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olefins (crossed metathesis); in some cases, these
olefins can comprise functional groups. Equations (1)
15 and (2) respectively represent the self-metathesis and

crossed metathesis reactions:

JIRIRC=CRsRs. & RRC=CRiRy + RsRyC=CRsRy ()

RiReC=CRsRs + RsReC=CR/Rg &
RiRyC=CRsRs + R3R4yC=CR/Rg + RiRoC=CRsR;s + RyR4C=CRsRs @

20 where R;, Rz, Ri, R4, Rs, Rg, R; and Rg represent hydrogen
atoms or functionalized or nonfunctionalized hydro-

carbon groups.

The first catalysts described by Philips Petroleum, who

25 discovered this reaction, were of heterogeneous type;
they were composedu essentially of MoO; deposited on
silica or alumina, operating at approximately 150-200°C
but unstable and deactivating, or of WO; deposited on
the same supports, operating at approximately 400-

30 450°C; the latter system, WO3/Si0O,, remains the catalyst
used industrially. The disadvantages of the latter
system include the high temperatures, both for the
reaction itself and for the regeneration of the
catalyst.
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intotal, from2_ tgo 30 carbon atons. According to a first
enbodi meft, FWPTIRAEM | o PEPALBECWBFIB66F5232639IPCPLERIDG5/ G616 2 3

A Oy e whl DT €s olceldalts 0r ol ket ing at relatively

low temperature.

Another objective of the invention is to provide such a
process in which the catalyst can be regenerated at

moderate temperature.

A subject matter of the present invention is thus a
process for the metathesis of one or more, preferably
one or two, reactants comprising a linear or branched
hydrocarbon chain comprising an olefinic double bond
Csp®=Csp® (olefinic structure), in which this reactant
or these reactants is/are brought into the presence of
a supported metal compound comprising a support based
on aluminum oxide to which a tungsten hydride is

grafted.

The olefinic double bond is included in a linear or
branched hydrocarbon chain of formula R1R,C=CR2R4
comprising an olefinic double bond Csp®=Csp?® and
identical or different substituents R; (i = 1 to 4) on

these carbons.
According to one characteristic of the invention, each
reactant comprises, in total, from 2 to 30 carbon

atoms.

According to a first embodiment, the invention relates

to



nanmely unsaturated, l|linear or branched, acyclic hydro- carbon(s), conprising
a Csp2=CspZ doubl e bond between two carbon atons, of enpirical fornula CH21
and 5 preferably with n an integer ranging from2 to 30. The Ri

substituents _ca | e, be of the hydrogen, ropyl or
i sopropyl, b‘ﬁ@y?ooé&lgg?g}) or isobutyl, or pentylgcrf)e@%oeﬁwﬂ?%%pentyl
or neopentyl type. 10 According to a-specific aspect of this enbodinent,
the invention relates to a process for the prodcg];:%}non of prqg | ene in
whi ch et hyl eh@ &7§ HIREH ST € r 84t i AF 7& Spr TS 0Pt rted
nmet al conpoungdmedypunsbngribed,supprdr besedranchbdm rupcdicdentdravhi ch a
tungsten hydride i s, grafted.. Accordi t:0 a_second -embodi t,. . the reactant
or react antga]f:%%r(?ge(sc)orqufelrﬁ]i%l ao;@%ﬁ T“ngentdoqﬁ%lezoggﬂg‘sa[lﬁ%%?% chosen
from hydr ogetwat onsrbsat ursdiceds,, | igfearempibienthedprtwdaocaLbon grrodips and
saturate cycl k¢ hydroc o] roups. which optionally carr dr rbon
substi tugnt %%586%%5%% ‘(’;"%Bbg %&nnl%ee%e]icora %Jén%s%)lzgrga?bc%j of 't h@%(%l efinic
doubl e bond Rj t hebsRbtdénest lopnor W exsapleat é hyfir 6bar Bordcdgem,. The
cyclic R hy bo st} s _can, anp| be _31[}5, cycl opropyl,
cycl obutyl, Ig%lgﬁg%ént%ﬁygf 18%5?8& ﬁ%x%so&)%jg?/ghg%tuﬁ:gll’i kseeq{)r 0 lsu stituted
cyclic type,ischehbvhs fbt Rgheyel oglekybensthy| dpopsaitil ometenpeiney B0
cycl oal kyl 015y19g‘3_forrml a -(CH2)n-cycloalkyl. In addition to hydrogen, the
ot her substituents optionally present can, for exanple, be of the nethyl,
et hyl, éroopy! or isopropyl, butyl, sec-butyl or isobutyl, or pentyl,
sec-pentyl, AsepLAiNg €6 REARRUMid YPShe3O AECORELNGnOE@ ridht d widodi ment,
the reactant  or reactants conpri se(sg i dent i %al or different Ri

invention relates to a process for the production of

propylene in which ethylene and butene are reacted in

the presence of the supported metal compound comprising

15 a support based on aluminum oxide to which a tungsten

hydride is grafted.

According to a second embodiment, the reactant or
reactants comprise (s) identical or different R;
20 substituents chosen from hydrogen atoms, saturated,
linear or branched, hydrocarbon groups and saturated
cyclic hydrocarbon groups which optionally carry
hydrocarbon substituents and which can be connected to
the Csp®? carbon of the olefinic double bond either
25 directly or wvia a saturated hydrocarbon chain. The
cyclic R;j hydrocarbon substituents can, for example, be
of the cyclopropyl, cyclobutyl, cyclopentyl or cyclo-
hexyl type and the like or of substituted cyclic type,
such as methylcycloalkyl, ethylcycloalkyl, methylene-
30 cycloalkyl or of formula - (CH;),-cycloalkyl. In addition
to hydrogen, the other substituents optionally present
can, for example, be of the methyl, ethyl, propyl or
isopropyl, butyl, sec-butyl or isobutyl, or pentyl,
sec-pentyl, isopentyl or neopentyl type.
35
According to a third embodiment, the reactant or
reactants comprise (g) identical or different R;

substituents chosen from hydrogen atoms, saturated,



substituents chosen from hydrogen atons, saturated, W 2006/ 013263
PCT/ FR2005/ 001692 4 |linear or branched, hydrocarbon groups and aromatic
rings which optionally carry saturated hydrocarbon substituents and which

can be connected carbon of the ol efinigc t her
directly orW?\ﬁ%ié?%ih%éiied hydr ocar bon chai n. Tﬁﬁﬂﬁg%gﬁﬁé(%@iﬁﬁ
conprising aromatic rlngs can, for exanﬁle be of the phenyl tol yl,

benzyl , xnyI or blphen for ar I n addltlon to
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gaseous or liquid form The process can be carried out in thé presence of

hydr ogehOor 'dte afeagent wWAFBHLf orRECHYHr GFeni FAPEPPYL, éemsrﬂus St process

can be carriggput cHndabnarhydr egenpaari al s@éeﬁéﬁwlramgbpgnw@m& 001 to

0.1 MPa. Mention y be made, as agent whi ch for s hydrogen in situ, of
neopentyl type.

According to a fourth embodiment, different reactants
15 chosen from those described in the preceding three

series are reacted together.

The process of the invention can be carried out at a
temperature ranging from 20 to 600°C. According to an

20 advantageous characteristic of the invention, the
process 1s carried out at a relatively low temperature
ranging from 20 to 350°C, preferably from 50 to 300°C,
better still from 80 to 200°C.

25 According to another characteristic, the process 1is
carried out under an absolute pressure ranging from
0.01 to 8 MPa, preferably from 0.01 to 1 MPa, better
still from 0.1 to 0.5 MPa.

30 The reactant or reactants can be made use of in the

gaseous or liquid form.

The process can be carried out in the presence of
hydrogen or of an agent which formg hydrogen in situ.
35 Thus, the process can be carried out under a hydrogen
partial pressure ranging from 0.001 to 0.1 MPa. Mention
may be made, as agent which forms hydrogen in situ, of

cyclic compounds, such as cyclohexane, decahydro-



cyclic compounds, such as cycl ohexane, decahydro WO 2006/ 013263
PCT/ FR2005/ 001692 5 napht hal ene and tetrahydronapht hal ene. According to an
advant ageous characteristic of the invention, the catal yst can be

reactivated or ted by bringing into con it y.ar.o , in
particul ar %@iﬁ%ﬁgﬁg%r hydrogen diluted in a E%g[{{tﬁﬁ%%gﬂsﬁlﬁ%?
regeneration can be carried out with a 5hydrogen pressure ranging fromaO0.01
to 10 MPa, referably from0.1 to MPa.. It |s possible to proceed 10 in

t he fol |l ow rfgﬂ%éé?gﬁ?%ef%%%} %%t%?hﬁt’%’éo?%%]&‘f%?i?\?gh reactant (s) is halted.
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a time suffjci encgjjrﬁo re ener at e thetcatal st . Befq:;e . rtesun‘igg tth%
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However, it partirefaralpyrearhydcogen cont imudosden i Midlubhedniin react or.
25 The termy ﬁwﬁeﬁag.ydfhgeifggéﬁy;gt&enacaﬂpger tabased caR uuH nim oxi de”
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hydr ogen at dWr@&pegen i n DF@aEURd ar rBPIand| eatowne OsifRgl et®ond,0 MPasai d
support. 30 ﬂ?@fé@é@i cepprupdi eggent pabl y 1600RS 383 18 1URGS TR dur i de
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support 35 whegecdhe(s) umiim exinded.s agg@ssgbhe i1k pardudadqierdtly

injected and a hydrogen pressure is maintained for a
time sufficient to regenerate the catalyst. Before
resuming the metathesis reaction, it is preferable to

15 drive off the excess hydrogen by introducing a neutral
gas, e.g. argon. The regeneration temperature is
advantageously between 50 and 300°C, preferably between
80 and 200°C.

20 The ©process of the invention can be carried out
batchwise in a static ©reactor. However, it is
preferably carried out continuously in a dynamic

reactor.

25 The term “tungsten hydride grafted to a support based
on aluminum oxide” is understood to mean, generally, a
tungsten atom bonded to at least one hydrogen atom and,
in particular by at 1least one single bond, to said
support.

30
The metal compound essentially comprises a tungsten
hydride grafted to a support based on aluminum oxide.
In this compound, the support can be any support based
on aluminum oxide and more particularly any support

35 where the aluminum oxide is accessible in particular at
the surface of said support. Thus, the support can be
chosen from supports relatively homogeneous in

composition based on aluminum oxide, having in



the surface of said support. Thus, the support can be chosen from supports
relatively honbgeneous in conposition based on al um num oxi de, having in WO
2006/ 013263 PCT/ FR2005/ 001692 - 6 particular a conpositi on based on

al um num oxi honbgeneous t hroughout t upport,
that is to s@@ égé?{)%yégé%re up to the surface of P{Eﬁr support aI SO

from het er ogeneous supports 5 based on al um num oxi de conpri si ng aI um num
oxi de essential l%%it the surface In.the case
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is measured accord g he standard | SO 9 95). 20 The support can
in particul a@S%%%%a éYaﬁGthanﬁ@%ﬁeée Ofi %88 SRR oI DrCarRli fi ed

al um num oxi ges .5 'Het@%ééﬁébaé Ridded bynenesypdms ecghemitsr{som
Goups 15 to 17 of the ﬁl’lOdlC Table of the Elenments (as defined by the

|UPAC in 1991WRIRRCA*ifE §PBAFICSS SFe RURBOFEESt CBMOE rafd-shdEQhich is

found, for gxagpkeall oIGRC \biaﬂ@llboe&noflt@éqrﬂ e Yaared1RAY sirgsrgan et h
edition ((91995_ 1996‘%’ by David Li de,, publi ghed bey (}ll'«];ﬁ:q Pr es Inc., USA).
30 The t<r m S'&PRAT um16’x| @rt%ﬁ}%%r Fip &eth n‘éB‘l €Sundfer st ood
to mean, geneuhfigesanaabumaiwm, cﬁdﬂeemhplanfraﬂnl gideval diref naatyaDt her
oxi de (or cg}rgl)é(iagi ng |l ess than 2% by wei ght of one or nore other

The support can have a specific surface (B.E.T.) chosen

15 within a range extending from 0.1 to 1000 m*/g,
preferably from 0.5 to 800 m’/g. The specific surface
(B.E.T.) is measured according to the standard ISO 9277
(1995) .

20 The support can in particular comprise aluminum oxide,
mixed aluminum oxides or modified aluminum oxides, in
particular modified by one or more elements from
Groups 15 to 17 of the Periodic Table of the Elements
(as defined by the IUPAC in 1991 in which the groups

25 are numbered from 1 to 18 and which is found, for
example, in “CRC Handbook of Chemistry and Physics”,
76th edition (1995-1996), by David R. Lide, published
by CRC Press Inc., USA).

