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(57) ABSTRACT 

A ?ltration apparatus for ?ltering liquid has a ?ltration cell 
having generally vertical front and rear panels spaced apart 
to de?ne a cell length, and generally vertical side panels 
extending betWeen the front and rear panels and spaced apart 
to de?ne a cell Width. A plurality of header segments are 
provided in the cell, each header segment having a permeate 
channel. A plurality of holloW ?ber membranes are associ 
ated With each header segment and extend generally upright 
betWeen the cell panels, each membrane having a lumen in 
How communication With the permeate channel of the 
associated header segment and a loWer end secured to the 
associated header segment and a loose upper end. 
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MEMBRANE BIOREACTOR HAVING SINGLE 
HEADER MEMBRANE MODULE 

PRIORITY CLAIM 

[0001] This is an application claiming the bene?t under 35 
USC 119(e) of US. Provisional Application Nos. 60/512, 
700, Which Was ?led on Oct. 21, 2003, and US. Application 
No. [Attorney Ref: 4320-610], entitled “Membrane Biore 
actor Having Single Header Membrane Module”, Which Was 
?led on Oct. 1, 2004. The entire contents of US. Ser. No. 
60/512,700 and US. Ser. No. [Attorney Ref: 4320-610] are 
hereby incorporated herein in their entirety by this reference 
to them. 

FIELD OF THE INVENTION 

[0002] This invention relates to membrane modules for 
Water treatment. 

BACKGROUND OF THE INVENTION 

[0003] Immersed membranes are used for extracting clean 
Water (permeate) from a tank of contaminated Water or 
mixed liquor. The membranes are often provided in the form 
of assembled modules, each module having many holloW 
?ber membranes extending betWeen tWo headers for col 
lecting permeate that passes through pores of the membrane 
Walls into the lumina of the membranes. Streams of air 
bubbles may be provided in the tank to rub against the 
membranes for cleaning purposes. The air bubbles also help 
to create circulation patterns in the tank. 

[0004] Although these features improve ?ltration along a 
central portion of the length of the ?bers, a dead Zone 
remains at either end of the ?bers Where suf?cient cleaning 
of the ?bers and circulation of the Water does not occur, 
thereby causing the ?bers at either end to become plugged 
or fouled by contaminants, and resulting in a corresponding 
decrease in the ?ltration capacity of the system. Presence of 
the dead Zone is primarily caused by the headers themselves, 
Which interfere With the How of air bubbles and Water 
circulation at either end of the ?bers, and Which inhibit 
movement of the ?bers since the ends of the ?bers are ?xed 
to the headers. 

[0005] Efforts have been made to overcome these draW 
backs associated With tWo-header membrane modules by 
using single-header modules. HoWever, single header mod 
ules involve various issues such as supporting the ?bres, 
aerating the ?bres and building groups of modules. There is 
a need for improvements relating to these and other issues. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the invention to improve on the 
prior art. It is another object of the present invention to 
provide a membrane module and elements of a membrane 
system and a process for a liquid With a membrane module 
or system. These and other objects are provided by the 
features described in the claims. The folloWing summary 
provides an introduction to the invention Which may reside 
in a combination or sub-combination of features provided in 
this summary or in other parts of this document. 

[0007] According to one aspect of the present invention, a 
?ltration apparatus for ?ltering liquid has a ?ltration cell 
Which may have generally vertical front and rear panels 
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spaced apart to de?ne a cell length, and generally vertical 
side panels extending betWeen the front and rear panels and 
spaced apart to de?ne a cell Width. A plurality of header 
segments are provided in the cell, each header segment 
having a permeate channel. Spaces betWeen the header 
segments alloW Water to How upWards into the cell. A 
plurality of holloW ?ber membranes are associated With each 
header segment and extend generally upWards from the 
header segments, each membrane having a lumen in How 
communication With the permeate channel of the associated 
header segment. Each membrane has a loWer end secured to 
the associated header segment and a loose upper end. 

[0008] According to a second aspect of the present inven 
tion, a ?ltration apparatus for ?ltering liquid has an enclo 
sure With a divider structure in the enclosure and dividing 
the enclosure into a plurality of ?ltration cells. Each cell has 
generally vertical front and rear panels spaced apart to de?ne 
a cell length, and generally vertical side panels extending 
betWeen the front and rear panels and spaced apart to de?ne 
a cell Width. Aplurality of header segments are provided in 
each cell, each header segment having a permeate channel. 
A plurality of holloW ?ber membranes are associated With 
each header segment and extend generally upWards from the 
associated header segment. Each membrane has a lumen in 
How communication With the permeate channel of the 
associated header segment, a loWer end secured to the 
associated header, and a loose upper end. 

[0009] According to a third aspect of the present inven 
tion, a ?ltration apparatus for ?ltering liquid has a plurality 
of cartridges, each cartridge de?ning a ?ltration cell and 
having generally vertical front and rear panels spaced apart 
to de?ne a cell length, and generally vertical side panels 
extending betWeen the front and rear panels and spaced apart 
to de?ne a cell Width. A plurality of header segments are 
provided in each cell, each header segment having a per 
meate channel and a ?rst and second releasable resealable 
connection ?tting at either end of the permeate channel. A 
plurality of holloW ?ber membranes are associated With each 
header segment and extend generally upWards from the 
associated header segment. Each membrane has a lumen in 
How communication With the permeate channel of the 
associated header, a loWer end secured to the associated 
header segment, and a loose upper end. Aframe is provided 
for holding the cartridges in at least one roW of aligned 
cartridges Wherein the ?rst and second connection ?ttings of 
adjacent aligned cartridges cooperate to connect the corre 
sponding permeate channels of the header segments of the 
aligned cartridges in operative ?uid communication. 

