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propyl ene The present invention relates to a process for the conversion of
ethylene to propylene. 5 A growth in world demand for propylene is currently
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advant ageous to have avai[ab %a novel ,I?roéess for .the Qroducti on of
propyl ene whi'eh iR ne3Y 38°hropAFRE WwWith regions having

high propylene requirements. The other reason 1is

15 economic in nature, propane often being more expensive
than propylene and the process itself being expensive
to operate, in particular in terms of energy costs.
Furthermore, conventionally, production of propylene by
dehydrogenation of propane occurs when it 1is possible

20 to be supplied with propane at low cost and very often
the propylene 1is a simple byproduct of the oil
industry. Today, the appearance 1is also seen of the
production of propylene by metathesis, in which
technology ethylene and butylene are combined for the

25 production of propylene. Today, according to Alexander
H. Tullo, C&EN Northeast News Bureau, 15 December 2003,
the manufacture in first intention of propylene by
dehydrogenation and metathesis represents only 2 or 3%
of overall production. Approximately 69% of propylene

30 is obtained as byproduct in ethylene steam crackers,
the remainder originating from gasoline-making
fluidized catalytic crackers FCCs. It would thus be
advantageous to have available a novel process for the
production of ©propylene which is independent of

35 propane.

The conversion of ethylene to propylene was announced
in 1972 by P.P. 0O’Neill and J.J. Rooney on contact with
Mo (CO)¢ catalyst deposited on Al,0; without details on
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Another objective of the invention is to provide such a
process which can operate at moderate temperature.

15
A subject matter of the invention is thus a process for
the conversion of ethylene to propylene in which
ethylene 1s zreacted with a supported metal compound
comprising a tungsten hydride grafted to a support

20 based on aluminum oxide.
The reaction can be summarized thus:

3 CH;=CH, —>» 2 CH,;=CH-CH;
25
Without wishing to be committed to a theory, it is
believed that the reaction involves at least in part a
first stage of dimerization of ethylene to give butene
and then a zreaction o©of ethylene and of Dbutene,

30 resulting in propene.

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

35 process is 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.



ranging from20 to 350C, preferably from50 to 300C, better still from 80
to 200C. WO 2006/ 013251 PCT/ FR2005/ 001621 3 According to anot her aspect of
the invention, the process is carried out under an absolute pressure

rangi ng fron%859§$%?0§3$§§, preferably fron10.01Ix¥q#?§gﬁhor(3&fg%£till

fromO.1 to e process according to the invention can carried
out batchwise in a static reactor. However, it is preferably carried out
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per unit of time, can vary in particular from 4 to

4000 h™t.

15 According to a first form, the ethylene is admitted

into the reactor in the gaseous form.

According to a second form, the ethylene is admitted
into the reactor in the liquid form and is wvaporized

20 therein.

According to a specific aspect of the invention, the
ethylene exists in the residual state in an inert gas
mixture or in an inert gas. The process according to

25 the invention makes it possible to convert the ethylene
to propylene, the propylene being easier to separate
and remove, by wvirtue of which the process of the
invention can be used for the removal of ethylene from
such a mixture.

30
The process can optionally be carried out in the
presence of hydrogen or of an agent which forms
hydrogen in situ. Thus, the process can be carried out
under a hydrogen partial pressure ranging from 0.001 to

35 0.1 MPa. Mention may Dbe made, as agent which forms
hydrogen in situ, of cyclic compounds, such as cyclo-

hexane, decahydronaphthalene and tetrahydronaphthalene.



hydrogen in situ, of cyclic conpounds, such as cycl o- hexane,
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15
The supported metal compound comprises a support based
on aluminum oxide to which a tungsten hydride 1is
grafted. The term “tungsten hydride grafted to a
support based on aluminum oxide” is understood to mean,
20 generally, a tungsten atom bonded to at least one
hydrogen atom and, in particular by at least one single

bond, to said support.

The compound according to the invention essentially
25 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 where the aluminum oxide 1is
accessible 1in particular at the surface of said
30 support. Thus, the support can be chosen from supports
relatively homogeneous in composition based on aluminum
oxide, having 1in particular a composition based on
aluminum oxide relatively homogeneous throughout the
body of the support, that is to say from the core up to
35 the surface of the support, and alsc from heterogeneous
supports based on aluminum oxide comprising aluminum
oxide essentially at the surface of the supports. In

the case of a heterogeneous support, the support can



body of the support, that is to say fromthe core up to 35 the surface of
the support, and al so from het erogeneous supports based on al um num oxi de
conprising alum num oxide essentially at the surface of the supports. In

t he case of aohewesy@asedls support, the support carcWOFRQ0650032%21

PCT/ FR2005/ 001621 5 conprise al um num®oxi de deposited on, supported on or
grafted to a mneral solid which can itself be a solid inorganic support,
in particul acoopeder falumimial sxidexidigs sart il éhde&up@rwrtfmi ton foar

cxampl e {1OMaScken & ANGELAl kbfes. \Thesuonort. Sar Nayeaa sael ! c

surface(BE a range ex endln f¥om ?o 1
preferably fhlioorgasico SOPPAREg. l‘lf’hepgpégpflllersmhfa@@nl(fl(@ EmELp liss

measured accekdiyag tH- té’lﬁﬁé’é@argnéisga%y few%%éampﬁhs EP&R%Eé%& in
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mixed aluminum oxides or modified aluminum oxides, in
15 particular modified by one or more elements from

Groups 15 to 17 of the Periodic Table of the Elements.

The term T“aluminum oxide” (also known as simple
alumina) is understood to mean, generally, an aluminum
20 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). If it
comprises more than 2% by weight of one or more other
oxides, then it is generally convenient to regard the
25 oxide as a mixed aluminum oxide, that is to say an

aluminum oxide combined with at least one other oxide.

The support can preferably comprise aluminum oxide
chosen from porous aluminas, nonporous aluminas and

30 mesoporous aluminas.

Porous aluminas are often referred to as “activated
aluminas” or “transition aluminas”. They generally
correspond to various partially hydroxylated aluminum
35 oxides Al,0;. They are porous supports dJgenerally
obtained by an “activation” treatment comprising in
particular a heat (or dehydration) treatment of a

precursor chosen from aluminum hydroxides, such as



35 oxi des A1203. They are porous supports generally obtained by an
"activation" treatnent conprising in particular a heat (or dehydration)
treatment of a precursor chosen from al um num hydroxi des, such as WO
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al um num oxi de or gel ati nous al um num hydroxi des. The activation treat-
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(rho-al um nazr and x-alum na (chi-alum r}.?s) and preferably fromg-al m na and
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choi ce of theupiecwr sord andy@ént heomendirid oms bf/drbeidet iivats onhitheat nent,

in particul ar %?PEGQSES‘%&ES and, t 'Egae Qfgrces%'f%%'t The act pyapion, teat ment
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25 Use can al so be nade of porous alum nas or sem porous al uninas_prepared
by an activa®i orPR¥&4t medt Vs nedesEFPBed YaBOVBINAN pEFRTRYT BFUBENEG) -

t enper at ure faaguRA@nafl r o0 1@nLRO0C. Thasamparous (@1 sLhd PenoHs) al um nas
30 can Conpré§§lg%§£gr6%tgétg9£ g%igé piqg§a-£hf%aleagéppa—alumina),
15 p-alumina (rho-alumina) and y-alumina (chi-alumina) and
preferably from y-alumina and mn-alumina. These wvarious
crystalline forms depend essentially on the choice of
the precursor and of the conditions of the activation
treatment, 1in particular the temperature and the
20 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
which can be chosen within a range extending from 100
to 1000°C, preferably from 200 to 1000°C.
25
Use can also be made of porous aluminas or semiporous
aluminas prepared by an activation treatment as
described above, in particular at a temperature ranging
from 600 to 1000°C. These porous or semiporous aluminas
30 can comprise mixtures of porous aluminas in at least
one of the crystalline forms described above, such as
y-alumina, mn-alumina, ©6-alumina, 6-alumina, x-alumina,
p-alumina or %-alumina, with a nonporous alumina, in
particular a-alumina, in particular in a proportion of

35 20 to 80% by weight.

Porous aluminas are generally thermal decomposition

products of aluminum trihydroxides, hydroxides of



one of the crystalline forns described above, such as y-al um na,

r)y-alumna, S-alumna, 0O-alumna, x-alumna, p-alumna or x-alumna, wth a
nonporous alumna, in particular a-alumna, in particular in a proportion
of 35 20 towB0200¢ /Wai3@istl. Por ous al um nas are genecalFr20b5yo0aie21
deconposition products of alum numtri hydroxi des, hydroxi des of WO
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oxi de) and geéhlatinnousoaldai ntor hylW@rxétr:lm (c(ﬁ aJlumrriimnamgebx)ide)Al amdnum

trihyadroxi deg ?Et?'ﬁ% 'alh%%'mah?d(rgi)l e %%ﬁn‘ig{ rg%%] yexist in

different crystalline forms suc b5|te or ite (a-Al(OH) 3),
bayerite (J3-Al (OH)3) or nordstrandlte Al um numtrlhydrOX| des can be

obt ai ned by ﬂi@ﬁhﬂhﬁattQBh?HQB}c@BHE‘ nygm ?éﬂéréi‘ ashRiad | haldeal. ne
solutions. 10 droxi des of al um num oxi %eneral formula _Al O(O—I) =
ne

A1203H20 Tan?arQu BkPst CRR F¥1%r erk?  Sriydedemtnecryeial1angn ggrﬂ‘?aspore
((3-Al O]EOI-il))szh la@e@bmﬂk%:(w G’ﬁrd%ﬁﬁﬁégllﬂiﬁépf@&eﬁQgOHQﬁPWbapeQthal n f15
types of cla auxite and can sy esi ze eat .treatnment o
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380C under abeprcelstsamee@f B0 MPaciBachniibe chnobe adasiidnyumobisailted by
heating the gghg&,gm%}s Fagggap%jt ?Eﬁuftgr gt;gd on treating 20 sol utions of

co

al um num sal t's "un condi tions anmoni a. Hydroxi des of al um num
oxi de carP al so be obtained by hydrolysis of alum num al koxi des. GCel ati nous

al um num hydﬁ??ﬂk@ﬁ%dégr A pauReheh algkide> gsper érbéﬂ?ﬂ' y( abemimym
hydr oxi de) s, artl cular of general for mul a: nAl H20 (1) in

1
which nis a 319 ¢ Tafyetyg FPom 2P0 galegl at PHoSS a’rﬁm n@h%ﬁ?ﬁ?ﬁil des can
be obt ai ned byyﬁﬂalmﬁnéheforms, such as diaspore (B-Al1O(OH)) or

boehmite (or a-AlO(CH)). Diaspore can occur in certain
15 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
pressure of 50 MPa. Boehmite can be easily obtained by
heating the gelatinous precipitate formed on treating
20 solutions of aluminum salts under cold conditions with
ammonia. Hydroxides of aluminum oxide can also be

obtained by hydrolysis of aluminum alkoxides.

