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PCT/ EP97/ 01173 PROCESS FOR PREPARI NG A LARGE PORE HYDROPROCESSI NG
CATALYST The present invention pertains to a process for preparing a
| ar ge pore hydroprocessing catal ysts fromspent small pore

hydr oprocessi g ¢abghyst. The present invention 5 addi t i oreriEpsmOeIBai NS
to the | arge-pore hydroprocessing catal yst thus obtained, and to t he
use thereof in the hydroprocessing of hydrocarbon feeds. In

petroleumrefining, there is |arge-scale use of catalysts in the

hydr opr ocessi rRROEESS FOR PREPARINGOD hARGERORE HYBRORRCERESMNGGATALYSuch as
sul phur - cont ai ni ng conpounds, 10 ni trogen-containi ng conpounds, and,
optionally, contam nant netals, such as nickel. vanadi um and iron.
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hydrogenation netal conponent, e.g., cobalt or nickel, on a refractory
oxide carrier. The oxidic support generally consists of alum na, optionally
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The catalyst may additionally comprise other components, such as phosphorus.

20 During the hydroprocessing of hydrocarbon feeds, the activity of the catalyst
decreases. This is caused, int. al, by the accumulation on the catalyst surface of
carbonaceous and sulphurous deposits, which are generally referred to as coke. The
accumulation of these deposits is detrimental to the activity of the catalyst. Therefore,
a coked-up catalyst is commonly regenerated after a certain period of use by burning

25 off the coke, which renders the catalyst suitable for reuse. However, this process of
use and regeneration by coke removal cannot be kept up indefinitely. This is because
during the use of the catalyst other, irreversible, processes also take place which
detrimentally affect the catalyst's activity. For example, the dispersion of the
hydrogenation metals through the catalyst composition decreases during use, which

30 leads to a catalyst with decreased activity. Further, if the catalyst is used for the

- hydroprocessing of feedstocks containing contaminant metals such as vanadium,
nickel, and iron, contaminant metal deposits will form upon the catalyst. Additionally,
during catalyst use, the particie strength and the fength of the particles decreases.



hydr ogenati on netal s through the catal yst conposition decreases during use,
which 30 leads to a catalyst with decreased activity. Further, if the
catal yst is used for the hydr opr ocessi ng of feedstocks cont ai ni ng
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Thus, in the life of each hydroprocessing catal yst there cones a tine when
regeneration by coke renoval is not suff2cient to regain a catalyst with
sufficient catalytic activity, and the catal yst nust be replaced. The
so-cal | ed spent hydr opr ocessi ng catal yst then has to be di sposed of.
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metal s recl M Wg Wéggﬁg@qq\sm@_ls but also the contaminant metals. Obviously, metals
reclaimers are primarily interested in spent catalysts containing substantial amounts of
contaminant metals, and far less so in catalysts which have been used for the
hydroprocessing of lighter feedstocks and so contain no or hardly any contaminant

15 metals. This means that it is even more difficult to dispose of spent hydroprocessing

catalysts used for hydroprocessing lighter feedstocks than of hydroprocessing
catalysts used for hydroprocessing heavy feedstocks. In any case, both landfilling and
metals reclaiming are expensive.

20  Another option which has been considered in the art is the reuse of spent catalyst to
form new catalyst compositions. Such a process is known from US 4,888,316, in the
name of Phillips Petroleum Company. In this reference a process is described in which
a substantially dry spent hydroprocessing catalyst comprising hydrogenation metals, a
support material, and coke is ground. The ground product is mixed with an alumina-

25 containing binder, after which the mixture is shaped. The shaped particies are
subsequently subjected to a temperature treatment to remove the coke from the
catalyst composition. In a specific embodiment, the decoked particles are
subsequently subjected to a high-temperature calcination step which is carried out in
such a manner that the resulting catalyst composition has a larger portion of pores in

30 the 5-60 nm range than the product obtained after the removal of carbonaceous



20  Anot her option which has been considered in the art is the reuse of

spent catalyst to form new catal yst conpositions. Such a process is
known from US 4, 888, 316, in the nane of Phillips Petrol eum Conpany.
In this reference a process is described in which a substantially dry

spent hydropr aserdseg cat al yst conpri si ng hydrogenati on net aPET/ERI7O1173
support material, and coke is ground. The ground product is mxed with an
al um na- 25 cont ai ni ng binder, after which the m xture is shaped. The
shaped particles are subsequent |y subjected to a tenperature treatnent
to renove the coke fromthe catal yst conmposition. In a specific

enbodi nent, the decoked particles are subsequently subjected to a

hi gh-tenperature cal cination step which is carried out in such a

manner that the resulti n% catal yst conposition has a Iar(];er portion of
pores in 30 wdeposiiscSaigmhighirig@penatie tGricination UReP dbt plesbYafcrEied ot Aeoval
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deposi ts. Sal dhis refereneenis dhat it reauires fasilitigs fos haagling @?ﬁ'@?‘@ﬂ“ﬁlﬁ?ﬁ?‘yﬁaﬁ’w 8¢ out
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t he process descri b his reference is that it requir

facilities®f oP’??éH’dﬂ“Pr\'@;’ﬁ?REt ddeelth. mafly and snvropmgptal (HRK) hazards. 'fﬂ"@%ﬁt in
a normal hydr %&Qﬁ@ﬁi&hﬂ&hmﬁﬁﬂ bbtained bp I«wbmcés‘s ddsBbegaf Whis sferafel ioganal

5 precautions |n re(s’gect of ealth gﬁel{sﬁ and envi rongent al ("‘89"%
hazards. Furt g} Shqw adsquate glrength, fgrqtt i, d 17 2 SAYREICih PLACARRY the
process descrlhbmdgeﬁbstbe&eR:efawsmeimes not show adequate strength
for it to be edln i s the neity of

t he catal yst E?°§?\P&9'e presem?'ﬁ‘é "&8’:’363&? f% wo&gsgggrﬁreqqqg%"?%gﬁ-ppa? to
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whi ch does show adequate ren eneous q
can be produced wrthout the need for additional equipment or HSE measures for

handiing coke-containing catalyst dust.

15  The process according to the invention comprises the following steps:
(a) a hydroprocessing catalyst comprising at least a hydrogenation metal component
on a support comprising at least 50 wt.% of alumina and carbonaceous and
sulphurous deposits is subjected to a thermal treatment at a temperature in the range
of 200° to 600°C in an oxidising atmosphere to remove at least part of the
20 carbonaceous and sufphurous deposits from the catalyst,
{b) the hydroprocessing catalyst from which at least part of the carbonaceous and
sulphurous deposits have been removed is ground to form particles with a particle size
of 300 microns or less,
{c) the ground hydroprocessing catalyst is mixed with at least one additive,
25 (d) the mixture of additive and ground hydroprocessing catalyst is shaped to form
particles of a new hydroprocessing catalyst,
with the product of at least orie of the steps (a) through (d) being subjected to a high-
temperature calcination step in order to increase the MPD of the spent catalyst by at
least 0.5 nm, as dstermined from the mercury intrusion curve determined at a contact
30 angle of 140°.



can be produced w thout the need for additional equipnment or HSE neasures
for . handl i ng coke-contai ni ng catal yst dust. 15 The process
according to the invention conprises the foll ow ng steps: (a) a
hydroprocessing catal yst conprising at |east a hydrogenation netal
conponent  woors3ger@ Support conprising at |east 50 w. % ofpcalmrereigiand

carbonaceous and sul phurous deposits is subjected to a thernal
treatment at a tenperature in the range of 200 to 600[err]C in an
oxi di sing atnosphere to renove at .| east part of the 20 carbonaceous and
sul phurous deposits fromthe catalyst, (b) the hydroprocessing

catal yst fromwhich at |east part of the# carbonaceous and sul phur ous
deposits have been renoved is ground to formparticles with a particle size
of 300 m crons or |ess, (c) the ground hydroprocessing catalyst is

mxed with at |east one additive, 25 (d) the m xture of additive and

d hyd | f
yar opr osesd 4B RS 8 sk spefnchRR s dibreuiligh MpD SRl of hfERa o) "
steps (a) t ldamegér. whichblor acataliist with @dnenpniedal pore size disttibtmp&.riatdsﬁrmed as

cal ci nat ' ON y3d ﬁ&e Rt \é\vhfa? 564 & tolalSort Vhufe i E&(ﬁrﬂ%ém@@ i e?:%ré)y at

| east O. nm as etermn romthe nmercury intru ned at
a cont acﬁ 3@liamedercheiovothis) vatecand 50% of the total pore volymeds presentin pores with a

