Office de la Propriete Canadian CA 2117869 C 2004/03/16

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 1 1 7 869
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(22) Date de depot/Filing Date: 1994/10/11 (51) CL.Int.>/Int.CI.° BO1D 63/10
(41) Mise a la disp. pub./Open to Public Insp.: 1995/04/13 (72) Inventeur/Inventor: ‘
(45) Date de délivrance/lssue Date: 2004/03/16 COLBY, DAVID MICHAEL, US

e el (73) Propriétaire/Owner:
(30) Prioritée/Priority: 1993/10/12 (08/134,062) US KOCH MEMBRANE SYSTEMS. INC.. US

(74) Agent: SMART & BIGGAR

(54) Titre : MODULE DE FILTRATION EN SPIRALE MUNI D'UNE BRIDE DE PROTECTION EMPECHANT
L'ECOULEMENT DANS L'ESPACE ANNULAIRE
(54) Title: SPIRAL FILTRATION MODULE HAVING BYPASS PREVENTION FLANGE

6
30
42
40 7
447" 94 427 4
| l
i
Nl I} 4
12 _
28
10~ }
3)
Pos ] 28
3. . IIN-38 3.
laz B 42 4
22 =t
40
44 18
5

(57) Abrége/Abstract:

A membrane filtration module Is provided incorporating a seal assembly to seal the annular space or bypass channel existing
between the outer diameter of the filtration cartridge and the inner diameter of the housing In which It Is disposed. The seal
assembly prevents a feed stream from entering the bypass channel, and includes a pair of seals each having a flexible gasket
and a sleeve extending perpendicularly therefrom, the sleeve being adapted to be positioned directly on the cartridge. This
positioning prevents the feed stream from ever coming into contact with the housing.
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Abstract of the Disclosure

R iy

A membrane filtration module is provided incorporating
a seal assembly to seal the annular space or bypass channel
existing between the outer diameter of the filtration cartridge
and the inner diameter of the housing in which it is disposed.
The seal assembly prevents a feed stream from entering the bypass
channel, and includes a pair of seals each having a flexible
gasket and a sleeve extending perpendicularly therefrom, the
sleeve being adapted to be positioned directly on the cartridge.

This positioning prevents the feed stream from ever coming into

contact with the housing.
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SPRIAL FILTRATION MODULE HAVING BYPASS PREVENTION FLANGE

Background of the Invention

This invention relates in general to the field of

membrane filtration and, more particularly, to an improved device

for preventing the bypass of feed flow from the membrane

filtration module.

Semipermeable membranes are utilized in both high
pressure reverse osmosis and low pressure membrane filtration
such as ultrafiltration and microfiltration processes. A typical

10 filtration cartridge within an membrane filtration module
includes membranes wound spirally around permeate tubes to form
the cartridge. A number of like cartridges can be combined
inside of a cylindrical housing, and are typically utilized in
series or parallel combinations for filtration of a wide variety

of food, pharmaceutical, electrodeposition paint, and industrial

waste products.

In applications such as food and pharmaceutical

processing, it is essential that the filtration system be
thoroughly cleaned after processing the food or pharmaceutical
20 materials. Continual cleaning can also be accomplished during
processing by applying an overwrap of plastic netting to the
outer diameter of the spiral membrane cartridge to keep the
filtering membrane spaced away from its associated housing, and
utilizing "controlled bypass" of a small amount of a feed stream
along the annular space between the inside wall of the housing

: 'atnd the outer diameter of the filtering membrane cartridge, i which
| space is sometimes referred to as the bypass 2zone or bypass
channel. The flow of fluid within this annular space continually
washes away and precludes buildup of material between the

30 cartridge and the housing thereby achieving the goal of thorough
cleaning of the bypass zone. The disadvantage of the controlled



10

20

30

2117865

-2 -

bypass design is that in most cases a substantial proportion of
the feed flow will bypass the filtration membrane, resulting in
wasted pump energy and reduced operating efficiency. This occufs
because of the practical difficulty in controlling the dimensions
of the outer diameter of the cartridge and the inner diameter of
the housing to the extent necessary to prevent a loose cartridge

fit and preferential feed flow through the resultant gap.

