. A% 013322
1 CATALYST FOR HYDROTREATI NG HYDROCARBON FEEDS ’}_bcggfg, gy
I'N A FI XED BED REACTOR The present invention relates to a Wi‘alde
for hydrorefining and/or hydroconverting hydrocarbon feeds (al so known as
hydrotreatnent) the catal yst conprisigng an essentially alum na-based
support in the formof extrudates. optionally at |east one catalytic netal

or a conpound of a ' t 4% the new
periodi c table not a?ﬁ%%%f%%}gﬁggﬁ%ﬁAw@%%%t%E&mr e
preferably nol ybdenum and/or optionally at |east one catalytic netal or a
conpound of a catalytic netal fromgroup VIIl (groups 8,.9 .and 10 in the
new peri odi ¢ tabl eROt.abdqn): : Ve 120 L,.Ckel con _Cobalt. .,

The present i nvent}lgérl) a éscgprue‘ﬁ'g#gé owﬁe;t gdgat?lg%t E&eﬁ‘m%a%a Al yst,
also taits ug nv@tﬁgmmmg@m(m&m&@ﬂwww CieRafspeds
such as petroleumcuts, cuts originating fromcoal, or hydfocarbadns
produced fromcombtising angassentially alumind-bededisuppirtranthef forndoh ealikaResf eeds,
such as sul phur-contai ni ng petrol eum cuts, 1s becom ng nore and nore

i mportant in mpfionallygt tdsh ond eatalytio mreed Sir ragcompsing @fraechtalgtic hetal i i ty of
sul phur in petroleumcuts and to convert heavy fractions Lnto |ighter
fracti ons whi @oupa¥iBdgroupdT indheinew pericdicetable Botalion)p prefarably sddtytiderum or
specifications inposed 'in every country for commercial fuels and for

econom cal redunssten, mepy preferably raelybdeniush and/or ppianally gt rleash ore satalvtic cher in
heavy fractions and in heterg)?toms and nore and more depleted in _hydrogen

must be upgriatiiPriarompound of asatalytip metal from eroupny I (gEepvs & Agnd dfiines a
| atively | ducti in th [, | i ght of h
constituent s, HFPERPEIRIGIEDL AgtA0R ) BEFTeTRRY HORGHERL OF 88P2ky acking or
hyd Ki th -refi f eed ... d huri zed
Gon 1 ogonat o e BS REweoh Btienfo fiso reifies o et AL PiehalBe cptatystyey o
' an arti ol e gubly A P by BRrdtg i koo Bing BYE0Rkbon ASKER £0D Uary

petroleum ctts, cuts originating from coal, or hydrocarbons produced from natural

gas.

HWImmt of hydrocarbon feeds, such as sulphu':-oontaining
petroleum cuts, is becoming more and more important in refining with the
increasing néed to reduce the quantity of sulphur in petroleum cuts and to convert
heavy fractions into lighter fractions which can be upgraded as a fuel. Both ‘o
satisfy the specifications imposed in every country for commercial éxels and for
economical reasons, imported crudes which are becoming richgf ggd richer in
heavy fractipi:s and in heteroatoms and more and more depleted in hydmgen must
be upgraded to the best ~possibh: extent. This upgrading implies a mléﬁvely large
reduction in the average molecular weight of heavy constituents, which: can be
obtained, ﬁo;‘ example, by cracking or hydrocracking the pre-refined feeds, i.e.,
desulphurized and denitrogenated foeds. Van Kessel ct al explained this subject in
detail in an article published in the review “Oil & Gas Journal”, 16® February
1987, pages 55 to 66. |

The skilled person is aware that during hydrotreatment of petroleum

fractions containing organometallic complexes, the majority of those complexes



1987, pages 55 to 66. The skilled person is aware that during
‘hydr ot reat ment of petrol eum fractions containing organonetallic

conpl exes, the majority of those conpl exes

2 are destroyed in the presence of hydrogen, hydrogen sul phide, and a
hydrotreatnent catalyst. The constituemt nmetal of such conpl exes then
precipitates out in the formof a solid sul phide which then becones fixed
on the internal surface of the pores. This is particularly the case for
vanadi um ni chesl destroyed, isodheinpresdnceaniofinhydrogén; ohydmgen c spiphidec oandl exes
which are naturally present to a greater or |esser extent in crude oils
dependi ng on hydsotveatmpent ofatalyst. cr Thie constituenti ahetaldwofi sychii semplesn¢s dhen t end
to concentrate in the high boiling point fractions and in particular in

t he resi dues. prepipitates out gptherformafa sadid Julphidé whichcthen becomes fixed wmitheh al so
conprise netals, in particular iron and titanium The general term

hydr odenet al | internalowrfasenf thespersed This iseparticwlarly theoease dor) uaradiurm) nickel,

conpl ex destruction reactions_in hydrocarbons. .. The accunul ati on' of
sol i d deposi t Bomrsodiven, ditaniugs silison.candcopperconplexesuwhich arenaturally preset t he
pores controlling access of reactants to a fraction of the interconnected
pore network 1052 greatst er lesseriextenk inticrude pils depandingromihei asigin of theesruds andet i ve
even if the pores of ;that fraction are only slightly blocked or even
intact. That Whichndwing distitiatiom tend {5 eoncentrate im dhe/bigh boiling @oinitfractiens
deactivation. It is _partjicularly sensitive in hydrodenetallization
reactions car#deip pagticulsr inithe st This is alsothp sasecfor Higuefied) eoal pueducts

catal yst. The term "heteraogeneous”, nmeans not soluble in the hydrocarbon
feed. In thatWhigBealsq comprse, metals, i particular ison @ad ditaniym. Jhaigeneral tesmer v
are bl ocked npre quickly than _central pores. Simlarly, the pore npuths

bl ock up nor ehysEpdamepallizgation GEPM)s ised o designate thase organomatailicicomplex
destruction reactions in hydrocarbons.
The accumulation of solid deposits in the catalyst pores can continue until
a portion of the pores controlling access of mactanﬁ to a ﬁ'actionﬁc;t" the
interconnected pore network is completély blocked so that that fraction becomes
inactive even if fhe pores of that fraction are only slightly blocked or even intact.
That phenomenon can cause premature and very severe catalyst deactivation. It is
particularly sensitive in hydrodemetallization reactions carried out in the present
of a supported heterog%egus catalyst. The term “heterogeneous™ means not
soluble in the hydrocarbon feed. In that case, it has been shown that pores at the
grain periphery are blocked more quickly than central pores. Similarly, the pore
mouths block up more qﬁckly than their other portions. - Pore blocking is
accompanied by a gradual reduction in their diameter which increasingly limits
molecule diffusion and increases the concentration gradient, thus accentuating the
heterogeneity of the deposit from the periphery to the interior of the porous
particles to the point that the pores opening to ‘the outside are very rapidly
blocked: access to the practically intact internal pores of the particles is thus

- denied to the reactants and the catalyst is prematurely deactivated.



acconpani‘ed by a gradual reduction in their dianeter which increasingly
.limts nolecule diffusion and increases the concentration gradi ent, thus
accentuating the -heterogeneity of the deposit fromthe periphery to the

interior of the porous particles to-he point that the pores opening to
-the outside are very rapidly blocked: access to the practically intact

I nternal pores of the particles is thus denied to the reactants and the

catal yst is prenghergiedoeast id %&%@d b is kn as pore mouth plugging.
3 The phenor?gir?on descri be abaog‘e’eilg kr?(‘)wvr\ln asp por e rmugt,hg?altgjggi ng.

Proof of i1PrgdfiofitseERicRBE afd aARAIYSis 8f € chulsEs BAESBEn MUbEshaE I ndibly Shed a
nunber of tinmes in the internatironal scientific literature, for exanple:

"Catal yst gpaiheydhi @i tinfeprdionROrRieREEE NliRdrattsl, Nfor Rk&NPIR: eCCAhlysthe
5[err] International Cheni cal Engineering Synposium at Houston, Texas, U.

S. A, Mar cleatfivitionOthroudH fpofd sncvith fﬁ@%ﬁﬁ%’t prededted catt ey ST [a@eratianiln
In

hydr opr ocessi ng resi duu I ndustria ngi neering Chem stry Process

Desi gn and Chsaicap eeriitl Syfpesium af Hinstond Tekas, 27.35.pAh) Mabkd 978, 981 by
the American Chem cal Society, or nore recently in "Effect of catalyst

pore struct tEffects) of yfdedtmerlsi og ctalitoageiny id hydisiocdssitdg atesidaemNaii onal
conference of the American Chem cal Society at Las Vegas, U S A,

30[ err] Marhdusti8PEngineering CReraitrgt| Brotess Mesipndad Deatlopment) fvohmse 20,
hydr ocarbon cuts containing metals nust thus be conposed of a catalytic
support wi tpages 262 ¢s 20y publiflieddn I8 L Ibyithe pamdrican|Chemyical 8 dcidty,corf moret he
specific diffusional constraints of hydrotreatnment, in particular
hydr odenet atecentht imfEffect of catalyst powé astpstuse wonu hlydrptresting obrheayylrodl’r eat ment
processes are conposed of a support on which netal oxides such as cobalt,
ni ckel or npresenteshatrthexiNakionah cenferbape of tthel AdiéricanaChémical Becitdyeat Las
sul phurated to transforned all or part of the netal oxides into netal
sul phi de ph¥egas, UTBeAs3ppMarch 498 neral | y al um na-based, its
A catalyst for hydrotreatment of heavy hydrocarbon cuts containing metals
must thus be composed of a catalytic support with a porosity profile which is
particularly suitable for the specific diffusional constraints of hydrotreatment, in
particular hydrodemetallization.

_The catalysts usually used for hydrotreatment processes are composed of a
support on which metal oxides such as cobalt, nickel or molybdenum oxides are
deposited. The catalyst is then sulphurated to transformed all or part of the metal
oxides into metal sulphide phases. The support is generally alumina-based, its
role consisting of dispersing the active phase and providing a texture which can
capture metal impurities, while évoiding the blocking hroble;ms mentioned above.

Catalysts with a particular pore distribution have been described in United

States patent US-A-4 395 329. There are two types of prior art alumina-based

" supports.  Firstly, alumina extrudates prepared from an alumina gel.
Hydrotreatment catalysts prepared from such extrudates have a number of

- disadvantages. Firstly, the process for preparing the alumina gel is particularly

polluting, in contrast to that of alumina originating from rapid dehydration of
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preparing these beads is lower, however, in order to maintain it at a satisfactory
level, beads with a diameter of more than 2 mm have to be prepared. Asa r;sult,
the metals cannot be introduced right into the core of the beads, and the catalytic
phase located there is not used. | |

Hydrotreatment catalysts prepared from flash alumina exu:udates which are
smaller and which have a porosity which is suitable for hydrotreatment would not
have all of those disadvaf;tﬁges, but there is currently no industrial process for
preparing such catalysts.

The present invention concerns a catalyst for hydrotreating carbon-
containing fractions, processes for preparing that. catalyst, and its use in
hydrotreatment reactions, in particular hydrogenation, hydrodenitrogenation,
hydxodeoxygenation; - hydrodearomatization, hydroisomerisation,
hydrodealkylation; hydrodewaxing, hydrocracking, and hydrodesulphuration with
a hydrodemetallization activity which is at least equivalent to that of catalysts
currently known to the skillgd person, to obtain particularly high hydrotreatment

results with respect to prior art products.

