WD 03/ 013725 PCT/ EP02/ 08540 1 SHAPED TRI LOBAL PARTI CLES FIELD OF THE
| NVENTI ON The present invention relates to fornmed particles having a
speci fi c wbhape13mks ch particles may be enployed in a w de Pcariper/yssed
duties, catalytic or non-catalytic. 51They can be suitably applied to
prevent or substantially reduce fouling of catalyst beds exposed to
charges containing fouling iy akindehErQRYrdeduci ng i ncreases in
pressure drop. They can al so be applied in hydroprocessing, e.g. in
hydr odesul phuri sati on and 10 hydrocracking, e.g. to produce mddle
distillates from paraffinic material obtained via a Fischer-Tropsch

process. BACEﬁgﬁ%ﬁg&gggégﬁégggﬁggégN In the past a trenendous anount of

wor k has bee O vel opment of particles, in particular
catal ytically aCThéepQ%%%h%|Q%NeBQEoﬁaﬁélghége%%nkorﬁr%C§§§g§clggere has
al so been a considerable effort to try to understand vant ages and

sonetimes dReddvantagescaifist sbeps @hlghap@rWh@de@eVﬁatbﬁgempdmyé@
conventi onal :shap u el | ds pheres and_ cyli for use
iANaPEs 4 %&r%%t fe%%tleg ca% EyE%cnglego Yy FgPﬁﬁiﬁ

in catalytic as we I as “non-cat al yti € ~duties

wel | - &known smapgscameb@ m@&tabdbomppﬂ&aﬁstodp&b@bh& and sGbshapedapakt i cl es.
25 CbnS|derabI effqorts .have been devoted to the so-called 11\ particles.
Many commer ciF&FY Eﬁtg 9 &fe Cavaiyabl Befs TEPCPEA 6BeFh8EIEE (Quadr ul obe)

form They senvaiasnd trehnaki V%%t%?lh[’ﬂe caaventl eaabiciny! kRdrigaksshape
and often provide advantages because of
in pressure drop. They can also be applied in

hydroprocessing, e.g. in hydrodesulphurlsation and

10 hydrocracking, e.g. to produce middle distillates from
paraffinic material obtained via a Fischer-Tropsch
process.

BACKGROUND OF THE INVENTION

In the past a tremendous amount of work has been

15 devoted to thé development of particles, in particular
catalytically active particles, for many different
processes. There has also been a considerable effort to
try to understand the advantages and sometimes
disadvantages of effects of shape when deviating from

20 conventional shapes such as pellets, rods, spheres and
cylinders for use in catalytic as well as non-catalytic
duties.

Examples of further well-known shapes are rings,
cloverleafs, dumbells and C-shaped particles.

25 Considerable efforts have been devoted to the so-called
“polylobal”-shaped particles. Many commercial catalysts
are availlable in TL (Trilobe) oxr QL (Quadrulobe) form.
They serve as alternatives to the conventional

cylindrical shape and often provide advantages because of



WO 03/013725 - 2 - PCIT/EP02/08540 their increased surface-to-volune ratio
whi ch enables the exposure of nore catalytic sites thus providing nore
active cawelp®yF2s An exanple of a study directed to effectreTaPoHossitd f er ent
shapes on catal ytic performance can be Tcdund in the article by I. Naka and
A. de Bruijn gg_ Japan Petrol. Inst., Vol. 23, No. 4, 1980, pages
268-273), enttitgied inosedrssdk siiplagd-dat-ivod ufiet indttiy ofhiCdt ansstisswitthe Non-
Cylindri cal t his arti.cle experinents have been 10 described in
whi ch non- cyl%lr}%gfslugfl %eitrwotfc?atceasta 'ﬁftﬁcgrs&ggs o é’ﬁé’v&fd]%?&rﬁ cal

quadr ul obes, asymretdatealystguadrul obes and trilobes as well as cylindrica
extrudates with nom nal dianeters of 1/32, 1/16 and 1/12 inch were tested
in a small bench?Sc&Fémpiet dn @ BYudveidd rhpdredésukegif@dtsacifon activity (12

%t MPO3 and g4 UM GO AR g2 ifak Lt.d | yded ,in this .article
that the HDS ébtivigy S E}rong fgg%gbgﬁgtggaﬁoﬁﬁggﬁ% g%%héf?iggpd +H
vol ume-t o- surthacertddle ofy tthe Nedtaalayst A.pdet Bxiuggnbutl .i idepen dentr cof.

catal yst shape. ,20 EP-.A- 220933, lished in 87, it is descrjibed that
the shape of &Elﬁé:dr’ullvcn?k}é- tzépe%{c)oatél’ygtté Oir s PRES ST tzﬁt"%”i)n FRtdear with
respect to a ‘plieRodRRN pheWsaaS orP RS Wi e ydb@P cakbhaRisthe wxpeiopent a
evidence provided it appears that asymetric quadrul obes suffer |ess from

