
- 1 -

LIGHT-WEIGHT DEVICE FOR LOADING SOLID PARTICLES 

The invention relates to a light-weight device for loading solid 

particles into an enclosure, notably into a large enclosure with a height 

which may be as much as several tens of meters. 

The device according to the invention is more specifically applicable 5 

to the loading of fixed-bed catalytic chemical, petroleum or petrochemical 

reactors with solid particles in the divided state, which may take the form of 

balls, pellets, cylinders, disks, rods, or bodies of any other shape, but which 

are generally of relatively small size. These solid particles are, more 

specifically, chemically inert balls used in chemical reactors, molecular 10 

sieves, or catalyst pellets used in transformation reactions of chemical or 

hydrocarbon products, for example reforming, cracking, hydrocarbon 

desulfurization, or, more generally, the hydrotreatment of petroleum 

fractions. Such particles usually take the form of balls, extrusions or 

multilobe elements whose dimensions vary according to circumstances, 15 

from a few tenths of a millimeter to a few centimeters. 

When these solid particles are loaded into a reactor, it is essential 

that they are deposited intact on the bottom of the reactor or on the bed 

support plate, because if they break into small fragments they may block 

the outlet manifold of the reactor or the support plate, creating a pressure 20 

difference between the reactor inlet and outlet, which has a highly adverse 

effect on the efficiency of the reaction in the reactor and ultimately on the 

quality of the operator’s intended production process. 

The solid particles (inert balls or catalyst particles) must therefore be 

loaded without breakage or wear, in other words without any impact 25 

between the particles or against the walls of the reactor, that is to say 

without the presence of energy which might result, for example, from an 

excessive fall velocity inside the reactor. 

In his patent application FR-A1-2 829 107, the present applicant has 

proposed a serpentine or helical semi-rigid sleeve in which the particles 30 

descend by rolling along the inner face of the sleeve, the velocity of 

descent (and consequently the kinetic energy at the end of travel) being 

adjustable by varying the inclination of the slope of the sleeve. However, 

this device is bulky because of its serpentine or helical shape and the 

relative rigidity of the material from which the sleeve is made, making it 35 

difficult to transport, to install, and to dismantle through the passage 

openings (“manholes”) in the reactor. 

In his patent application FR 2 874 212, the present applicant has 

also proposed a cylindrical flexible straight sleeve inside which a helical 
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ramp, fixed on a central axis and wound around this axis, is used to limit 

the velocity of descent of the balls on said ramp. However, for very tall 

reactors, for example those with heights of more than thirty meters, there 

are potential hazards which may arise, for example, as a result of the 

tearing of the sleeve when it is fully loaded, in other words when its whole 5 

length is filled with solid particles. These hazards may potentially endanger 

the operators working at the bottom of the reactor. 

 In his application FR-A1-2 901 778, the present applicant has 

proposed a rigid sleeve formed from a plurality of basic units fastened to 

each other by sets of threaded rods and nuts positioned on the outside of 10 

the basic units. Each basic unit is provided with two diametrically opposed 

fastening flanges, each designed for attaching and/or guiding at least one 

fastening chain or line necessary for maintaining the sleeve inside the 

enclosure. This rigid sleeve includes at least one conduit for introducing 

particles into the reactor, in which a movable element for controlling the fall 15 

velocity of these particles is moved by means of a line. This movable 

element is conical or cylindrical in shape, with a height in the range from 

one to five times the inside diameter of the conduit, and is provided with a 

seal on its periphery to prevent the passage of particles between its 

periphery and the inner wall of the conduit. 20 

 However, this sleeve has the drawback of being particularly heavy 

and bulky because of the rigid material used to form each basic unit, and is 

therefore difficult to transport for use in reactors remote from each other or 

at industrial sites at a distance from its management and maintenance 

center. Furthermore, it is sometimes difficult to align the individual basic 25 

units correctly during their assembly, and this may lead to misalignment of 

the inner conduit portions of two adjacent basic units, causing the movable 

element to become jammed as it passes through the conduit. 

 Unlike the semi-rigid or flexible sleeve described in FR-A1-2 829 107 

and FR-A1-2 874 212, the rigid sleeve described in FR-A1-2 901 778 30 

cannot be flattened, curved or deformed. 

