10

15

- 20

25

1
PROCESS FOR ISOMERIZATION OF LACTONES TO

PENTENOIC ACIDS BY ACIDIC OR BASIC CATALYSIS

The present invention relates to a'procese
for isomerization of lactones, nore particularly of
different valerolactones and their iscmers, to
pentenoic acids. |
Hydroxycarbonylation of 3-penten01c acid to

prepare adipic acid always results in the formation of

- gamma-valerolactone as byproduct.

The conversion of gamma-valerolactone (or
4—methylbutyrolectone) into a valuable product
therefore presents a considerable problem to be SOIVea
witnin_the scope of a possible industrial precess for
the preparation of adipic acid by hydroxycarbonylation
of 3-pentenoic acid.

.One of the methods that can be envisaged for
conversion into a valuable preduct consists in trying

to carbonylate gamma-valerolactone. Thus, Patent

"EP-A-0 395 038 describes this carbonylation, at a

temperature higher than or egual to 190°C and in the
presence of rhodium/HI or rhodium/HBr. -

This process is relatively selective for
adipic.acid, but with_the'formation,of valeric acid;
but the production efficiency of adipic acid is low,
despite a high rhodium concentration.

| The problem of increasing the efficiency of a
3—§entenoic.acid hydrexycarbonylaticnfprccess by the .

conversion of'gamma—valerolactone into compounds that
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. can be profitably exploited has therefore not found any

satisfactory solution.
The present invention proposes to solve

precisely this pfoblem by permitting the isomerization

- of gamma-valerolactone or of its isomers to pentenoic

acids, which can be hydroxycarbonylated again to adipic

acid.

It consists of a process for isomerization of
at leest oﬁe lactone containing 5 carbon_etoms to
pentenoie'acid, characterized in-that the said lactone
in vapour phase is placed in contact with an acidic or
basic solid catalyst. |

| In the preeent text acidic solid catalysts
will be understood to mean solid compeunds, in mpet
cases metal oxides or metal salts, which fesult in the
dehydration of methjlbutynol to methylbutenyne

("methylbutynol" test) according to the reaction:

OH W -
CH3— C— C=CH —> CHp=( —C SCH + Hp0
CH3 | " CHy

Basic solid catalysts will be understood to
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 reactlon:

OH B | H3C
CH3-.-t}—C_-—_—:CH—-—9HC.=_'CH + ' /=0

CH3 - | ' H3C
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For further details on this test reference

can be made to the paper in "Applied Catalysis, 78

'(1991), pages. 213 to 225.

The lactones which éan be empioyed in the
process of the invention are more pafticulaily |
gamma-valerolactone (or 4-methylbutyrolactone),
delfa—valerolactone, 2-methf1butyrolactone;-
3fethyiprop101actone, 2-ethylpropiolactoﬁe and 2,3-
dimethylpropiblactone. _
. Amoﬁg these lactones, gamma-valerolactoné is
the most advantagéods one becéuse of its formation in
the proceéses of hydroxycarbdnylatibn of 3-pentenoic
acid to adi?ic acid. |

Among acidic solid catalysfs there may be
mentioned acidic molecular sieves, acidic clays,
bridged clays (or pillar clays), solid oxides and
acidic phosphatés. |

The acidic molecular sieveg are mpré
parficularly zeolites of pentasii structure, such as,
for example, ZSM-5, ZSM-11, 2SM-22, %SM-23, ZSM-48, of
feriierite‘structure,,of ﬁordenite sﬁructure, and
ieolités-of faujasite structure, such as, for example,
zeolite X or zeolite Y. |

Zeolites of pehtasil 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'formulé (I) expressed in terms of

oxide ratios:
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M,,.0,X,0,,m8i0,,pH,0 ' (I)

in which:-

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

X deﬁotes a trivalent element chosen
from Al, Ga, Fe and B, |

n denotes a number fromll to 4,

m denotes a number equﬁl to or gfeater
than 10,

p denotes a number from 0 to 40.

