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Process and device for unloading particulate material  from a vessel  

 

The present invention relates to a process for removing a 

particulate material  from a vessel containing such material .  

The process of the present invention is part icularly suitable for 5 
removing particles of spent catalyst from an industrial reactor 

containing them. 

The present invention further concerns a device suitable for 

implementing such a process. 

Many industrial processes require the use of sol id material in 10 
the form of small particles. Examples of such material commonly used 

in the form of small particles are solid catalysts such as those used in 

chemical, petrochemical and petroleum refining processes.  

Such solid catalysts are often used as one or more bed(s) of 

particles arranged in a reactor. The reactor can contain one single bed 15 
of catalyst particles, or several beds of the same or of di fferent kinds 

of catalysts. When more than one bed is present in a single reactor 

vessel, the beds are generally separated in the vertical direct ion, and 

with each bed supported on its own support tray. 

During its use in the reactor, the catalyst becomes 20 
progressively de-activated, and the spent catalyst must then be 

unloaded from the reactor, for disposal or recycl ing thereof. 

The unloading of catalysts from a single bed reactor, or from 

the bottom bed in a multi-bed reactor is generally performed using 

simple gravity flow via dump nozzles which are present in the bottom 25 
head of the reactor. 

The unloading of catalyst from the upper beds in multi -bed 

axial flow reactors can pose addit ional diff icult ies. In some cases, 

inter-bed transfer pipes are used, in which case all the catalysts are 

unloaded via the bottom dump nozzle as a mixture of all the beds, 30 
because as soon as the bottom bed starts emptying, the upper beds wil l  

f low via the transfer pipes into the bottom bed. 

1 Process and device for unloading particulate material from a vessel        The present invention
relates to a process for removing a particulate material from a vessel containing such material.  5 The
process of the present invention is particularly suitable for removing particles of spent catalyst from an
industrial reactor containing them.        The present invention further concerns a device suitable for
implementing such a process. 10Many industrial processes require the use of solid material in the form
of small particles. Examples of such material commonly used in the form of small particles are solid
catalysts such as those used in chemical, petrochemical and petroleum refining processes. Such solid
catalysts are often used as one or more bed(s) of  15 particles arranged in a reactor. The reactor can
contain one single bed of catalyst particles, or several beds of the same or of different kinds of
catalysts. When more than one bed is present in a single reactor vessel, the beds are generally
separated in the vertical direction, and with each bed supported on its own support tray. 20During its
use in the reactor, the catalyst becomes progressively de-activated, and the spent catalyst must then
be unloaded from the reactor, for disposal or recycling thereof.        The unloading of catalysts from a
single bed reactor, or from the bottom bed in a multi-bed reactor is generally performed using  25
simple gravity flow via dump nozzles which are present in the bottom head of the reactor.        The
unloading of catalyst from the upper beds in multi-bed axial flow reactors can pose additional
difficulties. In some cases, inter-bed transfer pipes are used, in which case all the catalysts are  30
unloaded via the bottom dump nozzle as a mixture of all the beds, because as soon as the bottom bed
starts emptying, the upper beds will flow via the transfer pipes into the bottom bed.  
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This mixing is often not acceptable, in particular when the 

catalyst is to be recovered for re-use. In this case, the beds must be 

unloaded individual ly.  

The usual design practice is therefore to install side dump 

nozzles at the bottom of each of the upper beds, which protrude 5 
through the reactor side wall.   

Whatever the design of the reactor (one or more beds of 

catalyst, with one or more dump nozzles), an inventory of solid 

particles wil l  only flow under gravity through a dump nozzle once the 

nozzle exceeds a certain minimum slope (called the angle of repose). 10 
This angle of repose varies for di fferent catalysts, and is dependent on 

several physical factors such as size, shape surface condition, but is 

often of the order of around 45°. 

However, the design and construction of sloped penetration 

welds through thick-walled, high pressure vessels is di ff icult and 15 
expensive, and thus designers often install horizontal dump nozzles in 

the upper beds. These dump nozzles cannot serve their intended 

purpose, to allow unloading of the bed purely with gravity flow. 

Indeed as explained above, for a dump nozzle to al low catalyst to flow 

under gravity, i t needs to be sloped downwards at a minimum angle 20 
value, corresponding to the angle of repose.  

Unloading of catalyst particles from a bed equipped with a 

horizontal dump nozzle is therefore in practice usually done by 

vacuuming the particles from the top of the bed. This process has 

several drawbacks: 25 
- Vacuuming of the catalyst usual ly results in severe breakage 

of the catalyst particles, in some cases as much as 50% but seldom 

less than 20%. If the intention is to recover the catalyst for reuse, this 

breakage represents a very signif icant loss of material, as the broken 

catalyst particles cannot be re-used and must be segregated (screened) 30 
and disposed. 

- Vacuuming is a slow process, which impacts on the duration 

of the shutdown of the reactor, which can result in a signif icant 

2        This mixing is often not acceptable, in particular when the catalyst is to be recovered for re-use.
In this case, the beds must be unloaded individually.           The usual design practice is therefore to
install side dump  5 nozzles at the bottom of each of the upper beds, which protrude through the
reactor side wall.        Whatever the design of the reactor (one or more beds of catalyst, with one or
more dump nozzles), an inventory of solid particles will only flow under gravity through a dump nozzle
once the  10 nozzle exceeds a certain minimum slope (called the angle of repose). This angle of
repose varies for different catalysts, and is dependent on several physical factors such as size, shape
surface condition, but is often of the order of around 45. However, the design and construction of
sloped penetration  15 welds through thick-walled, high pressure vessels is difficult and expensive,
and thus designers often install horizontal dump nozzles in the upper beds. These dump nozzles
cannot serve their intended purpose, to allow unloading of the bed purely with gravity flow. Indeed as
explained above, for a dump nozzle to allow catalyst to flow  20 under gravity, it needs to be sloped
downwards at a minimum angle value, corresponding to the angle of repose.        Unloading of catalyst
particles from a bed equipped with a horizontal dump nozzle is therefore in practice usually done by
vacuuming the particles from the top of the bed. This process has 25several drawbacks:  Vacuuming
of the catalyst usually results in severe breakage of the catalyst particles, in some cases as much as
50% but seldom less than 20%. If the intention is to recover the catalyst for reuse, this breakage
represents a very significant loss of material, as the broken  30 catalyst particles cannot be re-used
and must be segregated (screened) and disposed.  Vacuuming is a slow process, which impacts on
the duration of the shutdown of the reactor, which can result in a significant 3 economic loss due to
reduced production availability of the unit of which the reactor forms part.        - Vacuuming usually
requires entry into the vessel (which is typically under an inert gas blanket), which requires
sophisticated life 
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economic loss due to reduced production availabi l i ty of the unit of 

which the reactor forms part.  

