
1 HELICAL WRAPPED FILTER ELEMENT TECHNICAL FIELD OF THE INVENTION The
present invention relates to a fluid treatment element. More particularly,
the present invention relates to a fluid treatment element with at least
one diffusion layer utilized in conjunction with a filter medium layer,
preferably  interposed  between  adjacent  filter  medium layers.
BACKGROUND OF THE INVENTION A typical fluid treatment element, for many
uses, comprises a hollow, generally cylindrical, filter element with
appropriate end caps to direct a fluid, e.g. a gas or liquid, through the
filter medium of the filter element. The precise nature of the filter
medium will vary with the specific treatment to be given the fluid,, and,
to that end, the filter element may include a demineralizer or sorbent for
separating ionic or chemical components in addition to the filter medium
for removing particulates. The fluid to be treated is generally forced to
flow inwardly from the exterior to the interior of such a fluid treatment
element, although there is no requirement that such be the case.    It
should be noted that irrespective of the normal flow of fluid through the
fluid treatment element, it is not unusual to  have the fluid flow
reversed, either accidentally (e.g., due to a surge in fluid pressure
downstream from the filter element) or intentionally (e.g., to flush an
accumulated cake of particulate matter from the surface of the filter
element). A variety of fluid treatment element configurations have been
proposed and utilized over the years, including string wound filter
elements, sintered stainless steel powder filter elements, multiple layer
filter elements, spiral wrapped fluid treatment elements, and helical    



2 wrapped   filter   elements.       Despite   these   various
configurations, there remains a need for a tubular fluid treatment element
characterized by a relatively high strength, low pressure drop, high dirt
capacity, and long life, and which is nonetheless economical to manufacture
and ulitize. BRIEF SUMMARY OF THE INVENTION The  present  invention
involves  an  element  for treating a fluid flowing through the element. In
accordance with the invention there is provided an element for treating a
fluid flowing through the element, which fluid treatment element comprises
at least one  filter  medium  sheet  comprising  a  fibrous  mass  of
nonwoven microfibers capable of removing particulates from a fluid,
helically wrapped around a pervious, hollow tube to form an overlap of 0%
to 95% of the width of said filter medium sheet and at least one diffusion
layer which allows for lateral flow of said fluid within said fluid
treatment element. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The
fluid treatment element of the present invention is generally of a
cylindrical configuration. While the present inventive fluid treatment
element is preferably a long tube with a cylindrical cross- section, the
fluid treatment element may be of other suitable configurations. For
example, the fluid treatment element may be a long tube with a square,
elliptical, or oval cross-section. Any suitable filter medium available in
sheet form may be used in the context of the present invention. Preferred
filter media include high dirt capacity micro- fibrous filter media and
membranes. The filter medium can be prepared from any suitable organic
material, such as    



3 nylon,    fully    aromatic    polyamides,    fluoropolymer,
polypropylene, polyethylene, polyester, polystyrene, and polyurethane
resin, or from inorganic materials such as glass,    carbon,    stainless
steel,    and    aluminum. Combinations of various filter media may be used
in the present inventive fluid treatment element.  For example, for the
purpose of treating potable water, the present inventive fluid treatment
element may include an inner microporous membrane, a series of
polypropylene high dirt capacity microfibrous filter medium sheets, a
carbon fiber layer, and an outer polypropylene filter medium sheet to
prevent any shedding of the carbon fiber layer into the fluid being
treated. A preferred filter medium for use in the context of the present
invention is a filter medium prepared from a glass material, such as
fiberglass.  Such a filter medium is resistant to chemical attack from most
materials that may be passed through the fluid treatment element and is
suitable for many high temperature applications. The most preferred filter
medium for use with the present invention is a high dirt capacity filter
media, particularly of polypropylene, which is relatively inexpensive and
resis- tant to chemical attack from many materials that may pass through
the fluid treatment element.  The preferred high dirt capacity filter
medium comprises a fibrous mass of nonwoven microfibers, such as that
available from Pall Corporation under the trade mark HDC. The microfibers
of the HDC (trade mark) medium are substantially free of fiber-to-fiber
bonding and are secured to each other by mechanical entanglement. While the
HDC (trade mark) medium is a high dirt capacity medium, the medium lacks
sufficient strength to readily resist the forces exerted on the medium in
the direction of fluid flow or any significant pressure drop between the
inside and the outside of the medium because the fibers are not bonded to
one another.  It has been found that the helical wrapping configuration of
the 



