
WO 2013/160311 PCT/EP2013/058406 

-1-

CATALYST LOADING TOOL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[000] ] The invention relates generally to a catalyst loading tool for loading particulate 

5 catalyst material into a catalytic reactor; a filler sleeve; and a method of loading particulate 

catalyst into a catalytic reactor using the catalyst loading tool In particular the invention 

relates to a device and method, of loading catalyst pellets into catalytic reactor vessels having 

a plurality of vertically aligned, parallel reaction tubes. 

2. Description of the Related. Art 

10 [0002] Chemicals are often manufactured on an industrial scale by reaction in large 

industrial catalytic reactors. A type of industrial catalytic reactor often used is provided with 

a multitude of vertically arranged, parallel reaction tubes partially or fully filled with catalyst 

particles or pellets during operation. Chemical reactants are passed through the reaction tubes 

to contact the catalyst for reaction. Such reactors are often referred to as multi-tube reactors. 

15 These types of reactors are known and are described in patent publications GB3,223,490 and 

US6409977. 

[0003] Typical catalytic reactors are cylindrical with a diameter in the region of 2 to 9 

metres and a height in the region of 5 to 50 metres. In principle, such a reactor can be of 

any size, and in particular can be bigger or smaller than the typical sizes given above, the 

20 limitations being associated with physical construction limits and reaction requirements. 

There has been a general trend in the last years, particularly in the petrochemical industry, to 

increase catalytic reactor sizes. 

[0004] The reactor is normally provided with a cylindrical shell containing a large number 

of vertically aligned, parallel reaction tubes; anywhere from 500 to 40,000. The reaction 

25 tubes have upper and lower ends that are joined e.g. welded, to openings in upper and lower 

tube sheets. The tube sheets extend horizontally in the cylindrical shell and are normally 

located adjacent end flanges thereof. The upper and lower ends of the reactor shell are closed 

off by domes that can be opened to permit internal access for servicing and catalyst 

replacement in the reaction tubes. For example, the domes may be provided with manholes to 

30 allow worker access or may be removable. Oftentimes domes are non-removable, or not 

conveniently removable, because cooling pipes are run through the dome into the reactor 
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core. These cooling pipes can make it complicated or impossible to remove the dome of the 

reactor. 

[0005] The reaction tubes are open at their ends and can have inner diameters from in the 

region of about 2 to 15cm. They are joined (e.g. by welding) to a pattern of openings 

5 provided in the tube sheets. The number of tubes and pattern of openings in the tube sheets is 

appropriate to the chemical reaction and scale of reaction that is carried out in the rcactor, but 

normally the openings are equally spaced with a, preferably constant, pitch (i.e. the shortest 

distance between the outer periphery of one hole and the outer periphery of its neighbour 

hole) of from 0.3 to 5 cm or more. 

10 [0006] Catalyst particles are loaded into the reaction tubes. Catalyst particles are provided 

in a variety of sizes and shapes, typically spherical or cylindrical and having nominal 

diameters in the range of from about 1mm to 25mm, more normally in the range of 2 to 

15mm.. The reaction tubes and catalyst pellets are matched in size to allow for the particles to 

enter the reaction tubes in a controlled manner that minimizes the risk of bridging. Typically 

15 the particles have a maximum dimension from O.lto 0.8 times the reaction tube inner 

diameter, more normally from 0.15 to 0.6, and more normally 0.25 to 0.4. 

[0007] Careful loading of the catalyst particles into the reaction tubes is essential to ensure 

that the catalyst reaction proceeds as desired. In particular, it is necessary to: achieve the 

correct loading density of particles within a reaction tube; to make sure that each of the 

20 reaction tubes has a similar pack density within a tolerance range; to avoid bridging, i.e. void 

formation when two or more particles wedge against one another in the tube forming a false 

base; to provide filling of the catalyst to the correct level in the reaction tube i.e. allowing 

sufficient tube outage when needed; to avoid as far as possible dust entry into the reaction 

tubes; and to avoid crushing and/or attrition, of catalyst particles by harsh filling practices. 

25 When loading catalyst into the reactor tubes it is best to limit the loading orifice so that 

catalyst particles enter one by one, predominantly because this reduces the risk of bridging. 

