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'Claim

A method of preparing weric oxide by calcination of a

ceric hydroxide comprising the steps of solvothermally

'creating ceric hydroxide and then calcining the treated

ceric hydrexide.
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cComplete Specification for the Invention entitled:

"METHOD OF PREPARATION OF CERIC OXIDE"

The following statement is a full ZJescription of this invention,
including the best method of performing it known to us:i-
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METHOD OF PREPARATION Oif CERIC OXIDE

This invention is related to a method of preparation

of'certc oxide. More precisely, the invention concerns
a process to increase the specific surtace of a ceric oxide
andy according to a variant, o stabilize the specific
surface at high temperature.

This inventionh provides a ceric bxide presenting an

increased specific surface which is stabilized at  high

temperature.

In the following invention summary, the specific surface
refers to the B.E.T. specific surface dzterminad by nitrogen
adsorption, according to the standard ASTM D 3663-78B
2stablished from the BRUNAUER-EMMETT-TELLER method described

in the "Journal of American Society, 60, 309(1778)°".

It is known that the ceric oxide can be used as a
catalys’y Or as a catalyst support. As an example, one can
quote Paul MERIAUDEAU et al's work on the methanol
synthesis based on (0 + H2 on catalusts whose platinium is
laid on ceritr oxide (C.R. Acad. Sc. Paris t. 297 - Series

I11-471 - 1983).



{t is also well inown tha* catalysy erficiency
is generally increased when the contact surface between the
catalyst and the reagents is large. In order to do so, the
catalyst must be maintained as divided as possible, i.e.
that its solid particles must be as small and individuali:ed
as possible. Therefore, the main role of the support is to
keep the catalyst particles or crystallites in the most

possible divided state.

When using a catalyst support for a long time, the
10 specif¥ic surface decreasesy, due to the coalascence of very
thin micropores. During this coalescence, a part of *%he

catalyst is included in the support mass and can no longer

s oa
o 5 o
6::: be in contact with the reagent.
o e
PR
°§""§ - Until now, most of the prepared ceric oxides shows

a fast decreasing specific surface at operating temperatures

°:°::° above 500°C. By doing so, R.ALVERO et al. (J.Chem. Soc.
oo Dalton Trans 1984, B87) have obtained from the ammonium
o oo, cerinitrate a reric oxide with a specific surface of 29 -m2/g
e after a 500°C calcination.
L20°, ~ Furthermore, FR-A 2 559 754 describes a ceric
a0 o
,:“,.E oxide with a specific surface of at least 85 + 5 mz/g

obtained atter a 350 to 450°C calcination andy, preferably,

between 100 to 130 mz/gafter‘ a 400 to 450°C calcination.The
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so-called oxide is prepared by hydrolysis on a ceric nitrate

aqueous solution in a nitric acid medium followed by a

separstion of the obtained precipitate, waching with an

orgenic solvent, possibly drying, and calcination.

The obtained ceric oxide shows an interesting
specific surface when it is prepared under a range of
calcination temperatures from 300 to 600 °C. However, at a
higher calcination temperature, a decrease of the specific
surface is to be noted, t!';s one being of 10 m2/g after a

800 °C calcinati.™

One may also quote FR—A 2 559 755 which refers to
a ceric oxide with a specific surface of at least
85 + S m2/gafter a 350 to S00°C calcination and, preferably
betw:en a 400-450°C calcination. This axide is obtained by a
process consisting in precipitating a basic ceric sulphate
by making a4 ceric nitrate solution and an aqueous solution
contuining sulphate ions to react, then separating the
obtained precipitate, washing it with an amsoniuve hudroxide
solution, possibly drying it and calcinating it at a
temperature between 300 and S00°C. The ceric oxide prepared
this way rresents a large specific surface but when it goes
through an B00°C calcination, its specific surface decreases

considerabliy and is of about 10 m?/g.

———— — e — - _ - —nd
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One of the objectives of this invention is to provide
a method which facilitates the increase of the specific
surface of a ceric oxide obtained by calcination of a
ceric hydroxide.

Another objective of the invention is td develop a
method to improve the stability of the specific surface at
high temperature. | _

In order to obtain the first objective, the present

invention provides a method of preparing ceric oxide by

- calcination of a ceric hy'd'roxide compr.sing the step's of

solvothermally tréating ce_rir_: hydroxide and then calcining
the treated ceric hydroxide.

In a preferred .mbodiment, the method of the

‘invention comprises the steps of:

- suspendihg the ceric hydroxide in.a liquid medium,

- heating the ceric hydroxide suspension in a sealed
'area up to a temperature and a pressure respectively
lower than the c.ritical temperature and the pressure
of the medium,

- - cooling the reactive medium and bringing said medium
back to atmospheric temperature,

- separating the treated ceric hydroxide, then

- calcining the treated ceric hydroxide.



" The applicant has found that the fact of carrying out
a thermal pre-treatment mentioned hereafter as
"autoclaving" of the ceric hydroxide, beforé.the
calcination, facilitates an increase in the specific
curface of the obtained ceric oxide.
Without limitating in any case the'iméact of the

inventien with the following theory, it_is.belieVed'that

“the autocla?ing treatment-of'thé ceric hydroxide allows a

recrystallization of the hydrate resulting in an increase

of the crystallization rate and, consequently, in a

deicrease of the amorphous pért, which discourages the

aggregation of the crystallites during the calcination and
tﬁerefOre to.increase the specific surface of the obtained
ceric oxide. ‘

It is to be noted that the calcination involves an
increase of the crystallites size and that the autoclaving
treatment enables the limitation of this increase, which
results in a better stability of the specific surface.

Therefore, the present invention also provides a

ceric hydroxide. Preferably, the ceric hydroxide is an

hydrated ceric oxide.




