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- PROCESS FOR ISOMERIZATION OF 2-PENTENOIC ACID TO

3-PENTENOIC AND 4-PENTENOIC ACIDS BY ACIDIC
BASIC OR AMPHOTERIC CATALYSIS
' The present invention relates to a process

for isomerization of 2-pentenoic. acid to 3-pentenoic

~ and 4-pentenoic acids.

Hydroxycarbonylation of butadiene to

pentenoic acids generally results in the formation of

the various position isomers: 2-pentenoic, 3-pentenoic

and 4-pentenoic.

3-Pentenoic.and 4;pentenoic acidé themselves_
can be subsequently hydroxjcarbonylated to adipic acid,
whereas 2-pen#enoic acid cannot be thus converted.

It wouid therefore be industrially usefﬁl to
isomerize this 24pentehoiq acid to 3-pentenoic and/or
4-pentenoic acids in order to improve the overall
production efficiency of a process for the preparation
of adipic acid by a double hydrochafbonjlation'of
butadiene. | ' |

When the very.high level of investménts that
are necessary for a process of this type is known, aﬁy

improvement in the overall yield assumes an enormous

importance.

In Patent EP-A-0,291,033 a process-has been
described for i;omerizatidn of 3-penten6i§ acid or of
its derivatives,.essentiallf methyl 3-pentenocate, to
4-pentenocic acid or its derivatives, by passing over a

perfluorinated acidic ion exchange resin.
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This process does not apply to 2-pentenoic
acid and, furthermoie, the type of resin employed does
‘not stand up to rélatively.elevated temperatures an@
therefére makes it necessary to work in liquid phase.
Moreover, it results in the formation.of a very high
propoftion of lactone from 3-pentenoic acid, this not
.being wanted. - |

| The problem of enhancing thé value of
2-pentenoic acid by its isomerization to 3-pentenoic
and/or 4-pentenoic acids is therefore not solved.

The present invention proposes to solve
precisely this problem by permitting the conversion of
2-pentenoic acid to the other pentenoic acids which can
"again be hydroxycarbonylated to adipic acid.

I£ consists of a process for isomerization of
.2-pentenoic acid to 3-pentenoic and/or 4-pentenoic
acids, characterized in that the said 2-pentenoic acid -
in vapour phase is placed'in contact with an aéidic,'
basic or amphoteric\solid catalyst.

In the present text acidic solid catalysts
will be understood to mean solid compounds, in most
cases metal oxides or metal salts, which resuit in the.
dehydration of methylbutynol to methylbutenyne

("méthylbutynol"'test) according to the reaction:

?H H+
CH3— C — C =CH ——'->CHz=r|:—C'="CH + H20
(':Hg ' CH3

Basic solid catalysts will be understood to
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mean solid compounds, in most cases metal oxides or
metal salts, which result in the reversion of
methylbutynol to acetylene and acetone ("methylbutynol"

test) according to the reaction:

| OH B HC
CH3 —C—C=CH —> HC=CH + /c=o
CH3 H3C

Amphoteric solid catalysts will be understood

to mean solid compounds, in most cases metal oxides,

.which.result in the conversion of methylbutynol to

3-hydroxy-B-methyl-z—butanone and 3-methy1-3-bu£eh—2-

one (“metﬁylbutynol“'test) according to the reaction:

OH :‘l)nﬁihotenc lOH | o
CH3—C-—C—CH —— CH3——F-—&—-—CH3 + CHZ:? —E —CH3
CH3 © H3 0 - CH3 0

For further details on this test reference
can be made to the paper in "Applied Catalysis, 78
(1991), pages 213 to 225. | |
- The 2-pentenoic acid which is employed in the
process of the invention may originate'from'any-source.
In most cases it will originare, as has

already been indicated above, from the

"hydroxycarbonylation of butadlene, but the present

process.ls not restrxcted to the product from this

source alone. Thus, for,example, it may itself
originate from the isomerization of lactones containing
5 carbon atoms and more particularly of gamma-

valerolactone, to a mixtures [sic] of pentenoic-ecids,
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in the presence of the acidic or basic catalysts
described below.

2-Pentenoic acid can be used by itéglf,lbut
it may also contain varioﬁs proportion§ of other'
compounds such-as other pentenoic acids, lactones such
as gamma-valerolactone, delta-valerolaétqne or
2-methylbutyrolactone, adipic acid, Z—mgthylglutaric

acid or 2-ethylsuccinic acid. 2-Pentenoic acid

.generally constitutes more than half of the weight of

such a mixture but, if appropriate, a lower proportion

~can be eméloyed. In what follows, the term 2-pentenoic

acid will also include the mixtures of this compouﬁd
with one or more of the compounds referred to above.

