PROCESS FOR THE MANUFACTURE OF ACRYLI C AC DUFRER RorcbeON by A RAS/S

=~ REACTI ON AND USE OF A SCLID M XED OXI DES COWPCSI TI ON AS REDOX SYébllgy I N THE
SAlI D REACTI ON The present invention relates to the manufacture 5 f
acrylic acid fromacrol ein by oxidation according to a redox reaction. The
invention also relates to the use of_&g solid m xed oxides conposition as
redox system for pRbeESQIKbR eR8tIOUFACIONSt OF ACRYLIGUAETS ¥ROM ACRYLERY aci d

acralein. ALl at B oo iadRioif R BHECERT R Bkl SBAT OBEE | (o

devel opnent of cEOMPOSTEION WSnEEPOR SWINRGINDEHE| SAED M@ISPNOM acrol ein

and the hi ghest possible selectivity for the desired acrylic 15 acid.

Thus, French Patent No. 222 349 descrihes a a‘__a yst &or the ar ation
Fake

of acrylic acid by vapourrSpRASESRG KA Bx Thes € Srﬁ?zé’fﬁ rr?g a gas

con- taini ngSnol et keryldbe/ geid frhmsacaeleipstby maiddrhgnaaggordipa doytic

ol Lowng metal Sompoa i on: Ml er Ve e et Lale T ey

| east ong of Be,® g/g;)‘(%?"‘dB&ué‘ﬁ gxi S% %1‘19“{ noﬁ@ %%ifa‘?%sf@d“ tféﬁ’-%g

al ways present. @e said reactItms catal yst can be prepared by adding a

support (powdered materllghwﬁ ﬁaf" E,%agctﬂ,&l O geLPILe Qeidi g %arﬁtbeads)
st .e

to an aqueous solution in npounds of the varilous cataly enent s
are dissol vifl, REgEEE c3FRd e‘f‘h’é“"aq‘ﬁéo‘(@%’ﬁ G’Piaﬁﬁ ERER YR LfafrdsBsit the
30 cat al yst elefrentrolein.haliupptenptendte alwprowey this ¢grocetssr cmhsret

bet ween 300 and r&%@ie%sl Fe1lbea 9! e HeydaBpARN: 38, SONLLIRGP ANAG L Nt

acrylic acid can manu phase OX|dat|on % nh the

acture
absence of nol ecdtear BygRRRh, P°5§113ée °ﬁ§‘§§¥ﬁb°"a ghs anrelein Lﬁ‘%dof;hscr ol ein

and wat er vapourhi@mé,sti fpaaibaper  dlectdirigp ifiear ttiyas desbred meegilicc solid
m xed oxi depg corg%?ﬂtlon whi ch acts as a redox system and supplies the

oxygen necessary for the reac- tion. ]
Thus, French Patent No. 2 222 349 describes a

catalyat for the preparation of acrylic acid by vapour
phase catalytic oxidation of acrolein using a gas con-
taining molecular - oxygen, this catalyst including a
20 catalytic oxide on an inert porous support, this cataly-
tic oxide having the following metal composition:
M0;,Va.14Z0.1-6Wo-22C 006
Z being at least one of Be, Mg, Ca, Ba and Sr, and at
least one of W and Cu being always present.
25 This catalyst can i:e prepared by adding a support
(powdered material or a-alumina, silicon carbide or

similar beads) to an aqueous solution in which compounds
of the various catalyst elements are dissolved, evaporat-
ing the aqueous solution to dryness to deposit the

30 catalyst elements on the support and calcining the dried
product between 300 and 800°C.

The Applicant Company hasg now discovered that
acrylic acid can be manufactured by gas phase oxidation
of acrolein in the absence of molecular oxygen, by

35 passing a gaseous mixture of acrolein and water wvapour
and, if appropriate, of an inert gas over a specific
golid mixed oxides composition, which acts as a redox
system and supplies the oxygen necessary for the reac-

tion.



