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The present invention moreover relates to a

composition obtained from a heteropolyacid and titanium
dioxide, as support, as well as to a catalyst comprlslng the
said composition as active phase.

By convention, the term heteropolyacid (or HPA) will
be used in this text to denote both hetercpolyacids and
polyoxometallates. |

The production of carboxylic acids, in particular
acetic acid, by controlled oxidation of the alkane, such as
ethane, is a process in full development since it has the
advantage of using a starting material which is of very
competitive cost compared with those used in existing
technologies. ' -

" Among the known processes of this type, there may be
mentioned those using, besides ethane and oxygen, catalysts
based, at least, on the vanadium, phosphorus and rhenium
oxides. The selectivities towards acetic acid are of the
order of 30 % but they remain, however, lower than those of
the ethylene coproduced. In addition, this process requires
the introduction into the reactor of large amounts of water
and of an inert gas such as helium or nitrogen. i

Another process consists in reacting the ethane and
oxygen in the presence of catalysts based on at least a
mixture of the molybdenum, vanadium, niobium and antimony
oxides, or alternatively based on the molybdenum, vanadium,
rhenium, antimony, niobium and calcium oxides. The
selectivity towards acetic acid by the use of such catalysts
is enhanced relative to that obtained according to the above
process. However, the reaction conditions are demanding.
Indeed, it is necessary to carry out the oxidation under
conditrons combining an elevated temperature, that is to say
of the order of 300 to 400°C, and a high pressure, of the

This Sheet Has Been Replac

W IlllH I lll llll



based, at |east, on the vanadi um phosphorus and rheniumo ,'e-de.&...-.--.._'l_'_he_:_._____.
gelectivities toward acetic acid are of the order of 30 %k - -
however, |ower than those of the ethyl eneacoproduced. In a dltlon : I
process requires the introduction into the reactor of Iarge a‘ﬁﬁt‘}ms-e{. R S——
- water and Grder iGEr20ges wqua:as h&b:‘rmef, nfmé cmecsbesses for #met her
process consr stsrallglreac% héaaeé{u ne a 23, & mpt [ ese cecof
catal ysts a7 R mx ure o %‘e’“ dendny - vatiadi om SAFEEi um
and anti rmrq;uiz)-m des, or alter. natlvely based on the nol ybdenum vanadi um
rhenium antinony, “i@bi%'”m&%c%&*é%é’}' wdlCeEL ALY dtlob 8 BEHTve

acetic acid _by the use such catalysts 1s en anced relative to
obt ai ned aRbHeR RPERTIFRS MEldes of ccanadiify dihe (It teneing chAdFReoNs

are denmandi (xo7) |d¥Edskidh é&ﬁ@ﬁ%ﬁaﬁﬂté&ﬂriﬂﬂw 55%%@@&@@ umger
condi ti ons .gonbi ni gn el evat ed n&erature at is to sa o ord
S07300 10 430 H19% oE SR A et Gy S Befabimanced &5 ezest
2 order ofi:?&émé%%baselé@ﬂ:m téwerds cnsstsias datd ! mbvpeqmr athen of
such catal Ydea fﬂ@'@&nﬁfsggtmgxagytﬂgn €60 Yot diluent gas, which

results in a very low productivity.

It may hence be observed that, at the present time,
no process is available for the preparation of an aliphatic
carboxylic acid, and more particularly acetic acid, by
oxidation of an alkane which may be developed on the
industrial scale and which uses catalysts that are readily
manufactured. :

Now, it has been found, entirely unexpectedly, that
the use of catalysts whose active phase has been obtained
from a heteropolyacid of formula (I), which will be defined
below, in the abovementioned reaction, made it possible to
overcome the abovementioned drawbacks.

Thus, the process according to the invention
combines an enhanced selectivity towards carboxylic acid
formed with quite unrestrictive implementation conditions,
making it possible to envisage an exploitation of the
reaction on the industrial scale.

In addition, the process according to the invention
may be carried out with a large amount of alkane. This
represents a definite advantage relative to the processes
employing reaction mixtures comprising large amounts of inert
diluent gas. The reason for this is that the aikane, which
is only partially converted, may very readily be recycled in
the reaction. ' _

Moreover, the.process according to the invention is
carried out at a lowér temperature than those usually
employed. Now, it is entirely surprising to be able to
activate alkanes, and most particularly ethané, at
temperatures which may be as low as 150°C - 250°C, given the
lower-reactiﬁity of ethane relative to longer-chain saturated
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ion or an ion of a metal of groups VII A, VIII, I B, IV B and
V B of the Periodic Table of the E;emenﬁs;

-. C represents W and/or Mo;

- D represents phosphorus, arsenic, antimony,
silicon, germanium or boron;

- E represents vanadium and optionally at least one
metal element chosen from groups V A, VII A and VIII or
chromium; -

- £f = a + ab; with o depending on the charge of the
ion B, which is equal to 2, 3 or 4;

- ¢ is from 5 to 20-e inclusive;

- d is from 1 to 5 inclusive; and

- e is from 1 to 9 inclusive.

Here and for all of the désgription, the comments
relating to the Periodic Table of the Elements refer to the
table published in the supplement to the bulletin of the
French Chemical Society (No. 1 - January 1966).

The subject of the invention is similarly a
composition comprising a titanium dioxide as support and a
catalyst whose active phase is obtained from a heteropolyacid
of formula (I) [A,B,J,[CD,EO0,]" in which A, B, C, D, E, a, b,
c, d, e and £ have the same meanings as those given above.

Another subject of the invention consists of a
catalyst which éomprises, as active phase, the abovementioned
composition.

A further subject of the present invention is the
use of a catalyst as defined above in the preparation of

This Sheet Has Been Replaced




. diluent gas. The reason for this is that the arkane,’ﬁhiChﬁLézgﬂk e
partially converted, may very readily be recycled in the riegett enzcT?
the process according to the i nention is carrié

"t PhatiocFashuerLin CURLEY i PORral 108 FRLRRES

whi ch may besomsespondingS8lkanes with(Of esolfcegofcoxygenl onwer

Mor eover,
t énper at ur
be able to

out mtealdfawer

]

ethane relative to 'RHQS&§EQE'Ha§QLH£?%§€ of t??v?fﬁsg t invention is an

3 hydrocarbons or alterna [ \
hydr ocar bordlirhatigecarbongdicractd whemrever bbnepanpdchy ndyPsPcesy® 86t be

aronati c.

Ively gilven € reac urate

defined db&ve.t he process according to the invention conprises

t he preparation. of aliphgtic car boxylic¢ fcids by, control | ed oxi,dati on of
%éﬁr é@

the corresponding al k&nk

e hexh wh elirweyybRf, CRFmBnELSRBI e of a

cat al yst whibexhdéi ardpbisaenidmobkbdechiaté othe Baheragahyag.d of fornul a

(1): Jerr]

JLerr] 'nmggécgérticularly; €hée£igﬁgﬂgsBaisygﬁggegn z%BPQMﬁant_

cati on chosen

v03+’ Cuz", Fe3+’ c°2+’ Ag’, Niz"', an.' Mgz", Bis", Snz+ and Sn""
ions. '

The element B is preferably chosen from the VO** and
vo** ions.

As regards the element E which is other than
vanadium, this is more particularly chosen from chromium,
manganese, iron, cobalt and nickel.

According to a preferred variant of the invention,
the heteropolyacid entering into the preparation of the
active phase corresponds to the formula (I) in which D is
phosphorus, E is vanadium, 4 is 1, ¢ is from 1 to 3 and the
sum ¢ + e is 12. .

According to a particular embodiment, the catalyst
employed has an active phase which also comprises a support.

By way of sﬁpport suitable for implementing this
particular embodiment, there may, for example, be mentioned
the titanium, silicon, zirconium, cerium and tin dioxides,
alumina and silica-alumina, it being possible for these
compounds to be used alone or as a mixture.

The support is preferably chosen from titanium
dioxide and zirconium dioxide, the former being preferred.

According to a variant of this embodiment, the
active phase of the catalyst has an atomic prdportion
(C + E)/metai element of the support of from 0.1 to 30 %. The
term metal element of the support refers to the titanium,
zirconium, cerium, etc. _

The abovementioned atomic ratio is preferably from 5
to 20%.

In the case where the active phase comprises a
sﬁpport, the distribution between the two constituents of the
active phase is such that the heteropolyacid of formula (I)
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_ ‘ employed in dilute form, that is to say that the
abovementioned active phase is mixed with an inert material.

In this latter case, the active phase may be either
deposited on the inert material or coated on or alternatively
may be mixed therewith.

By way of materials which may be used as inert
materials, there may be mentioned: sintered clay, magnesia,
magnesium silicate and diatomaceous earth. These types of.
inert material may be used in porous or non-porous form. The
inert material used is preferably in non-porous form. If
necessary, an enamelling may be carried out in order to
render it thus. '

The ceramic materials,-for example of the
cordierite, mullite, porcelain, silicon nitride, boron
nitride and silicon carbide type, may also be used as an
inert material.

The catalyst used in the proeess according to the
invention, which may or may not be diluted, is, for exémple,
in the form of particles or in monolith form.

If the catalyst consists of particles, the size of
these particles depends on the mode of use of the catalyst.
It may thus vary within a wide range, such as especially to
be between a few micrometres and about'ten millimetres. More
particularlj, and as a guide, a catalyst used in a fixed bed
has a particle size distribution generally from 0.5 to 6 mm.
The particle size of a catalyst used in a fluidized or moving
bed is usually from 5 to 700 microns, and preferably from 5
to 200 microns, for 80 % of the particles.

If the catalyst consists of particles, all forms are
suitable for carrying out the invention. Thus, the catalyst
may, for example, be in the form of beads or rings. The term
rings denotes hollow objects of, for example, circular,
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4 'a1iphatic carboxylic acids by controlled oxidation of the corresponding

al kanes with a source of oxygen. ) An additional subject of the
present invention is an aliphatic carboxyéic acid whenever prepared by a
process as defined above. In the text which follows, the terns
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active phase which is usually from 0.1 to 30%, and preferably
from 2 to 20%, of the total weight of catalyst (active phase
+ inert material). .

