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ROTARY BED SORPTION SYSTEM INCLUDING RECYCLED ISOLATION
LOOP AND PURGE/REGENERATION LOOP

This application claims the benefit of provisional U.S. Patent Application No.
62/691,919, filed June 29, 2018, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to a rotary bed sorption system, and, in
particular, to a rotary bed sorption system that includes both a recycled isolation loop
and a purge/regeneration loop. The invention also relates to methods of designing and

operating such a system.

Description of the Related Art

[0002] Rotary bed sorption systems have long been used to collect a sorbate from one
fluid stream, sometimes called a process or sorption fluid stream, and transfer it, in a
more concentrated form, to a second fluid stream, sometimes called a desorption or
regeneration fluid stream. Commonly-removed sorbates include water vapor, volatile

organic compounds (“VOCs™), nitrous oxides (“NOx”), and the like.

[0003] It is important in a rotary bed sorption system, particularly one in which a low
sorbate concentration is desired in the treated fluid, to minimize any
cross-contamination between the process fluid stream and the regeneration fluid
stream. Contamination can result from pressure differences in the fluid streams

themselves, or vapor pressure differences within the matrix of the rotating sorbent disk.

[0004] Another source of possible contamination lies in areas of the sorbent disk that

are adjacent to the active sorptive area, but that do not see active fluid flow during the
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cycle. Usually these are the areas at the center and outer periphery of the sorbent disk
that are covered by sealing systems. Typically, sorbent disks are intentionally
designed to have these “dead zones,” which act as a thermal insulator, keeping the rotor
housing cool and preventing its thermal expansion which could lead to premature
mechanical failure of the component. It has been demonstrated that in systems
designed to achieve a very low sorbate concentration in the treated fluid stream, these
areas can act as “sinks” for the vapor being removed. The sinks accumulate vapor
when they are adjacent to the regeneration zone, where they are exposed through
diffusive forces to the high concentration of the vapors in the regeneration zone, but are
not subject to the heat of the regeneration, due to the high insulating characteristics of
the glass/ceramic structure. The sorbent then can come to near equilibrium with the
high-concentration vapor, but at a much lower temperature. The sinks release their
payload when they are adjacent to the very low-concentration fluid in the process
section of the system. The vapor pressure difference overcomes the diffusive force of
the structure, and trace amounts of vapor are released into the treated fluid stream,

causing detrimental increases in the concentration of the vapor being removed.

[0005] It is known to incorporate purge zones in rotary bed sorption systems. An
example of a sorption bed system including a recirculating purge loop is disclosed in
U.S. Patent No. 4,701,189. It is also known to use one or more isolation fluid streams or
loops in order to reduce cross-contamination between sorption and desorption zone of
rotary sorption beds. U.S. Patent No. 7,101,414 describes several embodiments in
which one or more isolation loops are used to achieve different goals. None, however,

combines purge and isolation streams in the manner of the present invention.

SUMMARY OF THE INVENTION

[0006] The present invention uses a purge/regeneration loop that uses warm air
from a zone of a rotor after the regeneration zone to preheat the air to be further heated
for supply to the regeneration zone, and a recycled isolation loop that cools the rotor

material on the process air inlet side and pre-warms the rotor before it enters the
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regeneration sector. One or more of the recycled isolation loops can be provided to
reduce cross-contamination between sorption and desorption zones of rotor caused by

pressure imbalances and large vapor pressure differences of the various fluid streams.

[0007] According to one aspect of the present invention, a method of reducing the
sorbate concentration of a process fluid stream using a sorption bed system comprising
a rotating mass of a regenerable sorbent material comprises the steps of rotating the
sorbent mass so that, in a cycle of operation, a given volume of the sorbent mass
sequentially passes through first, second, third, fourth, and fifth zones, before returning
to the first zone; passing a process fluid stream through the sorbent mass in the first
zone; passing a regeneration fluid stream through the sorbent mass in the third zone;
and recycling an isolation fluid stream in a closed loop, independent of the process fluid
stream and the regeneration fluid stream, between the sorbent mass in the fourth zone
and in the second zone, wherein the regeneration fluid stream passes through the fifth

zone before passing through the third zone.

[0008] According to another aspect of the present invention, a rotary sorption bed
system comprises a rotating sorbent mass of a regenerable sorbent material, in a cycle
of operation, a given volume of the sorbent mass sequentially passing through first,
second, third, fourth, and fifth zones, before returing to the first zone; a process fluid
stream directed through the first zone; a regeneration fluid stream directed through the
third zone; and an isolation fluid stream that recirculates in a closed loop independent
of the process fluid stream and the regeneration fluid stream through the second and
fourth zones, wherein the regeneration fluid stream passes through the fifth zone before

passing through the third zone.

