M xed metal catal yst conprising a conbustible binder The invention relates
to a catal yst conposition conprising at | east one Goup VIII non-noble

met al cowonzaiieand at | east two Goup VIB netal conponenP6T/EPHign7@G4oup VI M
and G-oup VIB netal conponents meking up at |east 50 w. % of the catal yst
conposi tion, calculated as oxides. The invention also pertains to the
preparation, use in hydroprocessing applications and recycling of these
catal ysts. Catal ysts conprising at |east one Goup VIII non-noble netal
conponent ! ents, the Goup VIIl and
G oup VI B RECET—COMPBAEHES TTRKT T 2 BAGk . 96 of t he cat al yst
conposition, cal cul ated as oxi des are known in the art. US 4,596, 785
descri bes a catal yst conposition conprising the disulfides of at |east one
Group VPI I Teninyeblien feletes tma @atalygggomwteno@@mwsnmtaleaswa @20p677
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these nef ercatglgstsare binder-free or contain an |norgan| c oxidic binder,
such as alumna. US 3,678,124 discloses oxidic catalysts to be used in the
oxi dati ve dehydrogenation of paraffin hydrocarbons. The catal ysts are
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15  as oxides, are known in the art.

US 4,596,785 describes a catalyst composition comprising the disulfides of at
least one Group VIl non-noble metal and at least one Group VIB metal. US
4,820,677 describes a catalyst comprising an amorphous sulfide comprising
20 iron as the Group VIII non-noble metal and a metal selected from molybdenum,
tungsten or mixtures thereof as the Group VIB metal, as well as a polydentate
ligand such as ethylene diamine. In both references the catalyst is prepared via
the co-precipitation of water-soluble sources of one Group VIII non-noble metal
and two Group VIB metals in the preSi—:‘n‘ce of sulfides. The precipitate is
25 isolated, dried, and calcined in an inert atmosphere. The catalysts of these
references are binder-free or contain an inorganic oxidic binder, such as

alumina.

us 3,678,124 discloses oxidic catalysts to be used in the oxidative
30 dehydrogenation of paraffin hydrocarbons. The catalysts are prepared by co-
precipitating water-soluble components of the Group VIB metals and Group VI
non-noble metals. The catalysts are binder-free or contain an oxidic binder such

as alumina.



catalyst is binder-free or may contain an oxidic binder such as al um na.
Non- prepubl i shed i nternational patent application PCT/EP0O0/ 00354 descri bes
t he prepavant/onivof sul fided catal yst conpositions by copreCT/pPtiat77aan of at
| east one Group VIII non-noble netal co%onent and at least two G oup VIB
metal conponents to form an oxygen-stable precipitate, which is
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It has appeared that binder-free catalysts containing a Group VIII metal
component and at least two Group VIB metal components are often difficult to
20 prepare. More in particular, it is difficult to prepare shaped particles with
sufficient strength without the help of a binder.
On the other hand, catalysts containing a binder of a refractory oxide such as
alumina or silica encounter problems whén the catalyst has to be disposed of or
recycled. In that case, the first step is ofteh to separate the metal components
25 from the inorganic binder, e.g., by subsequent leachings with NaOH and H,SO,.
However, such a recycling process is time conshming and expensive.
Additionally, it cannot be avoided that a portion of the expensive Group VIB and

Group VIl metals remains on the binder and is thus lost.

30 Itis therefore an object of the present invention to provide a catalyst comprising
at least one Group VIII non-noble metal component and at least two Group VIB

metal components, the Group VIII and Group VIB metal components making up



It has now been found that the above objective can be net by enploying a
conbusti bl e binder or a precursor thereof in the catal yst preparation
process. Wabzogaossrbust i bl e bi nder not only gives the cat al peT/EBUfi7734 ent
mechani cal strength but also can easily e renoved fromthe used catal yst
by a thermal treatnent. A sophisticated separation of the binder fromthe
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accorditig to the invention conprises at |east one non-noble G oup VIII
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composition, calculated as oxides.

Incidentally, catalysts containing, e.g., carbon as carrier are known in the art.
They are described in JP laid-open patent application 1986-22071, JP laid-open

20 patent application 1986-101247, JP laid-open patent application 1985-58239,
and US 5,576,261. However, none of these references describes a catalyst
composition comprising at least one non-noble Group VIII metal component and
at least two Group VIB metal componen’ts,‘ the Group VIl and Group VIB metal
components making up at least 50 wt.% of ;che catalyst composition.

25

Catalyst composition of the invention

As indicated above, the catalyst composition according to the invention
comprises at least one non-noble Group VIII metal component, at least two
30 Group VIB metal components, and at least 1 wt.% of a combustible binder
material selected from combustible binders and precursors thereof, the Group
VIl and Group VIB metal components making up at least 50 wt.% of the

catalyst composition, calculated as oxides.



two G oup VIB netal conponents” is intended to refer to conmponents of at

| east two Goup VIB netals, e.g., the conbination of nolybdenum and
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15 metal components comprising nickel, molybdenum, and tungsten or nickel,
cobalt, molybdenum, and tungsten, or cobalt, molybdenum, and tungsten is
employed in the process of the invention.

It is preferred that nickel and/or cobalt make up at least 50 wt% of the total of
Group VIII non-noble metals, more preferably at least 70 wt%, still more

20 preferably at least 90 wt%. It may be especially preferred for the Group VIl non-
noble metal to consist essentially of nickel and/or cobalt.

It is preferred that molybdenum and tungsten make up at least 50 wit% of the
total of Group VIB metals, more preferabiy at least 70 wt%, still more preferably
at least 90 wt%. It may be especially préferred for the Group VIB metal to

25  consist essentially of molybdenum and tungsten.

' The molar ratio of Group VIB hwetals to Group VIl non-noble metals in the
catalyst of the invention generally ranges from 10:1-1:10 and preferably from
3:1-1:3. The molar ratio of the different Group VIB metals one to the other is at
this point in time believed to be not critical. Whe.n molybdenum and tungsten

30 are employed as Group VIB metals, the molybenum:tungsten molar ratio
preferably lies in the range of 9:1-1:19, more preferably 3:1-1:9, most preferably
3:1-1:6.



wei ght of the catal yst conposition, preferably, at least 70 wt.% nore
preferably at |least 90 w.% cal cul ated as oxi des. The anmount of G oup VIB
netal s amdo@/eups VI1 1 non-noble nmetals can be determ ned PCHERPAB7C34 | CP.
The catal yst conposition conprises at |least 1 w.% of a conbusti bl e binder
material, calculated as carbon on the total weight of the catal yst
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catalyst. It does not exclude that such nonconmbustibl e binders are present
in smallP arfssetibed below ondaniCGharacterightiomeethods Yst. 1f so desired, the
catal yst conposition may conprise any further materials such as
phosphor us-cont ai ni ng conpounds, boron-contai ni ng conpounds,
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bi nder 15 non-combustlble binders. A non-combustible binder is defined as a material
which is not converted to gaseous components, such as carbon dioxide, in air at
a temperature above 230°C. Examples of non-combustible binders include
silica, silica-alumina, alumina, titania, titania-alumina, zirconia, cationic clays or
anionic clays such as saponite, bentonite, kaolin, sepiolite or hydrotalcite, and

20 mixtures thereof. That the catalyst composition is essentially free from non-
combustible binder means that no such non-combustible binder has been
added during the preparation of the catalyst. It does not exclude that such non-
combustible binders are present in small amounts as a contamination of the
catalyst.

25 If so desired, the catalyst composition may comprise any further materials such
as phosphorus-containing compounds, boron-containing compounds, fluorine-
containing compounds, additional transition metals, rare earth metals, or
mixtures thereof, but this is generally not preferred.