- Vacuuming usually requires entry into the vessel (which is 

typical ly under an inert gas blanket),  which requires sophist icated l i fe 

support equipment and procedures, and specially trained personnel. 5 
Even then, inert entry is a hazardous activi ty, and there is a strong 

desire to minimise this work as much as possible. 

Vacuuming of a bed of catalyst can also be done by inserting 

the vacuum hose into the bed via a dump nozzle at the bottom of the 

bed. This largely avoids the third of the above-mentioned problems, 10 
viz. there is reduced need for entry into the vessel, but does not 

address the f irst two, viz. the breakage of the particles and the speed 

of unloading. In addition, it adds a complexity in that, when inserted 

into the bottom of the bed, the vacuum hose can easily become 

choked. 15 
As an alternative solution, an Archimedean screw type device, 

called a catalyst auger, can be used in the horizontal dump nozzle to 

physically extract the catalyst. While this device has the advantage of 

extracting the catalyst without the aforementioned inert entry, i t is  

sti l l  very slow, and also creates significant breakage of the catalyst. 20 
Safety concerns have also been raised due to some fire experiences 

during use. 

A further al ternative solut ion is described in patent application 

WO 94/20396, which describes a vacuum apparatus comprising a 

suct ion pipe connected to a vacuum apparatus. The end of the suction 25 
pipe comprises jett ing means, arranged to provide a plurality of jets of 

gas all around the tip of the pipe and directed radially into the pipe, in 

order to agitate the catalyst around the t ip of the pipe and al low it to 

be sucked up by the vacuum hose.  

However, such a device is not sufficient ly efficient. It requires 30 
applying a high vacuum to the outlet of the suction pipe, to induce 

particles to flow along the pipe. Furthermore, a large volume of gas 

needs to be injected at the inlet end of the suction pipe to keep the gas 

5 support equipment and procedures, and specially trained personnel. Even then, inert entry is a
hazardous activity, and there is a strong desire to minimise this work as much as possible.
Vacuuming of a bed of catalyst can also be done by inserting the vacuum hose into the bed via a
dump nozzle at the bottom of the  10 bed. This largely avoids the third of the above-mentioned
problems, viz, there is reduced need for entry into the vessel, but does not address the first two, viz,
the breakage of the particles and the speed of unloading. In addition, it adds a complexity in that, when
inserted into the bottom of the bed, the vacuum hose can easily become 15choked.        As an
alternative solution, an Archimedean screw type device, called a catalyst auger, can be used in the
horizontal dump nozzle to physically extract the catalyst. While this device has the advantage of
extracting the catalyst without the aforementioned inert entry, it is  20 still very slow, and also creates
significant breakage of the catalyst. Safety concerns have also been raised due to some fire
experiences during use.        A further alternative solution is described in patent application WO
94/20396, which describes a vacuum apparatus comprising a  25 suction pipe connected to a vacuum
apparatus. The end of the suction pipe comprises jetting means, arranged to provide a plurality of jets
of gas all around the tip of the pipe and directed radially into the pipe, in order to agitate the catalyst
around the tip of the pipe and allow it to be sucked up by the vacuum hose. 30However, such a device
is not sufficiently efficient. It requires applying a high vacuum to the outlet of the suction pipe, to induce
particles to flow along the pipe. Furthermore, a large volume of gas needs to be injected at the inlet
end of the suction pipe to keep the gas  4 flow velocity inside the vacuum hose high enough to entrain
the vacuumed catalyst particles.        Also, it results in a high level of breakage of catalyst particles, as
the particles are carried along at a high velocity, and direction 
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f low velocity inside the vacuum hose high enough to entrain the 

vacuumed catalyst part icles. 

Also, it results in a high level of breakage of catalyst particles, 

as the particles are carried along at a high velocity, and direction 

changes such as bends and elbows in the system wil l result  in particles 5 
being impacted against the outside wall of the conduit. In essence it is 

simply a method to make tradit ional vacuuming of the bed easier to 

control, by supplying additional gas to avoid choking, but does 

nothing to mitigate any of the other problems associated with the 

process of vacuuming. 10 
The present invention aims at providing an improved process, 

which allows the unloading of particulate material  from a container 

vessel in a rapid and effective manner, while minimizing the risks of 

breaking such particles. 

The present invention further provides a removable and 15 
portable device for implementing such a process, which can be used in 

a simple, effect ive and safe manner. In particular, such a device can 

be inserted into existing horizontal dump nozzles provided in existing 

industrial reactors, without mechanical modifications of the reactor in 

question.  20 
The present invention therefore concerns a process for 

unloading a bed of part iculate material from a vessel, which comprises 

inserting a removable and portable extraction pipe into the lower part 

of said bed, injecting a fluidization gas upwardly into said extraction 

pipe from the bottom part thereof along the entire length of the 25 
extraction pipe, and applying a posit ive pressure differential  between 

the inlet and the outlet of said extraction pipe.  

The purpose of said fluidization gas is not to entrain the 

particles in a high velocity gas stream, but rather to create a localised 

dense fluidized phase of particulate material inside the extraction 30 
pipe, along its length. As such the flow rate of the fluidization gas can 

and should be advantageously controlled to the minimum required to 

achieve this fluidized state. 

