
WO 112/070120 SELF-SUPPORTING REACTOR INTERNAL 31 AUG 2005
PCT/EP02/02305 The present invention relates to a reactor internal,  to a
reactor comprising such an internal and to the use  of such a reactor for
hydrocarbon processing. The reactor internal is suitably used in a
trickle  5 flow reactor. This is a gas-liquid reactor in which  liquid
trickles through one reaction bed or through a  number of reaction beds
arranged one below the other and  in which gas flows co-currently or
counter-currently with  the liquid through the reaction bed(s). Such
reactors are 10 used in the chemical industry and in the petroleum
refining industry for hydrocarbon processing, especially  hydroprocessing
such as catalytic dewaxing, hydrotreating  and hydrocracking. Such a
reactor has at least one inlet for gas and/or  15 liquid, at least one
outlet for reactor effluent and at  least one reaction bed, typically a
bed of catalyst  particles resting upon a support grid. The construction
of suitable support grids is known in the art. For  instance, commonly
applied support grids comprise one or 20 more permeable plates such as
sieve plates or grids.  These support grids typically rest on support
rings on  the wall of the reactor vessel and/or on support beams. Liquid
and gaseous effluents, formed in the reactions  occurring in the catalyst
beds are passed through the 25 support grids to the subsequent catalyst
bed or reactor  outlet. In order to prevent small catalyst particles from
leaking through the support grid on which they rest, a  layer of ceramic
particles may be placed between the grid  and the catalyst particles. 30
Such reactors typically contain distribution devices,  



for example to distribute the liquid and gas entering the 3 1 AUG 2005 WO
02/070120 PCT/EP02/02305  - 2  reactor via the reactor inlet
homogeneously over the  upper reaction bed or to distribute the effluent
of a  reaction bed homogeneously over the next lower reaction  bed or for
mixing or cooling the reactor effluents before 5 they enter the next
lower reaction bed. Such distribution  devices are known in the art, for
example from EP 716 881, WO 97/46303, and WO 99/28024. Ideally, reactor
internals such as support grids and  distribution devices rest on support
rings present on the  10 side wall of the reactor vessel and/or on
horizontally extending support beams that rest on such rings. However,
in for example revamp situations, i.e. when a reactor  vessel is going to
be used for a different purpose or for  different process conditions than
for which it was 15 originally designed, support rings may not be present
at  the location where a reactor internal would ideally be  placed. If
support rings are not present, reactor internals  or support rings might
be welded to the reactor side wall  20 or the internals might rest on
a.support frame resting on the bottom of the vessel. Disadvantages,
however, of such a support frame are  that its presence impedes the fluid
flow through the  reactor and that construction costs are high due to the
25 requirement that the internal should be horizontally  positioned in
the vessel. Welding in existing vessels,  especially in the case of
low-alloy steel vessels,  requires careful preparation and may require
annealing of  the vessel after welding or even welding under pre-heated
30 conditions. 



An object of the present invention is to provide for  reactor internals
that can be positioned at a desired  vertical level in a reactor vessel,
without the need for  support rings, weldings or a support frame resting
on the 35 bottom of the reactor vessel. 31 AUG 2005 WO 02/070120
PCT/EP02/02305  - 3  It has now been found that the above object can be
achieved by a reactor internal comprising a lower support  grid suitable
to rest on the upper surface of a reaction  bed and further comprising at
least one distribution 5 device connected to and spaced apart from the
lower  support grid by means of vertically extending legs.  Accordingly,
the present invention relates to a reactor internal comprising a
substantially horizontal  lower support grid and at least one
distribution device  10 selected from a distribution tray and means for
distributing a quench fluid, which distribution device is  located above
the lower support grid and is connected to  and spaced apart from the
lower support grid by means of  vertically extending legs. 15
Distribution trays are known in the art and serve to  distribute effluent
of an upper reaction bed evenly over  a lower reaction bed or to
distribute reactants introduced in the top of a reactor evenly over the
upper  reaction bed. Typically, distribution trays are provided  20 with
a plurality of openings or downcomers for downward  flow of liquid and,
optionally, gas. The above-defined reactor internal can be placed on  the
upper surface of the upper reaction bed in a reactor  or it can be placed
on the upper surface of a lower 25 reaction bed in a multiple bed reactor
as an interbed  internal. 