It is preferred for the catalyst composition according to the invention to consist

30 essentially of at least one non-noble Group VIl metal component, at least two
Group VIB metal components, and at least 1 wt.% of a combustible binder

material. The phrase consists essentially of is intended to exclude substantial



material. The phrase consists essentially of is intended to exclude

subst anti al anounts of ot her conponents. It does not exclude other
conmponentwO bBd41gs present in small anmounts as a cont am nat POVER#1/d7hs

catal yst. "A conbustible binder material8 in the sense of the present

I nventi on nmeans one or nore conbustible binder(s) or precursor(s) thereof.
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230C. "lInert under hydroprocessing conditions”" in the sense of the present
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further conprises, e.g., O H, /or N. The conbusti bl e binder pre erably
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precursor, | east er carbonisation as w | di scussed bel ow,
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A
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bi nder pr ecpuré elggblglscompr?ses at least 50 wt.% of carbon, preferably at least 70 wt.%,
more preferably at least 90 wi.%. Typical examples are carbon powder,
graphite, activated carbon, pyrocarbon, pyrographite, carbon black, soot and at
least partly carbonized organic polymers.

20  The suitable combustible binder precursor, at least after carbonisation as will be
discussed below, preferably comprises carbon as its major component and
optionally further comprises, e.g., O, H, and/or N. It preferably comprises at
least 50 wt.% of carbon, preferably at least 70 wt.%, more preferably at least 90
wt.%, at least after carbonisation. Suitable combustible binder precursors

25 include organic polymers, such as polyacrylonitriles, bakelite, polyamides, such
as nylon, polyurethanes, cellulose and derivatives thereof, hemicellulosic
materials, polyfurfuryl alcohol, styrene-divinylbenzene copolymers, phenol
resins, furan resins, polyimide resins, polyphenylene resins, phenolic foams,
and polyurethane foams. It is noted that when, a binder precursur is used,

30 generally at least partial carbonization is necessary to render the polymer inert
under hydroprocessing conditions. If however, a polymer is employed which in
itself is inert under hydroprocessing conditions, such a carbonization step may
be omitted.



generally at |least partial carbonization is necessary to render the polyner
I nert under hydroprocessing conditions. |If however, a polyner is enployed
which i nwoeBbf118 s i nert under hydroprocessi ng conditi onsPCHERO/ET734

carboni zation step may be onmtted. One nay use one or nore conbustible

bi nders and/ or one or nore conbustibl e binder precursors. Preferably, the
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di stri but ed within the conbustible binder nmaterial. As stated above, the

presence ofPiR@Rr RIEFHIER'PHI e bi nder | eads to an increased nechani cal
strength of the final catalyst conmposition. CGenerally, the catal yst _
conposition of the invention has a nechanical strength, expressed as side
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said dianeter, the other 50% ahove it) o e . oxidic catal yst conposition
pr ef er abl y GONROSHEOR, @ q 6 E‘VEPB@%%@& apiced stangtheexprgssed as side

adsor pti on)erydiiR té’cFéH%cH E? rﬁ‘f%%’feﬂksﬁﬁﬁ\l %gd%l%f%%kﬁ)/ %P lat GQGROS I}Der nm

generally is at eas /'g, preterab nore pre

0.1-4 r1’0/g,(nnstasuredmnexmelbtﬂaabiﬂyaoilamelelﬁofm-zgnrrand rmst preferably of
0.1-2 m /g, as determ ned by nitrogen adsorption. To further increase the
mechani cal strength, it nay be desirable for the oxidic catalyst
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than 30% nore pre erably less than 20% e pore vo Urre (o) e catal yst
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rings, 18nd BEMEktifod TS YA igore diameter (50% of the pore volume is below
said diameter, the other 50% above it) of the oxidic catalyst composition
preferably is 3-25 nm, more preferably 5-15 nm (determined by N, adsorption).
The total pore volume of the oxidic catalyst composition generally is at least
0.05 ml/g, preferably 0.05-5 ml/g, more preferably of 0.1-4 mi/g, still more
20 preferably of 0.1-3 ml/g, and most preferably of 0.1-2 ml/g, as determined by
nitrogen adsorption. To further increase the mechanical strength, it may be
desirable for the oxidic catalyst composition of the invention to have a low
macroporosity. Preferably, less than 30%, more preferably less than 20% of the
pore volume of the catalyst composition is“‘in pores with a diameter larger than
25 100 nm (determined by mercury intrusion, contact angle: 130°).

The catalyst composition may have many different shapes. Suitable shapes
include powders, spheres, cylinders, rings, and symmetric or asymmetric
polylobes, for instance tri- and quadrulobes. Particles resuiting from extrusion,
30 beading or pelleting usually have a diameter in the range of 0.2 to 10 mm, and
their length likewise is in the range of 0.5 to 20 mm. These particles are
generally preferred. Powders resulting from spray-drying generally have a

median particle diameter in the range of 1 pm-100 pm.



pol yl obes, for instance tri- and quadrul obes. Particles resulting from
extrusi on, beading or pelleting usually have a dianeter in the range of 0.2
to 10 nmwanzio4inei r | ength |ikewise is in the range of 0.BCT/®P@Q7n¥m These
particles are generally preferred. Powde8s resulting from spray-drying
generally have a nedian particle dianeter in the range of 1 nm1 00 mmIn

I ts oxidic |stigtaxidit keatepttrl yathiyeataecatdng foothkhevéntisehaan hasayadiffradtian
diffraction pattern which is_essentially anorphous with crystalline peaks

at d=2.53 Raiiesn yhich 7 easentiply pragmhousnyihcrysialing paskst ati 9rs2.63 A 1ead
cat al yst cqﬁ_;go%gl on according to the invention wherein the netal
conponents have béen converted partly or wholly into their sulfides. In
that case, it is preferred for the catalyst to be essentially free from
G oup VLM ngn-nobl e, net al, di ?ul fi The G oup VIM non-noble netals are

preferably RIESENLEVERHEN FISR W‘F’??ei'a-ﬁ-tﬂém &2ty st oomRosiiamacegrdng iegthen t he
range of O-ir?ve"ntioﬁ wﬁéré?ﬁ@h@?na%% E%IWpBﬁgn ha\fe %eep@ve%é%ﬂ%ﬂ@%ly

tungsten, if present, are preferably at [east partly pres

sul fi ded cantal their sidfidés uhfthdbsasasit tsaprdferradtfer nhaedtdiyst te. lge es¥@Mially
Chrom um if presen I s.preferably at |east rtl resent sulfide (CrS
or Cr2S3) ,freg frog, %@L@et\@!‘ n‘?%BOlBIé, ”@t@': %'%ﬂ%ﬁscaﬁﬁéﬁo%r é@ir%ﬁﬂ'ﬁﬁble
process ThenQRS&R pidi@ibly B&s@h?@sﬁ@r&@ﬁ Vallly n%déﬂ@‘r‘mﬁét%gfs)rw@lﬁ ZW;Q%@% a

catal yst conposition conprising at lI'east one h-ho
conpondéft , imthe earge ohd.551 dy@stah betddtenvimednaynteg., ARD aMdibadetnuin wind% of

nbust i bl e hi nd terial b the total weight of t tal yst
conpost &1 ofNSENGCE DI ArRICE Bl S BARLREL) CErplan t4e Ruking capvet
| east 50 WasY%imlifides, @atddy Yo 86MRRAMd B £§!, ouRpt Ehramighi Feprestht ci3

process conprises contacting a Goup Vi non-nobl e nmetal conponent "and at
| east two @refgpably Bahdeast gamhonwesent ras mulfide s@iSe oof CaSa),otaisc canqbied,

wherein a el [ terial selected froma conbustible binder or
a precur so%ﬁrﬁh%gb&sggggg[)g?i or .to, during and/ or subsequent to the
contactygng of the nmetal conponents.

