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ACH 2490 R PROCESS FOR PREPARI NG A HYDROPROCESSI NG CATALYST FROVI V\ASTE
HYDROPRGGESSI NG CATALYST 5 In petrol eumrefining, catalyst usgi0

| arge scal e in the hydroprocessing of hydrocarbon feed's""foéjm CL% -
contam nants, such as netal -containing conpounds, sul phur-containi ng
conpounds, and ni t rogen-cont-ai ni ng conpounds. Apart fromthe renoval of
contam nants, hydroprocessing may al so 10 effect hydrocracki ng of the
feedstock to conpounds with a |ower boiling point. The catalysts used in

t hese processes are well-known in the art. They generally %@9?2% Etof

G oup VI hydrogenation netal conponent, e.g., nolybdenum %

G oup VIII hydrogenation nmetal component, e.g., cobalt or nickel, on
refractory oxide carrier. The oxidic carrier cansi st s_of
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cat al yst naya i HYOROPROCESRING SATALET conponents, such as phosphorus or
zeolites. During the hydroprocessing of hydrocarbon feeds, the activity of

t he cat &l yst decreases. This is caused, int. al., by the accumul ation on
the cataly . e@igﬁ ther, if
t he cat al y?t" p«léig&%@gg @Ic')?d:%&w%% g%?‘%%ggéﬁ#ag%{“gf@‘%o aaljanr;angsg?‘gedstocks
cont am nantof nlaycmbqarqudhedss to aneadive ncentaminantk e |suchv &$ meta&mzntammgon t he
catal yst surface in the orm f .t heir_sul des The
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hydr opr ocesmbr&tac@t@hyéd intthése draceskes bwé wéIsresRdnafie a@TEheyeyerigrallfi Sposi ng
of spent hydroproce55| ng catal yst is | andfilli ngg but this is becom ng

i ncr easi ngicpneisl of 8Lﬂ5E°“Bé’édU§(§’98f’at!9‘fvi“P@ﬁﬁBWP&Pe’lfo -r BioHogenyy or cat al yst s

used for thegdJawd %H&seéﬁddawumfhya?ggaharow%@an Nedhdn4A, R bBalt estds, whi ch

wi Il thus contaln contam nant netal’s such as vanadi um and ni ckel in

addi tion t dickRe ay &refestani exidensaries, Thepxidie G@@ﬁ"ogéﬂeféﬂy congistseefal s
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may additionally comprise other components, such as phosphorus or zeolites.
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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. Further, if the catalyst is used for
20  hydroprocessing metals-containing feedstocks, contaminant metals, such as
vanadium and nickel, will accumulate on the catalyst surface in the form of their
sulphides. The accumulation of carbonaceous, sulphurous, and metallic deposits
is detrimental to the activity and the selectivity of the catalyst. When these
processes continue too fong, the catalyst performance decreases to an
25 unacceptably low level, and the catalyst must be replaced. The thus obtained

spent hydroprocessing catalyst then has to be disposed of.

One way of disposing of spent hydroprocessing catalyst is by landfilling, but this
is becoming increasingly difficult because of environmental constraints.

30 Catalysts used for the hydroprocessing of metals-containing hydrocarbon feeds,
which will thus contain contaminant metals such as vanadium and nickel in
addition to the hydrogenatlon metals m@y be dlsposed of to a metals reclaimer,

who will reclaim not o
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ACH 2490 R 2 netals. Obviously, netals reclainers are primarily interested
I n spent-tatal ysts containing substantial anmounts of contam nant netal s,
and far less so in catalysts which have been used for the hydroprocessing
of lighter feedstocks and so contain no or hardly any contam nant netals.
This nmeans that it is even 5 nore difficult to dispose of spent
hydroprocessing catalysts used for hydroprocessing |ighiey hogast ocks
than of hydroprocessing catal ysts used for hydroprocessing heavy

nmet al s-contai ning feedstocks. In any case, both landfilling and netals
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asphal tenes. These inpurities, and particularly the presence of netals and
| ar ge- nol eEYHrePragesynd  bemyomestals-coplainng feedsiogksl dni @By ycaep. path

deact i vati pihdfifing M8dGAb@BlsYekialhBiRg akd) eliishsl¥d TREIRHE StheRDisOfeddRF & heavy
feeds as conpared to the deactivation rates for catal ysts used in the

hydr opr oce®&10egs der theyisppsal caf denest hydroprasessiog «ataiyushvgspesiatly spent
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ur gent neeblydrocarhopfestsss for the 25 production of |ow cost good-quality
heavy feed hydroprocessing catalysts, and in particular for a process for
produci ng such catal ysts on the basis of inexpensive starting nmaterials.
Japanese panethier prdbiens athichris @388iNdred mate andirhere im the fisdd o6 oil refiBiych a spent
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new hyds opfeagiesis) Guen tagl fgeds baded i abihosphdritereBidagiasils, w0 Rerdubn thi s
publ i cat | Ogilsl,siar sand oils, and shale oils, contain substantial amounts of sulphur and
nitrogen components, metallic components, and large-molecular weight
components such as asphaltenes. These impurities, and particularly the
presence of metals and large-molecular weight components, result in a relatively
20 fast deactivation of the catalyst used in the hydroprocessing of these heavy
feeds as compared to the deactivation rates for catalysts used in the
" hydroprocessing of lighter feedstocks. Therefore, heavy feed hydroprocessing
catalysts are used in large quantities in oil refining, which makes their price an
important factor. In consequence, there is urgent need for a process for the
25  production of low cost good-quality heavy feed hydroprocessing catalysts, and in
particular for a process for producing such catalysts on the basis of inexpensive

starting materials.

Japanese patent publication 68890/1977 describes a process in which a spent
30 hydroprocessing catalyst is caicined to remove carbonaceous and sulphurous
deposits, ground, mixed with a binder, and reformulated into a new

hydroprocessing catalyst. The crux of the process described in this publication is
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ACH 2490 R 3 that the spent catalyst is treated with water or an acidic or
basi ¢ aqueous solution. This treatnent is considered necessary to dissolve
t he hydrogenation netals and di sperse themuniformy through the catal yst.
Further, contam nant netals are also stated to be renoved. As appears from
t he Exanples of this 5 docunent, the amobunt of water used in treating the
catalyst is very large, the weight ratio of water to spemcigasgd gst being
of the order of 5.5:1. However, the uge of such |arge anobunts of water as
envi saged in the Japanese patent publication is cunbersone on an industrial
scale. It gr S 2 L il ieh, b ' I rom a
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met al s bei p@tdie aed adof staredt theber Ainadved! Asanpearst fran .thélExdinpes dfchisay, this
is objectionable. 15 Surprisingly, it.has now been found that gntrary to
the stat enBRTENGH, %h?ea'BBWé’-% "Y\%ﬁ%li‘%eﬁ}e@ tﬁ%?ﬁ'&ﬁ\g% ca%{ygﬁ{s Wll?rgﬁ'tﬁ‘ n, it is
not necessgeiht fatidof waldr86 spert eafafysObeiM@bethe @Fderof 8/5¢1. Or  basi ¢ aqueous

solution to produce a newWy fornulated hydroprocessi n‘? cat z?]laést w th good

pr oper t i esHPWeKers fenisengicuish iage 3810Hgts A Watelt 3 gMsaged NP|JaBdNeSPear to a
person ski LLag Pﬂﬂfggﬁor?fst cdrﬁ'lgérs & 59 ?ﬁLn‘ﬁg&ﬁaﬂéc%ﬂ@ '?t_séi'elﬂie][sfh taearitge of large

anount s of "wat e advantages from oi nt of view of processing

t echni que, liduid abase, whichds uderirableffrom 8 dechnicabpointplivigwsin st ititendstei ded. |t
has al been. f oyl ' . rdi apanese patent

publ i cgé)i Oﬁe?su}tg:?ﬁ@ﬂ e?‘g'ag&ecc\é’gésds'ﬁrr’tiﬁt%gﬁrl&epglgg‘fatrs%b%tt%n{%he hydr ogenati on netal s
and r enoveFuttiserc erparimerds) tamiet alut b rapplicané haye showrathat thet ugeyofsychof a

treatnment with water ar ueous,.sol ut i.ons, .. i we | eachi ng
of hydroge‘l‘\?n’é?? 8W°H§t§aq?§'fa? ?{ia&g%ﬁ%ﬁﬁﬁsﬁg\'ﬁ&% "ﬁ@ﬁégggglcwe‘@gﬁ%h{g'ﬁ?éﬁ al yst can
in fact beoprkpaiyebdenation mestals being leached from the catalyst composition.