Gelatinous aluminum hydroxides (or alumina gels) are
25 generally poly(aluminum hydroxide)s, in particular of
general formula:
nAl (OH) 3+ (n-1)Hz0 (1)
in which n is a number varying from 1 to 8. Gelatinous
aluminum hydroxides can be obtained by one of the
30 processes chosen from the thermal decomposition of an
aluminum salt, such as aluminum chloride, the
electrolysis of aluminum salts, such as a mixture of
aluminum sulfate and of alkali metal sulfate, the
hydrolysis of aluminum alkoxides, such as aluminum
35 methoxide, precipitation from aluminates, such as
alkali metal or alkaline earth metal aluminates, and
precipitation from aluminum salts, for example by

bringing into contact aqueous solutions of Al,(S04)3; and



30 processes chosen fromthe thermal deconposition of an alum numsalt, such
as alum numchloride, the electrolysis of alumnumsalts, such as a m xture
of alum num sulfate and of alkali nmetal sulfate, the hydrolysis of

al um num al koo @996 /9usizsas al um num 35 net hoxi de, PCE¢FRRDAGI/00 1fer2am

alum nates, such as alkali nmetal or alkaline earth netal alum nates, and
precipitation fromalumnumsalts, for exanple by bringing into contact
aqueous sol ubiforsmeinisl2(SAPE aedh M 2606/ 613271 dGH FR2O0bL0QEGLI0, - 8 of

amoni a, or 1 f a i . Al2( )3, it
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al um num hydyexiides generaldyrexist iRmohe f s of e anDERIQUS n@lem na
gel, in particular in the formof a pseudoboehnmte. The porous alum nas can
have a speci ALEMEGMady dX (IS E. FETCERGSEN Sl ni FRAGE B Pl AF from
100 to 1000amdighopkeffnabing fgom 308 tpaHAQ%h1EY gini Bhepa@drncubar af rom 300
to 800 nR/g, es%%\%%al from300 to 600 nR/g. They can in addition exhibit
a specific p8F& PEAEL&Gual to or less than 1 cnB/g, preferably equal 15
to or less than 0.9 cnB/g, in particular equal to or Iless than 0.6 cnB/g.
The support al rj or a lnas, e ly_a- 1 ha

(al pha-al um Eg)g, Zj%gﬁlgpyéﬁ%%{y}n?@mgﬁﬁdebgpﬁe tsaer n%)gtg)?e J"%?ci ﬁ§5§g#l%nm na".
a- Al uni nk0 exi(Bt-&.i'n ) t rherawr withiat e uhdeget Irxtasrdang fromurdlht tolt  can
be synthesizedogeperal | y g3 faathity eak Bt 0jop cakei natdeh #f/p Pregqursor
chosen in particular fraoam alumnumsalts, hydroxides of alumnum oxide,

al umi num 25 PRFR}EHORFAELIhA %4 R N dXi/des SSRRH- LY - SF Qi 390 8t a

t enper at ure ebogméayer Thegn chR00@ pdeferabl ¥xafibigr eatssed e 1p60€. 1t can

conprise Inp%%hhhgsbdﬂg¥]to or less than 1 cm’/g, preferably equal
15 to or less than 0.9 cm’/g, in particular equal to or

less than 0.6 cm®/g.

The support can also comprise nonporous aluminas,

preferably o-alumina (alpha-alumina), generally known
20 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
calcination of a precursor chosen in particular from
aluminum salts, hydroxides of aluminum oxide, aluminum
25 trihydroxides and aluminum oxides, such as y-alumina,
at a temperature of greater than 1000°C, preferably of
greater than 1100°C. It can comprise impurities, such
as other oxides, for example Fey03, 8i0O,, TiO,, CaO,
Na,0, K0, MgO, 8SrO, BaO and Li,O, in proportions of
30 less than 2%, preferably less than 1%, by weight. The
nonporous aluminas, such as o-alumina, can have a
specific surface (B.E.T.) chosen within a range
extending from 0.1 to less than 300 n@/g, preferably
from 0.5 to 300 m’/g, in particular from 0.5 to
35 250 m?/g.

The support can also comprise mesoporous aluminas

having in particular a specific surface (B.E.T.) chosen



as ot her oxides, for exanple Fe2G3, Si 2, Ti2, CaO  Na20, K20 MO SrQ
BaO and Li 20, in proportions of 30 less than 2% preferably |less than 1% by
wei ght. The nonporous al umi nas, such as a-alum na, can have a specific
surface (B. EWD. R0OId9a3281t hi n a range extendi ng f PEWY/BR2006/1084% 2tthan 300
n2/g, preferably fromO0.5 to 300 n2/g; 9nparticular from0.5 to 35 250
n2/ g. The support can al so conprise nesoporous al um nas haV| ng in

particul ar awipédinfi e stafigee €B.dnding casen WD02006/ BlIB251 /g . The

PCTI FR2005! OfL8ZborBud 411 0 a0aReeXt e0ding d r0m-100.10,800 Pl The

mesopor ous al um enera por es rangi ng om 2 nmto
0.05m 5 Thé’aélﬁfﬁf)‘@rt I&8h 2aln§fb Lo pi¥ics i xed aI um num oxi des. The term
"m xed al um num oxi des" is understood to nean, general I y, al um num oxi des

conmbined with at |east one other oxide in a rtion wei preferably
from o tb | 868 (HERSH0R CAR pat PP C AP B BLEBS] CURTHHH 167806 -
especi al ly fram 2etrem I‘a&'&etdqaﬂum&%m cemeheé"rom mndméessdtbanmaa% The

ot her oxi de ng)}(_,laq% lg'l‘? i €939 t %beil @3“&,13 %hoslﬁ atl%]tgo the
t

net al s from oups elénen Tom & exceptl on
of carbon, obthhe Iéemld@dllm 'Babil@pﬁrttilml 4% vam sprmealphyt fcaomarl y, they

can be oxidescof dhie cgLameils, Michasen faampal kabiy netahs. 1 Aldaking earth

netals, transition metal s and el ements from G G oups and 14 of saild table,
with thel @xcBfti ofsPr dardon. XA 2 t FAansPEFoRDABL é|0§ FEhe? et yEEBRpRi se t he
metals from 2@ Ci@su@s t&atno 1dsof 9 dot;amre,oxlruéoabtrl Cotk el emmnt pe2l1 to

29, 39 to 47 an éjtsfo 72 |r1cl udi n Ia%haninde P} t he actinides. The
ot her oxi de BF*6%XF of MEhE " FPRPE pr %?aﬁ Z fFGﬁf“t he
transition @ebaps fir o Glgupsnd tedemerittre Eantmhatroles,14 he wiElacthei des and
the elenentSekeggkg%guD8f13c§Pgo&ﬁ'cgf the Periodic Table of the
15 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
20 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
25 actinides and the elements from Groups 13 and 14 of
said table, with the exception of carbon. More
particularly, they can be chosen from silicon, boron,
gallium, germanium, titanium, zirconium, cerium,
vanadium, niobium, tantalum, chromium, molybdenum and

30 tungsten oxides.

The mixed aluminum oxides can be chosen from anhydrous
aluminates, from spinels and from aluminosilicates. In
particular, the anhydrous aluminates can be chosen from
35 anhydrous alkali metal aluminates, such as anhydrous
lithium aluminate (LiAl10,) or anhydrous sodium
aluminate (Na;0-Al,0;3), and anhydrous alkaline earth

metal aluminates, such as anhydrous tricalcium



said table, with the exception of carbon. Mre particularly, they can be
chosen fromsilicon, boron, gallium germanium titanium zirconium
cerium vanadi um niobium tantalum chrom um nolybdenum and 30 tungsten

oxi des. The wdx£6og) st psin oxi des can be chosen fr graEFRA UG 004241 nat es,
from spinels and fromalum nosilicates.;dn particular, the anhydr ous

al um nates can be chosen from 35 anhydrous al kali net aI al um nates, such as

anhydr ous |éi&h%@éu%@§beﬂlz®ﬁlc&) Qﬁh%PMQEOB%x?Q%UW ﬁ'Mrﬂs@é@
(Na20A1233),  and a{ﬁﬁ/ rous al kaline earth® netal al um pates, such as

anhydrous t r (3eP a0 20/ GPiPSLSPCIRRRRDSLHOE6DL 10 BRTtHIidat e
(3CaQAl 2CB) @for@nhydm@bl&mbfb’mddsmt@ﬂnbﬂhéat &1 thBefANZLB) of ThE welidied s can be

chosen in partl crl ar om al umi num oxi des orrbl ned with, oxi des .of .dival ent
metals and iT°pPATT | lei f +Om r%ag%e]s Spi ngS (TRARSON™T c &FCiTL spi nel
(CaAl204p, ziMmgAbgihel ¢ZhAl2@4) , spramghneseaggi-0e) , (MALTRO4) shirml spi nel

(FeAl204) an&&oﬁ“él apl&q{gﬁn%oéélz%%ing?el 3'»4%@1”8 sil Hgg}les s%%@u tie chosen

in particula croporous
al umi nosi | i cefe&l20an &deacobc@ltar spohedul éfZOéiLeQzés ai¢ zedlumtiegm- The

support can &l poc£QIprse odkhbedah HTHaUR aKh des £rohi AL, ClAl modi f1 ed
by one or nore elenents from Goups 15 to 17, preferably oups 16’ to 17,

of the 15 Perierfc TdisEstR-he BLEFBRPECUFOr e bhbsptus, 1%sul fur,

fluorineoor gduofduear ThEl SUPPOF ts Lahed N af@riesL] ©&s conpri se al um na
superacids or alum num oxides which are sulfated, sulfided, chlorinated or

fluorinated. The classification used is that defined by 20 the | UPAC in 1991
i n which ther}gas osypsparte cambeled Eoopriiet mod@fard wiueohnusm footinis,f or

SR P 00K la ooty apd RyShge bl cdhef 1905

Groups 15 to 17 preferably' Groups 16 to 17, of the

15 Periodic Table of the Elements, for example phosphorus,
sulfur, fluorine or chlorine. The support can in
particular comprise alumina superacids or aluminum
oxides which are sulfated, sulfided, chlorinated or
fluorinated. The classification used is that defined by

20 the IUPAC in 1991 in which the groups 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.

25
The support can be a support homogeneous in
composition, in particular throughout the body of the
support. It can also be a heterogeneous support based
on aluminum oxide, in which support the aluminum oxide,

30 the mixed aluminum oxides or the modified aluminum
oxides, as described above, are essentially positioned
at the surface of the support and the core of the
support is essentially composed of a mineral solid
chosen in particular from metals, oxides or sulfides,

35 and salts, such as silica or metal oxides. The
heterogeneous support can be prepared by dispersing
over, by precipitating on and/or by grafting to the

mineral solid one of the precursors of the compounds



USA. 25 The support can be a support honpbgeneous in conposition, in
particul ar throughout the body of the support. It can also be a

het er ogeneous support based on al um num oxi de, in which support the

al um num oxi M 23®&/0L3%5ded al um num oxi des or t he PROAIFR26® 5100 6”IM

oxi des, as described above, are essentialll y positioned at the surface of
the support and the core of the support is essentially conposed of a

m neral sol i dasedosen 4 unparim cok ate fment heted saboxe deSher pgelclirdes;s 35 and

salts, such as silhcR,0fi0Bhal Bd degosdhe £ A0t %RQEI&?&HSE!%%%H&%“ be
prepared by dispersing _over, by precipitating on and/or rafting to the
m neral sol i dMoneasE 1 EWEaPr RS 0P SUBE NYHe SRS O85 2008LTPXAES

PCT/ FR2005/ 0@¥62d1 umiddm kased aihd@l yslpdAheyksde i enedyakexe deEhe

precur sor an in particular be chosen from al unj num hydroxi des,. in
barticul of f ESmEATERaR UM r ShYah of Paeie Ay diiill deLimbAUl| NFRGMEEe and
gel ati nous alsumihnumshydieexirdeed 5aBoeker eRaewhns gndetr t ahgel akerfrousfal um num

hydroxi des, .sugh as doscriped above. knawn, nder. & he, tarm.obo aldnina gel s
or of anorphous al umTas. hét erogenecus “support™ can be preﬁare in
particul ar bypuppgirtyiosq fechpreparet v pranyliswlaofby soplgelingr sysihng an

organo 10 mekallicocompount, why Clef apl Lbtabes 1) Pakibeulal bhgarngralting
to the mneral 'solid. The Conpound according to the invéntion_ 15 generally
provi ded'9 n fREALM TORAUIE! e€hRR chacahihatesany %r%hca%a’éngh@ny si ze,
in particul agrarieay $iZeheangnRgaflr @@1i@.nmto 5 nm preferably from 20 nm
to 4 mm The particles of the support can be provided as is or can be

shaped so as to have a specific shape, in particular a spherical,
spheroi dal, e sphepowad, alenirsiher ot dalthe20igyénntoncals ogeaslad 1yhape or

the shape of pgfio@gé’ed in the form of particles which can have any
15 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

be shaped so as to have a specific shape, in particular

a spherical, spheroidal, hemispherical, hemispheroidal,

20 cylindrical or cubic shape or the shape of rings,

pellets, disks or granules.

