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(57) Claim

1. A process for sealing a hollow fiber
membrane separation module inhto a ¢ase in which the
hollow fiber memorane separation module comprises a
plurality of hollow fibe#s arranged in a bundle
surrounding a core and having tubesheets surrounding
each end of thé bundle which bind the hollow fibers
together, the process comprising:

A. positioning the hollow fiber separation module
within a case, while the case is in a substantially
vertical positiony

B. introducing a resin through an opening into the
first end of the case in an amount sufficient to
substantially fill the region adjacent said end
between the interior of the case and first tubesheet
while retaining a space or cavity overlying the open
ends of said hollow fibers at said first tubesheet;

C. curing the resinj

U. reversing the position of the case;
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introducing a resin through an opening into the
second end of the case in an amount sufficient to
fill the region adjacent said end between the
interior of the case and second tubesheet while
retaining a space or cavity overlying the open ends
of said hollow fibers at said second tubesheet;

curing the resin; and

providing openings at each end of the case through
the cured resin, penetrating to the spaces overlying
the ends of the hollow fibers, thereby providing
flow paths for introducing and/or withdrawing fluids
through said hollow fiber membrane separation
module.
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(57) Abstract

Disclosed is & process for sealing a hollow fiber membrane

| low fibers, surrounding a core (12).and havitg tubesheets (14, 15) at each end which bind the hollow fibers togethier, is positioned
within the case that is in a vertical position. A resin is introduced through an opening into the first end of the casé to fill the re-
gion adjacent the first end between the interior of the case and first tubesheet while retaining a space or cavity vveérlying the open
ends of said hollow fibers at the first tubesheet. The resin is cured, the position of the ¢ase (15) reversed and the process fepeated |
for the second end of the case. Openings (21, 22) are provided at each end of the case through the cured resin, penetrating to the
space overlying the enids of the hollow fibers, thereby providing flow paths for inttoducing ot withdtawing fluids. A separation
module is déscribed made by the above defined process which further includes baffles for channeling fluid flow on the exterior of
said hotlow fibers parallel to this core and countercurrént to boreside flow.

separation bundle (10) into a case (16). The bundle (10) of hol-
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MEMBRANE SEPARATION DEVICE AND METHOD OF MANUFACTURE

The present invention relates to a membrane
separation device and method of manufacturing said
device. The membrane separation device comprises a
housing or case within which is fixedly situated a
membrane separation module fabricated from a plurality
of semi-permeable hollow f'iber membranes.

Separatory devices containing a hollow fiber
membrane separation module useful for dialysis,
microfiltration, Gltrafiltration, reverse osmesis, blood
oxygenation, gas separation, pervaporation. membrane
stripping, and the like, are well known. Various
methods of manufacture have been described. In general,
however, the hollow fiber separation module consists of
a plurality of fine hollow fibers whose end portions are
potted in one or two active tubesheet(s) and whose
open~-fiber ends terminate in one of two active tubesheet
face(s) which provides an access for fluid to enter or
exit the interior of the hollow fibers, thereby forming
a module comprising a bundle of hollow fibers and one or
two tubesheets. The hollow fiber module is sealed in a
housing or case in such a manner that two regions are
defined by fluid flow which is controlled by the
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separatory or permeation properties of the hollow fiber

membranes. The two regions are generally designated as

the shellside and the tubeside. The shellside region is

4 that region exterior to the hollow fibers which is

j ‘between the tubesheets, while the tubeside region is

; that region on the interior of the hollow fibers. Each

region may have fluid flowing through it, of higher or L

lower pressure than the other, depending on whether the

feed fluid into thé device is on the exterior or the

10 interior of the hollow fibers. The driving force for
transport through or across the hollow fibers may be due
to a difference in pressure, concentration, and/or
electrical potential.

15 The hollow fiber separation module may have one
or two active tubesheets; in the former case the hollow E
fibers are doubled back so that all the ends of the L
hollow fibers terminate together in the one active a
tubesheet. A hollow fiber separation module possessing

20 oneée such active tubesheet in which all hollow fiber ends "
terminate mdy also possess a non-active tubesheet to

. facilitate formation of the hollow fiber bundle and
sealing the hollow fiber bundle within the housing or
case. A non-active tubesheet does not contain the
terminal ends of the hollow fibers. That is, fluid can
not be introduced into or withdrawn from such a non-
active tubesheet. The tubesheet(s) binds the hollow
fibers together and holds them in place. Each tubesheet

30 is also sealed to the inner wall surfaces of the housing
or case, thus fixing the separatory module in place
within the case. The tubesheet(s) together with the
case define the shellside region external to the hollow
fibers which does not communicate direectly with the
interior lumeéens of the hollow fibers.
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Patents representative of the art of hollow
fiber membrane separation devices include U.S. Patent
Nas. 2:972,3)"9; 3132898763 3»22898773 3»“227008;

3,423,4913 3,339,341; 3,403,515

The prior art has disclosed the use of a number
of resins to form the tubesheets. Typical of such
resins are polyurethanes, polyolefins, wax-extended
polyolefins, polyolefin copolymers, polyamides,
polystyrene, polyvinyl chleride, silicone rubbers, epoxy
resins, and the like.

A problem which has occurred in connection with
the production of separation devices utilizing hollow
fiber membrane separation modules is that there has been
no inexpensive and convenient process for sealing the
tubesheet(s) to the inner wall surfaces ¢f the
surrounding case which is suitable for large scale
production. Because of heat, pressure, and other stress
factors, the sealing means between the tubesheet(s) and
the inner wall surfaces of the case may loosen or

develop cracks, permitting intermingling of the fluids

in the two aforementioned regions. This intermingling
of fluids is unacceptable, as the efficient operation of
such membrane separation devices requires that the
fluids be substantially maintained in the aforementioned
separate regions. '

U.S. Patent 4,269,712 discloses a hollow fiber
medical separatory device which incorporates a
pressure~type mechanical seal between the inner end
surface of the disc portion of the tubesheet and a
radially and axially inwardly extending tapering inner
wall surface of the surrounding jaeket of the device.
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Sealing problems between the tubesheet(s) and
container were overcome in U.S. Patent 4,269,712 by
providing a radially inwardly extending tapered section
on the inner wall of the jacket or shell of the
separatory unit, with the seal resulting from pressure
urging the peripheral tubesheet wall axially inwardly to
effect a liquid and gas-tight sealing of the tubesheet
against a tapered shell, or jacket surface. The
structure shown, however, is complex, and would be
uneconomical te manufacture.

U.S. Patent 4,414,110 discloses a hollow fiber
medical separatory unit wherein the tubesheets at each
end of the fibers have the shape of a frustum of a cone
and are sized such that the fibers fill the cone to the
peripheral edge at the outer end planar surface of the
frustum. This device is also a complex one which would
be difficult to manufacture economically.

U.S. Patent 4,512,892 relates to an improved
method and structure for sealing the ends of a tubular
filter element wherein the method comprises providing a
strip of non-porous film along the edge of a sheet of
microporous filter material, the strip being joined to
the filter material fluid-tight at its outer portion but
forming a free-flap on its inner portion, forming the
element with the strip at one end and over the upstream
side of the filtered material, embedding the end in
liquid sealer to a depth terminating over the flap

portion of the strip, and solidifying the sealer. It is

further stated that the free edges of a rectangular
pleated membrane may be sealed to opposite walls of a
containing support, the ends then being sealed as
‘deseribed.
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All of the above means of sealing tubesheets to
the inner wall surfaces of enclosing cases or containers
have been found deficient in one aspect or another.

i It would be an improvement in the art to

provide a hollow fiber membrane separation device having
simplified means for sealing the tubesheets and membrane
module within the surrounding case.

In particular, it would be an improvement to
provide an efficient, convenient, and economical process
for sealing the membrane module with such associated
tubesheets within a surrounding case which would
substantially eliminate the possibility of breakage or
loosening of the seal between the tubesheets and the
case.