[0010] In any one ?ltration apparatus according to the 
?rst, second, or third aspects of the present invention, the 
header segments can be elongate and aligned generally 
parallel to the cell length. The header segments can be 
arranged in spaced apart parallel relationship across the cell 
Width, the spacing betWeen the header segments providing a 
passage for a liquid to be ?ltered to How upWards into the 
cell. The cell length can be about 10 to 40 percent longer 
than the cell Width. The cell length can be about 20 to 30 cm, 
and the cell Width can be about 15 to 25 cm. The apparatus 
can have from 2 to 4 header segments, and in particular can 
have three header segments. The panels can include one or 
more structures of the group of structures consisting of 
generally solid plastic plates, apertures, and horiZontal 
rungs. The apparatus can have about 700 to 1200 mem 
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branes associated With each header segment. The mem 
branes can be potted to the header segment in about 8 to 12 
roWs, each roW having about 70 to 130 membranes. 

[0011] The ?ltration apparatus according to the third 
aspect of the invention can include releasable attachments 
betWeen at least one of the header segments of each cartridge 
and the frame, the releasable attachments alloWing the frame 
to releasably hold the cartridges by the at least one header 
segment. The releasable attachments can include keys 
extending from the headers and slots in the frame to receive 
the keys in sliding ?t. 

[0012] According to a fourth aspect of the present inven 
tion, a method for ?ltering liquid includes providing a 
?ltration apparatus having a ?ltration cell With generally 
vertical front and rear panels spaced apart to de?ne a cell 
length, and generally vertical side panels extending betWeen 
the front and rear panels and spaced apart to de?ne a cell 
Width, (ii) a plurality of header segments the cell, each 
header segment having a permeate channel, and (iii) a 
plurality of holloW ?ber membranes associated With each 
header segment and extending generally upWards from the 
associated header segment, each membrane having a lumen 
in How communication With the permeate channel of the 
associated header segment and a loWer end secured to the 
associated header segment and a loose upper end. The 
method further includes immersing the apparatus in a liquid 
at ambient pressure, applying suction to the lumens to 
WithdraW permeate, and aerating the liquid such that ?uid 
currents rise upWards along the outer surfaces of the holloW 
?ber membranes, urging the membranes to a generally 
vertical position When aerated. 

[0013] According to a ?fth aspect of the present invention, 
a method for ?ltering liquid includes providing a ?ltration 
apparatus having an enclosure, (ii) a divider structure in 
the enclosure and dividing the enclosure into a plurality of 
?ltration cells, each cell having generally vertical front and 
rear panels spaced apart to de?ne a cell length, and generally 
vertical side panels extending betWeen the front and rear 
panels and spaced apart to de?ne a cell Width, (iii) a plurality 
of header segments in each cell, each header segment having 
a permeate channel, and (iv) a plurality of holloW ?ber 
membranes associated With each header segment and 
extending generally upWards from the associated header 
segment, each membrane having a lumen in How commu 
nication With the permeate channel of the associated header 
segment and a loWer end secured to the associated header 
and a loose upper end. The method for ?ltering a liquid 
further includes immersing the apparatus in a liquid at 
ambient pressure, applying suction to the lumens to With 
draW permeate, and aerating the liquid such that ?uid 
currents rise upWards along the outer surfaces of the holloW 
?ber membranes, urging the membranes to a generally 
vertical position When aerated. 

[0014] According to a sixth aspect of the present inven 
tion, a method for ?ltering liquid includes providing a 
?ltration apparatus having a plurality of cartridges, each 
cartridge de?ning a ?ltration cell and having generally 
vertical front and rear panels spaced apart to de?ne a cell 
length, and generally vertical side panels extending betWeen 
the front and rear panels and spaced apart to de?ne a cell 
Width, (ii) a plurality of header segments in each cell, each 
header segment having a permeate channel and a ?rst and 
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second releasable resealable connection ?tting at either end 
of the permeate channel, (iii) a plurality of holloW ?ber 
membranes associated With each header segment and 
extending generally upWards from the associated header 
segment, each membrane having a lumen in How commu 
nication With the permeate channel of the associated header 
and a loWer end secured to the associated header segment 
and a loose upper end, and (iv) a frame for holding the 
cartridges in at least one roW of aligned cartridges Wherein 
the ?rst and second connection ?ttings of adjacent aligned 
cartridges cooperate to connect the corresponding permeate 
channels of the header segments of the aligned cartridges in 
operative ?uid communication. The method for ?ltering a 
liquid further includes immersing the apparatus in a liquid at 
ambient pressure, applying suction to the lumens to With 
draW permeate, and aerating the liquid such that ?uid 
currents rise upWards along the outer surfaces of the holloW 
?ber membranes, urging the membranes to a generally 
vertical position When aerated. 

[0015] In any one of the ?ltration methods according to 
the fourth, ?fth, and sixth aspects of the present invention, 
the aeration can be intermittent, having a supply of air that 
is cycled on and off in cycles of betWeen about 15 and 120 
seconds in duration. Furthermore, the cycle time for Which 
the air supply for aeration is off can have a duration limited 
to not more than 30 seconds. 

