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(57) ABSTRACT 

A ceramic packing element (1) has a polygonal structure (2) 
with a plane of symmetry in a direction defining a length (L) 
of the element and a greatest dimension (D) perpendicular to 
the length defining a diameter of the element. The element 
has a plurality of internal septa (3) defining a plurality of 
identical first passages (4) through the element each of 
which has a first cross-sectional area and at plurality of 
second passages (5) of a larger cross sectional area than that 
of one of the first passages. At least one of the second 
passages has a cross sectional area which is at least four 
times that of one of the first passages. 
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CERAMIC PACKING ELEMENT WITH 
ENLARGED FLUID FLOW PASSAGES 

0001. This application claims the benefit as a Continua 
tion of U.S. application Ser. No. 10/744,381, filed on Dec. 
23, 2003 which is a continuation-in-part of U.S. application 
Ser. No. 10/136,478, filed on May 1, 2002, now U.S. Pat. 
No. 6,899,963, which is a continuation-in-part of U.S. 
application Ser. No. 10/087,564, filed on Feb. 28, 2002, now 
U.S. Pat. No. 6,699,562 and claims the benefit of U.S. 
Provisional Application Ser. No. 60/498,150, filed on Aug. 
27, 2003, the disclosures of which are incorporated herein in 
their entireties by reference. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The invention relates to packing elements of the 
type that are often called “random' or “dumped packings. 
In particular, it relates to a packing element having a 
plurality of through passages for promoting airflow, and will 
be described with particular reference thereto. 
0004 2. Discussion of the Art 

1. Field of the Invention 

0005 Random or dumped packings are used to fill towers 
units in which mass or heat transfer processes occur. A 
particularly important application is the use of Such ceramic 
elements in heat recovery operations where it is necessary to 
provide maximum effective contact with hot fluids passing 
through the reactor. Another key factor in maximizing 
efficiency is the maintenance of as low a pressure difference 
between top and bottom of the tower as possible. To ensure 
this the packing elements should present the minimum 
resistance to flow. This is promoted by very open structures 
but open structure alone is of limited use if the elements in 
the tower nest together such that parts of one packing 
element penetrate within the space of a second element. It is 
therefore important that the design of the elements minimize 
the tendency of the elements to nest together. 
0006 Ceramic packing elements can be produced by an 
extrusion or a dry-pressing process and hence have an 
essentially uniform cross-section along one axial direction 
which provides an axis of symmetry for the element. Several 
Such shapes have been described in the art ranging from the 
very simple to the complex. All are based on an essentially 
cylindrical shape and differ basically in the internal structure 
within the cylindrical shape. The simplest structure is a basic 
cylinder with no internal structure at all. This type of 
structure is often called a Raschig ring and has been known 
for many years. At the other end of the complexity scale are 
the structures described in U.S. Design Pat. 445,029 and 
U.S. Pat. No. 6,007,915. Between the extremes there are 
simple wagon-wheel shapes such as are described in U.S. 
Pat. No. 3,907,710 and 4,510,263. 
0007. The present invention provides a new and 
improved ceramic packing element and method of use which 
overcome the above-referenced problems and others. 

