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A GAS-POCKET DISTRIBUTOR AND METHOD 
FOR HYDROPRQCESSING AHYPROCABBONFEED STREAM 

Background of the Invention 

1. Fie1d of the Invention 

The present invention relates to a gas-pocket distributor assemb1y for distributing a 

mixture of1iquid hydrocarbons and hydrogen-containing gas( es). More particularly, the 

present invention provides for an improved gas-pocket distributor assembly, a reactor 

containing the improved gas-pocket distributor assembly, and a method for hydroprocessing 

1 o a hydrocarbon feed stream. 

2. Description of the Prior Art 

Hydroprocessing or hydrotreatment to remove undesirable components from 

hydrocarbon feed streams is a well known method of catalytically treating such heavy 

hydrocarbons to increase their commercial value. "Heavy" hydrocarbon liquid streams, and 

15 particularly reduced crude oils, petroleum residua., tar sand bitumen, shale oil or liquified coal 

or reclaimed oil, generally contain product contaminants. such as sulfur, and/or nitrogen, 
metals and organo-metallic compounds which tend to deactivate catalyst particles during 

contact by the feed stream and hydrogen under hydroprocessing conditions. Such 

hydroprocessing conditions are nonnally in the range of 212 °F to 1200 °F (100°to 6SC>°C.) 

20 at pressures of from 20 to 300 atmospheres. Generally such hydroprocessing is in the 

presence of catalyst containing group VI or VIII metals such as platinum, molybdenum, 

tungsten, nickel, cobalt, etc., in combination with various other metallic element particles of 

alumina. silica.. magnesia and so forth having a high surface to volume ratio. More 

specifically, catalyst utiliz.ed for hydrodemetallation. hydrodesulfurintion, 

2 5 hydrogenitriflcation. hydrocracking. etc .• of heavy oils and the like are generally made up of a 

earner or base material; such as alumina, silica, silica-alumina., or possibly, crystal1ine 

aluminosilicate, with one or more promoter(s) or catalytically active metaJ(s) (or 

compound(s)) plus trace materials. Typical catalytically active metals utilized are cobalt. 

molybdenum, nickel and tungsten; however, other metals or compounds could be selected 

3 O dependent on the application. 

Because these reactions must be canied out by contact of a hydrogen-containing gas 

with the hydrocarbon feed stream at elevated temperatures and pressures, the major costs of 
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such processing are essentially investment in vessels and associated furnaces, heat 

exchangers, distributor plate asmnbli~ pumps, piping and valves capable of such service 

and the replacement cOst: of catalyst contaminated in such service, and the cost of assembling 

the equipment. CommerciaJ hydroprocessing of relatively low cost feed stocks such as 

5 reduced crude oils containing pollutant compounds, requires a flow rate on the order of a 

few thousand up to one hundred thousand barrels per day, with concurrent flow of hydrogen 

at up to 10,000 standard cubic feet per barrel of the liquid feed ( 1780 m3 Hz I m3 oil). 

Vessels capable of containing such a reaction process are accordingly cost-intensive both due 

to the need to contain and withstand corrosion and metal embrittlement by the hydrogen and 

1 o sulfur compounds, while cmying out the desired reactions, such as demetallation, 

denitrification, desulfurization, and cracking at elevated pressure and temperatures. Pumps, 

piping and valves for handling fluid streams containing hydrogen at such pressures and 

temperatures are also costly, because at such pressures seals must remain hydrogen 

impervious over extended service periods of many months. It is also cost-intensive to insure 

15 that all of the equipment including distributor plate assemblies are assembled and/or 

manufactured correctly. It is important jn such prior art distributor plate assemblies that they 

are essentially perfectly level to inununize ftow distribution of the hydrocarbon feed streams 

from their sensitivity to the levelness of the distnbutor plate assembly. 

