;e3e'B 'ZZ[DL@"6"TFB__i. D Process for produci ng spherical oxi dezgsrggplmgz 2
3 OCT 2002 PCT/EP99/03Z 66 5 The present invention pertains to proces
for produwongssypberical oxide particles with a | ow wear raP€T/ERR9032p6ar e
particularly suitable as catal yst carriers. The present invention also
pertains to the production of catalysts! fromthese particles. 10 Spheri cal

oxi de parti d in many applications, including, for exanple,
adsorpt i on“ﬂ”@ﬂ@"lﬂﬂ‘ﬂ”{ﬂ@@t alytic applications. They can be app”mmmm i
bed, noving , | | ated bed applications. In the prese ,M”lm,m"mm
speci fication, "% present invention and its advantages will be dgsgdi be
wth reference to catalysts suitable for hydroprocessi ng of hydrocarbon
feeds. Nevgrthel es 5 the skilled person will recognise, many of the
advant agesEBQCEtSﬁgoép'@?@gé‘ga%%%er%amx'% F:{)Wéafeﬂventi on will also be inportant
in other applications. One of the steps in the preparation of ready-for-use
products from heavy hydrocarbon oil fractions is hydroprocessing to effect
t he conpl elbe opregant irverdionr padeinl iof ai ppanessi fos. pladaeingt epfigricat loxidesuch as
feeds based_qn, at npspheric residual ojl a vacuum re iduatl ils, ta]r tsand

oi I's, and BAACESHWT GelW alVFS" (85 aVNCBr §hiRATieH B S BH%oﬁﬁd%ataﬁfa

metal | ic cesmpeneMife pretese invEptibh HiRSpEating 8o tBERYSELAN NI RERHt O frok e
feedstock with a hydroprocessing catal yst at el evated tenperature and
pressure iHhaseaitieleence of hydrogen. 25 This will cause the organic

sul phur conpound to be converted to H2S, while the netals precipitate on
the catal yst particles. The use of non-fixed bed processes, such as noving
bed prpgesSehertsl edidd pattetbdad pariesRaty abpliketimE iEludied, aséxghpe,
important in the hydroprocessing of heavy hydrocarbon feedstocks. Non-fixed
bed proces3€80rpYORadRd fhan v gatahitisgrrlications.” Thenean hecarpligdyn fised &gface t he

conplete c ' Isnvent .or L re. it ;

cont am nat ?%O?I#tbteﬁé\ﬁga%%”g/ést@ %z@?{%ﬁog%&ﬁﬁﬁ%&r’gggﬁ Eé{e‘?'@“%go%cﬁhezooz WO
99/ 58236 PEiddeird9in08Rdn Zandisntadrantages wilnbandesatbattvatls refietdnceetaror e
honbgeneous. However, the use of a catalyst in a non-fjxed bed application
pl aces addFiabis SPE%WPJQE@W@E"%HWW%ng‘&idqu%b‘%ﬁ ?‘iEHJe'$ é\gﬁvﬁﬁpglﬁggf@ﬁ
particykar inekr ane agh LS tg@,y% t becone
nor e clr##ti g}j f@g%gagggto{hhe cg%glg%@? é’pmét?ﬁclozzthé suf et?“ﬁer}réoibg t\f/;\lgaé‘]og?l%s t ear
by col |'i di mgcovidirtg teaitie iovertiorawd! &ls0 betimponknt & other Replicttions n

consequence, the conventional extrusion-shaped catal yst particles are | ess
suitable for use in non-fixed bed processes, because these particles have

coners whi ghhe'Ry tRassteysWeathe Yr8paraBoh N6 feBPloraall pRiuckUbReheabpcause
the catal yst is continuously or i ntermttentlfl fed to or renmoved fromthe
%o

reactor, 1hydAtoogken wivisactians i& hyirapesessingl lcogffectsiner camplaty anaattighnsf er

oo 2o Yo PR RS, LEAE OB ARG ABRLGRS o SErdHiehe
Addi t i onal Irgsidagheils,c abcoahatesdugiasity, ciae Ssarai odlh s@nbestalsi sirbhendratly
contain organic sulphur compounds and metallic components. These
impurities can be removed by contacting the feedstock with a hydroprocessing
catalyst at elevated temperature and pressure in the presence of hydrogen.
25  This will cause the organic sulphur compound to be converted to H»S, while
the metals precipitate on the catalyst particles.
The use of non-fixed bed processes, such as moving bed processes and
ebullated bed processes, is becoming increasingly important in the
hydroprocessing of heavy hydrocarbon feedstocks. Non-fixed bed processes
30 have the advantage that it is not necessary to replace the complete catalyst

inventory at the same time. Additionally, the contamination of the catalyst
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15 use in fixed-bed applications, particularly at the front of 3@3 ¥@b
bed to catch particulate materials, such as solid iron and carb®n t es
present i nwvbObes§Bed. The size of the spherical particles depsEMeERIIORSS he
application, but particles of 0.5 to 7 mmdi aneter, preferably about 2 nm
to 5 mMmin diameter are being commonly used at present. ZO Various
processes for preparing spherical oxidesparticles have been described in
the art. EP 0 025 900 descri bes a process in which a shapabl e dough is
extruded and divided into particles, after which the particles are forned
into spheres, which 25 are then dried and optionally calcined. The
extrusion | SVBREONe MK GORRFUTRM BrRIR& bﬁdﬂ@%e h‘l’ﬁ“@%\eﬁpﬁg Homeyes pther i cal

particles c t 807
descri bes ag%épﬁ %?alpaplﬁg%éPﬁﬁéggpegﬁdﬂF R%ggaa elsrgl&ﬁ v{ﬁ @ﬁ
shapabl e dooglhé prepetiedasf, thaf¢aalys\fmm:Imaﬁrwlaaxumeldate@gt}s aadgtlmenétﬂdsi&(a and

bail ed, and t he bal |T$1 are dried and cal ci ned. SUBSTTf UTE SHEET ( RULE 26)
.2 3 OCT 20(Rsisiancs ahi& CalvshOeCamg-epenciisal Frrayssahe fatalvebhaartisiaset hod

of form
parti ol Go. RETHTaR WSk MG ksl dolfitt Wi SRR Qe st LI R R e,
met hod of f emitli lnmmseqmepwﬂbe aonvshtagmat epiusiontstapedt catalyst paridlgsodrar y

granul ator, for u ation. nese Patent Publication Nos. 1984-2649,
Jo84. p1651. Iean G Ul5BE. 158 1S nOei Hea R ARSI PRERESILISHF GRS poEor

into a horizoped WHIERHRR) @agw iv@aaegwﬁgnatn@é@%ﬁbnéakdﬂs' %rfh%rr mﬁ eat' on.

However, the particles obtained by the granulation nethods In
powder 10 |theuwalyatslsmmmungslmmteahlﬁhamef@ @emfsreemmcijfromuﬁherreaht@lrl on

the surface, which is fa on 1 he in articles and
ol 111 Bh of THeC Hats sy2has rrey 6l el eSS v el w8 oA 5P haiiamr
whil e the paghiaflieg & e2dcingespsidense. | f the percentage of heat shri nkage
bet ween the core portion and the surface 15 | ayer of a particle differs,

the surface | ayers nmay peel, so breaking the particles, during or after

cal oL LSO T S o o A B B B e BRI R .

surfaces of debieatner ideltesabgcophdrtall eastyst paatitieyi airedisdbt désitablardor
solved entirely. 20 ~ In Japanese Patent Laid- 1998- 17321, a net hod

for obt Ei ni H§e SRSy Qﬁﬁe&}r@élcawrfs@tpamw&}rar@ta@%mt\;aéé eAiabsbsed tO&ﬁEth i's
ment T oned 1 Bakicidle HaRifaRNKCAD By FOR SHELarkONEbticiel T BsOm ?10 .

used to produce a porous nateria many small pores o
or less in teahelke,siandintid esphErm:aé ;Mrﬁeiesi depdrats mnoduma;g)haag@rs but

adsor bent or .h dr reating catalyst for 2?5 ar oil S

rant yet sapla {]/5ft8r} B%Bdﬁ%’f‘ﬁ raorﬁ&d?glﬁfrag)@é‘@g'ﬁ’gﬁng%g LN ’anezierheavy
oil requirigg BBIM; doaﬁ,ggngqqﬁ atBeetglgs, there is also the problemthat if
it is attenpted to granul ate a sticky conpound, the raw material is |liable

to form®unps by nmutual cohesion. Since an inorganic hydrous cake or paste

30 furtner FeosstotkEBd bEnleRaihh Phricy ik SHiERS 4 heslBeSERRY
202 in the art.
EP 0 025 900 describes a process in which a shapable dough is extruded and
divided into particles, after which the particles are formed into spheres, which
25 are then dried and optionally calcined. The extrusion is preferably through
circular holes. The forming into spherical particles can, e.g., be carried out
using a rotating plate.
GB 1 535 807 describes a method for preparing spherical alumina particles in
which a shapable dough is extruded, after which the extrudate is segmented

