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Microporous Membrane for Flash Distillation

Field of the Invention

The present invention is directed to microporous membranes for use in

distillation of saline water, and methods for using said membranes.

Background of the Invention

The availability of potable water is one of the most significant health and
environmental issues facing much of the earth's population. Increasing urbanization,
along with degradation and depletion in freshwater supplies, have created a growing
need for desalination plants to convert seawater into potable freshwater. One
established method of desalination is the use of reverse osmosis membranes to
produce potable water for human consumption. Reverse osmosis (RO) has seen
significant growth in recent years, but many existing RO systems demonstrate low
separation quality, which limits the scope of their application and economy of use,
and also require significant energy to operate because the impure water must be
pumped at relatively high pressures through the RO membranes.

Multistage flash (MSF) distillation, especially in areas with significant energy
resources, is another existing desalination technology. In addition, multi-effect
distillation (MED) or vapor compression systems (VC) have attracted some interest.
Both MSF and MED can use membranes to help in desalination and wastewater
treatment. Although MSF and MED systems have shown increasing acceptance,
existing membranes used in these methods have certain deficiencies, including low

rejection of salt ions, low flow rates of freshwater or steam through the membranes,
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lack of durability, or undesirable cost. Therefore, a need exists for an improved

membrane for use in MSF and MED systems.

Summary of the Invention

The present invention is directed, generally, to a microporous membrane for
flash distillation comprising at least three layers having distinct properties. Generally,
the membranes contain outer layers of relatively small pore size, with an interior layer
with relatively large pore size.

Thus, for example, the membrane material can include a first porous
membrane layer or region; a second porous membrane layer adjacent the first porous
membrane region and having lower density than the first porous membrane layer; and
a third porous membrane layer adjacent the second porous membrane region and
having a higher density than the second porous membrane region.

The invention is also directed to a system for desalinization comprising a
source of hot brine. The system includes, in certain embodiments, a first microporous
membrane region wherein the hot brine flashes to steam and a second microporous
membrane support region having lower density than the first membrane region,
wherein steam from the first membrane region expands. A third microporous
membrane region has higher density than the second membrane support region.
Expanded steam from the second membrane support region flows through the third
membrane region, while the resistance to flow within the third membrane region
causes backpressure within the second membrane support region. This backpressure is
believed to help prevent the passage of brine from the first membrane region through
the second membrane support region. A condenser collects steam from the third

membrane region as potable water.
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Other features and advantages of the invention will be apparent from the
following detailed description of the invention and the claims. The above summary of
principles of the disclosure is not intended to describe each illustrated embodiment or
every implementation of the present disclosure. The detailed description that follows

5  more particularly exemplifies certain embodiments utilizing the principles disclosed

herein.

Brief Description of the Drawings

The invention will be more fully explained with reference to the following

10  drawings:

FIG. 1 is a schematic diagram of a four-section continuous membrane flash
distillation apparatus made in accordance with aspects of the invention.

FIG. 2 is a cross sectional drawing of a flash distillation chamber made in
accordance with an embodiment of the invention.

15 FIG. 3 is a partial cross sectional drawing of the flash distillation chamber of
FIG. 2, showing the condenser wall, separation/drainage medium, and vapor
membrane.

FIG. 4A is an enlarged cross sectional drawing of a vapor membrane made in
accordance with an implementation of the invention.

20 FIG. 4B is an enlarged cross sectional drawing of a vapor membrane made in
accordance with an implementation of the invention.

While principles of the invention are amenable to various modifications and
alternative forms, specifics thereof have been shown by way of example in the
drawings and will be described in detail. It should be understood, however, that the

25  intention is not to limit the invention to the particular embodiments described. On the
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contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the disclosure and claims.

Detailed Description of the Invention

The present invention is directed, in part, to a microporous membrane for flash
distillation comprising at least three regions of membrane material. This membrane
material generally includes a first porous membrane region; a second porous
membrane region adjacent to the first porous membrane region and having lower
density than the first porous membrane region; and a third porous membrane region
adjacent the second porous membrane region and having a higher density than the
second porous membrane region.

Referring now to the drawings, FIG. 1 shows a schematic diagram of a four
section continuous membrane flash distillation apparatus made in accordance with
aspects of the invention. In particular, FIG. 1 shows a continuous membrane flash
distillation apparatus 10 suitable for use with the multilayer microporous membranes
of the invention.

