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(57) ABSTRACT 

A method for the hydroprocessing of a heavy hydrocarbon 
aceous feedstock in a reaction Zone having a bed containing 
a fixed array of porous catalyst particles by contacting the 
feedstock with a hydrogen-containing gas under conditions 
which allow distributing the feedstock predominantly in 
liquid phase under Super-atmospheric 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 bed in order to establish countercurrent contact of 
the upwardly flowing gas with the downcoming liquid and 
withdrawing treated liquid below the catalyst bed and with 
drawing fluid depleted in hydrogen above the catalyst bed, 
in which process the catalyst bed has a void Volume fraction 
below 0.5, whilst the countercurrent liquid/gas contacting is 
carried out under conditions which allow the Peclet number 
of the liquid to be in the range between 0 and 10. 
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COUNTERCURRENT HYDROPROCESSING 

0001. The present invention is concerned with a method 
for hydroprocessing a hydrocarbonaceous feedstock at 
elevated temperature and preSSure to obtain products, in 
particular fuels and/or middle distillates, which can be 
obtained in rather high yields at relatively low hydrogen 
consumption. 

0002 Hydroprocessing is well known in the art and has 
been practiced for many years and is still one of the 
important refinery processes. Over the years, a variety of 
feedstocks, catalysts and process conditions have been 
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 bed containing a 
fixed array of particles containing one or more metal com 
pounds having an intrinsic capability for breaking carbon 
carbon bonds as well as one or more metal compounds 
having an intrinsic capability of hydrogenating fragments 
present after the cracking operation has been performed. 

0003. The method of hydrocracking in which a feedstock 
and a hydrogen-containing gas are passed through the cata 
lyst bed in the same direction, normally from top to bottom 
to make use of the gravity force, is known as co-current 
hydroprocessing. It is the oldest commercially applied 
hydrocracking method which is still in operation. 
0004. 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 U.S. Pat. No. 3,607, 
723, U.S. Pat. No. 3,671,420 and U.S. Pat. No. 3,897,329, 
the feedstock is invariably introduced between two catalyst 
beds in a reaction Zone whilst hydrogen is introduced from 
the bottom of the catalyst bed over which the feedstock is 
being distributed to be passed downwardly through the 
catalyst bed. In essence, the process carried out in the 
downstream bed (seen from the point of entry of the feed 
Stock) is operated in countercurrent mode (feedstock moving 
downward meeting uprising hydrogen) whilst the process 
carried out in the catalyst bed above the catalyst bed over 
which the feedstock is being distributed is carried out in 
concurrent mode (uprising hydrogen and fluid Stripped by 
the uprising hydrogen moving in the same direction). In Such 
"split flow processes, use has to be made of two reaction 
Zones which are preferably operated under the same proceSS 
conditions. 

0005 Although it was recognised that operating in coun 
tercurrent mode may provide Some alleviation of flow 
maldistribution of the mixed phase present in cocurrent flow, 
there is nevertheless a major constraint which Severely 
affects countercurrent hydroprocessing. 
0006. A major constraint in countercurrent hydroprocess 
ing is the risk that conventional fixed bed reactors are 
Susceptible to a phenomenon normally referred to as “cata 
lyst bed flooding” which will occur when the 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 also makes the proceSS 
rather Vulnerable towards fluctuations in preSSure or tem 
perature or in fluid flow rates. Should a disturbance occur 
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which is capable of initiating flooding it would cause 
disruption of the process, even to the extent of an unsched 
uled shutdown in order to recover Stable operation. 

0007. In order to minimise the occurrence of flooding in 
reactorS operating in countercurrent mode it has been pro 
posed, inter alia in patent publication WO 99/00181, to 
provide the hydroprocessing reactor with gas bypass means 
which are Self-regulating and which allow carrying out the 
operation closer to the flooding point of the reactor. How 
ever, additional equipment has to be installed and the threat 
of flooding Still occurring has not been taken away com 
pletely. 

