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Described is a fluidic seal apparatus for continuously inject-
ing a sealing gas into a bottom section of a gas-solids
separation chamber. The fluidic seal apparatus includes an
external section, a feed tube in fluid communication with a
sealing gas supply, and an internal section. The external
section connects the sealing gas supply to the internal
section. The internal section includes gas distribution
nozzles for distributing the sealing gas inside the bottom
section of the gas-solids separation chamber. An internal
chamber between the internal section and the external sec-
tion is pressurized by the sealing gas.
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FLUIDIC SEAL APPARATUS FOR
CONTINUOUS POLYMERIZATION PROCESS

BACKGROUND

[0001] Process of alpha-olefin polymerization typically
employs gas-solids separation steps for sending unreacted
hydrocarbons to recovery systems and for concentrating
polymer particles in the bottom section of a gas-solids
separation chamber. However, an amount of remaining
process gas may stay entrained between the polymer par-
ticles in the bottom section of the gas-solids separation
chamber. The entrained gas may then be transferred to a
subsequent polymerization reactor or to one or more degas-
sing systems.

[0002] Gas-solids separators used in polymerization pro-
cesses typically have a tangential entrance in a top section to
receive polymer particles from a previous polymerization
step. The tangential entrance promotes the separation of the
polymer particles through cyclone physics. The cyclone
physics produce a downward flow and an upward flow. The
downward flow is a mixture of polymer particles and
entrained gas, which is transferred to a gas phase reactor or
a degassing system. The upward flow is unreacted gas from
the prior polymerization reactor, which is routed to the
hydrocarbons recovery system.

[0003] Gas phase reactors used for the polymerization, or
co-polymerization, of olefins encounter difficulties in con-
trolling the gas composition at low levels of molecular
weight regulator agents when prior reaction stages require a
high concentration of molecular weight regulator agent. The
gas mixture entrained between the polymer particles in the
bottom section of the gas-solids separation chamber may
contain a high amount of molecular weight regulator agent.
The molecular weight regulator agent may be carried out to
the gas phase reactor with the entrained gas, thereby limiting
the minimum ratio of molecular weight regulator agent/
monomer and, thus, the viscosity of rubber products.
[0004] The U.S. Pat. No. 6,689,845 B1 discloses a process
for catalytic polymerization in the gas-phase carried out in
at least two interconnected polymerization zones, where the
gas composition present in the first polymerization zone is
different from the second polymerization zone, and gases
present in the first polymerization zone are prevented from
being introduced into the second polymerization zone. A gas
and/or liquid mixture of different compositions is introduced
into the downcomer, said barrier feed, to establish a net flow
upward to prevent the gas mixture present in the riser from
entering the downcomer. According to the examples, the
barrier feed is propylene, a mixture of ethylene, propane and
butene, or a mixture of propylene and hydrogen.

[0005] US 2016/0108147 A1 describes a process for trans-
ferring polyolefin particles from a first gas-phase polymer-
ization reactor to a second gas-phase polymerization reactor,
including the step of discharging the polyolefin particles into
a separation chamber. A fluid is introduced into the lower
part of the separation chamber to replace the reaction gas of
the first gas-phase polymerization reactor acting as a barrier
to prevent the reaction gas of the first gas-phase polymer-
ization reactor from being transferred to the second polym-
erization reactor. It is also possible to feed the fluid at more
than one position into the lower part of the separation
chamber. In some embodiments, the fluid is fed in such a
way that it is distributed over the whole cross-section of the
separation chamber in a region above the fluid introduction
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point. The introduced fluid may be a component of the
reaction gas mixtures of both the first and the second
gas-phase polymerization reactors, such as propane, ethane,
butane, pentane, hexane and nitrogen. The amount of feed
fluid may be regulated in a way that an effective upward
stream of the fluid in the bed of polyolefin particles above
the fluid introduction is induced and reliably sustained. For
certain embodiments, the amount of introduced fluid may be
restricted, as an expansion of the bed should be avoided.

