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FRACTIONATION TRAY WITH ADJUSTABLE OPEN AREA FOR CLEANING
AND/OR THROUGHPUT CONTROL

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/727,371, filed September 5, 2018, the entire contents of which are incorporated

herein by reference.

TECHNICAL FIELD
[0002] This disclosure relates to fractionation tray configurations and fractionation
columns, such as distillation columns and stripping columns, incorporating such

fractionation trays.

BACKGROUND
[0003] Vapor-liquid contact trays are used in mass transfer or exchange columns to
facilitate contact between, for example, upwardly flowing vapor streams and downwardly
flowing liquid streams. The trays are conventionally horizontally disposed within a
fractionation column to provide a horizontal surface across which a liquid stream can
flow. The trays are typically formed from a solid sheet-like material and contain a
plurality of apertures, which allows vapor to flow upwardly through the tray for
interaction with liquid flowing across the top surface of the tray. In trays known as sieve
trays, the apertures are sized small enough so that during operation of the column the
pressure of the vapor passing upwardly through the apertures restricts or prevents liquid
from passing downwardly through the apertures. In other types of trays, movable valves
or stationary structural elements such as bubble caps can be provided over the apertures to
seal against the downward passage of liquid.
[0004] In practice, vapor-liquid contact trays, which may also be referred to as
fractionation trays, are designed for particular target operating conditions (e.g.,
temperature and pressure) and flow rates. For example, the size, number, and placement
of apertures through the tray may be selected based on a target liquid feed rate and a
target gas feed rate to the column. Once installed in a facility, however, actual operating
conditions for the column may vary from the design target parameters. For example, flow
rates to the column may vary based on production needs of the facility in which the

column is installed. Further, if undesired fouling occurs inside of the column during
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operation, the fouling may plug one or more tray apertures, potentially impacting internal

flow dynamics.

SUMMARY
[0005] In general, this disclosure is directed to fractionation tray configurations, columns
incorporating fractionation trays, and method of using such fractionation trays and
columns. In some examples, a fractionation tray according to the disclosure is configured
with multiple overlapping tray decks that are movable relative to each other. For
example, the fractionation tray can have a first tray deck and a second tray deck that each
have apertures separated by blanking sections. The blanking sections may be regions of
material (e.g., metal) that are unapertured. The first and second tray decks may move
relative to each other to adjust the alignment of the apertures of the two tray decks
relative to each other. For example, the trays may move relative to each other from a
maximum throughput position in which apertures of the two tray decks are fully aligned
(e.g., allowing flow through the entire open area of the apertures of the top tray deck) to a
maximum turndown position in which apertures of the two tray decks are fully covered
by blanking sections of the other tray, and optionally any position therebetween.
[0006] Configuring a fractionation tray with multiple tray decks whose open areas move
relative to each other can be useful for a variety of reasons. The variable open area
provided by the adjustable tray decks can provide flexibility for increasing or decreasing
flow rates through the column depending on the operational needs of the facility in which
the tray deck is installed. As another example, in instances where the fractionation tray is
used in a fouling service (e.g., where the material being processed has a tendency to build
up over and/or plug the apertures of the tray), the movement of the tray decks relative to
each other may have a cleansing or defouling impact. For example, when foulant builds-
up around the apertures due to rising vapors carrying entrained material, the foulant may
begin bridging over and/or completely plugging the apertures of the tray. By configuring
one tray deck to move or slide relative to another tray deck, the relative movement of the
tray decks may cause a scrubbing or shearing action on the build-up foulant. In turn, this
can release the foulant and reopen the apertures of the tray deck.
[0007] Although a fractionation tray according to the disclosure can be implemented in a
number of different configurations, in some examples, multiple of the fractionation trays
are installed in series in a fractionation column. Each fractionation tray may be sealed to
an inner surface of the column housing to define distinct gas spaces between adjacent
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trays. In some applications, the pressure of the adjacent gas spaces is monitored and the
relative open area of the fractionation tray between the adjacent gas spaces is controlled
to maintain a target differential pressure. In this way, the adjustable open area of the
fractionation tray may be dynamically adjusted based on operating conditions inside of
the column.

[0008] In one example, a fractionation column is described that includes a column
housing and a plurality of fractionation trays. The column housing has a feed inlet, a
liquid outlet, and a gas outlet. The plurality of fractionation trays are contained in the
column housing and are vertically spaced from each other. The example specifies that
one or more of the fractionation trays include a first tray deck and a second tray deck.
The first tray deck includes apertures through which vapor rising in the column housing is
configured to pass for contacting liquid flowing across and/or through the tray deck. The
second tray deck is positioned adjacent to the first tray deck. The second tray includes at
least one blanking section devoid of apertures that is movable relative to the apertures of
the first tray deck between a covered position in which the apertures of the first tray deck
are covered by the at least one blanking section and an uncovered position in which the
apertures of the first tray deck are not covered by the at least one blanking section.

[0009] In another example, a method is described that includes introducing a feed liquid
and a gas into a fractionation column containing a plurality of vertically spaced
fractionation trays. The method involves flowing the feed liquid across a top surface of at
least one fractionation tray while causing the gas to flow upwardly through apertures in
the tray. The example specifies the tray includes a first tray deck and a second tray deck
positioned adjacent to the first tray deck and being movable relative thereto. The
example method also involves moving the second tray deck relative to the first tray deck
to clean the apertures and/or adjust an open area of the apertures.

[0010] The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent from

the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0011] FIG. 1 is a perspective view of an example fractionation column according to the
disclosure.
[0012] FIG. 2 is a perspective view of an example fractionation tray that can be used in

the fractionation column of FIG. 1
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[0013] FIG. 3 is a top view showing an example arrangement of overlapping tray decks
that can be used on the fractionation tray of FIG. 2.

[0014] FIGS. 4 and 5 illustrate alternative tray deck configurations that can be used to
form a fractionation tray according to disclosure.

[0015] FIG. 6 is a sectional view of an example actuator configuration that can be used
for the example fractionation tray of FIG. 2.

[0016] FIG. 7 is a perspective illustration of an example implementation of a
fractionation tray according to FIG. 2.

[0017] FIGS. 8A and 8B are illustrations of an example valve configuration that may be
used on the fractionation tray of FIG. 2.

[0018] FIG. 9 is a block diagram illustrating an example extraction system that may
utilize a fractionation column according to the disclosure.

[0019] FIGS. 10 and 11 are top and side views, respectively, illustrating an example

configuration of the fractionation of FIG. 2 with an example tubular downcomer.