 The object of the present application is to propose a device for 

loading solid particles into an enclosure which is light-weight, is very easily 

assembled, dismantled and transported, and creates only very limited wear 

on the solid particles when the latter are conveyed into said enclosure by 35 

means of said loading device according to the invention. 

 To this end, the invention proposes a device for loading solid 

particles into an enclosure, notably a chemical or petrochemical reactor, 
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comprising at least one conduit for the passage of the solid particles and at 

least one movable element for controlling the fall velocity of the particles, 

this element being designed to be slidably movable inside said conduit, 

characterized in that said device comprises a plurality of identical guide 

plates interconnected by fastening means, and in that said at least one 5 

conduit is made from a flexible material, each guide plate having at least 

one through opening for receiving and guiding said at least one conduit in a 

position in which the longitudinal axis of the conduit extends substantially 

perpendicularly to the plane of each guide plate. 

Thus the device according to the invention has a very light 10 

framework, most of the weight of which is due to the guide plates whose 

total surface area is reduced significantly by comparison with a device such 

as that described in FR-A1-2 901 778. 

In the position of use of the device according to the invention, the 

fastening means are shaped so that the guide plates are spaced apart from 15 

each other along the longitudinal axis of the conduit, or so that sets of two 

interconnected adjacent guide plates are spaced apart from each other 

along the longitudinal axis of the conduit. 

The guide plates are advantageously interconnected by reversible 

fastening means. In this case, the device can be dismantled very easily, by 20 

progressively detaching each guide plate from the adjacent plate, the guide 

plates being easily stored because of their small overall dimensions. 

Even if permanent fastening means are used, the device still has 

small overall dimensions, particularly if the conduits are independent of the 

guide plates. The latter can then be stacked on each other while remaining 25 

interconnected, after the removal of the conduit or conduits. 

Each flexible conduit can be made of any material having sufficient 

mechanical strength to resist tearing during the loading procedure. The 

material may be, for example, a textile material, preferably knitted or 

woven, or a sheet of plastic material, reinforced if necessary with fibers or 30 

with a textile material. The term “flexible conduit” denotes a conduit which 

can be bent easily without being broken or damaged. In the present 

invention, the term may denote not only a conduit that can be completely 

flattened when empty, but also a semi-rigid conduit, reinforced by rigid 

annular elements placed at regular intervals, which allow the sleeve to be 35 

curved but prevent it from being flattened. Thus, the flexible conduit used in 

the present invention can be flattened, curved or deformed, unlike the rigid 

sleeve described in FR-A1-2 901 778. 
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 The flexible conduits advantageously have a circular cross section, 

as do the corresponding guide openings in the plates. 

 Advantageously, the guide plates are of generally oblong shape, 

with the smaller dimension slightly greater than the diameter of the largest 

conduit, so as to limit the overall dimensions of the device according to the 5 

invention. 

 Like all plates, the guide plates according to the invention are 

elements made of rigid material which are flat and relatively thin; in other 

words, their thickness is their smallest dimension, meaning that their 

thickness (defined as the dimension in a direction perpendicular to the 10 

plane of the plate) is smaller than their length or their width (defined as the 

dimensions of the plate in the plane of the plate). 

 The thickness of the plates is determined as a function of the 

material from which the plate is made, and is, notably, sufficient to prevent 

any deformation of the plate while the device according to the invention is 15 

in use. However, in order to limit the weight of the plate, the thickness of 

each guide plate may be from 0.1% to 10% of the distance between two 

adjacent guide plates, or between two sets each formed by two guide 

plates assembled together; alternatively, it may be from 0.2% to 8.5% or 

from 0.4% to 1.5% of this distance. 20 

 The distance between two adjacent guide plates, or between two 

sets each formed by two guide plates assembled together, is, for example, 

in the range from 1 m to 1.2 m. This distance is defined in the position of 

use of the device and is measured along the longitudinal axis of the 

conduit. 25 

 For any distance between two adjacent guide plates, or between two 

sets each formed by two guide plates assembled together, the thickness of 

each guide plate may be, for example, from 0.2 cm to 10 cm, or preferably 

from 0.5 cm to 1.5 cm. 

 The plates are, for example, made from metal or from plastic 30 

material having the required strength. 

 In the remainder of the description, the position of use of the device 

according to the invention is defined as the position in which it is used to fill 

an enclosure, with the conduit or conduits of the device extending 

substantially vertically. The terms “upper” and “lower”, and “top” and 35 

“bottom”, relate to this position of use. 

