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Field of the invention The present invention relates
to a distribution  device for distributing liquid over
an underlying  catalyst bed, a reactor for
hydroprocessing comprising 5 such distribution device,
the use of such reactor for  hydroprocessing and a
process for hydrocracking or  hydrotreating in such
reactor. Background of the invention In a trickle flow
reactor, liquid trickles through  10 one reaction bed
or through a number of reaction beds  arranged one
below the other and gas flows co-currently  or
counter-currently with the liquid through the reaction
bed(s). Such reactors are used in the chemical
industry  and in the petroleum refining industry for
hydrocarbon 15 processing, especially hydroprocessing
such as catalytic  dewaxing, hydrotreating and
hydrocracking. Reference  herein to hydrotreating is
to hydroprocessing under  relatively mild process
conditions, for example hydrodesulphurisation,
hydrodenitrogenation,  20 hydrogenation or
hydrofinishing. Such a reactor comprises at least one
reaction bed,  typically a bed of catalyst particles,
resting upon a  support grid. Liquid effluent, formed
in the reactions  occurring in the catalyst bed, flows
through the support 25 grid to the subsequent catalyst
bed or reactor outlet.  Such reactors typically
contain a distribution device  to distribute the
liquid entering the reactor via the  reactor inlet
homogeneously over the upper reaction bed WO
2005/016508 PCT/EP2004/051608 - 2  



or to distribute the liquid effluent of a reaction bed
homogeneously over the next lower reaction bed.
Distributor trays wherein gas and liquid pass
co-currently through the same downcomer(s) are known
in  5 the art. Reference is made to US 6,180,068, US
4,836,989, EP 715 544, US 4,140,625 and US 6,093,373.
In US 6,093,373 for example, an apparatus for mixing
vapour  and liquid reactants within a column is
disclosed. The  apparatus comprises a final
distributor tray consisting 10 of a plurality of
chimneys designed to create shear  between the gas and
liquid phases. Disadvantages of trays wherein gas and
liquid pass  through the same downcomer is that they
are not suitable  to operate under conditions wherein
there is no or a very 15 low gas pressure drop across
the tray and that they are  not suitable for
countercurrent operation, i.e. for  operation wherein
the gaseous and liquid reactants flow
countercurrently with respect to each other. In US
5,799,877, a distributor tray is disclosed that  20
comprises a plurality of gas and liquid spray
distributors. Each gas and liquid spray distributor
has  separated gas and liquid conduits. In each
distributor,  the gas and liquids conduits are
co-axial, i.e. having  the same longitudinal axis,
with the liquid conduit 25 surrounding at least part
of the gas conduit to define an  annular space for
downward liquid flow. The gas exits its  conduit as a
gas core surrounded by downflowing liquid.  The gas
expands and contacts the surrounding liquid to  spray
it on the catalyst bed below. A splash plate is 30
located below the gas and liquid exit of each
distributor  to assist in distributing the downflowing
liquid spray  across the catalyst bed below. 



WO 2005/016508 PCT/EP2004/051608 - 3 The tray
disclosed in US 5,799,877 is a distributor  tray for
cocurrent gas and liquid flow, since the  downflowing
gas is needed to create a liquid spray. The  tray is
not suitable for countercurrent operation. 5 In WO
99/00182 a distributor tray for a  countercurrently
operated hydroprocessing reactor is  disclosed. Liquid
is distributed over the underlying  reaction bed by
means of a distribution tray having a  plurality of
short tubes for liquid passage. Gas vents in 10 the
tray allow passage of the upward moving treat gas. A
disadvantage of the distribution tray disclosed in WO
99/00182 is that the liquid will not be spread over
the whole surface area of the underlying catalyst bed.
There is a need in the art for a distribution device
15 that can achieve uniform spreading of the liquid
over the  underlying reaction bed, both in co-current
and in  countercurrent operation. Summary of the
Invention It has now been found that liquid can be
effectively  20 distributed over an underlying
catalyst bed, both in co- current and countercurrent
operation, by a distribution  tray having separate
passages for gas and liquid, wherein  the liquid
passages comprise a liquid passing hole and a  splash
plate with a free fall distance of at least 100 mm 25
between the passing hole and the splash plate.
Accordingly, the present invention relates to a
distribution device for distributing liquid over an
underlying catalyst bed comprising a horizontal
collection tray provided with at least one gas chimney
30 for upward or downward passage of gas and with
liquid  



