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STRUCTURED PACKING MODULE FOR MASS TRANSFER COLUMNS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This present application claims priority to U.S. Provisional Patent Application No.

62/517,368 filed June 9, 2017 the disclosures of which are incorporated by reference herein.

BACKGROUND

[0002] The present invention relates generally to mass transfer columns and, more particularly,
to structured packing used to facilitate mass and heat transfer between fluids in such columns.
[0003] Mass transfer columns are configured to contact at least two fluid streams in order to
provide product streams of specific composition and/or temperature. The term “mass transfer
column,” as used herein is intended to encompass columns in which mass and/or heat transfer is
the primary objective. Some mass transfer columns, such as those utilized in multicomponent
distillation and absorption applications, contact a gas-phase stream with a liquid-phase stream,
while others, such as extraction columns, may be designed to facilitate contact between two liquid
phases of different densities. Oftentimes, mass transfer columns are configured to contact an
ascending vapor or liquid stream with a descending liquid stream, usually along multiple mass
transfer surfaces disposed within the column. Commonly, these transfer surfaces are defined by
structures placed in the interior volume of the column that are configured to facilitate intimate
contact between the two fluid phases. As a result of these transfer surfaces, the rate and/or degree
of mass and heat transferred between the two phases is enhanced.

[0004]  Structured packing is used in columns to provide the heat and/or mass transfer surfaces.
One type of structured packing uses a plurality of crimped sheets that form corrugations comprised
of alternating peaks and valleys. The corrugated structured packing sheets are positioned in an

upright, parallel relationship to each other and are arranged so that the corrugations of each sheet
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extend at an angle to a longitudinal axis of the column and at an angle with respect to the
corrugations of each adjacent sheet in a crisscrossing relationship. The structured packing sheets
are joined together to form a structured packing module in which fluid passages are formed in the
valleys of the crisscrossing corrugations. The structured packing module may form a structured
packing layer that fills a horizontal internal cross section of the column or the structured packing
module may be in the form of individual bricks that are positioned end-to-end and side-by-side to
form the structured packing layer. Multiple structured packing layers are normally stacked on top
of each other with the orientation of the sheets in one layer rotated with respect to the sheets in
adjacent structured packing layers.

[0005]  Various types of surface texturing have been applied to the structured packing sheets in
order to facilitate the spreading of the liquid phase across the surface of the structured packing
sheets and thereby maximize mass and energy transfer between the vapor and liquid phases as they
flow through the structured packing layer. A single type of surface texturing is normally applied
over the entire surface area of the structured packing sheet. One type of surface texturing uses
grooves that extend in a lateral direction that is parallel to a top and a bottom edge of the structured
packing sheet. If the structured packing sheet is not level, the grooves will be inclined from the
horizontal and the liquid that travels along the grooves will preferentially flow in one direction,
leading to maldistribution of the liquid and a reduction in the mass transfer efficiency.

[0006] Another type of surface texturing that normally has a higher mass transfer efficiency
than the grooves comprises a uniform grid of indented and raised structures in which each indented
structure is separated from an adjacent indented structure by a raised structure. The indented
structures on one face of the structured packing sheet form the raised structures on the opposite

face of the structured packing sheet and vice versa.
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[0007]  The raised structures that surround the indented structures form rows comprising peaks
and interconnecting saddles, with the saddles and indented structures forming rows of
microchannels along which liquid preferentially flows. The rows and microchannels are inclined
and intersect the top and bottom edges of the structured packing sheet at an angle, such as a 45
degree angle. It has been found that the spreading pattern of the liquid is influenced by these
microchannels. When they are in general alignment with the corrugation valleys, once the liquid
enters a corrugation valley it tends to follow the microchannels and remain within the corrugation
valley. Ideally, the liquid would be able to exit the corrugation valleys by flowing over the
corrugation peaks and entering other corrugation valleys to facilitate lateral spreading of the liquid.
[0008] A need thus exists for an improved structured packing on which liquid is able to more
uniformly spread across the structured packing surfaces, increasing the active and effective surface
area on which liquid-vapor interaction is occurring, and thereby obtain increases in mass transfer

efficiency.

