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present invention is concerned with a nethod for hydroprocessi J '
hydr ocar boNé@ 8884?3p2edst ock at el evated tenperature and preBEUERIYESHDL ai n
products, in particular, fuels and/or mddl g distillates, which can be 5
obtained in rather high yields at relatively | ow hydrogen consunption.

Hydr oprocessing is well known in the art and has been practiced for many
years and is still one of thegupeidedrel iPpRYPRHEEESIRE Over the years,
a variety 10 of feedstocks, catalysts and process conditions have been
descri bed for hydroproce55| ng of which many have been put into practice.
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described for hydroprocessing of which many have been put
into practice. For instance, in hydrocracking it is
customary to pass the feedstock to be hydrocracked
together with a hydrogen-containing gas over a catalyst
15 bed containing a fixed array of particles containing one
or more metal compounds having an intrinsic capability
for breaking carbon-carbon bonds as well as one or more
metal compounds having an intrinsic capability of
hydrogenating fragments preéent after the crackiﬁg
20 operation has been performed.
The method of hydrocracking in which a feedstock and
a hydrogen-containing gas are passed through the catalyst
bed in the same direction, normally from top to bottom to
make use of the gravity force, is known as co-current
25 hydroprocessing. It is the oldest commercially applied
hydrocracking method which is étill in operation.
In the early 70’'s it has been suggested to operate
hydrotreating processes in so-called “split flow” mode.
In such processes, described inter alia in US 3,607,723,
30 Us 3,671,420 and US 3,897,329, the feedstock is

invariably introduced between two catalyst beds in a



"1 reaction zone whilst hydrogen is introduced fromthe botton13f tge
catal yst bed over which the feedstock is being distributed to b 7 206
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35 order to recover stabl'e operation.
are preferably operated under the same process

15 conditions.

Rlthough it was recognised that operating in
countercurrent mode may provide some alleviation of flow
maldistribution of the mixed phase present in cocurrent
flow, there is nevertheless a major constraint which

20 severely affects countercurrent hydroprocessing.

A major constraint in countercurrent hydroprocessing -
is the risk that conventional fixed bed reactors are
susceptible to a phenomenon normally referred to as
“catalyst bed flooding” which will occur when the

25 velocity of the upflowing hydrogen-containing gas is such
that it prevents the downward gravitational flow of the
feedstock to be hydroprocessed during its passage through
the catalyst bed. Although catalyst contacting might
improve as the bed approaches a flooded condition, it

30 also makes the process rather vulnerable towards
fluctuations in pressure or temperature oxr in fluid flow
rates. Should a disturbance occur which is capable of
initiating flooding it would cause disruption of the
process, even to the extent of an unscheduled shutdown in

35 order to recover stable operation.
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flooding in_reactors operating in countercurrent node it has be AR 2006
proposed, iNWOPMEPA in patent publicati on WD 99/ 00181, to BCEERIYIEHE
hydr opr ocessing reactor with gas bypass 5 aeans which are self-regul ating
and which allow carrying out the operation closer to the flooding point of
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threat of flooding still occurring has not been taken away conpl etel 10
It has been descdasdcdis dySeRi7itsy 281, colircbrtgrrdntesode dtt tiaes thesat nment
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that achi evenent ggjunﬂ ical a porous Dbe of “sol’i ds
can be obt ai ned tid privericht alhsthydrqpopessyidd destrtobuwedhand ssbhegped.s The

teaching of US 4,775,281 i.s _specifically that the .use.of a.,densel acked
bed of Yspheri Ergﬁa)nss&%l@ (acléegsﬁ “tIfl%glalje%%%ﬁjgna?gng%%&gh&\}gog q%ﬁ%\}&%
fraction) woul dche ataripgemison clese® ©b tlkat alystiagneeihtabirforhebut
there mght well be 20 interference with fluid flow, esReciaII when
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recomended in saisd NalRNtarsPadid i1aatdHn of helobBengakakyst obed ria e nased
has a high void volume, typically greater than one-half of the bed.” By

usi ng 25 | oosel PPadeEd FakAoEEwrcdpieRl¥al extrudates void fractions

from 0% to 0.9 can iherachil el S iR, 2ys| &1 99598611 fLEecH Ll Tespect
to available reactor volunme (at |least half of the reactor volune cannot be
filled with caddinesteshrt dihes)tndd tarent epenoasyyhifirecasbphe 30 yiel d of