DETAILED DESCRIPTION
[0020] In general, this disclosure is directed to fractionation trays, fractionation columns
containing one or more fractionation trays, and processes using fractionation trays. In
some examples, a fractionation tray according to disclosure is formed of multiple
overlapping segments or sections that move relative to each other. For example, the
fractionation tray may be formed from at least two sheets of material (e.g., metal) each
having apertures formed in the sheeting. The two sheets of material may be movable
relative to each other to adjust the relative alignment of respective apertures between the
two sheets. In some configurations, the sheets may be moved between a position in
which the apertures in each sheet are aligned with each other (e.g., allowing flow through
an entire cross-section of an aperture) to a closed position in which the apertures are
partially or fully offset from each other (e.g., causing partial or full blocking of flow
through the cross-section of an aperture). By configuring a fractionation tray with
movable sections relative to each other, the throughput capacity of the tray may be
adjusted by adjusting the open area of the tray. Further, the relative movement of the
trays may provide a cleaning action to remove fouling that may buildup on the tray over
extended service.
[0021] FIG. 1 is a perspective illustration of an example fractionation column 10 that
includes at least one fractionation tray according to the disclosure, which in the example
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of FIG. 1 is illustrated as having a plurality of fractionation trays 12A—12D (collectively
referred to as “fractionation tray 12”). Fractionation trays 12A-12D are vertically spaced
from one another inside of a column housing 14. Fractionation column 10 can have a
feed inlet 16 that receives a liquid to be fractionated inside of the fractionation column, a
feed outlet 18 configured to discharge a higher vapor pressure fraction of the feed liquid,
a gas inlet 20 configured to introduce a gas (e.g., steam) into the column housing, and a
gas outlet 22 configured to discharge a lower vapor pressure fraction of the feed liquid.
Although FIG. 1 illustrates an example stripping tower configuration of a fractionation
column, other types of fractionation column configurations can be used without departing
from the scope of the disclosure. For example, fractionation column 10 may be
implemented as a distillation column, which may or may not have one or more sidestream
draws and/or one or more sidestream recirculation loops for adding thermal energy to or
withdrawing thermal energy from different sections of the column.

[0022] Independent of the specific configuration of fractionation column 10, the column
may contain at least one fractionation tray formed of multiple tray decks movable relative
to each other as described in greater detail below. For example, fractionation column 10
may include multiple (e.g., two, three, four, or more) fractionation trays 12 that are
arranged vertically spaced from each other in column housing 14, with each tray being
informed of multiple tray decks movable relative to each other. In some examples, all
fractionation trays in fractionation column 10 are configured with movable tray decks as
described herein. In other examples, at least one fractionation tray in fractionation
column 10 is a traditional tray without movable tray decks (e.g., sieve tray, fixed or
moving valve tray) and is used in combination with a tray configuration according to the
present disclosure.

[0023] FIG. 2 is a perspective of example fractionation tray 12 that may be used in
fractionation column 10 according to FIG. 1. As shown in this example, fractionation
tray 12 includes a first tray deck 22 and a second tray deck 24. Second tray deck 24 is
positioned adjacent to first tray deck 22 and is movable relative thereto. In some
examples, second tray deck 24 is positioned in contact with first tray deck 22 (e.g., such
that a top surface of the first tray deck 22 contacts a bottom surface of the second tray to
24). In other examples, second tray deck 24 is positioned adjacent to first tray deck 22
without directly contacting the tray deck (e.g., with a small gap there between, such as a
less than 5 mm, or less than 1 mm). In either case, both the first tray deck 22 and the
second tray deck 24 may be in sufficiently close proximity such that, in combination, the
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tray decks collectively form a fractionation tray. For example, the first tray deck 22 and
the second tray deck 24 may be in sufficiently close proximity that only a minimal
amount of vapor and/or liquid (e.g., substantially none) can pass through the gap between
the two trays.

[0024] In general, first tray deck 22 and/or second tray deck 24 may define corresponding
apertures 26 and blanking sections 28 that are movable relative to each other to adjust the
open area through the apertures. For example, first tray deck 22 may include a plurality
of apertures 26, which may be openings through which the rising vapor in column
housing 14 (FIG. 1) can pass upwardly through fractionation tray 12. Second tray deck
24 may in turn include one or more blanking sections that can move in relation to the one
or more (e.g., multiple of, all of) the apertures 26 of the first tray deck 22. The blanking
sections 28 may move from a position that is partially or fully offset from the apertures 26
that the blanking sections are configured to cover to another position where the blanking
sections are partially or fully enclosing the apertures. In general, the blanking section or
sections of a tray deck may be regions of tray deck material that are devoid of apertures
(e.g., such that rising vapor cannot pass through the blanking section). While the
foregoing example has described first tray deck 22 as having apertures 26 and second tray
deck 24 as having blanking sections 28, first tray deck 22 may have blanking sections in
addition to or in lieu of having apertures 26 and, similarly, second tray deck 24 may have
apertures in addition to or in lieu of having blanking sections. Thus, features described as
being associated with first tray deck 22 herein may be implemented on second tray deck
24 and, correspondingly, features described as being associated with second tray deck 24
herein may be implemented on first tray deck 22 without departing from the scope of
disclosure.

[0025] In one example, for instance, first tray deck 22 and second tray deck 24 each have
apertures and blanking sections. The blanking sections in such configurations may be
regions of tray deck material between adjacent apertures. When so configured, the
apertures of the first tray deck 22 and the apertures of second tray deck 24 may be moved
relative to each other between a position in which corresponding apertures are partially or
fully axially aligned (e.g., such that rising vapor can pass through the cross-sectional area
of the aligned apertures). Further, the apertures of first tray deck 22 and the apertures of
second tray deck 24 may be moved relative to each other between one or more additional
positions in which the apertures of one tray deck are partially or fully covered by
blanking sections of an adjacent tray deck. In this way, the open area through
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fractionation tray 12 may be adjusted by controlling the position of the apertures of the
two tray decks relative to the blanking sections of the tray decks.

[0026] FIG. 3 is a top view showing an example arrangement of overlapping tray decks
that each have apertures and blanking sections and that can be used to form fractionation
tray 12. As shown in this example, first tray deck 22 has a plurality of apertures 26A and
corresponding blanking sections 28 A that are regions of tray deck material separating
adjacent apertures. Further, second tray deck 24 has a plurality of apertures 26B and
corresponding blanking sections 28B that are regions of tray deck material separating
adjacent apertures. In the illustrated configuration of FIG. 3, first tray deck 22 has the
same number of apertures 26A as the number of apertures 26B provided by second tray
deck 24. When so configured, the apertures 26 A of the first tray deck 22 may or may not
be the same size and/or shape as the apertures 26B of the second tray deck 24. In the
illustrated configuration, however, there is a one-to-one correspondence between
apertures 26 A of the first tray deck 22 and apertures 26B of the second tray deck 24. In
other examples, the number and/or size and/or shape of apertures may vary between first
tray deck 22 and second tray deck 24.