Among acidic solid catalysts there ﬁay be
mentioned  acidic moledulaf sieves,.acidic clays,
bridged clays (or pillar clays), solid oxides and
acidic phosphates. |

The acidic molecular sieves are more
particularly zeolites of pentésil structure, such as,
for example, ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-48, of
ferrierite structure, of mordenite étructure, and
zeolites. of faujasite structure, such as, for example,
zeolite X.or zeolite Y. .

Zeolites of pentasil or mordenite structure

are more_particularly the zeolites of ZSM-5, ZSM-11,

- ZSM-22, ZSM-23 and ZSM-48 and mordenite type, which

have the general formula (I) expresséd in terms of

oxide ratios:
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M,,.0,X,0,,m8i0,, pH,0 _ (1)

~in which:

M denotes an element chosen from
hydrogen, NH, and mono-, di-, tri- and

tetravalent metals,

. X denotes a trivalent element chosen

from Al, Ga, Fe and B,

n denotes a nuﬁbef from 1 to 4,.

m denotes a number'equal to or g;eater
than 10,

p denotes a number from 0 to 40.

Zeolites of the faujasite structure type are

‘more particularly those which have the generaliformula

(II) expressed in terms of oxide ratios:

Mz/no 7 ZZOa [ 4 dsiOZ f 4 xﬂzo ( II )

in which:

M denotes an element chosén from
hydrogen, NH, and mono-, di-, tri- and
tetravalent metals, M being at least
partially a hydrogen atom,

Z denotes a trivalent-elemgnt_dhosen
from Al, Ga, Fe and B,

n denotes a number from 1 to 4,

d denotes a number equal to or greater
than 2, '

.x denotes a number from 5 to'100..

The acidic zeolites employed within the scope

of the invention are espedially those in whose formula
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the oxide used in combination with silica is that of a

- trivalent metal.

Preference is generally given to the zeolites

in whose formula (I) or (II) M is chosen from hydrogen,

NH,, alkali metals such as, for example, Na, K, Li, Rb

or Cs, alkalineeearthﬂmetals such as, for example Be,
Mg, Ca, Sr or Ba, rare-earth metals such as, for
example, La or Ce and transition metals such as, for
example, Fe. |

For a more detailed description of acidic
clays reference may'be made to Patent FR-A-2 622 575,
which is incorporated by reference in the present text.

In the process of the invention it is
preferred to employ smectites such as, for example;
montmorillonites, beidellites, nontronites, hectorites,
stevensites and saponites. | | |

ﬁ?idged clays which may be employed as
catalysts in the present process are clays between
whose leaflets bridges or pillars have been introduced -

which maintain a basal spacing. The basal spacing is

the sum of the thickness of a clay leaflet and of the

interleaflet spacing.

The_preparatién of these bridged cléys has
been described especially in Patent FR-A-2 563 446 and
in Patent FR-A-2 618 143. .

Beidellites will be generally preferred as -
starting clay.

The bridging of clays can be performed
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especially with the aid of aluminium, vanadium,

molybdenum, zirconium, iron, nobium [sic], tantalum,

chromium, lanthanum, cerium, titanium or gallium

hydroxides or of mixed hydroxides of a number of these
meta;s.

These bfidged clays can be modified,
.especially‘by the action of a dihalogen, of an ammonium
halide or of an acid such as_suléhuric acid or the
hydrogen_halide acids. The halogen which is thus
optionally introducéd is preferably chlorine or
fluorine. | | |

.Clays, particuiarly beidellites, bridged with
the aid of aluminium hydroxide are preferably employed
in the process of the invention. |

The éoli& o#ides are metal oxides, mixtures h
of metal oxides or metal oxides which have been
modified,:especially_by the action of a dihalogen, of.
an ammonium halide or of an acid such as sulphuric acid
or hydrogen halide acids. The_halbgen thus optionally
infroduced is preferably'ch}orine_or fluorine.

By way of nonlimiting examples fhere may be
mentioned the mixtures SiO,/Al,0,, Si0,/Ga,0,, SiO,/Fe,0,
and $i0,/B,0,, halogenated aluminas such as especially
chlorinated aluminas and fluorinated aluminas,
sulphated zirconia, niobium oxide or tunésten oxide.

| ‘The acidic phosphates which can be employed
in the process of the invention a;e especiaily, by way

of ekamples,_boron phosphates, by themselves or mixed
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with alumina or with silica;'corrésponding to different
H,BO,/H,PO, molar ratios introduced during the
synthesis, lanthanum phosphate, aluminium phosphates

corresponding to different Al,0,/H,PO, molar ratios

 introduced during the synthesis, phosphorus pentoxide/-

silica mixtures (usually called UOP catalysts),

" aluminophosphates with a zeolite structure (A1PO) and

silicoaluminophosphates with a zeolite structure
(SAPO). |

| The basic solid catalysts which can be
employed in the process of the invention are especially
basic metal phosphates, basic metal oxides, metal
carbonates and basic molecular sieves.