[0008] A conventionally used loading method is template loading. In such a method a large 

custom template is provided. The template forms a grid of holes with spacing that matches 

the layout of the reactor tube ends in the tubesheet. The template is laid over the tubesheet of 

30 the reactor. Catalyst is poured onto the template and is loaded into the reactor tube ends by 

up to four persons sweeping the catalyst over the template. 
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[0009] A problem with conventional loading processes is found in release and generation of 

catalyst dust and fines. Although catalyst material is typically sieved to remove dust at the 

point of manufacture or dispatch, not all dust can be removed and new dust and fines is 

unavoidably generated due to particle attrition during transport and loading. 

5 [0010] Dust and fines are a problem because they can pollute the working environment for 

personnel; they can adversely affcct the catalytic reaction in the vessel by increasing density 

of packing and by blocking reactant flow; and they can pollute reaction product. 

[0011] Attempts have been made in the prior art to reduce the problem of dust and fines. 

[0012] In W02006/104832, US2006/0233631 and US4,077,53Q for example, insertion of 

10 velocity reducing devices to the reaction tubes has been proposed so as to slow particles as 

they fall in the tubes. 

[0013] US4,737,269 discusses a catalyst loading hopper provided with a dust outlet at the 

top of the hopper, which may be connected to a conduit so as to draw dust away from the 

upper end of the hopper and a screen at the bottom of the hopper to separate the catalyst from 

15 any fine or undersized catalyst particles. This apparatus can capture some of the dust 

generated due to attrition during transportation but improvement is desirable. In addition the 

apparatus does not address the matter of dust generated during loading of catalyst particles 

into the reaction tubes, by e.g. sweeping or vibration of the particles. 

[0014] US3,409,411 discusses a method of separating fines from particulate catalyst during 

20 loading, by application of a vacuum. The catalytic reactor addressed is a flat-bed reactor that 

is loaded with a single hose, not with a catalyst loading template. 

[0015] There remains a need for improved filling practices and filling apparatuses. 

[003 6] According to the present invention there is provided a 

25 particulate material into a catalytic reactor comprising an upper tubesheet and an array of 

reaction tubes extending downward from the tubesheet; wherein the loading tray comprises: 

a loading-template comprising one or a plurality of loading openings; 

one or more supports for spacing the loading template above the tubesheet to form a volume 

between the loading template and the upper tubesheet; and 

30 a vacuum outlet for application of a vacuum to the volume between the loading template and 

the upper tubesheet when the loading template is in place for use. 
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[0017] Application of a vacuum to the volume immediately prior to the catalyst particles 

entering the reaction tubes removes dust and fines present in the catalyst material at the final 

stage of filling, thus reducing the amount of further dust and fines that can be created 

downstream of a dust removal step. 

5 [0018] The volume between the tubesheet and catalyst loading template is substantially 

closed in order to achieve a good airflow over and through the stream of catalyst particles as 

they pass through the volume when falling into the reaction tubes. 

[0019] Preferably the volume between the tubesheet and catalyst loading template is 

elongate, or divided into elongate chambers, each chamber being provided with a vacuum 

10 outlet. Even more preferably the catalyst loading holes are in linear configuration along the 

length of the volume, or chambers. Most preferably the catalyst loading openings are 

disposed in a single row. This configuration allows for a well controlled airflow when a 

vacuum outlet is provided at a short end thereof. Catalyst loading trays that could be suitable 

for provision of division into chambers in the internal volume could be, square, rectangular 

15 and triangular loading trays with square, rectangular or triangular blocks of catalyst loading 

holes. 

[0020] It is also noted that configurations of catalyst loading holes other than linear might 

be necessary where application of the catalyst loading tray to a more unconventional layout is 

desired. 

20 [0021] It is generally desirable to provide the loading templates with the maximum number 

of catalyst loading openings that the vacuum can support for fines removal, as well as taking 

into account dimension and weight practicalities. A maximum number of catalyst loading 

openings offers a maximum template coverage for filling as many tubes as possible with one 

template. A catalyst loading template provided with one vacuum outlet preferably comprises 

25 from 2 to 40 loading openings; preferably from 3 to 30 openings, and most preferably from 4 

to 20 openings. For template comprising more loading openings, or assembled arrays of 

templates it is preferable that a vacuum outlet is provided for at least every 40, more 

preferably for at least every 30 and most preferably for at least every 20 loading openings. 