present inventive fluid treatment element overcomes this    4 disadvantage
of filter medium sheets such as the HDC (trade mark) medium and imparts
high strength to the overall fluid treatment element. The porosity of the
filter medium sheets may be of any desired value. When more than one filter
medium sheet is used some or all of the filter medium sheets preferably
have differing pore ratings and are selected and arranged so as to form a
fluid treatment element with an overall tapered  or  graded  pore
structure.   In particular,  the filter  media  preferably  have  generally
decreasing  pore ratings in the direction of fluid flow through said fluid
treatment  element,  which  will  typically  be  in  the direction of the
outside to the inside of the fluid treatment element.   For example,  the
innermost layer or several layers may have a pore rating of 10 [err] with
the next layers or groups of layers having pore ratings of 15, 20,  30,  40
and  50  [err\   A  graded  porosity  generally provides for an increased
dirt capacity of the fluid treatment element, while helping to minimize the
pressure drop across the finest porosity portion of the fluid treatment
element.   Generally,  the  finer  the  desired overall pore rating of the
fluid treatment element, the more of a cascading effect that is needed
throughout the fluid treatment element to maintain an appropriate dirt
capacity and pressure drop for the fluid treatment element. The use of one
or more diffusion layers with a helically wrapped filter medium layer,
preferably between two or more adjacent filter medium layers, also has the
effect  of  increasing  the  dirt  capacity  of,  while minimizing the
pressure drop across, the fluid treatment element.    Preferably,
diffusion  layers  are  used  in conjunction with filter medium layers
forming a graded 



pore structure. The diffusion layer may be of any suitable material and
configuration which allow for, and preferably assist in, the lateral or
edgewise flow of the treatment fluid within the fluid treatment element
between the innermost    5 filter medium layer and the tube and/or between
adjacent filter  medium  layers.   Such  a  lateral  flow  assists  in
minimizing the pressure drop across the fluid treatment element.  When the
diffusion layer is positioned between the tube and the innermost filter
medium layer, the diffusion layer facilitates the passage of fluid through
the pervious tube, which will typically be of a perforated or fenestrated
construction with a multitude of holes, and the innermost filter medium
layer by maximizing the use of the filter medium surface area through which
fluid can flow with equal ease beyond those portions of the filter medium
in close proximity to the holes of the tube through which  fluid  will
flow.   When  the  diffusion  layer  is positioned between adjacent filter
medium layers, the diffusion layer similarly maximizes the use of the
filter medium surface area for filtration.  The diffusion layer also acts
as a reservoir for accommodating particulate matter, which provides for a
relatively high dirt capacity for the fluid treatment element. The
diffusion layer is porous so as not to interfere with the fluid flow, and
so as not to substantially contribute to the pressure drop, across the
filtration element. A desirable diffusion layer will generally be of a wire
mesh, such as of stainless steel, particularly in high temperature
environments, or will be prepared from coarse fibers, preferably of the
same material used in the filter medium, such as of polypropylene, and be
of a high loft.   The diffusion  layer will  typically have  a high 



voids  volume.   The  diffusion  layer  preferably  has  a Frazier number
of at least two times, and preferably at least four times, the Frazier
number of the filter medium sheets.   The diffusion  layer  is  preferably
of  a sheet configuration as is the case with the filter media and may be
secured to the filter media.  The diffusion layer may be of any appropriate
thickness, e.g., about 102-127 [err] (4-5 mils) thick to about 254-381
[err] (10-15 mils) thick or greater.    6 The diffusion layer is most
preferably a porous substrate onto which is secured the nonwoven web of
fibers comprising the filter medium.  In particular, the combined filter
medium and diffusion layer preferably comprises a nonwoven web of
polypropylene fibers which have been melt-blown,   layered,   and   secured
onto   a   porous polypropylene  substrate which  allows  for  lateral
fluid flow. The  use  of  such  a  strong  substrate  is  highly beneficial
in a number of respects.  A strong substrate ensures that the filter medium
will be held tightly in place so as to resist deformation during filtration
and particularly during reverse flows, such as in backflushing operations.
Moreover, a strong substrate also allows for the control of the
back-tension placed on each layer as it is wound onto the fluid treatment
element so as to control the stiffness or rigidity of the fluid treatment
element and to ensure a tight overlap of layers.  Precise control of the
back-tension at the time the medium is wound onto the element makes it
possible to precisely control the rigidity of the element. Surprisingly,
winding the layers tightly does not affect either the removal efficiency or
the dirt capacity of the fluid treatment element.  It is thought that the
removal efficiency is controlled by the 



filter medium, while the dirt capacity is controlled by the existence of
the diffusion layer and additionally, where provided, the graded pore
structure. Suitable diffusion layers include metal meshes and spun-bonded
polypropylene   nonwoven   sheet   materials, although a large number of
other coarse, fibred, nonwoven materials  could  be  also  used.   The
most  preferred diffusion layer is a spun-bonded polypropylene nonwoven 2
2 sheet material  in 20 [err]  and 40 g/m  weights.   While heavier
diffusion  layers,   such  as  60  [err]  weight spun-bonded polypropylene
nonwoven sheet material, may be used, such diffusion layers may pose
handling problems in their use in connection with the present invention.
7 The hollow tube or core may be of any suitable material which is pervious
to the treatment fluid, e.g., which does not significantly affect the
pressure drop across the filtration element.  Generally,  the tube will be
prepared from a nonporous material which is perforated or fenestrated with
a series of holes to allow fluid to readily  flow  through  the  tube.
The  tube  primarily provides internal support for the fluid treatment
element and should be strong enough to resist the forces acting on the
tube.  The tube should be selected so as to provide adequate support during
filtration, as well as possible backflushing of the fluid treatment
element. The tube configuration and material should be selected so as to
withstand the filtration conditions and to ensure that there is no adverse
interaction with the treatment fluid, filter media, and diffusion layer.
For example, in high temperature applications, the tube is preferably   of
a   perforated   or   fenestrated   metal construction, e.g., aluminum or
stainless steel, while, in 



