. e3e¥| 79°223%4V566( 7T| 7<UD 5 PREPARATI ON OF A SUPPORTED CATALYST BASED
ON RHENI UM AND I TS USE | N THE METATHESI S REACTI ON OF OLEFI NS The present
invention relates to a process for the 10 preparation of a heterogeneous
catal yst containing rheniumas active conponent and an i nertﬂﬂ@/ﬂ/ﬂ er,

characterized in that said inert carrier is previously subje Mlm/”lmﬁ I
treatnent, before the supporting of the active conponent, an ”

activation of the heterogeneous catalyst is ef15 fected by nmeans*sfiset her mal
treatnment followed by a rapid final cooling. The present invention also

relates to the use of said catalyst in the netathesis reacti [ NS.
The netat hesis reaction, also known as disnmutation and 20 ﬁm”“ﬂ“”mﬂ ” {Mfi
di sproportionation of olefins, is a reaction of great prac tical i
whi ch can be used, for exanple, for balanc ing the weight of ol efP®%"
resulting fromsteam cracking. Wien olefins are treated in the presence of
suitabl e £atal ysts, they are converted to other olefins in a reac 25 tion
in which the al kylidene groups (RLRZC=) are inter - 1 exchanged with a
process schematically represented by the following equation. R RCCR R
R RCCRR 5 + -~ +
PREPARATION OF A SUPPORTED CATALYST BASED ON RHENIUM AND
ITS USE IN THE METATHESIS REACTION OF OLEFINS
The present invention relates to a process for the
10 preparation of a heterogeneous catalyst containing rhenium
as active component and an inert carrier, characterized in
that said inert carrier is previously subjected to thermal
treatment, before the supporting of the active component,
and the activation of the heterogeneous catalyst is ef-
15 fected by means of thermal treatment followed by a rapid
final cooling.
The present invention also relates to the use of said
catalyst in the metathesis reaction of olefins.
The metathesis reaction, also known as dismutation and
20 disproportionation of olefins, is a reaction of great prac-
tical interest which can be used, for example, for balanc-
ing the weight of olefins resulting from steam cracking.
When olefins are treated in the presence of suitable

catalysts, they are converted to other olefins in a reac-

25 tion in which the alkylidene groups (R'R’C=) are inter-



R3RAC=CR3R4 R R2C=CR3R4 Het er ogeneous catal ysts essentially consisting of
rhe niumderivatives supported on inert materials (for exanple silica or

al um na) are known to be active in the netathesis 10 of ol efins. For
exanple, US 3, 641, 189 and US 3, 676, 520 de scribe the preparation of
these materials and their use in the netathesis of olefins. In the
preparation I a st., i i I [(Walllg ced
onto the sur%%ggggéeghgétérrié%ngggﬁtf%ﬁbﬁ |n%%@&%ﬁf%%ﬁ%kgﬁtkﬁigﬂiéggfion,
the carrier irg1AbyeAgWetla@i SOl Ution in which the active conponent has been
di ssol ved. The activé conponent remains inside the carrier particles when
the solvent is renoved_by, ev tion. The use ¥ ity of solution
equal to the pore 20 vBIb%ré’,‘é%r ‘\a/tents t he corrpod"g{B %r’g:?haog"ystal lizing in

t he space between the particles. Wth these catal ysts, however, not
particularly high yields haxe been obgervedyand, in $#he case of higher ole
fins, these are al so poor selectivities, often due to sec 25 ondary

i soneri zation reacti ongs i 4 bonds (J. Ml o122 _~p3eat: 46, 1988,

119- 130 and App. Cat aré,ﬁ;%", 1, 295-306). It %&&ﬁg\ﬁ een found that it
is possible to overcone the above-nentioned drawbacks by neans of the

catal yst of the pHesendbgémy@m | taIGRtA RisE@ntiadl yntassasting cOMInh nent
and an inert carrier, characterized in that said car rier is subjected to a
previ ous thentah tHeeavaehvebesaopported i oipr egaat | vataridld hefactesemple
conponent and the activation of the heterogeneous catalyst is effected by
thermal treashidntafotl| aivediny) eareapindwin al beoakkhge 10 The snetdtdessits | s
active in netathesis reactions even when used in the absence of a

co-cat al 8t afidodkfons. pFobl erample, tGSt Be64 Dby 8 | and AIS | 30674 ,S28r dei-de
reactions to be reduced, giving a high selectivity. In accordance with the
above, an obpetibeetbé pheppreitorsent [heentnorerisdls esd dcheipr esessinf or
the preparation of a heterogeneous catal yst active in the netathesis

reacti on of &thefiratatkenisiof mlefies.um as active conponent and an inert
carrier, characterized in that the inert carrier is subjected to a thermnal
treatment at a tehpethe wrepanajiiop 26 fthdm tebalysto0the | actien apreT

bef ore being supported with the active conponent, and the activation of the
het er ogeneoudeBht 4f yaernal by figdinegluged haitealther sarfepe 5| thaverhnniex rapi d
final cooli n%. The thermal treatnment of the carrier is preferably 25
carried but CRTPWEh s iFREREIRItionepsIn g this caPeFhi®Ron Wieepcargier is

mixed with a solution in which the active component has

been dissolved. The active component remains inside the

carrier particles when the solvent is removed by evapora-

tion. The use of a quantity of solution equal to the pore

20 volume, prevents the compound from crystallizing in the
space between the particles.