Needless to say, this is objectionable.

15
Surprisingly, it has now been found that, contrary to the statements in the above-
mentioned Japanese patent publication, it is not necessary to use large amounts
of water or acidic or basic aqueous solution to produce a newly formulated
hydroprocessing catalyst with good properties from spent hydroprocessing
20 catalyst. It will be clear to a person skilled in the art that being able to dispense
with the use of large amounts of water has advantages from the point of view of
processing technique, because the bresence of a separate liquid stage is
avoided.
It has aiso been found that while, according to the Japanese patent publication, it
25 is necessary to redistribute the hydrogenation metals and remove the
contaminant metals from the spent catalyst by way of a treatment with water or
aqueous solutions, so causing undesirable leaching of hydrogenation metals, a
high-quality novel hydroprocessing catalyst can in fact be prepared from spent
hydroprocessing catalyst containing a high amount of Ni and V, namely up to a
30  total of 15 wt. %, calculated as oxides, based on the weight of the spent catalyst
from which carbonaceous and sulphurous deposits have been removed, without

such a treatment being necessary.



hydroproce55| ng cat al yst cont ai ni ng a h| gh armunt of Ni and V, nanely up to
a 30 total of 15 w.% cal cul ated as oxi des, based on the weight of the
spent .catal yst from which carbonaceous and sul phur ous deposits have been
removed, without such a treatnent being necessary. ACH 2490 R 4 Al though
the process of the invention is particularly suitable for the re-use of
spent catalyst, that is, catalyst which has been deactivai@d ohgormse i n
hydroprocessing, it is also useful ingthe case of catalyst which has not
been used 5 earlier.for whatever reason, or for used catalyst still
serviceabl e after normal regeneration. Apart from hydroprocessing catalysts
whi ch generally do not conprise a specific cracking conponent, (mld)

hydr ocr ackAligought thieyrbsgsswhfi thie idvertionys ipagicalady sukilig ferotheoreerse, okuch as
anor phous sili.ca-a ' or | ec \% 0 y sQ be used
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in the spent for ter it has been u dr.ocr.ackin
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henceforth be referred _to as_"waste cataly present invention
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steps of (i) 1t necessary renovin carbonaceous and sul phurous deposits
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any poi nt
possible catalyst sources suitable for use in the process of this invention will

henceforth be referred to as “waste catalyst.”

15
The present invention thus relates to a process for preparing a catalyst suitable
for the hydréprocessing of heavy hydrocarbon feeds, which process comprises
the steps of
(i) if necessary removing carbonaceous and sulphurous deposits from waste
20 catalyst by subjecting the waste catalyst to a thermal treatment,

(iiy grinding the waste catalyst obtained in step (i),
(i) mixing the ground material obtained in step (i) with a binder and,
optionally, additives, and
(iv) shaping the mixture to form a new catalyst,
25 - wherein the loss on ignition of the catalyst composition mixture at any point in the
steps (ii), (i}, and (iv) is not higher than 70 %.

In this context, loss on ignition (LOI) stands for the weight loss of the product
when it has been heated to a temperature of 600°C during one hour.

30  The loss on ignition of a product is equivalent to the water content of said product
if it does not comprise any other volatile components. Since the components

present in steps (ii) to (iv) comprise no volatile components other than water, a
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steps (ii), (iii), and (|v) I's not higher than 70 % In thls context | oss
on ignition (LA) stands for the weight |oss of the product when it has
been heated to a tenperature of 600[err] during one hour. 30 The | oss on
ignition of a product is equivalent to the water content of said product if
It does not conprise any other volatile conponents. Since the conponents
present in steps (ii) to (iv) conprise no volatile conpongot4obiper than
wat er, a ACH 2490 R5 limtation o the LO of the m xture in process
steps (ii) to (iv) is in effect alimtation of the anobunt of water present

in the m XthH'{ltgttorA%f E opﬁfeoﬁfxtur%g probedd steBE (HAHALINSE HOGRAEIS 1 on

m xture shou not I gher t Yoat any point in'steps (ii) to (iv) of
t he cat al yélmltptm‘p@frtl’n ampurg of wptep peasentipo dhg alidtigret o t he i nventi on.
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hi gher than5 | N~ cohpar i'son, rocess o nple 1 of
t he Japane#ngrpattmn 7p%bati amt point int Istepsa(iu) to er'v) sapem oatﬂiyslt meparatlctrhe amount
of water, presen %,..10 The
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treat ment &b, h@orenﬁéﬂardbwdmpfgmesnamgs%atrabcyraparisanoad@fg the gretome
car bonaceous and sul)ghurous dréé)osMs and ot her conmpounds. Sal d thernmal

treatnent PERSGER S drRpriet of & dﬁ?a'l??eh%aé?“tn@”ql'ﬁ%“@péﬂ? ratig of yOEMt o 3

t enper at ur @aRR/SYRLMe HAYURL bﬂ watal pﬂe@entGiQOI[§5r']'hlsﬁ§ éﬁlﬁi’lﬁéntytotﬁﬁ veesr 400 and
S50[err], for "a period of 0.1 to 48 hours, preferably between 0.5 and 12

hours. The 8&¥%at i ng is carri ed out in an oxygen- containing atnosphere. In
this rggpect it is noted that the sul phur which is present on the spent
catalyst is derived fromtwo sources. On the one hand, the spent catalyst
cont ai ns tr'ﬁhefmstepumm;:rms@emémg@thnhmtﬁmtlmrsethedmma!twatmnt bt cat al yst

duri ng LS U QUL BydSFrocklbaBlBP T AR 10 Nenfit AlarBlndlsts g0t 21 °

sul phur des hydrogenatron ne resul ting
from t he ssliphuas |depossts$ndtccbher compounds Said thermal treatment is generally

carried out by heating the spent catalyst to a temperature between 300° and
15 600°C, 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 respect it is noted that the sulphur which is present on the spent catalyst is
derived from two sources. On the one hand, the spent catalyst contains true
20 sulphurous deposits, which were deposited on the catalyst during its previous
use. On the other hand, the catalyst also contains sulphur in the form of
sulphides of the hydrogenation metals, resulting from the sulphidation step to
which the catalyst is subjected to activate it. During the thermal treatment in the
process according to the invention, the true sulphurous deposits are completely
25 removed from the catalyst, while the metal sulphides are converted to metal
oxides. In the context of the present specification the removal of sulphurous
deposits by way of a thermal freatment is meant to encompass both these
processes.
[t should be noted that if spent catalyst, or more in general, used catalyst, is used
30 in the process according to the invention, it is essential that the spent catalyst is
subjected to said thermal treatment to remove carbonaceous and sulphurous

deposits before it is processed further. This is for the following reasons. The



whi ch the catalyst is subjected to activate it Durlng the therwm
treatnent: in the process according to the invention, the true sul phurous
deposi.ts are conpletely 25 renpoved fromthe catalyst, whil e the netal

sul phides are converted to netal oxides. In the context of the present
specification the renoval of sul phurous deposits by way of a thernal
treatnment is nmeant to enconpass both these processes. |t sghpghsh Re noted
that if spent catalyst, or nore in gemgeral, used catalyst, is used 30 in
the process according to the invention, it is essential that the spent
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these 10 inhonogeneities in the starting material would be reflected in an

end producfaBPNachesfo Gefle sUIBhYaUS | BGRositer Bad enot tb?éngrfﬁ?fﬁ@\f‘?ﬁ’g iesgat al yst
cont al B NJinfBfRQBAGRAH MBSttt RUeREPwAAR B flcctt A diPGRI ietifctagter at ! on,

because sp yst contalni'ng these nmaterl a S 1S pyrophoric
(sel f - heat Inhginogensdususqualityt hdtonedvet,r ¢he n@nndiog ) of anatelystdi epdaipied with i f

sul phur ous Y EeRAclS S SipntislF RebRis i fhaF ML ol BURESEENE, °1
ei t her spenatalyydmmmmmogﬂ:asagnaiertaé ippyrophodd (delfiseblirg). subj ected to a thernal
treat ment p%¥%§§!¥1 fitg?rﬁ%l ¥r§68r(p;c(ra$ %ﬁsﬁé’%e%lsxg Evith lfs w&rtg ggtglysfa'g uset]e fraction

wth a par
15 which does not contain any carbonaceous or sulphurous deposits.

In the following step, the catalyst, which may be either spent hydroprocessing
catalyst which has been subjected to a thermal treatment as described above or
fresh catalyst, is ground, and the fraction with a particle size below 200 microns,
20  preferably below 50 microns, more preferably below 20 microns, is isolated, for
example by appropriate sieving techniques. The grinding can take place, e.g., in

a conventional hammer mill.