¢



have all of those disadvantages, but there is currently no industri al
. process for preparing such catal ysts. The present invention
concerns a catalyst for hydrotreating carbon- containing fractions,
processes for preparing that catalyst, and its use in hydrotreatnent
- reactions, in particular hydrogenation, hydrodenitrogenation,
hydr odeoxygenati on, hydr odear ot i zati on, hydr oi soneri sati on,
hydr odeal kyl ati on, hydrodewaxi ng, hydr cracking, and hydrodesul phuration
with a hydrodenetallization activity which is at |east equivalent to that
of catalysts currently known to the skilled person, to obtain-particularly

5 O e cat al 706 RS, 3 B o . b, il baed
al un na-based g H@&?Ehiﬁ%fc‘?ﬁé kXAl S 130! bl ngﬂff t ONE

catal ytic netal conpoun yt1 ¢ nmeta rom (group 6 .

in the new per'o@&bﬁuﬁ@@@catﬂ?ﬁ@&b@ﬂﬁom U VED gfouPs Ms&w&ho&u%ﬁ en,
nmore preferably nol ybdenum and/or opti onal ly, at 'l east one catal ytic netal
or .a conmpound afotation); tprkfetdbly mesividendim oon mngeten, inble p@feralily BolySdeans, 10 in
the new periodic table notation), preferably iron, nickel or cobalt, nore
preferably ni clketlor optionally, atHeast zne cataiptic mstab ot a gempokad offee cagalytid getal of t he
i nvention is general I y%d pref er abl essent ially, based on alum na

aggl oner at es, bls netatipdlo piefeseling
obt ai ned by for m n star aI unmnj or,i nat| ng from rap| d dehydration
of hydrargilli t‘é‘m'g'r‘fgelé’ér‘?g ‘31 Eefﬁjﬂ pore vol urre of at least 0.6
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' . preferably gssenhally based on alumina agglomerates, the alumina agglémerétes
generally and preferably being obtained by forming a starting ahumind originating
from rapid dehydration of hydrargillite, and generally having a total pore volume
of at least (_)".6 cm’/g, an average mesoporous diameter in the range 15 to 36 am
(manometers), and generally a quantity of alumina originating from boehmite
dccomposmon in the range 5% to 70% by weight. The term “alumina originating
from boehmite decomposition” means that during the extrudate preparation
process, boehmite type alumina is produced to the point of repfesei_;ting 5% to
70% by weight of the total ’alumina, then decomposed. This quanttty of alumina
from boehmite decomposition is measured by X ray diffraction of the alumina

before deco::xlposing the boehmite. |
'l'l'le_?xtruded support of the catalyst of the invention can also be obtained
by extrudmg a mixture of varying proportions of an alumina powderi., from rapid
dehydration.pf hydrargillite (flash alumina) and at least one alumina éel obtained,
for exampie, by precipitating aluminjum salts such as aluminium chioride,
aluminium sulphate, aluminium pitrate, or aluminium acetate, or by hydrolysis of
aluminium alkoxides such as aluminium trietboxide. Such mixtures of flash
alumina and alumina gel contain less than 50% by weight of alumina gel,

preferably 1% to 45% of alumina gel.



deconposition in the range 5%to 70% by wei ght. The term "al um na

;originating from boehmte deconposition” neans that during the extrudate
preparation process, boehmte type alumina is produced to the point of

representing 5%to 70% by weight of the total alumna, then deconposed.

« This quantity of alum na from boehmte de&orrposition I's measured by X ray
~diffraction of the alum na before deconpdsing the boehmte. The

. extruded support of the catalyst of the invention can al so ke obtained by
extruding a m xture of. varying proportions of an alum na povwder fromrapid

dehyd [ f hyd RN flash al um d | ' | um n I
obtained. | for exanestat of e Grehion t4T BF arParen heia 4 eioed WBRR I ni um
ppained, - for ex preet | et At
by hydrof ysi o opiowsiiF i Scltelcerspf i BhitChith WS e oo BLRABIRH™ S, oY
mxtures of flash ajyuug @wfoﬁhmgaxuaﬁ&amuﬁwgﬂgﬁ%ﬁdama@ﬁ&%wm'ei ght

of alum na gel, preferably 1% to 45% of al um na

6 . Thethe 2angle )63 to0f0 G prefeRblyi 0D 30 e, Whew Setsktalyst Ruse@¥n Fet hod
which is known to the skilled person, nore particularly using the nethods
descri bed bel owfixed bed, the ektradatespipving the characrerthtivy desctibédhabosit Amgakesmwi t h a
di anmeter generally in the range 0.5 to 10 mm preferably 0.8 to 3.2 nm
when the cat al yriethod cas &e used for the pptionab dhtradhetionxef: thel aatalytic anétalg, sthany
characteristics described above. Any known nethod can be uséd for the
optional introdtagy 6f the preperationa pyaferablireyaimpregrationyor so-aysings oplgethe

preparation, preferably by inpregnatiqQn or co-m xing, onto the  extrudates
or prior to theF’Fm?daﬁeﬁiqd}/"Wr{g%g%ﬁg?Wg KSXBRUPRH A optipeal yratalyticesials
bei ng at: | east gne catalytic al_qr, a compoun f a catalyt.ic metal from
group VIB (grogﬁn%aﬁ?f{hoémrf@%?%’@r %ﬂi%at @uﬂ‘gpg?icaﬁ-f,wﬁ%ﬂeﬁ%qpup

ol ybdenum or g (group 6 in the new periodic table notation), preferably mo{ybdenum or

tungsten, more preferably molybdenum, and/or optionally at least one catalytic

metal or a compound of a catalytic metal from group VIII (groups 8,9 and 10 in

the new pex;i.pdic table notation), preferably iron, nickel or cobait, mote preferably
nickel. The metals can optionally be mixed with the support by coan.%ixing at any
step of the szipport preparation proéws. When there are a plurality, atileast part of
the group VIB and VII metals can optionally be introduced sgparately or
simultaneously during impregnation or co-mixing with the support, at any stage of
forming or preparation. :

As an example, the catalyst of the invention can be prepated using a
preparation process comprising the following steps: .‘

a) co-mixing alumina powder originating from rapid dehydration of f:xydrargillite
with at least one compound of a catalytic metal from group VIB an:;:i/or at least
one conipémnd of a catalytic métal from group VLI, optioz’zallj f&ollowed by
ageing, anﬂ/or drying, then optional calcining; :

b) forming by extruding the product obtained from step a).

The metals cited above are usually introduced into the catalyst in the form

of precursors such as oxides, acids, salts, or organic complexes. The sum S of the



tungsten, nore preferably nol ybdenum and/or optionally at |east one
«catalytic netal or a conpound of a catalytic netal fromgroup VIII (groups
8, 9 and 10 in the new periodic table notation), preferably iron, nickel

or cobalt, note preferably nickel. The netals can optionally be mxed with
“t he support by co-m xing at any step of the support preparation process.
When there are a plurality, at least part of the group VIB and VIII netals
can opt i onakioy, RABI i Pt ikt SRBRLE & 1BE oxRledthek GRER Bhe) e EdeiGts

| mpregnation or co-mxing wth the support at any stage o orntng or
preparati ong in th 0510250% Y Wefiht L f1EferMIR oY% ©F 56R%y W i can be
pr epar ed ugﬁsnla ae 1Wpl#eepapa?l)'on progggg’sﬂ}cgrrpr?si ng thed{ag?yl o&m@% .@?rgps: a)

co- ni i ng ?éﬂ&f@ﬂ]ﬂy O3leto 40% by Meightl it B%W?ggsigﬁhﬁbdﬁﬁtt{h%u ort as a

hydrargil | with at | ast “one comnpou of a catalytit netal from

group VI B agadigé withduf fftfoducing a BSyHRAIAL Bk catalyital ytic netal from
group VIIIl, optionally foll owed by agei ng, and/or drying, then

optional cal cini m%%egagﬁoﬁ%éﬁ deblefally SotnpHsts igeindhnd" tmﬁﬁ%‘?&p}ﬁﬁt from

step a). nmetal s cited above are usually |n_’ro o the
catal yst in hos théabdient, f6r eXinfsie'caRining e REpRKAERSn e irkifhe &WPESo OF

organi c conpl exes. The sum S of the : )
7 group Bggeand VI nmetals, expressed as the oxides introduced into the *
catalysts, 1is in the range 0 to 50% by weight, preferably 0.5%to 50% by

wei ght, more prehekagpoit thdted of WhieHis ol 8hithe kisehallyeRniagssfbibe t o use
the support as a catalyst without introducing a catalytic netal into the

catal yst. invention iEh@sértRig Alunfia-Based) THESUPhOY SEd M ithe Satalgst sPthend
drying, then generally a heat treatnent, for exanple calcining, at. a

tenper at ur éinveéntiddCis gekallP Ghergrbferdbly oBRied" by GForming a starfing abuibipar t the

use of which is one of the essentially elenents of the .
originating from rapid dehydration of hydrargillite, forming preferably being

carried out using one of the processes described below.

Processes for preparing the support of the invention are described l;;.low
for a support constituted by alumina. When the support contains one or more
‘other compounds, the compound or compounds or a precursor of the compound or
compounds may be introduced at any stage in the process for preparing the
support of the invention. It is also possible to introduce the compdund or
compounds by impregn;ting the formed alumina using the compound or
compounds or any precursor of the compound or compounds.

A first process for forming a starting alumina originating from rapid
dehydration of hydrargillite -coxﬁprises the following steps:

a, starting with an alumina originating from rapid dehydration of
hydrargillite;

b rehydrating the starting alumina;

Cy mixing the rehydrated alumina in the presence of an emulsion of at
least one hydrocarbon in water;

d; extruding the alumina-based paste obtained from step ¢ ;



invention is essentially alunina-based. The support used in the catal yst of
. the invention is generally and preferably obtained by formng a starting
alumina originating fromrapid dehydration of hydrargillite, form ng
preferably being carried out .using one of the processes described bel ow
Processes for preparing the support of the invention are described bel ow
for a support constituted by alum na. When the support contains one or nore

ot her conpounds,e,t he d@ingunddakinif®Heosxhtudates; a precursor of the conpound
or conpounds nmay be introduced at any stage in the process for preparing
the support of fihe icaniig osut lat hydrathérmaposcid bbreathrent nin odl ucenfinbeé
conpound or conpounds by inpregnating the fornmed al um na using the
conpound oratmosphere ordtheextradatepfremisteyos; of t he conpound or conpounds.