Alternatively, it is sometimes desirable to eliminate
the feed flow bypass, as in situations where the fluid being
processed tends to accumulate or become lodged in the annulus
between the cartridge and the housing. One example of such a
situation is the electrodeposition of paint, whereby a paint and
water feed must be filtered. It is critical in this application
that the paint not stagnate anywhere in the assembly, as it tends
to solidify and plug the filtering cartridge, even solidifying
the cartridge within the housing, making difficult or even

impossible the future removal of the cartridge for cleaning or

replacement purposes.

Elimination of this feed flow bypass problem involves
sealing the small space or annulus between the outer diameter of
the cartridge and the inner diameter of the housing. There are

several methods currently available in the industry to seal this

space and thereby prevent the bypass problem. One design employs

O-ring seals and associated O-ring holders on the opposed ends

of the cartridge as an inexpensive, relatively simpiistic
approach to generating a seal. This technique, however, has
several disadvantages. A tight housing tolerance is required,
as well as smooth seal surfaces, both of which result 1in
increased housing costs. Also, a large amount of force 1is

required for insertion of large diameter O-rings around the



10

20

30

¢117869

— 3 -
cartridge. Further, the O-ring can sustain damage or even

dislodge as the cartridge is positioned within the housing.

The dislodging of or damage to the O-ring, as well as
the difficulties encountered in inserting the O-rings, may be
circumvented by utilizing the O-ring as a gasket seal. This
method, however, is more complicated and therefore more costly,
requiring both a large diameter O-ring and an associated
compression plate to apply an external force to the O-ring.

These two elements result in excessive blockage of the spiral
feed channel, which in turn creates an additional pressure drop
and decreased filtering performance. The constant compression

associated with this compression seal design places the cartridge

under constant stress which may result in failure of the spiral
module. Further, the compression seal design requires tight

dimensional control in an axial direction, resulting in higher

cartridge and housing costs.

Ahother conventional bypass method employs a brine seal
and an associated brine seal holder, with the seal installed at
one end or both ends of the housing. This design is slightly
more expensive than the O-ring design as custom designed seals
and molded plastic seal holders are typically required, although
it is a desirable bypass method in situations where housing

tolerances are too great for O-ring seals to be effectively

'utilized Spe01fic installation methods are required for brine

seals so as to prevent accidental reverse installation ‘which
would render the seals useless. One disadvantage to this design
is that the brine seals do not prevent all of the feed flow from
leaking through the contact point between the seal and the wall.
When the feed stream leaks past the brine seals and into the

bypass channel between the cartridge and the inside diameter of
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the housing, resulting sanitation (e.g., for milk or food
processing) and/or cartridge removal (e.g., for electrocoat paint

processing) problems tend to occur because of the relatively

stagnant flow in this long annular space.

A third conventional bypass method 1in the industry
consists of using‘a brine seal without an assoéiated holding
device.. In this method, an elastomeric seal is positioned at one
end of the spiral membrane cartridge without the use of a seal
holder and is utilized to seal the annular bypass channel. Feed
pressure acts to flare open a relatively thin, flexible appendage
of the seal forcing it against the housing wall, thereby
generating the desired sealing effect. The flexibility and method
of operation of this type of seal dictate that these seals only
be installed on one end of the cartridge. While brine seals are
effective in limiting the bypass flow, the bypass channel behind
the seal tends to fill with concentrate resulting in the same
sanitation and cartridge removal problems associated with brine
seals with holding devices as discussed above. Brine seals
without asscciated holding devices have several other
disadvantages, including the loss in productivity which results
because the seals are attached to the outside diameter of the
gpiral rather than to the end of the spiral, severely limiting
the membrane area avallable for processing the fluid.
Additionally, if the cartridge is mistakenly installed backwards,
the result will be serious bypass which would result in severe
membrane performance problems and loss of energy efficiency of
the cartridge. Another of the disadvantages of the brine seal
ig that a housing containing a cartridge utilizing this seal must .
be mounted in a vertical orientation, as horizontal mounting

would automatically result in collapsing the seal under the
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weight of the cartridge on one side and opening the bypass
channel on the opposite side beyond the seal’s expansion limits.
This eliminates the ability to run modules in series as the
height of a vertically oriented system would quickly become a
problem. Building parallel instead of in-series configurations
to employ brine seal cartridges would greatly increase the system
cost, as more vaives, fittings, piping and labor would be
required. A further disadvantage of the briné seal 1s that the

cartridge using this type of seal cannot be operated in a reverse

flow.

