1 SELECTI VE HYDROGENATI ON CATALYST AND METHOD FOR PREPARI NG SAVE
DESCRI PTI ON The sel ective hydrogenati on process can transform

pol yunsaturated conpounds fromoil cuts by converting the nost unsaturated
conpounds into the corresponding alkeﬂes, t her eby avoi di ng total
saturation and thus the formation of the corresponding al kanes. 5 The aim
of the invention is to propose a catalyst with inproved performance
applied to the process for selective hydrogenation of unsaturated

hydr ocar bon conpdiEIdECHHes EDROGENKBEAN KT ALYST AAXBMEZBIOD cut s from

steam cracking or catalytic c | i w, the groups for the

chem cal elenents are given inﬁé%éhggg%ﬁﬁgﬁgggakﬁh the CAS classification
(CRC Handbook of Chem stry and Physics, publisher: CRC Press, Editor in
chief D R Lide, 8151 edition, 2000-2001). As an exanple, group VIl in the

CAS cl assi fi cat iMi?(&3FTd8Bonds to metals from colums 8, 9 and 10 of the
new | UPAC cl assification. Prior art 15 Sel ective hydrogenation catal ysts

are general ly based opn nBtahs kfyﬁl%génag&plﬁpoc_ysw banOfrah AR mP §b iy @ditrateabl e, _
preferably palladiumor nickel. The netal is in the formof small netallic

particles deposichgshis BorSBPRAY by WAL & BY mb8 wlsacdr8Ed 610N xJ @e in the
form of beads, extrudates, trilobes or 1n fornms with other geonetries. The

netal content, tHesHRInGARENPHESDYGEiBhe Bia? LRRDIRY Bl Ine rARaRhepENt, the
metal particle size and the distribution of the active phase in the

support are somge@bmdshSdhilalkeiba which have a bearing on the activity and
selectivity of the catal ysts.

5 The aim of the invention is to propose a catalyst with improved
performance applied to the process for selective hydrogenation of unsaturated
hydrocarbon compounds present in hydrocarbon cuts, preferably cuts from steam

. cracking or catalytic cracking. |
Hereinbelow, the groups for the chemical elements are given in
10 accordance with the CAS classification (CRC Handbook of Chemistry and
Physics, publisher: CRC Press, Editor in chief D R Lide, 81% edition, 2000-2001).
As an example, group VIII in the CAS classification corresponds to metals from
columns 8, 9 and 10 of the new IUPAC classification.
Prior art
15 Selective hydrogenation catalysts are generally based on metals from
group VIII of the periodic table, preferably palladium or nickel. The metal is in
the form of small metallic particles deposited on a support which may be a
refractory oxide in the form of beads, extrudates, trilobes or in forms with other
geometries. The metal content, the optional presence of a second metallic
20  element, the metal particle size and the distribution of the active phase in the

support are some of the criteria which have a bearing on the activity and

selectivity of the catalysts.




2 The present invention is ainmed at obtaining catal ysts based on ni ckel
havi ng 1 nproved physico-chem cal and catal ytic performances conpared with
prior art catalysts based on nickel. The catal ysts of the invention
conprise nickel deposited on an alumna 5 support, said alum na support
having a particular crystall ographic structure and thus a particul ar
diffractogram obtained by X ray diffractonetry. This particular property
of the support is at the origin of the inprovenent in the catalytic
performance. Prior art patents and patent applications disclose selective
hydr ogenati on 10 catal ysts conprising at | east one noble netal and a

support based on al ufhdgrescdf invaHiiMiN kY QX bBigintY REmGat 3hyt§tonSHAROI t's, whi ch
have particular X ray diffractograns. Particul ar exanpl es which may be

cited are patentpa@pplihsatdionssicdiedicll hdGaBR8: dBthiblcls 2RIE2HE32 as wel |
as US-6 437 206B. F%me%gr, those diffractograns obtained for the prior art

supports or cat aiysicadivkik 84sed s0RKED t hose of the present invention in the
presence and/ or absence and/or intensity of the peaks obtained for given

I nterplanar spaci NgsTheIAKREYf e hittidiNARIMbOMCKEN Bepobite@ RhiANIGARCEr NS A
catal yst conprising nickel on an alum nium oxide support. The al um ni um

oxi de suppor ts hagppoltNsatdhBurkiah Gippee hshmat Lpar@ulad OryethidofpEit @gichi abt ai ned by X
ray diffractonetry (XRD) conprising peaks which correspond to the
fol | owi ng i nt er phaRaksRAIMISo@RE obi@halt iyVie rdyrifiacbhits ‘Tl patiatier pl anar
spaci ngs Relative intensities d (10-10 m /10 (% 5.03 to 5.22 1-5
property of the support is at the origin of the improvement in the catalytic
performance.
| Prior art patents and patent applications disclose selective hydrogenation
10 catalysts comprising at least one noble metal and a support based on alumina, or
aluminium oxide type catalyst supports, which have particular X ray
diffractograms. Particular examples which may be cited are patent applications
EP-A-0 576 828 and WO-A-2006/125832 as well as US-6 437 206B. However,
those diffractograms obtained for the prior art supports or catalysts differ from
15 those of the present invention in the presence and/or absence and/or intensity of
the peaks obtained for given interplanar spacings.
Summary of the invention
The invention concemns a catalyst comprising nickel on an aluminium
oxide support. The aluminium oxide support has, in the calcined state, a

20 diffractogram obtained by X ray diffractometry (XRD) comprising peaks which

correspond to the following interplanar spacings and relative intensities:




4.56t04.60 1-10 4.06 to 4.10 1-5 2.80 to 2.85 5-20 2.73 15-35 2.60 5-10
2.43 35-40 2.29 30-40 1.99 60-95 1.95 25-50 1.79 1-10 1.53 5-10 1.51
5-10 1.41 40-60 1.39 100 1.23 to 1.26 1-5 1.14 5-10 1.11 1-5 1.04 1-5
1.00 5-10 0.97 1-5 Detailed description of the invention The present

i nvention envisages the production of nickel-based catalysts 5 having

i mproved physico-chemi cal properties and catalytic performances conpared
with prior art nickel-based catalysts. Mre precisely, the present

i nventi on proposes a process for preparing an alum na support as well as
the preparation of a catalyst on said alum na support, and a selective
hydr ogenat i on

10

Interplanar spacings Relative intensities
d (10" m) Vo (%)
5.03t05.22 1-5
4.56 to 4.60 1-10
4.06 to 4.10 1-5
2.80 to 2.85 5-20
2.73 15-35
2.60 5-10
2.43 35-40
2.29 30-40
1.99 60-95
1.95 25-50
1.79 1-10
1.53 5-10
1.51 5-10
1.41 40-60
1.39 100
1.23t0 1.26 1-5
1.14 5-10
1.11 1-5
1.04 1-5
1.00 5-10
0.97 1-5

Detailed description of the invention

The present invention envisages the production of nickel-based catalysts

having improved physico-chemical properties and catalytic performances

compared with prior art nickel-based catalysts. More precisely, the present

invention proposes a process for preparing an alumina support as well as the

preparation of a catalyst on said alumina support, and a selective hydrogenation

process employing said catalyst, resulting in improved catalytic performances for

said catalyst.

The present invention concerns catalysts comprising nickel on an alumina

support. The alumina support has, in the calcined state, a diffractogram obtained




process enploying said catalyst, resulting in inproved catal ytic
performances for 10 said catalyst. The present invention concerns

catal ysts conprising nickel on an alum na support. The alum na support
has, in the calcined state, a diffractogramobtained 4 by X ray
diffractometry conprising peaks which carrespond to the foll ow ng

I nterpl anar spacings and relative intensities: Interplanar spacings
Relative intensities d (10-" m 1/10 (% 5.03 to 5.22 1-5 4.56 to 4.60
1-10 4.06 to 4.10 1-5 2.80 to 2.85 5-20 2.73 15-35 2.60 5-10 2.43
35-40 2.29 30-40 1.99 60-95 1.95 25-50 1.79 1-10 1.53 5-10 1.51 5-10
1.41 40-60 1.39 100 1.23 to 1.26 1-5 1.14 5-10

by X ray diffractometry comprising peaks which correspond to the following

interplanar spacings and relative intensities:

Interplanar spacings Relative intensities
d (10" m) Vo (%)
5.03 10 5.22 1-5
4.56 t0 4.60 1-10
4.06 t0 4.10 1-5
2.80t0 2.85 5-20
2.73 15-35
2.60 5-10
2.43 35-40
2.29 : 30-40
1.99 60-95
1.95 25-50
1.79 1-10
1.53 5-10
1.51 5-10
1.41 40-60
1.39 100
1.23 t0 1.26 1-5
1.14 5-10
1.11 1-5 .
1.04 1-5
1.00 5-10
0.97 1-5

Only peaks with a relative intensity of 1% or more are considered.
5 Throughout the text, the interplanar spacings are given with an accuracy of
+0.01x 10" m.
In a preferred mode, the alumina support has, in its calcined state, a
diffractogram comprising only the peaks corresponding to the following

interplanar spacings and relative intensities:




1.11 1-5 1.04 1-5 1.00 5-10 0.97 1-5 Only peaks wth a relative
intensity of 1% or nore are considered. 5 Throughout the text, the

i nterpl anar spacings are given with an accuracy of 0.01x10.10mlIn a
preferred node, the alum na support has, in its calcined state, a

di ffractogram conprising only the peaksscorresponding to the follow ng

I nterpl anar spacings and relative intensities: 5 Interplanar spacings

Rel ative intensities d(10-10m U Q% 5.41 to 5.47 0-5 5.03 to 5.22 1-5

4.56 to 4.60 1-10 4.06 to 4.10 1-5 2.86 to 2.88 5-20 2.80 to 2.85 5-20
3.73 15-35 2.60 5-10 2.43 35-40 2.29 30-40 1.99 60-95 1.95 25-50 1.92
-20

Interplanar spacings Relative intensities
d(10"%m) Vo (%)
5.41t0 547 0-5
5.03 t0 5.22 1-5
4.56 to 4.60 1-10
4.06 to 4.10 1-5
2.86 t0 2.88 5-20
2.80 to 2.85 5-20
2.73 15-35
2.60 5-10 -
2.43 35-40
2.29 30-40
1.99 60-95
1.95 25-50
1.92 0-20
1.79 1-10
1.53 5-10
1.51 5-10
1.45 0-10
1.43 0-10
1.41 40-60
1.39 100
1.23t0 1.26 1-5
1.14 5-10
1.11 1-5
1.04 1-5
1.00 5-10
0.97 1-5

The diffractogram is characteristic of the specific structure of the catalyst

support of the invention. The alumina support may include impurities and

5  additives as long as the diffractogram remains as described above. As an
example, the support may comprise inorganic oxides such as oxides of metals
from groups ITA, IIIB, IVB, IB, IIA, or IVA of the CAS classification,
preferably silica, titanium dioxide, zirconium dioxide, zinc oxide, magnesium

oxide or calcium oxide.