As particularly distinguished from prior known methods of hydroprocessing. the 

2 o method and apparatus in U.S. Patent No. S,076,908 to Stangeland et al more specifically 

provides a system whCrein downward plug-flow of the catalyst bed is maintained over a wide 

range of counterflow rates of a hydrocarbon feed stream and hydrogen gas throughout the 

volume of the substantially packed catalyst bed. Such packed bed flow maintains 

substantially maximum volume and density of catalyst within a give vessel's design volume by 

25 controlling the size, shape and density of the catalyst so that the bed is not substantially 

expanded at the design rate of fluid flow therethrough. 

Bischoff et al, U.S. Patent No. 4.571,326. is directed to an apparatus for 

withdrawing catalyst through the center of a catalyst bed countedlowing to a liquid 

hydrocarbon and gas feed stream. The system is particularly directed to arrangements for 

3 o assuring uniform distribution of hydrogen gas with the liquid feed across the cross-sectional 

area of the bed. Such uniform distribution appears to be created because the bed is ebullating 

under the disclosed conditions of flow. Accordingly. considerable reactor space is used to 
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initially mix the gas and hydrocarbon liquid fecids in the lower end of the vessel before 

flowing to other bottom feed distnlnators. The feeds are further mixed at a higher Jevel by 

such distributor means in the fonn of "Sulzer Plates11 or a 11honeycomb" of hexagonal tubes 

beneath a truncated, conical, or pyramidal-shaped furmel screen. The arrangement may 

5 include an open ramp area parallel to the underside of the screen between the tube or plate 

ends. Further, to maintain gas distributions along the length of the catalyst bed, quench gas is 

supplied through upflowingjets in star-shaped or annular headers extending across middle 

portions of the vessel. The mangement for withdrawal of spent catalyst requires ebullation 

of at least the Jower portion of the bed. As noted above. added vessel space for unifonn 

1 o mixing of hydrogen and feed before introducing the fluids into an ebuJlated bed, as well as an 

ebullating bed, increases the required size of the hydroprocessing vessel, increases catalyst 

attrition, increases ~bed mixing and substantially increases initial, and continuing 

operating costs of the system. 

Bischoff et al. U.S. Patent No. 4,639,354, more fully describes a method of 

15 hydroprocessing, similar to U.S. Patent No. 4,571)26. wherein similar apparatus obtains 

unifonn ebullation through the venical height of a catalyst bed, including a quench gas step. 

One of the basic principles and teachings ofStangeland et al in U.S. Patent No. 

5,076,908, is that by specifically selecting the size, shape. and density of the catalyst pellets, 

combined with appropriate control of process liquid and gas velocities, random motion and 

20 baclanixing oft~ catalyst can be minimized, and plugftow characteristics of the catalyst 

downward and the liquid and gas flow upward, maximized. Stangeland et al economicalJy 

utili7.es space within a hydroprocessing vessel over a wide range of processing rates without 

substantial random motion or ebullation of a packed bed of catalyst during high counterflow 

rates of the hydrocarbon feed and a hydrogen containing gas through the packed bed, while 

2 5 maintaining continuous or intermittent replacement of catalyst for plug-like flow of the bed 

through the vessel. Such plug flow with high processing rates is obtained by Stangeland et al 

by selecting the si2.e, shape and density of the catalyst particles to prevent ebullation and bed 

expansion at the design flow rate so as to maximize the amount of catalyst in the vessel 

during nonnal operation and during catalyst tramfer. Catalysts are selected utilizing data 

3 o gained while studying catalyst bed expansion, such as in a large pilot plant run, with liquid 

hydrocarbon, hydrogen and cataJyst at the design pressures and flow velocities within the 

available reaction volume of the vessel. Catalyst is removed trom the bed by Stangeland et al 
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through laminar flow of the catalyst particles in a liquid slurry system in which the liquid flow 

line is uniform in diameter, and substantially larger than the catalyst particles.. throughout the 

flow path between the reactor vessel and a pressurizable vessel including passageways . 

through the flow control valves. 