With these catalysts, however, not particularly high

yields have been observed and, in the case of higher ole-

fins, there are also poor selectivities, often due to sec-

25 ondary isomerization reactions of double bonds (J. Mol.



at a, tenperature ranging from100 to 200C in flowng air, for a tine
ranging from30 mnutes to 2 hours and a subsequent cal cination at a
tenperature ranging from300 to 600C in flowng air, for a tinme ranging
from1l to 6 hours. 5 The carrier used for the catal yst according to the
present invention can be selected fromthe group consisting of refractory

oxi des and/ OEFQL umtn%géecqlé-qwaﬂa G20 . beaeglbasw 13§é1d %5’1%'6%53'

nat ur e. Exanp es of said carriers can be alumna, “silfica,

ica-alumna. Alunipanis RERTEESD! Folredwid M@ SUrdAcs 1A eac&@v%%as%{eg,
preferably from 100 to 200 n2/g, and total cunul ative pore vol une higher

than 0.1 m/gnePbgboeaRbyt{&080 OdBadi0a &P B}/Heaﬁ@eofh%ﬁb”%b%@ﬁg@ﬁn@fcan be
introduced into the pre 15 treated carrier as nentioned above y means of

precipita t'QHeOberEﬁeg&ﬁbbﬁﬂléhabbhﬂg1£59?1Eh@ﬁ&ﬁﬁ0h§ GRRI ket iddehpoft-or
exanpl e, of solutions of its salts or soluble com plexes. The rhenium

conpound Preaehe0aBdasR SRELE €8lrf1OM e 20t iIEANOXHGR, SATID alth
perrhenate, tetra al kyl ammonium perrhenate, perrhenic acid, etc. The

i npregnationrgért he isigrjlectadr ity AlSpRgvaosat heahad &@euttm@ﬂtquetfbee
rheni um conpound, in a solvent se |lected fromwater or an organic solvent,

for exanpl e atbyiRprdgnsaidonitn theohotivy commideeit, andl grReraaltiya-

preferred. - 4 The inpregnation is preferably carried out at a tem

perature of bebmeefi 20eamdtté@Cgeneotudercataliyper éasefifbeted by thermal
treatment followed by a rapid final cooling.

10 This catalyst is active in metathesis reactions even
when used in the absence of a co-catalyst and allows prob-
lems due to the formation of isomers or side reactions to
be reduced, giving a high selectivity.

In accordance with the above, an objective of the pre-

15 sent invention relates to a process for the preparation of
a heterogeneous catalyst active in the metathesis reaction
of olefins, containing rhenium as active component and an
inert carrier, characterized in that the inert carrier is
subjected to a thermal treatment at a temperature ranging

20 from 100 to 600°C, in flowing air, before being supported
with the active component, and the activation of the het-
erogeneous catalyst is effected by thermal treatment fol-
lowed by a rapid final cocoling.

The thermal treatment of the carrier 1is preferably

25 carried out in two subsequent steps, a pre-calcination step



solubility of the rheniumsalt; in this case, the carrier is also heated to
the sanme tenperature. 5 After the inpregnation of the carrier with the
netal, the catalyst is activated by a pre-calcination at a tenperature
rangi ng from 100 to 200C under a flow of dry air and a subsequent
calcination at a tenperature of between 300 and 600C, under a flow, first
of dry air and suhsfplds44eRt ngfingl ErefeRooThE §80PENGN T B1GRIKd edi out in
flowng nitrogen for a time ranging from5 to 30 mnutes, prefera bly
between 10 anhr2Q mifid 88noRAGNIFYBN SoniRBLEY B6ESeRbuid Lhese satadysts
in a quantity of between 1 and 20 by weight, preferably between 15 3 and
10% by wei ghtquaeirith £&5pEgdtisht Be car te@berdbgréat@ingshy of rdrhe 3pvesent

i nvention can be used in netathesis reactions of olefins. Said reactions
can be hono- regtetichasi $1owhag abe, t 7or od ef inks RIRyihlye fEafE) 06 €hdBEAL hesis
(when the two ole 20 fins are different). The ol efins which can be

subj ect edst o net atthesi Gareiasy thoas &oe NEHW- ehedlwst havesgdingmed tghs30
carbon atons, such as, for exanple, ethylene, propylene, butene, pentene,
hexene; cycl pralsehitndnkavkciignf cam Be t £ Pé-terl Mromatthes gréop 26nexStine

cycl opent ene, cycl o-octene, norbornene; polyolefins - 5 having from4 to
30 carbon at afs,reffaracoayploxiieéhexadoeneluhifestl ch bites wyicdro-qeol yied ef | ns
having from5 to 30 carbon atons, for exanple 1,5-cycl o-octadiene,

nor bar di ene, o bpclicpentadi enenedbtihenatolmefi ns are nono- or pol y-ol efins,

| i near or cyclic, carrying functional groups, such as, for exanple,

hal ogens or ester Egroppessathsasd neatnlers emtre beThdumehat heslscaeazili-on can
be carried out both in batch and in continuous operations, by feeding the
mat eri 10181 s iG®@lamipg dAbeBing s dexefrphleasses wikk peaerfage area
conditions, such as tenperature, pressure and flows are selected in