[0027] For example, FIGS. 4 and 5 illustrate alternative tray deck configurations that can
be used to form a fractionation tray according to disclosure. FIG. 4 is a perspective view
of an example tray deck (e.g., second tray deck 24) that has wedge-shaped apertures 26B
separated by radially extending blanking sections 28. FIG. 5 is a perspective view of the
example tray deck of FIG. 4 installed over an example sieve tray (e.g., first tray deck 22)
that has circular apertures 26 A and blanking sections 28 A between adjacent apertures. In
this configuration, apertures 26 A may be arranged on the tray deck in wedge-shaped
sections corresponding to wedge-shaped apertures 26B. Accordingly, blanking sections
28B from the example tray deck of FIG. 4 may be aligned with blanking sections 28 A of
the corresponding sieve tray when desiring maximum aperture open area but may be
moved to partially or fully cover some or all of the apertures 26A, e.g., when less open
area is desired.

[0028] Features described as tray deck apertures herein can have any suitable size and/or
shapes. In different examples, a tray deck aperture may have a polygon shape (e.g.,
square, rectangle, triangle), an arcuate shape (e.g. circle, oval), or combinations of
polygon and arcuate shapes. Further, as discussed with respect to FIG. 3 and 5, the
apertures 26 A through first tray deck 22 in the apertures 26B through second tray deck 24
may be the same size and/or shape or may have a different size and/or shape. In some
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configurations, each aperture extending through a tray decks has a cross-sectional area
less than 50 cm?, such as less than 25 cm?  As discussed in greater detail below with
respect to FIG. 10, first tray deck 22 and/or second tray deck 24 may have apertures 26A
and/or 26B, respectively, of different cross-sectional area at different locations across the
tray deck.

[0029] While the size and shape of features described as blanking sections herein may
also vary, a tray deck may or may not have a greater cumulative area of blanking sections
than apertures. For example, the cumulative open area of the apertures through the tray
deck may be less than half the overall cross-sectional area of the tray deck, resulting in
the blanking section area of the tray deck being greater than the open area of the tray
deck. In either case, the region of blanking section of one tray deck that moves to open
and/or close and aperture of another tray deck may be larger than that aperture. As a
result, the blanking section may partially or fully close the aperture, e.g., depending on
the relative position of the two tray decks.

[0030] In general, first tray deck 22 and second tray deck 24 may move relative to each
other to adjust the relative positions of the apertures and blanking sections. Depending on
the configuration of apertures and blanking sections of the respective tray decks, the open
area of the apertures of one tray deck may be fully open, partially closed by blanking
sections of a corresponding tray deck, or fully closed by blanking sections of a
corresponding tray deck. For example, one tray deck may be movable relative to another
tray deck to provide a continuous range of open area adjustment between a position in
which the apertures of one tray are 100% open (e.g., fully aligned with apertures of the
other tray deck) to a position in which the apertures are 0% open (e.g., fully aligned with
blanking sections of the other tray deck so as to be close by the blanking sections). The
open area may be continuously adjustable in that the overlap between apertures and
blanking sections may be set to any position between fully open and fully closed.

[0031] To control the relative positioning of the apertures and blanking sections of
respective tray decks, first tray deck 22 and second tray deck 24 may be movable relative
to each other. In some examples, one tray deck is configured to move laterally (e.g., side-
to-side) across the cross-section of column housing 14 relative to a stationary tray to
control the relative position of the two trays. For example, with reference to FIG. 2, first
tray deck 22 is shown as being a stationary or unmovable tray. By contrast, second tray

deck 24 is illustrated as being sliding the attached to first tray deck 22. In this
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configuration, second tray deck 24 can move side-to-side along one or more slots 30
relative to first tray deck 22 to adjust the relative position of the two trays.

[0032] As another example, first tray deck 22 and second tray deck 24 may be
rotationally movable relative to each other. For example, with reference to FIG. 5, first
tray deck 22 is again shown as being a stationary or unmovable tray. By contrast, second
tray deck 24 is illustrated as being rotationally attached to first tray deck 22 about an axial
attachment 32. In this configuration, second tray deck 24 can move rotationally relative
to first tray 22 to adjust the relative position of the two trays.

[0033] To control the movement of first tray deck 22 and second tray deck 24 relative to
each other, fractionation column 10 may include one or more actuators. For example,
each fractionation tray 12 may include an actuator associated with that tray, with the
actuator being configured to move one tray deck (e.g., second tray deck 24) relative to the
other tray deck. In different examples, the actuator may move axially back and forth
along a direction of tray movement or may be rotationally driven to translate rotational
movement into linear movement. In the example of FIG. 2, fractionation tray 12 is
illustrated as including a shaft 34 that is connected to the movable tray (e.g., second tray
deck 24) and configured to control movement of the tray relative to the stationary tray
(e.g., first tray deck 22). Shaft 34 can extend through the wall of column housing 14
(e.g., via a port formed in the wall) to connect to an actuator located outside of the
column housing.

[0034] When configured with shaft 34, rotational movement of the shaft can translate into
linear movement of the movable tray relative to the stationary tray. For example, shaft 34
may be a threaded drive that is screwed in the movable tray (e.g., second tray deck 24 in
the example of FIG. 2), e.g.., one or more unthreaded nuts secured to the tray. As shaft
34 turns, the nuts may move along the length of the shaft in a direction dictated by the
rotational direction of movement. As another example, shaft 34 may carry a circular gear
(e.g., pinion) that engages a linear gear (e.g., rack) secured to the movable tray, or vice
versus. Rotation of the pinion relative to the rack can operate to translate rotational
motion into linear motion. In either case, shaft 34 may be operatively connected to the
movable tray such the movable tray can translate linearly relative to the shaft as the shaft
rotates.