5 However, the method and apparatus disclosed by Stangeland et al in U.S. Patent No. 

5,076,908, as well as the methods and apparatus( es) taught by the above-identified prior art 

patents relating to U.S. Patent No. 5,076,908 to Stangeland, et al, all teach and/or suggest a 

distributor plate assembly that should be essentially level in a reactor vessel contaming the 

distnllutor plate assembly. Flow distribution of a hydrocarbon feed stream passing through a 

10 distributor plate assembly is sensitive to the levelness of the distnllutor plate assembly within 

the reactor vessel. Even for a perfectly level plate, gas flow would pulse because of sloshing 

and varying liquid level. If the distributor plate assembly is not level, distribution of the 

hydrocarbon feed stream throughout an associated catalyst bed within the reactor vessel is 

affected. Also, these prior art hydroprocessing methods and apparatuses are saddled at times 

15 with hydrogen-containing gas bubbles that are too large, which also could affect the 

distribution of the hydrocarbon feed stream throughout a catalyst bed within the reactor 

vessel. Therefore, what is needed and what has been invente<I is a method and an apparatus 

or distnllutor assembly that is capable of producing an excellent, steady and smooth flow of a 

mixture of a gas, (e.g. a hydrogen-containing gas) and a liquid (e.g. a liquid hydrocarbon) 

2 o into a chamber (e.g.· a plenum chamber) without the indicated deficiencies associated with the 

prior art methods and apparatuses. 

Sumnwy of the Invention 

The present invention accomp6shes its desired objects by providing a distributor 

assembly fur hydroprocessing a hydrocarbon mixture of hydrogen-containing gas and liquid 

2 5 hydrocarbon flowing through a hydroconversion reaction zone containing a bed of catalyst. 

The distnbutor assembly includes a plate member having a structure defining at least one 

opening and at least one tube member having a tubular bore and bound to the plate member 

such that the tubular bore conununicates with the at least one opening. The at least one tube 

member has a pair of open ends and at least one tubular opening in a side thereof The tube 

3 o member has a tubular axis and the tubular opening which has an opening axis that is generally 

normal to the tubular axis. The apparatus, as well as the method, of the present invention 
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may be employed for mixing any gas in any liquid, such as aeration ponds. adding C~ to 

reactors, etc. 

The present invention further accomplishes its desired objects by broadly providing a 

reactor comprising a vessel with an internal cylindrical wall; and a catalyst bed support 

5 means secured to the internal cylindrical wall of the vessel for supporting a catalyst bed. The 

distributor assembly is secured to the internal cylindrical wall of the vessel. 

The present invention also further accomplishes its desired objects by providing a 

method for hydroprocessing a hydrocarbon feed stream that is flowing through a 

hydroconversion reaction mne having a bed of cataly~ which method comprises the steps 

1 o of. funning at least one tubular mne in a reactor mne containing a hydrocarbon reaction 

zone having a bed of catalyst; flowing a mixture of hydrogen-containing gas and liquid 

hydrocarbon into the reactor zone to produce evolved hydrogen-containing gas; and flowing 

the mixture of hydrogen-a>ntaining gas and liquid hydrocarbon through the at least one 

tubular zone while admixing therewith. preferably simultaneously admixing therewith, the 

is evolved hydrogen-containing gas. 

Whenever the teim "evolved hydrogen-containing gas" is stated in the specification 

and/or the claims, it is not to unduly limit the spirit and scope of the present invention and is 

intended to mean not only hydrogen gas that has evolved from the liquid hydrocarbon that is 

being introduced into a reactor simultaneously therewith. but aJso hydrogen gas that did not 

2 o evolve ftom th~ liquid hydrocarbon and is at least part of the hydrogen-containing gas itself 

that is being introduced into the reactor along with the liquid hydrocarbon. Thus. "evolved 

hydrogen-containing gas• comprises the hydrogen-containing gas that is being introduced 

into a reactor aJong with the liquid hydrocarbon. any hydrogen gas that has evolved from the 

liquid hydrocarbon itsel( and hydrogen-a>ntaining gas that solutionized aruVor dissolved into 

2 5 and/or with the liquid hydrocarbon and which has subsequently evolved from the liquid 

hydrocarbon. especiaJly after introduction into the reactor. 