A fourth bypass prevention design is polymer potting,

a method in which the cartridge is first wrapped in tape, and a
liquid material (typically thermoset resin such as epoxy) 1is then
injected or poured into a portion of or the entire annulus

between the cartridge and the housing. The liquid material is

then allowed to harden and completely seal the bypass channel.
while this technique of bypass prevention is very effective, its
major limitation is that the cartridge becomes bonded to the

housing. As a result, the housing must always be replaced when

replacing the cartridge.

summary of the Invention

It is therefore an object of this invention to provide
a spiral filtration cartridge having a bypass prevention device
which extends cqntinuously from the end caps of the membrane
filtration;module to the cartridge so that feed £low bypass is

eliminated and neither sanitation nor cartridge removal problems

occur.

It is another object of this invention to provide a

spiral filtration cartridge having a bypass prevention device
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which 1is attached to the outside diameter of the cartridge

whereby the feed flow 1s never exposed to the housing wall so

that there can be no blockage or buildup of feed flow in the

cartridge feed channel .

It 1s a further object of the present invention to

- provide a spiral filtration cartridge having a bypass prevention

device which is able to be inserted into the housing with
negligible force so that the tendency for seal damage during

installation is'substantially eliminated.

It is yet another object of the present invention to

provide a spiral filtration cartridge having a bypass prevention
device capable of operating in both forward or reverse flow

without concern for the integrity of the seal and without need

for a seal holder.

It is a still further object of the present invention
to provide a spiral filtration cartridge having a bypass
prevention device which directly attaches to the cartfidge
(without need for a seal holder) and which is symmetrically

designed, so that the potential for improper installation is
eliminated.

Still another object of the present invention is to
provide a spiral filtration cartridge having a bypass prevention
device which does not require potting, so that the cartridge can

be easily replaced without addltlonally replacing the “housing
' unit It is yet a further object of the present

invention to provide a spiral filtration cartridge having a
bypass prevention device with no moving appendages so that the
housing employing such a cartridge can be installed either

vertically'orihorizontally'without affecting the seal integrity.
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It 1s yet another object of the present invention
to provide a spiral filtration cartridge having a bypass

prevention device which attaches directly to the filtration

cartridge and which does not achieve its seal by contacting
the inner wall of the housing, so that effective bypass
prevention can be achieved even in situations having
relatively high housing tolerances between the cartridge and

the associated housing.

Accordingly, 1n one aspect of the invention, there
1s provided a device for use in filtration of a liquid feed
stream, said device comprising: a housing including an
inlet for receiving the feed stream at one end thereof; a
filtration cartridge for separating the feed stream into
concentrate and permeate, the cartridge being disposed
within the housing in spaced relationship to the housing,
the spaced relationship presenting an essentially annular
space; a seal extending between the housing and cartridge
for preventing the feed stream from entering the annular
space between the cartridge and the housing, the seal
comprising a gasket secured to the housing and a sleeve
extending from the gasket and secured to the cartridge; a
first outlet coupled with the housing for accommodating
withdrawal of permeate; and a second outlet coupled with the

housing for discharging the concentrate therefrom.

In a second aspect, there is provided a device for
use 1n filtration of a ligquid feed stream, the device
comprising: a housing including means for receiving the
feed stream at one end thereof; a filtration cartridge for
separating the feed stream into concentrate and permeate,
the cartridge being disposed within the housing in spaced
relationship to the housing to accommodate the selective

removal of the cartridge from the housing, the spaced
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relationship presenting an essentially annular space; means
for preventing the feed stream from entering the annular
space between the cartridge and the housing, the prevention
means including a pair of flexible seals positioned on
opposed ends of the cartridge, each seal comprising a gasket
and a sleeve extending perpendicularly therefrom; means for
encapsulating the cartridge and the seals positioned
thereon; means coupled with the housing for accommodating
withdrawal of permeate; and means coupled with the housing

for discharging the concentrate therefrom.