[0016] According to a seventh aspect of the present inven 
tion, a ?ltration apparatus for ?ltering liquid includes a 
?ltration cell having a perimeter de?ned by generally ver 
tical panels. A plurality of header segments are provided in 
the cell, the header segments oriented in spaced relationship 
providing a passage betWeen the header segments for a 
liquid to be ?ltered to How upWards into the cell, and each 
header segment having a permeate channel. A plurality of 
holloW ?ber membranes are associated With each header 
segment and extend generally upWards from the associated 
header segment, each membrane having a lumen in How 
communication With the permeate channel of the associated 
header segment and a loWer end secured to the associated 
header segment and a loose upper end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] For a better understanding of the present invention 
and to shoW more clearly hoW it may be carried into effect, 
reference Will noW be made by Way of example, to the 
accompanying draWings that shoW embodiments of the 
present invention, and in Which: 

[0018] FIG. 1 is a front vieW of one embodiment of a 
?ltration apparatus according to the present invention; 

[0019] 
[0020] FIG. 3 is a partial perspective vieW of an apparatus 
for sealing membrane ends according to the present inven 
tion; 

[0021] 
[0022] FIG. 5 is a front vieW of another embodiment of a 
?ltration apparatus according to the present invention, 
shoWn in combination With a tank containing liquid; 

[0023] 
[0024] 

FIG. 2 is a top vieW of the apparatus of FIG. 1; 

FIG. 4 is a side vieW of the apparatus if FIG. 1; 

FIG. 6 is a top vieW of the apparatus of FIG. 5; 

FIG. 7 is a side vieW of the apparatus of FIG. 5; 
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[0025] FIG. 8 is a perspective vieW of a divider structure 
of FIG. 5; 

[0026] FIG. 9 is a front sectional vieW of FIG. 6 taken 
along the lines 9-9; 

[0027] FIG. 10a and 10b are perspective vieWs showing 
optional embodiments of the structure of FIG. 8; 

[0028] FIG. 11 is a perspective vieW of an alternate 
embodiment of a ?ltration apparatus according to the present 
invention; 
[0029] FIG. 12 is a perspective vieW of a single cartridge 
of the apparatus of FIG. 11; 

[0030] FIG. 13 is side vieW shoWing portions of tWo 
adjacent cartridges of FIG. 12 in greater detail; 

[0031] 
11; and 

[0032] FIG. 14b is an exploded vieW shoWing a portion of 
the apparatus of FIG. 11 in greater detail. 

[0033] FIG. 15a side vieW of a optional embodiment of 
the apparatus of FIG. 7; 

[0034] FIG. 15b is a side vieW of another optional 
embodiment of the apparatus of FIG. 7; 

FIG. 14a is a side vieW of the apparatus of FIG. 

[0035] FIG. 16 is a perspective vieW of an alternate 
embodiment of loose upper ends of membranes according to 
the present invention; 

[0036] FIG. 17 is a side vieW of the embodiment of FIG. 
16; 
[0037] FIG. 18 is a front vieW of another alternate 
embodiment of loose upper ends of membranes according to 
the present invention; and 

[0038] FIG. 19 is a side vieW of the embodiment of FIG. 
18. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] A ?ltration apparatus according to the present 
invention is shoWn generally at 100 in FIG. 1. In FIG. 1, the 
apparatus 100 is shoWn in combination With a tank 102 that 
contains liquid 103 from Which ?ltered Water (permeate) is 
to be WithdraWn. The tank 102 may be part of a bioreactor, 
a drinking Water ?ltration plant, or another type of solid/?uid 
separation system. In some applications, providing a tank 
102 may not be required. For example, the apparatus 100 
may be a self-contained unit holding liquid 103. Alternately, 
the apparatus 100 may be co-extensive With a tank or used 
in an apparatus and/or process as described in PCT Patent 
Application No. PCT/CA00/01354, published as WO 
01/36075 Which is incorporated herein in its entirety by this 
reference to it. 

[0040] The apparatus 100 has a housing 106 With vertical 
side panels that de?ne a ?ltration cell 104. More speci?cally, 
the housing 106 has opposed vertical end panels 105, and 
vertical side panels 107 extending betWeen the end panels 
105 (FIG. 2). The top and bottom faces of the housing 106, 
as Well as the sides, can present openings to alloW liquid 103 
to circulate through the interior space of the housing 106. 
The panels 105, 107 can comprise plastic plates, plates With 
apertures, or rungs of string, Wire, plastic or other material. 
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[0041] The apparatus 100 is further provided With a plu 
rality of header segments 108, each having a plurality of 
holloW ?ber membranes 110 extending therefrom. The 
header segments have permeate collection channels 109 for 
collecting permeate from the membranes 110, as discussed 
further hereinafter. 

[0042] Various constructions and dimensions of mem 
branes 110 and headers 108 are possible for obtaining 
satisfactory results With the apparatus 100 of the present 
invention. It has been determined that particularly satisfac 
tory ?ltration results may be obtained by using generally 
narroW, elongate header segments to form rectangular skeins 
of vertically oriented membranes 110. Such a con?guration 
permits close-packing of a plurality of skeins to ef?ciently 
use the available space in the tank for ?ltration, While 
alloWing adequate circulation of ?uid around the interior 
?bers. NarroW spacing can be provided betWeen adjacent 
skeins to permit ef?cient aeration and circulation around the 
membranes 110 of the apparatus 100. 

[0043] Accordingly, in the embodiment illustrated, three 
header segments 108a, 108b and 108c, are provided in the 
cell 104. The header segments 108 are elongate and are 
oriented generally horiZontally and parallel to each other, 
extending betWeen the opposed end panels 105 of the 
housing 106. In particular, the header segments 108 in the 
illustrated embodiment have dimensions of about 6 cm high 
by 4 cm Wide by 25 cm long. The header segments 108 are 
spaced apart by about 1.3 cm. 

