
AN ANGULAR FLOW DISTRIBUTION BOTTOM HEAD TECHNICAL
FIELD [0001] The present invention relates to an
angular flow distribution bottom head for use in
fluidized bed polymerization reactors. More
particularly, it relates to improvements in fluidized
bed polymerization reactors, an angled annular
deflector and the distribution of fluid introduced
into said reactors. BACKGROUND OF THE INVENTION [0002]
Fluidized bed processes for the production of polymers
has been well known in the art for several years. It
is believed to have first been used in an industrial
scale as early as 1968. [0003] In this process, a
polymerizable fluid generally enters the reactor at
the bottom. There is generally an initial area where
the polymerizable fluid is uniformly mixed prior to
entering the fluidized bed reaction zone where the
actual polymerization reaction takes place. The
reactor generally has an outlet for removal of the
polymer and separation of unreacted polymerizable
fluid for recycling through the reactor. [0004] In
order to maintain a fluidized bed, a circulating gas
stream is fed into the reactor from below. The
circulating gas stream which consists essentially of
unreacted monomers and inert materials is removed
again at the top of the reactor, residual particles
removed, gas stream cooled and put back into the
reactor. The resultant polymer is removed from the
reaction zone continuously or semi-continuously and
treated further. [0005] Various patents covering
fluidized bed reactors and their components are known
in the art. See, for example, U.S. Patent Nos. 2,61
1,685; 4,518,750; 4,933,149; 5,059,664; 5,213,768;
5,401,890; 5,627,243; 5,723,401 and 6,441,108. [0006]
These various patents have adjusted the shape of the
reactor, added 



components to separate chambers of the reactor or have
added components to affect the flow distribution of
the fluidized gas stream. Even with these changes,
problems exist with the flow of the gas into the
reaction vessel, as well as making sure that the side
of the reaction vessel keeps clean of the formed
polymer and that the particles carried in the
polymerizable fluid donot fall back into the gas
stream and potentially plug the reactor flow. The
present invention provides an improved design for an
angled annular deflector, an angular flow distribution
bottom head and reactor vessel to facilitate the flow
of gas into the reactor bed, the removal of
contaminants and polymer from the sides of the wall,
and the prevention of particle fall back into the gas
stream. BRIEF SUMMARY OF THE INVENTION [0007] One
embodiment of the present invention includes an angled
annular deflector for angular flow distribution in a
fluidized bed polymerization reactor. The angled
annular deflector has an outer surface with a conical
shape and an inner cavity along a central axis, said
cavity open at both ends; wherein the angled annular
deflector is adapted to associate with a cone-shaped
bottom portion of a fluidized bed polymerization
reactor vessel and when in said association the
conical shaped outer surface of the angled annular
deflector is at an angle such that said outer surface
is substantially parallel to an inner wall of the
cone-shaped bottom portion. [0008] In another
embodiment there is a bottom head which is generally
the bottom portion of a cylindrical reaction vessel,
said bottom head being an inverted cone-shaped portion
attached to an inlet means for continuously
introducing a stream of polymerizable fluids into said
reactor. It further includes an angled annular
deflector having an outer surface with a conical shape
and an inner cavity along a central axis, said cavity
open at both ends, wherein the outer surface of said
angled annular deflector is in association with and is
substantially parallel to an inner wall of the
cone-shaped bottom portion. 