It is therefore an object of the present invention to provide a distributor assembly for 

hydroprocessing a hydrocarbon mixture of hydrogen.containing gas and liquid hydrocarbon. 

It is another object of the present invention to provide a reactor containing the 

3 o distributor assembly for hydroprocessing a hydrocarbon mi>rture of hydrogen-containing gas 

and liquid hydrocarbon. 
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It is also further an object of the present invention to provide a method for 

hydroprocessing a hydrocarbon feed stream that is flowing, preferably upflowing. through a 

hydroconversion reaction zone having a bed of catalyst. 

These, together with the various ancillary objects and features that will become 

5 apparent to those artisans skilled in the art as the following description proceeds. are attained 

by the present invention, a p eferred embodiment as shown with reference to the 

accompanying drawings, by way of example only. wherein: 

Brief Description of the Drawings 

Fig. 1 is a partial perspective sectional view of the reactor of the present invention 

1 o having a distributor plate assembly with a plurality of depending hollow risers, with each riser 

having an opening wherethrough evolved hydrogen-containing gas flows to be admixed with 

a mixture of liquid hydrocarbon and hydrogen-containing gas; 

Fig. 2 illustrates a mixture of hydrogen-containing gas and liquid hydrocarbon 

flowing into a hollow riser having an opening, with the mixture not having passed the 

15 opening in the hoUow riser, and further illustrating evolved hydrogen-containing gas passing 

ftom a suitable gas head and into a space in the hollow riser above a level of the mixture of 

hydrogen-containing gas and liquid hydrocarbon contained therein; 

Fig. 3 illustrates the mixture of liquid hydrocarbon and hydrogen-containing gas 

flowing upwardly through a hollow riser and past the opening in the hollow riser, with 

20 evolved hydrogen-containing gas passing and/or flowing from a suitable gas head, through 

the opening in the hollow riser and into the mixture ofliquid hydrocarbon and hydrogen­

containing gas for admixing with the same; 

Fig. 4 is a partial ~sectional view of the reactor in Fig. 8 of copending patent 

application Serial No. 08/497,638 filed June 30, J 995 illustrating a catalytic bed with a 

2 s plurality of superimposed layers with respect to each other before commencement of a plug­

flow; 

Fig. 5 is a partial cross-sectional view of the reactor in Fig. 9 of copending patent 

application Serial No. 08/497,638 filed June 30, 1995, in which catalyst is moving 

downwardly in a plug-flow fashion; 

Jo Fig. 6 is an enlarged sectional-view illustrating the mixture ofliquid hydrocarbon and 

hydrogen-containing gas flowing turbulently upwardly through a hollow riser and past the 

opening in the hollow riser, with hydrogen gas flowing from a suitable gas head, through the 
----------
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opening in the hollow riser and into the turbulent flowing mixture of liquid hydrocarbon and 

hydrogen containing gas for admixing with the turbulent flowing mixture; and 

Fig. 7 is an enlarged partial elevational sectional-view of the lower part of the reactor 

illustrating the flow of hydrogen gas and the liquid hydrocarbon. 

s Detailed Description of the Invention Including 
Preferred and/or Best Mode Embodiments of the Invention 

Referring in detail now to the drawings wherein similar parts of the invention are 

identified by like reference numerals, there is seen a reactor vessel, generally illustrated as 10. 

10 Reactor vessel 10 includes an internal generally cylindricaJ wall 11 and a bottom domed 

closure 12 with an internal surface 13. The bottom domed closure ll is secured to the 

internal generally cylindrical wall 11. The reactor veuel 10 is designed to react a hydrogen­

containing gas 36 mixed with a liquid hydrocarbon stream 38 at a pressure of up to about 

300 atmospheres (about 4500 lbs. per square inch) and up to about 6S0°C {about 1200°F). 