The invention further relates to a reactor internal  comprising a
substantially horizontal lower support grid,  a substantially horizontal
upper support grid, and at 30 least one distribution device selected from
a  distribution tray and means for distributing a quench  fluid, which
distribution device is located between the  upper and lower support grid,
wherein the support grids  are connected to and spaced apart from each
other by 35 means of vertically extending legs. 31 AUG 2005 WO 02/070120
PCT/EP02/02305  - 4  An advantage of this embodiment is that it can be
used in a reactor between adjacent beds by placing it on  the upper
surface of the reaction bed below the internal  whilst the reaction bed
above the internal rests on the 5 upper support grid. Thus, the support
grid for the  reaction bed above the internal is supported without the
need of support rings or weldings, and a space between  the adjacent beds
in created wherein a distribution  device can be placed. 10 If the
reactor internal contains both means for  distributing a quench fluid and
a distribution tray, the  quench is preferably located above the
distribution tray.  The reactor internal may comprise further
distribution  devices, such as a pre-distribution tray and/or a device 15
for mixing the effluent fluids from the above-lying  reaction bed. Such
devices are known in the art, for  example from EP 716 881, WO 97/46303,
and WO 99/28024. The position of the distribution device(s) within the
reactor internal according to the invention with respect  20 to each
other and with respect to the support grid(s) is fixed. This can suitably
be achieved by connecting them  to the lower or upper support grid or to
each other by  



means of vertically extending legs. These vertically  extending legs may
be the same legs as the ones that 25 connect the upper and lower support
grid to each other.  The purpose of the vertically extending legs is to
connect the support grids and, if no upper support grid  is present, the
lower support grid and the upper distribution device, to each other and
to space them 30 apart. Further, they provide stiffness to the internal
in  axial direction. It will be appreciated that the number  of
vertically extending legs depends among others on the  mass of the
internal, the weight supported by the internal and the operating
conditions, especially gas  35 flow, when in use in a reactor. 31 AUG
2005 WO 021070120 PCT/EP02/02305  - 5  Preferably, the support grid(s) of
the reactor  internal and, if a distribution tray is present, also the
distribution tray, are composed of different smaller  panels that are
connected to each other. Suitably, the 5 panels are connected to each
other by joints that provide  for a rigid connection, for example a
wedge-shaped split- key connection. Any type of rigid joint suitable to
be  used under the operating conditions of the reactor, may  be used.
Such joints are known in the art. The vertically 10 extending legs for
connecting the support grids and the  distribution device(s) to each
other may be used to  connect the different smaller panels of a grid or
tray to  each other. Although rigidly connected, the individual panels 15
will have some freedom of movement due to the unavoidable  flexibility of
any joint. Thus, each panel will have the  possibility to take on a
position that can deviate a  little from the horizontal plane. An
advantage of such a  



construction is that the weight of the reactor internal 20 can be evenly
spread over the bed upon which it rests,  also in the case that the upper
surface of the bed upon  which it rests is not perfectly horizontal.
Moreover, if  composed of smaller panels, the internal can be dismounted
and thus easily removed from the reactor via a 25 manhole, for example
when removal of the catalyst from  the reactor is needed. Suitable
support grids do not impede uniform  distribution of gas and liquid over
the reaction beds.  These grids preferably have an open area of at least
50% 30 of its total area. Such grids are known in the art and  may be
manufactured of V-wire screen or woven metal mesh  screen. If the
internal is placed in a reactor vessel, it is  preferred that, during
normal operation of the reactor,  35 no catalyst particles can by-pass
the support grid(s) and WO 02/070120 - 6  31 AUG 2005  PCT/EP02/02305 no
fluids can by-pass the distribution tray. Therefore,  preferably the
support grid(s) of the reactor internal  and, if a distribution tray is
present, also the distribution tray, are each provided with sealing means
5 around its perimeter. Suitable sealing means are composed of a
resilient,  high-temperature resistant material such as glass fibre  or
ceramic rope or fibre. Such sealing means are known in  the art. 10 Also,
during normal operation of a reactor wherein  the reactor internal is
placed, it is important that each  of the sealing means stays positioned
around the  perimeter of the grid or tray, also in the case that the  