The invention relates to a process for sealing
a hollow fiber membrane separation module into a case in
which the hollow fiber membrane separation module
comprises az plurality of hollow fibers arranged in a
bundle surrounding a core and having tubesheets
surrounding each end of the bundle whiech bind the hollow
fibers together, the process comprisings

A. positioning the hollow fiber separation module
within a case, while the case is in a substantially
vertical positions

B. introducing a resin through an opening into the
first end of the case in an amount sufficient to
fill the region adjacent said case between the
interior of the case and the first tubesheet while
retaining a space or cavity overlying the open ends
of said hollow fibers at said first tubesheet;
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C. curing the resing
D. reversing the position of the case;

E. introducing a resin through an opening into the

A second end of the case in an amount sufficient to
fill the region adjacent said end between the
interior of the case and second tubesheet while
retaining a space or cavity overlying the open ends
of said hollow fibeérs at said second tubesheet;

F. curing the resin; and

G. providing openings at each end of the case through
the cured resin, penetrating to the spaces overlying
the ends of the hollow fibers, thereby providing
flow paths for introducing or withdrawing fluids
through said hollow fiber membrane separation
modules.

The process of the invention provides a
convenient, effective, and economical process for
séaling a hollow fiber membrane separation module within
a case. Such a proeess is suitable for large scale
production of such devieces. The invention includes a
fluid separation device prepared by the process of the
inventien, said deviece, comprising:

A. a plurality of hollow fiber membranes, arranged
in a bundle and adapted for the separation
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of one or more fluids from a fluid feed
mixture:

B. a first tubesheet formed of a thermoset or

; ) thermoplastic polymeric material at the first

5 end of the bundle, said hollow fiber membranes

? embedded in the first tubesheet, communicating

j through said tubesheet and open on the opposite
1 face of said tubesheet;

; 10 C. a second tubesheet formed of a thermoset or
thermoplastic polymeric material at the second
end of the bundle opposite the first end, said
hollow fiber membranes embedded in the second
tubesheet, communicating through said second
tubesheet, and open on the opposite face of
said tubesheet;

15

l D. a core, about which is formed the hollow fiber 4
membrane bundle, further arranged such that the i
core extends through and is bonded to the first
tubesheet and the second tubesheet;

20

E. a tubesheet support cylinder which encircles
the bundle wherein a first end is bonded to or
embedded in the first tubesheet, and a second
end is bonded to or embedded in the second
tubesheet;

25
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F. a feed inlet for indroducing a feed mixture of A
- 30 fluids to be separated into the bores of the
hollow fiber membranes by contacting the feed
mixture with the hollow
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fiber membranes at the opposite face of the
first tubesheet;

a feed inlet space or region adjacent to the
opposite face of the first tubesheet arranged
to form a cavity into which the feed inlet
means introduces the feed mixture, wherein the
region is sealed such that fluid can only enter
or leave the region or the hollow fibers and
the feed inlet through the feed inlet region is
arranged to introduce the feed fluid mixture
into the bores of the hollow fiber membranes:

a non-permeate outlet for removing the fluids
which do not permeate through the hollow fiber
membranes from the bore of the hollow fiber

membranes at the opposite face of the second
tubesheet;.

a non-permeate outlet space or region adjacent
to the opposite face of the second tubesheet
arranged to form a cavity into whieh the hollow
fiber membranes introduce fluids which do not
permeate the membrane, and from which the non-
permeate outlet removes the non-permeating
fluids from the module; wherein the non-
permeate outlet region is sealed such that
fluid can only enter or leave the region
through the hollow fiber membranes or the non-
permeate outlet means:

a casing arranged to encase the entire hollow
fiber membrane bundle and the two tubesheets;

.
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an opening in the casing and tubesheet support
cylinder for removing the fluids which permeate
through the hollow fiber membranes from the
vieinity of the hollow fiber membranes;

L 5 L. baffles for channeling flow of permeate in the
i longitudinal direction parallel to the core
toward the permeate outlet, wherein said
baffles have one end embedded in the second
tubesheet and the second end terminates at a
short distance from the first tubesheet to

allow the permeate to flow to the permeate
outlet means;:

10

M. resin seals,; between the first tubesheet and
15 the casing and between the second tubesheet and
the casing, suech that fluid cannot communicate
between the feed inlet or outlet regions and
the region between the two tubesheets which is
20 outside of the hollow fibers;

N. a first end cap for sealing the end of the
casing near the first tubesheet, thereby

1 enclosing the feed inlet space or region, said

25 end cap being physically fixed to said casing.

0.. a second end cap for sealing the end of the
casing near the second tubesheet thereby
enclosing the non-permeate outlet space or

- 30 region, said end cap being physically fixed to

said casing.s

The above device may include a
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permeated core for introducing a sweep fluid into the
permeate side of said hollow fiber membranes.In one
embodiment said core is perforated only near the second
tubesheet, whereby flow of sweep fluid and permeate is

5 parallel to said core, countercurrent to flow of bore-
side fluid.

Figure 1 is a side view of a hollow fiber
membrane separation module forming a part of the
membrane separation device of this invention.

i 1o Figure 2 is a side view of another type of
é hollow fiber membrane separation module forming a part
: o of the membrane separation device of this invention.

: Figure 2 is a cut-away view of a hollow fiber
HIM membrane separation device of this invention, showing
) the hollow fiber membrane separation module of Figure 2
o positioned within the case therefore.

. Figure 4 is a cut-away view of a hollow fiber
.« membrane separation device of this invention., showing

0’ the hollow fiber membrane separation module of Figure 2

RN =0 positioned within the case therefore with attached end
g capping means.

. Figure 5 is a sectional view of a hollow fiber
: membrane separation device of this invention which

* contains baffles.

= 25 Figure 5A is a cross sectional view of the hollow
fibre membrant separation device of Figure 5.

Figure 5B is & sectional view of a hollow membrane
separation device showing cross section through hollow fibres
and schematic representation of fluid flow.

3o Figures 6A and 7A are enlarged views of two
embodiments of one end of the hollow fiber membrane separation
device of this invention shown in Figure 5,
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showing in detail the means of bonding of the tubesheet
to the inner wall surface of the surrounding case.

Figures 6B and 7B are enlarged views of the

opposite ends of an alternate embodiment of a hollow

fiber membrane separation device of this invention
adapted for use with a shellside sweep fluid.

This invention includes a process for sealing
within a case a hollow fiber membrane separation module.
The invention also includes devices made by the process
of the invention that are useful for separating one or

more fluids from one or more other fluids in a fluid

mixture in which the separation is performed by
selectively transporting one or more fluids across a

membrane. In this invention, the membranes are in

hollow fiber form. The fluid mixture to be separated
may be introduced either on the outside of the hollow
fiber membranes or down the bores or lumens of the
hollow fiber membranes. The bore or lumen as used
herein refers to the portion of the fiber which is
hollow in the center of such fiber. Such devices are
preferably adapted for feeding fluid down the bores of
the hollow fiber membranes.

The hollow fiber membrane devices of this
invention can be used to separate one or more fluids
from one or more other fluids in a fluid mixture wherein
the fluids possess different transport rates through or
across the membranes, The fluids may be in gas, vapor,
or liquid state.

In vne preferred embodiment, the hollow fiber
membrane devices of this invention are useful in
separating one or more gzases from one or more other
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gases in a feed gas mixture. The mixture of gases to be
separated preferably comprises at least one of the gases
selected from the group consisting of hydrogen, helium,
oxygen, nitrogen, carbon monoxide, carbon dioxide,
hydrogen sulfide, ammonia, methane, other light
hydrocarbons, and the like. Light hydrocarbons as used
herein means saturated and unsaturated Cq_y
hydrocarbons. Examples of such gases being separated
are hydrogen and/or helium from light hydrocarbons,
oxygen from nitrogen, nitrogen from methane, carbon
monoxide and/or carbon dioxide from light hydrocarbons,
and the like.