rel ation to theomafeyj apréeerardy theonendpred @t d/be abd atdedl. dheu-
nmetathesis reaction is nornmally carried out at a 15 tenperature rangi ng
fromO to 100@tiFeefranghl yo¥umsm REgher 60Banafd la Wr/as s wrekerablyo fgor bar ,
preferably from1l to 60 bar and can be carried out in gas or liquid phase,
with or withdut3 &8 8r§amilédsol vent. When a solvent is used, this is

sel ected fromethers, 20 aliphatic and aromatic hydrocarbons. Exanples of

t hese sol vent ar eThét Fendtife compekafie Caheeanitt tosiugere indOc thPhP &t al yst
is normally dispersed in the reaction nmediemat a concentration ranging
from 1 t&3550%5¢ keI GRETLEFefEr BBPFIPRBF 20PBe109¥ bYeaRT it | PERE P Hekpect

to the re25 action m xture. ) ) o
tion or impregnation starting from precursors consisting,

for example, of solutions of its salts or soluble com-
plexes.
The rhenium compound precursors are selected from rhe-
20 nium heptoxide, ammonium perrhenate, tetra alkyl ammonium
perrhenate, perrhenic acid, etc.
The impregnation of the inert carrier using a satu-
rated solution of the rhenium compound, in a solvent se-
lected from water or an organic solvent, for example a hy-

25 drocarbon, an alcohol or an ether, is generally preferred.



- 6 ., The netathesis reaction can be optionally carried out in the
presence of co-catal ysts selected fromal kyl nmetals such as, for exanple,
tin tetra-alkyls (tin tetra-nethyl, tin tetra-ethyl, tin tetra-butyl?, or
other alkyl netals 5 such as lead tetra-nmethyl, lead tetra-ethyl, alum num
tri ethyl, chloro--alum numdiethyl, as described in US patent 3, 855, 338.

The fol | owl ng. exafil csnaXephd Lust T 81 MEcbULaBION Limt1od | 0k Okl B com-

invention. 10 In the exanples, the conversions eyond the equilibrium

concentrati oglriehfe BRSHeedeBhi b TPV the ypdissebved eehykengewhich
is produced wth 5-decene in 1 hexene netathesis. exanple 1 15 Preparation

of the catal ¥siubi10c@ 6F ¥nal wHRIuW LR18;spacithic sukkacenelf d8¢ ¢ g and
a porosity of 0.5 m/g, are pre-calcined in a nuffle at 110C for 1 hour in

flow ng air apdasydseasesd |to athd3mef 2empebatiein flowing air. 20 The
carrier is then wetted four times with 5 ml of a water solution containing

0.28 g ofs NH4ReOdaread 6ied WeRtr &fres i) egnaiHeoread eanNatifter thleheat@lier is
evaporated main tamng the sanple in an oven at 60C. The catal yst is

calcined firsgheakatdQ@stornsl dutivatiedz o 4| pye ofa Tk ynatt forangt sabseguent | y
at 550C far 3 hours in - 7
perature ranging from 100 to 200°C under a flow of dry air
and a subsequent calcination at a temperature of between
300 and 600°C, under a flow, first of dry air and subse-
10 quently of nitrogen. The cooling is carried out in flowing
nitrogen for a time ranging from 5 to 30 minutes, prefera-
bly between 10 and 20 minutes.
Rhenium is normally present in these catalysts in a
quantity of between 1 and 20% by weight, preferably between
15 3 and 10% by weight with respect to the carrier.
The catalysts of the present invention can be used in
metathesis reactions of olefins.
Said reactions can be homo-metathesis (when the two
olefins are the same) or co-metathesis (when the two ole-
20 fins are different).
The olefins which can be subjected to metathesis reac-
tions are mono-olefins having from 2 to 30 carbon atoms,
such as, for example, ethylene, propylene, butene, pentene,

hexene; cyclo-olefins having from 3 to 20 carbon atoms, for

25 example cyclopentene, cyclo-octene, norbornene; polyolefins



a flowof dry air and 1 hour in flowng nitrogen. The reac for is then
extracted fromthe nuffle and is cooled for 15 mnutes in flow ng nitrogen.
The catal yst thus prepared has a rheniumcontent of 5 7.5% by wei ght.
Exanple 2 Use of catalyst Ain netathesis 358 ng of catalyst A prepared as
in exanple 1 and 23 nml of a solution consisting of 10 ul of co-catalyst

SnMe4 10 in %ggﬂggTo&rgﬁxa@e_gée §$E”éﬁ¥£dd“‘éﬁ%m%§o gbrta%%gﬁ?g%asf;4in an

argon at nosphere. "The resulting mxture Is nmalntained und t stir

ring, at ZSCrkﬁkd&Qn@tnWL%&o%Q?dg@ngt %@c&bh§é§9813E§n§u%a%?ﬂae%ﬁgﬁ.agded-

15 The reaction mxture 1's analyzed, after 30 nmnutes, by neans of gas

chromat ographyy, 351 Brish | BE&hSAl r6F2Bdandie THE 519%@&918&5&&&&,8 26 £
obt ai ned: - conversion of 1-hexene 70% - selectiviify to 5-decene 100 20

