wo 2010/071615 A1 | NI 0K 0 OO A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
24 June 2010 (24.06.2010)

2P0

(10) International Publication Number

WO 2010/071615 A1

International Patent Classification:
HOIM 8/10 (2006.01) C08J 9/22 (2006.01)
HOIM 8/04 (2006.01)

(51

(21) International Application Number:

PCT/US2008/013205

(22) International Filing Date:

16 December 2008 (16.12.2008)
English
English

(25)
(26)
1

Filing Language:
Publication Language:

Applicant (for all designated States except US): UTC
POWER CORPORATION [US/US]; 195 Governor's
Highway, South Windsor, Connecticut 06074 (US).

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): RAMASWAMY,
Sitaram [IN/US]; UTC Power Corporation, 195 Gover-
nor's Highway, South Windsor, Connecticut 06074 (US).
GOTTUNG, Erie J. [US/US]; UTC Power Corporation,
195 Governor's Highway, South Windsor, CT 06074
(US).

(74) Agents: FAIRBAIRN, David R. et al.; Kinney & Lange,
P.A., Kinney & Lange Building, 312 South Third Street,
Minneapolis, MN 55415-1002 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

[Continued on next page]

(54) Title: CORROSION RESISTANT MEMBRANE CONDENSER FOR RECOVERY OF FUEL CELL ELECTROLYTE

72

~

74 76

22 22

88

FIG. 4

(57) Abstract: A system and method for recover-
ing and separating water vapor and electrolyte va-
por from an exhaust stream (22) of a fuel cell uses
a membrane tube (72) comprising membrane (74)
having an outer wall (76) and an inner wall (78),
wherein exhaust stream (22) is directed to contact
outer wall (76), electrolyte vapor is condensed on
outer wall (76), and water vapor is condensed in-
side the membrane (74), the condensed water
drawn from the membrane (74) to inner wall (78),
leaving behind condensed electrolyte (88) on out-
er wall (76).



WO 2010/071615 A1 I W00 )00 N0 O

Declarations under Rule 4.17: Published:
—  of inventorship (Rule 4.17(iv)) —  with international search report (Art. 21(3))




10

15

20

25

30

PCT/US2008/013205

WO 2010/071615 PCT/US2008/013205

CORROSION RESISTANT MEMBRANE CONDENSER FOR
RECOVERY OF FUEL CELL ELECTROLYTE

BACKGROUND
The present disclosure relates in general to water and thermal management of fuel

cell power plants, and more particularly, to a system and method for recovering water
and electrolyte from an exhaust stream of a fuel cell using a corrosion resistant
membrane condenser.

In the operation of a fuel cell, air or other oxidant is pumped in high volume
through the cathode side of the fuel cell. In passing the cathode, the oxidant is depleted
and water vapor is picked up by the oxidant depleted air and transported away from the
cathode in a cathode exhaust stream. A substantial amount of electrolyte vapor is also
dragged out of the fuel cell with the cathode exhaust stream because of the high
operating temperature of the fuel cell which tends to vaporize the electrolyte. For
example, phosphoric acid fuel cells are typically run at 400°F (204°C), producing
phosphoric acid vapors. The recovery of the water vapor from the cathode exhaust
stream is desirable because the water can then be recycled for uses including, for
example, humidifying the fuel cell inlet gases, performing evaporative cooling of inlet
gases, or supplying water for a steam reformer. However, if the phosphoric acid or other
electrolyte is recovered with the water, it can become unusable for steam reforming
purposes and can be corrosive to water condensing systems, thus shortening system life
and requiring costly replacement of components.

SUMMARY

The present disclosure relates to a system and method for recovering and
separating water vapor and electrolyte vapor from an exhaust stream of a fuel cell using a
corrosion resistant membrane condenser. The exhaust stream is directed to contact a first
side of a membrane of the condenser. Electrolyte vapor is condensed on the first side,
water vapor is condensed inside the membrane, and the condensed water vapor is drawn
from the membrane to a second side of the membrane.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a fuel cell power plant.

FIG. 2 is a side view of a membrane condenser showing condenser tube bundles
inside the condenser.

FIG. 3 is an end view of a membrane condenser tube bundle.



10

15

20

25

30

PCT/US2008/013205

WO 2010/071615 PCT/US2008/013205

FIG. 4 is an end view of a membrane tube from FIG. 1, showing an embodiment
according to the present disclosure.

FIG. 5 is an end view of a membrane tube from FIG. 1, showing another
embodiment according to the present disclosure.

FIG. 6 is a cross section of a membrane.

DETAILED DESCRIPTION

Disclosed herein is a system and method for recovering and separating water
vapor and electrolyte vapor from an exhaust stream of a fuel cell using a corrosion
resistant membrane condenser. The system and method utilizes a membrane for not only
recovering water vapor and electrolyte vapor from exhaust streams via condensation, but
additionally for separating the condensed electrolyte vapor from the condensed water
vapor, thereby preventing contamination of the water with potentially corrosive
electrolytes such as phosphoric acid, and providing recovered pure water which may be
collected and recycled for use in the fuel cell system. Accordingly, the system and
method is more efficient than systems and methods requiring water condensers used in
combination with separate structures for the removal of electrolyte vapor, including, for
example, mist eliminators, high surface area condensers, and dry chemical removal
systems. Under the system and method of the present disclosure, the remaining
condensed electrolyte vapor may be collected for recycling, neutralization and proper
disposal, or for re-injection into the fuel cell stack. Because the membrane condenser is
made of corrosion resistant materials, for example ceramic materials, the shelf life of the
condenser will be longer than typical metal condensers susceptible to corrosion that may
be caused by electrolyte accumulation.

