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METHOD FOR SEALING HOLLOW FIBER MEMBRANES
Cross-Reference to Related Applications

This application is based on and claims priority to U.S. Non-Provisional
Application Serial No. 13/421,326 filed on March 15, 2012 which is hereby incorporated
herein by reference.

Background of the Invention

1. Field of the Invention

The present invention is related to the field of hollow fiber membranes and
hollow fiber filtration modules.

2. Description of Related Art

Hollow fiber filtration modules are useful in a variety of filtration processes
and generally suitable for immersion in the fluid to be filtered. Standard hollow fiber
filtration modules contain bundles of hollow fiber membranes that are secured at each end by
a header piece. The hollow fiber membranes generally are secured in place within the header
by a potting compound that surrounds the fibers near each end, secures them in place with
respect to the other hollow fiber membranes and the header and forms a seal around the
membranes. However, both ends of the individual hollow fiber membranes remain open to
allow fluid to flow into and/or out of the ends of the membrane through the potting
compound.

In another type of hollow fiber filtration module, a single-header filtration
module, the hollow fiber membranes are secured by a header at only one end. The other end
of the bundle is not secured with a header, and the unsecured ends of the hollow fiber
membranes can move freely with respect to each other. In some module designs, movement
of the free ends is restricted by a housing, or the unsecured ends are supported by a frame.
In other designs the entire fiber bundle may be encased in a housing. In yet other designs the
free ends of the membranes are supported only by the fluid in which the filtration module is
immersed. In most designs, the free ends of the hollow fiber membranes are sealed to
prevent fluid flow into or out of the free ends of the membranes.

Brief Summary of the Invention

The present invention is directed to a method of sealing the free end of a

hollow fiber membrane for use in a single-header filtration module by dipping the end of the

membrane into a low-viscosity light-curable adhesive and curing the adhesive.
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The method of the present invention comprises inserting a first end of the
membrane in a low-viscosity light-curable adhesive having a viscosity less than 5000 cps,
removing the first end from the adhesive, and exposing the first end to a light source to cure
the adhesive. Use of a low-viscosity light-curable adhesive results in a thin coating of
adhesive on the exterior of the first end of the hollow fiber membrane. The low viscosity of
the adhesive allows the adhesive to flow into the bore of the membrane. Capillary action
further causes the low-viscosity adhesive to wick into the inner wall of the membrane. As a
result, a plug is formed in the interior bore that further seals the first end of the membrane.

The present invention also encompasses the sealed hollow fiber membrane
produced by the process, as well as a hollow fiber filtration module containing fibers sealed
by the process of the present invention.

Additional aspects of the invention, together with the advantages and novel
features appurtenant thereto, will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art upon examination of the following, or
may be learned from the practice of the invention. The objects and advantages of the
invention may be realized and attained by means of the instrumentalities and combinations
particularly pointed out in the appended claims.

Brief Description of the Drawings

Figure 1 is a perspective view of an unsealed hollow fiber membrane.

Figure 2 is a cross-sectional view of a first end of the hollow fiber membrane
of Figure 1 after sealing according to the present invention.

Figure 2A is an expanded view of a portion of the hollow fiber membrane of
Figure 2 showing penetration of adhesive into the wall of the membrane.

Figure 3 is a cross-sectional view of a first end of the hollow fiber membrane
sealed using a high-viscosity adhesive.

Figure 4 is a cross-sectional view of a first end of a hollow fiber membrane
being cured after sealing by exposure to a light source.

Figure 5 is a cross-sectional view of a bundle of hollow fiber membranes
sealed in accordance with the present invention.