0008. It has been described in U.S. Pat. No. 4,775,281, 
which is directed at the treatment of heavy hydrocarbons in 
countercurrent mode with Specific froth control, that 
achievement of uniform vertical flow through a porous bed 
of solids can be obtained if the catalyst is properly distrib 
uted and shaped. The teaching of U.S. Pat. No. 4,775,281 is 
Specifically that the use of a densely packed bed of (spheri 
cal) Solids (causing the reaction Zone to have a low void 
fraction) would be advantageous in terms of catalyst con 
centration, but there might well be interference with fluid 
flow, especially when countercurrentflow of two phases is 
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 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 reactor volume cannot be filled with catalyst 
particles) which tremendously affects the yield of the envis 
aged process. 

0009. It has now been found that countercurrent hydro 
processing can be carried out in reaction Zones having a 
lower void fraction and which do not require Specific means 
for preventing flooding of the catalyst bed. The countercur 
rent hydroprocessing method according to the present inven 
tion is preferably carried out under flooding conditions. It 
also allows a higher yield than is achievable in cocurrent 
hydroprocessing. It has also been found that the process in 
accordance with the present invention allows a lower con 
Sumption of expensive hydrogen, a higher heavy ends con 
version and a higher Selectivity in the Sulphur removal of 
higher boiling Sulphur containing components. 

0010. The present invention therefore relates to a method 
for the hydroprocessing of a heavy hydrocarbonaceous 
feedstock in a reaction Zone comprising a bed containing a 
fixed array of porous catalyst particles by contacting the 
feedstock with a hydrogen-containing gas under conditions 
which allow distributing the feedstock predominantly in 
liquid 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 bed in order to establish countercurrent contact of 
the upwardly flowing gas with the downcoming liquid and 
withdrawing treated liquid below the catalyst bed and with 
drawing fluid depleted in hydrogen above the catalyst bed, 
in which process the catalyst bed has a void Volume fraction 
below 0.5, whilst the countercurrent liquid/gas contacting is 
carried out under conditions which allow the Peclet number 
of the liquid to be in the range between 0 and 10. 
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0.011 Without wishing to be bound to any particular 
theory, it would appear that operating in a gas/liquid regime 
characterised by a low Peclet number of the liquid(i.e. by 
allowing a certain amount of liquid backmixing) allows the 
use of relatively dense-packed catalyst particles which there 
fore Substantially increases the yield of the desired products. 
In other words: by providing process conditions which 
reduce the amount of Static liquid hold up and thereby 
increase the amount of dynamic liquid hold up, unwanted 
reactions are diminished and more middle distillates are 
produced than otherwise would be the case. The combina 
tion of using a lower Void fraction of the catalyst and a 
reduced ratio of the Static and dynamic hold up of the liquid 
phase allows for improved performance in countercurrent 
hydroprocessing. 

0012 Parameters which can be instrumental in providing 
countercurrent liquid/gas contacting comprise, inter alia, the 
gas rate (an increased gas rate reducing the unwanted Static 
hold up), the liquid flow and the size of the restrictions in the 
introduction means for the gas. Those skilled in the art will 
know how to apply one or more of Such parameters to allow 
for the appropriate Peclet number to be reached in the 
countercurrent hydroprocessing method according to the 
present invention. 

0013 The void volume fraction of a catalyst bed is 
defined 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 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. 