[0044] The header segments 108 need not be separate 
header elements, but may be distinct portions of a single 
header. In the embodiment illustrated in FIGS. 1 and 2, the 
three header segments 108a, 108b, and 108c are part of a 
larger single header element 80 Which ?ts snugly Within the 
housing 106 of the cell 104. TWo elongate apertures 82 are 
provided in the header 80, extending across the header 80 in 
parallel spaced-apart relationship. The spaces betWeen and 
on either side of the apertures 82 de?ne the header segments 
108a, 108b, 108c. Each header segment 108a, 108b, 108c 
may be provided With a distinct permeate channel 109a, 
109b, 109c, respectively, for example, as convenient for 
potting the membranes by a fugitive potting method as 
described in Us. Pat. No. 5,639,373 Which is incorporated 
herein in its entirety by this reference to it. 

[0045] Aplurality of holloW ?ber membranes 110 extends 
upWardly from each of the header segments 108. The 
membranes 110 are ?exible, tube-like elements, each having 
a holloW interior channel or lumen 111 and a Water perme 
able Wall structure. Each membrane 110 is secured to its 
associated header segment 108 such that the lumen 111 is in 
How communication With the permeate collecting channel 
109 of the header segment 108. 

[0046] In the illustrated embodiment, the membranes 110 
are of a braid reinforced construction, having a tubular 
braided inner layer that is coated With a coagulated ?lm 
forming polymer. Further details of such membranes can be 
found in Us. Pat. No. 5,472,607 (Zenon Environmental 
Inc.), Which is incorporated herein in its entirety by this 
reference to it. The membranes 110 can have an outer 
diameter of about 2.3 mm, and a length of about 160 cm. 
This con?guration provides membranes 110 that are ?exible 
and nearly buoyant so that they stand generally upright in the 
liquid 103 When aerated, and can sWay back and forth under 
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the in?uence of currents in the liquid 103, despite having 
some stiffness to inhibit their collapse When not aerated. 

[0047] The membranes 110 have loWer ends 112 that are 
secured to the header segments 108, and upper ends 114 that 
are loose. As mentioned previously, the header segments 108 
each have a holloW channel 109 for collecting permeate. The 
loWer ends 112 of the membranes 110 are secured to the 
header segments 108 such that the lumens 111 of the 
membranes 110 are in How communication With the perme 
ate collecting channels of the header segments 108. In the 
illustrated embodiment, the loWer ends 112 of the mem 
branes 110 are potted in the header segments 108 using 
knoWn potting techniques. The membranes 110 are potted in 
roWs of about 9 by 100 membranes 110 along the upper 
surface of the header segments 108. 

[0048] The upper ends 114 of the membranes 110 are 
loose, meaning that they are not secured in a ?xed position 
relative to the housing 106 of the cell 104 or to a ?xed upper 
header, but are able to sWay back and forth. The loose upper 
ends 114 may be free from connection to any other member 
of the apparatus 100, or the ends 114 may be tethered to each 
other and to the housing 106. In this embodiment, the upper 
ends 114 of the membranes are free, having no connection 
to other membranes or to any ?xed structural number. Other 
con?gurations of the loose upper ends 114 of the membranes 
110 Will be described hereinafter. 

[0049] The upper ends 114 of each individual membrane 
110 may be plugged, sealed, or otherWise obstructed to 
prevent the How of raW liquid 103 into the lumens of the 
membranes 110. In the illustrated embodiment, the upper 
ends 114 of the membranes 110 are sealed by subjecting the 
ends 114 to ultrasonic Waves and squeeZing or pinching the 
ends 114 closed. In particular, as best seen in FIG. 3, an 
ultrasonic machine 90 With a 1.3 cm by 25 cm horn 92 can 
be used to seal about 10 to 40 ?ber membranes 110 simul 
taneously. The ?ber membranes 110 can be pre-Wetted and 
evenly positioned on a receiving plate 94 having spacers 96, 
prior to sealing. Alternately, the ?bre membranes 110 can be 
distributed randomly in the receiving plate 94 and some 
connection betWeen adjacent membranes 110 tolerated. 

[0050] The ?ltration apparatus 100 can advantageously be 
provided With aerators 118 for providing streams of air 
bubbles directed upWards along the outer surfaces of the 
holloW ?ber membranes 110. In the embodiment illustrated, 
tWo aerators 118 are provided, positioned beloW and 
betWeen the pairs of headers 108a, 108b, and 108b, 108c. 
Other locations and numbers of aerators may also be used. 
Further, the header 108 may be adapted to form part of an 
inverted air box aerator used in conjunction With continuous 
cyclic air as described in Us. application Ser. No. 10/ 171, 
997 Which is incorporated herein in its entirety by this 
reference to it. The air bubbles can be provided continuously 
or cyclically as described in US. Pat. No. 6,550,747 Which 
is incorporated herein in its entirety by this reference to it. 

[0051] During normal operation of the ?ltration apparatus 
100, a pressure gradient (or trans-membrane pressure) is 
applied across the Walls of the holloW ?ber membranes, such 
that the liquid 103 side of the membranes is at a higher 
pressure than the permeate side of the membranes. For 
example, the trans-membrane pressure may be provided by 
suction on the lumens. As a result, permeate is draWn from 
the liquid 103 through the porous layers of the holloW ?ber 
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membranes 110 and into the lumens 111. The permeate is 
then collected by the header segments 108. The streams of 
air bubbles from the aerators 118 help to keep the mem 
branes from becoming plugged or fouled by scrubbing the 
outer surfaces of the membranes, and by inducing ?oW 
currents in the liquid 103 that circulate liquid 103 With more 
concentrated contaminant levels aWay from the ?bers 110, 
being replaced by liquid 103 With less concentrated con 
taminant levels. Aeration may be provided continuously or 
intermittently. 
[0052] The panels 105, 107 of the housing 106 of each cell 
104 corral or fence-in a group 124 of membranes 110. The 
group 124 of membranes 110 is supported in a generally 
upright con?guration by the housing 106. The vertical 
panels 105, 107 of the housing 106 of the cell 104 provide 
support surfaces that limit the lateral distance that the 
membranes 110 can curl under the force of gravity When no 
liquid 103 surrounds the membranes 110 or When they are 
not aerated. 