5 changes such as bends and elbows in the system will result in particles being impacted against the
outside wall of the conduit. In essence it is simply a method to make traditional vacuuming of the bed
easier to control, by supplying additional gas to avoid choking, but does nothing to mitigate any of the
other problems associated with the 10process of vacuuming.        The present invention aims at
providing an improved process, which allows the unloading of particulate material from a container
vessel in a rapid and effective manner, while minimizing the risks of breaking such particles. 15The
present invention further provides a removable and portable device for implementing such a process,
which can be used in a simple, effective and safe manner. In particular, such a device can be inserted
into existing horizontal dump nozzles provided in existing industrial reactors, without mechanical
modifications of the reactor in 20question.        The present invention therefore concerns a process for
unloading a bed of particulate material from a vessel, which comprises inserting a removable and
portable extraction pipe into the lower part of said bed, injecting a fluidization gas upwardly into said
extraction  25 pipe from the bottom part thereof along the entire length of the extraction pipe, and
applying a positive pressure differential between the inlet and the outlet of said extraction pipe.
The purpose of said fluidization gas is not to entrain the particles in a high velocity gas stream, but
rather to create a localised  30 dense fluidized phase of particulate material inside the extraction pipe,
along its length. As such the flow rate of the fluidization gas can and should be advantageously
controlled to the minimum required to achieve this fluidized state.  5        Once in such a fluidized state,
the particles inside the extraction pipe will behave in a fashion similar to a liquid, and will flow under
the influence of the pressure differential between the two ends of the extraction pipe, regardless of the
angle of the pipe,  5 including horizontal. The pressure being higher at the inlet than at the outlet of the
extraction pipe, the inventory of fluidized particle will flow towards the outlet.        As a consequence,
the particulate material flows by simple pressure differential in a fluidized state out of the vessel,
without any  10 substantial breakage thereof. As the inventory of fluidized material flows out of the
extraction pipe, it is continuously replenished by additional material collapsing from the packed bed
above, into the inlet scoop of the extraction pipe. 
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Once in such a f luidized state, the particles inside the 

extraction pipe wil l  behave in a fashion similar to a l iquid, and wi l l  

f low under the influence of the pressure differential between the two 

ends of the extract ion pipe, regardless of the angle of the pipe, 

including horizontal.  The pressure being higher at the inlet than at the 5 
outlet of the extract ion pipe, the inventory of fluidized particle wil l  

f low towards the outlet.  

As a consequence, the particulate material f lows by simple 

pressure differential in a fluidized state out of the vessel, without any 

substantial breakage thereof. As the inventory of fluidized material 10 
f lows out of the extraction pipe, it is continuously replenished by 

additional material collapsing from the packed bed above, into the 

inlet scoop of the extraction pipe. 

The process of the invention is very efficient, and al lows 

unloading of beds of particulate material  in a safe and quick manner. 15 
Furthermore, by transporting the particles at a relatively low velocity 

in a dense phase, it  avoids the breakage that is associated with the 

high velocity dilute phase vacuuming process. 

The flow rate of particulate material exit ing the vessel can be 

controlled, in particular by adjusting the pressure differential  between 20 
the inlet and the outlet of the extract ion pipe. 

At the outlet of the extract ion pipe, the particulate material 

exit ing the vessel is simply separated from the fluidization gas, using 

any suitable means. Such means of separation are well known to one 

skil led in the art, and include for example cyclone separators or any 25 
other gas/solid disengagement device. 

By “dense f luidized phase of part iculate material”, i t  is meant 

that sufficient fluidization gas is injected to maintain the particles in a 

vertical ly suspended state, but without any significant vertical 

transportation of the particles. 30 
The fluidization gas is injected along the entire length of the 

extraction pipe, that is to say, from its inlet (inside the vessel) to its 

outlet (outside of the vessel). This insures that the fluidization is 

maintained over the entire length of the path within the extraction 

The process of the invention is very efficient, and allows  15 unloading of beds of particulate material
in a safe and quick manner. Furthermore, by transporting the particles at a relatively low velocity in a
dense phase, it avoids the breakage that is associated with the high velocity dilute phase vacuuming
process.           The flow rate of particulate material exiting the vessel can be  20 controlled, in
particular by adjusting the pressure differential between the inlet and the outlet of the extraction pipe.
At the outlet of the extraction pipe, the particulate material exiting the vessel is simply separated from
the fluidization gas, using any suitable means. Such means of separation are well known to one  25
skilled in the art, and include for example cyclone separators or any other gas/solid disengagement
device.        By "dense fluidized phase of particulate material", it is meant that sufficient fluidization gas
is injected to maintain the particles in a vertically suspended state, but without any significant vertical
30transportation of the particles.        The fluidization gas is injected along the entire length of the
extraction pipe, that is to say, from its inlet (inside the vessel) to its outlet (outside of the vessel). This
insures that the fluidization is maintained over the entire length of the path within the extraction  6 pipe.
Indeed, if at any point the fluidization is lost, there is a risk that the particles will slump back to create a
local bed, which could result in a blockage of the extraction pipe.           The fluidization gas used in the
invention can be any gas which  5 is compatible with the nature of the particulate material, and of the
process that was carried out in the vessel.        It can be chosen in particular from air, water vapour,
oxygen, hydrogen, inert gases such as nitrogen, and mixtures thereof in any proportions. 10The
fluidization gas is preferably chosen from inert gases, such as in particular nitrogen.        When the
particulate material is a spent catalyst, the use of an inert gas as fluidization gas is preferable because
it avoids any risk of self ignition phenomena when the gas contacts the used catalyst (the 
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pipe. Indeed, i f at any point the fluidization is lost, there is a risk that  

the particles wil l  slump back to create a local bed, which could result  

in a blockage of the extraction pipe.  

The fluidizat ion gas used in the invention can be any gas which 

is compatible with the nature of the particulate material , and of the 5 
process that was carried out in the vessel. 

It  can be chosen in particular from air, water vapour, oxygen, 

hydrogen, inert gases such as nitrogen, and mixtures thereof in any 

proportions.  

The fluidization gas is preferably chosen from inert gases, such 10 
as in particular nitrogen. 

When the particulate material is a spent catalyst, the use of an 

inert gas as fluidizat ion gas is preferable because it avoids any risk of 

self ignit ion phenomena when the gas contacts the used catalyst (the 

latter being potentially self-heating and pyrophoric), which could be 15 
hazardous, and damage the catalyst particles as well  as the equipment. 