25 pressure @wapndrasathéhapssel yir dibdtearsyeiet ekpairingnddr blagbebecThe
asynyigt 11 cal lisahaped Bal 4ales Rl o denaribed L Fhy5:220933,by ay of
each pair of protrusions being separate y a channel” whi ch7i's Narr ower
t han the protseusiions bd pryewenttrientlr yubhenébbes, 3@shyricheipadt r usi ons of an
adj acent particle.ll£ is t ugcht,l &p EP—A—2%9933 t hat the shape of the
particles prgvéﬁfg obes an rilobes as we as cylindrical

extrudates with nominal diameters of 1/32, 1/16 and

1/12 inch were tested in a small bench scale unit on

15 their hydrodesulphurisation activity (12 %wt MoO3 and

4 3wt CoO0 on gamma alumina). It is concluded in this
article that the HDS activity is strongly correlated with
the geometrical volume-to-surface ratio of the catalyst
particles but independent of catalyst shape.

20 In EP-A-220933, published in 1987, it is described
that the shape of quadrulobe-type catalysts is important,
in particular with respect to a phenomenon known as
pressure drop. From the experimental evidence provided it
appears that asymmetric quadrulobes suffer less from

25 pressure drdp than the closely related symmetrical
quadrulobes. The asymmetrically shaped particles are
described in EP-A-220933 by way of each pair of
protrusions being separated by a channel which is
narrower than the protrusions to prevent entry thereinto

30 by the protrusions of an adjacent particle. It is taught
in EP-A-220933 that the shape of the particles prevents
them from “packing” in a bed causing the overall bulk

density of the catalyst bed to be low.



them from "packing” in a bed causing the overall bulk density of the

catal yst bed to be ow WO 03/013725 PCT/ EP02/08540 - 3 Since nmany of the
findi ngs woohe7ast are conflicting and _pressure drop pr @olrape2/essmii nue to
be in existence, especially when surfacé-to-volume ratios are increased by
reduci ng particle size, there is still considerable room5 to search for

al ternative shap&snot fepyi ofiakhg fcatlahgsi dal tieasttveyepaphiféiesingi ch
woul d di m nish or _even prevent such problens. It has nOM/sur@risineg been
f ound t hat sﬁ@gif%@&FP§esHﬁﬁgdpﬁ8gﬁﬁgﬁe§o 1Phe £8n§?aFn CELFILGH&EY shape
of fer unexpeekpécandlyi #Bahl auadyaatagesoifmeomnared Wi-khigepuaskiion
“trilobal" particles, both in catalytic and non-catalytic duty. DETAILED
DESCRI PTI ON GFAPRENPNVERTFL ONS TR ZBr eSBRE S AveRtibh charéflereblel abem to an
el ongat e, shape rti Lskng .t ht r Qi-r usj ot each extendi ng
fron?gnd attgghggg?gka%égn%?gPEgggﬁgfo%kggﬁggggdvgkggén?%gycentraI

| ongi t udi nal caxedyaficehéypacticke, phheiciesswieechi woudll theipaeshi eke

occupying the area enconpas ed b% t he outer edges of six outer circles
around a cenfral EFFEFE gEHEE PREPAFBES - odCupPBATBY ERFBELSHELYePRER ng

outer circlegounberahl @@éeieﬁcgmysis;sageaefaarghé%§sokstheu§eh@9a&m
nei ghbouring outer circles and wherein three alternating oufer-circles are
equi di stant “tailtheadéénsharecpiéfe, uhavperhedsane diagsebée, admdniagebe

att ed to ral.gci has: Pun hat t he ti.cl es
accggging toE?ﬁ83?§§e§%E§ %%bgﬁP?gR#g%av?ﬁgfgg?arg%gréﬁ?gggé-Fggboﬁﬁne

rati o than ceatedpandi agdconoumenhtangkitt sukgobal " particles of simlar

size, suffer substantially less fro

m
DETAILED DESCRIPTION OF THE INVENTION

The present invention therefore relates to an
elongate, shaped particle comprising three protrusions

15 each extending from and attached to a central position
aligned along the central longitudinal axis of the
particle, the cross-section of the particle occupying the
area encompassed by the outer edges of six outer circles
around a central circle minus the area occupied by three

20 alternating outer circles, wherein each of the six outer
circles is touching two neighbouring outer circles and
wherein three alternating outer circles are equidistant
to the central circle, have the same diameter, and may be
attached to the central circle.