This ensures an. adequate air flow under the loading openings and hence dust and fines 

30 capture. In this manner loading templates of for example 300 or more, 400 or more, or 500 or 

more loading openings can be applied, with multiple vacuum outlets being provided. 
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[0022] In a preferred embodiment of the invention a channel is provided extending between 

the underside of the catalyst loading openings of the template and the upper side of the 

reaction tube openings, the channel having side sieve openings that are sized to block passage 

of catalyst particles but that allow passage of dust and fines, which can be captured by the 

5 vacuum. Typical catalyst particles have nominal diameters of about 1mm to about 25mm. 

Typically dust and fines range in size from about 1 to about 100 microns. The sieve openings 

are preferably sized to prevent passage of a particle having at least one dimension at least 

about 0.2 of an upper, inner diameter of the channel. The sieve openings can be in the form of 

slot openings, circular openings forming a grid of openings to allow airflow, or could be 

10 openings in a gauze or wire mesh. 

[0023] The vacuum sieving can beneficially be combined with use of a filler sleeve, the 

filler sleeve comprising: 

an upper portion having a catalyst loading orifice and an loading template engagement 

member; 

15 a tubular sleeve extending downwardly from said upper portion so that the catalyst loading 

orifice leads to an interior of the tubular sleeve; wherein 

the tubular sleeve is provide with side sieve openings sized to prevent passage of particulate 

catalyst but to allow passage of dust. In this way the filler sleeve forms the sieve channel 

between the catalyst loading hole and the reaction tube opening. 

20 [0024] It is preferred that the sieve openings are disposed to be at ieast partially located 

within the upper lA of the length of the tubular sleeve, preferably the upper 1/8. 

[0025] Catalyst filler sleeves are known and offer a simple manner to achieve a desired 

outage in the reaction tubes by creating a temporarily restricted volume in the upper part of 

the reaction tubes during filling. Such tubes are known from, e.g. W02004/085051. 

25 [0026] A filler sleeve comprises an upper portion having a loading orifice and a support 

engagement member, and a tubular sleeve extending downwardly from the upper portion so 

that the loading orifice leads to an interior of the tubular sleeve. The template engagement 

member is preferably a flange. The flange engages the periphery of a loading opening and 

rests thereon. Preferably a seat is provided at the edge of the loading opening on which the 

30 upper flange comes to rest. Most preferably the seat has a depth that matches the thickness of 

the upper flange so that when seated the upper flange is flush with the particle receiving 
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surface of the template. This provides a flat particle receiving surface for the template and 

helps to avoid riding up of the filler sleeve which could interfere with filling processes. 

[0027] The loading orifice has a size dependent upon the size and shape of the catalyst to be 

used. The loading orifice of the filler sleeve allows particles to enter and therefore preferably 

5 has a diameter at least 1.1 times the greatest dimension of the particle to be loaded, preferably 

1.2 times. The loading orifice size is preferably limited, to restrict the passage of particles to 

one or two particles at a time. When allowing only one by one entry of particles preferably 

the orifice diameter is less than 2 times the greatest dimension of the particle to be loaded. 

When allowing two particles at a time only the diameter is preferably less than 3 times the 

10 greatest dimension of the particle. This helps to avoid bridging. 

[0028] It is preferred that the filler sleeves are vertically supported within the loading 

openings of the constructed loading tray because they can then be vertically removed from the 

reaction tubes together with the loading template when this is raised. Advantageously this 

allows a single removal step of both loading template and filler sleeve avoiding the time 

15 consuming need to remove each filler sleeve individually 

[0029] It is preferred that the filler sleeves are removable from the catalyst loading openings 

of the template since this allows for various outages to be obtained, however filler sleeves 

could conceivably be permanently fixed in position. 

[0030] An alternative to filler tubes, where such are not required for obtaining outage in the 

20 reaction tubes, are short sieve tubes that form a channel limited to between the catalyst 

loading openings and the reaction tube openings, the sieve tubes having sieve openings as 

discussed above in their sidewall(s). 