30 The term “aluminum oxide” (also known as simple
alumina) is understood to mean, generally, an aluminum
oxide substantially devoid of any other oxide (or
comprising less than 2% by weight of one or more other
oxides present in the form of impurities). TIf it

35 comprises more than 2% by weight of one or more other
oxides, then it 1is generally convenient to regard the
oxide as a mixed aluminum oxide, that is to say an

aluminum oxide combined with at least one other oxide.



oxi des present in the formof inpurities). If it 35 conprises nore than 2%
by wei ght of one or nore other oxides, then it is generally convenient to
regard the oxide as a m xed alum num oxide, that is to say an al um num

oxi de conbi j st one other oxide. WD 2

PCT/ FR2005/ 8@%6%6948{L%§95upp0rt can preferably cgprﬁ&llgzzog%Jrﬁonju%?%xi de
chosen from porous al um nas, nonporous dl um nas and nesoporous alumnas. 5
Porous alum nas are often referred to as "activated alum nas" or
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as al um nunmmésohydoosi désmihgdr oxi des of al um num oxi de or gel ati nous

al um num:ydroxi des. The activation treat 15 ment nmakes it possible to
renove the water present in the precursor but also, in part, the hydroxyl
groups, thuBoreawi mgweinarl artewofesnducgigmmrdx o graupBaridattespeci fic

porous structunginJbe surfaece @fstiRe Por QUsmidlum naspgenerally,- conpri ses a
conpl ex m xture %)? 20 _al um nur:% aF?(:jL 0>C<)ygen atmc}mé31 and of hydrggéxi de 1ons which

conbi ne accof@FhgsPeNdpdd f Varépyst Adntieklor nBydnaxyhates il yayeul ar

produce bot hopachdic andopasi negi t @ e | tpbSotifius spppeirble tc_:fér?efl@ﬁ%y as
solid support, a porous alumna fromy-alumna (gamma-alumna), 2
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aluminum trihydroxides, hydroxides of aluminum oxide or
gelatinous aluminum hydroxides. The activation treat-
15 ment makes it possible to remove the water present in
the precursor but also, in part, the hydroxyl groups,
thus leaving behind a few residual hydroxyl groups and
a specific porous structure. The surface of the porous
aluminas generally comprises a complex mixture of
20 aluminum and oxygen atoms and of hydroxide ions which
combine according to specific crystalline forms and
which in particular produce both acidic and basic

sites. It is thus possible to choose, as solid support,

a porous alumina from y-alumina (gamma-alumina) ,
25 mn-alumina (eta-alumina), d-alumina (delta-alumina),
0-alumina (theta-alumina), «x-alumina (kappa-alumina),

p-alumina (rho-alumina) and y-alumina (chi-alumina) and
preferably from y-alumina and m-alumina. These various
crystalline forms depend essentially on the choice of

30 the precursor and of the conditions of the activation
treatment, in particular the temperature and the
pressure. The activation treatment can be carried out,
for example, under a stream of air or a stream of
another gas, in particular inert gas, at a temperature

35 which can be chosen within a range extending from 100
to 1000°C, preferably from 200 to 1000°C.

Use can also be made of porous aluminas or semiporous



30 the precursor and of the conditions of the activation treatnent, in
particular the tenperature and the pressure. The activation treatnent can
be carried out, for exanple, under a streamof air or a stream of another

gas, in part] i as, at a tenperature 35 i n wthin
a range ext e‘!ﬂ‘gﬁgﬁﬂ‘gﬁ%g to 1000C, preferably f\r,%ir%c)}‘d%a({boéjl . Use can
al so be nade of porous alum nas or sem porous WO 2006/ 013263
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aluminas in alodeast Bo0na0bct Mepgystalline form deseribed ahaye, such as
y-al um na, al'uni ha, “S-alum na, "0-allumna, "K-al um na, ~ p-alum na or
x-al um na, wah somprpeeousizxtwnemaofi rropawrsi edbarinasalimi ag, lgngarticul ar

ina progo”&‘i’é‘ gk 4R té’r%&%?i’i i?%&ms”ié?ﬁﬁ%cﬁ' 4aLpas % epgeneral Iy

thermal deconposition products of alumnumtri oxi des, " hydroxi des of
al um num oxie Wi ia.dr At adustnal um rakboiiale) Oaadumgepat i raulse A num

hydr oxi des (ora phyidiagel plaldmidbumaum ol i des afugensralid ormula
Al (OH)3 = A1203,3H20 can éexist in different crystalline forms, such as

gi bbsite or PREEHEYlaTi feal HMARROH)IZY) ParEldgytar {R32APrOHPIFien of
nordstrandi tgy b ughpustkéiyeds oxi des can 20 be obtained by precipitation
fromalum numsalts in generally al kaline solutions. Hydroxides of alum num
oxi de oft9general formula A10(OH) = A1203H20 can also exist in different 25
crystalline poreBs Salimbsasli aspor eydi A X PH)Dharmdoehdddandadi g O OH) ) .
Draspore CanPng e %%rtaa{lr{lminum trihydroxides, hydroxides of
aluminum oxide (or hydrates of aluminum oxide) and
gelatinous aluminum hydroxides (or alumina gels).
15
Aluminum trihydroxides of general formula Al(OH); =
Al,03-3H,0 can exist in different crystalline forms,
such as gibbsite or hydrargillite (a-Al(OH)3), bayerite
(B-A1 (CH)3) or nordstrandite. Aluminum trihydroxides can
20 be obtained by precipitation from aluminum salts in

generally alkaline solutions.

Hydroxides of aluminum oxide of general formula
AlO(OH) = Al,0;-H,0 can also exist in different

25 crystalline forms, such as diaspore (B-AlO(CH)) or
boehmite (or a-AlO(OH)). Diaspore can occur in certain
types of clay and of bauxite and can be synthesized by
heat treatment of gibbsite at approximately 150°C or by
hydrothermal treatment of boehmite at 380°C under a

30 pressure of 50 MPa. Boehmite can be easily obtained by
heating the gelatinous precipitate formed on treating
solutions of aluminum salts under cold conditions with
ammonia. Hydroxides of aluminum oxide can also be
obtained by hydrolysis of aluminum alkoxides.

35
Gelatinous aluminum hydroxides (or alumina gels) are
generally poly(aluminum hydroxide)s, in particular of

general formula:
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bringing into contact aqueous solutions of Al,(S0,;): and
of ammonia, or of NaAlO; and of an acid, or of NaAlOQ,
and of Al,;(8S04)3, it being possible for the precipitates

15 thus obtained to be subsequently subjected to aging and
drying in order to remove the water. Gelatinous
aluminum hydroxides generally exist in the form of an
amorphous alumina gel, in particular in the form of a
pseudoboehmite.

20
The porous aluminas can have a specific surface
(B.E.T.) chosen within a range extending from 100 to
1000 m*/g, preferably from 300 to 1000 m?®/g, in
particular from 300 to 800 m?’/g, especially from 300 to

25 600 m?’/g. They can in addition exhibit a specific pore
volume equal to or less than 1 cm’/g, preferably equal
to or less than 0.9 cm’/g, in particular equal to or

less than 0.6 cm’/g.

30 The support can also comprise nonporous aluminas,
preferably a-alumina (alpha-alumina), generally known
under the term of “calcined alumina”. o-Alumina exists
in the natural state under the term of “corundum”. It
can be synthesized generally by heat treatment or

35 calcination of a precursor chosen in particular from
aluminum salts, hydroxides of aluminum oxide, aluminum
trihydroxides and aluminum oxides, such as y-alumina,

at a temperature of greater than 1000°C, preferably of
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having in parti ra spec1ficars]3’urface (B.E.T.) chosen
within a range extending from 100 to 800 m?’/g. The
mesoporous aluminas generally have pores with a width

ranging from 2 nm to 0.05 pum.

The support can also comprise mixed aluminum oxides.
The term “mixed aluminum oxides” is understood to mean,
generally, aluminum oxides combined with at least one
other oxide in a proportion by weight preferably from 2
to less than 80%, in particular from 2 to less than
50%, especially from 2 to less than 40% or even from 2
to less than 30%. The other oxide or oxides can be
oxides of the elements M chosen from the metals from
Groups 1 to 13 and elements from Group 14, with the
exception of carbon, of the Periodic Table of the
Elements. More particularly, they can be oxides of the
elements M chosen from alkali metals, alkaline earth
metals, transition metals and elements from Groups 13
and 14 of said table, with the exception of carbon. The
transition metals generally comprise the metals from
Groups 3 to 11 of said table, in particular elements 21
to 29, 39 to 47 and 57 to 79 (including lanthanides)
and the actinides. The other oxide or oxides of the
elements M are preferably chosen from the transition
metals from Groups 3 to 7, the lanthanides, the
actinides and the elements from Groups 13 and 14 of

said table, with the exception of <carbon. More
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(3cacai2cs) Orta yd?ourng%E?/Ffiun’?léF%m naf e ~anfiydrous Trtricalcium
aluminate (3Ca0-Al,03) or anhydrous beryllium aluminate

(BeO-Al,03) . The spinels can be chosen in particular
15 from aluminum oxides combined with oxides of divalent
metals and in particular from magnesium spinel
(MgAl,0,) , calcium spinel (Cahl,0y) , zinc spinel
(Znal,0,4) , manganese spinel (MnAl,0,) , iron spinel
(FeAl,0,) and cobalt spinel (CoAl,0,). The alumino-
20 silicates can be chosen in particular from clays, talc,
micas, feldspar, microporous aluminosilicates, in

particular molecular sieves, and zeolites.

The support can also comprise modified aluminum oxides,
25 1in particular modified by one or more elements from
Groups 15 to 17, preferably Groups 16 to 17, of the
Periodic Table of the Elements, for example phosphorus,
sulfur, fluorine or chlorine. The support can in
particular comprise alumina superacids or aluminum
30 oxides which are sulfated, sulfided, chlorinated or

fluorinated.

The support can be a support homogeneous in
composition, in particular throughout the body of the
35 support. It can also be a heterogeneous support based
on aluminum oxide, in which support the aluminum oxide,
the mixed aluminum oxides or the modified aluminum

oxides, as described above, are essentially positioned
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such as described above, known under the term of

alumina gels or of amorphous aluminas. A heterogeneous

15 support can be prepared in particular by employing such
a precursor by way of a sol-gel or using an organo-
metallic compound, which facilitates in particular the

grafting to the mineral solid.

20 The compound according to the invention is generally
provided in the form of particles which can have any
shape and any size, in particular a mean size ranging
from 10 nm to 5 mm, preferably from 20 nm to 4 mm. The
particles of the support can be provided as is or can

25 be shaped so as to have a specific shape, in particular
a spherical, spheroidal, hemispherical, hemispheroidal,
cylindrical or cubic shape or the shape of rings,

pellets, disks or granules.

30 The compound according to the invention essentially
comprises a tungsten hydride grafted to the support
based on aluminum oxide. The degree of oxidation of the
tungsten in the supported metal compound can have a
value chosen within a range extending from 2 to 6,

35 preferably from 4 to 6. The tungsten atom is bonded in
particular to the solid support, in particular wvia at
least one single bond. It can in addition be bonded to

one or more hydrogen atoms via single bonds (W-H) and
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said tungst €acaternt OIrRELSDPPOLt tARd topgisseal Ihydgi dehéo efob¥d si ngl e
or nultiple bepgsrbopding sal luminum oxide” is understood to mean,
generally, that the tungsten atom is bonded wvia at
15 least one single Dbond to said support and more
particularly via at least one single bond (W-OAl) to at
least one oxygen atom of the aluminum oxide. The number
of single Dbonds bonding the tungsten atom to the
support, in particular via a single bond (W-OAl),
20 depends on the degree of oxidation of the tungsten and
on the number of the other bonds bonding the tungsten

atom and is generally equal to 1, 2 or 3.