low temperature applications, the tube is preferably prepared from a
plastic material, e.g., polypropylene. The tube may be of any suitable
diameter which will usually be determined by the necessary diameter of the
overall fluid treatment element and the thickness of the filter media and
diffusion layers determined by the end- use  of  the  fluid  treatment
element.   Generally,  the largest possible tube internal diameter is
preferred so as to allow the treatment fluid to easily progress down the
length of the interior of the fluid treatment element. The filter media are
helically wrapped around the tube.   Any  number  of  filter  medium
layers  may  be successively helically wrapped around the tube, with a
diffusion   layer   preferably   (but   not   necessarily) interposed
between the filter medium layers.  Preferably, at least two filter medium
layers, e.g., three, four, six, eight, ten, twenty, thirty, forty, or more
filter medium layers, are used in the context of the present invention    8
to form the fluid treatment element.   The filter medium sheets are
preferably all of the same type of material, but need not necessarily be
so. The filter medium layers may be helically wrapped such  that  the
edges  of  the  filter  medium  sheets  are abutting or overlapping.   The
overlapping of the filter media is preferred inasmuch as the effective
layers of    9 filter media are thereby increased, and fluid flow pathways
which bypass the filter media are minimized. The amount of overlapping may
vary from 0% to as much as about 95%, preferably about 25-75%, and most
preferably about 



50%, of the width of the filter medium sheet. An overlap of about 67% will
effectively triple the filter medium layers, while an overlap of about 50%
will effectively double the filter medium layers of the filtration element.
The diffusion layer may be positioned in any suitable manner.   While the
diffusion layer need not be helically wrapped, it is preferably helically
wrapped in the same manner as the filter medium sheets.   When the
diffusion layer is secured to the filter medium sheet, as is the case with
the most preferred high dirt capacity filter medium, the diffusion layer
will, of course, be helically wound together with the filter medium sheet.
When a 67% overlap is employed, care must be taken to ensure that wrinkling
of the filter medium and/or diffusion layers does not result due to the
variable outer diameter of the helically overlapped layers as one layer is
partially placed over the top of itself as well as the preceding  layer.
Any  wrinkling  of  the  layers  may contribute to fluid flow pathways
which bypass the filter media. If a 50% overlap is utilized, care must
still be taken to  avoid wrinkling;   however,  such wrinkling  can
generally be avoided by using a sufficiently flexible filter medium and
diffusion layers to accommodate the small outer diameter changes as
successive layers are put into position. The stretch of a filter medium
sheet to accommodate the slightly larger fluid treatment element diameter
as a filter medium sheet overlaps itself, will also ensure that there is
enough tightness at each of the filter medium sheet seams so as to minimize
leakage problems and improve the strength of the fluid treatment element.
10 A tight overlap eliminates the need for resins or glues to adhere the
filter medium sheet to itself or seal the 



filter medium sheet seams.   The filter medium sheet should be strong
enough to withstand any necessary 5   stretch to effect the desired
wrapping and overlap.  In particular, as regards the preferred use of a
filter medium sheet comprising a nonwoven web of fibers secured to a porous
substrate, the substrate is preferably strong enough to permit the
stretching necessary to 10   ensure a leak-free interface between
successive wraps or layers. The filter layers, whether helically wrapped to
form abutting or overlapping edges, may be bonded or sealed together by any
suitable means.   Generally, 15   however,  there will be no need to seal
abutting or overlapping edges, and, preferably, such sealing is not
employed in the present inventive fluid treatment element. While the
exterior of the fluid treatment element 20   may be the outermost filter
medium, especially preferred is a protective material which wraps around or
encases the fluid treatment element for ease of handling and to provide the
fluid treatment element additional support and protection, especially
during inside-out fluid flow. 25   Such an exterior protective material or
outerwrap may be of any suitable construction and material and is
preferably a metal mesh, such as of aluminum or stainless steel, although a
plastic mesh or nonwoven material, such as, of polypropylene, may also be
used. 30   The same concerns regarding the tube also generally apply to the
exterior protective material.  The exterior protective material may be
applied in any suitable manner and is preferably helically wrapped in the
same manner as the filter medium layers. 35        In the filtration of
fluids in an outside-to-inside direction, it has been generally found that
the use of an outerwrap significantly improves the dirt capacity of   