15 For such reaction. hydroge&e00taining gas 36 and liquid hydrocarbon stream 38 are 

preferably premixed and introduced as a single stream (i.e. a single two-phase flow) through 

the bottom domed closure 12 by a conduit 14 secured coaxially thereto such as to have a 

concentric disposition with respect to the reactor vessel 10. 

The reactor vessel 10 contains a catalyst bed support means, generally illustrated as 

20 16, for supporting a catalyst bed 18 and containing appropriate openings (not shown) well 

known to the anisans.in the an. The catalyst bed support means 16 contained in the reactor 

vessel IO may be of any suitable geometric shape, such as concentric rings, conical, 

pyramidal, truncated polygonal or conical, fiusto-conical, etc. The catalyst bed support 

means 16 further may be of any type that preferably insures even and equal distribution of 

2 5 hydrogen-containing gas 36 and liquid hydrocarbon stream 38 across a full cross-sectional 

area of the catalyst bed 18. Thus, the particular geometric shape or type of the catalyst bed 

support means 16 is not to unduly limit the spirit and scope of the present invention. 

To assure maximum catalytic benefit during the hydroprocessing of the hydrogen­

containing gas 36 and the liquid hydrocarbon stream 38. it is preferred that the reactor vessel 

3 o 10 contain as much catalyst as possible within the design volume of the reactor vessel t O. 

Accordingly, it is preferred that the catalyst bed suppon means 16 for the catalyst bed 18 be 
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placed as low as possible in the reactor vessel 10 while assuring full and adequate dispersion 

of the hydrogen-containing gas 36 within the liquid hydrocarbon stream 38. 

The upper level of the catalyst bed 18 is to be controlled such that ebuUation, 

expansion, or fluidization of the cata1yst bed 18 is minimized and that undesirable excursions 

s from the design flow rate for hydrogen-containing gas 36 and liquid hydroCarbon ·stream 38 

flowing upwardly through the catalyst bed 18 are avoided for the selected catalyst. For this 

accomplishment and as discussed in detail in Patent No. S,472,928, issued Decembers, 

1995, the size, shape, and density of the catalyst particles within the catalyst bed 18 are to be 

essentially unifonn and are selected in accordance with the designed maximum rate of flow 

10 of feed streams or a mixture 34 of the hydrogen-containing gas 36 and the liquid 

hydrocarbon stream 38 to prevent ebullation, expansion, or fluidimtion of the catalyst bed 11 

while the latter progressively moves down through the reactor vessel 10 in layers by plug 

t1ow. 

A "plug flow'' of the catalyst bed 18 is illustrated in Figs. 4 and 5 here.in and may be 

15 best described as when a lowermost volumetric layer A is removed, the next volumetric layer 

B flows downwarcUy to replace the lowermost volumetric layer A and assumes a new 

position as a lowennost volumetric layer B. The removed lowermost volumetric layer A is 

replaced with an upper volumetric layer J. The procedure is again repeated (as best shown 

by the dotted line representations in Fig. S) by removing the lowennost volumetric layer B 

2 o and causing the next volumetric Jayer C to fJow downwardly in a plug-like filshion to replace 

the lowermost volumetric layer B and assume a new position as a lowennost volumetric 

layet: C. The removed lowermost volumetric layer B is replaced with an upper volumetric 

layer K. The procedure may be continually repeated to define a downwardly plug-flowing 

catalyst bed 18 which is moving in direction of arrow W in Fig. 5. 