The ground catalyst is then composed with a binder and, if desired, an additive.
25  The binder is present to glue the various catalyst components together. The
additive, which is optionally present, may function as low-cost filler and as a
diluent for the metals content of the waste catalyst particles, and may also be
used to modify the properties of the catalyst to be produced, for example, its
density and pore size distribution. The additive can also add specific catalytic
30  properties to the catalyst, such as hydrocracking activity or metal trap activity. it
is of course impossible to make a sharp distinction between binders and

additives, given that the compound added as an additive may also have some



20 preferably bel ow 50 m crons, nore preferably below 20 mcrons, is

I sol ated, -for exanple by appropriate sieving techniques. The grinding can
t ake 'pl ace, e.g., in a conventional hamrer mll. The ground catalyst is

t hen conposed with a binder and, if desired, an additive. 25 The binder
I's present to glue the various catalyst conponents together. The additive,
which is optionally present, may function as | ow cost filA@Hq 2300lras a
diluent for the metals content of themaste catalyst particles, and may
al so be used to nodify the properties of the catalyst to be produced, for
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i ncor pqpat §eboksYrately hﬁtocﬁ%aéaYa?h%st %Q bgeprgéﬁ‘gé‘rbﬁy'dthgypraﬁfés Rice ﬂ% fcgRrding to
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.15 The amount of waste catalyst, binder, and additive will vary with the intended use

of the catalyst. This will be elucidated further below.

The mixture comprising the ground catalyst, the binder, and, optionally, additives
is then shaped into particles. This is done by procedures known in the art, such
20  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. The shape of the newly formulated catalyst particles is
variable. Suitable shapes are cylinders, beads, rings, and symmetrical and
asymmetrical polylobes, such as tri- or quadrulobes. Cylinders are sometimes

25  preferred for reasons of strength.

After the shaping step, the resulting catalyst particles will generally be submitted
to a drying step followed by a calcination step. The drying step may be carried
out at a temperature of 40° to 150°C, preferably 100° to 130°C, for a period of
30 0.5 to 48 hours. The calcination step will generally be carried out at a
temperature in the range of 350° to 600°C for'a period of 0.5 to 48 hours in an

oxidising atmosphere.



The m xture conprising the ground catal yst, the binder, and, optionally,
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15 of grinding, mixing with other components, and shaping. For example, the

addition of water during the grinding step may be desirable to facilitate the
grinding. During the mixing step it may be desirable to add one of the
components in the form of an aqueous solution or dispersion, or it may be
desired to add some water for easier mixing. During the shaping step some
20 water may be added to facilitate the shaping, or some acidic aqueous solution
may be added to peptise an alumina binder, if present. However, in any case the
LOI of the catalyst preparation mixture present in steps (ii), (iii), and (iv) of the
process according to the invention should be less than 70%. As stated before,
the presence of less water or aqueous solution leads to major advantages from
25  the point of view of processing technology, and in the case of basic or acidic
aqueous solutions being employed also to less risk of leaching of hydrogenation

metals.

In general, all types of spent and waste hydroprocessing catalysts can be used
30 as starting material in the process according to the invention.
One type of catalyst which is suitable for use in the process according to the

invention takes the form of catalysts which have been used in or, as the case
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15 by mercury intrusion present in pores with a diameter below 100 nm. The use of
these types of catalysts in the process according to the invention is particularly
attractive for two reasons. In the first place, as has been explained before, it is
difficult to dispose of these types of catalysts by land-filling or metals reclaiming.
In the second place, catalysts which have been used for the hydroprocessing of

20 light hydrocarbon feeds are relatively clean in that they contain hardly any
contaminant metals, for exaniple, they contain less than 5 wt.% of contaminant
metals, calculated as oxide on the catalyst from which sulphurous and
carbonaceous deposits have been removed, more preferably less than 3 wt.%,
most preferably less than 1 wt.%.

25  Another, though less preferred, source of waste catalyst for use in the process of
the invention consists of catalysts which have been used in, or are suitable for
use in, the hydroprocessing of resids. Resid catalysts have an MPD of the order
of 6-25 nm and a relatively low hydrogenation metals content, with the Group VI
hydrogenation metal generally being present in an amount below 17 wt.% for

30  molybdenum, calculated as trioxide, and the Group VIlI hydrogenation metal

generally being present in an amount betow 6 wt.%, calculated as oxide.
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0y 90LY corhaly oottt SHRE A, b Bt SRR AR, B e
pr esentls i ninchpoaatingrthe iabowd-mentioned particulate material into a newly formulated
catalyst with the process according to the invention, it becomes possible to profit
from the uncontaminated inside of the catalyst particles.
As will be evident to the skilled person, one may of course also use mixtures of
various types of spent and waste catalyst materials.
20
It is noted that the composition of the catalysts given above is based upon the
catalyst as it was in its unused state. The term hydrogenation metals is used to
indicate those metals which were incorporated into the catalyst composition on
purpose during catalyst preparation. The metals which are deposited on the
25  catalyst composition during use are referred to as contaminant metals. Because
the amount of contaminant metals present on the catalyst composition depends
on the specific process in which the catalyst has been used, it is difficult to give
figures for the amount of contaminant metals present in the spent catalyst in
general. As indicated earfier, spent catalyst containing up to a total of 15 wt.% of
30  contaminant metals, calculated as oxide on the basis of the spent catalyst from
which carbonaceous and sulphurous deposits have been removed, are suitable

for use in the process according to the invention. However, in the process



10 the catalyst particles, with the inner part of the catalyst particle
having little or no contam nation. |In consequence, when this type of spent
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15 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 ground waste catalyst particles. If
this should be objectionable, it is possible to eontact the additive with
hydrogenation metals or phosphorus before it is mixed with the ground waste

20  catalyst particles.
Alternatively, extra metals can be incorporated into the catalyst composition by
mixing metals components in the solid state with the mixture of ground calcined
waste catalyst, binder, and, optionally, additive. This method is particularly
attractive for molybdenum oxide. Of course, a combination of the two procedures

25  is also possible,
For good order's sake it is noted that if additional metals are added to the
catalyst composition, care should be taken again to ensure that the LOI of the
catalyst preparation mixture does not exceed 70% during the optional addition of
additional metals or other components.

30
The term catalyst suitable for the hydroprocessing of heavy feedstock refers to a

catalyst which can effect one or more of the following processes on a heavy
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netals, calculated on the catal yst fromwhich carbonaceous and sul phurous
deposits have been renoved ("clean" catalyst). If so desired, additional
hydr ogenation nmetals may be added to the catalyst 10 conposition, e.g., by
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conprising water soluble salts of the hydrogenation netals to be
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requently 350°C. The sulphur content of the feed is generally above 1 wt.% and
-will frequently be more than 3 wt.%. The nitrogen content is generally above 500
15 ppm and will frequently be in the range of 500 to 4000 ppm. The feedstock
contains contaminant metals such as vanadium, nickel, and iron, generally in
amounts above 3 ppm, frequently in the range of 30 to 1000 ppm, and more

frequently in the range of 50-300 ppm, calculated as metal.

20 Two types of processes for the hydroprocessing of heavy feedstocks can be
recognised in the art, namely fixed bed processes and moving bed processes.
In a fixed bed process, the feed is led through a fixed catalyst bed under
conditions of increased temperature and pressure. Typical fixed bed
hydroprocessing conditions include temperatures between 300 and 450°C,

25  hydrogen pressures between 25 and 200 bar, H,:oil ratios between 300 and
2000 NI, and space velocities (hr'1) between 0.1 and 3. In the hydroprocessing
of heavy feeds a graded catalyst system is commonly used. This means that the
feed is first contacted with a catalyst suitable for removing the metal components
from the feedstock. The effluent from the first catalyst bed is, after optional

30  fractionating and phase separation, fed to a second catalyst bed, optionally
followed by further beds. The second and further catalyst beds are to effect

hydrodesulphurisation, hydrodenitrogenation, and/or removal of Conradson



reasonabl e period of tinme we nean a period of time which a skilled person
w || constder acceptable on a commercial tinme scale. 5 The catal yst
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being very flexible with regard to the nature of the feedstocks offered. Suitable
feedstocks are, e.g., vacuum residua, atmospheric residua, and 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

20  constant quality of the product obtained, because, unlike in a fixed bed process,
there is no deactivation of the catalyst as a function of time. Several types of
moving bed processes, among them ebultated bed processes, are known in the
art. Mention may be made of the above-mentioned H-oil process and Lummus's
LC-fining process.