The basic metal phosphates are in particular
the phosphates, the hydrogenphosphates and the
dihy@rogenphospﬁates of general formula (III):

(A,PO,) s (Imp), ' (III)
in which: | '

- A denotes a metal atom, a group of metal

atoms or partially a hydrogen-atom;

- y.dénotes a whole or-fréctional ngmber

from 3/4 to 3 depénding on the valency

of the elements A; °

e e - Imp corresponds to a basic impregnating

compound consisting of metal chosen from
"the alkaline-eafth metals, the alkali
‘metals and their mixtures used in

combination with a counteranion to
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ensure electrical heutralitf;
the coefficient z denotes the weight
ratio of the.iﬁpregnant ﬁo ihe
impreghated material (Ay§04) and is

between 0 % and 20 % and prefefébly

'between 2 % and 10 %.

The basic phosphates:employed in the process

~of the invention are preferably compounds of'general

formula (III) in which:

~ A denotes more particularly calcium,

zirconium, lanthanum, cerium, samarium,
aluminium, boron, iron and partially

hydrogen;

"y denotes a whole or fractional number

from 3/4 t$ 3 dépeﬁdihg on the valency .
of the elements A; '

Imp consists of an alkali ﬁetal or of a
mixture éf alkali metals and of a basic
counteranion; |

the coefficient z is between 2 % and

10 %.-

By way of nonlimiting examples of basic

éhosphates there may be mentioned lanthanum phosphate

used in combination with a caesium, rubidium or

potassium compound, cerium phosphate used in

combination with a caesium, rubidium or potassium

cdmpéund, samarium phosphate in used combination with a

caesium, rubidium or potassium compound, calcium




10

15

20

25

10

phoséhate ﬁsed in éombination with a caesium, rubidium
or potassium compound, calcium hydrogenphosphate used
in combihation with a caesium, rubidium or potassium '
compound or zirconium hydrogenphosphate used in
combination with a_caesium, fubidium or pdtassium
compound.

The basic phosphates.of formula (III) can be
p;epared by impregnating a compound of formula (iV)
A’,PO,, in which A’ has the same méaning as A, with a
solution or a suspension of Imp in a volatile solvent
such as preferably water.

The results are proportionately better when
Imp is more soluble and when the compoupd A’,PO, is more
freshly-manﬁfactured. |

"Thus, an advantageous processlfor the

preparation of the phosphates of formula (III)

consists:

a) in carrying out the synthesis of the
compouhd A‘,PO,; then preferaﬁly without isolating A‘,PO,
from the reaction mixture;

b) in introducing the impregnanf Imp into
the :eaction'mixture;

c) in separating off any residual liguid
from the reaction solid;

| d) in diying,and optionallyliﬁ calcining.

If reference is made to the general

techniqﬁes for the preparation of phosphates (as

described especially in "P. Pascal Nouveau traité de
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chimie minérale" volume X (1956), pages 821-823 and in

"Gmelins Handbuch der anorganlschen Chemie" (8th

edition) volume 16 (C), pages 202-206 (1965), two main

routes of access to the phosphates can be discerned. On
the one hand, the precipitation of a solublé metal salt

(chlorlde, nitrate) us;ng ammonium hydrogenphosphate

‘and a finishing treatment ‘with aqueous ammonia,

optionally followed by an additional neutralizatioﬂ. On
the other hand, the reaction of the metal oxide with
phosphdric acid with heating'and an optional finishing
treatment with an alkali metal hydroxide. | |

The ‘basic metal oxides employed in:thé-
process of the invention are the oxides of a basic
nature or those which are made basic by a treatment
with the aid éf a base such as an alkali metal or
alkaline-earth metal hydroxide.