 In a variant, the flexible conduit or conduits are formed from 

segments interconnected by fastening and joining means. These segments 
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of flexible conduit can be joined, for example, by collars which link together 

flanges provided at the ends of each segment of flexible conduit. 

 In a specific embodiment, the device according to the invention 

includes a plurality of modules, each module comprising an upper guide 

plate and a lower guide plate connected to each other, and each module 5 

including reversible means for fastening to another module, such that, 

when two modules are assembled, their upper and lower guide plates are 

superimposed and in face-to-face contact. 

 This arrangement allows the device according to the invention to be 

dismantled with particular ease and facilitates its handling and assembly at 10 

another site. 

 This assembly and dismantling can be further facilitated in a variant 

in which each conduit is formed from a plurality of segments, each guide 

plate of a module is provided with means for fastening an end of a 

segment, and each module comprises at least one segment of conduit 15 

whose ends are fixed to the guide plates of said module. The lower and 

upper guide plates of a module are thus separated by a distance equal to 

the length of the segment of conduit, in the position of use of the device. 

 The reversible fastening means are, for example, arranged to enable 

the guide plates of adjacent modules to be assembled. 20 

 The modules of the device according to the invention can be aligned 

more easily than those of the prior art devices, because the guide plates 

are lighter and can therefore be manipulated more easily to place them in 

contact with each other in such a way that they are exactly superimposed, 

thus ensuring the alignment of the conduits. Furthermore, it is easier to 25 

manufacture plates of identical dimensions with low manufacturing 

tolerances, by contrast with the prior art modules, which have relatively 

complex three-dimensional shapes that may be difficult to manufacture with 

low tolerances. 

 In a variant, the conduit or conduits may be formed from segments 30 

interconnected by fastening and joining means, and the guide plates may 

be interconnected in sets of two in modules, the conduit or conduits being 

independent of the guide plates. 

 In particular, the guide plates are advantageously provided with a 

sealing element designed to ensure the sealing of at least one conduit 35 

between two adjacent modules. 

 In a specific embodiment, this sealing element may comprise a 

metal frame whose upper and lower faces are each provided with a seal, 
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said sealing element being interposed between two guide plates of two 

adjacent modules. This arrangement can prevent the seal from being 

sucked into the conduit when there is a negative pressure in the latter. 

 Clearly, other sealing configurations are feasible. 

 Possibly, a separate sealing element can be provided for each 5 

conduit, or a single sealing element can be provided to seal all the 

conduits. 

 Advantageously, in one embodiment, the guide plates of a single 

module are interconnected by means of at least two lengths of line. These 

lengths of line are, for example, connected to opposite ends of a guide 10 

plate. 

 In a first variant, the lines may be flexible, in which case the guide 

plates are kept at a distance from each other by the effect of gravity when 

the device is in the position of use. These flexible lines can be fastened 

irreversibly, for example by welding or any other suitable method, or 15 

reversibly, for example by snap-hooks or any other appropriate devices. 

 If these lengths of line are used to connect the guide plates of a 

single module, they can be fastened permanently to each guide plate, 

although a reversible fastening is preferable. 

 In a second variant, rigid lines, such as bars or tubes screwed on to 20 

each guide plate, may equally well be used. 

 In another embodiment, at least two lines connect all the guide 

plates of the device to each other. In this case, the lines extend over the 

whole height of the device, passing through the guide plates, the latter 

being kept spaced apart from each other, for example by means which lock 25 

each plate on the lines. The lines can then be used as handling lines for 

the device, allowing the device to be lowered or raised inside an enclosure. 

 The device according to the invention can also comprise at least two 

handling lines, one of the ends of which is connected to a guide plate at a 

lower point on the device in its position of use, while the other end is 30 

shaped to be connected to a lifting hoist. These handling lines can be 

fastened to the lowest module, preferably to the upper plate of the latter, 

although fastening to the lower guide plate or to both plates of the module 

would be feasible. If no module is present, the ends of the handling lines 

can be fastened to the lower end guide plate of the device. 35 

 Advantageously, the device according to the invention can comprise 

at least two conduits of flexible material, namely at least one conduit for the 

passage of solid particles and at least one conduit which can be kept at 
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negative pressure to extract any dust present in the enclosure. In most 

cases, this dust is essentially the dust that partially coats the solid particles 

before loading, this dust being put into circulation during the movement of 

said solid particles, for example when they are loaded into the enclosure. 