[0035] To connect shaft 34 inside of column housing 14 to an external actuator, the shaft
may extend externally through column housing 14 and connect with the external actuator.
FIG. 6 is a sectional view of an example actuator configuration that can be used for
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fractionation tray 12. As shown in this example, second tray deck 24 is movably
connected to a shaft that extends outside of column housing 14 to an external actuator 38.
Actuator 38 is illustrated as a handle graspable by a human operator to manually adjust
the positioning of one tray relative to another. In other configurations, actuator 38 may
be powered actuator (e.g., driven by electrical and/or pneumatic energy) that receives
control signals from a controller for adjusting the position of the tray decks relative to
each other.

[0036] In some examples, shaft 34 that is movably connected to second tray deck 24 is a
single, integral shaft member extends from the tray outside of column housing 14 to
connect to actuator 38. In other examples, the shaft is implemented using two or more
sections of shaft members. For example, FIG. 6 illustrates second tray deck 24 being
movably connected to a first shaft 40 that extends externally to column housing 14 and a
second shaft 34 that is internal to the column housing. First shaft 40 and second shaft 34
may be joined together via a coupling region 42, which may be inside of or outside of
column housing 14. In either case, a shaft housing 44 may extend external to column
housing 14 and may contain one or more seals 46 that surround a shaft member between
second tray deck 24 and actuator 38. The one or more seals, which are illustrated as
being implemented with four in the specific example of FIG. 6, can reduce or eliminate
fluid bypass around the shaft to an external environment.

[0037] To connect external shaft 40 to internal shaft 34, the external shaft may be
configured to move axially within shaft housing 44 to engage a terminal end of internal
shaft 34. Once engaged, a locking screw or other locking member may be used to secure
the position of external shaft 40 inside of shaft housing 44 to maintain the engaged
position of the external shaft with the internal shaft.

[0038] Independent of the specific configuration of shaft 34 and actuator 38, the
arrangement used to control the position of first tray 22 relative to second tray deck 24
may include a positioning sensor configured to measure a position of the actuator and,
correspondingly, of the movable tray controlled by the actuator relative to the stationary
tray. In various examples, the positioning sensor may be an optical sensor, an
electromagnetic sensor (e.g., Hall Effect sensor), or a mechanical sensor. In some
examples, the positioning sensor measures movement of shaft 34 and/or actuator 38, e.g.,
by counting rotations (partial and/or full) of the shaft and/or actuator. The positioning
sensor may output a signal (e.g., an electrical signal) to a controller and/or user interface
providing an indication of an amount of movement of shaft 34 and/or actuator 38, which
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correspondingly can indicate a relative position of second tray deck 24 to first tray deck
22. Additionally or alternatively, the positioning sensor may be coupled (e.g.,
mechanically) to a gauge or other visualization feature to indicate a relative position of
second tray deck 24 to first tray deck 22. In either case, the relative position of second
tray deck 24 to first tray deck 22 may indicate the amount of open area through
fractionation tray 12.

[0039] With further reference to FIG. 2, first tray deck 22 is illustrated as being secured
to column housing 14 while second tray deck 24 is illustrated as having a smaller cross-
sectional area than the first tray deck and being inset from the column housing. First tray
deck 22 may be secured to column housing 14 using a variety of fixation techniques. In
some examples, first tray deck 22 is secured to the column housing 14 using mechanical
fixation elements, such as bolts and nuts. In other configurations, first tray deck 22 is
secured to column housing 14 by welding the tray deck to the internal surface of the
column housing. Welding first tray deck 22 to an interior of column housing 14 can be
useful to create a fluid-tight seal between the perimeter of the tray deck and column
housing. In either case, first tray deck 22 may or may not be sealed to the column
housing 14 about at least the portion of its perimeter such that fluid (e.g., gas, liquid)
cannot bypass the seal perimeter. For example, first tray deck 22 may be sealed to
column housing 14 from the downcomer associated with the tray deck about its entire
perimeter. Second tray deck 24 may be inset from column housing 14 a separation
distance that allows the tray deck to move relative to the column housing wall and,
correspondingly, the underlying stationary tray deck. As aresult, the second tray deck 24
may not be sealed to the column housing.

[0040] While fractionation tray 12 has generally been described as having first tray deck
22 and second tray deck 24, it should be appreciated that a fractionation tray according to
the disclosure is not limited to having two tray decks. For instance, in another example
implementation, fractionation tray 12 may be formed of three tray decks: an upper
movable tray deck, a lower movable tray deck, and a stationary middle deck. The upper
and lower movable tray decks may be configured and movable as described above in
connection with second tray deck 24, while the middle stationary deck may be configured
as described above in connection with first tray deck 22.

[0041] Configuring fractionation tray 12 with upper and lower movable tray decks may
be useful to control and/or inhibit fouling. In operation, material being processed in
fractionation column 10 may have a tendency to deposit solid residue inside the column.
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The deposited solid residue, or foulant, may initially build at or around a perimeter edge
of one or more apertures passing through fractionation tray 12 (e.g., on a top and/or
bottom surface of the apertures of a stationary tray). Over time, the foulant may bridge
over the aperture, partially or fully plugging the aperture. By configuring fractionation
tray 12 with upper and lower movable tray decks sandwiching a stationary tray deck,
fouling build up on or around the apertures of the stationary tray deck may be partially or
fully removed (cleaned) on both top and bottom surfaces as the upper and lower movable
tray decks, respectively are moved across the apertures. This can be beneficial in fouling
scenarios where foulant has a tendency to build up on both top and bottom surfaces of the
tray deck.

[0042] Fractionation tray 12 can include a variety of other tray flow control features to
control liquid height on and flow across the tray and/or vapor pressure and flow through
the apertures of the tray. Typically, fractionation tray 12 may include a downcomer 50
(FI1G. 2) that directs liquid having flowed across the tray down to a lower tray or
discharge location. A weir 52 may extend above the top surface the tray to set the design
liquid height on the fractionation tray during operation. A variety of different
downcomer and weir configurations can be used with fractionation tray 12.

[0043] In general, downcomer 50 provides a passageway for liquid to pass downwardly
from one tray to an underlying tray. In single pass tray arrangements, the downcomers
are provided at opposite ends of vertically adjacent trays so the liquid flows completely
across one tray from the inlet end to the outlet end before it enters the downcomer for
passage to the next lower tray. The liquid then flows in the opposite direction across the
lower tray (or in some instances trays that generate a circular flow are utilized such that
liquid flows in the same direction on each tray) and enters the associated downcomer for
passage to and across lower trays in the same back and forth fashion. In two-pass tray
arrangements, the tray is split into two streams which travel in opposite directions on each
tray. A center downcomer is provided on every other tray and two end downcomers are
placed at opposite ends of intermediate trays to provide the double pass flow pattern. In
addition to double pass tray arrangements, alternative multi-pass tray downcomer designs
include three and four pass trays. A four pass tray has side and center downcomers on
every other tray and has two intermediate or off-center downcomers on the other-
alternating trays. The center and intermediate (or off-center) downcomers have liquid
flowing from either side. These tray arrangements include chordal downcomer designs as
they cut a chord across the tower. Another type of downcomer that can be used is a
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central downcomer positioned in the middle of the tray deck that can potentially receive
liquid from the entire perimeter of the downcomer. These interior hanging downcomers
come in various shapes and sizes as in rectangular or circular cross-sectioned
downcomers.