In another preferred embodiment, the fluids to
be separated are liquids. In one preferred embodiment
wherein the fluids to be separated are liquids, the
material is transported through or across the membrane
as a gas or vapor. The material permeating through or
across the membrane as a gas or vapor may be removed
from the device as a gas or vapor or condensed and
removed from the device as a iiquid. This separation
may be referred to as membrane stripping, membrane
distillation, or pervaporation. In membrane stripping,
a microporous membrane is used and the material
permeating through or across the membrane is removed
from the device as a gas or vapor. In membrane
distillation, a microporous membrane is used and the
material permeating through or across the membrane is
condensed and removed from the device as a liquid. 1In
pervaporation, a non-microporous membrane is used and
the material permeating through or across the membrane
may be removed as a gas or vapor or condensed and

: removed from the device as a liquid. In these

embodiments, volatile compounds, that is, those with
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relatively higher vapor pressures vnder the separation
conditions, are separated from compounds with relatively
lower vapor pressures. Examples of volatile compounds
which may be removed from liquid mixtures include Cq_qq

‘aliphatic and aromatic halogenated hydrocarbons such as

dichloromethane (methylene chleoride), dibromomethane
(methylene bromide), trichloromethane (chloroform),
tribromomethane (bromoform), carbon tetrachloride,
1,1-dichloroethane, 1,2-dichloroethane.: 1,1,1-trichloro-
ethane, 1,1,2-trichloroethane, trichloroethylene,
tetrachloroethylene (perchloroethylene), 1,2-dichloro-
propane, chlorobenzene, ‘dichlorobenzene, trichloro-
benzene, and hexachlorobenzene; Cqy_19 aliphatic and
aromatic hydrocarbons such as methane, ethane, propane,
butane, hexane, heptane, octane, ethylene, propylene,
butylene, benzene, toluene, and xylene; Cq.4g9 aliphatic
and aromatic alcohols such as methanol, ethahol,
propanol, butanol, pentanol, hexanel, and phenol; Cq_g
ketones such as acetone, methylethylketone, methyl-
isobutylketcne, pentanone, and hexanone; Cq_g ethers
such as bis(2-chloroethyl)ether; Cy_g amines such as
methylamine. dimethylamine, trimethyiamine, ethylamine,

diethylamine, triethylamine, ethylenediamine, and

aniline; and the like. Less volatile iquids from which
the volatile compounds may be removed include water and
mixtures of water and organics. In another preferred
embodiment. gases entrained or dissolved in a liquid may
be removed from such liquids. Examples of such
entrained or dissolved gases include oxygen, carbon
monokide, carbon dioxide, sulfur dioxide, hydrogen
sulfide, ammonia, and the like.

The hollow fiber membranes are arranged in &
bundle which comprises a plurality of the hollow fiber
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membranes. Such a bundle may take various shapes and
possess various fiber wrapping patterns. Bundles of
hollow fiber membranes useful in this invention may
comprise various shapes and fiber arrangements,
"ineluding those disclosed in Mahon, U.S. Patent
3,228,876 and MeLain, U.S. Patent 3,422,008.
Preferably, the bundle is arranged in an organized, that
is, substantially non-random, fashion. In one preferred
embodiment, the hollow fiber membrane bundle is arranged
10 in a cylindrical fashion with the ends of the hollow o
fibers located at each end of the cylindrical bundle.
Such a bundle is preferably an elongated bundle with the
length being greater than the diameter. Preferably, the
hollow fibers in the bundle are arranged in either a o
15 parallel wrap fashion or an a bias wrap fashion. In %H
parallel wrapping, the hollow fibers lie substantially
parallel to one another with each end of the hollow
fibers found at each end of the bundle. In bias
wrapping, the hollow fibers are wrapped in a crisscross
pattern at a set angle, thus holding the hollow fibers
in place in a bundle. 1In the bias wrap pattern, the
ends of the hollow fibers are located at the end of the
bundle. Permeable cloth wraps such as DYNEL™, a
25 polyester cloth., may be used to help hold the bundle of
hollow fibers together.

[qpesov

P

20

The hollow fiber membranes are generally formed
from a polymeric material which is capable of separating
3¢ ©One or more fluids from one or more other fluids in a
fluid mixture. The polymeric materials which may be
used to prepare the hollow fiber membranes preferably 3
include olefinic polymers, such as poly-4-methylpentene, . ?ﬁ
polyethylene, and polypropylene; polytetrafluoro=- =
ethylene; cellulosic esters, cellulose ethers; and
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regenerated cellulose; polyamides; polyetherketones and
polyetheretherketones: polyestercarbonates;
polycarbonates, including ring substituted versions of
bisphenol based polycarbonates; polystyrenes;
polysulfones; polyimidess polyethersulfone; polyesters;
and the like. The hollcow fiber membranes may be
homogeneous, symmetric (isotropic), asymmetric
(anisotropic), or composite membranes. The membranes
may have a dense discriminating region which separates
one or more fluids from one or more other fluids based
on differences in solubility and diffusivity of the
fluids in the dense region of the membrane.
Alternatively, the membranes may be microporous and
separate one or more fluids from one or more other
fluids based on relative volatilities of the fluids.

Hollow fiber membranes with dense regions are
preferred for gas separations. Asymmetric hollow fiber
membranes may have the diseriminating region either on
the outside of the hollow fiber, at the inside (lumen
surface) of the hollow fiber, or located somewhere
internal to both outside and inside hollow fiber
membrane surfaces. In the embodiment where the
diseriminating region of the hollow fiber membrane is
internal to both hollow fiber membrane surfaces, the
inside (lumen) surface and the outside surface of the
hollow fiber membrane are porous, yet the membrane
demonstrates the abiiity to separate gases. In the
embodiment wherein gases are separated, the preferred
polymeric materials for membranes include polyester-
carbonate, polysulfone, polyethersulfone, polyimide,
polyester, and polycarbonate. More preferred polymeric

materials for gas separation membranes in¢lude
‘polycarbonate and polyestercarbonate. In one preferred
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embodiment, such membranes are prepared by the process
described in U.S. Patent 4,772,392.

Micreporous membranes are preferred for liquid

separations such as membrane stripping and membrane

distillation. Such microporous membranes may be
symmetric (isotropic) or asymmetric (anisotropic). In
the embodiment wherein liquids are separated, preferred
polymeric materials for membranes include polyolefins or
fluorinated polyolefins, such as polyethylene,
polypropylene, poly-id-methylpentene, fluorinated
polyethylene, polytetrafluoroethylene; and copolymers
and blends thereof, polystyrene, polyetherketone, and
polyetheretherketone. The methods for preparing such
hollow fiber membranes are well known in the art.

The hollow fibers preferably possess an outside
diameter of 50 to 5,000 micrometers; more preferably
of 100 to 1,000 micrometers, with a wall thickness of
5 to 500 micrometers, more preferably 10 to 100
micrometers.

About each end of the bundle is a tubesheet.
The tubesheet functions to hold the hollow fiber
membranes in place and to separate the membrane device
into three different fluid regions. Such fluid regions
include a first fluid region external to the first
tubesheet, which in the preferred embodiment utilizing
boreside feed comprises a feed inlet region wherein the
mixture of fluids to be separated is introduced into the
hollow fiber membranes. The second fluid region is the
region between the tubesheets which is external to the
hollow fiber membranes, that is, the shellside (outside)

. of the Hollow fiber membranes. The third fluid region

is external to the second tubesheet, which ifi the
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preferred embodiment utilizing boreside feed comprises
the non-permeate outlet region into which the fluid
flowing down the bores of the hollow fiber membranes
which does not permeate across the membranes flows and
from which such fluid is removed.

The tubesheets may be comprised of a thermoset
or thermoplastiec resinous material. Such resinous
material should be capable of forming a fluid tight seal
around the hollow fiber membranes. In some embodiments,
it is preferable that such resinous material also be
capable of bonding to the core and/or case as well as

_the hollow fiber membranes. The hollow fiber membranes

in the bundle communicate through each tubesheet to the
face of each tubesheet opposite the bundle. The bores
of the hollow fiber membranes are open te a space or
cavity region adjacent to each face, thereby allowing
communication of fluid from such spaces or cavities into
and out of said hollow fiber membranes. The majority of
each tubesheet comprises a composite of the hollow fiber
membranes embedded in the resinous material. The
tubesheets may be any shape which performs the functions
hereinbefore described. Preferably, the tubesheets are
circular with sufficient cross-sectional area and
thickness to provide support for the hollow fiber
membranes and to withstand the pressures exerted on the
tubesheets during operation. The portion of each
tubesheet outside of the bundle may be built up for
various purposes depending upon the design of the
device. These portions of the tﬁbesheets may comprise
solely resin or resin impregnated cloth which is wrapped
around the outer portion of each tubesheet.
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Examples of such materials useful as resinous
materials for tubesheets include artifiecial and natural
rubbers, phenolaldehydes, acrylic resins, polysiloxanes,
polyurethanes, fluorocarbons, and epoxXxy resins.

In the embodiment where the device is used for
gas separations, the tubesheets are preferably prepared
from epoxy resins. Any epoxy resin which adheres to the
hollow fiber membranes and provides stability to a
hollow fiber membrane device once cured can be used in
this invention. Polyepoxide resins which are desirable
for the resin formulations useful in this invention
include glycidyl polyethers of polyhydric phenols.