The compound according to the invention essentially
comprises a tungsten hydride grafted to the support
25 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,
preferably from 4 to 6. The tungsten atom is bonded in
particular to the solid support, in particular via at
30 least one single bond. It can in addition be bonded to
one or more hydrogen atoms via single bonds (W-H) and
optionally to one or more hydrocarbon radicals R, in
particular via carbon-tungsten single or multiple
bonds. The number of hydrogen atoms bonded to a
35 tungsten atom depends on the degree of oxidation of the
tungsten, on the number of single bonds bonding said
tungsten atom to the support and optionally on the

number of single or multiple bonds bonding said



pel l ets, disks or granules. The conpound according to the invention
essentially conprises a tungsten hydride grafted to the support 25 based
on al um num oxi de. The degree of oxidation of the tungsten in the supported
metal conpouW® @APEHMS2%51 val ue chosen within a raRge/erReN8i/0@1fercdm 2 to
6, preferably from4 to 6. The tungstenz2atomis bonded in particular to
the solid support, in particular via at 30 | east one single bond. It can in
addi ti on be bondetero atre be e hydirocmerpet orsdyiralsitngl BhbondsheWw H) and

optionally tﬁu%%_ﬂrofT%fdMg?gﬁcgfgﬂg padbeadl $Ra funddrdh CoEh Wad
carbon-tungsten single or muftiple bonds. The nunmber ©0f hydrogen atons

bonded to a 35 tingstaFt a@Hrlepends I tde BegFeeWAlotUal i BRdofafhe
tungstten, gnp&?_@e&@ﬁw ﬁn% nﬂf@mquis:f bp,hdb?gféﬁjagl t_tf&@ﬁil en %&)OE‘I 3_ t he
suppor n I gna x‘on e nu r of single or _nulti e ponas ondail ng
SarEoWD 2006 D38 T R0 o agte Luries thit JO G B EBo ARl 1d

hydr ocar bon sagpoat BasBadusn tdileimiminbesxiode hyik ogede asodsd boadedaho a
tungsten ato at st ual .t an t .equ t 5 a can
preferably r?ﬁ%%gfarlg%’l F%gg t_fokr%eqf gruéﬁ%fjepr o%t§¥nt g}')% hoo edtg’rlr% " g(rgafti ng
of the tungsteashydrdinge tdindlke sobpdd stippostiasetimmez udndm orirge" i s

under st ood t g rRaBy]298Rekaldl Yor thalsd NG d UG RN B 1R-BRDdedovia at
| east one single bond to said support and nore parti cul arjﬁg@w a at | east

one singt® boRBSEWPORLPHYISR P s ttishe® BRYGEH RBHEDf BHBRPAUM

oxi de. The nuﬁbe_éinlgﬂeSi yaghasbpadﬁdbggdida(gﬁ g%ghgggghenagbﬁm te thee f
support, I n artic ar .via a s.Ln e bon , epen on _t egree O
ox ot i on of SERECEingsibn BAHCiGRLERe Rifber of iFE ol REPaboRtcoRonas g t he
tungsten 15dapendandn sigendsaidy efluakitiatipn? odr the Thendsiest endat om of

the compound,Accordingie-tBe JrVeltARY £80a9PH-ARakLY it bopdsdeta one or
15 atom and is generally equal to 1, 2 or 3.

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

from C; to Ciy radicals.

The tungsten atom of the grafted tungsten hydride can
35 be bonded to the hydrocarbon radical R via one or more
carbon-tungsten single, double or triple bonds. A
carbon-tungsten single bond, in particular of o type,

may be concerned: in this case, the hydrocarbon radical



hydr ocarbon radicals R via one or nore carbon-tungsten 20 single, double or
triple bonds. The hydrocarbon radical or radicals R can be identical or
different, saturated or unsaturated, hydrocarbon radicals conprising in
particul ar fweom2Doteo 02825ireferably from1 to 10, earyeErR2a06K® 0AsR1
optionally conprising silicon, in 25 pangicular in an organosilane group.
They can be chosen in particular fromalicyclic or aliphatic, in
particul ar | Rnezan obebraanchkklyl alrlkeyli ceddi cial spafoicugaana el ah&yt, or

al kyl i dene 031 n%%]deQQJ&gplc§é§f%%f ngtI%HJa :%ipn1ggd%9a§10 rradi cal s,

fromaryl 30 in“particular from C6 radical's, and from
aral kyl, ar &Pq@yfml@enéf@r Pé}edelyIIﬁj%ﬂ@]rfad??éa@% aralputtredigrl. ffem C7 to

Cl4 radi cal sexBip1ungss epeatgm ofa&f@ngr@frt epné upggtea1hys i deraana 35 be
bonded to t he hydrocar bon [ di cal Vi ne or, nore carban-tungéten singl e,

doubl e or®tr e oz~ A ﬁrﬁﬁﬁ”l Y fiat ‘bohdl, UPACREFPPEUR of a
type, my beee@ncergeﬂeramlyhls @asemxkh&uh¥drocaﬂb@matadicakaMEbal

2006/ 013251 PCT/FRQgOSIOO 621 %3 R can]pe fn al .k radlcal i n_particular
a linear or OBr&iEREATS KVICT abf'Eal® =61 %n 8 et 6 O"ex@pPe, t he

phenyl radi calbrbon aatamalddy| thadi valechbe cv&ampleaﬂhenbenqylCﬁth@al or
the radical ahfog m@fié%cgﬁﬁafkgpg}@r o1l rH"aé¥%£?é§918ﬁé" ES

understood to nean, generally, nonova ent al i pha adi ¢ ori gi nati ng
from t hel? emS¥AMPE a Ry driBgiedy ht ont Gk -a - ca?BBﬁ at offdtsthe nbBFeelille of an

al kane or of (agy,-alikene or ofnadpahkyne or avemhpgca@gprgan05|Iamqylfor 10
exanpl e a net ,, eth FE pyl . yl
((CH3) 3C- CHZ rf% a%‘lgﬁHz‘( mzagﬁﬁ’% eﬁﬁé{/ﬁ | R @96-':)1,C1’l%ﬁ'zrpa? }(%QE}P’ r

et hynyl CH=¢CH)EC or, mﬂoshécyélum—lis)(eﬂ)-3@I:d2{:){2padinaailica'llhe ah&yblkyadi cal

can, for exangdgb Re %Lli gyl%xgmngz “he % fé%mul egreéﬁntsw%e&%near or
branched al kyl"radi ca

15 R’ represents a linear or branched alkyl radical.

A carbon-tungsten double bond, in particular of =n type,
may also be concerned: in this case, the hydrocarbon
radical R can be an alkylidene radical, in particular a
20 linear or branched alkylidene radical, or an
aralkylidene radical. The term “alkylidene radical” is
understood to mean, generally, a divalent aliphatic
radical originating from the removal of two hydrogen
atoms on the same carbon atom of the molecule of an
25 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=) ,
neopentylidene ((CH;)3;C-CH=) or allylidene (CH,=CH-CH=)
radical. The alkylidene radical can, for example, be of
30 formula R’-CH= where R’ represents a linear or branched
alkyl radical. The term “aralkylidene radical” 1is
understood to mean, generally, a divalent aliphatic
radical originating from the removal of two hydrogen
atoms on the same carbon of an alkyl, alkenyl or

35 alkynyl radical connected to an aromatic group.

A carbon-tungsten triple bond may also be concerned: in

this case, the hydrocarbon radical R can be an



A carbon-tungsten double bond, in particular of n type, may also be
concerned: in this case, the hydrocarbon radical R can be an al kyli dene
radical, in particular a 20 linear or branched al kyli dene radical, or an

ar al kyl i dene Woadi0l/0IB25 1 er m " al kyl i dene radi cal " PCT/FRROOSIOOAG 210 mean,
generally, a divalent aliphatic radicali4or-iginating fromthe renoval of two
hydrogen atons on the sane carbon atom of the nolecule of an 25 al kane or
of an al kene adikydfidymeal fgahiec@l, evenpefrtagulerganosiheare, of obrexaipEde a

met hyl i dene , h ( ), (Q@"g; )
neopent yl i de%g%zéglgn%t é—E)Q%%?L aCF‘%I i'dene Wﬁ%) “ra |a?a_1|lz Thhe
al kyl i dene r &@ir&al cfal*}’]f%ﬁ}’lé@(arrﬁﬁélcﬁé" of 150 AN St R4 CHEOWhEER TR

represents addr28an 197, béanﬁPﬁdaléﬁKWalﬁ%ﬂlé&c Thaitenm oak ak kuliidene
radi cal " |s under st 0od to eral l a divalent aliphatic radical

ori gi nating FrEM tHeS r ERBEYR ofOfi_ V\Bgﬁ?ar SYER I THNRE SRS t I‘Pél s &&M5on of an
al kyl, al kenylar@on 35tainkyc|51fy| tll’mill manecomaeodsﬂdatm abkanenabtrCc off oup A
car bon tungstei tr| pl.e an% g0 be concerItn in__this,case, the

hydr ocar bon ra ica can be an W) 2006/ 0T325° ﬁ@l’/%@%ﬁ%fﬁb%il’ f-or
al kyl i dyne r adieowlle i anpattiviuldmen [ CHee@—)o,r brepyhédynal kytitlyRes) r,adl cal,

or an aral kylnleq)yfjré@ltryqqldggjl W%H 5?61)@1@ |kl i %Ni'l%zlr afdigal " (dis %@d%rqgt ood to

mean, generally, trivalent aliphatic_ radic origi natlng 5 from the

removal bY tﬁ@ééCWdré"é%adtW%q Hea ki %aeﬁvbo’?P%tW‘BPl?hebﬁoloécule of
an al kane or fefrmana a k@ee \meleé Rh abkyBgeatseven iafean OFgpRasichaae, for

exanpl e an et Ildyne ro Ildyne ( entylidyne
(( CH3) 3C- C=) @ | isid CISEI%#% 10 F 5t %{:f gﬁ%ﬁé aF%@EFa ne radical
can, for examplderslneo@lf téommﬂra, Rge@erahéye R m&ﬁwei@lﬁts allphear cor

branched  alky;rad! 6lia e L8 M gnalhy! LABEieUE A irde nyRUEERLO0D (o

nmean, genera tri
atoms on the same carbon of an alkyl, alkenyl or

alkynyl radical connected to an aromatic group.