[0009] In a preferred embodiment the angled annular
deflector is adapted to divide a stream of
polymerizable fluid flowing through the reactor into
two or more streams flowing in at least two fluid flow
paths of which at least one flow path is directed
upwardly between the outer surface of the conical
shaped angled annular deflector and the inner wall of
the cone-shaped bottom portion and at least one flow
path is directed generally through the angled annular
deflector upwardly along the central axis, the
division of said stream being such that the velocity
of fluid flowing upwardly along the inner wall of the
reaction vessel is sufficient to entrain solid
particles and liquid droplets and maintain the same in
the fluid entrained state and to inhibit the build-up
of solid particulate polymer product on the inner wall
of the reaction vessel, and the velocity of fluid
flowing upwardly through the angled annulardeflector
along a central axis is sufficient to prevent solid
particulate polymer product from falling into said
angled annular deflector and the combined overall
velocity and direction of said fluid flowing in all
flow paths being such that sufficient mixing is
provided to ensure the general uniformity and
distribution of polymerizable fluids entering a
fluidized bed region of the reactor. [0010] The use of
the improved device of the present invention provides
an improved method for gas-phase polymerization
reactions by a more efficient delivery of a stream of
polymerizable fluid to said reactor. [0011] The
foregoing has outlined rather broadly the features and
technical advantages of the present invention in order
that the detailed description of the invention that
follows may be better understood. Additional features
and advantages of the invention will be described
hereinafter which form the subject of the claims of
the invention. It should be appreciated that the
conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of
the present invention. It should also be realized that
such equivalent constructions do not depart 



from the invention as set forth in the appended
claims. The novel features which are believed to be
characteristic of the invention, both as to its
organization and method of operation, together with
further objects and advantages will be better
understood from the following description when
considered in connection with the accompanying
figures. It is to be expressly understood, however,
that each of the figures is provided for the purpose
of illustration and description only and is not
intended as a definition of the limits of the present
invention. BRIEF DESCRIPTION OF THE DRAWINGS [0012]
For a more complete understanding of the present
invention, reference is now made to the following
descriptions taken in conjunction with the
accompanying drawings, in which: [0013] Figure 1 shows
a cut away view of the bottom head with an angular
flow distribution angled annular deflector of the
present invention. [0014] Figure 2 shows a top view of
the angled annular deflector looking along the path
B-B.[0015] Figure 3 shows a bottom view of the angled
annular deflector looking along the path A-A. DETAILED
DESCRIPTION OF THE INVENTION [0016] It is readily
apparent to one skilled in the art that various
embodiments and modifications can be made to the
invention disclosed in this Application without
departing from the scope and spirit of the invention.
[0017] As used herein, the use of the word "a" or "an"
when used in conjunction with the term "comprising" in
the claims and/or the specification may mean "one,"
but it is also consistent with the meaning of "one or
more," "at least one," and "one or more than one."
Still further, the terms "having", "including",
"containing" and "comprising" are interchangeable and
one of skill in the art is cognizant that these terms
are open ended terms. 



[0018] In a continuous fluid bed polymerization
reactor, see for example that shown in U.S. Patent No.
4,933,149, one skilled in the art recognizes that
there must be adequate flow coming from the bottom in
order to facilitate the polymerization reaction. It
has also been found that there also must be a
distribution of flow, otherwise the polymer and/or
particles may stick to the sides of the wall of the
reaction vessel. [0019] The present invention provides
an improvement in splitting the gas flow in order to
facilitate the reaction in the reaction bed and to
maintain the sides of the reaction vessel clean. The
main improvement over the prior art is the use of an
angled annular deflector having a conical shape. This
angled annular deflector has a cavity in the central
axis such that fluid can flow through the angled
annular deflector. The outer walls of the angled
annular deflector are conical. The angle of the
conical shape depends on the shape of the reaction
vessel to be used. In the preferred embodiment, the
angle of the outer conical sides is set such that the
outer conical sides shall be substantially parallel to
the inside wall of the reactor. In a preferred
embodiment, the reactor has an inverted cone shape
bottom portion in which the angled annular deflector
fits into. The angled annular deflector can be
attached to the internal reaction vessel by any method
commonly used in the art. [0020] Now referring to
Figure 1, where a cutaway of a bottom head (3) of a
fluidized bed polymerization reactor is shown. The
bottom head comprises the entire assemblyof the
reaction container which is below the distributor
plate (1). The bottom head (3) is an inverted
cone-shape. The bottom portion (5) of the bottom head
(3) is attached to the inlet means (6) for the flow of
gas. This inverted cone-shaped bottom portion (5) is a
change from the usual hemispherical bottom design
found in these types of reactors. The rest of the
shape of the reactor is substantially cylindrical and
is identical to that existing in the art. [0021] In
addition, the angled annular deflector (9) of the
present invention is shown in cross-sectional form in
Figure 1. As can be seen, the angled annular deflector
(9) is a 