According to the invention, a small posit ive pressure 

differential is advantageously applied between the inlet and the outlet 

of the extraction pipe, to keep the flow of particulate material out of 

the vessel. That is to say, a pressure is applied so that the pressure 20 
remains higher at the inlet of the extraction pipe (inside the vessel) 

than at the outlet of the extraction pipe (outside the vessel).  

By small pressure differential, i t  is meant a pressure 

differential of at most 1.104 Pa (that is to say, not more than about 0,1 

bar).  25 
The pressure differential  can be applied either by applying a 

higher pressure inside the vessel, whi le keeping the outlet of the 

extraction pipe at atmospheric pressure, or by keeping the vessel at 

atmospheric pressure while applying a vacuum to the outlet of the 

extraction pipe. 30 
In this latter embodiment, the extraction system of the 

invention is not a vacuum or suction system as those known in the 

prior art, where removal of the particles is essentially done by 

vacuuming. These vacuuming systems require applying a relatively 

15 latter being potentially self-heating and pyrophoric), which could be hazardous, and damage the
catalyst particles as well as the equipment.        According to the invention, a small positive pressure
differential is advantageously applied between the inlet and the outlet of the extraction pipe, to keep
the flow of particulate material out of  20 the vessel. That is to say, a pressure is applied so that the
pressure remains higher at the inlet of the extraction pipe (inside the vessel) than at the outlet of the
extraction pipe (outside the vessel).        By small pressure differential, it is meant a pressure
differential of at most 1.104 Pa (that is to say, not more than about 0,1 25bar).        The pressure
differential can be applied either by applying a higher pressure inside the vessel, while keeping the
outlet of the extraction pipe at atmospheric pressure, or by keeping the vessel at atmospheric pressure
while applying a vacuum to the outlet of the 30extraction pipe.        In this latter embodiment, the
extraction system of the invention is not a vacuum or suction system as those known in the prior art,
where removal of the particles is essentially done by vacuuming. These vacuuming systems require
applying a relatively  7 deep vacuum so as to induce a large gas flow in order to pick up and entrain
the particles as a dilute phase in a high velocity gas stream. As noted earlier, these systems are not
very efficient, quite hazardous, and provoke substantial catalyst breakage. 5The preferred alternative
consists in applying a higher positive pressure inside the vessel. This is to ensure that, in the event of
a small leak in the system, the blanketing gas will flow outwards through the leak. In the embodiment
where the pressure differential is applied by vacuum, a small leak would result in air being sucked in
10 through the leak. In the event of air being aspirated into the system, the oxygen present in the air
could induce self-heating of the spent catalyst.        Such a positive pressure can be applied at the top
of the particulate material bed, preferably after the top of the vessel has been  15 sealed with a
temporary lid. This can be done by injecting a gas (which can be of the same nature as the fluidization
gas, such as preferably an inert gas) into the upper part of the vessel, above the bed of particulate
material. 
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deep vacuum so as to induce a large gas flow in order to pick up and 

entrain the part icles as a dilute phase in a high velocity gas stream. As 

noted earl ier, these systems are not very efficient, quite hazardous, 

and provoke substantial catalyst breakage. 

The preferred alternative consists in applying a higher posit ive 5 
pressure inside the vessel. This is to ensure that, in the event of a 

small  leak in the system, the blanketing gas wil l  flow outwards 

through the leak. In the embodiment where the pressure differential is 

applied by vacuum, a small leak would result  in air being sucked in 

through the leak. In the event of air being aspirated into the system, 10 
the oxygen present in the air could induce self-heating of the spent 

catalyst. 

Such a posit ive pressure can be applied at the top of the 

particulate material bed, preferably after the top of the vessel has been 

sealed with a temporary l id. This can be done by injecting a gas 15 
(which can be of the same nature as the fluidizat ion gas, such as 

preferably an inert gas) into the upper part of the vessel, above the 

bed of particulate material .  

Such a pressure can also be applied within the bed of 

particulate material,  at the inlet of the extraction pipe. This can be 20 
done for example by injecting an additional amount of gas (which can 

be of the same nature as the fluidization gas, such as preferably an 

inert gas) at the inlet of the extraction pipe, so as to create a localised 

region of high pressure at the inlet, and thus the pressure differential  

between the inlet and the outlet of the extraction pipe. The system for 25 
injection of this pressurisation gas is separate and independent from 

the fluidization gas injection system. 

According to a further preferred embodiment, a part or al l of 

the fluidization gas is removed along the length of the extraction pipe, 

in the upper part thereof. 30 
Thus, according to this embodiment, the injection of 

fluidization gas creates a cross-flow of gas, from the bottom to the top 

of the extraction pipe, along its length. 

Such a pressure can also be applied within the bed of  20 particulate material, at the inlet of the
extraction pipe. This can be done for example by injecting an additional amount of gas (which can be
of the same nature as the fluidization gas, such as preferably an inert gas) at the inlet of the extraction
pipe, so as to create a localised region of high pressure at the inlet, and thus the pressure differential
25 between the inlet and the outlet of the extraction pipe. The system for injection of this pressurisation
gas is separate and independent from the fluidization gas injection system.           According to a
further preferred embodiment, a part or all of the fluidization gas is removed along the length of the
extraction pipe,  30 in the upper part thereof.        Thus, according to this embodiment, the injection of
fluidization gas creates a cross-flow of gas, from the bottom to the top of the extraction pipe, along its
length.  8        This embodiment avoids having a cumulative increase of gas along the length of the
extraction pipe.        This embodiment further allows a better control of the density of the fluidized
phase of particulate material along the length of the  5 extraction pipe. In particular, the density of the
fluidized phase of particulate material can advantageously be kept constant along the length of the
extraction pipe. This embodiment further facilitates the separation of the particulate material from the
fluidization gas, at the outlet of the extraction pipe. 10The fluidization gas injected into the extraction
pipe from the bottom part thereof can be directed perpendicularly to the lengthwise axis of said pipe. It
can also be injected in an inclined direction towards the outlet of the extraction pipe. In a preferred
embodiment, the fluidization gas is injected into  15 the extraction pipe in an inclined direction towards
the outlet of the extraction pipe, with an inclination angle with regard to the lengthwise axis of said pipe
ranging from 0 to 90 degrees, preferably of 45 degrees. Inclining the injection of fluidization gas further
helps, in  20 combination with the positive pressure differential between the inlet and the outlet of the
extraction pipe, the flow of fluidized particulate material towards the outlet of the extraction pipe. 
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This embodiment avoids having a cumulative increase of gas 

along the length of the extraction pipe. 