CeO,, 2H,0 Or a ceric hydroxide which could contairn rosidual

quantities of binded or adsorbed anions.

Then the ceric huydroxide used in the ioventian

method corresponds to the following formula :

Ce(OH)4_ay (A)y, nH, 0 (1)
in whi¢h =
A symbolizes a residual anion
a is a whole number representing the anion charge
Y is a number between 0 and 2
n is a nuwber between 0 and about 20

The ceric hydroxide preferably used in the
invention corresponds to the formula (I) in which ®*a® is a
whole number smaller or equal to 1 or 2, and "y" is a number

between 0O and 1,5.

Chlorides, sulphates, nitrates, acetates, formatpes,
etc... and preferably nitrates and chlorides can be

mentioned as residual anions A.

One should also note that i% (5 also possible in

the invention process to use a ceric hydroxide which might
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contain a ceric oxide phase. Therefore fthe cerium compounds
described in European patent application 87 400 600.0
could b2 used but those are not preferred as they do not
provide the maximum benefit of the present invention,
because of the pre—-existence of the ceric oxide phase,

during the autoclaving treatment.

A quality raw material would be a ceric hydroxide
corresponding to the formula (I) and preépared according to
the method described hereafter which consists in making a
cerium salt solution and a base to reacty, possibly in
presence of an oxidizer, separating the abtained

precipitate, possibly washing it and/or drying it.

The cerium salt solution used can be any cerium
salt aqueous saclution in a cerous state and/or ceric soluble
in the conditions of preparationy namely a cerous chloride
or cerium nitrate in a cerous or ceric state or a mixture of

“=th.

The cerium salt solution is choosen in such a way
that it does not cortain any impurity that might be found in
the calcined product. It might be favorable to use a cerium

sal% with a purity rate over 99 %.
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The cerium salt concentration is rut a critaical
factor, according to the invention and it may vary to a
large extent ; a concentration between 0,2 and 4 moles per

liter is preferred.

According to a preferred variant, the cerium is
intreduced into the reactive medium in a cerous state and is

oxidized in a ceric state with an oxidizer.

Among the possible oxidizers, perchlorate,
chlorate, hypochlorite, sodium persulphate, potassium,
ammonium solutions, hydrogen peroxide or air, oOxygen, ozone

can be mentioned. Hydrogen peroxide is preferred.

The proportion of oxidizer with regard to the
cerous salt to be oxidized may vary to a large extent. It is
generally higher than stoichiometric and corresponds

preferably to an excess of 10 to 40 4.

Another preferred variant of the invention consists
in using a ceric ~nitrate aqueous solution.' This one
generally presents some initial acidity and may have a
normality retween 0,01 M and 5 N.The concentration of H ions
is mnot critical. Between 0,1 N and. 1 N would be

advantageous.
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As a raw material, one can use a ceric nitrate

solution obtained by the action of nitric acid on a huydrated

ceric oxide prepared in a classical way, for instance by the
action of the nitric acid on the cerous carbonate and the
addition oFf an ammoniua hydroxide saolution together with an

oxidizer, preferably hydrogen peroxide.

The ceric nitrate solution obtainel with the
electrolytic oxidation of a cerous nitrate solubtien, which
ig dewcribed in  French ‘patent application FR A 2 570 087

(No. 84 13641) constitutes a first quality raw material.

The precipitaticn of the ceric hydroxide may be
done by the reaction of the cerium salt solution and a basic

solution.

The basic solutiaon used may be an aqueous ammonium
bydroxide solution or a 'sodium hydroxide or potassium
hydroxide solutions. An annoniup hydroxide is preferably
used. The normality of the basic solution used is not a
critical factor according to the invention : it may vary to
a large extent but will be more advantageous between 1 and 5

N, preferably 2 to 3 N.

The ‘prqpor‘tio‘n between the basic solution and the

ceriun salt solution must be such as the number of basic
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equivalents be larger "~ r equal to +the number of cerium
equivalents. It may be berter to use an excess higher than

5 4 of basic equivalents. The reactive medium pPH may be set
between & and about 10. It is at its best between 7,0 and
9,0. It is particularly advantageous to regulate the pH

within these limits, + 0,1 pH unit.

The reactive medium temperature must be preferably
between 5 and 95°C, and more particularly between 40 and 70°C.
The mixing duration in the reactive medium is not a
critical factor in the invention and may vary %o a large
extent ; generally, durations between 15 minutes and 2 hours

will be chosen.

A precipitate is obtained, which can be separated
according to the traditional tuycnaniques of solid/liquid
separation such as decanting, cvaporation, filtration and/o~

centrifugation.

Accarding to a favorite varian® of the invention,
it 1is desirable to wash the precipitate in order to

eliminate the remaining adsorbed anions on the precipitate.

The washing is carried out preferably with wate»
or with a basic solution having preferably a concentration

between 1 and 5 N. An ammonium hydroxide soluktion is
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preferably used. One to several washings can bz done and

mare often, from one to 3 washings.

The ceric hydroxide separated and possibly washed
may be used directly in the invention process. It is also
possible to dry it. Drying may be done with air or under
reduced pressure, for instance, in the area of 1 to 100 mm
of mercury (133,322 Pa to 13332,2 Pa). The drying
temperature may vary between rcom temperature and 100°C and
its duration is not critical and may vary hetween 2 and 48

hours.

The ceric hydroxide obtained with the above method

is used preferably in the process of the present invention.

. According ta the invention process the ceric

hydroxide is used in suspension in a liquid 2edium.

The liquid medium used may be any liquid not
reacting with ceric hydroxide under the temperature and

pressure ganditions of the invention.