[0006] WO2018/233999 Al provides a process for con-
tinuously removing polymer material from a gas-solids
olefin polymerization reactor comprising an outlet vessel
with a barrier gas injection point and a feed pipe connecting
the gas-solids olefin polymerization reactor with the top part
of the outlet vessel. The injection of the barrier gas is in a
section of the bottom part of the outlet vessel below the
powder surface to significantly reduce the amount of gas
mixture entrained in the polymer powder. The gas is an inert
gas, such as propane, nitrogen, or fluidization gas. The
powder surface and the barrier gas injection point are
situated in the outlet vessel to fulfill the criteria: R'=X/Y=2.0
and R"=X/D=1.0, wherein X is the distance between the
powder surface and the barrier gas injection point, Y is the
distance between the barrier gas injection and the vessel
outlet, and D is the equivalent outlet vessel diameter.
According to the examples, the barrier gas efficiency
reached 98% for a powder flow of 200 kilograms per hour
(kg/h), barrier gas flow of 120 pounds per hour (1/h),
R'=0.58 and R"=1.55.

SUMMARY

[0007] This summary is provided to introduce a selection
of concepts that are further described below in the detailed
description. This summary is not intended to identify key or
essential features of the claimed subject matter, nor is it
intended to be used as an aid in limiting the scope of the
claimed subject matter.

[0008] In one aspect, the embodiments disclosed herein
relate to a fluidic seal apparatus for continuously injecting a
sealing gas into a bottom section of a gas-solids separation
chamber. The fluidic seal apparatus includes an external
section and a feed tube extending from a sealing gas supply
to a connection with the external section. The feed tube is
configured to continuously feed the sealing gas to the fluidic
seal apparatus. The fluidic seal apparatus further includes an
internal section including gas distribution nozzles config-
ured to distribute the sealing gas inside the bottom section of
the gas-solids separation chamber. An internal chamber is
formed between the internal section and the external section,
when connected to each other. The external section connects
the sealing gas supply to the internal section, and the internal
chamber is pressurized by the sealing gas.

[0009] Other aspects and advantages of the claimed sub-
ject matter will be apparent from the following description
and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 illustrates a front view of a fluidic seal
apparatus in connection with a bottom section of a gas-solids
separation chamber and polymer particles surface indication
above flange according to embodiments of the present
disclosure.
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[0011] FIG. 2 illustrates a top view of the fluid seal
apparatus according to embodiments of the present disclo-
sure.

[0012] FIGS. 3 and 4 illustrate simulation results of an
expected flow pattern of a bottom section of a gas-solids
separation chamber without the sealing gas according to
embodiments of the present disclosure.

[0013] FIG. 5 illustrates a comparison of reduction in
volumetric flowrate of hydrogen leaving the gas-solids sepa-
ration chamber by number of gas distribution nozzles
according to embodiments of the present disclosure.
[0014] FIG. 6 illustrates volumetric gas flow rates in a
bottom outlet of the gas-solids separation chamber with and
without the fluid seal apparatus according to embodiments
of the present disclosure.

[0015] FIG. 7 illustrates volumetric gas flow rates in a top
outlet of the gas-solids separation chamber with and without
the fluid seal apparatus according to embodiments of the
present disclosure.

[0016] FIG. 8 illustrates polymer flow rates at a bottom
outlet of the gas-solids separation chamber with and without
the fluid seal apparatus according to embodiments of the
present disclosure.

[0017] FIG. 9 illustrates polymer flow rates at a top outlet
of the gas-solids separation chamber with and without the
fluid seal apparatus according to embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0018] Described is a fluidic seal apparatus for use in a
gas-solids separation chamber of a continuous polymeriza-
tion process. The fluidic seal apparatus according to embodi-
ments of the present disclosure is positioned within an
existing gas-solids separation chamber, so as to be con-
nected to the bottom section of the gas-solids separation
chamber. In one embodiment, the fluidic seal apparatus is
placed between two flanges of the gas-solids separation
chamber. The fluid seal apparatus is configured to inject a
sealing gas into the bottom section of the gas-solids cham-
ber, and its design also includes the advantage of requiring
minor changes to be installed in an existing gas-solids
separation chamber. For the purposes of this disclosure,
sealing gas refers to a gas that is introduced into a gas-solids
separation chamber through the fluidic seal apparatus
described herein. The sealing gas may act to partially or
totally substitute the process gas from a prior polymerization
reactor that is entrained between the polymer particles. The
sealing gas is injected in a specific flow pattern which does
not disturb the separation of the gas and solids and reduces
the amount of gas that flows downwards in the bottom outlet
of the gas-solids separation chamber.