[0053] An example of the support provided to the groups 
124 of holloW ?ber membranes 110 by the housing 106 is 
shoWn in FIG. 4. In particular, it has been observed that 
When the tank 102 contains no liquid 103 or the membranes 
are not aerated, the holloW ?ber membranes 110 curl into a 
generally “s”-shaped or similarly curved con?guration. By 
suitably spacing the panels 105, 106 apart from each other 
in relation to the headers 108, the curved portions at either 
horiZontal boundary of the “s”-shaped con?guration of each 
group 124 of membranes 110 contact and lean against the 
housing 106. Each group 124 of membranes 110 can Wind 
its Way back and forth betWeen, and in contact With, the 
housing 106 of the cell 104. In this Way the group 124 of 
membranes 110 is supported by the housing 106 so that the 
membranes 110 remain satisfactorily unentangled and in a 
generally upright orientation. 

[0054] It has been determined that the spacing apart of the 
panels 105, 107 of the housing 106 requires careful consid 
eration to achieve optimal results With the apparatus 100 of 
the present invention. If the panels 105, 107 are spaced too 
far apart, entanglement of the membranes 110 may not be 
suf?ciently alleviated. Also, too great a space betWeen the 
partitions 121 may reduce the effectiveness of aeration 
supplied in the apparatus 100, since streams of air bubbles 
emitted from the aerators may more easily disperse hori 
Zontally, particularly since the upper ends 114 of the mem 
branes 110 are loose. If the panels 105, 107 are spaced too 
closely together, the sWaying motion of the membranes 110 
may be reduced, and it may be more difficult to circulate 
highly contaminated Water aWay from the membranes 110. 
This may increase the susceptibility of the membranes 110 
to becoming fouled With contamination. The total number of 
cells and panels is also increased unnecessarily. 

[0055] It has been determined that satisfactory results can 
be obtained for the apparatus 100 having headers 108 and 
membranes 110 as described above, using rectangular 
shaped cells 104 having a Width W and a length L. The Width 
W can be siZed to accommodate, for example, from 2 to 4 
header segments 108, spaced apart as described above. The 
length L can be siZed to be greater than the selected Width. 
The Width W, being perpendicular to the axis of the header 
segments 108, is advantageously smaller than the length L 
because the membranes tend to collapse into the space 
betWeen the header segments 108. 
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[0056] In the embodiment illustrated, each cell 104 of the 
apparatus 100 has a length L of about 25 cm and a Width W 
of about 20 cm. Each cell 104 holds three header segments 
108 and a group 124 of membranes 110 having about 2700 
holloW ?ber membranes 110. 

[0057] It Will be appreciated that the shape of the appa 
ratus 100 facilitates the ef?cient packing of multiple ?ltra 
tion elements 100 in a side-by-side arrangement to obtain a 
desired ?ltration capacity. Furthermore, the ?ltration capac 
ity provided by the apparatus 100, either singly or in 
multiple elements, provides an ef?cient use of space, ie 
high ?ltration capacity for a given siZed tank 102. 

[0058] Referring noW to FIGS. 5 and 6, an alternative 
embodiment of a ?ltration apparatus according to the present 
invention is shoWn generally at 200. The ?ltration apparatus 
200 has an enclosure 206 Which can contain or be immersed 
in liquid 103. The enclosure 206 has opposed vertical end 
plates 205 and side plates 207 extending betWeen the end 
plates (FIG. 5). The top and bottom faces of the enclosure 
206 can be open to facilitate the circulation of liquid 103 
from a tank 102 When the apparatus is used in a tank 
immersion con?guration. 

[0059] Three headers 208a, 208b and 208c are provided in 
the illustrated embodiment of the apparatus 200. The head 
ers 208 are arranged in parallel in the enclosure 206, each 
extending betWeen the opposed end plates 205. A plurality 
of holloW ?ber membranes 110 extend from each header 
208. 

[0060] The apparatus 200 is ?tted With a divider structure 
220 having generally vertical partitions 221 that divide the 
interior space of the housing 206 into a plurality of fenced 
cells 104. The partitions 221 of the divider structure 220 can 
by themselves or in combination With the plates 205, 207 
provide the panels 105, 107 of the housing 106 for each cell 
104. In other Words, the partitions 221 of the divider 
structure 220 can comprise unique longitudinal panels 226 
and transverse panels 228 to de?ne the housing 106 of the 
cells 104, or alternatively, the partitions 221 can comprise 
some unique panels 226, 228 and some panels 205, 207 of 
the enclosure 206 to de?ne the cells 104. Some unique 
panels 226, 228 of the divider structure 220 can be provided 
in ?ush contact With panels 205, 207 of the enclosure 206 to 
provide additional support and reinforcement for the enclo 
sure 206 and cells 104. 

[0061] As best seen in FIG. 6, about one third the length 
of each of the headers 208a, 208b, 208c are contained Within 
each cell 104 formed by the partitions 221 of the divider 
structure 220. Accordingly, each third of the headers 208a, 
208b, 208c provides a separate and distinct header segment 
108a, 108b, and 108c for each cell 104 While requiring only 
3 potting operations. It is to be understood that the headers 
208 may extend beloW the loWer edges 236 (FIG. 7) of the 
transverse panels 228 of the divider structure 220, but that 
the segments of the headers 208 de?ning the header seg 
ments 108 associated With the cells 104 are nevertheless 
considered to be part of the corresponding cells 104. 