1.79 1-10 1.53 5-10 1.51 5-10 1.45 0-10 1.43 0-10 1.41 40-60 1.39 100

1.23 to 1.26 1-5 1.14 5-10 1.11 1-5 1.04 1-5 1.00 5-10 0.97 1-5 The
diffractogramis characteristic of the specific structure of the catal yst

support of the invention.

additives as long as the diffractogramgenains as described above.

exanpl e, the support may conprise inorgani c oxides such as oxides of netals

The al um na support may include inpurities and 5

As an

fromgroups I'IA 111B WE HB, IIIA or IVA of the CAS classification,
preferably silica, titanium dioxide, zirconium dioxide, zinc oxide,
magnesi um oxide or calciumoxide. 6 The quantity of colum ILA

VB, 11B, IIA

10

15

20

118,

. | VA cations is preferably in the range 0.01 %to 30% by

wei ght, nore preferdbbmwmmybh@mﬁan@éIBBOE@aﬂB E@MWAUVHWEﬂ@ﬁF&mhﬁd hi ghl'y
preferably in the range 0.03%to 1.5% by weight. If it is present
catal yst, the qinethe iatge 08f Yorre 8@fl b psighigmotsprafdabinip tyaragas GHe tpé%e 1 5to
10000 ppm by weight with respect to the support.

by weight, and highly preferably in the range 0.03% to 1.5% by weight. If itis
present in the catalyst, the quantity of metal from group IB may be in the range 1
to 10000 ppm by weight with respect to the support.

The maximum quantity of oxides other than alumina in the support
depends on the oxides present. It may be determined by the diffractogram, since a
change in diffractogram is associated with a change in structure. In general, the
amount of such oxides is less than 50%, preferably 30%, more preferably 15% by
weight with respect to the mass of the support.

In accordance with the invention, the porous support is advantageously in
the form of beads, trilobes, extrudates, pellets, or irregular and non-spherical
agglomerates the specific form of which may be the result of a crushing step.
Highly advantageously, said support is in the form of beads or extrudates. More
advantageously, said support is in the form of beads.

The pore volume of the support is generally in the range 0.1 to 1.5 cm’/g,

. preferably in the range 0.5 to 1 cm’/g.

The specific surface area of the porous support is in the range 30 to 130
m?/g, preferably in the range 50 to 100 m */g, and more preferably in the range 60
to 80 m%/ o

The amount of nickel in the catalyst is generally in the range 1% to 50%
by weight, preferably in the range 5% to 30% by weight.

Thus, in addition to the characteristic peaks of the support, the

diffractogram of the catalyst in the oxide form has the characteristic peaks of

in the




The maxi num quantity of oxides other than alumna in the support depends
on the oxides present. It may be determ ned by the diffractogram since a
change in diffractogramis associated with a change in structure. In
general, the anount of such oxides is less than 50% preferably 30% nore
preferably 15% by 10 weight with respect to the nmass of the support. In
accordance with the invention, the porous support is advantageously in the
form of beads, trilobes, extrudates, pellets, or irregular and

non- spherical agglonerates the specific formof which may be the result of
a crushing step. Highly advantageously, said support is in the form of
beads or extrudates. Modre 15 advantageously, said support is in the form
of beads. The peiceciMothdneideforie irsbppat in wiscigieReraatd  dombidagonrairige 0.1 to
1.5 cm/g, preferably in the range 0.5 to 1 cnB/g. The specific surface
area of the por otisr Suppaids (hiskel nitiateenicleehgalod, hiokel 3@marR/ Fhe phidéder ably in
the range 50 to 100 n2/g, and nore preferably in the range 60 20 to 80

n2/ g. The anmpunpersh wiil eelio IODD {igematoatlWshird for Bidiestial Data)itebleshefivdange 1% to
50% by weight, preferably in the range 5%to 30% by weight. Thus, in

addi ti on to thetehasigetef ilstd papdaksclodl thieonspoppls rdescribdiieabodh. f Ay @ct ogr am of
the catalyst in the oxide formhas the characteristic peaks of 7 nickel, in
t he oxi de fosm etanipte, thag@ofitanmof thephdks Hori rickiloxjle £¥i€n rei repariedrivi tables on wit h

ot her conpounds (nickel nitrate, nickel chlorate, nickel forrrate) The
skilled personowodt1mebedl-07- Hl(ZDDTIQdymteeasrfeitqwarratort@aﬁtfi 60f om): Bi4if r act i on
Data) tables to find the positions of these peaks for each of the
conpounds descr 2bed.48bp¥% 1.2A9 .(n0.96, €9arfpSesndi0r#e. Blospasitionssionthe pdaks peaks f or
ni ckel oxide, NIO are reported in tables 00-047-1049 or 01-071-1179. They
are as foll ows, for ajekd hidcteasmpoundONIIBONNOHR,xHI0 (x in the range 2 to 8, y in the

range 0 to 4), of nickel formate compounds Ni(CH;0)2,xH,0O (x in the range 0 to
10 2) are given in the appropriate ICDD tables.
The catalyst may also be present in the reduced form passivated in air. In
this case the catalyst diffractogram may, in addition to the peaks cited above,
. present the characteristic peaks of nickel in the reduced form. The positions of
the nickel peaks, Ni, are, for example, reported in table 00-004-0850. They are as
15 follows, ind (10"% m): 2.03, 1.76, 1.25, 1.06, 1.02, 0.88, 0.81, and 0.79.

The catalyst may be in a form passivated with sulphur-containing
compounds in accordance with methods which are known to the skilled person
and in particular, for example, in accordance with one of the methods described in
one of patents EP-0 466 567 (B1), US-5 153 163, FR-2 676 184,

20 WO-2004/098774.

In this case, the X ray diffractogram of the catalyst may also, in addition to
the peaks listed above, include the characteristic peaks of nickel in the sulphide
form. The positions of the peaks of the nickel sulphide Ni,S, compounds (x in the

range 1 to 9, y in the range 1 to 8) are given in the appropriate ICDD tables.




2.09, 1.48, 1.25, 1.21, 1.04, 0.96, 0.93, 0.85, and 0.80. The positions for
the peaks for nickel nitrate conpounds N (NGB)2(COHy, xH2O (x in the range
2to8 yinthe range 0 to 4), of nickel formate conpounds N (CH20) 2, xH20
(x inthe range 0 to 10 2) are given in the appropriate 1CDD tables. The
catal yst nay al so be present in the redyced formpassivated in air. In

this case the catalyst diffractogrammay, in addition to the peaks cited
above, present the characteristic peaks of nickel in the reduced form The
positions of the nickel peaks, N, are, for exanple, reported in table

00- 004-0850. They are as 15 follows, in d (10"10 m: 2.03, 1.76, 1.25,
1.06, 1.02, 0.88, 0.81, and 0.79. The catal yst may be in a form passivated
wi t h sul phur - coftraiarmitieg of @gppdunds i n accordance wi th nethods which are
known to the skilled person and in particular, for exanple, in accordance
with one of the met Hodscadwer sed fint vahBorop! Pt wprosts PP #gentsg7 (Bl ),

US-5 153 163, FR-2 676 184, 20 WD 2004/098774. In this case, the X ray

di f fract ogr am oflutine agalpmbyist anvmyesert s thei farm gbibeaionin his frsier2peigRs | st ed
above, include the characteristic peaks of nickel in the sulphide form
The positions obrepretiopeatbs support ¢renpripes sl follaigp#i@& Ni, , Sy conpounds (x in
the range 1 to 9, y inthe range 1 to 8) are given in the appropriate |CDD
tabl es. 8 Péfeparatisdth ofehydiptinsr ty| AeshcedroiBhc® WUEHIED f ERKISGaPs ati on of

t he supports of the invention, alumna agglonerates are present in the
form of beads. bxwhydpxds prefrablydiviimrailbig, to objpia gapcdis YRmER PYHE s uppor t
conprises the follow ng steps: 5 sl) dehydration by flash calcining an

al um ni um hydr oxi de Rash celipingdisosaieaes, afsl e hasfiys aiethlE | iptutek o ot ai n
an active alum na powder; Flash calcining is intense and rapid heating

whi ch resul ts i dehyfnatioyl of an aluminium hydroxide (hydrargillite, gibbsite or bayerite) or an

aluminium oxyhydroxide (boehmite or diaspore) by means of a stream of hot gas
10  to eliminate and very rapidly entrain the water which is evaporated off. The
temperature is in the range 400°C to 1200°C, preferably in the range 600°C to
900°C, and the period is in the range from a fraction of a second to 5 seconds,
preferably in the range 0.1 second to 4 seconds. The preferred starting compound
is hydrargillite. Experience shows that this compc;und is the most favorable for
15 obtaining a final product with the desired properties. Moreover, it is relatively
cheap.
Generally, the active alumina powder obtained after dehydration of the
aluminium hydroxide or oxyhydroxide is ground.
Generally, the active alumina powder obtained after dehydration of the
20  aluminium hydroxide or oxyhydroxide is washed with water or an aqueous acid
solution;
s2)  forming said active alumina powder to obtain beads with a green

packing density in the range 500 to 1100 kg/m’, preferably included between 700




dehydration of an al um ni um hydroxide (hydrargillite, gibbsite or bayerite)
or an al um ni um oxyhydroxi de (boehmte or diaspore) by neans of a stream
of hot gas 10 to elimnate and very rapidly entrain the water which is
evaporated off. The tenperature is in the range 400C to 1200C, preferably
in the range 600C to 900C, and the perigod is in the range froma fraction
of a second to 5 seconds, preferably in the range 0.1 second to 4 seconds.
The preferred starting conmpound is hydrargillite. Experience shows that
this conmpound is the nost favorable for 15 obtaining a final product with
the desired properties. Mreover, it is relatively cheap. Generally, the
active alum na powder obtained after dehydration of the alum nium '
hydr oxi de or oxyiy8tboki/de ind Wioa rithmegs mapglilyyin hheagetGd & 49 mina powder
obt ai ned after dehydration of the 20 alum nium hydroxi de or oxyhydroxide

i s washed with wafeplydr thamnagu®ousmaci d sol ution; s2) forming said active
al um na powder to obtain beads with a green packing density in the range
500 to 1100 kg/ nB, pretiag e setivhalimme gowder ety berds termptisroBietiely/ m , and
with a dianeter primarily in the range 0.8 to 10 nm preferably in the
range | to 5 mris FBrHiyFgTSALY wEgiavelany| ehnide penatt IiBY SBRHI Bads, ter ned
granul ation, 1is generally carried out using a rotary techni que such as a
rotary granufat Bfarperg. Hich pragespesian mrodircheadsr wide swEslld Arsictutide beads
with controlled dianmeters and pore distributions, said dinensions and said
di stributions gegiedisribyiosistg deneaewdnd i disgoitioes EggbnRIR eifdst ep. The
porosity may be created by different neans, such as by selecting the
granul onet ry of durtie thel agglpragra r e PargelyoRa st T ke & dUEEPERE"Sal uni na

powders with different Pranulonetries. Anot her net hod copsi st s
such as by selecting the granulometry of the alumina powder or agglomeration of

several alumina powders with different granulometries. Another method consists

10  of mixing one or more compounds termed porogens with the alumina powder
before or during the agglomeration step, which porogens disappear on heating and
thus create the pores in the beads. Examples of porogenic compounds which may
be cited are wood flour, wood charcoal, sulphur, tars, plastic materials or
emulsions of plastic materials such as polyvinyl chloride, polyvinyl alcohols,

15 naphthalene or the like. The quantity of porogenic compounds added is
determined by the desired volume.