-2- The advantages of this new process are the follow ng: - t he

di sadvant age of an oxidation with nol ecul ar oxygen is the overoxidation
pronoting the degrada- 5 tion of the products fornmed; according to
the pre- sent invention, since the operation is carried out in the absence
of nol ecul ar oxygen, the formation of Co[err] (carbon nonoxi de and carbon-
di oxi de), degrada- tion products, is reduced,. and this allows the 10

selectivity for acrylic acid to be substantially increased; - t he
selectivity for acrylic @Béd dadEmcagegoast Wehhst heewlegrocess raagucthen of
the solid corrposiftciﬁgwi.xq reases; 15 - once it has undergone a reduction

and the progres- ‘sive [0S of its activity, the solid conposition can be
easi |y regenerated bytheatdiggdvantage pPésait eoBiddSIRFenwdFhk ofrodegdar _
colnt gi ni ng oxygen aft gkygekeid atne Rlﬂfd'r%tiaﬁtﬂsﬁ;pﬁéﬁcﬂri@ezhblegeggaaaLon t he
solid 20 recovers its j,nitial. actiyi n e LQ_a new
reaction cyclse; - 2™ s2hathit i %Fh\éog%(%%bga%%}#ggug?i g%goPLtQhe
sol i d conposition andseftinventjomer 8ineA KhRecIPEF2YISHsills garyted out

to increase the sel ecihVvite/ abgendédf molasullar addrgen!, Otha raatibhcoparti al
pressure of acrolein, _such _a.partial S e cral e ee L RQ_ NO

| onger restricted by Fﬁe é%ﬁ?? n€8n8¥9%% %%%I%éggé§ré§%¥%%egf gﬁgggggolein +
oxygen 30 ntiewr pro®uctaubiectresuaade prrdefbipnaddiawsn the
therefore figgstly thegifgctivityS Bdrd el XddiRs €oNpasisubeantidlryul a
(r): Nb[err]V[err]Sr[err4%¥%%£ Culerr]Si[err](err] (1) 35 I n which: -

a is between 2 and 147PF¥$H3%¥included, - b is between 0.1 and 6, limts
i ncl uded, - the selectivity for acrylic acid remains good when

the degree of reduction of the solid composition -
increases;

15 - once it has undergone a reduction and the progres-
sive loss of its activity, the solid composition can
be easily regenerated by heating in the presence of
oxygen or of a gas containing oxygen after a certain
period of use; after the regeneration the solid

20 recovers its initial activity and can be employed in
a new reaction cycle;

- the separation of the stages of. reduction of the
solid composition_and of its regegeration makes it
possible: _

25 - to increase the selectivity for acrylic acid; and
- to increase the partial pressure of acrolein,

such a partial pressure of acrolein feed being no

longer restricted by the existence of an
explosive region of the acrolein + oxygen

30 mixture.

The subject of the present invention is therefore
firstly the use of a solid mixed oxides composition of
formula (I):

Mo,,V,Sr, W Cu,Si O, (1)

35 in which:

- a is between 2 and 14, limits iﬁcluded,

- b is between 0.1 and 6, limits included,

- c is between 0 and 12, limits included,

- d is between 0 and 6, limits included, .



- Cis between O and 12, limts included, - dis between O and 6,

. limts included, -3- - e is between 0 and '15, limts included, and -
X is the quantity of oxygen bonded to the other elenments and depends on
their oxidation states, in the manufacture of acrylic acid by oxidation of
5 acrolein, the said solid conposition reacting wth acrolein
according to the redox reaction (1): SO_Iqerr] + ACROLEI [err] SOLID err]
+ ACRYLIC ACI D (1). The oxides of the various nmetals formng part of the
composi tion of the m kegd gidRel of fidNds) (ihieaniherdded, esml oyed as raw
materials in. the preparatlon of [ er l t hi co omh} on, bl.ét tq‘r raw
materials are not restrigt&het G"FHE BYi 8&s O%X@°Bt RePPdw SRatBtS 75 Ther e
may be nentioned: - elemtnttlseandséep)éndmlopbdtbndlm oxidatiicrmetekgBdat e and 15
mol ybdi ¢ acid, -3, ighe! NEabda e’ d'a%%mmmlw Bpt %vcaaadass, of N
the case of strontium_  strontium hydroxi dé, carbonate or frate I n
the case of Bungd¢Eteidmopihem f%st‘&lédanﬁmmwumn duiale gﬂ‘% in
the case of coppaéroXeippakcchbydingi e, thearedoat eeaetind r(a.t)e and, |n
general , any conpgunds capgb},‘gx@gﬁpr_,msggﬁn oXxi dex @frrad ackBt (P, namely