[0009] As used herein, “cycle of operation” means a path of movement of the sorbent
mass during which the sorbent mass undergoes both a sorption and desorption process.
The term “sequentially” refers to a relative order, but does not necessarily require that
one immediately follow another. In this embodiment, for example, even if another

zone were interposed between the first zone and the second zone, it would still be
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accurate to say that the sorbent mass sequentially passes through the first zone, the

second zone, and so on.

[0010] A better understanding of these and other aspects of the present invention may
be had by reference to the drawings and to the accompanying description, in which

preferred embodiments of the invention are illustrated and described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic flow diagram illustrating a preferred embodiment of a

rotary bed sorption system in accordance with the invention.

[0012] FIG. 2 is a schematic view of the sectors of a sorbent mass in the preferred

embodiment of the rotary bed sorption system in accordance with the invention.

[0013] FIG. 3 shows operation data at various locations in the preferred embodiment of

the rotary bed sorption system in accordance with the invention at a first flow rate.

[0014] FIG. 4 shows operation data at various locations in the preferred embodiment of

the rotary bed sorption system in accordance with the invention at a second flow rate.

[0015] FIG. 5 is a schematic illustration of a four-zone rotary bed sorption system.

[0016] FIG. 6 is a schematic view of the sectors of a sorbent mass in the four-zone

rotary bed sorption system.

[0017] FIG. 7 shows operation data at various locations in the four-zone rotary bed

sorption system at the first flow rate.
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[0018] FIG. 8 shows operation data at various locations in the four-zone rotary bed
sorption system at the second flow rate in FIG. 6.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] FIG. 1 illustrates a preferred embodiment of a rotary sorption bed system 10 in
accordance with the present invention. The system includes a rotating disk-shaped
porous mass or rotor 11 of a conventional construction containing or coated with
regenerable sorbent material that, in a cycle of operation, sequentially passes through
five zones, namely, a first zone 1, a second zone 2, a third zone 3, a fourth zone 4, and a
fifth zone 5. The sorbent rotor 11 is rotated about its axis in the direction indicated by
arrow A by a known rotor mechanism (not shown). The five zones, in order in the
direction of rotation of the rotor 11, can be identified as a process zone 1 through which
process air flows, a first isolation zone 2 through which recycled isolation air flows to
pre-warm the rotor, a regeneration zone 3 through which heated regeneration air flows,
a second isolation zone 4 through which the recycled isolation air flows to be warmed,
and aregeneration purge zone 5 through which the recycled regeneration air flows to be

simultaneously pre-warmed and dried prior to being heated by a separate heater.

[0020] A process fluid stream 12 carrying a sorbate (e.g., water vapor) is passed
through the sorbent rotor 11 in the first zone 1, where the sorbate is sorbed (i.e., loaded)
onto the sorbent rotor 11. The process fluid stream exiting the sorbent mass has a
reduced sorbate concentration compared to the process fluid stream entering the
sorbent mass. Optionally, a fan, blower, or other fluid-moving device 13 can be used

to drive the process fluid flow through duct work (not shown).

[0021] A regeneration fluid stream 14 is passed through the sorbent rotor 11 in the third
zone 3, in a direction opposite to the flow of the process fluid stream 12.  The sorbent
from the process fluid stream that was collected in the sorbent mass 11 is released into
the regeneration fluid stream. A heater 15 can be provided to heat the regeneration

fluid stream 14 prior to its passing through the sorbent mass 11. As with the process
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fluid stream, a fan, blower, or other fluid-moving device 16 can be used to drive the

regeneration fluid flow.

[0022] Although the process fluid stream 12 is not shown in FIG. 1 as being a closed
loop circuit, those skilled in the art will appreciate that that fluid stream can be
recirculated in a closed loop. For example, upon exiting the sorbent mass, the
regeneration fluid stream can be cooled to condense vapor out of the fluid stream and

then be reheated before being routed back through the sorbent mass.

[0023] An isolation fluid stream 17 is recycled in a closed loop, independent of the
process fluid stream 12 and the regeneration fluid stream 14, between the sorbent mass
11 in the second zone 2 and in the fourth zone 4. A purge/regeneration fluid stream 20
flows through the fifth zone disposed immediately after the fourth zone. The
purge/regeneration fluid stream becomes the supply of the regeneration fluid stream 14
and can be driven by fluid-moving device 16. Preferably, the direction that the
isolation fluid stream 17 flows through the sorbent mass 11 is the same direction as the
fluid flowing through the zone immediately following the isolation zone in the
direction of rotation of the sorbent mass 11. In FIG. 1, for example, the isolation fluid
stream 17 passes through the second zone 2 in the same direction that regeneration fluid
stream 14 flows through the third zone 3, and passes through the fourth zone 4 in the
same direction that the purge/regeneration fluid stream 20 flows through the fifth zone
5. Altematively, the direction that the isolation fluid stream flows through the sorbent
mass could be opposite from the direction of fluid flow through the zone immediately
following the isolation zone in the direction of rotation of the sorbent mass. A fan,
blower, or other fluid-moving device 18 can optionally be provided to drive the
isolation fluid flow. Providing the recycled isolation loop helps to reduce
cross-contamination between the process fluid stream 12 and the regeneration fluid
stream 14. Separate fans 16, 18 are used for the purge/regeneration loop and recycled