the envisaged prc:%%%st%rc]utdrﬁbqfa %"éﬁé)%‘[“cﬁ ol A2 f%%%%}{‘c&%&“; ti%gfta‘
processi ng can be Carried out in reaction-“zones havi ng a ower vol d
fracti on and whiechigyementr efuiure fopeeivérxtioehnEl éwr threvght engofdoosdioegt of
the catal yst be%f E%%ids can be obtained if the catalyst is properly
15 distributed and shaped. The teaching of US 4,775,281 is
specifically that the use of a densely packed bed of
(spherical) solids (causing the reaction zone to have a
low void fraction) would be advantageous in terms of
catalyst concentration, but there might well be
20 interference with fluid flow, especially when
countercurrentflow of two phases 1s required. Therefore,
it is strongly recommended in said patent specification
that the catalyst bed to be used has a high void volume,
typically greater than one-half of the bed. By using
25 loosely packed polylobal or cylindrical extrudates void
fractions from 0.5 to 0.9 can be achieved. This means a
large sacrifice with respect to available reactor volume
(at least half of the reactoer volume cannct be filled
with catalyst particles) which tremendously affects the
30 yield of the envisaged process.
It has now been found that countercurrent hydro-
processing can be carried out in reaction zones having a
lower voild fraction and which do not require specific
means for preventing flooding of the catalyst bed. The

35 countercurrent hydroprocessing method according to the
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under fl oodigng/e@sudi tions. It also allows a higher yield thagcr/ikborisse
achi evabl e in cocurrent hydroprocessing. It hgs also been found that the

process in accordance with the 5 present inveiition allows a | ower
consunption of expensive  hydrogen, a higher heavy ends conversion and a
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zone bel ow the cakakysti AR peth ithergelphorestabiadh oFouAigeU DNt rpnt act
of the wupwardly flowng gas with the downconmng liquid and w thdraw ng
treated |iquid bEMIR e CRA YRR DHECBRACWF Ehdr awi ng 1 ui d depl eted in

hydrogen above the cahal ystesdifd, invehish PrOEEESrbhectatalsyto Rehdtamp A
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to any particular theory, 30 1t wou ppear that oper g In a gas
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ense- packed catalyst particles
conditions which allow distributing the feedstock
15 predominantly in liguid phase under superatmospheric
process conditions at elevated temperature over the
catalyst bed for downward flow in contact with the
catalyst particles and introduction of the hydrogen-
containing gas in the reaction zone below the catalyst
20 bed in order to establish countercurrent contact of the
upwardly flowing gas with the downcoming liguid and
withdrawing treated liquid below the catalyst bed and
withdrawing fluid depleted in hydrogen abcve the catalyst
bed, in which process the catalyst bed has a void volume
25 fraction below 0.5, whilst the countercurrent liguid/gas
contacting is carried out under conditions which allow
the Peclet number of the liquid to be in the range
between 0 and 10.
Without wishing to be bound to any particuiar theory,
30 it would appear that operating in a gas/liguid regime
characterised by a low Peclet number of the liquid{i.e.
by allowing a certain amount of liquid backmixing) allows
the use cof relatively dense-packed catalyst particles
which therefore substantially increases the yield of the

35 desired products. In other words: by providing process



whi ch therefore substantially increases the yield of the 35 desunqgA
products. In other words: by providing process WO 03/042333 - &dﬂﬁ 2006
PCT/ EP02/ 1% 634433 t i ons whi ch reduce the anbunt of static PCEHEP@/Agsd up
and t hereby increase the anount of dynam c.lgquid hold up, unwanted
reactions are dimnished and nore mddle distillates are produced than
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countercurrent hydrQpr in Par anet ers ich can,be instrunment
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the gas rate (asibbtizated gas p&b@um@dumhumtdﬁhetWW@@t@duxﬁabéctheld up),
t he qu% id flow and the size of the restrictions in the jntroduction neans

for thegas. ThosE- SEFFIQHmPﬁn?ﬁéOQrP qqlq&uﬁN4ﬂﬁﬁ¥ VohPI §TBRELBR 25 nore

of such paranetegrs katabyew ag bLheaRRILPHiAlR declid sugber LRgbe reached
in the countercurrent h droproce53|ng met hod according to the present

i nvention. The @ﬁnamve|hﬁédfp§cp|oﬁh@rL&qﬁﬁqﬂahﬁsqxﬁﬂ QW Eef PReHMPDOVESr t he

pur poses of th'éek%?ﬂ&hea as c%%?xt@r%%rté?ﬁ: Hj@z%ﬁﬂéb@ésiﬂﬁ vol une
occupled by the cataly Eartlc es of the total volune of the reaction
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which is built up o e |nterst i al v0| et ween t catal yst particles
and between t healapprbbei gee catsl ysn @mqnaﬂsﬁﬁzﬂaﬁtrﬁiawwe@uoinghEhe