Catalyst preparation process

The present invention also pertains to a process for preparing a catalyst
composition comprising at least one Group VIII non-noble metal component, at
20 least two Group VIB metal components, and at least 1 wt.% of a combustible
binder material based on the total weight of the catalyst composition, the Group
Vil and Group VIB metal components making up at least 50 wt.% of the
catalyst composition, calculated as oxides, which process comprises contacting
a Group VI non-noble metal component and at least two Group VIB metal
25 components in the presence of a protic liquid, wherein a combustible binder
material selected from a combustible binder or a precursor thereof is added

prior to, during and/or subsequent to the contacting of the metal components.

For details about preparing a catalyst composition comprising at least one
30 Group VIl non-noble metal component, at least two Group VIB metal
components, the Group VIl and Group VIB metal components making up at

least 50 wt.% of the catalyst composition, calculated as oxides, reference is



For details about preparing a catal yst conmposition conprising at |east one
G oup VI M non-nobl e netal conponent, at |east two G oup VIB netal
conmponentv 02/M318x oup VIM and G oup VIB netal conponents PERER@UaIp4at | east
50 wt. % of the catal yst conposition, cal®%ul ated as oxides, reference isnade
to non-prepublished International patent applications PCT/EPO0/ 00354 and
PCT/ EPOO 003ade tdheoreprepublishée |ptevnationaigeatedt a@plicatione PATARP00/00354t hat
the netal conponents are reacted in the presence of a protic |iquid. Any
protic Ilqlﬁr@%T@F 89392t interfere with the reaction may be used.
Suitable |liquids include water, carboxylic acids, |ower alcohols such as
et hanol and propanol and m'xtures thereof. The use of water is preferred.
The at | easthea ¢druref et procrassmmerdisgmed!ttbinvetnltienps trez dlse avstalr cbmpomnentshe
ast one G up V.M ne | east .two

t t
Gt oup VBB 6 dreCRBrBRI=RRDE! ARG |G LIARLPRE GudiiSadossarati ) i 1
the sol 1d SARHErdIUHAOtINGRERSGPSPapS bEN sk OSiittle nﬂwés hBRideC RN MRy

i nvol ve three sol ute conponents, sol ute conponents and one at | east
partly sol mrbmy]horanws, bmrwbum@smqbbaemthandl and propaealsangantdyresol i d

conponents,, and_three_ at solid conponents. The reaction
i nvol ves prlaeienftHig dse OBWE %d?%{i?fﬁr'%g depending on the state of the

vari ous conponents, also dissolution and re-precipitation. Generally, there
are two possible ways of contacting the netal conponents with one another,
nanel y 18y ddwbahilerstathiee enetal r@mmerés alse@bnfpmmnrecess gotordingn to dhéor m a

reci pitate_ (hereinaft nat ed. as t|on route"), or. b

Conb! hi ng. dNPRBR DB 18 Tarape couRenih Tatel e Thenathentunleast supc
liquid wit f@r@upl\ﬁssmeweoﬂi dried eIz b@mwgahfe s@f@bpankaat p!aﬁ@sh tﬁért ly
in the solid stateeéherel nafter demgnated as the "solid route"). Thi

| atter routseligwjateedying the pepcess afliBedoventiash Thais éhe rerctiont mlaydnwpiuaent s
e O ¢ fitet, HIGROLIRAOHARR, WIS R SSHBLAGKs UNY Bhe RIES by 31 2

precipitate.
15 component, one solute component and two at least partly solid components,

and three at least partly solid components. The reaction involves precipitation,
and optionally, depending on the state of the various components, also

dissolution and re-precipitation.

20 Generally, there are two possible ways of contacting the metal components with
one another, namely by combining and reacting the metal components in
solution to form a precipitate (hereinafter designated as the "solution route"), or
by combining and reacting the metal components in the presence of a protic
liquid with at least one of the metal components remaining at least partly in the

25 solid state (hereinafter designated as the "solid route"). This latter route may be

preferred.

In the solution route, the metal components are completely dissolved when they
are combined and/or reacted to form a precipitate. It is possible, e.g., to
30 combine the metal components when they are already in the dissolved state
and then have them react to form a precipitate. However, it is also possible to
combine one or more of the metal components which are partly or entirely in the

solid state with further metal components. However, in this case, care must be



conbi ne the netal conmponents when they are already in the dissolved state
and then have themreact to forma precipitate. However, it is also

possi bl e woozoutis ne one or nore of the netal components whCTERPav@E7Rartly or
entirely in the solid state with furthertOnetal conmponents. However, in this
case, care nust betaken that the netal conponents which are partly or
entirely irakéme tisat ﬁhde sietdlecompdnetits siivie and erarily ©s enitirély it hiee rseid tstate

m xture. In gther s, at |east, once durin %glt he sol ution route process
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of the netal conponent sol uti ns to suc al ue that preci Ion 1
induced' (bgs addiutigna conpl exi ng agent during or after conbination of the

nmet al ent | utions onpl exi ng agent conpl exes one or nore of
t he rret rgcwtggglﬁpaﬁpb&«?%gqtg{?bgn €& the netals, and thereafter changing

t he react | qa) mﬂgmgomﬁe ﬁHCBuﬁﬁé? f(é?‘thn‘?blﬂétl&‘T' ofS e hbBad écﬂﬁ?onent

conpl exi ng agent releases the precipitation; (c) adjusting the
t enper at ur e qulutgbn@rtoaa‘uoma vaiubﬂhatprempdﬁtmxfnes melualecorrponent solutions to

| d; th t
S0t vent " aurPhInGE rotoBRAhAR GfUTTI SfeebieT COMBBHGHON <6t dos o huch
that precipi t&idn%bdc—%t'sm’lhﬁ‘(ﬁ% vifith %@%ﬂl@xﬂg%ﬁ%dﬁﬁﬂbxgé”dn@goph&y&r

conmbi nati on of the netal conponent sol utions to Induce precipitation
t her eofl0 wi t h the mﬂtaéﬁlt@@ﬁevemamren@ﬂaham afftbe pnetsipi ard éhéreattes ehangingy

I nsoluble in addi Xcess f either, of th onents
to such an exEtE%tr %e"tO% c’gggkotngtl ﬁ&UlP@&a uﬁﬁj BEtP'Flg ?Lf?téh f}P@f) €e.g.,
option (a) or dobiplédAg ta@ém?@eaye@ﬂ@ r'ﬁ@teﬂshﬁ%ﬂe@ifpltéﬂoﬁc' d to the reaction
m xture. However, it Is also possible to ad corrpounds whi ch upon the

t enper at ur d€) rAstustision ghei temaeeasiso sduring: @rhﬁﬁ%xplmbﬂmﬂil@mwf%e ometalwhi ch
i ncrease and %%p?cﬁ%%t%gﬁlti%'ﬁ's t6§88ﬁ“%t\}a\f§é M‘Iat'ﬁggBltgf?on s induced;

15 (d) lowering the amount of solvent during or after combination of the metal
component solutions such that precipitation is induced;

(e) adding a non-solvent during or after combination of the metal component
solutions to induce precipitation thereof, with a non-solvent meaning that
the precipitate is essentially insoluble in this solvent;

20 (f) adding an excess of either of the components to such an extent that
precipitation is induced.

Adjusting the pH in, e.g., option (a) or (b) can be done by adding a base or an

acid to the reaction mixture. However,“" it is also possible to add compounds

which upon the temperature increasing will decompose into hydroxide ions or
25 H" ions, which increase and decrease the pH, respectively. Examples of
compounds which will decompose upon the temperature increasing and thereby
increase or decrease the pH are urea, nitrites, ammonium cyanate, ammonium

hydroxide, and ammonium carbonate.