Among the possible liquids, one uses preferably
water or a basic solution, namely an alkaline metal
hydroxide or any solution with a decomposable base under the

calcination conditions of the invention.
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“Decomposable base® is to be understood as a
compound presenting a p&alouer than 7 and decomposable under

the calcination conditions of the invertion.

As an illustration, one can quote the ammoniun
hydraxide, urea, ammonium acetate, ammonium
hydrogenocarbonate, ammonium carbonate, or a primary amiiie,

secondary, tertiary, as for. instance methylamine,

ethylamine, propglanine. n~butylamine, sec—~butylamine,

n—-pentylamine, amino-2 pentane, amino—-2 methyl-2 butane,

amino—1 methyl-3 butane, diamino—1,2 ethane, diamino—1,2

propaney diémino—1,3 praopaney diahino—l,# butane,

‘diamino-1,5 pentane, diamino-1,6 hexane, dimethylamine,

-diethglahine. trimethylaminey tiiefhglanine or a quaterly

amine such'as a tetraaikgla-qoniu- hydroxide with preferably

alkyle radicals containing from 1 to 4 carbon atoms j; the

tétré-ethylanuoniu- hgdroxide. or the tetraethylammonium

hydroxide are more particiilarly used.
A mixture of bases may also be used.

A preferred variant of the invention process
consists in using a decomposable base solution because it
has beew unexpectedly found that carrying out the

autoclaving operation in such a medium not only allows to

P



Hseaq
a

LR

L
)
03‘000.0

°
e e
e 09

<
g &9

.9
naaoe
o °

e LS il

teasm

13

increase the specific surface; but also to maintain a high

specific surface and porous velume up to 900 °C temperatures.

An ammonium hydroxide, a tetraalkylammonium

hudroxide solutions or their mixtures are used pretferably.

When the liquid redium i3 a basic solution, its
conceritration is not a criticzal .faL."v accordiﬁg to the
invention., It may vary to a large extent, for instance
between Q,; and 11 n, but it.is preferable-to‘usé solufions

whose cnncentratian.varies between 1 and 10 N.

In the liquid medium, the coric hydroxide

canuentraﬁion expressed in (e0; may vary between 0,3 and 6

molesllitre,_praferablg between 2 and 3 moles/litre.

" The éutoclaving operation”is cérried out at a -

temperature between the back—flow temperature and the
critical'tahpermture of the reactive medium. A temperaturz
between :(0G°f and 3I350°C is preferred and is even better

between 150 ¢nd 350°C.

The tewperature ascent is done at a non—critical
speed,. The reactive temperature is reached by heating

between 30 minutes and 4 hours for instance.

s \
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The invention process may be carried oul by
troducing the ceric hydroxide in suspensien into the
1i1quid medium in a sealed area ; therefore the pressure only

results from heating the reactive medium.

In the above mentioned temperature conditions and
in an aqueous medium, it may be precised as an illustration
that the pressure varies between :1(10°% Pa) and
165 Bars (165.10° Pa), preferably between 5(5.10° Fa) and

165 Bars (165.10° Pa).

It is also possible to exert an outside pressure

which is added to the heating one.

The duration of the autoclaving operation is not

critical. 1t may vary between 30 minutes and 6 hours.

At the eriu aof ity one allows to cool down through

the systza inertia and the system is brought back to the

atmespheric pressure.

The product in suspension in the liquid medium is
separated with the classical techniques of solid/liquid
separation such ds decanting, evaporation, filtration and/or

centrifugation.
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The obtained product may possibly be washed and/cr

dried in the previously described conditions.

As a last stage of the invention method, the
obtained product is cale¢ined at a temperature betwwen ZSODOC

and 1000°C andy preferably selected betuween 350 and 800°C.

The calcination duration may vary to a large
extent between 30 minutes and 10 hours,; preferably between 2

and & hours.

When the invention process 1s carried out within
the preferential conditions defined hereafter, it enables ton
obtain an oxide presenting new morphological

characteristics.

The characteristic of the ceric oxice of the
invention is a specific surface of at least 15 n®/gafter

calcination at a temperature between 800 and 900 °C.

The preferred ceric oxide of the invention shows a
specific surface between 20 and &0 m?/g after calcination at

a temperature of 800°C.

According; to the cerirc hyoraxide conditions of

calcination, the ceric oxide shocws a specific surface
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between 15 and 1460 m2/9 after calcination at a temperature

betweer 350 and 900°C.

Figure 1 represents a curve of the variation of
the ceric oryide specific surface {expressed in m2/g9),

according tao the calcination temperature expressed in°C.

The ceric oxide of the invention shows a specific
surface of at least 15 m2/g after calcination at a
temperature between B0O0° C and 900°C and a larger one after

calcination at a lower temperature than the afoiesaid range.

This is how it may present 4 specific surface
varying between 70 and 160 m %9, and preferably between 10C
and 140 m?/g after calcination between 350 and 450 °c.
However, at a higher temperature reaching up to 9C0°C at the
time it is used, particularly  in the catalysis area, it
offers che characteristic of keeping a specific surface of
at least 15 m*/9, and preferably between 20 =2:d 60 m?/g9 at a

800 °C temperature.

In the ~urrent application, the quoted specific
surfaces are measured on a product calcined during at least

two hours.

Another characteristic of the invention’s ceric

oxide is that it presents a porous volume higher than
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0,!' cm3/g at a temperature between 800 and 90e °c, and

preferably higher than 0,15 ca3/g.

The porous volume corresponding to a pore diamerer
smaller than 60 nm (600 A) is measured with the mercury
porosimeter according to the ASTN D4284-83 standéiérd, or

according to the azote asdorption isotherm method, as per

the abaove mentioned B.E.T. method.

As the specific surface, the porous volme is
depending on the calcination temperature :it may vary
between 0,35 and 0,15 cm3/g at a temperature between 350 and

900 °C.