PCT/ EP97/ 01143 diameter above this value. The spent catalysts used as starfing materiaf are
In the cont (Ja\pxt of the present specif |cgt|on t¥1 %rew atl%gn MPD st ands for

mean pore usuallydnenasiasal catplydn with substantisihe ng gtraqmqﬁe ¥olymroRBRRIMINGAE si ze
di stributi ofine ichtaat idRposion, the preBaralit Prétediie! GndaineaidifvesOlised if he
total pore volune is present in pores with a pore
preparing the new hydroprocessing catalyst, the new catalyst may be a bimodal
10  catalyst with a substantial amount of macropore volume. in that case, the term MPD
should be understood to be the mean pore diameter of the catalyst excluding the
macropores. The MPD can then be defined as the pore diameter at which 50% of the
pore volume present in pores with a pore diameter between 3.6 and 100 hm is present
in pores with a pore diameter below the MPD, and 50% of the pore volume present in
15 pores with a diameter between 3.6 and 100 nm is present in pores with a pore
diameter above the MPD. This value is also indicated as micro-MPD. The MPD of the
starting material spent catalyst is determined after remova!l of the carbonaceous and

sulphurous deposits therefrom.
20 The process of the present invention hinges upon two characterising features.

In the first place, it is essential to the process according to the invention that the spent
catalyst be subjected to said thermal treatment to remove at least part of the
carbonaceous and sulphurous deposits, say, at least 50 wt.%, preferably at least 80
25 wt%, more preferably at least 95 wt.%, that is, substantially all of the carbonaceous
and sulphurous deposits from the catalyst before it is processed further. This is for the
following reasons. The spent catalyst may contain up to 25 wt.% of carbonaceous
deposits, calculated as carbon on the weight of the total spent catalyst, and will
additionally contain a substantial amount of sulphur. If the removal of the
30 carbonaceous and sulphurous deposits were to be carried out after the spent catalyst



5 diameter below this value and 50% of the total pore volune is present

In pores with a pore di aneter above this value. The spent catal ysts
used as starting material are usual | y nononodal catalysts with
substantially no macropore vol une. Dependi ng on t he catal yst

conposi tion, typae@sRPAration procedure, and the additives usaCIEPI7ZNILTS
preparing the new hydroprocessing catalyst, the new catal yst nay be a

bi rodal 10 catalyst with a substantial anmount of macropore volune. |In that
case, the term MPD shoul d be understood to be the mean pore dianeter
of the catal yst excluding the macr opores, The MPD can then be defined
as the pore dianeter at which 50% of the 5 pore vol unme present in pores
with a pore dianeter between 3.6 and 100 nmis present in pores with a
pore-di aneter bel ow the MPD, and 50% of the pore volume present in 15
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15  In the second piace, the high temperature calcination step is essential to the process
according fo the invention. This step is carried out to improve the accessibitity of the
hydroprocessing catalyst by entarging its MPD by at least 0.5 nm, preferably at least 1
nm, more preferably at least 1.5 nm, which is essential for the following reason. As has
been explained earlier, during use of a hydroprocessing catalyst the dispersion of the

20 hydrogenation metals is detrimentally affected, resulting in less active metal being
available for the catalytic reaction. Since the activity of a catalyst which has been used
for the hydrodesulphurisation and hydrodenitrogenation of hydrocarbon feeds
decreases directly with the amount of available active metal, the spent form of such a
catalyst is less suitable for effecting mainly hydrodesulphurisation and

25  hydrodenitrogenation. The amount of avaitable metal on this type of spent catalyst is
quite sufficient for hydrodemetallisation purposes, but hydrodemetallisation requires a
larger MPD than hydrodesulphurisation and hydrodenitrogenation. Thus, a spent
catalyst which has been used essentially for the hydrodesulphurisation and/or
hydrodenitrogenation of hydrocarbon feeds could be made suitable for use in



5 had been ground and shaped, as takes place in US 4,888, 316 cited

above,. the presence of carbon and sul phur woul d detrinentally affect
t he bi ndi ng properties of the bi nder, leading to a newy formul ated
catal yst of insufficient strength. Further, the carbon and the

sul phur coniy@yyssedes Spent catal yst vary from source to sourse€rebsmoprs S
were to start frommaterial fromwhich the carbonaceous and sul phurous

deposits had not been renoved, these inhonbgeneities in the starting
material would be reflected in ) an end product of inhonobgeneous
quality. Moreover, the grinding of catalyst cont ai ni ng car bonaceous
and sul phurous deposits is a hazardous dperation, because spent

catal yst containing these materials is pyrophoric (self-heating). Further,
as has 10 been i ndi cated before, hydroprocessing manufacturers do not .
have equi pniwdrofiemetallisationpif itsc/EDi wrge drakensednthis MPRpingreasmis effattat pgithe Whi | e
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the di spersisperR diftRe 2iimindY5BLORBAL & WhilB® (shhitkdgs, TR MPIESE Mel duRhbect ed,
resulting in |l ess active netal bein avai | abl e for the catal ytic
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t he hydriodedepétitient sAith® hrésaficd) Vo aRMafd il BEE BPdrt HydRprdtssking éétbﬁﬁ, fpeds
decr eases di rectla/ w th the am)gnt of avail abl e actlvq? metal , the spent
form of suc/fuBport of the gpent catalyst;shoyld camprize;at jaast $Qwt- %rof atuming, Prafarably at

hydr odesul phegst 8@ivt. R mdrsipréferabhatdéssti @0t p0enat i on. The anount of

avail able netal on this type of spent catalyst is quite sufficient for

hydr odenet al | i sati on purposes, but hydrodenetal lisation requires a
| ar ger MPD tNoarthblthe geraral qltlinei of abe processchdoeprdingde the inegrdinahao beenlgiven a
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The first step (a) in the process according to the invention is the thermal treatment of
the spent hydroprocessing catalyst in order to remove coke. Said thermal treatment is
carried out by heating the spent catalyst to a temperature between 200° and 600°C,
20 preferably between 400° and 550°C, for a period of 0.1 to 48 hours, preferably
between 0.5 and 12 hours. The heating is carried out in an oxygen-containing
atmosphere. in this step, the carbonaceous deposits prasent on the catalyst particles
are oxidised to carbon oxides (CO and CO;). Further, the suiphurous deposits which
were deposited on the catalyst during its previous use are converted to sulphur oxides
25 (SO, and SO,), while the sulphides of the hydrogenation metals, resulting from the
suiphidation step to which the catalyst is subjected to activate it, are converted to metal
oxides. The terms removal of carbonaceous and sulphurous deposits and decoking are
meant to encompass all processes indicated above, as well as any other processes
which may take place in the catalyst during the thermal treatment of step (a).
30
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hydr odenetal i sation if its MPD were increased. This MPD increase is
effected by the hi gh-tenperature calcination step in the process
accordi ng towderiagsenti on. Not wi shing to be bound bpCTEESIOII73|t | s
submtted that the effect of this treatnent can be expl ai ned as

foll ows. When an al um na-containing particle is subjected to a high 5
tenperature treatnent, the alumna-starts to sinter. In this sintering

process, the surface area of the particle decreases. Because the pore
vol unme, which can be descri bed as the inclusive vol une of the
particle, remains substantially the sane upon sintering of the

alurina, apart froma limted shrinkage, the MPD of the al um na-
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coke. Said tHU¢RIS tf'? BatiFIR Fize; at which 50 yol % Pg’ﬂ'ecﬂi‘f" has:a paflice fize ghevR

catal yst to ankQ8R6hAd BO 9ol¥6hies partidle szebeiodldnkeaKkeC, 20 preferably
bet ween 400 and 550[err]C, for a period of 0.1 to 48 hours, preferably

between 0.5 and 12 hours. The heating is caried out in an oxygen-contai ni ng
at nospherm 1R stepi(8), mouﬁlemmmm&mﬂwosdst an@mmt which infey bead al yst

ticl di id Fu
Pt Lot ohur o e bR R IR IS i Mo ST
I ts previous aspoaends together. (Thd aﬂdntuwismnesenwfhﬂeas Riw-castfifee or is amkaB&obrr] ),
while th I f ' I
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I ndi cat ed above, as any ot take pl ace
in the catal ytymdea uvill raisor Runctione paedilventcanchmay provide cipe (catalyst wnh addmona*

properiies. Examples of suitable binders are alumina, silica, silica-alumina, titania, and
(synthetic) ciays. Alumina is the obvious choice as binder, as it is well known for its
binding properties and can be easily kneaded, but other materials may also be used.