30 and balled, and the balls are dried and calcined.
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WO 99/58236 4 PCT/ E-P99/.03266 On the other hand, Japanese Patent

RPubl icati on No. 1989-37332, Japanese Patent Laid-Open No. 1990-51 1?, and
Japanese Pat-ent Publication No. 1995 24749 discl ose the so-call ed .6i -erTo@OUZ
met hod for preparing spherical oxide 5 particles. In these nmethods a
mneral acid or organic acid is added f{o an al um na powder to forma
partial sol dispersion and this is added to an oil layer in the form of
“droplets, for gelation. These methods have sol ved the probl em caused by the
rotary granul ation nmethods in that the particles produced by way of the oil
drop nethod are internally honogeneous. 10 However, it is very costly to
manuf act ure tlapaeepe Patertt faid-Qhers Nat 2736 (883 ,demadbes a snethblli cfuforming
control the pore structure as desired. reover, to unjform se the size of
Che. obt ai ned PAEISR Pi<yThCal AN dMRTZ0BIENY cuRATok) SSARTd PREiciasMasen veby

mai nt ai ni ng ty - Maly hid , Qi f i itk ons,
cre Besi das B P e T TR AR oy bl ety &

sol i di fi cati oawipovaterair shepedopartiales sty altiltedfrofaoy gratuletdcader gtanatagioh, and

apher | cal > oxrabans Fert RykeBobdidt, tnensafi LR 2305 h Bl Mt B0hans
density, thaljidchse'ReftRdsEistrbSucify 34as FeWééd ino BohdHAhedarfab@ WRRsI ty

bet ween the core portions of the oxide particles and the surface portions.
This is to eadding 2 hinder Belutiphéen granulptieni cl es are high in abrasion

resi stance. The process should be suitable for producing particles of
various sizes, in particular with a dianeter between 0.5 and 7 mm

preferably wiHdweved thegizeticidsbpeeiebafitk drantlatbrempisRsin wheH! A pbRdeasy
25 to regul ate, and be capabl e of producing particles with a |arge pore

si ze andl@ nés LeGH Afeplagindaatedlenareze Annser ingadi ewter Thed oPn dhe HiusTageed,
Shee. : . : v e
P T e g e R R b Sl T

whi ch conpri api ng a“startin risin

oxi de hydr at enovihg ppaicldscivitls tiod sitigbsaiandf thkl gracolzsdramthileehgtgariyle core is
SUBSTTTIff F igi EET (eRULE 26) 2 s ocr zaaz WD 99158236 PCT/ EP99103266 5
| eading it t&EH S€f two rolls rotating towards each other, followed by

| eadi ng the magRrpattehdgd ditdat %%Hh%lf‘éjbw&rﬂfrféo&&%f b&HibArdnd E}qsl %Q(r%‘ce

shapes, cutting the rod-type shapes into particles of substantially
const ant 1§ endayer ebrveeartiary difierst Hhe $wiansd lavarsi Glays peak 0se phrealing thed

tarting mat SRET ot SFr B, b Relo i oo FERE o BRSP4 KRR
conpri sing aghapédedicsates giiuliREm ORI @eaydaatiRtdrs theldbokBomaniidhdde
art problem of the outer surfaces of the particles becoming dense is alleviated, but

it is not solved entirely.

20 In Japanese Patent Laid-Open No0.1998-17321, a method for obtaining small
spheres by rotary granulation was disclosed, and it is mentioned that a high
strength can be achieved. However, this method is used to produce a porous
material with many small pores of 100 A (10°"° m) or less in diameter, and
while it is effective for producing a gas adsorbent or a hydrotreating catalyst for

25  a low-malecular oil, it is not yet satisfactory for producing a hydroprocessing
catalyst for a heavy oil requiring many |arge pores. Besides, there is also the
problem that if it is attempted to granulate a sticky compound, the raw material
is liable to form lumps by mutual cohesion, Since an inorganic hydrous cake or

paste mainly containing alumina Is relatively highly sticky,_it is necessary to

30 further improve the conventional rotary granulation methods.



and refers to water-containing oxide precursors. The starting g?t @tf
shoul d 10 be shapabl e, and should therefore be in the form of ﬁg ot
cake. The gMighalie consistency of the starting nmaterai can eagichys®ess
determ ned by the skilled person. In doing this, the skilled person shoul d
al so take into account the conditions prevailing during the conversion into
spheres of the shaped particles. At this step of the process the materi al
shoul d be soft enough to 15 obtain spher?cal particles. It is therefore
preferred for the starting materials to have a water content of 50-90%
preferably 55-80% nore preferably 60-70% The water content is determ ned
by conparing the weight of a sanple at roomtenperature with the wei ght of

the sanple after calcinatjon at 500C in air for 1 hour. To control the

vi scosity aa@ %OWJ‘%'@ u@'ﬂi‘ﬂ@s% aieRt BHplicaion Ae- Jrl§8nt B30 JePaaese based
on a polyal Fq ulj8s ] Cé’l'fh Acdedpi : bde
hydr at e preg}gwti%lq E@Jelsntlggt ?%%@Frgﬁaarl a Hr:% e. g??{ebng‘?gf%ﬁg%ﬁogp@og?bg

al um na, siRét49 disclase dhezsa-calféd oilarop miead dot Ipeepaing Theedod! dexide dr at e
preferably cog%i ses an alum na hydrate, particularly boehmte or

pseuplobo%th? 85 Nelesey MetidSHR NeIRHR&IE O orgeNie 8Cigh 1§ é‘ﬁgfd 530 . % of
alum na 25 BYAiRk SowWBrGo Mo 8TBRLN i dfReSioAAM inlé isThRicH @1dd B9 1Bt er ! al

preferably conpri east 40 wt. % of "oxi ydrate, nore prefer y at
| east 50% iotte foref ef didpjetat fdregedatiGbhhasal netiadsl hawve tshivesiothiedsrobient ent

of the startin terial. Non-hydrate naterials ich. be present in the
starting rrafé'r’geé{%yi?’?ﬁfq}a@/ Q@SPYE‘?'QE,F“W&‘PG?&W‘?ﬁ?tﬁﬁg@%qg%poéq -C§9§brY e as

sepiolite, at{anul Qf«i[fmem Q@lih@fﬁélgﬁhorﬂegeﬁé&ﬂém or synthetic materials
such SUBSTTf UTE SHF. T (RULE 26) 2 OCT 2001 W O 99/58236 PCT/ E P99/ 03266

6 as hed® or iHomever, itiHvam esstiyAgdnendiasiurg thateauwpmeot fydhgse rchaiguesi ng

material ca ont ai n,; | tj.o oppon S s_ph hor us, _boran

al kali met aggf& gl %al%inﬁgﬁgaljpt Egh%&al e: @r}%u5§r@f%p%§d?§g§%§ﬁdon@l%efoavleg', tc%md

Goup VIII hydseaesahedizaelfahs obbaihtd igarbtiet earwighfievelt beteekhdacsirng of

the starting material (that is, the part of the startln% mat eri al which
e

will be pre&egiiradn fohe MAIRAINIBY GEORREr tdreplel-ferninansreditiessentaligification

al um na and g L ALpng... i ent. ing. i dto
mean that meantiafs i SPSEERIevET NS BRabeRCRbdhed B R EE o,
do not ilff| selidificdtien datanh yoil caacdt \satigfyoklit bé foatalbrstkadd eftengti,yand O t he
oxidic part of the starting material conprises at |east 50% of al um na,

mor e preferé’gfays'%ﬁ r?%%EFCQO% nmost preferably at |east 85% Mbst
preferably, the oxidic part of the starting material consists essentially
of alumna. In the first step of the process according to the invention the
starting natléusatherg isl seedivea peetasatior peaduciigsplgr i@%l@gtc@nmaréclley wittnat ant

| ength by leading th terial .t et of twg ralls tati omar each
otner. for 1 SRR AT K= Re 2 BriGheo e R Ringg il B iR R Ve o
form rodpt ypabstaangasy nangifierdridenias d&esityoletyge snpere pltrgast ihel @ddef
substantially constant | ength. ] _

particles and the surface portions. This is to ensure that the spherical particles

are high in abrasion resistance. The process should be suitable for producing

particles of various sizes, in particular with a diameter between 0.5 and 7 mm,

preferably with a diameter between 2 and 7 mm. The process should be easy

25 to regulate, and be capable of proaducing particles with a large pore size and a

narrow average particle size distribution.
To solve this need, the inventors developed a process for preparing spherical