0.014 Suitably, void volume fractions of catalyst beds 
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 values 
are in the range between 0.35 and 0.47. Impressive results 
have been obtained using catalyst particles which have been 
packed in such a way that the void volume fraction is 0.45 
(whilst operating under conditions allowing for the Peclet 
number of the liquid to be between 0 and 10). 
0.015 The Peclet number for systems in which liquids 
and gases come into contact with each other whilst the Solid 
phase is fixed, as is the case in hydroprocessing using fixed 
arrays of porous Solid catalyst particles, can be defined as the 
ratio between the transport rate by convection and the 
transport rate by dispersion; Chemical Reactor Design and 
Operation. K. Westerterpet. al. ISBN 0471 901830. The 
Peclet number for a totally back-mixed system (normally 
occurring when operating under CSTR conditions-CSTR 
meaning Continuously Stirred Tank Reactor) is defined as 0 
whilst the Peclet number of a System operating in plug flow 
(e.g. in conventional trickle flow hydrocracking) in which by 
definition back-flow is absent is defined as infinite (OO). The 
preferred range for the Peclet number of the liquid in the 
method of the present invention is between 1 and 8. It will 
be 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 
void fraction under conditions which allow a low Peclet 
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number of the liquid which allow for the improved perfor 
mance of the hydroprocessing method according to the 
present invention. 
0016. The catalysts to be used in the hydroprocessing 
method according to the present invention are well known in 
the art. They 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. Suitable 
Group VI elements are molybdenum and tungsten; Suitable 
Group VIII metals are nickel and cobalt. The amounts of the 
metal compound(s) to be used can vary between wide 
ranges. Suitable ranges are between 2 and 40% by weight of 
Group VI metal compounds, expressed as metal, and 
between 1 and 10% by weight of Group VIII metal com 
pounds, expressed as metal. 

0017 Normally the catalyst particles will have the cata 
lytically active metals present on a carrier. Suitable carrier 
materials are inorganic refractory oxides Such as alumina, 
Silica, Silica-alumina, magnesia, titania, Zirconia and mix 
tures of two or more of Such materials. Advantageously, the 
catalyst particles may (additionally) contain dedicated 
cracking components Such as Zeolites and/or amorphous 
Silica-alumina. Examples of Suitable cracking components 
are well known in the art. Suitable Zeolites comprise Zeolite 
Yand Zeolite B but also non-Zeolitic components can be used 
Such as (Silico)-alumino phosphates and related compounds. 
0018. A wide variety of catalyst shapes can be used in the 
method of hydroprocessing according to the present inven 
tion, Such as Spherical particles, cylindrical 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 particles having a diameter of 1.6 mm. 
0019. 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 
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 will 
be clear that the Set of proceSS conditions has to be chosen 
in such a way that it allows the Peclet number of the liquid 
to be in the range between 0 and 10 (the void volume 
fraction of the catalyst bed in the reaction Zone being leSS 
than 0.5 as discussed hereinbefore). 
0020 Heavy hydrocarbonaceous feedstocks to be used in 
the method according to the present invention comprise the 
usual feedstockS which are commercially used in hydroc 
racking Such as heavy gas oils and the like. Suitable feed 
stocks have an initial boiling point of at least 200 C. whilst 
feedstockS containing Substantial amounts of material boil 
ing above 520 C., e.g. containing up to 40% by weight of 
Such material, can also be processed Satisfactorily. 
0021 Commercially available hydrogen can be suitably 
used 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 
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Streams containing at least 50% by Volume of hydrogen, 
especially at least 80% by volume, are preferred for duty in 
the present method. Normal impurities comprise light 
hydrocarbons and nitrogen. 