SUMMARY OF THE INVENTION 

0008. In accordance with one aspect of the present inven 
tion, a ceramic packing element is provided. The packing 
element has a polygonal structure with a plane of symmetry 
in a direction defining a length of the element and a greatest 
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dimension perpendicular to the length defining a diameter of 
the element, the element being provided with a plurality of 
internal septa defining a plurality of identical first passages 
through the element each of which has a first cross-sectional 
area and at plurality of second passages of a larger cross 
sectional area than that of one of the first passages, at least 
one of the second passages having a cross sectional area 
which is at least four times that of one of the first passages. 
0009. In accordance with one aspect of the present inven 
tion, a ceramic packing element is provided. The packing 
element has an essentially cylindrical structure with a length 
and a greatest dimension perpendicular to the length which 
defines the diameter of the element. A ratio of the diameter 
to the length is from 2.7 to 4.5. The element is provided with 
a plurality of internal septa which intersect to define a 
plurality of identical first passages and at least two second 
passages through the element. The second passages each 
have a cross sectional area which is at least four times that 
of an area of one of the first passages. 
0010. The advantage of the present invention will be 
readily apparent to those skilled in the art, upon a reading of 
the following disclosure and a review of the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a perspective view of a packing element 
of the invention from a point below and to one side, looking 
directly at one of the corners: 
0012 FIG. 2 shows a top view of the same element as is 
shown in FIG. 1; 
0013 FIG. 3 is a top view of an element with an axially 
located larger channel; 
0014 FIG. 4 is a perspective view of an element with 
three larger hexagonally-shaped channels; 
0.015 FIG. 5 is a top plan view of an element with three 
larger diamond-shaped channels; 
0016 FIG. 6 is a graph of the percentage thermal recov 
ery against gas flow rate; and 
0017 FIG. 7 is a computer generated plot of predicted 
pressure drop penalties in inches of water for a conventional 
40x40 cell monolith, an element according to FIG. 4, and an 
element according to FIG. 3, as compared with a theoreti 
cally perfect packing element. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0018. The invention is now more particularly described 
with reference to the embodiments illustrated in the Draw 
ings. This is not intended to imply any necessary limitations 
in the scope of the invention because it will be readily 
appreciated that many minor variations could be made 
without departing from the essential spirit of the invention. 
0019. A ceramic packing element is defined as having a 
containing structure that is essentially cylindrical in shape 
and this is understood to include perfect cylinders and 
shapes in which a round cylindrical shape has been some 
what flattened to create an oval cross-section as well as 
regular and irregular polygonal shapes with at least five 
sides. The space within the containing structure can have a 
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plurality of septa or none but since a primary application is 
in the field of heat transfer in which surface area becomes 
very significant, it is preferred that significant internal struc 
tures are provided. In the context of this invention the term 
'septum (plural “septa') is used to describe structural 
member connecting one interior part of the cylindrical 
containing structure with another and/or with another septa. 
It therefore includes structures with lengths up to and 
including a diameter or maximum dimension of the element. 

0020. The ceramic elements of the invention can be 
formed from any suitable ceramic material Such natural or 
synthetic clays, Zeolites, cordierites, aluminas, Zirconia, 
silica or mixtures of these. The formulation can be mixed 
with bonding agents, extrusion aids, pore formers, lubricants 
and the like to assist in the extrusion process and/or to 
generate the desired porosity or Surface area for the intended 
application. 

0021 Where the ceramic packing elements are produced 
by an extrusion or a dry-pressing process, they can have an 
essentially uniform cross-section along one axial direction 
which provides an axis of radial symmetry for the element. 

0022. The elements can be used in heat and mass transfer 
applications or as bases upon which catalytic components 
are deposited. The elements are particularly suitable for heat 
transfer applications involving heat recovery from streams 
of hot gases. An example of Such an application is found in 
thermal regenerators attached to plants whose function is to 
burn off any combustible material from a waste gas stream. 
In Such regenerators it is important for efficient operation 
that the heat values from the exhaust gas stream be used to 
heat up the incoming waste gas to be treated so as to 
minimize the cost of fuel required to burn off the combus 
tible material. The present invention teaches a way to 
optimize the element design to achieve this end. 

0023 Mass transfer applications include the transfer of 
mass in the form of one or more components between first 
and second fluids, which may be liquids or a liquid and a gas. 
The ceramic elements act as a provider of a wetted Surface 
for the liquid phase, facilitating the transfer of components 
between the fluids. Exemplary mass transfer applications 
include the removal of gas components, such as Sulfur 
dioxide, from a flowing gas stream. An important mass 
transfer application of the ceramic elements is in Sulfuric 
acid plant absorbers. 