In the cases where the catalyst comprises the active
phase dispersed in an inert material, the amount of active
phase is generally from 1 to 90% of the total weight of
catalyst.

' According to a preferred embodiment of the
invention, the active phase of the catalyst coats the inert
material present. .

The catélyst may be prepared according to any
standard, simple and reproducible method, which constitutes
an additional advantage of the invention.

. The hetercopolyacids are known compounds and a person
skilled in the art may refer to publications concerning them
in order to prepare them.

As more particularly regards the heteropolyacids,
for which A represents a hydrogen atom, it is especially
possible to use two types of process.

~According to a first method, which is more
particularly suitable for the preparation of heteropolyacids
in which b is equal to 0 and d is equal to 1, a mixture
comprising the constituent elements of the heteropolyacid,
preferably in oxide form, is maintained at reflux in water
for 24 hours.

Another method for producing heteropolyacids of the
same type as above and for which the value of ¢ is from 6 to
12 consists in preparing a solution of the constituent
elements of the HPA, which are present in the form of alkali
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heteropolyacid may be crystallized.

- On conclusion of each of these two methods, it is
possible to obtain the desired heteropolyacid by evapbration
or crystallization. This product may be used directly as a,
catalyst in the reaction according to the invention,
optionally after having undergone a calcination step which
will be described below.

In a usual manner and in the case where the catalyst
used comprises a suéport, the placing in contact of the
heteropolyacid with the said support is carried out by means
of, for example, a dry iﬁpregnation, although other routes
are not excluded in principle; In this respect, there may be
mentioned the mixing of the various constituents,
heteropolyacid and support, in solid form for example.

According to the.impregnation method, the support as
defined previously is placed in contact with a solution of
heteropolyacid in an amount such that the atomic proportion,
(C + E)/metal element of the support, is generally from 0.1
to 30% and preferably from 5 to 20%.

The resulting suspension is then dried. This drying
step may advantageously be carried out in two stages: the
first stage comsisting in evaporating off the solvent or
dispersion medium of the mixture, more particularly the
water, to dryness. The second stage consisting in drying the
paste thus obtained. ' '

Generally, the first step is performed at a
temperature of from 20 to 100°C under vacuum or otherwise,
for the time necessary to obtain a paste.

The evaporation is usually carried out with
stirring. : ' |

The paste obtained is then dried, in a second stage,

under an atmosphere which is preferably non-reducing, such as
' ™~



. enpl 6yed in dilute form that is to say that the abovenentioned active
phase is mxed with an inert material. In this latter case, the
active phase may be either dep05|ted on the inert rraterl al or coated on or
alternativ xed ther eria ch
may be useﬁ'l'%s&?ne’f gglllt%r i e%%n é‘ﬁweoefor‘ﬁar%‘ éh ecfa%? ré‘é’f%‘fi"%’?a?k
magnesi a, reprkkegxsn silicate and di at omaceous earth. These types of inert

mterial my be uselrhd @OFMEP QmgflORRP S LBl 1%, riomsrjﬁgboesed

is preferably in non: gorous orm “If necessar i ng
carried out in or derItoPhenkikbe mated that other ﬁﬁrw mfé‘me‘ﬁﬁﬁl Be for

exanpl e of drieigagdd eedt eexaﬂﬂlétairym{acaﬂalﬁhe Sudpetibidd TB}dthi'@j’rﬂﬁg
nitride an%mllconﬁ?r% q%&qtz_{‘e se[j.J1 as an%;l?ert #r%te 9:';

The cataly i h Qﬁ%spgssﬁ | 0 9 HHAS | WRhFRhE or
may not be skililesdl,in sthé catrua.xarrpl e, in the formof particles or-

nonolith form ﬂ%ﬁ! stsS Q ' he si ze of
t hese particles depen S %{.11%{}#70 eé/ofsuﬁaaéq"q'1 t% u.lﬁa% ?c&e‘?? émay t hus
vary withi rraleinrtiemggternuch as especially to be bet vveen a few

m cronetres and abouinigngudd |4 T drordy S AT ilriidna Rithés, Suflibge, a

catal yst used in a fixed as a artlcle size distribution general

l'y
from 0.5 t & GeRnradecing t?‘i!'?‘tslg’rei"@ ofAlF dft adyantagarysiy ‘H%F?dlli‘éﬁ or
movi ng bed dgrgisiiahdy Beé C&ﬁﬂd}@d?@;\fﬂ]ﬂ[}ﬂﬁﬁlland preferably from5 to 200

mcrons, for 80 %Of he §f‘rt Iact:.on temperature is usually from 200 to
500°cC.

The duration of the operation is generally from 1 to
24 hours.

Prior to and/or subsequent to the calcination step,
the dried product may undergo a deagglomeration step.

In the case Whefe the catalyst used in the process
according to the invention comprises an inert material, the
coating method is preferably used.

Thus, the inert material, preferably in the form of
coarse particles, and the active phase are placed together in
a high shear mixer (LODIGE-type machines) or in a granulation
machine (granulators, in drum or plate form).

‘The operation is generally carried out at a
temperature of from 20 to 150°C for the time necessary to-
coat the inert material with the desired amount of active
phase, more particularly under air, for at least 30 minutes.

The particles thus obtained are usually calcined at.
a temperature from 300 to 500°C. '

The duration of the calcination is genefally at
least 3 hours. .

Obviouely, all these modes of preparation of the
heteropolyacid, and of placing the said HPA in contact with
the support and/or the inert material, are given merely as a
guide and can in no case constitute an exhaustive list. |

As has been mentioned previbusly, the process

according to the invention consists in carrying out a
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" total meigmhﬂ# source may be based on pure oxygen or oxygen diluted in
‘an inert gas, or alternatively may be based on nitrous oxide.

It is thus possible, in an advantageous manner, to
carry out the oxidation reaction using air as the source of
oxygen.

According to a specific embodiment of the present
invention, the molar ratio between the alkane and the oxygen
is less than 20%. More particularly, this ratio is from
0.01:1 to 0.2:1 or from 0.6:1 to 18:1.

According to a preferred embodiment of the
invention, said ratio is from 0.6:1 to 18:1.

The oxidation reaction may also be carried out in
the presence of a diluent.

The term diluent refers to water, inert gases such
as nitrogen or rare gases such ‘as helium or argon, for
example. It should be noted that'the diluent gases may also
be gases recycled from the reaction such as carbon oxides.
The diluent gas may be a combination of some or all the above
mentioned gases.

The composition of the gaseous mixture, i.e. of the
alkane, the source of oxygen and, where appropriate, the
diluent gas} may vary within a wide range.

Except where otherwise mentioned, all the
percentages given below are expressed as a molar per cent of
the gaseous mixture.

In general, the alkane content in the gaseous
mixture is from 0.1 to 99.9%. |

According to a specific embodiment of the invention,
the composition of the gaseous mixture is such that it is
outside the explosive range of said mixture.

More particularly, and in order to have a gaseous
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particularly suitablgh?o?lkﬁ%ep?%ﬁﬁﬁéﬁiib\éﬁerﬂﬁ%Y?mﬁﬁ§%ﬁ?ﬁ§ FABRAPENh b i s
equal to O mixitdresisegpméféerally afroxtll0 ece@9% i Si ng t he constituent

el enents of the het o) 1 d, Vsl | [ Lnkai ned - at

BPopae cBELS A Told Stbidug YlhelPe TR

reflux in water for f C or - produci ng
het er opol yakikewbset virriesrewi tipin & widle cconrentration rangeyalteisf ¢ is

from6 to lgeg@R$1 5y SELdm P P Nel 950! ution of the constituent elenments
of the EPA, which are present in the formof, al kali .
According to a more specific embodiment, the oxygen

content in the gaseous mixture varies from 1 and 90 % or
between 97 and 99.9%.

The oxygen content of gsaid mixture is preferably
from 1 to 90%.

According to a specific variant of the invention,
the reaction is carried out in the presence of water. In this
.case, the water content in the gaseous mixture is more
particularly from 0 to 70%.

According to a specific embodiment, the waterx
content in the abovementioned mixture is from 0 to 20%.

The inert gas content in thé mixture, nitrogen being
preferred, is usually from 0 to 70%. '

More particularly, the mixture comprises from 0 to
20% of diluent gas.

The gaseous mixture is thus placed in contact with
the catalyst accordiﬁg to the invention.

| It should be noted that the placing in contact of
the gaseous mixture with the catalyst may take place by
pre-mixing all the consti;uents of the said mixture
beforehand, or alternatively by introducing them sepérately.
It is likewise possible to envisage a multi-stage injection
of the alkane or, préferably, of the éource of oxygen into
" the reactor.

The last two methods mentioned may preferably be
adopted in the case of industrial exploitations, for reasons
of safety of the process. Indeed, in this manner, the need to
remove too large an amount of calories due to the exothermic
nature of the reaction is avoided, and the risks of falling
within the explosive range of the mixture are reduced.