25 . It has been found that the particles according to the
present invention, having a larger surface-to-volume
ratio than corresponding conventional “trilobal”
particles of similar size, suffer substantially less from
pressure drop than such corresponding conventional

30 “trilobal” particles. Moreover, the shape of the
particles according to the present invention allows a

certain degree of “packing” which according to the



pressure drop than such correspondi ng conventional 30 "trilobal" particles.
Mor eover, the shape of the particles according to the present invention

al |l ows a woaswai’es degree of "packi ng” whi ch accordi ng to Phe/RAR/@34013725
PCT/ EP02/ 08540 4 teaching of EP-A 220993 woul d be detrinental with
respect to pressure drop. It has also been found that particles having a
shape in acterdancg wift EPtAe2pb888nwoiihdebti detpentar il Swexbeptispraltl y

wel | mhenAus%g as _a %radhng material to capture fouling, thereby guarding
a fixed-bed reaftors 5§alﬁ P'pressure drop increase. It is also believed

that catalysts basadsomlparbeehesohAdatbhapgaadecendsngdatonlhg spRBseNt
i nvention are capable of inproved performance 10 when used in mass transfer

or diffusi onPi AFEEIPBEEt FHRE thA Prre@nbedniveattonspetdpriinst ance as
hydr ogr acki ng,-eatalbyshs e r cki.n ffipic.materials
pr oduced fron?gygtgesis age%?awgﬁg E?éghék-%rg%ggﬁﬁgpﬁégggégﬁl °The
particl-es acceptiimg fouflhegi ntbatebn gnerdliaggat €ixatdbbavectbtee

protrusions, _each running alo g the entire length of the particle. The
cross-secti o983t "¢ epﬁsﬁgPEFeg CBNIPETEREEr | bEdI8sat AR AfeacBRCoRBassed by

the outer edges19btsi ¥a6bHCbESpALOUAT-8 CANLI 8habh! sLEoFlNHS +30+hhe area
occupied by three alternating outer circles. Each of the six outer circles

i s touchi ng PRBSCSREI §RBBOFLAY outerappbiesfahtPdorsd nperdoenbapewi th the

R e R L e ek LA TR T M

circles thatiarfiwetihbadt heactopss- sectinsabnaeeasangddtbers€rahgi ng three

alternating . . .

catalysts in the hydrocracking of paraffinic materials
produced from synthesis gas via the Fischer-Tropsch
process.

15 The particles according to the invention are elongate
and have three protrusions, each running along the entire
length of the particle. The cross-section of the
particles can be described as the area encompassed by the
outer edges of‘six circles around a central circle minus

20 the area occupied by three alternating outer circles.

Each of the six outer circles isltouching two
neighbouring outer circles and does not overlap with the
two neighbouring outer circles. The six outer circles can
be seen as two.sets of alternating outer circles, i.e.

25 the three alternating outer circles that are within the
cross-sectional area and the remaining three alternating
outer circles. The three alternating circles are
equidistant to the central circle, have the same
diameter, and may be attached to the central circle. The

30 distance to the central circle and the diameter of the

circles may be different for both sets of alternating

outer circles.



outer circles. The three alternating circles are equidistant to the
central circle, have the sane dianeter, and may be attached to the central
circle. TWe 0301123t ance to the central circle and the di amer@proéssshe
circles may be different for both sets™of alternating outer circles. WO
03/013725 - 5 - PCT/ EPO2/ 08540 Preferred particles according to the
present inventi oRrkideeradcpassiséesti encondihigchot lthee paletsennati ng circles

have a dianeter_in.the range between 0,74 and 1.3 tines the dianeter of
the central &PV@PE}OBr@98F28|ffoéﬁrsegtéPQ Stk Fhigh & §eh§3§eéné¢&ﬁ€ter in

this range. Wbielpsehericed pakheeLesiaceaedirif ko HehecRMEDERY ahAvVEnts on
are those having a cross-section in which three alternating circles have
the sane di afefeF &5t Réavererart Ehecrentppéf edasily,. Firefsirrboyterldircl es

have & he Sang; 10o6kaueLer 33 4! Ag eent habyakee! ¢, WBSL prelgrence s gl ven
to particles having a cross- section In iC ree-al erﬁétlng circles are
touching the cedbral pcefekeedPpetetabty, aabbraixgotberhel pekesnare

touching the,central circ n Figure 1 a cross-sectional view of the

| 15 : .
most  pref er FBYSPAFPICPES gé@&?d#ﬁﬁlP fhETPRTEREFGA CRad Ph¥BACRdEPIrEEed.

The cross-segtigrahtangacokctBe Ravti €he QhmeFhgurerdyl 85t hgcakeayihhin
the solid line 1. It will be clear fromthis Figure (depicting the

cross-sectiofisfleo Phefprabeéiredlpasikcbesprt hatrcilast heveohbepsane si x
outelr0 Circ'S?aREt8¥e?sskﬁS 2599?9 ?E?ET@ a central circle of the same
et s two

si ze, each outer circ ouches i néi ghbour outer circles and the
central circle wibkstprsifibreacti as givéhree phternatsngaoiihgractrekes
(dotted 25 I De, )Pl Qv g e, e L L g el 0 3o LM &3 ehing
the central circle. Preferably, all six outer circles are
touching the central circle.