25 Moving bed processes are generally carried out at a temperature between 400°
and 500°C, a pressure between 100 and 200 bar, and an HJ/oil ratio of between
700 and 1400 NI/. The catalyst addition rate is generally in the range of 0.3-
3 kilograms of catalyst per cubic metre of feed. It should be noted that the
specific values for all these parameters, and in particular for catalyst

30 consumption, depend heavily on the nature of the feed, the nature of the

catalyst, and the other process conditions.
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13 Carbon. A graded catal yst systemgenerally conprises two to five
cat al yst beds. Fixed bed processes for the hydroprocessing of heavy

hydr ocarbon feedstocks are know in the art and need no further el ucidation
here. As the nane says, the crux of a noving bed process is that the

catal yst particles 5 nove with respect to the reactor in which they are
contained, with the result that the catal yst particles afCtiB49¢ Bed are
fully backm xed. An exanple of a novity bed process is an expanded novi ng
bed process, also indicated as an ebul | ated bed process. In a typical
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f eedst ocks _.ar Qoo Yacuum resi dua, atnospheric residud, and
cr udes. TH@&bsﬁpo‘ﬁ@?’dvﬁ 1w istaly cgntenty anhieh satalyst hpageidardy Syitapigcfaim gas oi |,
and at mos péfrictifg 9h§dr@béme@ﬂ§‘at@ﬂ.\/a"rhég%ﬂrﬁerat PRl &ec'cég%iyﬁﬁs%@%er a fixed

bed process is the 20 constant quality of | roduct al ned, because,
unl i kel n eenpectively dewerr MEBssand penrsecutivelyohigberc metals conteats, theaket al yst as

a functionngh tiddRsecafVély al no¥PeSs@aplPVi P bﬁ%ﬁrﬁ%ﬁ@ﬁaﬁ%yoﬁgogggt hem
25

ebul | ated bed processes,” are known In the art e of the
above- menthyd nirogenatignocess and Lummus's LC-fining process. Movi ng
bed processes are generally carried out at a tenperature between 400 and
500[err], a pressure between 100 and 200 bar, and an H2/oil ratio of
bet ween 7(Bueatocthé 4@buréliof the friocessaigaddires isciehgbssible in Aovingsbegiereatid.y in the
range Qf - kil ogra of, catal yst per cubic tre of feed. It should be
not ed 113 ha’?r q%ﬁ%§§pgﬁ ‘?C}P?:grs%ﬁ' glfe%m,o&néiaep cﬁi?élésé st ggfﬁ?’@?@? sgitetiedParti cul ar
for cat al yatalya partiolesanpetforn afl eprichdWwich hBe® bddarhéd site of the feed, the
nat ure of 1Ihe catrglg/s]; and the other process conditions,

he properties of moving bed catalysts and fixed bed catalysts suitable for the

hydroprocessing of heavy feedstocks will be discussed in more detail below.

20 In order to be suitable for use in the hydroprocessing of heavy feedstocks, the
catalyst prepared by the process according to the invention should have a
pqdicie diameter over its smallest cross-section of 4 mm or lower, preferably 2
mm or lower, more preferably between 0.5 and 1.5 hm. For fixed bed catalysts
the particle diameter over its smallest cross-section is preferably 1.0-1.5 mm, for

25 moving bed catalysts the particle diameter over its smallest cross-section is
preferably 0.8-1.3 mm.

The catalyst suitable for the hydroprocessing of heavy feedstocks prepared by
the process according to the invention generally comprises a Group Vi metal in
30 an amount of 0.01-0.12 mole per 100 grams of catalyst, and/or a Group VIl
metal in an amount of 0.004-0.08 mole per 100 grams of catalyst. Preferably, the

catalyst comprises molybdenum andfor tungsten as Group VI metal component



ACH 2490 R 14 The nature of the process by which the heavy feed wll be
hydr opr océssed i nfl uences the properties of the catalyst or catalysts to be
used therein. For exanple, the properties of a fixed bed catal yst suitable
for the hydroprocessing of heavy feedstocks will depend upon whether it is
to be used in a graded bed 5 catal yst system and if, so, whether it is
to be used in the earlier or in the |ater stages of such ACHL24%R I n a
graded bed system the feedstock is filPst contacted with a catal yst having
a high MPD and a low netals content, which catakyst is particularly

sui tabl e fdP cophination gvithy aickel cansras| sabaiti asn Graume ViiLmetelr camaperiepst Aor

catal ysts |vel S | y..hi gher netal s
ont ent s, T, BT O o o' b 180 GrBRRS B dhlafBh Yot B8
hydr odesul gReai¢wated &n1.5- Wt By mealgdennmg ealatipted. asDrexitie ohttke meight e of t he

rocess, grgagdi L%l | i | ctors. 1 Therefore, the
Br operti eg 0319 hg%n%a&s{h%zgh%é%aﬁgs%m%%% fﬁbg&géﬁgcwglé RY ?%%@r%%ﬁ cat al yst
particlé cana]’gqb}@t fcam bea:laté:utamic?)i m&spﬁn&cﬁ? 216&{27 wxé%b@r tQ?gﬂér@CbMat%cll' hef ]
properties . ng hed cat.al ysts X ed c sts suitable for the
hydr opr ocesagitﬂg)mc{)‘#' cﬁ‘e@&ﬁ”?@ga‘gtt@% I?Eé&sT‘lr'l %3“%?%‘8%&3}&3 shalfgyekebatdi | bel ow.
20 I n or deobabatbameuwitichD|0840008 msle pen 100 gratyslbORRAGRTHN B @fculRay Y '

f eedst ocks, the catg* st rgﬁ@ﬁargd b%ghe process according to the invention
shoul d hav&® §OFePPP foAnR & 0GRt v galeyatedaasioxidesthes@talyst of 4 nm or

| ower, prefsefiaid bed catly St whigh® to B&USeP it 8ddiyr Bghuesp a%{éggtrfged’- 5 nm

For fixed bed catal ysts the particle dianmeter over I'ts snal

cr oss- dBct MYAFOPLOCESING rapsration, owhichs ismfo feffect 3nainiyp hivdrgdemetabsationy st s t he
particle dippdiBlaBly 144 GrbSo YAhES -S6£bIdAN | e 8-1.3 mm
The catal yst sui ?abl e forr F%h(la héytﬁr%"é‘?%'@ﬁs‘?ﬁgbb Wg%veérf ie(g({jggcr% gf pr epar ed
by the pro&aigayshandedemypt\dilithetal pontenti ofr0.6eh6108 inplecperpt0G gsanas 6f oup VI

i e 309 bl e Rk e g koS % "
cat al yst. Pataiyst sbinprisiognel GdBawi¥% of anplybdersimotalbulated nagintdléxide temgst en as
G oup Y§ nﬁétglysf 9R® 8.'?3?19%.% of nickel, calculated as oxide on the catalyst.
A fixed bed catalyst which is to be used in the later stages of a heavy feed
hydroprocessing operation, which is to effect mainly hydrodesulphurisation
and/or hydrodenitrogenation, preferably has a Group VI metal content of 0.06-
0.12 mole per 100 grams of catalyst and a Group Vil metal content of 0.02-0.08
20 mole per 100 grams of catalyst. For a catalyst comprising molybdenum and
nickel this would yield a catalyst comprising 8-17 wt.% of molybdenum,
calculated as trioxide on catalyst, and 1.5-6 wt.% of nickel, calculated as oxide
on the catalyst.
A moving bed catalyst which is to be used in a heavy feed hydroprocessing
25  operation, which is to effect hydrodemetalisation as well as
hydrodesulphurisation and/or hydrodenitrogenation, preferably has a Group Vi
metal content of 0.035-0.12 mole per 100 grams of catalyst and a Group Vil
metal content of 0.013-0.08 mole per 100 grams of catalyst. For a catalyst
comprising molybdenum and nickel this would yield a catalyst comprising 5-17
30 wt% of molybdenum, calculated as trioxide on catalyst, and 1-6 wt.% of nickel,

calculated as oxide on the catalyst.