SUMMARY

[0009] In one aspect, the present invention is directed to a structured packing module
comprising a plurality of structured packing sheets positioned in an upright, parallel relationship
to each other, each structured packing sheet having opposite faces, an upper edge, a lower edge, a
bulk region between the upper edge and the lower edge, and corrugations formed of alternating
peaks and valleys that are interconnected by corrugation sidewalls and extend in an inclined
direction that forms an oblique inclination angle in relation the upper edge and/or the lower edge
of the structured packing sheet, the structured packing sheets being constructed and arranged such
that the corrugations of adjacent ones of the structured packing sheets extend obliquely to each

other. The structured packing module further comprises surface texturing on the structured packing
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sheets comprising a grid of indented and raised structures in the bulk region with each indented
structure being separated from some or all of adjacent ones of the indented structures by the raised
structures, the raised structures forming rows of peaks and interconnecting saddles, and
microchannels that extend along adjacent ones of the indented structures and the interconnecting
saddles that are positioned between each of the adjacent ones of the indented structures. The
microchannels intersect the corrugation valleys at an angle in the range of 20 to 75 degrees.
[00010] In another aspect, the present invention is directed to a structured packing sheet
described in the structured packing module above.

[00011] In a further aspect, the present invention is directed to a structured packing sheet
comprising opposite faces, an upper edge, a lower edge, a bulk region between the upper edge and
the lower edge, corrugations formed of alternating peaks and valleys that are interconnected by
corrugation sidewalls and extend in an inclined direction that forms an oblique inclination angle
in relation the upper edge and/or the lower edge, and apertures. The structured packing sheet
further comprises surface texturing on the structured packing sheets comprising parallel grooves
in an upper edge region adjacent the upper edge and a lower edge region adjacent the lower edge,
parallel groove segments in the bulk region that are oriented obliquely to the upper and lower
edges, a grid of indented and raised structures in the bulk region and covering 70 to 95 percent of
a total surface area of the structured packing sheet, each indented structure being separated from
some or all of adjacent ones of the indented structures by the raised structures, the raised structures
forming rows of peaks and interconnecting saddles, wherein the indented structures are arranged
in parallel rows with the interconnecting saddles of the raised structures connecting adjacent
indented structures within each row, and microchannels that extend along adjacent ones of the
indented structures and the interconnecting saddles that are positioned between each of the

adjacent ones of the indented structures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00012] In the accompanying drawings that form part of the specification and in which like
numbers are used to indicate like components in the various views:

[00013] FIG. 1is a fragmentary side elevation view of a mass transfer column with the column
shell taken in vertical section to show structured packing layers of the present invention positioned
in a stacked arrangement within the column;

[00014] FIG. 2is a side perspective view of four corrugated structured packing sheets that form
a portion of a structured packing module and have apertures and an embodiment of a surface
texturing that comprises a grid of indented and raised structures, wherein the surface texturing is
representationally shown covering only certain portions of the sheets for ease of viewing and
understanding, but which may, in fact, cover the entire sheets;

[00015] FIG. 3 is a front perspective view of a flat sheet of material before it is subjected to a
crimping operation to form the corrugations, the sheet of material having apertures and an
embodiment of surface texturing comprising the grid of indented and raised structures;

[00016] FIG. 4 is a side perspective view of four corrugated structured packing sheets that form
a portion of a structured packing module and have apertures and an embodiment of surface
texturing that comprises grooves and groove segments;

[00017]  FIG. 5 is a front perspective view of a flat sheet of material before it is subjected to a
crimping operation to form the corrugations, the sheet of material having apertures and an
embodiment of surface texturing comprising the grooves, the groove segments, and the grid of
indented and raised structures;

[00018] FIG. 6 is an enlarged fragmentary view of an embodiment of the grid of indented and

raised structures comprising cone-shaped peaks and valleys;
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[00019] FIG. 6ais a cross-sectional view along line 6a-6a of FIG. 6;

[00020] FIG. 6b is a cross-sectional view along line 6b-6b of FIG. 6;

[00021]  FIG. 7 is an enlarged fragmentary view of an embodiment of the grid of indented and
raised structures comprising elongated ridge-shaped peaks and valleys;

[00022] FIG. 7ais a cross-sectional view along line 7a-7a of FIG. 7;

[00023] FIG. 7bis a cross-sectional view along line 7b-7b of FIG. 7;

[00024]  FIG. 8 is an enlarged fragmentary view of an embodiment of the grid of indented and
raised structures comprising cone-shaped peaks and valleys and having higher saddles between
rows of peaks and lower saddles between columns of peaks;

[00025] FIG. 8ais a cross-sectional view along line 8a-8a of FIG. §; and

[00026] FIG. 8bis a cross-sectional view along line 8b-8b of FIG. §;

DETAILED DESCRIPTION

[00027]  Turning now to the drawings in greater detail and initially to FIG. 1, a mass transfer
column suitable for use in mass transfer and heat exchange processes is represented generally by
the numeral 10. The mass transfer column 10 includes an upright, external shell 12 that is
generally cylindrical in configuration, although other configurations, including polygonal, are
possible and are within the scope of the present invention. The shell 12 is of any suitable diameter
and height and is constructed from one or more rigid materials that are desirably inert to, or are
otherwise compatible with, the fluids and conditions present during operation of the mass transfer
column 10.