The device in which the process according to the
~



7 metal or alkaline-earth netal salts. This solution is obtained by

di ssol ving said conpounds in water. Once the sol-ution i s obtained,
it is neutralized by the addition of an illorganic acid such as hydrochloric
acid in particular. The resulting product is extracted fromthe nediumwith
et her and tﬂmtpitawoﬁ-m ntkengastphase; dile i laetenalerides giaje ke waptous

sol uti on, € be crystallized. On
LGl 1 PCod aféaaemﬁ.g%,gsf?y y |

conclu5|on of hese t is possible to obtain the
desi red het er opol yac'-Flélu?)y thepEeattinre gray DR teaTried int imhia TRafkRX mmy

bet usedI Ioll rla;;tvbwlﬁﬁ the C@igéyﬁétms tie éeﬁﬁsé&ﬂ ﬂmmt %@#19 ﬁ&éﬁa@f@don

optionally.a avj hg_under gope a i nati ste ich wi e

descri bed ‘%‘W 2 i % ﬁ%’ﬁ%ﬁlﬁfﬁ‘?ﬁ] a?'li(]t ﬁh‘e"%’é’se‘%r’ée‘ﬁrese'

cat al yst usfe'lebvcmctsms atl‘helppmasd:esé hecqbedimg to thmt:antenﬁ:.dzhe:.s

het er opol y § deS 0, rr Y. S for
i:g.lre;’fl B e% éﬂ&'d #\?ﬁ {ﬁ fﬁ&‘ f é’iﬂa&’ o:“eafh au-_ Ively

exanpl e, S5 AT 6 nat
principle. ﬂmnﬂ@#&&%ﬁ remmrsrayi‘cm m |d#m1tm@nnbhm Sﬁbiéret

vari ous Conjdfdréiie. m,{?tﬁé RS O kRO RO i od el d by M f OT

exanpl e. Accor ing to the inpregnation nethod, the support as

defi ned pr Shigiauess Hfchemical Rpnckersd ) by Ro Tranheuse h@ukbihedci d
in an anouriin Stedhiipied fweamomgerméimr!mﬁmé&th&ﬂdm{ﬁlgﬁéﬂnent of the

support, IS(:.‘lgeﬂ)eii';1| 'i’z f{&gg)' as well as to the publication "Selective
oxidation in riser reactor" by R.M. Contractor and
A.W. Sleight, published in Catalysis Today (vol. 3 (1988),
175-184), relating more particularly to transported bed

reactors. .

The reaction temperature is generally from 100
400°C, preferably from 150 to 350°C.

The total pressure of the gaseous reaction mixture
is generally from 0.1 to 20 bar absolute.

The gas flow rate is generally set such that the
contact time, calculated under standard temperature and
- pressure conditions, is from 0.1 to 30 seconds.

The contact time is preferably from 0.5 to
20 seconds. It is reminded that the contact time corresponds
to the ratio between the volume of the reactor and the total
flow rate of the gases. '

The carboxylic acid formed is separated from the by-

- products or from the reactants in a conventional manner by
cooling and condensation of an acid/water mixture.

The compounds remaining in gaseous form, more
particularly the alkane and the carbon oxides, may, in an
entirely advantageous manner, be recycled into the reactor.
Recycling of the alkane is of entirely -obvious advantage to a
person skilled in the art; this advantage being to minimize
the losses of this reactant. It should, however, be noted
that recycling of the alkane and the carbon oxides has an
additional advantage, relating to the absorption of calories
released during the oxidation reaction. Indeed, these gases

=



..to 30% and preferably from5 to 20% The resulting suspension is
then dried. This drying step may advantageously be carried out in two
stages: the first stage consisting in evapgrating off the solvent or

di spersion medium of the mixture, nore particularly the water, to dryness.
-The second havge comssiideiriab]e raloyifd.ct Rapaedtd eshuh it aidies them

Ceneral ly, & ¢! rf at_ a te erat e of from to

100[ err] >C/: u%%er %@T&l}?}%%d §:ﬁgrivvl ge B8 RYT sé’aﬁ’ﬁf%‘%‘%&cﬁa‘f’n the
past e. fact thateheor @meoﬂrelcsrcgfsdamajte@anm p@srmﬂo]w ttho stiimimixe the
The paste obiakzeds & tl'&%‘&ld&h‘ég'eab@dao%eq:ﬂgd teh@Ta e (YL PgmsHher e

which is preferably non-reducing, such
8 under oxygen or aif® tF’@r"éf&nﬁFEerﬁGh’C&Hnﬂvafa(}@e@lﬁ &aans ofarh IRKe S .

The dryi ng bemaeriauulye aiss regazkky th&oﬁhl'ggnt @xi@gbgr ?]é:?lgx aent:l.erel t | ?\hog:c d
?ﬁenghggeagﬁgn sﬁfh&%ﬁ%% ﬁigﬁgegyﬁé Gﬁ :8%%?33§§ &ﬁdlﬁhﬁg%qﬁﬁﬂﬁ%”ogs
known to thgggularly to purge these gases, which may well accumulate in
the course of the recycling operations.

The composition according to the invention will now
be described.

This composition is obtained from titanium dioxide
as support and from a heteropolyacid of formula (I) as
described above.

According to a preferred variant of the invention,
the formula of the heteropolyacid corresponds to the formula:
(I) in which D is phosphorus, E is vanadium, ¢ is from 1 to 3
inclusive, d is 1, and the sum c + e is 12.

. The titanium oxide present in the catalyst used in
the process of the invention may without preference be in the
form of anatase, rutile, brookite or alternatively bronze
TiO, (symbolized (B)), or mixtures thereof.

The allotropic form of the titanium oxide is
preferably chosen from the anatase and rutile forms or
mixtures thereof. .

The titanium oxide used in the composition of the
active phase generally has a specific'surface, measured
according to the B.E.T. method, from 1 to 150 m’/g. The
specific surface is more particularly from 10 to 120 m?/g.

The composition according to the invention is more
particularly such that the atomic proportion (C + E)/Ti is
from 0.1 to 30% and preferably from 5 to 20%.

The subject of the invention is, moreover; a
catalyst whose active phase is the composition described
above.

According to a particular embodiment, the catalyst
according to the invention comprises an inert material,
besides the active phase obtained from titanium oxide and on
heteropolyacid of formula (I).

™



.skilled in the art. The dri ed product may then be subjected to a
cal ci nati on step. This step is peggforned, in a standard manner,
under a non-reduci ng atnosphere. Air is advantageously used, but oxygen may

be enpl oyed m_cﬁaldﬁ/olggéid of formul®'€(H2l cination tenperature is usually
from 200 to 500[err]C The duration of the operation is generally

from1l to 24 hours. & first vyanignt copgishs Afosepasalyes fe aratdhat i on
~ step, the drtype priudiisTeie sd)deaikEd andileft0 O BRIPIsatishtBecording td N the

case where | st used jn the proc ccor gi to e .inventiaqn
conpri ses atrgﬁféng'rq}%r%tleoﬁ a° TR Sode |'i‘?g%ﬁ)}t ﬁ’é’d“’leé'g f EPABE} VEs &P the
Thus, the ikotalnegightt ofresitarlatrity. iThet enitent dis prefeeabdyt ifds 2 Ayl
the active @r@assq,yarvpei@ ed together in a high shear m xer (LODI GE-type

machines) or in a granulation nachine (granulators, in drumor plate f.orn).
The operation is gendy &99pndhvariantyconsigtse ofcpacatelystl whos20 aative

150[err] C 1 phaidlc il W HAEARTI Ithe® AferkRakee b1 TRABELR MY ol My
desired anount .of .active phase, nore particularly under air, Tor at [east
30 ni nutes. veriant, tﬁ?ea&%"ﬁtc% composdtionndg fremyduspl 90c% Byhed at a

t enper at ur ewkdgit30Gela tite] &0 khe total weifht d¥r @heOBah1i{Be.cal cination
Lfeg:p:[?LLyo?ttL:aS%dﬁ'QEU%iht which hagb%E%H$h htggheahgﬁgvgoggzggaing
the heteropolyacid, the inert material, the proportions of
the various elements in relation to each other, and the-modes
of preparation of the catalyst, remains valid for this part
and will thus not be repeated here.
The present invention will now be further described
in the following Examples.
EXAMPLES
In the following text, the performances of the
catalysts are calculated in the following way:
The conversion is calculated from the sum of the
yields of products observed.

- Conversgion of the ethane (% mol)

I nbr of moles of products X observed

conv. ethane = x 100
(nbr.moles of ethane entered) :

- selectivity for a product X (acetic acid,
ethylene, combustion productg) (mol %)

nbr of moles of product X
sel. X = - ' x 100
E nbr of moles of products X observed




het er opol yaci d, and of placing the said HPA in contact with t he support
and/or the inert material, are given nerely as a guide and can in no case
constitute an exhaustive |ist. A4 has been nentioned previously,

t he procesmﬁng to the invention consists in carrying out a
9 control lon of the alkane with a source of oxygen, in the

presence oSyatiwisdlsy sif as hétetioppdYarid/@f formula HPMoe VE,e/TdOspecific
condi tions (E%Q%rlgiﬂ:g tlhe gquality of the al kane used. However, for obvious

reasons of )f the acid fornmed, it is preferred to use ethane
having a purity of #.23easofo0,, 0.52 g FheVi@demdoW .66 o lef BMt% ol | ed

oxi dation ef pbhes,al kiiked | et qytlsm BT ESSOLE1 &4 1 afd! C CRebr

oxygen. Thi $ sburce nay base pure oxygen org ige uted in an

i nert gas, T&flapiag, aﬁqrveﬂthsae%geefoﬁnﬁ% dBT 51, Rhdng+y jg

thus possi poglent an ssdwdpgRogpESada@sdcto tReCphkplevreln8ouitddn Ghd
as t,he source  of According to a

t
Cpoci f10 o TEBUPIARES thhevaPatated FolAEvRrea Madas Foqui®y bet woen the

al kane and t he oxyg@he product is calcined at 320°C under air for
4 hours. |
A catalyst is obtalned for which the proportion
(Mo + V)/Ti is 16 7 %.
3p mag;c angle Nuclear Magnetic Resonance analysis
. ' was carried out (unit: shift in ppm relative to an external
~reference of agqueous 85 % H,PO, solution). This analysis makes
it possible to confirm that the structure of the HPA is at
least partially retained.
This technique gives signalsabetween -3 and -4 ppm -
(singlet) for the bulk HPA in weak interaction with the TiO,
support; at about +2 ppm (singlet) for the HPA in strong
interaction with the TiO, support; between -10 and -15 ppm
(broad poorly resolved signal) for the decomposed HPA. It
should be noted that the presence of a éignal between -3 and
-4 ppm after synthesis of the catalyst is important in orxrder
to obtain good catalytic performances.