[0019] The injection of the sealing gas prevents a molecu-
lar weight regulator from a prior polymerization reactor
from entering the polymerization gas phase reactor. In one
or more embodiments, the process of injecting a sealing gas
in the bottom section of the gas-solids separation chamber is
carried out continuously in the presence of polymer particles
that come from the prior polymerization reactor.

[0020] In some embodiments, by adopting the correct
parameters to design the apparatus to inject sealing gas in a
gas-solids separation chamber, the fluidic seal apparatus can
significantly reduce the molecular weight regulator content
that is forwarded to the gas phase reactor, in addition to
preventing changes in cyclone pattern that impair gas-solids
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separation, prevent the particles fluidization, and the forma-
tion of a blocking effect, so as to reduce the polymer
particles flowrate in the bottom outlet of the gas-solids
separation chamber limiting production rates. The blocking
effect refers to a reduction in the flowrate of polymer
particles in the bottom outlet of the gas-solids separation
chamber due to use of a poor fluidic seal design or process
conditions, such as high flowrates leading to a high Reyn-
olds number, unfavorable direction of the gas distribution
nozzles, a low number of gas distribution nozzles, or the
location of the sealing gas injection point. The blocking
effect causes a reduction in the transversal area available for
the downwards flow of polymer particles.

[0021] Various parameters needed to be optimized
together to design the fluidic seal apparatus and, then, to
achieve its advantageous features. The parameters optimized
in the fluidic seal apparatus include the Reynolds number,
the direction and number of gas nozzles in the gas distribu-
tor, and the sealing fluid injection point. Each of these
parameters is described in detail below.

[0022] FIG. 1 illustrates a front view of the fluidic seal
apparatus 100 connected into a bottom section of a gas-
solids separation chamber 102 placed between two flanges
104 and 105. The fluidic seal apparatus 100 includes a
ring-shaped external section 106, which is connected with a
ring-shaped internal section 108. The external section 106
and the internal section 108 are concentric. A ring is formed
by the connection between the external section 106 and the
internal section 108. The ring may be comprised of a metal
material, a plastic material, or any other suitable material.
[0023] The external section 106 connects a gas supply
with the internal section 108. The internal section 108
distributes a sealing gas in a specific direction and Reynolds
number into the gas-solids separation chamber 102 via gas
distribution nozzles 110, which are distributed in the internal
section 108, as described in detail below. The sealing gas is
continuously fed to the bottom section of the gas-solids
separation chamber 102 during a polymerization process. In
the embodiment depicted in FIG. 1, the internal section 108
faces an internal surface of the bottom section of the
gas-solids separation chamber 102 to avoid “dead-spaces”.
Dead-space refers to stagnant zones where active polymer
particles may get trapped and continue reacting.

[0024] The sealing gas may comprise propylene with a
low concentration of molecular weight regulator, nitrogen,
propylene alone, propane, or any combination thereof. The
sealing gas is fed into the fluidic seal apparatus 100 via a
feed tube 112. The feed tube 112 extends from the sealing
gas supply to a connection with the external section 106. In
one embodiment, the fluidic seal apparatus 100 may be
installed between two or more flanges 104 and 105 posi-
tioned below the polymer particles surface in the bottom
section of the gas-solids separation chamber 102.

[0025] The gas distribution nozzles 110 are located in the
internal section 108 for distribution of the sealing gas into
the bottom section of the gas-solids separation chamber 102.
In one or more embodiments, the gas distribution nozzles
110 are annular in shape.