[0062] As best seen in FIG. 7, the partitions 221 of the 
divider structure 220 form the housing 106 for the cells 104. 
Each cell 104 contains a group 224 of membranes 110, and 
the housing 106 of each cell 104 supports the group 224 of 
membranes in a generally upright orientation. As described 
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earlier for the cell 104 in FIG. 4, the holloW ?ber mem 
branes 110 curl into a generally “s”-shaped or similarly 
curved con?guration When the no liquid 103 surrounds the 
membranes 110, or When the membranes 110 are not aer 
ated. The partitions 221 of the divider structure 220 (com 
prising panels 105, 106 of the housing 106 of each cell 104) 
are spaced so that the curved portions at either horiZontal 
boundary of the “s”-shaped con?guration of each group 224 
of membranes 110 contact and lean against the panels 221. 
Each group 224 of membranes 110 can Wind its Way back 
and forth betWeen, and in contact With, the housing 106 of 
the cell 104. In this Way the group 224 of membranes 110 is 
supported by the housing 106 so that the membranes 110 
remain satisfactorily unentangled and in a generally upright 
orientation. 

[0063] Referring noW to FIG. 8, further details of the 
divider structure 220 Will be provided. In the embodiment 
illustrated, the divider structure 220 has generally vertical 
partitions 221 comprising longitudinal and transverse panels 
226 and 228, respectively. The partitions 226, 228 may be 
individual panels fastened together to form an assembled 
divider structure 220, or the panels 226, 228 may be inte 
grally formed by, for example, an injection moulding pro 
cess, to produce a unitary divider structure 220. 

[0064] The longitudinal panels 226 can be in the form of 
plastic panels, having upper and loWer edges 230 and 232, 
respectively. The transverse panels 228 can also be plastic 
panels, having upper and loWer edges 234 and 236 respec 
tively. The upper edges 230 and 234 of the panels 226, 228 
need not lie in the same horiZontal plane, but can be offset. 
In particular, the upper edges 234 of the transverse panels 
228 can be loWer than the upper edge 230 of the longitudinal 
panels 226 so that circulation of liquid 103 betWeen adjacent 
cells 104 is facilitated. Similarly, the loWer edges 232 and 
236 can be offset from each other to enhance ?oW charac 
teristics betWeen adjacent cells 104. 

[0065] Referring noW to FIG. 9, the loWer edges 232 of 
the longitudinal panels 226 of the illustrated embodiment of 
the apparatus 100 extend beloW the vertical position of the 
headers 208 and aerators 218 in the tank 102. The loWer 
edges 236 of the transverse panels 228 are positioned above 
the headers 208 and aerators 218. 

[0066] By having the loWer edges 232 of the longitudinal 
divider panels 226 extend beloW the aerators 218, the stream 
of air bubbles emitted from the aerators 218 remains con 
?ned in a narroWer vertical channel Which can improve the 
cleaning action of the membranes 110 by the air bubbles as 
they travel upWards in the tank 102. 

[0067] The apparatus 200 may have the aerators 218 
situated beloW the headers 208 (as shoWn in FIGS. 5 and 9). 
Each aerator 218 can emit air from generally opposed sides 
along its length, so that a single aerator positioned directly 
beloW a header 108, 208 provides aeration along both sides 
of the header. The aerators 218 can be placed underneath 
only alternate headers 108, 208, rather than under each 
header. 

[0068] The apparatus 200 can be advantageously sup 
ported above the bottom of the tank 102 to further facilitate 
circulation of liquid 103 through the housing 206 of the 
apparatus 200, or to provide a sludge collection and removal 
Zone in the tank 102 beloW the apparatus 200. 
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[0069] Referring noW to FIG. 10a, an alternate divider 
structure 220a has transverse divider panels 228a having 
apertures 227 therethrough. In FIG. 10b, another alternate 
divider structure 220b has transverse panels 228b comprised 
of spaced apart horizontal rungs 229. The rungs 229 can be 
constructed of Wire or yarn, and may be of the same material 
as the holloW ?ber membranes 210. The alternate divider 
structures 220a and 220b can advantageously facilitate ?uid 
communication betWeen cells 104 on either side of the 
partitions 221. 

[0070] Another alternate embodiment of a ?ltration appa 
ratus according to the present invention is shoWn generally 
at 300 in FIG. 11. The ?ltration apparatus 300 has a plurality 
of ?ltration cartridges 302 supported by a frame 304. Each 
cartridge 302 generally corresponds to a single cell 104 of 
the apparatus 100, and multiple cartridges 302 can be packed 
together side-by-side to obtain a desired ?ltration capacity. 

[0071] Details of the cartridge 302 are best seen in FIG. 
12. Each cartridge 302 has a housing 306 that comprises 
generally vertical panels 321. The housing 306 of each 
cartridge 302 corresponds to the housing 106 of each cell 
104. In the embodiment illustrated, the panels 321 of the 
housing 306 include longitudinal side panels 326, and front 
and rear transverse panels 328, 329 respectively. The hous 
ing 306 has a length L of 25 cm and a Width W of 20 cm. 

[0072] Each cartridge 302 further has a plurality of header 
segments 308 in the housing interior. In the embodiment 
illustrated, each header segment 308 is elongate and has a 
permeate channel 309 extending through the header segment 
308 (FIG. 13). First and second releasable resealable con 
nection ?ttings 340 and 342, respectively, are provided at 
either end of the permeate channels 309 of each header 
segment 308. Further details of the connection ?ttings 340, 
342 are provided hereinafter. 

