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PROCESZ2 FOR THE MANUFACTURE OF ACROLETN FROM PROPYLENE
BY REDOX REACTION

The present invention ._relates to the manufacture
of acrolein from propylene by oxidation according to a
redox reaction. The invention also relates to the use of
a solid mixed oxide compos:.t:.on as redox system in the
said reaction. :

At the present time: acrolein is industrially
produced by ~vapour phase -._. catalytic oxidation of
propylene. All the attempts _to: improve this process have
hitherto been conceme_.g. . x«i‘r;:_.th_ the develcopment of
catalysts which give the highest poss'ible conversion of
propylene and the highest possﬂole selectivity for the
desired acrolein. -

Thus, French Patent No. 2 093 773 describes the
marmfacture of acrolein by v:apour.: phase catalytic oxida-
tion of pfopylene with molecular oxygén in the presence
of an oxide catalyst in whi@:h the composition of the
catalytic elements, expressed-' as atomic ratio, is the
following:

CO2.0-20.0F20p.2-10.0B1o.1-10. oWo.s5- 10.0MOz,0-11,5810.5-15.0Z0.005-1.0

with W + Mo = 12,0 and Z denqt:.ng an alkali metal.

Thiz catalyst can be ' prepared by mixing agqueocus
solutions of ammonium molybdate and of ammonium
paratungstate, adding solut'iqiis :- of cobalt nitrate, of
iron nitrate and of bismuth nitrate to the aqueous
mixture and then adding an aqtieous solution of an alkali
metal hydroxide or carbonat_e., and then colloidal silica
as a source of silicon, by moulding the substance
obtained and by calcining it at 350-600°C in a stream of
air. ,

_ Us Patent  No. .3 855 308 describes the
preparation of acrolein by vapour phase catalytic
oxidation of propylene ""iiwit‘h;-;; molecular oxygen in the
pregsence of an oxide cataly%sf:__r.. in which the composition
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of the catalytic elementé, expressed as atomic ratio, is
the following: s '

COz.u-zn.oFeo.:L-J.o.oBio.J.-J.o.on.5;1u-uM02-o-11.5510.5-
15.0T10.005-3.0%0-3.0 '
with W + Mo = 12.0 and. 32 denot:.ng an ‘alkali metal or
alkaline-earth metal. o
The raw- materials employed for forming the catalyst may
be the oxides of the various metals, but also, depending
on ecircumstances, the nitrates, carbonates or
hydroxides. In the case of Mo and W, the salts of acids,

gsuch as ammonium molybdate and ammonium tungstate, are

-recommended. Thus, according to this US patent a

catalyst is prepared by mixing aqueous solutions of
ammonium molybdate and of ammonium paratungstate
respectively, by adding Solutlons of cobalt nitrate, of
iron nitrate and of ' blsmth‘_nltrate respectively, and
then an aqueoug solution o;if f'_all;ali metal bhydroxide or
carbonate and then colloi&al- éilica- as a source of
silicon, by concentrating the system by evaporation, by
adding a support if necessary and by following with an
evaporation, a mixing of the resulting substance and a

‘caleination at 350-600°C.

Japanese Patent Showa 45-125 359 describes a
vapour phase process for the manufacture of acrolein by
catalytic oxidation of propyl_ene with air or oxygen in
the presence of a catalyst of formula:

NlaCthe0314MeeHhMo£og
in which: o PO
- a = 0-20, b = 0-20 w:Lth a + h between 0.5 and 20,

c = 0.5-8, d = 0.17,0<e- 2, h =0-0.3, £ =12,
g = 36-90; | . |

- Me is one out of Sn, %n, W, Cr, Mn and Ti; and

-  His at least one out of"_K, Rb and Ca.

To prepare this catalyst, aqueous solutions of Ni, Co,

- Fe, K (and/or Rb, Cs), Bi and Me compounds may be added

to an agueocus solution o"f a molybdenum compound
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{ammonium ﬁtolybdate, molybdic acid or molybdenum oxide)-,
then a support' such as alumina, silicon carbide and
sgilica (silica so0l or silica gel) may be added and then
the resulting mixture is_heatéd to dryness, is calcined
at approximately 500°C and is éonverted,into pastilles.

French patent No. 2-554 904 describes a catalyst
for the menufacture of unsaturated aldehydes, especially
acrolein and methacrolein, by vapour phase oxidation of
propylene, of isobutylene or !.qf tertiary butanol with a
gas containing molecular : éxygen. This catalyst is
represented by the following formula:

Bi WhFeiMosAeBrColrlx
in which:
- A represents nickel and/oxr cobalt;
- B represents one or _more elements chosen from

alkali and alkaline-earth metals and thallium;

- C represents one or wore elements chosen from
phosphorus, arsenic, bor_:tm, antimony, tin, cerium,
lead and niocbium; L ?