15 In Figure 1 a cross—seétional view of the most
preferred particles according to the invention has been
depicted. The cross-sectional area of the particle of
Figure 1 is the érea within the solid line 1. It will be
clear from this Figure (depicting the cross-section of

20 fhe preferred particles) that in the concept of six outer
circles of even size aligned around a central circle of
the same size, each outer circle touches its two
neighbour outer circles and the central circle whilst
subtraction of three alternating outer circles (dotted

25 line 2) provides the remaining cross-sectional area,
bullt up from four circles (the central circle and the
three remaining alternating outer circles) together with
the six areas (3) formed by the inclusions of the central .
circle and six times two adjacent outer circles. The

30 nominal diameter for the preferred particles is indicated
as d nom in Figure 1.

The cross-sectional circumference of the particles

according to the present invention is such that it forms



built up fromfour circles (the central circle and the three renaining
alternating outer circles) together wwth the six areas (3) fornmed by the

i ncl usi orwoaB/o131es central circle and six tines two adj ac®ct/Epot/ess4ci rcl es.
The 30 nomi nal dianeter for the prefer red particles is indicated as d nom
in Figure 1. The cross-sectional circunference of the particles according
to the preserst smpodht ilome,s vwuicth tdeat dltsd dreneANR G 325 he 6 -

PCT/ EPO2/ 0854 .snoot h 1i.ne, i.ch can al so he expressed as the function
escri bing t HEEIE Sl agin e st g o BRI e

differenti ablind cendikeudigarati@lrdAti@hidevi ations fromthe shape 5 as
defined are considered to be within the scope of the present invention. It

is known to thosdtskitileds slere that wdneangladtiiond Ensmttds whiage
tolergnces cah heriexBeehad ddy ARG L Men ALedyeiig suel dige phates. 1t

is possible to produce particles according to the pres
whi ch al so contegiemtoi@ventimre Hdl s kaloomg tiohe Hoargtdx iaf1 ddhe rpaHd cl es.

For instance, th articles can .contain one . or nore holes in the area
formed by _thé‘rdte%tor E‘Ianélflai §&r* Gife Rdéttesal (TR eT IReS G LSect i on
given in Fi gus@ebleandnohaRe iQle MR BRIRSICIRd e Qe PG L the
alternating cylinders (the alternating outer Circles in the cross-section
given in Figurelf) isTResgibdende ofrodhecopagtigiesr aolcoholiey tcatbes an

i ncrease of f -t @-vol rati.og which_.in principle allows exposure
of rr%@e cat a&)%%i%ﬂgti ? glgre%%&f)%zg%ﬁr? Ry °Cas8  tRdPe Og’f?pgfu %o BNESni ng
charges whi clhlmmy ther R eaditantodgedus lon ritiemea . cabal Yhise aard/, o Heoul i ng
rejection point of view Since it beconmes increasingly difficult to

produce hol | BFFpart-ES| E€RaSHéiln §ngeor more holes™ in the area

formed by the central cylinder (the central circle in the
cross-section given in Figure 1) and/or one or more holes
15 in one or more of the alternating cylinders (the
alternating outer circles in the cross-section given in
Figure 1) . The presence of one or a number of holes
causes an increase of the surface-to-volume ratioc which
in principle allows exposure of more catalytic sites and,
20 in dny case, more exposure to incoming charges which may
work advantageously from a catalytic and/or fouling
rejection point of view. Since it becomes increasingly
difficult to produce hollow particles as their size
becomes smaller, it is preferred to use massive particles
25 (still having their micropores) when smaller sizes are
desired for certain purposes.
It has been found that the voidage of the particles
according to the present invention is well above 50%
Akvoidance being defined as the volume fraction of the
30 open space present in a bed of particles outside the
particles present, i.e. the volume of the pores inside
the particles are not included in the voidage). The

particles used in the experiment to be described



becones smaller, it is preferred to use massive particles 25 (still having
their mcropores) when smaller sizes are desired for certain purposes. It
has been Wwouwad137bsat t he voi dage of the particles accordi RGTIEPO2/IRS4pr esent
invention is well above 50% . (voidance being defined as the vol une
fraction of the 30 open space present in a bed of particles outside the
particles présestindfter thae wolvipielagfe tdfe typrieslilysic@d whehpdrsticles are

not included jn the voidage). Th articles used in.the experinent to be
descri bed V\Dsﬁwlg@%a%ﬁﬁf/ %@é%o ot (;C‘Fe FEFEPRAFLEF had 14 Wsildage of
typically 58%aMiicild,s theubstianijealdsy wdhete ddahtel the jcemparali ves