Figure 6 is a cross-sectional view of an exemplary single header filtration
module in which the follow fiber membranes have been sealed in accordance with the present

invention.
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Figure 7 is a cross-sectional view of the module of Figure 5 in which a hollow
fiber membrane has been repaired according to the present invention.
Detailed Description of Preferred Embodiment

The present invention is directed to a method of sealing the free end of a
hollow fiber membrane for use in a single-header filtration module by dipping the end of the
membrane into a low-viscosity light-curable adhesive and curing the adhesive. Figure 1
depicts a hollow fiber membrane 10 prior to sealing. Membrane 10 comprises a long
cylindrical tube 12 having a hollow internal bore 14, first end 16 and second end 18. The
process of the present invention may be used with any type of hollow fiber membrane.
Membrane 10 preferably possesses a diameter of less than 5 mm, more preferably between
0.5 and 3mm, most preferably about 2.4 to 2.6 mm. Membrane 10 may be a microfiltration
membrane or ultrafiltration membrane. However, the process of the present invention may
be used with membranes suitable for other types of filtration, such as reverse osmosis or
nanofiltration. The process of the present invention is particularly useful for braid-reinforced
hollow fiber membranes. The process is preferably used with hollow fiber membranes that
will be immersed in or otherwise surrounded by the fluid to be filtered, and can be used with
membranes that will be employed in any type of single-header filtration module, including
suction-driven and pressure-driven modules and/or modules in which the header is positioned
at either the top or the bottom of the module.

In the process of the present invention, first end 16 of hollow fiber membrane
10 is inserted into a light-curable adhesive and removed. The light-curable adhesive is
preferably a low-viscosity adhesive. As shown in Figure 2, use of a low-viscosity adhesive
forms a thin coating 20 of adhesive on the exterior of membrane 10 and will flow into
internal bore 14 of membrane 10 to form plug 22. As shown in Figure 2A, the low-viscosity
adhesive also wicks into and extends into the interior wall of membrane 10 integrally to plug
22. Use of a low-viscosity light-curable adhesive is particularly beneficial with braid-
reinforced hollow fiber membranes, in that the adhesive can coat, penetrate and encapsulate
the fibers of the braid to form a fluid-tight seal, rather than allowing air pockets to form
between the braid and the adhesive. This results in a complete seal around plug 22 within
internal bore 14, rather than a simple encapsulation around the exterior of first end 16 of
membrane 10. The process of the present invention produces a thin coating 20 of adhesive

on the exterior of membrane 10 without spalling, separation, air entrapment or exposed areas.
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The light-curable adhesive preferably has a viscosity less than 5000 cps, more
preferably a viscosity less than 2000 and most preferably between 100 and 1000 cps. In one
embodiment, the adhesive has a viscosity between 170 and 230 cps, preferably 200 cps. The
adhesive is preferably in the family of acrylated urethane that may include a secondary cure
component to allow curing of areas not exposed to the light source.

Returning to Figure 2, coating 20 of light-curable adhesive is formed around
the outside diameter of membrane 10 to a length /° and plug 22 of light-curable adhesive is
formed in internal bore 14 to a length /. The membrane is inserted into the light-curable
adhesive to a sufficient depth and for a sufficient time to allow the light-curable adhesive to
coat the desired length /° of the outside of the membrane 10 and to produce the desired length
I' of plug 22. The longer first end 18 of membrane 10 remains in the adhesive, the further
plug 22 wicks up into interior bore 14. Hollow fiber membrane 10 preferably remains in the
adhesive for no more than 10 seconds. Preferably membrane 10 remains in the adhesive for
between 1 and 5 seconds before it is removed, more preferably 1 second. When membrane
10 is inserted for 1 second, length I’ of plug 22 is approximately equal to /° of coating 20.

The length /° of hollow fiber membrane 10 inserted into the light-curable
adhesive is preferably at least 2 mm. Preferably length [° inserted into the adhesive is 4 to 10
mm and more preferably about 6 mm. The temperature of the adhesive into which hollow
fiber membrane 10 inserted may be any temperature at which the adhesive is sufficiently
fluid to allow coating to occur. Preferably the adhesive is maintained at a temperature
between 20 and 25 °C. Variances in temperature are undesirable, as they may change the
viscosity of the adhesive.