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

allylidene, neopentylidyne and neosilyl radicals.

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

25 ligands, in particular aromatic or carbonyl ligands.

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

the following formula:

—(Al - 0) H,
\ /
W )
/A
—M-0), Ry
30
in which W, Al, O and H respectively represent
tungsten, aluminum, oxygen and hydrogen atoms, M

represents an atom of one or more elements of another



radi cal originating fromthe renoval of three hydrogen 15 atoms on the sane
carbon of an al kyl, al kenyl or al kynyl radical connected to an aronmatic
group. More particularly, the hydrocarbon radical R can be chosen fromthe
met hyl , et hyWo 20p6d®3251sopropyl, 20 n-butyl, isBbuyyRzo0égpentsell, allyl,
neopentylidene, allylidene, neopentylidgne and neosilyl radicals. The
tungsten atom of the conpound according to the invention can be conpl exed
by one or noe&ikgdr ocanbbn &5 | idgdided i napavei culRr argmEtsentor car bonyl

| i gands. The ydr.j rafd gd, to t 4 se n, alum num

oxi de can beh&gg%??g%togldqr&dalg:ragﬁrmtl calf%y ng;f tﬁeoé%?‘?%w,%é&f}éf ngl';nzwn--(Al -
0), Fly W (2pnd- Z ape OyESREE s 30-hs SWD chv i+t z) ochndhHeRedpeetingd] v
represent tupgst e @&l WADQUALYXyYJeniand Rydrogen atons, M -repegsants an
atom of one or nore el enents of another WO 2006/ 013251 PCT/FR2005/ 001621 15
oxi de, suth 889%& imed BDove, R rtg]fr eg‘éﬁ‘f“él‘é (kydr &d%r bon™ FadT %Al 2™uch as
defined above--dmdOX, bpnde r@wtesarte drd egertsord heisghe (s#xhytz) pok whi ch

is equal to to 6, andwth x =11t0.3 y,=1tab w=0to and z = 0
to 20 Th tnorPai PRl Prbatgha e R Sdnerdoretent “one

or nore singh&oor Mmilct iqulce ofhdrits atewpectdurttyl tormeetdhgthdesabprirtum at om
and the at Og‘g%,ﬁo &Y‘ea%mﬁﬁﬁmato%i‘dé,coﬂﬁtbta':!%gtcﬁlgfr the EHQ‘DQ#'[& gsed on

al um num oxi in particular to one of the oxygen atons o
suppor t .1rheCEgABBUAGCBREC 8EditRd St 6UPReTItnvent i on general ly exhibits, by
infrared spectroscopy, one or nore specific absorption bands of the WH

bond, e 15, equency of, WIGh bANS Ga a1y ARSording togthe, s,

exhibits, by infrared spectroscopy, one Or more
specific absorption bands of the W-H bond, the
15 frequency of which bands can wvary according to the
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
20 absorption bands at 1903 and 1804 cm? have been found,
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 a-alumina. By
25 way of comparison, tungsten hydride grafted under the
same conditions to a silica support generally exhibits,
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
30 specific of the W-H bond considered in particular in
the environment of the W-0Si bonds bonding the same
tungsten atom to an oxygen atom itself bonded to a

silicon atom of the silica support.

35 Another way of being able to characterize the presence
of a W-H bond in the compound according to the
invention comes from a measurement by proton Nuclear

Magnetic Resonance (solid 'H NMR) at 500 MHz, where the



coordi nati on sphere of the tungsten and can depend in particular on the
nunber of bonds of the tungsten with the support, with the hydrocarbon
radicals Rand with ot her hydrogen atonms. Thus, for exanple, at |east two

20 absor pti onyhagigiss A and 1804 cm 1 have been Py 0 0¥ g dands are

specific in particu ar o the WH bond gconsidered in particular in the
envi r onnent of the WOQA bonds bondi ng the sane tungsten atomto an oxygen

atomitself % te apal Widim At og}1 fra- Cﬂﬂ upipa.  By. géeylvamﬁrlde
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conpari son, en hydrlde grafted un er sanme co dltlons to a silica
support gener &by eehigsTuasl t%qumrﬁa?f@dgﬁi@bqrmdwlwnl east one of the
two absorption bands at 1940 and 1960 cm 1, which bands are different from

t he above and which are in_particular 30 s emﬂg1 of the WH bond consi dered
in particul arTh% tFRRARF onnBRECHFIRBe WS BBRds BENGATY The s
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and in particular 1n the vicinity of the grafted tungsten hydrlde It is
bel i eved t hatSURPAunPREMNY dredet tan betvwesingdl Bydspegingtimapt a

al um noxane b_:fl*adﬁ}&éd oft unygdm  hGanh de Ahhd PrEsentalivnadtdcall drialgd he
surface of th ﬁ? rt . and by rel'actlon bet ween a Egdro en . at om of

grafted tungst - aftd SEARLEN (RSTo bt dgeaTeR §r65§ﬁé8n Rlsinple
test for thetﬂhﬁf&&h&ﬁhﬁ&ﬁlh&dfﬂde present in the compound of the

15 invention next to a tungsten hydride comprises a
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

20 temperature chosen between 25 and 80°C, preferably
equal to 60°C, for a period of time of 15 minutes. A
selective deuteration reaction 1is thus carried out
under these conditions: it makes 1t possible to
substitute the hydrogen atoms by deuterium atoms in the

25 W-H bonds and to thus form new W-D bonds which, by
infrared spectroscopy, exhibit two absorption bands at
1293 and 1393 cm’?, while leaving unchanged the hydrogen
atoms in the Al-H bonds which can then be charac-
terized, by infrared spectroscopy, by an absorption

30 band at 1914 cm™

The present invention also relates to a process for the
preparation of the supported metal compound. The
compound according to the invention, which exists

35 essentially in the form of a tungsten hydride grafted
to a support based on aluminum oxide, can be prepared
by a process comprising the following stages:

(1) a stage in which an organometallic tungsten



t he al um num hydri de present in the conpound of the 15 invention next to a
tungsten hydride conprises a reaction for the deuteration of said conpound.
The test can be carried out by bringing the conpound according to the

invention intgycon@cdiywsp a deuterium atmosphere gawdasr 250 S0s@1 61 £
pressure of 66.7 kPa, at a 20 terrperaturf7 chosen between 25 and 80C,
preferably equal to 60C, for a period of tinme of 15 mnutes. A selective

deuteration reactiLEs4+s cal I igdRseUNdeErt hgsg coPEEtLENstoi ta makes
it possible to substltu%%')tshe hydr ogen aetoms b)J; deut er?ﬁm at ons |n t he 25
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i nventionsal soydsd@igsot 0 aopipocess far themppegparaatd firedf the sigppdrted
net al corrpound Tr t_g)hngﬁg‘l)und according to the invention, which exists 35
essentially i TR For a tungsten hydride grafted to a support based on
al um num oxi dez) can de preparedf byhadpeoenssyedaprich ngthhe farid owkdg

st ages 1 r | Li-c e 0d32p1
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support basedh araﬁﬁﬁaﬁgoﬁt@@eu rﬁ%?%htﬁref&ﬁ*%o? tHBIStERgIEF i4e i n

particul ap bopedert & €ONP exesuppot. | east one hydrocarbon Ilgand Sso as to
forma tungsten 5 hydrocarbon conpound or conplex grafted to said support,
then (2) a stage of hydrogenolysis of the grafted tungsten hydrocarbon

conpound or cepl exrdasethdtaigl ¢ omuide ¢ eqadidiy ssirmg@r Sprsfdmbby m a
tungsten hydrugg:rlsegraftgggégegaé O%UBQHEEd or complexed to one or
more hydrocarbon 1ligands. The tungsten atom can in
15 particular be bonded to a carbon of the hydrocarbon
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
20 hydrocarbon radicals, preferably C; to Cyy radicals, in
particular C; to C;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
25 tungsten in the precursor Pr and can be at most equal
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

30 to 6, in particular from 4 to 6.

The precursor Pr can comprise a tungsten atom complexed
to one or more hydrocarbon ligands such that the degree
of oxidation of the tungsten is equal to 0. The
35 hydrocarbon ligand can be chosen from aromatic ligands
or carbonyl ligands. Thus, the precursor Pr can be
chosen from tungsten bisarene and tungsten

hexacarbonyl.



The organonetal lic tungsten precursor Pr preferably conprises a tungsten
at om bonded or conplexed to one or nore hydrocarbon |igands. The tungsten
atomcan in 15 particular be bonded to a carbon of the hydrocarbon 1|igand

via carbon-t upgss @ po9pe1 double or triple bonds.pdherryeycedbomm | i gands
can be identical or different, saturategsor unsaturated, hydrocarbon

radicals, in particular allphatlc or alicyclic 20 hydrocarbon radi cal s,
preferably Cl to C20 radicals, in particular Cl1 to Co radicals, and can be
chosen in partjcular fronlthe hydr ocar bon radi cal s E descri bed above. The
number of hydtot@¥ bbR IGHFantis PondddPesStRE Athgdt2ht AE8m EEéFEndstdn t he
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P which makes it possible to remove the carbon dioxide

15 and which can range from 0.1 to 48 hours, under a
pressure of 1less than, equal to or greater than

atmospheric pressure.

The support can also be subjected to another
20 preliminary stage, referred to as dehydroxylation. This
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
25 hydroxyl groups and to optionally form aluminoxane
bridges (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 pressure preferably of less than atmospheric pressure,
for example under an absolute pressure ranging from
107™* Pa to 10°® kPa, preferably from 1072 Pa to 50 kPa, at
a temperature of less than the sintering temperature of
the support, for example at a temperature ranging from
35 100 to 1000°C, preferably from 200 to 800°C, and for a
sufficient period of time which makes it possible to
leave an appropriate residual amount of hydroxyl and/or

aluminoxane groups in the support and which can range



10 under a streamof dry air, at a tenperature lower than the sintering
tenperature of the support, for exanple at a tenperature ranging from 100
to 1000C, preferably from 200 to 800C, for a sufficient period of tine

whi ch nmakes iwo ppssé pdE32®1renove the carbon di oxi dechy rrREbOBY @dL&€2D range
fromO.1 to 48 hours, under a pressure of less than, equal to or greater
than atnospheric pressure. The support can al so be subjected to another 20

preli m'dnary st 2R, Or.G.fetbed4$Fh@@rﬁehmfeﬁxﬁéayﬂegxlebi:ionst?gegéahncéle
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surface of thetsgwport, a residual anount of the 25 hydroxyl groups and to
optionally form al um noxane bridges (of forrmula Al-OAl). The

dehydroxyl ati on can be carried out by subjecting the support to a heat
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10-4 Pa to 10%M%P¥ - prléf eF8BI *350nPE0-2 BLaSs SBYkF%‘}b]a%ma"al?’érrpet?ké?ure of
| ess than thesddlesdngpt enpRiahugenetallpeestippertin the exdnpl estditea
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appropri ave resietuah ampsstiref dfydremey|tlem/ @atmoapber hox awe sguogpsand t he
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to 48 hours. e dehydroXyl ation stage can advantageously be carried out
after the calsimbindniontage. 16s Thegdaspersingthadggsabuisngtattageoicein be
carried out byhe SURbLBAREL ORndYshBPIRIPELH0RWSING Basehvantor By dIy
m xing. In the case of a stage by _sublinmation, the _ _

temperature randing from -30 to 200°C and in particular

15 under an absolute pressure ranging from 10™* to 1 Pa.