The dust may also be formed by breakage of the solid particles which may 5 

occur during loading. 

Advantageously, each guide plate can have at least one aperture 

designed to receive and guide one or more identical or different longitudinal 

elements selected from among liquid, gas and electricity supply lines and a 

tool transport line. 10 

Unlike the conduit guide openings formed in the guide plates, the 

edges of these apertures are not closed, but are open to allow the 

introduction of the longitudinal elements. This open part is advantageously 

smaller than the inside of the aperture, to prevent the longitudinal elements 

from falling out of the aperture during the manipulation of the device 15 

according to the invention, and particularly during loading. 

In an advantageous embodiment of the invention, each guide plate 

is provided with a means for guiding the movable element that passes 

through the inside of the conduit. This guide means may be located inside 

or outside the conduit. In particular, if the conduit is independent of the 20 

guide plates, in the case of a one-piece conduit for example, the guide 

means will be outside the conduit. In the case of conduits composed of 

segments, which may be arranged in modules, the guide means may be 

either inside or outside the conduit. 

It may be, for example, a flared truncoconical surface positioned on 25 

one face of a guide plate, or potentially on both faces of the plate. This 

truncoconical surface is advantageously positioned around the whole 

periphery of the guide opening of the conduit in which the movable element 

slides. 

In order to facilitate the introduction of the movable element into a 30 

conduit of the device according to the invention, the upper end of the 

conduit in question may also be made with a flared shape. 

Since the conduit or conduits of the device according to the 

invention are flexible, their inside diameters may not be strictly circular over 

the whole height of the device. Additionally, in the embodiment formed from 35 

modules, seals may be present between all the modules: in this case, their 

alignment with the conduit may not be exact. Because of these 

characteristics, a movable element formed by a compact block of hard 
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material may become jammed inside the device according to the invention, 

resulting in losses of time, or it may fail to perform its function because it 

allows particles to pass through, if its profile ceases to mate with the inner 

wall of a deformed conduit. 

In order to overcome these drawbacks, the applicant proposes a 5 

movable element made from a flexible material, which, when unconstricted, 

has dimensions greater than those of the cross section of the conduit 

receiving it, said movable element being shaped so as to be deformed and 

become bowl-shaped when it is inside the conduit, so that its free edges 

mate with the inner walls of the conduit. 10 

The term “bowl-shaped” describes a hollow shape whose concavity 

faces the top of the loading device according to the invention, when the 

device is in the position of use. Advantageously, the resulting hollow shape 

has no openings in it, and therefore any particles located above it cannot 

pass through it. 15 

A movable element of this type can thus adapt to any variations in 

the inside diameter of the conduit through which it passes, or to any 

imperfect circularity of this conduit, without any risk of being jammed inside, 

while eliminating the risk of a fall of particles below the movable element. 

In a specific embodiment, the movable element comprises at least 20 

one disk of flexible material with cut-outs on its edge, the diameter of the 

disk being greater than the inside diameter of the conduit receiving the 

movable element, and the center of each disk being provided with a 

support means. 

The ratio of the diameter of a disk of the movable element to the 25 

inside diameter of the conduit is, for example, in the range from 1.1 to 2, or 

preferably from 1.1 to 1.5, for example 1.2. 

The material from which the movable element is made can be a 

flexible or semi-rigid material, of the elastomer type for example, reinforced 

if necessary. 30 

The cut-outs are preferably made in such a way that the edges of 

the cut-outs are adjacent to each other when the movable element is 

placed inside the conduit, with the device in the position of use. These cut-

outs are preferably distributed regularly over the periphery of a disk and/or 

are identical. 35 

The cut-outs made on the edge of the disk are, for example, open 

sectors whose vertices are separate from the center of the disk. The 

vertices of the open sectors are, for example, positioned at a distance from 
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the center equal to 0.4 to 0.6 times the radius of the disk, for example at a 

distance equal to 0.5 times the radius of the disk. 

The open sectors have angles in the range from 5° to 40°, or 

preferably from 10° to 35°, for example from 15° to 30°. Advantageously, 

each open sector is formed by two angles, α and β. 5 

The angle α is located in the inner part of the sector and is smaller 

than the angle β; for example, α is from 0.4 β to 0.6 β, preferably 0.5 β. 