As basic metal oxides there may be mentioned

- no limitation being imblied - the oxides of the

- alkali metals, of alkaline-earth metals, of metals of

"group IITa of the Periodic Classification of the

eléments, of transition elements or of rare earths,
treated or untreated with an alkali metal hYdroxide.‘
By way of examples‘there mhy be mentioned
more particularly'aluminé treated with sodium
hydroxide, zinc oxide and'calcium oxide.
The basic molecular sieves employed in the

process of the invention are more particularly the -

zeolites of pentasil structure such as, for éxample,
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%ZSM~-5, ZSM-11, ZSM-22, ZSM-23 or ZSM-48, of mordenite

‘structure, of ferrierite structuré or of faujasite

structure, such as Zeolite X or zeolite Y, of general
formula (V) expressed in tefms of oxides: |
E,,.0,T,0,,bSi0,, TH,0 | W)
in which: |
- E deﬁotes an alkali or alkaline-earth-
metal, completely of with a small
proportion of h&drogen,
- T denotes a tfivalent metal chosen f;om

Al, Ga, Fe and B,

- a denotes a number from 1 to 2,
- b denotes a number equal to or greater
than 2,

- r denotes a number from 0 to 100.

| In the general formula (V) the expression
"low proportion of hydrogen" for the meaning of-the
symbol E means that the optional presence of protons in
the molecular sieve must not be sqéh that the latter |
has an acidic reaction in the test indicated above.

Among the basic molecular sieves of formula

(V) those preferably.employed will be the ones in which
E denotes an alkali ﬁetal.

By way of nonlimiting examples of basic

molecular sieves there may be mentioned zeolite

NaZSM-5, zeolite NaMOR, zeolite 13XCs, zeolite NaY,

- zeolite KY and zeolite CsY.

The amphotefic solid catalysts which can be
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employed in the process of the invention are especially.
amphoteric metal oxides. |
The amphoteric metai oxides employed in the
process of the invention are oxides of an amphoteric
nature or those which are made amphoteric by their
method of preparation or by a subsequent treafment.

As amphoteric metal oxides there may be

‘mentioned, by way of nonlimiting examples, thoria

(ThO,), zirconia (2r0,), titanium dioxide (Ti0,), ceria
(Ceog), silica (Si0,), alumina (Al,0;) and mixtures of a
humber of these oxides.

The process is used continuously.

The catalyst employed can be arranged as a
stationary béd or can be used as a fluidized bed. It
can be employed mixed with inert solids in order to
increase the contact area.

The isomerization process is generally used

_at a temperature of 200°C to 500°C and preferably from

250°C to 400°C.

The contact time, defined as fhe ratio of the
volume of éatalyst to the total gas flowlrate |
(2-pen£enoic acid + carrief gas where appropriate) at
the chosen temperature, usually varies from 0.1 second
to 50 seconds and‘in most cases frém 1 second to 10
seconds. a

The pressure is not critical. It is generally
situated from atmospheric préssure.to 10 MPa (100 bar)

and preferably from atmospheric pressure to 1.5 MPa
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(15 bar).

The 2-pentenocic acid can be introduced by
itself into the reactor containiné the catalyst.

It can also be introduced together with an
inert carrier gas; this joint introduction can be
carried out 'in the form of a mixture or in the form of
separate simultaneous introductions. | |

The inert carrier gas may consist 6f a gas or
a mixture of gases which are inert under the reaction
qonditions, such as, for example, nitrogen, argon, air,
steam and carboxylic acids which are gaseous at the
temperature at which the reaction is operated.

2-Pentenoig acid represents from 10 % to
100 % by.weight.relative to the total weight of the
gases introduced into the reaction, and preferably from -
40 % to 100 %. |

The process of the invention generally
results in the formation of a mixture of pentgnoic.
acids, 3-pentenoic acid and 4-pentenoic acid; both of
which can be hydroxycarbonylated to adipic acid by
reaction with carbon monoxiae and water, as has already

been indicated above. The formation of gamma-

. valerolactone can also be observed.

The examples which follow illustrate fhe
invention;. -

The following operating method will be
employed in the examples (unless stated otherwise).

A reactor arranged vertically (quartz tube of
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length = 15 cm and diameter = 2 cm) is chargéd in
succesSion.with'2cnP of quartz, an intimate mixture of
2 cm® of catalyst and 10 cm® of quartz and then 5 cm® of
quarfi- The packing of the reactor is then finished
with glass beads (diaﬁetér; 2 fo'3 mm) .
The cétalyst is_conditioned at the

temperature chosen for the reaction (300°C unless

stated otherwise), by passing a stream of nitrogen for

-2 hours (2 litres/hour at normal pressure and

temperature conditions).

2-Pentenoic acid is then injected by means of

.a syringe driver.

The injection rates of 2-pentenoic acid will

be stated for each example: they are expressed in cm’

(ml) of of 2-pentenoic'acid in the liquid state.

After establishing a steady state for
approximately 15 minutes, the test éénerally lasts 1
hour. The pfoduéts 1éaving the reactor are trapped in a
receiver containing 10 cm® of acetonitrile.

Analysis of the reaction préducts and of the
unconverted 2-pentenocic acid is carried out by gas
phase chromatography (GC).