[0044] Fractionation tray 12 may include a weir 52 positioned at the outlet end of tray to
provide a mechanical seal on the upstream downcomer. Weir 52 can also cause liquid to
accumulate on the top surface of the tray for enhanced interaction with the vapor bubbling
upwardly through the apertures in the tray deck before entering downcomer 50. The area
of the tray deck which contains the apertures in vapor-liquid contact trays in generally
referred to as the “active area” of the tray because the vapor-liquid interaction occurs
above the tray in this area. The active area typically does not include the area at the inlet
end of the tray deck which lies immediately below the outlet of the downcomer which is
associated with the overlying tray. This area of the tray below the downcomer outlet is
referred to as the downcomer receiving area and is typically a solid plate 54, which
receives the vertically flowing discharge from the downcomer and redirects it
horizontally to flow across the tray. Although not illustrated in the example of FIG. 2,
fractionation tray 12 may include an inlet weir providing a liquid height separation
between the downcomer receiving area and the active area of the tray.

[0045] In the example of FIG. 2, fractionation tray 12 is illustrated as having a chordal
downcomer 50, which can be characterized by a chord, or straight line segment, having
endpoints lying on the otherwise circular perimeter of the tray. In altemative
implementations, whether implemented as a single-pass tray or multi-pass tray,
fractionation tray 12 may have a tubular downcomer 50.

[0046] FIGS. 10 and 11 are top and side views, respectively, illustrating an example
configuration of fractionation tray 12 with a tubular downcomer 50. When so
implemented, downcomer 50 may not be defined by a chord transecting the perimeter of
fractionation tray 12 but may instead by defined by a tubular body extending downwardly
from fractionation tray 12. Tubular downcomer 50 may be surrounded about its
perimeter 56 with sheet material defining the planar surface of fractionation tray 12. In
different examples, tubular downcomer 50 may have a polygonal cross-sectional shape
(e.g., square, rectangular), an arcuate cross-sectional shape (e.g., circular, oval), or
combinations of polygonal and arcuate cross-sectional shapes.

[0047] Fractionation tray 12 can be configured with at least one, and optionally multiple
(e.g., two, three, or more), tubular downcomers 50. When configured with multiple
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downcomers as illustrated in FIG. 10, the multiple tubular downcomers may be
positioned within a chordal area 58 of fractionation tray 12. The chordal area 58
containing tubular downcomers 50 may or may not include apertures (e.g., 26A and 26B).
Configuring fractionation trays 12 with one or more tubular downcomers 50 may be
useful for a variety of reasons. For example, configuring fractionation tray 12 with a
tubular downcomer 50 may allow the downcomer perimeter to be offset from the sidewall
of column housing 14, eliminating a seam weld between the downcomer-column wall
interface that may have a tendency to leak. As another example, discussed in greater
detail below, configuring fractionation tray 12 with a tubular downcomer 50 may allow
apertures (e.g., 26 A and/or 26B) to be positioned between adjacent downcomers and/or
between the downcomer receiving area 62 of adjacent downcomers (the space of
fractionation tray 12 receiving liquid from a downcomer of a tray positioned above). This
can increase the active area of fractionation tray 12 for gas-liquid contact and
corresponding fractionation.

[0048] Independent of the configuration of downcomer 50, in different implementations,
downcomer 50 may be directly affixed to fractionation tray 12 or may be affixed to the
sidewalls of column housing 14 and fractionation tray 12 positioned in abutting contact
with the downcomer. In either case, fractionation tray 12 and, more particularly first tray
deck 22 and second tray deck 24, may be constructed as single sections of tray deck
material or from multiple sections of tray deck material that are joined together. For
example, first tray deck 22 and/or second tray deck 24 may be constructed from two or
more sections of tray deck material that are then joined together inside of column housing
14. Each section of tray deck material used to form the resulting tray deck may have a
size less than a maximum opening size of a manhole that provides access to an interior of
column housing 14. For example, column housing 14 may have one or more manholes
having a major dimension of 48 inches or less, such as 36 inches or less, or 24 inches or
less. By configuring fractionation tray to be formed of different sections smaller than the
manhole providing access to the column housing, the sections may be inserted into the
column housing via the manhole installed together inside of the housing. When so
configured, the tray sections may be welded together inside the column housing and/or
removably join together with bolts, nuts, and/or washers.

[0049] A fractionation tray 12 according to disclosure may have additional or different
features to control the throughput and performance of the tray. For example, the
apertures of fractionation tray 12 have generally been described and illustrated as being
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implemented in a sieve tray configuration. In other configurations, however,
fractionation tray 12 may include bubble caps or valves (e.g., fixed valves, movable
valves) to further control vapor flow through the apertures of the tray. When configured
with valves, each aperture may be covered by a valve body that has a top surface in one
or more downwardly directed support members extending from the top surface of the
valve body to the tray surface. The valve body may define one or more vapor discharge
openings between the top surface of the valve body and the support members through
which vapor extending upwardly through the aperture can accept. For example, a
bidirectional slotted cap valve geometry may include a trapezoid having two outlet
openings on either side of the through which vapor can discharge.

[0050] FIGS. 8A and 8B are illustrations of an example valve configuration that may be
used on fractionation tray 12. As shown in this example, a valve body 60 is positioned
over and aperture 26 to define wedge-shaped vapor-directing slots from which vapor can
exit. Valve body 60 projects upwardly from a top surface of the tray deck and, as a result,
may be positioned on the uppermost tray deck (e.g., second tray deck 24). Accordingly,
to provide a movable tray deck when utilizing an upwardly projecting valve body over the
apertures, the lower tray deck (e.g., first tray deck 22) may be movable relative to the
upper tray deck. FIG. 8B is a schematic illustration shown with the valve body 60
removed for purposes of conceptually illustrating how the lower tray deck can move
relative to the upper tray deck to adjust the open area of the aperture.