Zeolites of the faujasite structure type are

more particularly those which héve the general formula

(II) expressed in terms of oxide ratios:

. Mz/no' 2203'dsi02.’xﬁzo . (II)

in which:

M denotes an element chosen frbm
hydrogen,-NH4'and_mono-,‘di-, tri- and
tetravalent metals, ﬁ being at least
partially a hydrogen‘atem,

% denotes a trivélent elemént chosen
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 denopes a number from 5 to 100.

The acidic zeolites employed within the scope

of the invention are especially 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, alkaline-earth metals such as, for example( Be,
Mg, Ca, ér-or Ba, rare-earth metals such as, fof
examplé, La'or Ce and tranéition metals such as, for
example, Fe.

For a more detailed description of acidic

- clays reference may be made to ?atent 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. |

Bridgéd cléys,which maj be employed as
catalysts in the present process a;e 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 spaéing. |

The preparation of these bridged clays has
been described eSpecialiy 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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molybdenum, zirconiﬁm, iron, nobium [sic], tantalum,
chromium, lanthanum, cerium, titanium or gallium
hydroxides or of mixed hydroxides of a number of these
metals.

These'bridged élays can be modified;
especiélly by the action of a dihalogen, of an ammonium
halide or of an acid such 5s_sulphuric acid or the
hydrogen halide acids. The halogen which is thus
optionally introduéed is preferably chlorine or
fluorine. .

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

. The solid oxides afe metal oxides, mixtures
of metal oxi&és or'métal oxides which have been
modified, eépecially by the action of a dihalogen, of
an.ammonium halide or of ah-acid such as sulphuric acid
or hydrogen halide acids. The halogen thus optionally.
introduced is preferably_chlorine or fluorine.

By way of nonlimiting examples there may be
mentioned the mixtures SiO,/Alzoz, $i0,/Ga,0,, Si0,/Fe,0,
and SiO0,/ 13.203 ;, halogenated aluminas such as especially
Chlgripated aluminas and fluorinated aluminas,
sulphated zirconia, niobium oxide or tungéten oxide.

- The acidic phosphates which can be emplo&ed
in the prbcéss of the invention are especially, by way

of examples, boron phosphates, by_themselves or mixed
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with alumina or with silica, corresponding to different

~ H,B0,/H,PO, molar ratios introduced during the

synthesis, lanthanum phosphate, aluminium phosphate§
correspohding to different Al,0,/H,PO, molar ratios
introduéed during the synthesis, phosphorus pentoxide/-
silica miitures (usuélly called UOP catalysﬁé),
aluminophosphates with a zeolite structure (AlPd) and
silicoaluminophos?hates wiﬁh a zeolite structure
(SAPO).

The basic solid cataly#ts which can be

employed in the process of the invention are éspecially

- basic metal phosphates,-basic metal oxides, metal

carbonates and basic molecular sieves.

The basic metal phosphates are in particular
the phosphates, the hydrogenphoéphates and the

dihydrogenphosphates of geﬁeral formula (III):

(A,PO,), (Imp), : (III)
~ in whichs
- A denotes a metal atoﬁ, a gfoup of metal -

atoms or partially a hydrogen atom;

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

C - Imp corresponds to a bésic impregnating
.compouna consisting of metal chosén from
the alkaline-earth metals, the alkali
metals and their mixtures used in

combination with a counteranion to
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. ensure electriqal neutrality;

the coefficient z denotes the weight
ratio of the impregnant to the

impregnated material (A,PO,) and is

. between 0 % and 20 % and preferably

between'2 $ and 10 %.

The basic phosphates employed in the process

of the invehtion are preferably compounds of general

formula (III) in which:

A denotes more particularly calcium,
zirconium, lanthanum, cerium, samarium,
aluminium, boron, iron.and partially
hydrogen;‘ | | |

j denotes a whole or fractionai'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 s.