Illustrative of the polyhydrie phenols are
monornuclear phenols and polynuclear phenols, and
inicluded within the latter are the phenolaldehyde
condensation resins commonly known as novolac resins.
Typical ménonuclear phenols include resorcinol,
catechel, hydroquinone, phloroglucinol and the like.
Examples of polynuclear phenols include 2,2 bis(4-
~hydroxyphenyl)propane(bisphenol A), 4,4'<dihydroxy-
benzophenone, 1,1-bis(4~hydroxyphenyl)ethane, bis(2-
-hydroxynaphthyl)methane. 2,2-bis{(4-hydroxyphenyl)-
butane, 4,4'-dihydroxyphenyl phenyl sulfone, and the
like.

The preparation of such epoxy resins is well
known and is described in a number of patents such as
U.S. Patent 2,935,488 and in textbooks such as Lee and

Neville, Handbook of Epoxy Resins, MeGraw-Hill Book Co.,’

1967, both incorporated herein by reference.

Preferred epoxy resins are those resins derived

from bisphenol A, e.g., diglycidyl ethers of bisphenol
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A. Such preferred resins generally correspond to the
formulas
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wherein n is a positive real number of between zero and .
6, more preferably zero and 4, more preferably beétween Vel
zero and 1.5. In the discussion hereinafter, all parts

15 with respect to the resin formulations will be based on
100 parts by weight of the epoxy resin (parts per
hundred parts of resin, phr).

Epoxy resins preferred for use in this
20 invention include D.E.R.® epoxy resins, available from
1 The Dow Chemical Company.

The epoxy resin is cured with a curing agent
o known to those skilled in the art. Preferred curing
i 25 agents include polyfunctional amines, e.g., aromatic
diamines, or mixtures or adduets thereof, and 2,4-
dialkylimidazoles. Typical amines include m-phenylene-
diamine, methylenedianiline, mixtures (inecluding
adducts) of m-phenylenediamine and methylenedianiline,
wid 30 diaminodiphenylsulfone, 4-chlorophenylene diamine, and
the like. Curing agents preferred for use in this
invention include Ancamine® amine curing agents,
available from Pacific Anchor Chemical Corp.
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An optional third component of the tubesheet
epoxy resin formulation is an epoxy curing catalyst.
Any known epoxy curing catalyst which enhances the
curing of a polyglycidyl ether of a polyhydric phenol
with the curing agent may be used. Such catalysts are
generally used in catalytic amounts, that is, amounts
sufficient to enhance the curing of the epoxy resin with
the curing agent. Preferably, the catalyst is present
in an amount of between 0.5 and 10 parts per hundred of
resin, more preferably between 0.5 and 4 parts of
catalyst per hundred parts of resin, and most preferably
between 1 and 2 parts per hundred parts of resin.
Preferred catalysts include tertiary amines, for
example, benzyldimetnylamine, N,N,N',N'~tetramethyl-
butanediamine, dimethylaminopropylamine, N-methyl-
morpholine, N-triethylenediamine, and the like.
Generally, where the curing agent is amine based, a
catalyst is not necessary.

In the embodiment wherein the device of the

"invention is used for membrane stripping, membrane
distillation, or péervaporation, the tubesheets

preferably comprise the epoxy resins hereinbefore
described or polyurethanes.

The hollow fiber membrane bundle is arranged
about a core. The core is arranged such that it extends
through and is bonded to both the first and second
tubesheets. The core functions to provide support for
the two tubesheets and keeps the tubesheets from
collapsing upon one another during operation. The core
further functions to support the hollow fiber membrane
bundle which 'is arranged about the core. Thé core may

‘comprise a rod, a solid tube, or a perforated tube,

provided the core possesses sufficient mechanical
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strength to support the hollow fiber membranes and the
tubesheets. The core may possess a non-circular cross-
section. In one embodiment where no sweep fluid is
used, it is preferred that the core either be a solid
tube or a solid rod. In another embodiment where no
sweep fluid is used, it is preferred that the core be a
hollow tube which may serve to return non-permeate fluid
from the third fluid region adjacent to the second
tubesheet to the feed end of the module. That is, the
non-permeate fluid exiting the hollow fibers in the
vicinity of the second tubesheet may be returned to the
vicinity of the first tubesheet via the core adapted
therefore.

In some embodiments utilizZing boreside feed, it
is desirable to introduce a sweep fluid into the »
shellside of the hollow fiber membrane device in order
to aid in the removal of permeated fluids from the
vicinity of the second fluid region on the outside of
the hollow fiber membranes between the two tubesheets.
One method of introducing such a sweep fluid is to equip
one end of the core with a sweep inlet means, adapted
for introducing a sweep fluid into the core. In this
embodiment, the core is perforated in the vicinity of
the hollow fiber membrane bundle such that the sweep
fluid entéers the hollow fiber membrane bundle. The core
tube is preferably solid where it passes through the
first fluid feed inlet regioh and third fluid non=-
-permeate outlet region: In another preferred
embodiment where a sweep fluid is used, the core is
perforated at one end of the portion of the core located
between the tubesheets. In one such preferred

embodiment. such end of the core is adjacent to the
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second tubesheet, opposite the first fluid feed inlet
region, which aids in promoting countercurrent flow.

The core may be made of any material which
possesses sufficient mechanical strength to proVide the
desired support for the bundle and tubesheets. The core
may be comprised of a plastic such as PVC, a composite
material, or a metal. Preferably, the core is comprised
of a metal, for example, aluminum or steel.

The entire membrane module is placed within a
case. The case functions to protect the outside of the
membrane module from damage and to contain or seal the
membrane module from the outside environment. Further,
the case is arranged about the tubesheets in such a
fashion that a seal is formed between the first
tubesheet and the case and the second tubesheet and the
case, such that fluid cannot communicate across or
through the seal. Thus the membrane device is divided
into three distinct non-communicating regions: a first
fluid space or region exterior to the first tubesheet,
in the embodiment utilizing boreside feed comprising the
feed inlet region; a second space or fluid region being
the region between the tubesheéts which is ocutside of
the hollow f{iber membranes; and a third space or fluid
region exterior to the second tubesheet, in the
embodiment utilizing boreside feed comprising the non-
permeate ocutlet region. The seal is formed by any means
which provides a fluid tight seal between each of the
tubesheets and the case. In a preferred embodiment, the
tubesheets may be bonded directly to the case with an
adhesive material which bonds to both the tubesheet and
the case. In another preferred embodiment, the case
‘contains a lip or taper, against which a gasket is
optionally placed, and against which the outer
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circumference of the tubesheet face adjacent to the
gasket seals under the influence of the hydrostatic
pressure applied during operation of the device, the
void space between the tubesheet and the case being
filled with resin.

N 5
* The case may comprise any material whiech is
capable of protecting the membrane device from the
environment. In the embodiment utilizing boreside feed,
10 the case may, but need not be, a pressure vessel. In

those embodiments utilizing boreside feed wherein it is
desirable to collect the permeate fluid within the case,
the case should be substantially impermeable to the
permeate fluid. Preferably, the casipg material is a

i5 plastie such as polyvinyl chloride (PVC), a composite,
or a metal. More preferably, the case material is
metal, such as aluminum or steel.

At each end of the case are located end capping
2p Means which are arranged for sealing the end of the case
near the tubesheet to form spaces or cavity regions

adjacent to the opposite faces of the tubesheets which
are opened to the hollow fiber membranes. The region
adjacent to the outside face of the first tubesheet is
25 the first fluid space or cavity region. The region
adjacent to the outside face of the second tubesheet is
the third fluid space or cavity region. Such end
capping means are attached to the case by an attachment
‘( and sealing means such that a seal is formed to prevent
- | fluid communicating between the outside and the first
fluid region or the outside and the third fluid region.
In a preferred embodiment, the end capping means is an
endplate which is attached by an attachment means to the
' case. Such endplate may be attached by previding a
method of bolting the endpldte diréctly onto the case.
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The case may have arranged about it or bonded to it an
attachment means adapted for attaching the end capping
means to the end of the case. Each end of the case may
have arranged around its outside a flange to which the
end capping means may be fastened. 1In one embodiment,
the flange may be formed by building up the tubesheet.
In another embodiment, a separate flange may be bonded
about the tubesheet, the case, or both the tubesheet and
the case. In another embodiment, a slip flange may be
placed about the case. In such an embodiment, the
tubesheet is built up such that the slip flange is held
on the membrane device. The end capping means is
affixed to the flange which is held on the device by the
built up tubesheet. In another embodiment, the end
capping means may be welded or soldered to the case. 1In
another embodiment, one of the end capping means may
comprise an integral portion of the case.