the fluid treatment element, even though the outerwrap has a pore rating
which is much higher than that of the individual filter medium layers and
the overall fluid treatment element.  In the filtration of fluids in an 5
inside-to-outside  direction,  the  hollow  tube  or  a separate layer
positioned between the tube and the innermost filter medium may serve the
function of the outerwrap in improving the dirt capacity of the fluid
treatment element. 10        The  fluid  treatment  element  of  the
present invention may also comprise additional layers for support,
drainage, or the like. Such additional layers may  be positioned  in any
suitable  location,  e.g., interposed between filter medium layers and/or
diffusion 15   layers or positioned between the tube and the innermost
filter medium.   Such additional layers may also be applied in any suitable
manner, e.g. by helically wrapping such layers in the same manner as the
filter medium layers. 20        The various layers which may be helically
wrapped around the tube to form the present inventive fluid treatment
element, e.g., the filter medium layers, diffusion layers, exterior
protective layer, and other additional layers, may be all wrapped in the
same or 25   different, e.g., alternating, directions.   The filter medium
layers are preferably all wrapped in the same direction, and, to the
extent, other layers are helically wrapped, the other layers are preferably
wrapped in the same direction as the filter medium 30   layers. In most
uses, the present inventive fluid treatment element will be equipped with
end caps for directing the flow of the fluid through the fluid treatment
element. In particular, the fluid treatment element will 35   typically
utilize an open end cap and a blind end cap which will fit over the ends of
the fluid treatment 



element so as to ensure that the fluid being treated    12 does not bypass
the filter medium layers.   The fluid treatment element may also use two
open end caps to enable the fluid treatment element to be used in series
with other fluid treatment elements.  The end caps may 5 be of any suitable
material and can be secured to the fluid treatment element in any suitable
manner. Generally, the end caps will be prepared from the same material as
the tube or stainless steel. The present inventive fluid treatment element
may 10   be used in a variety of end uses, including, but not limited to,
filter boiler water for electric power plants, the filtration of sugar
juices and syrups, the filtration of potable water supplies, the treatment
of wastewater, the treatment of gaseous fluids, the 15   recovery of
catalyst in fluid catalyst cracking, the filtration of flue gas emissions,
and the like.   The ability to quality control the filter medium before
wrapping gives a unique ability to give sharp, well- defined,  and
optimized  control  over  the  removal 20   efficiency and dirt capacity of
the fluid treatment element of the present invention. The present inventive
fluid treatment element will usually have an overall effective pore rating
or removal efficiency superior to that of the individual filter medium
layer with the 25   tightest pore rating used to prepare the fluid
treatment element.   Since the  fluid treatment element of the present
invention is highly uniform, the fluid treatment element also allows for a
uniform precoat or the like to be applied to its outside surface with a
constant 30   thickness  so as to assist  in preventing premature precoat
cake cracking in, for example, power plant boiler water filtration end
uses. 



The following examples further illustrate the present invention but, of
course, should not be 35   construed as in any way limiting its scope. In
these examples, the OSU-F2 test, also known as the beta rating system, was
used to evaluate the removal    13 efficiencies of the various fluid
treatment elements. The OSU-F2 test referred to herein is ANSI Standard
B93- 31-1973, which has been modified for use in aqueous filter testing.
Specifically, for data in the 0.5 to 25 5   [err] range, a standardized
silicious contaminant, AC Fine Test Dust, is prepared as a stable
suspension in water at a preset concentration, and the suspension is pumped
at 204 [err](5 gpm/sq. ft.) through the fluid treatment element. For data
in the 25 to 90 [err] range, a military 10   standard oil with a viscosity
of 10 centipoise is used with a standardized silicious contaminant, AC
Coarse Test Dust, and the suspension is pumped at 407 [err] (10 gpm/sq.
ft.) through the fluid treatment element. The test system is equipped with
an upstream and a 15   downstream particle counter to count the amount of
contaminant of particular diameters upstream and downstream of the filter
medium, and these counts are used to determine the removal efficiencies
with respect to particular contaminant diameters.   Simultaneously 20  with
the removal efficiency measurements, the pressure drop across the fluid
treatment element is measured. The  quantity   of   incident   standard
contaminant required to develop a pressure of 276 kPa (40 psi) across the
fluid treatment element is reported herein 25   as the dirt capacity of the
fluid treatment element. Example 1 A fluid treatment element in accordance
with the present invention was prepared using a cylindrical tube 