The tungsten atom of the compound according to the
25 invention can optionally be bonded to one .or more
hydrocarbon radicals R via one or more carbon-tungsten
single, double or triple bonds. The hydrocarbon radical
or radicals R can be identical or different, saturated
or unsaturated, hydrocarbon radicals comprising in
30 particular from 1 to 20, preferably from 1 to 10,
carbon atoms and optionally comprising silicon, in
particular in an organosilane group. They can be chosen
in particular from alicyclic or aliphatic, in
particular 1linear or branched, alkyl radicals, for
35 example alkyl, alkylidene or alkylidyne radicals, in
particular from C; to C;p radicals, from aryl radicals,
in particular from C¢ to Ci; radicals, and from aralkyl,

aralkylidene or aralkylidyne radicals, in particular



tungsten atomto the hydrocarbon radical It. Thus, the nunber of hydrogen
atons bonded to a tungsten atomcan 10 be at | east equal to 1 and at nost
equal to S and can preferably range from1l to 4, preferably from1l to 3.
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for 35 exanple al kyl, alkylidene or alkylidyne radicals, in particular from
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particul ar V\D 2 %{/ 08.3263 /FR2005/ 001692 , tromC7 to Cl4 radicals.
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hydrocarbonrmﬁdtcalgﬁnﬂnald@e OranDrﬁonovalent aliphatic radical
originating from the removal of a hydrogen atom on a
15 carbon atom of the molecule of an alkane or of an

alkene or of an alkyne or even of an organosilane, for

example a methyl (CHs-) , ethyl (CHs-) , propyl
(CyH5-CH,-) , neopentyl ( (CH;3)3C-CHy-), allyl
(CH,=CH-CH,-), alkynyl (R-C=C-), in particular ethynyl
20 (CH=C-), or neosilyl ((CH3)3Si-CH,-) radical. The alkyl

radical can, for example, be of formula R’'-CH,- where

R’ represents a linear or branched alkyl radical.

A carbon-tungsten double bond, in particular of n type,
25 may also be concerned: in this case, the hydrocarbon
radical R can be an alkylidene radical, in particular a
linear or branched alkylidene radical, or an
aralkylidene radical. The term “alkylidene radical” is
understood to mean, generally, a divalent aliphatic
30 radical originating from the removal of two hydrogen
atoms on the same carbon atom of the molecule of an
alkane or of an alkene or of an alkyne or even of an
organosilane, for example a methylidene (CH,=) ,
ethylidene (CH3-CH=) , propylidene (C;Hs-CH=) ,
35 neopentylidene ((CH3)3C-CH=) or allylidene (CH,=CH-CH=)
radical. The alkylidene radical can, for example, be of
formula R’-CH= where R’ represents a linear or branched

alkyl radical. The term *“aralkylidene radical” is



5 carbon-tungsten single, double or triple bonds. A carbon-tungsten single
bond, in particular of a type, my be concerned: in this case, the
hydr ocarbon radical R can be an alkyl radical, in particular a |inear or
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al kyl i dene radi cal _can, fo exarrpl e, formula R -CH= ere
represents aqurﬁeéheorr%?oa‘f?clheﬂ élh%%ﬂe r]élﬂ‘ihé%ﬂienTﬁéofnér R aFBPk;ﬂq“é%ne
radi cal " is MREHV6QLR263fPAhERMNYNAES93E -ad5 alkane or of an

alkene or of an alkyne or even of an organosilane, for
15 example an ethylidyne (CH;-C=), propylidyne (C,Hs-C=),
neopentylidyne ((CH3)3C-C=) or allylidyne (CH,=CH-C=)
radical. The alkylidyne radical can, for example, be of
formula R’-C= where R’ represents a linear or branched
alkyl radical. The term “aralkylidyne radical” 1is
20 understood to mean, generally, a trivalent aliphatic
radical originating from the removal of three hydrogen
atoms on the same carbon of an alkyl, alkenyl or

alkynyl radical connected to an aromatic group.

25 More particularly, the hydrocarbon radical R can be
chosen from the methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, neopentyl, allyl, neopentylidene,

allylidene, neopentylidyne and neosilyl radicals.

30 The tungsten atom of the compound according to the
invention can be complexed by one or more hydrocarbon

ligands, in particular aromatic or carbonyl ligands.

The tungsten hydride grafted to the support based on
35 aluminum oxide can be represented diagrammatically by

the following formula:
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al i phatic radical ofTQﬁﬁéShng ﬁ;cnnthe renoval of three hydrogen atons on
the sane carbon atomof th | ecul e of an al kane or of an al kene or of an
al kyne or even of an organosil ane, for 15 exanple an ethylidyne (CH3-C5),
propylidyne (C2H5-C=), neopgntylidyne ((FH3)3C C=) or allylidyne
(CH2=CH C=) radical. The al kylidyne radical can, for exanple, be of

formula R-C where R reprebents a linear or branched alkyl radical. The
term "aral kylidyne raﬁ%cg&" is.20 understood to nean, generally, a trivalent
aliphatic radical oryginati ng ™ omthe renoval of three hydrogen atons on
t he sanme carbon of an al kyl, al kenyl or alkynyl radical connected to an

aromatic groyp. R Mreypartiicul & | yand heghydracarbopengdi calp, R Lan be
chosen fromthe nethyl, ethyl, n-propyl, 1sopropyl, n-butyl, isobutyl,
neopentyl , dluggstemropeplynidefe, OxVEEN deiel ndowerdsti dphemgnd Akosil vyl

radicals. 30-dhe-damgst 87 akom Qif tHe COPPHML acrandhig be hetHdwention
can be conpl exed by one or nore hydrocarbon |ligands, in particular aromatic

or carboRyl P¥Hds. SH t uAgst SAEHRET de 3gPFFred Ro tTRPIRFHPFE bdsed on
35 al umi num gxd e Lavoberd@psLs enseeh dh agaarmpescabbyebyantihe,f 6,1 awi ng

Formula: W 2006, 013263 PE]LEr200R 001897 15+582) of which is equal
to 2 to 6, and with x =1 to 3, y =1 to 5, w=20 to 4
and z = 0 to 2. In the formula (2), the ---(Al-0) and

10 ---(M-O) bonds represent one or more single or multiple
bonds respectively connecting the aluminum atom and the
atom M to one of the atomic constituents of the support
based on aluminum oxide, in particular to one of the
oxygen atoms of this support.

15
The compound according to the invention generally
exhibits, by infrared spectroscopy, one or more
specific absorption bands of the W-H Dbond, the
frequency of which bands can wvary according to the

20 coordination sphere of the tungsten and can depend in
particular on the number of bonds of the tungsten with
the support, with the hydrocarbon radicals R and with
other hydrogen atoms. Thus, for example, at least two

absorption bands at 1903 and 1804 cm™

have been found,
25 which bands are specific in particular of the W-H bond
considered in particular in the environment of the
W-OAl bonds bonding the same tungsten atom to an oxygen
atom itself bonded to an aluminum atom of oa-alumina. By
way of comparison, tungsten hydride grafted under the
30 same conditions to a silica support generally exhibitsg,
by infrared spectroscopy, at least one of the two
absorption bands at 1940 and 1960 cm™*, which bands are

different from the above and which are in particular



---(Al =Ox Fly W(2) !'1 _(mO0), LY in which W A, O
represent tungsten, alum num oxygen and hydrogen atons,
atom of one or nore el enents of another 5 oxide, such as
represents a__hydrocarbon_radical, such as defined above
are integer sWOt%@0&(R1398%+y+2) of which is equal RO/ FR

and H respectively
M represents an
defi ned above, R

and x w and z
2085/ th x = 1

to 3, y=1to5 w=0to4 and z =0T%o0 2. Inthe fornula (2), the

---(AI-0) and 10 ---(MO0) bonds represent one or nore sin
bonds respectpeelyieomdecting Wie kondi rorsadereandin hpar

the atom c copstidiBNichiint NS rSUPROT tyy- RS bR alodmian
particular to one of the oxygen atons of this support.

glle or multiple
E6mLRIt olne of
oxhée,sdme

5 The conpound

accor di ng t ot¥RBSTAReMiVBh §EneRAl YIS BFPE, byS¢hE r Hoedieshetfr i3 copy,

one or nore gSpeebhi graksSef pthenshands efippbet WH bond, the frequency of
whi ch bands can vary according to the 20 coordi nati on sphere of the tungsten

and can depend in particular on the nunber of bonds of t

he tungsten with

t he support,anbthet heahydifodariien 46k cebscRagBdtwirike a@hkerptygkogen at ons.

Thus, for exapple, %ﬁ{ ast. two sorption bands_a
have been fotnd, 25" whi

1804 cm ' -

t 1903
Ml ar e poGPTPRURe S AEPEarae ofd ne e b bond

consi dered i npeauiticnl aonas t Beoand rmaaerutenént hdoy VWAL ohontls: i ng t he
same tungst atomto_an agx n,_atom iis bond t n alumn at om of
SHpOUEPLL0nR0,BE0E" (<BUO LRl DN 9600 ST R

a- al um na. way of angs dri-de

e 30 sane

condi ti ds tvabusi ldfcatbeppureniyemer ahliytexdf bithe, thygsnénarediride
spectroscopy g at, 'fsaséqﬁé‘f of {6\@6%;\5)[“ @as?ﬁé“bé’P Ipﬂlgfoﬁ}_ 1940 and 1960

cm, which bandd are

The compound according to the invention can

additionally comprise an aluminum hydride, in

15 particular at the surface of the support and in

particular in the wvicinity of the grafted tungsten

hydride. It is believed that an aluminum hydride can be

formed by opening of an aluminoxane bridge

(of formula

Al1-0-Al) present in particular at the surface of the

20 support and by reaction between a hydrogen

atom of a

grafted tungsten hydride and the aluminoxane bridge

thus opened. A simple test for the characterization of

the aluminum hydride present in the compound of the

invention next to a tungsten hydride comprises a

25 reaction for the deuteration of said compound. The test

can be carried out by bringing the compound according

to the invention into contact with a

deuterium

atmosphere under an absolute pressure of 66.7 kPa, at a

temperature chosen between 25 and 80°C,

30 equal to 60°C, for a period of time of 15

preferably

minutes. A

selective deuteration reaction 1is thus carried out

under these conditions: it makes it possible to

substitute the hydrogen atoms by deuterium atoms in the

W-H bonds and to thus form new W-D bonds

which, by

35 infrared spectroscopy, exhibit two absorption bands at

1293 and 1393 cm™?, while leaving unchanged the hydrogen

atoms 1in the Al-H bonds which can then be charac-

terized, by infrared spectroscopy, by an

absorption



different fromthe above and which are in particular WO 2006/ 013263
PCT/ FR2005/ 001692 - 17 specific of the WH bond considered in particul ar
in the environnment of the WGOSI bonds bonding the sane tungsten atomto an

oxygen atom.itself bonded to a silicon atom of the si

Anot her wayv‘lﬁ 9 goja?b?@to characterize the pres r‘r’ge) R(?%o} \R%H‘Gc?&d in the
conpound accor ding to the invention tofes froma neasurement by proton

Nucl ear neti c Resonance,(solid 1H NMR) at 500 MHz, where the 10 val ue of
t he cheni cal %rllfif%tojf%t%ecrﬂungsten hydride (Sw H) is equal to 10.6 ppm

(parts per million). The corrpound according to the invention can
addi tional | y co num h ride, in parti cul arlia e surface
&d t

Ise an,alu 5
of 't he_suppoFits aNEET e nat ETEUF PR AL PReTeLaERpL §o0R BE R sten
hydride. It pﬁema‘ﬁv@d t bat aﬂneal mm&%nﬂewan kempbanded Imheopeni ng
of an al ym noxane b |d% é % % m? ﬁl resent LN articultar at the
surface of tFHERGHS FEORNE Py FBactiSn B r]roél hydtogen oot a
grafted tungséﬁntttyaﬂl}delandthehefarmrrbrﬁo>eantanbg$td@e htyinsdeperedt el si npl e
test for th characterl zatl on t l.um_num .hydri pres int
conmpound of he® Pnventi onbanse% ?o raﬁtuﬁll sten la/rl déeigcogr?%rl regareﬁg
reaction forbyhe pﬂemee?p%ltq:@npx)iSSwdtlcem@@hh@lwm'g\eSt@ges can be carried out

by bringing e cormpouynd accardi ng, t :ﬂi/ﬂ%m c nutngfst th a
deuterium aﬁr:)nsphregr)e uncf’?erC glnrgabs éuk?e %{reess e "g{GEIGﬂfQ:k 3 o
t enper afllr e R¥RBEFEPet WREH 25 sandiBPETrsedef evall yaBo eeited 60T, For a

period of tiderdpakadtes. afumdblRCbkYBedeyherali-an ﬂr%%%tr‘s% it§,d hus
carried out under these conditions: it nmakes it possible to substitute the

hydr ogen at ARSIt RRRulSr | i &gt G athebonded or complexed to at

least one hydrocarbon ligand, so as to form a tungsten
hydrocarbon compound or complex grafted to said
15 support, then
(2) a stage of hydrogenolysis of the grafted
tungsten hydrocarbon compound or complex resulting from
the preceding stage, so as to form a tungsten hydride
grafted to said support.
20
The organometallic tungsten precursor Pr preferably
comprises a tungsten atom bonded or complexed to one or
more hydrocarbon 1ligands. The tungsten atom can in
particular be bonded to a carbon of the hydrocarbon
25 ligand wvia carbon-tungsten single, double or triple
bonds. The hydrocarbon 1ligands can be identical or
different, saturated or unsaturated, hydrocarbon
radicals, in particular aliphatic or alicyclic
hydrocarbon radicals, preferably C; to Cyy radicals, in
30 particular C; to Cy;p radicals, and can be chosen in
particular from the hydrocarbon radicals R described
above. The number of hydrocarbon ligands bonded to the
tungsten atom depends on the degree of oxidation of the
tungsten in the precursor Pr and can be at most equal
35 to the degree of oxidation of the tungsten in the
precursor Pr, in particular be greater than 0 and at
most equal to the maximum degree of oxidation of the