The following are calculated fo:"each test:

- the houqu weight production efficiency

' (HWE) : weight of 2—penteﬁoic écid |
introduced relative to the weight of the
catalyst and per hour (expressed in h™);

- the degree of conversion (DC) of




10

15

- 20

25

16
2-pentenoic acid; % of 2-pentenocic acid
converted relétive to what has been
introduced;

- the yields (RY) of the various pentenoic
acids and of gamﬁa-valerolactone: mol$%
of each pentenoic'acid or of gamma-
valerolactone formed relatiQe to the

2-pentenoic acid introduced..

EXAMPLES 1 TO 3

Tests of different zeolites of type ZSM-5 of
generdl formula (I) exhibiting different Si/Al molar
ratios:

.- zeolite 1: 8i/al = 30

75 % of the elements M in the
formula (I)'are ﬁ,
- zeolite 2: Si/Al = 52
75 % of the elements M iﬁ the
_ formula (I) are H,

- zeolite 3: Si/Al = 120 -

. 75 % of the elements M in the
formula (I) are H.'

The opéfating,conditions-are those given in
the general operating method described above.

The contact time (tc) is approximately 1.4
seconds for each of the examples. .

The results obtained are collated in Table 1
Below.

The abbreviations P2, P3, P4 and VAL which
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are embloyed have the.fOIIOWing meanings:

P2 = 2-pentenoic acid
P3 = 3-pentenoic acid
P4 = 4-pentenocic acid
5 VAL = gamma-valerolactone.
RY % | HWE
(h™*)
EXAMPLES CATALYST |DC % P4 P3 VAL
| P2 ,
Example 1| Zeolite 1 34 0 26 7 4.3
Example 2 | Zeolite 2 | 55 | 2 30 20 3.1
Example 3 | Zeolite 3 | 33 1 25 5 4.9
10 TABLE 1
EXAMPIES 4 TO 11
' . Tests of various acidic catalysts:
- S:'l.O.‘./I-\lz-OL3 (marketed by Degussa)
containing 16 % by weight of Al,0,,
15 _ - zeolite Y which has an $i0,/Al,0, ratio
of 5 and is exchanged with Fe*,
- ﬁaP04,
- Montmorillonite Volclay clay (Montmo),
- Montmorillonite Volclay bridged clay
20

(Montmo-P),
chlorinated Al,O;,
sulphated ZrO,,

niobium oxide.
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The operating conditions are those described
"aﬁove. The reaction period-is 1 hour with the excepﬁiﬁn
of Example 9 with chlorinated alumina where this period
is 0.5 h, the temperature may be other than 300°C, the
nitrogen flow rate may be other than 2 litres/hour and
the rate of introduction of 2-pentenoic acid may be
other than 3.2 ml/h of liquid/hour.
Table 2 below shows the values of some

parameters which vary, as well as the results obtained.




RY . te HWE
(s) (h™)
Examples Catalyst Temp. | N, flow | P2 flow DC P4 | P3 | VAL
: (°C) rate rate P2 L
' 1/h ml/h %
Example 4 | Si0,/A1,0, .|° 300 2 3.2 38 1 | 30 6 1.4 4.9
(2_cm’) ) . |
Example 5 | Zeolite Y 300 3 3.2 40 0 | 30 2 0.7 5.9
(1.5 cm?) ' ' : '
Example 6 LaPO, 300 2 3.2 88 2 | 15| 45 | 1.4 1.9
' _ (2_cm’) . :
Example 7 Montmo 320 2 3.2 35 0 25 2 1.3 2.0
(2 cm’) . _
Example 8 Montmo-P 280 2 6.4 81 1 | 10 | 32 5.5 0.4
(4 cm®) -
Example 9 | Chlorinated 380 0.5 9.6 76 2 40 6 - 1.2 8.6
Al,0
(2_cm’) L | _
Example 10 [ Sulphated 300 0.5 0.96 69 2 [ 40| 7 10.2 0.4
_ Zr0 '
(4 cm’) | | |
Example 11| Nb oxide 380 2 3.2 79 25 | 30 9 1.2 1.9
(2 em®) - :

TABLE 2

61
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EXAMPLES 12 TO 21
Tests of various basic solid catalysts:
- Ce phosphate doped with 3 % of Cs
hydrogenphosphate N
- Ca hydrojenphosphate (hydroxyapatite)
- zeolite 13XCs
= - alumina treated with sodium hydroxide
(10 % of sodium hydroxide on weight per
welght basis)
- La phosphate doped with '3 % of Cs

hydrogenphosphate

Al phosphate doped with 3 $.of Cs
hydrogenphosphate _

- La phosphate doped with 3 % o0of K

dihydrogenphosphate

- magnesium oxide

- zinc oxide -

- ceria. | o . .