dosing nozzles for downward passage of liquid, wherein
the gas chimney(s) and liquid doing nozzles are
separate  from each other and do not have the same
longitudinal WO 2005/016508 PCT/EP2004/051608 - 4
axis, and wherein each liquid dosing nozzle comprises
a  concentrically arranged liquid passing hole and
splash  plate, wherein the splash plate is located
below the  liquid passing hole and below the
collection tray such 5 that there is a free fall
distance for liquid of at least  100 mm between the
hole and the splash plate. It is an advantage of the
distribution device  according to the invention that
no downward gas momentum  is needed to achieve uniform
liquid distribution. 10 Therefore, the distribution
device can suitably be used  under counter-current
process conditions or under co- current process
conditions with no or very low gas  pressure drop
across the tray. In a further aspect, the invention
relates to a 15 reactor for hydroprocessing comprising
vertically spaced  apart reaction beds and a
distribution device as  hereinbefore defined above at
least one bed. The  invention further relates to the
use of such reactor for hydroprocessing.  20 Finally,
the invention relates to a process for  hydrocracking
or hydrotreating wherein a liquid  hydrocarbonaceous
feedstock is contacted with a catalyst  in the
presence of hydrogen at elevated temperature and
pressure in a reactor as hereinbefore defined. 25
Brief Description of the Drawings Two embodiments of
the invention are described in  detail and by way of
example with reference to schematic  



Figures 1 and 2. Figure 1 shows a longitudinal section
of part of a  30 first embodiment of the distribution
device of the  invention. WO 2005/016508
PCT/EP2004/051608 - 5  Figure 2 shows a longitudinal
section of a second  embodiment of the liquid dosing
nozzle of the  distribution device of the invention.
Detailed description of the Invention 5 Under normal
operation of the distribution device  according to the
invention, liquid collected on the  collection tray
passes downwardly through the liquid  dosing nozzles.
Each liquid dosing nozzle comprises a  liquid passing
hole and a splash plate. The liquid 10 passing hole
and the splash plate are arranged  concentrically with
respect to each other, which means  that they have the
same longitudinal axis. They are  arranged in such way
that the passing liquid can fall  freely between the
passing hole and the splash plate, 15 i.e. the liquid
jet does not touch a nozzle wall or other  structure
before impinging on the splash plate. Thus, the
passing liquid gains maximum momentum. Upon
impingement  of the splash plate, the liquid forms a
broad film or  droplet spray. Impingement of
overlapping films or sprays 20 from neighbouring
liquid dosing nozzles provides a high  liquid
distribution uniformity. The splash plate is  located
under the tray and at least 100 mm below the  liquid
passing hole. The liquid passing hole will  typically
be located in or above the collection tray, 25
although it may be located below the tray. The
distribution device according to the invention  



comprises at least one gas chimney for upward or
downward  passage of gas. The gas chimney(s) and the
liquid dosing  nozzles are separate from each other
and do not have the 30 same longitudinal axis. In
order to minimise disturbance  of the liquid film or
spray by the gas flow, the distance  between the
longitudinal axes of gas chimneys and liquid WO
2005/016508 PCT/EP2004/051608 - 6  dosing nozzles that
are adjacent to each other is  preferably at least 100
mm. The free fall distance for liquid, i.e. the
distance  between the liquid passing hole and the
splash plate, is  5 at least 100 mm, preferably in the
range of from 100 to 500 mm, more preferably of from
200 to 300 mm. Reference  herein to the distance
between the liquid passing hole  and the splash plate
is to the distance between the lower  end of the hole
and the upper end of the splash plate. 10 Preferably,
the free fall distance for liquid is at least  5 times
the diameter of the liquid passing hole, more
preferably at least 10 times. In order to limit the
height of the distributor tray, the free fall distance
for liquid is preferably at most 50 times the diameter
of  15 the liquid passing hole. In order to provide
for a broad, umbrella-shaped film  or droplet spray,
the ratio between the diameter of the  splash plate
and the diameter of the liquid passing hole  is
preferably in the range of from 2 to 8. A smaller 20
splash plate may result in liquid bypassing the splash
plate. On a larger splash plate, the liquid may drip
from  the periphery of the splash plate without
forming an  umbrella-shaped film or spray. More
preferably, the ratio  between the diameter of the
splash plate and the diameter 