tungsten and preferably have any wvalue ranging from 2



WH bonds and to thus formnew WD bonds which, by 35 infrared spectroscopy,
exhi bit two absorption bands at 1293 and 1393 cm 1, whil e | eaving unchanged
the hydrogen atons in the Al -H bonds which can then be charac- terized, by
infrared spectroscgfé/ %\}(' an absorption WO 2006/ 013263 PCT/ FI32005/ 001692 -
18 band at "@1200¢d4133P2 present - invention al so FATHER:Y0P/D W& %ss for

the preparation of the supported netall®onpound. The 5 conpound according

to the invention, which exists essentially in the formof a tungsten hydride

grafted to &° stippbRtPeESEEUEAT af LA ntint®xP de, can be prepared by a process

conprising the follow ng stages: (1) a stage in which an organonetallic

tungsten 10 precursor (Pr) is di srgersed over and grafted to a S;f ort
n p

based on al UMtFRURBRFHESCT n Whi cFRr UIROHSE hé® i &59m i cul ar
bonded or cosptexedlip abmplesst eseohydbecabiben Hyidgaitrbem dsdandorm a
tungsten_ hydracarbon c ound _or c | ex.grafted _to .sai 15 support, then
(2) a stage %Lllg]ﬂy&?&‘jentg?n%saggafaet I?%?ﬁ*?%ﬁlo?uﬁgstte}he hgﬁpgéﬁ?ﬁonl%orrpound
or conpl ex reswhli ng for.onThé haygrecedbag dtiagged smrasbé ochoessna fixoigst en

hydride grafted to said support . 20 Ttllgoorgan net alo{i o t&lﬂggten Jfrgecursor

Pr prefer abla;l/ror&%%?i sélslgant tf’ngs?lén atom bdnde loq'ar%:osrr'pl exed to one or nore

hydr ocar bon prgandsor TRe tasrgsbenchpesncdiram typegsienl brisbeebendetito a
car bon of th@uﬁ%’%ﬁ&ﬁalé&?gcggbéﬁ?fpd via carbon-tungsten single, double or
e hy on

triple bonds. rocar I gands can be identical or different,
saturat éd or unsaturated, hydrocarbon radicals, in particular aliphatic or

alicyclic hydrggarbBonyadicaks, dpepbesabby &k torfiR0ingdkeakbe, ithe
support based on aluminum oxide can be subjected to a
preliminary stage of calcination and/or of
dehydroxylation. The support can be calcined so as to

15 oxidize the carbon possibly present in the support and
to remove it in the form of carbon dioxide. The
calcination can be carried out by subjecting the
support to an oxidizing heat treatment, in particular
under a stream of dry air, at a temperature lower than

20 the sintering temperature of the support, for example
at a temperature ranging from 100 to 1000°C, preferably
from 200 to 800°C, for a sufficient period of time
which makes it possible to remove the carbon dioxide

and which can range from 0.1 to 48 hours, under a

25 pressure of less than, equal to or greater than

atmospheric pressure.

The support can also be subjected to another
preliminary stage, referred to as dehydroxylation. This
30 stage can be carried out so as to optionally remove the
residual water from the support and a portion of the
hydroxyl groups, to leave behind, in particular at the
surface of the support, a residual amount of the
hydroxyl groups and to optionally form aluminoxane
35 Dbridges (of formula Al-0-Al). The dehydroxylation can
be carried out by subjecting the support to a heat
treatment under an inert gas stream, for example under

a stream of nitrogen, of argon or of helium, under a



30 particular Cl to Cl10 radicals, and can be chosen in particular fromthe
hydr ocarbon radi cals R descri bed above. The nunber of hydrocarbon |igands
bonded to the tungsten atom depends on the degree of oxidation of the

tungsten in e Pr and can be at nost eq tQ t ee of
oxi dati on ofvsé]h?e&é%%&f%%% n the precursor Pr, intfg?g/%%@&l%ar’r/‘hg’&d%%at er
than 0 and at nost equal to the maxi‘ degree of oxi dati on of the

t ungst en angbtpreferabl Pave ny val.ue ran]gl ng f % WD 2006/ 013263

PCT/ FR2005/ GHBYHTE RESLEL2B: Yl i a]reti?%u anBWPﬁp 6T6° &S ESUr sor Pr
can conpri sefar t wxgsipdre atmdenrn aIpaI’aTbSEﬂJLBIJ’e cpmalsemed tmzog\ien@r firome

hydr ocar bon Jﬁ}gaﬁdeSC&guc}Qp%Pgén%gergggre ?612d%t| Q) o k.'%% tungsten is

equal to O. rbon can beé c’ﬁosen from aromatl c'li gands or
car bonyl | i gandsmpdiaisurs hef bessuthen Phec an nberdhgs érempeamtiunmeg sifen

bi sarenezand. 4 ”?ﬁéﬁS he%@;?abase Le ]aoc[ PLi Qérﬁ\%&&gﬁréi Fr%%xg‘ié%ﬁ%ﬁr&‘g and

grafting stage SUppor ulmi nONT oxi de” can ed to a
prelimnary lsQ(ngOoiOQQFGhn@Mﬁra@d/Yorfm Ahye o0& 9P a€i oandTHesSWport can

be cal cined &@Cf&le‘SgQ?lgidze?f hey %r Qgﬁ&?sﬁéi&leﬁe&rtesﬁé?éskﬂl&hecéUpport

and to renove it 1n th orm of car 1 oxid cination can b
carried out b@a‘é@b@éc@m@oméatguﬁf@éi@u@é amovrtdiri hydreatylt rewt/fEnt, in

particul ar amedein@xshd egrbabsdrin ke @hpgo&%m@{datwmecﬂlow@h thay20 the
Si nterln% terrperature of "t he support, for _exanple a tenperature ranging

from 1089 o B6ROCO -gr eFer ahf yho‘f“f%m s téeﬁﬁééoxi’é?téoguf?‘F%?%ntcadér| od of

tinme which J@kestddepoSEY bl t @areide bhe carben dirxi delantoddch can
range from 0. 1 to 48 hours, under a 25 pressure of |ess than, equal to or

greater tharPtade:

The dispersing and grafting stage can be carried out by
15 sublimation, by impregnation using a solvent or by dry
mixing. In the case of a stage by sublimation, the
precursor Pr, which generally exists in the solid state
under standard conditions, 1is heated, in particular
under a pressure of less than atmospheric pressure and
20 under temperature conditions which provide for its
sublimation and its migration in the gaseous state over
the support. The sublimation can be carried out at a
temperature ranging from -30 to 200°C and in particular
under an absolute pressure ranging from 10™* to 1 Pa.
25 The grafting of the precursor Pr to the support can be
monitored by infrared spectroscopy. The excess
precursor Pr which has not grafted to the support can

be removed by reverse sublimation.

30 The dispersing and grafting stage can also be carried
out by impregnation using a solvent. In this case, the
precursor Pr can be dissolved in a polar or nonpolar
organic solvent, for example pentane or ethyl ether.
The impregnation can be carried out by bringing the

35 support based on aluminum oxide into contact with the
solution, prepared beforehand, of the precursor Pr. The
impregnation can Dbe carried out at a temperature

ranging from -80 to 200°C, under an inert atmosphere,



at nospheric pressure. The support can al so be subjected to anot her
prelimnary stage, referred to as dehydroxylation. This 30 stage can be
carried out so as to optionally renove the residual water fromthe support
and a porti o] oxyl groups, to | eave be &%ﬂ i ti.C r at the
surface of Sﬂ% qu.é)%%;,ygresidual anount of the R’ /g&%%?r&?ﬁséggd to
optionally form alum noxane 35 bri dges bf fornula Al-O A ). The

dehydr oxyl atjion can e carried oyt by subjecting the support to a heat
Croxtmont urtidh GRETRUS: Sgac SaHETY oot ek PR A BESTR el it

ni trogen, ofhalrpon cndfphetevapl yndethasVOr2006/. 0A3263pRGEABR2@A5/:001692 -
20 pressur referabl y.of |ess than atnpspheric_pressur far anpl e
inder an’ abaBITE B Qe TR ng o PO B 1Br 4 PAPP 5% 55 kbs S SPerdiabl y from
10-2 Pa to Suikiat ats whtenpktained. oThkessceban pireeusisotre Pimgittiertper at ur e

of 5 thecsu t, r I a np r i fr t.qQ. 1000C,
prefer abF’y 1%)%%1 ﬁfjotot g%ég%%,dea% ftc#lga géﬁ#?%?l en pg&% odtcg(ﬂofe?pne %i ch
makes it poswidhiEng o usiaye am appPopifat eolwshdualidembdrelof tieydrasxyl
and/or  alumg OTALGS {8 oo SRRCE Indnthathi £ £aa¢ 2gge 10 from 0. 1 to
48 hours. The dehydroxyl ation stage can advantageousty be carried out after
the calcination stage. The dispersing and grafting stage can be carried out
by 15 sublirmd i glspbysiAPr eRatld LN tshNIsBagl @ LTsHYpEr rar¥dddlg. In
the case of a st%g/e §¥ sublipation, the precursor Pr, which generally
exists LA t H3sol¥d SFYt SMLEHRr StTAnBREE CONET | BKs,AT8 MEHEd Gai
particul ar mieigAa prieshdr abgknkesoft Maiqat AvsPheri ¢ ipiess Wl vt 20 under
t enper at ureoffgn i tions whi tg‘:geﬁprovi de for _i i

tion and.its . mgration
in the gase Ht Vet

ts _subli,nma
CEERGHEREY e YHRF Pt S SCSR b o ad out
at a form of a solid, is mixed with the support based on
aluminum oxide in the absence of liquid or of liguid
15 solvent, in particular with mechanical stirring and
under an inert atmosphere, for example an atmosphere of
nitrogen, of argon or of helium, so as to form a
mixture of two solids. During or after the dry mixing,
it is possible to carry out a heat treatment and/or a
20 treatment under a pressure of less than atmospheric
pressure, so as to bring about the migration and the
reaction of the precursor Pr with the support. The
precursor which has not been grafted to the support can
be removed by reverse sublimation or by washing using

25 an organic solvent.

The preparation of the compound according to the
invention can comprise a second stage referred to as
hydrogenolysis. It is a reaction for the hydrogenolysis
30 of the tungsten hydrocarbon compound or complex grafted
to the support as prepared in the preceding stage. The
reaction is generally carried out so as to form a
tungsten hydride grafted to the support. The term
“hydrogenolysis” is understood to mean, generally, a
35 reaction in which a molecule is cleaved with attachment
of hydrogen to the two cleaved portions. To be
specific, the cleavage reaction takes ©place in

particular between the tungsten atom grafted to the



tenperature ranging from-30 to 200C and in particular under an absol ute
pressure ranging from10-4 to 1 Pa. 25 The grafting of the precursor Pr to
t he support can be nonitored by infrared spectroscopy. The excess

precursor Pr i grafted to the support r \ reverse

subl i mati on.W%%%}]%?%%%%si ng and grafting stage %ﬁ/ﬁ?&c’g"yb@g&r%d out

by i npregnation using a solvent. In thi%® case, the precursor Pr can be

di ssolved in_a polar or _nonpol ar rgani ¢ _sol vent, for exanpl e pentane or

ethyl et her SURARES mfednathon CAROBE cAEPRedoout tBF bPEAGITG Fhe o suppor t

based on al umitarheki de ioxt ocomomt excdd wivt hht & ids ot wtidgoren paepar edhe

bef or ehand, I?fdéct'ee r-ecur sor rPlr b The li,lngéegﬂgt iuosnlnca bré:ar ig&i out at a

t emperat ure }fang? ng ont - 86"t ¢ 200C. " under “an i nert éfnos%%ere, \ViD

2006/ 013263 RCIUERRD054601L6@2pable]l irf graxxarpl & anf atpoypheiegofthe t r ogen

of argon_.or i r ' it h LT Rg. S 10 f a

tungstenShyé%%FE%%%n%ggl ouﬁg gé%%g%%%g%%brgéﬁgé&bg t%é su%pg%% ﬂ§9thus

obt ai ned. Treraikeeds tpraafresor pdnidiech BhhRashydrogendiydiso adre ffpport can

be renoved by, washi RgUsHHg B0 9 I G0l Erbdent 10 i fferent
?nprébﬁ%%%%n.r§a &ga 5 i ﬁﬁ%t rgkﬂ

fromthat use%lr during the The~di spersi ng and ng stage
can al so be @@fyeedcOompoBne WE dEYMEE RKngntion grirtacul ¥ithy qQe]hani cal

mxing, in the ahsenefidd quhdner ak ldfi Heselawenled duk t Bhetase, the
precursor Pr, which is present in the formof a solid, is mxed with the
suppor t 1Base FrPIeR urﬁtrﬂﬂﬁfﬁﬁjﬁﬁe i9F t RS abS8REe JFMPFRFEC or WISTi Guid 15
sol vent, in pedidin aragdrith nechagiecal shietri ngnantbsdindey Prdswmite
SLTOSPhEr e, LSl EXRATALE A1, PO ool o AL O9EM 0L gon oL o el um
i s possible foowazd yrousoacigatorr eapaenbdand/ aime ranging from 0.1

to 48 hours.