The angle β is located in the outer part of the sector and is in the 

range from 10° to 40°, or preferably 25° to 35°, for example 30°. This angle 

β starts at a distance equal to 0.6 to 0.8 times the radius of the disk, for 10 

example 0.7 times the radius of the disk. 

More particularly, the support means may be a rod, and a plurality of 

disks may be distributed along the rod in at least one stage. Each stage 

may comprise one disk only, but advantageously it is formed by at least two 

or three flexible disks superimposed and in contact with each other. 15 

The presence of a plurality of disk stages facilitates the descent of 

the movable element by ensuring that the movable element descends 

vertically when the device according to the invention is in the position of 

use. 

The distance between two stages may be 1 to 2 times the inside 20 

diameter of the conduit receiving the movable element, or preferably 1.2 to 

1.8 times this diameter, for example 1.5 times the inside diameter. 

Advantageously, the support rod of the movable element is a threaded rod 

allowing the distance between the stages to be adjusted. 

The disks are fixed to the rod by retaining means. These retaining 25 

means are, for example, washers located on both sides of a disk or of a 

plurality of superimposed disks, and retained in position on the rod, for 

example by pins or by bolts screwed onto the rod if the latter is threaded, or 

any other appropriate retaining means. The dimensions of the washers are 

preferably chosen so that the washers do not cover the cut-outs of the 30 

disks. 

The configuration of the movable element used can thus be adapted 

easily according to requirements, and the various elements can be 

replaced easily in case of damage, by contrast with the prior art movable 

elements. This element is therefore particularly simple and easy to produce 35 

and is inexpensive, while exactly mating with the inner wall of a conduit, 

regardless of the imperfections of the circularity of the latter. 
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The movable element may comprise a plurality of disks in a 

quincuncial arrangement. 

By means of these specific arrangements (the plurality of stages 

and/or the quincuncial arrangement of the disks) it is possible to ensure 

that the particles located above the movable element when the device is in 5 

the position of use cannot pass to the bottom of the device and fall to the 

bottom of the reactor if the device is too high. 

For example, the movable element may include the following 

arrangements (the last of these configurations being preferred): 

- two stages, each formed by two superimposed disks, preferably in a 10 

quincuncial arrangement; 

- three stages, each formed by two superimposed disks, preferably in 

a quincuncial arrangement; 

- two stages, each formed by three superimposed disks, preferably in 

a quincuncial arrangement. 15 

The movable element may also be provided with a grippable means 

on its lower face, enabling it to be extracted from the conduit via the lower 

end of the latter when the device is in the position of use. 

This means may be a simple ring to which a hook or a spring hook 

can be attached. 20 

The invention will now be described with reference to the attached 

non-limiting drawings, in which: 

- Figure 1 is a side view of part of the device according to one 

embodiment of the invention; 

- Figure 2 is a top view of a guide plate used in one embodiment of 25 

the device according to the invention; 

- Figure 3 is a schematic representation of a movable element of the 

device according to the invention in a specific configuration; and 

- Figure 4 is a top view of a disk of a movable element of the device 

according to the invention. 30 

Figure 1 shows a module 10 of a preferred embodiment of a device 

for loading solid particles into an enclosure according to the invention. The 

device according to the invention has the advantage of being light-weight 

by comparison with the device described in FR 2 901 778 A1. In this 

drawing, the module is shown in the position of use of the loading device, 35 

in which the longitudinal axis of the conduits extends substantially 

vertically, perpendicularly to the plane of each guide plate. 

In this embodiment, the device includes a plurality of modules 10. 
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Each module 10 comprises an upper guide plate 12a and a lower 

guide plate 12b connected to each other. 

Each module 10 further includes reversible means 14 for fastening 

to another adjacent module 10, such that, when two modules are 

assembled, their upper and lower guide plates are superimposed and in 5 

face-to-face contact, as shown in Figure 1. In this Figure 1, the elements of 

the adjacent modules located above and below the module 10 (illustrated 

in solid lines) are shown in broken lines. 

As a general rule, the reversible fastening means 14 of two guide 

plates are positioned at the ends of the plates, most often at the opposite 10 

ends. 

In the example, the reversible fastening means 14 are sets of 

screws and nuts. 