The membrane devices of this invention further
comprise a feed inlet means. Generally, this is a port,
nozzle, fitting, or other opening which allows
introduction of the mixture of fluids to be separated
inte the device. In a boreside feed device, the feed
inlet means is located at one end of the device such
that the feed may be introduced into the bores of the
hollow fiber membranes. Such feed inlet means is
located in the vicinity of the opposite (eutside) face
of the first tubesheet. Preferably, the device is
designed such that there is a first fluid space or
region or cavity, that is, the feed inlet space or
region, which is sealed to prevent fluid communication
with the outside of the membrane device or with the

region between the tubesheets which is outside the

hollow fiber membranes. The inlet feed region is
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defined by the first tubesheet, the first end capping
means, and the case. Such feed inlet region functions
as a pressure vessel. The feed inlet means introduces
the feed fluid mixture into such region. Such region
communicates with one end of the hollow fiber membranes,
thus allowing the feed fluid mixture to be separated to
flow into and down the bores of the hollow fiber
membranes. The feed inlet means may be located in the
first end capping means. In a shellside feed device,
the feed inlet means is located in the vieinity of the
second fluid region external to the hollow fibers
between the tubesheets. In such an embodiment, the feed
inlet means is preferably located within the case.

The non-permeate outlet means is adapted for
removing the fluids which do not permeate through the
hollow fiber membranes from the membrane device. 1In a
boreside feed device, the fluids which do not permeate
through the membranes exit the bores of the hollow fiber
membranes at the end opposite that end te which the feed
fluid mixture is introduced. Preferably, the exiting
fluids enter a third fluid space or region, that is, the
non-permeate outlet region. Such space or region is
adjacent to the opposite (outside) face of the second
tubesheet and is sealed such that fluid eannot
communicate with the outside of the membrane device or
with the region between the tubesheets which is outside
the hollow fiber membranes. This region is generdlly a
space or cavity defined by the second tubesheet, the
case, and the second end capping means. The non-
permeate outlet means generally is a port, nozzle,
fitting, or other opening which allows removal of the

non-permeate from the device. The non-permeate outlet
' means may be located in the second end capping means.
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In a shellside feed device, the non-permeate outlet
means is located within the vicinity of the second fluid
region, preferably within the case.

) In a boreside feed device, the permeate outlet
means for removing the fluids which permeate through the
hollow fiber membranes from the region tetween the two
tubesheets which is outside of the hollow fiber
membranes is a port, nozzle, fitting, or other opening
adapted for withdrawing the permeate from the shellside
of the membrane device. In one embodiment, it is
preferable that the permeate outlet means be located
near the end of the membrane device to which the feed
filuid mixture is introduced. Such location of the
permeate outlet means results in countercurrent flow of
the feed fluid mikxture with relationship to the flow of
the permeate fluid, which enhances the concentration
gradient along the hollow fiber membranes, thereby
improving the recovery and productivity of the membrane
device. In a shellside feed device, the permeate outlet
means is located in the vicinity of the first fluid
region and/or the third fluid region exterior t¢ the
first and second tubesheets, respectively. Such
permeate outlet means are preferably located in the end
capping means.

In the embodiment utilizing boreside feed, the
membrane devices of this invention optionally contain
means for channeling flow. Such optional means far
channeling flow or baffles are arranged to channe&l flow
of permeate in a longitudinal direction parallel to the
core towards the permeate outlet means. The optional
means for channeling flow thus function to encourage

*eouritercurrent flow of the feed fluid mixture to be

separated down the bores of the hollow fibers with
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relation to the flow of the permeate fluid and the sweep
fluid, if any.

Such membrane devices of this invention may
contain one or more optional means for channeling flow
of permeate. Preferably, one means for channeling flow
encircles the exterior of the hollow fiber bundle and
has its first end attached to, or embedded in, the
second tubesheet such that the permeate fluid cannot
exit the device near the seé¢ond tubesheet; the second
end of said exterior means for channeling flow is
located a distance from the first tubesheet, wherein the
distance between the second end of the means for
channeling flow and the first tubesheet is sufficient to
withdraw the permeate fluid and sweep fluid, if any,
through the permeate outlet méans wherein such flow
occurs near the first tubesheet.

In another embodiment, one optional means of
channeling flow may be embedded in both tubesheets. In
such an embodiment, some means of allowing the flow of
permeate fluid from the outside of the hollow fiber
bundle to exit the device via the permeate outlet means
is incorporated in the means for channeling flow.
Preferably, the means for allowing the flow of fluid to
the permeate outlet means in such an embodiment are
holes or perforations in the flow channeling means.
Such holes or perforations are located near the end
embedded in the first tubesheet.

One or more optional means for channeling flow
may be located within the interior of the hollow fiber
bundle. The first end of such interior means for

. channeling flow is located near the second tubesheet

such that the distance between the second tubesheet and
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the interior means of channeling flow is sufficient to
allow the permeate fluid and sweep fluid, if any, to
flow into the flow channels created by the interior
means for channeling flow. The second end of such
interior means for channeling flow is located near the
first tubesheet wherein the distance between the second
end and the first tubesheet is sufficient to withdraw
the permeate stream and sweep fluid, if any, through the
permeate outlet means. Such interior means of
channeling flow function to maintain countercurrent flow
throughout the devieé and to eontrol permeate
concentration within the device. In the embodiment
where no sweep fluid is used, such interior optional
means for channeling flow preferably have a first end
embedded in the second tubesheet and the second end
located at a distance from the first tubesheet, said
distance between the end of the interior means for
channeling the flow and the first tubesheet being
sufficient to withdraw the permeate fluid flowing along
the interior means for channeling flow through the
permeate outléet means: Such interior optional means for
channeling flow functions to force the permeate fluid to
flow in a direction countercurrent to the direction that
the feed fluid mixture is flowing down the bore of the
hollow fiber membranes. Such éountercurrent flow
results in reducing the concentration of the permeate
fiuid in the region nearest the second tubesheet, thus
maximizing the concentration gradient across a major
portion of the length of the membrane device.

In the embodiment wherein a sweep fluid is
introduced into the hollow fiber bundle via the core, it
is preferable to have at least two means for channeling
:flow of permeate.
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The actual distance between the end of the
means for channeling flow and the first tubesheet is not
eritical, provided sufficient space is provided between

i ‘ the end of the means for channeling flow and the
tubesheets to allow the permeating gas to be withdrawn

% 5 by the permeate outlet means. This results in an
3 improved recovery and productivity for the device
k utilizing boreside feed.
The means for channeling flow may, in one
10

preferred embodiment, comprise a series of substantially
impermeable baffles or wraps. Such baffles are
preferably comprised of flexible materials which are
substantially impermeable to the fluids being separated.
15 Examples of suitable impermeable baffle materials are
MYLAR® polyester film available from ICI and SARANt
polyvinylidene chloride plastie film available from The
Dow Chemical Company. Such baffles may be arranged as
concentric tubes parallel to the core. Optionally, such
20 baffles may be formed in a spiral fashion beginning at
the core and ending near or at the outside of the
‘bundle. Thé number of baffles which may be present is
that number which provides sufficient channeling of the
permeate fluid to maintain a substantially
countercurrent flow: The number of baffles used will
therefore depend upon the bundle diameter, the packing
factor of the hollow fiber membranes in the bundle, and
the bundle length. In one preferred embodiment, baffles
.3 3q are preferably placed in intervals measured along the ;
bundle diameter from the core of between 1/4 to 2
inches, (0.6 to 5.1 cm) more preferably 3/4 to 1 1/2
inches, (1.9 to 3.8 cm) even more preferably 3/4 to 1
174 (1.9 to 3.2 em). The baffle length should be
‘sufficient to promote countercurrent flow along a major
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portion of the length of the hollow fiber membranes.

The baffles preferably extend along the length of the
bundle between the tubesheets between 50 and 95 percent,
more preferably between 75 and 95 percent, even more
preferably between 80 and 90 percent.