metal salts of or gani*g¥2% " aci met al sal't€of inorgani ¢ aci ds, corrpl ex
metal conpounds and or gFHecoNties o khGuNAE °‘é‘i‘1dnﬁ‘%‘?é'sl REMIRE R @
silicon general | ghe @ittipdes t2bncof | il sixedl oxide lof focondantr) wauhbgpecu fic

enbodi ment s so'e,gql%ge%orgoeosmoggtghm T2 ehb) £ABBSERERPBEC LS

%0
m Xi ng, W t st ueous s I ons

amoni um par at u %’9 62
anmoni um et avarkeRResi ﬁ'ﬁmnbﬁFn‘iHﬁ yavapateriels Are 2ot FeR R LRPS EPnt i um
nitrate, adding exd | Gxidessi | k8a bthepprayw i ata&;eraanist helxextds yimay t bem and
cal ci ni ng

mentioned:
- in the case of molybdenum: ammonium molybdate and

15 mc;lybdic acid,
- in the case of vanadium: ammonium metavanadate,
- in the case of strontium: strontium hydroxide,
carbonate or nitrate,
- in the case of tungsten: ammonium tungstate  and
20 tungstic acid,
- in the case of copper: copper hydroxide, carbonate
or nitrate,
and, in general, any compounds capable of forming an.
oxide on calcination, namely metal salts of organic
25 acids, metal salts of inorganic acids, complex metal
compounds and organic metal compounds, and the like:
The source of silicon generally consists of
colloidal silica. .
In accordance with specific embodiments, solid .
30 compositions of formula (I) can be pfepared by mixing,
with stirring, aqueous solutions of ammonium paratung-
state, ammonium metavanadate, ammonium molybdate and
coppei: nitrate and strontium nitrate, adding colloidal
gilica if appropriate, and then drying them and calcining
35 them in air between 300 and 600°C, preferably between 350
and 500°C. '
Another subject of the present invention is a
process for the manufacture of acrylic acid from

acrolein, according to which process a gaseous mixture of



35 themin air between 300-and 600[err]C, preferably between 350 and

500[ err] C. Another subject of the present invention is a process for the
manuf acture of acrylic acid fromacrolein, according to which process a
gaseous m xture of -4- acrolein and of water vapour and, if appropriate,
of an inert gas such as nitrogen is passed over a solid conpo- sition of
formula (1) defined above, to conduct the gedox reaction (1) as indicated
above, by operating at a 5 tenperature of. 200 to 500C, especially from
250 to :450C, ataerpleixsuml of vabérxvdpder rdnd,o i€ @ppropbiste,) s ). 1 to

10 at rmSpher es) :.ne??%%cé %Ucﬁ ak rmroggeg5 i%: ?QQL&# rJveé't 9 80P err] Pa

(0.5 - 5 atnospheres) "and w th a residence -secon 90
seconds, especi aft{yidn-@h formuin (Lddehiped @Gvsec%&yniuﬁttﬁbeme of

mol ecul ar oxygenrea'dfraoax:r QLEi Izlswaixedideaimlr wWQMbyat¢§éﬂdt1hbe gaseous
phase is not Cr' élﬁ‘z?elﬁa%%Q'enchf VQE& \M rﬁ(ﬂ)%ﬂ de ergd.gi‘lge from Duri ng

