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(57) Abstract: The invention is directed to a reactor (6) for reacting a

feedstock, said reactor comprising, a fixed catalyst bed (5) for reaction
of said feedstock, said reactor containing a bypass apparatus disposed
within said fixed catalyst bed, said bypass apparatus being aligned with
the direction of flow of said feedstock, and wherein said bypass apparatus
comprise a cage member (2) comprising a first elongated hollow mem-
ber (3) having a top wall, sidewalls and a bottom wall, said cage member
having openings therein, and a second hollow elongated member (1) for
passing said feedstock therethrough, said second hollow elongated mem-
ber (1) being disposed within and protruding through said top wall of said
cage member (2) and wherein said second elongated member (1) extends
above said catalyst bed (5) through said cage member (2).
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FOULING TOLERANT FIXED BED REACTOR

FIELD OF THE INVENTION

An embodiment of the instant invention 1s directed to a reactor

having bypass apparatus for extending the operating lite ot the reactor.

BACKGROUND OF THE INVENTION

In the normal operation of fixed bed chemical and oil refining
reactors, the top of the catalyst bed often becomes fouled or plugged by the
deposition of organometallic compounds, polymeric and carbonaceous materials
and organic and inorganic particulates. The plugging of the catalyst bed 1s
undesirable since the resultant increase in pressure drop necessitates costly shut-

downs or throughput reduction and requires time consuming repairs and

maintenance.

In an effort to overcome this problem, many schemes have been
devised, where each reactor is equipped with more than one catalyst bed and a

plugged bed is bypassed to extend the operating life of the reactor (see for
example, U. S. Patents 3,509,043; 4,313,908; and 5,670,116). The shortcoming

of such teachings is that they require an auxiliary bypassable bed. For example,

the above teachings are not applicable to reactors having only a single fixed bed

of catalyst particles.

Additionally, schemes involving the use of what 1s commonly
referred to in the art as trash baskets have been developed. In such schemes, as

taught by U. S. Patents 3,992,282 and 3,888,633, particulate impurities are
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removed from a fluid stream flowing into a fixed bed of catalyst by a hollow

basket or scale traps that extends into the catalyst bed.

While the trash baskets described by the prior art tend to remove
particulates contained in the fluid streams being passed through the reactor, they

have only a small effect in minimizing pressure drop buildup due to fouling.

The trash basket walls, usually made from screen mesh material, get fouled and
plugged with particulates within a short period of time. Thus, the flow passage
of the fluid streams 1s occluded and the pressure drop begins to rise, though at a
somewhat slower rate than if the baskets were not used. Very often, it is
desirable to keep these reactors on stream without significant pressure drop

buildup for a long period of time lasting several years. Thus, the trash baskets

do not provide adequate protection against pressure drop buildup, and an
alternate method is needed to extend the run length of these reactors. What is
needed in the art 1s a method which allows accumulation of the foulant
particulates at the bed top while at the same time bypasses the reactants across

this foulant particulate layer and distributes them to the catalyst bed underneath

without signiticant pressure drop.

SUMMARY OF THE INVENTION

An embodiment of the invention 1s directed to a reactor for

reacting a feedstock, said reactor comprising,

a fixed catalyst bed for reaction of said feedstock, said reactor

containing a bypass apparatus disposed within said fixed catalyst bed,

said bypass apparatus being aligned with the direction of flow of

said feedstock, and wherein said bypass apparatus comprise
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a cage member comprising a first elongated hollow member having a

top wall, side walls and a bottom wall said cage member having openings therein, and

a second hollow elongated member for passing said feedstock
therethrough, said second hollow elongated member being disposed within and
protruding through said top wall of said cage member and wherein said second

clongated member extends above said catalyst bed through said cage member.

A further embodiment of the invention is directed to 2 method for

- extending the operating life of a fixed bed reactor for reacting a feedstock in which a
feedstock is contacted with a fixed bed of catalytic material contained in said reactor
said fixed bed of catalytic material having a top and bottom layer and wherein the
pressure drop across said top layer of said fixed bed of catalyst material increases
during reaction of said feedstock due to fouling of said top layer of said fixed bed of
catalytic material, comprising the sequential steps of (8) introducing said hydrocarbon
feedstock into said fixed bed of catalytic material, (b) as said top layer of said fixed

bed of catalytic material fouls, bypassing an increasing amount of said feedstock to

said bottom layer of said fixed bed of catalytic material.