The upper guide plates 12a and lower guide plates 12b of the 

illustrated module are connected by two lengths of line 16, each located at 15 

one end of the guide plates. 

The module 10 which is illustrated further comprises a segment 18 

of a first flexible conduit, for example a conduit intended for passing 

particles into an enclosure, and a segment 20 of a second flexible conduit, 

for example a conduit intended for extracting any dust present in the 20 

enclosure during load. 

Additionally, the guide plates, particularly the lower guide plate 12b 

of a module, are provided with a guide means 22, for guiding the movable 

element that moves by sliding inside the conduit; in other words, the 

movable element is displaced by translation along the longitudinal axis of 25 

the conduit. 

In the example, this guide means 22 is a flared truncoconical surface 

positioned on a face of the lower guide plate 12b, at the edge, or close to 

the edge, of the conduit guide opening formed in the guide plate. As a 

general rule, this guide means 22 may be located inside or outside the 30 

conduit or the segment of conduit. 

Finally, a sealing element (not shown) is generally interposed 

between the assembled guide plates of two adjacent modules to seal each 

conduit between two adjacent modules. 

This element may, for example, be a seal made of rubber or any 35 

other appropriate material. Advantageously, two seals may be provided, 

these seals being placed on the opposite faces of a metal frame interposed 

between the guide plates along the periphery of at least one of the guide 
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openings of a guide plate, for example the opening intended to receive the 

segments 20 of the extraction conduit. 

The guide plates 12a or 12b are all identical in each loading device 

according to the invention. Figure 2 shows a top view of an exemplary 

embodiment of a guide plate 12a. 5 

The guide plate 12a is of generally oblong shape, with the smaller 

dimension slightly greater than the diameter of the largest conduit (the 

conduit 18 in this example). Clearly, the guide plates according to the 

invention can be made in numerous other shapes. 

This guide plate 12a has two through openings 28 and 30 for 10 

receiving and guiding the conduits 18 and 20 respectively. The larger 

opening 28 receives the particle loading conduit 18, and is advantageously 

positioned substantially in the center of the plate. The opening 30 of 

smaller diameter receives the extraction conduit 20 and is located between 

the opening 28 and an end of the plate 12a. 15 

The conduit segments 18 and 20 can be fastened to the plate by 

any appropriate means. For example, it is possible to use a clamping collar 

which clamps each end of a segment onto a corresponding flange of the 

guide plate (not shown), this flange being formed by a cylindrical upstand 

of the opening receiving the conduit. 20 

Thus this flange is placed inside the flexible conduit. Its free edge 

can then be advantageously flared to form the guide means 22 described 

above. 

On the other side of the opening 28, there is an aperture 32 

designed to receive and guide one or more identical or different longitudinal 25 

elements selected from among liquid, gas and electricity supply lines and a 

line for transporting a tool, such as a lamp or filling control device, or any 

other commonly used device. 

Unlike the openings 28 and 30 which have a closed circular edge, 

the edge of this aperture 32 has an open form of any shape as shown in 30 

Figure 2, allowing the longitudinal elements to be introduced into it. 

Finally, openings 34 are provided at the opposite ends of the guide 

plate 12a for the passage of the fastening means 14 for fastening two 

adjacent plates 12a, 12b. 

Thus it will be evident that the device according to the invention can 35 

be assembled and dismantled very easily by assembling and detaching the 

modules. For example, during loading, modules can be added at the upper 

end of the device in order to increase the height of the latter progressively 
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until the bottom of the enclosure can be reached. When the device is 

raised to remove it from the enclosure, the modules can also be detached 

from the upper end of the device. 

The device according to the invention can be raised and/or lowered, 

notably, by means of handling lines, generally two in number, the ends of 5 

which are connected, on the one hand, to a guide plate at the lower end of 

the device in its position of use, and, on the other hand, to a lifting hoist. 

In an embodiment (not shown) in which the conduit extends over the 

whole height of the device, the guide plates can be added progressively at 

the top of the device as the device is lowered into the enclosure, or can be 10 

detached (from the top once again) when the device is raised again. In the 

latter case, it may be necessary to cut the flexible conduits when the device 

is raised. 