The thickness ¢ of coating 20 of the adhesive on the outside of hollow fiber
membrane 10 is preferably less than 0.8 mm, more preferably between 0.05 mm and 0.8 mm
such that in one preferred embodiment, the total diameter of membrane 10 and coating 20 is
less than 4 mm. In a more preferred embodiment, thickness 7 is no greater than 0.3 mm, with
a total diameter of the sealed first end 16 of membrane 10 in the range of 1.8 mm to 3.4 mm.
A thin coating 20 is beneficial because it allows the hollow fiber membranes to be packed in
close proximity to each other within the filtration module to achieve an increased density of
membranes compared to membranes sealed using thicker adhesives. In one preferred
embodiment, the membranes are packed to a density of at least 81 membranes per square
inch. As shown in Figure 3, the use of a higher-viscosity adhesive results in a thicker coating

120 of adhesive surrounding the end of the hollow fiber membrane 100 and a shorter plug
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122. The diameter of a membrane 100 coated with a thicker adhesive 120 can be up to about
2 times that of the present invention. A thicker coating requires the hollow fiber membranes
to be secured with a greater distance between the fibers, achieving a density of approximately
64 membranes per square inch. Thus, for comparably-sized hollow fiber membranes, the
process of the present invention allows a packing density of membranes at least
approximately twenty-five percent greater than that of conventional methods.

After removing membrane 10 from the light-curable adhesive, first end 16 is
exposed to light to cure the adhesive. Any type of light source producing sufficient light to
cure the adhesive may be used, but preferably the light source produces UV (ultraviolet)
and/or visible light between the ranges of 200 to 760 nm, and more preferably between 250
and 460 nm. Although any light source known in the art that can cure the adhesive may be
used, the use of a LED, irradiating lamp (such as a mercury light), or metal halide light
source is preferred. When using an irradiating lamp light source, preferably a light guide
between 3 and 8 mm in length and a rod lens, preferably a 0.75 inch to 5 inch rod lens, more
preferably a 0.75 inch to 2 inch rod lens, is used. Most preferably, the light source is a LED
array light bar.

The adhesive should be cured until dry, although a slight tackiness may
remain. Preferably, a UV light source of at least at least 100 W, preferably 200 W, is used.
The intensity used for curing the adhesive is preferably at least 200 mW/cm?, more preferably
at least 800 mW/cm?, using a wavelength of 360 to 410 nm. First end 16 of membrane 10 is
preferably held approximately three inches from the light source, although the distance from
the light source may be varied depending on the intensity and cure time. As depicted in FIG.
4, most preferably membrane 10 is held in a vertical orientation, approximately three inches
above a light source 11. The process of the present invention allows first end 16 to be
exposed to the light source for less than 15 seconds and preferably for less than 8 seconds.

In a most preferred embodiment, multiple membranes 10 are inserted,
removed and exposed in a single run. Preferably nine membranes 10 may be inserted by each
hand in a manual process. The membranes 10 are held apart during insertion to ensure the
outside of each membrane is coated. In an automated process, using an apparatus adapted for
the purpose, the number of membranes inserted, removed, and exposed at one time may be
one or more according to the capacity of the apparatus.

After the light-curable adhesive has been cured, the hollow fiber membranes

may be stored before they are assembled into a single-header filtration module. The hollow
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fiber membranes sealed using the process of the present invention may be assembled into a
single header filtration module using any method known in the art. Furthermore, the sealed
membranes may be used in any type single-header filtration module, including suction-driven
and pressure- driven modules. Figure 5 depicts an exemplary single-header filtration module
in which second ends 18 of hollow fiber membranes 10 are secured within a header 24 by a
suitable potting material 26 known in the art, and sealed first ends 16 are not secured in a
header. In an alternative embodiment, the second ends 18 of the hollow fiber membranes are
first secured in header 24 and first ends 16 are then inserted in the light-curable adhesive,
removed and cured using the process of the present invention. This can be done by inserting
one fiber membrane at a time, inserting a portion of the fiber membranes at one time, or
inserting the entire bundle of fiber membranes simultaneously.

The process may also be used to repair a hollow fiber membrane in a single-
header filtration module. Figure 6 depicts a single header filtration module 28, in which no
repairs have been made. If a leak is detected, any process known in the art may be used to
determine which fiber or fibers contain the leak. The damaged fiber is cut below the leak.
The cut fiber is then inserted into and removed from the adhesive and cured, using the
process of the present invention as described above. Figure 7 shows module 28 in which a
membrane 10 has been repaired in such manner. This allows the repaired hollow fiber
membrane to remain in service after the repair.