oxide particles which comprises the steps of shaping a starting material

30 camprising an oxide hydrate into particles of substantially constant length by
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More in particular, the starting material is pressed down from a\ll)\gv igto
the 20 cl earance between two parallel rolls. The rolls rotate to ac

ot her whewosésessess f r om above, and the hydrous raw nmateri al PSEE9/03364 ween
the rolls noves dowmward to another roll installed beneath the two parall el
rolls so as to be brought into contact wth them Said last roll has
grooves of a predeterm ned size forned gn the surface in the
circunferential direction. 25 The cake extruded fromthe two top rollers is
pressed into the grooves of the bottomroll. The bottomroll is in contact
with a conb for renoval of the cake rows forned in the grooves, and the
rod-type slRBseRg sy eef %@/t“‘t%@“édﬁ{?tlé}@etowd%&apht%hﬁfarf@‘i%‘v%bb)leaéilﬂgjt ating

cutter. Th h r i Y.~Rr J g the
i’z or 1S bl EUE BN AR S1800ES OB TR Shéedt Ly e
speed of tte rmi- byge bhaptes intheariclesd Ypaubbrartially aonbanbUE gt T cdmveRild T
(RULE 26) 2 3 OCT 207Z WO 99158236 7 PCT/ EP99/ 03266 cyl 1 nders,

triangul ar ”?%Hwtsyfﬁém%aﬁ?ég‘:%? '@6@&@@’@%@%@@%&?@393@9 S toeﬂoﬂﬁ%@? t he
cross-sect ,oRal hJO%{@ it qutoxﬁ%pem ally limted. However, considering the

ease of Eater granul ation i nders or square or other polygon rod- type
shapes are preferable, because nore obtuse angles are desirable for easier

roundi ng. The dj anet r of t rod-type shapes preferably is 1.0 to 1.5
times the gﬁﬁn%fﬂ@i”gof“ el fBﬁBF% Pfe-S5e ?W@%‘ tor e inYBNYon ihe makerial pe

Fhapes 3 coHiorRngHbIAL UAe ACRIELLR RRIBEIC REITOSH Spage o

| engt h di anet 1o o
on the nat and raf&rsctonwaarenwyammgthmd@mrdwdspcﬁ a'ffm startimy rm{ep'alesﬂ@ruﬂdad in

t he process according the invention ta ub i_cating oil t

bar t | cRbe” Ber Shapatiey abf it SR Boap In FEsRre B &y BRRSLRG CRE Bl on of
aggr egat es samﬂbtérwﬁsﬁsteuéy of tﬁéﬂ%téﬂxﬁ%f; aR&tehay eah &silyhe Ratdriresb@did Ng
rotary granul ation. The anmpunt of oil added depends on the stickiness of

the raw 15 shileerasiboantn dpi@gvinie dae tsyllef! nerréomsmouﬂmﬁlwatak@emtsoawouw or

ess. A1 TR AR RECERS kgl Oty nd S BRI T Bl 5P el o

sprayi ng byagidieg.zhethis peefsrabl @rob@@@dﬁ@ rhbgeriel Isheart be ssidedoudh torm y.
The oil can be added to the rod-ty R hapes as they |eave the g%r ooved roll,
to thelpar PPEIBSPNSFiRBLPATICES. J:tu*tStt ﬁ@?f@rfeepﬁatrﬁgiﬁ@r fepasting materigih o
particles e I erical .
The oi l rruZ% v%@%y%%&{}nt%ﬁtﬁoﬁ% gfeggwaﬁBQ?séfgéé\‘letﬂ)re@ra ul d% th a
viscosity dﬂ‘lelwatearmmamms sietfkersneq)bpfcen*qiﬂrngthEozvenghteﬁa |sstm'iteat gom0C i s

desi rabl e. Vi s t hi gh or too |ow ,the ql. .deposi.tion on
fhe Lot o stmpeuia RERTAS Bt e sBirolf ahe setbieinf it Soge TR L
effect. Aftreirthe dohtlol Vrraev@laaﬂgsaﬁwee PeRs serubturated trﬁ»@rctahrérean @rganic
substantially constant length, the thus forned particles are converted into

sphere20 Thirderdrased afoa@aliaiennchppaelilose latowaan ietassiestif nesstethpl es are a
tilted rot Fhe 8%8@%9%8@ 8§esent in the starting material may, e.g., be a hydrate of

alumina, silica, titania, zirconia, or a mixture thereof. The oxide hydrate
preferably comprises an alumina hydrate, particularly boehmite or pseudo-
boehmite. Preferably, the oxide hydrate comprises at least 50 wt.% of alumina

hydrate, more preferably at least 60 wt.%.

8]
W

The starting material preferably comprises at least 40 wt.% of oxide hydrate,
more preferably at least 50%, most preferably at least 65%, calculated on the
solids content of the starting material. Non-hydrate materials which may be
present in the starting materials include zeolites, natural fibrous minerals-such

30 as sepiolite, attapulgite, and halloysite, and natural or synthetic materials such
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30 described in Japanese | ai d-open patent application 1974-98378, 0CT 2
hori zontal SUf 3ST>TUTE SHEET ( RULE 26) 2 3 ocl zooz WO 9915823 g 00?7
PCT/ EP99/ 0326 i gh-speed rotary granul ator as used in Japa t
Publ i cati oﬁé %@%?31649, 1984- 21651 and 1985-25182. Suitabl epgg/ggér:‘ggo%gésg is

available in the market, for exanple under the indication marunerizer. The
use of a horizontal high-speed rotary granulator is preferred at present. S

If an oil is applied during the conversi®n of the cut particles into
spheres, the oil will still be present on the thus forned spherical
particles. It can be renoved by evaporation, but will in any case be

removed durifaghddieriteyseadsntesal cination step, in which the oxide hydrate
is converted into the corresponding oxide. 10 Optionally, the spherical
particl es arAddiionadlybeyhare ocatedsaqy itba startiter meatsdal ltenwaoetaire arddéional

thereof. Suitabl e dryi it il be evident, to the skilled
bna | nci ude SrTitssRS sl 2B s rBpe tarod “akHl GG, GieSe R Srethln. o r
or in an inesiougad. hyliGgdratnAkizd HdeBrdup VIMtIBRIFESEARicromuess. the

pl astic, shapabl e oxide hgdr ate 15 into the corresponding oxide. As will be
recogni séd BYyistprefesrad fasdhe exidie parthef thalstatiag inpsetiahfibatasuthe part of theis

For the oxi et oot e il e Beqth P B Bl EsRARCPLIE <CBR6h e
pore vol une cxeentiBr abeiuming ghdsiical thésenptingl onerts ieraéhtdllyt SRR ur es

of 400-1200C are applied for a period of 20 0.5-24 hours, in air or in an
inert gas. TRENERH de Mran ihat a¥nevameupisiipiber ¢ameereita e bairresartteas

r toi i i Lof 4 t

Checi i cati ooy g e, ePHaE Idfnct Int eRidiplt By o B ERERRF regferpy.

particl @6 nehtiox@lid pertfodth@eianing egénsenipris2s at Badt 0% o aRifhiPh, meher ei n
[D] stands for_ the average Igymest di%meter of 100 rO?ndon1y sel ect ed
particl es arfJefedfol¥3ini§ad5t §P7. HBOsy ereig@binat least dh'andest meferablyr Miriom y

el ect ed pardy; f i r i t that
LDy ST <0 Gt Bt e SLAthg mAiBRalink s Essdigl b aUIRAH L et t er T hey

wi Il function in noving and ebul |l ated bed applications. 30 SUBSTI TUTE SHEEP
(RULE 26) . 2.3 200Z, WO 99158236 PCT/ EP99/ 03266 9 Th article size

G Stri but i or"ghe fiRE “hes e OBSE R A (PP da° (aRhr B by ArTRS Fiieedles

accor di ng t a:drivertedvebtd2iclBs &F atLBBantibify Maﬁthéﬁ%ﬁtb)} RaRfin 8% marirRl
preferably at |east 90% nopst Br_eferably at | east 95% of the part.icles has

a di aneter Pt &i $etaof vy aolis 2 fan@ardhesanimbtieradel par igasing dhanet er
L e O AT AT B AL L gt L
particle di atetred-type shapes into particles of substantially constant length. .
More in particular, the starting material is pressed down from above into the
20 clearance between two parallel rolls. The rolls rotate towards each other when
viewed from above, and the hydrous raw material caught between the rolls
moves downward to another roll installed beneath the two parallel rolis so as to
be brought into contact with them. Said last roll has grooves of a
predetermined size formed in the surface in the circumferential direction.
25  The cake extruded from the two top rollers is pressed into the grooves of the
bottom roll. The bottom roli is in contact with a comb for removal of the cake
rows formed in the grooves, and the rod-type shapes removed by the comb
are cut up into particles by a rotating cutter. The size of the particles can be
decided by properly adjusting the size of the roll grooves, the rotating speed of