This embodiment further allows a better control of the density 

of the fluidized phase of particulate material along the length of the 

extraction pipe. In particular, the density of the fluidized phase of 5 
particulate material  can advantageously be kept constant along the 

length of the extract ion pipe. This embodiment further facil i tates the 

separation of the particulate material  from the fluidization gas, at the 

outlet of the extraction pipe. 

The fluidization gas injected into the extraction pipe from the 10 
bottom part thereof can be directed perpendicularly to the lengthwise 

axis of said pipe. It can also be injected in an inclined direction 

towards the outlet of the extraction pipe. 

In a preferred embodiment, the fluidization gas is injected into 

the extraction pipe in an inclined direction towards the outlet of the 15 
extraction pipe, with an inclination angle with regard to the 

lengthwise axis of said pipe ranging from 0 to 90 degrees, preferably 

of 45 degrees. 

Inclining the inject ion of fluidization gas further helps, in 

combination with the posit ive pressure differential between the inlet 20 
and the outlet of the extraction pipe, the flow of fluidized particulate 

material  towards the outlet of the extraction pipe. 

As already stated, the extraction pipe is inserted into the lower 

part of the bed of particulate material,  and more preferably at the 

bottom part thereof. 25 
The extraction pipe does not particularly need to penetrate too 

deeply into the bed of particulate material, only deep enough for the 

inlet to be entirely covered by the bed of particles. This wi l l  ensure 

that there is a continuous supply of material from the bed of particles 

to replenish the material that is being extracted. 30 
The present invention can in particular be used for removing 

particles of a solid catalyst (such as a used catalyst) out of a reactor. 

In this case, for insert ing the extraction pipe into the bed of 

catalyst particles, use can advantageously be made of the side dump 

As already stated, the extraction pipe is inserted into the lower part of the bed of particulate material,
and more preferably at the 25bottom part thereof.        The extraction pipe does not particularly need to
penetrate too deeply into the bed of particulate material, only deep enough for the inlet to be entirely
covered by the bed of particles. This will ensure that there is a continuous supply of material from the
bed of particles 30to replenish the material that is being extracted.        The present invention can in
particular be used for removing particles of a solid catalyst (such as a used catalyst) out of a reactor.
In this case, for inserting the extraction pipe into the bed of catalyst particles, use can advantageously
be made of the side dump  9 nozzles (such as horizontal or inclined dump nozzles) which are present
on some reactors and which protrude through the reactor walls, at the bottom of each bed of catalyst.
The extraction pipe can be inserted through such dump nozzles,  5 and should be sealed tightly to the
flange thereof.        The system of the present invention does not particularly require that the extraction
pipe be inclined downwards to cause the particulate material to flow out of the vessel. Therefore the
extraction pipe can be either kept horizontal, or inclined downwardly, with an  10 angle with regard to
the horizontal that is inferior or equal to 45 degrees, preferably inferior or equal to 30 degrees, even
more preferably inferior or equal to 15 degrees. According to a preferred embodiment, in particular
when used through a horizontal dump nozzle, it is kept horizontal. 15This represents an important
advantage of the present invention, that is to say, it allows an efficient and satisfying unloading of the
particles even through horizontal dump nozzles that are present on some reactors.               The
present invention further concerns a device suitable for  20 implementing the process of the present
invention.        In particular, the present invention concerns a device for unloading particulate material
from a vessel, comprising an extraction pipe which comprises along the entire length of its bottom part
injection means suitable for injecting a fluidization gas upwardly into 
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nozzles (such as horizontal or inclined dump nozzles) which are 

present on some reactors and which protrude through the reactor walls,  

at the bottom of each bed of catalyst. 

The extraction pipe can be inserted through such dump nozzles, 

and should be sealed tightly to the flange thereof. 5 
The system of the present invention does not part icularly 

require that the extraction pipe be inclined downwards to cause the 

particulate material to flow out of the vessel. Therefore the extraction 

pipe can be either kept horizontal,  or inclined downwardly, with an 

angle with regard to the horizontal that is inferior or equal to 45 10 
degrees, preferably inferior or equal to 30 degrees, even more 

preferably inferior or equal to 15 degrees. According to a preferred 

embodiment, in particular when used through a horizontal dump 

nozzle, it is kept horizontal.  

This represents an important advantage of the present 15 
invention, that is to say, it  al lows an eff icient and satisfying unloading 

of the particles even through horizontal dump nozzles that are present 

on some reactors. 

The present invention further concerns a device suitable for 

implementing the process of the present invention. 20 
In particular, the present invention concerns a device for 

unloading particulate material  from a vessel, comprising an extraction 

pipe which comprises along the entire length of its bottom part 

injection means suitable for injecting a f luidization gas upwardly into 

said extraction pipe. 25 
Preferably, the injection means comprise means for injecting a 

multipl icity of small  jets of gas into the extraction pipe. 

Such mult iple jets can be obtained by different methods. 

According to a fi rst embodiment, the injection means comprise 

a chamber present along the length of the bottom part of the extraction 30 
pipe, in particular an injection chamber delimited by the inner and the 

outer surfaces of the bottom part of the pipe, such chamber being 

provided with a plural ity of jett ing apertures protruding through the 

inner surface of the bottom part of the pipe. 