ACH 2490 R 15 in conbination with nickel and/or cobalt as Goup VIII netal
conponent: An anount of 0.01-0.12 nol e nol ybdenum per 100 grans of catal yst
can be-recalculated to 1.5-17 wt. % of nol ybdenum cal cul ated as tri oxi de on
the wei ght of the catalyst. For tungsten an anount of 0.01-0.12 nole per
100 grans of 5 catalyst can be calculated to correspond to 2.3-27 w. % of
tungsten, calculated as trioxide, on the weight of the caA@HY480 R-or the
Goup VIII netals nickel and cobalt a#b amount of 0.004-0.08 nole per 100
grans of catalyst can be calculated to correspond to an anmount of 0.3-6

W . % cal clll aagdbeasttragiieetooincorperatmaaphyosphords foompdndretdintatial yathlyehi ch is to

be used in i 0 hea e 0, hydropr.ocessin

operati on, c\t/)\lﬁll Sﬁﬁé'kg ‘%%Ee@%’sgﬁﬁ‘enafaﬁﬁ '%%%ﬁfgﬁﬁ%ﬁ?@%‘ﬁ%’%m%Pg?"%?‘g'bl y has a
G oup VI miydiocaroh efeedstocks. Olf- Phasphonise ipeihcdrPrafidanbtootthe atdthlyst and a
G oup VIII |...content of 0.004-0,05 nole per 100 grans of catalyst. For
a catal yst c§§1 P ﬁds mf%%r%‘?ﬁe&ﬂ@ i %‘R%ﬁ*ﬂfﬂﬁf’sﬂ%m% el QP eragst al yst
conpr i ssng of catafst, whickoio eqiieaiyitde DD wER Srurakibras daldulédss P)ot5
catalyst, and 0.3-4 wt.% of nickel, calculated as oxide on the'catalyst. A
fixed bed @928 $&8YShich is to be used in the later stages of a heavy feed
hydr opr ocessi ng operation, which is to effect mainly hydrodesul phurisation
and/ or hydrodeni trogenation, preferably has a Goup VI netal content of
0.06- 0. 12 TheIfxed dedcatalysts suitalfle ort the yhydrenrocessiay o phedvy | feedstadkscont ent  of
0.02-0.08 f t . .E | yst _.conpri sing
nol ybdenumg%ﬁgrérﬂ}ﬁg‘?%h%g@%i g %@éPgﬁé’gh‘g@ﬂey"Sf*'Eg’%%‘?% | n%vgy'%7 wt . % of
mol ybdéhunPf @4tchmiigeandian MADbef @25 om asitietersined by chetcdry ordsitietnf. ni ckel

| cul d OX | I - Al bed I whi ch i b
Goea i o RESUSe) B8 ko 6 Fediokin o BB Ragief B niitors s8R, o7 oot

hydr odenet apérgtion preferally have bl poregolayer afd®s-ul ity iapatdromFnef 92-25
metal content of 0.035-0.12

moi e per 160° 5P ek SRR th 53 m alelsianehat e BorRERReSBNG0. 013. 0. 08
ol e per 16ferglianprefrathphde)bpore Folum2 FALLb¥ShI/g and an MPD of 6-15 nm.
15 Moving bed catalysts, and particularly ebullated bed catalysts, can be divided
into two groups, namely monomodal catalysts, which have an MPD in the range
of 10-15 nm, and bimodal catalysts, which have an MPD of 4-12 nm, preferably
6-9 nm, and which additionally have a substantial amount of pore volume present
in the macropore range, that is in pores with a diameter above 100 nm.
20  Preferably, a bimodal moving bed catalyst prepared by the process according to
the invention has a total pore volume of 0.5 to 1.0 mi/g, preferably 0.6-1.0 ml/g,
with the macropore volume being 0.05-0.3 ml/g, preferably 0.1-0.25 ml/g.

Generally speaking, it is envisaged to prepare catalysts-suitable for use in fixed
25  bed or moving bed processes with the process according to the invention which
comprise 5-95 wt.% of waste catalyst and 95-5 wt.% of other components.

The process according to the invention is particularly suitable for the preparation
of moving bed catalysts from spent or waste hydroprocessing catalysts. A fixed
30  bed catalyst is intended to stay in a unit for a long period of time, for example 4
months to 2 years. If the catalyst has to be replaced ahead of scedule, this is

expensive for the refinery because of the extra.down-time of the reactor. On the
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conpri sing nol ybdenum and nickel this would yield a catal yst conprising
5-17 30 w.% of nol ybdenum calculated as trioxide on catalyst, and 1-6
w . %'of nickel, calculated as oxi de on the catalyst. ACH 2490 R 16 It
may be attractive to incorporate a phosphorus conponent into the catalyst
conposition, especially if the catalyst is to effect hydrodenitrogenation
of heavy hydrocarbon feedstocks. |If phosphorus is incorpo §He90R 0 the
catal yst conposition, it is preferabl Wpresent in an anount of 0-0.14 nole
per 100 granms 5 of catalyst, which is equivalent to 0-10 wt. % of

phosphor us °thes| kandatie @ Movipmobed griogass kgt eatglyst. isTentinygusly werlacest al yst s

suitabl e T Shetdisret QPAIRF 85 HeNProlict B aANYrel AREALACK? REERBAGI Ne

process according to the.invention generally have a pore vol une _
0.4-1.5 m thgn fpronayingNmRl extalgsts SThisnmeand dhatrthe selgs Ipyiceref eungvinmbedi et ry.

The fi xed LD he S..0 h
hydroprocelsegﬁ}éﬁtgg@aa% ?8%%%2%’%@&81?%@@5@%0 :fét?/%ﬁttﬁ%e 'Sfév(?.H’S&f.r% m /g and
an MPD of tati@d then Thee $alesdprived ofatalfixeti sbéd batalystedsuitable héorl diteer st ages

of the hydroprocessi.n eration, preferably haye a pore vobu of 0.4-0.8
M /g and alVRIRE SSPoEnd ¥ el dSeUsiRaKeg TRSTFIaa: A1l GeBecialy SBRFINECR ar | y

- ebul | ated lpespacanmvirgtised catalyste frbny itiske thekpéridivieStading Witerid) sRsiutepnonodal
catal ysts, ,which have,an MPD in {he ran?e of 10-15 nm and bi nodal

catal ysts, PHRPR %mt%qu?ﬁssﬁ‘gf’?t%- preferably 6-9 nm and which

addi tional lay ineatestingS Bibbdifiehtllof AAB Yibsdt iRMSrioN G5 URE ;I%?&%ﬁén i 4 he
macropore range, that is in pores with a dianeter above 100 nm 20

Pref er db| ybimpdsl abylateddvad, gatglyat ¢singl @80 pwhhaptavaste hidropiasessirg accor di ng
to the inveghiyef %wﬂ%t 8 Bthae?Chfid ¥ HoNE, é:oéf aomgcr%go%:ug ag}iéige. A pierably
wth the . 05-0. g,

0.6-1.0 m /g, ) macr opore vol une beil ng preferably
0. 1- 0. 25 nbeen expiaibed|abpve,peatiols dydiopracessing icatalysts havepar MR i sitenl yst S

A e ST e
95-5 wt . % bibwevére thayogarenaliytdo. ndfppspesscthesmacropordi votynte rdquired fioreart | on i s
parti Cll'% ar EMUIE’(QOI ab%'de cgt%[ys{. h?hig rg%e%% %% remedied by the addition of a
macroporous additive, such as diatomaceous earth, sepiolite, and natural or
synthetic clays such as kaolin and acid leached kaolin. Apart from adding
macropore volume, the macroporous additive may also function as diluent for the
metals present in the hydroprocessing catalyst starting material, the metals
20 content of which is generally higher than the metals content desired for the
ebullated bed catalyst to be prepared. Further, the additive can be used to
ensure that the new catalyst has a bulk density suitable for use in ebullated bed
processes. The bulk density of the starting catalyst will generally be too high for
an ebullated bed catalyst. The addition of a macroporous additive to the newly
25 formulated catalyst composition will lead to a decreased bulk density, rendering
the catalyst suitable for use in ebullated bed processes. Waste hydroprocessing
catalyst which has been used for, or, as the case may be, was suitable for use
in, the hydrodesulphurisation or hydrodenitrogenation of light hydrocarbon feeds
is a particularly suitable starting material for this embodiment. As explained
30 above, these catalysts have a Group VI metal component of 10-35 wt.%,
particularly 17-35 wt.%, and a Group VIl metal content of 1-10 wt.%, particularly
2-6 wt.%, with an MPD of 4-15 nm, more particularly 6-10.