0022. 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 
are described hereinbelow but those skilled in the art will 
recognise that equivalent line-ups can also be used. In FIG. 
1 the basic line-up is described for counter-current hydro 
processing. A first and Second preferred line-up are 
described in FIGS. 2A and 2B, a third preferred line-up is 
described in FIG. 3 and a fourth preferred line-up is 
described in FIG. 4. The same numerals have been used for 
the same parts in each of the Figures. 
0023 FIG. 1 (Basic Line-up) 
0024 Liquid feedstock is introduced via line 1 at the top 
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 via line 2 below 
catalyst bed 11 in reaction Zone 10 and rises up through the 
catalyst bed. Treated liquid is withdrawn from reaction Zone 
10 via line 3 and can be used as such or may be subjected 
to further processing/upgrading (not shown) and fluid 
depleted in hydrogen is withdrawn from reaction Zone 10 via 
line 4 which can be cooled down in order to separate off 
liquid present therein (means not shown). The process as 
described in FIG. 1 is carried out under conditions which 
allow a low Peclet number for the liquid in catalyst bed 11. 
0025 FIG. 2A (Further Treatment of Treated Liquid) 
0026. The line-up as described in FIG. 1 is extended by 
the presence of a further reaction Zone 20 containing catalyst 
bed 21 downstream of catalyst bed 11 which catalyst bed 21 
allows operation under trickle flow conditions (i.e. under 
conditions generating a high Peclet number for the liquid 
phase). Treated liquid emanating from the bottom of reac 
tion Zone 10 is passed through catalyst bed 21 in reaction 
Zone 20 and withdrawn 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). 
0027 FIG. 2B (Further Treatment of Both Treated Liq 
uid and Fluid Depleted in Hydrogen) 
0028. The line-up as described in FIG. 2B is that as 
described in FIG. 2A with the addition of a further reaction 
Zone 30 containing catalyst bed 31 above reaction Zone 10 
containing catalyst bed 11. Catalyst bed 31 is operated in 
trickle flow mode (high Peclet number of the liquid) and 
fluid depleted in hydrogen is withdrawn via line 7 which can 
be cooled down in order to Separate off liquid present therein 
(means not shown). Optionally, liquid feedstock can be 
introduced additionally via line 8 on top of catalyst bed 31 
in reaction Zone 30. 

0029 FIG. 3 (Three Catalyst Beds of Which Two are 
Operated Counter Currently) 
0030) The line-up as described in FIG. 2B is changed to 
the extent that the hydrogen-containing fluid is not intro 
duced via line 2 but via line 12 at the bottom of reaction Zone 
20 containing catalyst bed 21. This line-up enables the 
process to be carried out in countercurrent mode with 
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respect to catalyst beds 21 and 11 whilst catalyst bed 31 is 
operated in trickle flow mode. It is possible to operate bed 
21 and/or bed 11 under flooded conditions. 

0.031 FIG. 4 (Combined Further Processing) 

0032. Liquid feedstock is introduced via line 1 at the top 
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 via line 2 below 
catalyst bed 11 in reaction Zone 10 and rises up through 
catalyst bed 11. Treated liquid is withdrawn from 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 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 is operated (as 
hydroprocessing unit) in trickle flow mode (high Peclet 
number of the liquid). The hydrogen required for this part of 
the proceSS can be Supplied via line 14 at the top of reaction 
Zone 40, thereby allowing for cocurrent hydroprocessing of 
the mixture entering reaction Zone 40 via line 13, or via line 
14 at the bottom of reaction Zone 40 thereby causing the 
catalyst bed 41 to be operated in countercurrent mode. 
Treated liquid is withdrawn via line 15 and fluid depleted in 
hydrogen is withdrawn via line 16. 

0033. The method according to the present invention will 
now be elucidated by the following, non-limiting Examples. 

EXAMPLE 1. 

0034) In a cylindrical reactor (lay out as depicted in FIG. 
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 % wit of ultra Stable Zeolite Y and 80 % wit of 
alumina-based Silica-alumina containing 4% wt of Ni and 
17% wt of Was hydrogenation components) a heavy gas oil 
was led downwardly through the catalyst bed and hydrogen 
was led via the bottom part of the catalyst bed in counter 
current 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 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. 

0035. Two experiments were carried out which differed 
only in the hydrogen gas rate applied. The details of experi 
ments 1 and 2 are given in Table I below. 

TABLE I 

Experiment 1 Experiment 2 

Space velocity Kg/l/h O.75 O.75 
H2 gas rate NI/h 250 1OOO 
Reactor pressure barg 40 40 
Bed temperature o C. 390 390 
Peclet number of plug flow (*) 6 
the liquid 
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TABLE I-continued 

Experiment 1 Experiment 2 

Conversion of % 28.6 45.O 
340 C.- 
Selectivity to 150- % 86.0 92.1 
340° C. 