30 the grooved roll and the speed of the rotary blade. The rod-type shapes can be
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The spherical oxide particles forned in accordance wth the inveption show
no 10 difference in density between the surface portion of the p£r3t OBTezogpd
t'he core ortl on of the particle. This can be confirmed by \Pﬁ%ﬁp%osa

transmni ssMh%8&t% r on m croscopy picture at a nmagnificati ot 660 1 of
t he cross- sectl on over the center of a sanple particle. There being no
difference in density between the surface portion of the particles and
their core portion results in particles7with a 15 hi gh abrasi on resi stance
and breakage strength. The abrasion resistance of the particles is
reflected in a low wear rate, which is determned as follows: 50 g of a
sanple are t I 0) nt by
90 degreesc{’QMEd rg’hfePla@ %bé{rgB?éYﬁ?'sﬁ&;?&r 3%&%& ﬁ:ﬂ'togfﬁ {) h8 e%,reetg gﬂ%ﬁ at
whi ch dust tvagrgssdectimhabfoahriasnatnespeuialiye imitedt Hmﬂe%ehec@@mﬁem'igeﬁm)f t he
20 invention is _bel ow % .preferably below 0.1 w.% Further, there
bei ng no dﬁ?ﬁ%Pé?ﬁ‘@r BF?%JZ%Q Viikdais ot SOHETa O pies RobIonGTve-type Ehapes
particles r resent
' heavy héﬁé’gﬁi“%t%bn@?*?i%%%%ns BB e Ble hPS e K BB ERIS! ot ch
may be pr od’heecdalfnetben mﬂtheamddep@ahapeﬁ a&fma@panseﬁObgﬂmempsdbeﬁmrmieor di ng

25 to th t t al ticl Thi | t
n better B anOPORESST A5 Emes epleseRys Tindod b ShRST rnart ahsuch
Addi ti onal 'lmﬂ\ﬁa[;%tﬁiétsgsémews' g2 RImRANLARNAAV HEALM SEFRAG B sal Yot

particles w nore honogeneous, ad to a longer cat al yst
life. In c@ntrmaete pigieraidy 0ase.40f. spherical particles obtained by the
conventional 30 nethods described in Japanese Lai d- Qpen patent
applications. 1978-51882 SUgSTPI JTE SHEET (RULE 26) L2 3 OCT z002 10 and
1974- 98878 Deperiiftd dnl ke GRAGRNEHAT &ShdiA¥REY "Mfttheaoklﬁecﬂfﬂﬁéﬁa af mByt9e 100
mcrons (10'i m is observed on the outside of tine particles. It |s al so
observed t Ipagferied @rihﬁéamﬁcﬁaﬁtawbwl’\@ﬂo éeeomumrgbnp@raqidzlae@bdcatmmmiécw

oxi ae. par 107 SeriabEetenBED 3B pabe hatisTeRb et el Ple e FalPhet °

particles m@gee@étegtur@smhg etk oF #Me ubade $ayas Bfhhuhiztticlas eiukiagebtdripan
t hose of the particles produced by the present invention. The spherical

oxi de part ieRdlafeepapermpuphef ;@M gepengs prethenstiGhingsst b elOﬁWray be
used I pgm ’??(at%?Bl 588%?&&%0%@@'_0%&@ bENSA hd 1R0Ee8 8P1es§5}\ﬁta?ﬂ&ﬁnt

t hem sui'tab pr'ocesses, but és for use i n

movi ng bed exceed wf |1at wd%«mlwmrsa;fels%e oilTbay bar edded bycsplraylhg showerrge as
catal yst carriers for drotreating catal ysts for the ’édroproc g of
heavy hydr GE8PBHA: foé'elﬂg EXSN 5 ampal Ratetc RHENERPEH! h@rye?o?%zzjﬁ’

pertains tfjbxr ﬁé&%@?e%afu%é tﬁé%m%rah é’% [xﬁi%rﬂﬂ?sﬁhé‘en‘ééﬁ@eyﬁde'd”to"tﬁé(?h the

spheri cal particles prepare e process according to
i nvent i on and-typensbsipesdasvthay dea?e)ttme \drooegcalrolt ofop thee partntely mrm;adGbMup

VI Th : bl | df
ol ybadhom SRS B Too-BE%, Shfu O b e bt B bRy st Rt o

particul ar |Wh|@h€tﬁéiwﬂﬂl beTheao@ eyrper}éah | THE AR mQQ[TB@W&FrobH?oH?é eherraéveya
selectied fromnickel, cobalt, or m%tures thereof. 'The catal yst thus

obt ai ned i £g5AIR ViSGPAItY YA quda\mtfe afviscaséy of i o0 hgatisipkass eseferaplv theavy

hydr ocar bo S e I [S8S a
& oup i melGFEtokdh ORI § desidablh, TR Vessu s RicEhBh 3R e bR
preferably daaq@ﬁt&ﬁe@h the safage® Witpadticlds dQring rétarg granuiaiedwishive mssde,
preferably 1-7 w./a, If it is present, the Goup VIII nmetal preferably is
present2dj n eacf?cém)unt of 0.1-3 m.% nore in particular 0,1-2,5 w.%

cal cul at ed as oxide. 3D Additional active conmponents such as phosphorus or
boron may al so be 2 3 OCT 201z WD 99/58236 YCT/EP99103266 11 present in
t he cat al ysAfteotimpasdttypa.shbpep e bdearcutiifitot feticiat alf gabstdats!iynadnstant

length, the thus formed particles are converted into spheres. This can be done
using apparatus known in the art. Examples are a tilted rotary granulator as
30 described in Japanese laid-open patent application 1974-98378, a horizontal
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contain a Goup VIII netal conmponent it is preferred for it to cﬂ.rrﬁrﬂ@e 1801
smal'l amount of phosphorus, preferably in an anmount of 0.1-5 w.% nore
pref erabl w®9Bss33ém . % cal cul ated as P205. 5 The G oup VI RET&PI¥YBIFPONnent s
and/or a Group VIIl metal conponents nmay be incorporated into the oxide
particles in a conventional manner, e.g., by inpregnation, and/or by
incorporation into the oxide hydrate befpre it is shaped into spherical
particles. The metal conponents can be incorporated into the 10 catal yst
conposition in the formof suitable precursors. For the G oup V1B netals,
anmoni um hegt ;lg%ﬁbc?at e, amoni um di nol ybdat e, and_ammoni um t ungst enat e may
h

ano
be menti one@dsS EPRY BrEWAeDRS . UsedhBr Jaranssendatend ubligatiens 4884-
hydr oxi des, o] X ht C i L G j lts y
S0 b used PEY; ToRe 248! G TResRipL: EtepRlPeBaHANt s BaGR, Iind S
oxi des, hydmarkelesor exarbpieaireter tme tndidatien rebhumerdtes, Tapdiser gfamhoriacmtdl
salts. Carbonates apd nitrates are particularly suitable. The inpregnation
sol uti on, if'”@p%‘? eéngtWﬂréBHl@Qrdsﬁr AG_PROPIRSE Smpound, such as phosphori c
acid, tosenhance the stability of the solution. Qher conpounds the use of
which is known in the art, such organic acids such as citric acid, may al so
be present. Iflan @Disnapgplicdeduringahe tconvénsioskaf the dutraartidhed intdepieeres, thenbite

bi ural 1ty o HAP RS AEFyanG cBlBR TR TP sPbgHS iR SRR ot Fan s B el
cont ai ni ng %osp@rranaﬁ,rsumiutm%ng%le%@%nmgewmg%né@%séa@eﬁt%é?&namn

deposited, or a portion thereo nstead of i nprégnating techniques,

di ppi ng net istats jin whichyihegnds hedrafe staonvedead lirto2be woegspomdingexidese of

mul tiple.i nation, dippin tc., dryi nd/ or, cal.cining may b

car i 6d But URChE! Ve, SPABT P pHaCESiArs S iREL T 8 h v TLER P BETSL 1 nt o
the spheri calatoxtdgtepatidreblSuitaBe: H?ﬁ Eahdition O Rl GBadide st ioetheatkifbt 200C,
and subsequently 30 cal cined at 350-750C, preferably 400-700C. The drying

i s done to pe{EScand yncuBsTteuperauEEr JRECE°QE9r a perivdoefr0.2624 (/58236
PCT/ EP99/ 03 L2 he deposited water. It can be done under the sane
condi tions éﬁ%rﬁﬁiaggﬁgg%ggﬂ ier. The calcining is done to bring at | east