[0026] The sealing gas supply may be connected to a
flange 114 of the fluidic seal apparatus 100 through which
the sealing gas enters. When entering the fluidic seal appa-
ratus 100, the sealing gas passes through a chamber 116
formed in the space between the external section 106 and the
internal section 108, when connected to each other. There-
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after, the sealing gas passes through the gas distribution
nozzles 110 of the internal section 108, each of which may
have a smaller diameter than the feed tube 112. Because of
the smaller area of the gas distribution nozzles 110 com-
pared to the feed tube 112, the fluidic seal apparatus 100
causes the sealing gas to be fed to the bottom section of the
gas-solids separation chamber 102 at a turbulent flow
regime. As understood by one skilled in the art, the Reynolds
number is used to characterize flow patterns in different fluid
flow situations. Lower Reynolds numbers generally indicate
flows dominated by sheet-like flow, while higher Reynolds
numbers generally indicate turbulent flows. The flow regime
produced by each gas distribution nozzle 110 may fulfill the
Reynolds number range of 250,000 to 450,000, such as
290,000 to 312,000. An inlet of gas that exits the gas
distribution nozzles 110 in the bottom section of the gas-
solids separation chamber 102 occurs with a velocity that

avoids the blocking effect and particles fluidization.

[0027] In one embodiment, the sealing gas may be heated
with a heater to form a homogeneous single-phase mixture
of gas prior to the fluidic seal injection. In another embodi-
ment, the sealing gas composition may be cooled with a
cooler prior to the fluidic seal injection to reduce the gas
temperature, thereby avoiding the formation of hot spots. In
one or more embodiments, the sealing gas is fed in the
bottom section of the gas-solids separation chamber 102 at
a temperature less than 100° C., preferably at a temperature
between 60° C. and 90° C., or between 75° C. and 85° C.

[0028] The sealing gas may include a polymerization
reaction monomer, a comonomer, a molecular weight regu-
lator, an inert gas, or any combination thereof. The polym-
erization reaction monomer, comonomer, and inert gas may
be selected from saturated or unsaturated hydrocarbons
having from 2 to 12 carbon atoms and nitrogen. In one
embodiment, the molecular weight regulator is hydrogen. In
another embodiment, the molecular weight regulator is
1-butene. In some embodiments, the sealing gas may be
propylene with a low concentration of molecular weight
regulator (up to 1000 parts per million (ppm)), nitrogen,
propylene alone, or propane.

[0029] FIG. 2 shows a top view of the fluidic seal appa-
ratus 100. In one or more embodiments, the gas distribution
nozzles are at an angle 110 (represented by dashed lines)
relative to a tangent to the internal section 108 of between
10 degrees and 20 degrees, such as 18 degrees, to avoid
breaking the cyclone physics, as shown in Detail “C”. FIG.
2 depicts three flanges 114 of the fluidic seal apparatus 100
and the feed tube 112 connected to the external section 106,
forming an angle of approximately 90 degrees. In some
embodiments, the flanges 114 are positioned at the same
elevation, and the flanges 114 are spaced approximately 120
degrees from each other, as shown in FIG. 2. The gas
distribution nozzles direct the gas flow from between 0
degrees to 90 degrees of the inside of the gas-solids sepa-
ration chamber to avoid breaking the cyclone effect.
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[0030] In one embodiment, the fluidic seal apparatus
meets the following criteria:

250,000 < Re < 450,000,
di/dy = 100,

and 50 = dy/n <70,

wherein Re represents the Reynolds number in the gas
distribution nozzles 110 located in the internal section 108;
d, represents the internal diameter of the bottom section of
the gas-solid separation chamber 102 where the fluidic seal
apparatus 100 is installed; d, represents the internal diameter
of each gas distribution nozzle 110 present in the internal
section 108; and n represents the number of gas distribution
nozzles 110 located in the internal section 108. In some
embodiments, the gas distribution nozzles 110 in the internal
section 108 may be evenly spaced from one another.
[0031] In one or more embodiments, the sealing gas is
injected into the bottom section of a gas-solids separation
chamber that contains polymer particles. In some embodi-
ments, the polymer particles may comprise a d(0.5) ranging
from 800 micrometers (um) to 2500 pm. Here, d(0.5), also
referred to as D50, means that 50% of the particles have a
distribution particle size from 800 to 2500 pm.

[0032] In some embodiments, the polymer particles sur-
face and the sealing gas injection point are situated in the
bottom section of the gas-solids separation chamber accord-
ing to the following criteria:

0.58 < dy/L < 10,

wherein L represents the height of the polymer bed above
the fluidic seal apparatus 100 injection point. FIGS. 3 and 4
depict simulation results, without the fluidic seal apparatus,
showing the expected flow pattern in which, the high con-
centration of polymer particles are in the bottom portion of
the gas-solids separation chamber near to the walls and the
cyclone physics by the central low velocity vortex.