The operating conditions are those given in-
the general operatlng method descrlbed above.

The results obtained are collated in Table 3
below together with the values of the parameters which
were changed in relation to the generai operating
method. | | |
EXAMPLES 22 TO 25

Tests of various amphoteric solid catalysts:

-  zirconia (Zr0,) |

- thoria (ThO,)
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- titanium dioxide (TiO,)

- Condea alumina (2A1,0;).

The operating conditions are those given in
the general operating method described above.

The results obﬁained are collaﬁed in fable 4
below toéether with the values of the parameters which
were changed in relation to the general operating

-method.




RY % te 'HWE
_ (s) (h~*)
Examples Catalyst Temp. | N, flow | P2 flow DC P4 | P3 | VAL
(°C) rate rate P2 :
1/h ml/h %
Example 12 | CePO,/CsHPO, 300 2 1.6 70 1 | 40| 11 1.3 1.3
(2 cm’) ' L 1 _
Example 13 | Hydroxyapatite | 330 1 6.4 43 o | 36 1 1.4 ©10.9
- (2 em?)
Example 14 | Zeolite 13XCs 320 2 3.2 82 o | 23 8 1.3 2.1
(2 cm’) _ _ .
Example 15| ° Al,0,/NaOH 320 1 1.6 73 2 | 40 3 5.2 0.6
I (4 cm’) . . _ -
| Example 16 | LaPO,/Cs,HPO, 300 2 3.2 62 2 | 45 | 10 1.4 1.8
(2 cm®) .
Example 17 AlPO,/CsHPO, 320 2 6.4 56 0 50 0 1.0 3.9
' (2 cm®) - S _
Example 18 | LaPO,/KH,PO, 350 2 1.6 57 0o | 50 0 1.4 0.8
' (4 cm®) . 3
Example 19 . Mgo. 300 2 3.2 87 0 20 0 1.4 1.8
(2 cm’) _ : -

Example 20 Zno | 370 2. 3.2 97 | 1 3 3 1.2 2.0

(2 om?) _ _
Example 21 Ceria 380 2 3.2 - 94 0 10 3 1.2 1.9

' (2 cm®) '

TABLE 3

(A4




RY % te HWE -
| : (s) ()
Examples Catalyst Temperature DC P4 P3 VAL
. (°C) P2 '
. 3 _ _
Example 22 2r0, 300 50 0 45 0 1.4 3.1
Example 23 Tho, 300 60 0 40 2 1.4 0.5
Example 24 Tio, 300 - 70 1 40 2 1.3 1.9
Example 25 | AL,0, 350 74 2 40 5 1.3 2.1

‘TABLE 4

¥4
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CLAIMS

1. Process for isomerization of 2-pentenoic

‘acid to 3-pentenoic and/or 4-pentenoic acids,

characterized in that the said 2-pentgnoic acid ip
vapoﬁr'phaée is placed in contact with an acidic, basic
or amphoteric solid catalyst.

2. Process according to claim 1,
characterized in that 2-pentenoic acid is used by
itself or it contains &arious proportions of other
compoundé such as the other pentehoic acids, lactones
such aé gamma—valerol#ctone, delta-valerolactone or
2-methylbutyrolactone, Adipic acid, 2-methylglutaric
acid or 2-ethylsuccinic acid.

3. Process acc°rdiné to either of claims 1
énd'2, cﬁara@terized in that the catalyst is an §cidic
solid catalyst chosen from acidic molecular sieveé,
acidic clays, bridgéd clays (or pillar clays), solid
oxides and acidic phosphates. |

| 4. Process according to claim 3,
chéracterized-in that the écidic_molecularlsieves are .
zeolites of pentasil'structure,-suCh as ZSM-5, ZSM-11,
ZSM-22, 2ZSM-23, ZSM-48, ferrierite, mordenites and
zeolites of faujésite structure, such as zeolite X ot
zeolite Y. |

5. Process.aécording to eithéf of-claims 3
and 4, characterlzed in that the acldlc zeolites of
pentasil or mordenlte structure are zeolites of ZSM-S

ZSM-ll, ZSM-22, ZSM-23 and ZSM-48 or mordenite type
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which have the-genéral formﬁla (T) expressed.in terms:i.
.of oxide ratios:
| M,,,0,X,0;,mSi0,,pH,0 | - (I)
in whichi |
5 | . M denotes an element chosen from
hydrogen, NH, and ﬁono-, di-, fri- and
tetravalent metals, |
'-._ X denotés a trivalent element chosen

from Al, Ga, Fe and B,

10 : . =. n denotes a number from'l to 4,
- ' m denotes a number equal to or greater
than 10, .