0024. The elements can however be used with advantage 
in any application in which the Surface area is an important 
factor in determining the efficiency with which the elements 
perform their assigned task. 

0025. In some cases in which the element has internal 
septa Subdividing the space within the element into a plu 
rality of channels it is advantageous to provide that the 
element has an axially located aperture. This can be of any 
desired shape but to avoid excessive disruption of the septa 
structure it can be the result of removing septa separating 
Some of the channels to form a larger combined channel. 

0026. One exemplary structure according to the invention 
comprises a containing structure that is hexagonal with each 
pair of opposed corners connected by a septum and parallel 
septa on either side connect the sides meeting at those 
opposed corners. The overall effect is to provide a plurality 
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of triangular passages or channels through the element, each 
of essentially the same dimensions. Elements of this design 
are illustrated in FIGS. 1-2. 

0027. Another exemplary element has at least one larger 
passage or channel which is sized to encourage fluid flow 
through the packing element to allow the fluid to access 
other packing elements within a bed of packing elements. In 
one specific embodiment, the element has a single larger 
passage, which may be centrally located, as illustrated in 
FIG. 3. This element is based on the design of FIG. 2, with 
six of the triangular passages around the center combined to 
form a larger centrally located passage. 

0028. In other embodiments, two or more larger passages 
are provided, at least some of which may be equidistant from 
the central axis and from each other, as shown in FIGS. 4 
and 5. 

0029. With particular reference to FIG. 1, a first embodi 
ment of a packing element 1 includes a hexagonal contain 
ing structure 2. A plurality of septa 3 divides the interior 
space into a plurality of first passages 4 through the element. 
The packing element of FIG. 1 has primarily diamond 
shaped first passages 4, with a row of triangular first 
passages along two opposed sides of the element. The 
element 1 has a plane of symmetry S. parallel with a length 
L of the element, which passes through a central axis of 
rotation R. By central axis of rotation, it is meant that the 
element can be rotated about its central axis through an angle 
of 360/(number of planes of symmetry) to an identical 
conformation. For FIG. 1, the angle is thus 180°. 
0030 FIG. 2, shows a similar embodiment of packing 
element 1, in which the first passages 4 are all identical in 
size and generally triangular in shape. The element 1 of FIG. 
2 has three planes of symmetry S. S. S. parallel with the 
length L., which pass through a central axis R. 

0031. The packing element of FIG. 2 has ninety first 
passages, although benefits in thermal recovery can be 
obtained by increasing the number of first passages (by 
employing a larger number of internal septa) particularly 
when at least one larger passage 5 is also provided, as 
illustrated in FIGS. 3-5. 

0032) The packing elements of FIGS. 3-5 are similar to 
that of FIG. 2 except in that they also have at least one larger 
passage 5 in additional to the first passages 4. Where one 
larger passage 5 is used, this can be placed at the axis, as 
illustrated in FIG. 3. The element 1 of FIG. 3 has three 
planes of symmetry S. S. S. parallel with the length L. 
which pass through a central axis R. The area of the larger 
passage 5 corresponds to that created by removing those 
portions of the internal septa which would otherwise define 
the ring of Smaller passages most closely adjacent to the 
central axis. An area of approximately six times that of the 
smaller passages is thus provided in the embodiment of FIG. 
3, although it will be appreciated that larger passages 5 may 
be created by combining a greater or Smaller number of the 
Smaller passages 4. In one embodiment, the area of the larger 
passage is at least four, and preferably at least six, times that 
of the majority of the first passages 4. For example, a 
packing element could be formed similar to that of FIG. 1 
in which four of the diamond passages are combined to 
provide a larger diamond-shaped passage 5. Where two or 
more larger passages are used, these can be spaced from the 
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central axis R as shown in FIGS. 4 and 5. For example, as 
shown in FIGS. 4 and 5, where three larger passages are 
employed, each larger passage is centered along a respective 
plane of symmetry S. S. S., which joins opposed corners, 
parallel with the length L. and which passes through the 
central axis R. 