During forming of said alumina powder, in general one or more porogenic
materials are added thereto which disappear on heating. Said porogenic materials
are selected from the group constituted by wood flour, wood charcoal, sulphur,

20 ftars, plastic materials and emulsions of plastic materials, polyvinyl alcohols and
naphthalene;

s3) heat treatment, at a temperature in the range 200°C to 1200°C,
preferably in the range 400°C to 900°C, of said beads to produce a specific

surface area in the range 50 to 420 m%/g;




10 of m xing one or nore conpounds terned porogens with the alum na powder
before or during the agglonmeration step, which porogens di sappear on
heating and thus create the pores in the beads. Exanpl es of porogenic
conpounds which may be cited are wood flour, wood charcoal, sul phur, tars,
plastic materials or enulsions of plasfjc materials such as polyvinyl

chl ori de, polyvinyl alcohols, 15 naphthal ene or the |ike. The quantity of
por ogeni ¢ conpounds added is determ ned by the desired volune. During
form ng of said alum na powder, in general one or nore porogenic materials
are added thereto which di sappear on heating. Said porogenic materials are
sel ected fromthe group constituted by wood flour, wood charcoal, sul phur,
20 tars, plastic natéyi ahgirantngmshisieans sod bpldasy ircpregbeni vdthsyatgol yvi nyl

al cohol s and naphthal ene; s3) heat treatnent, at a tenperature in the
range 200C t o 1208Cquecps sfl@ioajryfeiaily bibidic,rtamngeacd GO ; DCOGclavf atsai d beads
to produce a specific surface area in the range 50 to 420 n2/g; 10 s4)
hydr ot her mal t r eaiperemnie iothe saigel 1 10ABSS0DC, praferabnathie omgani I0AC Wa561C;0r  an
aqueous solution, preferably acidic, then placing themin an autoclave at a
tenperature in the rman@edrd@e@at 0caBAC)s pnedlpr clolefd dun at hempemiges A50C t o

250C;, The hydrothermal treatnent is generally carried out at a tenperature
of 5 100C t 05300@°C po et lraferitBP T50°6 RSWCC,f bor a2apgued ioddnod thapr4® t han 45

m nutes, preferably 1 to 24 hours, nore preferably 1.5 to 12 hours. The
hydr ot her mal t r edgtutsgnprefesbye has 24| yousamore drefudbludisnty &h bagsieolls aci di c
solution conprising one or nore mneral and/or organic acids, preferably
nitric acid, hyglirolchhdrtieatmaat iel genpetly bdroed @it agngian subqe psidic gdiePn or weak
acids with a pHin 10 solution of |less than 4, such as acetic acid or

form c acid. Gemetpakihy onsar dnoae o and/or organic acids, preferably nitric acid,

hydrochloric acid, perchloric acid, sulpuric acid, or weak acids with a pH in
10  solution of less than 4, such as acetic acid or formic acid. Generally, said agueous
acidic solution also comprises one or more compounds which can liberate anions
which are capable of combining with aluminium ions, preferably compounds
comprising a nitrate (such as aluminium nitrate), chloride, sulphate, perchlorate,
chloroacetate, trichloroacetate, bromoacetate, dibromoacetate ion, and anions with
15  general formula: R-COO such as formates or acetates;
s§5)  calcining the agglomerates obtained at a temperature in the range
850°C to 1100°C, preferably in the range 875°C to 1075°C.
This calcining is generally carried out in order to obtain a specific surface
area for the support in the range 30 to 130 m?/g and to obtain the desired X ray
20  diffractogram.
In accordance with a second variation of the supports of the invention, the
alumina agglomerates are in the form of extruded materials. In this second

variation, the support comprises the following steps:




acidic solution also conprises one or nore conpounds which can |iberate
ani ons which are capable of conmbining with alum niumions, preferably
conpounds conprising a nitrate (such as alumniumnitrate), chloride,
sul phate, perchlorate, chloroacetate, trichioroacetate, bronpacetate,
di bronpacetate ion, and anions with 15;general fornula: R-COO such as
formates or acetates; sb5) calcining the aggl onerates obtained at a
tenperature in the range 850C to 1100C, preferably in the range 875C to
1075C. This calcining is generally carried out in order to obtain a
specific surface area for the support in the range 30 to 130 nR/g and to
obtain the desired X ray 20 diffractogram |In accordance wth a second
variation of the suppprt sixfg o exiuierdn dminabreed mitenal fROTEGIP &ifEr at es are
in the formof extruded materials. In this second variation, the support
conprises the fé@llowng steps: 11 sl) mxing and extrudi ng an
al um na-based material in order to form it; In general, said alum na-based
material i s dehydr atlegeteydrsaidgilingina-easednieteriah i dehrietphBsirglitier 128 may al so
general ly be derived fromthe precipitation of 5 boehmte, pseudo-boehmte
or bayerite, or aamiasbesed enatefialsmistialeraganpialy Be depivech e ihg prgcirifatiop of
al um na- based material, in general one or nore qurogenic materials is/are
added whi ch di sappeite.psodo-hedmitner baBaited oponieniicad patcEilfal s are sel ected
fromthe group constituted by wood flour, wood charcoal, sulphur, tars,
plastic materials orWkemfshipassaidf alphizedpsed rreateiel, dp sgengal §RF AYROTL0
al cohol s, and napht hal ene; s2) heat treatnent at a tenperature in the range
200C t 0 1200C oporogdniz matralsdiererpdtias Whikls digtppearnen heatipe. p PG PARS fem with a
specific surface area in the

materials are selected from the group constituted by wood flour, wood charcoal,

sulphur, tars, plastic materials or emulsions of plastic materials, polyvinyl
10  alcohols, and naphthalene;
s2)  heat treatment at a temperature in the range 200°C to 1200°C of
the extruded materials obtained, to provide them with a specific surface area in the
range 50 to 420 m/g;
s3) hydrothermal treatment of said extruded materials by impregnation
15 with water or an agueous solution, preferably acidic, then placing them an
autoclave at a temperature in the range 100°C to 300°C, preferably in the range
150°C to 250°C;
The hydrothermal treatment is generally carried out at a temperature of
100°C to 300°C, preferably 150°C to 250°C, for a period of more than 45
20 minutes, preferably 1 to 24 hours, more preferably 1.5 to 12 hours. The
ﬁydrothermal treatment is generally carried out using an aqueous acidic solution
comprising one or more mineral and/or organic acids, preferably nitric acid,
hydrochloric acid, perchloric acid, sulphuricacid, or weak acids with a pH in

solution of less than 4, such as acetic acid or formic acid. Generally, said aqueous




range 50 to 420 nR2/g; s3) hydrothermal treatnent of said extruded materials
by inpregnation 15 with water or an aqueous solution, preferably acidic,
then placing theman autoclave at a tenperature in the range 100C to 300C,
preferably in the range 150C to 250C, The hydrothermal treatnent is
generally carried out at a tenperature % 100C to 300C, preferably 150C to
250C, for a period of nore than 45 20 mnutes, preferably 1 to 24 hours,
nore preferably 1.5 to 12 hours. The hydrothernal treatnent is generally
carried out using an aqueous acidic solution conprising one or nore

m neral and/or organic acids, preferably nitric acid, hydrochloric acid,
perchloric acid, sulphuric acid, or weak acids with a pHin solution of

| ess than 4, suchideSoRERLd® @kibse®bnd ®mrccoapbihds @ik rail libgratesaiods aqueous 12
acidic solution also conprises one or nore conpounds which can |iberate

ani ons whi ch arshigapabkhrbefofoorbinmgngthwbitiinglnu g prefeizbly scompewsfier abl y
conpounds conprising a nitrate (such as alumniumnitrate), chloride,

sul phat e, per chiomatisng a gitrhto (snelc &t Atraipiutriitedd) orhiraide tsalplste, lpeohioatset at e or

di bromoacetate ion, and anions 5 with general fonnula: R-COO such as

format es or acetdbessetss} kriddkaicttiagroheceage bo dibroatoesstagbioni mddnipns a
tenperature in the range 850C to 1100C, preferably in the range 875C to
1075C. Thi s cal owithigageril $orgelneR-GI00ysuclassrirediepertacétriesor der to obtain a
specific surface area for the support in the range 30 to 130 nR/g and to
obtain the desired Xd4)ay caldifingdithef agglotmogieanbtaifydegy artempopiuro fin Baraweyst s The
catal ysts are prepared using any nethod which is known to the skilled
person. 850°C to 1100°C, preferably in the range 875°C to 1075°C.

This calcining is generally carried out in order to obtain a specific surface
area for the support in the range 30 to 130 m%/g and to obtain the desired X ray
10  diffractogram.
Preparation of catalysts

The catalysts are prepared using any method which is known to the skilled

person.

cl)  Preparation of a solution comprising nickel

15 The nickel precursor salt is generally selected from the group constituted
by nickel chloride, nickel nitrate and nickel sulphate. Highly preferably, the
nickel precursor salt is nickel nitrate. The solution is prepared by dissolving the
nickel precursor at a concentration in the range from 0 to the solubility limit of the
precursor used. The concentration is adjusted as a function of the desired quantity

20 by weight of nickel in the catalyst.

C2) Impregnation of solution into alumina support

The alumina support may be impregnated using dry or excess
impregnation, in static or dynamic mode. Impregnation may be carried out in one

or more successive impregnation steps.




cl) Preparation of a solution conprising nickel 15 The nickel precursor
salt is generally selected fromthe group constituted by nickel chloride,
ni ckel nitrate and ni ckel sul phate. Hi ghly preferably, the nickel

precursor salt is nickel nitrate. The solution is prepared by dissolving
the nickel precursor at a concentration in the range fromO to the
solubility Iimt of the precursor used!3 The concentration is adjusted as a
function of the desired quantity 20 by weight of nickel in the catalyst.
C2) Inpregnation of solution into alum na support The al um na support may
be inpregnated using dry or excess inpregnation, in static or dynamc
node. | npregnation may be carried out in one or nore successive

i npregnati on steps.(%ﬁ E%ﬁg£¥¥&ﬂ@ﬁ%he catal yst The inpregnated catalyst is
generally dried in order to elrmnate all or part of the water introduced
during inpregnat 1on, TR rnﬁyﬁr@ér@@h Xatﬁ%st & f@@ém@rdﬁte&ﬁ%rdeﬂtotelﬂﬁﬁnafe%!ﬂ9)@ 2P C to 250 C
nore preferably in the range 70C to Z00C. Drying is 5 carried out in air

or in an inert atpRSARENR IR dEXAMRpR b 98&Rbly 64 tRbahfd AGhd he
catal yst The catalyst is then generally calcined in air. The cal cining

tenperature is  genesal b¥shi thhis ,2RAGIAR0E f8zIBE 10 PIELediy i n the
range from approXi mately 300C to approxi mately 500C. The cal ci ni ng period

is generallys 1Q,4if Jubg £:3PFCnThen ah@déﬁ%ré(@or%xmrﬁtrog%) Activation by
reduction of catalyst obtained in preceding step (optional step) The

cat al yst obtai ned anghecgagmghwgyggﬁCB) or C4) is generally reduced. This
step is preferably carried out Tn the presence of a reducing gas,
preferably by The catalyst is then generally calcined in air. The calcining temperature is

generally in the range 250°C to 900°C, preferably in the range from

approximately 300°C to approximately 500°C. The calcining period is generally

10  inthe range 0.5 hours to 5 hours.

C5)  Activation by reduction of catalyst obtained in preceding step

{optional step)
The catalyst obtained at the end of step C3) or C4) is generally reduced.