[00028] The shell 12 of the mass transfer column 10 defines an open internal region 14 in
which the desired mass transfer and/or heat exchange between the fluid streams occurs. Normally,

the fluid streams comprise one or more ascending vapor streams and one or more descending liquid
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streams. Alternatively, the fluid streams may comprise both ascending and descending liquid
streams. The fluid streams are directed into the mass transfer column 10 through any number of
feed lines (not shown) positioned at appropriate locations along the height of the mass transfer
column 10. One or more vapor streams can also be generated within the mass transfer
column 10 rather than being introduced into the column 10 through the feed lines. The mass
transfer column 10 will also typically include an overhead line (not shown) for removing a vapor
product or byproduct and a bottom stream takeoff line (not shown) for removing a liquid product
or byproduct from the mass transfer column 10. Other column components that are typically
present, such as feed points, sidedraws, reflux stream lines, reboilers, condensers, vapor horns,
liquid distributors, and the like, are not illustrated in the drawings because an illustration of these
components is not believed to be necessary for an understanding of the present invention.
[00029] In accordance with the present invention, one or more structured packing layers 16
comprising individual structured packing sheets 18 are positioned within the open internal region
14 and extend across the horizontal, internal cross section of the mass transfer column 10. In the
illustrated embodiment, four structured packing layers 16 are placed in vertically-stacked
relationship to each other, but it is to be understood that more or fewer structured packing layers
16 may be provided. In one embodiment, each one of the structured packing layers 16 is formed
as a single structured packing module that extends completely across the horizontal, internal cross
section of the column 10. In another embodiment, each structured packing layer 16 is formed as a
plurality of individual structured packing modules (not shown), referred to as bricks, that are
positioned in end-to-end and side-to-side relationship to fill the horizontal, internal cross section
of the mass transfer column 10.

[00030] The structured packing layers 16 are each suitably supported within the mass transfer

column 10, such as on a support ring (not shown) that is fixed to the shell 12, on an underlying
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one of the structured packing layers 16, or by a grid or other suitable support structure. In one
embodiment, the lowermost structured packing layer 16 is supported on a support structure and
the overlying structured packing layers 16 are stacked one on top of the other and are supported
by the lowermost structured packing layer 16. Successive structured packing layers 16 are typically
rotated relative to each other so that the individual structured packing sheets 18 in one of the
packing layers 16 are positioned in vertical planes that extend at an angle with respect to the
vertical planes defined by the individual structured packing sheets 18 in the adjacent one(s) of the
packing layers 16. This rotation angle is typically 45 or 90 degrees, but can be other angles if
desired. The height of each structured packing element 16 may be varied, depending on the
particular application. In one embodiment, the height is within the range of from about 50 to about
400 mm.

[00031]  The structured packing sheets 18 in each structured packing layer 16 are positioned in
an upright, parallel relationship to each other. Each of the structured packing sheets 18 is
constructed from a suitably rigid material, such as any of various metals, plastics, or ceramics,
having sufficient strength and thickness to withstand the processing conditions experienced within
the mass transfer column 10.

[00032] Turning additionally to FIG. 2, each of the structured packing sheets 18 presents
opposite front and back faces 20 and 22, opposite upper and lower edges 24 and 26, and opposite
side edges 28 and 30. Each of the structured packing sheets 18 has a plurality of parallel
corrugations 32 that extend along a portion, or all, of the associated structured packing sheet 18.
The corrugations 32 are formed of alternating peaks 34 and valleys 36 and corrugation sidewalls
38 that extend between adjacent ones of the peaks 34 and valleys 36. The peaks 34 on the front

face 20 of each structured packing sheet 18 form valleys 36 on the opposite or back face 22 of the
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structured packing sheet 18. Likewise, the valleys 36 on the front face 20 of each structured
packing sheet 18 form the peaks 34 on the back face 22 of the structured packing sheet 18.
[00033] In the illustrated embodiments, the corrugations 32 of each one of the structured
packing sheets 18 extend along the entire height and width of the structured packing sheet 18 and
are generally of a triangular or sinusoidal cross section. Adjacent ones of the structured packing
sheets 18 in each structured packing layer 16 are positioned in facing relationship so that the front
face 20 of one of the structured packing sheets 18 faces the back face 22 of the adjacent structured
packing sheet 18. The adjacent structured packing sheets 18 are further arranged so that the
corrugations 32 in each one of the structured packing sheets 18 extends in a crisscrossing, or Cross-
corrugated, manner to those corrugations 32 in the adjacent one(s) of the structured packing sheets
18. As aresult of this arrangement, the corrugations 32 in each one of the structured packing sheets
18 extend at an oblique angle to the corrugations of each adjacent one of the structured packing
sheets 18. Some, all or none of the peaks 34 of the corrugations 32 of the front face 20 of each one
of the structured packing sheets 18 may be in contact with the peaks 34 on the back face 22 of the
adjacent one of the structured packing sheets 18.