30   and six sheets of 5.1 cm (2 inch) wide HDC (trade mark) filter medium,
i.e., a melt-blown polypropylene filter medium with a nonwoven web of
polypropylene fibers of various thicknesses secured to a 203-254 [err]
(8-10 mils) thick spun-bonded polypropylene nonwoven substrate of a 20
[err] 35  weight.  The polypropylene substrate functioned as a diffusion
layer.    14 The cylindrical tube was a hollow stainless steel tube of
about 0.066 cm (0.026 inch) thickness with the seam welded along its
length. The cylindrical tube had a length of about 137 cm (4-1/2 feet) and
an outer 5 diameter of about 1.91 cm (0.75 inch). The cylindrical tube was
perforated with 0.24 cm (3/32 inch) holes on 0.40 cm (5/32 inch) centers.
The first filter medium sheet was helically wrapped around the cylindrical
tube such that it overlapped the 10   ends of the cylindrical tube and with
a 50% overlap of the width of the filter medium sheet onto itself, with the
substrate side of the filter medium against the cylindrical tube so as to
avoid fibers from penetrating into  the  center  of  the  cylindrical
tube.    Five 15   additional layers of filter medium were then wound onto
the cylindrical tube such that they overlapped the ends of the cylindrical
tube, each with a 50% overlap and with the substrate layer on the outer
side of the cylindrical tube. The resulting fluid treatment element 20
had an overall outer diameter of about 2.54 cm (1 inch). All of the filter
media sheets were wrapped along the entire length of the cylindrical tube
so that they extended somewhat beyond the end of that tube. A hot wire
"knife" was then used to slice through the wrapped 25   layers to cut the
fluid treatment element to the 137 cm (4-1/2 foot) length of the
cylindrical tube and to heat- 



seal successive layers together so as to prevent fluid leakage around the
filter media. The characteristics of each of the six successive 30   filter
medium layers are set forth below, where, as for all of the examples set
forth herein, the weight is of the filter medium itself (i.e.,, not
including the substrate or diffusion layer) and the thickness is of the
combination of the filter medium and substrate or 35   diffusion layer,  in
an uncompressed state prior to wrapping under high back-tension.    15 Air
Flow Delta Pressure Approximate
8.5 m/min) 5             99% Removal       Bubble Point     Weight
Thickness       [inches water Efficiency                (kPa)
[err]       (err)         column Layer  (OSU-F2 test)      [inches  water
column}    [err]        [err]      at 28  ft/min] 1       20 [err]
1.9-2.4         32-38     686           0.055 [7.5-9.5]     [3.0-3.5]
[27]        (0.22] 2       20 [err]           1.2-1.5         27-30
660          0.025 [5.0-6.01     [2.5-2.8]    [26]           [0.10] 10
3       40 [err]            0.6-0.8        24-28      635          0.017
[2.6-3.41     [2.2-2.61    [25]        [0.071 4       40 [err]
0.6-0.8         24-28     635           0.017 [2.6-3.4]     [2.2-2.61
[0.07] 5       90 [err]           0.3-0.5         11-14     508
0.005 [1.4-2.01     [1.0-1.3]    [20]          [0.02] 6       90 [err]
0.3-0.5         11-14     508           0.005 [1.4-2.01     [1.0-1.3]
[20]        [0.021 15 The resultant fluid treatment element was evaluated
and determined to have a 99.95% removal efficiency (OSU- F2 test) of 10
[err] The fluid treatment element had a dirt capacity  of  17.4  grams  per
50.8 cm  (20  inches)  of 



20    filter  length  (113.4  cm3  (6.92  cubic  inches)  of  filter
volume), or about 0.15 [err] (2.5 grams/cubic inch) of filter volume.
Example 2 25            A  fluid  treatment  element  was  prepared  in
accordance with the present invention in the same manner as set out in
Example 1, except that the characteristics of the filter medium layers were
as set forth below.    16 Air Flow Delta Pressure (kPa at Approximate
8.5 m/min) 5           99% Removal    Bubble Point  Weight  Thickness
[inches water Efficiency       (kPa)       (err)            column Layer
(OSU-F2 test) [inches water column]      [mils]    at 28 ft/min] 1      10
[err]        6.2-7.2      40-45    483        0.349 [25.0-29.0]  [3.7-4.21
1191      [1.40] 2      [err]        3.7-4.7      42-46    610        0.142
[15.0-19.0]  [3.9-4.3]   [24]     [0.57] 10      3      17 [err]
2.7-3.2     4S-52     660        0.100 [11.0-13.01  [4.2-4.8]  [261
[0.40] 4      20 [err]        1.9-2.4      32-38    686        0.055
[7.5-9.5]   [3.0-3.5]  [27]      [0.221 5      30 [err]        1.2-1.5
27-30    660        0.025 [5.0-6.0]  [2.5-2.8]    [26]        [0.10] 6
[err]          0.60-0.8              24-28    635        0.017 [2.6-3.4]
[2.2-2.61  [25]       [0.07] 15 The resultant fluid treatment element was
evaluated and determined to have a 99.95% removal efficiency (OSU- F2 test)
of 5 [err] The fluid treatment element had a dirt capacity of 12.7 grams
per 50.8 cm (20 inches) of 20   filter length (113.4 cm3 (6.92 cubic
inches) of filter 