EXAMPLE 2 - :
Synthesisg of a heteropolyacid of formula H,PMo, V,0,, {(Catalyst
2): '

The sodium salts of the various constituents are
used in the following proportions:

- 1 mol of Na,Mo0O,.2H,0 (242.0 g).,

- 0.4 mol of NaVOo, (48.8 g).,

- 0.1 mol of Na,HPO, (14.1 g).

a) NaVO, is dissolved in 500 ml of boiling water.
Na.HPO, is added énd the mixture is left to cool.

b) Na,MoO4.2H;O ig dissolved in 500 ml of cold water.

o



.is I'ess than 20% More particularly, this ratiois from0.01:1 to 0.2:1 or

from0.6:1 to 18: 1. According to a preferred enbodi nent of the
invention, said ratiois from0.6:1 to 181F The oxi dation
reaction may_al so be ried out {n the_ presence of_a diluent. | ~ The
termdil uent€tefers t%gix)éi‘%?’,‘ ?ﬁeﬂt? ktried wikh 37 (p L oinkdteagases

such as heliumor ar gpmrpi@#r&dgﬂ@lmrlis sétd théd, micﬁcbéi\@ti%ﬂebﬂi igent
gases may al so be gas e | r t reactio C cat bon oxi des.
The diluent gas nay bgﬁgﬁc%ér%leﬁaﬁ%%qo‘fr@b g‘b‘?’ a‘f]cfﬁtj e‘gheéﬁ%‘ﬁﬁﬁed,

gases. The cadfbbiononf 040@ el gos 3Uh rHCE wielle .@oobing hinadkane,
the source of oxygen god Lybgre appropriate, the diluent gas, may vary

wi thin a wi de range. Except where otherw se nentioned, all the

per cent ages gi ven bel ow are expressed as a nolar per cent of the gaseous
mxture.  d) In Teacetherate of KeHE £OIY HPMONV,0F5 4851 dEedd!by | S
fromO0.1 to 99. 9% According to, a specifi.c enbodi nent of the _
i nvention, the conpost¥foichion ThiSh With & sthat it is

out si de the expl osive range pliases dimitlelrseparating fuvnel particul arly,
and in order to have a gaseous lower: etherate of the acid,
middle: orange-coloured agqueous phase,
upper: ether. . '
The etherate is hydrolysed using half its volume of
water and the mixture is left to crystallize at 4°C.
The crystals of H,PMo,,V,0,,.nH,0 obtained are calcined
at 320°C under air. '

EXAMPLE 3

Synthesis of a heteropolyacid of formula H.PMo,,V,0,,/TiO,

(Catalyst 3): .
9.08 g of the heteropolyacid obtained in Example 2

are dissolved in 150 ml of water with 14 g of 50 % H,0,.

30 g of TiO, in anatase form (DT 51, Rhéne-Poulenc -
86 m*/g) are then added and the mixture is evaporated to |
dryness under vacuum.

The product is dried for 16 hours at 140°C and then
calcined urider air at 320°C for 4 hours.

A catalyst is obtained for which the proportion
(Mo + V)/Ti is 16.7 %. |

EXAMPLE 4 .
Synthesis of a heteropolyacid of formula H.PMo,V,0,, (Catalyst
4): '

The same procedure as that described in Example 2 is
used, with the following proportions:

- 0.45 mol of Na,MoO,.2H,0 (108.50 g),

- 0.6 mol of Navo, (73.20 g),

- 0.1 mol of Na,HPO, (14.2 g).

A catalyst is obtained for which the proportion

g



.10 ‘A xture whose conposition is suitably outside the explosive range, said

al-kane content is fromO0.1 to 3%or from10 to 99% The al kane

content in the abovenentioned gaseous mi xtkffe is preferably from10 to 99%

The oxygen content_in the gaseous m xture used |ikewi se varies within a

wi de concentaﬁi|br?’)ra'¥?ge‘-sl:’t61'§%generalIy from0.1 to 99. 9%

According to a nore specific enbodi nent, the oxygen content

m xture vari nd 90 % or bet ween 97 and 99. 9%

cont ent of M%@—f%ably from1l to 90%
thesis of | heEston 1 i

a specific

presence of @g :]{g@ ggl s case, the Water
is nmore partrcurarty mO to 70%

I n the gaseous
The oxygen
According to

9,60, 4Lioi N t he

I n the gaseous m xture

cont ent
According to a specific

‘enbodi ment, the wat erTh®Rroress ihoepbornedtanndeseribedeinsEkanpile 8¢
20% usiP ddbidranel aRBMeNlo,) it e (Fdiane, Nitrogen being
preferred, is usually fromOo_t 6%0 Partlcularly t he
m xture conprises from® R’EP@EF’)G k8 (ﬁ?']d%ﬂ‘ﬂe‘aa%t 3205C under aif’ for

4 hours.

A catalyst is obtained whose proportion Mo/Ti is
16.7%.

EXAMPLE 6

This example illustrates the performances of the
catalysts described above in the reaction for the controlled
oxidation of ethane into acetic acid.

3 g of catalyst powder are introduced into a
stainless steel fixed bed continuous reactor equipped ﬁith
heating via a bath of fluidized sand and with two
chromatographs in series, one operating with a flame
ionization detector and the other with a thermoconductimetric
detector.

The feed gases are controlled by mass flowmeters.

The feed flow (expressed in mol %) consists of:

ethane/0,/N, = 85/5/10‘.

The hourly volume rate is 3200 h™,

The pressure of the reactor is kept constant at 1 or
11 bar absolute.

The temperature is 250°C.

Catalyst

P
(bar absolute)

conv. ethane
(%)

sel. AcOH
{%)

sel. CH,
(%)

sel. CO,
(%)

1

21

10

11

1

61

26

13

11

78

17

1

39

11

It is reminded that the theoretical conversion of

eth&ne into acetic acid is 3.9%.




The. gaseous nixture is thus placed in contact with the catalyst according

to the invention. It should be noted that the placing in contact

of the gaseous mxture with the catal'yst 1pay take place by pre-m xing all

the constituents of the said m xture beforehand, or alternatively by

i ntroduci nEXamMenEeparately. It is |ikew se possible to envisage a-

mul ti-stage injecti of the al kane or r ef er.abl f_the soutce of oxygen
Fhth e e S8 Aenfomnled 4G

.into the reactor. i y pre %rably be
adopt ed i n aatalyste nd. ihdustrial exploitations, for reasons of safety of

the process. |ndeed,pid d&Hidi tRIHE of tzt&:aé(}fe'l%tj’ht&é Y (P d A8 &) anount

of calories due to the exothermc nature e reaction is avol ded, and
the risks damplie (fy eF9Rth that &the Eaed flowd srreased -dumehr® reduced.
The devi ce ddgngitatd dfe process according to the reactions in the

Thus, the reacti on TSPTRE I Breliour Fa/AT0S0¢00r T whi ch <he catal yat i s
in a fixed, fluidizerheorhdurlyspwlume rate is 2400 h.
The pressure of the reactor is of 6 bar absolute.
The temperature is 275°C.
' In such conditions, the conversion of ethane is
7.7%.
The selectivity of acetic acid is 70%, the
selectivity of ethylene is 10% and the selectivity of CO, is
20%.



bed, 'in alternative fixed beds or alternatively in a reverse- frowreactor-

The process according to the invention is preferably carri | ' |
fluidized or alternatively transported be¥Breactors. For Wﬂmmmﬂ'"imm’ :
this subject, reference may be made to the publication "ReactteuLs s s " %
Chi m ques" ["Chem cal Reactors"] by P. @&!g%uze, publ i shed in Techni ques
de |' Ingenieur [EngipneeraAngrdeéssi guesthélpeplrationd88) alapheklic as to
t he publicatign "SﬁLectixg.qgidatign é? aiset reactor” Eﬁ R_.M Cont%ggtor
and A W S|°e"‘f’a?ﬁ’,‘y B 1eHER P CRPEFOLLedBEAGREVBR. ©F FREsEPTTEPRORERY
rel ating nakkgpses iwithraysourteaofpoxygenpetinr thet presence of a The .
"reaction tQ%%Eﬁ | e y. 0 ] r ef 0
to 350[err]C. ﬁ§g£eWﬁ§ﬁ%e£§%?g% %éggh%g 8$Qg%§88a§€8§sgrgégg%éﬁggggkééé

i s general |19£ tfewmela (B) 20lAS:] a Ei%)® in whichphe gas flowrate is

general ly set such thai t&gréedhestat! TBastabhdl AbfEviNdat SheRdAM dhosen
tenperature_and pressure conditjons, fromQ.1 to 30, 6seconds.

| S, iS
The cont actfXIHRYICFIeR or 2| FLF2 L1 Bebat goBothecsmasnimg 160y oni nded t hat
the contact time cor+espeapitesenticvott,i vobgt wremlkid i -wartd nidwal eact or

and the total flowrate of_the Ses. e,c | Lcoacl or ned

i s separat et r%lfni’:ﬁel%?/-"f)r%o'ﬂ%?%fo?ff?Bﬂ’i’?ﬁeviga%f Zﬁ?gﬂn&a%op{&e%t |am§al

manner by &b@ iof) tirel RemiledbtatTablefofinthei Blementsn xt ure. The

conpounds renai ni ng ;ncg@égpggeﬁggrthrgﬁglggrmcul arly the al kane and the
an

carbon oxides, may, in .
- D represents phosphorus, arsenic, antimony,

gilicon, germanium and/or boron;

- E represents vanadium and optionally at least one
metal element chogen from groups V A, VII A and VIII or
chromium; '

- £ = a + ab with o depending on the charge of the
ion B, which is equal to 2, 3 or 4;

' -~ ¢ is from 5 to 20-e inc;usive;

- d-is from 1 to 5 inclusive; and

- e is from 1 to 9 inclusive.