20 Examples of suitable additives are silica-alumina, diatomaceous earth, sepiolite,
bauxite, (spent) FCC catalyst, or other (spent) catalyst, and natural or synthetic clays
such as kaolin and acid-leached kaolin.

In step (d), the mixture comprising the ground catalyst and at least one additive is
25 shaped into particles. This is done by procedures known in the art, such as extrusion,
granulation, beading, tablet pressing, pill making, bricketing, etc. The size of the
particles will depend on the use envisaged for the newly formulated catalyst. If the
catalyst is intended for use in fixed bed operations, the particles will have a diameter in
the range of 0.5 to 10 mm. if it is intended for use in moving bed processes, the
30 particle size will typically be below 3 mm, preferably in the range of 0.5 to 1.5 mm. The
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In the following step (b), the catal yst which has been subjected to a

t hermal treatnment as descri bed above is ground, and the fraction with
a particle sygeniagdow 300 m croneter, preferably bel pgrkpdroirr

m croneter, nore preferably bel ow 50 m croneter, nore preferably
still below 20 micronmeter, is isolated, for exanple by appropriate 5

si eving techni ques. The grinding can take place, e.g., in a conventional
hanmer mll. In the context of this specification the termparticle
size refers to the value for the D50, 8 which is the particle size at
whi ch 50 vol . % of the particles has a particle size above this val ue
and 50 vol.% has a particle size below this val ue. 10 In step (c), the

ground cat akshape bf theonbivly cidrmalatad datdlysh Jarticies Bddirablee Suithbile lshapas bR a

bi nder and/ qy, additianal ditive. bi nde be ed to alye the
various cat §Y‘&5‘§€'s' Bédds, Egﬁﬁﬁgﬁgﬁy Elhegrbcgfﬂ%c* ?smqué%my@ e Sugh %§§H’t %%i t her
as | ow cost gbadrilebesor as a neans of providing the catalyst with
specific properties. It is of course inpossible to make a cl ear

di stinction between binders and additives, given that the conpound added as

an 15 a8di iThe bighdgmperatiré,caicinatiomstep, wiichds gartgrboutite increakeé the MPB of thepound
added as a | red Ll al L O | . provi.de the
catal yst w ts’ enéaat?{yl onaqe\%'“me% ?%%é&??%@&ﬁxﬁ%‘eggr%? ﬁgﬁft@gﬁéF@o&é& ers are
al umi na, si kemperatyrel ¢fcm1m@yen§tmm,sum#gm to effec{ s3idtinprease)in MBS
Alunina is LBReraRVhvdriS: pBRYS Bf asfnﬁ},@e%mﬁoar&. ksmasehé Asmwwtqlp d E@

bi ndi ng properties and can be easi kneaded, but other materials nmay al so
be used. 203tmqsphergIce ¥ »fPastialstaaneaimasphere o the forwen Gage the tamperature wil

di at oMageOUbe Gfhk!tandecsr 6U0-1080°C, in the 1BA4Pih fe rah§@ @N530-Foda"C UPhiSbeer®!
other (spent) catalyst, and natural or s.}‘nt hetiCc cl ays such as kaolin
and aci d- | espidiped; hgfore, the increase in MPD will be accompanied by a decrease of the
surface area. Because the surface area is relevant to the catalytic activity of the
catalyst, and the MPD to its accessibility, the catalyst to be prepared has an optimum
MPD, which optimum will depend heavily upon the feed for which the catalyst to be
15  prepared is to be used. In general, a higher temperature wil result in a higher increase
in MPD. The time during which the high-temperature caicination step is carried out is,
int. al., dependent on the paricle size of the particles subjected to the high-
temperature calcination treatment. If the particles are large, a longer calcination time
will generally be necessary to increase the MPD of the particles to the desired value. it
20 is well-known in the art that the presence of additional components, such as the
hydrogenation metals and contaminant metals, increases the sintering rate of alumina.
Further, the presence of additional materials, such as silica and titania, in the catalyst
support lessens the sintering activity of the alumina, and therefore the increase in
MPD. This is the reason why the support of the spent catalyst shouid comprise at least
25 50 wi.% alumina, preferably at least 80 wt.%, more preferably at least 90 wt.% for the
increase in MPD to be properly effected. The above indicates that the amount of
hydrogenation metals and contaminant metais present in the spent catalyst and its
support composition should be taken into account in determining the conditions of the
high-temperature calcination step, together with the MPD of the starting spent catalyst,
30 its particle size, and the desired MPD of the catalyst to be produced.
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decoked catalyst obtained after step (b). This has the advantage that the calcination
time can be decreased as compared with the calcination of complete extrudates, but
the caicination of catalyst with a particle size of less than 300 microns will generally be
accompanied by such extensive dusting problems that this embodiment is generally
less preferred. In the same way it is possible to carry out the high-temperature
caicination step upon the product obtained in step (c¢), that is, the product obtained by
formulating the ground decoked spent catalyst with additive and binder. This
embodiment will show the same dusting problems accompanying the calcination after
step (b), but in addition the high-temperature calcination step may detrimentally affect
the binding properties of the binder as such, thus resuiting in a final catalyst with
decreased strength. This embodiment is generally not preferred either. The iwo
preferred embodiments of the pracess according to the invention therefore are those in
which either the decoked product of step (a) or the shaped product of step (d) is
subjected to the high-temperature calcination step. An alternative procedure also
covered by the present invention is the combination of the decoking step (a) and the
high-temperature calcination step. in that case, the catalyst is subjected to a decoking
step at a temperature sufficient to increase the MPD of the spent catalyst with at least
0.5 nm. However, this embodiment is not preferred. The most preferred embodiment of
the process according to the invention is the process in which the product of step (d) is
subjected to the high-temperature calcination step, particularly if an alumina-containing



15 prepared is to be used. In general, a higher tenperature will result
i.n a higher increase in MPD. The tinme during which the
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PCT/ EP97/ 01x9@aining binder will Ainter twithptbe spentstataiysidrasultingidn arfinabcatalysteihy st and,
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of the above Indications it 1s wt scogre of the person skilled

in the art tepudn thefinakcatafyst bayipg an MPD WB'&D@I?MQQ% Savmtaraer thes the MR ci fi c
Ci rcunst anCefthe original spent catalyst. For example, if a spent catalyst the MPD of which has

been increased by a value of 1 nm or 2 nm by the high<temperature calcination step is
mixed with a small-pore additive, the MPD of the final catalyst may well be the same

15 as the MPD of the starting spent catalyst. On the other hand, if a spent catalyst is
mixed with an additive having pores with a diameter in the range of 3.6 to 100 nm
which are larger than the MPD of the spent catalyst, the MPD of the final catalyst will
be increased more than the MPD of the spent catalyst. in general, the only process in
which the MPD of the final catalyst is the same as the MPD of the calcined spent

20 catalyst is one where the ground spent catalyst is mixed with an additive which shows
the same sintering behaviour as the spent catalyst, the mixture is shaped, and the
shaped mixture is subjected to the high-temperature calcination step.