According to one aspect of the present invention there is provided a reactor
for reacting a feedstock, said reactor comprising, a fixed catalyst bed for reaction of said
feedstock, wherein said fixed catalyst bed contains packing material, said reactor
containing a bypass apparatus disposed within said fixed catalyst bed, said bypass
apparatus being aligned with the direction of flow of said feedstock, and wherein said
bypass apparatus comprise a cage member located within the fixed catalyst bed, said cage
member comprising a first elongated hollow member having a top wall having an opening
formed therein, sidewalls and a bottom wall, wherein said cage member having an upper
enclosed portion and a lower perforated portion, wherein said upper enclosed portion

being formed by said top wall and a portion of said sidewalls adjacent said top wall and
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sald lower perforated portion having a plurality of openings formed therein, said lower
perforated portion being formed by said bottom wall and a portion of said sidewalls
adjacent said bottom wall, and a second hollow elongated member for passing said
feedstock therethrough into said cage member, said second hollow elongated member
being disposed within and protruding through said opening in said top wall of said cage
member and wherein said second elongated member extends above said top wall of said
catalyst bed through said cage member, wherein said lower perforated portion of said cage
member being positioned adjacent said packing material for distributing particulates

passing through said bypass apparatus.

According to a further aspect of the present invention there is provided a
method for extending the operating life of a fixed bed reactor for reacting a feedstock in
which a feedstock 1s contacted with a fixed bed of catalytic matenal contained in said
reactor said fixed bed of catalytic matenal having a top and bottom layer and wherein the
pressure drop across said top layer of said fixed bed of catalyst material increases during
reaction of said feedstock due to fouling of said top layer of said fixed bed of catalytic
matenal, said method comprising: providing a reactor comprising at least one fixed
catalyst bed; establishing a feedstock flow through said at least one fixed catalyst bed;
partitioning said at least one fixed catalyst bed into a top layer and a bottom layer by
placing a bypass apparatus within said at least one fixed catalyst bed in substantial
alignment with said flow of said feedstock, said bypass apparatus comprising, a cage
member embedded in the catalyst bed comprising a first elongated hollow member having
a top wall, side walls and a bottom wall, said cage member having openings formed in a
lower perforated portions, wherein said lower perforated portion being formed by the
bottom wall and a portion of the side walls adjacent the bottom wall, and a second hollow
elongated member for bypassing an increasing amount of said feedstock through said
second hollow elongated member nto said cage member as said top layer of said at least
one catalyst fixed bed fouls to create a bypass tlow, said second hollow elongated member
protruding through said top wall of said cage member and wherein said second hollow
elongated member extends above said at least one fixed catalyst bed through said cage
member, said second hollow elongated member being sized to regulate said bypass flow of

said feedstock into said cage member, said cage member having a substantially larger
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cross-section than said second hollow elongated member so that said bypass flow exits
from said cage member into said bottom layer of said at least one fixed catalyst bed at an
effectively reduced velocity, bypassing said increasing amount of said feedstock flow
through said bypass apparatus to the bottom layer, as said top layer fouls; wherein said
second hollow elongated member 1s continuously opened to said bypass flow, wherein
said at least one fixed catalyst bed contains inert packing material and wherein said

feedstock exiting the openings in the cage member enters directly the packing matenal.

BRIEF DESCRIPTION OF THE FIGURES

The Figure depicts a fouling tolerant fixed bed reactor according to an

embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention finds particular applicability
in connection with increasing the cycle life of a fixed bed of catalyst particles
contained within a hydroprocessing reactor in which a hydrocarbon feedstock is
processed during the carrying out of any one of a multitude of chemical reactions.