25said extraction pipe.        Preferably, the injection means comprise means for injecting a multiplicity
of small jets of gas into the extraction pipe. Such multiple jets can be obtained by different methods.
According to a first embodiment, the injection means comprise  30 a chamber present along the length
of the bottom part of the extraction pipe, in particular an injection chamber delimited by the inner and
the outer surfaces of the bottom part of the pipe, such chamber being provided with a plurality of jetting
apertures protruding through the inner surface of the bottom part of the pipe.  10        The injection
chamber is connected to a supply of pressurized fluidization gas.           According to a second
embodiment, the injection means comprise a set of high pressure tubes, which are provided with small
5holes over their length.        Such high pressure tubes are present along the entire length of the
bottom part of the extraction pipe.         The pressure fluidization gas. 10The size of the holes in the
pressure  reasonably high pressure (around 2.105 to 6.105 Pa) can be applied inside the tubes, to
create a high pressure drop over the individual vent holes to equalise the fluidization gas flow over the
length of the extraction pipe. 15According to a preferred embodiment of the invention, the 
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The injection chamber is connected to a supply of pressurized 

fluidization gas. 

According to a second embodiment, the injection means 

comprise a set of high pressure tubes, which are provided with small  

holes over their length.  5 
Such high pressure tubes are present along the entire length of 

the bottom part of the extract ion pipe. 

The pressure tubes are connected to a supply of pressurized 

fluidization gas. 

The size of the holes in the pressure tubes can be such that a 10 
reasonably high pressure (around 2.105 to 6.105 Pa) can be applied 

inside the tubes, to create a high pressure drop over the individual 

vent holes to equalise the fluidization gas flow over the length of the 

extraction pipe. 

According to a preferred embodiment of the invention, the 15 
device further comprises means for removing fluidization gas along 

the length of the extraction pipe, in the upper part thereof. 

Such means can comprise for example a collection chamber 

located along the upper length of the extraction pipe, such as a 

chamber delimited by the inner and the outer surfaces of the upper 20 
part of the pipe, such chamber being provided with a plurality of 

apertures protruding through the inner surface of the upper part of the 

pipe. Such chamber is advantageously vented to the atmosphere, 

separate from the main extraction pipe outlet.  

The col lection chamber can be connected to gas extract ion 25 
means, such as a vacuum system, in order to increase the amount of 

fluidization gas that is removed via the collection chamber. 

In a further embodiment of the device, such collection chamber 

can be replaced by one or more tubes with apertures, located in the 

upper part of the extraction pipe. These tubes can be connected 30 
together to create a more efficient fluidization gas removal system. 

In a less preferred embodiment of the device, no f luidization 

gas removal system is provided, and the fluidization gas is al lowed to 

exit the extraction pipe together with the catalyst. 

device further comprises means for removing fluidization gas along the length of the extraction pipe, in
the upper part thereof.        Such means can comprise for example a collection chamber located along
the upper length of the extraction pipe, such as a 20  chamber delimited by the inner and the outer
surfaces of the upper part of the pipe, such chamber being provided with a plurality of apertures
protruding through the inner surface of the upper part of the pipe. Such chamber is advantageously
vented to the atmosphere, separate from the main extraction pipe outlet. 25The collection chamber
can be connected to gas extraction means, such as a vacuum system, in order to increase the amount
of fluidization gas that is removed via the collection chamber.        In a further embodiment of the
device, such collection chamber can be replaced by one or more tubes with apertures, located in the
30upper part of the extraction pipe. These tubes can be connected together to create a more efficient
fluidization gas removal system.        In a less preferred embodiment of the device, no fluidization gas
removal system is provided, and the fluidization gas is allowed to exit the extraction pipe together with
the catalyst.  11       The device of the invention can advantageously further comprise a separate
means for injecting an additional amount of gas at the inlet of the extraction pipe, so as to apply a
pressure differential between the inlet and the outlet of the extraction pipe. 5The extraction pipe of the
invention can be made of any hard wearing material, such as metallic material, or hard wearing
plastics. The other means of the device of the invention (such as high pressure tubes) can be made of
the same type of materials. According to an advantageous embodiment, the transverse  10
dimensions of the extraction pipe are such that the pipe can be inserted through the dump nozzles of
an industrial reactor, and sealed tightly onto the flange thereof. A tight sealing of the extraction pipe
unto the nozzle of the reactor is preferred, in order to be able to create and maintain the pressure
differential between the inlet and the outlet 
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The device of the invention can advantageously further 

comprise a separate means for injecting an addit ional amount of gas at 

the inlet of the extraction pipe, so as to apply a pressure differential  

between the inlet and the outlet of the extraction pipe. 

The extraction pipe of the invention can be made of any hard 5 
wearing material,  such as metall ic material,  or hard wearing plastics. 

The other means of the device of the invention (such as high 

pressure tubes) can be made of the same type of materials. 

According to an advantageous embodiment, the transverse 

dimensions of the extraction pipe are such that the pipe can be 10 
inserted through the dump nozzles of an industrial  reactor, and sealed 

tightly onto the flange thereof. A tight sealing of the extract ion pipe 

unto the nozzle of the reactor is preferred, in order to be able to create 

and maintain the pressure differential between the inlet and the outlet  

of the extraction pipe. 15 
The inlet of the extraction pipe can be advantageously scoop-

shaped, in order to facil i tate the entrance of the particles into said 

pipe. 

The invention wil l  now be further i l lustrated in a non 

l imitat ive embodiment and by way of example only, with reference to 20 
the accompanying drawings, in which: 

Figure 1 is a schematic i l lustration of the principle underlying 

the present invention. 

Figure 2 i l lustrates a longitudinal section of a preferred 

embodiment of the device of the invention. 25 
Figure 3 shows a longitudinal section of another preferred 

embodiment of the device of the invention. 

Figure 4 i l lustrates a transversal section of the devices of 

Figures 2 and 3. 

Referring to Figure 1, a vessel 1 such as a reactor comprises a 30 
bed 2 of particulate material  such as catalyst particles. 

The reactor further comprises a horizontal dump nozzle 3 

protruding outside of the reactor 1. 