The apparatus 10 of FIG. 1 includes four distillation chambers 12a, 12b, 12c¢,
and 12d connected in series. Each distillation chamber 12a to 12d includes a
corresponding input 14a to 14d for heated seawater (including other salt-containing
water not originating as seawater, such as salt-containing water from landlocked
lakes), plus brine outlets 16a to 16d. Seawater is heated by heater unit 17 in the
disclosed embodiment. In addition, each distillation chamber 12a to 12d includes a
source seawater inlet feed 18a to 18d and outlet 20a to 20d. It will be observed that
flow of the heated seawater is in the opposite direction through the distillation

chambers than the source seawater that enters by inlet feed. Thus, the heated seawater
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flows from distillation chamber 12d to 12¢ to 12b and finally to 12a. Source seawater
flows in the opposite direction from chamber 12a to 12b to 12¢ to 12d. During
operation, in the depicted embodiment, the heated seawater from the inputs 14d, 14c,
14b, and 14a function as a counter-current heat source for warming the source
seawater that enters from seawater inlet feed 18a into chamber 12a and then on
through subsequent distillation chambers 12b, 12¢, and 12d. Distillate is collected out
the bottom of each chamber by way of respective distillate c;utlets 22a, 22b, 22¢, and
22d.

Referring now to FIGS. 2 and 3, operation of the desalination apparatus 10 is
explained. The interior of chamber 12a is shown in cross section in FIG. 2, with a
detail of a section of that chamber shown in FIG. 3. Heated seawater enters chamber
12a at input 14a, travels along the length of chamber 12a via heated seawater passage
23a to outlet 16a. The heated seawater in passage 23a comes in contact with
membrane 24a, and some of the heated seawater is formed into steam at the
membrane, and enters collection chamber 26a.

In certain embodiments, the membrane 24a includes a first microporous
membrane region wherein the hot brine flashes to steam and a second microporous
membrane support region having lower density than the first membrane region,
wherein steam from the first membrane region expands. A third microporous
membrane region has higher density than the second membrane support region.
Expanded steam from the second membrane support region flows through the third
membrane region, while the resistance to flow within the third membrane region
causes backpressure within the second membrane support region. This backpressure is

believed to help prevent the passage of brine from the first membrane region through
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the second membrane support region. A condenser collects steam from the third
membrane region as potable water

The microporous membrane can include, for example, a polymeric film
characterized by nodes interconnected by fibrils. In certain embodiments the first
region and the third region are characterized by an average pore size of 0.02 to 1.0
microns. Also, in certain embodiments the first region and the third region are
characterized by an average void fraction of 70 to 97 percent. The second region can
have, for example an average void fraction of 80 to 97 percent.

Generally, the thickness of each region is about 0.001 to 0.004 inch, but can be
thicker or thinner in some embodiments. In some embodiments the overall
microporous membrane is 0.001 to 0.01 inch thick, in other embodiments the overall
thickness of the microporous membrane is 0.004 to 0.01 inches.

In some embodiments each region comprises a material selected from the
group consisting of metal fibers, borosilicate fiberglass, a polymer, and combinations
thereof. For example, one or more region can be formed expanded polymeric
material selected from the group consisting of polyester, polypropylene,
polycarbonate, polyfluorocarbons, and combinations thereof. Particularly suitable as a
membrane material is polytetrafluoroethylene (PTFE). In some embodiments it is
possible to add a hydrophilic treatment to the membranes.

The membrane can be provided in a tubular shape. This tubular shape can be
formed by, for example, centrifugal casting or spiral wrapping. A tubular shape can be
obtained by paste extrusion, stretching, and sintering; or formed by rolling a stretched
membrane onto a mandrill followed by sintering. In some embodiments the

membrane is heat stabilized by applying heat to the membrane under pressure.
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The invention is also directed to system for desalinization comprising a source
of hot brine; a first microporous membrane region wherein the hot brine flashes to
steam; a second microporous membrane support region having lower density than the
first membrane region, wherein steam from the first membrane region expands; and a
third microporous membrane region having higher density than the second membrane
support region, wherein the expanded steam from the second membrane support
region flows through the third membrane region and wherein the resistance to flow
within the third membrane region causes backpressure within the second membrane
support region that prevents the passage of brine from the first membrane region
through the second membrane support region.