By way of nonlimiting examples of basic

phosphates 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

compound, samarium phosphate used in combination with a

caesium, rubidium or potassium compound, calcium
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phosbhate,uéed in. combination with a caesium, rubidium
or potassium compound; calcium hydrogenphbsphate used
in combination with a caesium, rubidium or potaésium
compoﬁnd or zirconium hydrogenphosphate used in
combination with a caesium, rubidium or potassium
compound.

The basic phosphatés of formula (III) can be

.p;epared by impregnating a compound of formula (IV)

'A’,PO,, in which A‘ has the same meaning as A, with a

solution or a suspension of Imp in a volatile solvent
such as piefexably water.

The results are proportionately better when
Imp is more soluble and when the compound A’,PO, is more
freshly manufactured. o

Thus, an advantageous process for the

preparation of the phosphates of formula (III)

" consists:

a) in carrying out the synthes1$ of the

compound A‘,PO,; then preferably without lsolatlng A.,PO

from the reaction mlxture:

b) in introducing the impregnant Imp into
the reactibn mixture;
| c) " in separating off #ny fesldual liquid
from the reactlon solid;

d) in drylng-ana.optionally'in calcining.

If reference is made to the general

techniques 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 anorganischen 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
soluble metal salt (chloride, nitréte).using ammonium
hydrogenphosphate and a.finishing treatment with
aqueous ammonia, optionally followed by an additional
neutralization. On the other hand,_the reactiqn of the
metal oxide with phosphoric acid with heating and an
optiénalIfinishing.treatment with an alkali metal
hydroxide.

‘The basic metal oxides employed in the

process of the invention are the oxides of a basic

_nature or those which'aré made basic by a treatment

with the aid of a base such as an alkali metal or
alkaline-earth metal hydroxide. |
_ As basic metal oxides there may.be mentioned -
- no limiéation being implied - the oxides of the
alkali metals, of alkaline-earth metals, of metals of
group IIIa of the Periodic Cléssification of the
elements, of transition elements or of rare earths,
treated or untreated‘with'an alkali metal hydroxide.
"By wéy of.examﬁles there may be mentioned
more particularly alumina treated with sodium
hydroxide, zinc oxide and calcium oxi&e.
The basic-molecularisieves employed in the

process of the invention are more particularly the
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zeolites of pentasil structure such as, for example,
ZSM-5, ZSM-ll,'ZSMr22, ZSMr23 or ZSM-48, of mordenite
structure, of'ferrie;ite structure or of faujasite
structure, such as zeelite X or zeolite Y, of general
formula (V) expressed in terms of oxides:
E,/.0,T;0,,b510;,rH,0 R {V)
in which: |
- _E-denotes an alkali or alkaline-earth
metal, completely or with a-small
proportion of hydrogen,
- T denotes a trivalent metal chosen_from

Al, Ga, Fe and B,

- ‘a denotes a number from 1 to 2,

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

- o o denotee a number from 0 to 100.

In the general formula'(V) the expression
"low proporﬁion of hydrogen" for the meaning ef the
symbol E means that the optional presence.of protons in
the - molecular sieve must not be such that the latter
has an ac1dlc reaction in the test indicated above.

Among the basic melecular-SLeves of formula
(V) those preferably employed will be the ones in which
E denotes an alkali metal. ' | .

By way of nonllmltlng examples of basic
molecular sieves there may be mentioned zeolite
NaZSM-5, zeolite NaMOR, zeoliﬁe 13XCs, zeolite NaY,

zeolite'KY and zeolite CsY.
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The process is used continuously;
The catalyst emplofed can be arranged as a
stationary bed or can be used as a flﬁidized bed. It

can be employed mixed with inert solids in order to

.increase the contact area.

The isomerization process is generéily used
at a temperature of 200°C to 500°C and preferably froﬁ |
250°C ‘to 400°C. |

The contact time, defined as the ratio of the '

volumé of catalyst to the total gas flow rate (lactone

. + carrier gas where appropriate) at the chosen

temperature, usually varies froﬁ 0.1 second to 50
seconds and in most cases.from 1 second to 10 seconds.