[0033] The sieve openings are most effective for dust removal when they are at least 

partially located within the volume between the loading template and the upper tubesheet, 

25 since this is where the vacuum is strongest. Preferably the sieve holes are only present within 

that volume. The sieve openings are also preferably simple apertures and are not provided 

with valves, closings or such. 

[0032] In a preferred embodiment an air-flow deflector may be provided in front of the 

vacuum outlet to reduce suction applied to the channel(s) closest to the vacuum outlet while 

30 ensuring adequate air flow at channels further removed from the vacuum outlet. In one 
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realisation the deflector may be a semi-circular wail with its concave side facing the channel 

or filler sleeve closest the vacuum outlet. 

[0033] The filler sleeves and loading template can be formed from a variety of materials 

which the skilled person will be able to select based on the particular application of the filling 

5 tool. In the case of catalyst loading, it is important that the material of the loading tray is inert 

with respect to the catalyst in order to avoid chemical attack of the loading tray or chemical 

changes to the catalyst. Preferred construction materials are stainless steel and aluminium but 

alternative include, for example, polypropylene and polyvinyl chloride plastics. 

[0034] To aid in loading the catalyst particles into the catalyst loading openings, and to also 

10 preferably overcome the need for manual sweeping, at least a part of the loading template is 

subjected to vibration to agitate the catalyst particles so that they load into the openings. 

When this is the case the support holding the catalyst loading template may beneficially 

comprise a resilient or flexible material to isolate the other components of the loading tray 

and the catalytic reactor from the vibration. 

15 [0035] In a preferred form the catalyst loading tray is provided with one or more upstanding 

sidewalls at or beyond at least a part of the periphery of its array of catalyst loading openings. 

This wall acts to form a tray in which the catalyst particles can be poured prior to loading 

through the catalyst loading holes. The upstanding walls are preferably releasably attached by 

a mechanical fastening mechanism. 

20 [0036] In a further aspect the invention relates to a method of loading particulate catalyst 

into a catalytic reactor comprising an upper tubesheet and an array of reaction tubes extending 

downward from the tubesheet; comprising the steps of: 

a. disposing a catalyst loading tray as discussed, above the reaction tubes of the 

catalytic reactor so that the catalyst loading openings align with openings of 

25 the reaction tubes; 

b. supplying the particulate catalyst material to the array of the catalyst loading 

openings such that the particulate catalyst material, passes through the catalyst 

loading openings and the reactor tube openings; 

c. applying a vacuum via the vacuum outlet for at least part of the duration of 

30 step b, preferably for the substantial duration of step b, and more preferably 

also prior to and/or subsequent to step b; and 
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d. removing the catalyst loading tray from the catalytic reactor. 

[0037] Preferably the method involves vibrating the template during at least part of step b; 

and more preferably also during at least a art of step d. 

[0038] More preferably the method also involves the step of inserting filler sleeves into at 

5 least some of the loading openings prior to the filling step, and even more preferably of 

removing the inserted filler sleeves from the loading openings after filling. 

[0039] In still a further aspect of the invention there is provided a kit of parts comprising: 

at least one catalyst loading tray as discussed; and 

a plurality of catalyst filler tubes as discussed. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] The features and advantages of the invention will be further appreciated upon 

reference to the following drawings, presented by way of example only, in which: 

Figure 1 is a partial perspective view of a catalytic reactor (sidewall not shown) having a 

catalyst loading tray disposed on its tubesheet; 

15 Figure 2A is a perspective view of a catalyst loading tray provided with an upstanding 

peripheral wall; 

Figure 2B is a perspective view of the catalyst loading tray of figure 2A with a part of the 

peripheral wail removed; 

Figure 3 is a perspective view of a peripheral wall element; 

20 Fi gure 4 is a perspective view of a single catalyst loading tray element; 

Figure 5 is a perspective view of the catalyst loading tray element of figure 4 with a sidewall 

removed; and 

Figure 6 is a perspective view of a catalyst filler sleeve. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

25 [0041] Figure 1 shows a partial view of a catalytic reactor 10 provided with an upper 

tubesheet 8 having an array of reaction tube openings 24. Each reaction tube openings leads 

to a reaction tube 9 extending downwardly from the tubesheet within the catalytic reactor 10. 