“trilobal" particle, the voidage of which anmpunted to just over 43% The
particl es accordilhg Perthelpsegenpridinenticofheanresebs doeventhed asnhavi ng

a | ength/di apget b (LLD . at | s Th Lanet er e rticles
is defined agﬁateﬁg ig%Q%%§ gﬁaggn%t%%%%gg gﬁ? F%g Fﬁ§ﬁ°t33¥ﬁ£scﬁﬁo
protrusions andlzdstne.pahal belamet etrhics tthrgeatthicnes ikhakftiewehes t he

third protrusion. It is inpndicated as 10 nom.in Figure 1. Preferably, the
particles ac%b@dﬁﬁ&tﬁ8cetE@tﬁﬁé§eﬁ%ei%@QHFPGan§§etgaE/EOPﬁhﬁﬁetW5hge

between 2 ap@dokrusabnexanml e, 1the parkiakestdsed;knihhgeaxpeLigent to be
descri bed hereinafter had a L/D of about 2.5. The |length of the particles
i n accor dancé&hgitt Fopigles15hgr dbent paeémuisdrni-s Isuisabhyicatede asange

depering on''FRo Fynaoar Cappl PESEFBR anui CAGoHS FoF G8o=CPR=FOREI kG cont ro
and in hydrodasulpplsensathoanpasvhi akes acanbDconventerbhyebpetisednwhi ch have
a dianeter in the 20 range between 2 and 5_nm
and 5. For example, the particles used in the experiment
to be described hereinafter had a L/D of about 2.5.
The length of the particles in accordance with the
15 present invention is suitably in the range between 1 and
25 mm, preferably in the range between 3 and 20 mm,
depending on the type of application envisaged. For use
in fouling control and in hydrodesulphurisation particles
can conveniently be used which have a diameter in the
20 range between 2 and 5 mm.

The shaped particles can be formed of any suitable
material provided it is capable of being processed
through die-plates giving them their intended shape.
Preference is given to porous materials which can be used

25 in catalytic as well as in non-catalytic applications.
Examples of suitable materials are inorganic refractory
oxides such as alumina, silica, silica-alumina, magnesia,
titania, zirconia and mixtures of two or more of such
-materials. The choice of the material will normally

30 depend on the envisaged application. It is also possible
to use synthetic or natural zeolites, or mixtures

thereof, optionally together with one or more of the

refractory oxides referred to hereinabove, as the



The shaped particles can be forned of any suitable material provided it is
capabl e of being processed through die-plates giving themtheir intended
shape. Pwefoaestee i s given to porous nmaterials which canPoa/RPeBoBs25 i n
catalytic as well as in non-catalytic ap® ications. Exanples of suitable
materials are inorganic refractory oxides such as alumna, silica,
silica-al um matendgniesi)ato biet asiea, t2i foam ahandhaipedupastat-1wo or nore of

such materials. Ere chi%l of the material will normally 30 depend on the
envi saged appliCaAIF S RIF§5ShdspiEdticrg -uSeosy neRedite samaeur al

zeol ites, or ofipgliees witthereatai9rticanakl w&agelhek Wi bh Qne oL ymye of the
refractory oxides referred to hereinabove, as the WO 03/013725
PCT/ EP02/ 08520 urg namtidy Paltts Fule rheitbe darmoaf-edumtine , shagedaparctisc| es

accorgding to present. .inventjon. results _can.b obtained with
(caté?yticalF&Qg?tfgé%qééng%?é@gggéggggnO%aﬁﬁnpﬁg?r?ﬁiﬁaFFPcﬁﬁéP &%ﬁh
gama- al um nappanddvakitddfabtbetasy.of silica-alum na, but other materials

can al so be applLie satisfactoril¥. In the event that the particles
according to thelli hPEnEVERtaFBatothe Re&EiFheEaREFYERENEr bBeEBEs, the

appropriate apRuntish @EeC@bab¥th%@H|Xna%5E$§y%gkakgééeégegndéﬂ% et al
conpound(s) will have to be present on the particles, I ch then serve as
cat al yst car pPpropiraatgddinoiion (80 pherprtedpadiceylyvoaabave hetkirg)as the

Caa e Dohpe IO e b oG, g g L ah el (3l andier el
and how to paeeiptea,ewhhehcbheansapiet hescanathetpasti-¢kes (ignvi saged.

addition to their capacity to abate fouling as the case
may be). Those skilled in the art know which metal (s)
and/or metal compound(s) to apply for specific

15 applications and also to which extent and how to
incorporate the chosen moieties on the particles
envisaged.