In a third aspect, there 1is provided a seal
assembly for use in a filtration module having a filtration
cartridge, the seal assembly comprising: a pair of seals,
each seal comprising a flange gasket and a sleeve extending
perpendicularly therefrom, wherein the sleeve 1s adapted to

be received on the end of the filtration cartridge.

The seal 1s designed to be positioned directly
onto the opposed ends of the cartridge so that the feed
stream never contacts the inner walls of the housing. The
inner diameter of the sleeve is slightly smaller than the
outer diameter of the cartridge, wherein the seal can be
securely retained in position on the cartridge by
compression. The seal 1s typically constructed of a
flexible material, allowing a filtration cartridge having a
seal positioned thereon to be placed within a housing using

negligible force.

Brief Description of the Drawings

In the accompanying drawings which form a part of
the specification and are to be read in conjunction
therewith and in which like reference numerals are used to

indicate like parts in the various views:
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Fig. 1 is a perspective view of an membrane filtration

module incorporating a bypass seal of the present invention, with

portions of the housing broken away for purposes of illustration;

Fig. 2 1is a fragmentary side elevation view of the

membrane filtration module taken in vertical cross-section along

line 2-2 of Fig. 1 in the direction of the arrows, with portions

of the filtration housing and cartridge being broken away for

purposes of illustration;

Fig. 3 1is an end elevation view of the membrane

filtration module taken in horizontal cross-section along line
3-3 of Fig. 2 in the direction of the arrows, with portions of

the housing flange being broken away for purposes of

illustration; and

Fig. 4 is an enlarged fragmentary view of the bypass

seal of the present invention incorporated onto the membrane

filtration module.

Description of the Preferred Embodiment

Turning now to the drawings in greater detail, and

initially to Figs. 1 and 2, a filtration module, generally
designated by the numeral 10, comprises an external housing 12
and a filtration cartridge 14 positioned within the housing 12,
The housing 12 is coupled with a feed stream supply line 15 at

one end and a permeate discharge line 16 and a concentrate

discharge line 17 at the other end.
: | | . |

ﬁhiie only a single filtration module 10 is depicted,
it is understood that multiple modules 10 can be placed
end-to-end or otherwise utilized in series within a single
multi-element housihg. Housing 12 1is typically an elongated

cylinder but can be of other configurations if desired. The
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housing 12 includes an inlet 18 which is connected to feed stream
supply line 15 and allows a feed stream to be introduced into the

interior volume of the housing 12. An outlet 19 is provided at

an opposite end of the housing and permits removal of both the

permeate and concentrate from the housing 12.

In accordance with the present invention, bypass seals
20 are provided within the housing 12 to generate a seal between
the hOusing 12 and the filtration cartridge 14. As can best be
seen in Figs. 2 and 3, each bypass seal 20 comprises a flange
gasket 22 and a sleeve 24 extending perpendicularly therefrom.
Apertures 26 for mounting bolts are provided in the flange 22.
Preferably, the bypass seals 20 are constructed of a flexible
naterial which is compatible with the fluids encountered 1in
module 10 and is capable of forming a fluid-tight seal. In one

embodiment, the seals 20 are constructed of a suitable rubber

material.

Cartridge 14 is also typically an elongated cylinder
and includes a permeate tube 28 positioned along the center
longitudinal axis of the cartridge 14. The permeate tube 28 is
closed at the inlet end of the housing 12 by a plug 29 and is
connected at the opposite end to a flow line 30 which connects
to the permeate discharge line 16. A plurality of openings 31
are positioned along the tube 28 to allow permeate to enter the

tube 28. As can best be seen in Fig. 2, the outer diameter of

‘the permeate flow line 30 is sufficiently smaller than the inner

diameter of the housing outlet 19 to allow the concentrate to

filow in the annular space between housing outlet 19 and the flow

line 30.

As can be seen in Fig. 3, a leaf 32 1s spirally wound

around the permeate tube 28. The leaf 32 operates to separate
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the feed stream into concentrate and permeate streams. The leaf
32 comprises a permeate carrier layer sandwiched between two
membrane layers, and spacers (not shown) which separate the
layers of the wound leaf 32 to allow the feed stream to pass
therethrough. Permeate flows along the permeate carrier in a
spiral path to the tube 28, entering the permeate tube 28 through
openings 31. The permeate then flows from the permeate tube 28

into the permeate flow line 30 and is removed from the filtration

module 10 through permeate discharge line 16.

