1 HELI CAL WRAPPED FI LTER ELEMENT TECHNI CAL FI ELD OF THE | NVENTI ON The
present invention relates to a fluid treatnent el enent. re ryigu ,
the present invention relates to a fluid treatnent el ene 9&62-Z$Brgg
one diffusion layer utilized in conjgnction with a filter nmediumlayer;".
preferably interposed between adjacent filter nediumlayers. :
BACKGROUND OF THE I NVENTION A typical fluid treatnent elenent, for many
uses, conprises a hollow, generally cylindrical, filter element with
appropriate end caps HELUCAECWRAPPED ¢ IISFTER ELEMEND! |iquid, through the
filter mediumof the filter elenent. The se nature of the filter
mediumwi |l vary wth the specific treatnent to be given the fluid,, and,
to t hatIEQHNIGAIs EIELD OR| F INNENTION ude a dem neralizer—or sorbent for
separating ionic or chem cal conmponents in addition to the filter nedium
for renmoving particulates. The fluid to be treated is generally forced to -§
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proposed and utilized over the years, including string wound filter
el ements, sintered stainless steel powder filter elements, nmultiple |ayer

filter BACEGRQUND OF THE INVENTION iq treatnent el ements, and helica

A typical fluid treatment element, for many uses,
comprises a hollow, generally cylindrical, filter element
with appropriate end caps to direct a fluid, é.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. L
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 | i
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 wapped filter el ement s. Despite these various
configurations, there remains a need for a tubular fluid treatnent el enent
characterized by a relatively high strength, |ow pressure drop, high dirt
capaglty, and long life, and which is ngnethel ess econom cal to manufacture
and ulitize. BRIEF SUMVARY OF THE | NVENTI ON The present invention
involves an elenent for treating a fluid flow ng through the el enent. fn
accordance with the invention there is provided an element for treating a
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cylindrica I"gu a ion. Wiile the present inventive fluid treatnent
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D e
exanple, the fluid treatmen ube with a square,
elliptical, or oval cross-section. Any suitable filter nmedium available in
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material, such adn accordance with the invention there is provided
an element for Ereating 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 1lateral 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 1long 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,.

v 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 nyl on, fully aromatic pol yam des, f I uor opol yner,

pol ypropyl ene, polyethyl ene, pol yester, polystyrene, and pol yurethane
resin, or frominorganic materials such as gl ass, car bon, st ai nl ess
st eel , and al umi num Conbi nations of various filter nedla may be. uged
in the present inventive fluid treatmdnt el ement. For exanple, for the,
pur pose of treating potable water, the present inventive fluid treatnent

el enent may include an inner mcroporous nenbrane, a series of
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glass material, such as fiberglass. 8Such 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 chemicgl 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



present inventive fluid treatnent el ement overconmes this 4 di sadvant age
of filter medium sheets such as the HDC (trade mark) nedium and inparts

hi gh strength to the overall fluid treatnment el enent. The porosity of the
filkger nmedium sheets may be of any desired value. Wien nore than one filter
nmedi um sheet is used sone or all of thé filter nedium sheets preferably |,
have differing pore ratings and are selected and arranged so as to forma
fluid treatnment el enent with an overall tapered or graded pore
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treatment element. For example, the innermost layer or
several layers may have a pore rating of 10 pm, with the

next layers or groups of layers having pore ratings of 15,

20, 30, 40 and 50 mum. 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

j 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 1layers are used in
conjunction with filter medium 1layers forming a graded

v 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



pore structure. The diffusion |layer may be of any suitable material and
configuration which allow for, and preferably assist in, the lateral or
edgewi se flow of the treatnment fluid within the fluid treatnent el enent
bet ween t he i nnernost 5 filter medium |l ayer and the tube and/or betwsen
adj acent filter nedium |ayers. Such a lateral flow assists in ‘
mnimzing the pressure drop across the fluid treatnent el enent. Wen the
diffusion | ayer is positioned bet ween the tube and the innernost filter
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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 pum
(4-5 mils) thick to about 254-381 um (10-15 mils) thick
or greater.
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voi ds vol une. The diffusion layer preferably has a Frazier nunber
of at least two tines, and preferably at |east four tines, the Frazier
nupber of the filter medium sheets. The diffusion layer is preferably
of(_a sheet configuration as is the cagse with the filter nedia and nmay be
secured to the filter media. The diffusion |ayer may be of any appropriate
t hi ckness, e.g., about 102-127 [err] (4-5 mls) thick to about 254-381
[err] (10-15 mils) thick or greater. 6 The diffusion | ayer is nost
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back-tenskfgwplaced on each layer as it is wound onto-the fluid treatnent

el ement so”as’'to control the stiffness or rigi dit% of the fluid treatnent
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operations. Moreover, a strong substrate also allows for
the control of the back-tension placed on eacb 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
sheet  material in 20 g/m2 and 40 g/m2 weights. While
heavier Adiffusion 1layers, such as 60 g/m2 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 inventioxi.