15
The present invention furthermore relates to the use of
the supported metal compound according to the invention
and as disclosed in FR 03 03588 in a process employing
cleavage and recombination reactions of Csp’=Csp?

20 olefinic double bonds to manufacture novel olefins. It
relates more particularly to the use of the compound
according to the invention as catalyst in reactions for
the metathesis of an olefin with itself (self-
metathesis) or with at least one other olefin (crossed

25 metathesis) as represented in the above equations (1)

and (2).
The following examples illustrate the present
invention.
30
Example 1: Preparation of a tungsten hydride grafted to-
an alumina
In a preliminary stage, 530 mg of a y-alumina, having a
35 mean size of 40 um and a specific surface (B.E.T.) of

200 m?/g, comprising 90% by weight of alumina and 9% by
weight of water and sold by Johnson Matthey (Great

Britain), are subjected to a calcination treatment



20 treatnent under a pressure of |ess than atnospheric pressure, so as to
bring about the mgration and the reaction of the precursor Pr with the
support. The precursor whi ch has not been grafted to the support can be

removed by ngy /s(#g jg@tion or by washing usi ngpﬁﬁaogrsg%ryl%ﬁol vent .
e

The prepar at| on o conmpound accor di to the invéntion Can conprise a
second stage referred to as hydrogenolysis. It is a reaction for the

hydr ogenol ysdr? a0 af dhe Lhingst %}J‘YQEQC%?%?S@ED%E" PE_LoHp Lex, g{af ted

to the support as prepared in the - “preceding s reac ron 1s
general ly calrheredt@uta s@elsxdr@wb@men ttm‘ﬁg;frmenthymd@‘e gnakbe®livd« he

support. Th‘f‘pﬂ;é‘ééﬂr hydr egenalysis” shgo en(%%rﬁtl%o%éxprémaéb SEQEradHé/ a 35
reaction in which a nolecule is cleaved with attachment of drogen to the

two cl eaved dBitimhsthys mealamad f ped Q@Yér@aiyég?eterdea%ﬁlb}ﬁl fkeP¥l ace in

particul ar bgi{meend he ts&'ié@:%tr%c%tp?'“ grathedet o tdies 2006/ 01326315
PCT/ FR2005/ 001692 - ort and the carbon ato(y% t he precursor Pr

attached to Jfﬁ'sRﬁﬁFp’r‘é@@elﬂ Wr'—t 744 d 3" 3rg<Eh %@%CI‘T ChRY@CSFERAYS s can be

carried out ysigwrtiyeingernOrrésidefucng-Rgenid capable in parti cuI ar of
converting the 5 grafted tungsten hydrocarbon conmpound or conplex to

grafted tungsten hydride. The hydrogenolysis can be carried out by bringing
the grafted Imngstmétydsbagear hoe ceEdpatndoar tIl’(HTphEerﬁ.ﬂ&Op&@@Ta&tetd W th
hydr oge or_.t he reducin It,can be cerrl ed out undernde\e 1,}/drogen

at rmsphgpe oarb%\'rlelr?efret At Hg?g :\LI\%% & Peddci nﬁ 8 i'§'Used, > Under an
absol ut e pr essgore atm@)h@ré rmmd 19 2256C10EMPApwal byt emseﬂatcuro@ roefngl ng

from20 to 50Q0C, fora perlil%rggaﬁérre r%%%gqsfi5%rn 0. 130(5%948 hoyres. 15
tris (neopentyl)neopentylidynetungsten, used as
precursor Pr and corresponding to the general formula:

15 W[-CH,-C(CH;3) 3] 3 [=C-C(CHj) 3] (3)

The mixture thus obtained is maintained at 25°C for
3 hours. At the end of this time, a tungsten
organometallic compound grafted to the alumina is
20 obtained, the excess precursor Pr which has not reacted
being removed by washing with n-pentane at 25°C. The
tungsten organometallic compound thus grafted is dried
under vacuum. It comprises 1.5% by weight of tungsten
and corresponds to the general formula:
25 (A1-0) xW [-CH;-C(CHj) 3]y [=CH-C (CHs) 3] (4)
with x = 1 and v = 2.

In a second stage, 50 mg of the grafted tungsten
organometallic compound obtained above are isolated and
30 subjected 1in a glass reactor to a hydrogenolysis
treatment by bringing into contact with hydrogen under
an absolute hydrogen pressure of 73 kPa at 150°C for
15 hours. At the end of this time, the reactor is
cooled to 25°C and a compound (W/Al-1) according to the
35 invention, which comprises in particular a tungsten
hydride grafted to the alumina, 1s obtained and
isolated under argon. The compound (W/Al-1) comprises

1.5% by weight of tungsten and exhibits, by infrared



The present invention furthernore relates to the use of the supported netal
conpound according to the invention and as disclosed in FR 03 03588 in a
process enploying cleavage and reconbi nation reactions of Csp2=Csp2 20
olefinic douﬁbezgggyglggs nuf acture novel ol efins.pdd/ pi£d @ Ao 1Hs S
particularly to the use of the conpound,,according to the invention as
catalyst in reactions for the netathesis of an olefin with itself (self-
nmet at hesi s) i east, .0 . ol efl : t h$) as
repr esent ed ?%e§kggig%€g;e%&8t?%ﬁgEgﬁéégaﬁ’r%%%ﬁg e fdﬁ%ﬁ&fﬁﬂ;ggigiles
illustrate t@AedpA88énem |%iﬁﬁ@@ﬁﬁr¥§FP&a%%Iéh§:WPHe@@ﬂﬂigﬁ@é%eQi%@ngsten
hydride grafpgdrtey1ap abughBasifm@nprel i mnary stage, 530 ng of a
y-alum na, having a 35 nean size of 40 mand a specific surface (B.E. T.) of
200 nmR/ g, conprising 90% by wei ght of alum na and 9% by wei ght of water and
sold by Johngeampiet beyptehashtibhi bai B) tudigs teuhj8dadd Gy faddi vat i on

t r eat ment Vmgggggﬁﬁiiébd PCTTFRZ0057 001692 - 23 under a streamof dry air
at 500C for 28nd then to a dehydroxyl ation treatnent under an
absolute pressure of 10-2 Pa at 500C for 15 hours, so that the alumna

t hus calcineg and deh drox%lated gxhibits by 5 infra{ed spectroscopy, three
absorption bafids PESHERIIUEYy att3793, 3957 and SERI tAF1 cHATact@fistic
in particul adebfdresytlaaliocAl O&f bontdhe | noaaflimdthast agee t o SIutraglwf t he

al um na prep . abqv | pt Lnto a glass reactor under an
argon agﬁ%spﬁéggté%%la?gzg%?ggokfoé%%H§$gahéoIution of 6 m of n-pentane
conprising 300 ng of tris(neopentyl)neopentylidynetungsten, used as

In a first stage, 53 mg of the alumina prepared above

are isolated and introduced into a glass reactor at
25°C under an argon atmosphere. The precursor Pr of
15 general formula (3) as used in example 1 1is then
introduced into the reactor. The reactor is then heated
at 70°C for 2 hours, so as to sublime the precursor Pr
over the alumina and to form a tungsten organometallic
compound grafted to the alumina. At the end of this
20 time, the excess precursor Pr which has not reacted is
removed by reverse sublimation at 70°C. Subsequently,
the reactor is cooled to 25°C and a tungsten organo-
metallic compound thus grafted which comprises 3.7% by
weight of tungsten and which corresponds to the

25 preceding general formula (4) is isolated under argon.

The second stage 1s carried out exactly as in
example 1, except for the fact that use is made of the
tungsten organometallic compound grafted to the alumina
30 prepared in the preceding stage. A compound (W/Al-2)
according to the invention comprising a tungsten
hydride grafted to the alumina and comprising 3.7% by
weight of tungsten is thus obtained. It exhibits, by
infrared spectroscopy, two absorption bands
35 respectively at 1903 and 1804 cm™® characteristic of the

W-H bond grafted in particular to the alumina.

The compound (W/Al-2) 1is subjected to a selective



precursor Pr and corresponding to the general fornula: 15
W-CH2-C(CH3) 3] 3[=C-C(CH3) 3] (3) The m xture thus obtained is naintained at
25C for 3 hours. At the end of this time, a tungsten organonetallic

conmpound gr e umna is 20 obtained, th 5855 0 AfdY Pr
whi ch has nggtqér%%é?/egf§%§% ng renoved by. shing w tePhCefr(l pent ane até%c. The

tungst en organometal i c compound thus ¢rafted is dried under vacuum |t
conprises 1.59 i ght ungst orr on t : r

formula: 25 ‘?ﬁ%ﬁ%gﬁf%ﬁf%%ﬁﬁ:e&ﬂ%ﬂ%ﬁf FE( 4;1SC vm%t(#b% = a%’lcli y = 2.
In a second seageteBohigrafiet lsadgrat t @bunimgst Brdréfgandeshaldnast tepound
obtai ned abovgs afe isolabed apd g3 subsected 'ébrﬁp&duﬂéﬁ (rpagley tpsa

hydr ogenol ysis treatnent by bringing into contact wt ydrogen under an

absol ut e hydPbyeedpridssar ST NEPLtar 1508 fot tISThohFQualRE tHeE@nd of

this tinmg, tAsentgac!t Ohinl SniHokedctor2SGiand 2 gamparadm( Wsshhaescor di ng
to the 35 invention, which conprises in particular a tungsten "hydride

grafted to tWeIaT uARnaPSPLUbBt RFREGUER OLi $61-dt &&'3uRderd T3HE ¢ onmpound
(WAL-1) conpfi $03C 1EH% by mehgbesof Atungss eanandexthbst simby ivde ared WO

200/ 015263 FCTI PRG0S O0LG0%, "+ 24, cRoccl oacony, o absotpl anbande
in particul@uterdhedal s nasobaErdnpled2r Peeparati ahief admgsien
denycr oyl at PO REER neth AiE BB Spetrtrery 58 Redee AP S4Rbse or
exanpl e 1. |atalPilAstrst agearaGragistichefaluhm nal pepandd wisheangead e
i solated andpyi ntrpduged bRLe18n9l ASSCL 885! WaBlied out under these
conditions. Furthermore, it is observed that the
absorption bands at 1903 and 1804 cm* characteristic of
15 the W-H bond grafted to the alumina disappear to the
advantage of the absorption bands respectively at 1293
and 1393 cm™? characteristic of the W-D bond grafted to
the alumina and formed by the deuteration reaction of
the W-H bonds.
20
Example 3: Preparation of a tungsten hydride grafted to

an alumina

The preliminary stages of calcination and of
25 dehydroxylation of the alumina are absolutely identical

to those described in example 1.