The process of the invention is particularly suitable for the reuse of spent catalyst, that
25 s, catalyst which has been deactivated by use in hydroprocessing. However, it is also
useful in the case of catalyst which is still serviceable after normal regeneration. in the
context of this specification the wording spent catalyst is meant to encompass both
catalyst which was used until it was deactivated to such an extent that normal
regeneration was no longer possible and catalyst which has been used but is still
30 suitable for regenerating by normai regeneration procedures. As has been explained
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bi nder is usefgedsiks, ¢alalysss userd i thel dametgliisation of vaciiengaseils ydrogracking
subj ect edgt O &atalysts, and mild hydrocracking catalysts are also suitable for use, but due fo their

higher content of contaminant metals, they are less preferred than catalysts used for
the hydroprocessing of distillates. Catalysts used in the downstream hydroprocessing
of resid feeds may also be used in the process according to the invention, but due to
their higher contaminant metals content and lower active metals content, they are less

20 preferred than the catalysts used for hydroprocessing vacuum gas oils. In principle,
catalysts used in the demetallisation of heavy feedstocks may also be used, but they
are even less preferred. If so desired, mixtures of several types or batches of spent
catalyst may aiso be used.

25 As indicated above, catalysts which have been used in the hydroprocessing of light
hydrocarbon feeds are especially suitable as starting materials for the process
according to the invention. These catalysts generally have a Group VI hydrogenation
metals content in the range of 5-35 wt.%, calculated as trioxide, and a Group Vil
hydrogenation metals content of 1-10 wt.%, calculated as oxide. The Group VI

30 hydrogenation metal component generally is Mo or W. The Group Vit hydrogenation
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has been exPhepptiotal additive may functionVior 6¥ang86 s a d;luent for the meta!s content of
PCT/ EP97/ Olﬂxzsspent catalyst particles or to modify the properties of the catalyst to be produced,
for example, its strength, its density, and its pore size distribution. The additive can
also add specific catalytic properties to the catalyst, such as hydrocracking activity.
20 Generally speaking, it is envisaged to prepare with the process according to the
invention catalysts suitable for use in fixed bed or moving bed processes which
comprise 5-95 wt.% of spent catalyst and 95-5 wt.% of other components. A
particularly attractive feature of the process according to the invention is that it makes
it possible to prepare moving bed catalysts, particularly ebullated bed catalysts, which
25 comprise 20-80 wt.% of spent hydroprocessing catalyst and 80-20 wt.% of binder and
additives. In this case, the binder and additive will function as diluent for the high
metals content of the hydroprocessing catalyst. In general, moving bed catalysts, and
particularly ebuliated bed catalysts, have a Group VI metals content in the range of 7-
20 wt. %, calcuilated as trioxide, based on the weight of the catalyst, and a Group Vill
30 metals content in the range of 1-10 wt.%, calculated as oxids, based on the weight of
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VI 30 hydrogenat I on nmetal conponent generally he Group VIII

hydr ogenat i offéwly formulated catalyst composition may be deslred such as phosphorus may also

be incorporated into the catalyst composition by impregnation, either in combination

with additional metals or separately. When the newly formulated catalyst is

impregnated as such, a fair amount of hydrogenation metals will be adsorbed by the

20 ground spent catalyst particles. If this should be objectionable, it is possible to contact

the additive with hydrogenation metals or phosphorus before it is mixed with the

ground spent catalyst particles. Alternatively, extra metals can be incorporated into the

catalyst composition by mixing metals components, in the solid state or dissolved, with

the mixture of ground caicined spent catalyst, binder, and, optionally, additive. This

25 method is parficularly attractive for solid molybdenum oxide. Of course, a combination

of the two procedures is also possible.

Depending on its intended use it may be desirable to render the newly formulated
catalyst, that is, the metal components present therein, sulphidic prior to the catalyst
30 being used. This can be done in an otherwise conventional manner, say, by contacting
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be produced, for exanple, its strength, its density, and its pore size
di stributi OnTheTBﬁcééijédonmthe inveritioR Gs PHRICIBRE s&.ta%ca% M/ proBudtoRRFr L i €s
to the catal , such as hydrocracking activity. 20 CGeneral | y speaki ng,

it is envisa V%‘% 95 s Ky BOVIRG Ped prac %@%é&%‘ﬁ%!‘h&bﬂ@‘%" processes.

i nvent i o1p calnad pdling Det ippdtets tHar cataipsti partidesamhdlRRE fédd 27 \fillybatkifixgd. FopSSes
whi ch of .spent cat %. of ot her

conponent s. %a%ﬁe n ﬁaWP‘Fﬁ'u?bé‘f(o df?r%f&ﬁ%e%ﬁ%b’h?'@”%ﬁ%é”%%ée@? the
accor di ng t chydisgeniofiaininy gasSswith &khicht thetiées is to be tréiteo@élldmbﬂuéeal itrtﬁéar e

' bed | ar | I b I
v Son S0 By 803 bl e, 4, SBled ) el S Sl Sl o
bi nder and from theabktfol ofcthe réactar lat seguies intervhis, hiledrash zatilystid iatdded:tosthe |

functi on,as tg #ﬁ&‘%br}»%&e& *Iﬁ 'ﬂé&i‘t shut do%ttﬁ‘é Blgﬁpﬂﬁ %%tg‘ygsgegag%ﬂgﬁ In the

hydroproceSS| g cat
expanded movmg bed, an mtnmate contact among the catalyst particles, the feed, and

the hydrogen is effected by means of internal circulation. The moving bed technology
has the advantage of being very flexible with regard to the nature of the feedstocks
offered. Suitable feedstocks are, e.g., vacuum residua, atmospheric residua, and
20 heavy crudes. The product will be, e.g., gasoline, light gas oil, vacuum gas oil, and
atmospheric gas oil. One advantage of a moving bed process over a fixed bed process
is the constant quality of the product obtained, because, unlike in a fixed bed process,
there is no deactivation of the catalyst inventory as a function of time. Several types of
moving bed processes, among them ebullated bed processes, are known in the art.
25 Mention may be made of the above-mentioned H-oil process, Amoco/Lummus' LC-
Fining process, and Chevron's OCR process. Moving bed processes are generally
carried out at a temperature between 400° and 500 °C, a pressure between 100 and
200 bar, and an H2/oil ratio of between 700 and 1400 NIA. The catalyst addition rate is
generally in the range of 0.2-2 kilograms of catalyst per cubic metre of feed processed.
30 it shouid be noted that the specific values for all these parameters, and in particular for



particularly ebutiated bed catal ysts, have a Goup VI netals content in the

range of 7- 20 wt. 9% calculated as trioxide, based on the weight of
the catalyst, and a G oup VIII 30 nmetals content in the range of 1-10
wt.% cal cul ated as oxi de, based on the wei ght of WO