30 The solid route comprises combining and reacting the metal components, with
at least one of the metal components remaining at least partly in the solid state.
More in particular, it comprises adding the metal components to one another

and simultaneously and/or thereafter reacting them. Consequently, in the solid



conmpounds which will deconpose upon the tenperature increasing and thereby
I ncrease or decrease the pH are urea, nitrites, ammoni um cyanate, anmmoni um
hydr oxi dayo amasiasmoni um car bonate. The solid route conpriBeFEROrI734 ng and
reacting the netal conponents, with at |#ast one of the metal conponents
remaining at least partly in the solid state. More in particular, it

conpri ses addtegt idast oré ahetabopapenést it added ANGidtgyariymh ﬁﬂe@dhtﬂ%ﬁ@t@l’aﬁ{df
and/ or ther after reacting them Consequently, in the solidroute at |east

one et al threp%moreatam%a&{eq@apﬁrtiy inmthenzolisostate duene thentirg s
| | |
ent i 1 ecfengg'??gﬂ°ﬁ SR8 et at EaTpat I el Shitd ol 88 cBhfef el (P at
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;Sg :ores Y %gpaggieg'f“? ﬁrlpﬁr{)‘i’ﬂit%ﬁr % JArRRERENAS (Rpsen a RasaIEOLM the s i s
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| east partly present as a so and optiona par ' SSO
protic i qurdtxc liguids V\p'caqeltbdaenetal fsuatsleaqsir;wﬂy@rassmtsamassodld aid @pﬁehaﬂy

t d d.t dd, sinultaneously or successively,
gglrrE?IngE(S) 3{{h %b%ofﬁdtcﬂébgﬁﬁgtﬂéﬁ%'gg(g) COH‘;:)I’I sing metal conponent (s)
di ssol ved gpe¢H 9bs§|ﬁﬁaoﬁﬁﬂf=§i dr@péltéeaﬂd{& bﬁsﬂoh%‘ﬁ 8 -mébtal ic® o?x%n??r?ﬁ‘ldé)b?ot

first combine solutions either sinu neously or successi vel
subsequént |liguidicarcute tastd, sﬂepétaseouﬁls)orasdcmﬂsnmw bglusioh(s)i am(/ei: fetthdyer

I | | t tal conponent is
2t eact panps Eio T CEaBP gl melR (T TR i) TP sovER el MeSRRTISES Mo
metal conpaRentgrotdi Rduidl eltats | st ;ﬂ)%rslﬂlé/ td\ filkg %BHb%ét%lﬁtlb ”Qﬁlaer

critical. Thus it is possible for al onponents to be co I ne
the solid r&u@uéanQOluﬁiyaa@spﬂuC@asavelwe@m tq)aubssngenttyhad@cﬁmntmersmapensnon(s)

e e ol TR SRR Do 87 o Bl et e B,
one of 16he Aeieig eenakRert Dnesmatslesbrapoh@isis Malddsy partly e 1159 slofld Sétﬁifee
and, e.g., at least two and preferably two netal conponents are added in
the sol ut e dringdhe;selid route, the number of metal components which are at least partly
in the solid state is not critical. Thus it is possible for all metal components to be
combined in the solid route to be applied at least partly in the solid state.
Alternatively, a metal component which is at least partly in solid state can be
20 combined with a metal component which is in the solute state. E.g., one of the
metal components is added at least partly in the solid state and, e.g., at least
two and preferably two metal components are added in the solute state. In
another embodiment, e.g., two metal components are added at least partly in
the solid state and at least one and preferably one metal component is added in
25 the solute state.
That a metal component is added "in the solute state" means that the whole

amount of this metal component is added as a solution in the protic liquid.

As will be clear from the above, it is possible to add the Group VIII non-noble
30 metal component and the Group VIB metal component in various ways: at
various temperatures and pHs, in solution, in suspension, wetted or as such,
simultaneously or sequentially. It should be noted that it is preferred not to

employ sulfur-containing metal components, as these components and the



anot her enbodi mrent, e.g., two netal conponents are added at |east partly in
the solid state and at | east one and preferably one netal conponent is
added i nwoe2eghtite state. That a netal component is addeBCT/ERO(TE34s0l Ut e
state"” nmeans that the whol e anount of thi2s netal conponent is added as a
solution in the protic liquid. As will be clear fromthe above, it is

possi bl e t gegdidng heofuotspad Mobertalileliheelaionl t oxpgaenivhihdinidliRsAha &IV B
net al corrponent I N varl ous ways. at vari.ous terrper atures and pHS I n
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netal conponents, ese conponents a eresul tin s~ are not
stable in relation to oxygen, which inplies that all process steps
subsequent fq, the additiop of_ thi tal conponent, even those at a | ower
t enper afur eéu'tﬁtbllq W%%%S?IHBI%GJBHP ié'ge ’Eﬁ’fHQPanmeﬁ%’r ?O'Bpﬁﬁg'bqﬁépebe Sﬁ?ﬁa‘lﬂl e
wat er - sol U%ﬁ g%é’é% o ltHe ! ﬁc[ﬁteaéalfsomﬂeﬁ %ltFézteth%@r%f]eq Ri értaﬁgs

process of t nvent| on |nc u e sa su¢h as nitrates
nitrates, aohlaidesebydiated ahéatides| suifates, hysdxbtea:t eslfatby;iﬁoam@bas akthttes, or

f t t h ite t t | ubl kel d
Lobant - comiuReRheSE. SURe R SClyhs Hicke! Aus abal CORPEREHSanCEPat o
or mi xturesmﬁ&t@ée@m sakbtAss némlsﬁaemfeﬂﬂage%om extured kRkLBr Wat\gE S@l ubl e

I ron conponents include' iron acetate, chlori formate, nitrate, sultate
or m xﬂﬂremIGMrMmephabl Suikatde -waleisobibEe oiogn VtcBnpemm*tscmn‘mminemba

| ude G | t h kal i net al
Imr;(r:lolrjmfybd%é% ﬁn%h Puﬁﬁs@@q@? jﬁt?magug%r{no\&glrﬁw LQ'SPE]B?%O% sopo?y conpounds of
mol ybdenumgaiidible! Waséesolub ke Brédp NBBahERI Konspdidrils n‘i’cfluc‘l@@bu?qylf&bhfetal

het eropoly conpounds of nol ybdenum or tungsten conprising f e.g., P
Si, N, or sa@bs®uchoadiamionignt diealkali. msta tmbh@ﬂmb@ai@laudltengs’@m )as and

heteropoly n. Mol ybd cal s cal_dat
et o 0Pl Y SRR 2B SBal ol RSB S8 GEElEcbuch'
Cheni cak dahetatfigstis, adid] betwdteCdblubRaheRYbE61¢. cvapEIRE® of PeSlybdaHundre
wat er - sol ubl e chrom um corrpounds I ncl ude
tungsten comprising further, e.g., P, Si, Ni, or Co or combinations thereof.
Suitable water-soluble isopoly- and heteropoly compounds are given in

Molybdenum Chemicals, Chemical data series, Bulletin Cdb-14, February 1969

and in Molybdenum Chemicals, Chemical data series, Bulletin Cdb-12a-revised,

20 November 1969. Suitable water-soluble chromium compounds include

chromates, isopolychromates and ammonium chromium sulfate.