This step is preferably carried out in the presence of a reducing gas, preferably by

15 means of in situ gaseous hydrogen, i.e. in the reactor where the catalytic
transformation is carried out. Preferably, this step is carried out at a temperature
in the range 100°C to 600°C, more preferably in the range 200°C to 500°C.

C5’) Passivation-activation (optional step)

In a variation, the nickel catalysts are passivated after step C3) or C4)

20  using sulphur and any method which is known to the skilled person. As an
example, nickel-based catalysts may be activated ex situ using one of the methods
described in EP-0 466 567 (B1), US-5 153 163 and FR-2 676 184. The catalyst

is then generally reduced, preferably in gaseous hydrogen at a temperature in the

range 100°C to 400°C, more preferably in the range 150°C to 350°C.




15 neans of in situ gaseous hydrogen, i.e. in the reactor where the
catalytic transformation is carried out. Preferably, this step is carried
out at a tenperature in the range 100C to 600C, nore preferably in the
range 200C to 500C. C5') Passivation-activation (optional step) In a
variation, the nickel catalysts are passivated after step C3) or C4) 20
usi ng sul phur and any nmethod which is kkbwn to the skilled person. As an
exanpl e, nickel -based catal ysts nay be activated ex situ using one of the
nmet hods described in EP-0 466 567 (Bl), US-5 153 163 and FR-2 676 184. The
catalyst is then generally reduced, preferably in gaseous hydrogen at a
tenperature in the range 100C to 400C, nore preferably in the range 150C

to 350C 14 In a vaj) 9%13%?9%%&%%% is-5558 1693 b6Rckel heaRbiskel catal ysts
(0] (0]

are passivated at the en step r C4) using sul phur. A volune of an
| -

aqueous SO|uti%Q$§ng§t&g&ﬁ%?&%?égﬁﬁQm§Q@ﬁﬂﬂbﬁmVQiUMQn@$fiJ&m&ﬁ§a|ySt to

be i npregnated "and contal ni ng anol sul phi de (DECDS) and formc

acid can be pre - whtchl Qtd ¥ pofe VSR RE e icRbFAWIBEEhTrgngener al |y
adj usted so as ?g&?%%V%auggﬁgﬁ%'averggg of betméén 8.25 and 0. 35,

preferably 0.3 Tk Edufing il aREIpRRBEODS) il Wedle obia e sipdaace of the
ni ckel particles. is solution is then inpregnated into the catalyst

obt ai ned. The cagalystint e 8GNRERbN HNERFA9 a8 uaeh@ALs forigRbdmENtn at &
tenperature in theqrange 1080 to 250C for a period in the range 0.5 to 1.5

hours. 10 I'n anqiher. HaL@k%SH 2P5RRAIADIRRLYA0.B Mol f silpifr pat@bly st i s
prepared using several iInpregnation steps. For catal ysts prepared in two

i mpregnation steps.) i BE sf-Bkd P HcksIgfaltR s "B soRGonBEttn impriegiateégnat i on no |
- drying - inpregnation no 2 - drying - calcining; 15 - inpregnation no 1 -
drying - cal Ci Niglg..za )i BREGRMATEQRRR: Berr gedlédliyGidergoes 2 heat treatment at 2
temperature in the range 100°C to 250°C for a period in the range 0.5 to 1.5 hours.
10 In another catalyst preparation variation, the catalyst is prepared using
several impregnation steps.
For catalysts prepared in two impregnation steps, the following series may
be used:
- impregnation no 1 — drying — impregnation no 2 — drying — calcining;
15 - impregnation no 1 — drying — calcining — impregnation no 2 — drying —
calcining.
The invention also concerns the catalyst obtained from the catalyst

preparation processes described in the present invention.

Characterization of support

20 The diagrams for the various supports were recorded on a diffractometer
(X’PERT’Pro from PANalytical) in Bragg-Brentano geometry, provided with a
copper tube (1.54 A), a proportional counter and slits the openings of which can

be varied as a function of 20. The surface area of the irradiated sample was 10 x

10 mm; the sampling interval was 0.05° 20; the time per interval was 5 to 15 s.




cal cining. The invention also concerns the catal yst obtained fromthe
catal yst preparation processes described in the present invention.
Characterization of support 20 The diagranms for the various supports were
recorded on a diffractoneter (X PERT Pro from PANalytical) in

Br agg- Brent ano geonetry, provided with FS copper tube (1.54 A), a
proportional counter and slits the openi'ngs of which can be varied as a
function of 20. The surface area of the irradiated sanple was 10 x 10 nmm
the sanpling interval was 0.05 20; the tine per interval was 5 to 15 s. 15
After recording, the intensities were corrected and transfornmed into
intensities at a constant irradiated volune. The neasurenent for the
positions, relative Afft eb®idiige Shandenitied hereofortebied add fifansfotred peaks were
determ ned by conplete nodelling of the diffractograns 5 using

pseudo- Voi gt typeesyieanes cdnealt ireddatedtvblomb. f unctions, with. a Gauss-Lorentz
ratio fixed at 0.6. The positions, intensities and widths of the functions
were affined to adj ugk mebheneal ulhatpedtigreobhtiesntewitichenexpérsiohtist al peaks.
The affined paranmeters for the cal cul ated peaks qualified the experinental
10 peaks: posit idgfstlipaike vaptatadmapd by ngs)lete inmilehsg of/thE\iHVRdamEns wi dt h at
half the maximun). A |linear diffuse background was |ined up at the sane
time as the pealsind pseploofdidt@gpe sGame@ical agatyticafelofionsi weh héwuisdoemti ty peaks
which are vital to the quality of the affinenment of the experinental

di agr am but whi edtioieédat 6bearly non-defi ned

The positions, intensities and widths of the functions were affined to adjust
the calculated profiles to the experimental peaks.
The affined parameters for the calculated peaks qualified the experimental

10  peaks:

| e positions (interplanar spacings)
@ intensity
s  FWHM (full width at half the maximum).
A linear diffuse background was lined up at the same time as the peak

15  profiles. Certain extremely wide low intensity peaks which are vital to the quality
of the affinement of the experimental diagram but which were clearly non-defined
were considered to be a supplement to the diffusion background.

" The relative intensities reported here are expressed as a percentage of the
height of the most intense peak (d =1.39 A) above the diffusion background.

20 The widths of the peaks were qualified (fine (F), normal (N), wide (W),
very wide (VW)) using the FWHM, full width at half the maximum of the profile
calculated for each experimental peak. The widths expressed as 20 are dependent
on the apparatus used for analysis and the wavelength used for analysis. In

contrast, the peak qualification (fine (F), normal (N), wide (W), very wide (VW)




were considered to be a supplenent to the diffusion background. The
relative intensities reported here are expressed as a percentage of the

hei ght of the npbst intense peak (d = 1.39 A) above the diffusion
background. 20 The wi dths of the peaks were qualified (fine (F), normal

(N, wde (W, very wide (VW) using th§ FW{M full width at half the
maxi mum of the profile calculated for tach experinmental peak. The w dths
expressed as 20 are dependent on the apparatus used for analysis and the
wavel ength used for analysis. In contrast, the peak qualification (fine
(F), normal (N), wde (W, very wide (VW) 16 deduced fromthese values is
val id regardl ess of the type of apparatus and the analysis conditions

enpl oyed. The rglLativeosiassidicsal 100 efadihe optakgpewi bpparansspécte t o t heir
full width at half the maximumw th respect to each other is valid

regardl ess of thgkP@netioRPRANaEES Bedretatie: analfysios dothdippaonsittenpl oyed. 5
The qualification of the peak widths is given below. Full wdth at half the
maxi mum under Qualdt fitkat 70k apeEkhe atimanalty sigeccorghioibons veliih 2 t het a
wi dth degrees) < 0.7 Fine (F) 0.7-1.0 Normal (N Wde (W 1-1.8 ) 1.8-3
Very wide (VW EQhrdlebeor@tiile)ss bgpa@fus idiahd avigsit conditiosrmplogédng ni ckel on an
al um ni um oxi'de ‘support, the al um nium oxi de support generally has, in the
cal cined statse, a difftagtaohamhepiRiwidis ibyivok bely: di ffract ometry

conpri sing peaks which correspond to the follow ng interplanar spacings,

relative intensitieqtandidieaMalf the maximum, under | Qualification of peak
our analysis conditions (in 2 theta | width
degrees)
<0.7 Fine (F)
0.7-1.0 Normal (N)
1-1.8 Wide (W)
1.8-3 Very wide (VW)

For the catalysts of the invention comprising nickel on an aluminium oxide
support, the aluminium oxide support generally has, in the calcined state, a
diffractogram obtained by X ray diffractometry comprising peaks which

correspond to the following interplanar spacings, relative intensities and peak

10  widths:




10 widths: 17

(% d(10-iom

I nt er pl anar

1.26 1-5 VW1.14 5-10 Nto W 1.11 1-5 W

1-5 Wto W

Rel ative intensities Peak wi dth
5.03t05.22 1-5 NtoVW 4.56 to 4.60 1-10 Fto VW 4.06 to
4,10 1-5 Nto W 2.80 to 2.85 5-20 VW 2.73 15-35 N 2.60 5-10 W 2.43
35-40 VW 2.29 30-40 N 1.99 60-95 N 1.95 25-50 Fto N 1.79 1-10 Nto W
1.53 5-10 Nto W 1.51 5-10 Wto VW 1. 4; 40-60 Nto W 1.39 100 N 1.23 to
1.04 1 5 VW 1.00 5-10 VW 0.97

terplanar Relative intensities Peak width
spacings Vo (%)
d (10" m)
50310522 |1-5 Nto VW
456t04.60 |1-10 Fto VW
406t04.10 | 1-5 Nto W
2.80t02.85 |5-20 VW
2.73 15-35 N
2.60 5-10 W
243 35-40 VW
2.29 30-40 N
1.99 60-95 N
1.95 25-50 FtoN
1.79 1-10 N to VW
1.53 5-10 Nto W
1.51 5-10 W to VW
1.41 40-60 Nto W
1.39 100 N
1.23t0126 | 1-5 VW
1.14 5-10 Nto W
1.11 1-5 W
1.04 1-5 VW
1.00 5-10 VW
0.97 1-5 W to VW

spaci ngs 1/10

In a preferred mode, in the calcined state the alumina support has a
diffractogram comprising only the peaks which correspond to the following

5  interplanar spacings, relative intensities and peak widths:




In a preferred node, in the calcined state the alum na support has a

di ffractogram conprising only the peaks which. correspond to the follow ng
5 interplanar spacings, relative intensities and peak wi dths: 18

I nterpl anar spacings Relative intensities Peak width d(10-10m 1110(%
5.41 to 5.47 0-5 N5.03 to 5.22 1-5 Nto_,VW 456 to 4.60 1-10 FtoVwW
4.06t04.10 1-5 NtoW 2.86 to 2.88 5-20 Ic'—igto N 2.80 to 2.85 5-20 VW 2.73
15-35 N 2.60 5-10 W 2.43 35-40 VW 2.29 30-40 N 1.99 60-95 N 1.95 25-50
FtoN 1.92 0-20 Nto VW 1.79 1-10 Nto W 1.53 5-10 Nto W 1.51 5-10 W
to VW 1.45 0-10 W 1.43 0-10 N 1.41 40-60 Nto W 1.39 100 N