A first process for formng a starting alumna originating fromrapid
dehydration of hgidr ardyying and calining thesextdadatts fiomvbtemf; st eps: alerr]
starting with an alum na originating fromrapid dehydration of
hydrargillite; A secondbprecesf for forimymy ahé rajuhing bar tai siprtaigiaiunzna

clerr] m xi ng the rehydrated alunina in the presence of an emulsion of
at | east originapingdioom tapid dehydeation of hydrargillitel fempiises thefallomdagisfepshe
al um na- based paste obtained fromstep c[err]; . ]
8 e[ era]  statipgdtpmaadtarting alwimina originating froex repid dehydration [ err]
carrying out_a hydrothernmal acid treatnent in a confined atnosphere on the
ext r udat es afthydsasgilligee[ err] ; glerr] dryi ng and cal cining the
extrudates fromstep f[err]. . . A second process for forning the
al umina from a dkart i feyming the alumina into beads in the presence of a pore-forming
agent;
C ageing the alumina beads obtained;
d; mixing the beads from step ¢, to obtain a paste which is exfruded;
e; drying and calcining the extrudates obtained; B
£ carrying out 2 hydrothermal acid treatment in a confined
atmosphere on the extrudates obtained from step e;;
-5 drying and calcining the extrudates from step 5.
A third process for_forming an alumina from a starting alumina originating
from rapid dehydration of ilydrargillite comprises the following steps:
a3 starting from a starting alumina originating from rapid dehydration
of hydrargillite;
b; rehydrating the starting alumina;
C3 mixing the rehydrated alumina with a pseudo-boehmite gel, the gel
being present in an amount in the range 1% to 30% by weight with respect to the
rehydrated alumina and the gel;
d;  extruding the alumina-based paste obtained from step cs;

e3 drying and calcining the extrudates obtained,



originati-ng fromrapid dehydration of hydrargillite conprises the follow ng

= st eps: alerr] starting froma starting alumna originating from
rapi d dehydration of hydrargillite; b[err] form ng the alum na
into beads in the presence of ‘a pore-fegrmng agent; clerr]

“agei ng the al um na beads obtai ned,; dlerr] m xi ng the beads from

step c2 to obtaip a paste which is extruded; . elerr] yi.ng and
cal cining the exBrudaf®YR$ gt &J; hydrotherma ff‘éiir]tfeam“é‘gr By "I‘lgc‘lf&{“eg
hydrothermal aci.d tregtment .in a confined atnosphere on the extrudates

obt ai ned f rFROSRhSE %g?erﬁmdatesq taingd £om step €3y yi ng and cal ci ning t he
extrudates fromstep flerrl. . third process for formng an alum na
froma starting & um ‘Wﬁiléjfiﬁﬁ?g%n cﬁngéﬁieﬁgﬂgﬁﬁﬁﬁﬁsfﬁPg}f
hydrargillite c rises the f.oll.own t eps: [ er st.arting
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hydrargillite; b bl err] rehydrating the starting al um na;

clerr] rﬁrg?eﬁ@dﬁ?él Fgﬁ ated alum na with a pseudo-boehmte gel, the gel

PN Bresent | BReAt e 8 BASSARIE ik 802 B LM il goPoet 1o
2LFQ R?ngatsigy@cisa}%g?xtg .sg)g\tdbél'ft &‘g ,atslgs%&io(z St gelinan amSust 1In]the ran%{a ying ands
(g:onf i ned ;{ﬁ@pﬁg%e%g;\&ﬁgggéﬁﬁ ﬁg%g{ogﬁeg%@grq%%%@{@%t g’ﬁ;&lﬁ %ee
glerr] o&g{-e%zf)l, inythg%g'ggj% Poeib'%%ly%i/eri]. 9 the extrudates fromstep f[err].
Such a pséudo-boehmite gel can be obtained by precipitating alurmmum
salts such as aluminium chloride, aluminium sulphate, aluminium nitrate, or
aluminium acetate with a base or by hydrolysis of aluminium alkoxides such as
aluminium triethoxide. .
Mixing can be carried out using any method known to the skilled person,
in particular using a Z blade mixer or a twin sc;ew mixer.
Water can be added to adjust the viscosity of the paste to be extruded.
The alumina extrudates of the invention generally and preferably have a
tota] pore volt_lme (TPV) 5fhat least 0.6 cmslg, preferably at least 0.65 cm3/g.
The TPV is measured as follows: the grain density and absolute density are
determined: the grain densities (Dg) and absolute denmsities (Da) are measured
using a mercury and helium picnometry method respectively, then the TPV is
given by the formula: |
TPV=1- 1
D; D,
The average mesoporous diameter of the extrudates of the invention is also
generally and preferably in the range 150 to 360 A (Angstrém). The average

mesoporous diameter for the given extrudates is measured using a graph of the



This process uses identical steps to steps a[err], b[err], d[err], e[err],

- fl[err] and g[err] of the first process described above. Hovvever I n
step c[err], the rehydrated alumna fromstep b3 is not mxed with a
hydrocarbon enul sion but with a psgydo-boehnmte gel in an anount in the
range 1%to 30% by weight with respect to the rehydrat ed aI um' na and the
gel, preferably in the range 5%to 20% by weig

pseudo- boeh@m’eeg@mbuéén afesaish extrudagesbylt i e %‘ﬁm&ﬁ' dgr avhich Fheu%ﬁso%%ﬁf‘ll s such
as alum nium chl oride, alum nium sul phate, alumniumnitrate, or alum nium
acetate wit NolumsVen ghe Eppisir ol ysi s of al uni ni um al koxi des such as

al um ni um tri et hokiFd& ooam + Veam = Wotsisng can be carried out using any nethod
known to the skilled person, 2in particular using a Z blade mxer or a twin
screw m xer. Water can be added to adjust the viscosity of the

paste to:be extr uwite Vg, represenes thewdlune erdateddoy poresfwitiha dimmetet obHn
generally and preferably have a total pore volune (TPV) of at least 0.6
crerr]/g, pvefHlxxhymatroperes), od tfesmacrbporols wolume; The TPV is neasured
as follows: the grain density and absolute density are determ ned: the
grain densities (Vg representsthé volandansited spdrevith aalismetsriofaver 6y a
mercury and helium picnonetry nethod respectively, then the TPV is given -«

by the fornul a: Vg, - Vioom represents the mésBporou§ solupe, i.e., the volufieecreated age
mesopor ous di aneter of the extrudates of the i nvention is al so general ly

and pr ef er ablypotres wittea diangsterlih the angéo nk {ndndOtimarie., thé eolanercreated by
nmesopor ous di anmeter for the given extrudates is neasured using a graph of
t he all the pores with a size in the range 6 nm to 1000om fmesopdres)r i but i on of said
extrudates. It is the dianmeter for which the associated
These volumes are measured using the mercury penetration technique in
which the Kelvin law is applied which defines a relationship between the pressure,
the diameter of the smallest pore into which the diameter penetrates at that
pressure, the wetting angle and the surface tension in the following formula: ~
@ = (4tcos0).10/P
where |
& represents the pore diameter (in nin);
t represents the surface tension (48.5 Pa); -
0 represents the ax;gle of contz;lct (6 = 140°); and
P represents the pressure (MPa).
The extrudates of the invention preferably have a mesoporous volume
(Vsam - Vigoam) Of at least 0..3 cm3/g, more preferably at ieast 0.5 cm3/g.
The extrudates of the invention preferably have a macroporous volume
(V 160nm) Of at most 0.5 cm_3/g. In a variation, the macroporous volume (Vgoum) is

at most 0.3 cm’/g, more preferably at most 0.1 cm’/g and still more preferably at

most 0.08 cm’/g.



vol ume Von the graph is: V = V[err] + [err] where V[err]
. represents the volunme created by pores with a dianeter of over 100 nm

(macropores), or the macroporous vol ung; V[err] represents the
vol ume created by pores with a-diametgj of over 6 nm Vierr] -
- V[err] represents the nesoporous volune, i.e., the volune created by pores

wth a dianeter in the range 6 nmand 100 nm +i.e., the volune created by
all the pores wiThese extrudatésrnarmally havgea grienopersus goluma (Veasa)pefrassyost

These vol unes arg nmeasured using the,mercury penetration technique in

whi ch the KeiSem /gaprefesablypt most Qb curysd Fhermisroporeusacalume mepsessatsben t he
pressure, the dianeter of the snmallest pore into which the dianmeter
penet r at es valum$ exeated by poasavith a diameteriofidesa thand amd t he surface tension in
the follow ng fornul a: L. .. [err] = (4tcos[err]).10/P

wher e [ Such & peredigtribution which minimises the propartion) of pores of less
represents the surface_ tension (48.5 Pa); . . lerr] represents the
angl e of cdWim6inmyand; those ofgyore thap 100 nm while, iggreasipg ithe pPrRPOsEe 8fir e
(MPa) . The exjrugates of the invention preferably have a nesoporous
vol ume  (V[IRASPPOLES ﬁ]%?teammemeé.@éﬁ?épgm,w muﬂaﬁgﬁéﬂaﬁ y at

| east 0.5 cnfery. . . The extrudates of the i pvention preferably
have a nmaci® J}éL%G?B?lLﬁ?BS‘T%‘W@? F‘Y‘}mB’Fat‘é‘E%%‘é)fh IreCEMECYS-/ g. In’a

vari ation, the cropgroys volunme (Mert]), is at st 0.3 cnferr]/g, nore
preferably at mJaa ?%msﬁ{vmﬁ% %ﬂgrstdil%bmneo‘ﬁr %P%‘SI%‘ET{L’ m&q 0.08

/9. . ..
cnerrl/g from 6 nm to 100 nm (mesopores) is extremely narrow at around 15 nm, i.e., in

this range the diameter of the majority of pores is in the range 6 nm to 50 nm,
preferably in the range 8 nm to 20 nm.

The specific surface area (SSA) of the extrudates of the is generally at least
120 mzlg, preferably at least 150 mZ/g. This surface area is a BET surface area.
The term “BET surface area” means the specific surface area determined by
nitrogen adsorption in accordance with the standard ASTM D 3663-78 established
using the BRUNAUER-EMMETT-TELLER method described in “The Journal of

* the American Society” 60, 309 (1938).

Preferably, the dia;neter of the extrudates of the invention is in the range
0.5 to 10 mm, preferably in the range 0.8 to 3.2 mm, and the length is in the range
1 mm to 20 mm, preferably in the range 1 to 10 mm, in particular when the
catalyst is used in a fixed bed.

The average crushing strength (ACS) of these extrudates is generally at
least 0.68 dalN/mm for 1.6 mm extrudates, preferably at least 1 m, and the crush
strength (CS) is at least 1 MPa. '

The method of measuring the average crushing strength (ACS) consists of

measuring the type of maximum compression which an extrudate can support

J



These extrudates nornmally have a m croporous volume (V[err]) of at nost
0.55 cnferr]/g, preferably at nost 0.2 cnierr]/g. The m croporous vol une
represents the volune created by pores with a diameter of |l ess than 6 nm
Such a pore distribution which, m ni Bq'fes the proportion of pores of |ess

- than 6 nm and those of nore than 100 nm while increasing the proportion of
nmesopores (with a dianeter in the range 6 nmand 100 nn) is particularly

adapted topbfage ﬁifaiié,lﬂﬂaﬁ%e 8sdt ifhRLS PdtwlMIhAS gﬁﬁéé mngamﬁcwﬂraocar bon

cuts. In a preferred variation, the pore distribuiion over the pore

di anet er r aggftant sPERdDITok/ida00 Nm (nmesopores) is extrenely narrow at
around 15 nm i.e., in this range the dianeter of the nmajority of pores is

in the range 6 nNiDonprédidis ag%l)ﬁéﬂf diculdt th e oF MkCerfrutiate Sendfhtridd,

The specific surface area (S of the extrudates of the is generally at

least 120 mhebiitid éqamgra ehshinB! sfreAdth! 18 AxprekSdd B @i Htid of fHes fortd t@R area is
a BET surface area. he term "BET surface area" neans the specific surface

area deterni &Bthe penidrateievf dibsextfatdaten i n accordance with the standard
ASTM D 3663-78 established using the BRUNAUER- EMVETT- TELLER net hod

described in "ThThdqnkthed usdd to! heashreethe mishSarengthy (CHGonsRB ¢fleFing

Preferably, the dianeter of the extrudates of the invention is in the range ,

0.5 to 10 mout @rceftaihadhantity)of Betridab@etoOard iiceading pldbsud @veha digveddnd is in
the range 1 mmto 20 mm preferably in the range 1 to 10 nm in particular

when the cadcoverhig the SSe3crebultitg froie druakidg the extrudatds)e Thy &snahicstehbthhi ng -
strength (ACS) of these extrudates is generally at |east 0.68 daN mm for