The catalytic reactor 10 is normally provided with an enclosing sidewall and a lower 

tubesheet to form an enclosed space for, for example, coolant. For ease of explanation the 

30 sidewall and lower tubesheet are not shown in the figures. 
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[0042] A catalyst loading tray 2 is provided on top of the tubesheet 8 to aid insertion of 

particulate catalyst material via the reaction tube openings 24 into the reaction tubes 9. The 

catalyst loading tray 2 forms a trough into which particulate catalyst can be poured from, for 

example, a hopper. The loading tray 2 itself is provided with an array of catalyst loading 

5 openings 12 which are aligned with the reaction tube openings 24 of the tubesheet 8. In use 

catalyst particlcs pass via the catalyst loading openings 12 through to the reaction tube 

openings 24 and are loaded into the reaction tubes 9. 

[0043] Figure 2A shows a more detailed perspective view of a catalyst loading tray 2. The 

catalyst loading tray 2 is provided with removable, upstanding sidewall elements 26. These 

10 sidewall elements 26 form an upstanding peripheral sidewall 30 of the trough into which 

particulate catalyst can be poured. The sidewall elements 26 are removably fitted to the 

catalyst loading tray 2 by vertical insertion into T-slots 28. A clearer view of a removed 

sidewall element 26 is found in figure 3. The illustrated sidewall element 26 is appropriate to 

fit a single T-slot 28 only, and the upstanding peripheral sidewall 30 of figure 2A is made up 

15 of twelve such elements adjacent one another. In some circumstances it may be advantageous 

to provide sidewall elements 26 that fit more than one T-slot 28 at a time, so that at least one 

side of an upstanding peripheral sidewall 30 can be formed of a single element. For example 

the four sidewall elements 26 of the closest side of the loading tray in figure 2A could be 

replaced by a single element 26 fitting into the four slots 28. 

20 [0044] Figure 2B shows the catalyst loading tray 2 of figure 2A with the closest side of the 

sidewall 30 removed to reveal a catalyst loading template 14 comprising an array of catalyst 

loading openings 12. 

[0045] As can be seen, the catalyst loading tray 2 is constructed from two elongate catalyst 

loading tray elements 4 joined to one another along one of their long sides. Each of the 

25 shown loading elements is provided with four loading openings 12. By joining the two 

loading tray elements 4 together an extended planar array of eight loading openings 12 is 

formed allowing particulate catalyst to be loaded into more reactor tubes at once. Naturally, 

loading tray elements containing more than four or less than four loading openings can be 

provided. 

30 [0046] The loading tray elements 4 are releasably joined together by a T-slot mechanism 28 

that allows the elements 4 to be vertically slid into and out of engagement. It will be clear to 
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those skilled in the art that other forms of releasable fixation of the elements can be used such 

as L-slots, dove-tail joins and magnetic attachments. 

[0047] Although in figures 2A and 2B only two catalyst loading tray elements 2 are shown 

slotted together, extended loading trays having arrays of many more catalyst loading openings 

5 12 can be constructed by modular construction, of a greater number of loading tray elements 4 

than that shown. It is considered that constructions with arrays of from about 50, 80, 100 or 

more catalyst loading openings 12 are particularly practical for a speedy and efficient loading 

of catalyst into a catalytic reactor. 

[0048] The catalyst loading tray elements 4 can also be assembled into a variety of catalyst 

10 loading tray shapes by, for example off-setting adjacent elements 4 from one another, as is 

shown in figures 2A and 2B. In this manner different forms of catalyst loading tray 2 can be 

assembled to fit a variety of dimensions of catalytic reactor tubesheets, for example to match 

a particular tube array pattern following an inner radius of a reactor or to be fitted around 

cooling pipes passing through a tubesheet. Practically, this feature allows catalyst loading 

15 trays 2 to be constructed that can fit the outer radii of specific catalytic reactors, without the 

need for a bespoke template or manual filling of reaction tubes missed by a 'one fits all' type 

catalyst loader. 

[0049] It is a particularly useful aspect of the loading tray 2 that it can be assembled from a 

kit of parts containing a variety of loading tray elements 4 of different sizes, i.e. having 

20 different numbers of loading openings 12. Since the loading openings within the loading tray 

elements of a particular kit will have the same pitch, elements having more loading openings 

12 will be larger, and preferably longer when the loading openings 12 are laid out in a single 

line. By providing a variety of loading tray element sizes in a kit the possible catalyst loading 

tray forms that can be constructed from the elements 4 is further extended. 