volume), or about 0.11 g/cm3 (1.8 grams/cubic inch) of filter volume.
Example 3 25         A   fluid   treatment   element   was   prepared   in
accordance with the present invention in the same manner as set out in
Example 1, except that 62 sheets of 7.78 cm (3-1/16 inch) wide
polypropylene HDC (trade mark) filter medium were helically wrapped onto a
3.30 cm (1.3 inch) outer 30   diameter,    fenestrated,    injection
molded,    hollow polypropylene tube.   The final diameter of the fluid
treatment element was about 6.35 cm (2.5 inches).   The characteristics  of
the  filter medium  layers  are  set forth below.    17 Air Flow Delta
Pressure Approximate                        Thickness    8.5 m/min) 5
99% Removal    Bubble Point  Weight      Per Layer    [inches water
Efficiency           (kPa)          [err]        [err]       column Layer
(OSU-F2 test) [inches water column]     [mils]        at 28 ft/min] 1-4
20 [err]       1.5-2.4      52-57   610-762    0.05-0.100 [6.0-9.5]
[4.8-5.3]   [24-30]  [0.20.40] 5-12    30 [err]       1.2-1.6     15.6-18.8
279406    0.020-0.030 [4.7-6.41  [1.45-1.75]  [11-16]  [0.08-0.12] 10
13-22    40 [err]        0.7-0.8    15.6-18.8  356-508    0.006-0.014
[2.7-3.3]  [1.45-1.75]  [14-20]  [0.025-0.055] 23-36    70 [err]    0.4-0.5
15.6-18.8  483-635    0.004-0.009 [1.5-1.9]  [1.45-1.75]  [19-25]
[0.015-0.035] 37-50   120 [err]    0.3-0.4     52-54    191-241    < 0.002
[1.2-1.4]  [4.8-5.0]  [7.5-9.5]  [< 0.01] 51-62   140 [err]       02.0.3
41-45    229-279    < 0.002 [1.0-1.2]   [3.8-4.21    [9-11]   [< 0.01] 15
The resultant fluid treatment element was evaluated 



and determined to have a 99.95% removal efficiency (OSU- F2 test) of 11. 6
[err] The fluid treatment element also exhibited a dirt capacity of 72.4
grams per 25.4 cm (10 20   inches) of filter length (587.0 [err] (35.82
cubic inches) of filter volume), or about 0.12 [err] (2.0 grams/cubic inch)
of filter volume. Example 25         Fluid   treatment   elements   were
prepared   in accordance with the present invention in the same manner as
set out in Examples 1 and 2. These fluid treatment elements had a 99.95%
removal efficiency (OSU-F2 test) of 5, 10, and 20 [err] The dirt capacities
of these fluid 30   treatment elements were compared to the dirt capacities
of septa filter elements of the same size, shape, and pore rating. These
comparative filters were formed by the direct impingement of fibers onto a
rotating core placed in  the path of the fibers.   The build of the 35
fibers was profiled such that the fiber size and pore size increased as the
diameter increased, thereby    providing a graded pore structure for the
fluid treatment element. Comparative Filter  Present Inventive Filter
99.95% Removal   Typcal Dirt Capacity  Typical Dirt Capacity 5
Efficiency  (grams/25.4 cm     (grams/25.4 cm (OSU-F2 test)  (10 inch)
length)  (10 inch) length) [err]            3                 6 [err]
4                 9 [err]          6                 10 10 This comparison
data demonstrates the superior dirt capacity of the present inventive fluid
treatment element as compared to a comparable fluid treatment 15  element
having a graded pore structure. Example 5 



A fluid treatment element of the present invention utilizing multiple
filter medium and diffusion layers 20  was evaluated in the laboratory as a
replacement for a string wound filter and a sintered stainless steel powder
filter used in the filtration of boiler water in a nuclear power plant.
The string wound filter is inexpensive and has a moderate life expectancy
but also 25  is characterized by a high degree of variability in its
removal rating.  The sintered stainless steel powder filter has a good
removal rating but is expensive and has a short life expectancy. In
contrast, the present inventive fluid treatment element is inexpensive, has
an 30  excellent removal rating, and has a long life which is expected to
be about four times as long as the life of the string wound filter and at
least twenty times longer than the life of the sintered stainless steel
filter. The fluid treatment element of the present invention is 35  also
expected  to  be  quite  effective  in  removing undesirable iron oxides
and iron hydroxides which are present in boiler water and can sometimes get
through string  wound  filters.    Accordingly,  the  present inventive
fluid treatment element possesses the best    19 attributes of both the
string wound and sintered stainless steel filters and is superior to either
of those filters alone. 5                          Example 6 A fluid
treatment element in accordance with the present invention was prepared
using fiberglass filter media.  Since fiberglass filter media which is
formed from glass microfibers bonded with a high temperature 10   resin
have  a  very  good  life  expectancy  and  an exceptional ability to
withstand elevated temperatures, such a fluid treatment element is believed
to be very 