The pressure is not critical. It is generally
é;tuated from atmospheric pressure td 10 MPa (100 bar)
and preferably from atmospheric pressure to 1.5 MPa
(15 bar). | | .

The lactone can be introduced by itself into
the reactor containing the catalyét.

"It can also be introduced together with an -
inert carrier gas; this joiﬁt introduction can be
carried out in the form of a mixture or in the formlof
separate simultaneous introductions.

The inert carrier gas may consist of a gas or
a mixture of gases which are inert under the reaction
conditions, sucﬁ as, for example, nitrogen, argon, air,
steam and carboxylic acids which are gaseous at the

temperature at which the reaction is operated.




10

15

20

25

13

The laétone représents from 10 %‘to 100 ¢ by
weight reiative to the total weight of the éases
introdﬁged into thé reaction, and prefer#hly from 40 %
to 106_%;

The process of the invention generally .
results in the formation of a mixture of pentenoic
écids, 2-pentenoic acid, 3-pentenoic ééid and
4¥pentenoic acid. |

| 3-Pentenoic and 4-pehtenoic acids can be
hjdroXycarbonylated to a&ipié acid by reaction with
carbon monoxide and water. ‘

2-Pentenoic acid itself can be isomerized to
3-pentenoic and 4-penténoic acids which can be_directly
used profitably as indicated above. |

Since the isomerization reaction according to

"the invention is a therﬁodynamically difficult

reaction, the degree of conversion of the lactone will

in practice be generally limited to less than 80 % and

in most cases less than 60 %, it then being possible

for the unconverted lactone to be easily recycled.

The examples which follow illustrate the
invention.

The following'operating method will be.
empioyed in'the examples (unleés;statéd otherwise).

A reactor arranged.vertically {(quartz tube of
length = 15 cm and diameter = 2 cm) is charged in

succession with 2cm® of quartz, an intimate mixture of

2 cm® of catalyst and 10 cm® of quartz. and then 5 cm® of
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quartz..The packing of the reactor is then finished
with glass beads (diameter: 2 to 3 mm).

The catalyst is conditioned at the.
temperature chosen for the reaction (3oo5c unless
stated otherwise),_by passing a stream of nitrogen for
two hours.(2 litrés/h§ur at normal pressure and
temperature cOnditions). |

. . The lactone is then injected by means of a
syringe driver. |
. The injection rateé of the lactone will be
stated for each example: they are expressed in_cm’(nd)
of lactone in the liquid state.

After establishing a steady state for -
approxiﬁately 15 minutes, the test generally lasts 1
hour. The préducts leaving the reactor are trapped_in a
receiver containing 10 cm® of acetonitrile.

Analysis of the reaction producfs and of the
unconverted 1actone is carried out bj gas phase
chrématography (GC) . |

The follbwing are calculated for each test:

- .the hourly weight'production efficiency

(HWE) : weight of lactone introdpced
relative to the weight of the catalyst
and per hépr (expressed in h™);

- - the degree of conversion (DC) of the

léctone;-% of the lactoﬁe;converted
‘'relative to the lactonhe introduced;

- the yields (RY) of the various pentenoic
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acids: mol% of each pentenoic acid

formed relative to the lactone.

introduced.

EXAMPLES 1 TO 7 (substrate: gamma-valerolactone)
Tests of different zeolites of type ZSM-5 of

general formula (I) exhibiting different Si/Al molar

ratios and more or less acidified:

- zeolite

- zeolite

- zeolite

- zeolite

- zeolite

- zeolite

- zeolite

1l:

si/al = 30

' 75 % of the elements M in the

formula (I) are H,

Si/Al = 52 |

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

Si/Al = 120 _
75 % of the elements M in the
formula (I).are H, ' '

si/al = 30

M in formula (I) represents

pre&ominantly NH, and a
minority of H,

si/al = 50 _

si/al = 120

M in formula (I) represents
predominantly NH, and a

minority of H,

' gi/al = 50

M in formula (I) represents

_entirely H.
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The'operating 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.
5 _ ' The results obtained are collated in Table 1
below. | |
| The abbreviations P2, P3 and P4 which are

employed have the following meanings:

P2 = 2-§entenoic acid

10 'P3 = 3-pentenoic acid

P4 = 4-pentenoic acid
RY % HWE
. (h*)

EXAMPLES CATALYST DC %
P4 P3 P4

Example Zeolite 14 | 2 8 3 6.9
Example Zeolite 22 2 10 5 3.9
15 Example Zeolite 9 2 5 1 4.9
Example -Zeolite 10 2 7 3 4.2
Example’ . Zeolite 18 3 9 4 2.7
Example Zeolite 15 2 | 9.5 3.5 3.1
Example Zeolite 21 | 2.5 [10.5} 4.5 3.3

20 TABLE 1
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EXAMPLES 8 TO 15 (substrate: gamma-valerolactone]

Tests of various acidic catalysts:

8i0,/A1,0, (marketed by Degussa)
containing 16 % by weight of Sio,,
zeolite Y which has an $i0,/Al,0, ratio.
of 5 (marketed by Toyo Soda),

BPO, (B/P ratio = 1),

LaPO,, ' |
Montmorillonite Vblélay'clay (Montmo),
zeolite ofIZSM-S type of formula (I)
with X denoting Fe and with aﬁ $i0,/Fe,0,
ratio = 120 (ZSM-5/Fe), | |
chlorinated Al,0,,

niobium oxide.

. The operating conditions are those described’

above. The reaction period is 1 hour with the exception

of Example 14 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

gamma-vaierolactone may be other than 3.2 ml/h of

liquid/hour.

Table 2 below shows thé'values of some

- parameters which vary, as well as the results obtained..



" Examples . | Catalyst | Temperature | N, flow | Lactone DC . te HWE
. in °C rate flow rate. 3 RY (s) (h=?)
1/h ml/h -
S p4 | P3 | P2

Example 8 | 510,/AL,0, 300 2 3.2 9 2 [ .6 3 | .1.4 4.1
Example 9 | Zeolite Y 300 2 3.2 8 2 | 57 2 1.4 4.6

| Example 10 BPO, 300 2 3.2 5 2 5 2 1.4 | 2.4
Example 11 LaPO, 300 2 3.2 38 2 .| 9 6 1.4 1.9

| Example 12 Montmo 275 2 3.2 4.5 1 {3.5] o 1.4 1.9
Bxample 13 |  28M-5/Fe - 300 2 6.4 10.5 | 2 | 6 | 2.5 ] 1.0 6.1
Example 14 | Chlorinated 380 0.45 9.6 11.5 | 4 | 4.5] 2.5 1.1 | 10.6

Ale: :
Example 15.| Nb oxide 380 2 3.2 39 5 9 ‘5 1.1 2.0

TABLE

81
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EXAMPIE 16 [substraté: delta-valerolactone)

Tests on zeolite Y exchanged with Fe

(810,/A1,0, ratio = 5 and M = Fe).

The operating conditions are those described

previouslj in the general operating method, with the

following differences:

reaction temperature: 370°C
cétalyst volume: - 1.5 cm®
N, flow rate: 31/h
lactone fiow rate: " 3.2 ml/h.

The following results are obtained:

DC of the lactone: _ 10 %
P, RY: . 4.3 3
p, RC: 0%
P, Rf: ' 1.3 %
Tc: 0.8 Q
HWE: .7.3 hi,

EXAMPLES 17 TO 20 (Substrate: gamma-valerolactone)

Tests of va:ious basic solid catalysts:

Ce phosphate doped with 3 % of Cs

‘hydrogenphosphate

Ca hydrogenphoSphate-(hydroxyapatite)
zeolite 13XCs |

alumina treéted with sodium hydroxide
(10 % of Qodium hydroxide on weight pér
weight basis) (value of 4 énﬁ instead of

2 cm?).