t he redox reactlon I'd conposi - t|on s a re%uctl Sn and a

gradual |oss of -43%° cchtaItVIat ?re‘}'ﬁ’i‘%el% Wil ondé! thee 19(9P-| 8 E6hResi®i-dn has
changed to the reslucarl sdtadospheegener aéé;%bﬁfll € £goind EObdeCIU'fDO%btlon is

conduct ed accor o.thkhe, reac i ong 2 err e [err]
SOLI D err] (2;551,{)& h‘ea{ol ﬁ% i ish r%énéoéc% %e= ?%Déc‘é’slléhoaf (()gﬂ" S8r of an
oxygen- cont ai ni rf'gi'-n{ﬁas°ﬁt 0 Odc rigee r oof9R58econdm0Cesperiakiy t E€memneeded

for the reoxe datd.an sekohlie t3530 WlcdoddagpMaasitheObsthter oehd1@egangeat i on,

whi ch can be’ carrled Lout in tenperature and pressure condi'tions V\/mch _
are identical W¥RIF different fromthose of the redox reacti 6h, the solid
conposi tion recovers anThei ecupletn/watker \Wapoumm dralameh ecatifisl oi,IEdthe a new

reaction cycle. ghla@ou8dprasgacsi Aot (d2i@ithl g @AYNVay! CALHEY wide
limits.
1s During the redox reaction (1), the solid composi -
tion undergoes a reduction and & gradual loss of its
activity. This is why, once the solid composition has
changed to the reduced state, regeneration of the said
solid composition is conducted according to the reaction
20 (2):

SOLID, ;,.0a + O, > SOLID, i4izea  (2)°
by heating in the presence of an excess of oxygen or of
an oxygen-containing gas at a temperature of 250 to
500°C, for the time needed for the reoxidation of the

25  s§o0lid composition.

After the regemeration, which can be carried out
in temperature and pressure cond_itiqns which~ are
identical with or different from those of the redox
reaction, the so0lid composition recovers an initial

30 activity and can be employed in a new reaction cycle.

The redox reaction (1) and the regeneration may
be conducted in a two-stage device, namely a reactor and
a regenerator which operate simultaneously and in which
two charges of solid composition alternate periodically;

35 the redox reaction (1) and the regeneration may also be
conducted in the gsame reactor by alternating the reaction
and regeneration periods.

The preparation of acrylic acid according to the

invention takes place according to a stoichiometric and



be conducted in a two-stage device, nanely a reactor and a regenerator

whi ch operate sinmultaneously and in which two charges of solid conposition
alternate periodically; 35 the redox reaction (1) and the regeneration
may al so be conducted in the sane reactor by alternating the reaction and
regeneration periods. The preparation of acrylic acid according to the

i nvention takes place according to a stoichionetric and noncatal ytic
reaction. The follow ng exanples illustrat@ the present invention without,

however, restri ctjada il $sEQRS conver sions, selectivities and yields
are defined as 5 %8 % %s er"ﬁlb nol es of irol ei n .whj ch. have reacted

Conversion (% - The follow:.ng examples 1“5tr§5e_|_06hT\|uRE§FeBF mol es
of acrolein int radwaﬁdlbhlnbﬁath@it,rmh@se«n‘r,amfe;sltmcatngi fbs nedopé. The :

Selectivity (9 1 ﬁrgoqi,;ﬁr rykic
acid Nunber of RO ‘e’grg%o%%'r ofg%ﬁc%‘?&'ﬁ'%ave re é?ecés Nunber. F"%ﬁcesé of
acetic acid foornfgldevastivity (% = X

100 for "acetic acid Nunmber ofwuwiset @8 mefesaer od:elqinvd#@hnha\reaqteact ed 15

EXAVPLE | (a) Pr éwr?li?xbﬁ%)()f an&% J.- Q£ %1Js03£%:§1e1n introduced
Mo[err]V[err]Sr[err]Werr]Cu[err](Jerr], x being the g antity of oxygen
bonded to thg ot bar.aLaYeR;S. attraeserateteiotrHE ¥i LPRa% i an .St af g5, 20
3.6 g of anMmDNEsTRerpRicaicingSkabes of Jolksgot Sfromehicuihanetecastdat e and