Interplanar spacings | Relative intensities | Peak width
d (10" m) Vlo (%)
5.41 to 5.47 0-5 N
5.03t05.22 1-5 Nio VW
4.56 to 4.60 1-10 Fto VW
4.06 to 4.10 1-5 NtoW
2.86t0 2.88 5-20 FtoN
2.80 to 2.85 5-20 VW
2.73 15-35 N

12.60 5-10 W
2.43 35-40 VW
2.29 30-40 N
1.99 60-95 N
1.95 25-50 FtoN
1.92 0-20 Nto VW
1.79 1-10 Nto W
1.53 5-10 Nto W
1.51 5-10 Wto VW
1.45 0-10 W
1.43 0-10 N
1.41 40-60 NioW
1.39 100 N
1.23t0 1.26 1-5 VW
1.14 5-10 NtoW
1.11 1-5 W
1.04 1-5 VW
1.00 5-10 VW
0.97 1-5° W to VW

Further, the ratio of the relative intensities at respective interplanar
spacings of 1.99 x 107'° m and 1.95 x 107° m is such that:
5 (/o)1.09/(WIo) 05 is in the range 1.2 to 3.8, preferably in the range 1.5 to
2.5.
Use of catalyst of the invention
The catalyst of the invention may be used in processes which involve a

transformation of organic compounds. Thus, the catalyst of the invention may be




1.23 to 1.26 1-5 VW1.14 5-10 NtoWw 1.11 1-5 W 1.04 1-5 vWw 1.00 5-10 wW
0.97 1-5 Wto VWFurther, the ratio of the relative intensities at
respective interplanar spacings of 1.99 x 10-1 mand 1.95 x 10-'0 mis
such that: 5 (1/10)1.99/(1/10)1.95 is in the range 1.2 to 3.8, preferably
inthe range 1.5 to 2.5. Use of cataly of the invention The catal yst of
the invention may be used in processes ich involve a transformation of
organi ¢ conpounds. Thus, the catalyst of the invention may be 19 wused in
processes conprising the hydrogenati on of conmpounds conprising aromatic,
ketone, al dehyde, acid or nitro functions, the hydrogenation of carbon
nonoxi de to Cl-C6 al cohols, to nethanol or to dinethyl ether, isomerization
or  hydr oi soner iuzdt imoprc@akt ¢apSsind it DgRGRhAISH Sofr @apbidn omaridng N gener a
reactions 5 which involve cleavage or the formation of carbon-carbon bonds.
The operating canghati¢, ap®nsaidelydareid@e neoabhhyionnpledyédgdhaiontofiegBor eact i ons
are as follows: a tenperature in the range 0OC to 500C, preferably in the
range 25C to 35Mopxide Pr&SSWI@holy td hethurhgetoOdithethy 2@r, Meaneriptief er ably in
the range 0.1 to 10 MPa, an hourly space velocity (HSV) in the range 0.1
to 50 h-', prefeyabkymdrizatbl redagons atydegdholysit oealibnk-dnd firogenaral regaions f eed; and
bet ween 500 and 30000 h-', preferably in the range 500 to 15000 h-', for a
gas feed. Wien knithogeheiclsapresertiomibtien ofhytesmngemnbondseed nmole ratio is in
the range 1 to 500 litres per litre, preferably in

The operating conditions which are generally employed for these reactions

are as follows: a temperature in the range 0°C to 500°C, preferably in the range
25°C to 350°C, a pressure in the range 0.1 to 20 MPa, preferably in the range 0.1
to 10 MPa, an hourly space velocity (HSV) in the range 0.1 to 50 h', preferably in
10  therange 0.5t0 20 b for 2 liquid feed; and between 500 and 30000 h™, preferably
in the range 500 to 15000 b, for a gas feed. When hydrogen is present, the
hydrogen to feed mole ratio is in the range 1 to 500 litres per litre, preferably in
the range 10 to 150 litres per litre.
The use of the catalyst of the invention and the conditions of its use must
15  be adapted by the user to the reaction and technology employed.
The catalyst of the invention may also be used in reactions for the
hydrogenation of compounds comprising acetylene, diene or olefin ﬁlnctions.
The invention also concerns a process for selective hydrogenation by
bringing a feed into contact with a catalyst of the invention or a catalyst prepared
20  in accordance with the invention, said feed being selected from the group
constituted by C3 steam cracking cuts, C4 steam cracking cuts, C5 steam cracking
cuts and steam cracking gasolines, also termed pyrolysis gasolines.
In aécordance with a preferred application, the catalysts of the invention

are used for reactions for the selective hydrogenation of polyunsaturated




the range 10 to 150litres per litre. The use of the catalyst of the
invention and the conditions of its use nust 15 be adapted by the user to
the reaction and technol ogy enpl oyed. The catal yst of the invention may
al so be used in reactions for the hydrogenation of conmpounds conpri sing
acetyl ene, diene or olefin functions. ng invention al so concerns a process
for selective hydrogenation by bringing a feed into contact wwth a
catal yst of the invention or a catalyst prepared 20 in accordance with the
invention, said feed being selected fromthe group constituted by C3 steam
cracking cuts, C4 steamcracking cuts, C5 steamcracking cuts and steam
cracki ng gasolines, also ternmed pyrolysis gasolines. In accordance with a
preferred appli gatbibont BRs CREMIY S @fant heackiny emidiodrcatairie trsdhgf or
reactions for the selective hydrogenation of pol yunsaturated 20
hydr ocar bon cut syddesiygdydeamist BamtLiackisdgi@adbaseantatiyig ¢ cracki ng,
preferably pol yunsaturated hydrocarbon cuts derived from steam cracki ng.
Hydr ogenation of C3 to C5 cuts 5 Hydrocarbon conversion processes such as
steam cracking or catalytic cracking are operated at high tenperature and
produce a wi de agitmtief of (3nsas At ed nol ecul es such as et hyl ene,
propyl ene, linear butenes, isobutene, pentenes as well as unsaturated
mol ecul es cont ai ni NgH¥RodaboRROkErsD pedessensuchtas vBam Iiacking parcahlyed |
pol yunsat urat ed conpounds are al so forned: acetyl ene, propadi ene and
met hyl acet yl ene cfaQkinpraepypeited it RiganeampsrBulbuinddpredies 2 wiidey vacet pf ene and
et hyl acetyl ene, and ot her pol yunsaturated conpounds with a - boiling point
correspondi Nng t @nézheatédmogasal sutie af ethglena) mropMehe, dinedr Hegeespadopuimeat ur at ed
conmpounds nust be elimnated to allow these

pentenes as well as unsaturated molecules containing up to about 15 carbon

atoms.

10 In parallel, polyunsaturated compounds are also formed: acetylene,
propadiene and methylacetylene (or propyne), 1-2 .and 1-3 butadiene,
vinylacetylene and ethylacetylene, and other polyunsaturated compounds with a
boiling point corresponding to the C5+ gasoline fraction.

 Allof these polyunsaturated compounds must be eliminated to allow these

15  various cuts to be used in petrochemical processes such as polymerization units.
Thus, for example, the C3 steam cracking cut may have the following
mean composition: of the order of 90% by weight of propylene, of the order of
3% to 8% by weight of propadiene and methylacetylene, the remainder being
essentially propane. In certain C3 cuts, between 0.1% and 2% by weight of C2

20  and C4 may also be present. The specifications concerning the concentrations of
these polyunsaturated compounds for petrochemicals and polymerization units are
very low: 20-30 ppm by weight of methylacetylene and propadiene, MAPD, for
chemical quality propylene and less than 10 ppm by weight or even down to 1

ppm by weight for the “polymerization” quality.




15 various cuts to be used in petrochem cal processes such as
pol yneri zation units. Thus, for exanple, the C3 steam cracking cut may
have the foll owi ng mean conposition: of the order of 90% by wei ght of
propyl ene, of the order of 3%to 8% by weight of propadi ene and
met hyl acetyl ene, the renai nder being eégenti ally propane. In certain C3
cuts, between 0. 1% and 2% by wei ght of 20 and C4 may al so be present.
The specifications concerning the concentrations of these pol yunsaturated
conpounds for petrochem cals and pol ynerization units are very |low 20-30
ppm by wei ght of nethyl acetyl ene and propadi ene, MAPD, for chem cal
quality propylene and | ess than 10 ppm by wei ght or even down to 1 ppm by
wei ght for the "pol ynard zadn enckistual ity . fo? dxamPleChe ShiRam L agkinBigr cut  has,
for exanple, the follow ng nean nol ar conposition: 1% of butane, 46.5% of
butene, 51% of huhpditBRei%loBYtale, 486nybaeati] eng (VAGdiard10%2% of but yne.
In certain C4 cuts, between 0.1 %and 2% by weight of C3 and C5 nay al so
be present. Her &irgGadtflenct(NACS PRIC.I% 6Btuky@BS e C8 emehetwet®ldiand ef i ns
content is strictly less than 10 ppm by weight for a C4 cut which will be
used in petrochem pak&ghs POlaydes hz@blk®Obe prések> Hdreagaincthacpecifigationd has, for
exanpl e, the follow ng nean conposition by weight: 21 % of pentanes, 45%
of pentenes, 534%cabvepe e A FNE Sontenilib BricBl 166 thak €0 pyalbpge patforarC4puocess i S
progressively inposed to elimnate 10 pol yunsaturated conpounds fromthe C3
to C5 oil cuts cihidR&ildbe iishd & ppi@basisalCanolymetadst t he nost unsaturat ed
conpounds to the correspondi ng al kenes and avoid total saturation and thus
the formati on of theacagsresporeickige adukanes for Sekegk) e fydwvogenati on may be
carried out in the gas or liquid phase, preferably in the |liquid phase.
-In fact, a |iqubspdsiiossy wegialliohofpanatesdoef péneenes] Mo nregydicest and
increase the cycle tinme for the catal ysts.

The selective hydrogenation process is progressively imposed to eliminate

10 polyunsaturated compounds from the C3 to C5 oil cuts cited as this process can
convert the most unsaturated compounds to the corresponding alkenes and avoid
total saturation and thus the formation of the corresponding alkanes.

Selective hydrogenation may be carried out in the gas or liquid phase,
preferably in the liquid phase. Tn fact, a liquid phase reaction can reduce the

15  energy cost and increase the cycle time for the catalysts.

For a liquid phase reaction, the pressure is generally in the range 1 to 3
MPa, the temperature is in the range 2°C to 50°C and the
hydrogen/(polyunsaturated compounds to be hydrogenated) molar ratio is in the
range 0.1 to 4, preferably in the range 1 to 2.

20 For a gas phase hydrogenation reaction, the pressure is generally in the
range 1 to 3 MPa, the temperature is in the range 40°C to 120°C and the
hydrogen/(polyunsaturated compounds to be hydrogenated) molar ratio is in the

range 0.1 to 4, preferably in the range 1 to 2.




