a temperature of
'between,30°c and 90°C, and preferably between 35°C and
70°C. |

11. Process according to one of the
preceding claims, characterised in that the separation

25 of the precipitate is.carried_out between 5 min and 2 h
after completion‘of precipitation.

12. Process for the manufacture of a rare-

earth oxide, characterised in that it consists in



. I R
calcined for 1 hour at [err]. Particle size analysis shows that it has a—-—

[err] equal to 4.06 [err] and a [err] = 0.48 m10 Exa ,[ﬂmm",
solution of oxalic acid heated to [err], a solution of yt ; ,MMIHM
a solution of ammniumnitrate are added si gyl taneously. so .as’ td oMtasn the
following ratios in the reaction nmedium 15 [err]
= 2.5 = 5.15 Theogh¥liligg TpleRmbbliiil 1 rdeQleadth Mb1 Tkl Pitate is
then filtered off and waShed with water, thereafter dried and cal cined as
in 20 previ odptaiadnl @%coldlngXitde dnlde bF Y heb il el 1R Istags 2 mean
particle dianmeter equal to 3 [err] and a [err] equal to 0.6. [err- Exanple 5
25 : aFxenpdeyings whaitieoGppadpridaitelsi ng a sol ution of "yttrium
chl ori de and anmoni um chloride in place of the solution of yttriumnitrate
and ammonium nitrate. The A&t oPrwiceisdse asreriding red kd adendid on

5 characterised in that the calcination temperature is
between 600 and 1200°C, and preferably between 800°C

and 1000°C.



.medi um are: 12 [err] = 2.54 [err] = 3.26 The yttrium
oxi de obtained by calcination of the precipitate, recovered according to

t he process 5 described in the previ ous exanpl es, possesses a nean
particle dianeter equal to 3.5 [err] anqga a = 0.56. m 13 CLAIMS 1.
Process for the manufacture of an ammoniumrare-earth doubl e oxal ate,
characterised in that it consists in: 5 - m Xxi ng, i n an aqueous
medi um at | east one conpound capable of liberating oxalate ions in
solution with at | east one water-soluble rare-earth conpound and

ABSTRACT

5 PROCESS FOR THE MANUFACTURE OF AMMONIUM RARE-EARTH
DOUBLE OXALATES AND THEIR USES FOR THE MANUFACTURE OF

 RARE-EARTH OXIDES,

The present inQention relates to a process
lfor the manufacture of an ammonium rare-earth double
.
10 oxalate, consisting in mixing, in an agqueous medium,
compounds capable of liberating oxalate ions with a
socluble rare-earth sait and an ammonium salt suéh as
ammgnium nitrate.
The precipitate is then separated and washed.

15 " The double_oxalate obtained is converted to

an yttrium oxide by calcination.



one ammoniumsalt, - separ ating the precipitate obt ai ned, 10

and, where appropriate, drying it. 2. Process accordl__g__tn_(;l—&}—m——i—/
characterised in that the ammoniumsalt is select ed from anmoni um ni t ria &
ammoni um chl ori de and anmoni um acetate. 15 . Thids Sheet H 2c
according to claim1l or 2, characterisgq in that the amp ﬂ“ he
rare- earth conpound are mxed in an aqueous mediumto fo

sol ution. 4. Process according to claim3, 20 characterised.in that
t-he conpound capabl e of l|iberating oxalate ions in solution is added to the
first solution. 5.. Process according to claim3, characterised in that the
~conpound capabl e of 25 | i berating oxalate ions i's selected fromoxalic
acid, crystallised or in solution, and al kali netal oxal ates. 6. Process
according to one of clains 1 to' 3, characterised in that the conpound
capabl e of '

3 Fi_c_;.'l




{1 berating oxalate ions is dissolved in water to forma second sol uti on,
the first solution being added to the said second solution. 7. Process
according to one of the 5 precedi ng cl ai ns, Gharactert Sk i at the
soluble rare-earth salt is selected fromthe gro BEBbAbnﬁgl tes,
chlorides, sulphates or a mxture of rare- earthjsdqrts. 8. Progess
according to claim7, 10 characterised in that |t he ;mareqgart i ¢onpounds
are yttriumnitrate, euumlmnnMraté/MamhamunnMrate neodymju
nitrate, dysprosium cerium gadoliniumor terbiumlp-t+ateor—a m Ature of
t hese. 9. Process according to one of the 15 precedi ng_cl ai nd,
characterised in that the [err] and [err] nole ratT0s at conpletion of the
precipitation are not |ess than d preferably not less than 2.5. ‘10.
Process according to one of the ppéceding clainms, characterised in that the
20 precipitation is carried out at a tenperature of between [err] and
[err], and preferably between [err] and [err]




11. Process accordi
t'he 'separation 25
h aft.er conpletion
rare- earth oxide,
ammonium rare-earth
preceding clains, a
claim 12, character
and [err] and prefe

1.

ng to one of the preceding clains, characterised in
of the precipitate is carriedlggs VIERIT QLT
of precipitation. 12. Process foHR?¢%E§E¥§§§;SE 3Pb
characterised in that it consistg in 15 cal ci hih
doubl e oxal ate obtai ned accordi g |t o1 46 I9H he
fter drying where apa&opriate. 13.
ised in that the cal ¢i'nation tengerature is betwee

rably between [egr] gngd jfegr].

Process for the manufacture of an ammonium

—

rare-earth double oxalate, characterised in that it

consists

in:

- mixing, in an aqueous medium, at least one compound

capable of liberating oxalate ions in solution, said

compound

being other than ammonium oxalate with at least

one water-soluble rare-earth compound and one ammonium

o/ salt, sa

id salt being other than ammonium oxalate,

- separating the precipitate obtained,

- and, where appropriate, drying it.

2.
that the
ammonium

3.
characte

compound

Process according to claim 1, characterised in
ammonium salt is selected from ammonium nitrate,
chloride and ammonium acetate.
Process according to claim 1 or 2,
rised in that the ammonium salt and the rare-earth

are mixed in an agueous medium to form a first

solution.

4,
that the
solution

5.

that the

selected from oxalic acid, crystallised or in solution, and

alkali m
6.

characte

Process according to claim 3, characterised in
compound capable of liberating oxalate ions in
is added to the first solution.

process according to claim 3, characterised in

compound capable of liberating oxalate ions is

etal oxalates.
Process according to one of claims 1 to 3,

rised in that the compound capable of

Process accor iFg

t hat
and 2
f a
g the

to
600