0033. The larger passages 5 may be located somewhat 
closer to the central axis R than to the respective adjacent 
corner, as illustrated, to provide an improved fluid flow 
pattern. In FIG. 4, the larger passages 5 are hexagonal, 
occupying at least about six times the area occupied by one 
of the Smaller triangular passages 4 which they replace (i.e., 
slightly larger than six times because of the space occupied 
by the omitted septa). In FIG. 5, the diamond-shaped 
passages occupy at least about eight times the area occupied 
by one of the smaller triangles 4 which they replace. 
0034) The element 1 of FIGS. 1-5 can have a length L. 
along the axis of symmetry R, and a greatest dimension D. 
perpendicular to the axis of symmetry. In the Drawings the 
ratio of D:L is about 4. Where the structure is extruded, the 
axis of symmetry R may be in the direction of extrusion of 
the structure. The dimensions of the shapes of the packing 
elements have been found to assist in achieving optimum 
performance and the benefits of selecting dimensions in 
these ranges has not been appreciated in the prior art. 
0035. The ceramic packing element can have a ratio of a 
number of the larger passages 5 to a number of the Smaller 
passages 4 of from about 1:10 to about 1:60. In one 
embodiment, the ratio of the number of the second passages 
to the number of the first passages is from about 1:30 to 
about 1:50. A ratio of the total cross sectional area (measured 
in a plane perpendicular to the length L of the structure) of 
the second passages to the total cross sectional area of the 
first passages can be from about 1:10 to about 1:4. In one 
embodiment, the ratio the total area of the second passages 
to the total area of the first passages is from about 3:20 to 
about 4:20. 

0036) To demonstrate the significance of aspect ratio 
(D:L), ceramic elements were prepared with three different 
aspect ratios. These elements were then placed in a tube 
through which a gas stream at 1500° F., (815.6°C.), was 
passed at different flow rates. The percentage of the thermal 
energy in the stream recovered through the contact with the 
media was measured and plotted against the aspect ratio. 
The percentage thermal energy recovery was then deter 
mined as a function of the gas velocity for each of the three 
elements. The results are shown in FIG. 6. For efficient 
thermal energy recovery, an aspect ratio of from 2.5 and 15 
may be selected. In particular, an aspect ratio of about 2.7 
and 4.5, and more particularly, between about 3.0 and 4.4 
can be selected. 

0037. This result is completely unexpected since there is 
no prior art teaching that points in this direction. It is also 
clearly extremely advantageous that as much thermal energy 
as possible be recovered by each passage though the ele 
mentS. 

0038. The advantage of the DL ratio are also found in 
mass transfer applications. 
0039) Improvements in thermal and mass recovery are 
found by alternatively or additionally providing one or more 
larger passages 5 in addition to the Smaller passages. While 
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not fully understood, it is proposed that the larger passages 
5 are most effective in directing the heated fluid through the 
packing element, to contact packing elements deeper in the 
bed, while the smaller passages 4 contribute most effectively 
in transfer of heat/mass, by bringing the heated gas flow in 
contact with the septa 3. By having a combination of larger 
and Smaller passages, both of these functions can be 
achieved in a single packing element 1. 