par ':1 pLef eﬁalblqeieihbtiométdmif inﬁh&bdﬁ@mn@mth@gmﬂw@i@ﬁ)éb}e tdx&ida)hwcliielt)é oan
5 The physica roperties of t spherj cal oxide rticles produce t he
pr ocesslgccdﬁtﬂitﬁﬁ ({)%FQSﬁ@nﬁWeQﬁlg%rgs Yt Re 48cpeniae gWutﬁ‘@ HMEDHBREOS; € can
pe control ' edichtaiflfelehfifbratite SR Bs dbeABRIPRII ALErPLP R BkiBMNLRPBlkid ONS.
in particular drying and cal ci nation conditions. e pore volune of the
spheri cal pahysicbespropetties plessent farntrentdxide whithofarehinfesnakgstbyr ésail ti ng
t herefrom as 10 rreasurgg b¥ t he net hod of rrercur§ 8enetrati on ﬂenerally IS
in a range GAYEY, CPNGURF g SUBR 32 R05F Y UUES: 677, 8VHIEEE, PAEDSHAT TS on t he
i ntended us&dferhing AdiRAtGT terhperbfifed @F @0VOI 20TRCOAret AispliRar fok & g&rids of 00

hi gh, their strength and volune activity will be affected. Further, the
particl 88" B.HRAJTENEFID alrerieasdsert@as. .. ) a | evel which causes the |oading
density of the reactor to becone insufficient. 15 If the pore volune is too
| ow, the accessibility of the particles will be affected. If the particles
are used folTher oxidei partidlebydrmppanikestd ng aabedarsle with theaprgsbyidineeatibon
feeds, a too |low pore volume will result in the catalyst pores soon. being
filled wtha¥BSREGREN'AdAE Q%F%tSOmer’i‘?cWeﬁi‘a@EFB??'Q?%“%“’i &t é‘PE‘ﬁsrfcags a
result of t : , [ i j Thig .l tS rbBui .eased
o al yst 20 T TR b R R e e 8 S e R R s
be set &af a [DeElred.24Dleyvhateivefii stgnds farhibier avaragadengestediaineternel dR0 de

Phe. hyar opr ceadarnt SrBhe s e dpt iR e Ba e Bre il e Sl dRaa By er
wi |1 general{gy RedbamyBeRbled?siigkabbiidrabko tihaARIcd Pt Blealiquirdfdat nm

In the context of the present specification the average pore dianeter is
defined as tthet [fire] dilat®(}. Tae wmhresphesich! tife pariciesrarey dlaubettest theevill
particle isf retsen.t in .ﬁore§j 'tlh a, di matler bel ow this value and the other
hal f of the THerETs DOVl Rt Re APYAIET th a di ameter above this
val ue. Epe pore size SUBSTrrUrE SH "Er (~u~ 2s)
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2 3 OCT ?n~~~ WD 99/58236 PCT/ EP99/ 03266 13 distribution from whi 2h3t0m52002
data is derived is determ ned by way of nmercury intrusion at_a contact

angl e of WOPYsBP6the average pore di aneter of the catal yst PFEEEYHEFS above
30 rimor below 15 rim the catalyst will not give the desired results in
the hydrotreati ng of heavy hydrocarbon feeds. Mrre in particular, if 5 the
average pare dianeter is too low, the hlydrodenetallisation activity of the
catalyst will be too low. Further, a too | ow average pore dianeter wll

| ead to a decreased diffusion of the heavy feed conmponents and to bl ocking
of the por j L 1.0 e | ysk Ldf t ver age
pore di ame'?g(ra %'@%o%%% gdrllé,tﬁ@%gtns%r %cgéiﬁ%qoqu&ﬁ%g\ézﬁaq%% fg?p%mrfeplﬂgggeone

unaccept abpyodege.acebiding Go whé inviedtioh toeefaratsigrieased that avidast 808 more
hydr opr ocessi ng cat al yst ' repared fromthe spherical oxide

y whi ch may be prep r
particl es Preip@mbbuabieash 0y oreskppierably Al leasti Ml al dhe inerigden8a8Id y has

a surface er m I I I N ge of
T00 1 o 22008700 uHEES T pLdo e Rl RS 47368 ReBbe B GeL REG, G
10Q 15 512/ g0W kbboleade trurabérowvdrade qstetcibphiarieiat,i moragréferably WXhibhe ot her
hand, a surface area above 220 nP/g can generally not be conbined with the
requi r emenfangea®f 196 B&lewalhe 3ysraoeiparsiediameigr do v arbayertheraveragae
heavy hydrggﬁrc%)&ia;&qgr hydr opr ocessi ng catal yst prepared fromthe oxide 20
particles the present invention generally has 2-30%of its pore vol une
in pores with a diameter above 100 rim the so-called macropores,
preferably_1030% nore preferably 15-25% A | ower percentage of nmacropore
Dol une vi | TP SRAeHBRLOHaE RPIen PrTioade ABseetange Wi 095 MY Hen ISPANGAS oot | ng
of the,heayyrdtorALRANY BEReR! hbNSRIRSEBHiohNYCHHd pBricRPaAYIRe [dife
macropores tunction 25 as channels for the [arge nol ecul es, such as

asphal t eneppriign afthampariclesEns can behmriiiemey thy daycdrbivandresdion dactrdver, t he
catalyst life will decrease. A higher r tage.of macropore volune wll
lead to a GHCREGERY BETWET GATEgN LR o Ph 1 OE & The Pt SEqogiP Vot of
MACr opor e ehid®fiaSsaepRpanicRd Third bBRWERo Hiffé@ERe ah Rfbnsity THEAREBEN the
percentage of macropore volume will result in a 30 decreasé in activity.
SUgSTnUTE SHEETe porivoLef the) partivhes @0A58eB 6 01d pRrifororrR uMs AN RETiEP9 Wis266 | t

is advi,sabl ¢ nvert . tal vyst, i.e.. t a open [ egent
therel i 1 e BRBRNIT ShraRBer Y Kiarbe el dPemen RSy B R e R g of
hydr ocar boihé pedrtaicksefidtted imayloReveaneité Nwhithok Rtavinsifeg avRNbwensd 5
manner, e.g., by contacti ng the catalyst in the reactor at increasin

t enper at ur & 94 3 KRR BERAUBINE 8 wlingiial caporitaiendingateeat 28k aof berth a
m xture of b@y&g 885%%”%@11‘#%0@9@%{%3%&&@&4@ 35“@#&1)&@5QBrﬂggééﬂeﬂ&eCr%ﬁé"aY st
m rca y t

prepared fr he“sphe oxl1 de particles 10 prepare e process of
t he presentwhiclv st arascprdoeed dydabmsiome Ted wear cais sf tige qfartigids @t dahdon

f eedst gcks. The ter draoprocessing .refers to the conversion of a

hydr ocgﬁborﬁn‘f 'HEt'%g]EP Ot ﬁ%@hb e'ﬁ%ﬁs&g‘%/"-lt i ncl udes, but is not

limted tO’FLW\‘éF,Ot%P@tbieﬂg; Rbydiﬁ@r@ﬁéf!iﬁ*&&n%ﬁ?td&weehwﬁé%ﬂc‘er g&%ﬁ&iﬁf"
hydr odenet al | i sati on, an ydrocracking. The catalyst 15 can be used in
fi xed bed, thewvanigléednddheislord avdibnbezhgures dsatethe [Arge owxdetulespvésantbed or

et RN e T Ot

may be produced from the oxide particles prepared by the process according

25 to the invention can easily enter the catalyst particles. This results in better
hydroprocessing characteristics and less coke formation. Additionally, the
distribution of contaminant metals through the catalyst particies will be more
homogeneous, which may lead to a longer catalyst life.
in contrast, in the case of spherical particles obtained by the conventional

30 methods described In Japanese Laid-Open patent applications. 1978-51882
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inportant. The feedstocks to be treated with said hydroprocessing catalyst
particularly are 20 heavy hydrocarbon feedstocks, nore in partlcuhxé

f eedst ocks contai ni ng substantial anounts of nmetals and sul phur Aﬁﬂéimu
of suitabl e feedstocks are netal -containing petrol eum crude oi

at nospheric or vacuumdistillate, atnospheric or vacuun1residue,

sol vent - deasphal ted oil, heavy cycle petrol eum stock, visbreaker oil, shale
oil, liquid derived fromcoal, tar sand, etc. 25 Especially preferred

hydr ocar bon feedst ocks include petrol eum crudes and at nospheric or vacuum
residue. Generally, the boiling range of 4guitable feedstocks is such that
at least 70% by volune will boil above 450C. The initial boiling point wll
generally be 300C, frequently 350C. The sul phur content of the feed

|1 % | t : ; o Th
E?P?LSenycLﬁtiﬁ%’“gzﬁe@’Pﬂ%@ﬂd%e@@émmagéﬁepﬁlﬁs%&%ﬁ Spott e
(1" MULE 26) mir8n(io® @11mwveﬁbaﬂh@ﬁmsﬁ@gﬂmamtideiatfsrmquelbsbmebe in
t he range of %Og]th 4000 he feedst ck COHH‘?‘I ns c nt am nange tal s
such as vanadhil N GIERY BARIGTEP SRRDHaM parienatinre iy aaterghmre
frequently Inoﬁérﬂeaaﬁgearaneﬁﬂrthoméwbu @?enéédoﬂ?fees&ﬁ%ﬁrﬁiﬂe rfid)és,r ange

of 100-1000 ppm cal cul ated as netal rocess cah be carried 5 out

u]hder convient EXprRIiments haye sbews that ’th@ﬁﬁ |SPh©fr!@l oxidieqtrriicles hawve antahirpsiont ur e
300- 450C, 20
oS00 S50C BEREREAAL ooy DO POHER S AL S B0