- p denotes a number. from 0 to 40.
6. Process according to claim 3,
15 charactérized'in that the acidic molecular sieves are
zeolites of faujasite structure of zeolite X or zeolite
Y type which have the general formula (II) expressed in

terms of oxide ratios:

M; /.07 zzoslldSioztlezo. : . (II)
20 l in which:
- M denotes an element chosen from

hydrogen, NH, and mono-, di-, tri- and
tetravalent metals, M being at least
- partially a hydrogen atom,
25 - Z denotes a frivalent meﬁéi chosen from
Al, Ga, Fe and B,
" - 'n denotes a number from 1.to 4,

- d denotes a number equal to or greater
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than 2,

- ' x denotes a number frém 5 to 100.

7. Process according to one of claims 3 to
6, characterized in that the acidic molecular siéveé
are acidic zeolites in~whose_formuia the oxide used in
combination with the silica is that of a trivalent
metal; | |

8. Process according to claim 3,
characterized in that the clays employgd are_sﬁectiteé‘
such as montmorillonites, beidellités,'nontronites,
hectorites, stevensites and saponites.

9. .Process according to claim 3,

characterized in that the bridged clays employed are

clays between whose leaflets bridges or pillars have

been introduced which maintain a basal spacing, by
bridging with the aid of aluminium, vanadium,
molybdenum, zirconium, iron, nobium [sic], tantalum,
chromium, 1anthénum, cerium, titanium or gallium |
hydroxides or of mixed hydroxides of a number of these
metals and are pxeferably beidellites bridged with the
aid of aluminium hydroxide. | |

10. Process according to either of claims 3
and 9, characterized in that the bridged cléys eﬁployed
are modified by the action of a diﬁalogen; of an
ammoniuﬁ halide or of an acid such as sﬁiphuric acid or
thelhydrqgen halide acids, the halogen thus optionally
introduced being preferably chlorine br fluorine. |

11. Process according to claim 3,
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chafacterized in that the solid oxides emp;oYed are
metal oxides, mixtures of metal oxides or metal .oxides
which have been modified by the action of a dihaldgen,
of an ammonium halide or of an acid7sucﬁ as sulphuric

5 acid or the hydrogen halide acids, the halogen thus

optionaliy,introduced being prefefably chlorine or |
fluorine. |

| 12. 'Prodess according to either of claims 3
‘and 11, cﬂaracterized in that the solid oxides employed

16 are chosen from the mixtures $i0,/A1,0,, -SiozlGazos ‘
SiOleezba, $i0,/B,0,, halégenated aluminas such as
chlorinated aluminas and fluorinated aluminas,

~sulphated zirconia, niobium oxide or tungsten oxide.
13. Process according to claim 3,

15 characterized in that the acidic phosphates are chosen
from boron phosphates, by themselves 6r mixed with
alumina or with silica, correspdnding to different
I-l_.,B_03/ H,PO, molar ratios introduced during the synthesis,
lanthanum phosphaté, aluminium phosphates corresponding

20 to diffef:ent Al,0,/H,;PO, molar ratios introduced du'ring
the synthesis, phosphorus pent&xide/silica miktures
(usually called UOP catalysts), aluminophosphates with
a zeolite structure (A1PO) and silicoaluminophosph#tes
with a zeolite structure (SAPO). |

25 - 14. Process according to eitﬁér of claims 1
and 2, characterized in that the catalyst is a basic
solid catalyst chosen from basic metal phosphates,

basic metal oxides, metal carbonates and basic
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Process according to claim 14,

characterized. in that the basic metal phosphates are

more particularly the phosphates of general formula

- (III):

(A,20,) , (Imp), B¢ :29)

in which:

16.

A denotes a metal atom, a group'of'metal
atoms or partially a hydrogen atom;

y denotes a whole or fractional number
from 3/4 to 3 depending on the valencj
of the elements A; |

Imp corresponds to a basic impregnating

~ compound consisting of metal chosen from

the alkaline-earth metals, the alkali
metals and their mixtures used in
combination with a counteranion to

ensure electrical neutrality:;

‘the coefficient z denotes the weight

ratio of the impregnant to tﬁe
impregnated material (A,PO,) and is
between 0 % and 20 % and preferably
between 2 % and 10 %{

Process:éccording to either of claims 14

and 15, characterized in that the basic metal

phosphates are more particularly the phosphates of

general formula (III):

(A,PO,) , (Imp), ' (I11)
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in which:

- A denotes more particularlj calcium,
zirconium, lanthanum, cerium, samarium,
aluminium, boron; iron and partially
hydrogen; |

- . y denotes a whole or fractional number
. from 3/4 to 3 depending on the valency
of the elements A;

- Imp consists of an alkali metal or of a

~mixture of alkali metals and of a basic
counteranion;

-  the coefficient z is between 2 % and
10 %.