of noving bed catal ysts fromspent or waste hydroprocessing catal ysts. A
fixed 30 'bed catalyst is intended to stay in a unit for a | ong period of
time,” for exanple 4 nonths to 2 years. |If the catalyst has to be repl aced
ahead of scedule, this i-s expensive for the refinery because of the extra.
down-time of the reactor. On the ACH 2490 R 17 other hand, in a noving
bed process the catalyst is continuously replaced. TherefA$¢&249hB qual ity
of the product is nmore inportant for 18 xed bed catal ysts than for noving
bed catal ysts. This neans that the sales price of a noving bed catal yst
suitable for the hydroprocessing of heavy feedstocks is even nore 5

critical thg I ] af Lxe S L,table for the
hydr opr ocess?ﬁ%ﬁﬁg %ﬁeg\éym@eﬂgggﬁ%g kcsna.c hi%hg?\glsgfrog';%llg{e\éi éat%g‘%e' i'atf yeattractive
t o prepar edesirablegtobsidphicde theysatalystropior tdé beirex pemisit, whatsis atot dengemtieer i al

consi tuted droprocessing catal yst. An interesting

enbodi nent " 0 alt% E@B%P%gseﬁ?e%%ﬁvgéﬁrbﬁw&&{:h h'gFEBi?Fé{%PSHP BoA¥eNgendi nopdal

ebul | at®d bednemsay, \yt comtdctiog e Elalyét. iftied resrtdr &t ciRPyaeMpsiatigecat al yst,

5-30 wt. % of l%jggder 5-50 wt . % of %rracro orous additive. As has been
V )

d
expl ai ned ¥BRNEdroggp ia%asa RyRhyspRoptaining frede isroptinaafly spikelpyth & the same

range as t&ephdrionfpoliie stgs 89 OMISS, r viithla Fixtade &tHydloyeR @nBegdfabal YSt .
However , th@&_generakly do not possess the macropore volunme'required for an

15  ebul | at'8N'BRd %€ aPhi §%t SUTHreSURITYIRG cloligwed benadivationhyGenrsalitidi ti on of
a Macr opor gdsulgkiditdni & dgdiRBIcARNEh The TEERA Ss 3BT Bd\usSEM L pagd natural
or synthetic clays such as kaolin and acid | eached l%aol in. art from

addi ngl%racPrepeise Whils awe rule me pressinbistation wilkhRicarfiedcoutewhealtse cdtalystiis on as

di l uent f of @ elBt 3! Lt . CeSS| C aﬁ/st starting
material, the rrgt al sngodm cont éﬂ%&g‘fa&ﬁh%%(@g& eﬁi?—:g{ﬂ%eﬁe 2P°%Ran the
netal s content desired for the ebullated bed catal yst to be prepared.

Furt her, t%ﬁ@&i}tive 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 catalyst will generally be too high for an ebull ated bed

catal ylSSt ; T-Imse gﬁg%ptlé Olﬁus?;ateas r&r\aé: rh%)[%rdog egiﬂgimteésveof ' %et r\}‘%ter}e\tli\fie%t/tmen’t
described in Japanese laid-open No. 68890/1977.
A spent hydrotreating catalyst comprising molybdenum and cobalt as
hydrogenation metals and vanadium and nickel as contaminant metals was
subjected to a thermal treatment for 10 hours at a temperature of 525°C in air to
20 remove carbonaceous and sulphurous deposits. The thermally treated catalyst
was ground to a particle size below 200 microns. The ground catalyst was mixed
with 50 grams of alumina binder per 100 grams of spent catalyst. Then, the
mixture was shaped by extrusion to form cylindrical extrudates with a diameter of
1.0 mm. The extrudates were calcined for 2 hours at a temperature of 450°C in
25  air. _
20 grams of ‘each type of calcined extrudate were subjected to the solution
treatment described in Examples 1 to 5 of the Japanese laid-open publication,
followed by the calcination step described in that publication. The metals content
of each newly formed catalyst was determined after the final calcination step.
30 The treatment conditions, the final calcination temperature, and the metals

content of each sample are given in Table 1.



25 fornulated catal yst conmposition will lead to a decreased bul k density,
rendering the catal yst suitable for use in ebullated bed processes. Waste
hydr dpr ocessi ng cat al yst whi ch has been used for, or, as the case may be,
was suitable for use in, the hydrodesul phurisation or hydrodenitrogenation
of light hydrocarbon feeds is a particularly suitable startjng nmaterial for
this enbodi nent. As explained 30 above, these catal ysts ﬁ‘étﬁ@gaoﬁ oup VI
nmet al conmponent of 10-35 wt. % particlﬁ’arly 17-35 wt. % and a G oup Vil
nmetal content of 1-10 wt.% particularly 2-6 wt.% wth an MPD of 4-15 nm
nore particularly 6-10. ACH 2490 R 18 Depending on the intended use of
the newy frggyl ated catalyst it may be desirable to sul phide the catalyst
prior to if _Dbeing used it, that is, to render the nmetal conponents present
therein syl phidic. This [cheatbentione i n a converthetalalcostent fwdiisler, say, b
. A

cont acti nf at-a-yst-p—ther-eacior—atrAncreast-ng—rerperaf-ure—wHth
hydr ogen arr\i‘ a %‘ﬁ‘?oﬂhur-cm%ﬁ' i r;G fe.g‘H',e qu:%ﬁ ils optipnally ppiked pmith p
sul phur cpnpgqund such ag DMVMDS, lor wth a |mi xtuqe of hydrogen{and hyldroge

sul phi de, lor by ex sityulpresul dhidiha folll owedlby activationl GCeneriallyv
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10 procefs, WyTe as aruie n _preF_ui phfdat T o @id T Pg gcar 1| §9o0ut| JweT
the catalyst jis to be uded in a noving bed prodess, nbre parficularfly, a
ebul | at ed| Bed watecess. EB&npl e [BO15( 2 Thi § 58Qanpl1d.9 | | y8tlr at es0.6Be ||idbte

ef fecti vepess hewatre—ttredtae gesqgrhedHA—Jdaparese—ai-d—opar—No-
68890/ 1977.5 A g%@ﬁﬁcﬂ%r gtopeati 28 C 1°$| ystsogonx i nS ybde@r‘é ;no:'gobal t
as hydrogesat|iznNpgt al s [aipd vanad uyma@nd [rBopokell eas copBam napd epet dlF7Was
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subj ectedl-tola thermal tlreatnengt f 10 Hours at a tepperature of H25[ery|
inair tol20 |48\ carf®¥naceddd adl sul|§98r ohdideposilSs. Th@3Ther|@Bly
treated catatyst—was groundto a parttcre srze belfow200—m—crons—The

ground catal yst was m xed with 50 granms of al um na binder per 100 grans of
spent cat afrpst . Tableed, itt Appedrst et asawasedhpweith ihe exrttreatsidosatplef brath

cyl i ndry cafe AXbRIIUNSTP ith Fraflr B aR' acidic or basic solution, lead to a

decrease of the content of the hydrogenation metals Mo and Co and the
contaminant metal Ni. The decreased Mo content is most pronounced when
formic acid or ammonia is used. The decreased Co content is most pronounced
when formic acid or hydrochloric acid is used, while the use of water will also
10 lead to a decrease of the Co content of almost 50%. Only the use of formic acid
has a significant influence on the vanadium content of the 6atalyst.
From these results the following conclusions can be drawn. The treatment with
water or an acidic or basic solution which is considered essential by the
Japanese patent publication does result in the removal of the contaminant nickel,
15 but only at the cost of the concomitant removal of desirable hydrogenation

metals. Vanadium removal does not take place at all.
Exampie 2

20  This example describes the production of an ebullated bed catalyst with the
process according to the invention.
The starting material was a spent hydrodesulphurisation catalyst comprising 10

wt.% of carbonaceous deposits, calculated as C, and 10.3 wt.% of sulphur,



1.0 mm The extrudates were calcined for 2 hours at a tenperature of
450[err] 1n 25 air. 20 grans of each type of calcined extrudate were

subj écted fo the solution treatnent described in Exanples 1 to 5 of the
Japanese | ai d-open publication, followed by the calcination step described
in that publication. The netals content of each newly forned catal yst was
determ ned after the final calcinatign step. 30 The tr &0 Rondi ti ons,
the final calci nation t enper at ur e, arfd the metals content of each sanpl e
are given i 'II' ACH 2490 R 19 Table 1 Treat nent

Met al s con?"g?ﬂ t@gﬂas% TRgse wereemaned fromAhe gatalyst by subjesting ddp@ hept(ni )

([err]) (hireatrchesf b) temgb?arturh of 52 for a perMaOof 20 hurs in &9 oxygen-

- - - 14. 4.0 0. 90 3.7 wat er 50
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10 500 D i [ 20

10 200 20 w?% of Mo, %:?xlghlated %s Zgomde,gf%téh of E%Ngé_l&iated a%(ljo%’de, 50 )
600 511.0.2 Wt "@Ef V, calcQia®d as 03dg drdoin Walkb ef Ni,i dalaugiedins dxkie{ attonpar ed
with the uggsreg%hqﬁle 38 t ﬁ a Igrégp?'@rce%hg nts, whether with water or with

an acidic or basic so rease of the cont ent of the
hydr ogenat 2950 gremalog ciean apeht@etaww(umazwm weievaixed Imﬂha141NI grarhB@fdecr eased

Mo t ent when f c acid o s_used. The
decr eased WINEREONES T2 B0 45 BABE R P GPErP 4B (61 8200 Fgdrdehl or i c
acid i s ustads oblaired mixturé werd bdugi ﬂﬁbﬂrﬁd oﬁ$43ﬁtt %)mtﬁceééid ldssBlvegGh ease of

of al nost 50% e use of formc acid has a significant

he Co
}[ m? I uéwggnﬁ%':ﬂ@memd’&ﬁtﬁma@%t@ﬁh the resydtingamixture twasrknaadededlier 83ul ts t he
fol | ow ng AmEsUH00GEMS a0t ilerh@WddElCatd Rt re‘%ishkﬁ@ah@& aghinan acidic

or basic solution ich i s considered essentia
This action was repeated a few times until the mixture was extrudable. At that

point the LOI of the mixture was about 45%.