2 s The reactor vessel 10 also contains a generally (grid-like structure) circular plate 

member 22 (i.e. a distributor tray), that is secured to the internal generally cylindrical wall 11 

such that a plenum (or inlet) chamber 24 is produced between the catalyst bed support means 

16 and the generally circular plate member 22. A bottom header, generally illustrated as 40, 

is defined by the distance between the inner surface 13 of the bottom domed closure 12 and 

3 o the plate member 22. The mixture 34 of the hydrogen-containing gas 36 and the liquid 

hydrocarbon stream 38 is supported by the bottom domed closure 12, more specifically by 
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the surface 13 of the bottom domed closure 12. such as to occupy a volumetric portion in the 

bottom header 40. The distance between the level of the mixture 34 and the plate member 

22 defines a static head S wherein a suitable gas head 50 comprises evolved hydrogen­

containing gas 36A that has originated from the mixture 34 of the hydrogen-containing gas 

5 36 and the liquid hydrocarbon stream 38. 

As was previously mentioned and indicated, the term "evolved hydrogen-containing 

gas" comprises the hydrogen-containing gas 36 that is being introduced into the reactor 

vessel 10 along with the liquid hydrocarbon stream 38, any hydrogen gas that has evolved 

fi"om the liquid hydrocarbon stream 38 itself; and hydrogen-containing gas 36 that 

lo solutioni7.ed and/or dissolved into and/or with the liquid hydrocarbon stream 38 and which 

has subsequently evolved fi"om the liquid hydrocarbon stream 38. especially after 

introduction into the reactor vessel 10. 

The plate (grid-like structure) member 22 has a plurality of openings 26 that 

respectively comnmnicate with a plurality of tubes or hollow risers 28 that are bound to the 

15 plate member 22. Stated alternatively, the plate member 21 includes a plurality or 

multiplicity of tubes or hollow risers 28 funning openings 26 through the plate member 22. 

At least one of the tubes or hollow risers 28 (preferably all of them) contains a tubular bore 

29 and at least one aperture or opening 30 and a pair of open ends. both generally illustrated 

as27. 

2 o The length of the tubes or hollow risers 28 may be selected such that the suitable gas 

head SO is fonned underneath the plate member 22 and/over the level of the mixture 34 to 

suppress surges in the feed stream(s) entering the bottom header 40 ftom the conduit 14. 

Tubes or hollow risers 28 receive the mixture 34 of hydrogen-containing gas 36 and liquid 

hydrocarbon stream 31 and pass the same tlvough the openings 26 to enter the plenum (or 

2 5 inlet) chamber 24. 

As the mixture 34 of the hydrogen-containing gas 36 and the liquid hydrocarbon 

stream 38 tlows through the respective hollow risers 28. the evolved hydrogen-containing 

gas 36A within the static head S (or the suitable gas head 50) enters or passes through the 

apertures 30. as best shown in Figs. 2 and 3. More specifically and as further best shown in 

Jo Figs. 2 and 3. as the mixture 34 flows through conduit l 4 and into the bottom header 40, 

evolved hydrogen-containing gas 36A commences to evolve from the mixture 34 and the 

---· 
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suitable gas head SO ~ns to fonn. Continual flow of the mixture 34 into the bottom 

header 40 fills a lower portion of each of the hollow risers 28 and a volumetric portion of the 

bottom header 40 such as to produce the suitable gas head so. all as best shown in Fig. 1. 

The suitable gas head 50 has a pressure that is greater than the pressure of the 

s mixture 34 such that with continual introduction of the mixture 34 into the bottom header 

40, the mixture 34 commences to flow up and through each of the hollow risers 28 and out 

of the openings 26 and into the plenum (or inlet) chamber 24. When the suitable gas head SO 

is formed and/or begins to form. evolved hydrogen-containing gas 36A commences to flow 

in direction of the arrows M and through the opening(s) 30 in each of the hoJlow risers 28; 

10 that is, evolved hydrogen-containing gas 36A commences to flow towards a lower pressure 

zone. 