25 of the liquid passing hole is in the range of from
3 to 6. The diameter of the liquid passing hole is
preferably  at least 3 mm in order to avoid blockage
of the holes by  solid particles that may be present
in the liquid stream.  30 Preferably, the liquid
passing hole has a maximum diameter of 25 mm in order
to achieve a sufficiently high  liquid velocity for
the formation of a broad film or WO 2005/016508
PCT/EP2004/051608 - 7  spray. More preferably, the
liquid passing hole has a  diameter in the range of
from 5 to 20 mm. The liquid passing hole may be a hole
in the  collection tray. Alternatively, the liquid
passing hole  5 may be a hole in the upper end of a
tube extending through the collection tray. In case
that the liquid passing hole is a hole in the  upper
end of a tube extending through the collection  tray,
the diameter of the hole is smaller than the inner 10
diameter of the tube, in order to provide for a free
fall  distance for the liquid jet between the hole and
the  splash plate. The inner diameter of the tube is
at least  two times the diameter of the hole. Thus,
the upper end  of the tube is partly closed. The lower
end of the tube 15 is open. The tube may extend above
and/or below the  collection tray. The splash plate is
located below the lower end of  the tube. The vertical
distance between the lower end of  the tube and the
splash plate is not critical. 20 Preferably, the
vertical distance between the lower  end of the tube
and the upper end of the splash plate is  at least 0.5
times the diameter of the liquid passing  



hole. Preferably, the inner diameter of the tube is at
most  25 15 times the diameter of the hole. More
preferably, the  inner diameter of the tube is in the
range of from 2 to 6 times the diameter of the hole.
The splash plate may be attached to the collection
tray or the tube by any suitable attachment means
known  30 in the art. The distribution and density of
the liquid dosing  nozzles on the collection tray is
preferably such that  the liquid films or droplet
sprays from neighbouring WO 2005/016508
PCT/EP2004/051608 - 8  nozzles overlap. Therefore, the
liquid dosing nozzles are  preferably evenly
distributed over the tray. Preferably,  the
distribution device has at least 25 liquid dosing
nozzles per square metre of collection tray, more 5
preferably at least 50 nozzles per square metre of
collection tray. In view of the ease of construction
and  costs, the distribution device has preferably at
most  100 liquid dosing nozzles per square metre of
collection  tray, more preferably at most 75. 10 The
distribution device according to the invention  may
comprise a single gas chimney. Preferably, the device
has a plurality of gas chimneys. The tray will
typically  have more liquid dosing nozzles than gas
chimneys. Preferably, the ratio of liquid dosing
nozzles to gas  15 chimneys is in the range of from 2
to 5. Three liquid  dosing nozzles for each gas
chimney is a particularly  suitable ratio. The
chimneys are preferably evenly  distributed over the
collection tray and preferably such  that the distance
between the longitudinal axis of a gas 