filter medium while the dirt capacity is controlled by the existence of

the diffusion |ayer and additionally, where provided, the graded pore
structure. Suitable diffusion layers include netal nmeshes and spun-bonded
pol ypr opyl ene nonwoven sheet materials, although a | arge nunber of<«
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Stee'Th&hiEﬁbé'1configuration 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 1is 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
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| ow t enperature applications, the tube is preferably prepared froma
plastic material, e.g., polypropylene. The tube may be of any suitable

di ampter which will usually be determined by the necessary dianeter of the
over@ll fluid treatnent elenment and the thickness of the filter nedia and
diffusion layers deternined by the end- §ise of the fluid treatmnent P
el enent . Cenerally, the |argest possible tube internal dianeter is
preferred so as to allowthe treatnment fluid to easily progress down the
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edges of the filter nedium sheets are abutting or overl apping. The
overlapping of the filter nmedia is preferred inasnuch as the effective
| ayers of 9 filter nmedia are thereby increased, and fluid fl ow pat hways

which bypass the filter nmedia are mninzed. The anpbunt of overl appi ng may
vary from0%to as nuch as about 95% preferably about 25-75% and nost
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50% of the wdth of the filter nedium sheet. An overlap of about 67% w ||
effectively triple the filter nmediumlayers, while an overlap of about 50%

will effectively double the filter nmediumlayers of the filtration elenent.
The diffusion | ayer may be p05|t|oneg i n any suitabl e manner. Wi | e the
di ffusion Iayer need not be helically wapped, it is preferably helically
wrapped in the sanme nmanner as the filter nmedi um sheets. When t he

diffusion layer is secured to the filter nediumsheet, as is the case with
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as a fibuétabdei marsier: owvillepsthesdifffusidn alageensged t hot :Hgse% _en: s~
Toakage SISERTTY Wrfifioh ol 1k RS (phBRSFRELY LR FeaBren Bt cnont.
10 A tugge gsame gpaaner nasecdhehefhdbers onediunnsheety .uesWhenadttes e the
filter gedeygioncalayet i5Chbchted®thb Wife 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 1layer. Any wrinkling of the 1layers 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.



filter medi um sheet seans. The filter nmedium sheet should be strong
enough to withstand any necessary 5 stretch to effect the desired

wrappi ng and overlap. In particular, as regards the preferred use of a
filder medi um sheet conprising a nonwoven web of fibers secured to a porous
substrate, the substrate is preferably strong enough to permt the P

stretching necessary to 10 ensure a | eakfree interface between
successive waps_ qor.layers.. The.f.il.ter |ayers ether _hel.i cal | ed to
form abutting Or 3985 gﬁﬁ?ﬂ'@"e&d‘é@} sbézﬁﬁon&\é@ %Prs 8PS (?d%t%‘féosgy any
sui t abl e neansto aGherealthe filterhmedium shee&r toniltsells wr sead ttheeal
~abutting or ovenk | S , r abl S | 4 &85 o

“enpl oyed in thglgri,gge%‘?ﬂ%ntslh\%%%f I%él#'%r eat?rhpent Eg?g%e%ﬁtﬁ%?ﬁe%eeet
exterior .of thshpuddd beemtnong clenemgh 260 wiathskande ank en@eSSSaNY er

-medi um  esgeci gkl-ktBhetel btect #hB' de8itedCwiBpPihg avdl eveM1aRs, argiind or
encases the fluid treatnent elenent for _ease of handling and to prqvide the
fluid treat nenP2EFEFBARTadAS | BRIRTIBpfde BERESHIRG PP n,°fesﬁecfi[1’7§‘l%lef
during insi de-ﬁuaiPhUhﬂeétmnbﬁﬁisiﬁqca riShwose iwdib wfoyfa?b‘e‘rss saiatddl or
outerwap may pe of any suitable construgiion an teri,al an

preferably a Palan&%otﬁjcﬁugﬁté?tgl'unﬁ%ﬁm%&%%%ﬁ edd spgglfte%gﬁl%ugh a
pl asti c nmesh ostrongovenmougit etical pesmit &he ostpetghingymemessayy altsn be
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exterior proteCtive nateri . e extertor ectrve eri al
applied in anylayersbl e manner and is preferably helically wapped in the

sare manner as the ghkl ofs SEGY UTWYBYELS wikther nellBall findpata oo

fluids in an outside-to-Inside ection, 1t has been general l'y_found that
the ‘use of an BO¥Br ALM-tdingh| ¥ c VEK}aPRINGy @ddefy RRY OfpRergedr 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