Exanpl e 3 Use,fqiGcalkd! ustyfibpedtisapdisence of a co-catal yst 358 ng of
catal yst A and, subsequently, 23 m of hex ane and 26 ml of 1-hexene are

charged igto a 15Qthert 8lbethd | A8k mdrib-an ALY -31EBSRBST €inddr THe Ayxture
i s maintained under stirring, at 25C for g 30 mi nutes and then anal yzed

by means of gasGhreaBteHA PlNct USHhAD dRoupker Nilcist apglarmbr TogamOIWEr Si on
of 1-hexene is 20%wth a selectivity to 5-decene of 100%
halogens or ester groups such as methyl oleate.
The metathesis reaction can be carried out both in
batch and in continuous operations, by feeding the materi-
10 als into a fluid bed or fixed bed reactor. The reaction
conditions, such as temperature, pressure and flows are se-
lected in relation to the material fed and the end-product
to be obtained.
The metathesis reaction is normally carried out at a
15 temperature ranging from 0 to 100°C, preferably from 25 to
60°C, and a pressure of 0 to 100 bar, preferably from 1 to
60 bar and can be carried out in gas or liquid phase, with
or without an organic solvent.
When a solvent is used, this is selected from ethers,
20 aliphatic and aromatic hydrocarbons. Examples of these sol-
vent are: ethyl ether, hexane, heptane, toluene, etc.
The catalyst is normally dispersed in the reaction me-
dium at a concentration ranging from 1 to 50% by weight,
preferably from 1 to 10% by weight, with respect to the re-

25 action mixture.



5 Exanple 4 (conparison) Preparation of catalyst B 10 y of alumna with a
specific surface of 180 n2/g and a porosity of 0.5 ml/g, are used w thout
previous cal cination. 10Tfhe carrier is then wetted four tines with 5 ni

of a water solution containinﬁe%ﬁthbglsof NH4Re04, and between one

i mpregnation and anothethe t water is é@éﬁédaﬁegaby mai nt ai ni ng the sanpl e
in an oven at 60C. The catalf??nﬁs ozl cined first %Ibilﬁﬁ%j r 1 hour in 15
a flow of dry air aﬁﬂcéubsgqgently at 80€§¢any§% ours in a qLﬁM’QEXQn air
and 1 hour in flowing nitrogen® Frampgac for is exﬁFﬁ@te@dfFon1the nu%%?eOUt
and is cool ed for 15fitetes in flow ng hikregep, The catal JS8 ahmg .
prepared has a 5heniunlconteﬁihdﬂ,zqiﬁ.5@6by wei g t?L@Whmph% 5 (conparﬁ?@ﬁﬁ
Use of catalyst B Pﬁchﬁaatﬁ§§is 358 ny &F”@aﬁah¥§% B prepared d@t&a,ﬁégﬂele
9 and 23 nl of a §g!ution con i@ﬁﬁnu}m% piQ ul of chatau%%t Snve4 257 vl
100 ml of hexane ar@ydhatgqg into a 150t tabhgd f]ask, - 9% alikyjan, 4rgon
at nosphere. The resylting m xPuféuns, pri nt ai ned uﬁﬁﬁﬁaﬁd stir ringF 535
25C for 10 mi nutes’ 2 M of 1-hexenéi%ﬁmngb sequent |y adéédmiﬁughg
reaction mxture is analyzed, after 30 m nutes, ﬁf ﬁ%ﬂmﬁiggdg?s ri-

chr omat ogr aphy and noTbeaf@IfgnaIion of hexene Us Patent

10
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is observed. Exanple 6 (conparison) Preparation of catalyst C 10 The
catalyst is prepared operating as in exanple 1, but using a calcined y
alumina in an air flow at 250C before inpregnation. Exanple 7 (conparison)
Use of catalyst Cin neathesis 15 358 ng of catalyst C prepared as in
exanple 6 and 23 m of a solution consisting of 10 ul of co-catal yst Sniwve4
in 100 M of _h e C i,N 0 iled flask, 4 rgon
at nosphere. ?hgiggsﬁfﬁéﬁﬁi%ﬁigﬁgkli%%#%i% aFgéﬁiﬁ%d%fkﬁq%ﬁw' g?%r§%6%ring,
at 25C for 1Q,m gyt Eﬁe&”gxgﬁa&?cgff}%e&?@%{ﬁﬁ Sulb, SqQueRt % 4agded, sThe
reaction m xture 1s anal yzed, after m nut es, eby meais of gas

chr onat ogr aply LN i nt I dard. The follow ng results are

obt ai ned: 255_nggﬁ%eggﬁﬂﬁﬁﬂyﬁﬂ?ﬁg§§ eﬂ3@6- 10 - selectivity to 5-decene
100. Exanple 8 (c aRLEeny),sPr eRaLatd @R e dCHA V5t rRadNEn S tBhPCce¢ure is
adopted as in exa?rﬁp?e % uglsng%a é ﬁilt?’c?geen ?fow%ngt%ad of gg?jr lltln t he
precal ci nati gnsangy, Cahipiation of the carrier. 10 y of alumna with a
specific surface o¥ 180 n2/g and a porosity of 0.5 nl/g, are calcined in a
muffle at 118Gahpielohour in flow ng nitrogen and subsequently at |0 550C
for 4 hours agarmim flowng nitrogen. The carrier is then wetted four

times with Syt % @atalyst A in metathesis

358 mg of catalyst A prepared as in example 1 and 23

ml of a solution consisting of 10 pl of co-catalyst SnMe,
10 in 100 ml of hexane are charged into a 150 ml tailed flask,
in an argon atmosphere.