B

5
Optionally, the device may contain a separate i
tubesheet support means comprising a means which iﬁ
functions to support the outer edge of the tubesheets !
10 and to prevent or reduce stresses due to bending and

compression as a result of pressurizing the outside
faees of the tubesheets. The tubesheet support means is
preferably a cylinder which surrounds the outer portion
of the hollow fiber bundle and is bonded about the
| 15 tubesheet with a resin. Any resin which adheres the
E tubesheet to the tubesheet support and has sufficient
“ modulus to maintain the bond under normal operating
conditions is useful for forming such a bond. Included
in the resins which may be used to form such a bond are
20 the resins whieh may be used to form the tubesheets.
The support means may surround a portion of the
Z tubesheet and be bonded thereto or the support means may
‘ be embedded in a tubesheet which is built up around the
support means. The tubesheet support means may be made
of any material which provides sufficient support to
prevent or reduce the comsression stresses and bending
stresses on the tubesheef and to prevent the tubesheets
from collapsing in on one another. Such materials

30 include high strength plastics such as PVC, composites,
and metals: metals are preferred. Examples of metals
which may be used include aluminum or steel. The
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tubesheet support means contains one or more ports or
openings so as to allow the permeate fluid to leave the
membrane device.
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Optionally, a material which functions to
insulate the membrane device and/or absorb shock may be
placed within the case on the outside of the hollow
fiber bundle in the region between the two tubesheets.,
Shch‘a'material includes polyurethane foam and tightly
packed foam beads. The material generally covers a
portion of the outside of the hollow fiber membrane
bundle, said portion extending from the second tubesheet
along the length of the hollow fiber membrane bundle
towards the first tubesheet and ending short of the
first tubesheet such that a sufficient opening exists to
allow the permeate fluid and sweep fluid, if any, to
flow through the opening to the permeate outlet means.
In a preferred embodiment, the insulating and/or shock
absorbing material also functions as the exterior means
for channeling flow.

The hollow fiber membrane bundles of this
invention may be constructed using processes well known
in the art. Generally, in hollow fiber membrane bundle
fabrication, the hollow fiber membranes are formed into
a bundle with a suitable shape for deviee construction.
Preferred bundle arrangeménts include parallel laying
down of fibers or bias wrap laying down of fibers. The
tubesheets may be formed about the ends of the bundle
simultaneously with laying down of the fibers. such as
by dripping resin along the fibers as the fibers are
laid down. Alternatively, the bundle may be formed and
then the tubesheets may be formed about each end of the
bundle by centrifugal casting #r dunk potting
techniques, as well known in the art. In those
embodiments where it is desirable to build up the

» tubesheets to a circumference larger than the
circumference of the hollow fiber bundle, the following

PCT/US90/00715
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g procedure may be used. Where the tubesheets are formed
i after the formation of the bundle, the casting or
potting technique involves using appropriate molds to
| form larger circumference tubesheets. In the embodiment
d where the tubesheet is formed as the fibers are being
laid down, once all the fibers have been laid down, the
tubesheets may be built up by a variety of methods. One
. such method is to continue to wrap resin and impregnated
cloth around the end of the tubesheets or circumference
10 of the tubesheets and provide further resin so that the
tubesheets are built upj thereafter, the resin is cured.

S

The optional means of channeling flow, that is,

preferably the baffles are introduced into the hollow
15 fiber bundle during fabrication of the bundle. If the
8 baffles are placed in spiral or jelly roll
configuration, the pbaffles are placed around the fibers
i as the fibers are laid down. Alternatively, if the

baffles are of a concentric cylinder arrangement, then
20 after a portion of the fibers are laid down, a baffle is
4 placed cver the fibers, and further fiber layers are
laid down until the next baffle is placed over the
| fibers; this procedure is continued until the device is

completed.
25

Once the hollow fiber bundle, tubesheets, and
baffles have been assembled, then the optional tubesheet
support means is placed about the outside of the hollow
fiber bundle and either bound to the tubesheet using a
resin, or the tubesheet is built up around the end of
the tubesheet support means. In one embodiment where
the tubesheet support means is bonded %o the tubesheet,
the following procedure is used. With the tubesheet

' support means on end, the tubeSheéts and hollow fiber
bundle is inserted into the tubesheet support means, the

o 30
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tubesheet on one end of having been previously built up
and machined to provide a shoulder against which the
tubesheet support means is seated on said end. The
tubesheet is then optionally built up around the
tubesheet support prior to sealing the module within the
case as hereinafter described.

The tubesheets may be potted and placed inside
of the tubesheet support means, forming the tubesheet
and the bond between the tubesheet and the tubesheet
support means in a single step. Once the tubesheet
support means is bonded to the tubesheet; then an
attachment means is bonded to the tubesheet support
means, the tubesheet, or both, which is adapted for
attaching the end capping means thereto. In one
embodiment, a flange is welded to the tubesheet support
means or bonded tc the tubesheet via a resin, or both.
Thereafter, the end capping means are attached to such a
flange. Where necessary, gaskets are placed bétween the
flange about the tubesheet and the end capping means so
as to insure a fluid tight seal. Alternatively, slip
flanges may be used as described hereinbefore.

To seal the hollow fiber membrane module within
the case., t{he case with protective lower and one end
capping means in place is first obtained and is
positioned in a substantially vertical position. The
hollow fiber membrane separation module which has been
prefabricated as hereinbefore described is then
positioned within the case and held in a substantially
fixed position by suitable means. Thereafter, a resin
is injected through an opening at the bottom of the case
or lower end cap, into the interior region between the

"interior wall surface of the case and the exterior

surfdace of the tubesheét, the resin being injected in an
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amount sufficient to substantially fill the region in
- the case such that said resin encompasses a substantial
-3 portion of the tubesheet, while retaining a space or
y cavity overlying the open fiber ends of the tubesheet. ‘o

: 5 The resin is then allowed to cure. Thereafter,
i the case position is reversed, and the process repeated.
1 That is, that portion of the case which was originally
at the top, is now positioned at the bottom, and a resin
is injected through an opening at the now bottom of the
case or end cap into the interior region between the
interior wall surface of the case and the exterior
surface of the tubesheet, the resin being injected, in
an amount sufficient to substantially fill the region in
the case such that said resin encompasses a substantial
portion of the tubesheet. Thereafter, the resin is

" allowed to cure.
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After the resin at both ends of the device has
cured, an opening is made such as by drilling through at
least one of the openings through which the resin was
originally injected, so that communication may be
obtained from the exterior of the case to the interioer
spaces or regions overlying the faces of the hollow
25 fibers through which fluid may be introduced or

20

withdrawn.

The process of the invention is further

illustrated by reference to Figures 1-T; the hollow

30 fibers argﬂpgﬁ&%Pown for simplicity. Referring”té
FlguresS.Lthe hollow fiber bundle 10 containing optional
baffles 71 is formed with tubesheets 14 and 15 about a
plugged core 12, thus comprising a hollow fiber membrane
module. The hollow fiber membrane module includes
protective tubesheet caps that define and protect the

o7t RS

il

T 0 e B e R

P

e

M
<
(k%xx
-
2
}
R uv&m’a g

L s - P S BT %%Mrfﬁ'ﬁ&mﬁ g QW&‘&@(WWW ’

IR N '3 kel e e . m.a PR



g iy LR ST B

Nt

i

|
1
!

| 23

i
j
[ ?
L ST 5

-

. ;“K)90ﬂﬂ&24

10

15

20

25

30

: A o S+ N1 o R G e e e it o e e ke M i e
I P N S P PO -

PCT/US90/0071S

~35-

space or cavity regions 19, 20 overlying the open ends
of the hollow fibers. The numerals "19" and "20" are
used in the Figures to denote either the protective
tubesheet cap or the space or cavity defined thereby
adjacent the first or second tubesheets, respectively.

The module is inserted vertically into case 16
containing an integral end cap 18 in which is located an
opening 22, such that the end of the hollow fiber bundle
comprising tubesheet 15 and protective tubesheet cap
overlying the space 20 are located at the bottom of the
vertically situated case 16. Resin is injected into the
region formed between the interior surface of the case
16 and the exterior surfaces of the protective tubesheet
cap 20 and tubesheet 15. After the resin cures, the
position of the case 16 is reversed, and the procedure
may be repeated. End cap 17 is attached in place via
bolts 24 over protective tubesheet cap 19. End cap 17
contains an opening 21 into which resin is injected.
Openings 21 and 22, filled with resin, are drilled
through and into protective tubesheet caps 19 and 20 to
permit fluid to be introduced or withdrawn therethrough.

Figures 6A and TA are enlarged views of the
ends of the device of Figure 5 illustrating the sealing
means of Figure 5.