- D represents ome or more elements chosen from
silicon, aluminium, —21£comum and titanium; and

- a, b, ¢, d, e, £, g, h an& X represent the atomic

proportlons of the 1nd1v1dual elements, and if 4 is
taken as equal to 12: 9.1 Sas<x1ld; 0.5 <hb < 10;
0.1 £ ¢ £ 10; 2 i-le,.ls 20; 0.001 < £ < 10;
0 £g<10; 0 £h=<30; and
- x is the amount of okygen bound to the other
elements and depends on their oxidation states,
bismuth being introduced 1n ‘the form of an oxide
obtained beforehand by calcining, between 600 and 900°cC,
a mixture of a bismuth compound and a tungsten compound.
The Applicant Company has now discovered that
acrolein can be manufacturedfby,gas phase oxldatlon of
propylene in the absence of'mélecular oxygen by reacting

propylene with a particular solid mixed oxide
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composition vhich acte as a ‘redox system and supplies

the oxygen necessary for .the reaction.

The advantages of this ‘new process, using the

redox route and no longer the catalytlc route, are the

following:

the limitation of the pvéroxidation of the products
formed, which takes place in the presence of
molecular  oxygen; according to the prezent
invention, since the opération is carried out in
the absence of moleculaf oxygen, the formation of
COK (carbon monoxide '; and carbon dioxide),
degradation products, J.S reduced, and this allows
the select1v1ty for acrole:.n to be increased, as
shown hereinafter by the Comparatlve Example 4;

the selectivity for a.crole:m remains good when the
degree of reductlon of the so0lid composition
increases; B

once it has undergone a reduction and a gradual
loss of its activity, the solid composition can be

.easily regenerated by heating in the presence of

oxygen or of an oxygen-containing gas after a

certain period of use; Lafter the regeneration the

solid recovers its iﬁit‘ial activity and can be

employed in a new reactlon cycle;

the separation of the stages of reduction of the

solid compesgition and of: 1t___s regeneration makes it

possible: | ) ’

- to increase the seleciéivity for acrolein; and

- to increase the part_ial pressure of propylene,
such a partial pressure of propylene feed no
longer being limited by the existence of an
explosive region of the propylene + oxygen
mixture.

The subject-matter of the present invention is

therefore firstly the use of a solid mixed oxide

composition of formula (I) T
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Mo, 2B1,FerCoNig8iKeCralx (1)
in which: : ;
- a is between 0.5 and 5, .],,imits included,
- b is between 0.1 and 10, limite included,
- is between 0.5 and 10, limits included,

is between 0 and 10, =--_1;_i§nit;s included,
is between 0 and 15, limits included,

!
Hh O & N

is batween 0 and 1, lirqité included,

- g is between 0.1 and 2,:- ];imits included, and

- x is the quantity of oxygen bonded to the other
elements and. depends on their oxidation states,

in the manufacture of acrolein by propylene oxidation,

the said solid composition ~:f:.«éaci:im_:j with the propylene

according to the redox reactlon (1) :

201idgigizea + DrOpylene -» solldreduged + acrolein (1}.
The oxldes of the VB.J:‘:LOU.S metals forming part of
the composition of the m:.;\:ed ox:n.de of formula (I) can be
employed as raw materials - 111 the preparation of this
composition, but the raw materlals are not restricted to

the oxides; other raw materlgls which may be mentioned

are:

-  in the case of molybdenﬁm, ammonium molybdate and
molybdic acid, _

- in the case of bigmuth, iron, cobalt and nickel,
the nitrates, carbonate:_s and hydroxides, such as
bismuth nitrate, ferric i;i}itrate, cobalt nitrate and
nickel nitrate, . '

- in the case of ch.romum, chromlum nitrate, and

- in the case of potass;um, potassium hydroxide,

carbonate or nitrate, ' '

and, in genei:al, any couxpouﬁas "' capable of forming' an

oxide by calcination, namely metal salts of organic

acids, metal salts of inorgénic acids, metal complex
compounds, organometallic compounds and the 1like.

The source of silicon generally consists of

colloidal =silica.
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The subject-matter of the present invention is a
process for the manufacture of acrolein from propylene,
according to which process gasecus propylene is reacted
with a solid composition of formula (I) as defined
above, while operating at a. temperature of 200 to 600°C,
especially from 250 to 450°C, j—ét a pressure of 1.01 x 10*
to 1.01 x 10° Pa (0.1 to 10 atmospheres), especially of
5.05 x 10 to 5.05 x 10° Pa (0,5-5 atmospheres), and with
a residence time of 001 second to 90 seconds,
especially of 0.1 second to;_ 30 seconds, in the absence
of molecular oxygen, thug _carrying out -the redox
reaction (1) as indicated above.