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.

20
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.

25 The impregnation can be carried out by bringing the
support based on aluminum oxide into contact with the
solution, prepared beforehand, of the precursor Pr. The
impregnation can be carried out at a temperature
ranging from -80 to 200°C, under an inert atmosphere,

30 for example an atmosphere of nitrogen, of argon or of
helium, and preferably with stirring. A suspension of a
tungsten hydrocarbon compound or complex grafted to the
support is thus obtained. The excess precursor Pr which
has not grafted to the support can be removed by

35 washing wusing an organic solvent identical to or

different from that used during the impregnation.

The dispersing and grafting stage can also be carried



preécursor Pr, which generally exists in the solid state under standard
conditions, is heated, in particular 10 under a pressure of |less than

at nospheri c pressure and under tenperature conditions which provide for its
sublimation awasl 266 oW 2ion in the gaseous state aeer/FRIVDSUPPDEE1 The
sublimation can be carried out at a temperature ranging from-30 to 200C
and in particular 15 under an absolute pressure ranging from10-4 to 1 Pa.

Thfe graLti ng @it t g pae$urrapkul?§ toirt h@awpmataraﬁbybedrﬁomid@{aaﬂ#@% ]
infrared spectroscopy pr or, Pr i rafted to the
suppor t can. HETShoR Dyer APEFTECh | 1At ish 50 Shd LTt
grafting stagden canial s@sde therpedcupabrbyri npheghatisopresiens arsdlvent. In
this case, reegurso ca e_di ssol Qg! g( | 3¢

or gani ¢ sol vgfecir"?f g? eia%rgﬁédbe %neg%rgaet%qﬁ‘ e?]ﬁg Qfﬁcre ?fgr%rgggna ion can
be carrie8 ou‘otlhwllbﬂil ngkaget Ha %h@p@ﬂotse@a@edo%nlagunﬂnm ogifdd igid cont act
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i npregnation can be carried out at a tenperature _ranging from=280 to 200C,

under an i nertPIRNOEpher et 3VETOFPRREADI €0ANSEEMBFhEr e ST YTGerR T of
argon or of rhelddstan andpretgoabl §6rWId>fl &td]f:rumg s@» sdspetsi ofovh a
tungsten hydrocarbon CErrgound Qr comg aftedf Pg ?ug}por.t 1S thus
obt ai ned. Thé“8XceEss ?) ecliPsor ﬁ’fis ot tg?]éf d t% tﬁnel}%ldb%’ort can
be renpveéd byit35isaphEergblsi rig amazongauut solheztt tdeathmeat todgor different
fromthat us t g Si n t age
can al so be ?%regil%ﬁ 218’61(?%1% gﬁtéﬁgb %(gg/ gggé %ﬁ %tg[%utptﬂb&gl

m xing, in pamdsieR. byodmp neehimiieal akayd nghei ﬁnltgrr@mnéédofthﬁ qU| d or

of liquid soluamteiod ndhi §hEaS&rec§@1€scPf eqr sQf B, e MBI cdlupSo eseife i the
formof a solid, is mxed with the support based _on
precursor which has not been grafted to the support can
15 be removed by reverse sublimation or by washing using

an organic solvent.

The preparation of the compound according to the
invention can comprise a second stage referred to as
20 hydrogenolysis. It is a reaction for the hydrogenolysis
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
25 “hydrogenolysis” 1is understood to mean, generally, a
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
30 support and the carbon atom of the precursor Pr
attached to or complexed with said tungsten atom. The
hydrogenolysis can be carried out using hydrogen or a
reducing agent capable in particular of converting the
grafted tungsten hydrocarbon compound or complex to
35 grafted tungsten hydride. The hydrogenolysis can be
carried out by bringing the grafted tungsten hydro-
carbon compound or complex into contact with hydrogen

or the reducing agent. It can be carried out under a



5 alum num oxi de in the absence of liquid or of liquid solvent, in
particular with nechanical stirring and under an inert atnosphere, for
exanpl e an at nosphere of nitrogen, of argon or of helium so as to forma
m xture of twwospdoslsorirsing or after the dry m xi ngr/HRIdos oPpssible to
carry out a heat treatnment and/or a treatnent under a pressure of |ess than
at nospheric pressure, so as to bring about the mgration and the reaction
of the precunspirdemi tdrrdipreippor Zhe 1ﬁé€€ur§19rﬁo h&he hasyineh b@en
grafted to thefig)gr?rt can 15 .be remved reverse su Irrratron or

washi ng usi nd afi Yol vént “SFHe p?% &F at#on 1 %oW%%cor di ng
to the mveniam_:rm@nfrormpr]r(sé aosechiPst age raefeennpelrat:uas 2hging

hydr ogenol ysi t,ls |o o] dregenol ysi, sten
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pr ecedi ng3st dge. 48I'H€Oll1rfeact| on is generally carried out so as to form a
tungsten hydride grafted to the support. The term 25 "hydrogenol ysis" is
understood to _nean,_ generally, a reaction in which a nolecule is cleaved
with attachnerte &? f@vﬂr%e%x?@%%% %M)UEFea'\?%dtBSr PF@ﬁ@ntTdLrB@n%]r%él fic,
the cl eavage wieaeduton imkesngliace in particul ar between the tungsten atom
grafted to the 30 support and the carbon atom of the precursor Pr attached
to or conplexed with said tungsten atom The hydrogenolysis can be carried
out usi ngohydEcgepilerl a Prephus tiprageht a capaps tennhpdrideulgana fdfedcdrver ti ng
the grafted #gﬁ%&*ydr ocarbon conpound or conplex to 35 grafted tungsten
hydri de. The ysis can be <carried out by bringing the grafted
tungsten hydro- carbon conmpound or conplex into contact with hydrogen or

t he reducrng;@geyt réilﬁ%ﬂb%@ §@£§éed59§tm§ng%raa w§ﬁ8§99501%%53ng a

PCT/ FR2005/ 001621 rogen at nosphere or an i hert at rms;lg ere when a
mean size of 40 pum and a specific surface

15 200 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
under a stream of dry air at 500°C for 15 hours and
then to a dehydroxylation treatment under an absolute

20 pressure of 1072 Pa at 500°C for 15 hours, so that the
alumina thus calcined and dehydroxylated exhibits, by
infrared spectroscopy, three absorption bands
respectively at 3774, 3727 and 3683 cm' characteristic

in particular of residual AlO-H bond.

25
In a first stage, the 530 mg of the alumina prepared
above are introduced into a glass reactor under an
argon atmosphere and at 25°C, followed by a solution of
6 ml of n-pentane comprising 300 mg of
30 tris(neopentyl)neopentylidynetungsten, used as

precursor Pr and corresponding to the general formula:
W[-CH;-C (CHs) 3] 3 [=C-C (CH3) 5] (3)

The mixture thus obtained is maintained at 25°C for
35 3 hours. At the end of this time, a tungsten
organometallic compound grafted to the alumina is
obtained, the excess precursor Pr which has not reacted

being removed by washing with n-pentane at 25°C. The



reduci ng agent is used, under an absolute pressure ranging from10-2 to 10
MPa, at a tenperature ranging from 20 to 500C, for a period of tine ranging
from0.1 5 to 48 hours. The follow ng exanples illustrate the present

i nvention wiwd@godjoniisy it. 10 Exanple 1: Preparmratt/@R2005/ domgst en
hydride grafted to an alumna In a preldgrinary stage, 530 ng of a

y-alum na, having a nean size of 40 mand a specific surface (B.E T.) of

15 200 nR/ g, womgEtei ngr§fohyt wel gbt cempalindi rt&nﬁldgﬁa/ﬁbgdvxeisgmrﬁd wat er

and sold by Johcfson Mat t hey q:Gregt Psf'sta% %ag}e sub ct ed t%u CI nation
t r eat nent T SEr8aM of “drYPER TS 500 ¥ 15 sC&n Dtgh vto a
dehydr oxyl at isomnd tcrcecaienpnndmdm tameagnsrmmle E&mmsure of 10-2 Pa at 500C

for 15 hours, so th Qﬂ Wz%l e n@ (t:ﬁl @%n@gmq d dehydw?(yl at ed
a

exhi bits, by |nfrare éctrosé opy, sor pti'on bands respectively at
3774, 3729 and 3688 T 1aft€ha§f actr | stl c | n particular of residual AlIOH
bond. 25 In a first stage, the 530 ngy of the al um na prepared above are
introduced into a glass reactor under_ an on at nosﬁ&ere and at é%c

fol | oned by dTsoldut iSGFVT E5RAISf r?opéfmar? c&h5r i Si
tri s(neopent wﬁgmmwﬁwmmmw@m@nobmﬂdemab@vecumon sBIlaaIaadi and

correspondi n%éb C[} eneral for L aé & g:(CI—B) h3§%05 s:Ls 3]
(3) The m xtdr I dbtdl ned S <_f”lna?nta? BC for Y. hours At t he
end of thDs ttlrmtmaertumlg}stbningnggnommldqrctmmmi bydfbgdnt artdeer al uni na
is obtained,.the gx¢ess R o] Eg %%1'_1 % g) 5 t.ed g d rmved
by washing wt r‘:] - pentane 3%% © g 0 %812%5& % R%%) 5?0%16%
t ungst en orgd{%r?‘é?t‘»a-’lﬂ i cAtonpbandertuLiyr &hiied Fasmdyi e‘élhe reactor

cooled to 25°C and a compound (W/Al-1) according to the

invention, which comprises in particular a tungsten

15 hydride grafted to the alumina, is obtained and

isolated under argon. The compound (W/Al-1) comprises

1.5% by weight of tungsten and exhibits, by infrared

spectroscopy, two absorption bands respectively at 1903

and 1804 cm' characteristic of the W-H bond grafted in

20 particular to the alumina.

Example 2: Preparation of a tungsten hydride grafted to

an alumina

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

identical to those of example 1.

In a first stage, 53 mg of the alumina prepared above
30 are isolated and introduced into a glass reactor at
25°C under an argon atmosphere. The precursor Pr of
general formula (3) as wused 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
35 over the alumina and to form a tungsten organometallic
compound grafted to the alumina. At the end of this
time, the excess precursor Pr which has not reacted is

removed by reverse sublimation at 70°C. Subsequently,



under vacuum It conprises 1.5% by wei ght of tungsten and corresponds to
the general formula: (A-0). W-CH2-C(CH3)3]y[=CH C(CH3)3] (4) 5 wthx =1
and y = 2. In a second stage, 50 ng of the grafted tungsten organonetallic
conpound obt #Hned LIS 2Hle i sol ated and subj ect edPCE/ERZI0QSE 00dH&lor to a
hydr ogenol ysis 10 treatnent by bringi rg2i3nt-o contact with hydrogen under an
absol ute hydrogen pressure of 73 kPa at 1500C for 15 hours. At the end of
this tine, tHhée eagaororsiscodekd ot25C5MH andompoumn Wil orgaascor di ng

to the invepki@n, 1‘6‘“&:@?11;5&95% | 8RSs | Br@%"tEHCWkﬁrc}@ d4nesiens 15 hydrj.de

grafted to the alumna, 1's obtained and isolated under argon. The_ conpound
(WAL-1) conyeises Do byndgight 8Rdt uMGichn GRFESERIIIS, By i vt¥ar ed

spect r oscopy priewedabsoigeinca 1bardsnules peot i\l ata th@0Iindnd ah@¥h cm 1
character%stlc of the WH bond grafted in 20 particular to the alum na.
Exanpl e 27 Preparation of a tungsten hydride grafted to an alumina 25 The
prelimnary Shegesaforcdl cshageon iand ccﬁrri:lajhydooxyl axaat lof the a-dal um na

are absol ut el amgq%ntll Cae!xée%%@éf Qltlee§?ggl eply L2 fd r@g qsStage, %3 ng of

t he al um na préepared dbove are 1sola |n roduced 1nto a ass
reactor at 25098h&ar %mamcgmaéthmﬂmmounﬂwemmsism Pheoﬁlug@rm@r al

formula (3) %%eﬁ%&%d‘ N; £X ‘ép:.lebédiﬂén stadyd. OdHC%n‘lﬂELﬁq& hQWé?@ﬁtz‘?r The

reactor is t heat ed at OUI’S SO as tO subline the precursor
by 55 ovkl { ReCarearea 4RI {65 or APXCPGAGEt e WIRFAIGTSt al #i c tUBGRHEENd

\% afth eﬂ to t hedakde (rjgs\raﬁ%ed h@oeg(ﬂlgOfaIthﬁiathﬁ%i doRpredecess pregupgor Pr

iC as not reacted_i renove y.reverse su on at..70C.