suitable as, for example, a high temperature vent filter on chemical
reaction vessels. 15        The fiberglass filter medium sheets were
prepared by depositing fiberglass onto a polyester substrate by a vacuum
draw-down from an aqueous slurry of fiberglass. The polyester substrate was
a 178 [err] (7 mils) thick polyester nonwoven substrate which was
calendared down 20   to 76 [err]  (3 mils)  thickness.   The fluid
treatment element was prepared by wrapping multiple layers of 7.78 cm
(3-1/16 inches) wide fiberglass medium onto a 3.30 cm (1.3 inch) outer
diameter, fenestrated, injection molded, hollow polypropylene tube.  The
wrap was made by 25   abutting the  layers against each other,  i.e.,  50%
overlap. A total of 36 layers of fiberglass medium were utilized.
Successive  layers  wrapped  onto  the cylindrical tube were more and more
open, i.e., had increasingly larger pores. The final diameter of the 30
fluid treatment element was about 6.6 cm (2.6 inches). The characteristics
of each of the 36 successive filter medium layer are set forth below.    20
Approximate               Thickness Per 99% Removal   Bubble Point  Layer
Efficiency    (kPa)         (err)     Number of Layer   (OSU-F2 test)
[inches water column]   [mils]  Layers 5     1-4     12 [err]          5.08
508          4 [20.4]       [20] 5-6     14 [err]          4.09         533
2 [16.4]       [21] 7-8      15[err]        3.79         559          2
[15.2]       [22] 9-10     17 [err]         3.11         660          2
[12.5]       [26] 11-12    20 [err]        2.12         559          2 



[8.5]        [22] 10    13-16    25 [err]          1.94         432
4 [7.8]        [17] 17-18    45 [err]         1.22         483          2
[4.9]        [19] 19-20 [err]            0.77         787          2 [3.1]
[31] 21-28    90 [err]          0.57        152          8 [2.3]        [6]
29-36    100 [err]         0.42         102         8 [1.71        [4] 15
The resultant fluid treatment element was evaluated and determined to have
a 99.95% removal efficiency (OSU- F2 test) of 5 [err] The fluid treatment
element had a dirt capacity of 40 grams per 25.4 cm (10 inches) of 20
filter length (652.2 [err] (39.8 cubic inches) of filter volume), or about
0.06 [err] (1.0 grams/cubic inch) of filter volume. Example 7 25        A
fluid treatment element in accordance with the present invention was
prepared using a single glass fiber filter medium layer and stainless steel
diffusion and  protective  layers.    The  diffusion  layer  was positioned
between the filter medium and the tube, while 30   the protective layer was
positioned over the filter medium. Such a fluid treatment element is
expected to    21 be a superior blowback filter element for filtering out
particles from gaseous fluids such as air. The diffusion layer was a
stainless steel woven wire mesh formed from 0.014 cm (0.0055 inch) diameter
5 wire with a 17 x 17 wires/cm (42 x 42 wires/inch) weave. The wire mesh
was in the form of a continuous strip, and 



the edges of the wire mesh were folded and calendered to a 0.0254 cm (0.010
inch) thickness. The finished strip was 3.81 cm (1.5 inches) wide. The
diffusion layer was 10   helically wrapped around a 3.30 cm (1.3 inch)
outside diameter perforated stainless steel cylindrical tube under a
tension of about 525 N/m (3 lb/in) width. The diffusion layer was wrapped
such that the edges of the diffusion layer abutted, i.e., with a 0%
overlap. 15        A glass fiber filter medium of 0.015 cm (0.006 inch)
thickness and having a 99.95% removal efficiency (OSU-F2 test) of 15 [err]
was helically wrapped onto the cylindrical tube with the diffusion layer in
place under a tension of about 52.5 N/m (0.3 lb/in) width.   The 20
filter medium was 7.62 cm  (3 inches) wide and was wrapped with a 50%
overlap of the edges so as to effectively form two layers of filter medium
onto the cylindrical tube.   The glass fiber filter medium was prepared by
depositing glass fibers on a glass scrim 25   using about 15%
polytetrafluoroethylene binder. Another layer of the stainless steel woven
wire mesh of the same type used as the diffusion layer was used as a
protective layer and was helically wrapped around the cylindrical tube with
the filter medium and 30   diffusion layers in place.   The protective
layer was wrapped under a tension of about 1751 N/m (10 lb/in) width. The
fluid treatment element was then equipped with a blind open end cap and a
blind closed end cap. The fluid treatment element had a filter area of 619
cm3 35   (96 in2). Three of these fluid treatment elements with a total
filter area of 1858 cm2 (288 in2) were tested in    22 the filtration of
air. The clean pressure drop of the elements at 6.1 m/min (20 fpm) was 0.30
kPa (1.2 inches 