0040. It will be appreciated that the greater the number of 
larger passages 5 which are employed and/or the larger the 
Void volume occupied by the larger passages, the larger the 
void volume of the packing element as a whole will be. 
Although this leads to enhanced flow through the packing 
element and a lower pressure drop across a bed of Such 
elements, there is generally a trade off between minimizing 
the pressure drop and achieving a high thermal efficiency 
(the percentage of heat recovered). It has been found that the 
packing element of FIG. 4, which is about 28% larger in 
diameter (as measured between opposite corners) than that 
of FIG. 3 (achieved, for example, by adding an additional 
row of triangles along each side of the packing element), but 
which has three larger passages in place of one, shows 
improved performance as compared with both the single 
central passage of FIG. 3 and the element of FIG. 2. 
0041. These improvements are shown graphically in 
FIG. 7, which shows the pressure drop in inches of water for 
three beds as compared to a theoretically optimal bed of 
packing elements. Three examples are illustrated, Example 
A being a conventional 40x40 cell monolith, Example B 
being formed from packing elements of FIG. 4 and Example 
C being formed from packing elements of FIG. 3. The 
Example B packing elements are of comparable D/L ratio to 
those of Example C, but are about 28% larger in diameter (as 
measured between opposite corners). The pressure drops are 
calculated theoretically by estimating the thickness of a bed 
which would be needed to achieve a 94% thermal efficiency 
and determining the relative pressure drop of Such a bed as 
compared with the theoretically optimal bed of packing 
elements. A 40x40 cell monolith is a large ceramic element, 
which has to be installed block by block with proper 
orientation inside canisters to achieve good thermal recovery 
results (as opposed to the “dumped packing elements of 
FIGS. 3 and 4) and suffers from problems such as cracking 
and/or spalling, resulting in improper operation of the bed. 
Thus, even though the monolith shows the lowest pressure 
drop of the three illustrated (i.e., is a good thermal recovery 
material), its disadvantages make it less Suited to most 
thermal recovery applications. 

0042. The pressure drop penalties of the beds of packing 
elements B and C can also be compared with those for a 
conventional saddle shaped packing element of 2.5 cm in 
length and a 'snowflake' shaped packing element of the 
type described in U.S. Design Pat. 445,029. Both of these 
latter elements have higher calculated pressure drop penal 
ties than the beds of packing elements B and C. For example, 
for 95% thermal efficiency, the saddle shaped packing 
element has a pressure drop penalty of 30.7 cm water, the 
snowflake, a pressure drop penalty of 19.8 cm water, and the 
Example C element, a pressure drop penalty of 16.7 cm 
Water. 

0043. It will also be appreciated that the “theoretically 
optimal’ bed is optimal only so far as its pressure drop is 
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concerned, since other properties, such as structural strength 
of the packing elements, are also important in determining 
the usefulness of the media. The pressure drop of beds of the 
packing elements of FIGS. 3 and 4 is much lower than in 
a conventional bed of dumped packing elements, while 
having a longer useful life due to the structural strength of 
the elements. 

0044) The invention has been described with reference to 
the preferred embodiment. Obviously, modifications and 
alterations will occur to others upon reading and understand 
ing the preceding detailed description. It is intended that the 
invention be construed as including all Such modifications 
and alterations insofar as they come within the scope of the 
appended claims or the equivalents thereof. 
Having thus described the preferred embodiments, the 

invention is now claimed to be: 
1. A ceramic packing element comprising: 
a polygonal structure comprising a plane of symmetry in 

a direction defining a length of the element and a 
greatest dimension perpendicular to the length defining 
a diameter of the element, the element being provided 
with a plurality of internal septa defining a plurality of 
identical first passages through the element each of 
which has a first cross-sectional area and at plurality of 
second passages of a larger cross sectional area than 
that of one of the first passages, at least one of the 
second passages having a cross sectional area which is 
at least four times that of one of the first passages. 

2. A ceramic packing element according to claim 1, 
wherein a ratio of the diameter to the length is from 2.7 to 
4.5. 

3. A ceramic packing element according to claim 1, 
wherein the ratio of the diameter to the length is from 3.0 to 
4.4. 

4. A ceramic packing element according to claim 2, 
wherein the ratio of the diameter to the length is from 3.5 to 
4.0. 

5. A ceramic packing element according to claim 4 
comprising at least twenty of the first passages. 

6. A ceramic packing element according to claim 5 
comprising at least fifty of the first passages. 

7. A ceramic packing element according to claim 1 
wherein a ratio of a number of the second passages to a 
number of the first passages is from about 1:10 to about 
1:1600. 