Subsequent | y Y€ 0g%y o%ﬁ‘@ftﬁﬁ/mé%ﬁooﬁ%ﬁlneé H—‘ q'f]ebd]ctt%'r P¥ cool ed

to 25C and ainhdmgsten or gae@troscopy, two absorptlon bands
respectively at 1903 and 1804 cm' characteristic of the

15 W-H bond grafted in particular to the alumina.

The compound (W/Al-2) 1is subjected to a selective
deuteration test which shows that it comprises a
tungsten hydride and an aluminum hydride, both grafted
20 to the alumina. A sample of the compound (W/Al-2) 1is
placed in a glass reactor and is then brought into
contact, in this reactor, with a deuterium atmosphere
under an absolute pressure of 66.7 kPa at a temperature
of 60°C for 15 minutes. At the end of this time, the
25 reactor is cooled to 25°C and the solid compound thus
deuterated is 1isolated under argon; this compound
exhibits, by infrared spectroscopy, an absorption band
at 1914 cm' characteristic of the Al-H bond unchanged
by the deuteration reaction carried out wunder these
30 conditions. Furthermore, it is observed that the
absorption bands at 1903 and 1804 cm™* characteristic of
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
35 the alumina and formed by the deuteration reaction of

the W-H bonds.



metal | ic compound thus grafted which conprises 3. 7% by weight of tungsten
and whi ch corresponds to the preceding general fornmula (4) is isolated
under argon. 5 The second stage is carried out exactly as in exanple 1,
except for theo fzedstdmd2sme i s made of the tungst eTYRRROOBEAIEI16Z1
conpound grafted to the alum na prepared inn the precedi ng stage. A conpound
(WAl -2) 10 according to the invention conprising a tungsten hydride
grafted to tiexahple IR dPresorgptich Ngf 3a 7tubysteni hdrdldet wigsitard iso t hus
obtained. It exh%ltsnaby I nfrared spectroscopy, two absorption bands
respectively d 1804 cm 1 characteristic of the 15 WH bond
grafted in particular to the alum na. The conpound (WAI-2) is subjected to

a selective teratiqn,t whi ws at ity € i ses un en
hydri de and a%?é]al urﬁléulfnlq%lyﬁiil}ae, %%‘t%%r af&té;d Zdoaltccolt elozfumaannaé ,qufarrpl e of
t he conpolind dalraylation sebdtha alygniss pregceEECANdSly tifanbrFHRight into
contact, in tdd SHSRCtIRE g BdY ai fledttahd 1en At nosphere  under an absol ute
pressure of 66.7 kPa at a tenperature of 60C for 15 mnutes. At the end of
this time, the 25 reactor is cooled to 25C and the solid conpound thus

deut erat ed i sIn sol i eslt ustdege ar goy; of ht hkecampmting pexbiatrieds adowd rfrar ed
spectroscopy,. a bsorpti.on_ban at, 1914 cm 1 characteristic_of the A -H
bond unchangelforhba?/t%%e la%utlél?%{ ggﬁefieélc d?égn CarFied odt "an grertghels%%o

condi ti oh8. Furtdlersmr eseddtars cliserdbSd t leauipped absidipt icon nserdst ¢ 1903
and 1804 cm ! eriLstic he, W o] t '

di sappear tojsttﬁlg’af%cgﬁ/a%tagge %(?%t % .gjgso?%%i g%%@diﬁe%%ec??v?%a&ﬂ%
and 1393 cm EHataet ¢ stdc vFeehd nw exdBnbe gt afited tloens itecdufftha and
formed by the felteiatioctSACtTRE Blactbe YEHhbanda. t¥W0s2006/:3325e

PCT/FRQOOS/OQﬁgglmiita%e thus prepared is stirred for 4 hours. At

15 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 is dried under
vacuum and then isolated under argon, so as to obtain a
tungsten organometallic compound grafted to the alumina

20 comprising 3.9% by weight of tungsten and corresponding

to the preceding general formula (4).

The second stage 1is carried out exactly as 1in
example 1, except for the fact that use is made of the
25 tungsten organometallic compound grafted to the alumina
prepared above. A compound (W/Al-3) according to the
invention comprising a tungsten hydride grafted to the
alumina and comprising 3.9% by weight of tungsten is
thus obtained. It exhibits, by infrared spectroscopy,
30 two absorption bands respectively at 1903 and 1804 cm
characteristic of the W-H bond grafted to the alumina.
Furthermore, it exhibits, by nuclear magnetic resonance
(solid 'H NMR) at 500 MHz, a value of the chemical
shift of the tungsten hydride (dy.y) equal to 10.6 ppm

35 (parts per million).



Exanpl e 3: Preparation of a tungsten hydride grafted to an alumna The
prelimnary stages of calcination and of 5 dehydroxylation of the alum na
are absolutely identical to those described in exanple 1. In a first stage,
2 g of the awom2odeyoapRsad above are isol ated andpcoy/FEAVOSH 0OAE21 an
argon atnosphere into 10 a glass reactoers at 25C equi pped with a magnetic
stirring bar. 305 ng of the precursor Pr of general fornula (3) as used in
exanple 1 ar Exislmple ri:r dhepedratindo dfhea r eangoten Thedridet graifsedeatced to

66C and the drsyilrgaggrl%lq&s prepared is stirred for 4 hours. At 15 the end

of this tine ooled to 25C and then the solid mxture is
washed with n- pentane at 25C. The solid conpound thus washed is dried under
vacuum and t hen és%ﬁéfﬂn% $838Smk0 obt 3d ns%llEH'?Qihﬁﬂna,
organonetal | i c conpound gr afted to the alum na 20 conprising 3. 9% % by wei ght

of tungsten &AY1iEG r e3pordistd fito t Rerpretedi r‘?gFgé'hér al ofor A% “M’)g The
second Stagecbﬁlp&t’irsrllr@d oy exaet lweBght N oeXxaaPheida exaept sbod ths fact

that use is 25 tungste gnorretalllccnpoun fted to the
al uni na pr ep gﬁé’\?@ AZEGNPY qiﬁ‘id % Ac CHHA Y Jé)ri hg %F%\V@ﬁ’t' on
conpri sing auhdlaagstan sltytéralrrdeogr alfttyedai:o ahe 5@ um lﬁararmE comgors siamgl 3. 9% by
wei ght of tu e S , infrar troscopy,
30 two absorg'?gr1 %n S rle@’&é‘%%l ve r{ tlgégjc %élé’g%l " éf? Sgg?)gcccerl stic
of the WH b@ﬂf@sgweﬂetezftbOth@aalarm e eC Fﬁ@théﬁrrbpelrsm sxhilpat s thisy

nucl ear mign‘%t '1Cica9’%qrﬂlﬂﬂ%% (soldd IHNR)L & 50£’n&/HZ déh\éékceﬁy%tfe@e
chem cal shift of the tungsten hydride (6w _H) equal ppm (parts

per million)¢ mez@@e/ Pz 250f PP RREDESFOOE62DY / - azsakmﬂ?@ty or: bpnghar at i on
of a tungsteathysird decgrafdieghdOceni stidcamil pgivdcular of residual

SiO-H bond.

15
In a first stage, the 530 mg of silica/alumina prepared
above are introduced into a glass reactor 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

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

The mixture thus obtained is maintained at 25°C for
3 hours. At the end of this time, a tungsten organo-
metallic compound grafted to the silica/alumina is
25 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:
30 (81-0) xW[-CH,-C(CH3) 3]y [=CH-C(CHj3) 3] (5)
with x = 1 and y = 2.

In a second stage, 50 mg of the grafted tungsten
organometallic compound obtained above are isolated and
35 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



In a prelimnary stage, 530 ng of a silica/alumna, 5 having a specific
surface (B.E. T.) of 475 nR2/g, conprising 33% by wei ght of alum na and sold
by Akzo Nobel, are subjected to a calcination treatnment under a stream of
dry air at 50@CX0R6/MBLIEL s and then to a dehydr oREITAFREO OS/ODL6RAY under
an absolute 10 pressure of 10-2 Pa at -5@8C-for 15 hours, so that the
silical/alumna thus cal ci ned and dehydroxylated exhibits, by infrared

spect roscopy,ccarl egbstor p2E6A lkand a atoBpéindni (WoAsErPdctler | stcordnngarttd cul ar

of residual §OH.hand o&5wlkgcﬁ‘ EbﬁlgEi§E%9%n ;ﬁlder%@u of, sica/d] um na
prepared above are introduced into a glass redactor under an avggon

at nospher e afydgtidsscanafiiashedt vy ol bbtafabimbra 6ial ebtaipedt amad

conpri sing 3Q@JTait@fd thrRidy ecrdSOr e 2O8mpbusgnenabihor Ayl dci@kidsdused in
exanple 1. The nixture thus obfained is maintained at 25C for 3 hours. At
the end of tHiI'S% |X1ﬁ¥\ ngﬁhj?ﬁgs‘f n CHRGENED Al FFE1RAMSou grlélfftrétfetéo t he
silicalal um ppdct rdscalitygi nedy dbsorExXceRss Hredsr sesp@et Wheth has ivats react ed
bei ng renoved hi ngiwi.ih_n-pen e _at 25C. t ungst en-organaonetal lic
Compaund thus el At 18 o heErc DRt Ce s ham e o aaot 50 W gne  of
tungsten angactricedponds tsa ltilve /gdnveriala .f ormul a: 30 (Si-0)

"W-CH2-C(CH3) 3]y[=CH-C(CH3)3] (5) wth x =1andy = 2. In a second stage,
50 ng of the grafted tungsten organonetallic conpound obtained above are

i sol at ed! @nd Exagpdee 5 finanagption o) ackungaten hydpidengrpdiedoltesi s
treat nent by abiEiindicay alRi@n@ont act with hydrogen under an absol ute hydrogen
pressure of 73 KPa at I50C for 15 hours. At the end of this tine, the
reactor is WO 2006/ 013251 PCT/ FR2005/ 001621 - 26 cooled to 25C and a
conmpound (W S$hAl - 1praeddoviciany t ostages  of calcination  and of

dehydroxylation of the silica/alumina are absolutely

15 identical to those described in example 4.