[00034] The corrugations 32 are inclined in a direction that forms an inclination angle in
relation to the upper and/or lower edges 24 and 26 of the structured packing sheet 18. The
inclination angle that may be selected for the requirements of particular applications in which the
structured packing sheets 18 are to be used. In one embodiment, the inclination angle may be in
the range of 25 to 75 degrees. Specific examples of inclination angles are approximately 30°,
approximately 45°, and approximately 60°. Because the upper and lower edges 24 and 26 of the
structured packing sheets 18 are positioned perpendicularly to the vertical axis of the mass transfer
column 10, the corrugations 32 are also inclined in relation to the vertical axis of the mass transfer

column 10.
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[00035] The peaks 34, valleys 36 and corrugation sidewalls 38 of the corrugations 32 are
normally formed in an automated crimping process by feeding a flat sheet 39, such as shown in
FIG. 3, into a crimping press. The peaks 34 and valleys 36 are generally formed as curved arcs
that may be defined by an apex radius. In general, as the apex radius increases, the arc of curvature
of the peaks 34 and valleys 36 increases and the length of the corrugation sidewalls 38 between
the peaks 34 and valleys 36 conversely decreases, for a given specific surface area. The two
corrugation sidewalls 38 of each corrugation 32 form an apex angle. Apex radius, apex angle,
packing crimp height, and peak 34 to peak 34 length are interrelated, and may be varied to achieve
a desired geometry and specific surface area. In general, as crimp height is lowered the number of
structured packing sheets 18 contained in each structured packing layer 16 (or module), and the
associated specific surface area, increases.

[00036] Some or all of the structured packing sheets 18 may be provided with a plurality of
apertures 40 that extend through the structured packing sheet 18 for facilitating vapor and liquid
distribution within the structured packing layer 16. Each aperture 40 provides an open area for
permitting the passage of fluid through the associated packing sheet 18. The apertures 40 are
normally uniformly distributed on the structured packing sheets 18.

[00037]  The front and/or back faces 20 and 22 of the structured packing sheets 18 contain one
or more different types of surface texturing to facilitate spreading and thereby maximize contact
between the ascending and descending fluid streams. In one embodiment as shown in FIG. 2, the
surface texturing comprises a grid of indented structures 44 and raised structures 46 in a bulk
region of the front and back faces 20 and 22 of the structured packing sheets 18. Only a few
representative areas of the grid of indented and raised structures 44 and 46 are shown in FIG. 2 in
order to allow the corrugations 32 to be readily seen, but it is to be understood that the grid may

cover the entire surface area of the structured packing sheet 18 or sufficient portions thereof to
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achieve the desired mass transfer efficiency. The bulk region in one embodiment is located
between the upper and lower edges 24 and 26 of the structured packing sheet 18.

[00038] Each indented structured 44 is separated from some or all of the adjacent ones of the
indented structures 44 by the raised structures 46. The indented structures 44 are arranged in
parallel rows and may be positioned in a square, diamond, triangular or other pattern. The raised
structures 46 comprise peaks 48 and interconnecting saddles 50. The peaks 48 may be generally
cone-shaped as shown in FIGs. 6, 6a, and 6b and 8, 8a, and 8b or they may be elongated to form
ridge shapes as shown in FIGs. 7, 7a, 7b. Other shapes and/or configurations are possible and are
within the scope of the invention. Normally, at least some portions of the raised structures 46 on
the front face 20 are formed by at least some portions of the indented structures 44 on the back
face 22, and vice versa. Thus, each of the cone-shaped peaks 48 may be formed by the cone-shaped
terminus of one of the indented structures 44 on the opposite face 20 or 22 of the structured packing
sheet 18. Likewise, each of the ridge-shaped peaks 48 may be formed by the ridge-shaped terminus
of one of the indented structures 44 on the opposite face 20 or 22 of the structured packing sheet
18.