2. A process according to claim 1, in which D is
phosphorus, E is vanadium, ¢ is from 1 to 3, d is 1 and the
sum c + e is 12.

3. A process according to claim 1 or 2, wherein
the reaction is carried out in the presence of a catalyst
whose active phase also comprises a support.

4, A process according to claim 4, wherein the
support is chosen from titanium, silicon, zirconium, cerium
and tin dioxides, alumina and silica-alumina, or mixtures
thereof. '

5. A process according to any one of the preceding
claims, wherein the reaction is carried out with a gas
mixture comprising 0.1 to 99.9 mol% of alkane.

6. A process according to claim 5 wherein the
reaction is carried out with a gas mixture comprising 0.1 to
3 mol% or 10 to 99 mol% of alkane.

7. A process according to any one of the preceding

This Sheet Has Been Reﬁ a

.




..ent i"Fer advant ageous manner, be recycled into the react
t-he al kane is of entirely obvious advanta ge to a person E“,I m/" "ﬂi‘ﬂ t;]
this advantage being to mnimze the | oss®® of this reactant¢ Iq #how

however, ot,ed t recygling of the al kane and the garbon-exi-des-has—ad
addi t i onal 5&?&%&3‘9 Tedi @ity CFYORR SBSBAFECHST GFd é’?etqelaéafed

during the eoulate @f xygfenon. | ndeed, these.gases .
12 have consi der abl g cal Qr éjo%e%%pgghgk i?yn{tﬁgcﬁglé.? t7he %%‘reti'nctﬂhae” y

suitable for this purpose and,” con uen _ t Hat ey are
recycl ed nakeactionds isarriedriomtnwitht pegrseouso iz tuges icompristisw bl

the tenperaky &9(.R0Mc1406Y oxygen. In the case of recycling of these
gases, and nore espeC|aII¥nas re ards the carbon gxides, it is entirely

evi dent to those skil¥ed PFﬁ’é’e&Pt acrerdipg; fonedadm, 8, wheF@is (5he o pur ge
these gasesredkitiondy alrrisdc oiit! #icthi 8 Hheeotd Wi xturleheompmiddinf 1
oper ati ons. d 90 mo}é?e cg gei%io aci%rdln to the invention wll now be
descri bed. *% % ﬁg i £Pon PLELPLI RENSEPom tit ani um di oxi de

10. A process according to any one of the preceding

L‘__“_ __’

claims, wherein a gaseous mixture having an alkane:oxygen
molar ratio of less than 20:1 is used.

11. A process according to claim 10 wherein the
alkane:oxygen molar ratio is from 0.01:1 to 0.2:1 or from
0.6:1 to 18:1. :

12. A process according to any one of the preceding
claims, wherein the reaction is carried out in the presence
of a diluent ehosen from water, an inert gas or a gas
recycled from the reaction, alone or as a mixture.

13. A process according to claim 12, wherein a
gaseous mixture comprising water as diluent is used.

14. A procéss according to any one of the preceding
claims, wherein a gaseous mixture camprising 0 to 70 mol% of
water as diluent is used.

15. A process aécording to claim 14 wherein a
gaseous mixture comprising 0 to 20 mol% of water is used.

' 16. A process according to any one of claims 12 to
15, wherein a gaseous mixture comprising an inert gas chosen
. from rare gases or nitrogen is used as diluent.

17. A process according to any one of the preceding
claims wherein a gaseous mixture comprising 0 to 70 mol% of
inert gas is used.

18. A process according to claim 17 wherein a
gaseous mixture comprising 0 to 20 mol% of inert gas is used.

~19. A composition comprising a titanium dioxide
support and a catalyst whose active phase is obtained from a
heteropolyacid of formula (I) as defined in claims 1 to 2.

20. A compositioﬁ according to claim 19, wherein

the titanium dioxide is in anatase, rutile, brookite or

bronze form or a mixture thereof.
et Has Been Replaced
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e et

as support and froma heteropolyacid of fornula (1) asmﬂmmlmumﬂﬂm _
According to a preferred variant of the invention, the | _
het er opol yaci d corresponds to the fornul 29(1) in which Dis phos"phérué,_ E
is vanadium c¢ is frgml to 3 inclusive, dis, 1, and fhe sumc + e is 12.
The titani um oxi de seft GIPRIFE I%%‘Pﬁé’é%ﬁi'ﬁ’t??e“ﬁ%cje%smbfz'?he

i nvent i on whgreinhhehie @t prodwctiod hee forey Afi amtfsan 00 it6,30%.
brookite or alternatj.ely bronze J.err symbol i zed ( m.xt ur £s

t her eof . Ttﬁez “al %ﬁotc'{%lﬁocs:ftgror# oﬂgc %I%&tllzq Ztn‘? uca%iﬂ %1 PRt e y
chosen froampuatadst £eomSd tauta0% forns or mixtures thereof. The
titani um oxi de usedaign t e LAY | Poddae aa}eb s a
speci fic surface, neasured ac_co%.néﬁ{io&{ héec;% E. T.é/_neét%:o , ?f%%%%%’ ;%O
[err]/g. TREMPRELtALR &% rdefdned gy aphrme RhrdlaimsmRA ke 2220 [err]/g.
The conposition acceudi NQ\ tcatalsrdth\eddind B Ela¥a taTUlvdoh such that
the atom c grogortion (% + [Ti is from0.1 to 30% and preferably from5
to 20%  COWPrispg.an dnent Materialnention is, noreover, a catal yst

whose active phase i25.t ha catalydt aeaastimdedab addadm 24, whereiitcehdi ng

to a parti i t tal C ' {0 .t l.nvent i

corpr | ses 5uBRalFIsE TR oachy B A Mndliy MALAAR diif AN Rk of

titani um okhéecomposi tioredepdnparitd loftd @Qfulky Wweight, relative to the
total weight of catalyst. '

26. A catalyst according to claim 25 wherein the
amount of the composition is from 2 to 20% by weight. ‘

27. A catalyst according to claim 24, wherein the
composition is dispersed in an inert material and the amount
of the composition is from 1 to 90% by weight, relative to
the total weight of the catalyst.

28. Use of a catalyst as defined in any one of
claims 24 to 27 in the preparation. of aliphatic carboxylic
acids by controlled oxidation of the corresponding alkanes
with a source of oxygen.

29. An aliphatic carboxylic acid whenever prepared
by a process as defined in any one of claims 11 to 18.

This Sheet Has Been Reilaced

[ HRUWARA




- 13,« heteropolya0|d of formula (1). A first variant consists of a
catal yst of coated type. In this case, the ampunt of conposition according
to the inventionis fromO0.1 to 30% by we2pght, relative to the total weight
of catalyst. The content is preferably from2 to 20% by wei ght. A
second variant consists of .a catal yst ABSIERAGEt| ve phase is dispersed in
the inert material. According to this variant, the anmount of conposition is
froml to 90 % by wei ght, relatlve to the total me|oht of the cat al yst.

Al'l of that. which HETERQPOL: SRR e ol S bk 3] | D EBRBPB| yaci d,
the inert materiafort MEEMBRAQEGNOth mmmascahgmnac Aagmsat i on to
each other, and the nodes of preparation of the catalyst, remains valid for

this part and will thus not be repeated here. The present
i nvention whlprocessefébur therprleparabidni oft akiphatiei sgrboagpliesacEdaVPLES

[ the fol |81 Dgatexi: ehN8xRALLOLITAECong! cbEo8BLARY AL aTkERER! GHLAL T 11

t he foll ow conversron rs e sum of
t he source of oxygen, in the presence of a catalyst whose active

phase is obtained from a heteropolyacid of formula (I):
_ [A.B,,] [C.D4E.O, 1- in which:

- A represents at least one monovalent cation chosen
from hydrogen, an alkali metal or the ammonium ion;

- B represents VO**, VO**, an alkaline-earth metal
‘'ion or an ion of a metal of groups VII A, VIII, I B, IV B and
V B of the Periodic Table of the Elements;

-~ C represents Mo and/or W;

- D represehts phosphorus, arsenic, antimony,
silicon, germanium and/or boron;

- E'represehts vanadium and optionally at least one
metal element chosen from groups V-A, VII A and VIII or
chromium;

- £ = a + ab with o depending on the charge of the

- ion B, which is equal to 2, 3 or 4; :
- ¢ is from 5 to 20-e inclusive;

- d is from 1 to 5 inclusive; and

- e is from 1 to 9 inclusive.



_y'i,e] ds_‘dfnﬁy@g&gz\sﬁge [abead. - Conversion of the ethane (% nol)

[rerr] nbr ducts X observed T
X 100 I"Iﬂ‘ﬂ‘MM‘]lH r (nbr rmoles of eth REPLACEM f(ﬂ“ Shie
selectivit X (acetic acid. eth
products) (mol % 1 nbfl Ldte n@h—:‘m

sel. X =
[err] nbr -of noles
14 EXAMPLE 1 Sy

The present inven;ion relates to a process for the
preparation of carboxylic acids by controlled oxidation of
the corresponding alkanes, in the presence of a catalyst
whose active phase is obtainable from a heteropolyacid.

The present invention moreover relates

- composition obtained from a het acid and titanium

dioxide, as su 8 well as to a catalyst comprising the
composition as active phase. o

_ By convention, the term heteropolyacid (or HPA) will
be used in this text to denote both heteropolyacids and
polyoxometallates. '

' The production of carboxylic acids, in particular
acetic acid, by controlled oxidation of the alkane, such as
ethane, is a process in full development since it has the
advantage of using a starting materiallwhich is of very
competitive cost compared with those used in existing
technologies. '

Among the known processes of this type, there may be
mentioned those using, besides ethane and oxygen, catalysts
based, at least, on the vanadium, phosphorus and rhenium
oxides. The selectivities towards acetic acid are of the
order of 30 % but they remain, however, lower than those of
o the ethylene coproduced. In addition, this process requires

the introduction into the reactor of large amounts of water

and of an inert gas such ag helium or nitrogen.
Another process consists in reacting the ethane and

oxygen in the presence of catalysts based on at least a

mixture of the molybdenum, vanadium, niobium and antimbny

oxides, or alternatively'based on the molybdenum, wvanadium,
rhenium, antimony, niobium and calcium oxides. The --
selectivity towards acetic acid by the use of such catalysts
is enhanced relative to that obtained according to the above
process. However, the reaction conditions are dehanding.