1.6 nm ext r pieéspondsoioathe forbe dxented ke abthin!fimeireraskntiig 0c3% if theweighasth ( CS)

is at least 1 Mra. The met hod of neasuring the average crushing
strengt h ( Afle)extrudates tisde@ttest.measuri ng the type of maxi mum conpressi on which
an extrudate can support
The alumina of the invention is essentially constituted by a plurality of
juxtaposed agglomerates, each of these agglomerates generally and prefeimbly
being partially in the form of packs of flakes and partially in the form of nee?iles,
the needles being uniformly dispersed both around the packs of flakes and
between the flakes.
In general, the length and breadth of the flakes varies between 1 and 5 um
with a thickness of the order of 10 nm. They can be packed in groups forming a
thickness of the order of 61 to 0.5 um, -the'groups possibly being separated from
each other by a thickness of the order of 0.05 to 0.1 um.
The needle length can be in the range 0.05 to 0.5 um; their cross section is
of the order of 10 to 20 nm. Thesé dimensions are given by measuring the
extrudates in electron microscope photographs. The alumina flakes principaily
comprise ¢ alumina and 1} alumina and the néedles are 7 alumina.
- The flake structure is characteristic of the hydrargillite lineage of alumina,
which means ﬁat before activation by calcining these extrudates have the same

structure, the flakes being hydrargillite in nature. On calcining, this alumina in its

hydrargillite form is principally transformed into dehydrated 4 and 1 aluminas



12 before it fails, when the product is placed between two planes being

. di splaced at a constant speed of 5 cmimn. Conpression is applied
per pendi cul ar to one of the extrudate generatrices, and the average
crushing strength is expressed.as thgsratio of the force to the Iength of
-the generatrix of the extrudate. The nethod used to neasure the
crush strength (CS) consists of carrying out a certain quantity of
extrudat es to arinicoatrests ihegnegedbs sticture \ie rcharasteeistic arfca boetonite lineqget he fi nes
resulting fromcrushing the extrudates. The crush strength corresponds to
the force eneaningdtiao befidrei activatiers byegaleining; ithepeOeBtudatest havenwdieghdmef t he
ext rudat es under test. The alum na of the invention is essentially
const i t ut edtrbgtuee, phisahiming being mxthe fareedf hoghintitee r Erlcining tahsfofmg thise

aggl onerates generally and preferably being partially in the formof packs

of flakes dochmpite alumtihy inte delpalrdted yalomimmedl es, the needl es being

uni formy di spersed both around the packs of flakes and between the
fl akes. The gxtmedaigs, of Hbe | ipwentionaare Hhusaabtaingtl byiecaldinings thear i es
between 1 and 5 [err]m with a thickness _of the order of 10 nm They can be
packed in gxboudates derigngonstitutedc hy chwslrargillitée abingior-based finkes @ics foerrm
the groups possibly being separated from each other by a thickness of the |,
order of 0cainieg,he flakes being surroundedratethgireprriphernby thoghmite @luminghe r ange
0.05to 0.5 [err]m their cross sectionis of the order of 10 to 20 nm
These di nebesedmeedles gi ven by neasuring the extrudates in electron
m cr oscope phot ographs, The al umi na flakes principall conprise [err]
al uni na and [erﬂﬁle omingaprogesst ofcthe devention 4s engre rpaytiiilary suitable fora  The
flake structure is characteristic of the hydrargillite |ineage of alum na,
whi ch neanstatting slumina aeigingting offopy mpid:i dehygrations cofe xBayegathydrattave t he
same structure, the flakes being hydrargillite in nature. On cal cining,
this al uni faydrargillite) whishaiyian jimdustrisily availgbien @lysamiym ¢ hydrexide nend i nt o
dehydrated [err] and [err] alum nas -

extremely cheap.

Such an alumina is in particular obtained by rapid dehydratio;f of
hydrargillite -using a hot gas stream, the temperature of the gas entering the
apparatus generally being betwéen about 400°C and 1200°C, the contact time
bgtween the alumina and the hot gases generally being in the range from a fraction
of a second to 4-5 secbnd§; such a process for preparing an alumina powder has
been described in French ;:;atent FR-A1-1 108 011.

The alumina obtained can be used as it is or before undergoing step by, it
can be treated to eliminate the alkalis present: a Na,O content of less than 0.5% by
wefght is preferable.

The starting alumina is preferably re-hydrated during step b, so that the
boehmite type alumina content is at least 3% by weight, preferably at most 40% by
weight. | |

The various steps of these processes for preparing alumina extrudates are

described in more detail in a patent application entitled “Alumina extrudates,



13 In contrast, the needle structure is characteristic of a

‘oehm te |ineage, neaning that before activation by calcining, these
extrudates have the same structure, this alumina being in the form of
boehmite. Calcining transforms this boehmte alumna into dehydrated y

al um na. The extrudates of }4e invention are thus obtained by

cal cining, the extrudates. being constituted by hydrargillite alum na-based

flakes pri | M f I g t hei.r, peri phery
by boohn t S5 resr Bt m%aéﬁamhﬁé phd ek B el b SR sloaBel B e
invention| cf% }ﬁ#ﬁ%rly suitable for a starting alum na originating
fromrapid ehy atron o ayer hydrate (hydrargillite) which is an

%ﬂg‘ﬁséﬁi lZi o ﬁéaﬁi@?%ﬁ‘f&??%%%éﬂé? el e WA SRR, o
the appar o ate il 2?‘?%‘2?%%%“%8&%%% &%&%}“ﬁﬁ%& )8 The

contact ti rgigi ?%Q:Bﬂ k4Bt in the
range froma fraction of a secoﬁg to 4- SOEée)gon %as%@lﬁ a pr oces’selfgo '
pr epari ng dﬁcw&ﬁgm R-Al - 1108
011. ) The al um na obt ai ned cang%gsﬁg%egﬁggkﬂ gﬂglr’hygﬁ)?gﬁ% E’ndergm ngJ
step D[ err lhydiddenitrdBeddioh eat ed j &oﬂéd the al -
Na[err] O cont ent ofgl ess than 0.5% by | s pr Iéﬁ’era #Bﬁﬁﬁggtmn The

starting alhymmmeﬁsm@ier%}g&%dggk?x teq!l 0/ by i gep ‘%?&PE ,&g] yhat t he
0

boehm te type alum na content | east at nost

0 SoiaSenciog, eSS B BOSMRILAISTIGE LR !

entitled " Rohtdinigy T¥ddsUEGHtEMing aromatic compounds and/or olefinic compounds
and/or naphthenic compounds and/or paraffininc cémpounds, the feeds possibly
containing metals and/or nitrogen and/or oxygen and/or sulphur. In particular, by
modifying the parameters for preparing the essentially alumina-based support: it is
possible to obtain different pore distributions and thus to modify the
hydrodesulphuration (HDS) and hydrodemetallization (HDM) proportions.

Hydrorefining and hydroconversion of hydrocarbon feeds (hydrotreatment)

can be carried out in a reactor containing the catalyst of the invention in a fixed
bed. Such hydrotreaﬁnexfts’“ can be applied, for example, to petroleum fractions
such as crude oils with an API degree of less than 20, bituminous sand extracts
and bituminous schist:c,, atmospheric residues, vacuum residues, asphalts,
deasphalted oils, deasphalted vacuum residﬁes,' aeasphalted crudes, heavy fuels,
atmospheric distillates and vacuum distillates, or other hydrocarbons such .as
liquefied coal products. In a fixed bed process, the hydrotreatments designed to
eliminate impurities such as sulphur, nitrogen or metals, and to reduce the average
boiling point of these hydrocarbons are normally carried out at a temperature of

about 320°C to about 450°C, preferably about 350°C to 430°C, at a partial

pressure of hydrogen of about 3 MPa (megapascals) to about 30 MPa, preferably 5



14 processes for their preparation and their use as catal ysts or catal yst
. supports" by Rhone- Poul enc Chim e. The catal ysts of the

i nvention can thus be used in all processes for hydr or ef i ni ng and

hydr oconverti ng hydrocarbon feeds .suph as petroleumcuts, cuts

-originating fromcoal, extracts from bitum nous sands and bitum nous

schi sts, or hydr ocar bons™ produced from natural gas, nore particularly for
hydr ogenat i 020 MPayatracpecs velogibnof abomt 0.1 to laboutdoealumge ofiféed iper volume

hydr odear omat i sati on, hydr oi soneri sati on, hydrodeal kyl ati on,

hydr odewaxi ofgatalyss peri houps peeferably 0.2Hpdr vainme ien yolumyei ob datsiystoprrtwt,on and
hydrodenetal I'i zati on of carbon- contai ning feeds containing aromatic
conpounds athe/matio of gasenis hydeogem ol the liauid/bo*gma;hm%nd beingripche dangand/ or
par af fi ni nc_conpounds, the feeds possibly cont ai,ning nmetal s and/ or

ni trogen andfloto HOPgarmahenbic metrgshpar cubie petre (Nat'am’), paeferably betwaeng t he
paraneters for prl%pari ng the essentially al um na-based support, it is

possi bl e t ooWhangd $0@Nmdment por'e distributions and thus to nodify the

hydr odesul phuration_ (HDS) and hydrodenetal | i zati on, (HD\M) .proportions.

Hydr or ef i ni ng anéhhipliovirs eeamplestiystrate thejauension Withay h(mgm #$ FORE-neNt )

can be carried_out in_a reactor containing the catalyst of the invention ing
a fixed bed. EXAMRLE biFreparstion ofalgmina sypparé & forgring partnidhe o

petrol eum fractions such as crude oils with an APl degree of |ess than 20,
bi t um nous sand ext r semposition aficatalystvdd andA2 of theipypation:r i ¢ resi dues,
vacuum r esi dues, asphalts, .deasphalted oils, deasphalted vacuum resi dues,
deasphal t edS®PRestarting Jluminns The staging material was alumuga obtained Wa¥eim
distillates, or  other ,hydrogarbons such a liquefied coal products. I'n a
fixed bed pipidedecompositionqeh hydrargillite éncﬁegﬁ”gﬁ’éoﬁt{eém ET i 7 1OQPECH ndBei ti es

such as sul phyr, nitrogen or tals, and to reduce .the_ average, .
;g'oguct obtamedg was consnupmted by a m?xture of trans%tmn almmnas:g(khl) and

(tho) aluminas. The specific surface area of the product was 300 m2/g and the loss
on ignition (LOI) was 5%. -
Step b; - rehydration: The alumina was rehydrated by taking it into suspension
in water at a concentration of 500 g/ at a temperature of 90°C for a period of 48 h
in the presence of_ 0.5% citric acid.

After filtering the §.uspension, a cake of alumina was recovered which was
washed with water then dried at a temperature of 140°C for 24 h.