[00039]  The surface texturing includes microchannels designated by the arrows 52 that extend
along adjacent ones of the indented structures 44 and the interconnecting saddles 50 of the raised
structures 46 that are positioned between adjacent ones of the indented structures 44. These
microchannels 52 intersect rather than extend parallel or largely parallel to the corrugation valleys
36 to facilitate the spreading of the liquid across the front and back faces 20 and 22 of the structured
packing sheets 18. The intersection angle of the microchannels 52 to the upper and/or lower edges
24 and 26 of the structured packing sheet 18, and thus the orientation of the microchannels 52
relative to the corrugation valleys 36, is selected to optimize the liquid spreading on the front and

back faces 20 and 22.
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[00040] In one embodiment, the microchannels 52 intersect the corrugation valleys 36 at an
angle in the range of 20 to 75 degrees, where the intersection angle is understood to be the smallest
of the possible intersection angles formed between the corrugation valleys 36 and the
microchannels 52. In other embodiments, the angle may be in the range of 25 to 70 degrees or 30
to 65 degrees. As can be seen in the embodiment illustrated in FIG. 3, the crossing microchannels
52 may be oriented generally parallel to the upper and lower edges 24 and 26 and to the side edges
28 and 30, respectively, in a flat sheet 54 of material before it is subjected to the crimping
operations to form one of the corrugated structured packing sheets 18.

[00041] Two of the microchannels 52 extend obliquely to each other at each indented structure
44 at a crossing angle. The crossing angle in one embodiment may be in the range of 50 to 140
degrees. In other embodiments, the crossing angle may be in the range of 70 to 130 degrees or 85
to 95 degrees. The microchannels 52 may extend linearly as shown in FIG. 6, they may extend in
a zigzag fashion as shown in FIG. 7, or they may extend in other fashions as shown in FIG. 8. For
example, in the embodiment of FIG. 8, the interconnecting saddles 50 of the raised structures 46
are higher between rows of peaks 48, which forms more of a barrier to fluid flow, and lower
between columns of peaks 48, which forms less of a barrier to fluid flow, so that more fluid flows
in the microchannels 52 between rows of peaks 48.

[00042] In another embodiment, the surface texturing comprises one or more rows of parallel
grooves 56, as shown in FIG. 4, in one or both of an upper edge region that is adjacent to the upper
edge 24 and a lower edge region that is adjacent to the lower edge 26 of the structured packing
sheet 26. The grooves 56 serve to laterally distribute liquid as it is being received from the
structured packing layer 16 above and as it is being delivered to the structured packing layer 16
below. The rows of grooves 56 are aligned with the upper edge 24 and the lower 26 and may

extend continuously between the side edges 28 and 30. The grooves 56 may be wavy or otherwise
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non-linear to facilitate lateral distribution of the liquid even in situations where the upper and lower
edges 24 and 26 do not extend exactly horizontally, whether because of a manufacturing error or
imperfect installation of the structured packing layer 16. By positioning the grooves 56 at the upper
edge region, any maldistribution of the liquid being transferred from one structured packing layer
16 to another can be partially or completely rectified. Similarly, positioning of the grooves 56 at
the lower edge region serves to rectify any maldistribution of the liquid before it descends from
one structured packing layer 16 into another structured packing layer.

[00043] In one embodiment of the grooves 56, they approximate a low-amplitude sine wave.
The number of grooves 56 in the upper edge region may be the same or different from the number
in the lower edge region. In one embodiment, the number of rows of grooves 56 is in the range of
1 to 10 in each of the upper and lower edge regions.

[00044] In another embodiment of the surface texturing, the grooves 56 may be used in
combination with the grid of indented and raised structures 44 and 46 or in combination with any
other type of conventional or non-conventional structures or other surface texturing. The grid of
indented and raised structures 44 and 46 generally has a higher mass transfer efficiency than the
grooves 56 and most of the surface area of the structured packing sheets 18 may contain the
indented and raised structures 44 and 46. In one embodiment, the indented and raised structures
44 and 46 cover 70 to 95 percent of the total surface area of the structured packing sheets 18 and
the grooves cover 5 to 30 percent of the total surface area.

[00045] In a further embodiment of the surface texturing, one or more regions of rows of
parallel groove segments 58 may be positioned in the bulk region to facilitate correction of any
maldistribution of liquid as it flows through the bulk region. In one embodiment, these groove
segments 58 are oriented so that they extend obliquely with reference to the upper and/or lower

edge 24 or 26 of the structured packing sheet 18. The groove segments 58 are oriented with
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reference to the upper and/or lower edge 24 or 26. In one embodiment, the groove segments 58
are oriented at an angle that is O to 25 degrees, 5 to 15 degrees, or 7 to 10 degrees relative to the
upper and/or lower edge 24 or 26. The number of rows of the parallel groove segments is in the
range of 1 to 10 and the number of regions containing the rows of parallel groove segments 58 is
in the range of 1 to 5. The groove segments 58 may be used in some applications in combination
with both the grid of indented and raised structures 44 and 46 and the grooves 56. In other
applications, the groove segments 58 may be used only with the grid of indented and raised
structures 44 and 46. In these applications, the regions of groove segments 58 may occupy 5 to 30
percent of the surface area of the bulk region that would otherwise be occupied by the indented
and raised structures 44 and 46.