N 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 treatnent elenment, even though the outerwap has a pore rating
whi ch is nmuch higher than that of the individual filter medium]|ayers and
the overall fluid treatment elenent. In the filtration of fluids in an 5
i nside-to-outside direction, the hollow tube or a separate |layer -~
posi ti oned between the tube and the innernost filter nediummy serve thg
function of the outerwap in inproving thieldirt capacity of the fluid
treatnment elenment. 10 The fluid treatnent elenment of the

present invent tbe Flpid $reatmants clerant orgyen afeugh okhsyppdervrap

dralt nglge, lor tti_ﬁs' hksoréuea_tatelql whaeal gbama&ﬁ F_ﬁﬁxebetﬁg_ﬁl k:nlarteéf ltlhegl/ny
suitable locatiqn, ,.e.qg., interpos etween filter medium ers and/ or
it fosion 16 ipajiriatal sitken TRt hur L LaVeTRe A i Y RER Lo

filter nmedi um treStmentddilleneri. | aynr shenfidtratienamt i £buidsadn an t abl e
manner, e.g. b liicall i NQ s layer g.l.n ner..Aas .t he T
filter medﬁum ¥3§29§ %?5}6“\@’5&&% T éi'\%%?:ligﬁg I g?grsh%}c?mg’%be r?é'?i &al | y
wr apped ar oundseparatiee layévr rpasitionednbetween i thef | tubet rand niie

el enent, e.qg., ; bkkere e S [ O Y ekie0
protective | ayéir’?ag?\ngggt ﬁéﬁ%ﬁﬁ%@%ﬁ T%gerggwﬁa)%r{)f ?’?cmf%ﬂ pé :frt\let he
sane or 25 dPREerwrap dny improving:the dirtcQapacdity ahethe fduigedi um
| ayers are pretgeabhent e1emepeed in the same direction, and, to the
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uses, the presgnventienti mayf| aldot r compristecl adddtionall bdagewisppEdrwi t h

ol emont. 10 parRPELFRY HERinaRY. Cor, Be 1tkE,| CRAHH"abEelpHAT, HEFRLEET
utilize an opemagndbeappesiit bonedndirndanyp switable | Locationar ehg.ands of
the fluid treajfeBrposed 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 f£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



el ement so as to ensure that the fluid being treated 12 does not bypass
the filter nmedium| ayers. The fluid treatnment el enent may al so use two
open.end caps to enable the fluid treatnment element to be used in series
wth_other fluid treatnment elenents. The end caps may 5 be of any suitable
material and can be secured to the fluid treatnent elenent in any suitable
manner. Generally, the end caps will be pr&pared fromthe sane material as
the tube or stainless steel. The present inventive fluid treatnent_ el ement
my 10 be useddes anotr byppsst thel filter Reddumnd.aysrs not Then §4id o,

filter boiler Wz%ra«{]n@ €| BEehbAtPUNY #1861 usel hewl bpea! i @ obapegato
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rappi ng i Ges PURLRMELERAEPRIS gRYSTaRd; Bnd fan' b7 pelret] e €l
optim zed cont rﬁ]]uld)vetreahnenterm\lemenm Jef f |5m16nc§uandbdert RERRT { vy of
the fluid treatnent, er%gar%el nhﬁ)é ihs 8 §e¢)hinggnpkﬁparﬁpe o5 e i SMFEL I Ve

fluid treatment &l usual |y ave an ove ctive pore rating
or renoval effi ciadrenialums ithe tt)-lhmaﬂr Atainlesnlisterdd filter medium

| ayer with the 25 t e S he 1f
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uses. 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 emlssn.ons, and the like. The
ability to quallty control the filter medium before
wrapping gives a un:.que ablllty 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
e 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___unifbrm 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



The follow ng exanples further illustrate the present invention but, of
course, should not be 35 construed as in any way limting its scope. In
these exanples, the OSU-F2 test, also known as the beta rating system was
used to evaluate the renoval 13 effigpencies of the various fluid .
treatment el ements. The OSU-F2 test referred-to herein is ANSI Standard
B93- 31-1973efficdencdesharf) thedi fviaad dus ﬁiuidnta'qaé:mtf ielaments; i ng
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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 am (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 um (8-10 mils) thick
spun-bonded polypropylene nonwoven substrate of a 20 g/m2

35 weight. The polypropylene substrate functioned as a
diffusion layer.