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

" The results obtained are coliated in Table 3
below together with the values of the paramefers which
were changed in relation to the general operating

method.

EXAMPLES 21 TO 24 (substréte: gamma-valerolactone)

Tests on La phosphate used in combination

with various impregnants (the percentage of impregnant

‘in relation to La phosphate is expressed as wéight per

weight).
fhe operating conditions are those given in
the general operating method described above.
_ The resultsﬁobtainéd are collated in Table 4
belbw togethér with the values of'the reaction_

temperature and the injection flow rate of the lactone.




|~ Examples

Temperature

Lactone

HWE

Catalyst N, . DC te
in °C flow flow $ - RY & (8) (h-%)
- rate rate ‘ '
1/h ml/h P4 | P3| P2
Example 17 ‘Cer0,, 300 2 3.2 11 3 | 4 3 1.3 1.5
CsHPO, -
.3 % by welght
Example 18 | Hydroxyapatite 380 1 6.4 14 5 [2.5] 1.5 | - 1.2 13.9
Example 19 | Zeotite 13XCs - 300 2 3.2 29 2.5 5 | 3.5 1.3 2.2
Example 20 Alumina 320 1 1.6 .20 3.5 3 2 5.1 0.6
' treated with :

NaOH

1z




Examples Catalyst | Temperature | Lactone | DC - RY % te HWE
in °C flow % (8) (h-1).
rla/the _ P4 3 2 . .
Example 21 | . LaPoO,, 300 3.2 4 3 2 1 1.4 1.8
' 3 % Na,HOP, - _
‘Example 22 | Lapo,, 300 3.2 8 3 3 .2 1.4 2.2
_ 3 % Cs,HPO,
Example 23 LaPoO,, 300 3.2 20 3 7 5 1.4 1.5
| 3 % KH,PO, . '
Example 24 LaPo,, - 300 3.2 11 -3 5 3 1.4 1.6
3 % Rb,CO, - |

TABLE 4

[AA
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CLAIMS
1,' Process for isomerization of at least

one lactone containing 5 carbon atoms to pentenoic

' acid, characterized in-that the said lactone in wvapour

phase is placed in contact with an acidic or basic
solid catalyst.

'~ 2.  Process according to claim 1,

characterized in that the 1actoné is chosen from

gamma-valerolactone (or 4-methylbutyrolactone),.
delta-valerolactone, 2—methylbutyrolacténe;
3-ethylpropiolactone, 2-ethy1pf§pi§l£ctone and
2,3~-dimethylpropiolactone.

3. Process according to either of claims 1

and 2, characterized in that the catalyst is an acidic

solid catalyst chosen from acidic molecular sieves,

acidic clays, bridged clays (or piliar qlays); solid
oxides. and acidic phosphates.

4. Piqcesé according to claim 3,
characterized in that the acidic mplecular sieves are
zeolites of pentasil structure, such as ZSM-5, ZSM-11,
%SM-22, %SM-23, ZSM-48, ferrierite, mordenites and
zeolites of f#ujasite structure, such as zeolite X or
zeolite Y. |

5. Proceés according to either of claims 3
and 4, characterizéd in that the acidic zeoliteS'qf
pentasil or mordenite structure are.zeolites-of ZSM-5,
ZSM-11, ZSM-22, 2SMr3 and ﬁSMr48 or'mordenité;type

which have the general formula (I) expressed in terms

* c L " L *
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of oxide ratios:

M,,,0,X,0, ,mSio,, pH,0 . (1)

in whichs

6.

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

X denotes a trivalenf element chosen
from Al, Ga, Fe and B, |

n denotes a number from 1 to 4,

m denotes a number equal to or greater

than 10,

p denotes a number f:om 0 to 40.