If the protic liquid is water, suitable Group VIl non-noble metal components
which are at least partly in the solid state during the process of the invention

25 comprise Group VIl non-noble metal components with a low solubility in water
such as citrates, oxalates, carbonates, hydroxy-carbonates, hydroxides,
phosphates, phosphides, aluminates, molybdates, tungstates, oxides, or
mixtures thereof. Oxalates, citrates, carbonates, hydroxy-carbonates,
hydroxides, phosphates, molybdates, tungstates, oxides, or mixtures thereof

30 are preferred, with hydroxy-carbonates and carbonates being most preferred.
Generally, the molar ratio between the hydroxy groups and the carbonate
groups in the hydroxy-carbonate lies in the range of 0-4, preferably 0-2, more
preferably 0-1 and most preferably 0.1-0.8.



chromat es, isopolychromates and amoni um chromium sul fate. If the protic
liquid is water, suitable G oup VIM non-noble netal conponents which are at
| east pam®y2/04118 he solid state during the process of thePCTEROING70H
conprise Group VIM non-noble netal conpdidents with a | ow solubility in

wat er such as citrates, oxal ates, carbonates, hydroxy-carbonates,

hydr oxi des, If e ppitiat Ie:;iud pdm&ﬂdan deftablel Groupal/es mamil ktbﬂ@bﬁ@ntst\m@ﬁtﬁeeét
oxi des, m Xt ur e
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and t he carmiideseayinuopsn isalts rmldsfctnmy(m@sbthaséca‘ Preferred depr\almmeiél 0-4

b 0-1 d f 0.1-0.8.f th
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conponents wth a | ow sol ubi | Ity I1n water, such as di- an trrox
car bi des, rinclugielesolgbdenumui-s ainds, triexidds , motybdentior esulfitier entblybﬂ’eﬁumr red
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mol ybddPe, asid yan;d cmakybdsnpm @li- HZND@K)XIde ammgl prafetred pRuibld dahgstear

v ot orred. st infie Ktdsterd Bt fioXile, JuSas SR vSh rat Wask: e
tungsten Slihﬁgét@n(déﬁ&dé%rt%&hn?sﬂdlﬂﬂét(HQV\@I*Pl'z@? tu(hpts{éh ﬁ|mtdr|&nﬁﬁurﬂ

(H2Wo4 20), tungsten nitrid um ni um tungstatée (also neta-
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If the protic liquid is water, the solubility of the Group VIl non-noble metal
components and Group VIB metal components which are at least partly in the
solid state during the process of the invention generally is less than 0.05
mol/(100 ml water at 18°C).
20
As indicated above, the combusﬁble binder material is added prior to, during
and/or subsequent to the contacting of the metal components. If the
combustible binder material is added prior to and/or during the contacting of the
metal components, it preferably does not interfere with the reaction of the metal
25 components. Generally, the addition of the combustible binder material
subsequent to the contacting, i.e. combining and reacting, of the metal
components is preferred.

The combustible binder material can be added prior to the contacting of the
30 metal components by, e.g., adding it to one or more but not all of the metal
components or vice versa, and by subsequently adding the not yet added metal

components either simultaneously or successively.



solid state during the process of the invention generally is |less than 0.05
nmol /(100 m water at 18C). As indicated above, the conbusti bl e binder

mat eri al w@ozeadesl prior to, during and/or subsequent to tPeT/EPoECI4 ng of
the metal conponents. If the conbustibl d4bi nder material is added prior to
and/or during the contacting of the netal conponents, it preferably does
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metal conponents by, e.g., adding it to one or nore but not all of
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added ngt al ej Itane successi er The
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material and the nmetal conponents or first combining the netal conpdnents
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obtained after the reaction of the metal conponents. However, it is also
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separatlon y\@% w]g step or any of the further process steps which wll
be di scusse In detail below Optional further process steps are, e.g.,
spr ay-dryi ng, (flash) drying, mlling, kneadi ng, slurry-mxing, dry or wet

m Xxi ng, cal CI ni ng and/ or sul fiding. m xi ng nmeans_ m xi ng the
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i ter - cakasaas SabRhfandZhnlbEW iy, <rEHMRY, ARG affl SEirtle. |\
15 Dry mixing means mixing the catalyst composition in the dry state wnth e.g., the
combustible binder material in the dry state. Wet mixing, e.g., comprises mixing
the wet filter cake comprising the catalyst composition and, optionally, e.g., the
combustible binder material as liquid, powder or wet filter cake to form a
homogenous paste thereof. Shaping comprises, e.g., extrusion, pelletizing,

20  beading and/or spray-drying.

Calcination, if any, is generally performed at a temperature of, e.g., from 100° -
600°C, preferably from 150° to 550°C, more preferably 150°C - 450°C, for a
time varying from 0.5 to 48 hours. The calcination can be carried out, e.g., in an
25 inert atmosphere or in an oxygen-containing atmosphere, such as air. A
calcination step may be carried out before the addition of the combustible
binder material to the catalyst composition, and/or after such addition. If a
calcination step is carried out subsequent to the addition of the combustible
binder material, care should be taken that the combustible binder material is not
30 decomposed during said calcination. This can be done by effecting such
calcination in the absence of oxygen, or in an oxygen-containing atmosphere at

a temperature below 230°C.



conbusti bl e binder material as liquid, powler or wet filter cake to forma
honogenous paste thereof. Shaping conprises, e.g., extrusion, pelletizing,
beadi ng amdbpo41spray-drying. Calcination, if any, is genepal/Epoyperisor ned at
a tenperature of, e.g., from100 - 600C19preferably from 150 to 550C, nore
preferably 150C - 450C, for a tinme varying fromO0.5 to 48 hours. The

cal ci nat i orSulfidaticn cany eed, betcared)out be cnriedent iatho gpbeoes of tlheltl)iquid
oxygen-cont ai ni ng, at nosphere, such as,air. A calcination step. e
carried outP 035 gpﬂ@rﬂ diSt PAIESs O%ch%?ﬂfﬁgtﬂ'?%%ée lﬂrﬁﬁéltaﬁ?ag/étg? %ISL{”&H he
catalyst comfsihligBompBtharsiitht 88 FrBnefdidiioR: hidrogef A HRADADSIEGP 1S
carried out sub'sec?ﬁen?q%t 0 thse addi tion o?ﬂ?he co’nb%s'??gﬁe L@? nder mat’eri al ,
care shoul dodiysulédes Theasulfidationebogdnaralibbadarriediont iralsiti andddr eesidaposed
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t enper at ur gnkes&yard®Ofeaidr pribiitb ARe Galfided: &tavgpcmbbgiﬁgn fygﬁnoggﬁagéﬂriht%d out

in the gaseous or the liquid phase. It generally is carrie
cont act i ng thRe hydeapirpcessirg wunit. Fwihdrmarentihi isi ryefesrgsbuthdt sibeh cadalyst

el ementary [ dr n,sulfide S, gr polysulfides. The sulfidation
can generalf%é‘gs'%%{rﬁ%@ﬁ%ﬂ BP%%F@%/’%FE%X situ. Preferably, the
sulfidation is carried out ex situ, i.e. the sulfidation is carried out in

a separate reactor prior to the sulfided catalyst conposition being |oaded
into tH® hyfdArdpribeedsiallg indespecteftheseduaher pracespisigps, referenca is made

dotai s i n PaepepieRphTha oteBHaBR vheEidbb italits PRopEPInRae G,
non- pr epubl"Ceheigst ptepanatioro pedcasat aiidedPProcads! Siep @@T éEE’O‘P/uﬁﬂéE%{)(iBﬁéld' ng
"Cat al yst preparation ';)rocess" under "Process step (1i)" and "Further

optional priRyeERss s’slt%?%' )a%da(ﬁ_UﬁWQ%S@‘e@H?wdi"ﬁgocqsﬁo@éébeomVEh@On"
mat or al o) s R e G 2 o reans one o more
conbustiEbl e bi nder(s) or precursor(s) thereof. If the conbustible
"A combustible binder material" in the sense of the present invention means
one or more combustible binder(s) or precursor(s) thereof. If the combustible
binder material comprises more than one combustible binder or precursor
thereof, each binder or binder precursor can be added at any stage prior to,
20 during or subsequent to the contacting of the metal components. One binder or
binder precursor may, e.g., be added prior to the contacting of the metal
components and another binder or binder precursor may be added subsequent
to the contacting of the metal components.