isolation loop, as well as for the process air stream (13).
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[0024] The purge/regeneration loop uses heat from the purge regeneration zone of the
rotor to preheat the air to be further heated for supply to the regeneration zone. The
purge/regeneration loop air is dehumidified by the rotor 11, thereby creating a lower
relative humidity for the supply to the regeneration zone. Regeneration of the rotor at
a lower relative humidity creates the potential to achieve a lower dew point for the
process leaving air. Figures 3 and 4 show conditions at various locations during
operation of the system under the same ambient conditions, but at different flow rates
for the process, regeneration, and isolation fluid streams. Comparing Figures 3 and 4
with Figures 7 and 8, the process leaving air dew point can be 8 to 20 °F (5 to 11 °C)
lower than that in the conventional four-zone configuration shown in Figure 6
operating at the same inlet conditions. The recycled isolation loop can cool the rotor
material on the process air inlet side at the second isolation zone and use the acquired
heat to pre-warm the rotor at the first isolation zone 2 before it enters the regeneration
sector. Parameters at a process flow rate of 9000 SCFM are shown in FIG. 3 and
parameters at a process flow rate of 6000 SCFM are shown in FIG. 4. The system of
this embodiment can significantly decrease the energy needed for regeneration and

increase the efficiency of the rotor.

[0025] In certain applications, further benefits can be achieved by providing additional
recycled isolation loops. The present invention is not limited to two isolation loops,
but can use three or more isolation loops depending on the characteristics of the various
fluid streams and the desired level of treatment. Preferably, each additional isolation
loop is arranged so that the isolation fluid stream passes through the sorbent mass in the
same direction as the process or regeneration fluid stream that follows the isolation
fluid stream in the direction of rotation of the sorbent mass. It is also preferred that
each additional isolation loop be arranged so that, in a cycle of rotation, the sorbent
mass sequentially passes through the isolation fluid streams in ascending and then
descending order. In other words, for a nine-zone system with three isolation loops,
for example, the sorbent mass would sequentially pass through a regeneration fluid
stream, a first isolation fluid stream, a second isolation fluid stream, a third isolation

fluid stream, a purge/regeneration fluid stream, a process fluid stream, the third
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1solation fluid stream, the second isolation fluid stream, the first isolation fluid stream,
and so on. The number of isolation loops can be selected based on a determination of
whether certain selected criteria relating to temperature, vapor pressure, absolute
pressure, and/or leakage are satisfied. Whether the criteria are satisfied can be
determined either by simulation or by physical testing. In the event it is determined
that one or more of the selected criteria is satisfied, then this indicates that there may be
a potential benefit in adding an isolation loop to the system. After the isolation loop is
added, the determination is made again, and so on, until the selected criteria are not

satisfied.

[0026] For example, two isolation fluid streams can be recycled in a closed loop, each
independent of the process fluid stream 12, the regeneration fluid stream 14, and the

other isolation fluid stream.

[0027] In the preferred embodiments described above, those of ordinary skill in the art
will recognize that the selection of specific flow rates, pressures, temperatures, relative
humidities, etc., depends on the particular application for the sorption system, and will

be able to make appropriate selections for a given application.

[0028] Adding a single closed isolation loop to the system will reduce leakage of air by
approximately one half. This is due to the closed loop nature of the isolation loop,
which will cause it to equilibrate to an absolute pressure midway between the process

and regeneration zones.

[0029] In certain applications the leakage between circuits must be minimized to the
greatest extent possible. In concentration cycles, whether it be for VOC concentration
or water concentration via closed-loop regeneration in low dew point environments
(reference OPG Reactor), exfiltration from the process stream is as detrimental as
infiltration, as the concentration ratio of vapor to the regeneration air stream must be

maximized for cycle efficiency. In the case of the VOC concentrator, extra special
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care is taken to ensure even pressure balances between the process and regeneration

circuits to maximize concentration ratios.

[0030] The embodiments discussed above are representative of preferred embodiments
of the present invention and are provided for illustrative purposes only. They are not
intended to limit the scope of the invention. Although specific configurations,
structures, conditions, etc., have been shown and described, such are not limiting,
Modifications and variations are contemplated within the scope of the present
invention, which is intended to be limited only by the scope of the accompanying

claims.