[00046] In one embodiment, the lower edge 26 of the structured packing sheet 18 may also
comprise a scalloped profile to facilitate liquid distribution.

[00047] From the foregoing, it will be seen that this invention is one well adapted to attain all
the ends and objectives hereinabove set forth together with other advantages that are inherent to
the structure.

[00048] It will be understood that certain features and subcombinations are of utility and may
be employed without reference to other features and subcombinations. This is contemplated by
and is within the scope of the invention.

[00049] Since many possible embodiments may be made of the invention without departing
from the scope thereof, it is to be understood that all matter herein set forth or shown in the
accompanying drawings is to be interpreted as illustrative and not in a limiting sense.

[00050] 1. A structured packing module comprising:

[00051] a plurality of structured packing sheets positioned in an upright, parallel relationship to each

other, each structured packing sheet having opposite faces, an upper edge, a lower edge, a bulk region
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between the upper edge and the lower edge, and corrugations formed of alternating peaks and valleys
that are interconnected by corrugation sidewalls and extend in an inclined direction that forms an
obligue inclination angle in relation the upper edge and/or the lower edge of the structured packing
sheet, the structured packing sheets being constructed and arranged such that the corrugations of
adjacent ones of the structured packing sheets extend obliquely to each other; and

[00052] surface texturing on the structured packing sheets comprising:

[00053] a grid of indented and raised structures in the bulk region with each indented structure
being separated from some or all of adjacent ones of the indented structures by the raised structures,
the raised structures forming rows of peaks and interconnecting saddles; and

[00054] microchannels that extend along adjacent ones of the indented structures and the
interconnecting saddles that are positioned between each of the adjacent ones of the indented
structures, wherein the microchannels intersect the corrugation valleys at an angle in the range of 20
to 75 degrees.

[00055] 2. The structured packing module of claim 1, wherein the surface texturing includes parallel
grooves in one or both of an upper edge region adjacent the upper edge and a lower edge region
adjacent the lower edge.

[00056] 3. The structured packing module of claim 2, wherein the parallel grooves are wavy and are
present in both of the upper edge region and the lower edge region.

[00057] 4. The structured packing module of claim 3, wherein the indented structures are arranged
in parallel rows with the interconnecting saddles of the raised structures connecting adjacent indented
structures within each row.

[00058] 5. The structured packing module of claim 4, wherein each of the peaks of the raised
structures is cone-shaped and is formed by a cone-shaped terminus of one of the indented structures

on the opposite face of the structured packing sheet.
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[00059] 6. The structured packing module of claim 4, wherein each of the peaks of the raised
structures is ridge-shaped and is formed by a ridge-shaped terminus of one of the indented structures
on the opposite face of the structured packing sheet.

[00060] 7. The structured packing module of claim 4, wherein the microchannels intersect the
corrugation valleys at an angle in the range of 25 to 70 degrees.

[00061] 8. The structured packing module of claim 4, wherein two of the microchannels extend
obliquely to each other at each indented structure at a crossing angle that is in the range of 50 to 140
degrees.

[00062] 9. The structured packing module of claim 8, wherein the crossing angle is in the range of
70 to 130 degrees.

[00063] 10. The structured packing module of claim 4, wherein the microchannels extend linearly.

[00064] 11. The structured packing module of claim 4, wherein the microchannels extend in a zigzag
fashion.

[00065] 12. The structured packing module of claim 1, wherein the surface texturing includes parallel
groove segments in the bulk region that are oriented obliquely to the upper and lower edges.

[00066] 13. The structured packing module of claim 1, wherein the lower edges are scalloped.

[00067] 14. The structured packing module of claim 1, including apertures in the structured packing
sheets.

[00068] 15. The structured packing module of claim 1, wherein each indented structure is separated
from all of the adjacent ones of the indented structures by the raised structures.

[00069] 16. The structured packing module of claim 1, wherein the grid of indented and raised
structures covers 70 to 95 percent of a total surface area of each structured packing sheet.