conical shape being wider at the top and narrower at
the bottom. The angled annular deflector (9) has a
cavity (12) which is open at both ends (15 and 18). In
Figure 2 which is a top view and in Figure 3 which is
a bottom view of the angled annular deflector (9) it
is seen that the angled annular deflector (9) has a
planar cylindrical shape at the top and bottom. Figure
3 further shows the supports (21) which support the
angled annular deflector to the inside wall (24)of the
inverted cone-shaped bottom portion(5). [0022] The
angled annular deflector (9) is further adapted to
divide a stream of polymerizable fluid (30) flowing
through said reactor into two or more streams (30, 33)
flowing in at least two fluid flow paths of which at
least one flow path (33) is directed upwardly between
the inner wall (24) of the conical shaped bottom
portion (5) and the outer surface (27) of the angled
annular deflector (9) and at least one flow path (30)
is directed generally through said angled annular
deflector (9) upwardly along the central axis. The
division of said stream being such that the velocity
of fluid flowing (30) upwardly along the inner wall
(24) of the reaction vessel is sufficient to entrain
solid particles and liquid droplets and maintain the
solid particles and liquid droplets in the fluid in an
entrained state and to inhibit the buildup of solid
particular polymer product on the inner wall (24) of
the reaction vessel. And the velocity of the fluid
flowing upwardly through the central axis (33)is
sufficient to prevent solid particular polymer product
from falling into said angled annular deflector (9) or
inlet (6) and the combined overall velocity and
direction of said fluid flowing in all flow paths
being such that sufficient mixing is provided to
ensure the general uniformity and distribution of the
polymerizable fluids entering a fluidized bed region
of the reactor. EXAMPLES [0023] The following examples
are included to demonstrate preferred embodiments of
the invention. It should be appreciated by those of
skill in the art that thetechniques disclosed in the
examples which follow represent techniques discovered
by the 



inventor to function well in the practice of the
invention, and thus can be considered to constitute
preferred modes for its practice. However, those of
skill in the art should, in light of the present
disclosure, appreciate that many changes can be made
in the specific embodiments which are disclosed and
still obtain a like or similar result without
departing from the spirit and scope of the invention.
EXAMPLE 1 ANGLED ANNULAR DEFLECTOR SIMULATION [0024]
Using FLUENT computational fluid dynamics software,
four simulations were conducted. Three of the
simulations used a prior art annular disk and varied
the dimensions and one simulation used the angled
annular deflector design of the present invention. The
simulation model tracked 100 micron particles of
liquid (isopentane) which is similar to that present
in condensed mode operation of a fluidized bed
polymerization reactor. The fate of the 100 micron
particles (i.e., whether they escaped through the
distributor plate or collided with a reactor wall) was
determined. FLUENT was also used to determine the wall
shear stress at a point along the wall approximately
2.3 ft. above the inlet. [0025] The first simulation
used a standard fluidized bed polymerization reactor
vessel with a hemispherical bottom head with an
annular disk. (See U.S. Patent No. 4,933,149).
Dimensions of this bottom head design are shown in
Table 1. Table 1[0026] The second simulation used the
same bottom head design as the first simulation but
with a smaller outer diameter for the annular disk.
Dimensions of this bottom head design are shown in
Table 2. Table 2 [0027] The third simulation used the
same bottom head design as the first simulation but
with a larger inner diameter for the annular disk.
Dimensions of this bottom 