12.4 g of amoni um hepta- ol yhdate ,aLe: J"e’ Qucedhsh 0100 g of water and
heated to 100C. 8e18cgvOly GOPPE r—m—t—r—at—e—a-nel—@—@%—g—e-f——e%—eeﬁ-t—n—u-m v we@t e are
i ntroduced into fPrgrastinatidr aMNerbpeaf @gtes PLosrroledp yrich fyge S8AHTY sol ution

i s added to_the Eiéié ggg{ﬁhe resulting solution is then evaporated to
dryness and then ' r 4 hours at 400[err]C EXAMPLE 1(b) )
(conpar ati ve):. PreparBaéparation e e Bl .
Mo,,V, ST, sW,, 4Cu, ,o,, x being the quantz.ty of oxygen
bonded to the other elements and depending on their

oxidation states.

20 _ 3.6 g of ammonium paratungstate, 3.0 g of
ammonium metavanadate and 12.4 g of ammonium hepta-
molybdate ai‘e introduced into 100 g of water and heated
to 100°C. 3.0 g of copper nitrate and 0.62 g of strontium
nitrate are introduced into 5 g of water and heated to

25 100°C. The second solution is added to the first and the
resulting solution is then evaporated to dryness and then
calcined for 4 hours at 400°C. '

EXAMPLE 1(b) (comparative):

Preparation of acrylic acid from acrolein
30 50 mg of a solid prepared according to Example

1(a) are charged into a tubular reactor and the reactor
is then flushed with a continuous flow of 20 ml/minute of
air and heated to 300°C. An injection of an aqueous

_ solution of 12 % by weight of acrolein, containing 1.1 x

35 10°° mol of acrolein, is introduced onto the solid. 97 %
of the acrolein is converted with selectivities for
acrylic acid and for acetic acid of 56 % and 4 % respec-
tively.

Example 2:
40 Preparation of acrylic acid from acrolein by a redox

‘ reaction.
? ' After the treatment of Example 1(b) the reactor



30 50 ng of a solid prepared according to Exanple 1(a) are

<« charged into a tubular reactor and the reactor is then flushed with a
continuous flow of 20 m/mnute of air and heated to 300[err]C. An

i njection of an aqueous solution of 12 % by wei ght of acrolein, containing
1.1 x 35 10[err] mol of acrolein, is introduced onto the solid. 97 % of
the acrolein is converted with selectivitigs. for acrylic acid and for
acetic acid of 56 %and 4 %respec- tively. Exanple 2: 40

Preparation of a@aylﬂmsaaadwflrtamaac.ﬁémﬁmohy aero@dca@ r eRGhl Afinuied e5f t he

treat ment of Exa t act o o . f1lushed V\nthacntlnuous
flow of 17 ml/m %{: % d?(;%egg ;‘;n et cd fm Tcztrr Aﬁnlaﬁ?‘%c‘? lon of

an aqueous sol ut selmbior&zo% b§'2 viei it weight olofi racxQlfimini fentaining Of err]
nol  of ac[ 0|del ntllzﬁ >|k @d‘ﬂfil&edfofﬂéﬁoiéﬁ Sl EntPodudd bn¥oOthé hﬁ:ﬁg{dﬂ' fel 25'
is converted_w selectivities acrylc ac > acid o

% and 6.5 %Pespg%tfvgﬁl?/‘l‘ ﬂ}& q'f ffgﬁgcgﬁggcfgge Jﬁ‘e"‘r i on of
Exanple 2 10  t#er saenyldel iagids aagalfnrsabﬁbw eticid of bk ARt s ke
injections of acrgdfddtikiille same test conditions as Exanple 2. The
perfor mance val i,ned are reported in Table 1. (Injection No. 1
corresponds to ). Table 1 15 Injection = = Acrolein
Selectivity  Selectivi &ftey. having conductedecths greactipnroficixdmpd.e 2f or