[0033] In one embodiment, the polymerization step is
carried out in a liquid phase reactor prior to the gas-solids
separation chamber and thereafter submitted to gas phase
polymerization, optionally with addition of C2-C12 alpha-
olefin comonomers. The bottom content of the liquid phase
reactor follows to the gas-solids separation chamber for
subsequent gas phase polymerization. In some embodi-
ments, the fluidic seal apparatus described herein is used in
the polymerization process of olefins homopolymers or
copolymers having monomer and comonomer units from 2
to 12 carbon atoms (C2-C12).

[0034] In one or more embodiments, a prior polymeriza-
tion step may incorporate a liquid phase reactor that dis-
charges to a high temperature flash system that is connected
to the gas-solids separation chamber. In some embodiments,
the gas-solids separation chamber includes at least one
conical section and one straight section in which the poly-
mer bed height may be controlled.

[0035] In one or more embodiments, a powder surface of
polymer particles may be present in the bottom section of the
gas-solids separation chamber. Powder surface denotes the
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upper surface of polymer particles present in the bottom
section of the gas-solids separation chamber.

[0036] An internal diameter of the fluidic seal apparatus
100 may be related to the powder surface according to the
following criteria: d,/[.=0.58 to 10, more preferably 1 to 6,
where d, represents the internal diameter of the fluidic seal
apparatus, and L represents a distance between a sealing gas
injection point and the powder surface.

[0037] In some embodiments, the fluidic seal apparatus
may be located in a straight section of the gas-solids
separation chamber.

[0038] In one or more embodiments, the bottom section of
the gas-solids separation chamber, in which the sealing gas
is fed, may include one or more of the following character-
istics:

[0039] Cyclonic physics introduce a regime that forces
the polymer particles to flow near to the gas-solids
separation chamber walls. The concentration of poly-
mer particles in the walls is up to 0.25 in volume
fraction of polymer particles, which is the polymer
volume divided by the sum of the volumes of all
constituents of the mixture.

[0040] The maximum polymer particles concentration
in the walls of the gas-solids separation chamber is at
least three times higher than the minimum polymer
particles concentration in the bottom section of the
gas-solids separation chamber.

[0041] The cyclonic physics introduce an upward flow
of gas that presents a pattern of a low velocity vortex
of up to 2.5 meters/second (m/s).

[0042] The temperature in the bottom section of the
gas-solids separation chamber is in a range of 60° C. to
120° C.

[0043] The gas-solids separation chamber operates in a
pressure range of 0.05 to 4 MegaPascal (MPa). The
polymer particles d(0.5) is up to 2500 pm.

Methods and Examples

[0044] Computational fluid dynamics (CFD) simulations
were performed in order to determine the best configuration
for the fluidic seal apparatus 100. CFD simulations allow
one to perform computer simulations of equipment and
industrial processes. During experimental studies, simula-
tions were performed with two different approaches: fixed
bed simulation and dynamic bed simulation.

(1) Fixed Bed Simulation

[0045] The fixed bed simulations were carried out with the
Euler-Lagrange approach, using a DEM (Discrete Element
Method) multiphase model to simulate the Lagrangian phase
(dispersed phase). DEM method provides detailed resolu-
tion, when compared to other methods, due to the calcula-
tion of the trajectory of each particle within the computa-
tional domain. Therefore, DEM is known to require high
computational power. However, for the fixed bed simula-
tions, the particles trajectory is calculated only in the first
iterations, until the solids bed is formed, respecting variables
such as volume and solids concentration. After the bed
formation, the solver for the Lagragian phase is turned off.
The particle trajectory calculations are note calculated, so
the particles are frozen in space; only the Eulerian phase
(fluid phase) calculation is executed.
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[0046] The fixed bed simulations simulated different geo-
metric possibilities and different process variables. Using
DEM with the solver frozen considerably reduced the simu-
lation time and enabled testing of different conditions in a
short period of time and thus to select the most promising
cases for the following steps (dynamic bed simulations).