25 [0050] A. kit of parts might comprise 25 or more loading tray elements having 20 loading 

openings, 15 or more elements having 10 loading openings, 10 or more elements having 5 

loading openings, 5 or more elements having 4 loading openings, 5 or more elements having 

3 loading openings, 5 or more elements having two loading openings and 5 or more elements 

having 1 loading opening. 

30 [0051] As shown in figure 4 two filler sleeves 40 and 42 are provided. A filler sleeve is a 

tool for loading catalyst into a reactor tube. The loading sleeves 40, 42 have upper flanges 44 
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which rest in the catalyst loading openings 12 of the catalyst loading template 14 and define 

loading orifices 54 having a diameter smaller than the diameter of the loading openings 12. 

The loading sleeves 40,42 are provided with downwardly extending sleeves 46 that penetrate 

into the reaction tubes of the catalytic reactor. Filler sleeves are generally known in the art of 

5 catalyst loading and are used to provide a controlled level of outage in the loaded reactor 

tubes. Since the volume inside a filler sleeve is less than the volume of the surrounding 

portion of the reactor tube 12, when it is removed after being filled it deposits a limited 

amount of catalyst particles into the top of the reactor tube, which limited amount then sinks 

to fill the larger volume of the reactor tube. The result is a controlled outage in the reaction 

10 tube. 

[0052] When in use each of the catalyst loading openings 12 is provided with a filler sleeve 

40, 42. In some cases one or more of the catalyst loading holes 12 may be blocked with a 

plug (not shown) if it is not required that catalyst be added at a particular location. 

[0053] As can be seen in figure 5 the catalyst loading template 14 is held in a raised position 

15 above the tubesheet 8 by way of supports 48 to create a volume 38 between the catalyst 

loading template 14 and the tubesheet 2. In figure 4, and in use, this volume is substantially 

closed off except for a vacuum outlet 18 to which a pump (not shown) can be connected to 

apply a. vacuum to the volume 38; the catalyst loading openings 12 and the reaction tube 

openings 8. 

20 [0054] Shown in figures 5 and 6 is an advantageous filler sleeve 42 that is provided at its 

upper portion, shortly below the flange with a number of sieve openings 50. These are best 

seen in figure 6. The sieve openings are sized to block the passage of catalyst particles but to 

allow dust and fines to easily pass therethrough. By application of a vacuum to volume 38 

via vacuum outlet 18 the loaded catalyst material can be subjected to a dust and fines removal 

25 immediately prior to its entry into the reaction tubes. 

[0055] As seen in figure 5 the loading tray element 4 is elongate with catalyst loading 

openings 12 linearly arranged in a single row. This allows for good air flow to the vacuum 

outlet whereby dust and fines entering into the volume 38 can be readily removed via the 

vacuum outlet 18. 

30 [0056] It will be clear to those skilled in the art that in the event that filler sleeves are not 

required for achieving outage in the catalyst loading process with tubular elements with 
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sidewall sieve openings could be provided in the volume 38 forming a channel from catalyst 

loading opening 12 to its corresponding reaction tube opening 24. In this manner, dust and 

fines can be effectively removed during loading of the catalyst. 

[0057] The vacuum capture of dust and fines can also be implemented in a catalyst loading 

5 tray that is not modularly formed but which is a single unit non-reducible element. In such a 

case the catalyst loading template will typically be a large array and in order to obtain a 

sufficient suction across the whole array the volume between the catalyst loading template 

and tubesheet may be divided into separate chambers by walls or the like, and each chamber 

is provided with a vacuum outlet. In this way each chamber is subjected to a sufficient 

10 vacuum. 

[0058] The captured dust and fines is preferably collected and recycled to form fresh 

catalyst since it typically contains valuable catalytic metals. 

[0059] It is also considered to be advantageous to include a dust sensor probe in the vacuum 

outlet stream. Such a probe can measure the concentration of dust removed by the vacuum 

15 and provide information indicating the levels of dust content in a batch of catalyst and the 

total quantity of dust recovered. 