The preferred ceric oxide of the invention shows a
porous volume between 0,15 and 0,25 cm3/9 after an B"'DOo_C

calcination.

The pore size of a ceric oxide calcined at 800°C
varies between 3 nm (30 &) and 4D nm (400 8) : the pores’ .
average diameter /d50) varies between 20 na (200 A) and 30

n= (300 A), preferably around 25 nm (250 A).

The average diaseter is defined in such a way that
all the pores smaller than this diameter represent 50 % of
the total porous volume (Vp) of pores with a diameter

smaller than 60 nm (600 R).
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A ceric oxide calcined at 350°C presents pores
from 2 nm (20 A) to 100 nm (1500 R) : the average diameter
being between 10 nm (100 ) and zZO0 nm (Z00 R) and rreferably

close to 15 nm (150 3)_

The X diffraction analysis shows that the ceric
oxide aof the invention presents a CeO2 type of crystalline
phase wi‘h a mesh parameter betwecen 0,342 nm (5,42 R) and

0,544 nn (Sy44 R).

As an indication, the crystallites size of a ceric
oxide obtained after a 350°C calcination is between 4 nm
(40 R) and 6 nm (60 &) and between 10 na (100 A) and 20 nm

(200 &) atter an B00°C calcination.

With a s=pecifiz surface of a least 15 m2/g at a

measurement temperature between 800 and 900°C, the ceric
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oxide of . the invention is characterized by the fact that it
consists of 3
. - preparing a ceric hydroxide by making a cerium
salt solution and a base to react, possibly with
an oxidizer, the base proportion being such that
" the reactive environment pH is higher than 7 ;
separating the precipitate, possibly washing it.
- placing the ceric hydroxide in suspension into
naaa .
o 0 .
®9s’ o water or in a decomposable base aqueous
anuO: l t'
o ° _ solution,
o 19
o 9 o
omd O
°.0® - heating it in a sealed area up to a temperature
Q ©@a
ooamé ) and a pressure respectively lower than the
°
critical temperature and pressure of the
%% medium.
B3 o a
6 oo
Q og . . - 5 i . n
¢ - cooling down the reactive mixture and bringing
o . . .
;£‘:~ it back to the atmospheric pressure.
- separating the ceric hudroxide treated this way.
LX-X°K ] ) . :
] a o
ue -]
ov 3 — then calcinating it.
°0 ad
The reagents used in the ceric hydroxide
20 preparation

are the same as those previously defiﬁed.
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As a ceric hudroxide used preferably, a ceric

hudroxide corresponding to the formula (11) is used =
Ce(OH)x(X)y,vano (I

in which :_'

X represents a c_hloride or nitrate anion
gy is’ lo'me-rt. than 0,5

X | = 4—y |

N ' varies between 0O and around 20

The preferred compound corresponds to the formula (II) in
which "y"® is between 0 and 0Oy,1. Even more preferentially,

v’

represents a nitrate anion.

The preferred compound corresponding to the formula (II) is
prepared by making a chloride or cerous nitrate solution and
an ammonium hydroxide solution to react; in presence of

hydrogen peroxicles by speparating the obtained precipitate

and wash it at least once, preferably with water.

The added base proportion is such as the reactive

PH be higher than 7 and preferably between 7+5 and 9,0.

The reactive medium temperature is chosen  between

5 and 70°C, preferably between 40 and 70°C.

[t §
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Then the ceric hydroxide is evposed to an

autoclaving operation carried out according to the
previously indicated conditions : the medium in which the
ceric hudroxide is placed in suspension is from a
decomposable base, preferably an ammonium hydroxide or a

tetraalkulammonium hydroxide solutions.

The successive operations of separation, possible
washing and calcination are identical to those previously

mentioned.

The ceric oxide of the invention presents a large
specific surface at a high temperature which makes it
totally suitable in the catalysis area, as a catalyst or as

a catalyst support.

It is particularly well adapted to be used an a
catalust support in the treatment reactions of the exhaust

gas of internal combustion engines.

The following examples illustrate the invention

without limitating it.

The examples 1 to 22 emphasize the impact of the
autoclaving operation of the ceric hydroxide on the specific
surface of the ceric oxide obtained by calcination of the

ceric hydroxide treated acceoi‘ding to the invention.
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The tests A to H are given as I comparison

do not involve an autoclaving treatment.

Example 1

1. Ceric hydroxide suynthesis :

In & double jacketed reactor with a 2 liters usable
volume with an agitating device and a reagent
introduction system (dosing pump); one introduces
at 20°C, during 1 hour, simultaneocusly, 922 cm?

of a cerous ni%rate solution containing 179 g/1

Ce0 and 38 ocm? of a 200 volume hydrogen peroxide

solution.

With a feeder linked to a pH regulation device: one adds

during one hour, simultaneously, B840 cm3® of a 3N amsonium

hydroxide aqueous solution until the pH is 7.

After adding the reagents, the reactive medium is

maintained at 70°C during one hour.
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Then the precipitat < L ation is effected on

Buchner.

280 9 of a ceric hydroxide with a molar ratio NO; /Ce of

0,16 is obtained.

The RX diffraction analysis reveals that the ceric
hydraxide presents crystallites with an average

diameter of 5,5 nm (55 A).

Ceric hydroxide autoclaving @

In a high shaped 100 cm? beaker, one introduces
successively 30 cm® of deioniced water and 30 g

of the previously prepared ceric hydroxide.

After homogenisation of the latest in its
medium, the beaker is placed in an

autoclave with a usable volume of about 0,5 1.

The mixture is brought to 200°C, i.e. 146 bars

(lb.lO’.Pa). during four hours through an apprapriate

heating system.