Fig. 2 illustrates the mixture 34 flowing into each of the hollow riser(s) 28 but not to 

the point of passing by the opening(s) 30, and evolved hydrogen-containing gas 36A passing 

in direction of the mows M from the suitable gas head 50, through opening(s) 30 in each of 

15 the hollow risers 28, and into the space in each of the hollow risers 28 above the mixture 34 

contained therein. Obviously as further shown in Fig. 2, as the mixture 34 commences to 

flow through the respective tubular bores 29 and up each of the hollow risers 28, some of the 

hydrogen-containing gas 36 evolves out of and/or from the mixture 34 such as to commingle 

with and/or admix with the evolved hydrogen-containing gas 36A entering through 

2 o opening(s) 30 in the hollow riser(s) 28. Fig. 3 illustrates the mixture 34 flowing in the 

direction of the arrows P and in a manner of turbulent arrows R and passing each of the 

opening(s) 30 in the hollow riser(s) 21 with evolved hydrogen-containing gas 36A passing 

andlortlowing in direction of arrows M from the suitable gas head 50, through opening(s) 

30 in each of the hollow risers 28, and into the mixture 34 for admixing with the same. 

2 5 It has been discovered that by providing each of the hollow risers 28 with an aperture 

30 wherethrough the evolved hydrogen-containing gas 36A passes to be admixed with the 

mixture 34 offers the following advantages: (i) provides a good steady and smooth flow of 

hydrogen-containing gas 36 and liquid hydrocarbon stream 38 into the plenum (or inlet) 

chamber 14; (ii) the flow distribution of the mixture 34 through the openings 26 of the plate 

3 o member 21 is insensitive to the levelness of the circular plate member 22 or to the varying 

liquid level in the bottom header 40~ (iii) there is intimate re-mixing of hydrogen-containing 
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gas 36 (i.e. evolved hydrogen-containing gas 36A and hydrogen-containing gas 36) in each 

of the hollow risers 28; and (iv) there is a high level of turbulence (see arrows R in Fig. 3) in 
an upper exit section (i.e. an upper section of each hollow risers 28 contiguous to or at 

openings 26 of the plate member 22) to promote break-up of bubbles of hydrogen-containing 

s gas 36 and/or evolved hydrogen-containing gas 36A. 

The size of the opening(s) 30 is carefully chosen to control the liquid level safely 

above the bottom of the riser 28 and also safely below the opening(s) 30. If the opening(s) 

30 is too large, liquid will cover the opening(s) 30 from a decrease in the size of the gas head 

50. If the opening(s) 30 is too smaU, the liquid level will descend from an increase in the size 

10 of the gas head 50, even to the point where the tiquid level win uncover the lower open end 
27 of at least one of the risers 28. This uncovered riser would then allow a large burst of gas 

to pass up that riser and disturb the even flow of gas and liquid in the plenum. Those 

possessing the ordinary skill in the art can readily adjust the size of the gas head 50, the flow 

of liquids/gas through the riser(s) 28, and the size of the opening(s) 30 in the riser(s) 28 such 

15 that the liquid level is maintained between the opening(s) 30 and the lower open end 27 of 

the riser(s) 28 from the Bernoulli principles found in any fluid flow or hydraulics engineering 

book, such as by way of example and fully incorporated herein by reference thereto: 

Momentum, Heat, and Mass Transfer, 2nd Edition by Bennett & Myers c J 962, 1974 by 

McGraw-Hill Inc. 

2 o Without the opening(s) 30, there would be violent slugging of gas and liquid up the 

riser(s) 28 at random locations as the rapidly varying liquid height exposes the bottom open 

end(s) 28 of different risers 27. This leads to large gas bubbles getting to the bottom of the 

catalyst bed support means 16, rather than the gentJe, steady rise of many small gas bubbles. 

Thus, by the practice of the present invention, there is provided a distributor 

2 s assembly for hydroprocessing a hydrocarbon mixture 34 of hydrogen-containing gas 36 and 

liquid hydrocarbon 38 that is Bowing (preferably upflowing) through a hydroconversion 

reaction zone containing a bed 18 of catalyst. As previously indicated, the circular plate 

member 22 has a structure defining at least one opening 26. At least one tube member or 

hollow riser 28 with a tubular bore 29 (see Figs. 2 and 3) is bound to the plate member 22 

3 o such that the tubular bore 29 conununicates with the at least one opening 26. The at least 

one tube member or hollow riser 28 has at least one tubular aperture or opening 30 in a side 
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thereof. As best shown in Figs .. 2 and 3, opening 30 has an axis (not identified) that is nonnal 

or perpendicuJar to an axis (not identified) of the hollow-riser 28. 