25 At least if the combustible binder material consists essentially of a combustible
binder precursor, the process generally comprises a step in which the
combustible binder precursor is converted into the corresponding combustible
binder. Such a process step may be, e.g., pyrolysis in an inert atmosphere
leading to the at least partial carbonization of the binder precursor. Preferably,

30 the inert atmosphere comprises an inert gas, such as nitrogen. Most preferably,
the inert atmosphere is essentially free of oxygen. Such pyrolysis preferably is
carried out at a temperature of 300° - 600°C and more preferably 350° - 600°C.
In principle, also higher temperatures may be applied for the conversion of the



bi nder material conprises nore than one conbusti bl e binder or precursor
t hereof, each binder or binder precursor can be added at any stage prior
to, durimgooroswbsequent to the contacting of the netal cpapepeni’si4 One
bi nder or binder precursor nmay, e.g., belGadded prior to the contacting of
the netal conponents and anot her binder or binder precursor nmay be added
subsequent aoobustibbobinget precussort ingo thet mmbosrmmeexlnckar Howewastin iordetmot
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Such a process step may be, g., pyrolysis in an inert atnosphere |eading
to the at |$é<d@ﬁ mﬁsomaﬂhecfenmmaweurangeﬁ fqrrtbemymdlgsuspmécdmmd orPthef #ypabl v,

t he inerpt t her i ses an inert ch as n og

prefera ij% t?‘? ﬁtle %’%@pﬂ@%‘@% %’?B@S(Faa?n c,ainegag b;ﬁegﬁrmlggghby,
pyrolysis . fm@m rg@,ngaﬁélagg|ygqg(m,q)a tenperature of 300 - 600C and nore
preferably 3 0 - 600C. In principle, al'so higher tenperatures my be

applied for the conversion of theconbustible binder precursor into the

nbust i bl t to h b furth t al. yst
const t uent B FResroRAER e BB obe bl T bES s FarbL ETh iy id
carried outcannbé kerf¥esaneat afl IHGRBF tHS prbedsPef ﬁﬁé m%htné@ shb@e&!férﬂt' t8d
person, the tenperature ranges for the pyrolysis will depend on the type of

conbustiPbl dheiadditionektha sembasiibleykindenprassirsaradi @ ynm@lraezfga m:mnfgtstﬂylebl
t e
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stage of thiestit pesfesedf the invention subsequent to the addition of the
conbusti bl e binder precursor. If a mxture of a conbustible binder and a
conbusti bl e bi nder precursor is enployed, performng a pyrolysis is still

preferred. I |nt;|§|f$r ﬁﬂ{]g) '
precur sor may be sgrﬁgj gl?%jcaH{ngsngrge)gﬁj}egr?‘?vﬁ%t h, t'bﬂ:’r b ;b%%%@]ﬁgr %%vj%_
ni t r ogéh- caubgEoked gta oapaaadson nwithdee.d. 0 phirbsp)‘dmus- fcorncmtrcgauh-cghfamﬁgl nto
t he conbusti bl e bi nder
ompounds in order to introduce functional groups into the combustible binder

(precursor).

The combustible binder material can be added, e.g., as a liquid or powder. In
20 this case, the catalyst may, e.g., be prepared as follows: In a first step, the
metal components are contacted and reacted via either the solid or the solution
route. The progress of the reaction may be monitored by XRD, pH change, or
any suitable manner used in the art. The catalyst composition is isolated via
filtration, after which the filter cake is wet\ mixed with the combustible binder
25 material. The mixture is shaped, e.g., by extrusion, and the shaped particles are
dried and optionally calcined and/or where appropriate subjected to a pyrolysis
step. Optionally, the resulting composition is sulfided. The catalyst may also be
prepared by the successive steps of adding the combustible binder material
prior to or during the contacting of the metal components according to the solid
30 or the solution route, isolating the catalyst composition via filtration, shaping the
filter cake, e.g., by extrusion, drying, and optionally calcining, pyrolysing, and/or
sulfiding the resulting composition. If the combustible binder material is a

combustible binder precursor, the process embodiments will generally comprise



(precursor). The conbustible binder material can be added, e.g., as a
liquid or powder. In this case, the catalyst nay, e.g., be prepared as

fol |l ows: waon0f1i18 st step, the netal conmponents are cont acP€UERNdTHact ed
via either the solid or the solution rodve. The progress of the reaction
may be nonitored by XRD, pH change, or any suitable manner used in the art.
The cat al ysatsteprpeanivedrthe sonsmistibé&dbivider oiréduradr imto tiad tembustisle biheef i | ter
cake is wet mxed with the conbustible binder material. The m xture is
shaped, e. §:9- BPYEXY¥'8si on, and the shaped particles are dried and
optionally cal cined and/ or where appropriate subjected to a pyrolysis step.
Optionally, the resulting conposition is sulfided. The catal yst nay al so be
prepar ed bhiteheatyet esshapedstapsusiibladididey néeriebcdrube idmh@lopedorichnes ar i al
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pyrolysis. p&éser@atthéels}sapadseamsﬁe@tﬁhaéﬂ et iTed R lal Cé‘?taW’st
enpl oyed, Such as a sha carbon carrier. In this case, the neta

conpon&ht s cpmpositiopl )’Sus;ﬁ@ sbwatcemhustlbl@eblpdesmﬁerlaifprefmablydImIa pore
conbusti bl e _bi nder ter| f the netal are cont act ed

accordi ng %’8Ib Ogcﬁ ?{f‘%t @LPOIU!IQ ma& Rﬁegﬂﬁg&ngpﬁgli?’ mﬁ?d %W&BSW% by

non- nobl e ARtcGYen \@dsbrmr&dom @,ﬁaﬁéu eenecabrd bifddrhendarfigh ddn tdiso shaped
conbusti bl e binder material in the final catalyst conposition. Such a
shaped conBUwioRc ibithaesolidatatealn ghist easal §-dhathea irk coginemendiwkich | east
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the sol§d nithttee ddmblhlstml@b&ﬁterﬁ?ngtenal %mﬂfeaiewﬁn@oﬂﬁaﬁed/\lﬁa@éhélm bs at

| east partly in the solid state may be co- shaped, g., Cco-extruded
contacted with the metal components which are employed in the solute state.

Use according to the invention

The catalyst composition according to the invention can be used in virtually all
20 hydroprocessing processes to treat a plurality of feeds under wide-ranging
reaction conditions, e.g., at temperatures in the range of 200° to 450°C,
hydrogen pressures in the range of 5 to 300 bar, and space velocities (LHSV) in
the range of 0.05 to 10 h™'. The {érmi{ “hydroprocessing” in this context
encompasses all processes in which a hydrocarbon feed is reacted with
25 hydrogen at elevated temperature and elevated pressure, including
hydrogenation, hydrodesulfurization, hydrodenitrogenation,
hydrodemetallization, hydrodearomatization, hydroisomerization,
hydrodewaxing, hydrocracking, and hydrocracking under mild pressure
conditions, which is commonly referred to as mild hydrocracking. The catalyst
30 composition of the invention is particularly suitable for hydrotreating
hydrocarbon feedstocks. Such hydrotreating processes comprise, e.g.,
hydrodesulfurization, hydrodenitrogenation, and hydrodearomatization of
hydrocarbon feedstocks. Suitable feedstocks are, e.g., middle distillates, kero,



with the conbustible binder material, and the resulting shaped material can
be contacted with the netal conponents which are enployed in the solute
state. Useoawegigling to the invention The catal yst conposPCT/@RO1Z0CH di ng to
the invention can be used in virtually a8 hydroprocessing processes to
treat a plurality of feeds under w de-ranging reaction conditions, e.g., at
t enper at ur d¥phiha, heaquany gasioilgoand beasy gasijidr Ggerentiersa presedsncarditiormnge

of 5 to 300 p I1i " in th ] QL 0.05 to 10 h"
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hydr odear omat i zati on, hydroi soneri zati on, hydrodewaxi ng, hydrocracking, and
hydrocracki ng under mld pressure conditions, which is commonly referred to
as m | d hyRes/cling ipnocessf thatimletgionconposi tion of the invention is
particularly suitable for hydrotreating hydrocarbon feedstocks. Such
hydrotreati ng processes conprise, e.g., hydrodesul furization,

hydr odeni tr ' ' ' s r Ks.
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oil's, and lmavgasisbeiremovednivemi thenehtapyst eesspasitich by cnshemmaleegtardrited,
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above, the binder the ¢ € present ['nvention can
easi |y be mzbla edefal compenerdt atylest dwpoSroupnViB/ raetahezomponesatanenta.