The alumina obtained was in the form of a powder, its ioss on ignition
(LOI), measured by calcining at 1000°C, and its amount of alumina iﬁ the form of
boehmite, measured by X ray diffraction, are shown in Table 1.
Step ¢, - mixing: 10 kg of rehydrated and dried powder was introduced into a

" 25 [ volume Z blade mixer and an emulsion of hydmcarbon.in water stabilised by

a surfactant, obtained using a stirred reactor, and 69% nitri¢ acid, was gradually
added. The characteristics are shown in Table 1. |



boi ling point of these hydrocarbons are normally carried out at a

. tenperature of about 320[err]C to about 450[err]C, preferably about
350[err]Cto 430[err]C, at a partial pressure of hydrogen of about 3 MPa
(megapascal s) to about 30 MPa,..preferably 5

15 to 20 MPa, at a space velocity of about 0.1 to about 5 volunes of feed
per volunme of catal yst per hour, preferably 0.2 to 1 volune per vol une of

catal yst per houMixinghevas2idatht@ihedogRilUa RykkiREERN hbfogfedus dpaste hyalr ocar bon
feed being in the range 200 to 5000 normal cubic netres per cubic netre

(Nnferr]/ni ebtainkd. PARECHMIENY, HAVWEAhmdris salitiod Wél Aifdedr fo] AdtiQlisd the

The followi ng exanples illustrate the invention without limting its scope.

EXAVPLE 1: gkcepadiftid £id, Conihuifif RiximgFees to Nafigr M ng part of the _
conposition of catalysts Al and A2 of the invention Step a[err] - starting

al um na: ThStept &y tiexGrusidier iFie p&te abtaiiedawad imtratided intoes Wingld Bérgw
deconposition of hydrargillite in a hot air stream (T = 1000[err]C). The

product obt extisldr wasbtaif rawicktrudatesddwith ardiathetecofOf.6 miransi ti on al um nas: (khi)
and (rho) alum nas. The specific surface area of- the product was 300

nferr]/g anStephe -ldeging/@ilcining: t Tienexthudades wese fifn drisd ap 144°€ fok 15 h and

rehydration: The alum na was rehydrated by taking it into suspension in

wat er at a caicin&hfordl lpat 9termftRatgld oP6302Ct cTHeetalditéd supoCHadrd ddecifier a
period of 48 h in the presence of 0.5%citric acid. After.

filtering thﬁfaeuammimsm"ag,cake of alum na was recovered which was washed
wth water then dried at a tenperature of 140[err]C for 24 h. The

al um na obt Stepef] Wapdrothéfinall Gestnidnts Thevdetrudites obRdfedosyel eiprédnated (LO ),
measured by calcining at 1000[err]C, and its anmobunt of alumna 1n the form
of  boehm t withErsddutiotcofonitric &ty actitachTin 18 foléWinghsnlentatiba! 325%. of
nitric acid with respect to the weight of alumina and 6.5% of acetic acid with
respect to the weight of alumina. They then underwent hydrothermal treatment in
a rotating basket autoclave under the conditions defined in Table 1. -
Step g; - drying/calcining: At the end of this treatment, the extrudates were
calcined at a temperature of 550°C for 2 h. The a;llount of boehmite shown in
Table 1 was measured for the extrudates prior to final calcining.
The characteristics of the exﬁuded alumina sx;ppoxt A obtained are shovﬁx
' in Table 1. T
EXAMPLE 2: Preparation of catalyst Al (in accordance with the invention)
We dry impregnated the extruded support A of Example 1 with an aqueous
solution containing molybdenum aﬁd nickel salts. The molybdenum sait was
ammonium heptamolybdate Mo;0,,(NH,)s.4H,0 and the nickel salt was nickel
nitrate Ni(NOs),.6H;0. | _
After ageing at room temperature in a water-saturated atmosphere, the
impregnated extrudates were dried overnight atl 120°C then calcined at 550°C for
2 hours in air. The final molybdenum trioxide content was 6.5% by weight and

that of nickel oxide NiO was 1.4% by weight. -



- Tabl e 1.

Step c[err] - mxing: 10 kg of rehydrated and dri ed powder was introduced
~.intoa 25 [err] volunme Z blade m xer and an emnul si on of hydrocarbon in
wat er stabilised by a surfactant, obtained using a stirred reactor, and
69% nitric acid, was gradually addedl7 The characteristics are shown in
M xi ng was

. 16
mai nt ai ned ' Nl . er
m xing, a ZMr# g' gg%ﬁgﬁn%gg&g!}gggﬁt@?%ec&{ érf‘%fclesvgil?{x %‘épﬁﬂ,fgé\éﬁ nitric
acid, continuin | %4 1 ] LQRe~ndNE paste
obt ai ned was ingwgl u %'pllfe%{%é%h%i%&“g%%u@&vﬂg\egggﬁﬁg?kt%%g ;égiaﬁgerog\}/-v
extrudat es g f’ﬁgﬁ ; . . -o¢rying/ cal ci ning: The
ext rudat es g\f\ﬁ/e&rt{ebn'?:k‘ljgn r%ggjckg{saﬁ@?%ﬂ“&%ﬁ&%@z{gﬁﬁcﬁcal cined for 12 h at

a tenperature OfAﬁéoﬁé‘éifé%Qt rbO® fefipeldd@d RUPRQItr-HAdaRdSRRSHHere, BET face

~area of 148 nferr]/g. ep fl[err] "~ hydrothermal treatment: The extrudates
obt ai ned arjghpréfpafdext@dateyinehe ari&Pbyirhight &1 120PC thén d1€ind@ @t 550°€Chd I N the
fol l ow ng concentrations: 3.5%of nitricc acid with respect to the weight
of al um na PRslrbibiie.OTh@ 684l ficlt bRideNiD conRaPaas S¥by weighei ght of al um na.
They then underwent hydrothermal treatnent in a rotating basket autoclave
under the CondEX'AWIPLi.ei:'ﬂQ?ai‘éﬁoWﬁuﬂﬁna siptiore Bobhing gamioTqheal ci ni ng:

At the end of this treatnent, the extrudates were calcined at a

t enper at ure of 550[e”]Qoi1§iosﬁiJhof'@&?al of thefinb&stiyr.t € shown in Table 1
was neasured for the extrudates prior to final calcining. The

characteristics THe §dife Siep$ Of BtambleNl WWers ubitEkcept Bt MiNBG @ELcshayn in
Table 1. EXAMPLE 2: Preparation of catalyst Al {in accordance with the

i nventi on) carried out W€ féllawd. "pr egnat ed t he extruded support A of Exanple |
wi th an aqueous solution containing nolybdenum and ni ckel salts. The

nol ybdenum$tap &, Wafixing: This was a continuous process carried out in a co-rotating twin

screw mixer.

Upstream of the mixer, the rehydrated and dried alumina was introdu;ed at
a rate of 90 kg/h. An emulsion of petroleum in water was prepared in a stirred
reactor, by introducing: |
e 5.46 kg of water;
* 10.04 kg of 69% nitric acid;
e 10.4 kg of petroleum,; - §
¢ 1.56 kg of Soprophor SC138.

. This emulsion was introduced into the primer of the twin screw machine at

a rate of 27.46 kg/h immediately following introduction of the alumina powder.
After machining, a 28% ammonia solution was introduced at a rate of 4.34 kg/h.
The passage time for the powder in the machine was of the order of 50 to 60 s. A
homogenéous paste which could be extruded wés obtained from the machine
outlet.

The boehmite content was measured for the extrudates prior to final

calcining.



ammoni um hept anol ybdate M[err]Jerr](NH err])[err].4H err] O and the ni ckel
Salt was nickel nitrate NN(NJerr])[err].6Herr] QO After ageing at
roomtenperature in a water-saturated atnosphere, the inpregnated
extrudates were dried overnight-at-12pgerr]C then calcined at 550[err] C for
2 hours in air. The final nolybdenumtrioxide content was 6.5% by wei ght

and that of nickgl oxide,NjOwas 1.4% by wei ght.
17  EXAMPLE 3: Eﬁ&pﬁ%’gﬂ ﬁl%mna SUPROytsB Oxgﬁ(eﬂsiaddholcharacteriwﬁdshhbhﬂ in

i nventi on) T 1 We dry inpregnated the extruded support A of Exanple 1
w th an aquecﬂﬂe 'sol ution containing nickel salts (nickel nitrate
Ni (NOJerr])[err].6Herr]O. After ageing at roomtenperature in a
wat er - sat ur at ed at nosphere, the inpregnated extrudates were dried
overnight at 120[err]C then calcined at 550[err]C for 2 hours in air. The

final nickel oxide N O content was 5% by wei ght. EXAMPLE 4:
Preparation of alum na support B formng part of the
conposition of catalyst B of the invention. The sane steps of

Exanple 1 were used except that mxing step c[err] was carried out as
follows. Step c[err] - mxing: This was a continuous process carried out
in a co-rotating twin screw m xer. Upstream of the m xer, the
rehydrated and dried alumna was introduced at a rate of 90 kg/ h. An
enul sion of petroleumin water was prepared in a stirred reactor,: by
introducing: * 5.46 kg of water; * 10.04 kg of 69%nitric acid; * 10.4
kg of petroleum * 1.56 kg of Soprophor SC138.



This enul sion was introduced into the prinmer of the twin screw nmachi ne at
-a rate of 27.46 kg/h imediately follow ng introduction of the alum na

. powder .

obt ai ned f
measur ed fo

Af ter
of 4.34 kgl h.
*=order of 50 to 60 s.

machi ni ng,

romthe machine ou

faVa '|' lf\r\ A\Li- 4 idat oco

tlet.

rior t eal-a

TABLE1 '

a 28% ammoni a sol ution was introduced at a rate
The passage tinme for t¥e powder in the machine was of the
A honogeneous paste which could be extruded was

he boehmte content was

cea-es—p HAg——eat-eiath
18 The extruded al um wm&f R.ohtain AIEME_W i stics
shown in |Relydrated alumina -end of step bl
TiABLE 1 % boehmite 24 Alum na A 33 Al um na B Rehydrgged
al um na - DI—7% D[RR Te
LO (1000 rﬁt?ﬂl()ﬁé 232‘1 %lls)\i mg——step—ct
Hydr ocar bd&%l_ﬂ__pet_;.al_' step cl eum 5 B *
10 Hydrocarbon type 10 © ! bon/ A1203* | petrgjeum
15 wat er/ My dHENG3/AI203* 3.1710 ' 1@. 6 Surfactant type
Gal oryl  ENTe}§vdrocarbon/AI208BT OPfr SC 138 % surtagygnt/hydrocarbon 17
15 Tinme (M7 >—t et TAN ATt OfT, T 65—
65 respect wate ;Lhydrnggn qu'ﬁ:; A-s—Dry-Rgi-cat-et 2, 'ni ng
t enper at ur & : f type G’ﬂlOl’Y! maO( (‘) Soprophor 138

% surfactant/hydrocarbon | 17 15

Time (h) 2.15

% neutralisation with | 65 65

respect to HNO3,

equivalents

Drying/calcining - step el

Calcining  temperature | 680- 600

CO

Speclﬁc surface area | 148 177

/S) -

Hydrothermal treatment - step f1

Temperature (°C) 212 202

Pressure (bar) 19 16

Time (h) 2 2

% boehmite 40 43

Characteristics of calcined extrudates obtained

'I'PV (cm’/g) ~1 0.80 0.66

| -V 1000m (T’ /g) ~0.60 0.66

Vlm(cm /2 0.19 <0.02

av. mesopore diameter | 28 24.5

(nm) :

Vogom (cm ﬂ 0.02 0.01

Speclﬁc surface area| 140 152

(m’/g)

ACS (daN/mm) 1.2 1.1

CS (MPa) 1.58 1.58

EXAMPLE 5: Preparation of catalyst B (in accordance with the invention)