At the end of this hydrothermal treatment, the

Precipate is filtered on Buchner.
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An average crystallites diameter of 6,46 nm (45 A)

is determined by RX diffraction on the wet product.
It is then calcined at 350°C durinag 2 hours.

Then the ceric oxide specific surface and its porous
volume Jower than 50 nm (600 A) are determined according

to the methods defined in the description.

An x diffraction is also carried out to determine the
size of the crystallites perpendicular to the 110 and

220 directions.

The obtained results are shown in Table 1. As a
comparison, it also shows the results of a ceric oxide
prepared by a direct 2 hours calcination at 350°C

af the ceric hydroxide synthetised under 1 (test A).
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Table I
specific porous
sur face volume

m2/g cm/g
Example 1 101 0,06
Tes® A 54 0,04

crystallites

av.diameter

nm (A)
7,0 «(¢70)
745 (73)

It is observed that the ceric oxide obtained arter amn

autoclaving treatment and calcined at 350 °C presents a

specific surface twice larger antd a smaller crystallites

size.

Example 2

1. Ceric hydroxide synthesis

——n —-—

In a device as described in example 1,

one introduces at

30°Cy, %22 cm® of a 179 9/)1 (e0 cerous natrate solufttion

and 38 cm® of a 200 volume huydrogen peroxide solution.
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860 cm?® of a 4,6 N aqueous ammonium hydroxizi® solution

are added until reaching a 92,0 pH.

After adding the reagents, the reactive medium

is kept at 70°C during one hour.

Then the separation of the precipitate is effected ogn

Buchner.

515 9 of a ceric huydroxyde presenting a 0,1 NOj/Ce

molar ratio are obtained.

The RX diffraction analysis reveals that the ceric
hydroxide presents crystallites with an average

diameter of 3 nm (30 R).

Ceric hydroxide autoclaving

According to the operating procedure described in
Example 1, one exposes 30 g ~f the above prepared
ceric hydroxide placed in suspension in 30 cm®

of deionised water %o a 4 hour autoclaving treatuent

at 200 °C.

« A %45 nm (43 A) crystallite average diameter is

determined by RX diffraction on the wet product.
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At the end of this hydrothermal treatment, *the

precipitate is filtered on Buchner.
It is then calcined during 2 hours at 350 C.

Then one determines the specific surface, the porous
volume and the size of the ceric oxide crystaliites
having been exposed to the autoclaving treatment
{(example 2) and, 25 a comparison, of the ceric oxide
rrepared by a 2 hours direct calcination of the ceric

hydroxide synthetised under i (Test R).

-

The obtained rzsults are shown in Table 11I.
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Example 2

Test B

One can observe,

as in example 1,

28
Table II
specific PO (OUS; crystallites
surface volume av. diameter
m/g am3/9g nm (R)
100 0,26 5,0 (50)
70 0,20 b6y5 (65)

the beneficirl effect

of the autoclaving treatment on the specific ',urface and

the porous colume of the ceric oxide obtained after a

350°¢ calcination.

Example 3

i e o e e e e

Test C

1. Ceric hydroxide synthesic

In a device as described in Example 1,

one introduces at

50°C 922 cm® of a 179 g/l C20 cerous nitrate solution
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and38 om3 of a a 200 volume hydrogen peroxide saliwcion.

825 cm3 of a 4N aqueous ammonium huydroxide are added

until reaching an 8,4 pH.

After adding the riagents, the reactive medium is

kept at 70 °C during one hour.

Then the separation of the precipitate is effected on

Buachner.

569 9 of a ceric hydroxide presenting a o,1 Nq3/Ce molar

ratin are obtained.

The RX diffraction analysis reveals that the ceric
hydroxide prescents crystallites with an average diameter

of 3 nm (30 R).

Ceric hydroxide autoclaving @

According to the operating procedure described in
Exampl® 1, one exposes 30 g ot the abave prepared
ceric hydroxid>~ ~laced in suspension in 30 c»' of
desionised water to a 200°C autoclavage treatment

during 4 hours.

!
A 4,5 nm 245 R) crystallites averags diameter is



b

300 .

determined by RX diffraction on the wet product.

At the end of this hydrothermal treatneht, the

precipitate is filtered on Buchner.
It is then calcined during 2 hours at 3s0°c.

Thern one determines the specific surface, the

porous volume and the size of the ceric oxide

crystallites having been exposed to the
autoclavage treatment (example 3) andy, as a
comparisony of a ceric oxide prepared by a 2

hours calcination at 350°C of the ceric oxide sgnthetiséd

under 1 (test C).

Cre
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The obtained are shown in Table III.

Table 111
specific porous
surface volume

m3/g cm/g
Example 3 110 0,20
Test C 44 0,16

crystallites
av. diameter

nm (R)

5,0 (5

6,3 (63)

[}
One notes that the ceric oxide calcined a: 350 C presents

a larger specific surface and porous volume and a smaller

size of the crystallites.

Example 4

Test D

1.

Ceric hydroxide synthesis

In a ¢pvice described in Example 1, one introduces at

50°C 922 cm® of a 179 g/1 Ce0 cerous nitrate solution



o
k)

and 38 cm3. of a 200 volume hydrogen solution.

825 cm® of a 4 N aqueous ammonium hydrogen are added

until reaching an B,4 pH.

After addine the reagents, the reactive medium is
kept at: 70°C during one hour.
Then the separation of the erecipitate is effected on

RPuchner.

The RX diffraction analysis reveals that the ceric
hydroxide presents crystallites with an average

diameter of 3,0 nm (3R A)..

Ceric hydroxide autoclaving

According to the qperafing procedure éf Example 1,
one exposes 36 g of the above prepared ceraic
hudroxide placed in suspension in 30‘cm3 of
deionised water tc a 200°C autoclave treatment

during 4 hours.