Consequently, the present invention also pertains to, a process for
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and a conbusti bl e binder, which process rises t y treating the
used o5 temperature of at least 300°C. Preferably, the thermal treatment is carried out in

air. Preferably, the temperature is chosen above 400°C, more preferably above
500°C, even more preferably above 600°C, and most preferably above 700°C,
but preferably below 850°C. The resulting Group VIB metal components and
Group VIl non-noble metal components may be recovered in any conventional

20 way, such as is described in Catalysis Today, 30 (1996) 223 (review of E.
Furimsky, Spent refinery catalysts: environment, safety and utilization, chapter
4.1.1). It is noted that irrespective of the method chosen, the recovery process
is simplified significantly by the absence of a binder.

25 Characterization methods
(a) Side crushing strength (SCS)

First, the length of, e.g., an extrudate particle is measured and then the

extrudate particle is subjected to compressive loading (25 Ibs in 8.6 sec.) by a
movable piston. The force required to crush the particle is measured. The
30 procedure is repeated with at least 40 extrudate particles and the average is
calculated as force (Ibs) per unit length (mm). This method is applied to shaped

particles with a length not exceeding 7 mm.



wast e catal yst conposition in an oxygen-contai ning atnosphere at a
tenperature of at |east 300C. Preferably, the thermal treatnent is carried
out in aiwooRegii®erably, the tenperature is chosen above 4POTEPoMN7E34

pref erably above 500C, even nore preferdBly above 600C, and nost preferably
above 700C, but preferably bel ow 850C. The resulting Goup VIB netal
conponent s (andoE walpmd (M radsarptibre) met al conponents nay be recovered in any

conventional way, such as, is described in al ysis Today, 30 (1996) 223
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chosen, the recovery process I1s sinplified signiticantfy by t sence of
a binder. {®&Bxdterization nmethods (a) Side crushing strength (SCS) First,
the length of, e.g., an extrudate particle is nmeasured and then the
extrudate particle is subjected to conpressive |oading (25 Ibs in 8.6 sec.)
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The procedur'e is repeated with at |east 40 extrudate particCles and the
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(University of Technol _(l})eg%/ Delft 1969).T (c) Stability of the conmbusti
bi nder 1Qi a of Hbe esynbustinde wirdermis| ipsbe te Fithsiredetads @bosailésAicarabe

presel ected_at mosph at_a i e, .f.~10C/ m nute and the mass change
of the sang?lén%s’gpéic’:gﬂ(?g&’gggﬁaﬁgﬁééﬁﬁhgggpisel ected at nosphere chosen was
t he gas conposition, in which the stability of the conmbustible binder is to

be tested. Further details about TGA can be found n Appl. Chem, 52-1 ,
2385- 2391 (doGaybon enntert bon cont ent

To determine its carbon content, the catalyst composition was subjected to
15  heating in an induction oven under an oxygen flow. Any carbon contained in the
catalyst composition was thus oxidized to carbon dioxide. The carbon dioxide
was analyzed using an infrared cell with a detection system based on CO, IR
characteristics. The resulting signals were compared with the signals of
calibrated standards to obtain the amount of carbon dioxide and thus the

20 amount of carbon contained in the catalyst composition.

The present invention is illustrated by the following examples:

Example 1
25

A mixed metal composition was prepared by the solid route from nickel
hydroxycarbonate, MoOs;, and H,WO4. The resulting precipitate was filtered and
a wet filter cake was obtained containing about 20 wt% MoOQOs3;, 40 wt% WOQO;,
and 40 wt% NiO (determined after calcination at 300°C in air).

30 A combustible binder precursor was prepared from furfuryl alcohol by mixing
200 ml of furfuryl alcohol with 200 mi of water and 1 ml of concentrated sulfuric
acid, slowly heating the resulting mixture to 90°C, and keeping it at 90°C for 10
minutes. A two-phase system was obtained. The organic phase (containing the



To determine its carbon content, the catal yst conposition was subjected to
heating in an induction oven under an oxygen flow. Any carbon contained in
t he cat alw@v2/eamposi ti on was thus oxidi zed to carbon di oxPGREPTiINg73ar bon
di oxi de was anal yzed using an infrared @Il with a detection system based
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(contai ning thepol yfurfuryl alcohol) was separated fromthe agqueous phase
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wet filter Thekeatafyst kemposttibnmeaadla sidepasishingnsteength dSC astes Galpstmneld wi th
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catal yst composition by
15

Example 2

A catalyst composition was prepared as described in Example 1, except that the
resulting composition was heated at 420°C in flowing nitrogen for two hours to

20 convert the combustible binder precursor into a combustible binder. The side
crushing strength (SCS) was 5.8 Ibs*mm™. The carbon content of this catalyst
composition was 4.4 wt%. It could be confirmed by TGA that the catalyst
composition is stable under hydrogen atmosphere (50 vol% of hydrogen in
helium) up to a temperature of 370°C. It could further be confirmed by TGA that

25 the combustible binder can be removed by heating in air in a temperature range
between 350° and 700°C.



heating in air in a tenperature range between 250 and 700C. Exanple 2 A
cat al yst conposition was prepared as described in Exanple 1, except that

t he resulwonyoaesrposi ti on was heated at 420C in fl ow ng nPCT/RBE773Ir two
hours to convert the conbustibl e binder 2fpfrecursor into a conbustible

bi nder. The side crushing strength (SCS) was 5.8 | bs*nm 1. The carbon

cont ent of QdmparativalExsmmerposition was 4.4 w% It could be confirned by
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the Group VIMand Goup VIB netal conponents neking up at |east 50 wt. % of
t he caf@l yst conposi tion, calcul ated as oxides. 2. The catalyst conposition
of claim1 wherein the Goup VIMand Goup VIB netal conponents nake up at

| east 70 wt. % of the catal yst conmposition, calcul ated as oxides, preferably
at least 90 wt.% 3. The catal yst conposition of claim1l or 2 which

consi sts essentially of at |east one non-noble Goup VIMnetal conponent,

at least two Goup VIB




metal conponents, and at least 1 wt.% of a conbustible binder material. 4.
The catal yst conposition of any one of the preceding clains wherein the
G oup VI Waonesioshl e netal conponent conprises cobalt, ni cCREI/EPOWION4 or
m xtures thereof. 5. The catal yst conpo Ption of claim4 wherein nickel and
cobalt make up at least 50 wt.% of the total of G oup VIM non-noble netal
corrponents,C@mﬁ erably at least 70 wt.% nore preferably at |east 90 w. %
nost preferably substantially all of the G oup VIM non-noble netal
conponents, cal culated as oxides. 6. The catal yst conposition of any one of
the precediing & catalyshbempiositiohesd@npriginy/bBlart aneamaosietGeupVilisestHt
| east two of nol ybdenum tung{sten anc\4chron‘i um 7 . The catal yst