In a first stage, 1 g of the silica/alumina prepared
above 1s 1isolated and introduced wunder an argon
atmosphere into a glass reactor at 25°C equipped with a
20 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 at
66°C and the dry mixture thus produced is stirred for
4 hours. At the end of this time, the reactor is cooled
25 to 25°C and then the so0lid mixture 1is washed with
n-pentane at 25°C. The solid compound thus washed is
dried under vacuum and then isolated under argon, so as
to obtain a tungsten organometallic compound grafted to
the silica/alumina comprising 7.5% by weight of
30 tungsten and corresponding to the preceding general

formula (5).

The second stage is carried out exactly as in
example 1, except for the fact that use is made of the
35 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



the invention which conprises in particular a tungsten hydride grafted to
silicalalumna is obtained and isol ated under argon. The conpound

(WSi Al-1) conprises 5 1.5% by wei ght of tungsten and exhibits, by infrared
spect r 0scopyyot %o fP§PEPEL on bands respectively at g0y AL Atk £ 1
characteristic of the WH bond grafted particular 'to silica/alumna. 10
Exanpl e 5: Preparation of a tungsten hydride grafted to a S|I|ca/al um na
The prelim narys st | cj.pat of . .de [LOX

silicalal umnﬁayar ﬁgbsogi?ﬁﬁy bf tgﬂﬁtgleggl tlg t%lge d)eélg?ﬁlg%épl n exanpl e 4.
In a first s¥&yEditsg obvt hén§irfare§/ aFRRFRACHFEPEr ed tWRbo BRSO st ed and
i ntroduced ungieds aped Qeﬁlvéliﬂ)&lﬂhqrﬁ)j 25,95 al@bﬁsémTle%QiaQ*ac&TerainQqUI pped
with a 20 ma et| stlrrln r. 305 of the recur sar. ener al
formula (3) udd® in eﬁaﬁﬁ?g 1 Hat EPnt r'odficed itritG/ taﬁrél tor. The
react or iss heat et ehor &6 G andxhhbidsy byxhubeehlnumagm@dliceda@r&tndd ed for
4 hours. he end 10f s L reactor hs_cogke 25 to 25C and then
t he soli d m 3lrle£i sﬁvvaNgE% £mag'oénmé{en't are at—25c.© ‘LThcejChseoI i ecolr(r:pa(;alund t hus
washed i s dshelt undertheactumgsinent hgdridel atded:) ureleralar gon,10sé apmt o
obtain a tun j C conpound grafted to the silical/alumna
conpri si ng 79@%}(3%53/0%\5 Jfaé%o tungsten and corresponding to the preceding
general fornula (5). The second stage is carried out exactly as in exanple
1, excepb foixdie1d 36! ¢dd1pSee | 8olRdesObnt RE Sthy1diust €8 tallic
conmpound grarted tP Ne siT1ca/al um na prepar ed above. A compoun Si Al -2)
accordi ng t Y WAL i Hh TR &S gsten hydride grafted to the
silical/alum na and corrprl si ng V\D 2006/ 013251 PCT/ FR2005/ 001621 27 7.5% by

wei ght of t”ﬂ%§te%d§bér Us; obt 2l ned. Iébmpound (W/Al-3)  prepared

according to example 3 is used in a reaction for the
15 conversion of ethylene to propene which can be
represented by the following equation:
3 CH,=CH, — 2 CH;=CH-CH;

The experiment is carried out in the following way: the
20 supported metal compound is prepared “in situ” in a
glass reactor as described in example 3. The reactor is
subsequently placed under vacuum, then filled with
ethylene up to a pressure of 76 kPa and, finally,
heated at 150°C. The formation is then observed of a
25 mixture essentially of propene, of n- and isobutenes,
and also of hexenes in a smaller amount, which are
analyzed and quantitatively determined by gas
chromatography (capillary column KC1/Al1,03,
50 m x 0.32 mm; detection by flame ionization).
30
The cumulative conversion of the ethylene, which is the
number of moles of ethylene converted with respect to
the number of moles of ethylene introduced initially,
and the number of rotations (T.0.N.) or cumulative
35 number of moles of ethylene converted over time per mol
of tungsten of the supported metal compound are

calculated.



exhibits, by infrared spectroscopy, two absorption bands respectively at
1903 and 1804 cm 1 characteristic of the WH bond grafted to the
silicalalumna. 5 Furthernore, it exhibits, by nuclear magnetic resonance
(solid 1H NMmy 8606pfME, a value of the cheni cal chtypfgzdgsltdﬁgwgsten
hydri de (SWH) equal to 10.6 ppm (partsgper mllion). 10 Exanple 6:

Catal ytic conversion of ethylene to propene over WA - 3 in a static reactor

The SUpporteﬁhgﬁééieSQBPPHDQs(Véél 3)( Bp%ﬁﬁﬁ ﬁﬂ%§0E@&thk0v%§%QHL§ 31is

used in a reaction for the_ 15 converS|on of ene to propene which can
be represewﬁ%ﬁﬂ%@t%hérﬁo@L§Hrﬁf%ﬁﬁkﬁq%ﬁlr%SE?E =34 Y3a§C€H§4€H-GHB The

experi nment i§h§a161§@M£m@ é@uaeeoﬁ@llomnng way: the 20 supported net al
conmpound i s epar n_si gl ass rea ed i.n _exanpl e
S e renct i T TaHBbEsuRR Ty L BFacEd FanREn s ACHTRE VHER TN FUSR’ h

et hyl enesup to a po€ssulesobf76lkPananforfiedal |y, heated at 150C The
fgggﬁ%;ﬁgs'sséggﬁ ?Rﬁ%ﬁg%dOQfmétéé %EX%% %P%%S%®9H@ Y %.t%ﬁOQRHﬁﬁﬁgfygéda”d
and quantitativel yo@etnetasned byEQass éhrmﬁdtography (capillary col um

KCL/ A12GB, &9 1D X (GuriBefTb ARLECLI 07 BLEhale donictdll @Bka130ubliex

cunul ative converS|on o? t he et hyl ene, whi is the nunber of nol es of

et hyl ene convertedoﬁnWﬁlﬁésﬁécPlﬁglnﬁhéoﬁ@ﬁﬁer of noles of ethylene
introduged initially, and the nunber of rotations (T.O N.) or cunulative 35
nunber of noles of etgglene co erted over tinme per gn Hgn sten of the
supported metd® cbhipbuhd afé ?nﬂ%ﬁ%ﬁurﬁﬁ?§6%6/6T 25f%&§ﬁ 001621

- 28 The seletinaedt ebsveESE)y ¢B€4)rﬁtd::(cSCGfof:ortHeheccxaveosuson of

ethylene to propene as a function of the time are
collated in table 1 below.

15
Selectivities of the products
formed (%)
Time Cumulative | T.O.N. SC, SC, SCe
(h) conversion propene butenes hexenes
(%) (%) (%) (%)
0 0 0 0 0 0
2 3.2 33 82.3 16.8 0.91
22 23 304 92.1 6.6 1.26
46 34 348 90.55 8.18 1.28
76 47.5 480 87.18 11.57 1.25
T.0.N. = number of moles of ethylene converted per mole

of surface tungsten

The analysis of the results in table 1 shows that the
20 supported metal compound according to the invention
(W/Al1l-3) exhibits an extremely high catalytic activity
in the reaction for the direct conversion of ethylene

to propene, with a high selectivity for propene of



products are al so cal cul ated respectively according to

the foll ow ng

equations: SC3 = (nunber of noles of propene forned)/(total nunber 5 of
nol es of olefins forned) SC4 = (nunber of noles of butenes forned)/(total
nunber of npbhesoPs/@1gsiNs formed) SC6 = (nunber oD@/ S

formed)/(total nunber of noles of oI_eijEs_forrred) 10 The results of the
a

measur enments and cal cul ations defined
conversion of,,ethyhene § oopLopene as a function of the tine are

in table 1 below. 15 Selectivities of the products forned (% Tine

Cunul ative T.O N. SC3 SC4 SC6
(%9 (% (% Ehcdin
46 34 348 90,

nol es of et hy+es ST : F
the resulbts in table 1 shows that the 20 supported netal conpound according

the reacti ontor t KETAH FRut *Aheal S gt b A epbde, wih a bi gh
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[ ynam c react.or . ,
transferred in a glove box into a tubular stainless

steel reactor which can be isolated from the
atmosphere. After <connecting the reactor to the
assembly, the circuit is purged with argon and then the
supported tungsten hydride catalyst [W]s-H is prepared
in situ by treatment of the grafted alkyl-alkylidyne
complexes under a stream of hydrogen (3 ml/min) at
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
ethylene at 101.3 kPa (4 ml/min, i.e. a molar flow rate
of 1.7 ethylene/W/min). The reactor is then rapidly
brought to the temperature of 150°C (rise of 250°C/h).
The products are analyzed on line by gas chromatography
(capillary column KC1l/Al,0;, 50 m x 0.32 mm; detection
by flame ionization). The formation is then observed
mainly of propene, of butenes and of hexenes in small

amounts.

The results of the measurements and calculations as
defined in example 6 for the instantaneous conversion
reaction, which is the number of moles of ethylene
converted with respect to the number of moles of
ethylene introduced at each instant, are collated in

table 2 below.

ove for the reaction for the
col |l ated

(h) conversion propene butenes hexenes
robehéd 1. 26

. . . O N = nunber
ace tungsten The anal ysis of

(s)

of
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5 The conpl ex (Al - O) xW - CH2- C( CH3) 3] y[ =CH C(CH3)] (4)
al um na by sublimation (500 ng; 3.9%
according to exanple 3 is

assenhl y,0 tthe circuit

W A12C3; 106.6 m cronol
transferred in a glove box into a tubular

stainl ess 1GstRrRle fo2adzwr which can be isol ated fperyrreoosy/oosphare.
connecting the reactor to the

grafted to the

of W
Af ter

is purged with argon

and then the _supported tungsten hydride catalyst [W -His prepare in
situ by treatnment of the grafted a|@Qyéﬁﬂgdﬂﬂh§£c$5Uh@ﬂ@ﬁa&ﬂbuHMer a
stream of hydrogen|(3 m/mn) at| 150C for 15 f r&sgl}lng in the cqnpound
(WAl -3). |After cpolingto 25C1the reactor f£Q le—exeess
hydr ogen withrﬁﬁgo 1Ira@damh£neumslarurmbatrﬁammﬁopeatéw$ma$ HéteBekPa (4
m/mn, i.é€. at ;1 CfIOVé/rrSatoe 20 ethyl gne /Wm n) The reactjor is
then rapidly n“*ht o—thetenperatbre—of150C{+rse—-of—2506Hh)—The
products arle analy7ed on ®|ne by| gas @hronatogr@phy (c@pillaryocol um
KC1/ A1233, |50 m§§ D. 32 detection ;py flanmecjonigatisgn). | Thegforration is
t hen observe&DZ mai nly of " propepe d% but enes and pf hexenes |n snmal |
anounts. The ¥estl{s of Bffe neasirenedfis and c8Bcul pti®n% ab défined in
exanple 6 for, tfe |nstanbaneous tonvession | 3@greacti on,swhich ps the nunber
of nol es of eth | ene converted Wth respect| to the punmber of noles of
et hyl ene intrddited at e&déh instant, 2te coll8Ped ih thble|2 b8l ow| WO
2006/ 013251 PCT{#RP005/ Q@1@21 - 30 &el ect] vi bes pf téhe products |forned
(% Tine Instan%g =ous | ati ve Propene But enes Hexen h) gonversion
T.ON (9 ng§ 3.9 %ﬁ % 5178 ST 6
12.53 103 91.8 5.42 0
8.11 11 134 92.4 5.08 0.25
12.67 9.4 180 92.8 4.8 0.23
16.6 8.6 215 93 4.6 0.23
19.85 8.03 243 93.6 4.5 0.21
23.76 7.54 274 93.66 4.41 0.21
27.67 7.03 298 93.9 4.3 0.20
32.88 6.52 335 94.1 4.22 0.19
37.44 6.2 364 94.3 4.14 0.189
41 .34 6 389 93 0.186
49.81 5.5 439 94.3 0.184
55.68 5.33 472 94.5 3.99 0.167
62.18 5.02 506 94 .66 3.95 0.166
68.04 4.92 536 94.7 3.94 0.139
75.21 4.7 572 94.77 3.89 0.138
82.37 4.54 606 94.87 3.85 0.135
88.87 4.4 635 95 3.85 0.138
95.39 4.47 664 93 3.73 0.131
100.67 4.27 687 94.9 3.8 0.136
108.45 4.12 721 95 3.78 0.136
114.33 4.12 746 94.9 0.109
117 4.08 760 95 0.107
T.0.N. = number of moles of ethylene converted per mole