In a first stage, 2 g of the alumina prepared above are
isolated and introduced under an argon atmosphere into
30 a glass reactor at 25°C equipped with a magnetic
stirring bar. 305 mg of the precursor Pr of general
formula (3) as used in example 1 are then introduced
into the reactor. The reactor is heated to 66°C and the
dry mixture thus prepared is stirred for 4 hours. At
35 the end of this time, the reactor is cooled to 25°C and
then the solid mixture is washed with n-pentane at
25°C. The solid compound thus washed 1is dried under

vacuum and then isolated under argon, so as to obtain a



25C under an argon at nosphere. The precursor Pr of 15 general forrmula (3) as
used in exanple 1 is then introduced into the reactor. The reactor is then
heated at 70C for 2 hours, so as to subline the precursor Pr over the

al um na and we Jooevnerizegst en organonetal lic conmpeaydrRoakt/@d 1te® 2 he
alumna. At the end of this 20 tinme, 1Rhg excess precursor Pr which has not
reacted is renoved by reverse sublimation at 70C. Subsequently, the

reactor is cagipstd® gﬁ&%ﬂe@alyﬂ@%&ﬂp@uﬁ@ngraﬂﬁé@ kbC teemauRd dhus
grafted which co rises 3.7%b of tungsten and which corresponds to

Phe 26 pr eoddTi Hera of - Tor 0 oL a50] 8% SHPEPLATUATE, CARgERPOI RIS boond
stage i s cartd ethouwrexadiny asnéral exarmhka 1(4)except for the fact that use
is made of the tungsten organonetallic conpound grafted to the alum na 30
prepared in the preceding stage. A compound (WAI-2) according to the
inventi of carhpe i ssagoadt usgsioen twydrcdergedft editt o dxhectalyum aa anich

conprising 3. 7‘V wel ht nggt.en ) obt i ned. It ex i
i nfrared spec%rcpscopy’ g%sorpt |%(E)1n bflac&sr}%? respec%l velay at 86? and 1804
cm 1 charactemsttien o@rgdn@omw&llbmdcgmlacbued gnapaedi tol ahet @ltunan@l um na.
The conpoun ) ubj gc S i /

b fag E%v-%eut%rté:??tgbﬁn@ Bl £etlye 0 2006/Q1326

PCT/ FR2005/ n test which shows that 7t corrprlses a
t ungst en hydFreR tERN aROEPUHE Heh ﬁy@MWteﬁbtW%‘fﬂaﬁ edrafeedhbcaltdtd na. A

sanpl e @f the germpounda( Wlpsirgy Bl agedy) nwél%hé‘s%fr e@ﬁﬁ?été@d iigs then
brought into 5 contact, in this reactor, w'th eut eri um at nosphere under
an absol ut e {HessaPEadheds. 7I'CI<P§XQEL ACBenpit atBfBaTed GBEFEPSESNinut es. At

the end of tiys abderpthén beABEOKespectaled yt %t25@(ﬁ3"|da1ﬁcﬂlels@hl gmconpound
thus deuterated is |sol at ed_under ang c{hls f rT&)ound )ih' hits, by
infrared speCtH RIS aBEoFBE 8 g’rﬂil grafted to t uminga.
Furthermore, it exhibits, by nuclear magnetic resonance
15 (solid 'H NMR) at 500 MHz, a value of the chemical
shift of the tungsten hydride (6y.y) equal to 10.6 ppm

(parts per million).

Example 4: Preparation of a tungsten hydride grafted to

20 a silica/alumina

In a preliminary stage, 530 mg of a silica/alumina,
having a specific surface (B.E.T.) of 475 m?/g,
comprising 33% by weight of alumina and sold by

25 Akzo Nobel, are subjected to a calcination treatment
under a stream of dry air at 500°C for 15 hours and
then to a dehydroxylation treatment under an absolute
pressure of 107 Pa at 500°C for 15 hours, so that the
silica/alumina thus calcined and dehydroxylated

30 exhibits, by infrared spectroscopy, an absorption band
at 3747 cm' characteristic in particular of residual
Si0-H bond.

In a first stage, the 530 mg of silica/alumina prepared
35 above are introduced into a glass zreactor under an
argon atmosphere and at 25°C, followed by a solution of
6 ml of n-pentane comprising 300 mg of the precursor Pr

of general formula (3) as used in example 1.



at 1914 cm 1 characteristic of the Al -H bond unchanged by the deuteration
reaction carried out under these conditions. Furthernore, it is observed
that the absorption bands at 1903 and 1804 cm -1 characteristic of 15 the

WH bond grajbedobe/bhg2gkum na di sappear to the asiyp RIS 9f 061892
absorption bands respectively at 1293_ and_1393 cm -1 characteristic of the

WD bond grafted to the alumna and fornmed by the deuteration reaction of
the WH bonds. 20 Exanple 3: Preparation of a tungsten hydride grafted to

an alum na The prelimnary stages of calcination and Qf 25 d%p:ydr oxyl ati on
of the al um ARSarerEPEet uFey | dRhe1Re! o PALEEAYBEEr iHedZPnCexhfbie 1. In
a first stage, hdugsof Athethtumnda $f epaned tiheve ar e ungsdledt esirfantlo -

i ntroduced undgr Rrgn ar igon at mﬁspherg igto 30_a dl ass. re?cior.at 25C

equi pped wi t B5fhgfiet FETBPPPH ngEBaFSd305° gt 0F (el bractt ¥Bii®r of general
formul a (53) aebtaseaddi ntexakplcesk areddieor my ediiced hdntmot heesieaedior. The
reactor is hgated to 66C and the .dry mxture thusC prep stirred for 4

vy M "k

ared i,
hours. At 35°theend 61’1 t iR %t Sy HES6 e%ltt%SZ C a %e t hen
the solid m gtinpgetes wesirednettsl In-permrepmural tRSBE. gThdétedl iids cdnpednd t hus
washed is drj nger cu ) i solat u r , 0 obtain
a VO 2006/013@%%%3%%@05 o?gggw-ggfaa't%ng‘gfeﬂggéﬁgn%ﬁt% ?%é%%rrpound
grafted to tAsdargniraaroBdApEPrsthg 9c99¢by Weikghiaof tungsten and

correspogling to thg;phegepldg, -gereral) f[c;rd@.llca(d{gl?]g] S Thessecond stage is
carried out exactly as in_ example 1, e>?'cept for the fact that use is nade
of the tung¥iEh &rgahomBfall Fc2conpound grafted to the alumna prepared

above. A compound (WAI-3) according to the
In a second stage, 50 mg of the grafted tungsten

organometallic compound obtained above are isolated and
15 are subjected, in a glass reactor, to a hydrogenolysis
treatment by bringing into contact with hydrogen under
an absolute hydrogen pressure of 73 kPa at 150°C for
15 hours. At the end of this time, the reactor is
cooled to 25°C and a compound (W/SiAl-1) according to
20 the invention which comprises in particular a tungsten
hydride grafted to silica/alumina i1is obtained and
isolated under argon. The compound (W/SiAl-1) comprises
1.5% by weight of tungsten and exhibits, by infrared
spectroscopy, two absorption bands respectively at 1906
25 and 1804 cm™ characteristic of the W-H bond grafted in

particular to silica/alumina.

Example 5: Preparation of a tungsten hydride grafted to

a silica/alumina

30
The preliminary stages of calcination and of
dehydroxylation of the silica/alumina are absolutely

identical to those described in example 3.

35 In a first stage, 1 g of the silica/alumina prepared
above 1is isolated and introduced under an argon
atmosphere into a glass reactor at 25°C equipped with a

magnetic stirring bar. 305 mg of the precursor Pr of



i nvention conprising a tungsten hydride grafted to the 10 al um na and
conprising 3.9% by weight of tungsten is thus obtained. It exhibits, by
infrared spectroscopy, two absorption bands respectively at 1903 and 1804

cm-1 charagd efddd¢1 963 he WH bond grafted to thwe ﬂﬂ@o@@/oo&lgrgtzher mor e,
it exhibits, by nuclear magnetic resonapce 15 (solid "H NWR) at 0 MHz, a

val ue of the chem cal shift of the tungsten hydride (SWH) equal to 10.6
ppm (parts %ﬁ{efﬁll i QP amahe 45 P{lggar alf, oneQfm@ 4 upgshen @Hyﬂ de

grafted to 20 a silicalalumna In a prelinnary stage, 530 ng of
si | i ca/ al umETOHRANgIBEIpELI i XcaThIace TS, EePC)toéf Wy shaprgd ad:orrpr. si ng

33% by wei ghigqf ahanmcna %ﬁ%/ sl g Bye Zéhﬁlézﬁsr’&m@ed e §H9t9689¢0&0 a
calcination treatnment. under a_streamof dry air at 500C fq ours and

then to a déh W& Al ohte r &3¢ neht tﬁﬁﬁeFlgﬁfaEQSI ﬁﬁé‘CtﬁFeé?uF@O £d0-2 Pa
at 500C bor td houwrs, agd thaént hthe Siddlcal ahicnaet hus cal Hidred wakth

dehydr oxyl ated 30 exhi bits rare ectrosco an absorptiaon band at
S Gl 5 LU S L ML T Rp Bl st e i e R

stage, the 5:BﬂLemg widest | veaasah uandat perpaselat38 ahdee atgonhnt seduced into a

gl ass react er. an trms her e at 25C_ fal.l Que sol ution
A Rk R L e S R s ot

formula (3) '@:E usedlnnaéaémhaal dmmﬂﬂﬁ/r@.SZBBSPCT/H?RZO%i@]@‘QGQZ)f - 27

The m xt reatt% 51Ol alned 1.3, g8l ?‘bﬁ SRl an%&gég rpal?ét?te%% iﬁ?&eﬂ% end of

this tine gst en organo- I C~conpoun
silicalal umﬁferrﬁnslas Obt ai ned, the excess precursor Pr which has not reacted
bei ng renmoved by washi ng with n- pentane at 25C. The tungsten organonetallic

compound thus grafted is dried . .
The second stage 1is carried out exactly as in

example 1, except for the fact that use is made of the

15 tungsten organometallic compound grafted to the
silica/alumina prepared above. A compound (W/SiAl-2)
according to the invention comprising a tungsten
hydride grafted to the silica/alumina and comprising
7.5% Dby weight of tungsten is thus obtained. It

20 exhibits, by infrared spectroscopy, two absorption
bands respectively at 1903 and 1804 cm* characteristic
of the W-H bond grafted to the =silica/alumina.
Furthermore, it exhibits, by nuclear magnetic resonance
(solid *H NMR) at 500 MHz, a value of the chemical

25 shift of the tungsten hydride (dy.x) equal to 10.6 ppm
(parts per million).

Example 6: Reaction for the metathesis of propene

catalyzed by W/Al-3 in a static reactor

30
The supported metal compound (W/Al-3) prepared
according to example 3 is used in a reaction for the
metathesis of propene which can be represented by the
following equation:

35 2C3He & CoHy + C4Hg (7)

The experiment is carried out in the following way: the

supported metal compound is prepared “in situ” in a



under vacuum |t conprises 1.5% by wei ght of tungsten and corresponds to
the general formula: 10 (Si-0) W-CH2-C(CH3)3]y[=CH C(CH3)3] (5) wth x =1
and y = 2. In a second stage, 50 ng of the grafted tungsten crganonetallic

conpound obgg nebheAS e € isolated and 15 are spbirgpkedosi/0odsgkass
reactor, to a hydrogenol ysis treatnent ;Ry _bringing into contact with

hydr ogen under an absol ute hydrogen pressure of 73 kPa at 150C for 15

hours. At the ghd Qfy ddiS dd Megdherdfarh Obxdfp1 £09! efhk 0236 8pd i@ compound
(WSi Al-1) according to 20 _the invention which coggrl ses in particular a

tungsten hydHsfEgEfived LGS | daCeruniVAE e obtarRed fakded shft&bed under

argon. The epupeRd PV A -gdre £OMRE | 5£576 1kPY0 A WeEghh1 DY, t HBESEEN and
exhibits, by infrare sge;troscop%,C two_absorption Ban respectively at
1906 25 and3F80° ¢k 1 ChEr AEBRELS e 1 AR WPRSEENEYgr o t_2d™ AT YS&r ti cul ar

to silice/ alagdemidianuife &hPreapar abf on- ddnd@ issigst enehydahdeageafted to

a silica/alumna 30 The prelim.nary stages cal_ci nation and .of

dehydr oxyl aﬂrPorp%IFt?rﬁ%Ssngchéﬁelﬂﬁy%al%r gmﬁgiSFutagloﬁmtisden‘f tH £8 hose
descri bed i rrexXamace 3.amiBb | madtisdt stalge, ldgtefmimedsi | bgal/ abasi na
prepared a .S 150l d and,] d under ar gon ere into a
gl ass react %(r?l\égirda%g@%&?&gped V\/i({:%lg{af)ﬂﬁl%gneti c%éjtliﬁl%rnl ng baIFﬁ}C}gg My of the
precur sor Pr50o0fm WO020@6 013263 cRCT/ORR2ZY03/160E692nizazgd orgener al fornul a (3)
as used;jn exanple 1 are then introduced into the reactor. The reactor is
heated at 66C and the dry mi xture thus produced is stirred for 4 hours. At
the end of {lhiss ciumelathaer edeRYPTEEOB00PED BFARCIPBC ald dtherd st h&éhsol i d

mxture is washed Wothmoles of propene converted with respect to
the number of moles of propene introduced initially,

and the number of rotations (T.O0.N.) or cumulative

15 number of moles of propene converted over time per mol

of tungsten of the supported metal compound are

calculated.