The thus obtained mixture was extruded using a Welding extruder at a pressure
15 of 40 bar to form extrudates with a diameter of 1 mm. The extrudates were dried

overnight at a temperature of 120°C and subsequently calcined for 1 hour at a

temperature of 600°C in air.

The final catalyst comprised 13 wt.% of molybdenum, calculated as trioxide,

3.0 wt.% of cobalt, calculated as oxide, 10 wt.% of diatomaceous earth, and the
20  balance alumina. it had a compact bulk density of 0.58 gram/ml, and a PV(H,O)

of 0.71 ml/g.

Example 3

25 To further illustrate the present invention various other ebuliated bed catalysts
were prepared in the same manner as described in Example 2, except that the
diatomaceous earth was replaced by equivalent amounts of sepiolite, FCC
catalyst, kaolin, and bauxite, to obtain catalysts containing 13wt.% of
molybdenum, calculated as trioxide, and 3.0 wt.% of cobalt, calculated as oxide,

30 10 wt.% the specified additive, and the balance alumina.

The PV(H,0) of the various catalysts is given in the foltowing Table.
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2 20 This exanpl e describes the production of an ebull ated bed catal yst
with the process according to the invention.
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deposi ts,
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||uo UULQ

VST S

D es o

nt catal yst
Co, cal cul ated

oxygen- contai ni ng atresphere-
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This action was repeated a few tinmes until
At that point the LO of the m xture was about 45%

the m xture
The

t hus obtai ned m xture was extruded using a Wel ding extruder at a pressure

15 of 40

4 orm extrudates with a di aneter

of 1 mm

The extrudates

were drd ed overnight at a tenperature of 120[err] and subsequently cal ci ned

for

1 hour_at a tenperature of 600[err]

in air.

The final

cat al yst

conpri sed Ti®e activity off thgloptﬁinahmpor@lmgctm thediavention rarepared in Example 24 of

cobal t, cq&&‘%ﬁﬂﬁd

bal ance al um na.

I

o, B s )

commercually available ebullated bed catalyst compnsmg

s (yef’érﬁ\méﬁew ﬁfé&ﬁé'bn

density of

8 gr ant

?{m the 20
, and a [err]
13wt.% of

molybdenum, calculated as trioxide, and 3.2 wt.% of cobalt, calculated as oxide.

10

The catalyst had a CBD of 0.58 g/ml and a PV(H,O) of 0.73 mlfg. This

commercial catalyst is henceforth indicated as Comparative Catalyst B.

The test was executed in an upflow tubular reactor, with the two catalysts being

tested side by side. Two reaction tubes were filled with 75 ml of catalyst

homogeneously intermixed with 80 ml of carborundum particles.

15

After the

catalysts had been presulphided using an SRGO in which dimethyl sulphide had

been dissolved 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 in Table 2 was passed over the

catalyst for a period of 8 days, under the test conditions given in Table 3.

20

In Table 2, the amount of asphaltenes (IP-143) stands for the weight fraction of

the feed which is insoluble in n-heptane. The other parameters are known to the

person skilled in the art.
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of 0 71 n1/g Exarrple 3 25 To further |Ilustrate the present invention
various ot her ebull ated bed catal ysts were prepared in the sanme nmanner as
described i.n Exanple 2, except that the diatomaceous earth was repl aced by
equi val ent anounts of sepiolite, FCC catal yst, kaolin, and bauxite,

obtain catal ysts containing 13 w. % of nol ybdenum cal cul at ed Cl£r| OXI de,
and 3.0 wt.%of cobalt, calculated as oxide, 30 10 wt.% ¥ %‘%Z’ fied
additive, and the bal ance al unm na. Th@z[err] of the various catalysts is

given in the foll ow ng Tabl e. ACH 2490 R 21 Catal yst Additive
[err] (mM/g) 2 _ sepiolite 0.60 3 _ FCC cat al yst
0.61 4 . » eréresmue bauxi te 0. 67

Exanpl e 4 S5-3Rl2opeti f f brding to the invention
prepared in Exarrpl e 2, hencef orth |nd| cated as Catal yst A was determ ned
in conparison with a comyercially avaitlable ebul |l ated bed catal yst

conpri si ng Bensity (AW Qfﬂ?%(ﬁ%bm 0882l atell as trioxide, and 3.2 wt.% of

cobalt, ¢ Ay de. 10 [ Ywsowiaal ypt had a CBD of 0.58 g/nl and a
[err] of o.%"@’/%g“ Thl commerciial catalyst is henceforth indicated as

Conpar at i veNitBagai wnterB(N)I'he t est %281 @I@Ebut ed in an upflow tubul ar reactor,
with the t at Hrg—tested ge—byiside. Two reaction tubes were
(111 ed v tpRorpaphas (oLed) Vo, horr?g@gﬁsly intermxed with 80 m of

car borund rmma&s&ieﬁrboﬁ\tccem)the H4.95 we%al ysts had been presul phided using
an SRGO i nwhich dinethyl sulphide had been{dissolved to an S content of
2.5 wt.% Nigkeligerte Kuwait vacydPRPR oi | {was passed over the catal yst

for a periog G Comt@R e & |HaEPm

Boiling point data:

IBP 279°C
5 vol.% 346°C
10 vol.% 378°C
20 vol.% 416°C
30 vol.% 447°C
40 vol.% 493°C
50 vol. % 527°C

Table 3: Test condition

Pressure 155 bar gauge
H2/oil 800 NI/l
Temperature | 425°C

LHSV 1.0h"

Days 8

When the system had reached an equilibrium state, the activities of the two
catalysts were compared. The test results are given in Table 4, expressed as
10 relative weight activity of Catalyst A for the different components in the feed as

compared with Comparative Catalyst B.



at nospheric residue wwth the properties given in Table 2 was passed over
the catalyst for a period of 8 days, under the test conditions given in
Table-3. 20 |In Table 2, the anobunt of asphaltenes (IP-143) stands for the
wei ght fraction of the feed which is insoluble in n-heptane. "The ot her

paranmeters are known to the person skilled in the art. ACH 2490 R 22
Tabl e 2: Properties of Kuwait atnospheric residue Densi tyA@'A@FRﬁ)BAOSZ)
(50e[err]) 0.9524 Sul phur content (S¥3 4.167 wt.% Ni trogen content
( 2581 ppm Asphal tenes (1 P-143) 3.7 wt. % Conradson Carbon
(CCR The gistenmirttith g dhe gelatientweight activities (R )pwas varigdi ewhasont ent
66 ppm Boi]l_?'g poi nt data: |BP 279[err] 5 vol . % 346[err] 10
vol . % 3 %lgsr'r] 20 vol . % 416[err] 30 vol. % 447[err] 40 vol. %

493C 50 vOoRWA HDNo Fof each catabyseti®: refietidn dadonstamkiFDN} was ealculatetb5 bar
gauge H2/ oi

9249 12194}t i X Re LBl Rt o BVl PR et
acti vi t escaitterith theweedstock. The reaction rate constant for Comparative Catalyst B
was valued at 100, and the reaction rate constant of Catalyst A according to the
invention was recalculated to give the desired RWA HDN value. The RWAs for
sulphur, metals, and Conradson Carbon were calculated in an analogous manner
from, respectively, the amounts of sulphur, metals, and Conradson Carbon
10  present in feed and product.
RWA Conversion: For both catalysts the conversion to products having a boiling
poi.nt below 537°C was determined, taking into account the portion of the
feedstock already boiling in this range. From these conversions two rate
constants were calculated, one for Catalyst A, the other for Comparative
15 Catalyst B. The latter was valued at 100, after which a recalculation of the former

gave the RWA value.