[0073] A plurality of holloW ?ber membranes 110 are 
associated With each header segment 308 in each cartridge 
302. The membranes 110 extend generally vertically When 
aerated betWeen the panels 321 of the housing 306. The 
membranes 110 of each plurality of membranes are in How 
communication With the permeate channel 309 of the cor 
responding associated header segment 308. The membranes 
110 have loWer ends 112 secured to the header segments 
308, and loose upper ends 114, as described previously. In 
the embodiment illustrated, the upper ends 114 of the 
membranes 110 are free. 

[0074] Referring again to FIG. 11, the frame 304 for 
holding the cartridges 302 of the apparatus 300 has a base 
360 With longitudinal side members 362 and transverse front 
and back members 364, 366, respectively. The frame 304 
can have additional intermediate transverse members 367 
positioned parallel to, and spaced betWeen, the front and 
back members 364, 366. In addition, the frame 304 can be 
provided With uprights 368 and upper braces 369, if desired, 
for reinforcing the apparatus 300 and further supporting the 
upper portions of the housings 306 of the cartridges 302. 

[0075] The base 360 of the frame 304 is siZed to hold the 
cartridges 302 in at least one roW 370 of aligned cartridges 
302. In the illustrated embodiment, three roWs 370 of three 
aligned cartridges 302 are held in the frame 304. In each roW 
370 of aligned cartridges 302, the header segments 308 of 
each cartridge 302 extend parallel to the roW 370, and the 
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?rst and second connection ?ttings 340, 342 of adjacent 
cartridges 302 cooperate to connect the corresponding per 
meate channels 309 of the header segments 308 of the 
aligned cartridges 202 in operative ?uid communication. 

[0076] More speci?cally, as best seen in FIG. 13, the ?rst 
connection ?tting 340 can have an axially extending male 
?tting 344 With an o-ring 346 seated in an o-ring groove 348. 
The second ?tting 342 can comprise a female ?tting 350 
having an axial bore 352, the inner surface of Which is 
shaped to engage the o-ring 346 of the ?rst connection ?tting 
340 to provide a sealed connection betWeen the permeate 
channels 309 of the adjacent headers 308. 

[0077] To pack or assemble multiple cartridges 302 into 
?ltration units of larger capacity, roWs 370 of cartridges 302 
can easily be formed by aligning the connection ?ttings 340, 
342 of tWo adjacent cartridges 302 and moving the car 
tridges together in the direction of arroW 372 in FIG. 13. 
This procedure can be repeated With additional cartridges 
302 to form a roW 370 of a desired length. For example, an 
assembled roW 370 of three cartridges 302 can be seen in 
FIG. 14a. 

[0078] Referring again to FIG. 14a, each roW 370 of 
cartridges 302 Will have a front cartridge 302f adjacent the 
front member 364 of the frame 304, and a rear cartridge 302r 
adjacent the rear member 366 of the frame 304. Accordingly, 
?rst connection ?ttings 340 are exposed toWards the rear of 
the frame 304, and second connection ?ttings 342 are 
exposed toWards the front to the frame 304. Apermeate pipe 
376 having transverse connection ?ttings 342 along its 
length can conveniently be provided adjacent the rear mem 
ber 366 of the frame 204 to connect With the exposed 
connection ?ttings 242 of the rear cartridges 3021'. Similarly, 
a permeate pipe 374 having transverse connection ?ttings 
344 along its length can be provided adjacent the front 
member 364 of the frame 304 to connect With the exposed 
connection ?ttings 342 of the front cartridges 302f. The 
permeate pipes 374, 376 can further facilitate the assembly 
of a ?ltration unit having a desired capacity. 

[0079] Referring noW to FIG. 14b, the apparatus 300 can 
further be provided With releasable attachments 380 betWeen 
the header segments 308 of the cartridges 302 and the frame 
304. The releasable attachments 380 can permit the frame 
304 to releasably hold the cartridges 304 by the header 
segments 208. This can facilitate removal and installation of 
the cartridges 302 in the frame 304 at times of, for example, 
maintenance of the apparatus 300. 

[0080] In the embodiment illustrated, the releasable 
attachments 380 comprise T-shaped slots 382 provided in 
the transverse members 364, 366, 367 of the base 360 of the 
frame 304. Matching keys 384 are provided on the underside 
of the header segments 308 so that the cartridges 302 can be 
assembled to the frame 304 by sliding the keys 384 into the 
slots. As Well, releasable clamps (not shoWn) can be pro 
vided to clamp the cartridges 302 to the frame 304. 

[0081] As best seen in FIG. 15a, the cartridges 302 can be 
adapted to permit vertical assembly into the frame 304 of the 
apparatus 300. In particular, the header segments 308 can be 
provided With doWn-turned ends 390 that engage U-shaped 
couplers 392 supported by the base 360 of the frame 304 at 
a location beloW and betWeen adjacent cartridges 302. The 
exposed ends of the foremost and rearmost cartridges 302f, 
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302r can be coupled to permeate pipes 374, 376 using elbow 
couplers 394. Releasable, resealable connection ?ttings 304, 
342 can be provided betWeen the header segments 308 and 
couplers 392, 394. 