8. A ceramic packing element according to claim 7 
wherein the ratio of the number of the second passages to the 
number of the first passages is from about 1:10 to about 1:60. 

9. A ceramic packing element according to claim 8 
wherein the ratio of the number of the second passages to the 
number of the first passages is from about 1:30 to about 1:50. 

10. A ceramic packing element according to claim 1 
wherein a ratio of total cross sectional area of the second 
passages to total cross sectional area of the first passages is 
from about 1:10 to about 1:4. 

11. A ceramic packing element according to claim 1 
wherein a plurality of the septa each intersecting at least two 
other septa at spaced apart locations along a length of each 
of the plurality of the septa. 

12. A ceramic packing element according to claim 1 
wherein the polygonal structure has at least five sides. 

13. A ceramic packing element according to claim 12 
wherein the polygonal structure has six sides. 
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14. A ceramic packing element according to claim 1 
wherein the first passages each have a triangular cross 
section. 

15. A ceramic packing element according to claim 1 
wherein the second passages each have a cross sectional area 
equivalent to that which would be formed by combining a 
plurality of adjacent first passages. 

16. A ceramic packing element according to claim 15 
wherein the second passages each have an area equivalent to 
that which would be formed by combining at least six 
adjacent first passages. 

17. A ceramic packing element according to claim 1 
wherein there are three second passages. 

18. A ceramic packing element according to claim 17 
wherein the three second passages are equidistant from each 
other. 

19. A ceramic packing element according to claim 17 
wherein the three second passages are equidistant from a 
central axis of the element. 

20. A ceramic packing element according to claim 1 
wherein the ceramic is made from a material selected from 
the group consisting of natural clays, synthetic clays, alu 
minas, Zeolites, cordierite, Zirconia, silica, and mixtures 
thereof. 

21. A ceramic packing element according to claim 1 
wherein all of the septa in the packing element comprise first 
and second ends, the septa being connected with polygonal 
structure adjacent at least the first end. 

22. A ceramic packing element comprising: 
an essentially cylindrical structure comprising a length 

and a greatest dimension perpendicular to the length 
defining the diameter of the element, wherein a ratio of 
the diameter to the length is from 2.7 to 4.5, the element 
being provided with a plurality of internal septa which 
intersect to define a plurality of identical first passages 
and at least two second passages through the element, 
the second passages each having a cross sectional area 
which is at least four times that of an area of one of the 
first passages. 

23. A ceramic packing element according to claim 22 in 
which there are three second passages. 

24. A ceramic packing element according to claim 22 in 
which the cross section of the at least one second passage 
corresponds to that which would be formed by removal of 
portions of internal septa separating six adjacent first pas 
Sages. 

25. A method of performing at least one of transferring 
heat to or from a fluid stream and transferring mass between 
fluid phases, the method comprising: 

flowing the fluid stream through a bed of the ceramic 
packing elements of claim 1, the packing elements 
performing at least one of transferring the heat and 
providing a surface at which the transfer of mass takes 
place between the fluid phases. 

26. The method of claim 25 wherein transferring heat to 
or from a fluid stream comprises: 

flowing the fluid stream through the bed of ceramic 
packing elements, the packing elements transferring 
heat, the at least one second passage having a cross 
section which corresponds to that which would be 
formed by combining four or more adjacent first pas 
Sages, thereby reducing the pressure drop as compared 
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to that across a bed of packing elements which are 
equivalent except in that the larger passages are absent. 

27. A method of performing at least one of transferring 
heat to or from a fluid stream and transferring mass between 
fluid phases, the method comprising: 

flowing the fluid stream through a bed of the ceramic 
packing elements of claim 22, the packing elements 
performing at least one of transferring the heat between 
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the fluid stream and the packing elements and provid 
ing a surface at which the transfer of mass takes place 
between the fluid phases. 

28. A method of mass transfer according to claim 27, 
wherein transferring mass includes transferring Sulfur diox 
ide between fluid phases. 