97/ 33691 WO 97/33691 PCT/EP97/01173

PCT/ EP97/ 01173 13

the catalyst. Further, the additive can be used to ensure that the new
catal yst has a bul k density suitable for use in ebullated bed
processes. The bul k density of the starting fixed bed hydroprocessing
catalyst will generally be too high for 48 ebullated bed catal yst.
The addition of a lowdensity additive, e.g., diatomaceous earth, sepiolite
5 or kaolin, to the newy formul ated catal yst conposition will lead to a
decreased bul foe catalyst ennsumption, deprndrhieayitn «mamea\amr?g? the feedhhe natyre olthej n

ebul I at ed bed p4 %3 b ndifiei red, spent or fresh FCC catal yst,
optionally af‘t:er%é'rl n ﬁena rrr@{g‘;ﬁ?gc?nclorporat ed into the catalyst to

be prepared by the process according to the invention. Anounts of up to
30 wt. % cal cgj q40n the new catal yst, are envisaged. Spent FCC catal yst
appears to 10 1ncrease the strength of the catal yst particles. | f
so desired® additional hydrogenation nmetals may be added to the catal yst

conposi tion, ni§ examle ideBEREE M Hradidion ¢ \ahYebliRitéd béd estalyal ik e prbddis an
| mpregnati on sol ution conprising water soluble salts of the

hydr ogenat i on@sRefdinatodhe ig¥entifRor porated 15 into the catal yst conpositi on.
Q her conpountise Starting ingdteridd vab RCSPeROhRIrbdbsulphiinsatidre catalyst cofripiikivig f1Orwait at ed

tal yst | ti b ' h I
Dcor por at ed PP TREAA8PYE. ARG 35 Grarhy R h B SchTAHIeBIY: CApvARR =5
](c:onbi Inaz i g:n ThTse werehrenrbved ifomatheestalyst by sahjaﬁhgtieltq 2 Héatntrédmentcad ¥
ornul ated cata s | a as _such a fai nt...Q
hydr ogenat i ongem?zégﬁ&é'evﬁf I?SQ&efoégps%ﬁ?iggc?‘ Ebig Wsﬁ'és %0’” °’89(%ﬁ'ﬁ§f' t%%ﬁtaR@g%p ei'/eSt
particles. |fTheitheussbltained nieaobgpent icatalys! eomprised s2(ped.S6 Iof da, ocalautatet: s
the additive bl Ny R99Ra! LAGIAES 8L 384, L RRA"E V- 2aBRLRESs didk Sl 851

with the
wt. % of Ni, calculated as oxide, all based on the weight of the clean spent catalyst.

15  The catalyst was ground to a particle size of less than 20 micron. Then, 2970 grams of
clean spent catalyst were mixed with 2489 grams of alumina. To the thus obtained
mixture were added 15 grams of 54 wt.% nitric acid dissolved in 1500 grams of water,
after which the thus obtained mixture was kneaded. After 12 minutes 250 grams of
water were added, and the mixture was kneaded again. This action was repeated a

20 few times, until the mixture was extrudable. The thus obtained mixture was extruded
using a Welding extruder to form extrudates with a diameter of 1 mm. The extrudates
were dried overnight in air at a temperature of 120°C.

The thus obtained dried extrudates were divided into two portions. One of the portions
was calcined in air for 1 hour at a temperature of 600°C. This calcination treatment

25 was not sufficient to enlarge the MPD of this comparative catalyst, which had an MPD
of 8 nm. The other portion was calcined in air for a period of 1 hour at a temperature of
750°C. This catalyst according to the invention had an MPD of 12 nm.

Both catalysts comprised 13 wt.% of moilybdenum, calculated as trioxide, and 3.2 wt.%
of cobalt, calculated as oxide. Further properties of the two catalysts are given in the

30 foliowing Table.



ground spent catal yst particles. Alternatively, extra netals can be
i.ncorporated into the catal yst conposition by m xing netal s
conponents, in the solid state or dissolved, with the m xture of
ground cal ci ned spent catal yst, binder, and, optionally, additive. This 25
met hod is parti rly attractive for solid nol ybdenum oxi rse, a
conbi nat i onwowg%gf the two procedures is al so possible. i;’&‘m"lgm?%gpendi ng
on its intended use it nay be desirable to render the newly formul ated
catalyst, that is, the netal conponents present therein, sulphidic prior to
the catal yst 30 bei ng used. This can be done in an otherw se conventi onal
manner, say, by contacting 16 WO 97/ 33691

PCT/ EP97/ 01173 14

the catalyst in the reactor at elevated tenperature with hydrogen and a

sul phur - containing feed, or with a m xture of hydrogen and hydrogen
sul phide, or by separate presul phiding foll owed by actiyvation.

General |y, sul phidation is desirabll&ofparativee| Catalyst acgergingde thes| 1 0 be used
in a fixed bed profess, while gener S ' j 5

carried out when t haigraMAR M) s t §8he used ih'd noving bed profess, nore

particul arly, | PY{Hah{mUoxt ed be@.6% ocess. | 0.67 The procepgs according
to the invention ig suiBt®ol e for} @M production of
catal ysts for use [ &BRPwimhg bed pr ¢&fS%ses @58pecificall ebul | at ed bed

processes. 10 In a noving bed process the catal yst particles and the feed

are fully bﬂfekﬂité@g; az%:(ﬁgdi?geéo dthaeef?@ﬁigﬁ’a'iﬁh%h{’,%’?‘%)%e%&&%a%& al 0cess,

HRI's Hoil proce nd t ) gen- contal g gas with
whi ch the fdesaribes aboveavere testesidn & fixedrhedoegsidus) deguinhirsation testhheyomeref a

react or g ONddardiwitl'a EbHmbriaRf abfidbie Bbahated bed WtdNst EShARsIY 12 Fwhibe dtdr awn

molybdenum, calculated as trioxide, and 4.1 wt.% of cobalt, caiculated as oxide. The
commercially available ebullated bed catalyst had a CBD of 0.58 ml/g and an MPD of 7
nm.
The test was executed in an upflow tubular reactor, with the two catalysts being tested

10 side by side. Two reaction tubes were filled with 75 m! of catalyst homogeneously
intermixed with 80 ml of carborundum particles. After the catalysts had been
presulphided using an SRGO in which dimethyl sulphide had been dissoived to an S
content of 2.5 wt.%, a preheated Kuwait vacuum gas oil was passed over the catalyst
for a period of one day. Then, a Kuwait atmospheric residue with the properties given

15 inTable 1 was passed over the catalyst.



fromthe bottomof the reactor at regular intervals, while fresh catal yst
Is added to the 15 top. This elimnates the need to shut down the plant
for catal yst replacenent In the expanded novi ng bed, an intimte
contact anmong the catalyst particles, the feed, and t he hydrogen is
effected by ngew®azsbs i nternal circulation. The noving bed t adivErsnon 7
has the advantage of being very flexible with regard to the nature of the
f eedst ocks of fered. Suitable feedstocks are, e.g., vacuumresidua,
at nospheric residua, and 20 heavy. crudes. The product will be, e.g.,
gasoline, light gas oil, vacuumgas oil, and at nospheric gas oil.
advant age of a novi ng bed process over alfi xed bed process Is the
constant quality of the product obtained, because, unlike in a fixed bed
process, there is no deactivation of the catalyst inventory as a
function of tfaRle 1: Beaperties of Kuwait gmospheric regidieng bed processes, anmong them

ebul | ated bed processes, are known in the art. 25 Mention may be nade of

One

t he ‘above- nenti oned 0il process Ammco/lummus' 1 C Eini ng process,
and Chevron's OCR pr piiregen ¢STM3462%) processes | 2183 Mof@ral |y | carri ed
out at a tenperature| DIPHEIMSTAD4IM) and 500 [ aX8EWIs pressdre bet ween
100 and 200 bajDengity S M D-4P82) 0 of bat0@S2B9MI0 and {1400 NI/ 1.
The catal yst additi opCEB(&STM D-4530) general |y i 12108 wtdge of |0.2-2

ki | ograns of catal ysiNigh?-288)bi c netre of feed prldéenglgl. 30 |t shoul d be
noted that the speci [YéP28les for all these parnj®Bumglkg, and i|jn particul ar
for W07/ 33691

PCT/ EP97/ 01173 Vacuum Dist. {ASTM D-1160) 15

the catal yst consunpiiPn, depend heavily on the|igeaCe of thelfeed, the
nature of the Ch{allyst, and the other prog¢@sg°Condi tiong.

Exanple 1 5 ovayanpl e describes the pf@#geti on of ar ebul | ated

bed catal yst w th thegpvsesss according tg4uBeci nvent or.
30 vol.% 447 °C
40 vol.% 493 °C
50 vol.% 527 °C
60 vol.% NA
FBP NA

NA stands for not applicable (oil will decompose at temperatures above 527°C)

The catalysts were tested for ten days at a temperature of 425 °C, a pressure of 155.2
bar gauge, an LHSV of 1.0 h-1, and a hydrogen to oif ratic of 800 NI/l. After 10 days on
sfream the HDS, HDN, HDCCR, and HDM{Ni+V) were determined. In Table 2, the
results thereof are given as retlative volume activities (RVAs), with the activity of the
10 comparative commercial catalyst being put at 100.