30 and six sheets of 5.1 cm (2 inch) wide HDC (trade mark) filter medium
i.e., a nmelt-blown pol ypropylene filter mediumw th a nonwoven web of

pol ypropyl ene fibers of various thicknesses secured to a 203-254 [err]
(8-19 mls) thick spun-bonded pol ypropyl ene. nonwoven substrate of a 20
[err] 35 weight. The polypropyl ene subst}4te functioned as a di ffusion,
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cylindrical tubintmd theheaenter 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 iayer 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
N 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. '



seal successive layers together so as to prevent fluid | eakage around the
filter media. The characteristics of each of the six successive 30 filter
medi um | ayers are set forth bel ow, where, as for all of the exanples set .
.,, hot S~

forth herein, the weight is of the filter}gedlun1|tself (i.e

i ncluding the substrate or diffusion |aye

and the thickness is of the

conbination of the filter nedium and substrate or 35 di ffusion Iayer,‘ I n
an unconpressed state prior to wappi ng under hi gh back-tensi&inFlew 15 Air
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The resultant fluid treatment element was evaluated
and determined to have a 99.95% removal efficiency (0OSU-
F2 test) of 10 um. The fluid treatment element had a
dirt capacity of 17.4 grams per 50.8 cm (20 inches) of
filter length (113.4 cm’® (6.92 cubic inches) of filter
volume), or about 0.15 g/cmP (2.5 grams/cubic inch) of
filter volume.

Example 2

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.



20 filter length (113.4 cnm8 (6.92 cubic inches) of filter

vol une), or about 0.15 [err] (2.5 granms/cubic inch) of filter volune.
Exanple 2 25 A fluid treatnent eleirent was prepared in
accqrdance with the present invention in thg sanme manner as set out in
Exanpl e 1, except that the characteristics f the filter medium ayers wege

as set forth bel ow 16 Air Flow Delta Pressure (kPa at Approxi nate

8.5 mMmn) 5 99% Renoval Bubbl e Point Weight Thi akifbes
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(OSU-F2 test) [inches water, col um] [m]s] at 28ft/mrl]

err] 6.2-7.2 -5 9 [ 9.0 421
'3191 [1540] 2 » 3}"7"‘4 7 (J%42 ﬁ%, ‘2610} 3::" 0. 142
115.0-19.0]  [3. 914pe3] (o5 ...axeow.zibm; A d7 [ e iths bimia
2.7-3.2 4S—54 600 OO0 T T 0- 130 [ 4. 2 &.8] 1201
[0.40] 4 0 [drr] 10am 6272 32-48%0, 68 9] og 5
[7.5-9.5] [3 0-3.5] [27] 3 O'zferr] 1.2-'1.5

27- 30 660 2 0.0235pb. 0- 6. 0] 3'{-4215 2. 8] 42-46} 26] sto [ 00.43] 6
[err] 0.60-0.8 (15.612.0p g @943 41 0. 017 [0958- 3. 4]
[2.2-2.61 }ja5] 3 [0.494h 15 The gespll tant fdsisp d treed nent el gwent was

eval uated and determ ned to have a[ﬁ&-ﬁb%renuva-kspfflmpncy (O30 F2 test)

of 5 [err] The f|UId tregf nent el ene ad a d| apa y of 120 ssgrams
per/50.8 cm (20 i néhes) &1#%0 fl|blér ength[f %(6 92 o

inches) of filter

5 30 gm : 1.2-1.5 27-30 0.025
[5.060] . [2.528) [26] {0.10)
6 40 am . 0.6-0.8 24-28 635 0.017
2.63.4] 2.22.6] 125 [0.07]

-15 The resultant fluid treatment element was evaluated
and determined to have a 99.95% removal efficiency (0OSU-
F2 test) of 5 um. The fluid treatment element had a
dirt capacity of 12.7 grams per 50.8 cm (20 inches) of
20 filter length (113.4 cm® (6.92 cubic inches) of filter

volume), or about 0.11 g/cm’ (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
am (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 'diameﬁer of the fluid
treatment element was about 6.35 cm (2.5 inches). The
characteristics of the filter medium layers are set
forth below.



vol une), or about 0.11 g/cnB (1.8 grans/cubic inch) of filter volune.

Exanple 3 25

A fluid treat nent el enent was pr epar ed

accordance with the present invention in the sane manner as set out i
Exanpl e 1, except that 62 sheets of 7.78 cn1(3 1/16 inch) w de
polypropylene HDC (trade mark) filter medi?um wer e helically wapped ontp a

3.30 cm (1.3 inch) outer 30 di anet er, fenestrated, I nj ection

nol ded, hol | ow pol ypr opyl ene t ube. The final dianeter ofaitiaflu
treatment el ement was about 6.35 cm (2.5 inches). The chaPbslaPesust |
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The resultant fluid treatment element was evaluated
and determined to have a 99.95% removal efficiency (0OSU-
F2 test) of 11.6 um. The fluid treatment element also
exhibited a dirt capacity of 72.4-grams per 25.4 cm (10
inches) of filter length (587.0 cm® (35.82 cubic inches)
of filter volume), or about 0.12 g/cm (2.0 grams/cubic
inch) of filter volume.