0.1-10h-1, prigf theqpregefit idventdm 1. 10 The cat aI yst shows excel | ent
performance in the hydroprocessing of these oils, in particular to effect
si mul t aneous hydrodenetal | i sation and hydrodesul phurisation. Exanple 1 1 S

Vater was addegh éﬁh@né‘a@ ondeapaﬂﬁQHQ‘b whe{pmé&a cmfﬁié resetR\l@ntigrd the

m xture was kneaded to obtain an alum na_hydrate cake vmt a wat er content
of 63 wt.1% ( Snap He psedhp ralaummphmnr@t dheitketrergih mnsk abasion desintance

i rection at TaEH shafR RGBS Bir ik mpitiad Biteel N edHhldhy 38, LA
W dth and demrnoE 35 m ewatwmedpp?é’fﬁw gmwmﬁtpaﬂaﬁmﬁ* et na
\hmydr ate was P%'vafd@rm& 6&8{59%@ tﬁ&‘% { elydﬁ?r'gfagg gg‘?@w down

the plate in ﬁmoééq-gah@ée@gtéé}@s A lubricating oil was applled to the 25
strips. The strips were cut into cubes with a | ength of about 2.5 mm (Step

2). The &lumi na hydrate gr ai ns were fed into a turntabl e granul at or

oper at ed at r i£a

was taken ou?ﬂrgef p%gee lh}?wl a (%J&eea%& P%ﬁ%ﬁép eérllﬁc@ Eﬁlf @F&ebs"”;‘ re then
dried at 120@15@mcbmaeﬁm@dawiy£®0®hfchrthespbeme! pskieppa@ucleshraﬂmed byshe
obtained granylar Tt el e Y8 nk SRR 122" cBBELAR: R SHPERLNF VPHBE) (RULE

26)

component and/or a Group VI metal component. The Group VI metal
20 prefarably is selected from malybdenum, tungsten, or mixdures thereof, with
molybdenum being particularly preferred. The Group VIl metal component is
preferably selected from nickel, cabalt, or mixtures thereof.
The catalyst thus obtained is particularly suitable for use in the
hydroprocessing of heavy hydrocarbon feeds, In this case, the catalyst
25 preferably comprises a Group VI metal and optionally a Group Vil metal. The
Group VI metal preferably is present In an amount of 1-10 wt.%, calculated as
trioxide, preferably 1-7 wt.%. If #t is present, the Group VIl metal preferably is
present in an amount of 0.1-3 wt.%, more in particular 0.1-2.5 wi.%, calculated
as oxide.
30 Additional active components such as phosphorus ar beoran may also be



WD 99/58236 16 Z s .ocr zoos PCT/EP99J03266 Exanple 2 Exanple 1 waz m
repeat ed, expect that the material was renoved fromthe granul ato %fQEJr '
t hree m nybHessg2khe thus obtained granular material was 5 i hdT€aed2aEs

al um na B. Conparative Exanple 1 The alum na hydrate cake with a water
content of 63 wt.% obtained in Step 1 of Exanple 1 was extruded using an
extrusi on noul ding machine with hol es of 10 2 mMmin dianmeter. The
extrusion-noul ded articles were fed into the turntable granulator used in
Exanple 1. It was found that the grains adhered to each other to farm
Punps. Grains with a uniformparticle size could not be obtained.

Conpar at i veredeatl ipetle £8taiviel apmpioadiony dnaparticalees, i the aatedystr deemmneht of

63 W . % obtained_in_ Ste of _Exanple 1 was further kpneaded at 60C,_to
achi eve a AP @oﬁfoeur& QUE M43}, HBOW ! @dpﬁai?rﬁ%géw 'g% Pﬁg}pé‘ﬁeﬁoﬂr‘als ng
machi ne as a#RKHtIdP pHoEHorGa BRIt dDLINFXR BRdunt of D sl deshrarréfetAsy vwer e
dry, short strips irregular in length. They were fed into the turntable
gr anul at or Ous8Vti %, Erlghisited @s Rakds. 20 ninute later, many dunbbel | - shaped
grains pad forned, but no large |unps. The dunbbell-shaped material was
dried and cal ci ned as described in Exanple 1 to obtain pseudo-granul ar

al um na C. THeNBAs@S MY endtsREBM@oReAl SOdBAIRLHY S FARREI doMmpontaBaRAgd,

except that the extrusjon-noulded strips were rot atl.veIP/ granul ated Tor 3
m nutes, ateeincamuBtes ¥pachecaxidpep@iticies Nag edbvanieaal Mannenus.cobbri ned

3 Soa “oBrpateabdt BB b R e Rl ele oSSk o1

shows the pitgsiptairical ppeidiessTid ridtal abmpomaity cadusethdorpbratet asmhes and
t he conparative exanples. To observe the difference in densi té bet ween t he
f

sur f acélandataly gRIPPPOHIN IR thectfi §f Suifable Areatradipstoradhgetqusn VR oss

the centre SAARbE; i oqr : m_s.Sil I ron

m croscope n\(/?ét?%’a maéﬁ% I@g@f%ﬁé%ﬁ@%@%@ﬂ%@ﬂu{?ﬁéﬁo Sﬁlg% ed%p 0 g&ﬁ%h, it

was confi r nengstenatee nfayr meoteaitiomedaas | satabne eprebetsbey. @tHdy tompOGdy, cr on

| ayer in the rtion i ni the outer surface in the s ngle section was
i

0 copnt
di f ferent fstuﬁgnétsnex'ééﬁeﬂ}ﬂ XS, CRPOnAtRRaRiliales Hlofigessi WRBIKRH] 50 g

of a sanpl S tod i { 1 a < dj nd
bent. by B0 g a2 R R e s S S EEoo e e

rate atlSwhiaddesushydiaxidps odatmrhaigs,abitratdsonchidtides,oand grgesiovatidnealtaad t he
re.determned,b rcury intrusi i

SR B S TV B g AR R
applied, may contain a phosphorus compound, such as phosphoric acid, to
enhance the stability of the solution. Other compounds the use of which is
known in the art, such organic acids such as citric acid, may also be present. It

20  will be clear to the skilled man that there is a wide range of variations on this
method. Thus, it is possible to apply a plurality of impregnating steps, the
impregnating solutions to be used containing one or more of the component
precursors that are to be deposited, or a portion thereof. instead of
impregnating techniques, dipping methods, spraying methods, etc. can be

25 used. In the case of multiple impregnation, dipping, etc., drying and/or

calcining may be carried out in between.
After the active metals have been incorporated into the spherical oxide

particles, the material is optionally dried at 50-200°C, and subsequently
30 calcined at 350-750°C, preferably 400-700°C. The drying is done to physically
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2 3 OO Z002 WO 99/58236 18 PCT/E P99/ 03266 Table 1 ~ Physi cal

of granul ar alum nas obtained in the exanpl es and conparative ex
Total PV (wblgssaBD (A) %PV (>1000 A)Difference in density betomEnsoormse and
shel | Wear rate (% , Ex. 1A0.9117020no< 0. 1Ex. 2 "B0.88 ~20018no< 0.1C. Ex.
2-C. Ex. 3C0.81200~ 18yes2.5C. Ex. 4D0.87~ 16520~ yes2.0 5 Alum nas A and
B, prepared by the process according to&he I nvention, show a honpbgeneous
density distribution. In other words, whén observed through a m croscope
the surface portion of the grains |ooks substantially the same as the core
portion. These materials both have a wear rate below 0.1 w.% In contrast,
t ransni ssi ofeEPee the faposted maips lbicapohp done veden the saseccanditions @s

Coner es. sholiee BT P RRERRE 0 Bhe I R RBRLE PR R T Al G

pr e

Bt o

portion, anthd metal meeimpenesrabutdors toltanetiee fodm.about one micron were S.
present in a direction in line with the circunference of the oxide
particles. These conparative alum nas show a high wear rate. It appears

t hat the. wp ri f c eel.lng ur f o] rains.
ol RS ETEEEE?)VS?{;%LE?%&I??QS R ORUC § RN P eSL 8 Ipd BRI LT 8K R fog e

process according to the invention, such as pore volume and pore size, can be

controlled as desired, by selecting appropriate preparation conditions, in

particular drying and calcination conditions. The pore volume of the spherical

particles of the present invention, and of the catalyst resulting therefrom, as

10  measured by the method of mercury penetration generally is in a range of 0.5

to 1.8 ml/g, preferably 0.6 to 1.0 ml/g, depending on the intended use of the

catalyst. If the pore volume of the particles is too high, their strength and

volume activity will be affected. Further, the particles’ bulk density decreases to

a level which causes the loading density of the reactor to become insufficient.