We dry impregnéted the extruded support of EXample 4 with an aqueous

solution containing molybdenum and nickel salts. - The molybdenum salt was

L4



Specific surface area 148 177 (nferr]/g) Hydrothernal
202

treatnment - step f1l Tenperature (O 212

Pressure (bar) 19 16 Time (h) 2
2 % boehmte 40 43 Characteristics of

cal cined extrudates obtained TPV (cnfeir]/Q) 0. 80

0.66 V[err]-V[err] (cnferr]/g) 0.60 0.66 V[err](cnferr]/qg)
0.19 < 0.02 av. nesopore dianmeter 28

24.5 V[ er rdmmonfuer h¢ptamolybda@. Ma,0,,(NH,)e.4H,0 and the nibkd) sabpess hickel surface
area 140 152 (nmferr]/g) ACS (daN nm 1.2

1.1 CS ( MPapitrate Ni(NO;),.6H,0. 1. 58 1.58  EXAMPLE 5:
Preparation of catalyst B (in accordance with the invention) W dry

i npregnat ed t he Afker ageing At ypomt tegipefatunpinea vater-satanatedqatemsphers ohelt i on
cont ai ni ng nol ybdenum and ni ckel salts. The nol ybdenum salt was :
20  anmoniinpregngtedaxtudatgs svexs fried p@irnight ¢NFJ03Crthei ealcined k4 650°0Foand t he
ni ckel salt_was nickel nitrate NN (NJerr])[err].6Herr]Q After
agei ng at rdBeus dfrpisy herfinal molybdenem-triaxide zoatentiwas 431586 by welight and
| npregnat ed, extrudates were dried overnight at 120[err] C then cal ci ned at
550[ err] C ftbat of njckeboxide NiOawvas 3.6%dyrweight. nol ybdenum tri oxi de content was
12. 5% by wei ght __and that of nickel oxide N O was 3.0% by weight.
EXAVPLE 6: Pr cBXAMPBE GiPreparation of alwwina supiportCrfgrpdng part ofithe « -
conposi tion of catalysts Cl and C2 of the invention. Step aferr] -
starting al unmi na: Theompesitionef eftalystsl and GReof the dnventidnep b[err] - bead
formati on: The alumna was m xed with wood dust as a pore- form ng agent
(20% by weiiBR anr starting ghyming; Thesulphide of Exampleh wassedi in a rotating
bow granul ator. Water was added to aid form ng. The dianeter of the

Step b, - bead formation: The alumina was mixed with wood dust as a pore-

forming agent (20% by weight with respect to the alumina), then formed in a
rotating bowl granulator. Water was added to aid forming. The diameter of the
alumina beads obtained was in the range 1.5 to 4 mm. N
Step ¢; - ageing of beads: These beads were aged by passing steam, the bead
temperature being 90°C for 20 h. The loss on ignition of the beads obtained was
47.5% and they contained 25% by weight of boehmite.

Step d; - mixing/extrusion: The mixing process used was a continuous process

e
=

carried out in a corotating twin screw mixer.

Upstream of the mixer, alumina beads were introduced at a rate of 90 kg/h.
A solution of 2.42% nitric acid was introduced into the primer immediately
following introduction of the aged beads at a rate of 10.9 kg/h. |

At the end of the machine, 2 2.1% ammoﬁia solution was introduced at a
rate of 4.2%. The passage time in the machine was of the order of 50 to 60 s.

A homogeneous alumina powder which could be extruded was obtained
from the mixer outlet. |

The paste obtained was extruded through a die with 1.6 mm diameter

orifices.



al um na beads obtained was in the range 1.5 to 4 mm
. beads: These beads were aged by passing steam the bead
_90[err]C for 20 h. The loss on ignition of the beads obtained was
and they contai ned 25% by wei ght of
» The m xi ng process used was a conti

corotating twin screw m xer.,
wer e i nt r odtePdezat drying(ealciyingso The ext

i ntroduced into the

| r
beads at a F%lﬁ’@e‘éff‘)&g.

ammoni a sol ution was

powder whi CE co
The paste oBteR
orifices.

i mer_ i mediately

b akg}nch calcining temperatupg.s!
| rate of 4.2%
machi ne wasS&faceReeanithe caleingd extgudatesvas between 120 and,

| d . be extruded was obt ai ned rom¢the m xer,outlet.
e YT Beh R R A alas apraings HericapreBRed

ntroduced at a

oehm te.

us process
Upstream of the m xer,
essWeRe thes deed at kW Cofor 2 by ange
foll owi ng_ introduction of the aged

haven én Tahle dmchheepecifio. 1%
T ssage tine in the
r?ggéﬁpﬁéus al unmi na

Step d2 -
carri ed out

Step c2 - ageing of
47. 5%

in a
al um na beads

. . . . . ey . . 21 St -
ST V1 noy ei cMithraysolyiion of pitrie nd acqtis aid fnsthedfollowing SneaREmiione: S.5% of 1 and
| ci d for.2 hat t | ci ni t .sh i bl 3..Th
Soeci o " Shitfie dgid, wish Tefoteh, 10 A WEIGDY OF AR S Bb AE A MMEnd 200

nerr]/g. Step f
ver e i npr egffIPEd
foll owi ng concent rgt

of al umina 3FYf2E08;

£10

under the c
At the end of, t

e Weight of Aot
ons.:

ket aiitoslave

They t hen ug er went, hydr,ot het nal

r.ot her

f .nitri.c ac
fithgicopditiops
t

%. 5%

AennEs

ooy 442 RdeRent S reEbermia CeReAbin

W&%#ﬁ%ﬁt to the wei ght

treat ment, i n
fipfhe ead of

I ght of al um na.

a. rotatjn asket autocl ave
treatment, the %F&’%?%&F@. ni ng:

terrperaturecﬂ?mgéaf[ate %flltﬁ%’ql55_8°€§rriﬁat es were calcined at a

The amount of boehmite was measured for the extrudates prior to final

calcining.

The characteristics of the extruded alumina support C obtained are shown

in Table 2.

| Alumina C
Drying/calcining - step e2
Calcining temperature (°C) 700
Specific surface area (m“/g) 140
Hydrothermal treatment - step 2
Temperature (°C) 204
- Pressure (bar) 16
Time (h) 2
% boehmite 30
Characteristics of calcined extrudates obtained
TPV (cm’/g) - 0.81
VispmV 100nm (cm°/g) 0.66
Vig0n (cm°/g) 0.15
av. mesopore diameter (nm) 25
Vo.gom (c12°/g) 0
Specific surface area (m“/g) 141
ACS (daN/mm) 0.90
CS (MPa) 1.24

EXAMPLE 7: Preparation of catalyst C1 (in accordance with the inventio'n)

t enper at ure bei ng

m Xxi ng/ extr usi on:

id was

]



The amount of boehmte was neasured for the extrudates prior to final

_ cal cining. The characteristics of the extruded al um na support C
~obtained are shown in Table 2.

~ Alumna C -~ . Dying/calcining - step e2

Cal cining tenmperature ([err] O 700 Specific surface area
(rferr]/g) 140 : Hydrothernmal treatnent - step f2
Tenper at ure ([ er WeQkry impregnated>the extruded support of Example 6 Witk snaqeequsar )

16 Time(h 2

% boehmi t e solution containing molybde(aﬁt)n and nickel salts. Thehmelybdenuns salt svasf

cal ci ned extrudates obtained ' TPV(cnierr]/g)

0.81 ammonium heptamgiyhdate Moe®s{NHe)ei4Eh O] ang) the nickel@alt was nickel

Vierr] (cnferr] /1\?.) 0.15 av. nesopore dianeter (nm
25 nitrate Ni(NO3),.6HfQerr] (cnerr]/g) 0

Specific surface area (nferr]/g) 141 . ACS (daN mm

0. 90 After ageing at ogmvfemperature in a water-saturated atmpsphere, HRAVPLE 7:
Preparation of catalyst Cl (in accordance with the invention)

22 ipgpregnatad gytauglates svere deied pvemighy at L6 then calcingd gt 65¢°Gfarh an
aqueous sol ution containiing nol ybdenum and ni ckel salts. The nol yhdenum
salt was adrhowrsdpaire bﬂﬁlﬂédmpbmqmmﬁ[aérlrl]%% oyyeightaedr | O and
the nickel salt_was nickel. nitrate N (_Ndéerr])[err] .6H err] QO

After agei rifataf nickphoxideNiQuwas &5Pmbywaighk - sat ur at ed at nosphere, the

i npregnated extrudates were dried overnight at 120[err] C then cal ci ned at
550[err] C f &XAMBSPmpmonnfsawm&m peeardance withthejinveatiemht was

11. 8% by wei ght and, that of njckel oxide N Owas 2.5% by, weight. EXAMPLE
8: Preparation oWecdrydmpsegnated thy extrudadisuppert it example Orwvith ap gayeous we

dry inpregnated the extruded support of Exanple 6 with an aqueous
solution containing molybdenum salts = (ammonium heptamolybdate

Mo07044(NH,)s.4H,0).

After ageing at room temperature in a water-saturated atmosphere, the

-

impregnated extrudates were dried overnight at 120°C then calcined at 550°C for
2 hours in air. The final ﬁlollybdenum trioxide content was 12.2% by weight.
EXAMPLE 9: Preparation of support D (comparative)

Alumina beads were pmp&ed from the starting alumina of .Example 1.
The alumina was ground"with a ball mill to obtain a powder with an average
particle diameter of 7 um.

This alumina was mixed ﬁm wood dust as a pore-forming agent (15%
wood) the;l formed in a bowl granulator.. Water was added to aid forming.

The beads obtained were dried and calcined, then aged by passing steam at
100°C for 24 hours.

These beads were immersed in a 50 g/l acetic acid solution for about 5
hours.

They were then removed from the solution, drained then introduced into an

autoclave for about 2 hours, at a temperature of 210°C at a pressure of 20.5 bars.



sol ution cont ai ni ng nol ybdenum salts (ammonium  hept anol ybdat e
4H err] O . After ageing at room

-Mo[err]err](NHerr])[err].
terrperature in a water-satu
“were dried overnight at 120
“in air. The final nolybdenu

EXAMPLE 9: Preparation of support D (conparative)
were prepared fromthe starting alum na of Exanp
ground with a baAftemipaving thecantoglaves thedwads

dianeter of 7 [err]m

added to aid form ng

They were then re
aut ocl ave for about 2 hours

20.5 bars. Support D from Example 9 in

t he autocl ave, the beads we

for 2 hour fnAqueewy wlvtian containing mg dqmm

1.2 to 2.8 nm were sel ect ed.

salts. The

l\/b[err]CIerr](NH‘Lgrr])[err{

rat ed at nosphere, the

| mpr egnat ed extrudat es

[err]C t calcined at 550[err]C for 2 hours
m t'ri oxi content was 12.2% by wei ght.

Al um na beads

le 1. The al um na was

wwet@edrfoaééwagseat 1087C thene

This alum na was m xed with wood dust as a
por e- f or ni reglcingd-for 2 hoyss ak6883C.t hen formed in a bow granulator. Water was
The beads obtai ned were dried and cal ci ned,
then aged by pa adg“sthe@mulonmw[mﬁhqr@gmummeerese!ected These beads
were imersed in a 50 acetlc acid solution for about 5 hours.
mE&RW 10a Frepanation of catalysh By(comparativeloduced i nto an

at a tenperature of 210[err]C at a_ pressure of

e form of beads wag dry impregnated with | eavi ng

re dried faor 4 243&”5 at 100[err]Cthen cal ci ned

aickeh saltso nbbe ynalybdemum ange

XAVPLE 10: Preparation of catalyst.