The resulting mixture is maintained under light stir-
ring, at 25°C for 10 minutes and 26 ml of l-hexene are sub-
sequently added.

15 The reaction mixture is analyzed, after 30 minutes, by
means of gas chromatography, using an internal standard.
The following results are obtained:
- conversion of l-hexene 70%
- selectivity to 5-decene 100%
20 Example 3

Use of catalyst A in the absence of a co-catalyst

358 mg of catalyst A and, subsequently, 23 ml of hex-
ane and 26 ml of l-hexene are charged into a 150 ml tailed
flask, in an argon atmosphere.

25 The mixture is maintained under stirring, at 25°C for



wat er. solution containing 0.28 g of NHQReO04, and between one i npregnation
and another, the water is evaporated by nmaintaining the sanple in an oven
at 60C. 15 The catalyst is calcined first at 110C for 1 hour in a flow of
dry air and subsequently at 550C for 3 hours in a flow of dry air and 1
hour in flow ng nitrogen. The reac for is extracted fromthe nuffle and is
cooled for 1 1 .0 f 1w n i en.. e t S par ed
has a rheni uéﬁompgtﬁgéo g&\@gy%v{%l%%g %?aanr%aé% O?;o s\ér(lg%%n S':g?g%of

catal yst D innuet gthgsi g, 3 of Lyst D prepared as in exanple 8 and
2.3 25 m of Iﬁagy'éso?utll’% n %oﬁgtl:és% ngsgc% %8 3‘ 1 of co-catalyst SnmMe4 - 11

in 10 m of hexangnharegoahatgedni 8E018ndR0n81 1Eablhed Jfilkask, Jddy 0t i85q9n

at nosphere. The resulting mxture is maintained under light stir ring, at
25C for 10 miRUkegeaBfe 206 Hopf 1-hexene are 5 subsequently added. The
reaction mxture is analyzed, after 30 m nutes, by neans of gas

chromat ogs api¥amdsbng alompdLidbH) standard. No transformation of hexene is
observed. Exampte fon of catalyst E The catalyst is prepared

operating aspirBpa¥atPbe bf Lialya meactor is maintained in the nmuffle and
cool ed down Over a period O a in flow ng nitrogen.

10 Yy of alumina with a specific surface of 180 m%/g

and a porosity of 0.5 ml/g, are used without previous cal-
cination.

10 The carrier is then wetted four times with 5 ml of a
water solution containing 0.28 g of NH4ReO,;, and between
one impregnation and another, the water is evaporated by
maintaining the sample in an oven at 60°C.

The catalyst is calcined first at 110°C for 1 hour in

15 a flow of dry air and subsequently at 550°C for 3 hours in
a flow of dry air and 1 hour in flowing nitrogen. The reac-
tor is extracted from the muffle and is cooled for 15 min-
utes in flowing nitrogen.

The catalyst thus prepared has a rhenium content of

20 7.5% by weight.

Example 5 (comparison)

Use of catalyst B in metathesis

358 mg of catalyst B prepared as in example 4 and 23

ml of a solution consisting of 10 ul of co-catalyst SnMe,

25 in 100 ml of hexane are charged into a 150 ml tailed flask,



The catal yst thus prepared has a rheniumcontent of 15 7.5% by weight.
Exanpl e 11 (conparison) Use of catalyst E in netathesis 358 ng of catal yst
E prepared as in exanple 10 and 23 nl of a solution consisting of 10 ul of
co-catalyst SnMea 20 in 100 ml of hexane are charged into a 150 ml tailed
flask, in an argon atnosphere. The resulting m xture is naintained under

light stir ri;ng;.a lnhutes and 26 m of 1-hexene are sub
sequent |y adégd?nZéréﬁéz%ééﬁ%éhﬁ?%% xture is analyzed, after 30 m nutes, by

- L2 means of gas cBLOIRLO0rARYrdIS] A2 R Andhanddd. Sthe-

followi ng results are obtalned: - conversion o exene 7 - selectivity to

5-decene 100y;R4Tablexdoshays {h&iRiys! 3nAbbai REdot M IRExSH@MILSuplabl e 1
10 15 Exanpl eCafal yst Co- cat al yst Hexene conver si on5- deoene
sel ecti vi t y2Agalyed¥ 0409340201005BSnMe4007CSnMe431009DSnMe40011ESnMe47100
From the values shown in the table, it can be observed that catalyst A
shows a hggh actiyhéyradet 58l efibivddey iQOIahallgztease REESENSE® mitthddy,t by
absence of the co-catalyst (ex anples 2 and 3).

means of gas chromatography and no transformation of hexene

is observed.

Example 6 (comparison)

Preparation of catalyst C

10 The catalyst is prepared operating as in example 1,

but using a calcined y alumina in an air flow at 250°C be-

fore impregnation.

Example 7 (comparison)

Use of catalyst C in metathesis

15 358 mg of catalyst C prepared as in example 6 and 23
ml of a solution consisting of 10 pul of co-catalyst SnMe,
in 100 ml of hexane, are charged into a 150 ml tailed
flask, in an argon atmosphere.

The resulting mixture is maintained under light stir-

20 ring, at 25°C for 10 minutes and 26 ml of l-hexene are sub-
sequently added.