Indeed, it is necessary to carfy out the oxidation under

conditions combining an elevated temperature, that ié to say

of the order of 300 to 400°C, and a high pressure, of the



[err] are m xed together in 150 m of distilled wate X|ngfor
24 hours, 30 g of anatase [err] (DT 51, Rha@ne- Poule /g) are
‘added to ‘the purple-red solution and the mxture is evaporated to dryness
under vacuunhydrocarbon'ﬁhe:zprad.chﬂtmltﬁv@ﬂlycIgdmiarﬁttl'@&{eﬂdﬂlﬁ‘uwydaff air for 4
hour s. n | ch-th Vb [ Ti
is 16.7 % satuéa%%fialh&?trocsar%%ta%lglrgé ee\awrl gne%tpga%ggetﬁl (rgli(:reo(c ANa °yn;Q|s
was carried whichyumay. oghimay netpbe @aomahi@-to an external reference of

- - This Sheet H|
(Catal yst 1): 8.23 g of [err] 0 52 g of [er ) %’fm 2t g5 o5

aqueous 85 % [err] SohgsiNlene firboadl ulce: 'ags tdd oW Siiehdidgonfirm
that the structure of the HPA IS at east partl l'y retained. . This
t echni qué gi FORPEiGES Lhe-Preprration) of had; iy carP el ko addds B¥PA in

weak i nteractioptréllled mzldarﬁﬂonswwﬁe can@ywndt&gomﬂa&iml efh)tﬁ of the
HPA in strong _interacgtion with e__.r{ene suppo etv\éee1t 10 .and -15‘6{)‘8
(broad poor | FOPEER Fi GG, 1 EHioh SRR S 9 ALY e STHAP D ATA LR
that the preghase dfs abtiagmed [faione @n heteanpoldrauiad afft cformuitahelli)s: of t he
catalyst is m&e |Enoqrgde:[ t‘g?i)gﬁal n good catal ytic performances.

EXAMPLE 2 Sy A“Het erol ol vacid of formla [err] [err] (Catalyst
- A represents at least one monovalent cation chosen

from hydrogen, an alkali metal or the ammonium ion;

- B represents VO**, VO**, an alkaline-earth metal
~ion or an ion of a metal of groups VII A) VIII, I B, IV B and
V B of the Periodic Table of the Elements;

- C represents W and/or Mo;

- D represents phosphorus, arsenic, antimony,
silicon, germanium or bqrbn; ,

- E represents vanadium and optionally at least one
metal element chosen from groups V A, VII A and VIII or
fchrbmium,_l |

_ - f =a + ab; with « dependlng on the charge of the
ion B, which is equal to 2, 3 or 4;

- ¢ is from 5 to 20-e 1nc1usiie;-

- dis from 1 to 5 inclusive; and

- e is from 1 to 9 inclusive.

Here and for all of the description, the comments

) relating to the Periodic Table of the Elements refer to the

" table published in the supplement to the bulletin of the
French Chemical Society (No. 1 - January 1966).

Support and a

catalyst whose active phase is obtained from a heteropolyacid
of formula (I) I[A,B,],[C.D4EOQ in which A, B, C, D, E, a, b,
¢, d, e and £ have t Same meanings as those given above.
subject of the invention consists of a

ich comprises, as active phase, the abovementioned

A further subject of the present invention is the

use of a catalyst as defined above in the preparation of



' - This Sheet
The sodium salts of the various constituents are use
proportions: - 1 mol of [err] (242.0 g), Im' ’m”mﬁmi
“[err] (48.8 g), - 0.1 nmol of [err] (14.1 Q). VEB S
di ssolved in 500 m of boiling water. 4 [err] |s added and the

m xture is I ft to co i's dissgolv 500 M of cold
wat er . alighatic “CazpeRttis %Sl‘;% %amw%e Piedienfastion o Fhea
pur pl e-red mﬂmapm@iﬁglaﬂbﬂanwmvﬁﬂbﬁlmﬁeléf oxygen. then added

allphatlc carboxyllc ac;d whenever prepared by a process as

deflned above.
~ In the text which follows, the terms titanium
dioxide and titanium oxide have the same meaning.
' More particularly, the element B is chosen.from VO**,
vo3*, Cu?**, Fe**, Co?**, Ag*, Ni*, Mn?**, Mg**, Bi*, 8n?** and Sn*
ions. .
The element B is preferably chosen from the VO** and
Vo** ions. - _ - '
As regards the element E which is other than
'\gj vanadium, this is more particularly chosen from chromium,
manganese, iron, cobalt and nickel.

" According to a preferred_vafiant of the invention,
the heteropolyacid entering into the preparation of the
active phase corresponds to the formula (I) in which D is
phosphorus, E is vanadium, d is 1, e—is—£frem-I—teo—3 and the
sum ¢ + e is 12. .

According to a particular embodiment, the catalyst
employed has an active phase which also comprises a support.

By way of support suitable for implementing this
particular embodiment, there may, for example; be mentioned
the titanium, silicon, iircqnium, cerium and tin dioxides,
alumina and silica-alumina, it being possible for these
compounds to be used alone or as a mixture.

The support is preferabiy chosen from titanium
dioxide and zirconium dioxide, the former being preferred.

According to a variant of this embodiment, the
active phase of the catalyst”has an atbmié proportion
(C + E)/metal element of the support of from 0.1 to 30 %. The
term metal element of the support refers to the titanium,
zirconium, cerium, etc.

The abovementioned atomic ratio is preferably from 5
to 20%. _ '

In the case where the active phase comprise;'a
support, the distribution between the two comnstituents of the
active phase is such that the heteropolyacid of formula (I)



B ot et ﬁfert “fa ) ||[{|I1m||[||| ﬂ\ﬂﬁlﬂi? ?ﬁ ? Bceﬁiif,ﬁ%;f’f‘

| ower: . etherate of the acid

or ange- col our ed aqueous phase upper

The etherate is hydrol ysed using half |ts vol ume of water and the m Xt ure
is left to crystallize at 4[err]C CLAIMSThe crystals of [err] obtained
are calcined at 320perr] & es%iEor ﬂﬁéﬂ?ﬂé@é&éﬁﬂﬁﬂﬂﬁifhzﬁpﬁhtlc

het er opol vaci d of fornul £§§ %&Hﬁ g of the

het er opol y&&F °§3?&Fn@ﬁ & 5P i9f o oresReRiing n
14 g of 50a¥%khaies] with a sou'i'&ego(ff obqrgre]n,l rirﬁnaieasprésmmé [E o,

Rhone- Poul rr d t ture . d
o dryness CHTARYRY igRe adt19e sl A Ebedthed Rl o Dot Sr GORPLL S
140[err] C aﬁdfpmleal(dl)nedﬁu&dglcaﬁdﬁ.@;] BZD@ewh}th or 4 hours. A
catal yst i s obtained fa0 ' € gy g r |

EXAMPLE 4 Synthe5|s o# re f%?g%% 3§b| éﬂ(%%éﬁﬁbn°€§#%atc§3§§%% chosen

from hydrogen, an alkali metal or the ammonium ion; -
- B represents V0?*, VO**, an alkaline-earth metal
" ion or an ion of a metal of groups VII A, VIII, I B, IV B and
V B of the Periodic Table of the Elements;
- C represents Mo and/or W; -
- D represents phosphorus,'arsenic, antimony,
N silicon, germangpm and/or boron;

- E repgssents vanadium and optlonally at least one
metal element chésen from groups V A, VII A and VIII or
chromium; ' |
- £f=a2a+ ab yith a depending on the charge of the
ion B, which is equaif:éiz 3 or 4;

- ¢ is 5

-4 is ;

- e is from 1 to 9 inclusive.

20 -8 inclusive;
ﬁﬁé 5 inclusive; and

2. A process according to claim 1, in which D is
phosphorus, E is vanadium, e—is—frem—I-te—3, d is 1 and the
sum ¢ + e is 12. _

3. A process according to claim 1 or 2, wherein
the reaction is carried out in the presence of a catalyst
whose active phase alsoc comprises a support. '

4, A process according to claim 4, wherein the
subport is chosen from titanium, silicon, zirconium, cerium
and tin dioxides, alumina and silica-alumina, or mixtures
thereof.

Sto 11 . _
Cre belor) . '7-75’. A process according to any one of the preceding

claims, wherein the reaction is carried out with a gas
mixture comprising 0.1 to 99.9 mol% of alkane.

!B}ﬂ A process according to claimt%’wherein the
reaction is carried out with a gas mixture comprising 0.1 to
3 mol% or 10 to 99 mol% of alkane.

7. A process according to any one of the preceding



0.6 nol of [err] (73.20 g), «ol of [e
A catalyst is obtained for-which the proportion

16 (M + V)/Ti is 16.7%  EXAMPLE 5 Comgsarative Synthesis of a

het er opol yaci d of fornula [err] (Catalyst 5) The process is
perforned asldémsrwhettein EizwppyygSenusrngitvomerckide| bsris¢dl akap.