RVA Comparative | RVA Catalyst of
catalyst invention

HDS 100 104

HDN 103 101

HDCCR 97 104

HDM(Ni+V) 110 180

Conversion 100 o7




The starting material was a spent hydrodesul phurisation catal yst conpri sing
10 wt .. % of carbonaceous deposits, calculated as C, and 10.3 wt . % of
sul phur, calculated as S. 10 These were renmoved fromthe catal yst by
subjecting it to a heat treatnment at a tenperature of 525[err]C for a
period of 1Gy§e4ssged N an oxygen-contai ni ng at nosphere. PCTHE® 761196

obt ai ned cl ean spent catal yst conprised 20 w. % of M, calculated as
trioxide, 5 wt.%of Co, calculated as oxide, 0.2 w.%of V, calculated as

oxi de, and 0.1 wt.% of Ni, calculated as oxide, all based on the
wei ght of the clean spent catalyst. 15 The catal yst was ground to a
particle size of less than 20 mcron. TH8n, 2970 grans of cl ean spent

catal yst were mixed with 2489 grans of alum na. To the thus obtai ned
m xture were added 15 granms of 54 wt.%nitric acid dissolved in 1500 granms -
of water, The regifitsén Tahlehintibate tthat the bedormancesi oftthe eatalyst #uteaﬁ'@lto théter 12

ut 250 . ' d d
it 5. 250 5l s v compdl st P ol gy ol BAGECS
extrudabl e. t&iee perfermance ofthe gominercialiy\aeailable rebulialed bed catalyshas & VIESdl ng

trud t
\%r I‘eud(;,‘:‘ edoors/er nl@cﬁ{:ﬁ{%ﬂ:‘a@@vﬁs}@ tﬂ%‘grr%er %ﬁeggv?llcif%ta%ﬂﬁ}%\kfa%qéﬁ%%wt hus
obt ai ned5dr |lm9r08%'d rudhe ewtalyst aacdordingeld thet vertionpbrthi as omparedowith Hhe
portions ?l?aé Vi€ chpaiative Qétglésthﬁw a borftpdrEd Rithothd rc%rr@)%
|s ca n enlarge

600[ err] C ati1on treatnent was not sufficient
the MPD of tostalystpiepafedbove. cat al yst, which had an MPD of 8 nm The

ot her porti ofheViad M idtevhy! d? tRd Eathpét fchraingas tﬁé inbertioris aapp%nharm%@t ure

of 750[err] C. This catalyst according to the invention an MPD of

12 nm niqisg} shdvanadiyay live SeARs of thaused GRI“P%aBYe FAsBlyE @0d ihe “Q,efi’l @At ed as
trioxi deg ara%c&dag%%e inventiél, a80dAéiindtRbyE Ebme@amroﬁ&ré& riistbarilsis)
propert | es Oaffte; rt]o uene egt?atc?iox Satng s%rggne }-:t\i/oer'ln f!'l ures hg gl('l)d 2f srlulv? Vtmhen gmc;ll-(glb Iamd
WO 97/ 33691 9
PCT/ EP97/ 01 Méradium dlstnbutlon through the catalyst particle. It appeass from these figukBs that
Conpar ative the cgtg‘thsgcc%? ng 0 thg mven&on which has an MPD of 12 nm, shown by the
dotted line, displays a more homogeneous metals distribution than the comparative
15  catalyst with an MPD of 8 nm, shown by the continuous fine, indicating that the catalyst
according to the invention is more easily accessible to large metais-containing

molecules.

Example 2
20

Preparation of a catalyst in accordance with US 4,888,316

The spent hydrodesulphurisation catalyst used in Example 1 was ground to a particle

size of less than 20 micron. Because the spent catalyst still contained coke, the
25 grinding had to be carried out very carefully.

3300 grams of the ground spent catalyst were mixed with 2500 grams of alumina. To

the thus obtained mixture were added 15 grams of 54 wt.% nitric acid dissolved in

1500 grams of water, after which the thus obtained mixture was kneaded. After 12

minutes 250 grams of water were added, and the mixture was kneaded again. This
30 action was repeated a few times, until the mixture was extrudable. The thus obtained



cat al yst I nvention m cro- MPD (nm) 8 12
PV (Hg) (m/Q) 0. 63 0. 67 PV (>100 nm d)

0.16 0.18 CBD g/ m 0.59 0.59
The catal yst according to the invention and the conparative catal yst
prepared as wgo788»¢Eri bed above were tested in a fixed bed repERRI®ILT3
desul phurisation test. They were 5 conpared with a comrercially

avail abl e ebul | ated bed catal yst conprising 12.9 wt. % of nol ybdenum
calculated as trioxide, and 4.1 wt.% of cobalt, calculated as oxide. The
commercially avail abl e ebul | ated bed cat a:‘]éSt had a CBD of 0.58 m/g and an

MPD of 7 nm The test was executed in an upflow tubular reactor,
with the two catalysts being tested 10 side by side. Two reaction tubes
were-filled wwth 75 m of catal yst honobgeneously interm xed with 80 m

of carborundu miﬁpmlretW@I extrudey using a Mielding extrudertoifortn extadates with grdiametanefded
using an SRGO R ‘ﬂi} ce'ﬁtrﬁdé%%l’e %ﬂé@@vﬂﬁdﬂﬁ% gea S"éﬁ:ﬁ&ﬁéﬁﬁe P 24°C and

content of 2. ated Kuwai t vacuumu%gs ol | asse over the

cat al yst Sﬂ'@seqaersbfrcalﬁweé forgriwug ata temperaturg okGORIC T@& ﬂmg-phfernieé catalysidue
W th the propgghiaeScsioV 62 simm, Whichls Sotdily\ Vi cOptabidioP behmeRfal G8d c?;

WD 97/ 33691 01173
17 $abireuch: loweo fiant thesSE$ ot thai catalystAsperding ctor tas| ipvantion prepared in
Ni trogen (ASTMyBmgR49) 2183 ny/ kg Sul phur

(ASTM D- 4294) 3,964 Wt %
Thus, it appears that, apart from the HSE hazards which accompany the grinding of

spent catalyst before it is decoked, the process described in US 4,888,316 also leads
to the production of a catalyst with an unacceptably low strength.
10

Exampie 3

This example illustrates a further process for preparing a catalyst in accordance with
the present invention.

15
The spent hydrodesulphurisation catalyst used as starting material in Example 1 was
stripped of carbonaceous and sulphurous deposits by subjecting the catalyst to a heat
treatment at a temperature of 525°C for a period of 10 hours in an oxygen-containing
atmosphere.

20 The catalyst was ground to a particle size of less than 20 micron. Then, the ground
particles were caicined in air for a period of 1 hour at a temperature of 750°C. 2970
grams of the caicined spent catalyst were mixed with 2489 grams of alumina. To the
thus obtained mixture were added 15 grams of 54 wt.% nitric acid dissolved in 1500
grams of water, after which the thus obtained mixture was kneaded. After 12 minutes

25 250 grams of water were added, and the mixture was kneaded again. This action was
repeated a few times, until the mixture was extrudable. The thus obtained mixture was
extruded using a Welding extruder to form extrudates with a diameter of 1 mm. The
extrudates were dried overnight in air at a temperature of 120°C, and subsequently
caicined at a temperature of 600°C.