(*) 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 
Scale Testing of Catalysts for Fixed-Bed Processes: S. T. Sie, 210th 
National Meeting, American Chemical Society, Chicago, Ill., Aug. 20-25, 
1995, p. 463-472). A Peclet number of the liquid of 16 emanates from this 
set-up. 

0.036 The conditions as pertaining in experiment 2 can be 
described as flooded countercurrent yielding a Peclet num 
ber of the liquid of 6 (calculated using the Westerterp 
reference referred to hereinabove). 
0037. It can be seen that under conditions which allow a 
low Peclet number (in accordance with the present inven 
tion) 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 also the selectivity to 
desired product has increased from 86.0% to 92.1%. 

EXAMPLE 2 

0.038. The experiments as described in Example 1 were 
repeated at a different Space Velocity under otherwise 
directly comparable conditions. The details of experiments 3 
and 4 are given in Table II. 

TABLE II 

Experiment 3 Experiment 4 

Space velocity Kg/l/h 1.25 1.25 
H2 gas rate NI/h 250 1OOO 
Reactor pressure barg 40 40 
Bed temperature o C. 390 390 
Peclet number of plug flow () 2 
the liquid 
Conversion of % 19.3 37.O 
340 C.- 
Selectivity to 150- % 94.9 95.9 
340° C. 

(*) see the comments under Table I. 

0039. 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. 

1. A method for the hydroprocessing of a heavy hydro 
carbonaceous feedstock in a reaction Zone comprising: 

a bed containing a fixed array of porous catalyst particles 
by contacting the feedstock with a hydrogen-containing 
gas under conditions which allow distributing the feed 
Stock predominantly in liquid phase under Super-atmo 
Spheric process conditions at elevated temperature over 
the catalyst bed for downward flow in contact with the 
catalyst particles, 

introduction of the hydrogen-containing gas in the reac 
tion Zone below the catalyst bed in order to establish 
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countercurrent contact of the upwardly flowing gas 
with the downcoming liquid; 

withdrawing treated liquid below the catalyst bed; and, 
withdrawing fluid depleted in hydrogen above the catalyst 

bed, in which process the catalyst bed has a Void 
volume fraction below 0.5, whilst the countercurrent 
liquid/gas contacting is carried out under conditions 
which allow the Peclet number of the liquid to be in the 
range between 0 and 10. 

2. The method according to claim 1, in which the catalyst 
bed has a void volume fraction above 0.25. 

3. The method according to claim 2, in which the catalyst 
bed has a void volume fraction between 0.30 and 0.48, 
preferably between 0.35 and 0.47. 

4. The method according to claim 1, in which the coun 
tercurrent contacting is carried out under conditions which 
allow the Peclet number of the liquid to be in the range 
between 1 and 8. 

5. The method according to claim 1, in which treated 
liquid which has passed downwardly through the catalyst 
bed is passed in trickle flow mode through a further bed 
containing catalytic particles prior to its withdrawal from the 
process and/or fluid depleted in hydrogen which has passed 
upwardly through the catalyst bed is passed upwardly in 
Vapour phase through a further bed containing catalytic 
particles prior to its withdrawal from the proceSS as fluid 
depleted in hydrogen. 

6. The method according to claim 5, in which at least part 
of the upwardly flowing hydrogen-containing gas is intro 
duced in the bottom of the reaction Zone containing a further 
bed containing catalytic particles through which treated 
liquid is passed prior to its withdrawal from the process. 

7. The method according to claims 1, in which at least part 
of the treated liquid and at least part of the fluid depleted in 
hydrogen are combined and Subjected to a Second hydro 
processing Step which is carried out either cocurrently or 
counter currently. 