head design are shown in Table 3. Table 3 [0028] The
fourth simulation used the improvements of the present
invention, i.e., a conical angled annular deflector
and reactor vessel where the bottom portion of the
bottom head is an inverted cone shape. Dimensions of
this bottom head design are shown in Table 4.Table 4
EXAMPLE 2 ANGLED ANNULAR DEFLECTOR PERFORMANCE [0029]
Robust operation of a bottom head in condensed mode
(where a significant portion of the recycle stream is
condensate) requires that gases travel through the
bottom head with sufficient momentum to carry a
significant portion of liquid droplets into the
fluidized bed. The fluidized bed, which is at a higher
temperature than the bottom head, can vaporize the
liquid. If liquid is not carried out of the bottom
head, it will accumulate in a pool around the inlet,
causing flow instabilities. [0030] The ability to
carry liquid out of the bottom head is reflected by
the percentage of escaped particles. A larger escape
percentage reflects more effective liquid transport
into the fluidized bed, and therefore, the ability to
operate at a higher level of condensate in the cycle
gas. [0031] Theoretically, an inlet without a flow
deflector (either angular or an annular disk) will
provide for the most efficient transport of liquid out
of the bottom head, but this configuration (no flow
deflector) is not adequate. When running in dry mode
(no condensate in the cycle gas), a high-velocity gas
flow along the bottom head wall is needed to keep the
walls clear of resin that could agglomerate and plug
distributor plate holes. The wall shear stress as used
herein is the calculated gas shear stress at a point
about 2 ft above the 



annular disk. A high shear stress will lead to
improved wall scrubbing and less resin buildup on the
bottom head wall.[0032] The results of the four
simulations are shown in Table 5. In Table 5, Table 5
[0033] In practice, one would like to maximize both
wall shear stress and escaped particle percentage to
achieve good operation both during high levels of
condensed mode operation and during dry-mode operation
and transitions into and out of condensed mode. From
Table 5, it is clear that with a hemispherical bottom
head: (i) modifying the clearance between the wall and
the outer edge of the annular disk seems to effect the
wall shear without much impact on particle escape
percentage (compare simulations 1 and 2); and (ii)
modifying the configuration of the inner disk diameter
(increased from simulation 1 to simulation 3) provides
a minor increase in liquid escape percentage while
greatly reducing wall shear stress. [0034] One the
other hand, it is clear in Table 5 that the conical
bottom head of simulation 4 provides an entirely
different solution to these problems. It has both an
improved particle escape percentage and a higher wall
shear stress. Thus, simulation 4 indicates that the
present invention provides a superior design for
maximizing these two phenomena. EXAMPLE 3 ADVANTAGES
[0035] As catalysts become more productive, it is
advantageous to run higher production rates to get the
most benefit out of a facility of limited size. With
these higher rates come higher levels of condensing
because of the greater cooling duty required for
running at higher production rates. As condensate
levels in the cool cycle gas increase, so does the
potential to create flow instabilities at the bottom
head inlet. These instabilities are caused by
inefficient transfer of liquid out of the bottom head,
such that the liquid forms a pool around the reactor
inlet through which gas travels in discrete
bubbles.[0036] At high enough condensing levels,
current technology comprising a 



hemispherical or elliptical bottom head and an annular
disk will fail to prevent liquid pooling and
consequent flow instabilities. The conical bottom head
design with a parallel deflector of the present
invention will prevent pooling at higher condensing
levels, thus reactors can be run at higher production
rates. [0037] Although the present invention and its
advantages have been described in detail, it should be
understood that various changes, substitutions and
alterations can be made herein without departing from
the invention as defined by the appended claims.
Moreover, the scope of the present application is not
intended to be limited to the particular embodiments
of the process, machine, methods and steps described
in the specification. As one will readily appreciate
from the disclosure, processes, machines, methods, or
steps, presently existing or later to be developed
that perform substantially the same function or
achieve substantially the same result as the
corresponding embodiments described herein may be
utilized. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, methods, or steps.CLAIMS What is claimed is:
1. An angled annular deflector for angular flow
distribution in a fluidized bed polymerization reactor
comprising: (a) an angled annular deflector having an
outer surface with a conical shape and an inner cavity
along a central axis, said cavity open at both ends;
(b) wherein said angled annular deflector being
adapted to associate with a cone-shaped bottom portion
of a fluidized bed polymerization reactor vessel and
when in said association the outer surface of said
angled annular deflector is at an angle to be
substantially parallel to an inner wall of the
cone-shaped bottom portion; and 