15of the extraction pipe.       The inlet of the extraction pipe can be advantageously scoop-shaped, in
order to facilitate the entrance of the particles into said pipe.           The invention will now be further
illustrated in a non 20limitative embodiment and by way of example only, with reference to the
accompanying drawings, in which:       Figure 1 is a schematic illustration of the principle underlying
the present invention.               Figure 2 illustrates a longitudinal section of a preferred 25embodiment
of the device of the invention.       Figure 3 shows a longitudinal section of another preferred
embodiment of the device of the invention.       Figure 4 illustrates a transversal section of the devices
of Figures 2 and 3. 30Referring to Figure 1, a vessel 1 such as a reactor comprises a bed 2 of
particulate material such as catalyst particles.       The reactor further comprises a horizontal dump
nozzle 3 protruding outside of the reactor 1.  12        According to the invention, an extraction pipe 4
has been inserted through the dump nozzle 3 into the lower part of the bed 2, and sealed onto the
nozzle by means 8. 
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According to the invention, an extraction pipe 4 has been 

inserted through the dump nozzle 3 into the lower part of the bed 2, 

and sealed onto the nozzle by means 8. 

The extraction pipe 4 comprises injection means (not shown) 

along the entire length of its bottom part. A fluidization gas is 5 
injected upwardly into the extraction pipe 4 through such injection 

means, at a rate that is just high enough to create a dense fluidized 

bed 5 of particles all  along the length of the extraction pipe 4. 

The pressure P1 in the bed 2 at the inlet 6 of the extraction 

pipe 4 is higher than the pressure P2 at the outlet 7 of the extraction 10 
pipe 4. 

Under this pressure differential between P1 and P2, the 

fluidized part icles 5 flow from the inlet 6 towards the outlet 7 of the 

extraction pipe 4, out of the vessel 1, where they can be separated 

from the fluidization gas using gas / part icles separation means not 15 
shown. 

Figure 2 show a detailed longitudinal section of a preferred 

embodiment for the extraction device of Figure 1. 

The extraction pipe 4 comprises means 9 for inject ing a 

multipl icity of small  jets of gas upwardly into the extraction pipe, al l  20 
along the bottom length thereof. It further contains means 11 for 

removing the injected gas, once the gas has transversed the tube. 

The extraction pipe 4 further contains means 10 for inject ing 

an additional amount of gas at the inlet 6 of the extraction pipe 4, so 

as to create a local ised high pressure region at the inlet 6, and thus a 25 
small  pressure differential between the inlet 6 and the outlet 7 of the 

extraction pipe 4. Such means are made of high pressure tubes 10, 

which only inject additional gas at the inlet 6 of the pipe 4. 

In the device of Figure 2, the means 9 are designed in such a 

way that the fluidization gas is directed perpendicularly to the 30 
lengthwise axis of the pipe 4.  

Figure 3 shows another embodiment of the device of the 

invention, which is similar to that of Figure 2, with the difference that 

the means 9 are designed in such a way that the fluidization gas is 

The extraction pipe 4 comprises injection means (not shown)  5 along the entire length of its bottom
part. A fluidization gas is injected upwardly into the extraction pipe 4 through such injection means, at
a rate that is just high enough to create a dense fluidized bed 5 of particles all along the length of the
extraction pipe 4. The pressure P1 in the bed 2 at the inlet 6 of the extraction  10 pipe 4 is higher than
the pressure P2 at the outlet 7 of the extraction pipe 4.        Under this pressure differential between
P1 and P2, the fluidized particles 5 flow from the inlet 6 towards the outlet 7 of the extraction pipe 4,
out of the vessel 1, where they can be separated  15 from the fluidization gas using gas / particles
separation means not shown.        Figure 2 show a detailed longitudinal section of a preferred
embodiment for the extraction device of Figure 1. The extraction pipe 4 comprises means 9 for
injecting a  20 multiplicity of small jets of gas upwardly into the extraction pipe, all along the bottom
length thereof. It further contains means 11 for removing the injected gas, once the gas has
transversed the tube.        The extraction pipe 4 further contains means 10 for injecting an additional
amount of gas at the inlet 6 of the extraction pipe 4, so  25 as to create a localised high pressure
region at the inlet 6, and thus a small pressure differential between the inlet 6 and the outlet 7 of the
extraction pipe 4. Such means are made of high pressure tubes 10, which only inject additional gas at
the inlet 6 of the pipe 4. In the device of Figure 2, the means 9 are designed in such a  30 way that the
fluidization gas is directed perpendicularly to the lengthwise axis of the pipe 4.        Figure 3 shows
another embodiment of the device of the invention, which is similar to that of Figure 2, with the
difference that the means 9 are designed in such a way that the fluidization gas is  13 
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directed in an inclined direction towards the outlet 7 of the extraction 

pipe 4, with an inclinat ion angle of 45 degrees with regard to the 

lengthwise axis of said pipe. 

In both Figure 2 and Figure 3, the gas removal means 11 can be 

omitted, in which case the injected gas from means 9 wil l  f low 5 
together with the particulate material out of exit 7. 

As shown in Figure 4, the means 9 for injecting a multipl ici ty 

of small jets of gas upwardly into the extraction pipe 4, comprise a set 

of high pressure tubes 12, which are provided with small holes over 

their entire length, and are connected to a supply of pressurized 10 
f luidization gas not shown. In the same fashion, the gas removal 

means 11 is shown to comprise a set of tubes which are simply vented 

to atmosphere, or connected to a vacuum system to increase the rate of 

gas removal. 

Figures 2, 3 and 4 further show that the means 10 can be made 15 
of two high pressure tubes 10 which inject an additional amount of gas 

at the inlet 6 of the extraction pipe 4. 