The product g Ergglgf:&%yagnBZO[err]C under air for 4 hours A
o .

i fimnummum 'Fe?riﬁfmﬁﬂim]iﬁ’

catalyst is tal ned 0Se proportion M/ Ti is
A process according to c1a1m171 wherein the

reaction is carried out with a gaseous mixture comprising 0.1

to 99.9 mol% of oxygen. _

&)?i A process according to claim # wherein the
reaction is carried out with a gaseous mlxture comprising 1
and 90 mol% or 97 to 99.9 mol% of oxygen.

ry}ﬁﬂ A process according to any one of the preceding
claimg, wherein a gaseouslmixture having an alkane:oxygen
molar ratio of less than 20:1 is used. n -

¢ 1. A process according to claim X0 wherein the
alkéne:oxygen molar ratio iz from 0.01:1 to 0.2:1 or from
0.6:1 to 18:1. _

i 3Z. A process according to any one of the preceding
claims, wherein the reaction is carried out in the presence
of a diluent chosen from water, an inert gas or a gas
recycled from the reaction, alone or asfa m%xture.

90}8. A process according to claim r wherein a
gaseous mixture comprising water as diluent is used.

w4l41 A process according to any one of the preceding
élaims, wherein a gaseous mixture comprising 0 to 70 mo;% of
water as diluent is used. iy

4315. A process according to claim 14 wherein a
. gaseous mixture comprising 0 to 20 mol% of water is used.

(% oz y&}‘l A process according to any one of claims zé to
}5, wherein a gaseous mixture comprising an inert gas chosen
from rare gases or nitrogen is used as diluent.

»4¥7. a process according to any one of the preceding
claims wherein a gaseous mixture comprising 0 to 70 mol% of
inert gas is used.

¥ ;8/ A process according to claim ;7 wherein a
gaseous mikture comprising 0 to 20 mol% of inert gas is used.

= o s ws - ‘;G - - - -y .
v2d. A Jz;pesiéien-according to claim‘}gﬁ wherein
the titanium dioxide is in anatase, rutile, brookite or
bronze form or a mixture thereof.



16.7% , EXAVPLE 6 Thi ﬁmmmnml" ' at esrrﬁmedeﬁﬁsfmédmﬁ&ﬂ of

t he' cat al ysts descri bed above | r the datron
of ethane into acetic acid 3 gno sca al yst roduced
into a stainl ess steel fixed bed continuous reactor eat i ng

via a bath of fluidized sand and wrth t wo 2€hr omat ographs I n serr es one
operating with a fl 2 i onj zAYPHH* detector and the ot her, wi t h

t her noconducti nmetri ¢ edt fempesition afronding ke dt%t‘?%l?‘gd by
mass f|0erEWe‘i‘e1n the atdchii: f Jdrtdor( eomrﬁsﬁechr rtsmirdiﬁ CAtStH0Pf

et hane/[err] 85/5/ e hourly v rate J_S 0 ers
The pressure of the ! ct&‘i’%@ﬁ‘l}m éy‘rﬂ %.[n ‘8&%6‘8’04 ‘e‘l

The tenper aamounits izb (f oy ]SCto m.al yst P conv. ethane sol. [err]
sel. [err] sel. [err]  eten ahisqlyut e) - (90, D ot . 1
0.5 69 L2 30

5 3  compos 54 of—claimp-194c-22,
0.4 78 g - s 39
11" whertin e cotomet ?‘f g‘éa-lyé-accordl%g to, 7 _

. dcompr:.ses an inert material.

248
é;%a-hrst according to claim ‘?A/ wherein the

is coated on an inert material and the amount of
actHYe prote ] -
the compoesitien is from 0.1 to 30% by weight, relative to the

Qa.mln—

total weight of gs.vtugxst.
w2€. a satalyst according to claim ,25 wherein the
-amount of the compog}dtlon is from 2 to 20% by weight.
catat u g/ A eatalyst according to claim ; wherein the
' a'.bh'l/ls dispersed in an inert material and the amount
of the eemgeea—&ien- is from 1 to 90% by weight, relative to
the total weight of the catalyst. I
7,:,}6 Use of a catalyst as defined in any one of
claims ;431:0 }1 in the preparation of al:Lphatic carboxylic
acids by controlled oxidation of the corresponding alkanes
with a source of oxygen.
¥ }8’ An aliphatic carboxylic acid whe,?ever repared
by a process as defined in any one of claims }/I to ;%



Pt*IS rem nded that the theoretica

conversion of ethane into acetic aC|d

s 3.9% 17 EXANPLE . Fhis———r
Exanpl e illustrates the performance of the catal yst no. 1. REF 3“5‘%'ThE\H&ET
conditions of reaction are those described in Exanple 6 exg t th& hpﬁ EBS'
feed flow (expressed in nol % consists of: " et hang/{%% ¢ ¥-2.. QLN MO
62/ 17/ 10/ 11 The hourly volune rate is 2400 [err] : The
pressure of the reactor is of 6 bar absolwte. The tenperature is
275[err] C.

The selectivity of ! 4.0
and the selectivi dnofn elr_ P

The present invention relates to a process for the
preparation of carboxylic acids by controlled oxidation of
the correspondipg alkanes, in the presence of a catalyat
whose active phase is obtainable from a heterOpolyécid.

By couvention, the term heteropolyacid (or HPA) will
be used in this text to denote both hetaropolyacide and
polyoxomotallatea..

The production of carboxylic acidc, in particular
acetic acid, by controlled oxidation of the alkane, such as
ethane, ie a process in full development aince it hag the
advantage of using a astarting meterial which is of very

. competitive cost compared with those used in exiating

technologies.

In such condltlons t he converS|on of et hane |s_7 7%

Among the known proceasses of this type, there may be

-mentionqd those using, beaides ethane and oxygen, catalysts

based, at least, on the vanadium, phosphorus and rhenium
oxides. The selectivities towards acetic acid are of the
order of 30 % but they remain, however,” lower than those of
the ethylenme coproduced. In addition, this procéss requires
the introduction into the reactor of large amounts of water
and of an inert gas such as helium or nitrogen.

- Another process consists in reacﬁing-the ethane and
oxygen in the presence of catalysts based on at least a
mixture of the molybdenum, vanadium, niobium and antimony
oxides, or alcernatively based on the molybdenum, vauadium,
rhenium, antimony, niocbium and calcium oxides. The
selectivity towards acetic acid by the use of guch catalysts
is enhanced relative to that obtained according to the above
proceaa. However, the reaction conditione are demanding.
Indead, it is necegsary to carry out the oxidation under
conditione combining an elevated temperature, that is to say
of the order of 300 to 400°C, and a high presasure, of the




5 .

CLATNB : 1. A process for the preparatlon of allp1éﬁﬁﬁﬁﬁﬁﬁﬁ@ﬁy$ﬂﬁﬁT
acids by controlled oxidation of the corresponding al kanesjwith a Sg&ﬁﬁ:m
oxygen, in the presence of a catal yst whose active phase if$ Qﬂﬁaﬂﬁb

het eropol yacid of formula (1) [err] [err] in which: A
represents at |east one nonoval ent catlon Xhosen fron1hydrogen an al kal
nmetal or thg§¥ﬁﬁn) m i on; represents [err] [err]

al kal i ne- ear?¥¥ PRy O %t?’fﬂf"iff"%}}hﬁ‘d’le"of‘h@ SERSTIVLEY °9I I'l, | B,

V. B and V Bsstutatedchydrbocadibhite wdldticr&lwRiisiturated hydro@aEBBﬁQ$e”t S
Mo and/or W which m%d?r%{ip%ﬁéeﬂé sapg]&sg)ihorus arseni c, antimany,

silicon, gernmanium ‘E represents vanadi um and
optlonally at | east oﬁbuﬁetdhieytnn#nﬂ(ﬁnnnadﬂngnhcgmhwpinVeAtiUhl A and

XL;L grogh{ﬂéﬁﬁﬁﬁiaes the prepazatich [¢¥ 'd1iHatic dalrbd&R3id A8188 LDe
g ontzolled oxidation of the corresponding alkanes, with a
source of oxygen, in the presence of a catalyst whose active’
phase is obtained from a heteropolyacid of formula (I):
[A.B,] % [C.D,EO,]* in which: |

- A represents at least one monovalent cation chosen
from hydrogen, an alkall metal or the ammonium ion;

- B represents V0, V0’, an alkaline-earth metal
ion or an ion of a metal of groups VII A, VIII, I B, v B and
V B of the Periodic Table of the Elements;

' - C represents W and/or Moj
- D represents phosphorus, arsenic, antimony,
" pilicon, germanium or boron: '

- E represents vanadium and optionally at least one
metal element choseh £rom groups V A, VII A and VIII or
chromium; ' ’

- £ = a +db) with & depending on the charge of the
ion B, which is equal to 2, 3 or 4;

- ¢ ia from 5 to 20-e inclusive;

- d is from 1 te 5 inclugive; and

- @ is from 1 to 9 inclusive. _

. Here and for all of the description, the comments
relating to the Periodic Table of the Elements refer to the
table published in the supplement to the bulletin of the
French Chemical Scciety (No. 1 - January 1966).

A further subject of the present invention is the
use of a catalyst as defined above in the preparation of
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ron B, which is equal to 2, 3 or 4; - cis frombfito 20

i ncl usi ve; - dis from1lto 5 inclusive; and j| Date -aﬁSAEROIaQE
1 to 9 inclusive. 2. A process according to claimT, i
i n phosphorus, E is vanadium d is 1 and the sumc + e is 12. - 3.

A process according to claim1 or 2, wher€in the reaction is carried out in
the presence of a catal yst whose active phase al so conprises a sugport.

4. A proce3dipbatigi rarbexylirnraidahy ctontuad lah saidatiosh ge fher om

t!ltam urr} Sbbb&ﬁﬁpoﬁaﬂ.tﬁgnhmm\xﬁﬁﬁr*?@&aﬂ%édfhﬂ?ﬁ“ﬁ&geﬁi-um na andd_ t

silica-alumna, or xt ur, er eof . : rqcess, according to

claim 4, wherein the iPgﬁiE%Pﬂng?Ykﬁ?ﬁfiQFzﬁﬂﬂaﬂﬁfJﬁéh;14¥PH§P88kFEe°Br

bronze for maddphatict caebbigliof acid whenevdr propueckdy acproderg te

clainms 4 Ord§£1WQarﬁ%Bvae atom c proportion (C+ E)/Ti is fromO0.1 to 30%
rdi

7. A process acco ng to claim6 wherein the amount is from5 to .20%
8. A process accordifrgthe saytowbich foblowmcddigerms titanium

dioxide ‘and titanium oxide have the same meaning.