(eacti on 2one Byt UPUIE BT et LRI, 200 4o R AL g
according to theheresghticnienti dn. tReefiertrediueites meaens for the gas.
Those skilled in the art will know how to apply one ox
15 more of such parameters to allow for the appropriate
Peclet number to be reached in the countercurrent
hydroprocessing method according to the present
invention.
The void volume fraction of a catalyst bed is defined
20 for the purposes of this invention as ‘one minus the
fraction of the volume occupied by the catalyst particles
of the total volume of the reaction zone’. It will be
clear that the internal pore volume of the solid catalyst
particles is not included in the definition of the void
25 volume fraction which is built up of the interstitial
voids between the catalyst particles and between the
appropriate catalyst particles and the walls of the
reaction zone in which they are contained.
Suitably, void volume fractions of catalyst beds
30 above 0.25 (and below 0.50) can be used in the method
according to the present invention. Preferred values are
in the range between 0.30 and 0.48, especially preferred
valueé are in the range between 0.35 and 0.47. Impressive

results have been cbtained using catalyst particles which

35 have been packed in such a way that the void volume
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(whi | st operating under conditions allow ng for the Pecl et nunber of the
liquid to be between 0 and 10). The Peclet nunmber for systens in which
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transport rate mﬁtmmmnc®|andaﬁd the transport rate by di spersion; Chem cal
10 Reactor Design a a West erter al N 0.471.90183 O.
The Pecl et nunber f(r)l‘ﬂ1 ?;?gynﬁggﬁr BEES §?§%T%% %%$£ 9683ﬁ??|ﬁ8 when

operating under gGSIR condi ihensconCItR nEam m;dﬁwthQﬂU®hylﬁtrthedSEQm&
Reactor) is defined as, 0 ilst the Peclet nunber 15 system operating
Y 2 Jurde

in plug flow (e. R25% £9n ﬁ‘?FionQF’ ity itERl 25w h PRERTRGFLTE WALBH by

definition back-r4fd&uw é§r§P§eBE srofsi Red ias datfd i€ h&eicThS, Peghepeed
range for the Peclet nunber of e liquid in the method of the present

i nvention is betdfeiad o BheIFa%FPIbBéWE@“cﬁ&%'?%ﬁ@$ﬁ@%¢sk???e§yln t he

art how to cal Cl&&}t@eé@fonagﬁaatheeelr%s%@e&aft% E’y%i’%’e:?bﬂéﬁ“@ﬂemféal
stated hereinbefore, it is the conbination of the use of a cat al yst bed

havi ng b_Iowvwm&ﬁﬁ@%ﬁ%|@ﬁsygaeﬁnéo@maﬁﬁ§ﬁ§n -wii-clVes i oukarp ot Peglet nunber
of the |iquid whigdy &) | pm 250%95 bhet‘h'gp'i?%\éﬁ‘ltp?ﬂn%é‘@nf@roé ’hQ@all back-

hydr opr ocessi ng et hod™ accordi ng t present 1 nventi on. cata | ysts to
be used in the hqur&xprme’semngnonmaﬂdd' szc@@rrmlm@ twhetheopeezehngi nueéari on

are vell known dgdhe arty; They neual LY GORAI0L NG 05 &) esPBE8LESY a8k

Reactor) is defined as 0 whilst the Peclet number of a

15 system operating in plug flow (e.g. in conventional
trickle flow hydrocracking) in which by definition back-
flow is absent is defined as infinite (w). The preferred
range for the Peclet number of the ligquid in the method
of the present invention is between 1 and 8. It will be

'20 | clear to those skilled in the art how to calculate the
actual Peclet number for a given situation. As stated
hereinbefore, it is the combination of the use of a
catalyst bed having a low veid fraction under conditions
which allow a low Peclet number of the liguid which allow

25 for the improved performance of the hydroprocessing
method according to the present invention.

The catalysts to be used in the hydroprocessing
method accoxrding to the present invention are well known
in the art. They normally contain one or more metal{s) of

30 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.
Suitable Group VI elements are molybdenum and tungsten;
suitable Group VIII metals are nickel and cobalt. The

35 amounts of the metal compound(s) to be used can vary
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vari ety of catal yst shapes can be used in the nethod of hydr opr ocessi ng

according to thElprBsent Z1FReeAR R Bhel e SsHeriwaloparerel ek, such
cylindrigcal 20 partiches andvRakubebalsiRar tined essHchs@spiril obes ﬁé‘?
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Suitable zeolites comprise zeclite Y and zeolite f but
15 also non-zeolitic components can be used such as
(silico)-alumino phosphates and related compounds.

A wide variety of catalyst shapes can be used in the
method of hydroprocessing according to the present
invention, such as spherical particles, cylindrical

20 particles and polylobal particles such as trilobes and
- quadrulobes. Good results have been obtained using
trilobal catalyst particles. Particles having a largest

diameter between 0.5 and 3.5 mm are preferably applied.

Good results have been obtained using trilobal catalyst

[R]
(€]

particles having a diameter of 1.6 mm.