When, for instance, hydrodesulphurisation of hydro-

carbonaceous feedstocks is envisaged, the shaped

20 particles according to the present invention will
normally contain one or more metal(s) of Group VI‘and/or
one or more non-noble metal(s) of Group VIII of the
Periodic Table of the Elements which are conveniently
present as oxides and/or as sulphides. When the

25 expression “hydrodesulphurisation” is used throughout
this specification it also includes hydrodenitrogenation
and hydrogenation as these hydrotreating processes
normally take place at the same time.
Hydrodesulphurisation conditions normally comprise a

30 temperature in the range between 150 and 400 degrees
centigrade, a hydrogen partial pressure up to 80 bar and

a LHSV in the range between 1 and 20 N1 feed/l



When, for instance, hydrodesul phurisation of hydro- carbonaceous feedstocks
is envisaged, the shaped 20 particles according to the present invention
will norwaloBgizentain one or nore netal (s) of Goup VI amdr@P02/a8%e0 or nore
non-nobl e nmetal (s) of Goup VIII of the %Periodic Table of the El ements

whi ch are conveniently present as oxides ‘and/or as sul phides. Wen the 25
expressi on " hypdrddesiiiphuriisationy dre dasednt Meuphewio tiki Suspeeify Gation
it also includes hydrodenitrogenation and hydrogenation as these

hydr ot r eat i nGhsr seesses raroridd [ty 28K Plade at the sane time.

Hydr odesul phuri sati on _conditions normally conprise a 30.te rature in the
range between 15% and® 8&C&§ r@ggorgéﬁgiépag < grﬁfﬁpggéﬁvgggﬁpglCﬁ?bssure
up to 80 bar bandseal lddSMrtaddmsngnge bekweenel and 20 cNafeedds Woe

03/ 013725 PCT/ EP02/08540 9 catalyst/hr. The H2/ hydrocarbon feed ratio is
suitably in DORELANgEPHGRAGE PEOEE0E Rther T adartdiccesisaccording to

the present B%%%@%&%%ﬂp%ﬁ o %tgﬁqua%%anggg%%g%'%ﬂp%nggérqggﬁgeﬁ%%%- Guar d

beds are 5 normally applie protect other catalytic be ownstr eam of
t he guard bedaageidnsty whsarfteedisitmEhoenocede pavsedskyl tiverf eedst ream t o be

processed over ,such. catal ytic beds. . Fouling is one of the nost
encount er ed SFgﬁﬁgﬁﬁl%éigééxlo'processing f eedst ocks through one or nore

catal ytic beds. rbheiheulisngnebser vad gaBtbencaused by brBYNEhiseshicn t he
f eedst ock which were either present already or which may have been forned
duri by the pP&EESSSIRFafFIcestorks| kpuprighedngr Feforien cBlielvgédsbesles -t 0. be

treated are, ofa fQr1iiRgt ARCRTRE AL CRAL ALALRG BRI Liel.esgad/ of, ¢hay or

feedstock which were either present already or which may
have been formed during the process. Examples of
impurities present in the feedstock to be treated are,

15 for instance, metal-containing particles and/or clay or
salt particles which had not or had only been removed
incompletely prior to processing over the appropriate
catalytic bed(s). Examples of impurities formed during
processing are, for instance, fragments of catalytic

20 active particles which were removed from the catalytic
bed(s) which in recycle operation are passed through such
catalytic bed(s) or coke particles formed during exposure
of the feedstock to (severe) process conditions.

Guard beds are normally placed upstream of the bed(s)

25 used in the catalytic process. One or more guard beds can
be used to absorb the impurities, thereby delaying the
occurrence of pressufe drop which allows a longer on
stream time of the process envisaged. It is also possible
to provide part or all of the particles forming the guard

30 bed with catalytically active materials, thereby
combining guard and reaction duty. It is also possible to
incorporate catalytically active material of a different

nature than that used in the process as envisaged in the
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the present ifvedtben akecksrgr adbAg kayeesvio Feekbeebekl bxedibad ihgact ors
prone to heavy Sf_eedstqck originating) fouling which may occur in
hydroconvers?BH,lPﬁ ﬁgﬂppcypgroccur in hydroconversion, in particular

in hydrodemetallisation processes, long residue hydro-
desulphurisation processes and in the processing of
15 . thermally cracked material and to protect fixed-bed
reactors suffering from fines deposition deep in the
catalytic beds, for instance in units processing
synthetic crudes.
It has been found that the beds containing particles
20 according to the invention have - in a random packing - a
much higher voidage than beds containing the '
corresponding conventional trilobes when packed using the
well known “sock loading” technique. The voidage obtained
when using the conventional trilobal shape amounts to
25 about 45% whereas use of the particles according to the
| present invention produces a voidage of at least 55%
which makes such particles attractive for low pressure
drop applications, for instance under conditions of
countercurrent gas-liquid flow.
30 The particles according to the present invention can
also be suitably applied in a process for the production
of middle distillates from synthesis gas in which heavy

paraffinic material produced from carbon monoxide and
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from synt hesi as .in which heavy paraffinic material produced from carbon
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hydr ocr acki ngxanvraess to produce mddle distillates in the presence of a
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experiments wereicdres edchdautud o fmnintven tiilvga11@ qirlessiy e(wdr e under foul i ng
SRR LS Oaé%ﬁfﬁégnto hereinafter as TL) and of particles having a

shape as shown in Figure 1 (to be referred to hereinafter

as STL —-“special” trilobes, having a cross-section

15 occupying the area inside seven circles of the same size
(the central circle attached by six outer circles of the
same size and three alternating outer circles forming
part of the cross-section) minus the three remaining
outer circles). _

20 The TL particles had a nominal diameter of 2.5 mm, an
L/D of about 2.5, and were made of gamma alumina. A
randomly packed bed of the TL particles showed a voidage
of 43%. They did not contain additional catalytic
material. The STL particles had a nominal diameter of

25 2.8 mm, an L/D of about 2.5, and consisted of material
normally used for DN-200 catalysts (commercially
available from Criterion Catalyst Company). A randomly
packed bed of the STL particles showed a voidage of
58.3%. Both types of particles were obtained by extrusion

30 using an appropriate die plate.