It would also be feasible to use flexible conduits formed from 

segments interconnected by appropriate fastening and joining means 15 

known in the art. Segments of flexible conduit can, for example, be joined 

by collars which link together flanges provided at the ends of each segment 

of flexible conduit. Each segment can then easily be assembled and/or 

detached when the device is lowered and/or raised.  

If flexible conduits independent of the guide plates are used, it will 20 

evidently not be necessary to assemble two successive guide plates face 

to face, although this could be done; it is sufficient to provide guide plates 

distributed regularly over the whole height of the device. 

In order to control the descent of the particles to be loaded into the 

enclosure by means of the device according to the invention, the device 25 

also comprises a movable control element designed to move by sliding 

inside a conduit of the device. 

According to the invention, this movable element is made from a 

flexible material, the shape and material of the element being selected, on 

the one hand, so that, when unconstricted, it has dimensions greater than 30 

those of the cross section of the conduit receiving it, and, on the other 

hand, so that it can be deformed and become bowl-shaped when it is 

constricted (by insertion into a conduit), so as to mate with the inner walls 

of the conduit. 

Figure 3 shows an exemplary embodiment of a movable element 40 35 

of this type. 
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The movable element 40 which is shown comprises a rod 42 forming 

a support means, on which is mounted a plurality of disks 44 of flexible 

material, such as an elastomer, reinforced if necessary. 

In the example, the movable element comprises six disks 44 

distributed in two stages of three disks each. In each stage, the disks are 5 

placed against each other and retained in position by means of two 

washers 45 passed through the rod and fixed one on each side of the 

disks. These washers can be retained in position, for example, by means of 

pins passing through the rod, or by nuts if the rod is threaded, or by any 

other appropriate means. The movable element which is shown further 10 

comprises a ring 46 forming a grippable means, this ring being fixed to the 

lower end of the rod 42 on its lower face, thus enabling it to be extracted 

from the conduit via the lower end of the latter when the device is in the 

position of use. 

Each disk 44 has a diameter greater than the inside diameter of the 15 

conduit receiving the movable element. 

Thus, when the movable element 44 is outside the conduit, each 

disk is substantially horizontal (as in the upper stage in Figure 3). When the 

element is introduced into a conduit, the disks are deformed into a bowl 

shape, as can be seen in the lower stage of disks in Figure 3, and therefore 20 

retain the particles because the disks mate with the inner wall of the 

conduit. 

In this way the movable element descends progressively inside the 

conduit, the particles to be loaded being located above the highest stage of 

disks. When it reaches the lower end of the conduit, the movable element 25 

is extracted from the latter via this lower end, for example by being pulled 

by its ring 46, and is then raised and removed from the enclosure outside 

the device according to the invention. 

Figure 4 shows a top view of an exemplary embodiment of a disk 44. 

In this example, the disk 44 has a diameter of 1.5 times the inside diameter 30 

of the conduit for which it is intended. 

The center of the disk 44 is pierced for the passage of the rod 42. 

This disk 44 has cut-outs 48 made in such a way that the edges of 

the cut-outs are contiguous to each other when the movable element is 

deformed by being introduced into the conduit. 35 

In the illustrated example, the cut-outs 48 are open sectors, the 

vertex S of each cut-out being separated from the center of the disk by a 

distance of half a radius of the disk. Each open sector is formed by two 



- 15 - 

angles, α and β. The angle α is located in the inner part of the sector, and 

the angle β is located in the outer part of the sector. In the example, the 

angle α is equal to half the angle β, this angle β starting at a distance of 0.7 

times the radius R of the disk. 

Finally, the edges of two successive cut-outs 48 form an angle γ of 5 

45° in the illustrated example. Evidently, this angle γ is equal to 360° 

divided by the number of strips, a strip 50 being defined as the material 

located between two cut-outs 48. In the example, the disk comprises eight 

strips 50. 

Additionally, in order to avoid interfering with the deformation of the 10 

disks when they are introduced into the conduit, the dimensions of the 

retaining washers 45 used are selected so that the washers do not cover 

the cut-outs. 
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CLAIMS 

1. A device for loading solid particles into an enclosure, notably a

chemical or petrochemical reactor, comprising at least one conduit (18, 20) 

for the passage of the solid particles and at least one movable element (40) 

for controlling the fall velocity of the particles, this element being designed 5 

to be slidably movable inside said conduit (18, 20), characterized in that 

said device comprises a plurality of identical guide plates (12a, 12b) 

interconnected by fastening means (14, 16), and in that said at least one 

conduit (18, 20) is made from a flexible material, each guide plate (12a, 

12b) in the form of a flat plate and having at least one through opening (28, 10 

30) for receiving and guiding said at least one conduit (18, 20) in a position

of use in which the longitudinal axis of the conduit extends substantially 

perpendicularly to the plane of each guide plate. 