[0060] Returning to figure 4, the catalyst loading element 4 is provided with a vibrator 32 in 

vibrational contact with the catalyst loading template 14. The vibrator 32 causes the catalyst 

loading template 14 to vibrate so that particulate catalyst present on the catalyst loading 

20 template 14 is agitated and falls into the catalyst loading opening 12. 

[0061] As can be seen in figures 2A and 2B each of the catalyst loading elements is 

provided with such a vibrator 32. Upon construction of a larger catalyst loading tray 2 from a 

plurality of elements 4, the vibrators 32 on each element make it possible to effect vibration 

across the extended catalyst loading template 14. This advantageously aids in avoiding the 

25 need for manual or automated sweeping of catalyst particles into the catalyst loading openings 

12. 

[0062] Referring to figure 5, the catalyst loading template 14 is raised up on resilient 

supports 34, preferably constructed from rubber or a similar material, which act to isolate the 

template rest of the element 4, and the catalytic reactor, from the effects of the vibrator 32. 

30 [0063] In an exemplary method of loading the multi-tube catalytic reactor 10 with 

particulate (granular) catalytic material, the catalytic m aterial is charged to each of the reactor 
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tubes 9 using the illustrated loading tray 2. The loading tray elements 4 are passed in 

unjoined form, into the work space above the tubesheet 8 via a manhole or other opening. A 

first one of the loading elements 4 is positioned atop the tubesheet 8 with its loading holes 12 

aligned with tube sheet openings 24. A further loading tray element 4 is then slid into 

5 engagement with the already laid loading tray 4 by use of the T-slot mechanism 28. This 

laying of further loading tray elements 4 is continued in order to make up an extended array 

of loading holes 12 in an extended planar template 14. Different lengths and forms of loading 

tray elements 4 are added into the array to obtain a desired coverage form and size matching 

the tubesheet and reactor, e.g. to match the outer curve and to build around cooling tubes. 

10 [0064] Peripheral sidewall elements 26 are slotted into the outer T-slots 28 of the built array 

to form a closed off loading tray for the catalyst pellets when they are poured on. 

[0065] Filler sleeves 40, 42 are inserted into the loading openings 12 whereby their upper 

flanges 44 come to rest within the template 14 and the loading openings are restricted in size 

to the loading orifice 54 of the filler sleeve 40, 42. The filler 40, 42 sleeves can be added 

15 prior to, during or after the assembly of the extended template array. Usually a filler sleeve, 

40, 42 will be inserted into every one of the loading openings 12, however, on occasion it 

may be that catalyst is not to be filled into one or more of the openings, in. which case a plug 

can be inserted to block the selected loading opening(s) 12. 

[0066] A vacuum line is attached to each of the vacuum outlets 18 for application of dust 

20 removing suction to each of the volumes 38 between the loading tray templates 14 and the 

tubesheet 8. 

[0067] Catalyst material is poured onto the assembled loading tray 2 while at the same time 

the vibrators 32 cause vibration of the templates 14. The catalyst particles are agitated or 

jostled and spill into the loading orifices 54, passing through the filler sleeves 40, 42 and into 

25 the reaction tubes. As the catalyst material passes through the upper part of the filler sleeves 

40, 42 the suction applied via vacuum outlet 18 removes dust and fragments through the sieve 

openings 50. 

[0068] The filler sleeves 40, 42, are filled to their upper level and then excess catalyst 

material is removed from the loading tray 2. This can conveniently be done by removing at 

30 least a part of the peripheral sidewall and sweeping the excess catalyst over the open edge of 

the loading tray into a receptacle. 
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[0069] The loading tray elements 4 are then lifted up from the tubesheet 8 raising the filler 

sleeves 40, 42 at the same time. The catalyst in the filler sleeves 40, 42 falls into the reactor 

tubes filling the tubes to the desired level with an. outage. Vibration can be continued during 

and after lifting to ensure catalyst falls out of the filler sleeves. 

5 [0070] The loading tray elements 4 can be lifted one at a time or in groups. Since manual 

lifting will often be implemented, the loading tray elements arc preferably lifted one by one. 

[0071] It is possible to cover a whole tubesheet 8 with an assembled loading tray 2. 