The fouling material used in the two experiments

consisted of a mixture of crushed silica and FCC (Fluid



particles made up of conventional trilobes (to be referred to hereinafter
as TL) and of particles havi ng a shape as shown in Figure 1 (to be referred
to herei mabtoan137as STL -"special " tril obes, having a cros®CIEPIY/AT4AS
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circle attached by six outer circles of the sane size and three
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conposition|of the  fouling matjerial is gl ven in Table 1 belll&\ﬁa TABLE
Size (nn) Fractiom 98V oy)6 Type [of materaadl 1" .4-1[7 0.58ssitlicega 1.18}1.4

=3

0.71 silicall,0.6-1.18 6. 60 sililca 0.355-0. 6 4 .51 s$ilica
0.212-0.355 4.85 silica
0.125-0.212 7.01 silica’

< 0.125 75.74 FCC cat.

The experiments were carried out in'a single column
containing the material to be tested. The column was
5 operated with cocurrent gas (air) and ligquid (water) flow
at ambient temperature and pressure. Gas and liquid
superficial velocities were 100 mm/s and 4 mm/s,
respectively. Before each experiment, the packing was
properly wetted with clean water.

10 The experiments started by switching the liquid feed

from clean water to a slurry containing 2.94 kg.m3 of the
fouling material. This concentration is several orders of
magnitude higher than that to be expected under normal
operating conditions in order to be able to assess the

15 phenomenon of pressure drop within a relatively short
time. It was found that the run time for the TL particles
(before a pressure drop of 500 mBar/m was observed)
amounted to 1460 seconds whereaé the use of STL particles
allowed for a run*time of no less than 2260 seconds, i.e.

20 a 55% increase compared to the conventionally shaped

particles.
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55% i ncrease conpared to the conventionally shaped particles. WO 03/013725
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operated countercurrently with n-octane and nitrogen at
ambient temperature and 2 bar absolute pressure. Care was
taken to ensure uniform gas and liquid distribution.
During the experiments, gas flow was increased at a

15 constant liquid flow rate and pressure drop was measured
across the column. The flood point is defined as the
point where the.pressure drop dependence on the gas
velocity abruptly changes from an order between one and
two to a substantial higher order.

20 In the experiment carried out with TL, the gas
velocity at which flooding started was determined at an
absolute pressure of 2 bar and a superficial liquid
velocity of 3 mm/s. The STL were tested at the conditions
at which the TL showed starting of flooding at 2 bara and

25 a liquid superficial velocity of 3 mm/s. At these
conditions, the gas velocity could be increased as much
as 3.4 times before the STL showed fhe onset of flooding.
The use of STL, therefore, delayed reaching of flooding

conditions substantially.



particles showed a voi dage of 55% 10 The experinents were carried out in a
single colum operated countercurrently with n-octane and nitrogen at

anbi ent twopansi’es e and 2 bar absol ute pressure. Care wasPCTaiPernogse0 ensure
uniformgas and liquid distribution. Dufing the experinents, gas flow was
increased at a 15 constant liquid flow rate and pressure drop was neasured
across the colum. The flood point is defined as the point where the
pressure drop dependence on the gas ~ Ephp&i&ysabruptly changes from an
order between one and two to a substafit+at—Higher order. 20 In the
experinment carried out with TL, the gas velocity at which flooding started
was determ ned at an_ absolute pressure of 2 bar and a superficial liquid
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conpri si ng t RRee a rRE0hdSn@Rs RAC BHyexhendiune f caand atdiacked o a central
position aligned along the central longitudinal axis of the particle, the
cross- sect i of 16F1EIFe PRI 1fe CEAEHFYH FG L Ctlife TdIdE hCoRFEss OF By ieite out er

gdges of si Xb?Utt?l_rreeCiaﬁ.%'e%a@i?nlﬁr'%u@e ept Ll oGl I Gl JUiRUS e 3T §g occupi ed
y three alternating outer circlwes, erein each of the six outer circles
is touching twa peitghbourialgsoltsertouching two neighbouring outer

circles and wherein three alternating outer qircles are

equidistant to the central circle, have the same

diameter, and may be attached to the central circle.