Process according to claim 3,

characterized 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,/.0,%,0,,dSi0,,xB,0 | (IT)

in which:

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

tetravalent metals, M being at least

partially a-hydrogen atom,

'% denotes a trivalent metal chosen from’

Al, Ga,'Fe and B,
n denotes a number from 1 to 4,
d denotes a number equal to or greater

than'2;

* c L M $ *
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- x denotes a riumber from 5 to 100.

7. = Process according to one of claims 3 to
6, characterized in that the acidic molecular sieves
are acidic zeolites in whose formula the oxide used in
combination with the silica is that 6f a trivalent
metal. | |

8. Process accdrding'to claim 3,
characterized in that the clays employed are smectites
such as montmorillonites, beidellites, nontronites,
hectorités, stevensites and séponites.

| 9. Process according to claim 3,

chafacterized in that the bridged clays employed are
cléys 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], tantaluﬁ,

‘chromium, lanthanum, cerium, titanium or gallium

hydroxides or of mixed'hydroxides of a number of these

"metals and are preferably beidellites bridged with the

aid of aluminium hydroxide.

10. Process éccqrding to either of claims 3
and 9, characterized in that the bridggd clays employed .
are modified by the action of a dihalogen, of -an
ammonium halide or of an acid such as-sulphuric #cid or
the hydrogen halide acids, the halogen thué optionally
introducéd'being preferably chloriné or fluorine.

11. -Process according to claim 3,

characterized in that the solid oxides employed are
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metal oxides, mixtures of metal oxides or metal oxides
which héve been modified by the action of a dihalogen,
of an.ammonium halide or of an acid such as sulphuric
acid or the hydrogen hali&e acids, the halogen thus
optionally introduced being preferably chlorine or .
fluorine. | |

12, Proqésé according to either of claims 3
and 11, characterized in that the solid oxides empléyed

are chosen from the mixtures Si0,/Al,0,, $i0,/Ga,0,,

s8i0,/Fe,0,, Si0,/B,0;, halogenated aluminas such as

.chlorinated aluminas and fluorinated aluhinas,

sulphated zirconia, niobium oxide or tungsten oxide.

13. Process according to claim 3,
characterized in that the acidic phosphates are chosen
from Eoron.phosphates, by themselves or mixed with
alumina or with silica, corresponding to different
H,BO,/H;PO, molar ratios introduced dur:i_.ng the synthesis,
lanthanum phosphate, aluminium phosphates correspondiﬁg
to differen£ Al,0,/H,PO, molar ratios inti'oducéd duririg
the synthesis, phosphorus pentoxide/silica mixfures
(usually called UOP catalysts), aluminophosphates with
a zeolite structure (AlPO) and.silidoalﬁminophosphates
with a zeolite structure (SAPO). |

14. Process a&co:ding to either 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

7 % e L RS«



10 -

15

20

25

15.

27

Process acéording to claim 14,

characterized in that the basic metal phosphates are

more particularly the phosphates of general formula

(IIT):

(A,PO,), (Imp), - -~ (III)

in which:

16.

A denctes a meta; atom, a group of metal
atoms or partially a hydrogen atom;

Yy denotes a whole or fractional number
from 3/4 to 3 depending on the Qalency.
of the elements A;

Imp correspon&s to a basic impregnating
compoﬁnd éonsistiﬁg of metgl chosen from
the alkaline-earth metals, the alkali
metais and their mixtures used iﬁ
combination with a counteranion to
ensure électrical neutrality;

the coéffiéieﬁt z denotes the weight
ratio of'the-imp:egpant to the
impregnated material (A,PO,) and is
between 0 % and 20 % and preferably
between 2 % and 10 %.

Process according to either of claims 14

and 15, characterized in that the basic metal

phdsphates are more particularly the phosphates of

general fotﬁula'(III):

(A,PO,), (Imp), ' (I11)

in which:
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- A denotes more partlcularly calcium,
zlrconlum, lanthanum, cerium, samarium,
aluminium, boron, iron and partially
hydrogen; |
- Y denotee'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 alkaliﬂmetals and of a basic
counteranion; ' |
- the coefficient z is between 2 % and
10 %..