internal moves in vertical direction with respect to the 15 side wall of
the vessel. Vertical displacement can occur  as a result of changes in
the height of the catalyst bed  upon which the lower support grid rests,
for example due  to compacting of the catalyst bed during operation of
the  reactor. Therefore, each of the sealing means is 20 preferably
contained in a stuffing box which is open- ended toward the side wall of
the reactor vessel. Such a  box may for example be formed by the outer
side surface  of the grid or tray, a retainer ring and a compression
ring. 25 The invention further relates to a reactor comprising  a
normally vertically extending vessel, the vessel  containing at least one
reaction bed and a reactor  internal as hereinbefore defined, wherein the
lower  support grid rests upon the upper surface of a reaction  30 bed.
Preferably, the reaction bed on which the lower  support grid rests
comprises a densely-packed bed of  catalyst particles. The advantage of a
densely-packed bed of catalyst particles is that the height of the bed
will  35 remain relatively constant during operation of the 3 1 AUG 2005
WO 02/070120 PCT/EP02/02305  - 7  reactor, since compacting of the
catalyst bed will be  limited. Catalyst loading methods for forming
densely- packed beds are well-known in the art. In order to avoid leakage
of catalyst particles from  5 the catalyst on which the lower support
grid rests  through the lower support grid, the bed on which the  lower
support grid rests preferably comprises a layer of  ceramic support
particles on top of a layer of catalyst  particles. This layer of ceramic
particles also serves to 



i0 spread the mechanical load of the reactor internal over the catalyst
particles below, such that breakage and  attrition of the catalyst
particles is prevented. The  size of the ceramic particles is' such that
they cannot  pass through the lower support grid. It will be 15
appreciated that such a layer of ceramic particles should  be such that
it does not impede the uniform distribution  of gas and liquid over the
catalyst bed below. If the reactor internal comprises means for
distributing a quench fluid, these means are preferably  20 flexibly
connected to a quench fluid supply conduit, in order to allow axial
movement of the internal with  respect to the reactor vessel. In a final
aspect, the invention relates to the use  of a reactor as
hereinbefore-defined in a process for 25 hydrocarbon processing,
preferably in catalytic dewaxing,  hydrotreating, hydrocracking, or
hydrodesulphurisation.  The invention will be further illustrated by way
of example by means of schematic Figures 1 to 4. The Figures  are not
drawn to scale. Similar parts in different 30 figures are referred to
with the same reference numerals.  Figure 1 shows a longitudinal section
through the  upper part of a reactor containing a first embodiment of
the invention. 3 1 AUG 2005 WO 02/070120 PCT/EP02/02305  - 8  Figure 2
shows in more detail a longitudinal section  of the sealing means of the
reactor internal shown in  Figure 1. Figure 3 shows a longitudinal
section through part of  5 a reactor containing a second embodiment of
the invention.  Figure 4 is a top view of a lower support grid of the 



reactor internal according to the invention. In Figure 1 is shown the
upper part of a reactor  10 having an inlet 1 for gaseous and liquid
reactants, a  side wall 2, and a catalyst bed 3. The catalyst bed 3
rests on support grid 4, which rests on ring 5 in the  side wall 2. The
reactor contains a reactor internal 6  which rests on the upper surface
of catalyst bed 3. The  15 internal 6 comprises a lower support grid 7, a
distribution tray B and a pre-distribution tray 9, which  are connected
to each other by means of vertically  extending legs 10. The distribution
tray 8 is provided  with downcomers 11. The pre-distribution tray 9 has
an 20 overflow weir 12 at its perimeter and is provided with a  plurality
of openings 13 near its perimeter. Sealing means 14 in the form of
ceramic rope is  attached around the perimeter of each of the lower
support grid 7 and the distribution tray 8. 25 During normal operation of
the reactor shown in  Figure 1, gaseous and liquid reactants enter the
reactor  via inlet 1 and the liquid is evenly distributed over
distribution tray 8 by pre-distribution tray 9. At the  distribution tray
8, the gaseous and liquid reactants are 30 brought together. The
distribution tray 8 serves two  purposes. Firstly, it evenly distributes
liquid and gas  before the fluids enter a lower reaction bed and,
secondly, it allows contact between liquid and gas to  provide liquid-gas
interaction. WO 02/070120 - 9  31 AUG 2005  PCT/EP02/02305 The sealing
means 14 provide for a fluid-tight  sealing between distribution tray 8
and side wall 2, such  that fluids cannot by-pass distribution tray 8
otherwise  