[0051] Fractionation tray 12, including first tray deck 22 and second tray deck 24, can
typically include multiple apertures arrayed across the tray. Each aperture (e.g., or each
composite aperture defined by aligned pairs of apertures 26A and 26B extending through
the first and second tray deck, respectively) may have the same cross-sectional area (e.g.,
same diameter), or different apertures extending through fractionation tray 12 may have
different sizes from each other.

[0052] For example, fractionation tray 12 may include at least a first set of apertures
defining a first cross-sectional area and a second set of apertures defining a second cross-
sectional area less than the first set of apertures. In some such configurations, the second
(smaller) set of apertures may completely close (such that a blanking section completely
covers an aperture) before the first (larger) set of apertures complete close when moving
first tray deck 22 and second tray deck 24 relative to each other to turndown throughput.
This may allow gas-liquid contact through the first (e.g., partially closed) set of apertures
but not the second set of apertures. Likewise, the first (larger) set of apertures may begin
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opening before the second (smaller) set of apertures begins opening. When so
configured, the open area of the second set of apertures may vary from completely open
(100% open area) to completely shut (0% open area) while the open area of the first set of
apertures varies without being completely open or shut (e.g., transitions within a range of
90% open area to 10% open area, such as from 80% open area to 20% open area). This
arrangement can provide a second set of apertures that open when additional throughput
capacity is needed for fractionation column 10 but that may otherwise be mostly (e.g.,
greater than 50%) or completely closed while a first set of apertures is at least partially
open for lower capacity operation.

[0053] When fractionation tray 12 is configured with multiple sets of different sized
apertures, the different sized aperture may be located at any desired location across
fractionation tray 12 relative to each other. FIG. 10 illustrates one example layout where
a first (larger) sized set of apertures 64 are arrayed over the active area of fractionation
tray 12. A second (smaller) sized set of apertures 66 are arrayed over downcomer
receiving area 62 (e.g., a chordal region of fractionation tray 12 from which an upstream
downcomer drops liquid downwardly). In the illustrated example that includes tubular
downcomers 50, the area 68 of the upstream downcomer the projects on the receiving
area (e.g., visually and/or flow projects without actually contacting the receiving area) is
shown devoid of apertures. In other words, the second set of apertures are arrayed around
and not over the portion of downcomer receiving area 62 that the upstream downcomer
projects liquid onto in the illustrated example.

[0054] Whether implemented as a manual actuator 38 or a controlled actuator 38 that
receives control signals from a system controller, the actuator can control the relative
position of the tray decks to vary the open area of the apertures through fractionation tray
12. In some configurations, fractionation column 10 includes at least one pressure sensor
that measures the pressure above a fractionation tray 12 as well as below the fractionation
tray. Such differential pressure measurement may be made with using a single pressure
sensor that periodically samples from above and below the fractionation tray or using
multiple pressure sensors that sense the pressure of the different gas spaces. Using a
single pressure sensor that is selectively placed in pressure communication with different
pressure spaces via a manifold can be useful to eliminate calibration and/or measurement
inconsistencies between different pressure sensors. In either case, however, the
differential pressure across the fractionation tray may be measured and the open area
through the fractionation tray adjusted based on the determined differential pressure. For
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example, an operator may set a target pressure drop across fractionation tray 12 and
adjust the open area through the tray (by moving the movable tray deck relatively
stationary tray deck) until the pressure drop across the tray is substantially equal to the
target pressure drop.

[0055] In addition to or in lieu of controlling the positioning of the tray decks of
fractionation tray 12 based on differential pressure, the movable tray deck may be
periodically actuated to perform a cleaning on the fractionation tray. For example, the
movable tray deck of fractionation tray 12 may be actuated at least once hour, at least
once per 12 hour period, at least once per day, at least once per week, or at least once per
month. Periodic movement may have a tendency to dislodge accumulated following on
the tray, helping to open the apertures in the tray from blocking fouling. For example,
actuator 38 may be periodically actuated to move second tray deck 24 relative to first tray
deck 22 from a working position, to a covered and/or uncovered position, and back to the
working position. This actuation cycle can cause the second tray deck to sweep across
the apertures of the first tray deck and removing accumulated fouling thereover and/or
therein.

[0056] A fractionation tray and/or column according to the disclosure can be used in a
variety of different applications where fractionation of a liquid feed stream is desired.
FIG. 9 is a block diagram illustrating an example extraction system 100 according to the
disclosure that can utilize fractionation column 10 and fractionation tray 12. System 100
includes an extractor 102, fractionation column 10, and a desolventizer unit 106. In
operation, a feedstock 108 containing a material to be extracted is introduced into a feed
inlet of the extractor 102 and solvent 200 is introduced into a solvent inlet of the
extractor. The feedstock 108 is contacted with the solvent 200 within the extractor 102 to
extract oil from the feedstock into the solvent. The extractor can produce a miscella
stream 202 containing extracted oil in organic solvent. The extractor can also produce a
solvent wet residual solids stream 204 containing residual solid material from the
feedstock whose oil content has been extracted.

[0057] In the example configuration of system 100, the miscella stream 202 is conveyed
to fractionation column 10. FIG. 9 illustrates fractionation column 10 receiving miscella
stream 202 directly from extractor 102. In practice, miscella stream 202 may undergo
one or more intermediate desolventization steps (e.g., in which solvent is thermally
removed from the miscella stream 202) before the partially desolventized miscella stream
is received by fractionation column 10 for further desolventization. For example, system
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100 may include one or more evaporation and/or other distillation stages, with miscella
stream 202 passing through an evaporator (e.g., rising film evaporator) and/or other
distillation column during each stage. This can reduce the solvent content and increase
the oil content of miscella stream 202 received by fractionation column 10 as compared to
if the fractionation column receives the stream directly from extractor 102.

[0058] Independent of whether miscella stream 202 undergoes earlier desolventization
before being received by fractionation column 10, the miscella stream can be processed
within the fractionation column to separate extracted oil from the organic solvent. For
example, miscella stream can flow across one or more fractionation trays 12 inside of
fractionation column 10 while rising vapor flows through adjustably-sized apertures of
the tray for effecting separation. For example, fractionation column 10 may receive
steam that vaporizes solvent from the miscella stream 202. Fractionation column 10 can
produce an extracted oil stream 206 substantially or entirely devoid of organic solvent
and a first recovered solvent stream 208. Organic solvent within the first recovered
solvent stream 208 may be mixed with air and/or steam. In some examples, the first
recovered solvent stream 208 is passed through a condenser to remove condensable
liquids, including recovered solvent, yielding a residual stream of non-condensable
exhaust gas. This exhaust gas may contain residual and/or entrained organic solvent that
does not condense within the condenser.