A 4,5 nm (45 A) crystallites averauve diameter is

determined by RX diffraction on the wet product.

At the end of this hudrothermal treatment, the
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precipitate is filtered on Buchner.

It is then calcined during 2 hours at 800 DC.

Then one determines the specific surface, the parous
volume and the size of the ceric oxide cristallites
having been exposed to the autoclaving treatment
(example 4) and, as a comparison, of a ceric oxide

prepared by a 2 hours direct calcination at 800 °c

of the ceric hydroxide synthetised under 1 (test D).
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The results are shown in Table IV

Table IV
specific porous cryustallites
surface volume av. diameter
m2/g cm3/g nm (R)
Example 4 21 0,08 -
Test D 11 0,06 20 (300)

In comparison with Exanéle 3, the ceric oxide is calcined
at a higher temperature. One notes a decrease in the
surface and the porous volume due to an important
sintering which results into a considerable ircrease

of the crystallites between 350 and 800°C.

Example 5

Test C

—— s .

1. Ceric huydroxide Synthesis
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It is carried c¢:t in accordance to the operating

procedure of the Example 3-1.

Ceric huydroxide autoclaving

Accarding to the operating procedure described in
Example 1, one exposes 30 g of the above prepared
ceric huydroxide placed in suspension in 30 cm® of
a ! N ammonium hydroxide aqueous solution to a

200°C autoclave treatment during 4 hours.

A 4,0 rim (40 A) crystallites average diameter is

determined by RX diffraction on the wet product.

At the end of this hydrothermal, the precipitate

is filtered on Buchner.

It is then calcined during Z hours at 350‘(.

Then one determines the specific surface, the porous

volume and the size of the ceric oxide crystallites

having been exposed to the autoclaving treatment
(example 5) andy as a comparison, of a ceric nxide

prepared by a Z hours direct caicination at 250°C

of the ceric hydroxide synthesised under 1 (Test ().

.

[N



e 3 &
¢ a0

36 ‘ :

The obtained results are shawn in Table V.

- Table V
specific povrous crystallites
surface volume av. diameter
m2 /g cm3/g nm (R)
Example 5 127 0,39 4,5 ¢(45)
Test C 46 0,16 6,5 (63)

ne can abserved as in the previous examples the
beneficial effects of the autoclaving on the specific

surface and the porous‘volune of the ceric oxide obtained

after an BOO’C calcination.

Example 6

Test D

P ]

1. CeriC‘hgdroxide synthesis
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It is carried out according to the operating

procedure of Example 4-1.

Ceric hydroxide autoclaving

According to the operating procedure describad in
Example 1, one exposes 30 g of the above preparved
ceric hydroxide placed in suspension 'in 30 cm3 of
a1l N ammonium hydroxide agqueous solution tao a 4

hours autoclaving treatment at 200°C.

A 4,0 nm (40 &) crystallites average diameter is

determined by RX diffraction an the wet product.

At the end af this huydrothermal treatsent, the

precipitate is filtered on Buchner.
It is then calcined during 2 hours at BOO‘C.

Then one determines the speciftic surface, the porous
volume and the size of the ceric oxide crystallites
having been exposed to the autoclaving treatment
(example &) andy as a comparison, of the ceric axide
prepared by a 2 hours direct calcination at 800°C of

the ceric hydroxide synthetised under 1 (Test D).
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The aobtained results are shown in Table VI.

Table VI
specific pPoOrous
- surface volume
m2/g ~ cm3/g
Example‘b ‘ 30 ‘ 0,19

Test D o 11 0,06

crystallites
av. diameter

nm (A)

L L e |y ———

19 (190)

30 (300)

It is observed out that the‘ceric hydroxide autoclaving

in an ammonium hydroxide medium allows to limit the

sintering of the Cryétallites‘during calcination because

of the size of the ceric oxide crystallites obtained

(200 A).

Examples 7 and 8

1.

Ceric hydroxide synthesis

after an B00°C calcination is not larger than 20 nm
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It ic carried out according to the operating procedure

of Example 3-1.

Ceric hydroxide autoclaving

In a high shaped 100 cm®  beaker, one introduces
successively 25 cm3® of a tetraethyl--ammonium hydroxide
aqueous solution at 20 4 and 13 g of the previously

prepared ceric hydroxide.

After homogenisation of the mediumy; the beaker is

placed into the autoclave.

The mixture is brought to 200°C, i.e. about 16 bars
(16.10 % Pa), during 3 hours through an appropriate

heating systems.

At the end of this thermal treatment; the precipitate is

filtered on Buchner.

Then it is calcined in the following conditions :

2 hours at JI50°C in Example 7 and 1 hour at BOO°C in

Example 8.

The specific surface and the porous volume of the

obtained ceric oxides are then determined.
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The results are shown in Table VII.

Examples 9 to 20 :

Tests E and F

1. Ceric hydroxide synthesis

In a device as described in Example 1, one introduces
at room temperature 922 cun?® of a 150 g9/1 CéOz cerous

nitrate solution and 38 am?® of a 200 volume hydrogen

peroxide solution.

Table VII
epacific . Earous
" surface volume -
m2/g . cm?/g
Example 7 115 : 0,53
Example B 29 : 0,23

150 cm® of a 3 N aqueous ammonium hydroxide solution are

Py
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added by keeping the temperature at 8°C until reaching 3

pH of 9,5.

After adding the reagents, th e reactive ~edium is

kept at 8°C during 1 hour.

Then the separation of the precipitate is effected on

Buchner, as well as a washing with water.

The RX diffraction analysis reveals that the ceric
hydroxide presaents crystallites with an average diameter

of 3,5 nm (35 R).

aq

-]

-]
*10 2. Ceric hydroxide autoclaving
o9

9
Qogw

qQ

A series of tests is carried at autoclavage

L
eo” temperatures varying from 160 to 330°C.