Density 50C (ASTM D- 4052) 0.9525 gl /n CCR ( ASTM

D- 4530) 12.08 wm. % Ni (1 P-288)

10 ng/ kg V (1 P-288) 58 ny/ kg
Vacuum Di st. (ASTM D 1160) | BP

279[err] C  wo 933691 5 vol . % PCTEBIA s 1] C
10 vol . % 378 C 20 vol . % °
416 [err]C 30 vol . % 447 [err]C
40 vol . % . 493 [err]C 50 vol %
527 [err]C 60 vol. % ' NA

FBP NA 20 NA st ands for not applicable
(oil will deconpose at tenperatures above 527[err]C) 5 The catal ysts

were tested for ten days at a tenperature of 425 C, a pressure of 155.2
bar gauge, ahe resSlingfcatalyst had a micth-MPDyefr 12Enm @ wiré volimiedin gforé0@itiNia/ | .

et or mi ned. Apmelee sbove 300 BRI 022 5, oY phlsifimd’3€ chigMhed V) 5 51,

vol une acti metquasm(rﬁam()mﬁmﬁg amba &80 ofidt57 rofg.t he 10 conparative
commerci al catal yst being put at 100.

RVA Co(r;.lpar ative RVA Catal yst of cat al yst

i nvent i mple 4 HDS 100 104
HDN 103 101 HDCCR

97 104 HDM Ni + V) 110

180 This example illustrateg @ furthgrprocess fqmpyeparing a catalyst in accordgnce with

the present invention.

10  The spent hydrodesulphurisation catalyst used as starting material in Example 1 was
stripped of carbonaceous and suiphurous deposits by subjecting the catalyst to a heat
treatment at a temperature of 525°C for a period of 10 hours in an oxygen-containing
atmosphere. The catalyst particles were calcined in air for a period of 1 hour at a
termperature of 750°C.

15  The caicined catalyst was ground to a particle size of less than 20 micron. Then, 2870
grams of the calcined spent catalyst were mixed with 2489 grams of alumina. To the
thus obtained mixture were added 15 grams of 54 wt.% nitric acid dissolved in 1500
grams of water, after which the thus obtained mixture was kneaded. After 12 minutes
250 grams of water were added, and the mixture was kneaded again. This action was

20 repeated a few times, until the mixture was extrudable. The thus obtained mixture was
extruded using a Welding extruder to form extrudates with a diameter of 1 mm. The
extrudates were dried overnight in air at a temperature of 120°C, and subsequently
calcined at a temperature of 600°C.

The resulting catalyst had a micro-MPD of 12 nm, a pore volume in pores with a

25 diameter above 100 nm of 0.064 mifg, a total pore volume as determined by way of
mercury intrusion of 0.55 ml/g and a CBD of 0.69 mi/g.



o, T

The results in Table 2 indicate $hat fheSpetfor yst
according to the i nvention and the conparative cat aI yst prepared as
descri bed ab@useraagesr oughl y equal to the perfornmance ofecrizesr01173
comercially avail able ebul |l ated bed catal yst as to HDS, HDN, HDCCR,

and Conversi on. However, the renmoval of contam nant netals is greatly 5
i mproved in the catal yst according-to the invention, both_ as conpared with

t he commercially avail abl e conparative catal yst and as conpared with
the conparative cat al yst prepared aBdbve. The good HOM activity of
the catal yst according to the invention is supported by the ni ckel and

vanadi um | i ne scans of the used conparative catal yst and the used catal yst
10 accordi ndP#MBhe invention, as determined by EPMA (el ectron probe

m cr oanal ysi s) after toluene extraction and regeneration. Figures 1
and "2 show t he ni ckel and vanadi um di stri bution through the catal yst
particle. It Tappedr@ropessniof REaparing gumecpreaessing catalysheorgrisiigythe fallawingii ng

to the invention, gilsch) 8 rﬁlﬂy&t‘ﬁ’ﬁo@éssﬂ% c%iﬂlys?@&ms%étibﬁstahydm&%ﬁ&fj

line, displays a nore hom)geneous metal s distribution than the conparative

15 catal st wi t hmgtel \gompgfent iR SYRRALH CRRIPrsing E'oﬁ??tn%t'ﬁ%l Pﬁé‘““\‘ﬂ?d?'@‘ht i ng

that the catal yst carbonaceawQﬁdﬂémumstdaaos.@wasu,%d t% armé.%a@asatmém at a
accessible to | ar net al s- cont ai 2 20

l e
Preparation of a %ﬂ’?’gfe I"nthéc@BQﬂ&%c?@%*? @0933 4” EP@S°’§‘1'§"9 atmosphe%@ spent

hydr odesul phur i satéraévecatt i8hst Fartustatle icarbonadBdug ahdVsufphrods tdpbsits Ardmitiid Cl e
size of less than 20, nmi cron. Because the spent catalyst still contained

coke, the 25 grlﬂta‘ tg had to be carried out very carefully. 3300
grams of 10he grouils the epdropratedsingtcatulyst fromxettich\at least Tt dfithersarbbnavetus na.

1016 i soo o oA SRSl R St B o et L e
m' xture was kneadearticléfsizerof 320 microns amlesst es 250 grans of water were added,
e o 1 R el Sl o i Vi B Wl 1
(d) the mixture of additive and ground hydroprocessing catalyst is shaped to
15 form particles of a new hydroprocessing catalyst,
in which the product of at least one of the steps (a) through (d) is subjected to a
high-temperature calcination step carried out at a temperature in the range of
560-1000°C for a period of time sufficient to increase the MPD of the spent
catalyst by at least 0.5 nm.
20
2. A process according to claim 1 in which the product of step (a) is subjected to
the high-temperature calcination step, and the thus obtained product is
processed further.

25 3 A process according to claim 1 in which the product of step (d) is subjected to
the high-temperature caicination step.

4, A process according to any one of the preceding claims in which both a binder
and an additive are added to the catalyst composition in step (c).
30

Th1s Sheet Has Been Re Ia ed
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THIS SHEET HAS BEEN

RCT/ EpO 7T 01175 NEE Y A T | |,

m xture was extruded using & dingtextruder to formextrudates with a
di aneter of 1 nm The- extrudat es were dried overnight in air at a
t enper at ur eygloy3akeC, and subsequent |y cal ci ned for IlpdagkioreitTe
tenperature of 600C. The thus-obtai ned catal yst had a SCS of 0.4
| bs/mMm which is totally unacceptable for conmercial use. It is also 5
much | ower than the SCS of the catal yst according to the invention prepared
in Exanpl e 1. Thus, it appears that, apart fromthe HSE hazards
whi ch acconpany the grinding of #2ent catal yst before it is decoked,
t he process described in US 4,888,31 6 al so | eads to the production
of a catalyst with an unacceptably |ow strength. 10 Exanpl e 3
Thi s exanpl® i | |Aiprocesseaccarding mhdainpﬁodwscteriaednm dipd rthen gdditivenis diapsite, i n
accordance with on. The spent
hydr odesul phuri sf’é |'8?1cet(?§§ ?’E ?S ég{%%% arti ng material in Exanple 1 was
stripped of carbonaceous and sul phurous deposits by subjecting the catal yst
to a heat ol PSR [ of 10
hours in an ‘oxy h coﬁaﬁ%ﬁﬁn at nosgr?gércgéag c%r%gq %gﬂ(&g%?g.?urb\gg gr ound
to a padticle sibindepis addedtort ﬁatéusﬁﬁommﬁ"oﬂ'iﬁ'éﬁep@he ground particles
were calcined in air for a period of 1 hour at a tenperature of 750[err]C.
2970 7gr ans of the cal cined spent catal yst were m xed with 2489 grans
of al uni na.7-To tAndydroprocessing gatglyet-nrepareq by themeocrss af anyeg of daipisah@. of 54
.%nitric acid dissolved in 1500 grans of vvater after which the

thus obt ai ned m xture was kneaded. After 12 m nute
8. A catalyst according to claim 7 which is a fixed bed catalyst

10
8. A catalyst according to claim 7 which is a moving bed catalyst.