KyidPe

conposi tion of CEMROREAL i deasiiWRSP sl qampRReIis mkkalgast 1 Médst 50

wt . % of -t he tot.al : > th: t

wt . % rr5Dre pr ePgra agﬁf)rya’atg H@gé@ﬁ d%ﬁt?w@nﬁgg %tgfgpéfg@ﬁ@géﬁ%%t%h??a Fégal I
of the G oup VbRowsals thmrpof)ethies GroapcViibtaed @roapi UHS . m8tal Tdmpeteritgst
conposition of any one of the ecedi ng cl ai ns, wherei n the conbusti bl e

bi nder nat eri afMarkinNG L{f’o%d%@ﬂbgé ‘Hf-rfdé’? the catalyshcomnasiian, ralsulatesc assor
whi ch, for thecpjgRustible binder precursor optionally after pyrolysis,
conprises carbon as its major conponent. 9. The catal yst conposition of
claim 8 wherein the conbustible binder material is or is derived froma

conmbust | bl ¢ bi gder precursor ich_.c rj ses an prganic I r.sel ed
From the gloup 196 SRRYSECYTBRF PR CE Bk eran Beitpall b fyaie Hianes.
cel | ul ose and ?r?tﬁéb’ééﬂn}é%ﬁeh&erh%%u aineRt 78] R 6 oftie thdlyit BAdSHdH T Y!
al cohol , styrenedi vi nyl benzene copol yners, phenol resins, furan resins,
pol yi mi de r esi nglcuftey psenydam prefesably at f[dasti@0iwt.Yoans, and pol yur et hane

foanms. 10. The catal yst conposition of any one of the preceding clains
wherei n at

3. The catalyst composition of claim 1 or 2 which consists essentially of at
15 least one non-noble Group VIII metal component, at least two Group VIB
metal components, and at least 1 wt.% of a combustible binder material.

4. The catalyst composition of any one of the preceding claims wherein the
Group VIII non-noble metal component comprises cobalt, nickel, iron, or

20 mixtures thereof.

5. The catalyst composition of claim 4 wherein nickel and cobalt make up at
least 50 wt.% of the total of Group Vil non-noble metal components,
preferably at least 70 wt.%, more preferably at least 90 wt.%, most

25 preferably substantially all of the Group V!l hon-noble metal components,

calculated as oxides.

6. The catalyst composition of any one of the preceding claims wherein the
Group VIB metal component comprises at least two of molybdenum,

30 tungsten, and chromium.

7. The catalyst composition of claim 4 wherein molybdenum and tungsten

make up at least 50 wt.% of the total of Group VIB metal components,



| east part of the netal conponents is in the sulfided form 11. A process
for preparing a catal yst conposition according to any one of the preceding
cl ai ms, whdetoqun®cess conprises contacting at | east one (POLEPM/I773¥0Nn- nobl e
nmetal conmponent with at |east two Goup29l B netal conponents in the
presence of a protic liquid, wherein a conbustible binder material selected
from a conbust ippeferdbindslr lexsta7Pretw, Smroré f’m’@@‘abiys atddeast 1901 ait.9%,0mekir i ng
and/ or subsequent to the contactinpg.of the metal conponents. 12. The
process of cl aiPrgfeiakinsHBsRNEBY a@toif,%e Group Y| Bepaial componentss calsiated es
conbi ni ng and rgagkidg the netal conponents in solution to forma
precipitate. 13. e process of claim 1l wherein contacting of the netal
conmponent s conprises conbi ning and reacting the netal conponents in the

resence of, a protic ui d, | east met al conponents

F emai i ﬁg | 486t C a}a!yﬁf‘yom%ﬁ@ns%t el 9ﬂ§t%‘q§armﬁae IRg dAMs whefepdss. 14.
The process o cBRIORNBIEObirfded! ydrdal 13 uhebRbstble! BRdEPTRUE! thBuStHIEe!
mat eri al conprises a precursor o a conbus e |nder e precursor

converted i nt o bindssninestisarewbichddor ¢ e:onmicﬁtiblearbmdéi p@mersmromﬁmadw

cl ai m 14 wher e| the@)r ecur sor . of thE conb stible binder is converted into
the combusti bl &6l REEYSS, SYPRISRS GPAN AT TSHBRIOT SOMRINERe at a tenperature
in the range of 300-600C. 16. The process of any one of the preceding

claims which conprises a sulfidation step. 17. Use of the catalyst
conposil®i of. of Thkeaicatalyst1oompositioa bf/dzimm o&eabenegw dheh;zdmlm:latlblen binder

feedst ocks. 18. A cess for,the r clin wast e cat t
conposi tion comﬁth?'Oés P gerived ﬁSﬁ" B‘I%énqr?ﬁ%g?e et%{”@?r PEESHIBO Y alygﬁ and

a conbusti bl e RopfekesWhghei argib C Mt CuBEtedes i | afst droMp”e
carbon as part of t he conbustible binder, based on the total weight of the

polyacrylonitriles, bakelite, polyamldes polyurethanes, cellulose and

derivatives thereof, hemicellulosic materials, polyfurfuryl alcohol, styrene-

15 divinylbenzene copolymers, phenol resins, furan resins, polyimide resins,

polyphenylene resins, phenolic foams, and polyurethane foams.

10. The catalyst composition of any one of the preceding claims wherein at
least part of the metal components is in the sulfided form.
20
11. A process for preparing a catalyst composition according to any one of the
preceding claims, which process comprises contacting at least one Group
VIl non-noble metal component with at least two Group VIB metal
components in the presence of a protic liquid, wherein a combustible
25 binder material selected from a combustible binder or a precursor thereof
is added prior to, during and/or subsequent to the contacting of the metal

components.

12. The process of claim 11 wherein contacting of the metal components
30 comprises combining and reacting the metal components in solution to

form a precipitate.



catal yst conposition,

or waste catal yst conposition in an oxygen-containi ng atnosphere at a

t emrper at we opb41a8

or waste catal yst conprises at |east on@4G oup VI M non-nobl e netal
conponent and at |east two Group VIB netal conponents, the Goup VIMand
G oup VI B &k alTheoppagesst of mikimd Tupheteih ezsttagiingvof dhef melta carmpoyants
conposition,
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14.

15.

16.

17.

18.

19.

cal cul ated as, oxi d

comprises combmln'g &hd reacting the metal components in the presence
of a protic liquid, with at least one of the metal components remaining at

least partly in the solid state during the entire process.

The process of any one of claims 11-13 wherein if the combustible binder
material comprises a precursor of a combustible binder, the precursor is

converted into a combustible binder after addition.

The process of claim 14 wherein the precursor of the combustible binder is
converted into the combustible binder by pyrolysis in an inert atmosphere
at a temperature in the range of 300°-600°C.

The process of any one of the preceding claims which comprises a

sulfidation step.

Use of the catalyst composition of claims 1-10 for the hydroprocessing of
hydrocarbon feedstocks.

A process for the recycling of a used or waste catalyst composition
comprising a Group VIII non-noble metal, a Group VIB metal, and a
combustible binder, wherein the catalyst comprises at least 1 wt% of
carbon as part of the combustible binder, based on the total weight of the
catalyst composition, which process 66mprises thermally treating the used
or waste catalyst composition in an oxygen-containing atmosphere at a

temperature of at least 300°C.

The process of claim 18 wherein the used or waste catalyst comprises at
least one Group VI non-noble metal component and at least two Group
VIB metal components, the Group VIl and Group VIB metal components
making up at least 50 wt.% of the catalyst composition, calculated as

oxides.

whi ch process conprises thermally treating the used

| east 300C. 19. The process of clai m 18r@hverPaint7ishe used