The reaction mixture is analyzed, after 30 minutes, by
means of gas chromatography, using an internal standard.
The following results are obtained:

25 - conversion of l-hexene 3%

_10_



20 Fromthe table it can also be noted that the catal yst does not show any

activity (exanples 5 and 9) or a very low activity (exanples 7 and 11),

when the supporting or the cooling tines of the heterogeneous catal yst are

effected under different conditions with respect to those of the 25 present

invention. - 13 CLAIMS 5 1. A process for the preparation of a

het er ogeneous cat al )égae(a;{gu,y@ i@otgu_ed et at q%%i%s reaction of olefins,
%onponenet i

cont ai ni ng rheni um as—active and "an i'nert carrier, characterized

in that the ppeqt)cadr | &mdayiSiypyected to a thermal treatnent at a
tenperature IO Tangrnmg fronrt66—to 600C, in flowng air, before be ing

supported W phebligs @fdih i ciRanant p and the actination of the

het er ogeneous catatyst— 15 effected by thernal treatnent followed by a final
cooling carried otfe Qe HAJIBRUFRNGNEAbHOBY Sad 0i B ttinHlees., LBidg Ahe
process according to claim1l, wherein the thermal treatnment of the inert
carrier is CAitt6ge®Ut1dW IRARSIObL I WO rsSURSERdePted RPSiatlion @anld kati-st ep
wherein the carrier is subjected to pre-calcination at a tenperature

rangi ng frongifftien 20 2QC darfile@wi Nng air, over a tinme ranging from 30 mn
utes to 2 hours: and (ii) a second step wherein the pre-calcined carrier is
subj ected o a 1 efpeyapyr & 16ARARN G HHOM S0ed Or £005,}Fadd 0BENG 53 ne/gVer 2
time ranging from1l to 6 hours. 25 3. The process according to claim1,
wherein the gadriaerporaity dfs Gebenled, f aem tdad cdhedp iaonsi mbf Alle Okt
refractory oxides and/or alum nosilicalite which can be of a base, acid or
neutral natut®0°d. £dhe lprionassiracEbswimy hbtcdbgenm andwsebsequéhelganki er 5
is selected fromalumna, silica and silica-alumna. 5. The process

accordi nip t 0560 &€ nfely Wenaisn agagncdnr Edowisg abildowen.6. The process
according to claim5, wherein the alum na has a specific surface area of >-
50 nZ/ g and a totHle 1€awimn ais vehgrorwetviddinBour Otdesriwigth 75 fheopr ecess
according to claim6, wherein the alumna has a specific surface area of
bet ween 100 wateR06oARtyoandoatadnahgc ¥miBatd velpdieRe0l, unendf beéweean 0. 3
and 0.8 nil/g. 15 8. The process according to claim1l, wherein the cooling
of the het erogensénnsegndbigat ahd eaothed, oheatwatarenper avaperabedi hy from

10 to 20 m nutes.
maintaining the sample in an oven at 60°C. -

15 The catalyst is calcined first at 110°C for 1 hour in
a flow of dry air and subsequently at 550°C for 3 hours in
a flow of dry air and 1 hour in flowing nitrogen. The reac-
tor is extracted from the muffle and is cooled for 15 min-
utes in flowing nitrogen.

20 The catalyst thus prepared has a rhenium content of
7.5% by weight.

Example 9 (comparison)

Use of catalyst D in metathesis

358 mg of catalyst D prepared as in example 8 and 2.3

25 ml of a solution consisting of 10 pul of co-catalyst SnMey
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9. The process according to claim1, wherein the active conponent rhenium
is introduced onto the pre-treated 20 carrier as specified in clains 1-7,
through precipita tion or inpregnation starting fromits precursors in the
formof solutions of its salts or soluble complexes. 10. The process
according to claim9, wherein the rhenium 25 precursors are selected from
r heni um hept oxide, @ - i h e, tetra-a Lm
perrhenate a% %grn} reHr"?l)chee{é:a?l(?. afj%. Laﬁ?g%%?ogggé gcégpd?%glttg%hgﬁmg%'

wherein the gatg| ﬁtgoqlogttﬁbggh@rgyanti ty of rheniumranging from1l to 20~ 5
by weight with respect to the carrier. 12. The process according to claim

11, wherein the gafalnsh169RLAMIRtArduaat kY nehihBgNLHALEaNgLRY EEom 3 to
10$ by weight. 13. The process according to claim1, erein"the sup 10
ported catalysiq,com absPag fohenioimi Suddd | xad ed, bhraUAE a1 PESe&ad chpation
at a tenperature ranging from 100 to 200C in flowing air and a subsequent
cal ci nat ison @ipbseduRmaratunedrangi ng from 300 to 600C in a flow of dry air
and subsequently nitrogen. 15 14. A process for the conversion of ol efins
by neans of a netmcheshsthisnChiRturs s asdLry 7Ry aFtkaBoi kih&tea) rbed out
in the presence of a catal yst according to claim1. 15. The process
accordi ng t anedr MElgasWabiemhatbhtapey A2 iMeHrs ing@ehb@Ns€andhed. No
hono- nmet at hesis or co netathesis. 16. The process according to claim 14,
wher ei n t he tdafdfurmatdonebe&cheglené oM nseemieRf.i ns having from2 to 30
carbon atons, cyclo-olefins having from3 to 20 carbon 25 atons,