2. Particle according to claim 1, wherein three

alternating outer circles have a diameter in the range

between 0.74 and 1.3 times the diameter of the central

circle.

5 3. Particle according to claim 2, wherein three
alternating outer circles have the same diameter as the
central circle.

4. Particle according to any one of the preceding
claims, wherein three alternating outer circles are

10 attached to the central circle.
5. Particle according to any one of the preceding
claims, having a L/D ratio of at least 2.
6. Particle according to claim 5, having a L/D ratio in
the range between 2 and 5.

15 7. Particle according to any one of the preceding
claims, having a length in the range between 1 and 25 mm.
8. Particle according to any one of the preceding

claims, which has been formed from alumina, silica,



circles and wherein three alternating outer circles are equidistant to the
central circle, have the sane dianeter, and may be attached to the central
circle. 2womanii7zes e according to claiml1, wherein three aCT@&EPaa0sSMg out er
circles have a diameter in the range betWween 0.74 and 1.3 tinmes the

di aneter of the central <circle. 5 3. Particle according to claim 2,

wher ei n t hr es1iladldeeraiatmingg outaeyned rec | &<l teavien ,t hel isaorei i anetertiast tde
central circle. 4. Particle gccording.to anyfo e of the preceding clains,
wher ei n t hr e alFer sty s i MG © 1&‘%& tHc § Pt Hd<Str al
circle. 5. Patiealiggiaccording to any one of the preceding clainms, having a
L/'Dratio of at least 2. 6. Particle according to claim5, having a L/D
ratio in thé.rafgetistiear @i tolmny, opar tafclthaqmaiidigiad o any one of

t he precedin i s Vil | ength_in the.ran between 1 and 25 mm
8. Pa?ti cle %&ggbg%’ngc%ngaaalnﬁ}%cﬁeono% %t%énoﬁreeénee&:la?\lggse)claar} T v{?neltc has been
formed from alompiownd &) iteegindD /0 325 FEHMERG2/ 08540 - 15
silica-alum na, nmagnesia, titanja, zirconia, a synthetic or natural
zeolite or nmirufedGrENGEOLHMY P tHedd Fracoiit@idiing g Qrcmere

accordi ng t0;aR%10N8 hd N8 MAGRI G GIAIITE nLAMPIHY MR s 1T €
netal (s) and/or netal conpound(s) having catalytic activity. 10. Particle
accordi ng toacitdivihty,, dontrsmi i lere hyd nestes u pdtuad i(ss)t daod /aort ineittad -
ﬁ;g?ggggﬁf%hg?¥;%%@%%P%%fl3%%%%&? nga%%k¥ﬁ%ﬁe§'%é%%ﬁdfﬁgé¥b one or
more of the preceding claims.
12. Process for reducing fouling or the impact of fouling
deposition in catalyst beds which comprises contacting a
charge containing fouling material with one or more

15 layers of particles according to any one of claims 1-10
or a guard bed according tb claim 11.

13. Process for the conversion of an organic charge
comprising contacting the charge with a catalyst
containing particles according to claim 9 or 10.

20 14. Process according to claim 13, in which the
conversion comprises hydrodesulphurisation of a
hydrocarbonaceous feedstock.

15. Process for the production of middle distillates from
synthesis gas in which heavy paraffinic material produced

25 from carbon monoxide and hydrogen is subjected to a
hydrocracking process to produce middle distillates in
the presence of a catalyst containing particles according
to any one of claims 1-8 and which contain one or more
metal (s) and/or metal compound(s) possessing

30 hydrocracking activity.

16. Process for the conversion of hydrocarbons when

carried out under conditions of countercurrent gas-liquid



10 11. Cuard bed containing particles according 'to one or nore of the
preceding clainms. 12. Process for reducing fouling or the inpact of fouling
deposi t i owoiog/ocEeanl yst beds which conprises contacting a PCh@Pgz08sent ai ni ng
fouling material with one or nore 15 |lay®fs-of particles according to any
one of clainms 1-10 or a guard bed according to claim211l. 13. Process for
the conversion of an organic charge conprising contacting the charge with
a catal yst ddotaiini ndgpepprcsanes adcprditiglie elcaiondd ner th0.an20 ohé. ofr ocess
according to ﬁlain1§3, in which the conversion conprises

hydr odesul phGrPS86i dnidF a hydrocar bonaceous feedstock. 15. Process for
the production of mddle distillates from synthesis gas in which heavy
paraffinic material produced 25 from carbon nonoxi de and hydrogen is

subj ected to a hydrocracking process to produce mddle distillates in the
presence of a catalyst containing particles according to any one of clains
1-8 and which contain one or nore netal (s) and/or netal conpound(s)
possessi ng 30 hydrocracking activity. 16. Process for the conversion of
hydr ocar bons when carried out under conditions of countercurrent
gas-liquid WO 03/013725 PCT/ EP02/08540 - 16 flow in the presence of
particles according to any one of clains 1-10.