The hydroprocessing method according to the present
invention can be conveniently carried out using a
temperature in the range between 200 °C and 475 °C,
preferably in the range between 250 °C and 425 °C and at
30 a pressure between 20 and 250 bar, preferably between 40
and 160 bar. The process can be carried out at a LHSV in
the range between 1 and 20 N1 feed/l catalyst/hr and at a
hydrogen/hydrocarbon feed ratio in the range between 100
and 2000 N1/1, preferably between 250 and 1500 N1/1. It

35 will be clear that the set of process conditions has to
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f eedst ocks contai ning substantial anmounts of material boiling above 520 C,
e.g. containi ngswpl tieadsk egkaerghthop rsuERMART&SIal 1Y cafedl 38 be
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| i ne-ups of pargdcedsyed nietestalboaieydescri bed herei nbel ow but those

skilled in the artCommercially available hydrogen can be suitably used

15 in the method according to the present invention. It may
contain indigenous impurities to an extent that they do
not substantially affect the catalytic activity. Hydrogen
streams containing at least 50% by volume of hydrogen,
especially at least 80% by volume, are preferred for duty

20 in the present method. Normal impurities comprise light
hydro¢arbons and nitrogen.

There are a number of process configurations which
can be used advantageously in the method according to the
present invention. Five line-ups of particular interest

25 are described hereinbelow but those skilled in the art
will recognise that equivalent line-ups can also be used.
In Figure 1 the basic line~up is described for counter-
current hydroprocessing. A first and second preferred
line-up are described in Figures 2A and 2B, a third

30 preferred line-up is described in Figure 3 and a fourth
preferred line-up is described in Figure 4. The same

numerals have been used for the same parts in each of the

Figures.



wi Il recognise that equivalent line-ups can also be used. In Fig
1/17 Wﬁ Q and

basic.li new?jé@ugﬁscrl bed for counter- current hydroprocesmgﬂq’wv&@so

second prefe i ne-up are described in Figures 2A and 28
preferred line-up is described in Figure 3 and a fourth preferred |ine-up
is described in Figure 4. The sane nunerals have been used for the sane

parts in each og éhge Ig%%%%?d egggg§2333 - 9 17 MAR 2006 PCT/EP02112856

Figure 1 (basi ck is introduced via line 1 at the
top of reaction zdheqaﬁdcﬁaedshong tat ahysodeesdl viandlise Histribat edp

(means not shown) over the ca t bed 5 whil st_.a .hydragen- ntalnlng gas

i s introduced V¢ ¥?%%tﬁonbé?8$/ tgPygFlBéEgifqﬁ?¥2§§;$%£ § ng" ?O &nd
rises up throughsthtbeeédl yséahednotr eabed ) iceird tiife id el g HEgom
reactlon zone 1Q vja Ilne and can be . used as such be subjected_to
further proces§ﬂﬁb# OYRBT 2B ERBWAP 9&§1ﬂ%ﬂ%P§Eéﬁ%§%ﬂ Yhzhy HFSg@n
i's withdrawn eroxﬁe@é}EéPﬁs’goﬁédeth.ﬁ FeBe t4 oMhidhLar %@OQigesdagan in
order to separate off liquid gresent therein (nmeans, not shown The process

as described i EIFFoegle Qh¢sC% 31VE8 P8dr BrEeTeCondiquiichst SFLRIArEew a | ow
Pecl et nunber f@ron 1§e$£“§}&')1 qk'bzqe' Apcagl X%heb@da]n]d Howe @sb‘ecﬁfé'gtgﬁfzh

treatnment of treated liq | 1ne-up as described in Figure 1
ext ended by tr@rm@xe}w@eswmctadtﬁér fpéabﬁﬁo@rm@mm@m@hgg ¢apal yst

bed 21,gdownst regm.af, caf f’f&léeéaﬁe‘é’ehc? R RAR S D Ao PR o

operatlon under tric I | ow "~ con I ons condltlons generating a
hi gh Pecl et mﬂﬂnntiwm tome | 1Quirdaphase) 4 Wheame¢an(hﬁ(toqﬁmma@omq fnom

e 9L om o 9541 0 200 0L > BESTER.L I Ul St Bec D fgget on
be shown). The process as described in Figure 1 is carried
out under conditions which allow a low Peclet number for
15 the liguid in catalyst bed 11.
Figure 2A (further treatment of treated liquid)

The line-up as described in Figure 1 is extended by
the presence of a further reaction zone 20 containing
catalyst bed 21 downstream of catalyst bed 11 which

20 catalyst bed 21 allows operation under trickle flow
conditions (i.e..under conditions generating a high
Peclet number for the ligquid phase}. Treated liguid
emanating from the bottom of reaction zone 10 is passed
through catalyst bed 21 in reaction zone 20 and withdrawn