Such reactors are typically used for the conversion or treatment of
hydrocarbon or chemical feedstocks in the presence of a vapor phase, such as
hydrogen containing treat gas. Nonlimiting reactors for which the present invention
can be utilized include those used for hydroconversion of heavy petroleum feedstocks
to lower boiling products; the hydrocracking of distillate boiling range feedstocks;
and hydrotreating of various petroleum feedstocks, such as light hydrocarbons,
naphtha and distillate boiling range streams. More particularly, the reactors on which
the present invention are practiced are those having one fixed bed reaction or catalyst

bed. This invention is also applicable to reactors having more than one catalyst bed
but in which only the top portion of any of the fouling prone beds is bypassed.

For example, the bypass apparatus utilized herein can be particularly
beneficial in preventing the fouling of a fixed catalyst bed utilized for contacting, a
siream of hydrocarbon feedstock with a conventional reforming or hydroprocessing
catalyst. The bypass apparatus allows the feedstock to
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bypass the upper portion or layer of the catalyst bed once fouling occurs,

enabling the bed to be run for substantially longer periods of time as compared

to running without the bypass apparatus.

Existing units can easily be equipped with the bypass apparatus to

enable them to run for longer periods of time.

In an embodiment of the present invention, the second hollow
elongated member extends both above the catalyst bed and into the catalyst bed.
The cage member can be either partially or fully embedded or buried in the bed
such that the section having openings therein discharges and distributes the
bypassed hydrocarbon feed to an elevation within the bed below the top fouling
layer of the bed. Preferably, the cage 1s closed at the top except for where the
first hollow elongated member extends therethrough. However, depending upon
the application, the entire cage member may have openings therein, including in
the top, sides, and bottom. A cage member having an enclosed top is depicted in

the Figure with openings 1n the bottom and sidewalls of the lower portion of the

cage member.

The second elongated member extends through the first hollow
- elongated cage member preferably terminating substantially at the portion

having openings therein. This allows for distribution of the bypassed
hydrocarbon teedstock through the openings in the cage member. However, the
second elongated member may stop short of the openings, or extend to an area
within the portion of the cage member having openings. Preferably, the bottom
of the cage member will likewise be enclosed and only the sidewalls will have
the openings in the lower portion of the cage member. Preferably, the openings
in the cage member will begin at a depth in the bed below the top layer of the

catalyst bed. If desired, for example, in a cage buried in a catalytic bed below
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the surface of the bed, the entire cage length can have openings therein. For example,
in a catalyst bed where only the top surface of the bed becomes fouled, it would be

desirable to bypass feedstock, just below the fouled surface.

Referring now 10 the Figure, there is jllustrated a conventional catalytic

_reactor vessel (6) containing a fixed bed of catalyst particles (5). Shown is one bypass

apparatus. However, the invention may comprise a plurality of bypass apparatus
spaced over the catalyst bed. Furthermore, each individual bypass apparatus may
extend into the catalyst bed to different depths.

An embodiment of the invention is directed to a fixed bed reactor 6 for

reacting a feedstock. The reactor 6 comprises a fixed catalyst bed 5 and a bypass
device positioned or disposed within the fixed catalyst bed 5. The bypass device
comprises a first elongated hollow member (also referred to as a “ca‘ge member” or
“cage”™) 2 having a top wall, side walls, a bottom wall and a plurality of apertures or
openings disposed generally near a lower end or section of cage 2. The bypass device
further comprises a second elongated hollow member 1 disposed within cage 2 and
protruding or extending through the top wall of cage 2. The second elongated
member 1 extends above the catalyst bed 5. The cage member 2 has an upper
enclosed portion (top wall and upper portion of the side walls) 3 and a lower
perforated portion (bottom wall and lower portion of side walls) 4. Optionally, the
second hollow elongated member 1 may have a cap 7 over the end or portion of
member 1 that extends above the catalyst bed 5. The Figure also shows an optional
layer of inert material 8 disposed within the catalyst bed in which the bypassed
material is distributed. The first and second elongated hollow members may be
tubular members with the first elongated hollow member 1 positioned or disposed

within the second elongated hollow member as shown in the Figure. In operation, the
first elongated hollow member receives a portion of the feedstock and directs it into

the second elongated member where it is discharged through the openings of the cage
into the catalyst bed 3.