For a liquid phase reaction, the pressure is generally in the range 1 to 3
MPa, the tenperature is in the range 2C to 50C and t he

hydr ogen/ ( pol yunsat ur at ed conpounds to be hydrogenated) nolar ratio is in
the range 0.1 to 4, preferably in the range 1 to 2. 20 For a gas phase
hydr ogenati on reaction, the pressure is _generally in the range 1 to 3 Ma,
the tenperature is in the range 40C to ngC and the

hydr ogen/ ( pol yunsat ur at ed conpounds to be hydrogenated) nolar ratio is in
the range 0.1 to 4, preferably in the range 1 to 2. 22 Hydrogenation of
steam cracked gasoli ne Steam cracking principally produces ethyl ene,
propylene, a C4 cut and steam cracked gasoline which is al so known as
pyrolysis gasol i B&iohifesQt-aaneeeidiid further preferred node, the feed
is a pyrolysis 5 gasoline. Pyrolysis gasoline corresponds to a cut with a
boi l'ing point which kgam g&@@ﬁ%bﬁ%iﬂaﬂy bheudea BESIAS ptpyl 2R, Copeefed abl y in
the range 10C to 220C. This eed generally conprises the C5-Cl12 cut with
traces of C3, Chseafaldrckddldsolifiel®hicH it Qlko BxaHRS Brolpsid fasvlinange 0. 1% to 3% by
wei ght for each of these cuts). As an exanple, a C5-200C cut generally has
the foll ow ng conposid k®Brdancd QvitkSa Eurtheb Yrefeicd thode Pk abddi st pPollids
Aromatics: 58-62 } Mno-olefins: 8-10 Diolefins: 18-22 15 Sul phur 20-300
ppm Sel ecti ves hydigigenaib@is ofsomeipiredpyish So gasokitne babmpspadtsvhddh ibri ngi ng

t he

generally in the range 0°C to 250°C, preferably in the range 10°C to 220°C. This
feed generally comprises the C5-C12 cut with traces of C3, C4, C13, C14, CI5
(for example in the range 0.1% to 3% by weight for each of these cuts).
As an example, a C5-200°C cut generally has the following composition,
10  asa % by weight:
Paraffins: 8-12
Aromatics: 58-62
Mono-olefins: 8-10
Diolefins: 18-22
15 Sulphur 20-300 ppm
Selective hydrogenation of a pyrolysis gasoline consists of bringing the
feed to be treated into contact with hydrogen introduced in excess into one or
more reactors containing the hydrogenation catalyst.
The hydrogen flow rate is adjusted in order to provide a sufficient quantity
20  for theoretical hydrogenation of all of the diolefins, acetylenes and alkenyl
aromatics and to maintain an excess of hydrogen at the reactor outlet. In order to
limit the temperature gradient in the reactor, it may be advantageous to recycle a

fraction of the effluent to the inlet and/or to the centre of the reactor.




feed to be treated into contact with hydrogen introduced in excess into one
or nore reactors containing the hydrogenation catal yst. The hydrogen fl ow
rate is adjusted in order to provide a sufficient quantity ~ 20 for

t heoretical hydrogenation of all of the diolefins, acetylenes and al kenyl
aromatics and to maintain an excess of Egdrogen at the reactor outlet. In
order to |imt the tenperature gradient”in the reactor, it may be

advant ageous to recycle a fraction of the effluent to the inlet and/or to
the centre of the reactor. 23 In the case of the sel ective hydrogenation
of pyrolysis gasoline, the hydrogen/ (pol yunsaturated conpounds to be

hydr ogenated) nolar ratio is generally in the range | to 2, the
tenperature is genergsl thy dagt bheersaRgse40AdgtnatidD0Cpyiplyet epaldhy ther t he range
50C to 180C, the hourly space velocity 5 (corresponding to the vol une of
hydr ocar bon per hyédopgdiRpafunehirgbd Sbmp@ihdhavrje ihgdrogeney) amblar imtid He range 0.5
h-' to 10 h-', preferably in the range | h-' to 5 h-', and the pressure is

general ly in theeficgen theQalgPd tb Q, theSerhftaturpisefepdrallyl iy thenrahdpeior@nge 2.0 MPa
to 3.5 MPa. EXAMPLE 10 Exanple 1: Catalyst A (in accordance with the

invention) The 0D riretéaly datiad yaige A0NASto PISBPET el HesilnGpdchevefdcitgt
variation of the support preparation node. The steps for preparing the
support for cat atorstpodindito thdhe@hingr dNhgdrodaeind perveiencas chtalyst@ashous) i3
dehydration by flash calcining hydrargillite to obtain an active 15
al um na powder. ghnesdllyeaiie ehgd s hirad 0 g prdferttiain thedrengevapor abedndvat er was
elimnated and entrained very rapidly. The tenperature was fixed at 800C
and the cont actrdssuieeis bakratlh & thadagge lad MPo tdoeS MPhypdfarttdliniye tahge Has was |
second. The active alum na powder obtained was ground then washed with
wat er ; MPato 3.5 MPa.
EXAMPLE
10  Example 1: Catalyst A (in accordance with the invention)
The support for catalyst A was prepared using the first variation of the
support preparation mode. The steps for preparing the support for catalyst A in
the form of beads were as follows:
s1)  dehydration by flash calcining hydrargillite to obtain an active
15  alumina powder. A stream of hot gas meant that the evaporated water was
eliminated and entrained very rapidly. The temperature was fixed at 800°C and
the contact time for the material to be dehydrated by the gas was 1 second. The
active alumina powder obtained was ground then washed with water;
s2)  forming said active alumina powder to obtain beads with a green
20  packing density of 785 kg/m’ and a diameter which is primarily in the range 2 to 4
mm;

Forming said active alumina powder to obtain beads, termed granulation,

was carried out using a rotary bowl granulator;




s2) formng said active alum na powler to obtain beads with a green 20
packi ng density of 785 kg/nB and a dianeter which is primarily in the range
2to4 mm Formng said active alum na powder to obtain beads, terned
granul ation, was carried out using a rotary bow granulator; 24 s3) heat
treatnment of said beads at 720C to prodgge a specific surface area of 200
m/g; s4) hydrothermal treatnent of sai d beads by inpregnation with an
aqueous acid solution. The hydrothernal treatnent was carried out at a 5
tenperature of 200C for 6.5 hours, in a rotary basket autoclave, and the
i npregnation solution was an aqueous acidic solution conprising alum nium
nitrate; s5) calcining the aggl onerates obtained at a tenperature of 950C
for 2 hours. The aggl)onmeeatesmehbasdEictafiad 720°6 pegbdice a sprifiacefaae ea of 67
n2/g. 10 The XRD signature of the prepared support was as follows: d (A
0.01 1/10 (% Peadaofeith’/e5. 18 3 VW 4.58 4 VW 4.09 1 W 2.81 14 VW 2.73
17 N 2.61 7 W 2.43 35 v W2.29 31 N 1.99 73 N

s4)  hydrothermal treatment of said beads by impregnation with an

aqueous acid solution. The hydrothermal treatment was carried out at a

5  temperature of 200°C for 6.5 hours, in a rotary basket autoclave, and the

impregnation solution was an aqueous acidic solution comprising aluminium
nitrate;

s5)  calcining the agglomerates obtained at a temperature of 950°C for

2 hours. The agglomerates obtained had a specific surface area of 67 m%/g.

10 The XRD signature of the prepared support was as follows:
d (A) +0.01 Ul (%) Peak width
5.18 3 VW
4.58 4 \A
4.09 1 W
2.81 14 VW
2.73 17 N
2.61 7 W
243 35 VW
2.29 31 N
1.99 73 N
1.95 38 N
1.79 5 VW
1.53 6 W
1.51 6 W
1.41 41 N
1.39 100 N
1.26 3 VW
1.14 7 W
1.11 1 W
1.04 5 VW
1.00 8 VW
0.97 3 VW




1.95 38 N 1.795v W 1.536 W 1.51 6 W 1.41 41 N 1.39 100 N 1.26 3 W
1.14 7 wW 1.11 1 W 1.04 5VW 1.00 8 VW 0.97 3 VW25 An aqueous sol ution
of nickel nitrate Ni (NO3)2 was prepared at 25C by diluting 49.5 g of nickel
hydrat e hexahydrate in dem neralised water to a volume which corresponded
to the pore volunme of the alum na support. This solution was then

i npregnated into 100 grans of prepared al um na support. 5 Catalyst A
obtained was dried in air at 120C then calcined for 2 hours at 450C in

air. Catalyst A contained 10% by wei ght of nickel. Exanple 2: Catalyst B
(not in accordance with the inventi on) The support for catalyst B was
prepared in accordance with the first variation of the support preparation
node. The operating ’éﬁﬁ%ﬂe?‘iséﬂ]é‘“%‘n?f kel ngge FEtRee MELPeRFFEFAry r?gbfhepsupport
were the same asthos used e 1l with the exception that the

cal ci ning of st &l xz@a?s"fé%?h(?r‘]%W%BFX%Y“%{BG@W“@S@HO ¢gt0 3 YOUIBE ovi ded t he

? ﬁgl B;Hearp:f. 23 \émubﬁg\eﬁ%t gon&gd @&%{p&%&glu?ﬁreeo ihgfalur%?n% sx%%éxg Tk-lgsh seolu>t<1|c:\>)r[1)w$ctl gnature of

then impregnated into 100 grams of prepared alumina support.
5 Catélyst A obtained was dried in air at 120°C then calcined for 2 hours at
450°C in air. Catalyst A contained 10% by weight of nickel.
Example 2: Catalyst B (not in accordance with the invention)
The support for catalyst B was prepared in accordance with the first
variation of the support preparation mode. The operating conditions and the
10  method for preparing the support were the same as those used in Example 1 with
the exception that the calcining of step s5) was carried out at 650°C for 2 hours. It
provided the agglomerates with a specific surface area of 142 m’/g.

The XRD signature of the prepared support was as follows:

d (A)+0.01 Uy (%) Peak width
4.55 7 VW
2.73 19 VW
2.41 49 VW
2.28 23 F
2.12 8 VW
1.99 54 w
1.95 31 N
1.52 14 VW
141 22 VW
1.39 100 W
15 An aqueous solution of nickel nitrate Ni(NO3); was prepared at 25°C by

diluting 75.4 g of nickel hydrate hexahydrate in demineralised water to a volume
which corresponded to the pore volume of the prepared alumina support. This

solution was then impregnated into 100 grams of prepared alumina support.




d (A 0.011/1lo (% Peak width 4.55 7 VW 2.73 19 VW 2.41 49 VW 2.28 23
F 2.12 8 VW 1.99 54 W 1.95 31 N 1.52 14 VW 1.41 22 VW 1.39 100 W15
An aqueous solution of nickel nitrate Ni(N03)2 was prepared at 25C by in
dem neralised water to a volume diluting 75.4 g of nickel hydrate
hexahydr ate whi ch corresponded to the pgre vol une of the prepared al um na
support. This solution was then inpregngted into 100 granms of prepared
alum na support. 26 Catalyst B obtained was dried in air at 120C then was
calcined for 2 hours at 450C in air. Catalyst B contained 15% by wei ght of
ni ckel. Exanple 3: Catalyst C (in accordance with the invention) As
described in patent US-S 153 163, a volune of an aqueous solution 5 was

prepared which correspandgdohRed W& doied B 240l LITEC Bfn HidealciatatoyShodro be
i npregnated and contained 1.7 g of diethanol disul phide (DEOCDS) and 10.2 g

of form c acid.at 3vec guanCatalyst®f cosldined LY byiveigiduccketvas adj usted so as to
introduce a nean of 0.3 noles of sul phur per nole of nickel to the surface

of the nickel Bakpk3eEatallbi S (s alcotdaate Witk hesntorpr egnated into 100 g of
catal yst A. The
As described in patent US-5 153 163, a volume of an aqueous solution
S was prepared which corresponded to the pore volume of the catalyst to be
impregnated and contained 1.7 g of diethanol disulphide (DEODS) and 10.2 g of
formic acid. The quantity of sulphur introduced was adjusted so as to introduce a
mean of 0.3 moles of sulphur per mole of nickel to the surface of the nickel
particles. This solution was then impregnated into 100 g of catalyst A. The
10  catalyst then underwent a heat treatment at 150°C for 1 hour. Catalyst C so
prepared contained 10% by weight of Ni and 0.7% by weight of sulphur.
Example 5: Catalyst D (not in accordance with the invention)
As described in patent US-5 153 163, a volume of an aqueous solution
was prepared which corresponded to the pore volume of the catalyst to be
15  impregnated and contained 3.6 g of diethanol disulphide (DEODS) and 15.6 g of
formic acid. The quantity of sulphur introduced was adjusted so as to introduce a
mean of 0.3 moles of S per mole of nickel to the surface of the nickel particles.
This solution was then impregnated into 100 g of catalyst B. The catalyst then

underwent 2 heat treatment at 150°C for 1 hour. Catalyst D so prepared contained

20  15% by weight of Ni and 1.4% by weight of sulphur.