of surface tungsten



1.54 30 35 88 8.5 0 1.80 25 42 88.7 7.5 0 2.33 20 54 90.2 7 0 3.12 16.4
69 91 6 0 3.92 14.5 81.4 91.5 5.77 0 5.5 12.53 103 91.8 5.42 0 8.11 11
134 92.4 5.08 0.25 12.67 9.4 180 92.8 4.8 0.23 16.6 8.6 215 93 4.6 0.23
19.85 8.03 343 o/ chPrdh 21 23.76 7.54 274 93. 66P®T§%R%O%%60%16@3.7.03 298
93.9 4.3 0.20 32.88 6.52 335 94.1 4.22.0.19 37.44 6.2 364 94.3 4.14 0.189
41.34 6 389 93 4 0.186 49.81 5.5 439 94.3 4 0.184 55.68 5.33 472 94.5 3. 99
0.167 62. 1&:&:%2&5% Thtth i QodPbrsHén 044 Shywidhddtd 3rdpeel39

75.21 4.7 57 89 U. 138 . 8Z. 37 4.54 bUb 94.87 3.85 U. 135 88.87 4.4

635 95 3. 85 Yemd/AEiqe 4in A dynamio ¥eagtom ™ 100,67 4.27 687 94.9 3.8

0.136 108.45 4 12 721 95 3.78 0.136 114.33 4.12 746 94.9 3.7 0.109 117

Tol'e of surfifie (THEREH WOTO0BrO135H1 PETFRRIObE O0L6ST 4 31  uampl e &
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of W accordﬂﬁ@ﬂﬂ@f5 is transferred in a glove box into a tubular

stainless steel reactor which can be isolated from the
atmosphere. After connecting the reactor to the
10 assembly, the circuit is purged with argon and then the
supported tungsten hydride catalyst [W]s-H is prepared
in situ by treatment of the grafted alkyl-alkylidyne
complexes under a stream of hydrogen (3 ml/min) at
150°C for 15 h, resulting in the compound (W/Al-Si-2).
15 After cooling to 25°C, the reactor is purged of the
excess hydrogen with argon and then under a stream of
ethylene at 101.3 kPa (4 ml/min, i.e. a molar flow rate
of 1.7 ethylene/W/min). The reactor is then rapidly
brought to the temperature of 150°C (rise of 250°C/h).
20 The products are analyzed on line by gas chromatography
(capillary column KC1/Al1,0;, 50 m x 0.32 mm; detection
by flame ionization). As in the previous example, the
formation is then observed mainly of propene, of
butenes and of hexenes in small amounts.
25
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
but encompasses the alternative forms thereof which
30 depart neither from the scope nor from the spirit of

the present invention.



exanple 5 is transferred in a glove box into a tubular stainless steel
reactor which can be isolated fromthe atnosphere. After connecting the
reactor to the 10 assenbly, the circuit is purged with argon and then the
supported tumgsteO®enpdisi2dd catal yst [W,-H i s prepabPett/FRA0OSBY 00N 2AIr eat nent
of the grafted al kyl -al kylidyne conpl-eses-under a stream of hydrogen (3
m/mn) at 150C for 15 h, resulting in the conpound (WAl -Si-2). 15 After
cooling to 25C, the reactor is YWHATeH TLAIMED ek®@ess hydrogen with argon and
t hen under a streamof ethylene at 101.3 kPa (4 m/mn, i.e. a nolar flow
rate of 1.7 ethylene/Wmn). The reactor is then rapidly brought to the
tenperature éf 158C EHcsesst Do Hhe 20comeepystuct of ar etBHAP)PSed ton | i ne

by gas chromat ogr gphysy16e@pi | Ear fwietd vme tiGient208s Sdeted. 32 HAN a _
detection. by flanme ionization) .. As in the previous exanple, the formation

is then observed FEPRCOYECL p . STPIRRE  ELHNE: BFPex@neSUPR OLal
amounts. 25 It shouadlsédbe cal earllumiimder sixaiatk t had tdiei¢cimveat i eangdekinned by

t he appended cl ai i ot. |im to the specific enbodinents indicated in
t he above descrip gﬁﬁd%uése 53%%%g§es the alternative forns thereof which
30 depart neither fromthe scope nor fromthe spirit of the present

i nvention. VI 2006401325 PCT/ ER2Q05/ QM2 <133 VHAT ;1S (GLAWVEDHLS: 1. A

process for the conversion_ of eth¥Lene to gropylene, in_which ethylene is
reacted ¥ th a 596GpE6r tel RELAPTEGRPAINALEBNPURIHE™R BaPpct t VBa¥ed on

al um num oxi de tocwhiseh awiUngst ea Fyehd d%}it%fﬁii&f(? edrot Phetprogess as
claimed in claiml, i t he 1gﬁg%gree of oxidation of the tungsten has
i

i.ch
a value chosen wPFﬁF%rg%hghggogxée g from2 to 6,

3. The process as claimed in claim 1 or 2, in which
15 the tungsten atom is bonded to one or more
hydrogen atoms and optionally to one or more

hydrocarbon radicals R.

4, The process as claimed in claim 3, in which the
20 hydrocarbon radicals R are identical or different,
saturated or wunsaturated, hydrocarbon radicals

comprising from 1 to 20, preferably from 1 to 10,

carbon atoms and optionally comprising silicon.

25 5. 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), Hy
\/
W @
[\
“““(M - O)z ,R-w
30 in which W, Al, O and H respectively represent

tungsten, aluminum, oxygen and hydrogen atoms, M
represents an atom of one or more elements of

another oxide, R represents a hydrocarbon radical



preferably from4 to 6. 3. The process as clainmed in claim1 or 2, in which
15 the tungsten atomis bonded to one or nore hydrogen atons and optionally
to one or nore hydrocarbon radicals R 4. The process as clainmed in claim
3, in which WRe2006/A}dRE4arbon radicals R are i denPFTAFR2P0B/PPBFEAL
saturated or unsaturated, hydrocarbon-radieals conprising from1l to 20,
preferably from1l to 10, carbon atons and optionally conprising silicon. 25
S. The process asagfakmed i rv cird nzlaren iwiegieishe thaungiem efwhidyitde i s
grafted to the SUBPOE\zthﬁS%% Qfual Wi neim gxisde aagCqridiNg. to 1 heof gl | owi ng
schene: -(Al-0)x Hy (2% M 0)z R , 30|n which W A, 0 and H
respectively repr@sen% ang ten” =l UnitRim?* odGen Zard Chy#Pogén aFBRs, M
represents an atomof(Amne)orar{mre ellgrent Hrfds aﬁ@pheéeﬁxnﬁlg d'_&d' epresents a
hydr ocar b).on radi cal _WO 2006/ 13251 PCT/ FFt\’20 5/ 00 62% t ¥ w and
z are integers, tRHaTSum {WEXEY+2)°F of "SR s eRTafSt o 5e?%e% 1‘5%93 with x =
1to 3, vy =1 tocénnactifigt oh4 addminunm) attom? artcheehe -atdMIM-G» and - - -
(M0) bonds representhag-pGiAr BAARLE SR &0 Bl Hl & Dopseg espect | vel y
connecting the al um num atom and the atom M to one atom c
constituents of tALUBLPEBr PXBASed l@npaé]tt}rﬁuﬁ@m &a gare jof paire i @EYEent o one
of the oxygen atgggmgfOghtglguggﬁbbrtlo 6. The process as clained in any
one of claims 1 to 5, in which the support is chosen from supports
honogenéc?us i n conposition based on al um num oxi de

6. The process as claimed in any one of claims 1

to 5, in which the support is chosen from supports
homogeneous in composition based on aluminum oxide
and from heterogeneous supports based on aluminum
15 oxide comprising aluminum oxide essentially at the

surface of said supports.

7. The process as claimed in any one of claims 1

to 6, 1in which the support comprises aluminum

20 oxide, mixed aluminum oxides or modified aluminum
oxides.

8. The process as claimed in any one of the preceding

claims, in which the reaction between the ethylene

25 and the metal compound 1is carried out at a
temperature ranging from 20 to 600°C, preferably
from 50 to 350°C, more preferably from 100 to
250°C.

30 9. The process as claimed in any one of the preceding
claims, in which the reaction between the ethylene
and the metal compound is carried out under an
absolute pressure ranging from 0.01 to 8 MPa,
preferably from 0.01 to 1 MPa, better still from

35 0.1 to 0.5 MPa.



and from het erogeneous supports based on al um num 15 oxi de conpri sing

al um num oxi de essentially at the surface of said supports. 7. The process
as claimed in any one of clainms 1 to 6, in which the support conprises

al um num 20WOxR@66/AiLR881al um num oxi des or nodi fi BATAFRADAGADOBKRAes. 8.
The process as clained in any one of the4preceding clains, in which the
reacti on between the ethylene 25 and the netal conpound is carried out at a
t enperature tangi Abef powc2d st as6@IGimecefier &y ore opd 50h¢ opBSOEAimgr e
preferably from1l - 250C 9. C i i e of the
precedi ng clainsggﬁ%ﬁahig& Fﬁgqﬁéég%?gh Egt3§§ﬂﬁ?ﬁg&g%%sfgggnégﬁagghe nmet al
conpound is carri é8 b€ DHEEFNER CAbSYHHPESPressure ranging from0.01 to 8
MPa, preferably from0.01 to 1 MPa, better still from 35 0.1 to 0.5 Mra.
WD 2006/ 013251 PCT/ FR2005/ 001621 - 34 _10. Thgﬁfrocess,as‘é{ained in any
one of tie préceditR§ PICSSRE 3% GAPIRSEhd ettt iRohPourd i idyehBfated” in
t he presence of hpdrogen. bhydtogdhe pressssecasigl absedeén cbadm 18ndi n which
the partial hydroge re i e en _0.01.a 0 a, preferably

bet ween 0.1 and 2QﬁPgFQ12§§¥E§r%§%§e%§@g§eglgr%egggnﬁc §$ﬁ110 or 11, in
which 10 the regeneration is carried out at a tenperature of between 50

and 300C, prehperabLy pebweed 80 aAdin2@0%n claim 10 or 11, in which
10 the regeneration is carried out at a temperature
of between 50 and 300°C, preferably between 80 and

200°cC.