17. Process according to one of claims 14 to

16, characterized in that the basic metal phosphates

are more particularly lanthanum phosphate used in

combination with a caesium, rubidium or potassium

: compound,_ceriuh phosphate used. in combination with a

caesium, rubidium or potassium compound, samarium
phesphate used in combination with a caesium, rubidium
or potassium compound, calc1um phosphate used in |
combination with a caeSLum, rubidium or potass1um
compound, calcium hydrOgenphoephate used in combination
with a caesium, rubidium or potassium compound, or
zirconium hydrogenphosphate used in combination with a
caesium,-rubidium or potassium compound.

18. Procees according to one of claims 14 to
17, cnaracﬁerized in tnat fhe basic metal phosphates

are prepared by impregnating a compound of formula (IV)
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AKYPO4,.in-which A’ has tﬁe same meanings as A, with a
solﬁtion or a suspension of Imp in a volatile solvent
such as preferably water.
19. Process aCCording to one of claims 14 to
5 18, characterized in that the basic metal phoSpﬁates
aré'prepared by a proéess which consists :
a) in carrying out the synthesis of the
compound A',PO4; then preferaibly without isolating A’ PO,
. from the reaction mixtu;e:
10 '~ b) in introducing the impregnant Imp into
the reaction mixture;
| c) in séparating any residual liquid from
the reaction solid; |
d) in drying and optionally in calcining.
15 _ 20. Process according to claim 14,
| characterized in that the basis metal oxides are more
particularly.the oxides of a basic nature or those
which afe made basic.by a treatment with the aid of a
base such as an alkali metal or alkaline-eafﬁh metal
20 . hydroxide.
| 21. Process according to one of.ciaims 14
and_20, characterized in that the bgsis.met;l'oxides
are chosén_from'the oxidés of the.aikali metals, of
alkaline-earth metalé, of metals_of gfoﬁp IIIa of the
25 Periodic Classification of the elements, of transition
elements of of rare earths, treated or untfeatéd with-
an alkali metal hydroxide. .

22. Process according to claim 14,
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characterized in that the basic molecular sieves are
more particularly the zeolites of pentasil structure
such as ZSM-5, ZSM-11, 2SM-22, ZSM-23 or ZSM-48, of
mordenite structure, of ferrierite structure or of
5 - faujasite.stfucture, such as zeolité X or zeolite ¥, of

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

E,,.0,T,0,,bSi0,, rH,0 Y 4 4
in which: |
- E denotes an alkali or alkaline-earth
10. | -metal, completely or with a émall

proportion of hydrogen,
- T denotes a trivalent metal chosen from

Al, Ga, Fe and B,

- a denotes a number from 1 to 2,
15 - -b denotes a nﬁmber equal to or greater
than 2;.
- x denoteS';'number'from 0 to 100,

23. Process according to claim 14,
dharacterized in that the basic molecular sieves are
20 'mo:é'pafticularly the zeolites iSM;S, ZSM~11; ZsM-22,
ZSM~23 and ZSM448, mordenites, fgrrierites and '
faujasites such aslzeolite X and zeolite Y.
24. érocess aécording to one of c;aims 1 to
23, charaéterized in that it is used at a temperature

25 of 200°C to 500°C and preferably from 250°C to 400°C.

25. Process according to one of claims 1 to
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26. Process according to one of claims 1 to
24, characterized in that the ladtone is iptroduced
together with an inert carrier gas which consists of é
gas or a mixture of gases which are inert under the
reaction conditions, such as nitrogen, argon, air,
steam or carboxylic acids which are gaseous at the
temperature at which the reaction is operated.

27. Process according fo eithe; of Claims 25
and 26, characterized in thaﬁ the lactone repteéents
from 10 % to 100 % by weight relative to the total

weight of the gases introduced into the reaction, and

fpreferably from 40 % to 100 %.
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