8. The method according to claim 1, in which the hydro 
processing is carried out under hydrocracking conditions, 
including a temperature in the range between 200 C. and 
475 C. and a pressure between 20 and 250 bar. 

9. The method according to claim 8, in which catalyst 
particles are used having a spherical, cylindrical or polylobal 
form and a largest diameter between 0.5 and 3.5 mm. 

10. The method according to claim 2, 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 and 8. 

11. The method according to claim 3, 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 and 8. 

12. The method according to claim 2, in which treated 
liquid which has passed downwardly through the catalyst 
bed is passed in trickle flow mode through a further bed 
containing catalytic particles prior to its withdrawal from the 
process and/or fluid depleted in hydrogen which has passed 
upwardly through the catalyst bed is passed upwardly in 
Vapour phase through a further bed containing catalytic 
particles prior to its withdrawal from the proceSS as fluid 
depleted in hydrogen. 

13. The method according to claim 3, in which treated 
liquid which has passed downwardly through the catalyst 
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bed is passed in trickle flow mode through a further bed 
containing catalytic particles prior to its withdrawal from the 
proceSS and/or fluid depleted in hydrogen which has passed 
upwardly through the catalyst bed is passed upwardly in 
Vapour phase through a further bed containing catalytic 
particles prior to its withdrawal from the proceSS as fluid 
depleted in hydrogen. 

14. The method according to claim 4, in which treated 
liquid which has passed downwardly through the catalyst 
bed is passed in trickle flow mode through a further bed 
containing catalytic particles prior to its withdrawal from the 
proceSS and/or fluid depleted in hydrogen which has passed 
upwardly through the catalyst bed is passed upwardly in 
Vapour phase through a further bed containing catalytic 
particles prior to its withdrawal from the proceSS as fluid 
depleted in hydrogen. 

15. The method according claim 2, in which at least part 
of the treated liquid and at least part of the fluid depleted in 
hydrogen are combined and Subjected to a Second hydro 
processing Step which is carried out either cocurrently or 
counter currently. 

16. The method according claim 3, in which at least part 
of the treated liquid and at least part of the fluid depleted in 
hydrogen are combined and Subjected to a Second hydro 
processing Step which is carried out either cocurrently or 
counter currently. 

17. The method according claim 4, in which at least part 
of the treated liquid and at least part of the fluid depleted in 
hydrogen are combined and Subjected to a Second hydro 
processing Step which is carried out either cocurrently or 
counter currently. 
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18. The method according claim 5, in which at least part 
of the treated liquid and at least part of the fluid depleted in 
hydrogen are combined and Subjected to a Second hydro 
processing Step which is carried out either cocurrently or 
counter currently. 

19. The method according to claim 2, in which the 
hydroprocessing is carried out under hydrocracking condi 
tions, including a temperature in the range between 200 C. 
and 475 C. and a pressure between 20 and 250 bar. 

20. The method according to claim 3, in which the 
hydroprocessing is carried out under hydrocracking condi 
tions, including a temperature in the range between 200 C. 
and 475 C. and a pressure between 20 and 250 bar. 

21. The method according to claim 4, in which the 
hydroprocessing is carried out under hydrocracking condi 
tions, including a temperature in the range between 200 C. 
and 475 C. and a pressure between 20 and 250 bar. 

22. The method according to claim 5, in which the 
hydroprocessing is carried out under hydrocracking condi 
tions, including a temperature in the range between 200 C. 
and 475 C. and a pressure between 20 and 250 bar. 

23. The method according to claim 6, in which the 
hydroprocessing is carried out under hydrocracking condi 
tions, including a temperature in the range between 200 C. 
and 475 C. and a pressure between 20 and 250 bar. 

24. The method according to claim 7, in which the 
hydroprocessing is carried out under hydrocracking condi 
tions, including a temperature in the range between 200 C. 
and 475 C. and a pressure between 20 and 250 bar. 

k k k k k 