acetic (% lﬁc'chﬂe@same fAlid (% abain subgecte&gt& eleven sucégagﬂge

315 2 5 ngjﬁsztions of afrogem in thg5 sfme ?‘:est condggz.ons as
5.3 5 Ex@@pde 2. The peSformance value8. §bBained are repetad
90 3.f Table 1. (Injection No. 1 corresponds to Example 2).
- Table 1
15 Injection - Acrolein Selectivity | Selectivity
No. | conversion for acrylic | for acetic
(%) acid (%) - acid (%)
1 99.1 65 6.5
2 98.2 79 6.5
3 96.5 81 5.9
20 4 $5.7 86 5.3
5 92.8 89 3.9
6 89.8 90 . 3.6
7 85.5 90 3.3
8 83.4 92 3.1
25 b 83.9 91 3.4
10 84.0 89 3.4
11 73.6 90 3.6
12 70.8 91 3.6
EXAMPLE 4: | .
30 After the reducing treatment of Example 3 the

solid is regenmerated for 2 hours at 300°C under a flow of
air and then placed back under a £flow of nitrogen.
Twenty-four new succesasive injections of aqueous solution
of 12 % by weight of acrolein, containing 1.1 x 10°° mol
. 35 of acrolein, are introduced onto the solid.
; The performance values obtained are reported in



7 .
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After the reducing treatnent of Exanple 3 the solid is
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3.6 EXAMPLE 4:

regenerated for 2 hours at 300[err]C under qa_fl ow of air and then placed
new successi ve |nject|ons of

back under a flow of nitrogen.
aqueous .sol uti on fpi1k?2 2% by wei ght of acrol ein,

Twent y- f our

containing 1.1 x 10[err]

dCGtIC'.

nol 35 of acrolein, are introduced on hiae o SO|Id The performance val ues
obtained are reported in -7- Table 2. bT_ 2 lnjection Acrol ein
0y TR | gttt el n et
61 5. ; K (%) aci¥ (%) | acid %3
Z?b75 5 c.gs. 0 1 > Jggs.s 261 10 5.3°
91. 4 : 880 . 2 3'§A30-3. - 8392 3.891
0 3|3 10 3 2897 i 5341
11 71:44q 4 9}q 94.2 3.6 b3 @805
gg. 5 > 30“ 5 3.7 $3.0 5 B8 gy
367220 10 1?0_ 6 Eg:é 91.4 ‘90 g9 3.8.97
7 83.2 91 2.9
8 82.3 90 3.0
9 82.4 90 3.3
10 78.6 90 3.4
15 11 71.4 91 3.6
12 ' 68.5 89 3.8
13 ' 67.8 90 3.7
14 62.5 90 3.7
15 61.5 89 3.7
20 16 58.1 90 3.8
17 56.2 92 - 3.8
18 54.7 91 3.7:
19 54.1 91 3.7=
20 49.1 92 3.9
25 21 47.5 92 3.9
22 49.1 92 3.7
23 47.8 93 3.7
24 42.6 94 3.9




18 54 7 91 3.7 19 54.1

01 = 49. 1 92 3.9 25
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42 3.9 CLAI MS . 1. Use of a solid m xed
oxi des conposition of formula (I): -8 - '
Mferr]V[err]Sr[err]Werr]Cu[err]Si[err]Jerr] (1) 5. in which: - ais
between 2 and 14, -limts included, - charmsbetween 0.1 and 6, linits

i ncl uded, - c is between 0 and 12, limts included, - dis between 0
and 6, limts included, 10 - e is between 0 and 15, limts included,
and - X i's the- quant VB¢ oPfodygealédndiFedo e3EAet hermepehbier afd :

depends on thei rfseoiuiat i(@p:state, in the manufacture of acrylic acid by

oxi dation of acrolein, the said soljd | td:0Q reacting with the 15
acrol ein according to the redox reggﬂﬁﬁﬁ%ﬁgééﬂ D[ef(r + ACROLEIN [err]