The selectivities (SC;), (SC4), (SCs) and (SCg) for the
20 various products are also calculated respectively

according to the following equations:

SC; = (number of moles of ethylene formed)/(total

number of moles of olefins formed)

SC, = (number of moles of n-butenes formed)/(total
25 number of moles of olefins formed)
SCs = (number of moles of pentenes formed)/(total
number of moles of olefins formed)
SC¢ = (number of moles of hexenes formed)/(total number

of moles of olefins formed)
30
The results of the measurements and calculations
defined above for the reaction for the metathesis of
propene as a function of the time are collated in
table 1 below.



nﬁpentane at 25C. The solid conpound thus washed is
t hen i sol ated under argon,
conmpound grafted to

S0 as
the silical/alumna conprising 7.5% by wei ght of

dri ed under vacuum and
to obtain a tungsten organonetallic

10

tungsten andysdEspeIshey to the precedi ng gener alpctl/errplo® /(09716 9Bhe second

stage is carried out exactly as in
is made of the
silical/alum na prepared above.

exayple 1,
15 tungsten organonetal lic conmpound grafted to the

A conpound (W Si Al >2)

except for the fact that use

according to the

i nvention gqomprising a tungsten nhydride grafted to the siticalarumpa and
conprising | 7.5%by wei ght pf tungstenséBeddiwstobtabmathe brod@ctexhi bjts, by
infrared spectroscopy, two absorption bands re ectl Ly at 1903 and 1804
cm charactleristiic of the WH bond grafted to egl a/ al um na.
Furthernoreg, 1T e€xnhibitS, Dy nucléar nagnet{c resonpnce (sofrd IH NWR) at
500 MHz, a |vedme |acbmtibetchepircaln2b shéd,t of the, tupgstsen hydri gde; (SW H)
equal to 1Q. er mlliaon). . Examl e 6: Reactlon for the
nmet at hesi s o?hg )ﬁoﬁgerm?rp yzed by e\%}&]ﬁ%’e Tﬁutée%ets Pt eactor <
supported net al conpdﬁnd (WAl -3) prep@nled |accodrdi ng t{&) exanpl €&)3 i s used
i n a react ifer—foit—the—retathests—of—propene "h'ch can—be—frepresentefl by the
foll owing gquation: 3% 2C3H5 t C2HE + H8 (7) e expepi ment |q?carr|ed out
in the fol ljowi ng|{way: the supported net al :onpound is prepared situ” in
a WD 2006/ 013263 |PCT/ FR2005/ 001692 - 29 glass reattor as descrlbed in
exanpl e 3. \The3¥gact8#-¥s sulfdequent PY-pl aced7uRder vacliim | t ReR3fi |l ed
with propgne upito a pressure of 76 kPa and, final|y, heated
0.75 38.43 565 51.88 45.6 2.21 0.28
1.33 41.26 600.6 49.46 47.37 2.92 0.43
2 41.8 605.6 48.5 47.76 3.24 0.62
3 42.5 611 46.75 49.33 3.3 0.62

10

15

Metathesis of propene in a static reactor catalyzed by

WH/o-alumina (W/Al1-3) at 150°C; M cat = 50 mg (%W =
3.86%), V reactor = 505 ml, P propene = 76 kPa
Propene/Ws = 1470

Example 7: Reaction for the metathesis of propene

catalyzed by W/Al-3 in a static reactor

The experiment 1is carried out in a similar way to

example 6, except that the reaction is carried out at

80°C.

as
the

The results of the measurements and calculations
defined the
metathesis of propene as a function of the time are
collated in table 2 below.

in example 6 for reaction for



at 150C. The formation is then observed of a mixture 5 essentially of

et hyl ene,
anmount s,

of n-
whi

ich are

and i sobut enes,

and

al so

anal yzed and quantitatively determ ned by gas
chromat ogr apty 4e@¢dizges col um KC1/ A1203,

of pentenes and hexenes in smaller

50 m pdt/FR200S /et on by

flame ionization). 10 The cunul ati ve copywversion of propene, which is the
nunber of les of propene converted with respect to the nunber of noles of
propene intfroduced initially, and fhe nunmber, of rotations (T.O N.) dr
cumul ative [15 number of noles of prppendStiVEFELEEE RFeflE| ‘%@FSWDI of
tungsten of| the supported netal conpound are cazwkater). The selectijvities
(SCZ), (SCA) (Q(“%\ and (Q(‘ﬁ for the 20 various nrndm"rq are _also
cal cul at ed jrespecti veI% according to the fal | ow ng equatlons S%% = |(nunber
of nol es of| GLRG| bR FRHES | CtOthl | ndiber lof Tl es of 56t ef ijns Tor med) SCA
= (number af (W)l es cohverditinenes f or pethyienet @but 2fesnupdeienet |MHxesesf
ol efins forjmed) SC5 Aunber of no es(g$ pentepﬁs flor d /(totql nunber of
nol es of ollefins 1ornedf SC6| = (nunper '6f nol es' Of hlexenés fdr /(total
nunber of [noles of olefins forned) 30 The rlesults of the neasurenents and
cal cul ati onso.z®ef | nad.above f6ERSt he|l r 8act$ on| f &6.3hel net at hegi s ®f propene
as a functijon of the tine are collated in tjable 1 below WD{2006/ 013263
PCT/ FR2005/|091692 3% Seleg pVvit)eg,of, the pgoducts ,forngd (99 Tijme
Cunul ative T.O N Séf 4 S %6 ) )
1 23.56 346 53.39 46.61 0 0
2 27.53 404 52.65 47.35
Example 8: Reaction for the metathesis of propene
catalyzed by W/Al-3 in a dynamic reactor
5 The complex (Al"O)xW[‘CHz-C(CH3)3]Y[=CH‘C(CH3)3] (4)
grafted to the alumina by sublimation (200 mg; 3.86%
W/Al,03; 42 micromol of W) according to example 3 is
transferred in a glove box into a tubular stainless
steel reactor which can Dbe isolated from the
10 atmosphere. After connecting the reactor to the
assembly, the circuit is purged with argon and then the
supported tungsten hydride catalyst [W] -H is prepared
in situ by treatment of the grafted alkyl-alkylidyne
complexes under a stream of hydrogen (3 ml/min) at
15 150°C for 15 h, resulting in the compound (W/Al-3)
After cooling to 25°C, the reactor is purged of the
excess hydrogen with argon and then under a stream of
propene at 101.3 kPa (5 ml/min, i.e. a molar flow rate
of 5.31 propene/W/min). The reactor is then rapidly
20 brought to the temperature of 150°C (rise of 250°C/h).

25

The products are analyzed on line by gas chromatography

(capillary column KC1/Al,0s,

by flame ionization).

mainly of ethylene,

of Dbutenes,

hexenes in small amounts.

50 m x 0.32 mm;

of pentenes

detection
The formation i1is then observed

and of



(h) conversion ethylene butenes pentenes hexenes (% (%9 (%9 (%9 (%9 0 0 O
000O0O 0.3332.8 481 50.6 47.3 1.87 0.23 0.75 38.43 565 51.88 45.6 2.21
0.28 1.33 41.26 600.6 49.46 47.37 2.92 0.43 2 41.8 605.6 48.5 47.76 3.24
0.62 3 42. 536/ 03463 33 3.3 0.62 Metathesis ocTyrFRRONS /ovis s atic
reactor catalyzed by WHa-alumna (WA>3) at 150C, Mcat = 50 ng (W= 5
3.86%, V reactor = 505 m, P propene = 76 kPa Propene/W = 1470 Exanple 7:
Reaction for the nmetathesis of propene catalyzed by WAI-3 in a static
reactor 10 The experinent is carried out in_a sim./lar way to, exanple 6,
except that tHe FERULESn P CHhei BRASUESRERtE0CANE 5 FHECHRUHPRS 0127 he
measur enent dehiche&dl chat i @tsmpebe alef ifeed | thexamplaet@dor tbe reandion for
the netathesis of propene as a function (%f the tine ar?\ﬁ collated in table
2 bel ow. WO UGB/ 3OBCH FEUYB/ 661692 51 OseP be i t FEES o the
product s5 f aroiEbt{dd Tiire Cieilat iB3ve BeloM. SCPnSCAISES SCmsd,h) @anversion

et hyl ene butenes nent ene . (99 (9. (9%, ( (9 .25 14.9 9 53.09
46.91 0 0 &%%@5@%‘?@%&%@'0%&? 23 5%1%4’(@“3%‘?590 6.“%)% 0 2
27.53 404 5X%5 psrp@aicExanpier8edReatth orrdspedthe twet bhaesigiotr pragpene
catal yzed meyYJg’Sofn ﬁrgﬁgﬁg'CﬂH%yadeed at each instant, is

defined.
10
Molar composition of the gas phase in %
Time |Instan- |[Cumula- |{SC, SC, SC, SCs SCe SC,
(h) taneous |tive ethyl- |prop- |but- |pent- |hex- [hept-
conver- |T.O.N. |ene yvlene |[enes enes |enes enes
sion (%) (%) (%) (%) (%) (%)
(%)
0 0 0 0 0 0 0 0 0
14 40 1784 18.5 60 19.6 1.44 (0.4 0.07
31 39.3 3950 18.6 60.7 19 1.25 ]0.33 0.06
48 38.7 6117 18.6 61.3 18.7 1.15 |0.28 0.05
65 38.4 8283 .18.5 61.6 18.4 1.07 0.26 0.046
114 37.5 14 528 18.31 62.5 18 0.93 0.21 0.037
148 37.7 18 861 |18.1 62.3 18.5 0.87 0.2 0.033
182 '36.44 23 194 (18 63.56 |17.4 0.82 0.18 0.031
203 36.24 25 870 [17.95 |63.76 |17.28 [0.79 |0.17 0.029
213 36.1 27 144 17.87 63.9 17.2 0.78 0.17 0.029
Example 9: Ethylene/2-butene crossed metathesis

reaction catalyzed by W/Al-3 in a static reactor

15 The experiment 1is carried out in a similar way to
example 6, except that the reaction is carried out at
150°C with a 50/50 molar mixture of ethylene and of
2-butene instead of propene. Propene is then mainly
formed according to the reaction:

20 CH, + CiHg & 2C3H¢



5 The conplex (Al-0) W-CH2-C(CH3)3]y[=CH C(CH3)3] (4) grafted to the

al um na by sublimation (200 ng; 3.86% WA1203; 42 mcronol of W according
to exanple 3 is transferred in a glove box into a tubular stainless steel
react or whi gfp capdispdated fromthe 10 at nospheper/Akbebsyennesid ng the
reactor to the assenbly, the circuit_ is purged with argon and then the
supported tungsten hydride catalyst [W.-His prepared in situ by treatnent
of the grafted al kyl -al kyli dyne conpl exes under a stream of hydrogen (3
mM/mn) at 15 150C for 15 h, resulting in the conpound (WA1-3). After
cooling to 2B trﬁ"éur%ﬁct%if i UIGEFUSEMERE S eRBEs CHNIGRISPIF t IR%ar gon and

then under aexieain oh cRbfpeBecatfckdlzie kE@hﬁz@eﬁé//mButéné caodey flow
rate of 5'31tpa; ene/Wmn) . The react i s, then £a pi.dly 20 brought to the

t enper at ur e "%¥ Y5 i &I I/OCAR) . 2 T BnSFb‘cht% Seandyed line by
gas chropat egyldpted (apidbis 4 aedlom. KC1/ A1203, 50 mx 0.32 nm detection
by flame ionization) The formation is then observed mainly of ethylene, of
but enes, of—pentenes—and-—of—25 hexenes—in-small—armpunts—WD 2006/ 013263
PCT/ FR2005/{001692 |- 32 ThVIGléEScttirrtprsﬁ)f:ubrh@flTEBSL@e&ﬂ@h&Sea(’Pd cal cul ations as

defined in anpl e [, the tion, for, th et at hesi propene| as a
functi on ofe")tgﬁlg t|rr2: ? SH fﬁ ré &able%a g@low8 ($1)h| $ case, @n

i nst ant anequ$) converaihgmenervhbuhemﬁs fl Ipeopenmds)elpenteneaé bhex@fespl opene cpnverted
W th respect0 to the nunber nol ei, Oof propene intr 3 uced at each ipstant,
is defined.” 10 Ml corrponFl on of "t he gas phase iph % Tinme Instan-

Curmul a- SCZ oSG8 SC4 35C58SC6| 3€7 ( h) 3baneous ot.ikye et 1y[e4 prop- but- pent-
hex- hept

0.75 28.58 24 .68 45.93 0.7 0.1
1.25 24.1 21.8 52.07 1.13 0.15
2 21.78 20.71 56.05 1.27 0.17

Example 10: Regeneration under hydrogen of the catalyst

W/Al-3 in a dynamic reactor

10
After having operated as in example 8, the catalyst
(W/Al1l-3) is regenerated in a dynamic reactor under a
stream of hydrogen (4 ml/min, 0.1 MPa) at 150°C for
15 h. The catalyst, thus regenerated, then regains its

15 activity in the metathesis of propene.