D (conpar atsalfayas mOm“@ﬁﬂS@lebd#tﬁMQ@zME 41Q and the pickslsalt Basds was

dry inpregnated with _ an aqueous sol ution containing nol ybdenum and ni ckel
MHNQa)+ - ammoni um hept anol ybdat e

AH err] O and the nickel salt was
r ageing at room temperature in a water-saturated atmosphere, the

impregnated extrudates were dried overnight at 120°C then calcined at 550°C for

2 hours in air. The final molybdenum trioxide content was 11.0% by weight and

that of nickel oxide NiO was 2.6% by weight. The characteristics of the cat_alyst

beads D obtained are shown in Table 3. -
| Catalyst D
Characteristics of beads
TPV (cm’/g) 0.97
Vnm=V1000m (cm /g) 0.66
Vigonm (cm °/g) 0.31
av. mesopore diameter (nm) 25
Vogom (cm’/g) 0
Specific surface area (m“/g) 119
CS (MPa) 1.48

EXAMPLE 11: Hydroconversion tests using catalysts Al, A2, B, C1,C2,D

for petroleum residues

Catalysts Al, A2, B, Cl, C2 and D described above were compared in a

hydrotreatment test for different petroleum residues. They were an atmospheric

residue (AR) of Middle Eastern origin (Arabian Light) and an atmospheric residue

from an extra heavy Venezuelan crude (Boscan).

These two residues were



nickel nitrate Ni (NJerr])[err].6Herr]Q After ageing at room
tenperature in a water-saturated atnosphere, the inpregnated extrudates
~were dried overnight at 120[err]C tggn calcined at 550[err]C for 2 hours
“in air. The final nolybdenum tri oxi content was 11.0% by wei ght and that
= of nickel oxide NNO was 2.6% by weight. The characteristics of the catalyst
beads D obtained are shown in Table 3, )

Cat al yst D characterized by high vxscosmes highn &paradsqn sesbog semperggand high

TPV (cnferr]/

V[err]-Ver ﬁpgelﬁqr@rqq@ms The BGSCBB AR also contained very high amﬂ’)ff&? of nickel err]/ g)
0.31 . mesopore dianeter (nm

V[err](cn{e?ﬁﬂ?%ﬁ“hual 0 Specific surface area
(mMerr]/g) 119 .. .. CS (Mra) ] 1.48
EXAMPLE 11: Hydr Eéeﬁbagagpew$@£@smsmewpéfl9wsn the foliowing table: 2, p

for petrol eumresidues Catal ysts Al, A2, B, Cl, C2 and D descri bed
above were conpared in a hydrotreatnent test for different petrol eum

resi dues. They were an atnospheric residue (AR) of Mddle Eastern origin
(Arabi an Light) and an atnospheric residue froman extra heavy Venezuel an
crude (Boscan). These two residues were . ’
24 characterized by high viscosities, high Conradson carbon nunbers and
hi gh asphal tene contents. The Boscan AR al so contained very high anmounts

of nickel and vanadi um The characteristics of these residues are
shown in the follow ng table:



25 . Arabi an Light AR Boscan AR
54658 S3345 Density 15/ 4 0. 959
:1.023 Viscosity at 100C mjerr]/s 25. 1380
‘Viscosity at 150C merr]/s 1.5 120 Sul phur
"% by 3.34 5.5 wt

Ni t rogen ppm 2075 5800 Ni ckel

ppm 9 125 Vanadi um ppm

35 1790 Tron : : m T
b T - Y

r ogghi—— Doy 2 1002

W Afonat] Density 4/4 % 0585 1023 59 ¢

Mol ecul ar jwéisgesity at 100°Cy/ npl| mm’/s 46@5.6 138930 Confadson

car bon Viscégitgyt 150°C enih’/s 7.66 16| 9 120

W Asphal t oS % b by b 55 24.1
wt észRal tlenes C7 gbgm ' 3.1 14.9
w . D i

Sat ur at es ;}Iéﬂggen 30. 7b/pm 2075 8.7 V‘§800
wt ICK%r omatics % by PPM 4?5 12535 ¢
wt Vanadium Resi ns % bppm 37.6 1290 34.°0

W IromAsphal t enes  %|byppm a0 8 14.6

W Si nul at|eChrBbgti |l ation I %bpy 84.7 [err] C 8340 225

To%  C S 02 20% | ©

411840 Hydrogen 47, % by 333022 C 10.02 3¢’

523 40% c w 468 566

50% [ drAdomatic carbon503 % B0% g 29.0 543

70% C | Molecular weigh?0 g/mol &0,/ C 730 642

Conradson carbon % by 9.5 16.9
wt -
Asphaltenes C5 % by 5.6 241 -
wt
Asphaltenes C7 % by 3.1 14.9
_ wt
SARA % by
wt .
Saturates | % by 30.7 8.7
Cowt
Aromatics |~ % by 47.5 35.0
LN Wt .
Resins | % by 17.6 34.0
wt
Asphaltenes | % by 3.0 14.6
wt
Simulated distillation
P °C 229 224
5% °C 325 335
10% °C 358 402
20% °C 404 474
30% °C 436 523
40% °C 468 566
50% °C 503
60% °C 543
70% °C 590
80% °C 642



26 ,

-for petrol eum
was filled with one litre
"hydrogen recycle) was an u
‘represents the operation o

The tests we

re carried out

in a pilot hydrotreatnent plant
resi dues conprising a fixed bed tube reactor.

The reactor

of catalyst The fluid flow (petrol eumresidue +

pflow in

f an’'l| FP AHL

e reactor.
unit

This type of pilot unit
reactor for fixed bed

hydr oconver si on of residues.

After a sul phuration step by

circulating a gas oil

cut with added DVDS at

a final tenperature of

350[err]Cin the reactor,

the unit was operated with the

petrol eum

resi dues descri bed above under the foll ow ng operating conditions::

Tot al

380[err]C Hourly space

vel ocity of residue

pressure The tests were carried out in a pilot hjdioReatment plant for pdesipemat ur e

0.5 h[err]

Hydr ogen r aesidies comprising a fixed bed tube reat®@?0 The dedctortivas filléd witheael litre

Cycle start tenperature

light AR wef catafystt ¥he fiuidflow Apetealeum 2&idueot hydrogen kdcyale) was e upfiav

Ar abi an
t he

370[err]C

hydr odesul phuration (HDS) and hydrodenetal | ization (HDM performances were

as f ol | ows:in the reactor. Tigatypeyafipi otumtrepresentstheBpBa(ieﬁnf)mIFPHYVAIﬂ.

(% wt) Catal yst Al

Cat al yst A2mit reactor for ﬁxed bed hyckeconversmn of resxdues

B
65

75 Catal yst D

HDM
78
72 Cat al yst

75 Catal yst Cl1

Aftera sulphuratwn step by muhn;xga gag oil cut with added DMDS %1

75

The HDS r ata finak tetmgerature af ¥5OPCoins the mo(‘,wche%mxt Wésvopeta®df with the (wt %
The HDMratio is defined as foll ows:

S)test)/(w % S)feed * 200

27 petroleum residues described above under the following operating conditions:
Total pressure ' 15 MPa
Temperature 380°C
Hourly space velocity of residue 0.5h"
Hydrogen recycle 1000 std 1. Hy/1. feed
Cycle start temperature 370°C -

Arabian light AR was injected first. After a 250 hour stabilisation period,
the hydrodesulphuration (HDS) and hydrodemetalﬁzation (HDM) performances

were as follows:
Catalyst HDS (% wt) HDM (% wt)

Catalyst Al 66 78
Catalyst A2 58 72
Catalyst B 68 75
Catalyst C1 65 77
Catalyst 2 61 75
Catalyst D 60 75
The HDS ratio is defined as follows:

HDS (wt %) = ((wt % S)feed - (wt % S)test)/(wt % S)feed * 100
The HDM ratio is defined as follows:

K]



HOM (wt %9 = ((ppmwt N +V)feed - (ppmw N +V)test)/ (ppmwt N +V)feed *
=100 ; The feed was then changed by noving to the Boscan at nospheric
residue. The test conditions ainmed to naintain the HOMratio constant at
“about 80% by weight throughout t cycle. To this end, catalyst

’deacti vation was conpensated for“by a gradual increase in the reaction
tenperature. The test was stopped when the reaction tenperature reached
420[err] C, a tenperature considered to be representative of the

t enper at ur &M SO ETd(rpm wt NtV ifeed- Gopm we dEtV)test) (ppmauteNit¥)ed fonver si on

unit. The follow ng table conpares the quantities of nickel +
vanadi um f i8fh t he Boscan AR deposited on the 6 catal ysts and the HDS | evel
at the mddle of _the cycle Cat al yst Ni +V deposited (% of

Md cycle HDS (vitesfped was then changed by moving to the Bossan atmespherie sisidyat al yst)

Cat al yst Al . . 80 . . . 52 Cat al yst
A2 The test conditigps aimed to maintain the HDM ratiggonstant at@gbout §&% by

35 o 5 .. Catalyst Cl ' 82

54 Cél‘feéﬂlv dhropghout the cyc?e. To this end,gc@)t/a?lyst ;dleactlvatlon was compensateg)

Catal yst D 80 . ) 50 It thus appears
that the HEM ®ht grafuakinerease ia the reaction temperaiuice sThs testwas $IPRREWDSy ent i on

can |lead tgq HDS performances which,ar | gher than those qf ,catalyst D
(compar at i P JeRGR R n40 To s ISRPSRRIe OGS LR (P9 or HDS

and for retentiop,.of nickel + vanadiym nefals. H gher HDS petforpances
Gere obser FEIESBRHYE it e demperkiiiin et i, At S avklediscrn, WRuREL st

resi due. ﬁd%t;fj)sti ngs.t hg%igl um na preparation paraneters enabl es different
pore di st r PRHOFIRETSIOR, obt ai ned and thus enables the HDS and HDM rati os

to be nodified. The following table cgrgpares the quantities of nickel + vanadium from the

‘a,

Boscan AR deposited on the 6 catalysts and the HDS level at the middie of the

cycle
Catalyst Ni+V deposited (% of | Mid cycle HDS (wt %)
weight of fresh catalyst)
Catalyst Al 80 52
Catalyst A2 82 50
Catalyst B ' 35 58
Catalyst C1 82 54
Catalyst C2 85 52
Catalyst D 80 50

It thus appears that the HDM catalysts in the form of extrudates of the
present igvention can lead to HDS performances which are higher than those of
catalyst D (comparative exémbié) while achieving identical performances both for
HDS and for retention of nickel + vanadium metals. Higher HDS performances
were observed both for the Arabian Light and the Boscan atmospheric residue.
Adjusting the alumina preparation parameters enables different pore distributions

to be obtained and thus enables the HDS and HDM ratios to be modified.