(2) Dynamic Bed Simulations

[0047] For the dynamic bed, the approach used in the
simulations was the Euler-Euler formulation, or Eulerian
Multiphase Model (EMP), where each phase within the
computational domain has its own set of conservation equa-
tions. The EMP approach uses the concept of “interpenetrat-
ing continua”, or coexisting phases, and assumes that the
user is interested in the time average behavior of the flow,
rather than instantaneous behavior.

[0048] Inthe EMP approach the pressure is assumed to be
the same in all phases. The volume fraction gives the share
of'the flow domain that each phase occupies. Each phase has
its own velocity and physical properties. Within the EMP
some extra models are used, such as the Segregate Solver,
which is responsible for separately calculating pressure and
velocity solvers. The Granular Pressure Model and the
Granular Temperature Model are responsible for estimating
the stresses of solid phases and calculating the collisions and
motions of particles below the packing limit, respectively.
[0049] The EMP model is well known for its robustness in
providing optimal accuracy. However, the EMP model is an
approach that is extremely sensitive and difficult to numeri-
cally converge, requiring a small time-step (1E-05 seconds
or lower, initially), high number of inner iterations, and low
under relaxation factors especially at the beginning of the
simulations. All of these characteristics lead to a longer
simulation time.

(3) Examples

(3.1) Example 1 (Base Case)

[0050] In this example, an existing gas-solids separation
chamber is simulated using the CFD tool to validate the
models through a comparison between simulation results
and industrial data. The CFD approach for this evaluation
was dynamic modeling. The height of the polymer particles
surface in the straight section of the gas-solids separation
chamber was set to 579 millimeters (mm). The volume ratio
of process gas to polymer particles that entered the gas-
solids separation chamber was set to 27.1. The process gas
was a mixture of propylene, propane, and hydrogen. The
polymer particles were homopolymer polypropylene with
d(0.5) of 1200 pm. The gas-solids separation chamber
operated at a temperature of 86.3° C. and a pressure of 19.6
bar. Sealing gas was not injected for this simulation. As
shown in FIGS. 3 and 4, the simulation results showed the
expected flow pattern in which a high concentration of
polymer particles is at the bottom section of the gas-solids
separation chamber near the walls and cyclone physics by
the central low velocity vortex. The hydrogen volumetric
flowrate in the process gas that leaves the gas-solids sepa-
ration chamber in the bottom outlet was 0.88 m*/h.

(3.2) Example 2

[0051] For this example, the CFD tool was applied using
the fixed bed approach simulating the fluidic seal apparatus
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according to embodiments of the present disclosure with
various numbers of gas distribution nozzles in the internal
section. In some embodiments, the number of gas distribu-
tion nozzles may range from 2 to 16 nozzles. The simulation
was performed with gas distribution nozzles in a 900 ori-
entation with a tangential entrance of approximately 18°.
The conditions of entrance flow, temperature, and pressure
were equivalent to those described in Example 1. The
distance between the fluidic seal gas injection site and the
surface of the polymer particles was set to 380 mm. The
fluidic seal gas was propylene in an amount of 29.4 cubic
meters per hour (m>/h).

[0052] The simulation results indicated that the gas dis-
tribution nozzles in the orientation of 90° increased the
volumetric flowrate of hydrogen that leaves the gas-solids
separation chamber in the bottom outlet by at least 32%.
Additionally, the gas distribution nozzles in the tangential
orientation reduced the volumetric flowrate of hydrogen that
leaves the gas-solids separation chamber in the bottom outlet
by at least 14%. Simulations performed with gas distribution
nozzles of 6 and 16 represented the highest reduction values
of 18% and 15%, respectively, as shown in FIG. 5.

(3.3) Example 3

[0053] For this example, the CFD tool was applied using
the dynamic bed approach simulating the fluidic seal appa-
ratus with 16 tangential gas distribution nozzles at 180 in the
internal section. The same entrance flow, temperature, and
pressure as Example 1 were implemented. The same dis-
tance between the fluidic seal gas injection site and the
polymer particles surface, fluidic seal gas, and volumetric
flowrate as Example 2 were implemented.