12
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The bypass apparatus are inserted into the catalyst bed such that the
cage i$ buried into the bed and the second hollow elongated member extends above
the top surface of the bed. The cage member is perforated or is made from a material
having openings and acts as a distributor for the hydrocarbon feed passing through the
first hollow elongated member, The perforations may simply be made in the material
of which the cage member is constructed, or a portion of the cage member can be
constructed of a2 mesh type material. The area of the cage having openings therein is
easily determinable by the skilled artisan. Only the sidewalls may have openings, or
other areas of the cage member such as the top and bottom walls may likewise have
openings therein. Itis preferred that the size of the openings be large enough so that
any small quantity of the particulates that are entrained in the bypassed flow are able

to leave the cage and get distributed into the bed. Typically, the openings will range
in size from about 1/8 inch (0.31 cm) to about 1/2 inch (1.25 cm) wide holes or slits.

Alternatively, the openings can be sized small enough so that any bypassed foulant

particulates will be retained within the cage. Bypass foulant particles are small
particles contained in the hydrocarbon feed that are bypassed through the second
hollow elongated member and which contribute to fouling of the catalyst bed. The
bypass apparatus is embedded within the fixed catalyst bed

13
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such that the bottom of the cage is contained within the catalyst bed and the
bypassed feed 1s distributed to the bottom layer of the catalyst bed. As used

herein, the bottom layer of the catalyst bed is the area located beneath the area of
the bed where substantial fouling during reactor operation occurs. This area is
readily recognized by the skilled artisan. The top layer is the area above the
bottom layer from the surface of the bed to a depth within the bed where
substantial fouling occurs during reactor operations. Typically, the bottom of
the catalyst bed is the portion of the bed located at least about 2.5 feet ( 75 cm)

from the bed surface. However, depending upon the given operation, it is
possible for the bottom layer of the bed to be located as little as about 6 inches
(15 cm) from the catalyst bed surface. In such a case, only the top surface of the
bed becomes fouled and will be bypassed. Again, the skilled artisan, taking into

consideration the reactor and operation being performed, can determine the area

of the catalyst bed to be bypassed.

One or more bypass apparatus may be utilized in any given bed.

The cage member may extend through the catalyst bed to the same or different

depths within the beds bottom layer. The bypass apparatus utilized herein

maintain the catalytic bed integrity and prevent the high exit velocities of the
second elongated member from eroding the bed or causing the bed to slump,

Increase pressure drop, and deteriorate unit performance.

The reactor 1s operated by introducing the hydrocarbon feedstock
to be reacted in the catalyst bed along with a suitable treat gas, if necessary, such
as hydrogen. The feedstock can be a liquid, vapor, or mixture thereof. The
reactor 1s operated at suitable conditions for the process being run. Such

conditions are known in the art and are not modified by use of the bypass

apparatus being utilized herein. The feedstream undergoes the desired chemical

reaction as it moves through the catalyst bed. At the beginning, when the
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catalyst bed is clean and no foulants have deposited at the bed top, a majority of the

flow will go through the catalyst bed instead of the bypass apparatus. This is because
the bypass apparatus, particularly the second hollow elongated member, typically
tubes, are sized to have a significantly high pressure drop relative to the clean bed,
and the flow takes the path of least resistance. The second hollow elongated members
are typically sized to provide a pressure drop of a factor of about 5 to about 25 higher
relative to the clean bed. As the bed top fouls duning operation, the resistance to flow
through the bed increases, and an increasing fraction of the flow is bypassed through
the bypass apparatus. Thus, the second hollow elongated members, typically tubes,
are sized to have a flow resistance which is significantly higher than the flow
resistance of the clean bed. As an example, the pressure drop through a clean
(unfouled) top four feet layer of the catalyst bed would be typically 0.5 to 2 psi (3.5 to
13.8 KP2) in a typical hydroprocessing reactor. Depending upon the operation, the
bypass tubes will be sized to have a flow resistance of about 10 to 50 psi (69 to 345

KPa) with total flow in the tubes. With this bypass arrangement, the pressure drop
through the top four feet section of the bed will never exceed 50 psi (345 KPa). If the

bypass tubes were not used, the pressure drop could be significantly higher than 50
psi (345 KPa) upon fouling which would necessitate a reactor shutdown or throughput

reduction.