2. The device as claimed in claim 1, characterized in that each conduit

(18, 20) is formed by a plurality of segments interconnected by fastening 15 

and joining means. 

3. The device as claimed in either of claims 1 and 2, characterized in

that, in the position of use of the device, the fastening means (16, 14) are 

shaped so that the guide plates are spaced apart from each other along the 

longitudinal axis of the conduit, or so that sets of two interconnected 20 

adjacent guide plates are spaced apart from each other along the 

longitudinal axis of the conduit. 

4. The device as claimed in any of claims 1 to 3, characterized in that it

includes a plurality of modules (10), each module comprising an upper 

guide plate (12a) and a lower guide plate (12b) connected to each other, 25 

each module including reversible means (14) for fastening to another 

module, such that, when two modules are assembled, their upper and 

lower guide plates are superimposed and in face-to-face contact. 

5. The device as claimed in claim 4, characterized in that each conduit

is formed by a plurality of segments, in that each guide plate of a module is 30 

provided with means for fastening an end of a segment, and in that each 

module comprises at least one segment of conduit whose ends are fixed to 

the guide plates of said module. 

6. The device as claimed in claim 4 or 5, characterized in that the guide

plates are provided with a sealing element designed to ensure the sealing 35 

of at least one conduit between two adjacent modules. 

7. The device as claimed in claim 6, characterized in that the sealing

element comprises a metal frame whose upper and lower faces are each 
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provided with a seal, said sealing element being interposed between two 

guide plates of two adjacent modules. 

8. The device as claimed in any of claims 4 to 7, characterized in that

the guide plates of a single module are interconnected by means of at least 

two lengths of line (16). 5 

9. The device as claimed in any of the preceding claims, characterized

in that at least two lines connect all the guide plates of the device to each 

other. 

10. The device as claimed in any of the preceding claims, characterized

in that it comprises at least two handling lines, one of the ends of which is 10 

connected to a guide plate at a lower point on the device in its position of 

use, while the other end is shaped to be connected to a lifting hoist. 

11. The device as claimed in any of the preceding claims, characterized

in that it comprises at least two conduits of flexible material, namely at least 

one conduit (18) for the passage of solid particles and at least one conduit 15 

(20) which can be kept at negative pressure to extract any dust present in 

the enclosure. 

12. The device as claimed in any of the preceding claims, characterized

in that each guide plate includes at least one aperture (32) designed to 

receive and guide one or more identical or different longitudinal elements 20 

selected from among liquid, gas and electricity supply lines and a tool 

transport line. 

13. The device as claimed in any of the preceding claims, characterized

in that each guide plate is provided with a means (22) for guiding the 

movable element (40) that passes through the inside of the conduit. 25 

14. The device as claimed in any of the preceding claims, characterized

in that the movable element (40) is made from a flexible material, which, 

when unconstricted, has dimensions greater than those of the cross section 

of the conduit receiving it, said movable element being shaped so as to be 

deformed and become bowl-shaped when it is inside the conduit, so that its 30 

free edges mate with the inner walls of the conduit. 

15. The device as claimed in claim 14, characterized in that the movable

element (40) comprises at least one disk (44) of flexible material with cut-

outs (48) on its edge, the diameter of the disk being greater than the inside 

diameter of the conduit receiving the movable element, and the center of 35 

each disk being provided with a support means. 
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16. The device as claimed in claim 15, characterized in that the support

means is a rod (42), and in that a plurality of disks (44) are distributed 

along the rod in at least one stage. 

17. The device as claimed in claim 16, characterized in that each stage

is formed by at least two flexible disks (44) superimposed and placed in 5 

contact with each other. 

18. The device as claimed in any of claims 14 to 17, characterized in

that the movable element (40) comprises a plurality of disks (44) in a 

quincuncial arrangement. 

19. The device as claimed in any of the preceding claims, characterized10 

in that the movable element (40) is provided with a grippable means (46) 

on its lower face. 