Turning again to Figs. 1 and 2, a layer of tape 34 is
wound around the cartridge 14 from end to end to prevent epoxy
from wicking onto the membrane surface during the overwrap
operation to be discussed below. Bypass seals 20 are then
positioned onto the opposed ends of the cartridge 14, as by
sliding or the like. The inner diameter of the sleeve 24 of each
seal 20 is slightly smaller than the outer diameter of the
cartridge 14 with the tape 34 wrapped therearound, whereby the
gseals 20 are retained securely 1in position by means of
compression forces acting between the sleeves 24 and the
cartridge 14. The cartridge 14 and the associated seals 20 are
then encapsulated by an overwrap 36 typically comprising a
combination of epoxy and glass fibers. This fiberglass/epoxy
overwrap 36 prevents the leakage of feed material from the

cartridge into the annular space between the outer diameter of

~ the cartridge 14 and the inner diameter of the housing 12, which

space 1s generally referred to as the bypass zone or bypass

channel 38. The overwrap 36 also helps to retain the bypass

seals 20 on the ends of the cartridge 14.

The cartridge 14 having the bypass seals 20 and the
fiberglass/epoxy overwrap 36 positioned thereon is then loaded
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into the housing 14 by deforming or collapsing the flange gasket
22 of one of the seals 20 and sliding the cartridge 14 axially
into place within the housing 12. Once the cartridge 14 is
properly positioned within the housing 12, the flange 22 is
returned to its original shape. In this manner, there 1is
negligible insertion force on the seal 20, virtually eliminating
the potential for seal damage during insertion. Endcaps 40 are
then placed onto the ends of housing 12 and sandwich the flange
22 of each seal 20 between a housing flange 41 and the endcaps
40. Bolts 42 are inserted through openings (not shown) in the
endcaps 40 and housing flanges 41 and the associated apertures
26 in the seals 20 and are secured by nuts 44. Upon tightening
of nuts 44, the flange portion 22 of seal 20 functions as a

gasket to provide a fluid-tight seal between the endcap 40 and

- housing flange 41. Notably, the flange 22 and sleeve 24 in each

bypass seal 20 cooperate to block fluid from passing from the
ends of the cartridge 14 into the bypass channel 38. The
overwrap 36 likewise prevents passage of fluid from flowing from
the outer surface of the cartridge 14 into the bypass channel 38.

The bypass channel 38 1s thus effectively sealed from the fluid

flowing within filtration module 10.

In use, a liquid to be filtered is introduded as a feed
stream into the filtration module 10 from a feed stream manifold
50 through housing inlet 18. The permeate plug 29 prevents
unfiltered feed from entering permeate tube 28. As the feed
travels through the filtration cartridge 14, the feed is divided
into concentrate and permeate. The permeate is directed to the
permeate tube 28 by the permeate carrier layer of the spirally
wound leaf 32 surrounding the permeate tube 28. The permeate

travels through the permeate flow line 30 and exits the cartridge
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14 through permeate discharge line 16, where it is then directed
to a permeate discharge manifold 52. The concentrate exits the
cartridge 14 through the concentrate discharge line 17, and is

then directed to a concentrate discharge manifold 54 for removal.

Because the bypass seals 20 of the present invention
extend continuously from the endcaps 40 to the cartridge 14,
there is no interaction between the feed stream and the housing
12 other than at the endcaps 40, and thus the feed stream is
prevented from contacting the housing 12 or leaking into the
bypass channel 38. Additionally, as the seals 20 are secured to
the outer diameter of the cartridge, the feed stream is prevented
from getting behind the seals 20 and possibly stagnating there,
which potentially could lead to clogging or sanitation problemns
as discussed above. All of the feed stream is thus forced to
flow through the cartridge 14 and results in increased and more

stable filtering performance with less pumping energy.