SOLIDerr] & AGRyMhdcheiD (1). 2. Process for the manufacture of
acrylic acid from aceoligi Betw8&IAGINY 12¢d1 ik ¢ dncdugaggous m xture of
acrolein and of wate appur..and, . i.f _appropyiai.e. (of ;an 20 Inert gas is
passed over a solid c'i;:o\rirﬁogf' ver ot X gPﬁu a {'ﬁ?{?fs qEH” 5§'i n Caiml, to
conduct the redox regcipohetwgemd jamdi 32s cliimitalimcudedpy operating at a

tem perature of- 2004t 95500{®ééd @ anld &, PLEAHEN Srfluded] X 10[érr] to 1.01
x 10[err] Pa, (0.1 to_10 spheres) .a 1t h.a resk--,2 dente tine of
0.01 seconaﬂ}o 90 segoﬁﬁgé,'e vﬁ%”hé‘ g%‘ eﬂgémio’fnt}fﬁﬂ g‘&fh&?‘e‘gkyﬁ%‘ﬁms.

Process according toxCisi rtle quantidyerdf; eeikygen Heendedke tadbker egberon (1)
is conducted at a tegpehehts Card @nls I exidQtiod state, Process

according to ei tigertlgé ga%hggcguz?er] o%’ acrylic acid by oxidation of
acrolein, the said solid composition reacting with the
15 acrolein according to the redox reaction (1):
SOLID, 4 ,.4 + ACROLEIN - SOLID,.., + ACRYLIC ACID (1).
2, Process for the manufacture of acrylic acid from
acrolein, characterized in that a gaseous mixture of
acrolein and of water vapour and, if appropriate, of an
20 inert gas is passed over a solid composition of formula
(I) as defined in Claim 1, to conduct the redox reaction
(1) as indicated in Claim 1, by operating at a tem-
perature of 200 to 500°C, at a pressure of 1.01 x 10% to
1.01 x 10° Pa (0.1 to 10 atmospheres) and with a resi-
25 dence time of 0.0l second to 90 seconds, in the abéence
of molecular oxygen.
3. Process according to Claim 2, characterized in
" that the redox reaction (1) is conducted at a temperature
of 250 to 450°C.
30 4. Process according to either of Claims 2 and 3,
characterized in that the redox reaction (1) is conducted
at a pressure of 5.05 x 10* - 5.05 x 10° Pa (0.5 - 5
atmospheres) .
S. Process according to one of Claims 2 to 4,
35 characterized in that the redox reaction (1) is conducted
with a residence time of 0.1 second to 30 seconds.
6. Procegs according to one of Claims 2 to 5,
characterized in that, once the solid composition has




char e redox reaction (1) is conducted at a pressure of

: 5.05 x i 10[err] Pa (0.5 - 5 atnospheres). 5. Process
accordU Emll I'!L ﬂi ms 2 to 4, 35 characterized in that the redox
reacti ed with a residence tine of 0.1 second to 30

6

seconds. Process according to one of Clains 2 to 5, characterized
in that, once the solid conposition has _ 4-9- changed to the reduced
state, regeneration of-the said solid conposition is -conducted according to
the-reaction (2)énsSigdddltds rthe wedhibt] sbgts] SQUditibn of( Thed saily
heating in the presence of a{_:n. excess of o'x%/%en or_.of. ap oté%%en-cont ai ni ng
gas at a tenperattrs SPUBSE PRI EPPRECCESAIREL P "RePlE F S35 5 PRe

reoxi dation of téd wsolid conposition: 7. Process according to O aim 6,
characterized in 10 goihd!  the,rgdox reactiponsdrkp and the ggpeneration are
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7. Process’ acco:ding to Claim 6, characterized in

10 that the redox reaction (1) and the regeneratigiz are

- conducf:ed in a two-stage device, namely a reactor'_d;é.hd a

regenerator which operate simltaneouély and in whiéh two
charges of solid composition alternate periodically.

8. Process according to Claim 6, characterized in

15 that the redox reaction (1) and the regeneration are

conducted in the same reactor by alternating the reaction

and regeneration periods.