than through downcomers 11. 5 The sealing means 14 around the lower
support grid 7  prevent catalyst particles from passing between the  grid
7 and the side wall 2. If, during operation of the reactor, the height of
the catalyst bed 3 upon which reactor internal 6 rests,  10 decreases due
to compacting of the bed, internal 6 moves  in downward direction with
respect to side wall 2. In Figure 2 is shown sealing means 14 attached
around  the outer side surface 15 of the lower support grid 7 in  more
detail. Sealing means 14 is in the form of ceramic is rope wound around
outer side surface 15. The rope is  contained in a stuffing box,
open-ended towards side  wall 2. The box is confined by outer side
surface 15,  retainer ring 17 and compression ring 18. In Figure 3, part
of a multiple bed downflow 20 reactor according to the invention
containing a reactor  internal 6 having a lower 7 and an upper support
grid 19  is shown. Two catalyst beds 3a, 3b are shown. Reactor  internal
6 further comprises a distribution tray 8 and a  quench ring 20. The
lower 7 and upper support grid 19, 25 and also distribution tray 8 and
quench ring 20 are  connected to each other by means of vertically
extending  legs 21. Lower catalyst bed 3b rests upon support grid 4,
which rests upon ring 5. Reactor internal 6 rests upon  the upper surface
of catalyst bed 3b, and upper catalyst 30 bed 3a rests upon upper support
grid 19. Figure 4 shows a top view of lower support grid 7  composed of
thirteen panels 22. Adjacent panels are  coupled to each other by means
of joints 23 and/or  vertically extending legs 21. 31 AUG 2005 -10 C L A
I M S 



1. A reactor comprising a normally vertically extending  vessel, the
vessel containing at least one reaction bed  and a reactor internal
comprising a substantially horizontal lower support grid and at least one
5 distribution device selected from a distribution tray and  means for
distributing a quench fluid, which distribution  device is located above
the lower support grid and is  connected to and spaced apart from the
lower support grid  by means of vertically extending legs, in which
reactor 10 the lower support grid rests upon the upper surface of a
reaction bed. 2. A reactor according to claim 1, wherein the reactor
internal further comprises a substantially horizontal  upper support
grid, wherein the lower and upper support 15 grids are connected to and
spaced apart from each other  by means of vertically extending legs and
wherein the  distribution device is located between the upper and  lower
support grid. 3. A reactor according to claim 2, wherein the vessel  20
contains at least two vertically spaced apart reaction  beds and, between
adjacent beds, the reactor internal  having a lower and an upper support
grid, in which  reactor the reaction bed above the reactor internal rests
upon the upper support grid of the reactor internal and 25 the lower
support grid rests upon the upper surface of  the reaction bed below the
reactor internal. 4. A reactor according to any one of claims 1 to 3,
wherein each support grid of the reactor internal is 31 AUG 2005 -11
composed of different smaller grid panels connected to  each other. 5. A
reactor according to claim 4, wherein the reactor  internal comprises a
distribution tray, wherein the 



S distribution tray is composed of different smaller panels  connected to
each other. 6. A reactor according to any one of claims 1 to 5,  wherein
each support grid of the reactor internal is  provided with sealing means
around its perimeter i0 providing a fluid-tight sealing between the inner
surface  of the wall of the vessel and the perimeter of each  support
grid. 7. A reactor according to any one of claims 1 to 6,  wherein the
distribution tray of the reactor internal is  15 provided with sealing
means around its perimeter providing a fluid-tight sealing between the
inner surface  of the wall of the vessel and the perimeter of the
distribution tray. 8. A reactor according to claim 6 or 7, wherein each
20 sealing means is contained in a stuffing box. 9. A reactor according
to any one of claims 1 to 8,  wherein the reaction bed on which the lower
support grid  rests comprises a densely-packed bed of catalyst
particles. 25 10. A reactor according to any one of claims 1 to 9,
wherein the bed on which the lower support grid rests  comprises a layer
of ceramic support particles on top of  a layer of catalyst particles.
11. A reactor according to any one of claim 1 to 10, 30 comprising means
for distributing a quench fluid, wherein  the means for distributing a
quench fluid are flexibly  connected to a quench fluid supply conduit. 31
AUG 2005 -12 12. Use of a reactor as defined in any one of claims 1 to
11 in a process for hydrocarbon processing. 