In accordance with pafticular embodiments of the
pregsent invention the gaéeous propylene may Dbe
introduced as a mixture with an inert gas such as
nitrogen and/or with water (water vapour).

During the redox reaction {1) the solid composi-
tion undergoes a reduction and a progressive loss of its
activity. Thig is why, once :the solid cmnpdsition has
changed to the reduced staﬁe'f' regeneration of the said
solid composition is cdndﬁct‘_,'ed-- according to reaction
(2) « _. o

801lidreaucea + Oz ~> S0lidujaizea (2) _
by heating in the presence _of;..; an excess of oxygen or of

1

an oxygen-containing gas at’ a temperature of 250 to
500°C, for the time necessary ‘for the reoxidation of the
solid composition.

After the regeneratic}_n, which wmay be performed
in temperature and pres-sd_‘_'re conditions that are
identical with or differen;t ~ from those of the redox
reaction, the solid compoéifion recovers an initial
activity and can be employed. in a new reaction cycle.

' The redox reaction i{l) and the regeneration can
be conducted in a two-stage ':_;.dt__a\:.vi;:e, nameiy a reactor and

a regenerator which function simultaneously and in which



‘10

15

20

25

30

35

-7 -
two charges of solid composition alternate periodically;
the redox reaction (1) and the regeneration can also be
conducted in the siame_._ reaf;:to_r by alternating the
reaction and regeneration pe."r'i'_'pd;si.

The preparation of ;.crélein according to the
invention is pexrformed acc:oi.fding to a stoichiometric and
not catalytic reaction. |

The following examples illustrate the pPresent
invention without, however, limiting its scope. In the
formulae shown in these exatﬁbles x is the quantity of
oxygen bonded to the other eléments and depends on their
oxidation states. L

The conversions, séléctivitieé and yields are
defined as follows: o

(VY

number of moles of _pﬁ:pylane which have reacted

conversion. (%) = -— x 100

number of molea of ixri_;pylene introduced

selectivity for nunber of ml-_es" of acrolein formed

acrolein (%) = x 100

rumber of moles of propyleme which have rearted

selectivity for mmber of moles of acrylie 2cid formed

acrylic acid (%) = - - — x 100
mnber of moies o;; gropylene which have reacted
EXAMPLE 1 R
fa) Preparation of a solid of formula
MO12B1Fe3 i ¢C04.7811K0.05CR0.50x
205.8 g of Co(NO3)26H:0, 113.8 g of Ni (NOi)s6H:0,

224.9 g of Fe(NO3)39H0 and-lj._zz g of KNOs are dissolved
in 420 ml of distilled wa'tér at ambient temperature.
76.7 g of Bi(NOs)35H0 are ciissolved, also at ambient
temperature, in 100 ml of distilled water acidified with
16.67 ml of HNO; at a concéntration of 68 % by volume.

? <
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30.1 g of Cr(NO:)a9H,0 are dissolved in 20 ml of
distilled water; also at ambient temperature. 318.7 g of
(NH,;) MO4034-4H0 are dissolved in 900. mlL of distilled
watér at 40°C. _
The s=olution c:ontain_:ing the bismuth and that
containing the -chromium are poured successively, with

stirring, into the solut":."'on';_ ¢ontaining Co, Ni, Fe and K.

- The resulting solution is ' neixt poured, still with

stirring, into the solution containing the molybdenum.
23.7 g of colloidal silica (at a concentration of
40 mass%) are then sprinkled into it. The resulting

mixture is heated to 80°C for 1.5 hours and is then

dried for 12 hours at 140°C. The solid obtained is

calcined for -6 hours at 500°C in air. The various metals
are present in this solid in the atomic ratios shown in
the title of this example.

(b} Preparation of acrolein from propyléne by redox
reaction LW
200 mg of this soli-dl_:,are charged into a tubular

reactor at 340°C and are then purged with a continmous

gtream of 11.5 ml/min of helium. 2 x 10" mol of

propylene are injected onto the solid in - order to
conduct the redox reaction of the propylene and the
solid. The propylene conversion is 93.3 %, with
selectivities for acrolein and acrylic acid of 78.0 %
and 2.5 % respectively. ;

After the reaction’ 'f_:_i_f. Example 1 (b) has been
conducted, the sane solid is subjected again to four
successive propylene injections :in the same test condi-
tiong as in Example 1. The. performances obtained are
reported in Table 1.