Table 4: Test results

RWA HDN 103
RWA HDS 100
RWA HDM 110

RWA HDCCR 97
RWA Conversion | 100

20 From these test results it appears that Catalyst A according to the invention is
substantially as good as the commercially available Comparative Catalyst B and
even shows a better HDM. This shows that it is possible to prepare an ebullated
bed catalyst with good properties from a waste material with the process
according to the invention.

25



catal ysts were conpared. The test results are given in Table 4, expressed
as 10 redative weight activity of Catalyst A for the different conponents
in the feed as conpared with Conparative Catal yst B. ACH 2490 R 23 The
determ nation of the relative weight activities (RM) was carried out as
follows. RMA HDN: For each catalyst the reaction rate conﬁéﬁ%gélﬂ-ﬂ\b was
cal cul ated on the basis of the obtai n%g nitrogen content ‘of the product
vis-a-vis the nitrogen 5 content of t feedstock. The reaction rate

const ant forlégﬁrrpar ative Catalyst B was valued at 100 and the reaction rate
constant of¢ 2l yst A according to the invention was recal culated to give
the desired RWA HDN val ue. The RWAs for sul phur, netals, and Conradson

Carbon were cal cul ated in an anal ogous rmanner from respectively, the
amount s of Isul phBrocass &rspreparndcanfatal¥einsiablsoferite bydsQrAeessigf 8kd and

product. R CRaxg/ fldiltarlon fed F«hseﬁtp%aégggoﬁqlaﬁsé‘som%{e%w to products

having a boiling poi'nt bel ow 537 err] was determ ned, taking into account

t he porfion of (i ife neeasgatyotsnayinde aarponaeous gard suiphérops ripposits §iem hese
conversions t at . f art f[g’htn hyst A, the

ot her for COW‘S@@%%%&&%%@@{?%‘P@&&@Q&t%h@g?zfl)gs?tt%gﬂﬁeg@ vé ue% at 100, after
whi ch a recal ci)grinding tHe wiste tatalystrobjmined inlsdeRIMA val ue. Tabl e 4: Test
results RWAHDN,... . . 103 RWA H . . - . 110 RWA
HDOCR © o BRI 6. BOERE MaGHR eptaiae i 1R 4T LY & BIGET &, appear s
t hat Catal yst Aptishadly, didditivés) ahie i nvention is substantially as good as the
commercially a aratiﬁ)e Cat al éSt B, and even shows a better HDM

rai | abl e Co
This sHBws thaX"%l thapingdhe aflyre to form-anew gatalyshy | | at ed
wherein the loss on ignition of the catalyst composition mixture at any point

in the steps (ii), (i), and (iv) is not higher than 70 %.

2. A process according to claim 1, characterised in that the waste catalyst is
15 spent hydroprocessing catalyst which has been used for hydroprocessing

substantially metal-free hydroprocessing feedstocks.

3. A process according to claim 1, characterised in that the waste catalyst is
spent hydroprocessing catalyst which has been used for hydroprocessing

20 metals-containing hydroprocessing feedstocks, which catalyst has a total
contaminant metals content of up to 15 wt.%, calculated as oxide, based

on the weight of the catalyst from which carbonaceous and sulphurous

deposits have been removed by thermal treatment.

25 4. A process according to any one of claims 1 to 3, characterised in that

alumina is used as the binder material.

5. A process according to any one of claims 1 to 4, characterised in that an
additive is added to provide the catalyst with additional properties.
30
6. A process according to claim 5, chargcterised in that the additive is

diatomaceous earth, kaclin, or sepiolite.

mLrs



bed catal yst with good properties froma waste material with the process
according to the invention. 25 ACH 2490 R 24 CLAIM5 1. A process for
prepdring a catal yst suitable for the hydroprocessi ng of heavy hydrocarbon
feeds, which process conprises the steps of 5 (i) if necessary
removi ng car bonaceous and sul phurous deposits from waste ?4%@5%
subjecting the waste catalyst to at mal treatnent, (||) g the
waste catal yst obtained in step (i), (lii) mxing the ground nmateri al
obtained in step (ii) with a binder and, optionally, additives, and 10
(iv) shaping the m xture to forma new catal yst, wherein the [ oss on
ignition of.tha matalsmtorﬂﬂi@ﬂeﬁrtyim of thé lﬂit@ce@tngaélé( nﬁobhﬁrabt@néé'tﬁms'f eps

h than 70 % di t
(L 1 SRl 9 Babits s s o Soces e © " *°

hydr opr ocessi ngevaifethiifdted\Batalpsthtdmpasion.used for hydroprocessing
substantially netal -free hydroprocessing feedstocks. 3. A process

accordihg to claim1, characteri sed |n that the waste catalyst is spent

hydr opr ocegsi ng cﬁf’a‘iﬁtksﬁt’am‘é(ﬂ!eoés} Qo‘f'%ﬁgof'tg g%ﬁﬁé)ﬁ”t{? ﬁﬁﬁﬂg b ot al

met al s- cont ai ni ng hydr oprocessi ng st ocC cat
cont ami nant neRailige ciametar ovdr lt?psmdfesscmssiiﬁcm oﬁbdowm a@mxwt!ie:h based on

have bean romoSaiP ig” Eromi LG LA 0 L2 s Bel RUGHS, TCPTG o

have been renove t her at hen ng to any
one of clains df Qatal)at itoraa Geous ¥l metal madn ahwuhnaf 0.004+980male pére bi nder

mat er i es C ding to any one of clains 1 to 4,
char acfo'erl sed 1 Oogfr% zﬁgtgﬁa{ti ve is added to provide the catalyst with

addi ti onal properties. 30
9 A catalyst according to claim 8 which is a fixed bed catalyst.

10. A catalyst according to claim 8 which is a moving bed catalyst.
15

11. A catalyst according to claim 10 which is an ebullated bed catalyst.

12. A process for hydroprocessing hydrocarbon feeds in which a hydrocarbon
feed is contacted under fixed bed hydroprocessing conditions with a
20 catalyst according to claim 9.

13. A process for hydroprocessing hydrocarbon feeds in which a hydrocarbon
feed is contacted under ebullated bed conditions with a catalyst according
to claim 11.
25
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6. A process according to claim 5, characterised in that the additive is
di at omaceous earth, kaolin, or sepiolite. ACH 2490 R 25 7. A process
accor’'ding to any one of the preceding clains, characterised in that

addi ti onal hydrogenation netals and/or phosphorus are added to the newy
fornulated catal yst conposition. 8. A catalyst obtainablghysshg process
of any one of clainms 1 to 7, having agarticle diameter over |ts smal | est
cross-section of below 1.5 mm which conprises a Goup VI netal in an
amount of Ap8¥RAc¥2 nol e per 100 granms of cat alyst, and/or a Goup VIII
metal in an anount_ of 0.004-0 nol e per ans of cataly

100
9. A cat &%P&Esécf&RdPﬁéleéllﬁaﬂmHg D\RH|P8|QC|E§5&N1G| Qé&l’Abéchﬁt?QMy%STio A

cat al yst 11. A
o et SPaen rEba dh s Wk plhcers B Reh e Arcmvmba bl yBe 12" A
process f dnydnymtocgssinge s heavihydocahbe febs dahitm Pﬁ&bé\‘sb Sorptiblegciebon f eed
i's contsact d under fixed bed hydroprocessing conditions with a 20

catal yst a Cot ing to claim9. 13. A process for hydroprocessing

hydr ocar bo ?Qfédésﬂalﬁy Wer6hing dAysHna6adUROshd §@!9hur§u§%b3§ifseﬁoﬁ'\nﬂ§§teebu| | at ed
bed conditions wth catal yst according to claim1
catalyst by subjectlng the 'waste catalyst to a thermal treatment
(i) grinding the waste catalyst obtained in step (i),
(iii) mixing the ground material obtained in step (ii) with a binder and, optionally,
10  additives, and |
(iv) shaping the mixture to form a new catalyst,
wherein the loss on ignition of the catalyst composition mixture at any point in the

steps (ii), (iii), and (iv} is not higher than 70 %.

15 The process according to the invention is suitable, int. al., for the production of
ebullated bed catalysts. In that case, it is envisaged to incorporate a
macroporous additive into the catalyst composition. Spent hydroprocessing
catalyst which has been used for hydroprocessing light hydrocarbon feedstocks

is particularly suitable for use in the process according to the invention.