15  If the pore volume is too low, the accessibility of the particles will be affected. If

the particles are used for producing a hydroprocessing catalyst for heavy

hydrocarbon feeds, a too low pore volume will result in the catalyst pores soon

being filled with the contaminant metals which precipitate on the catalyst as a

result of the hydrodemetallisation reaction. This results in a decreased cafalyst

20 life.

The average pore diameter of the oxide particles can also be set at a desired

value, depending on their intended use.

If the oxide particles are used in producing a hydroprocessing catalyst suitable

25 for the hydroprocessing of heavy hydrocarbon feeds, the average pore

diameter will generally be 15-30 nm, preferably 17-25 nm, maore preferably 18-

22 nm. In the context of the present specification the average pore diameter is

defined as the pore diameter at which half of the pore voiume of the particle is

present in pores with a diameter below this value and the other half of the pore

30 volume is present in pores with a diameter above this value. The pore size
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2 3 ocr zoo2 WD 99158236 PCT! EP99103266 19 Clainms 1. A process fepr
preparing spherical oxide particles conprising the steps of 5 srggi %Ta?nn?
starting waxsersgze conprising an oxide hydrate into particl BETEP99/03266
substantially constant |length by |leading the nmaterial to a set of two rolls
rotating towards each other followed by |eading the material to a roll

equi pped with grooves to form rod-type1$hapes, cutting the rod-type shapes
into particles of substantially constant |ength, converting the thus 10
formed particles into spheres, and heating the particles to convert the

oxi de hydrate into an oxjde. 2. The process of claim1l, wherein a

| ubri cat i ngisibutionsremdhichetis datana/darver isrdetermingd bysvay ofsaeicHBal
id ti | f 0 bl
st han BTHSHE4, el B0l TR erage pbre dimeler BPYf BHENS 0L

core portisneitdert dioveaB irthes Beiowt tensynthaastaigst wihnof giveethradésicddes. 20
4. A process hor, p{weﬁgri ng a. h d{o rocesqsi ng catalyst in which a Goup Vi
and/ or a CFSY#SVPIthe ydset %Fﬁ%‘ﬁe avyy Ryqragarmasy - Mars BRstcdar tbxi de
particles e Br LSy St b I Ng a
Crarti g moer G CoglorrtiaRierd R1AFT) BRI RIdRS IR BHEP 2k DEe

subst ant i atatalysbmsit aattod dmgt Rutiyer] edoo hoy tHverage porablianuetar o4t leatl tbv rol |'s
rotating ;tlﬁvvards as&&uot her_ f.ol | owed | eadi nrg t he terjal to a_ roll

b
equi pped wWPEFH®FPE ?'B”f_gfr %885‘096%3%%%9 et 2 tPh'éloFGBngpg‘%hapes
into parti ﬁb‘%%, Nhicthat_akia!d aecﬁ@&%cﬁéﬁtagéﬂﬁfemf ﬁ%%ré%@gowgia%{ér for med
n ert 3

particles Into spheres, and heating the particles to con t he oxi de
hydr at e i nisdtoarhigi tthe.susiasermraa of tie-catalystwilbkbecopeluraCtegtadly M@ INiSS236
PCT/ EP?(? 10\%Plgad to a decreased activity.
The hydroprocessing catalyst which may be prepared from the sphericai oxide
particles prepared by the process according to the invention generally has a
surface area as determined by way of nitrogen adsorption in the range of 100
to 220 m?/g, preferably between 110 and 140 m2/g. A surface area below 100
15 m%g will lead to a low hydrodesulphurisation activity. On the other hand, a
surface area above 220 m?g can generally not be combined with the

requirement that the average pore diameter should be above 15 nm.

The heavy hydrocarbon feed hydroprocessing catalyst prepared from the oxide
20 particles of the present invention generally has 2-30% of its pore volume in
pores with a diameter above 100 nm, the so-called macropores, preferably 10-
30%, more preferably 15-25%. A lower percentage of macropore volume will
lead to a catalyst with decreased activity in the hydrotreating of the heavy
hydrocarbon feeds of the present invention, because the macropores function
25 as channels for the large molecules, such as asphaltenes, which are present in
the heavy hydrocarbon feeds. Further, the catalyst life will decrease. A higher
percentage of macropore volume will lead to a catalyst of decreased strength.
Further, since a high amount of macropore volume is accompanied by a lower
surface area, a higher percentage of macropore volume will result in a

30 decrease in activity.
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20 5. The process of claim4) wherein the netal conponents are a 62 phg\cfl 0
nmetal conponent and optionally a Goup VIII netal conponent. % ;Q
for the hwipopsnsessi ng of a hydrocarbon feed in which the f’@'ﬂ’dP998)3266
contacted with the catal yst prepared by the process of clainms 4 or 5.
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aljc alUjc

a} ca] (l:J]a] calca]calcRa]ca]c"alcalc<al Ug. & !""""" O###>3] $$${ vql gb] X] ca] ca] ca] c

a)J cal ca] ca] ca]c, a] ca] caj ca] caj ca] ca] ca]ca]ca]ca]ca]ca]calcalc alc

xR+ttt 0=k, L O [ FOOQ' 1y122, 4~44
Fhonvi ] ca) fap oy e oo PR od sy i« . el eobapleeaytaty .
a] ca] ca] ca] gefsia) @&bC&]ecahRﬂn]@a] @@hcéhéﬂété%@w@ﬁ?ﬁﬁtﬂg vdropiocessin

<Y<<<=l =, =0=?=V>X>?7@ Al wr mh %ﬁca] cal] ca] ca] ca] ca] cag cal c. a] ca?ca] cal ca
]

] ca] ca] ca] c%)]@é?%@P@a]‘Qﬁﬂsé%ﬂ*@a $ cARY alP@ af@g ¢ eq] ethgoyise conventional

\6/1\"' :AKASnEE%(JC]C@%’—@% 'eJEéS] éi][ %é%% SJ%WSWW the reactor at increasing

:a] ca] ca] ca] nmsahtire] with daldegem] o] @abcighaal coajamhgafeedbwrkceal aalical cal ca
WrYZ[ \\ <] ] ] Rgaer R ivdiees T #REICSEmERMmeHBRE§ o Foo$p| wr mhe Y] | ca] ca] ca] ¢” a] ca]

cal ca] ca]ca] ca]ca]ca] cal]ca]ca]ca]calc aUc

a] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca! $pl ppgst w7wowowc wwy
27zAzzz6{{#fb¢ awdfepmeessfhqum‘ah[sw mbaas]ct"fa}ma}fmé‘ as]pma}lcala]o&aijec @]acm]e(sa] calc
Z][ g\ell\]zca{ cal Cre]p%%dc t?;l tﬁ s%a]o(f;atl'\e pUelsent Jen%cakca] gg Sg dcanrlw the

] <|val gb] Xkﬁ &rMb}d‘c@kg & %re%%h%@bfto@kgafﬁéltéﬁﬂ» tyakdgrogdssg Mieal cal ¢t

ajcaJca]c" a c"a] ca] caJca] ca] cfa] ca] cfa] ca] ca] ca

e e o i e
ca] ca] ca] ca]’%g‘%é] cb]"ﬁ %] @Qﬂtﬁi g%] cﬁ%&bgaf'ﬁ%’g'ca %?geoﬁ"@p%qu%%é] cal ca

]calcalc a%{drodenltrogenatlon@t(;g/drodemetalhsatxon and h drocrackmg()The catalyst

a] c&a1NJ] >L10%& 1094 GH10%&' ()-!"F109%&' ()-fy10%
yP, 310%AVE ¢3n @f%@gn%sm \Ro\ing bedsasepolpiag fod pnq@s#mdﬁm@se( -

T S#SH#10% ! f%o(/?ng bé@@gg/@l?é%e&)bed gg@ﬁ%gt(?)n&s(éspecéllyj ac}vantageous, because

in these processes the abrasion resistance of the catalyst is especially

important.