In some embodiments of this system, first microporous membrane region and
the third microporous membrane region comprise pore sizes of 0.02 to 1.0 microns,
and the second microporous membrane support region comprises a void fraction of 80
to 97 percent.

In certain applications, a microporous membrane is comprises at least two
layers, wherein each layer is characterized by nodes interconnected by fibrils, the
layers are bonded by means of plastic flow at temperatures below the melting point of
either membrane material, and the pore architecture is formed in situ by an expansion
process. A stratified microporous membrane is produced wherein the pore
architecture of each layer may be discretely controlled.

The pore architecture of PTFE or PTFE/silicone membranes can be discretely
controlled in a layered fashion by permanently bonding two or more extrudate ribbons
together during a calendering process. By utilizing different extrudate compositions,
the degree of molecular orientation caused by extrusion and calendering can be

dissimilar for each layer. Since at least one layer of the extrudate ribbon is still
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partially saturated with organic lubricant at the time of laminating, cold mass flow is
easily accomplished and a permanent bond is readily achieved.

Any subsequent expansion of the stratified extrudate ribbon produces pore
structures of disparate or different architectures in each layer. As a result, the final
product is actually a single membrane with a stratified pore structure rather than a
lamination of separate membranes. The effect can be further exaggerated by applying
different amounts of linear and/or transverse stretching to one or more of the
extrudate ribbons prior to calendar bonding. The thickness of each layer is
determined by the thickness to which it is calendared prior to lamination, and may be
different for each layer of the product.

It is further contemplated that eabh layer of the stratified ribbon may be
independently modified with surfactants and the like prior to lamination to produce a
microporous sheeting with different surface properties on each side thereof.
Furthermore, multi-layered articles may be produced by repeating the process in
series. Alternatively, multiple layers of the same polymer formulation may be
Jlaminated together to permit the expansion of extrudate ribbon of a thickness greater
than that which can be achieved with a given extrusion die.

The product of this process is useful for numerous applications. For example,
stratified pore architectures have obvious usefulness in filtration processes. A very
thin film with a small pore size may be attached to a thicker membrane with a larger
pore size. The effect is to have most of the filter efficiency of the thin, small pore size
membrane; while having the overall physical integrity of the thicker membrane. Since
an adhesive is not used in this process, the flow rate and efficiency of the filtration

system is not decreased by the blockage of open pores. Since the expansion process
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creates pore size gradients in situ, the crushing effect of thermo bonding two
microporous membranes is avoided.

The invention relates more particularly to a microporous layered membrane
with a stratified pore structure across its thickness. One layer of the membrane has a
mean pore size which is substantially smaller or larger than the mean pore size in the
other layer(s). This stratified pore structure is created in situ by the process of 1)
extruding polytetrafluoroethylene (PTFE) resin or a PTFE silicone interpenetrating
polymer network (IPN) into a first ribbon; 2) optionally, calendaring said first ribbon
to a reduced thickness; 3) optionally, orienting said calendared first ribbon by causing
stretching in at least one direction; 4) extruding a second PTFE or IPN ribbon of like
or dissimilar composition; 5) optionally, calendaring said second ribbon to a reduced
thickness; 6) laminating the first sheeting material to the second extrudate ribbon
during an addition calendaring process; 7) orienting the ribbon of step (6) by
stretching in at least one direction so as to create a microporous membrane with a
stratified pore structure; and 8) optionally, heating the membrane above its crystalline
melting point as to cause sintering. The bond between layers of ribbon is achieved
under conditions of high plasticity, and the porosity of each layer is determined by the
expansion process.

The present invention should not be considered limited to the particular
examples described above, but rather should be understood to cover all aspects of the
invention as fairly set out in the attached claims. Various modifications, equivalent
processes, as well as numerous structures to which the present invention may be
applicable will be readily apparent to those of skill in the art to which the present

invention is directed upon review of the instant specification.
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We Claim:
1. A microporous membrane for flash distillation comprising:
at least three regions of membrane material, comprising
5 a first porous membrane region;

a second porous membrane region adjacent the first porous
membrane region and having lower density than the
first porous membrane region; and

a third porous membrane region adjacent the second porous

10 membrane region and having a higher density than the

second porous membrane region.