20 chimneys and liquid dosing nozzles that are
adjacent to  each other is at least 100 mm. This
distance is  preferably at most 200 mm. The total area
for gas passage  is such that no undesirably high
pressure drop over the  collection tray is built up.
In countercurrent operation, 25 the gas passage area
should be sufficient high for the  prevention of
flooding. The at least one gas chimney may  be any gas
chimney known in the art. Suitable gas  chimneys are
for example known from US 3,524,731 and WO 99/00182.
Gas chimneys typically comprise an open- 30 ended tube
extending through the collection tray. The  tube has a
first gas passage opening at its upper end,  located
above the collection tray, and a second gas  passage
opening at its lower end, located in or below the WO
2005/016508 PCT/EP2004/051608 - 9  collection tray.
The first gas passage opening is located  above the
liquid level on the collection tray during  normal
operation conditions and thus at a level above the
liquid passing hole of the liquid dosing nozzles. 5
Preferably, a cap or deflection plate is located above
the first gas passage opening in order to prevent
liquid  from passing directly through the gas
chimneys. The inner  diameter of the gas chimneys is
preferably larger than  the inner diameter of the
liquid passing holes. 10 The distribution device
according to the invention is  preferably applied in a
multiple bed hydroprocessing  reactor. Accordingly,
the invention further relates to  reactor for
hydroprocessing comprising vertically spaced  apart
reaction beds, preferably beds of catalyst 15
particles, and a distribution device as hereinbefore
defined above at least one bed, preferably above each



bed. The distribution device may be placed above the
upper  catalyst bed of the reactor to distribute the
liquid feed 20 supplied by the reactor inlet to the
first catalyst bed.  The device may also be placed
between subsequent catalyst  beds to distribute liquid
effluent from a catalyst bed  over the underlying
catalyst bed. The distance between the splash plates
of the  25 distribution device and the upper surface
of the  underlying reaction bed is typically in the
range of from  100 to 500 mm. The reactor according to
the invention is suitable  for use in hydroprocessing,
i.e. for the catalytic 30 reaction of a liquid
hydrocarbonaceous feed in the  presence of hydrogen at
elevated temperature and  pressure. Suitable catalysts
and process conditions for  hydroprocessing are
generally known in the art. Examples WO 2005/016508
PCT/EP2004/051608 - 10  of suitable processes are
hydrocracking, catalytic  dewaxing,
hydrodesulphurisation, hydrodenitrogenation,
hydrogenation and hydrofinishing. The reactor
according to the invention is 5 particularly suitable
for hydroprocessing, preferably  hydrotreating
processes, wherein the liquid  hydrocarbonaceous
feedstock and the hydrogen are  countercurrently
supplied to the reactor. Detailed description of the
drawings 10 In Figure 1 is shown a longitudinal
section of a part  of the distribution device of the
invention. The  distribution device 1 comprises a
collection tray 2 with  a gas chimney 3 for passage of
gas and two liquid dosing  



nozzles 4 for downward passage of liquid to the 15
underlying catalyst bed (not shown). Each nozzle 4
comprises a liquid passing hole 5 and a splash plate
6.  The liquid passing hole 5 is a hole in collection
tray 2.  Under normal operation, liquid collected on
collection  tray 2 can fall freely from the lower end
7 of hole 5 to 20 the upper end 8 of splash plate 6.
Splash plate 6 is  attached to collection tray 2 by
attachment means 9 in  such way that attachment means
9 do not hinder the liquid  flow. Gas chimney 3
comprises a tube 10 with a first 11 and  25 second 12
gas passage opening. A deflection plate 13 is  located
above the first gas passage opening. In Figure 2 is
shown a longitudinal section of a  second embodiment
of the liquid dosing nozzle of the  distribution
device of the invention. Each liquid dosing 30 nozzle
4 comprises a tube 14 extending through collection
tray 2. The tube 14 has a liquid passing hole 5 in its
upper end 15 and is open at its lower end 16. The
inner  diameter of tube 14 is larger than the diameter
of liquid WO 2005/016508 PCT/EP2004/051608 - 11
passing hole 5. Thus, liquid passing through nozzle 4
can  fall freely from the liquid passing hole 5 to
splash  plate 6, i.e. without touching the inner tube
wall 17.  Splash plate 6 is attached to tube 14 by
attachment means  5 (not shown). WO 2005/016508
PCT/EP2004/051608 - 12  C L A I M S 1. A distribution
device for distributing liquid over an  underlying
catalyst bed comprising a horizontal  