Example 4 :
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 um. The dirt capacities of these fluid
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
fibers was profiled such that the fiber size and pore
size increased as the diameter increased, thereby
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and determ ned to have a 99.95% renoval efficiency (OSU- F2 test) of 11. 6
[err] The fluid treatnent el enent also exhibited a dirt capacity of 72.4
grans per 25.4 cm (10 20 inches) of filter length (587.0 [err] (35.82
cubig i nches) of filter volune), or about 0,12 [err] (2.0 grans/cubic inch)
of filter volume. Example 25 FI ui 018 treat ment el enent s were |

pr epar ed I n accor ce with the esent I.n S

set out in Exar’rffrgé'q'% 2 'ﬁ?éas% quﬂr?reéﬁ%b?ﬂr erretf]rzl’ %Wﬁ%%
renoval effici etreat@@dtFeliessent.of 5, 10, and 20 [err] The dirt capacities
of these fluid 30 treatnment elenments were conpared to the dirt capacities

of septa filter elenents of the saﬁe'nml’msfhape aMﬂFW&FMg These

‘conparativefilters R&

-fibers was profiled

|np|ng Fereiher s onto a

),g:;;f ‘the 35

esed as the

rotating coPe pl aced

di anet er increased, theﬁehy provi d| Yy a graded pore stéucture for the

<

fluid treatment el ement, Conparative FiJter Present Invegtive Filter
99. 95% Renoval Typcal rt Capacity Typical Dirt Capacity 5
Efficiency, (grans/25. 42°em (grans/ 25.4 cm (OSU-F2 tes?® (10 inch)
| engt h) (?ce i nch) length) [err] 3 6 [err]

4 j son
dat a denonstr at ghi?h é‘h‘lﬁ%ﬂ'%?ndlq%t%a ggotn fattense Blrllgsé&fgr nvent [ ve | ui d
tyeat nent el enesapacitynpefedthe apcespartablwmld/et r £ddght treat@mentent

having a gr ad?deﬁ!@fnﬁnﬁt 45t LompaTed™Pté 2 comparable fluid treatment
15 element having a graded pore structure.

Ex. e 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 shoi:'t 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 dquite 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



A fluid treatnment elenent of the present invention utilizing multjple
filter medium and diffusion layers 20 was evaluated in the |aboratory as a
repl acenent for a string wound filter and a sintered stainless steel povvder
filter used in the filtration of boiler water in a nucl ear power plant.-

The string wound filter is |nexpen5|ve amtP has a noderate l'i fe expect ancy

but also 25 acteriz hi gh de e of variability inits
renoval rati nggt&f%% gFﬁt e?gd gg&ﬁnl tgg nggﬁ'“HOV\HQP"Fll | apA hgdntexred]
renmoval ratingstainlessxsteslyef iltieras andshis t supérioxpads agiyher Nof

contrast, the n t luid treatnment el enment is inexpensive, has
an 30 excel I e%gégn%%/%?ég?g 1|i¥8nLand has a long life which is expected to

be about four tines as long as the life of the string wound filter and at

| east twergy tinmes |onger than the liﬁ%ﬂﬁlﬁ sintered stainless steel
I nvention is 35 also

filter. Theflwdt e el ement o € present

expected to q% ?é'miaf fregtment r\el?‘!ﬂg 'i& RARRardange vith shedes
aﬂd H(ﬁn Pydrcpcrebmt\hi.nmlanteonrwaentprldpdi@d Qilei:ﬁ efiﬁéﬁjﬁﬁassﬁsg%télﬂ‘sz get
through strin e

fluid treat rregbf d\fyerrenf potgsefzj'sbesrq%sc% g#fgexﬂg gltlFrl °§§ iﬁ gﬁmeflhe
string wound ofkPmiglassdmicriofliberssthondéd| with anhigh stempepatupeci t her
of those fg | { ¥ésfh O'Rave a very ?%Odpl‘e%f e@m&f Aard Ul Q?ed

treatment el enent in, accor dance W|th ent i nvention-was prepa

usi ng fiber gl £Xcepticnaliability; tp withatand elevated mQrmms; S
formed from glsaagsh mcr@ﬁnaet&ebm Véiéhéhtbl §8 beTigvelUty thé véfyl N
have a very life ectan n,_exceptional abi
wi thstand el e\f'{q&?%]e rath §xa§'5’ 'a‘f ﬂi!ﬂ P@B?EBFPrél‘éﬁﬁﬁtf%it‘b’él i eved
to be very on chemical reaction vessels.
15 The fiberglass filter medium sheets were prepared
by depositing fiberglass onto a polyester substrate by
a4 vacuum draw-down from an aqueous slurry of fiberglass.
The polyester substrate was a 178 um (7 mils) thick
polyester nonwoven substrate which was calendared down
20 to 76 um (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 N~
25 abutting the layers against each other, i.e., 50%
overlap. A total of 36 layers of fiberglass medium were
utilized. Successive layers vwrapped 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.