[00070]

[00071] 17. A structured packing sheet comprising:
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[00072] opposite faces, an upper edge, a lower edge, a bulk region between the upper edge and
the lower edge, and corrugations formed of alternating peaks and valleys that are interconnected by
corrugation sidewalls and extend in an inclined direction that forms an oblique inclination angle in
relation to the upper edge and/or the lower edge; and

[00073] surface texturing on the structured packing sheets comprising:

[00074] a grid of indented and raised structures in the bulk region with each indented structure
being separated from some or all of adjacent ones of the indented structures by the raised structures,
the raised structures forming rows of peaks and interconnecting saddles; and

[00075] microchannels that extend along adjacent ones of the indented structures and the
interconnecting saddles that are positioned between each of the adjacent ones of the indented
structures, wherein the microchannels intersect the corrugation valleys at an angle in the range of 20
to 75 degrees.

[00076] 18. The structured packing sheet of claim 17, wherein the surface texturing includes parallel
grooves in one or both of an upper edge region adjacent the upper edge and a lower edge region
adjacent the lower edge.

[00077] 19. The structured packing sheet of claim 18, wherein the parallel grooves are wavy and are
present in both of the upper edge region and the lower edge region.

[00078] 20. The structured packing sheet of claim 17, wherein the indented structures are arranged
in parallel rows with the interconnecting saddles of the raised structures connecting adjacent indented
structures within each row.

[00079] 21. The structured packing sheet of claim 20, wherein each of the peaks of the raised
structures is cone-shaped and is formed by a cone-shaped terminus of one of the indented structures

on the opposite face of the structured packing sheet.
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[00080] 22. The structured packing sheet of claim 20, wherein each of the peaks of the raised
structures is ridge-shaped and is formed by a ridge-shaped terminus of one of the indented structures
on the opposite face of the structured packing sheet.

[00081] 23. The structured packing sheet of claim 20, wherein the microchannels intersect the
corrugation valleys at an angle in the range of 25 to 70 degrees.

[00082] 24. The structured packing sheet of claim 20, wherein two of the microchannels extend
obliquely to each other at each indented structure at a crossing angle that is in the range of 50 to 140
degrees.

[00083] 25. The structured packing sheet of claim 20, wherein the microchannels extend linearly.

[00084] 26. The structured packing sheet of claim 20, wherein the microchannels extend in a zigzag
fashion.

[00085] 27. The structured packing sheet of claim 17, wherein the surface texturing includes parallel
groove segments in the bulk region that are oriented obliquely to the upper and lower edges.

[00086] 28. The structured packing sheet of claim 17, wherein the lower edges are scalloped.

[00087] 29. The structured packing sheet of claim 17, including apertures in the structured packing
sheets.

[00088] 30. The structured packing sheet of claim 17, wherein each indented structure is separated
from all of the adjacent ones of the indented structures by the raised structures.

[00089] 31. The structured packing module of claim 17, wherein the grid of indented and raised
structures covers 70 to 95 percent of a total surface area of the structured packing sheet.

[00090]

[00091] 32. A structured packing sheet comprising:

[00092] opposite faces, an upper edge, a lower edge, a bulk region between the upper edge and

the lower edge, corrugations formed of alternating peaks and valleys that are interconnected by
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corrugation sidewalls and extend in an inclined direction that forms an oblique inclination angle in
relation the upper edge and/or the lower edge, and apertures; and

[00093] surface texturing on the structured packing sheets comprising:

[00094] parallel grooves in an upper edge region adjacent the upper edge and a lower edge region
adjacent the lower edge;

[00095] parallel groove segments in the bulk region that are oriented obliquely to the upper and lower
edges;

[00096] a grid of indented and raised structures in the bulk region and covering 70 to 95 percent of
a total surface area of the structured packing sheet, each indented structure being separated from
some or all of adjacent ones of the indented structures by the raised structures, the raised structures
forming rows of peaks and interconnecting saddles, wherein the indented structures are arranged in
parallel rows with the interconnecting saddles of the raised structures connecting adjacent indented
structures within each row; and

[00097] microchannels that extend along adjacent ones of the indented structures and the
interconnecting saddles that are positioned between each of the adjacent ones of the indented
structures.

[00098] 33. The structured packing sheet of claim 32, wherein the parallel grooves are wavy and are
aligned with the upper edge and the lower edge.

[00099] 34. The structured packing sheet of claim 32, wherein each of the peaks of the raised
structures is cone-shaped and is formed by a cone-shaped terminus of one of the indented structures
on the opposite face of the structured packing sheet.

[000100] 35.The structured packing sheet of claim 32, wherein each of the peaks of the raised
structures is ridge-shaped and is formed by a ridge-shaped terminus of one of the indented structures

on the opposite face of the structured packing sheet.
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[000101] 36.The structured packing sheet of claim 32, wherein two of the microchannels extend
obliquely to each other at each indented structure at a crossing angle that is in the range of 15 to 140
degrees.