collection tray provided with at least one gas chimney
for upward or downward passage of gas and with liquid
5 dosing nozzles for downward passage of liquid,
wherein  the gas chimney(s) and liquid doing nozzles
are separate  from each other and do not have the same
longitudinal  axis, and wherein each liquid dosing
nozzle comprises a  concentrically arranged liquid
passing hole and splash 10 plate, wherein the splash
plate is located below the  liquid passing hole and
below the collection tray such  that there is a free
fall distance for liquid of at least  100 mm between
the hole and the splash plate. 2. A distribution
device according to claim 1, wherein  15 there is at
least a distance of 100 mm between the  longitudinal
axis of a gas chimney and an adjacent liquid  dosing
nozzle. 3. A distribution device according to claim 1
or 2,  wherein the free fall distance for liquid is in
the range  20 of from 100 to 500 mm, preferably of
from 200 to 300 mm. 4. A distribution device according
to any one of the  preceding claims, wherein the free
fall distance for  liquid is at least 5 times the
diameter of the liquid  passing hole, preferably at
least 10 times the diameter 25 of the liquid passing
hole and at most 50 times the  diameter of the liquid
passing hole. 5. A distribution device according to
any one of the  preceding claims, wherein the ratio
between the diameter  of the splash plate and the
diameter of the liquid WO 2005/016508
PCT/EP2004/051608 - 13  passing hole is in the range
of from 2 to 8, preferably  of from 3 to 6. 6. A
distribution device according to any one of the  



preceding claims, wherein the liquid passing hole has
a  5 diameter in the range of from 3 to 25 mm,
preferably of  from 5 to 20 mm. 7. A distribution
device according to any one of the  preceding claims,
wherein the liquid passing hole is a  hole in the
collection tray. 10 8. A distribution device according
to any one of  claims 1 to 6, wherein the liquid
dosing nozzles are in  the form of a vertical tube
extending through the  collection tray, which tube is
open at its lower end,  wherein the splash plate is
located below the lower end 15 of the tube and the
liquid passing hole is located in the  upper end of
the tube and the inner diameter of the tube  is at
least two times the diameter of the liquid passing
hole, preferably is in the range of from 2 to 6 times
the  diameter of the liquid passing hole. 20 9. A
distribution device according to claim 8, wherein  the
vertical distance between the lower end of the tube
and the upper end of the splash plate is at least 0.5
times the diameter of the liquid passing hole.  10. A
distribution device according to any one of the  25
preceding claims comprising at least 25 liquid dosing
nozzles per square metre of collection tray,
preferably  at least 50, and preferably comprising at
most 100 liquid  dosing nozzles per square metre of
collection tray, more  preferably at most 75. 30 11. A
distribution device according to any one of the
preceding claims, wherein each gas chimney comprises a
tube extending through the collection tray, the tube
having a first gas passage opening located above the
WO 2005/016508 PCT/EP2004/051608 - 14  



collection tray and a second gas passage opening
located  in or below the collection tray, wherein the
first gas  passage opening is located at a level above
the liquid  passing hole of the liquid dosing nozzles.
5 12. A distribution device according to claim 11,
wherein  the inner diameter of the gas chimneys is
larger than the  inner diameter of the liquid passing
holes. 13. A reactor for hydroprocessing comprising
vertically  spaced apart reaction beds, preferably
beds of catalyst  10 particles, and a distribution
device according to any one of the preceding claims
above at least one bed,  preferably above each bed.
14. Use of the reactor according to claim 13 for
hydroprocessing, preferably for hydrocracking or  15
hydrotreating. 15. A process for hydrocracking or
hydrotreating wherein  a liquid hydrocarbonaceous
feedstock is contacted with a  catalyst in the
presence of hydrogen at elevated temperature and
pressure in a reactor according to  20 claim 13. 16. A
process according to claim 15, wherein the liquid
hydrocarbonaceous feedstock and a hydrogen-containing
gas  are countercurrently supplied to the reactor. 