More particularly, the element B is chosen from VO,
Vo™, cu’, Fe%, Co™, Ag’, Ni*, Mn*, Mg*, Bi’, Sn* and &n"
ions. _ _

The element B is preferably choser from the VO* and
" Vo' ions.

As regards the element E which is other than
‘vanadium, this is more particulaxly chosen from chromium,
manganese, iron, cobalt and nickel. '_

Acooxding to a preferred variant of the inventien,
the hetercpolyacid entering into the preparation of the

. active phase corresponds to the formula (I) in which D is
phosphorus, E is vanadium, d.-is 1, and the sum ¢ + e is 12.

According to a particular embbdimant{ the catalyst
employed has an active phase which also compriges a support.

" By way of support suitable for implementing this .
particular embodiment, there may, for exaﬂple, be mentioned
the titanium, silicon, zirconium, cerium and tin dioxides,
alumina and silica-alumina, it being possible for these
compounds to be used alone or as a mixture.
| The support is preferably chosen from titanium
dioxide and zirconium dioxide, the former being preferred.

According to a variant of this embo@iment, the
active phase of the.citalysc has an atomic proportion
(C + E)/metal element of the support of from 0.1 to 30 %. The
term metal element of the support refers to the titanium,
zirconium, cerium, etc. _ ' :

The abovementioned atomic ratio is preferably from 5
to 20%. ' .
In the case where the active phase comprises a
support, thé distribution between the two constituents of the
active phase is such that the heteropolyacid of formula (I)



X9 elains wherein the catal yst conprises an inert materi al

{N\
process according to claim8, wherein the catal yst is coat ﬁﬁﬁh :N\““~7
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afcimente, i
material and the anount of the active phase is from0.1 to 3,926by.V\eight‘",""ET !
relative to the total weight of catalyst. 10. A ptoce8s-accordi ng

to claim9 wherein the anobunt of the conposition is from2 to K- J9O8 -
“wei ght . ~11. A process accordi @ Claim8, wherein the catalyst
in dispersed in an inert material and é%%“aﬁbunt of the active phase is
from1l to 90% by wei ght, RePEPFIE8S(ECT Hehe REAPATAIAR G midebatdpyst .

12. A procegarpogylilcngcidsaby 6oRtHbllied gxideaxliory off Al covtebpoRdlhg
reaction is Eﬁ&xrxieedwggk wth a gas mxture corrq%irsi% 0. 1°to 9.9 nol % of

al kane. a %3? Br883§§ agsq?ﬁ¥$ﬁrtcf?H 10 RTSi%OF 2ne. reaction
is carried outalish whgse activscpbeaprisichtdined E£xdml Hewerbpolyaeddnol %

of alkane. 4¢ formurdd(r)4 QRE%?“?@B&%W‘“QLA% pne of the preceding
clains wherein arr, ox "trods® 8x¥de Ts used as a source of , oxygen:;

, gen or
15. A process accordiﬁgrPBr@FaPﬁfqu heas e ene Hronalkendh qakion chegedyt

W th a gasegwemThytrbgefaNRh SLRELL. e t@l 9O HH® | rdn Kuty dh; 16,
A process according togclaim 15 epgin bgg reactkgglis carr Ed-qgtlmnth a
gaseous mi xture conpri Si fGPFesents YU, ( 80 3 ne-earti meta

ion or an ion of a metal of groups VII A, VEII, I B, IV B and
V B of the Periodic Table of the Elements;
' - C represents Mo and/or W;

- D represents phosphorus, arsenic, antimeny,
8ilicon, germanium and/or boron;

- E represents vanadium and'optionally at least one
metal element chosen from groups V A, VII A and VIII or
chromium; '

- £ m a + ab with o depending on the charge of the
" ion B, which is equal to 2, 3 or 4;

- ¢ ip from 5 to 20-e inclusive;

- d is from 1 to 5 inclusive; and

- e is fxrom 1 to 9 inclusive. :

2. A process according to claim 1, in which D is
phosphorus, E is vanadium, 4 is 1 and the sum ¢ + e 18 12,

' . 3. A process agcording to clailm 1 or 2, wherein
the reaction is carried out in the ﬁresenee.of a catalyét
whose active phase alsc comprises a support.

. 4. A process according to claim 4, wherein the
support is chosen from titanium, silicon, zircoqium..ccrium
and tin dioxides, alumina andlnilica-alumina, or mixtures
thereof. , '

5. A process according to claim 4, wherein the -
titanium dioxide is in anatase, rutile, brockite or bronze
form or a mixture thereof. . _

6. A procese accoxding to claimw 4 or 5, wherein
the atomio proportion (C + E)/Ti is from 0.1 to 30%.

7. A process acdcording to claim 6 wherein the
amount is from 5 to 20%.

8. A process according to any one of the preceding



‘and 90 nol % or 97 to 99.9 nol % of oxygen. (-;é“Lﬁg%MEMESEEBIC rding

‘to any one of the preceding clainms, wherein a gase nlxture havi ng jan

al kano: oxygen nolar ratio of less.than 20:1 is us€ b 16 .- APRLI996A. ghocess
according to claim 17 wherein the al kane: gxygen ndrar TatT 0 Ts=fromg. 01: 1
to 0.2:1 or fromO0.6:1 to 18:1. . . A process according to any one

of e precedpgng! GhuBacINERg! uLIE4EORLAA I GBI ThRE OBl

presence of a den a gas gycled
fromthe reactlon al 8ne oA progeat xaggerding to cladgm 84 phereds &beordi ng

to C|a'”119,cﬂﬂﬁl?bﬂ 259838068 BhXht! EnEPTHA SRR the dinbUAR! okStHaed.

21. A process acgcording a one of the precedin

20 clains, ﬁﬁ&ianP§a53528u2¥ﬁFxPu?e te {nkﬁrﬁfﬁékQJ'FGIEG#MP0F°mﬁFEr an

diluent is ugetal welght oZ2calalyleess according to claim21 wherein a

gaseous m xture Corrpri:l.%i.ngkopg:gcgganRJ:g/ngéix)(?tt% Jl%i'*?%dWherein the
amount of the composition i from 2 to 20% by weight.

11. A process according to claim 8, wherein the
catalyst is dispersed in an inert material. and the amount of
the active phmse is from 1 to 90% by weight, relative to the
total weight of the catalyst.

12. A process according to any one of the preceding.
c¢laime, wherein the reaction is carried out with a gas
mixture comprising 0.1 to 99.9 mol% of alkane.

13. A process according to claim 12 wherein the.
reaction is carried out with a gas mixture comprising 0.1 to
3 mol% or 10 to 99 mol% of alkane. _ |

4. A pfécess according to any one of the preceding
claims wherein air, oxygen or nitrous oxide is used as a
gource of oxygen.: . . :

15. A process adgcording to c¢laim 14, wherein the
reaction is cazried out with a gaseous mixture comprising 0.1
to 99.9 mol% of oxygen. )

16. A process adecording to claim 15 wherein the
reaction is carried out with a gaseous mixture comprising 1
and 90 mol% or 97 to 99.9 mol% of oxygen. '

17. A process aacording to any one of the preceding
‘¢laims, wherein a gaseoug mixture having an alkanh:oxygan
molar ratio of leas than 20:1 is used,

18. A process according to claim 17 wherein the
alkane:oxygen molar ratio is from 0.01:1 to 0.2:1 or from
0.6:1 to 18:1. :

19. A process according to any one of the preceding
claimg, wherein the reaction is carried out in the presence
of a diluent chosen from water, an inert gas ox a gas
recycled from the reactién, alone or as a mixture, .

20. A process accozding to claim 19, wherein a
gageocus mixture comprising water as diluent is used.

21. A process according to any one of the preccding
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23. A process accordi'ng to any one of clainms 19 to Zg,ﬁgﬁg@ggg:atgaagggs
m xture conprising an inert gas ehosen fromrare gasgs or nTT?%béaghgTu#ed

as dil uent. 24. A process according to any %MQHQT %?é Epeceding
claims wherein a gaseous mxture conprising O to 70‘ﬁ6#%hgg;$\g\sﬁg§BSWs
used. '25. A process according toggl ai m24 wherein a gas€aus==ﬁ

m xture conprising O to 20 nol % of inert gas is used. 26. Use of a-

cat al yst as cd@fiimagd whbzrdin @gadleotisamiktirbocdtpkrinihg Or €T Athek W3¢

al i phatic carhoxylic i ds by, contr.ol |l ed oxidation of the corresponding

al kanes wit I’i"%ego&'céﬁ‘g'f“&&é‘@n.““ o 27. An aliphatic carboxylic acid

whenever prepared by 22 pr dcgeocassdacionrding faycdadmo2lcwbersidi8ato 25.
gaseous mixture comprieing 0 to 20 mol% of water is used.

'23. A process according to any one of claims 19 to
22, wherein a gaseous mixture comprising an inert gas chosen
from raxe gases or nitrogen is used as diluent.

24. A préce-a according to any one of the preceding'
claims wherein a gaseous mixture comprising 0 to 70 mol% of
inert gas is used. ' '

25. A process according to claim 24 wherein a _

' gageous mixture éomprising 0 to 20 mol% of inert gas is used.

26. Use of a catalyst as defined in any one of
claims 8 to 11 in the preparation of aliphatic carboxylic
acids by controlled oxidation of the corresponding alkanes
with a source of oxygen{ _

27. An aliphatic carboxylic acid whenever prepared .
by a process as defined in any one of claims 18 to 25.