According to the same operating procedure described in
the previnous examples, one places 150 g9 of the abava
prepared ceric hydroxide in suspension in 150 c»3 of
a 1 N aqueous ammonium hydroxide solution and exposes

it to an autoclave treatment during 4 hours.

At the end of this “hermal treatment, the precipitate

is filtered on Buchner.
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It 1s then calcined in the following conditions : 2
hours at 350°C in the examples 9 to 14 and 2 hours

at B800°C in the examples 15 to 20.

Then the specific surface and the porous volume of the

obtained ceric oxides are determined.

As a comparison, the results obtained with a ceric oxide
prepared by a 2 hours direct calcination at 350°C (Test
E) and at BOO°. (Test F)of “he ceric hydroxide

synthetised under 1 are also given.

Vi
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All the obtained results are shown in Table VIII.

Table VIII

autoclaving calcination specific POrous
temperature temperature surface volume
m2/g .cm3/g

Example 9 160°C 350 °C &9

Example 10 180 °C 350 °C 85
Example 11 200 °C 350°C 13 0,24
Example 12 250 °C 350°C 126 0,27
Example 13 300°C 350°C 81 0,20
Example 14 330°C 350°C 73 0,25
Test E 350°C 65 0,12

Example 15 160°C 800 “C 20

Example 16 180°C 800 °C 20
Example 17 200° C 800 °C 26 0,15
Example 18 250°C 800°C =7 0,14
Example 19 300°C BOG “ C 31 0,12
Example 20 330°C 800°C 45 0,17
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Test F  soo'c 9.7 a,a7

1. Ceric hydroxide synthesis

In a double Jacketed reactor in which circulates
thern"»oregu‘?;.ated uat‘er- at 20°C, with a usable capacity
of 2000 cm?2, equipped with a sgitating device and a
reagent introduction system, one introduces

simul taneocusly and continuously :

— an agqueowus ceric nitrate solution containing
mole/litre of cerium IV, 0,06 mole/litre of
cerium IXX, with a 0,5 N free acidity, prepared
accor<ing to FR-A 2 570 087 (no.B84 1346413, at the

rate of 0,92 litre/hour.

- a 3 N agqueous ammonium hydroxide solution at the rate

of 1,08 1itre/hour.

The mixture is done by agitating at 3CO
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revolutions/minute during 60 minutes.

The rates of flow of the added solutions are

regulated in such a way that the pH be maintained

at 5,5.
The precinitate is separatea by filtration on Buchner.

The product obtained contains 42 7 ot CeO‘2 and presents

a crystallite size smaller than 3 nm (30‘8).

Ceric hydroxide autoclaving

In a 0,5 1 usable volume autdclave, one introduces
successively 300 cm3 of NH,OH 1 N and 100 g of the

ceric oxide previously prepared.

After haomogenisation of the latest in its medium,
the mixture is brought to 200°C, i.e. about 146 bars
(16.10° Pail, duriﬁg 3 hours,; through the appropriate

heating system.

At the end of this hudrothermal treatient, the

precipitate is filtered on Buchner.

It is then calcined in the following conditions :

3 hours at 350°C and 1 hour at 800"C.
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Then the specific surface and the porous volume of the
obtained céric oxide are determined according to the

methods defined in the description.

The obtained results are shown in Table IX. As a
comparison, one gives also the results of a c@vic
oxide prepared by a 2 hours direct calcinatisn at
350°C and a 1 hour direct calcination at 800°C of the

ceric hydroxide synthetised under 1.
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Table IX

Calcination specific Porous
temperature surface volume

°C mz/g cm3/g
Example 21 350 135 0,21
800 7 0,08
Test G 350 46 0,09
800 3,5 0,04

Example 22

1. Ceric hydroxide synthesis

In a double ,jacketed reactor in which circulates

thermoregulated water at 20°c with a 2000 cm3 usable
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capacity, equipped with an agartating device and a

reagent introduction system, one introduces

simultanecusly and continucusly @

- an aquecus ceric nitrate solution containing 1
mole/litre of cerium IV, 0,06 mole/litre of cerium
III, with a 0,5 N free acidity, prepared by

electrolysis according to FR—-A 2 570 087

(no.84 134641) at the rate of 0,78 litre/hour.

- a 3 N ammonium hydroxide aqueous soliution, at the

rate of 1,22 li*res/hour.

The mixture is done by agitating at 300

revolutions/minutes during 60 minutes.

The rates of flow of the of the added solution are

reqgulated in such a way that the pH is kept at 2,;0.
The obtained precipitate is filtered on Buchner.

The obtained product contains 20 Z of ceric oxide and

presents a crgstallif:es size smaller than 3 na (30 A).

Ceric hydroxide autoclaving

In a 01 1 usable wvolume autoclave, ane introduces

sucressfully 300 cm? of NH40H 1 N and 100 g of the
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ceric hydroxide previous;y prepared.

After homogenisation of the latest in its medium,
the mixture is brought to 200°C, i.e. about 14 bars
(16.105 Pa)y during 3 hours through the appropriate

heating suystem.

At the end of this hydrothermal treatment, the

precipitate is filtered on Buchner.

It 1s then calcined in the following conditions :

2 hours at 350°C and 1 hour at 800 °C.

The obtained results are shown in Table X. As a

comparison, the results of a ceric oxide prepared by
a 2 hour direct calcination at 350°C and one hour at
800°C of the ceric hudroxide sunthetised under 1 are

also given.