It should be clearly understood that the invention
defined by the appended claims is not limited to the
specific embodiments indicated in the above description
20 but encompasses the alternative forms thereof which
depart neither from the scope nor from the spirit of

the present invention.



conver- T.O N. ene ylene enes enes enes enes sion (9 (%9 (%9 (X9 (99 (N
(O0O0O0DO0O0D0O00O0OO0OO0 14 40 1784 18.5 60 19.6 1.44 0.4 0.07 31 39.3 3950
18.6 60.7 19 1.25 0.33 0.06 48 38.7 6117 18.6 61.3 18.7 1.15 0.28 0.05 65
38.4 8283 18.5 61.6 18.4 1.07 0.26 0.046 114 37.5 14 528 18.31 62.5 18 0.93
0.21 0.037 148 37.7 18 861 18.1 62-3348:-5 0.87 0.2 0.033 182 36.44 23 194
18 63.56 17.4 0.82 0.18 0.031 203 36.24 25 870 17.95 63.76 17.28 0.79 0.17
0.029 213 36.1 27 144 17.87 63.9 17.2 0.78 0.17 0.029 Exanple 9:

Et hyl ene/ 2- but ene crossed netr!‘g%hlesiss cﬂzﬁiﬁ:&i QR .cat alyzed by WA1-3 in a

static reactor 15 The experi inasimlar way to exanple
6, except that the reaction is carried out at 150C with a 50/50 nol ar

m xture of ethylene and of 2-butene instead of propene. Propene is then

mai nly ¥or ndd BER®?ER n§oFo thfe Mehethon:s 20f CZME +oCAMBTS 2C3196 ANOS

2006/ 013263 P - /0Q1692. - 33 he of re .s and
cal cul ations cgypggé??ﬁedoﬁ n %%(%?r% e 8-1[f orﬂrt%‘?%wgtahyIh%%%fggg'?gne%%gésed
net at hesi s r eactprdsiag anf ohefimoit afoubtiie bbme ase’=Cspépl imtwddidin thabkl e 4

bel ow. Ml ar conposition of the ga hase (9 Time C2.(%. C4 (% C3 3) CS
(U 6 (% (rﬂeag'?ﬁ%?ehé btfanete ‘F%d'gtr?eslﬁé%f%n&gﬁ%%‘én%é @%e a%r(ez%n@eo 2)

0.25 39.28 3 ubdo ndkafd nd4e B, 4 . ZuBpdy 1218
507 113 015" 35178 3071 5605 1 57 0 a7 - bubpde ke

aluminum oxide to which a tungsten hydride is grafted.

2. The process as claimed in claim 1, in which the reactant or

reactants each comprise(s) from 2 to 30 carbon atoms.

3. The process as claimed in claim 1, in which the reactant is
an unsaturated, linear or branched, acyclic hydrocarbon,
comprising a Csp®=Csp®?® double bond between two carbon
atoms, of empirical formula CH,,, n being an integer

ranging from 2 to 30.

4, The process as claimed in claim 1, in which ethylene and

butene are reacted to produce propylene.

5. The process as claimed in claim 1, in which the compound
corresponds to the formula R,R,C=CR;R, in which identical or
different R, (i = 1 to 4) substituents are chosen from
hydrogen atoms, saturated, linear or branched, hydrocarbon
groups and saturated cyclic hydrocarbon groups which
optionally carry hydrocarbon substituents and which can be
connected to the Csp® carbon of the olefinic double bond

either directly or via a saturated hydrocarbon chain.



Exanpl e 10: Regeneration under hydrogen of the catalyst WA -3 in a dynamc
reactor 10 After having operated as in exanple 8, the catalyst (WAl -3) is

regenerated in a dynam c reactor under a stream of hydrogen (4 m/mn, 0.1

MPa) at 150C for 15 h. The catal yst, _thus regenerated, then regains its 15
activity in the netathesis of propeﬁe?slf shoul d be clearly understood that

the invention defined by the appended clains is not limted to the

speci fic enbodi nments indicated in the above description 20 but enconpasses

t he altesnatime forddeddeieotl e ieppdim nei therwhiem the se@psudr from
the spirit of the present invention. - 34 VWHAT IS CLAIMED IS; 1. A process
for the netat¥EIERRIEnECoFRADE e ekt tRaRi& CReBnpi sthighaipphedeabrothr anched

hydr ocar bon chia i), QDL S{Ng_an ol 67 iy G Jaudl 6cRO0d LaPZIERZ, i ch

this reactant or these reactant's IS/are react I'n the presence
supported netadegygowtdreonpritsraged, sujppem dasednohedal bytinocaxbarde to
whi ch a tungsten deride is grafted. The process_as clainmed in claiml1,

d. 2. °
in which the Ye3RaM DA FEadCant-BIRaFR: Coripti B Yr FBRTZ BRSPS bon

atoms. 3. ThenpeeesSHoaS subdkABdehfs CA: Mnkcnl RaWhibeh bRt @Ptcds an
unsaturated, linear or branched, acyclic hydrocarbon, conprising a
CspZ=Csp2 douBs® emiobepfiethet wbetarbordowtlembongdf eafiperi daretohmam

C'Hz,,, n being an integer anging .fromz2.to 30. 4. The process as cl ai ned
inclaim 1, i¥§%Wﬁ(ﬁ?9§F%§anéY§%%C ]ﬁr%g%aéPe reacted to produce propyl ene.

5. The process as clainmed in claim1, in which the compound corresponds to
the formyla RIRZC=CR, R4 in ich identical _or different i =1to 4
SUbst Lt ubnt's e BAGSEE (o LT ogen SArdie L saPuFBLER. ThE neSFT%F T anthed,
hydrocarbon oxidation of the tungsten has a value chosen within a range

extending from 2 to 6.

8. The process as claimed in claim 1, in which the tungsten
atom is bonded to one or more hydrogen atoms and optionally

to one or more hydrocarbon radicals R.

9. The process as claimed in claim 8, in which the hydrocarbon
radicals R are identical or different, saturated or
unsaturated, hydrocarbon radicals comprising from 1 to 20

carbon atoms and optionally comprising silicon.

10. The process as claimed in claim 1, in which the tungsten
hydride is grafted to the support based on aluminum oxide

according to the following scheme:

~(Al-0)  H,
\ /
W @
)

—~(M~-0), Ry



groups and saturated cyclic hydrocarbon groups which optionally carry
hydr ocar bon substituents and which can be connected to the CspZ carbon of
the ol efinic double bond either directly or via a saturated hydrocarbon

chain. - 35 6. The process as clainmed in claim11, in which the conpound
corresponds to the formula R R CCR R__in which |dent|cal or different P.
(i =1 to 4) substituents are chosen ? P om hydrogen atoms, saturated, |inear

or branched, hydrocarbon groups and aromatic rings which optionally carry
saturated hydrocarbon substituents and which can be connected to the Cspz
carbon of thermlwfidi ordoab) eoband @i thepediiectyyropresdr arwiddeat ed
hydrocarbon chain. 7. The process as clainmed in claim1, in which the degree
of oxi dati orf IOfMIEHE t GFYSERN2REs PYvedee THIEeN P@m“f?ﬁ??%?qt&n(jél a&efendi ng

from2 to 6. e L OFESS é‘f%rﬁ%ﬁ’\!é‘recgf |y gl m 1da, whi ﬁc{}azte@%nttE”QSt en

atomis bonded to one or nore ogen atons an optl onal to one or nore
hydr ocar bon radirealasbBn Hadldeel mrm:assYasWCAm necren iakagars, the whimch t he
hydrocarbon radicals R are identical _or different, saturated or

unsaturated, HYdrdcd bsh VatFeats Gofpr Fsi ig-e romeR% 158 Xcarbdi? drons and

optional Iy caopuri;sicRgssili cof.JQ sHaeprogess Aas gleaimedai noelaignl, in
which the turigsten hydride is grafted to the support based on al um num

oxi de accor di (¥gy&o hdyalsf ddmmtscheme or( Ab1@) xeiglel|or uXt2)ple=(M -
0)z Rw - and H res veI r resept tungst
al uni num oxy%oenﬁiggnﬁe%%//gacrtolé”ee%ya Rt P en? Uﬁo?‘n Bt & 8% t%'iﬁ nor e
el ements of anadnhe exi dae R e sgidisia c&ﬁ/s;irlcm@hleen Jradirgal swidsbrt, Yy, W
and z are integers, the sum

based on aluminum oxide, in particular to one of the oxygen

atoms of this support.

11. The process as claimed in claim 1, in which the support is
chosen from supports homogeneous in composition based on
aluminum oxide and from heterogeneous supports based on
aluminum oxide comprising aluminum oxide essentially at the

surface of said heterogeneous supports.

12. The process as claimed in claim 1, in which the support
comprises aluminum oxide, mixed aluminum oxides or modified

aluminum oxides.

13. The process as claimed in claim 1, in which the reaction is

carried out at a temperature ranging from 20 to 600°C.

14. The process as claimed in claim 1, in which the reaction is
carried out under an absolute pressure ranging from 0.01 to

8 MPa.

15. The process as claimed in claim 1, in which the metal

compound ig regenerated in the presence of hydrogen.



(wx+y+z) of which is equal to 2 to 6, and with x =1to 3, y =1to5 w=
Oto4and z =0to 2, the ---(AI-O and -- -(MO bonds representing one or
nore single or nmultiple bonds respectively connecting the alum num atom and
the atomMto one of the atom c constituents of the support based on

al um num oxi de, in particular to one 37 the oxygen atons of this support.
11. The process as clainmed in claim1, in which the support is chosen from
supports honogeneous in conposition based on al um num oxide and from

het er ogeneous, JUPROTISBased ony 3Ll nim ox] dls, copri sing gl numeoxi de
essentially at th surtace of sai et er ogeneous supports. . The process
as clai med i regjeaetrat johnightetridie citppar ta teapprasese abfimanwaenxisde, m xed
al um num oxi des_ or nodi fied alum num oxides. 13. The process as clained in
claim1, in i%R®RE reaction is carried out at a tenperature ranging from
20 to 600C. 14. The process as clainmed in claim1, in which the reaction is

carried out under an absolute pressure ranging from0.01 to_ 8 MPa. 15. The
process B clZSme®hieErai AF1, SHATWAT chitheChettl 1onmpBund™ich eddfer at ed

in the presence el AYIbA0ENs -cadbickb. kb€ PIOLESS aFachgbAedidL il m 15,
in which the regeneration is carried out at a tenperature of between 50

and 300C. 17.raHwengr 6ressoadl dailfedPen cl aim 15, in which the regeneration
is carried out with a hydrogen pressure ranging fromO0.01 to 10 MPa. 18.
The process as clainmed in claim?7, wherein the range extends from4 to 6.
19. The Woceds aprotassrechs nctéahed 9,inwhetraim t7he hiyelreicar bba raagjecal s
conprise 1 to 10 carhon atons. 20. The process as clainmed in claim 13,

wherein the tBHEEASE GFE™ Fanyed from 20 to 350C,

19. The process as claimed in claim 9, wherein the hydrocarbon

radicals comprise 1 to 10 carbon atoms.

20. The process as claimed in claim 13, wherein the temperature

ranges from 20 to 350°C.

21. The process as claimed in claim 13, wherein the temperature

ranges from 50 to 300°C.

22. The process as claimed in claim 13, wherein the temperature

ranges from 80 to 200°C.

23. The process as claimed in claim 14, wherein the absolute

pressure ranges from 0.01 MPa to 1 MPa.

24. The process as claimed in claim 14, wherein the absolute

pressure ranges from 0.1 MPa to 0.5 MPa.

25. The process as claimed in claim 16, wherein the temperature

is between 80 and 200°C.



21. The process as clained in claim13, wherein the tenperature ranges from
50 to 300C. 22. The process as clained in claim13, wherein the tenperature
ranges from80 to 200C. 23. The process as clained in claim 14, wherein the
absolute pressure ranges fromO0.01 MPa to 1 MPa. 24. The process as clained
in claim14, wherein the absolute pressure ranges fromO0.1 MPa to 0.5 Mra.
25. The process as clained in clai m 1% Wherein the tenperature is between
80 and 200C. - 38 26. The process as clainmed in claim17, wherein the
hydrogen pressure ranges from0.1 to 2 Mra.

26. The process as claimed in claim 17, wherein the hydrogen

pressure ranges from 0.1 to 2 MPa.