(c) wherein said angled annular deflector further
being adapted to divide a stream of polymerizable
fluid flowing through said reactor into two or more
streams flowing in at least two fluid flow paths of
which at least one flow path is directed upwardly
between the outer surface of the angled annular
deflector and the inner wall of said cone-shaped
bottom portion and at least one flow path is directed
generally through said angled annular deflector
upwardly along the central axis, the division of said
stream being such that the velocity of fluid flowing
upwardly along the inner wall of said reaction vessel
is sufficient to entrain solid particles and liquid
droplets and maintain same in the fluid entrained
state and to inhibit the build-up of solid particulate
polymer product on the inner wall of the reaction
vessel, and the velocity of fluid flowing upwardly
through the angled annular deflector along a central
axis is sufficient to prevent solid particulate
polymer product from falling into said angled annular
deflector and the combined overall velocity and
direction of said fluid flowing in all flow paths
being such that sufficient mixing is provided to
ensure the general uniformity and distribution of
polymerizable fluids entering a fluidized bed region
of the reactor.2. A bottom head for use in a generally
cylindrical fluidized bed polymerization reaction
vessel, comprising: (a) an inverted cone-shaped bottom
portion attached to an inlet means for continuously
introducing a stream of polymerizable fluids into said
reactor; and (b) an angled annular deflector having an
outer surface with a conical shape and an inner cavity
along a central axis, said cavity open at both ends,
wherein the outer surface of said angled annular
deflector is in association with and is substantially
parallel to an inner wall of the cone-shaped bottom
portion, and 



said angled annular deflector being, adapted to divide
said stream of polymerizable fluid flowing through
said inlet means into two or more streams flowing in
at least two fluid flow paths of which at least one
flow path is directed upwardly between the outer
surface of the angled annular deflector and the inner
wall of said cone-shaped bottom portion and at least
one flow path is directed generally upwardly along the
central axis of said angled annular deflector, the
division of said stream being such that the velocity
of fluid flowing upwardly along the inner wall of said
bottom head is sufficient to entrain solid particles
and liquid droplets and maintain same in the fluid
entrained state and to inhibit the build-up of solid
particulate polymer product on the inner wall of the
bottom head, and the velocity of fluid flowing
upwardly through the angled annular deflector along
the central axis of the angled annular deflector is
sufficient to prevent solid particulate polymer
product from falling into said angled annular
deflector and inlet means; and the combined overall
velocity and direction of said fluid flowing in all
flow paths being such that sufficient mixing is
provided to ensure the general uniformity and
distribution of polymerizable fluids entering a
fluidized bed region of the reaction vessel.3. In a
fluidized bed polymerization reactor having a
generally cylindrical vessel with a longitudinal axis,
a distributor plate means positioned in said vessel,
generally perpendicular to said longitudinal axis of
said vessel, said distributor plate defining a
fluidized bed region above said distributor plate
means and a mixing chamber region below said
distributor plate means; an inlet means opening into
the bottom portion of said vessel for continuously
introducing a stream of polymerizable fluids into said
mixing chamber at a gas velocity sufficient to
maintain particles in said fluidized bed region in
suspended and fluidized condition, an outlet means for
continuously removing 



unreacted polymerizable gases from said fluidized bed
region, a catalyst injection means for introducing
polymerization catalyst into said fluidized bed
region, and a product removal means for removing solid
particulate polymer product from said fluidized bed
region; the improvement, comprising, a bottom head
attached to said generally cylindrical vessel, wherein
the bottom head has an inverted cone-shaped bottom
portion; and wherein the bottom head includes an
angled annular deflector having an outer surface with
a conical shape and an inner cavity along a central
axis, said cavity open at both ends, wherein the outer
surface of said flow deflector is in association with
and is substantially parallel to an inner wall of the
cone-shaped bottom portion of the bottom head. 4. A
method for gas-phase polymerization reactions in a
fluidized bed reactor comprising the step of
delivering a stream of polymerizable fluid to said
reactor through the fluidized bed polymerization
reactor of claim 3. 