[0054] As illustrated in FIG. 6, the simulation results
indicated that the volumetric flowrate of process gas in the
bottom outlet of the gas-solids separation chamber when
using the fluidic seal apparatus (represented by dashed line)
decreased by 62% compared with the base case from
Example 1 (represented by solid line). Additionally, as
shown in FIG. 7, the volumetric flowrate of process gas in
the top outlet of the gas-solids separation chamber when
using the fluid seal apparatus (represented by dashed line)
increased by 10% compared with the base case from
Example 1 (represented by solid line).

[0055] As shown in FIG. 8, the volumetric flowrate of
polymer particles in the bottom outlet of the gas-solids
separation chamber when using the fluidic seal apparatus
(represented by dashed line) decreased by approximately 1%
compared to the base case from Example 1 (represented by
solid line). As shown in FIG. 9, the volumetric flowrate of
polymer particles in the top outlet of the gas-solids separa-
tion chamber when using the fluidic seal apparatus (repre-
sented by dashed line) increased by approximately 8%
compared with the base case from Example 1 (represented
by solid line). The total amount of sealing gas volumetric
flowrate was split, where 30% partially substituted the
process gas in the bottom section of the gas-solids separation
chamber and the rest presented an upward flow. In other
words, 30% of the total flowrate goes to the bottom section,
while the other 70% goes to the top section of the equipment.
The volumetric flowrate of hydrogen in the bottom outlet of
the gas-solids separation chamber was reduced by approxi-
mately 72%.

[0056] Although only a few example embodiments have
been described in detail above, those skilled in the art will
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readily appreciate that many modifications are possible in
the example embodiments without materially departing
from this invention. Accordingly, all such modifications are
intended to be included within the scope of this disclosure as
defined in the following claims. In the claims, means-plus-
function clauses are intended to cover the structures
described herein as performing the recited function and not
only structural equivalents, but also equivalent structures.

What is claimed is:

1. A fluidic seal apparatus for continuously injecting a
sealing gas into a bottom section of a gas-solids separation
chamber, comprising:

an external section;

a feed tube extending from a sealing gas supply to a
connection with the external section, wherein the feed
tube is configured to continuously feed the sealing gas
to the fluidic seal apparatus;

an internal section comprising a plurality of gas distribu-
tion nozzles, each gas distribution nozzle configured to
distribute the sealing gas inside the bottom section of
the gas-solids separation chamber; and

an internal chamber formed between the internal section
and the external section, when connected to each other,

wherein the external section connects the sealing gas
supply to the internal section, and

wherein the internal chamber is pressurized by the sealing
gas.

2. The fluidic seal apparatus of claim 1, wherein a flow
regime produced by each gas distribution nozzle comprises
a Reynolds number in a range of 250,000 to 450,000.

3. The fluidic seal apparatus of claim 1, wherein a flow
regime produced by each gas distribution nozzle comprises
a Reynolds number in a range of 290,000 to 312,000.

4. The fluidic seal apparatus of claim 1, wherein each gas
distribution nozzle is positioned at the same elevation in the
internal section.

5. The fluidic seal apparatus of claim 1, wherein the
plurality of gas distribution nozzles is evenly distributed
throughout the internal section.

6. The fluidic seal apparatus of claim 1, wherein the
plurality of gas distribution nozzles is configured to distrib-
ute the sealing gas flow tangentially.

7. The fluidic seal apparatus of claim 1, wherein each gas
distribution nozzle comprises an internal diameter, and
wherein the internal diameter of one or more of the plurality
of gas distribution nozzles is related to an internal diameter
of the fluid seal apparatus according to the following crite-
ria:

dy/dy = 100

wherein d, represents the internal diameter of the fluidic
seal apparatus, and d, represents the internal diameter
of the one or more gas distribution nozzles.
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8. The fluidic seal apparatus of claim 1, wherein a number
of gas distribution nozzles in the plurality of gas distribution
nozzles is related to an internal diameter of the fluidic seal
apparatus according to the following criteria:

di/n=50 to 70

wherein d, represents the internal diameter of the fluidic
seal apparatus, and n represents the number of gas
distribution nozzles.

9. The fluidic seal apparatus of claim 1, wherein a powder
surface of polymer particles is present in the bottom section
of the gas-solids separation chamber, and wherein the fluidic
seal apparatus is positioned below a level established by the
powder surface.