suitable as, for exanple, a high tenperature vent filter on chem cal
reaction vessels. 15 The fiberglass filter medi um sheets were
prepared by depositing fiberglass onto a pol yester substrate by a vacuum
dr avtgown from an aqueous slurry of fiberglass. The pol yester substrate was
a 178 [err] (7 mls) thick polyester nonwo substrate which was .
cal endared down 20 to 76 [err] (3 mls) thickness. The fluid

treat ment el enent was pr epgprogichaty Wr appi ng mul ti pl hicknpsePs of 7. 78 cm
(3-1/16 inches) wide fibd#®¥Raswalredi umBebbledoit 3. 30 crbafet. 3 i nch) outer
di anmeter, fenestrated, inj n nol ded, &RYI | ovipol yp¥#Bbyl ene t'ége‘.’“ The
wap was made by. et ohf q'm)hp mm&‘%‘m“ st — 50%
overlap. A t®tal of4 36 | ayapagmof fibergl 3ss nmedi um wese utilized. 4
Successive |layers wapped onto the cgb#indrical tul2e were nore and nore
open, i.e., had i easi ngl.y larger poreg.n, rhe final g,aneter of fhe 30
fluid treatment elr%’rrrent vvaélxﬁ'ﬁout 6.6 cni?&. 6 i nches)%ﬁThe char actEeri stics

of each of the 36 successive filter nedium| ayer are set forth bel ow 20
Appr oxi mat e 78 therkness Per. §9% Renoval ubbl e Point Layer
Ef ficiency (kPa) (err) N r of Layer (OSU-F2 test)
[i nches water col ean] [miyph Layers 5311 1-4 R [err] 2 5.08
508 4 [20.4] [20] 5-6 123 [err] [26] 4.09° 533
2 [16. 4] [ 244]427-8 20 w2l €1 1] 212 3.79 ss9 559 2 2
[15,2] [22] 9-10 17 [err]” @5 3.11 22 660 2
[12. 5] 10 [ 26] 13_11‘15- 12 252l(‘)m[err] 1.94 2.12 - 559 4 2
' 7.8 17
17-18 45 pm . 1.22 483 ) 2
| [4.91 (19}
19-20 50 pm _ 0.77 787 2
o B.1] B1)
21-28 90 gm ' 0.57 152 8
o [2.3) [6)
29-36 - 100 gm 0.42 102 8
1.7 “
15

The resultant fluid treatinent element was evaluated
and determined to have a 99.95% removal efficiency (OSU-
F2 test) of 5 um. The fluid treatment element had a
W, dirt capacity of 40 grams per 25.4 cm (10 inches) of

20 filter length (652.2 cm’ (39.8 cubic inches) of filter
volume), or about 0.06 g/cm’ (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



[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] - 16]
29-36 100 [err] 0. 42 td 8 [1.71 [4] 15

Th | t ant ' t yped h
2 59, 65% r emot AUREEE AR e LGP 1 LMLAC £6F ERLELELAGTAP oV
el ement had a RAvticlkemfrom gaseous fiubds such am aiy.inches) of 20
0. 06 Lerr] (1.0 or iy CHEL0ST0R, Wdr | YA Eralhleds Etddswotbnbol
fluid treat nefitg JResR Fﬂ%@or‘%ﬁﬂ%eovﬁ’tﬁ R (9-098% %nt‘?ﬁ@?\ﬁ%r
g_rfe}oar ed @i ggria:esiwjg-ltte_ alh7sx 7beirésyear (t_eglkuq_zlezmlsp.b;icn) weieejst st eeld
i ffusion an r ctiv ayer,s. u r i oned =
bet ween the fi'l;l'{)eeg't dﬂﬁ%k' H‘Z’ H}Se;ggﬂi sg éo&”qﬁ‘é“gﬁgt%‘&mepﬁéer was
posi ti oned ovdéhe leddges off tinediwire Sesh wetrpufdldedaandcakenderedi to
ted t [ ' | t bt Sy t

expected 1o a 3. i€ N |6¥o NP dnidiidds ©! ORI e{aied SELDY OV

particles from gaseous as al . I ffusion [ayer was a

stai nl ess st eMas A&l W I Hinchesd widen 0. The AATUSIRNSIAYRN)WAR anet er
5 wire wigh ankelcaliyV weappea( 42ound? a3 £30 | 6ah) 1V8avihch)heowts £a@esh
was in the forcﬁ]agetaerc Og[elr %9:% e%t ré@éir?fgss steel cylindrical tube
under a tension of about 525 N/m (3 1lb/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 um was helically wrapped onto the
cylindrical tube with the diffusion layer in place under
a tension of about 52.5 N/m (0.3 1b/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 1b/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 cm’

35 (96 in?).