10. A catalyst according to claim 9 which is an ebuliated bed catalyst.
15 11. A process for hydroprocessing hydrocarbon feeds in which a hydrocarbon feed
is contacted under fixed bed hydroprocessing conditions with a catalyst
according to claim 8.
12. . A process for hydroprocessing hydrocarbon feeds in which a hydrocarbon feed

20 is contacted under ebullated bed conditions with a catalyst according to claim
10.

il




25 250 grans of water were added, and the m xture was kneaded again. This

action was repeated a few tinmes, until the m xture was extrudable. The
t hus obtai ned m xture was extruded using a Welding extruder to form
extrudates with a diameter of 1 nm The extrudates were drie

overni ght in W@p73¥6%1 tenperature of 120[err]C, and subsequékifEF>7/01173
calcined at a tenperature of 600C. 1/1 WO 97/ 33691

PCT/ EP97/ 01173 20

The resulting catalyst had a m cro-MPD of 12.5 nm a pore volune in pores
with a di anet e boye f 0.22 m/g, a total pore volune as
determ ned by way o? % 1 rry)%ffpgh\? M rusion of 0.75 m/g and a CBD of 0.57
m/g. 5 Exanple 4 This exanple illustrates a further process for

preparing a catal gs1.2i
The spent hydr ode‘aul phh
Exanpl e 1 was b= str

n. 10

risation catalyst used as starting materi g

subj-ecting the ca$ treatment at a tenpera ur ¢ of
525[err]C for ap rlod at nospher e.
The catal yst part chshwere caLm ned inair for a period-<of/1 hour at a
tenperature of 758[err ound tt a
particle size of Be%4

rams of tle cal ci ned

spent cat al yst WEEEQQ‘I ed with 2489 a. To the
2 ol
edge center edge
particle
Cross-
section

Figure 2  Ni distribution
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3500 " grans or vater o B AHIAAN R s
€

kneaded. After 12 m nutes 250 granms Of water . added; :
m xture was kneaded again. This actigy was 20 repegtqd Hémt,"bgs
the m xture was extrudabl e. The thus™0btai ned m xt uge jwas tyu
using a WOLAIME§ extruder to formextrudates with a gi he
extrudates were dried overnight in air at a tenperature of 120[err]C,| and
subsequent |y calcined at a tenperature of 600[err]C
resul ti ng lcat alAyprocessifon préwriﬁgl‘dDDym’anﬂ)EeMQ dataysEcoprisiig the foNuwaegW th a
25 di anet er gg%_e 100 nm of 0.064 /g, a total pore volune as determ ned
by way of rcury intrusion of 0.55 m/g and a CBD of 0.69 m/g.

21 CLAIMS 1. (a) & gpet BgdrobRiceBSIRG Hatdhpst %d&}ﬁrsﬂ?r SCRAS! AhyeRdgenuibn
conprising the ?I | owi n st eps: ( a_spent Hydroprocessing

f a
catal yst conpr " ﬂg“%pq%éﬂfsf’“ & SHRRoeamprising at least Sthwt. %l ofcaupiitReaRd on a
support conpri gam@naéedus %@B sﬁfbhﬁ?&(ﬂs‘ﬁep% mr}ﬂ%b{%@@d to a thernfe FrBQMAGH gps and

sul phurous deposjits is subjected to a thernma reat ment at

t enper at ure i natiREPLEARe infthe sangs of 2005 to(BN0SC N @Ni exidising atrpsphere to
h
at mosphere 1o remove ?tr l%HP(V;ﬁaerf'iBf 4h‘°ea§§rté§fd:§%9§{ ,aﬁ&‘ §ul§ﬁﬁ|%?g)98§<ﬁ§gt§ 9 the

sul phurous deposits fromt
hydr opr ocessi n§a@lshl yst from which at | east part of the carbonaceous

et o o OB iS ERah SRR ich G4 ol [ bl v 11
hydr opr ocessi ngné sulphyrous idepositscliavel idenaemoeed is gmenditbdiotrm particles with
selected from ' [lica, silica-alumna, titania,

nat ural or E%n%g/é;#%ee?ﬁf%ﬁc'ﬁ%%%ﬁ% Somaceous eart h, sepiolite, bauxite,
(spent) FCC cafdllthetground hydroprodessinge catalypkist hixed twithy att least one additije t he

For m par (1 cf os o ad i MR oE ORI BiBar uerbitint sl JRRER b

product of at Byheticosiaysydiattreassariseaith) sepiolite,raukile, (sperdUBCCatatalystp

Fange e oPPBEIRRg cehe P DU O of ¢ e suff ol ent to fnorease
t he mean pore {(d)the mixture of additive and ground hydroprocessing catalyst is shaped to

form particles of a new hydroprocessing catalyst,

in which the product of at least one of the steps (a) through (d) is subjected to

a high-temperature calcination step carried out at a temperature in the range

ntil
ed

of §50-1000°C for a period of time sufficient to increase the mean pore
diameter (MPD) of the spent catalyst by at least 0.5 nm.

2. A process according to claim 1 in which the product of step (a) is subjected to
the high-temperature calcination step, and the thus obtained product is
processed further.

3. A process according to claim 1 in which the product of step (d) is subjected to
the high-temperature calcination step.

4. A process according to any one of the preceding claims in which a compound
selected from the group of alumina, silica, silica-alumina, titania, and
(synthetic) clays and a compound selected from the group of silica-alumina,
diatomaceous earth, sepiolite, bauxite, (spent) FCC catalyst, or other (spent)

catalyst, and natural or synthetic clays are added to the catalyst composition
in step (c).



) di ;rreter' (MPD) of the spent cat t t M&ACEMENT SHE}E cess
according to claim1 in which tlmﬂulM’mHllllﬂﬁL (R)}is subjected
the high-tenperature cal cination step,” afid the’ thus opt of pgUiLpfegguct |i s

processed further. 3. A process according to clagim1 1 n which th
product of step (d) is subjected to 22 t he hi ghttemperature calcijnati on
st ep. 4, A process according to any one of the{preceding clains jin

whi ch a cgnpou& selected fromthe group of alumna, silica,
si |i ca- al O na” PiopesH agcordipg to claim 4¢ gharepterised incihalRaugie. diatomassghs

sel ected from ehshd@eln, oisepiolifeisadddiolRe catalyst con%o%h@ﬁ%@t@b%c earth,
sepiolite, bauxite, (spent) FCC catal yst, or other (spent) cat al yst,

and natural or synthetic clays are added to the catal yst conposition

in step (6). A rooessaccordm to an f the aims in whick alymina
process accor di e aim 4g LAY TS Ithse%recedm%cl 'r%saux‘f"?eﬁ%dm%f‘orlrsaceous

n

earth, kaolin, asge%t@ghelcateyst complekitibntio stepckat al yst conposition in step
(c). 6. A process according to any one of the preceding clains in which
alumina is added to the catal yst conposition in step (c). 7. A

hydroproc<355| ng\M@rmwgeqammmqpatémbphemssbfmywmrﬁotaimsnaﬁms 1- 6.
A catal yst according to claim7 which is a fixed bed catalyst.

8. A catalyst according to claim 7 which is a fixed bed catalyst.
9. A catalyst according to claim 7 which is a moving bed catalyst.
10. A catalyst according to claim 9 which is an ebullated bed catalyst.

11. A process for hydroprocessing hydrocarbon feeds in which a hydrocarbon
feed is contacted under fixed bed hydroprocessing conditions with a catalyst
according to claim 8.

12. A process for hydroprocessing hydrocarbon feeds in which a hydrocarbon
feed is contacted under ebuliated bed conditions with a catalyst according to
claim 10.



~ 00 32— S
9. A catalyst according to claim?7 which is a noving bed catal ysgzgs
A catalyst according to claim9 which is an ebull ated bed catal yst. 11.
A process for hydroprocessing hydrocarbon feeds in which a hydrgwgrbon
feed is contacted under fixed bed hydroprocessing conditions PUocy

cat al yst ding to i Wrﬁr%;mn; by for hyd¥g
hydr ocar bon feedmwm ch a ﬁ%lr)ocar ﬁ:l;'io%a‘ilmm«?&ecgg&?@mcont act ed
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The present invention relates to a process for preparing a hydroprocessing catalyst comprising the steps of subjecting a s
hy‘drc:processing catalyst comprising carbonaceous and sulphurous deposits to a thermal treatment to remove at Jeast part of said depospgg
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