25 there from via line 5. It can be used as such or be
subjected to further treatment (not shown). In this line-
up there is no separate inlet for a hydrogen-containing
‘gas (but it may be present if desired).
Figure 2B (further treatment of both treated liquid and

30 fluid depleted in hydrogen)

The line-up as described in Figure 2B 1s that as
described in Figure 2A with the addition of a further
reacticn zone 30 containing catalyst bed 31 above
reaction zone 10 containing catalyst bed 11. Catalyst

35 bed 31 is operated in trickle flow mode (high Peclet



subjected to further treatnment (not shown)- In this line- up therg Iilﬂ(%
separate inlet for a hydrogen-containing gas (but it may be pre% AR, _
desired). PQUWE233 (further treatnent of both treated |iqui BCHER02BESE | uid
depl eted in hydrogen) The line-up as describdd im Figure 2B is that as
described in Figure 2A with the addition of a further reaction zone 30

contai ni ng cat al ¥shbbedoZl talkovd quieRctdan ZoAed18ep0Btadniing afalgest Hed
11. Catalyst 35 bed 31 is operated in trjickle flow nmode (high Peclet ;17 MAR
2006 WD 03/ 0423%8tPEFREPOYAR2856'® 10D Hefbe?™ oPet RROLEHUIAR) Tarid fALufar to

depleted in hydrgggarkse WetrhdriagWn o igr-dddet 7t MbkenCaneh@ scoRtediqun in
order to separate off |liquid present therein (nmeans not shown).

Optional ly, |iquPBtieeasiyck ldamisk fandyaekdcanabgi ndARKYFeA a 1ine 8 on
top of catalyst Q&&i@%ohgllérg%%' G L : y%gbrggfecgtgﬁ %ggb af alyst, beds

of which two are operate unter curren he |1 ne-u escribed in
Figure 2B is changadtion tOnehé80lextent that the hydrogen-containing fluid is

not introduced yia Lin t via,(line, (2 at th of _reactiaon.,zone
20 contal ning. caiiybe Bed Ot ceriar AT (hEdanaf 48t HRe tEpo el des
carried out in cosmteeecucnemientigde with respect to catal yst beds 21 and 11
whi | st 15 cat al yst bﬁg 3}.is operated-in trick]e lom/nngg..lt &F ossi bl e
to operate bed 21 antfor hBE PP GFd&EST IR oRUPEFBNER BfgGPenged to
(conbi ned furthetheregesstnghaki qiicd HebtdsiasckcdstaDhindueedivi a4 inee 1 at
the top 20 of reaction zaone 10 _contai ni ng catai%st bed 11 %nd IS

di stributed (nmealstFotUSRBwWN) 2oven s ite Rkt &/ 3Rt HRE T anfFsthg bottom of

hydr ogen- cont ai Ni&\gcg88ni Sohlt Podueed adirfild NEaBalPet ovegabal yshiked ikk-iyp
reaction zone 10 and_ rises up through catalyst bed 11. Treated liquid is
Wi t hdrawn from ¢€nables the process To be carried out in countercurrent
' mode with respect to catazlyst beds 21 and 11 whilst
15 catalyst bed 31 is operated .in trickle flow mode. It is
possible to operate bed 21 and/or bed 11 under flooded
conditions.
Figure 4 (combined further processing)
Ligquid feedstock is introduced via line 1 at the top
20 of reaction zone 10 containing catalyst bed 11 and is
distributed {means not shown) over the catalyst bed
whilst a hydrogen-containing gas is introduced wvia line 2
below catalyst bed 11 in reaction zone 10 and rises up
through catalyst bed 11. Tfeated liguid is withdrawn from
25 reaction zone 10 and sent (at least partially) via line 3
to be combined with fluid depleted in hydrogen which has
been (at least partially) withdrawn from reaction zone 10
via line 4. It -is, of course, possible and preferred in
practice, to allow part of the fluid exiting reaction
30 zone 10 via line 4 to be condensed so that a gas/liquid
mixture will be combined with treated fluid ex line 3 to
form feedstock entering reaction zone 40 via line 13. The
mixture is thus sent via line 13 to reaction zone 40
containing catalyst bed 41 which 1s operated (as