directed in an inclined direction towards the outlet 7 of the extraction pipe 4, with an inclination angle of
45 degrees with regard to the lengthwise axis of said pipe.            In both Figure 2 and Figure 3, the
gas removal means 11 can be  5 omitted, in which case the injected gas from means 9 will flow
together with the particulate material out of exit 7.         As shown in Figure 4, the means 9 for injecting
a multiplicity of small jets of gas upwardly into the extraction pipe 4, comprise a set of high pressure
tubes 12, which are provided with small holes over  10 their entire length, and are connected to a
supply of pressurized fluidization gas not shown. In the same fashion, the gas removal means 11 is
shown to comprise a set of tubes which are simply vented to atmosphere, or connected to a vacuum
system to increase the rate of gas removal. 15Figures 2, 3 and 4 further show that the means 10 can
be made of two high pressure tubes 10 which inject an additional amount of gas at the inlet 6 of the
extraction pipe 4.  14 CLAIMS        1. A process for unloading a bed (2) of particulate material from a
vessel (1), which comprises inserting a removable and portable extraction pipe (4) into the lower part
of said bed, injecting a  5 fluidization gas upwardly into the extraction pipe (4) from the bottom part
thereof, along the entire length of the extraction pipe, and applying a positive pressure differential
between the inlet and the outlet of said extraction pipe.        2. The process of claim 1, wherein the
fluidization gas is  10 injected at a controlled flow rate such as to create a dense fluidized phase (5) of
said particulate material inside the extraction pipe (4), along its length.        3. The process of any
preceding claim, wherein a small pressure differential is applied between the inlet (6) and the outlet (7)
15 of the extraction pipe, so that the pressure remains slightly higher at the inlet of the extraction pipe
(inside the vessel) than at the outlet of the extraction pipe (outside the vessel).        4. The process of
the preceding claim, wherein the pressure differential is applied by applying a higher pressure inside
the vessel 
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CLAIMS  
 

1. A process for unloading a bed (2) of part iculate material 

from a vessel (1), which comprises inserting a removable and portable 

extraction pipe (4) into the lower part of said bed, injecting a 

fluidization gas upwardly into the extraction pipe (4) from the bottom 5 
part thereof, along the entire length of the extract ion pipe, and 

applying a posit ive pressure differential between the inlet and the 

outlet of said extract ion pipe. 

2. The process of claim 1, wherein the fluidization gas is 

injected at a control led f low rate such as to create a dense fluidized 10 
phase (5) of said particulate material inside the extraction pipe (4), 

along its length. 

3. The process of any preceding claim, wherein a small  

pressure differential  is applied between the inlet (6) and the outlet (7) 

of the extraction pipe, so that the pressure remains slightly higher at  15 
the inlet of the extraction pipe (inside the vessel) than at the outlet of  

the extraction pipe (outside the vessel).  

4. The process of the preceding claim, wherein the pressure 

differential  is applied by applying a higher pressure inside the vessel 

(1), and preferably within the bed (2) of particulate material, at the 20 
inlet (6) of the extraction pipe (4). 

5. The process of any preceding claim, wherein a part or all of 

the fluidization gas is removed along the length of the extract ion pipe 

(4), in the upper part thereof (11). 

6. The process of any preceding claim, wherein the fluidization 25 
gas is injected into the extract ion pipe (4) in an inclined direction 

towards the outlet (7) of the extract ion pipe, with an inclinat ion angle 

with regard to the lengthwise axis of said pipe ranging from 0 to 90 

degrees, more preferably of 45 degrees. 

7. The process of any preceding claim, wherein the fluidization 30 
gas is chosen from air, water vapour, oxygen, hydrogen, inert gases 

such as nitrogen, and mixtures thereof in any proportions, and is 

preferably chosen from inert gases, such as nitrogen. 

20 (1), and preferably within the bed (2) of particulate material, at the inlet (6) of the extraction pipe (4).
5. The process of any preceding claim, wherein a part or all of the fluidization gas is removed along
the length of the extraction pipe (4), in the upper part thereof (11). 256. The process of any preceding
claim, wherein the fluidization gas is injected into the extraction pipe (4) in an inclined direction
towards the outlet (7) of the extraction pipe, with an inclination angle with regard to the lengthwise axis
of said pipe ranging from 0 to 90 degrees, more preferably of 45 degrees. 307. The process of any
preceding claim, wherein the fluidization gas is chosen from air, water vapour, oxygen, hydrogen, inert
gases such as nitrogen, and mixtures thereof in any proportions, and is preferably chosen from inert
gases, such as nitrogen.  15          8. The process of any preceding claim, wherein the particulate
material is a solid catalyst, and the vessel (1) is a reactor.          9. A device for unloading particulate
material from a vessel (1), comprising a removable and portable extraction pipe (4) which  5 comprises
along the entire length of its bottom part injection means (9) suitable for injecting a fluidization gas
upwardly into said extraction pipe (4).              10. The device of claim 9, wherein the injection means
(9) comprise means (12) for injecting a multiplicity of small jets of gas 10into the extraction pipe.
11. The device of the preceding claim, wherein the injection means (9) comprise a set of high pressure
tubes (12), present along the entire length of the bottom part of the extraction pipe (4), which are
provided with small holes over their length, and which are connected 15to a supply of pressurized
fluidization gas.          12. The device of anyone of claims 9 to 11, further comprising means (10) for
injecting an additional amount of gas at the inlet (6) of the extraction pipe (4), so as to apply a pressure
differential between the inlet (6) and the outlet (7) of the extraction pipe (4). 
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8. The process of any preceding claim, wherein the particulate 

material  is a solid catalyst, and the vessel (1) is a reactor. 

9. A device for unloading particulate material from a vessel 

(1), comprising a removable and portable extraction pipe (4) which 

comprises along the entire length of i ts bottom part injection means 5 
(9) suitable for injecting a fluidization gas upwardly into said 

extraction pipe (4). 

10. The device of claim 9, wherein the injection means (9) 

comprise means (12) for injecting a multipl icity of small  jets of gas 

into the extraction pipe. 10 
11. The device of the preceding claim, wherein the injection 

means (9) comprise a set of high pressure tubes (12), present along the 

entire length of the bottom part of the extraction pipe (4), which are 

provided with small holes over their length, and which are connected 

to a supply of pressurized fluidization gas. 15 
12. The device of anyone of claims 9 to 11, further comprising 

means (10) for inject ing an additional amount of gas at the inlet (6) of  

the extraction pipe (4), so as to apply a pressure differential  between 

the inlet (6) and the outlet (7) of the extraction pipe (4). 

13. The device of anyone of claims 9 to 12, further comprising 20 
means (11) for removing fluidization gas along the length of the 

extraction pipe (4), in the upper part thereof. 

 

2013. The device of anyone of claims 9 to 12, further comprising means (11) for removing fluidization
gas along the length of the extraction pipe (4), in the upper part thereof. 