Three of these fluid treatment elements with a
total filter area of 1858 cm? (288 in?) were tested in



t he edges of the wire nesh were folded and cal endered to a 0.0254 cm (0. 010
I nch) thickness. The finished strip was 3.81 cm (1.5 inches) w de. The
di ffusion | ayer was 10 helically wapped around a 3.30 cm (1.3 inch)

out s,,de di aneter perforated stainless st cylindrical tube under a
tension of about 525 NNm (3 I b/i n) W|dth he di ffusion | ayer was wrapped
such that the Eﬂﬂefiii: s'ai gl eﬁreésﬁre drbp 8£0%n
overlap. 15 ass

rredl um of go 03 c&:g
t hi ckness and ﬁ&??‘ﬁﬁtﬂ 3t §S%Pé%0al‘29f £P®) cHEs PO%B— Fgaté tf dPChssS o)
was helically utawaedroabmhr cyrhadbubblet pbdntist bft thedthiresi gdulidyer in

pl ace under a tfensjo bout ,.52.5 N m (Q, 3 | n)

filter medium #.m ef'?ntﬁcﬁ'gé')e w’gg'anid'bé%'s %\#g %é%zv\#a 5258%
:_,,_‘overl ap of5t he6eligean605as inchéscwaterl y:oﬂ.umm)t.v\o | ayers of filter nedium
onto the cylindricapndubg, IS8 m;rlémf ed by .
dep03|t| ng gl ass f?gers oneea g#ﬁé‘g scrlén%% usi ng about g_/?/og testdn

pol yt et r af | uor Bt gantsnions £ormandh Slawentyri hlowbach medesusingwoven
wire nesh of téﬁemddmw%méf&éhé&&ﬁmwcﬂc Fine ! Pedtapust

Phe il ter modihnAlnaueynt @t g, B  dhers waeyanapended o, £fe ande " "
| ayer wasiew amwslsemdetrhmugmmtﬂm off]afmut tréatudnt (hﬂ.ehhhtls) indt &n The
L

blind closed e ter area of 619
cnB 35 (96 mml;e vﬁr d®71 thiminf ((85d GFMIat nefhee| tgmminal, pregsusea|

filter area ofqldpSeemidAiifatdZ AURN Wabn set 2t ! Beof iBd a(1 09 of
air. The -Cl ean {)ess#t{fch rv?as inc;[rheeaseel.de ré%ntlso ) k%al(l sg) afge was 0. 30
kPa (1.2 inch ' 5p
15 cycles. A total of 1000 blowback cycles were performed
under these conditions. After 1000 cycles, the flow
rate was increased to 849.5 l/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

S 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 kXPa (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.



of water columm). The bubble points of the three fluid treat

nment el enents

were 1.22, 1.52, and 1.32 kPa (4.9, 5 6.1, and 5.3 inches water colum).

The three fluid treatnent elenments were also tested in a cont
fl ow venturi bl owback node using the §tandard|zed silicious

t i nuous formard
cont am na

~+AC
Fine Test Dust in an anount of 1000 g whi ch was lmmﬁm wlaﬂ] and 10
passed through the fluid treatnent elenents i |rect|on

The test was started at a flow rate of 707.9 I/nln (25 oF
pressure drop to initiate a bl owback was set at 6.9 kPa (1. 0

The term na
psi), which

was increased to 10.3 kPa (1.5 psi) after 13 15 cycles. A total of 1000

bl owback cycl es were perforned undepagNgse conditions. Af t
the flowrate was increased to 849.5 1/mn (30 CFM, and an

cycl es of bl owback were perfornmed at the increased flow rate
term nal pressure drop to 20 initiate bl owback of 10.3 kPa (

er 1000 cycl es,

addi tional 1000

using a
1.5 psi). At

the fluidllefl ow\nebdemeyltoff('& 8tn¢m:m91§ F£IrdN | floxeinecbhsougphr ddwure drop

was initially 3.4 kPa (0.5 p increased to 5.9 kPa (0.86
13th cycetement, e&'&'éGht o‘-lﬂliﬂ k septmentglpment. comprises, o

ESI) after the
€,

increased to 7 6 kPaH‘S? (%”after t he 25{h cycle,.,.and remained at 7.6

kPa (1.1°08i) %%ﬁ%ﬁg

m d d_and
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9ty GAUPTiging '3 | fiPrquR, maski Of of 4.6
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pr epar ed and used an hat is Intended that the inve

|n t he

fm)é ati‘?l

ntron may be

practi cegh pE&£r Medfumh8hedt %l?ﬂC'Jt' CRédst deRé€T 8PLFubEOR Nayer which

allows for lateral flow of said £fluid within said fluid

treatment element.