10. The fluidic seal apparatus of claim 9, wherein an
internal diameter of the fluidic seal apparatus is related to the
powder surface according to the following criteria:

di/L =058 to 10,

wherein d, represents the internal diameter of the fluidic
seal apparatus, and L represents a distance between a
sealing gas injection site and the powder surface.

11. The fluidic seal apparatus of claim 1, wherein the
fluidic seal apparatus is located in a straight portion of the
gas-solids separation chamber.

12. The fluidic seal apparatus of claim 9, wherein the
polymer particles are selected from a group consisting of
olefin homopolymers and copolymers having olefin units
having 2 to 12 carbon atoms.

13. The fluidic seal apparatus of claim 1, wherein the
sealing gas is one or more of propylene, propylene contain-
ing a molecular weight regulator up to 1000 parts-per-
million (ppm), propane, and nitrogen.

14. The fluidic seal apparatus of claim 13, wherein the
molecular weight regulator is one of hydrogen or 1-butene.

15. The fluidic seal apparatus of claim 1, wherein the
fluidic seal apparatus is engageable with the bottom section
of the gas-solids separation chamber.

16. The fluidic seal apparatus of claim 1, wherein the
sealing gas is injected into the bottom section of the gas-
solids separation chamber at a temperature of about 60° C.
to about 90° C.

17. The fluidic seal apparatus of claim 1, wherein the
sealing gas is injected into the bottom section of the gas-
solids separation chamber at a temperature of about 75° C.
to about 85° C.

18. The fluidic seal apparatus of claim 1, wherein the
external section is connected with a plurality of flanges to
feed the sealing gas into the internal chamber.

19. The fluidic seal apparatus of claim 1, wherein the
external section is connected to at least two flanges to feed
the sealing gas into the internal chamber.
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20. The fluidic seal apparatus of claim 1, wherein the
external section is connected with three flanges to feed the
sealing gas into the internal chamber.
21. The fluidic seal apparatus of claim 18, wherein the
connection between the flanges and the external section
forms an angle of 90 degrees.
22. The fluidic seal apparatus of claim 1, wherein the
sealing gas injection reduces the total volumetric flowrate of
sealing gas that is carried out to a polymerization gas phase
reactor by at least 50%.
23. An apparatus for reducing the amount of molecular
weight compound carried out to a polymerization gas phase
reactor process, wherein a feeding zone in which the sealing
gas is fed to a gas-solids separation chamber, comprises:
(i) a maximum polymer particles concentration in walls of
the gas-solids separation chamber of at least three times
higher than a minimum polymer particles concentration
in a bottom section of the gas-solids separation cham-
ber;
(ii) a cyclonic physics that introduces an upward flow of
gas presenting a pattern of a low velocity vortex up to
2.5 meters per second;

(iii) a temperature in a range of 60° C. to 120° C.;

(iv) a pressure in a range of 0.05 megapascal (MPa) to 4
MPa.

(v) a d(0.5) of polymer particles in the feeding zone of up

to 2500 micrometers (pm).

24. A process for reducing an amount of molecular weight
compound carried out to a polymerization gas phase reactor,
comprising:

continuously feeding a sealing gas to a fluidic seal appa-

ratus connected with a bottom section of a gas-solids
separation chamber; and

using the fluidic seal apparatus, injecting the sealing gas

to a feeding zone in the bottom section of the gas-solids
separation chamber,

wherein the sealing gas injection reduces a total volumet-

ric flowrate of sealing gas that is carried out to the
polymerization gas phase reactor by at least 50%.
25. The process of claim 24, wherein injecting the sealing
gas further comprises:
introducing an upward flow of sealing gas that presents a
pattern of a low velocity vortex up to 2.5 meters per
second (m/s),

wherein a maximum polymer particles concentration in
walls of the gas-solids separation chamber is at least
three times higher than a minimum polymer particles
concentration in the bottom section of the gas-solids
separation chamber,

wherein a temperature of the feeding zone is in a range of

60° C. to 120° C.,,

wherein a pressure in the feeding zone is in a range of 0.05

megapascal (MPa) to 4 MPa, and

wherein a d(0.5) of polymer particles in the feeding zone

is up to 2500 micrometers (um).

* * * * *