2. The membrane of claim 1, wherein the microporous membrane
comprises a polymeric film characterized by nodes interconnected by fibrils.
15
3. The membrane of claim 1, wherein the first region and the third region

are characterized by an average pore size of 0.02 to 1.0 microns.

4. The membrane of claim 1, wherein the first region and the third region

20  are characterized by an average void fraction of 70 to 97 percent.

5. The membrane of claim 1, wherein the second region is characterized

by an average void fraction of 80 to 97 percent.

10
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6. The membrane of claim 1, wherein the thickness of each region is
0.001 to 0.004 inch.
7. The membrane of claim 1, wherein the microporous membrane is

5 0.001 to 0.01 inch thick.

8. The membrane of claim 1, wherein each region comprises a material
selected from the group consisting of metal fibers, borosilicate fiberglass, a polymer,

and combinations thereof

10
9. The membrane of claim 1, wherein each region comprises expanded
polymeric material selected from the group consisting of polyester, polypropylene,
polycarbonate, polyfluorocarbons, and combinations thereof.
15 10.  The membrane of claim 1, wherein each region comprises expanded
polytetrafluoroethylene.
11.  The membrane of claim 10, further comprising a hydrophilic
treatment.
20

12.  The membrane of claim 1 formed in a tubular shape by spiral wrapping

expanded polytetrafluoroethylene.

13.  The membrane of claim 10 formed in a tubular shape by rolling a

25  stretched membrane onto a mandrill followed by sintering.

11
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14. The membrane of claim 1, wherein the membrane is heat stabilized by

applying heat to the membrane under pressuré.

15. A microporous membrane for flash distillation comprising:
at least three regions of membrane material, wherein each region comprises
polytetrafluoroethylene, comprising

a first region of membrane material;

a second region of membrane material adjacent the first region of
membrane material and that comprises lower density than the first region of
membrane material; and

a third region of membrane material adjacent the second region of
membrane material and that comprises a higher density than the second region of

membrane material.

16.  The membrane of claim 15, wherein the membrane is characterized by

nodes interconnected by fibrils.

17. The membrane of claim 15, wherein the first region and the third

region are characterized by a pore size of 0.02 to 1.0 microns.

18.  The membrane of claim 15, wherein the first region and the third

region are characterized by a void fraction of 70 to 97 percent.

12
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19.  The membrane of claim 15, wherein the second region is characterized

by a void fraction of 80 to 95 percent.

20.  The membrane of claim 15, wherein the thickness of each region is

5  0.001 to 0.004 inch thick.

21, The membrane of claim 15, wherein the membrane is 0.001 to 0.01

inch thick.

10 22.  The membrane of claim 15, further comprising a hydrophilic

treatment.

23.  The membrane of claim 15, formed in a tubular shape by spiral
wrapping expanded polytetrafluoroethylene.
15
24.  The membrane of c{aim 15, formed in a tubular shape by rolling a

stretch membrane onto a mandrill followed by sintering.

25. The membrane of claim 15, wherein the membrane is heat stabilized

20 by applying heat to the membrane under pressure.

26. A system for desalinization comprising:
a supply of hot brine;
a first microporous membrane region wherein the hot brine flashes to

25 steam,;

13
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a second microporous membrane support region having lower density
than the firm membrane region, wherein steam from the first membrane region
expands; and

a third microporous membrane region having higher density than the

5 second membrane support region wherein the expanded steam from the second
membrane support region flows through the third membrane region and
wherein the resistance to flow within the third membrane region causes
backpressure within the second membrane support region that prevents the
damage of brine from the first membrane region through the second

10 membrane support region;
and a condenser that collects steam from the third membrane region as

pure water.

27.  The system for desalinization of claim 26, wherein the first
15  microporous membrane region and the third microporous membrane region comprise

pore sizes of 0.02 to 1.0 microns.

28.  The system for desalinization of claim 26, wherein the second
microporous membrane support region comprises a void fraétion of 80 to 97 percent.
20
29.  The system for desalinization of claim 26, wherein each microporous

membrane region comprises polytetrafluoroethylene.

30.  The system for desalinization of claim 6, wherein each microporous

25 membrane region is characterized by nodes interconnected by fibrils.

14
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