35 hydroprocessing unit) in trickle flow mode (high Peclet



25 reaction zone 10 and sent (at |east partially) vialine 3 to M‘Aﬁ%ﬂsned
wth f'Uid\FSBEE&ﬁQ i n hydrogen which has been (at |east part]al zi i

wi t hdr awn fron1reac%ion zone 10 via line 4. It is, of coursngﬁgg Bf% and
preferred in practice, to allow part of thdXl-uid exiting reaction 30 zone
10 via line 4 to be condensed so that a gas/liquid mxture will be conbi ned

with treated fl wight Idnent tpiq&pamf@@élsweko?ehe%am&%ctﬁo%nt%%e 40
via line 13. The mxture is thus sent via line 13 to reaction zone 40

cont ai ni ng cat aPptt I9dd UE \HQFETS opere eBUPBS188 Kydr dpidcddsiigtidit) in

trickle flow node( Rirgh 24 €ln WRD3/ 32333 el a114WWAR 2006 cocurrent
PCT/ EPO2/ 12856 nuntber of the 1iquid). The hydrogen requifed for this part

of the process tadirppragasidisw wh theanidtaret apterspdokepgddrnoronend M0,
t her eby @l | owi ng..f.or .cocury e ydr cessing L X ring
roact i o zone 4076 GiLY fne 1F R PERPTEESIROCRS ROTLEN b ZeSRRILHTS
zone 40 therebyzoaesidg thieer adat atapstimedtHd tatbbysopbedt dd it be

count ercurrent nDde.tT%Fated lLiquidis w%thdéamnTviatlin§.15.§nd fluid

depl eted in hydPE§EATES Wit HFrHWT VT E 190 T189€ 10T TRE Ch8t Add adcdidi ng t o
the present invedthdmawr viaQwre ¥ uehdlat 2ai dydeheetoll oW hgdraernl i@ ting
Exanpl es. Exanpl e h In a %yli drical reactor (lay out as depicted in 15
Figure 1) havi n§*&"PEREhH V91 65 thd an internal dianeter of 2 cm and

containigng 1.6 nm t rhkohal et Adosdrdiay tis! €se (seepesediated@: it wafi1ul tra

stable zeolite Y and 8Q %w _ of alum na-based silica-alum na containing 4

omt of Ni and 1Po9mbPeorlWeasahrft dyendis ofP cbpbhent 8PP 264 tABYvy gas oi

was | ed downwar ghwmpheaugh the catalyst bed and hydrogen was led via the

bottom part of the catalyst bed in countercurrent to the heavy gas oil. The
Example 1 :

In a cylindrical reactor (lay out as depicted in
i5 Figure 1) having a length of 65 cm and an internal
diameter of 2 cm and containing 1.6 mm trilobal catalyst
particles (composed of 20 %wt of ultra stable zeolite Y
and 80 %wt of alumina-based silica-alumina containing
4 $wt of Ni and 17 %wt of W as hydrogenation components)
20 a heavy gas o0il was led downwardly through the catalyst
bed and hydrogen was led via the bottom part cf the
catalyst bed in countercurrent to the heavy gas oil. The
catalyst bed was loaded in such a way that the void
fraction was 0.45. The Initial Boiling Point (IBP) of the
25 gas oil was 230 °C; 62% boiled above 340 °C and its Final
- Boiling Point (FBP) was 450 °C. It contained 2.1 %wt of
sulphur and 317 ppm of nitrogen.'
Two experiments were carried out which differed only
in the hydrogen gas rate applied. The details of

30 experiments 1 and 2 are given in Table I below.



catal yst bed was | oaded in such a way that the void fraction was Még ghe
Initial Boiling Point (I1BP) of the 25 gas oil was 230 C, 62% boi .l ed @W

340 C and. Wo$3P#3aF Boiling Point (FBP) was 450 C. |t cont IGTEEP02/128504vt oOf
sul phur and 317 ppm of nitrogen. Two experlnfgts were carried out which
differed only in the hydrogen gas rate applied. The details of 30
experinents 1 and 2 are given in Table | belqoqw. WD 03/042333 - 12 Table | 7
MAR 2006 PCT/ EP02/ 12856 Experi ment 1Exper|ﬁ§Ht 2L Space

vel oci tyKg/ | / hq-750- 75 HZ gas rateNlf m250100G; gﬁgggﬁgn PreESs O Be
t enper at ur eC39G390_Pecl et number of iplug fl )ﬁthemel nversi on_gf
9%28. 645. 0 340 CW$E@¢@CY¢b®c$tV0 150-| B@bL 092, 1 3400C78) Undér t heDcdhditi gns

as pertaining if;ex e +—the GELSS s—eatHretd—ott——a—topyrenRt+oena
trickle flom1nia% gﬁ % nornally1$%@% Ed to 5?5 plug flow ?g%g
Advant ages, Po Ské%é éi raggdLEmtgt é? Smei g Scat e festi g gf
Catal ysts for Hixed rocesses: Sle. 210t h National Meeting,

Aneri can Chenicd$ed5b@mm¢vatﬁhﬁcago ﬂ@l., August 20025, 1995, p 868 472).| A
Pecl et numnber L..eﬁuﬁﬁ. S %ﬂa%es’frﬁuh+ﬁ%1oﬁﬁﬁiﬁ 10— ?%e
conditions as pé??%JnlngIm% Exﬁgrlnent 2 camn Bgra

the liquid
Conversion of % 2B.6 45.0
340 °C+

Selectivity to 150~

340 °C

86.0 92.1

S0

*)} Under the conditions as pertaining in experiment 1
the process was carried out in a conventional trickle
flow mode which is normally referred to as “plug flow”
{see: Advantages, Possibilities and Limitations of Small
5 Scale Testing of Catalysts for Fixed-Bed Processes:
S.T. Sie, 210th National Meeting, American Chemical
Society, Chicago, Ill., Rugust 20-25, 1885, p 463-472). A
Peclet number of the llquld of 16 emanates flom this set-
up.