Table X
Calcination specific POrous
temperature surface volume
-] .
¢ nz/g am3/g-
Example 22 350 155 a, 24
800 17 Q.06
Test H 350 53 0,05

800 4,9 0,03

One can note the beneficial effect of the autoclaving
on the specitic surface and the porous volume of the

ceric oxide obtained after an BOG'C calcination.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A method of preparing ceric oxide by calcination of a
ceric hydroxide comprising the steps of solvothermally
treating ceric hydroxide and then calcining the treated
ceric hydroxide.
2. A method according to Claim 1 comprising the steps of:

- suspending the ceric hydroxide in a liquid
medium,

- heating tiie ceric hydroxi¢ie suspension in a
sealed area up to a temperature and a pressure
respectively lower than the critical temperature

. and the pressure of the medium,

- cooling the reactive medium and bringing said
medium back to atmospheric temperature,

va e - separating the treated ceri¢ hydroxide, then

o€ - calcining the treated ceric hydroxide.

g 3. A method according to Claim 2 wherein the ceric

hydroxide corresponds to the formula (I):

Ce(OH)4 - ay (A)y. nH 0 (1)

ﬂi: wherein:

ﬁa A symbolizes a residual anion,

vgaeod a is a whole number representing the anion charge,
Y is a number between 0 and 2, and

"o n is a number between 0 and 20.

ot 4. A method according to Claim 3 wherein "a" is lower
than 3.

5. A method according to Claim 3 or 4 wherein "a" is

equal to 1 or 2.
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6. A method according to any ones of Claims 3 to 5
wherein "y* is a number between 0 and 1.5.
7. A method according to any one of the Claims 3 to 6
wherein the residual anion is chloride, sulphate, nitrate,
acetate or formate.
3. A method acgording to Claim 7 wherein the residual
anion is chloride or nitrate.
9. A method according to any one of the Claims 3 to 8
wherein the ceric hydroxide is prepared by a) reacting a
cerium salt solution and a base to ohtain a precipitate
and b) .separating the precipiteate.
12. A method according to Claim 9 wherein the cerium salt
solution and base are reacted in the pr .sence of an
oxidiser.
11. A method according to Claim 9 or 10 wherein the
separsted precipitate is washed and/or dried.
12. A method accordiag to any of the the Claims 9 to 11
wherein the cerium salt solution is a solution of cerous
chloride or of cerium nitrate in a cerous or ceric state
or a mixture of hoth.
13. A method according to Claim 12 wherein ths cerium
salt solution is an aqueous vceric nitrate solution or an
aqueous solution of cerous nitrate used in the presence of
an oxidiser.
14. A method according to Claim 13 wherein the cerium
salt solution is an aqueous solution of ceric nitrate
obtained by the electrochemical cxidation of a carous

nitrate or from the action of nitric acid on a hydrated
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ceric oxide.

15. A method according fo any one of Claims 9 to 14
wherein the base is an ammonium hydroxide solution.
16. A method according to any one 9f Claims 10 to 15
wherein the oxidiser is hydrogen peroxide.

17. A method according to any one of Claims 9 to 16
wherein the quantity of added béselis such that the
reactive medium pH is between 6 and 10.

18. A method according to Claim 17 wherein the'pH.is

'between 7.0 and 9.0.

19. ‘A method according to any one of Claims 9 to 18
whereiﬁ the temperéture of:the reactincg médiﬁm is between
5 and 95°C. | |

20. A'mefhod according to Claim 9 whérein temperature is
between 40 énd 70°C. |

21, A method according to any one of Claims 11 to 20
wnérein the separated ceric hydroxide precipitate is

washed with water or with a basic solution.

22. A inethod according to Claim 1 wherein the liquid

medium is water or a basic solution.

23. A method according to Claim 22 wherein he basic
solution is an alkaline metal hydroxide solution or a
solution of a base decomposable under the calcination
conditions.

24. A method according to Claim 21 wherein the
decomposable base is ammonium hydroxice, urea, ammonium
hydrogenocarbonate, ammonium ca;bonate, a primary,

secondary, tertiary or quaternary amine or a mixture
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thereof.
25. A method according to Claim 24 wherein the
decomposable base is ammoaium hydroxide, a
tetraalkylammonium hydroxide or their mixtures.
26. A method accoi:ding to any one of Claims 22 to 25
wherein the concentration of the basic solution is between
1 and 10 N.
27. A method according to any one of the Claims 1 to 26
wherein the ceric hydroxide concentration expressed in
CeO, is bhetween 0.3 and 6 moles/litre.
28. A method according to Claim 27 wherein the

concentration is between 2 and 3 moles/litre.

9.,6° © 29. A method according to any one ¢f the Claims 1 to 28
0o0es wherein the solvothermal treatment is autoclaving and the
§ {:g autoclaving temperature is between 105 and 350°.

3“5“7 30. A method according to Claim 29 wherein the

Dj:ig temperature is between 150 and 350°C.

31. . method according to any of the Claims 1 to 30

wherein the pressure varies between l(lo5 Pa) and 165

“$*°E bars (165.105 Pa).

G008

%00’ i 32. A method according to Claim 21 wherein the pressure
[}

couel is between 5 (5.10° Pa) and 165 bars (165.10° Pa).

33. A method according to any one of the Claims 29 tc 32
wherein the duration of autoclaving is between 30 minutes
and 6 hours.

34, A method according to any one of the Claims 1 to 33
wherein the calcination temperature is between 300 and

1000°C.
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35. A method according to Claim 32 wherein the
temperavure is between 350 and 800°C.
36. A method according to Claim 34 or 35 wherein the
duration of calcination is between 2 and 6 hours.
37. A method of preparing ceric oxide jubstantially as
herein described with reference to any one of examples
1-22.
DATED this 22nd day of January, 1991
RHONE-POULENC CHIMIE
Attorney: LEON K. ALLEN
Fellow Institute of Patent Attorneys of Australia
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