Further, since the sealing effect does not depend on
any moving or compressible parts, as is required by the brine
seal or the brine seal of conventional design, the filtration
module 10 incorporating the bypass seal assembly 20 of the
present invention can be installed either vertically or
horizontally, and additionally can be operated in both forward

and reverse flow, all without compromising the integrity of the

sealing effect.

Notably, because the seal 20 is positioned directly on
the cartridge and never contacts the inner wall of the housing,
there is no need for small housing tolerances between the

cartridge and the inner wall of the associated housing.
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From the foregoing, 1t will be seen that this invention
is one well adapted to attain all the ends and objects

hereinabove set forth together with other advantages which are

obvious and which are inherent to the structure.

Tt will be understood that certain features and
subcombinations are of utility and may be employed without
reference to other features and subcombinations. This 1is

contemplated by and is within the scope of the claims.

Since many possible embodiments may be made of the
invention without departing from the scope thereof, it is to be

understood that all matter herein set forth or shown 1in the

accompanying drawings is to be interpreted as illustrative and

not in a limiting sense.
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CLAIMS :

1. A device for use in filtration of a liquid feed
stream, saild device comprising: a housing including an
inlet for receiving the feed stream at one end thereof; a
filtration cartridge for separating the feed stream into
concentrate and permeate, the cartridge being disposed
within the housing in spaced relationship to the housing,
the spaced relationship presenting an essentially annular
space; a seal extending between the housing and cartridge
for preventing the feed stream from entering the annular
space between the cartridge and the housing, the seal
comprising a gasket secured to the housing and a sleeve
extending from the gasket and secured to the cartridge; a
first outlet coupled with the housing for accommodating
wlthdrawal of permeate; and a second outlet coupled with the

housing for discharging the concentrate therefrom.

2. The device as set forth in claim 1, wherein the

seal precludes the feed stream from contacting the housing.

3. The device as set forth in claim 2, wherein the
seal 1s positioned at an end of the filtration cartridge
adjacent the inlet and wherein a second seal is positioned
at an opposite end of the filtration cartridge, said second
seal having a gasket secured to the housing and a sleeve

secured to the cartridge.

4 . The device as set forth in claim 3, wherein the

sleeve of each seal i1is formed of resilient material.

5. The device as set forth in claim 4, wherein the
sleeve of each seal has an inner diameter slightly smaller
than the outer diameter of the cartridge, to allow the seals

to be retained in position on the cartridge by means of

compression.
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6. The device as set forth in claim 5, including

means to encapsulate the cartridge and the sleeves of the

assocliated seals.

7. The device as set forth in claim 1, wherein the
gasket of each seal 1s constructed of a resilient material which

can be temporarily deformed in response to a pressure exerted

thereon.

8. A device for use in filtration of a liquid feed
stream, the device comprising: a housing including means for
receiving the feed stream at one end thereof; a filtration
cartridge for separating the feed stream into concentrate and
permeate, the cartridge being disposed within the housing in
spaced relationship to the housing to accommodate the selective
removal of the cartridge from the housing, the spaced
relationship presenting an essentially annular space; means for
preventing the feed stream from entering the annular space
between the cartridge and the housing, the prevention means
including a pair of flexible seals positioned on opposed ends of
the cartridge, each seal comprising a gasket and a sleeve
extending perpendicularly therefrom; means for encapsulating the
cartridge and the geals positioned thereon; means coupled with
the housing for accommodating withdrawal of permeate; and means

coupled with the housing for discharging the concentrate

therefron.

9. The device as set fbrth in claim 8, wherein the
inner diameter of the sleeve is slightly smaller than the outer
diameter of thé cartridge, whereby the seals are adapted to be

securely retained in position on the cartridge by means of

compression.
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10. A seal assembly for use in a filtration module
having a filtration cartridge, the seal assembly comprising: a
palr of seals, each seal comprising a flange gasket and a sleeve
extending perpendicularly therefrom, wherein the sleeve 1is

adapted to be received on the end of the filtration cartridge.

11. The seal assembly as set forth in claim 10,
wherein the inner diameter of the sleeve is slightly smaller than
the inner diameter of the filtration cartridge whereby the sleeve

is retained on the cartridge by means of compression.

Smait & Blcgar
Ottawa, Canada
Patent Agents
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