Thus further by the practice of the present invention, there is provided the reactor 10 

having the internal cylindrical wall 11 and the catalyst bed support means 16 secured to the 

5 internal waU 11 for supporting the catalyst bed 18. As previously indicated, the distributor 

assembly is secured to the internal cylindrical wall 11. More specifically with respect to the 

distributor assembly, the plate member 22 is secured to the cylindrical wall ti of the reactor 

10 and has a structure defining at least one opening 26. More specifically further and as 

previously indicated. the at least one tube member or hollow member 28 of this invention, 

1 o has the tubular bore 29 and is bound to the plate member 22 such that the tubular bore 29 

communicates with the at least one opening 26. Each of the tube members or hollow risers 

28 has a tubular opening 30 in the side thereof and a pair of open ends. 

Thus yet further by the practice of the present invention, there is provided a method 

for hydroprocessing a hydrocarbon feed stream that is flowing through a hydrocarbon 

15 reaction zone having a bed of catalyst comprising the steps of: (i) funning at least one 

tubular mne in a reactor zone containing a hydrocarbon reaction zone having a bed of 

catalyst; (ii) flowing a mixture of hydrogen-containing gas and liquid hydrocarbon into the 

reactor zone to produce evolved hydrogen-containing gas~ and (iii) flowing the mixture of 

hydrogen-containing gas and liquid hydrocarbon through the tubular zone while admixing 

2 o therewith the evolved. hydrogen-containing gas. 

While the present invention has been described herein with reference to particular 

embodiments thereof, a latitude of modification, various changes and substitutions are 

intended in the foregoing disclosure. and it will be appreciated that in some instances some 

features of the invention will be employed without a corresponding use of other features 

25 without departing from the scope of the invention as set forth. 
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WE CLAIM: 

I. A distributor assembly for hydroprocessing a hydrocarbon mixture ofhydrogen­

containing gas and liquid hydrocarbon that is flowing through a hydroconversion 

reaction zone having a bed of catalyst. wherein said distributor assembly comprises a 

5 plate member having a structure defining at lea.st one opening; at least one tube 

member having a tubular bore and bound to said plate member such that said tubular 

bore conununicates with said at least one opening; and said at least one "tube member 

including at least one tubular opening in a side thereof. 

10 2. The distributor assembly of Claim 1 wherein said tube member has a tubular axis and 

said at least one tubular opening has an opening axis that is generally normal to said 

tubular axis. 

3. 

15 

A method for hydroprocessing a hydrocarbon feed stream that is flowing through a 

hydroconversion reaction zone having a bed of catalyst comprising the steps of: 

(a) Conning at least one tubular zone in a reactor zone containing a hydrocarbon 

reaction zone having a bed of catalyst; 

(b) flowing a mixture of hydrogen-containing gas and liquid hydrocarbon into the 

reactor zone of step (a) to produce evolved hydrogen-containing gas; and 

20 ( c) flowing the mixture of step (b) through the tubular zone of step (a) while 

25 

30 

4. 

admixing therewith the evolved hydrogen-containing gas of step (b ). 

A reactor comprising a vessel with an internal cylindrical wall; a catalyst bed support 

means secured to said internal cylindrical wall of said vessel for supporting a_ catalyst -

bed; a plate member secured to the internal cylindrical wall of the vessel and having 

a structure defining at least one opening at least one tube member having a tubular 

bore and bound to said plate member such that said tubular bore communicates with 

said at least one opening; and said at least one tube member including at least one 

tubular opening in a side thereof. 

5. The reactor of Claim 4 wherein said tube member has a tubular axis and said at least 

one tubular opening has an opening axis that is generally nonnal to said tubular axis. 
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