However, for efficient filling practices, it is often better to assemble a loading tray 2 atop only 

a section of the tubesheet 2 since this allows other sections of the tubesheet to be handled by 

10 another worker resulting in a speedier filling. 

[0072] Further modifications in addition to those described above may be made to the 

structures and techniques described herein without departing from the spirit and scope of the 

invention. Accordingly, although specific embodiments have been described, these are 

examples only and are not limiting upon the scope of the invention. 



WO 2013/160311 PCT/EP20.13/058406 

-15-

WHAT IS CLAIMED IS: 

1. A loading tray for loading particulate material into a catalytic reactor comprising 

an upper tubesheet and an array of reaction tubes extending downward from the 

tubesheet; wherein the loading tray comprises: 

5 a loading template comprising one or more loading openings; 

one or more supports for spacing the loading template above the tubesheet to 

form a volume between the loading template and the upper tubesheet; and 

a vacuum outlet for application of suction to the volume between the loading 

template and the upper tubesheet. 

10 2. A catalyst loading tray according to claim 1 which, when placed above the 

tubesheet for catalyst loading use, substantially closes the volume between the 

loading template and the upper tubesheet for airflow, except for the catalyst 

loading openings, reactor tube openings in the tubesheet, and the vacuum outlet. 

3. A catalyst loading tray according to any of claims 1 or 2 wherein the catalyst 

15 loading template is elongate. 

4. A catalyst loading tray according to any previous claim wherein the catalyst 

loading openings are disposed in a single row. 

5. A catalyst loading tray according to any previous claim wherein the catalyst 

loading template comprises from 2 to 40 catalyst loading openings; preferably 

20 from 3 to 30 openings, and most preferably from 4 to 20 openings. 

6. A catalyst loading tray according to any previous claim wherein at least one of the 

catalyst loading openings is provided with a filler sleeve, the filler sleeve 

comprising: 

an upper portion having a catalyst loading orifice and an engagement member; 

25 a tubular sleeve extending downwardly from, said upper portion so that the 

catalyst loading orifice leads to an interior of the tubular sleeve; wherein 

the tubular sleeve is provided with, side sieve openings sized to prevent passage 

of particulate catalyst but to allow passage of dust. 

7. A catalyst loading tray according to claim 6 wherein the sieve openings are 

30 disposed such that when the catalyst loading tray is placed for catalyst loading 
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use above the tubesheet, the sieve openings are at least partially located within 

the volume between the loading template and the upper tubesheet. 

8. A catalyst loading tray according to claim 6 or 7 wherein the sieve openings are 

sized to prevent passage of a particle having a dimension at least about 0.2 of an 

upper, inner diameter of the filler sleeve. 

9. A catalyst loading tray according to any of claims 6 to 8 wherein the filler sleeve 

is removable from the catalyst loading opening. 

10. A catalyst loading tray according to any of claims 6 to 9 wherein the engagement 

portion of the filler sleeve is an upper flange and the catalyst loading opening is 

provided with a shoulder for engaging said upper flange. 

11. A catalyst loading tray according to any of the preceding claims wherein a 

vibrator is provided for vibrating the catalyst loading template, and preferably 

wherein the at least one support is resilient to damp vibration, and preferably 

comprises rubber. 

12. A catalyst loading tray according to any of the preceding claims wherein an 

upstanding wall is provided along at least are part of the periphery of the array of 

catalyst loading openings. 
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13. A method of loading particulate catalyst into a catalytic reactor comprising an 

upper tubesheet and an array of reaction tubes extending downward from the 

tubesheet, comprising the steps of: 

a. disposing a catalyst loading tray according to any of claims 1 to 12 above the 

reaction tubes of the catalytic reactor so that the catalyst loading openings 

align with openings of the reaction tubes; 

b. supplying the particulate catalyst material to the array of the catalyst loading 

openings such that the particulate catalyst material passes through the catalyst 

loading openings and the reactor tube openings; 

c. applying a vacuum via the vacuum outlet for at least part of the duration of 

step b, preferably for the substantial duration of step b, and more preferably 

also prior to and/or subsequent to step b; and 

d. removing the catalyst loading tray from the catalytic reactor. 

14. A method of loading particulate catalyst into a catalytic reactor according to claim 

13 including vibrating the catalyst loading template during at least part of step b, 

and preferably also during at least part of step d. 