10 catal yst then underwent a heat treatnent at 150C for 1 hour. Catalyst C
so prepared contained 10% by weight of NN and 0. 7% by wei ght of sul phur.
Exanple 5: Catalyst D (not in accordance with the invention) As described
in patent US-5 153 163, a volune of an aqueous solution was prepared which
corresponded to the pore volunme of the gatalyst to be 15 inpregnated and
contained 3.6 g of diethanol disulphide (DEODS) and 15.6 g of form c acid.
The quantity of sul phur introduced was adjusted so as to introduce a nean
of 0.3 noles of S per nole of nickel to the surface of the nickel
particles. This solution was then inpregnated into 100 g of catal yst B.
The catal yst then underwent a heat treatnment at 150C for 1 hour. Catalyst
D so prepared cdreapldd Candytie it foy bpginetion o\ styge-BeMoBeryWae ht  of

sul phur. 27 Exanple 6: Catalytic test for hydrogenation of a

sbyr ene- i sopr enéb§pRicietein  t he presence of S Prior to the catalytic test,
catalysts A and B were treated in a stream of litre of hydrogen per hour
and per gram of cat aﬁ"}i’ét‘oWPﬁ‘ﬁalﬁmtt@ﬁﬁé‘@éﬁtﬂﬁe&?|Bs‘§er6freatﬁ§ BHGEFH '
constant tenperature stage at 410C for 16 hours. Prior to the ca aI ytic
test, catalysts it 2hHYPPsRaPE e a1dRe g, Ok falabsh g & CmPEEYE T8t Ohy dr ogen
per hour and per gramof catalyst with a tenperature rise of 300C h and a
const ant tenﬁeréf)%pé’ @?é@@“@]ﬁtt%@@@t‘ﬁﬁagfétﬂ&ﬁ orlgscat al yst s t hen
underwent a hydrogenation test in a perfectly stirred .10 "G ard" type
bat ch reactor. To t hiTer énge caielyie et Cﬁté]é[ﬂ%Q&“%Qt‘ﬁ?rﬁlgfamgé‘éag%‘r fixed in
t he absence of air in an annul ar basket | ocated und a stirri np arm The
baskets used i nlraef puliesenper Hasr andoper 2 %fﬁtaﬁ%gbﬁmg/ﬁﬁﬁﬂwt‘frﬁﬂé
Hydrogenation was carried out in the |i UI d p@%s The feed had the

fol | owi ng conposP{Féirnd gegnsipniiemngrr$tigee dhdd @hour

The catalysts then underwent a hydrogenation test in a perfectly stirred
10  “Grignard” type batch reactor. To this end, 4 ml of reduced catalyst beads were
fixed in the absence of air in an annular basket Ipcated around a stirring arm. The
baskets used in the reactors were of the Robinson Mahoney type.
Hydrogenation was carried out in the liquid phase.
The feed bad the following composition: 8% by weight styrene, 8% by
15  weight isoprene, 10 ppm of S introduced in the form of pentanethiol, 100 ppm of
S introduced in the form of thiophene; the solvent was n-heptane.
The test was carried out at a constant pressure of 3.5 MPa of hydrogen and
a temperature of 60°C. The reaction products were analyzed by gas
chromatography.
20 The catalytic activities were expressed in moles of H> consumed per

minute and per gram of nickel and are shown in Table 1.




15 wei ght isoprene, 10 ppmof S introduced in the formof pentanethiol, 100
ppmof S introduced in the formof thiophene; the solvent was n-heptane.
of 3.5 MPa of hydrogen and The test was carried out at a constant pressure
a tenperature of 60C. The reaction products were analyzed by gas

chromat ography. 20 The catalytic activit, Ees were expressed in noles of H2
consuned per mnute and per gramof nicC and are shown in Table 1. 28
Catal yst Activity* Catalyst A (in accordance) 7.4 x 10 Catalyst B (not in
accordance) 4.7 x 10- Catalyst C (in accordance) f3 -x 10- Catal yst D (not
in accordance) 3.5 x 10 *(moles H2)/[min x (grans of nickel)] Table 1:
Measured activities for hydrogenation of a styrene isoprene mxture in the
presence of sul|phagiysCat al ysts A and C, i hAdodgt dance with the invention,
are appr oxi mat e gatalysbA (& at@rdande) mes nor e| a¢kilve than catal ysts B and D, not
in accordance. 2SialftA(Mbinkccofaga) al yst caomprdsi ng nickel on an al umi ni um
oxi de support, [S@ddyst@alidatdoidamepXi de suppmsk iaving, in the cal ciphed state,
a diffi-actograiua.cORt Biet drdénéary di fTfaskaoetry conprising peaks which
correspond to 5 tThexiRidsoMyheh t RtefsREagan] spacings d and relative
intensities I/10: |ntespl aRRhsubdiosckingss faehaliogenatioh 6Ns klyras-isoprene

mixture in the presence of sulphur ‘
Catalysts A and C, in accordance with the invention, are approximately 1.5

5  to 2 times more active than catalysts B and D, not in accordance.




d(10-'om U o(% 5.03 to 5.22 1-5 4.56 to 4.60 1-10 4.06 to 4.10 1-5
2.80 to 2.85 5-20 2.73 15-35 2.60 5-10 2.43 35-40 2.29 30-40 1.99
60-95 1.95 25-50 1.79 1-10 1.53 5-10 1.51 5-10 1.41 40-60 1.39 100
1.23 to 1.26 1-5 1.14 5-10 1.11 1-5 1.04 1-5 1.00 5-10 0.97 1-5 2. A
catal yst according to claim1, in which_the alum nium oxi de support has,
in the calcined state, a diffractogran1g nprising only the foll ow ng peaks
whi ch correspond to the follow ng interplanar spacings and relative 10

i ntensities:

CLAIMS
1. A catalyst comprising nickel on an aluminium oxide support, said

aluminivm oxide support having, in the calcined state, a diffractogram

obtained by X ray diffractometry comprising peaks which correspond to

5 the following interplanar spacings d and relative intensities I/ly:
Interplanar spacings Relative intensities
d (10" m) U1, (%)

5.03 t0 5.22 1-5
4.56 to 4.60 1-10
4.06 to 4.10 1-5
2.80 to 2.85 5-20
2.73 15-35
2.60 5-10
2.43 35-40
2.29 30-40
1.99 60-95
1.95 25-50
1.79 1-10
1.53 5-10
1.51 5-10
1.41 40-60
1.39 100
1.23t0 1.26 1-5
1.14 5-10
1.11 1-5
1.04 1-5
1.00 5-10
0.97 1-5

2. A catalyst according to claim 1, in which the aluminium oxide support has,

in the calcined state, a diffractogram comprising only the following peaks
which correspond to the following interplanar spacings and relative

10 intensities:




1. 30 Interplanar spacings Relative intensities
5.41 to 5.47 0-5 5.03 to 5.22 1-5 4.56 to 4.60 1-10 4.06 to 4.10
2.86 to 2.88 5-20 2.80 to 2.85 5-20 2.73 15-35 2.60 5-10 2.43 35-40

2.29 30-40 1.99 60-95 1.95 25-50 1.92 0-20 1.79 1-10 1.53 5-10 1.51
5-10 1.45 0-10 1.43 0-10 1.41 40-60

5-10

3.

34.39 100 1.23 to 1.26 1-5 1.14

Interplanar spacings Relative intensities
d (10" m) Vo (%)
5.41to0 5.47 0-5
5.03t05.22 1-5
4.56 to 4.60 1-10
4.06 to 4.10 1-5
2.86 to 2.88 5-20
2.80t0 2.85 5-20
2.73 15-35
2.60 5-10
2.43 35-40
2.29 30-40
1.99 60-95
1.95 25-50
1.92 0-20
1.79 1-10
1.53 5-10
1.51 5-10
1.45 0-10
1.43 0-10
1.41 40-60
1.39 100
1.23t01.26 1-5
1.14 5-10
1.11 1-5
1.04 1-5

1 5-10
0.97 1-5

d (10-11 m).L./10 (%

A catalyst according to claim 1, in which the aluminjum oxide support has,
in the calcined state, a diffractogram comprising peaks which correspond

to the following interplanar spacings, relative intensities and peak widths:




1.11 1-5 1.04 1-5 1 5-10 0.97 1-5 3. A catalyst according to claim1,
I n which the al um nium oxi de support has, in the calcined state, a

di ffract ogram conpri si ng peaks which correspond 5 to the follow ng

i nterpl anar spacings, relative intensities and peak widths: 31 Inter

pl anar Rel ative intensities Peak width 3gpacings 1/1 (%9 d (10-1 m { 5.03
to 5.22 1-5 Nto VW 4.56 to 4.60 1-10 Fto VW 4.06 to 4.10 1-5 Nto W
2.80 to 2.85 5-20 VW 2.73 15-35 N 2.60 5-10 W 2.43 35-40 VW 2.29 30-40
N 1.99 60-95 N 1.95 25-50 Fto N 1.79 1-10 Nto VW 1.53 5-10 Nto W
1.51 5-10 Wto VW 1.41 40-60 Nto W 1.39 100 N

Interplanar Relative intensities Peak width

spacings VI (%)

d (10" m)

503t0522 |1-5 Nto VW

4.56t04.60 | 1-10 Fto VW

4.06t04.10 |[1-5 Nto W

2.80t02.85 |5-20 VW

2.73 15-35 N

2.60 5-10 W

2.43 35-40 VW

2.29 30-40 N

1.99 60-95 N

1.95 25-50 FtoN

1.79 1-10 Nto VW

1.53 5-10 NtitoW

1.51 5-10 W to VW

1.41 40-60 NtoW

1.39 100 N

1.23t01.26 | 1-5 VW

1.14 5-10 NioW

1.11 1-5 W

1.04 1-5 VAV

1.00 5-10 VW

0.97 1-5 Wito VW
4, A catalyst according to claim 2, in which the aluminium oxide support has,

in the calcined state, a diffractogram comprising only the peaks which
5 correspond to the following interplanar spacings, relative intensities and

peak widths:




1.23 to 1.26 1-5 VW1l.14 5-10 Nto W 1.11 1-5 W 1.04 1-5 VW 1.00 5-10 VW
0.97 1-5 Wto VW4. A catalyst according to claim2, in which the alum nium
oxi de support has, in the calcined state, a diffractogram conprising only
the peaks which 5 correspond to the follow ng interplanar spacings,
relative intensities and peak widths: 32 Interplanar spacings Relative
intensities Peak wdth d (10-'0m 1/10 (% 5.41 to 5.47 0-5 N5.03 to
5.22 1-5 Nto VW 4.56 to 4.60 1-10 FtoVW 4.06 to 4.10 1-5 NtoW 2.86 to
2.88 5-20 Fto N 2.80 to 2.85 5-20 VW 2.73 15-35 N 2.60 5-10 W 2.43
35-40 VW 2.29 30-40 N 1.99 60-95 N 1.95 25-50 Fto N 1.92 0-20 Nto VW

Interplanar spacings | Relative intensities | Peak widih

d (10" m) Vo (%)

5.41to 5.47 0-5 N

5.03t05.22 1-5 Nto VW

4.56 to 4.60 1-10 Fto VW

4.06 to 4.10 1-5 NtoW

2.86 to 2.88 5-20 FtoN

2.80 to 2.85 5-20 VW

2.73 15-35 N

2.60 5-10 W

2.43 35-40 \AL

2.29 30-40 N

1.99 60-95 N

1.95 25-50 FtoN

1.92 0-20 Nto VW

1.79 1-10 NtoW

1.53 5-10 Nto W

1.51 5-10 Wito VW

1.45 0-10 W

1.43 0-10 N

1.41 40-60 Nto W

1.39 100 N

1.23 t0 1.26 1-5 VW

1.14 5-10 Nto W

1.11 1-5 W

1.04 1-5 VW

1.00 5-10 VW

0.97 1-5 Wto VW
5. A catalyst according to one of claims 1 to 4, in which the quantity of

nickel in the catalyst is in the range 1% to 50% by weight and the specific

5 surface area of the support is in the range 30 to 130 m/g.
6. A catalyst according to one of claims 1 to 5 in which, in addition to the
characteristic peaks of the support, the diffractogram for the catalyst in the

oxide form comprises the characteristic peaks of nickel in the oxide form




1.79 1-10 Nto W 1.53 5-10 Nto W 1.51 5-10 Wto VW 1.45 0-10 W 1.43
0-10 N 1.41 40-60 Nto W 1.39 100 N 1.23 to 1.26 1-5 VW1.14 5-10 Nto W
1.11 1-5 W 1.04 1-5 VW 1.00 5-10 VW 0.97 1-5 Wto VW5. A catalyst
according to one of clains 1 to 4, in which the quantity of nickel in the
catalyst is in the range 1%to 50% by wgight and the specific 5 surface
area of the support is in the range 30 to 130 nR/g. 6. A catalyst according
to one of clains 1 to 5 in which, in addition to the characteristic peaks
of the support, the diffractogramfor the catalyst in the oxide form
conprises the characteristic peaks of nickel in the oxide form33 at the
follow ng interplanar spacings d (expressed in 10-10 » 2.41, 2.09, 1.48,
1.25, 1.21, 1.04, O0.86he DII®Bng OiteBBanaOsp8Gugs 4. (chvresaddah y61° rac26i. Wy t o one of
claims | to 5 in which, in addition to the characteristic peaks of the
support, the diffract.éyram¥fdrl0he %Rl §8% 0i8A. the 5 reduced form
passivated in air conprises the characteristic peaks of nickel in the
reduced form at’. t heAfcatelysvicengdingitoemp loficlaims dpa di ingrdhicll, i addition tbather)
characteristic peaks of the support, the diffractogram for the catalyst in the
5 reduced form passivated in air comprises the characteristic peaks of nickel
in the reduced form, at the following interplanar spacings d (in 107 m):
2.03, 1.76, 1.25, 1.06, 1.02, 0.88, 0.81, 0.75.
8. A catalyst according to one of claims 1 to 7, in which the ratio of the
relative intensities at respective interplanar spacings of 1.99 x 10" m and
10 1.95 x 101 m is such that (IIg)1 9o/(VTo)1 95 is in the range 1.2 to 3.8.
9. A process for preparing a catalyst support according to one of claims 1 to
8, in which the support is an agglomerate of alumina in the form of beads,
said process comprising the following steps:
s1) dehydration by flash calcining an aluminium hydroxide or
15 oxyhydroxide, to obtain an active alumina powder; said flash
calcining being heating using a stream of hot gas at a temperature
in the range 400°C to 1200°C, for a period in the range 0.1 second
to 5 seconds; .
s2) forming said active alumina powder to obtain beads with a green
20 packing density in the range 500 to 1100 kg/m’, and with a
diameter primarily in the range 0.8 to 10 mm;
s3)  heat treatment of said beads, at a temperature in the range 200°C to

1200°C, to provide them with a specific surface area in the range

50 to 420 m¥/g;




2.03, 1.76, 1.25, 1.06, 1.02, 0.88, 0.81, 0.79. 8. A catalyst according to
one of clainms 1 to 7, in which the ratio of the relative intensities at
respective interplanar spacings of 1.99 x 10-10 mand 10 1.95 x 10-10 mis
such that (1/10)1.99/(1/10)1.95 is in the range 1.2 to 3.8. 9. A process
for preparing a catal yst support accordi3tdg to one of clains 1 to 8, in
whi ch the support is an agglonerate of alumna in the formof beads, said
process conprising the follow ng steps: sl) dehydration by flash cal cining
an al um ni um hydroxi de or 15 oxyhydroxide, to obtain an active al um na
powder; said flash calcining being heating using a streamof hot gas at a

tenperature in the rgng 00 fo riod in the range 0.1
second to 5 secondsf652ﬁwé%%%F%gH%§Pegé%%?é%%%ﬁ)ﬁpﬁgg%gﬁﬁéphﬁgggbtain

beads with 20 ' ' [ he . 0 0 / n8, d
eads w a green pfogl%}l N3y qu%l&t%n,‘ trgerg p?gﬁ%%&ﬁl_fﬁg a@%ﬁ?ﬁéﬁ% gtt kg an

with a dianeter primarily 1 n°the range reat ment of

sai d beads, at a tenperat e 3 £ ; 4 j de them
with a specific surpgce é%ﬁaE#% %ﬁg ia 320%5%352C4%§8%é?%§ﬂ%§58%%)

hydrot hernal treatnent ofsssaif.peads by inpregnation with water or an
agueous sol ution, then placing themin an autoclave at a tenperature in

the range 100C to 30 f Qﬁlcﬁgg%e' lof?lfera{g? Bl?taikala'ﬂ a té%pe?grt]ﬂtg e ra’él

rar §5
cal cining the aggl onerates obtain at a tenperature | e ranée 850C to
1100C. 10. A process for gggenaiidagca support according to claim?9, in which
t he active '

10. A process for preparing a support according to claim 9, in which the active
alumina powder obtained after dehydration of the aluminium hydroxide or
oxyhydroxide is ground.

10 11. A process for preparing a support according to claim 9 or claim 10, in
which the active alumina powder obtained after dehydration of the
aluminium hydroxide or oxyhydroxide is washed with water or an aqueous
acidic solution.

12. A process for preparing a catalyst support according to claims 1 to 8, in

15 which the support is an agglomerate of alumina in the form of extruded
materials, said process comprising the following steps:
s1)  mixing and extruding an alumina-based material in order to form

it;
s2)  heat treatment of the extruded materials obtained, at a temperature

20 in the range 200°C to 12010°C, to provide them with a specific
surface area in the range 50 to 420 m?/ g;
s3)  hydrothermal treatment of said extruded materials by impregnation

with water or an aqueous solution, then placing them in an




al um na powder obtained after dehydration of the al um nium hydroxi de or
oxyhydroxide is ground. 10 11. A process for preparing a support according
to claim9 or claim110, in which the active alum na powder obtained after
dehydration of the alum nium hydroxi de or oxyhydroxide is washed with
water or an aqueous acidic solution. 123 A process for preparing a
cat al yst support according to clains 1 to 8 in 15 which the support is an
aggl onerate of alumna in the formof extruded materials, said process
conprising the followng steps: s |) mxing and extrudi ng an al um na- based
material in order to form it; s2) heat treatnent of the extruded materials

O_bt ai ned, at a tenperat U'En?cocla?x@,a!tré Eeﬁﬁerﬁtﬂz@giﬁ t@%@gé Qo0b200Goodc@ clr pvi de them
with a specific surface area in the range 50 to 420 n2/g; s3) hydrothernal

treatment of said extrud?gkﬂggggkq&§4bxﬁ&ﬂ£regnation wth water or an
aqueous solution, then placing themin an 35 autoclave at a tenperature in

the range 100C to 30QC f @ficifing BRIabOImAhred i 8nddNRR (b HBUE8e r88d Cal i ni ng
t he aggl onerates obtalned at a tenperature in the range 850C to 1100C. 5

13. A process for preparigfigcad swprort according to claim12, in which said
al um na-based material is dehydrated hydrargillite. 14. A process for

preparing a support AGeREdIMDfrifd RisiPpdd acdoiphbChisabdin RisHMiaa- based
material is derived fromthe precipitation of boehmte, pseudo-boehnite or
bayerite or a m Xt urfunttha 5:8édndi8Haelsiddlydrated hydrargillite.

14. A process for preparing a support according to claim 12, in which said
alumina-based material is derived from the precipitation of boehmite,
pseudo-boehmite or bayerite or a mixture of said materials.

10 15. A process for preparing a support according to one of claims 9 to 14, in
which during forming of said alumina powder or said alumina-based
material, one or more porogenic materials is added thereto.

16. A process for preparing a support according fo claim .15, in which said
porogenic materials are selected from the group constituted by wood flour,

15 wood charcoal, sulphur, tars, plastic materials, emulsions of plastic
materials, polyvinyl alcohols and naphthalene.

17. A process for preparing a support according to one of claims 9 to 16, in
which the hydrothermal treatment is carried out using an aqueous acidic
solution comprising one or more mineral and/or organic acids.

20 18. A process for preparing a support according to claim 17, in which the
hydrothermal treatment is carried out using an aqueous acidic solution
comprising at least one acid selected from the group constituted by nitric

acid, hydrochloric acid, perchloric acid, sulphuric acid, acetic acid and

formic acid.




10 15. A process for preparing a support according to one of clains 9 to
14, in which during form ng of said alum na powder or said al um na-based
material, one or nore porogenic materials is added thereto. 16. A process
for preparing a support according to claim15, in which said porogenic
materials are selected fromthe group cofstitut ed by wood flour, 15 wood
charcoal, sulphur, tars, plastic materials, enulsions of plastic

mat eri al s, polyvinyl alcohols and naphthal ene. 17. A process for preparing
a support according to one of clains 9 to 16, in which the hydrothernal
treatnment is carried out using an aqueous acidic solution conprising one
or nore nineral A@nd/ arscledtiganjdeogdtkibiSproctth, hBvhidh Y QEBRSrHAY ofRERAN I NG a
support according to claim 17, in which the hydrothernmal treatnent is
carried out using anoaquBotst A6l @hectS0hWikaRclcEQMRm Sk BGudonte@sd one acid
selected fromthe group constituted by nitric acid, hydrochloric acid,
perchloric acid, sulphasiseamcitkingfess, i aentraRthy GRr 0 Gie@CcMekif; 36 19. A
sel ective hydrogenation process, in which the catal yst of one of clains I
to 9 is brought intocusomnt siedm swhdikhd gesdimed] sel ected from the group
constituted by C3 steamcracking cuts, C4 steam cracking cuts, C5 steam
cracking cuts and steam cracked gasoli nes.