[0082] As best seen in FIG. 15b, the cartridges 302 can 
also be adapted to permit formation of vertical roWs 370. In 
this embodiment, the cartridges 302 are ?tted With vertical 
permeate tubes 396 at either end of the header segments 308. 
The vertical tubes 396 are in How communication With the 
header segments 308, and eXtend the full height of the 
cartridge 302 so that the tubes 396 of vertically adjacent 
cartridges 302 in the roW 370 can engage each other in How 
communication. Upper and loWer permeate collection pipes 
398 can be provided to engage the eXposed upper and loWer 
ends of the tubes 396 of the cartridges 302 in the roW 370. 
Releasable resealable connection ?ttings 340, 342 can be 
provided betWeen adjacent tubes 396 and betWeen the tubes 
396 and the collection pipes 398 to facilitate installation and 
removal of the cartridges 302. 

[0083] Other con?gurations of a ?ltration apparatus 
according to the present invention are also possible. For 
eXample, a ?ltration apparatus can have ?ber membranes 
that are 80 cm long, contained in a cell that has L and W 
dimensions of 25 cm and 8 cm, respectively. Such a con 
?guration Was found to provide satisfactory (no tangling, no 
sludge fouling) operation in miXed liquor having solids 
concentration levels of 5-35 g/L, using 5-10 scfm cyclic 
aeration. Furthermore, the aerators can be optimiZed for use 
With membranes having free upper ends. In particular, feWer 
holes can be provided along the sides of aerators adjacent the 
panels de?ning each cell, and more holes can be provided 
for aeration betWeen header segments in a cell. 

[0084] As Well, the loose upper ends 114 of the mem 
branes 110 need not be free from all attachment to fall Within 
the scope of the present invention. For eXample, With 
reference noW to FIG. 16, the upper ends 114 of a portion 
of adjacent membranes 110 associated With a single header 
segment 108 may be attached to each other to form a 
sub-group 400 of membranes. This attachment may take the 
form of a support strip 402 extending along a roW of 
membranes 110 in a direction parallel to the header segment 
108, so that the sub-group 400 of membranes comprises a 
sheet 404 of membranes. The sheet 404 of membranes 110 
may have only one roW of membranes 110, or may be tWo 
or more roWs of membranes 110 thick. In the embodiment 
illustrated, each sheet 404 comprises tWo roWs of membrane 
110, and a total of ?ve sheets 404 are associated With each 
header segment 108. Gaps 406 are presented betWeen adja 
cent support strips 402, Which, combined With the mobility 
of the support strips 402 in the liquid 103, may inhibit 
formation of a dead Zone beloW the support strips 402. 

[0085] Securing the upper ends 114 of the membranes 110 
to the support strips 402 can advantageously eliminate the 
need for sealing the upper ends 114, as described earlier. For 
eXample, the support strip can take the form of plastic or 
resin into Which the upper ends 114 are plotted, thereby 
simultaneously closing off the upper ends 114 of the mem 
branes 110. Furthermore, the support strips 402 can be 
tethered to the housing 106 of the cell 104 by tethering 
strings 410 (FIG. 17), so that mobility of the support strips 
is maintained, While at the same time entanglement and 
collapse of the membranes is prevented. 

Jun. 2, 2005 

[0086] Another embodiment providing loose upper ends 
114 of the membranes 110 in the apparatus 100 is shoWn in 
FIGS. 18 and 19. The upper support strip 402 tethered to the 
housing 106 by strings 410 is used as a support surface over 
Which the membranes 110 are hung in a U-shaped con?gu 
ration. Accordingly, each single membrane 110 has tWo 
loWer ends 112 secured to a header segment 108, and tWo 
upper ends 114 adjacent the support strip 402. Aplurality of 
membranes 110 provided along the length of a header 
segment 108 and a single support strip 402 de?ne a mem 
brane sheet 404. A spacing member 412 (FIG. 19) can be 
provided across the sheet 404 adjacent the support member 
402 to facilitate holding the membranes 110 in position. The 
spacing member 412 can comprise, for eXample, but not 
limited to, a length of string or yarn Weaved across the 
membranes 110. 

[0087] While preferred embodiments of the invention 
have been described herein in detail, it is to be understood 
that this description is by Way of eXample only, and is not 
intended to be limiting. The full scope of the invention is to 
be determined by reference to the appended claims. 

We claim: 
1. A ?ltration apparatus for ?ltering liquid, the apparatus 

comprising 
a) a ?ltration cell having generally vertical front and rear 

panels spaced apart to de?ne a cell length, and gener 
ally vertical side panels extending betWeen the front 
and rear panels and spaced apart to de?ne a cell Width; 

b) a plurality of header segments in the cell, each header 
segment having a permeate channel; and 

c) a plurality of holloW ?ber membranes associated With 
each header segment and eXtending generally upWards 
from the associated header segment, each membrane 
having a lumen in How communication With the per 
meate channel of the associated header segment and a 
loWer end secured to the associated header segment and 
a loose upper end. 

2. A ?ltration apparatus according to claim 1 further 
comprising: 

a) an enclosure; and, 

b) a divider structure in the enclosure and dividing the 
enclosure into a plurality of ?ltration cells, each cell 
having generally vertical front and rear panels spaced 
apart to de?ne a cell length, and generally vertical side 
panels eXtending betWeen the front and rear panels and 
spaced apart to de?ne a cell Width; 

c) a plurality of header segments in each cell, each header 
segment having a permeate channel; and 

d) a plurality of holloW ?ber membranes associated With 
each header segment and eXtending generally upWards 
from the associated header segment, each membrane 
having a lumen in How communication With the per 
meate channel of the associated header segment and a 
loWer end secured to the associated header and a loose 
upper end. 

3. A ?ltration apparatus according to claim 1 further 
comprising: 

a) a plurality of cartridges, each cartridge de?ning a 
?ltration cell and having generally vertical front and 