CLAIMS 1. A cat al yst conprising an essentially alum na-based extruded

~support ~Tessentdially constituted by a plurali ty of juxtaposed :
-aggl o optionally at |east one catalytic netal or a conpound
“of a lHQM#/I from group VIB (group 6 of the new periodic

“t abl e not fatiton optional lyg at |east one catalytic netal or

a conpound of a catalytic netal fromgroup VIl (group 8 of the new
periodic table notation), in which the sum S of the group VIB:.and
VII1 netals, expressed as the oxi des,CLAIMS t he range 0%to 50% by
wei ght, and characterized in that each of. { hese ) onerates is
partly in the forfh G‘Fab(é‘c Icomprisiga ple essantially ralyminanbasad Q’%F#Fd support, of

needl es, said needl es, being uniformy dispersed poth about t he packs of
“flakes and bet wee‘PFSF'H@? |aqes§tlmtezl ruv %L\n}afa&msf’P %b deglomaraies.1,

10 0 T eGP ) e v oG8 01 GG S5
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m croporous vol ung gﬂtgérra elssxs ggtﬂy Sihe form of packs of ffarﬂes ancl pgrtly in the form
of needles, said needles being uniformly dispersed both about the packs of
flakes and between the flakes. |
2. A catalyst accordmg to claun 1, containing no metals (S = 0% by wexght)
3. A catalyst according to claim 1, in which the sum § is in the range 0.5% to
50% by weight.
4, A catalyst according to any one of claims 1 to 3, in which the alumina
agglomerates are obtained by forming a starting alumina originating from
rapid dehydrationi)f hydrmgilﬁfe, and in which the amount of alumina
from boehmite decomposition is in the range 5% to 70% by weight.
5. | A catalysf according to any one of claims 1 to 4, in which the total pore
volume is at least 0.6 cm3/g, and the average diameter of the mesopores is
in the range 15 to 36 nm. |
6. A catalyst according to any one of claims 1 to §, in whic_h the mesoporous
. volume Vigam - Viooam iS at least 0.3 cm®/g, the macroporous volume Vigonm

is at most 0.5 cm/g and the microporous volume Vi gnm is at most 0.55

cm’/ g



according to any one of clainms 1 and 3 to 6, in which
the ”"m”"nmngﬂm H nmetal or the conpound of a catalytic nmetal from group
) L num or tungsten, and the catalytic nmetal or the
: corrpound of a catal ytic re28 fromgroup VII1 is iron, nickel or
z cobalt. 8. A catal yst according to any one of clains 1 and 3 to 7, in
whi ch the catalytic netal or the conpound of a catalytic netal from

group VIB i3 A cataly®tl ydvdedingnto ang drecof dlaihylli sndv8t@l 6,0n Whechcdgpound of
a catalytic netal fromgroup VIIl is nickel. 9. A cat al yst

accordi ng to anycasgtioimethiabithel confpolind iof abdtalipti¢ nsetali fromt goupVIB is t he
al um na extrudates Is in the range 0.5 to 10 nm 10. A process for

preparing a cat ampitbdenwarsh mggiten,amyd the eatallytic] et or the cBmpound of a
characterized in that it conprises the follow ng steps: a) formng
an essential | y atataliytiantetsldebrs grouprVIiDie iroh) mickel @x cobadiat es; b)

| npregnating the extrudates with a solution conprising at |east one
conpound of8.a grAugatdy® saoadiygitc dngtale, ofbplaimsndl ind Batol dmdwhich the

agei ng, and/or drying, then foll owed by cal cining; c) inpregnating
the extrudates weatilytic switalt onthecammypousd g sacathlytis mesalefrom group VIBcisnpound
of a group VIII catalytic netal, optionally foll owed by agei ng é
and/ or drying, tmlybﬂeﬂnhmy\mtﬂthycaalmcmetglorthe cashpoundhodz eatslyfiometaiepar i ng
a catal yst accord| ng to &Iﬁ one of clains 1 to 9, characterized in
that it conprisefomgroapMIb\s nigkelt eps: a) forming an essentially
al um na- based support to obtain extrudates, ) b%l_ | npregnating the
extrudates %ith A catalystiaceordinggoiany oge of clatasi toSein which the diamstgs@find of a
group VIB catalytic nmetal, and at | east one conmpound of a group
VI catalytic niealymingextmdatesistinthesarge b§ tagémug and/ or

drying, then optional cal cining.
10. A process for preparing a catalyst according to any one of claims 1 to 9,

characterized in that it comprises the following steps:

-~

a) forming an essentially alumina-based support to obtain extrudates;

b) impregnating the extrudates with a solution comprising at least one
compound of a group VIB catalytic metal, optionally followed by.
ageing, and/or drying, then followed by calcining;

¢) impregnating the extrudates with a solution comprising at least one
compound of a- group VIII catalytic metal, optionally followed by
ageing and/or drying, then followed by calcining.

11. A process for preparing a catalyst according to any one of claims 1 to 9,

characterized in that it comprises the following steps:

a) forming an essentially alumina-based support to obtain extrudates;

b) impregnating the. extrudates with a solution comprising at least one
compound of a group VIB catalytic metal, aﬁd at least one compound of
a group VII catalytic metal, optionally followed by ageing and/or

drying, then optional calcining.



30 - —“A‘ﬁ?'aé'éé'"S""f"O'r" preparing a catal yst according to any one of
¢l ai
§teprsrfl

12,
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dehydrati on of ® s hydrargillite with at | east one conpound of a
group VIB catalytic netal, and/ or at | east one conpound of a
group VIII1 catalytic netal, optionally fol |l owed by agei ng and/ or
dryi ng, then optional cal cining; 30 p) forming by extruding the
product obtained fromstep a). 13. A process for preparing a catalyst
~according to any one of claims 10 to 12, characterized in that the
process for formng the starting alum na conprises the foll ow ng
st eps: al ger starting wi.th an alum na originating fromrapid
dehydration B & PQ“”hﬁ?ﬁP‘aePa‘i“ﬁq? patalyst according 3o apy pne of dlaimsdk ¥t ing t he
starting al um na; ad oy gg' iﬂﬂg he. r drated alumna in the
presence of an enulsion oflﬁg?dﬂt]w e)él e g{lo%'ﬁé%ﬁrocar bon in water,

dlerr] ext r udigd) Golhikiny W81 MniBa$o6d 2 a@@%m%&&g@@?#?gn%fe”] :

e[err] drying and calcining the extr es,; carrying

out -a hydr ot her nal m@naemmastan@c&xgﬁhwsﬂam@vmcas@g?m@,ﬁe on the
extrudates fromstep ef[err]; glerr] drying and c¢alcini'ng the

extrudat es from st édfor atledst ondcompourd pf Dgresps Villircatalyep adetdl optiosalyal st
according to any ong, of claing 10 to 12, characterized in that the
process for forni n§°9%%%§wmgnﬂpm,mmopﬁ®al®bhﬁn$;ses_ the fol | owing
Zteﬁgg:rat ?E)ﬁrg b)sftogxrﬁglgrggeitrn? mamggjg%‘ln% %?Aegnéor&aﬂg;)gl nating fromrapid
13. A process for preparing a catalyst according to any one of claims 10 to 12,
characterized in that the process for forming the starting alumina
comprises the foliowing steps: |
ay  starting with an alumina originating from rapid dehydration of
hydrargillite; _ )
b, rehydrating the starting aluina;
¢ mixing the rehydrated alumina in the presence of an emulsion of at
least one hydrocarbon in water; _
d;  extruding the alumina-based paste obtained from step cy;
e drying and calcining the extrudates;
£, carrying out a hydrothermal acid treatment in '-.a confined
atmosphere on the extrudates from step e,;
g1 - drying and calcining the extrudates from step f;.
14. A process for preparing a catalyst according to ény one of claitns 10 to 12,
characterized in that the process for forming the startihg alumina
comprises the following steps: o -
%  starting from a starting alumina originating from rapid deliydration of
hydrasgillite;
b, fonni§g the alumina into beads in the presencé of 2 pore-forming agent;

< ageing the alumina beads obtained;



hydrargillite; b[err] ___formng the alumna into beads in the presence of
» a pore-farm pg-agent; c[err] agei ng the al um na beads obt ai ned;

.31 dferr] beads fromstep c[err] to obtain a paste which is
. extruded g\iu)! ng and cal cining the extrudates obtained; f[err]
- carryi ng # otsherrmal acid tred3dnent in a confined atnobsphere on the
extrudat es obtai ned from step e[err]; gl[err] drying and cal cining the
extrudates fromstep flerr 15. A process for_ prepari a catal yst
accordi ng tda anynixirg the beads fiem sEpico ta obtain a paste Whl‘fbri%le’é ed in that the
process for formng the starting alum na conprises the follow ng
steps: a[eer] dryingapdicalginingthe gxtudates oljaigedini na origi nating from rapid

dehydr ati on, of hydra |II|te err rating the startlng
al umina;  d er r jcarrying oyt ads %Mmm@%&#ﬁg BAgBehni t e

gel, said gel being ) resent in an anount in the range 1% to 30% by
wei ght with resmsf’h@megﬁ"mmi’éhydrat ed alunmina and the gel; d[err]

extrudi ng the al ased , e .obtai ned fro step cl[err]; e[err]
~dryi ng and gzal cr‘ﬁngapa &é‘&@é@"‘&ﬁ {err] carryi ng out a
hydr ot her acid treat in a CO@F ned a rms here on

ext rudat es bt aiMPLPRFYH tg%ngga caggfyst pqcoraing Ko AR, 0BG 9f?}?-‘§‘i‘5nﬂ) toy Ken
ccor i ng Lo anyBRGSRR] i M U PIOCeSH 0 cfiing e safting, abidiihg (0 any
one of clains 10co¥p1%s§s ther}_oﬂmgmocess for hydr otreating a

a3 starting from a starting alumina originating from rapid dehydration of
hydrargillite;

b; rehydrating the starting alumina;

3 mixing the rehydrated alumina with a pseudo-boehmite gel, said gel lzeing
present in an amount in the range 1% to 30% by weight with respect to the
rehydrated alumina and the gel;

d; extruding the alumina-based paste obtained from step ¢3;

e3 drying and calcining the extrudates obtained; |

f; carrying out a hydrothermal acid treatment in a confined atmosphere on the
extrudates obtainec; from step es;

2 optionally drying, then calcining the extrudates from step £;.

16. Use of_ a catalyst according to any one of claims 1 to 9, or prepared
according to any one of claims 10 to 15, in a process for hydrotreating a
bydrocarbon feed, in which the catalyst is used in a fixed bed.

17.  Use according to claim 16, in which the hydrocarbon feed includes
vanadium and/or nickel and/or iron and/or sodium and/or titanium and/or
siiica-and/or copper.

18.  Use according to claim 16 or claim 17, in which the hydrocarbon feed

includes sulphur and/or nitrogen and/or oxygen.



hydr oc ch the catalyst is used in a fixed bed. 17. Use

- accorda];’ﬁmguﬁm 1‘3“ in which the hydrocarbon feed includes
vanadi nd/ or iron and/or sodium and/or titani um and/or

* silica and/ or copper. Use accorgpng to claim 16 or claim17, in

# whi ch the hydrocarbon feed i ncl udes sul phur and/or nitrogen and/.or
oxygen. 19. Use according to any one of clains 16 to 18, in
whi ch t he hj@ir ot Usaacending to any ongpobdeimss 16 ta 88, rineshioh ttheahydrotrentqpentat ur e of
320[err] C to about 450[err]C, at a partial pressure of hydrogen of
about 3 MPa to apmaessd9carfad ont ata tepperatrebH32Q°E to about 4505C, atzopartidl. 1 t o
about 5 volunes of feed per volune of catal yst per hour, the ratio
of gaseous hydr opeesswe of hydrogén ofiabduhy MPa tr dhemt 88 MPeit agpace vehaity
range 200 to 5000 normal cubic netres per cubic netre g_Nn{err]/n{err])

of about 0.1 to about 5 volumes of feed per volume of catalyst per hour,

the ratio of gaseous hydrogen over the liquid hydrocarbon feed being in the

range 200 to 5000 normal cubic metres per cubic metre (Nm3/m3).