10

15

Table 1
Injection Propylene Selectivity | Selectivity
No. .| conversion | for acrolein | for acrylic
(%) (%) acid (%)
1 - 88.9 76.8 - 3.0
2 76.1 . 76.8 3.3
3 64.5 . 71.3 - 3.6
4 56.5 |  66.7 3.2
EXAMPLE 3

After the reducing treétment of Example 2 the
s0lid is regenerated for 1 hour in air at 340°C and then
replaced undexr a flow of helium. Four successive new
injections of 2 x 10'6 mol of propylene are directed onto
the solid in order to conduct the redox reaction of the
propylene and the solid. The performances obtained are
reported in Table 2.

Table 2 -

Injection Propylene Selectivity | Selectivity
No. conversio_n' for acrolein | for acrylic
(%) o (%) acid (%)
1 93.0 1 so0.s ' 3.9
2 | 84.0 . 76.7 3.2
3 65.1 S 70.9 3.5
4 51.6 67.1 2.9

EXAMPLE 4 (comparative): Preparation of acrolein by the
catalytic route - '

200 mg of a solid prépa;ed' according to Example
1 are charged into a tubular reactor at 340°C and are
then purged with a continuous flow of 11.5 ml/min of
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air. Five injections containing 2 x 107 mol of propylene
are directed orito the solid, ‘which in this case is the
catalyst of the reaction. “The propylene conversion is
94.6 % with selectivities f‘_ii"')r“' acrolein and acrylic acid
of 75.2 % and 3.2 % respecti'vgly'__i
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CLAIMS
1. Use of a solid mixed oxidé composition of
formula (I):
Mcyy Big Fep Coe Nig 8ic Ke Crgox (1) __ : :
in vhich: | R Y o

ig between 0.5 and 5, limits included,

ig between 0.1 and 10,  limits included,

is between 0.5 and 10, limits inecluded,

is between 0 and 10, .limits included,

iz between 0 and 15, limits included,

is between 0 and 1, limits included,

- g is between 0.1 and 2, limits included, and

- x is the quantity of oxygen bonded to the other
elements and depequ on t'_.he:l.r oxidation states,

X
Hh P A0 O

in the manufacture of acrolein by propylene oxidation,
the said solid compogition reacting with the propylene
according to the redox .react:.on (1) :

801idaxiaized + propylene - Solldrmced + acrole:l.n {(1).
2. Process for the, mamifacture of acrolein from
propylene, characterized in that gaseous propylene is
reacted with a solid comqﬁitg.on of formmla (I) as
defined in Claim 1, while operating at a temperature of
200 to 600°C, at ‘a pressure of 1.01 x 10* to
1.01 x 10° Pa (0.1 to 10, ‘atmospheres) and with a
residence time of 0.01 eeeo_ﬁd to 90 seconds, in the
absence of molecular oxygen, thus carrying out the redox
reaction (1) as indicated in gi_'laim 1.

3. Process according to,Claim 2, characterized in
that the gaseous propjrlene!_ is introduced as a mixture
with an inert gas such as nitfogen and/or with water.

4. Process accord:.ng to ea.ther of Claims 2 and 3,
characterized in that the redox reaction (1) is
conducted at a temperature of 250 to 450°C.

5. Process according to one of Claims 2 to 4,
characterized in that the. redox reactlon {1) is
conducted at a pressure of 5.05 x 10* - 5.05 x 10° Pa

(0.5-5 atmospheres) .
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6. Process according 'to ome of Claims 2 to 5,

characterized in tha'lt the redox reaction (1) is
conducted with a re'sldence time of 0.1 second to

30 seconds. ¢
7. Process ac:cord:.ng to one of Claims 2 to 6,

- weer

- characterized in thatl, once ;the solid composition has

changed to the reduce,g:l state, the regeneration of the
said wsolid composit'i:.on ig’ conducted according to
reaction (2): | '

501idreducea + O2 —>.. solldmd,_,ed {2)

by heating in the pres,ence of an excess of oxygen or of

an oxygen-containing 'l_:;as at . a temperature of 250 to

500°C, for the time nepessary for the reoxidation of the
I :
} 1

8. - Process accord.mg to Claim 7, characterized in

solid composition.

that the redox react:.on (1) and the regeneration are
conducted in a two- stdge dev:l.ce, namely a reactor and a
regenerator which funftion s__:Lmultaneously and in which

two charges of solid composition alternate periodically.

9. Process Aaccord ing to. Claim 7, characterized in
that the redox reaction (1) and the regeneration are
conducted in the s:;ime. re&ctor by alternating the
reaction and regeneratiion pe.r;:_i_;ods. '

'
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