17. Process acdordiﬁg to one of'claims 14 to

16, characterized in that the basic metal phosbhates_
aré more particularly lanthanum ﬁhosphate used in

combination with a caesium, rubidium or potassium

'~ compound, cerium phosphate used in combination with a

-caesium, rubidium or potassium compound, samarium

phosphate used in combination with caesium, rubidium or
potassium cdmpoﬁnd, calcium phosphate used in
combination with a caesium, rubidium or potassium
compound, calcium hydrogenphosphate .used in combination
with a caesium, rubidium 'or potassium compound, or

zirconium hydrogenphosphate used in combination with a

‘caesium, rubidium or potassium compound.

18. Process according to one of claims 14 to

17, characterized in that the basic metal phosphates
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are prepared by impregnating a compound of formula (1IV)
A’ PO,, in which A’ has the same meanings as A, with a
solution or a suspension of Imp in a volatile solvent
such as preferably water.

5 ' 19. Proeess-according to one of claims 14 to
18, characterized in that the basic metal phosphates
are prepared-by a process which consists :

a) in carrying out the synthesis of the
compound A’,PO,; then preferably ﬁithoyt isolating A’ PO,
10 from the reaction mixture;
b) in introducing the impregnant Imp into
the reaction mixture; |
| c) 1in separating any residual liquid from
the reaction solid;
15 ' d) in drying and optionally in calcining.
20. Process according to claim 14,'
characterized in that the basis metel oxides are more
particularly the oxides of a basie nature or those
which are made basic by a treatment with the aid of a
20 base such as an alkali metal or_alkaline-earth metal
hydroxide. |
21. Process according to one of claims 14
and 20, characterized.in that the basis metal_oxides
are'chosen from the oxidee of the alkali metals, of
25 .alkaline-earth metals, of metals of_group'IIIa of'the'
Periodic'C}assification of the elements, of transition
elements or of rare earths, treated or untreated with

"an alkali metal hydroxide.
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22. Process according to claim 14,
characterized in that the basic molecular sieves are
more partiéﬁlar;y the zeolites of pentasil_strﬁcture
such as ZSM-5, ZSM-11, ZSM-22, ZSM-23 or ZSM-48, of
5 mordenite structure, of ferrierite structure of of .

faujasite structure, such as zeolite X or‘zeoiite Y, of

general'formula (V) expressed in terms of oxides:

Ez,aO’T203,bsi02'rH20 . (V)
in which:
10 . - E denotes an alkali or alkaline-earth

metal, completely or with a small
. proportion of hydrogen, .
- T denotes a trivalent métal chosen from

Al, Ga, Fe and B,

15 - ‘a denotes a number from l to 2,
- b denotes a'number equal to or greater
than 2,

- r denotes a number from 0 to 100.
23. Process according to claim 14,

20 characterized in that the basic molecular sieves are
more particularly the zeolites ZSM-5, ZSM-11, ZSM-22,
2SM-23 and %SM-48, mordenites, ferrierite# and
féujasites.such as zeolite X and zeolite Y.

24. Process acc&rding to either of claims 1

25 and 2,lcharacterized in that the catalysf is an
amphoteric solid catalyst chosen from ;mphoteric metal
oxides. | |

' 25. Process according to claim 24,
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characterized in that the amphoteric metal oxides are
oxideé of an amphoteric nature or those which are made
amphoteric by their method of preparation or by a
subsequent treatment, such.as thoria (ThO,), zirconia
(2x0,), titanium dioxide (TiO,), ceria (Ce0O,), silica
($i0,), alumina (Al,0;) and mixtures of alnumber of
these oxides.

26. Process according to one of claims 1 to
25, characterized in that it is used at a temperature
of 200°C to 500°C and preferably from 250°C:t0'400°c.

-27, Procéss according to one of claims 1 to
26, characterized in that 2-pentenoic acid is _
introduced by itself into the reactor containing the
catalyst. |

§ | 28. Process according to oné of claims 1 to
26, characterized in that 2-penténoic acid is
introduced togeﬁhef with an inert carrier gas which
consists of a gas or a mixture of gases which are inert
under the reéction conditions, such as nitrogen, axgon,_
air,'steam or carboxylic acids which are gaseous at the
température at which the reaction is operated.

29. Process according to either of Claims 27
and 28, characterized in that 2-pentenoic acid
repreéénts.froﬁ 10 ¥ to 100 % by weight relative to the
total weight of the gases introduced into:thé reaction,

and preferably from 40 % to 100 %.