Figures 6B and 7B are enlarged views of the
ends of a membrane device of this invention adapted for
a shellside sweep fluid and possessing alternate sealing
means. As noted in the discussion above with respect to
flowing a sweep fluid on the exterior of the hollow
fibers, the bore 12 may be perforated (such perforations

+are not shown in the Figures). The sweep fluid may be

introduced through the core 12 by means of openings 23,

B A RIS Ry BRGNP . - v T

iR S Taiimin

- e SuRC RN

R e Sl

i

-




end T L e e "‘"‘“m

| PCT/ s .
WO 90/09224 USstiems -

-36-

3 25 at either or both ends, with the mixture of permeate
3 and sweep fluid being withdrawn from the fitting on the

y P P
casing (16) near the first tubesheet (14). Other flow
arrangements, as desired, may be employed.

5 The process of this invention enables a

membrane separation unit assembly to be constructed in
which the membrane module is bonded to the interior wall
surface of the case within which it is positioned,
thereby providing a fluid-tight seal between those

10 regions through which the fluid passes, without the
possibility of intermingling of fluid between the
regions.

ey

The feed fluid may be introduced on the
tubeside or shellside of the hollow fiber membrane
N separation device. Preferably, the feed fluid is
introduced down the bores of the hollow fibers. The
device unit may be operated under a variety of shellside
20 flow configurations inecluding co-current flow,
counter~current flow, and radial flow.

15
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In the embodiment utilizing boreside feed
wherein a sweep fluid is used, the sweep fluid may be
25 any fluid which aids in the removal of the permeate
fluid from the shellside of the membrane device. The
sweep fluid may be a liquid, vapor, or gas: In a gas
‘ separation or membrane stripping separation, the sweep
§

fluid is preferably a gas. Preferred sweep gases
30 include air, nitrogen, and the like.

The operating temperature and pressure of the

device is dependent upon the type of membrane used and
. the membrane separation method employed. The operating
temperature should be below the temperature at which the
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membrane integrity is adversely affected, that is, below
the softening or melting point of the polymer from which
the membranes are fabricated. The operating temperature
preferably is less than 95°C, more preferably less than
60°C. Operating at ambient temperatures is often
convenient. The operating pressure should be sufficient
to pump the fluid to be treated, yet below the burst or
collapse pressure of the hollow fibers, depending upon
the feed mode utilized. The burst and collapse
pressures are dependent on the membrane material and the
fiber size. Preferably, the operating pressure is less
than 2,000 psig (13,891 kPa absolute) in the case of
shellside feed and preferably less than 100 psig (791
kPa absolute) in the case of boreside feed.

This invention can be more fully understood by
reference to the following Example, which is intended to
be illustrative of the invention, and not limiting
thereof.

Exambple 1

A hollow fiber membrane separation module is
constructed comprising a tubular central core,
surrounded by a plurality of semi-permeable hollow
fibers, extruded from tetrabromobisphenol A
polycarbonate in accordance with the method deseribed in
U.S. Patent 4,772,392. The fibers are arranged in
parallel to the central core, thus forming an elongated
cylindrical device. Each end of the device is potted in
an epoxy resin, to provide tubesheets which hold the
hollow fibers in place. A protective tubesheet eap is
positioned over the open face of each of the tubesheets

- at each end of the module, and the module is inserted

into a tubular case which is closed at one end by an end
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cap. The tubular case has one port on the side thereof
through whieh fluid may be introduced or withdrawn, and
an opening at each end communicating with the space or
region formed by the protective caps over the respective
ends of the hollow fiber membrane separation device.

The case is then placed in a substantially
vertical position, and resin is introduced through the
opening in the bottom of the case, in an amount
sufficient to fill the region between the external
surface of the tubesheet and the inner wall of the case
up to a level approximately equal to the inwardly
directed face of the tubesheet. The resin is then
allowed to cure.

' Thereafter, the case is reversed, positioning
that portion which was originally at the bottom now at
the top, and repositioning that portion which originally
formed the top, now at the bottom.

Thereafter, resin is introduced through the
opening now positioned at the bottom of the case in an
amount sufficient to fill in the available space between
the external surface of the tubesheet, and the inner
wall of the case within which the membrane module is
positioned, up to a level equivalent with the level of
the inwardly directed face of the tubesheet. The resin
is then allowed to cure.

Thereafter, the openings at each end of the
membrane device through which the resin is introduced,
and whieh now contain cured resin, are reboreéd to a
depth whereby the protective cap overlying the open

,faces of the hollow fibers and the outwardly directed

face of the tubesheets at each end is penetrated.
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Thus, means is provided for introducing or
withdrawing fluids through said respective rebored
openings to that area provided by the protective covers
over the faces of the tubesheets., This enables gases or
liquids to be introduced into or withdrawn from the
hollow fiber membranes.
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1. A process for sealing a hollow fiber

membrane separation module into a case in which the
hollow fiber membrane separation module comprises a
plurality of hollow fibers arranged in a bundle
surrounding a core and having tubesheets surrounding
each end of the bundle which bind the hollow fibers
together, the process comprising:

A,

e et e met m aen vmn e e eh e e s

pesitioning the hollow fiber separation module
within a case, while the case is in a substantially
vertical positions

introducing a resin through an opening into the
first end of the case in an amount sufficient to
substantially fill the region adjacent said end
between the interier of the case and first tubesheet
while retaining a space or cavity overlying the open
ends of said hollow fibers at said first tubesheet;

curing the resinj;
reversing the position of the case:;

introducing a resin through an opening into the
second end of the case in an amount sufficient to
fill the region adjacent said end between the
interior of the case and second tubesheet while
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D. a core (12) about which the hollow fiber membrane
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retaining a space or cavity overlying the open ends
of said hollow fibers at said second tubesheet;

F. curing the resin; and

G. providing openings at each end of the case through
the cured resin, penetrating to the spaces overlying
the ends of the hollow fibers, thereby providing
flow paths for introducing and/or withdrawing fluids

through said hollow fiber membrane separation
module.

2. The process of Claim 1 wherein the hollow
fiber separation module, comprises:

B S

A. a plurality of hollow fiber membranes, arranged in a
bundle (10) and are adapted for the separation of
one or more fluids from a fluid feed mixture;

B. a first tubesheet (14) formed of a thermoset or
thermoplastic polymeric material located at a first
end of the bundle (10), said hollow fiber membranes
embedded in the first tubesheet, communicating
through the first tubesheet. and open on the
opposite face of the first tubesheet;

P i t i
- . T e 7 T "

C. a second tubesheet (15) formed of a thermoset or
thermoplastic polymeric material located at a second
end of the bundle (10), opposite the first end of
the bundle, said hollow fiber membranes embedded in
the second tubesheet, communicating through the
second tubesheet, and open on the opposite face of
the second tubesheet;

bundle is formed, further arranged such that the
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core (12) extends through and is bonded to the first
tubesheet (14) and the second tubesheet (15); and

E. means (11) for channeling flow of fluid that
permeates through the hollow fiber membranes to the
region between the two tubesheets and is outside of
the hollow fiber membranes, said means channeling
said flow 1longitudinally paraliel to the core, said
channeling means having one end embedded in or
attached to the second tubesheet (15) and the

10 opposite end located at a distance from the first

tubesheet (14) sufficient to withdraw said fluid
from said module«

3. The process of Claim 2 wherein said core

3 Exn
2

means for channeling flow, comprises:

15 (12) is permeated for introducing a sweep fluid into the %i

portion of the module between the first and second £

? tubesheets that is outside of the hollow fiber %f
g membranes. é?
§ 20 4. The process of Claim 2 or 3 wherein the %%
4

2 e

an exterior baffle (11) that eneircles the
exterior of the hollow fiber bundle (10),

25 wherein the first end of said baffle (11) is
attached to or embedded in the second tubesheet
(15) and the opposite end of said baffle is

located at a distance from the first tubesheet
(14) that is sufficient to permit withdrawal of
He 30 the permeate fluid; and

at least one interior baffle (11) in the
interior of the hollow fiber bundle, wherein
the first end of said interior baffle is
located near the first tubesheet (14), at a
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distance therefrom that is sufficient to allow
withdrawal of the permeate fluid from said
module and the second end of said baffle is
fixed to said second tubesheet (15).

5. The process of Claim 1 wherein the hollow
fiber membranes have a dense discriminating region which
separates one or more fluids from one or more octher
fluids.

6. The process of Claim 6 wherein the hollow
fiber membranes comprise at least one of polysulfone,
polyethersulfone, polyimide, polyestercarbonate, or
polycarbonate.

T The process of Claim 1 wherein the
membranes are microporous and comprise at least one
polyolefins, fluorinated polyolefins, poliystyrene,
polyetherketone or polyetheretherketone.