The feedstocks to be treated with said hydroprocessing catalyst pérticularly are
20 heavy hydrocarbon feedstocks, more in particular feedstocks containing

substantial amounts of metals and sulphur. Examples of suitable feedstocks

are metal-containing petroleum crude oil, atmospheric or vacuum distillate,

atmospheric or vacuum residue, solvent-deasphalted oil, heavy cycle

petroleum stock, visbreaker oil, shale oil, liquid derived from coal, tar sand, etc.

1o
wn

Especially preferred hydrocarbon feedstocks include petroleum crudes and
atmospheric or vacuum residue. Generally, the boiling range of suitable
feedstocks is such that at least 70% by volume will boil above 450°C. The
initial boiling point will generally be 300°C, frequently 350°C. The sulphur
content of the feed generally is above 0,1 wt.% and will frequently be more

30 than 1 wt.%. The nitrogen content generally is above 500 ppm and will
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10% & () - WOLP9BB6() - S5dE{\: ! @ (10% & ()-! 10% & ()-f #109%Q §RP2/03266

10% & ()-@10% & ()-10% & ()-B-|dE{\:!! @, 3 10% & ()-, 3

10% & ()-2!10% & () -

sOf #10% & ()-*!10% & ()-*!10% & ()-,al }+HC ! @t 10%& () -, &10%& ()-1 10" 10°
10°> 10% & ()- 8
10% & ()-6!10% & ()-Ua?bCl ! | pL#L098S$& ()-"!t L#L0%& ()-"3109%& () -

1098 () - " 1Q%R %&" (b 1 Y400 & 1 .
102L#10w&9r(é§9g?19¥_%01z'}ﬂ3( f %.\ép fﬁl%%@' 8)@5! é@éﬁo% (£EAgR5k RIS gop \ &
() - G L" 10%chitdminégnt metals such as vanadium, nickel, and iron, eneral!}/ in amounts

10% & () -, #5100& () -9100 & () -¥s10% & ()- d@&Ln2dY: | @ SL0% & () - #10% & ()
- 41 @109 ﬁbgvg)& RPM, frequently in the range of 30 to 3500 ppm, and more frequently

&?;’/f g‘lgg . 10 rdnge of TRV foh, Bldulated GEetal STHe HlLA &b Rarki@d® & O -
& ()-G 5f, outlQitde& Cprn@NEGHED Yihyar&broressitd 1 Qpiditiofds( ) which " ifoliste \ z! !
10%& () - %gr%%;eggtﬁre! ;)I-P 38/8-%%%%‘ E?éfé!rahb|;/‘1391gﬁ1(c?°& a hydrogen partial pressure
of 20-220 bar, preferably 100-200 bar, and a liquid hourly space velocity of
0.1-10h-1, preferably 0.2-2.0h-1.

10  The catalyst shows excellent performance in the hydroprocessing of these ails,

in  particular to  effect simuitaneous  hydrodemetaliisation and
hydrodesulphurisation.

Example 1
15 Water was added to 2 kg of a pseudo-boehmite alumina hydrate powder and
the mixture was kneaded to obtain an alumina hydrate cake with a water
content of 63 wt.% (Step 1).
The alumina hydrate cake was pressed into the clearance between two
parallel rolls continuously rotating in an inward direction at a speed of 10 rpm.
20 The alumina hydrate cake was pressed into the grooves of the lower roll
provided at equal intervals and of a width and depth of 2.5 mm, said roll being
rotated at 15 rpm.
The alumina hydrate was removed from the grooves using a toothed plate and
passed down the plate in the form of strips. A lubricating oil was applied to the
25  strips. The strips were cut into cubes with a length of about 2.5 mm (Step 2).
The alumina hydrate grains were fed into a turntable granulator operated at
610 rpm. After one minute the spherical material thus formed was taken out of
the granulator (Step 3). The spherical particles were then dried at 120°C and
calcined at 800°C for 2 hours (Step 4).

30 The thus obtained granular material was indicated as alumina A.
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Example 1 was repeated, expect that the material was removed from the
granulator after three minutes. The thus obtained granular material was

5 indicated as alumina B.

Comparative Example 1

The alumina hydrate cake with a water content of 63 wt.% obtained in Step 1
of Example 1 was extruded using an extrusion moulding machine with holes of
10 2 mm in diameter. The extrusion-moulded articles were fed into the turntable
granulator used in Example 1. it was found that the grains adhered to each

other to form lumps. Grains with a uniform particle size could not be obtained.

Cgmpérative Example 2

15 The alumina hydrate cake with a water content of 63 wt.% obtained in Step 1
of Example 1 was further kneaded at 60°C, to achieve a water content of 59%,
and moulded using an extrusion moulding machine as described for
Comparative Example 1. The moulded articles were dry, short strips irregular
in length. They were fed into the turntable granulator used in Example 1. One

20 minute later, many dumbbell-shaped grains had formed, but no large lumps.
The dumbbell-shaped material was dried and calcined as described in

Example 1 to obtain pseudo-granular alumina C.

Comparative Example 3

25 Comparative Example 2 was repeated, except that the extrusion-moulded
strips were rotatively granulated for 3 minutes, after which a spherical material

was obtained. The thus obtaned granular material was indicated as alumina
D.
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To observe the difference in density between the surface and core portions of

5 each grain of a catalyst, a section across the centre of a sample grain was
photographed by a transmission electron microscope with a magnification of
10,000. On the magnified photograph, it was confirmed in the form of aiumina
clearance whether a 10 to 100-micron layer in the portion containing the outer
surface in the sample section was different from the core portion.

10 To measure the abrasion strength, 50 g of a sample was put into a cylindrical
can with a diameter of 20 cm and bent by 90 degrees, and the can was rotated
for 30 minutes to measure the rate at which dust was produced by abrasion.
The total pore volume and the average pore diameter were determined by way
of mercury intrusion using a contact angle of 140°.

15
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tOY-#10% : & ()- | fY-#10%&' ()- ! T Y-#1D%& () -

| @I $10988& () -deM hfifjfkfyff~ =11t1U)10988& ()-%10% & ()-v 10: 10:

10: >10% & () - @2#10% & ()1t @#10% ()-1gi)|] Tkka6~ =11 #Y10% & () -1 N@, #10%
5/5/ & () NP § .

& ()
10% & ()and @@

PO atias a0 &' () noooo(o+oFoo @IS
10%v& ()-'#YlO%\/N& () zle%W& ()-3910%w& ()- 10/ 10/ 10/Y> 10% & () -
o$pl pppaqr*<_@!' ! N#10%&' () -! N#109%&' () -G ; #109\V&' () - G 10%M& () &F" 10%M& ()-

(1)00/?&(& ) - 4 7 XF% #10U & ()-Z m&% Wi 1™
%0%BPB& () - !$| % 0%gg&ntlig) !c (>1000 A) densnty
between core
and shell
Ex. 1 A 0.91 170 20 no <0.1
Ex. 2 B 0.88 200 18 no <0.1
C.Ex.2 - - - - - -
C.Ex.3 C 0.81 200 18 yes 2.5
C.Ex. 4 D 0.87 165 20 yes 2.0

5 Aluminas A and B, prepared by the process according to the invention, show a
homogeneous density distribution. In other words, when obsefved through a
microscope the surface portion of the grains looks substantially the same as
the core portion. These materials both have a wear rate below 0.1 wt.%.

In contrast, transmission electron micrographs of comparative aluminas C and
10 D prepared by extrusion and conversion of the thus formed particles into

spheres show that the surface portion of each grain denser than the core

portion, and that macropores with a diameter of about one micron were

present in a direction in line with the circumference of the oxide particles.

These comparative aluminas show a high wear rate. It appears that the wom
15  material was produced by peeling the surfaces off grains.
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1. A process for preparing spherical oxide particles comprising the steps of

5 shaping a starting material comprising an oxide hydrate into particles of

substantially constant length by leading the material to a set of two rolls

rotating towards each other followed by leading the material to a roll

equipped with grooves to form rod-type shapes, cutting the rod-type

shapes into particles of substantially constant length, converting the thus

10 formed particles into spheres, and heating the particles to convert the
oxide hydrate into an oxide.

2. The process of claim 1, wherein a lubricating oils is added before and/or
after cutting.
15
3. Spherical oxide particles having a wear rate of less than 0.5 wt.%, more
preferably less than 0.1 wt.% and substantially no difference in density
between the core portion of the particles and the surface portion of the
particles.
20
4, A process for preparing a hydroprocessing catalyst in which a Group VI
and/or a Group VIl metal component are incorporated into spherical
oxide particles prepared by way of a process comprising the steps of
shaping a starting material comprising an oxide hydrate into particles of
25 substantially constant length by leading the material to a set of two rolls
rotating towards each other followed by leading the material to a roll
equipped with grooves to form rod-type shapes, cutting the rod-type
shapes into particles of substantially constant length, converting the
thus formed particles into spheres, and heating the particles to convert

30 the oxide hydrate into an oxide.
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