10 The conditions as pertaining in experiment 2 can be
described as flooded countercurrent yiélding a Peclet
number of the liquid of 6 (calculated using the
Westerterp reference referred to hereinabove).

It can be seen that under conditions which allow a

15 low Peclet number (in accordance with the present
invention) not only the conversion of the 340 °C+ part of
the feedstock (i.e. the fraction of the feedstock boiling
between 340 °C and 450 °C) has been increased
substantially (by almost 50%) but that at the same time

20 also the selectivity to desired product has increased
from 86.0% to 92.1%.



descri bed as fl ooded countercurrent yielding a Peclet nunber of .the |iquid
of 6 (calcq*&%gﬂzﬂ?jng the Westerterp reference referred to_herdi/n4foltsh) .

It can be seen-that> under conditions which allow a 15 | ow PRCIEPUHFer (in
accordance with the present invention) netl®nky the conversion of the' 340
C+ part of the feedstock (i.e. the fraction of the feedstock boiling

bet ween 340 C aﬁgaﬁéger has been increased substantially (by al nost 50%
but that at the i 20 also the selectivity to desired product has

i ncreased from 86. DBt exp2ritteni® 63/ 042333 PER] 1iry BAR2DO61 PEFLEP02/ 12856
Example 2 The e ' ts.a ri [ anple. 1. were p a

di fferent spaceégéééggﬁygﬁn%egﬁgg 5?%gs§%a§§r§£]f§}c g?% fesggﬁgy?%Sns.
The details of Siezpeliynmenmpaladid 4oadetdionen iTheélabieails Jable ||
Experiment 3Experinent 4. Space velocityKg/l/hl. 231, gas rateNl/h2501000
Reacto?%pressurgﬁﬁ?ﬁﬁ@ﬁﬁtéeg F@ﬂpérﬁ?&r@%f@@B@ﬁl%éggg?kﬁanber of plug flow
(*)2 the liquid Conversion of 19.337.0 340 C+ Selectivity to 150- 9%94.995.9

340 C *) see the comrents under Table |I. It can_be seen that the sane trend
is found when ' Table II
Experiment 3 |Experiment 4
Space velocity Kg/l/h 1.25 | 1.25
Hy gas rate Nl/h 250 1000
Reactor pressure barg 40 40
Bed temperature °C 390 390
Peclet number of plug flow (*) 2
the liquid
Conversion of % 19.3 37.0
340 °C+
Selectivity to 150~ | % 94.9 _95.9
340 °C

*} see the comments under Table I.

It can be seen that the same trend is found when
operating at a higher space velocity; in particular it
should be noted that the conversion can be doubled whilst

still gaining in selectivity to the desired product.



operating at a higher space velocity; in particular it should be noted that
t he conversion can be doubled whilst still gaining in selectivi ty”t HAFE ﬂ]ﬁ
desired product. .17 MAR 2006 - 14 CL Al MS 1. Method.for the'’" b
-hydr opr ocessi ng of a heavy hydrocarboracepus feedstock in a reaction zone
conprising a bed containing a fixed array of porous catalyst particles by
-contacting the feedstock with a hydrogen 5 containing gas under conditions
whi ch- al l ow distributing the feedstock predominantly in |iquid phase under
super - at nospheric .process conditjons at_elevated tenperature over the
catal yst. bed for downward flowi ot Wi th the catal yst particles and
“introduction of the hydrogen- 10 containing gas in the reaction zone bel ow
“the catalyst bed in order to establish countercurrent contact of the
upwardly flowing gas with the downcomng liquid and w thdrawi ng treated

l'i qui d bel ow.the catal yst bed and w thdraw ng fluid depleted in hydrogen
above the catalyst 15 bed, in which process the catalyst bed has a void
vol ume fractioH-beM@Wh@@SfQHﬂqQﬁ M RARRSESTTNT Mt 3 iRRAW gas  contacting
is carried out G dd s W t n r :
liquid to be i rrlﬂlt ecraange atébet wegrﬂg%&gaﬁddélggn 2%%2?&%9? %d?ag%c%%?%\gg%%g
claim1, in whischedeaeatailnistg defidms @rvaoy of ghomeus rastadbpsabove 0. 25.
3. Method according to.claim?2, in whic tggﬁc tatyst ,bed has a void vol une

fraction bet wef 0150 S P, A8 2 Prgtriaht yF BRA RN 07350 aR " BIEFIEDS 4.
Met hod saccor di RG Q13 P Ha Ofuddier REGEEH 116h &1 dh I8 a_:wowhaf@twsutinct;
countercurrent contacting-1s carried out under conditions which allow The
Pecl et nunber d¢het Heddshdak tmragonimantel y aiyel bav i aphasandnder 13upR- 2006