pol yol ef i ns Bwanpig floom 4 to 30 carbon atons, - 16 cycl o- pol yol ef i ns
having from5 to 30 carbon atons. 17. The process according to claim 16,
wher ei n 1ithe Pmapardtdnne facataeyect®d from et hyl ene, propyl ene, butene,
pent ene and hexene. 5 18. The process according to claim 16, wherein the
cycl ool ef i ns ar e Téel exdted Yastom syprepaern¢@nepecytimg oateria ewangporenehe. 19.
The process according to claim 16, wherein the polyolefins are sel ected
from 1, 4- hexatdi érie aedcto¥l@sonsduiaimed 20 thee mufddessndccootiedgdowncl ai m
16, wherein the cyclopol yolefins are selected from 1, 5-cycl o-oct adi ene,
nor bar di ene,owicyclperpeont adi Enkours in flowing nitrogen.

The catalyst thus prepared has a rhenium content of
15 7.5% by weight.

Example 11 (comparison)

Use of catalyst E in metathesis

358 mg of catalyst E prepared as in example 10 and 23
ml of a solution consisting of 10 ul of co-catalyst SnMe,
20 in 100 ml of hexane are charged into a 150 ml tailed flask,
in an argon atmosphere.
The resulting mixture is maintained under 1light stir-
ring, at 25°C for 10 minutes and 26 ml of l-hexene are sub-
sequently added.

25 The reaction mixture is analyzed, after 30 minutes, by

_12..



21. The process according to claim 16, wherein the linear 15 or cyclic
nono- ol efi ns or pol yol efins can carry func tional groups such as, for
exanpl e, hal ogens or ester groups such as nmethyl oleate. 22. The process
according to claim 14, wherein the netathesis reaction is carried out at a
tenperature rang20 ing fromO to 100C and a pressure of between 0 and 100
bar. 23. Th oce or di Latm 22, _.wherein.the_ netathesis reaction
is carried gﬁ%hgf gftgﬁ%eralﬁggkggﬁaghglfﬁ%ﬁfﬁ% 'R0 éﬁgﬁaﬁaiasﬁFEQSﬁ?e of

bet ween 1 a“ﬂx@%ﬁﬁo‘%ﬁh relfilts. 4fe dDEPLOseESS according to claim 14,
at he [

wherein the net sis reaction is cafrrred out in gas phase or in liquid

phase, with or wt h@éﬁv%%%ﬁ’%’?é 1s_%le§(%hgd7§&rom ethers, aliphatic and

aromati ¢ hydrocar boRs. process according to claim?24, wherein the

sol vent is Se|9CtedséI§E@f§%g9 éﬁﬁyyaeﬁggéaggo%heptane, tolu ene. 26. The

process according to crarm er el e quantity of catalyst ranges from
1 to S0%epy weirghicVi tinds IGRPSUsilies! ebeAChl o PhelUkemprds, The process
according to claim 26, wherein the quantity of catalyst ranges from1l to
10% by weight with respect to the reactpgpem xture. 28. The process
according to claim 14, wherein the netal5 thesis reaction is carried out

e o | BRI oty | e | s

. A(>PQ SEXYu| bixsnid_Z] cal ca] cal ka] ca] ca] cq]% SPRversion raPeeetivly cd] caj ca] ca] ¢
a] ca) ca] ca] cal ca] ga] cq] ca] @a] ca] ra] samesa] qTal cab 100
'& (_L | ~}xsnj d_Z] ca] ga] ca] ca] ca] ca] ca] ca] da] ca] ca] ca] ca] ca] ca] dqa] ca] ca] ca]
ca] ca] ca] ca] cpJcalcajdajcaJcajcajcajcajcal gFLV 5 6 [

;Z[vz{}&@nid_Z]ca%ca]ca]caffa]ca cajc ]ca]ca]ca?ga]ca ca]ég?ca]ca]ca]ca]ca]

_d n} Pn] Pn] ca Pn] cal,

calcalca]ca]c

5 B SnMe, 0 0
7 C SnMe, 3 100
9 D SnMe, 0 0
15 11 E SnMe, 7 100
From the values shown in the table, it can be observed
that catalyst A shows a high activity and selectivity both
in the presence and in the absence of the co-catalyst (ex-
amples 2 and 3).
20 From the table it can also be noted that the catalyst

does not show any activity (examples 5 and 9) or a very low
activity (examples 7 and 11), when the supporting or the
cooling times of the heterogeneous catalyst are effected
under different conditions with respect to those of the

25 present invention.
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105@ 10%& (l S! Qy Ve 8¢>1:(o) e%jsoﬁj&o(r)cflnﬁlc&%‘% )lm%.de%JPi'%?' 1@%‘%&'0@:2%@?:

10% & ()-s@ 10% & ()-SL109% & ()-SY - ~10% & () - Sf 10/0&'

#y10% & (9 - ! Z10%3i& (Je18ckeY &rbh aY VA& (31 1FID% & 1@ a-alum
10% & () - BZAEnbC p@d 10% & () - L-f10% & ()-T+ 10% & ()-@) . 10% & () -

S y1l0% & () - @/ﬁlgl%ég‘p(ﬂo‘@s?@‘rth@db' did %‘:@(@&aﬁ}n 2, 1®ert®n 18ec carrier
10% & ()-5"10% & ()- @&3, 10% & ()- @110% & () - L* W5mb@ # " 109558& ()-9S/