The term "approximately" as used herein may be applied to and modify any
quantitative representation that could permissibly vary without resulting in a change in the
basic function to which it is related. For example, while a membrane is disclosed as being
held approximately three inches from a light source for curing the applied adhesive, that
distance may permissibly vary within the scope of the invention if the curing response is not
materially altered.

From the foregoing it will be seen that this invention is one well adapted to
attain all ends and objectives herein-above set forth, together with the other advantages which
are obvious and which are inherent to the invention.

Since many possible embodiments may be made of the invention without
departing from the scope thereof, it is to be understood that all matters herein set forth or
shown in the accompanying drawings are to be interpreted as illustrative, and not in a limiting

sense.
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While specific embodiments have been shown and discussed, various
modifications may of course be made, and the invention is not limited to the specific forms or
arrangement of parts and steps described herein, except insofar as such limitations are
included in the following claims. Further, it will be understood that certain features and
subcombinations are of utility and may be employed without reference to other features and

subcombinations. This is contemplated by and is within the scope of the claims.
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CLAIMS
We claim:
1. A method for sealing the free end of a hollow fiber membrane for use in a single-

header filtration module, comprising:

inserting a first end of said membrane in a low-viscosity light-curable adhesive having

a viscosity less than 5000 cps,

10.

11.

12.

removing said first end from said adhesive,

exposing said first end to a light source to cure said adhesive.
The method of claim 1, wherein said adhesive has a viscosity less than 2000 cps.

The method of claim 2, wherein said adhesive has a viscosity between 100 and 1000

Ccps.

The method of claim 3, wherein said adhesive has a viscosity less between 170 and

230 cps.

The method of claim 1 wherein the diameter of said first end after said exposing step

is less than 4 mm.

The method of claim 5 wherein the thickness of said adhesive on said first end after

said exposing step is between 0.05 mm and 0.8 mm.

The method of claim 1, wherein said inserting step comprises inserting said

membrane into said adhesive to immerse a length of 2 - 10 mm of said membrane.

The method of claim 1, wherein said exposing step comprises exposing said first end

to ultraviolet light.

The method of claim 1, wherein said light source has an intensity of at least 200

mW/cm?.

The method of claim 1, wherein said inserting step comprises inserting between two

and nine membranes into said adhesive at the same time.
The method of claim 1, wherein said inserting step is automated.

The method of claim 1, wherein said hollow fiber membrane has not been secured in a

header on either end.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

-9.

The method of claim 1 further comprising the step of securing a second unsealed end
of said membrane in a header and wherein said method does not comprise the step of

inserting said sealed end of said membrane in a header.

The method of claim 13 wherein said securing step is performed after said removing

step.

The method of claim 13 wherein a plurality of said membranes are secured in said

header such that a density of greater than 64 membranes per square inch is achieved.

A hollow fiber membrane for use in a single-header filtration module, comprising:

a hollow fiber membrane having an interior wall defining a hollow internal bore, a
first end and a second end,

wherein said first end is coated with a low-viscosity light-curable adhesive,

wherein the thickness of said adhesive coating said first end is less than 0.8 mm; and

wherein said second end is open.

The membrane of claim 16, wherein the diameter of said first end coated with said

adhesive is less than 4 mm.

The membrane of claim 16, further comprising a plug of a low-viscosity light-curable
adhesive within said internal bore, wherein said plug extends a length of between 2

and 10 mm.

The membrane of claim 18, wherein said first end is coated with said adhesive to a

length of between 2 and 10 mm from said first end.

The membrane of claim 18, wherein said adhesive extends into said interior wall

integrally to said plug.
A hollow fiber filtration module, comprising:

a plurality of hollow fiber membranes, and

one header,

wherein a second end of each of said hollow fiber membranes is secured within said
header in a potting compound,

wherein said second end of each hollow fiber membrane is open, and
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wherein said first end of each said hollow fiber membrane is sealed with a low-

viscosity light-curable adhesive.

22. The module of claim 21, wherein the diameter of the sealed first end is less than 4

mm.