2. The f£luid 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
1-3, wherein said diffusion layer is helically

around said tube.

claims

wrapped

-



CLAI MS 1.

An element for treating a fluid flow ng through the el enent,

which fluid treatnment el ement conprises at | east—eonre—fitter nedi um sheet

conprising a fibrous mass of nonwoven m crofi ber
partigul ates froma fluid, helically w,pped ar-oB!ﬁ
to forman overlap of 0% to 95% of the®w dth of

OO ., o

1+t et rfedi'um sheet |

|1 dc

and at | east one diffusion |layer which allows for lateral flow of said
fluid within said fluid treatnment el enent. 2. The fluid treatnent

el enent

protective™"layer W apped !
The Tluid jrLgat pRRlrenCHdYa OdieEdsioR 24

(0]

cl apf, Jﬂ%igﬁi Ct*}e%'ﬁrl%m el Ehbagr ?ffrawsgae aofpeﬂvaiiq%gs

around the outernpst ter nedi um sheet . _
lrai 8 ZheYEa1D1! @FAPpedoyy i Ses

“at least two filter nedium sheets and at [east one diffusion | ayer

©-posi ti onedfHphVEBALELnhCaAGeEWBES HaGAS B FEuiibe 1 ayedi.um sheets. 4.

sfluid treatnment el ement of any one of clains 1-3, wherein said diffusion

Tayer is helically wapped around said tube. 24 5. The fluid
treatment el enment of any one of clainms 1-4, wherein said diffusion layer is
helical ly 6« appeTheo fluid altreaitmgrddgedenénsai of digmfyuspoe |efeiclagms The

fluid treatment el ement of any one of clains 1-5, wherein said diffusion
| ayer is alndshwherein saiédfALffusient Aewereisndnmesh.any one of cl ains
1-6, conprising at least two filter mediumsheets with different pore

The

ratings. 8. The fluid treatnent el enent of any one of clainms 1-7,
wherein said filter nediumis helically wapped fo forman overl ap.of 25%
t0-75% of fhe widbe Fluid qtee genteof hAneR et‘?é any 'one of claihs

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 g/m2 and 60 g/mz.

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,



9. The quLq_treatnent el enent of any one of clains 1-8, wherein said
di ffusion Iaﬁ I STaspun- bonded pol ypropyl ene nonwoven sheet materi al

havi ng M,m,w' n 20 [err] 10. The fluid treatnent el enment of
"mer ein said filter nmedium sheet conprises a - =»
m+

any one
material selected"fro e group condPsting of nylon, fully aromatic

pol yam des, f1 uor opol yner, pol yet hyl ene, pol yester, pol ypropyl ene,
pol ystyrene, polyurethane gl ass, carbon, stainless steel, and

al um ni u The f eat mept el ement _of any one of claims 1- 10,
mhermn1é3?ﬁ§TLﬁﬁfﬁp?ay%# *giﬁ5§i§€8ﬁ$d Bgamégﬂm?H Yinernost filter medium

sheet and said tube. 12. The fluid treatnent el ement of any one of clains,
1-11, wherein said filter mediumis helically wapped to forman overlap of

67% of tfof di'l‘ibOffﬁﬁ'qd EEEE%hfﬁﬁdiﬂﬁfé{ﬁé‘ﬁEt °f13?n?t Tofie 0¥ dchlagiseNt

el ement any one of ai s erern sald mediumis helically” e

wrapped §.014 Or fhaPe®HChl afi FuPlHA Olayee ‘Msdtﬂbﬂftfcﬂ'&éh fbétReeE¢nem Sheet .
14. The fluid treatment el ement of any one of clainms 1-13, wherein the or

each filimiermskt "Ebieei médDinSeRedtf ahdogaignsabel, nonwoven fibers
secured to a respective diffusion |ayer. 15. The fluid treatnment el enent

of any one of clains 1-14, wherein said fluid treatnent el enent conprises
an innernost filter medium sheet with a diffusion |ayer associ ated
t her ewi t¥2. t heThi f fflsiidh tagetmpoti tebement nwfif dapyofosai @ff i cledmsedi um
sheet toward said holl ow 26 '
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

17



tube, and at least five additional filter medium sheets each having a
di ffusion | ayer associated therewith, said additional- f—i—L%eF—n%dé—trm—sheet S

bei ng_ positioned such that said di f f usi on Iayers a th are
ori én&ked outwardly away from said holl 8¥v t ube. Iimjll Wm eat ment
el enent substantial ly as her ei nbef of & descrl be L ehier enee to any

one of Exanples 1, 2, 3, 6 or 7. 17. An elenment for treating a f1uid
flowi ng through the el enent, substantially as herei nbefore described with

reference Y)Y 208 (yt Eiéggltesfi]ve2adﬁ’it§oﬂra17'fﬂ‘@éés)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)