[000102] 37.The structured packing sheet of claim 32, wherein the microchannels extend linearly.

[000103] 38.The structured packing sheet of claim 32, wherein the microchannels extend in a zigzag
fashion.

[000104] 39.The structured packing sheet of claim 32, wherein the lower edges are scalloped.

[000105] 40.The structured packing sheet of claim 32, wherein the microchannels intersect the

corrugation valleys at an angle in the range of 20 to 75 degrees.



CLAIMS
1. A structured packing sheet comprising:

opposite faces, an upper edge, a lower edge, a bulk region between the upper edge and the
lower edge, and corrugations formed of alternating peaks and valleys that are interconnected by
corrugation sidewalls and extend in an inclined direction that forms an oblique inclination angle
in relation to the upper edge and/or the lower edge; and

surface texturing on the structured packing sheets comprising:

a grid of indented and raised structures in the bulk region with each indented structure
being separated from some or all of adjacent ones of the indented structures by the raised
structures, the raised structures forming rows of peaks and interconnecting saddles; and

microchannels that are formed by and extend along adjacent ones of the indented
structures and the interconnecting saddles that are positioned between each of the adjacent
ones of the indented structures, wherein the microchannels intersect the corrugation valleys
at an angle in the range of 20 to 75 degrees.
2. The structured packing sheet of claim 1, wherein the surface texturing includes parallel
grooves in one or both of an upper edge region adjacent the upper edge and a lower edge region
adjacent the lower edge.
3. The structured packing sheet of claim 2, wherein the parallel grooves are wavy and are
present in both of the upper edge region and the lower edge region.
4. The structured packing sheet of any one of claims 1 to 3, wherein the indented structures
are arranged in parallel rows with the interconnecting saddles of the raised structures connecting

adjacent indented structures within each row.
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5. The structured packing sheet of any one of claims 1 to 4, wherein each of the peaks of the
raised structures is cone-shaped and is formed by a cone-shaped terminus of one of the indented
structures on the opposite face of the structured packing sheet, or

wherein each of the peaks of the raised structures is ridge-shaped and is formed by a ridge-shaped
terminus of one of the indented structures on the opposite face of the structured packing sheet.

6. The structured packing sheet of any one of claims 1 to 5, wherein the microchannels
intersect the corrugation valleys at an angle in the range of 25 to 70 degrees.

7. The structured packing sheet of any one of claims 1 to 6, wherein two of the microchannels
extend obliquely to each other at each indented structure at a crossing angle that is in the range of
50 to 140 degrees, preferably 70 to 130 degrees.

8. The structured packing sheet of any one of claims 1 to 7, wherein the microchannels extend
linearly, or

wherein the microchannels extend in a zigzag fashion.

0. The structured packing sheet of any one of claims 1 to 8, wherein the surface texturing
includes parallel groove segments in the bulk region that are oriented obliquely to the upper and
lower edges.

10.  The structured packing sheet of any one of claims 1 to 9, wherein the lower edges are
scalloped.

11.  The structured packing sheet of any one of claims 1 to 10, including apertures in the
structured packing sheets.

12.  The structured packing sheet of any one of claims 1 to 11, wherein each indented structure
is separated from all of the adjacent ones of the indented structures by the raised structures.

13.  The structured packing module of any one of claims 1 to 12, wherein the grid of indented
and raised structures covers 70 to 95 percent of a total surface area of the structured packing sheet.
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14. A structured packing module comprising:
a plurality of structured packing sheets according to any one of claims 1 to 13 positioned in an
upright, parallel relationship to each other, wherein the structured packing sheets are constructed
and arranged such that the corrugations of adjacent ones of the structured packing sheets extend
obliquely to each other,
15. A structured packing sheet comprising:
opposite faces, an upper edge, a lower edge, a bulk region between the upper edge and the
lower edge, corrugations formed of alternating peaks and valleys that are interconnected by
corrugation sidewalls and extend in an inclined direction that forms an oblique inclination angle
in relation the upper edge and/or the lower edge, and apertures; and
surface texturing on the structured packing sheets comprising:
parallel grooves in an upper edge region adjacent the upper edge and a lower edge
region adjacent the lower edge;
parallel groove segments in the bulk region that are oriented obliquely to the upper
and lower edges;

a grid of indented and raised structures in the bulk region and covering 70 to 95
percent of a total surface area of the structured packing sheet, each indented structure being
separated from some or all of adjacent ones of the indented structures by the raised
structures, the raised structures forming rows of peaks and interconnecting saddles,
wherein the indented structures are arranged in parallel rows with the interconnecting
saddles of the raised structures connecting adjacent indented structures within each row;

and
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