[0059] Solvent-wet solids stream 204 in the example configuration of FIG. 1 is conveyed
to the desolventizer unit 106. The desolventizer unit 106 can dry the solvent wet solids
discharged from extractor 102. For example, desolventizer unit 106 may apply heat
either directly or indirectly to the solvent wet solids, such as forced air and/or steam, to
vaporize solvent from the surface of the solids. The desolventizer unit 106 can produce a
dried residual solids stream 300 and second recovered solvent stream 302. The second
recovered solvent stream 302 may be passed through a condenser to remove condensable
liquids, including recovered solvent from the solvent wet solids, yielding a residual
stream of non-condensable exhaust gas. The exhaust gas may contain residual and/or
entrained organic solvent that does not condense within the condenser.

[0060] Extractor 102 can be implemented using any suitable type of extractor
configuration. In different examples, extractor 102 may be an immersion extractor, a
percolation extractor, or yet other type of extractor design. Independent of the specific
configuration of extractor 102, the extractor may be configured to operate so the
feedstock stream 108 and solvent stream 200 flow in countercurrent directions through a
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housing of the extractor. For example, fresh oil-bearing feedstock 108 may flow through
one inlet of the extractor housing while fresh solvent substantially or entirely devoid of
extracted oil is passed through a second inlet of the extractor. As solvent travels through
the extractor housing from the solvent inlet to the miscella outlet, the solvent can flow in
a countercurrent direction to the flow of solid material passing from the feedstock inlet to
the residual solids outlet. The solvent can intermix with the oil-bearing material within
the extractor, causing oil and/or other extractable components to extract out of the solid
feedstock into the solvent. The concentration of extract (e.g., oil) relative to solvent
increases from a relatively small extract-to-solvent ratio to a comparatively large extract-
to-solvent ratio. Similarly, as the solid feedstock is conveyed in the opposing direction,
the concentration of extract in the solid feedstock decreases from a comparatively high
concentration at the inlet to a comparatively low concentration at the outlet.

[0061] Extractor 102 can process any desired oleaginous feedstock using any suitable
extraction fluid. Example types of oleaginous materials that can be processed using
extractor 102 include, but are not limited to, soybeans (and/or soy protein concentrate),
rapeseed, sunflower seed, peanuts, cottonseed, palm kernels, and corn germ and
combinations thereof, as well as other oil-bearing seeds and fruits. Solvents that can be
used to extract oil contained within the oleaginous material being processed are generally
organic solvents, such as ethanol, acetone, hexane, and/or toluene. Typical oleaginous
materials processed using extractor 102 are plant-based materials, yielding a triglyceride
vegetable oil as an extracted oil product.

[0062] Fractionation column 10 processing miscella stream 202 to separate extracted oil
from solvent can be implemented using one or more separation units. For example,
fractionation column 10 may be implemented using one or more distillation columns,
stripping columns, and/or evaporator units. Fractionation column 10 may be effective to
remove substantially all of the organic solvent from the extracted oil in the miscella
stream 202. For example, fractionation column 10 may receive miscella stream 202
having from 0.5 weight percent to 5 weight percent solvent, such as from 2.5 weight
percent to 3 weight percent solvent. Miscella stream 202 discharging from extractor 102
may have higher concentrations of solvent, but the stream may be processed (e.g., in first
and second stage evaporators) before being received by fractionation column 10. In
either case, fractionation column 10 can process miscella stream 202 to produce extracted
oil stream 206 having less than 3 weight percent organic solvent, such as less than
Iweight percent organic solvent, less than 0.5 weight percent organic solvent, or less than
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200 ppm solvent. For example, fractionation column 10 can process miscella stream 202
to produce extracted oil stream 206 having less than 100 ppm solvent, such as less than
50 ppm solvent, or less than 15 ppm solvent.

[0063] Desolventizer unit 106 processing residual solids stream 204 can also be
implemented using one or more separation units. For example, desolventizer unit 106
may be configured as a desolventizer toaster or other desolventizing device that increases
the temperature the solids stream 204. The temperature of the stream may be increased to
a temperature above the boiling point of the solvent introduced into extractor 102, causing
residual solvent to vaporize. In some configurations, steam is injected into desolventizer
unit 106 in addition to or in lieu of any other direct or indirect heating.

[0064] Various examples have been described. These and other examples are within the

scope of the following claims.
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CLAIMS:

1. A fractionation column comprising:

a column housing having a feed inlet, a liquid outlet, and a gas outlet;

a plurality of fractionation trays contained in the column housing that are
vertically spaced from each other, at least some of the plurality of fractionation trays
comprising:

a first tray deck that includes apertures through which vapor rising in the
column housing is configured to pass for contacting liquid flowing across and/or through
the tray deck; and

a second tray deck positioned adjacent to the first tray deck, the second
tray comprising at least one blanking section devoid of apertures that is movable relative
to the apertures of the first tray deck between a covered position in which the apertures of
the first tray deck are covered by the at least one blanking section and an uncovered
position in which the apertures of the first tray deck are not covered by the at least one

blanking section.

2. The column of claim 1, wherein:

the second tray deck comprises apertures and the at least one blanking section
comprises regions of deck material between the apertures, and

the second tray is movable relative to the first tray between the covered position in
which the apertures of the first tray are aligned with the regions of deck material of the
second tray and the uncovered position in which the apertures of the first tray are aligned

with the apertures of the second tray.

3. The column of claim 2, wherein the second tray is movable through a continuous
range of positions from the covered position to the uncovered position to provide
continuous adjustment of an open area of the apertures of first tray from being 0% open to

100% open.

4, The column of either of claims 2 or 3, wherein the apertures of the second tray

have a same size and shape as the apertures of the first tray.

21



WO 2020/051349 PCT/US2019/049775

5. The column of either of claims 2 or 3, wherein the apertures of the first tray and
the apertures of the second tray define a first set of apertures having a first cross-sectional
area and a second set of apertures having a second cross-sectional area less than the first

cross-sectional area.

6. The column of any one of the forgoing claims, wherein the apertures of the second
tray are larger than the apertures of first tray, and the at least one blanking section of the

second tray is sized to cover some but not all of the apertures of the first tray.

7. The column of any one of the forgoing claims, further comprising an actuator
associated with each of the plurality of fractionation trays that include the first tray deck
and the second tray deck, the actuator being positioned outside of the column housing and
being configured to control a shaft extending through a wall of the column housing that is

connected to the second tray.