8. The process of Claim 7 wherein said
polyolefin is polyethylene, polypropylene or poly-i-
methylpentene.

9. The process of Claim 2 wherein the means
for channeling flows comprise impermeable baffles that
extend 50 to 95 percent of the bundle length between the
two tubesheets.

10. The process of Claim 1 wherein the hollow
fiber membrane bundle is bias wrapped or paralilel
wrapped.

17+ The process of Claim 1 wherein said resin
for filling regions between casing and tubesheets
comprises an epoxy resin or a polyurethane resin.
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12. The process of Claim 2 wherein the core

(12) is adapted to return fluid which does not permeate
through the hollow fiber membranes in the vicinity of
the second tubesheet to the vicinity of the first
tubesheet.

13-

A.

.‘Ea

A fluid separation device, comprising:

a plurality of hollow fiber membranes, arranged
in a bundle (10) and adapted for the separation
of one or more fluids from a fluid feed
mixture:

a first tubesheet (14) formed of a thermoset or
thermoplastic polymeric material at the first

end of the bundle, said hollow fiber membranes

embedded in the first tubesheet, communicating
through said tubesheet (14) and open on the
opposite face of said tubesheet (14);

a second tubesheet (15) formed of a thermoset
or thermoplastic polymeric material at the
second end of the bundle opposite the first
end, said hollow fiber membranes embedded in
the second tubesheet (15), communicating
through said second tubesheet (15), and open on
the opposite face of said tubesheet (15);

a core (12), about which the hollow fiber
membrane bundle (10)is formed, further arranged
such that the core (12) extends through and is
bonded to the first tubesheet (14) and the
second tubesheet (15); '

a tubesheet support cylinder which encircles
the bundle wherein a first end is bonded to or
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embedded in the first tubesheet (14), and a
second end is bonded to or embedded in the
second tubesheet (15);

a feed inlet (21) for indroducing a feed
mixture of fluids to be separated into the
bores of the hollow fiber membranes by
contacting the feed mixture with the hollow
fiber membranes at the opposite face of the
first tubesheet;

a feed inlet space or region (19) adjacent to
the opposite face of the first tubesheet (14)
arranged to form a cavity into which the feed
inlet means introduces the feed mixture,
wherein the region is sealed such that fluid
can only enter or leave the region through the
feed inlet region or the hollow fibers and the
feed inlet is arranged to introduce the feed
fluid mixture into the bores of the hollow
fiber membranes:

a non-permeate outlet (22) for removing the
fluids which do not permeate through the hollow
fiber membranes from the bore of the hollow
fiber membranes at the opposite face of the
second tubesheet;

a non-permeate outlet space or region adjacent
to the opposite face of the second tubesheet
(15) arranged to form a cavity into which the
hollow fiber membranes introduce fluids whieh
do not permeate the membrane, and from which
the non-permeate outlet removes the none
permeating fluids from the module, wherein the
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non-permeate outlet region is sealed such that
fluid can only enter or leave the region
through the hollow fiber membranes or the non-
permeate outlet means:

a casing (16) arranged to encase the entire
hollow fiber membrane bundle and the two
tubesheets;

v QU AT 2 e e em

an opening in the casing (16) and tubesheet
suppoﬁt eylinder for removing the fluids which
permeate through the hollow fiber membranes
from the vicinity of the hollow fiber
membranes;

baffles (11) for channeling flow of permeate in
the lengitudinal direetion parallel to the core
toward the permeate outlet, wherein said
baffles (11)have one end embedded in the second
tubesheet and the second end terminated at a
short distance from the first tubesheet to
allow the permeate to flow to the permeate
outlet means;

resin seals, between the first tubesheet (14)
and the casing (16) and between the second
tubesheet (15) and the casing (16), such that
fluid cannot communicate between the feed inlet

two tubesheets which is outside of the hollow
fibers;

a first end cap (17) for sealing the end of the
casing (16) near the first tubesheet (14),
thereby enclosing the feed inlet space or
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region (19), said end cap (17) being physically fixed
to said casing (16).

0. a second end cap (18) for sealing the end of the
casing (16) near the second tubesheet (15) thereby
enclosing the non-permeate outlet space or region
(20), said end cap (18) being physically fixed to
said casing (16).

14. The device of Claim 13, further comprising:

a permeated core (12) for introducing a sweep fluid
into the permeate side of said hollow fiber membranes.

15. The device of Claim 14 wherein said core 12 is
perforate only near the second tubesheet (15), whereby flow of
sweep fluid and permeate parallel to said core, countercurrent
to flow of bore-side fluid.

16. A process according to any one of Claims 1 to 12
substantially as herein described with reference to the
drawings.

17. A device according to any one of Claims 13 to 15
substantially as herein described with reference to the

drawings.
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IPC” BOLD
US _55/158

Accordingato international Patem Classification (IPC) or to botn National Classification and IPC

U FIELDS SEARCHED

Minimum Oocumentation Searched 7

Classification System

Classification Sympols

U.S. 55/16 68,158

210/321 79 ,321.8,321.88,321.89,321.9,500.23

Documentation Searched other than Minimum Documentauon’
to the Extent that such Documents are Included n the Fields Searched §

ll. DOCUMENTS CONSIDERED TO BE RELEVANT ?

Categ{;ry i Citation of Qocument, 1! with mn.icanon. wbeve appropriate, of the relevant passages 2 Relevant to Claim No. '3
X Us, A, 4,686,039 OTSTOT ET AL 11 August 1987 1,5,10-11
. Colum 2, line 59 through columm 3, line
55 and column 4, line 48 through column 5,

line 52
Y US, A, 4,323,454 FRITZSCHE ET AL 06 April 1982 6

column 20, lines 26-65
Y |US, A, 4,666,543 KAWANO 19 May 1987 7-8

column 3, lines 3-11 )
A Us, A, 3,832,830 GEROW 03 September 1974 1-15
A {US, A, 4,031,012 GICS 21 June 1977 1,13
A US, A, 4,269,712 HORNSBY ET AL 26 May 1981 - 1-15
A UsS, A, 4,283,284 SCHNELL 11 August 1981 1,13
A US, A, 1&,329,229 BODNAR ET AL 11 May 1982 1-12
A Us, A, 4,341,005 OSCARSSON 27 July 1982 1-12
* Special gories of cited d ment A

"A" document defining the general state of the art ahich s not
considered to be of particular relevance
“E" earlier documerit but published on or after the international
filing date
“"L" document which riay throw doubts on prionty claim(s) or
which 13 cited to h the p date of another
ign or other | reason (as specified)

“O" document refernng to an oral disclosure. use, exhibition or
other means

“P* dgcument published prior to tha international filing date But
later than the priority date claimed

“T* (ater document published after the international fiing date

ar prionity date and not in conflict with the apghcation but
cited to understand the prinCiple or theory ungeriying the
invention

document of particular relevance: the clarmed idvention
cannot be considersd novel or cannot be consiaered to
1Nvolve an inventive step

documcnt ot pamculcf celevance; the claimed nventign

ed ive an inventive step when tne
docum.nt s combmm wnh one or more other such docu-
mtlnhu. s':m,h combination being obvidus to a person siiiled
in the ant,

“4" document member of the same patent tamily

*

"IV, CERTIFICATION

Date of the Actual Completion of the inter

12 MARCH 1990

| Search

1 Date of Mailing ot this inter | Search Report
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A | US, A, 4,389,363 MOLTHOP 21 June 1983 1-12
A us, A, 4,689,149 KANNO ET AL 25 August 1987 1-15

V‘D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE '

Tius international search renort has not been established in respect of certain claims under Articie 17(2) (a) for the following reasons:

I.D Cia}m numbers because they relate to Subject matter L2 not required to be searched by this Authorty, namely:-

i § Z.D Claim numbers . because theytefate to parts of the international application that'do not comply wilh the prescribed require-
ments to such an estent that no meaningful internationai search can be carnéd out (%, specifically:

3. D Claim aumbers ¢ , bacause they are dependent claims not drafted in accordance withi the sacond and third sentences of
PCT Ruie 6.4(a).

V!.D OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING ?

‘This International Searching Authority found multiple inventions in this international application as follows:

i.,D; As all required additional search fees were timely paid by the applicant, this international search report covers ail searchable claims
af the.international application.
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) 2. As only some of the required xdd‘i!icna‘l‘su’rch fees were timel; paid by the applicant, this international search report covers only
] those claims of the international application for which fees were paid, specifically claims:

G{D No required additional search tees were timely aid by the licant, C queiitly, this international search report is restricted to
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intwite payment ot any adawonal lee.
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