of water column). The bubble points of the three fluid treatment elements
were 1.22, 1.52, and 1.32 kPa (4.9, 5   6.1, and 5.3 inches water column).
The three fluid treatment elements were also tested in a continuous forward
flow/venturi blowback mode using the standardized silicious contaminant AC
Fine Test Dust in an amount of 1000 g which was suspended in air and 10
passed through the  fluid treatment  elements  in an outside-in direction.
The test was started at a flow rate of 707.9 l/min (25 CFM).   The terminal
pressure drop to initiate a blowback was set at 6.9 kPa (1.0 psi), which
was increased to 10.3 kPa (1.5 psi) after 13 15   cycles.  A total of 1000
blowback cycles were performed under these conditions.   After 1000 cycles,
the flow rate was increased to 849.5 1/min (30 CFM), and an additional 1000
cycles of blowback were performed at the increased flow rate using a
terminal pressure drop to 20 initiate blowback of 10.3 kPa (1.5 psi). At
the fluid flow velocity of 3.8 m/min (12.5 FPM), the recovery pressure drop
was initially 3.4 kPa (0.5 psi), increased to 5.9 kPa (0.86 psi) after the
13th cycle, increased to 7.2 kPa (1.05 psi) after the 18th 25   cycle,
increased to 7.6 kPa (1.1 psi) after the 25th cycle, and remained at 7.6
kPa (1.1 psi) through the 1000th cycle.  At the fluid flow velocity of 4.6
m/min (15.0 FPM), the recovery pressure drop started and remained at 7.9
kPa (1.15 psi) for 1000 cycles.  The 30   filtration efficiency was
99.965%. While this invention has been described with an emphasis upon
preferred embodiments, it will be obvious to those of ordinary skill in the
art that variations in the preferred fluid treatment element may be
prepared 35   and used and that it is intended that the invention may be
practiced otherwise than as specifically described herein.   



CLAIMS 1.    An element for treating a fluid flowing through the element,
which fluid treatment element comprises at least one filter medium sheet
comprising a fibrous mass of nonwoven microfibers capable of removing
particulates from a fluid, helically wrapped around a pervious, hollow tube
to form an overlap of 0% to 95% of the width of said filter medium sheet
and at least one diffusion layer which allows for lateral flow of said
fluid within said fluid treatment element. 2.    The  fluid  treatment
element  of  claim  1,  which element  further  comprises  a  pervious
protective  layer wrapped around the outermost filter medium sheet. 3.
The fluid treatment element of claim 1 or claim 2, which element comprises
at least two filter medium sheets and at least one diffusion layer
positioned between at least two successive filter medium sheets. 4.     The
fluid treatment element of any one of claims 1-3, wherein said diffusion
layer is helically wrapped around said tube.    24 5.    The fluid
treatment element of any one of claims 1-4, wherein said diffusion layer is
helically wrapped to form abutting edges of said diffusion layer. 6.    The
fluid treatment element of any one of claims 1-5, wherein said diffusion
layer is a mesh. 7.    The fluid treatment element of any one of claims
1-6, comprising at least two filter medium sheets with different pore
ratings. 8.    The fluid treatment element of any one of claims 1-7,
wherein said filter medium is helically wrapped to form an overlap of 25%
to 75% of the width of said filter medium sheet. 



9.    The fluid treatment element of any one of claims 1-8, wherein said
diffusion layer is a spun-bonded polypropylene nonwoven sheet material
having a weight of between 20 [err] 10.   The fluid treatment element of
any one of claims 1-9, wherein said filter medium sheet comprises a
material selected from the group consisting of nylon, fully aromatic
polyamides,    fluoropolymer,    polyethylene, polyester,   polypropylene,
polystyrene,   polyurethane,    glass, carbon, stainless steel, and
aluminium. 11.   The fluid treatment element of any one of claims 1-10,
wherein a diffusion layer is positioned between the innermost filter medium
sheet and said tube. 12.   The fluid treatment element of any one of claims
1-11, wherein said filter medium is helically wrapped to form an overlap of
67% of the width of said filter medium sheet. 13.   The fluid treatment
element of any one of claims 1-11, wherein said filter medium is helically
wrapped to form an overlap of 50% of the width of said filter medium sheet.
14.   The fluid treatment element of any one of claims 1-13, wherein the or
each filter medium sheet comprises a fibrous mass of nonwoven fibers
secured to a respective diffusion layer. 15.   The fluid treatment element
of any one of claims 1-14, wherein said fluid treatment element comprises
an innermost filter medium sheet with a diffusion layer associated
therewith, the diffusion layer positioned inwardly of said filter medium
sheet toward said hollow    26 



tube, and at least five additional filter medium sheets each having a
diffusion layer associated therewith, said additional filter medium sheets
being positioned such that said diffusion layers associated therewith are
oriented outwardly away from said hollow tube. 16.   A   fluid   treatment
element   substantially   as hereinbefore described with reference to any
one of Examples 1, 2, 3, 6 or 7. 17.   An element for treating a fluid
flowing through the element, substantially as hereinbefore described with
reference to any one of Examples 1, 2, 3, 6 or 7. (1654S)    