8. The column of claim 7, wherein the actuator is configured to turn the shaft
connected to the second tray, causing the second tray to move linearly relative to the first

tray.

9. The column of either of claims 7 or 8, wherein the shaft comprises a threaded
drive screw and the second tray deck comprises one or more nuts threadingly coupled to

the threaded drive screw.

10. The column of any one of claims 7-9, wherein the shaft comprises a first shaft
that extends externally to the column housing and a second shaft internal to the column

housing, the first shaft and the second shaft being joined together at a sealed junction.
11. The column of claim 10, wherein the second shaft is configured to move radially
relative to the column housing to facilitate alignment when coupling the second shaft and

the first shaft together.

12. The column of any one of the forgoing claims, further comprising a positioning

sensor configured to measure, directly or indirectly a position of the second tray deck.
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13. The column of any one of the forgoing claims, wherein the column housing

further comprises a gas inlet configured to receive steam.

14. The column of any one of the forgoing claims, wherein the second tray deck is

positioned under the first tray deck and is slidingly attached to the first tray deck.

15. The column of any one of the forgoing claims, wherein the first tray deck is sealed
to the column housing about at least a portion of its perimeter, and the second tray deck
has a smaller cross-sectional area than the first tray deck and is inset from the column

housing.

16. The column of any one of the forgoing claims, wherein the first tray deck further

comprises a downcomer.

17. The column of any one of the forgoing claims, wherein the column housing

further comprises a downcomer and the first tray deck is attached to the downcomer.

18. The column of either of claims 16 or 17, wherein:

the second tray deck comprises apertures and the at least one blanking section
comprises regions of deck material between the apertures,

the apertures of the first tray and the apertures of the second tray define a first set
of apertures having a first cross-sectional area and a second set of apertures having a
second cross-sectional area less than the first cross-sectional area, and

the first set of apertures area arrayed over an active area and the second set of
apertures are arrayed over a downcomer receiving area and offset from a portion of the

downcomer receiving area that an upstream downcomer projects liquid onto.

19. The column of any one of the forgoing claims, wherein at least one of the plurality
of fractionation trays that include the first tray deck and the second tray deck is
configured to receive liquid on its top surface from an upper downcomer, have the liquid
pass across the fractionation tray and over one or more weirs while vapor is rising

through apertures in the tray, and discharge the liquid through a subsequent downcomer.
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20. The column of any one of the forgoing claims, further comprising, for at least one
of the plurality of fractionation trays that include the first tray deck and the second tray
deck,
an actuator configured to move the second tray deck relative to the first tray deck,
at least one pressure sensor configured to measure a pressure above the
fractionation tray and to measure a pressure below the fractionation tray, and
a controller communicatively coupled to the actuator and the at least one pressure
sensor, the controller being configured to:
determine a differential pressure across the fractionation tray based on
pressure information received from the at least one pressure sensor, and
control the actuator to adjust an open area through the first tray deck by

moving the second tray deck based on the determined differential pressure.

21. The column of any one of the forgoing claims, further comprising, for at least one
of the plurality of fractionation trays that include the first tray deck and the second tray
deck,

an actuator configured to move the second tray deck relative to the first tray deck,
and

a controller communicatively coupled to the actuator, the controller being
configured to periodically move the second tray deck relative to the first tray deck from a
working position, to a covered and/or uncovered position, and back to the working
position, thereby causing the second tray deck to sweep across the apertures of the first

tray deck for removing accumulated fouling.

22. The column of any one of the forgoing claims, wherein one or both of the first
tray deck and the second tray deck are comprises of two or more tray sections joined
together inside of the column housing, thereby allowing the tray sections to be passed

through a manhole of the column housing.

23. The column of claim 22, wherein the two or more tray sections are removably

joined together with bolts, nuts, and washers.
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24, The column of any one of the forgoing claims, wherein the first tray deck
comprises a valve tray, and the apertures of the first tray deck are covered by valve

members.

25. The column of claim 24, wherein the valves comprise fixed valve members.

26. A method comprising:

introducing a feed liquid and a gas into a fractionation column containing a
plurality of vertically spaced fractionation trays,

flowing the feed liquid across a top surface of at least one of the plurality of
vertically spaced fractionation trays while causing the gas to flow upwardly through
apertures in the at least one of the plurality of vertically spaced fractionation trays, the at
least one of the plurality of vertically spaced fractionation trays comprising a first tray
deck and a second tray deck positioned adjacent to the first tray deck and being movable
relative thereto;

moving the second tray deck relative to the first tray deck to at least one of clean

the apertures and adjust an open area of the apertures.

27. The method of claim 26, wherein the feed liquid comprises a miscella and the gas

comprises steam.

28. The method of either of claims 26 or 27, further comprising extracting oleaginous

material with an organic solvent to produce the miscella.

29. The method of claim 28, wherein oleaginous material comprises at least one of

soy and rapeseed.

30. The method of any one of claims 2629, wherein

the first tray deck has first tray deck apertures, the second tray deck has second
tray deck apertures, and each of the apertures in the at least one of the plurality of
vertically spaced fractionation trays is defined by corresponding pairs of the first tray
deck apertures and the second tray deck apertures, and

moving the second tray deck relative to the first tray deck comprises adjusting an
alignment between the first tray deck apertures and the second tray deck apertures.
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31. The method of any one of claims 26-30, wherein

the apertures in the at least one of the plurality of vertically spaced fractionation
trays comprise a first set of apertures having a first cross-sectional area and a second set
of apertures having a second cross-sectional area less than the first cross-sectional area,
and

moving the second tray deck relative to the first tray deck comprises fully closing

the second set of apertures without fully closing the first set of apertures.

32. The method of any one of claims 2631, wherein moving the second tray deck
relative to the first tray deck comprises moving at least one blanking section defined by

the second tray deck relative to an aperture defined by the first tray deck.

33. The method of any one of claims 26-32, wherein the second tray deck is
positioned under the first tray deck, and moving the second tray deck relative to the first

tray deck comprises linearly sliding the second tray deck relative to the first tray deck.

34, The method of any one of claims 26—33, further comprising measuring a pressure
in the fractionation column above the at least one of the plurality of vertically spaced
fractionation trays, measuring a pressure in the fractionation column below the at least
one of the plurality of vertically spaced fractionation trays, and determining a differential
pressure between the measured pressures,

wherein moving the second tray deck relative to the first tray deck to at least one
of clean the apertures and adjust an open area of the apertures comprises moving the
second tray deck relative to the first tray deck to adjust the open area of the apertures

based on the determined differential pressure.
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