_'15. 5"thh0%€%3§¥ﬁ¥£} Iﬁ%ég]séng%é)iéfghgrggeg Q agé Iggmperature

~over the cataiyst bed for downward flow in contact with 
the catalyét'particles and introduction of the hydrogen-
10 _ containing gas in the reaction zone below the'catalyst
Abed'in‘order to.establish countercurrent contact of_the
upwardly flowing gas with the downcbming liquid and '
withdrawing treated liguid below the cataiyst bed and
~withdrawing fluid depleted in hydrogen‘above'the catalyst
15 .bed, in which:process the'cétalyst bed has a void volume
fraction bélow 0.5, whilst the countercurrent liquid/gas
'.contacting is carried out under conditions which allow
the Peclet number of the liguid to be in the range
between 0 and 10. '
20 2. Method»according to claim 1, in which the catalyst
" bed has,é void volume fraction above 0.25. _ -
3. Method according to claimA2; in which the catalyst
bed has a void volume fraction between’O,BO and 0.48,
preferably betwéen 0.35 and 0.47. | _ |
.25 4. Method according to any one of the preceding claims,
in which‘the countercurrent contacting is carried out
under conditions which allow the Peclet number of the

liquid to be in the range between 1.‘an<:l~ 8.



in which treated |iquid which has passed downwardly through the catal yst
bed is passed in trickle flow. node through a further bed containinﬂg 008
catalytic particles 5 prior to its withdrawal fromthe process. 6. - tWW&?
according to any of the preceding clatns,sin. which fluid depleted in-

hydr ogen whi ch has passed upwardly through the catal yst bed is passed
upwardly in vapour phase through a further bed containing catalytic 10

- particles. prior to its withdrawal fromthe process as fluid depleted in

- hydrogen. 7. Msthodeanoar dcagriianel aiomaby ioheWdfchral greasidixed tclOfmd he
upwardly flowi ng hydrogen-containing gas is _introduced in the bottom of the
reaction zone é@nﬁgﬂﬁhnérfst&dfdﬂﬂWéﬂ tidd oftad MakP chtINATEIGEF ti cl es

t hrough which d.biquid_ S, pa riQr it i £ fromthe
process. 8. Nb%h%gﬁggcgbgi%Squﬁgﬁy%%ﬁgQ% 3:%5%%;%ﬁi%?%gwgﬁmﬁkﬂféﬁja | east
part of the trehtedghi quifdrahe rabddeazint22Qipsy tcatfaliyei 4 path Depdeted in
hydrogen are conbi ned and subjected to.a second hydroprocessing step which
is caPried ouPTéPEnEP dbSuMrEREAnPYs! A e RyGR33.. 9. Method according

to any one of the prepedi 3g-ehaiit® td ranyiocéﬁ_ttﬂbe M&wrggfeéﬁéﬂesj sy farried

out under 25 hydrocracking conditions, including a tenperature in the range
bet ween 200 C whdc4751Giandem Lprtess ure etmwemn hidndh@spdased 10. Met hod

cceording 1o clama, el sielast paeles e dsstanan e,
0.5 and 3. 5 fHpour phase through a furtaer bed containing catalytic
10 particles priof to its withdrawal‘from the process:as
fluid‘dépleted in hydrogen. ' _
7. Method éccording to claim 6, in which at least part
of the upwardly flowing hydrogén—containing.gas‘is'
V‘introducédvin'the bottom of the reaction zone containing
15 “a further bed containing éatalytic particles through
which treated liquid is passed prior to its withdrawal
from the process. |
8. Meﬁhod according to any one qf claimé 1l to 6, in-
which at least part of the treated liquid and at least
| 20 ~ part of the fluid depleted in hydfogen are combined and
' subjected to a second hydroprocessing step which is
carried out either cocurrently or counter currently.
9. Method according to any one of the preceding claims,
in.which‘the hydroprocessing is carriéd out - under
25 hydrocracking conditions, including a temperature in the
range between 200 °C and 475 °C and a pressure between 20
and 230 bar.
10. Method according to claim 9, in which catalyst
particles are used having a spherical, cylindrical or
30 polylobal form and a largest diameter between 0.5 and

3.5 mm.