The bypass apparatus can be any suitable structure that meets the

criteria set forth herein. Preferably, both the second hollow elongated member and
the cage member will be tubular in structure. The bypass apparatus will be

constructed from material compatible with the operating conditions of the reactor.
For example, suitable materials may include metals such as carbon steel and stainless

steel, ceramic materials, and other composite materials such as carbon fiber reinforced

materials.
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The second hollow elongated member, through which the
feedstock 1s bypassed, may be of any diameter or width depending upon the
amount and rate of material one wishes to bypass to the bottom, unfouled layer
of the catalyst bed. Such diameters are easily determined by the skilled artisan.
For example, the diameter of the second hollow elongated member can range
from about 0.25 inch (0.625 cm ) to about 12 inch (30 cm), more preferably from
about 0.5 inch (1.25 c¢cm) to about 6 inch (15 ¢cm), and most preferably from
about 0.5 inch (1.25 cm) to about 3 inch (7.5). The cage member, likewise, may
be of any diameter. For example, from about 3 inch (7.5 cm) to about 20 inch
(50 cm), more preferably from about 4 inch (10 cm) to about 12 inch (30 cm),
and most preferably from about 4 inch to about 10 inch. The number of bypass
apparatus utilized is dependent upon the size of the reactor and the flow rates in
the reactor. As indicated earlier, the number of bypass apparatus 1s chosen such
that the bypass apparatus offer higher resistance to tflow than the clean beds, less
resistance than a fouled bed. One or more bypass apparatus may be utilized.
When determining the number and location of the bypass apparatus, the skilled
artisan will take into consideration localized velocities, residence times,

temperature distribution, etc. The number and location of the apparatus will be

chosen such that the units performance is maintained.

The section of the cage member having perforations functions as a
distributor for the bypassed feedstock into the catalyst bed through the second
hollow elongated member. It is preferred that the area surrounding the cage
perforations be packed with a layer of packing material of a size that will assist
in the distribution of the bypassed feedstock through the catalyst bed. The
packing material allows any particulates tlowing into the bypass apparatus to be
dispersed upon exiting the cage openings. The packing material could be any

inert material such as alumina balls typically used to support catalyst in a fixed

bed. The packing material could also be any other material or even catalyst
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particles. Catalyst particles, 1f chosen, will be of an appropriate size to distribute
the feedstock being bypassed. Use of particles for distribution is merely optional
and is not required. Typically, the particles will range in size from about 1/4

inch (0.625 cm), up to about 3 (7.5 cm) to about 4 (10 cm) inches. In addition to

alumina balls, several other packing materials that are typically used in packed

towers could also be used.

In a preferred embodiment of the invention, the second hollow
elongated member may have é device at the top to facilitate separation of
particulates from the bypassed hydrocarbon teed. For example, a cap as 1s
shown in the Figure could be used. The downward moving hydrocarbon feed
from the reactor inlet 1s forced to change its direction by the cap so that the feed
can move upWard and then enter the bypass apparatus. While the flow direction
of the feed is changed by the cap, the inertia of the particulates prevent these
particulates from changing their tlow direction These particulates separate out
and accumulate at the bed top. Thus, a separation device allows the bypassing of
a relatively particulate free feed to bypass the fouled top section of the bed, and '
fouling in the interior sections of the bed 1s minimized. While the separation cap
would remove the large particulates, depending upon the sizes of the incoming
particulates, some of the very small particulates may not get separated by the
inertial separation. Very ofteﬁ, these very small particulates that have failed to
separate are so small in size that they will pass through the catalyst bed without
plugging it. If some of these very small particulates are unable to go through the
catalyst bed, they will disperse 1n the layer of the inert packing that surrounds
the cage perforations or openings. Thus, pressure drop buildup 1s minimized. In
addition to a simple cap, other separation devices could also be used. Examples

of these separation devices include small centrifugal separators or cyclones

mounted on the top of each bypass tube.
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CLAIMS:

1. A reactor for reacting a feedstock, said reactor comprising,

a fixed catalyst bed for reaction of said feedstock, wherein said fixed catalyst bed
contains packing material, said reactor containing a bypass apparatus disposed within said
fixed catalyst bed,

said bypass apparatus being aligned with the direction of flow of said feedstock,
and wherein said bypass apparatus comprise

a cage member located within the fixed catalyst bed, said cage member comprising
a first elongated hollow member having a top wall having an opening formed therein,
sidewalls and a bottom wall, wherein satd cage member having an upper enclosed portion
and a lower perforated portion, wherein said upper enclosed portion being formed by said
top wall and a portion of said sidewalls adjacent said top wall and said lower perforated
portion having a plurality of openings formed therein, said lower perforated portion being
formed by said bottom wall and a portion of said sidewalls adjacent said bottom wall, and

a second hollow elongated member for passing said feedstock therethrough into
said cage member, said second hollow elongated member being disposed within and
protruding through said opening in said top wall of said cage member and wherein said
second elongated member extends above said top wall of said catalyst bed through said
cage member, -

wherein said lower perforated portion of said cage member being positioned

adjacent said packing material for distributing particulates passing through said bypass

apparatus.

2. The reactor of claim 1 wherein said second hollow elongated member has a
pressure drop of about 5 to about 50 times greater than that of said top layer of said

catalyst bed when said catalyst bed 1s a fresh catalyst bed.

3. The reactor of claim 1 further comprising a separation device disposed above said

second hollow elongated member.
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4. The reactor of claim 3 wherein said separation device 1s a cap, centrifugal
separator or cyclone.
. The reactor of claim 1 wherein said packing material is catalyst particles, alumina

balls, inert particles, inert packing or a mixture thereof.

6. A method for extending the operating life of a fixed bed reactor for reacting a
feedstock in which a feedstock is contacted with a fixed bed of catalytic materal
contained in said reactor said fixed bed of catalytic material having a top and bottom layer
and wherein the pressure drop across said top layer of said fixed bed of catalyst material
increases during reaction of said feedstock due to fouling of said top layer of said fixed
bed of catalytic material, said method comprising:

providing a reactor comprising at least one fixed catalyst bed,;

establishing a feedstock flow through said at least one fixed catalyst bed,

partitioning said at least one fixed catalyst bed into a top layer and a bottom layer
by placing a bypass apparatus within said at least one fixed catalyst bed in substantial
alignment with said flow of said feedstock, said bypass apparatus comprising,

a cage member embedded in the catalyst bed comprising a first elongated hollow
member having a top wall, side walls and a bottom wall, said cage member having
openings formed in a lower perforated portions, wherein said lower perforated portion
being formed by the bottom wall and a portion of the side walls adjacent the bottom wall,
and

a second hollow elongated member for bypassing an increasing amount of said

feedstock through said second hollow clongated member into said cage member as said
top layer of said at least one catalyst fixed bed fouls to create abypass flow, said second
hollow elongated member protruding through said top wall of said cage member and
wherein said second hollow elongated member extends above said at least one fixed
catalyst bed through said cage member, said second hollow elongated member being sized
to regulate said bypass flow of said feedstock into said cage member, said cage member
having a substantially larger cross-section than said second hollow elongated member so

that said bypass flow exits from said cage member into said bottom layer of said at least

one fixed catalyst bed at an effectively reduced velocity,
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bypassing said increasing amount of said feedstock flow through said bypass
apparatus to the bottom layer, as said top layer fouls;

wherein said second hollow elongated member is continuously opened to said
bypass flow, wherein said at least one fixed catalyst bed contains 1nert packing material

and wherein said feedstock exiting the openings in the cage member enters directly the

packing material.

7. The method of claim 6 wherein said feedstock 1s liquid feed, vapor feed, or a

mixture thereof.
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