" 109858 ()- S/ ! (" LQYEE&minaS/ | ~" 109%5k5& ()-S/ 11" 109658& ()- S/ !y/ " 109 5f 5& ()
_S/ ILIThO # "1y 10% & ()-yl0% & ()-y 10% & ()-10% & ()- 105 105
105, 3: 10%& §) - ! 'The@pio. ladéording to claim 5, wherein the alumina
"18s! 10% & ()-yz10% & ()-10% & ()-y10% & ()-yy 10% & ()- 109 & ()-""##
#A##a?bCl # 1 y" 33006 " &' L)sOlO% 85 k) £l @I (3£ Y5> 1086 &2 10%.8i6) -y

109% & () - ##$A$z$%%dé)EbCI é%f I8y01%08/§"§9: 53(‘@ QI/%%A)%&: ?39( /g -da 1% Gk

10% & ()108&* s! 10%cin{yl-ati® @olk- #&lume > 0.01 ml/g.

7. The process according to claim 6, wherein the alumina
has a specific surface area of between 100 and 200
nF/g and a total cumulative pore volume of between 0.3
and 0.8 ml/qg.

15 8. The process according to claim 1, wherein the cooling
of the heterogeneous catalyst is carried out at a tem-
perature ranging from 10 to 20 minutes.

9. The process according to claim 1, wherein the active
component rhenium is introduced onto the pre-treated

20 carrier as specified in claims 1-7, through precipita-
tion or impregnation starting from its precursors in
the form of solutions of its salts or soluble com-
plexes.

10. The process according to claim 9, wherein the rhenium

25 precursors are selected from rhenium heptoxide, ammo-
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10% & () f‘V&O%& ht& %? /%&&%&;c&t%) szl%s}&& ‘(’/gcénglng ’fgoﬁi 1 ‘%%d%%

y5G' 10% & () - SL31 % 04 &

1094 & () e-- - - - g | 10% & MLO% &
10\ 105) 10\ -1 o% wg?ghty/vg’izt?*?/%%b‘gcg . %%é“&é‘% 2flixrglo%& 8 y -
t, F"10%& ()1»9Nﬂ9ﬁ@ Egbcégs Q%Eérﬁln téo%ﬁﬁlﬁ)iﬁ//dggy@aﬁbghe cata-
yy) f 10% & () -y’ ()-S#- 10 P10% & ()- f1"10%28& () -

kl™"109&' () - 0+1<1§&§§155@€%1ns quantlty of rhenium ran%lng from
yS510% & ()-f 93100 & ()- S3110% & ()- S/ 710% & ()-fs- 2100

11112/ 21 22bC1 yLZ39%@&wdighyy. 10% o& ()-SF10% o& ()-MLO% o& ()- 10\ 10\
10\ 3::10% & ()-2223C3| 33dE % y10% o0& ()-f 10% o& ()-f
10% o0& () - &gBQ% v8e ( prba 8% ca?éddro@ﬂgo%@&'ca)aia341$4w4ﬂélﬂaqc! tHSYHsup-
10% 0& ()-!'1"10% o0& ()-@0% o0& ()-S- 10% o0& ()-S
10% o0& (- 10% ofotted. S5ica®209dELClcontaining rhenium is activated
y@@ 10% o0& ()-SL-10% o0& ()-F+m'10% o& ()-Sf)m 10% o0& ()-Ss' 10% o0& ()-S%
10% o0& () - 5676u6Lh}b6udh6XaTbprey 080MEatf Jon 1@t0 40'temp@rature ranging
"10% o0& () - @n 10% o0& ()-3S10% o0& ()- @110% o0& ()-667@V7/77dEnbC! y&-
1098 () - from 100 to 200°C in flowing air and a subsequent cal-
cination at a temperature ranging from 300 to 600°C in
a flow of dry air and subsequently nitrogen.

15 14. A process for the conversion of olefins by means of a
metathesis reaction, characterized in that it is car-
ried out in the presence of a catalyst according to
claim 1.

15. The process according to claim 14, wherein the meta-

20 thesis reaction can be homo-metathesis or co-
metathesis.

16. The process according to claim 14, wherein the olefins
are selected from mono-olefins having from 2 to 30

carbon atoms, cyclo-olefins having from 3 to 20 carbon

25 atoms, polyolefins having from 4 to 30 carbon atoms,
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15() or cyclic mono-olefins or polyolefins can carry func-

tional groups such as, for example, halogens or ester
groups such as methyl oleate.
22. The process according to claim 14, wherein the meta-
thesis reaction is carried out at a temperature rang-
20 ing from 0 to 100°C and a pressure of between 0 and
100 bar.
23. The process according to claim 22, wherein the meta-
thesis reaction is carried out at a temperature rang-
ing from 25 to 60°C and a pressure of between 1 and 60

25 bar.
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26. The process according to claim 14, wherein the quan-

KKKALLLMWA310&" &

tity of catalyst ranges from 1 to 50% by weight with

10 respect to the reaction mixture.
27. The process according to claim 26, wherein the quan-
tity of catalyst ranges from 1 to 10% by weight with

respect to the reaction mixture.

28. The process according to claim 14, wherein the meta-

15 thesis reaction is carried out batchwise or in con-
tinuous.
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