FIG. 1 is a schematic diagram of a fuel cell power plant 10, including fuel cell 12,
anode 14, cathode 16, blower 18, oxidant 20, fuel cell exhaust stream 22, membrane
condenser 24, exhaust gas 26, condenser cooling loop 28, heat exchanger 29, drain valve
30, collected condensed water 32, water reservoir 34, valve 36, fuel cell cooling loop 38,
cooler 40, steam reservoir 42, steam 44, reformer 46, fuel 48, fuel source 50, reformed
fuel 52, fuel exhaust 54, burner 56, air 58, blower 60, burner exhaust 62, collected
condensed electrolyte 64, electrolyte reservoir 66, reintroduced electrolyte 64A, disposed
electrolyte 64B, and membrane tube bundles 68.

Fuel cell 12 comprises anode 14 and cathode 16. During operation of fuel cell
power plant 10, blower 18 operates to pump a high volume of oxidant 20 through

cathode 16. Cathode exhaust 22 comprising electrolyte vapor and water vapor is then
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introduced into membrane condenser 24. As described in further detail with regard to
FIGS. 2-6, membrane condenser 24 comprises tube bundles 68 with membranes that may
be used according to the system and method of the present disclosure to condense water
vapor to liquid water, and electrolyte vapor into liquid electrolyte, with remaining gas 26
exhausted from condenser 24, for example.

Condensed water may join a cooling fluid stream inside the condenser (as
described in more detail with reference to FIG. 4) and be pumped through a condenser -
cooling loop 28, for example. Condenser cooling loop 28 may comprise other
components, including but not limited to heat exchanger 29, for example, and may also
comprise drain valve 30 for keeping the volume of fluid in loop 28 constant as new
condensed water is added to a cooling fluid stream inside condenser 24. Alternatively,
collected condensed water 32 may be independently directed into water reservoir 34 (as
described in more detail with reference to FIG. 5). From water reservoir 34, collected
condensed water 32 may then be introduced in a controlled manner by valve 36 into fuel
cell cooling loop 38. Water, including collected condensed water 32 introduced into fuel
cell cooling loop 38, is cycled through loop 28 through cooler 40 for cooling fuel cell 12,
and steam reservoir 42 for collecting steam generated by the hot temperatures of
operating fuel cell 12 in addition to liquid water. The liquid water continues to be cycled
through fuel cell cooling loop 38, and may also pass through other components not
shown in FIG. 1, including but not limited to a heat exchanger, for example.

Steam 44 from steam reservoir 42 may be introduced into steam reformer 46
along with fuel 48 from fuel source 50. Reformed fuel 52 is directed through anode 14
of fuel cell 12, and fuel exhaust 54 is directed to burner 56 where it is mixed with air 58
pumped from blower 60 and burned to produce burner exhaust 62. Burner exhaust 62
may then be directed to join cathode exhaust stream 22 and subsequently directed past
tube bundles 68 of membrane condenser 24 as shown in FIG. 1, or may be directed
elsewhere, for example, the atmosphere. Burner 56 is shown thermally integrated with
steam reformer 46 to assist in raising temperatures in reformer 46 to an adequate level
for steam reformation to take place.

Collected condensed electrolyte 64 may be directed into electrolyte reservoir 66
(described in more detail with reference to FIG. 4 and FIG. 5). As shown in FIG. 1,
collected condensed electrolyte 64 may be reintroduced 64A back into fuel cell 12, or

may be disposed 64B for recycling, neutralization and proper disposal, or otherwise.
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FIG. 2 is a side view of membrane condenser 24 showing condenser tube bundles
68 inside condenser 24, each bundle 68 including sleeve 70 and membrane tubes 72.
Sleeve 70 functions to hold membrane tubes 72 in the bundled configuration shown in
FIG. 2 and FIG. 3. However, any system and method of securing multiple membrane
tubes 72 together may be employed depending on the requirements of the condenser
system to be used. A typical membrane condenser 24 may comprise multiple tube
bundles 68 all contained within a housing, and tubes 72 may be of various sizes and
configurations of corrosion resistant materials, for example, ceramics. Membrane tubes
72 suitable for use in the system and method taught by the present disclosure are
available from CoorsTek, Inc. (www.coorstek.com). It may be appreciated that a
manifold system (not shown) can be used to direct a gas flow path from fuel cell 12, such
as cathode exhaust stream 22, into membrane condenser 24 and similarly to collect gas
26 to be exhausted from condenser 24. Additionally, manifolds could be used to direct
liquids, such as water in loop 28, in and out of membrane condenser 24 and tube bundles
68, as well as for directing condensed liquids such as condensed water 32 or condensed
electrolyte 64 away from tube bundles 68 and membrane condenser 24.

FIG. 3 is an end view of membrane condenser 24 tube bundle 68 including sleeve
70, and membrane tubes 72, each of which includes membrane 74, outer wall 76, inner
wall 78, inner area 80, and outer area 82. During operation of the membrane condenser
24, a gas flow path from fuel cell 12, such as cathode exhaust stream 22, is directed
through outer area 82 adjacent and between outer walls 76 of membrane tubes 72, while
a cooling fluid is directed through inner area 80 as described in more detail with
reference to FIG. 4.

FIG. 4 is an end view of one membrane tube 72 from FIG. 2, with a gas stream,
such as cathode exhaust stream 22, directed to flow adjacent and in contact with outer
wall 76 of membrane tube 72. However, it may be appreciated that any gas stream
produced by a fuel cell may be directed to flow adjacent and in contact with outer wall
76 according to the system and method of the present disclosure. Cooling fluid 84,
which may comprise water, for example, is directed through inner area 80 of membrane
tube 72 to provide cooling of membrane 74. For a phosphoric acid fuel cell stack,
cathode exhaust stream 22 will comprise heat, water vapor and phosphoric acid vapor,
among other constituents. Due to the multilayered porous structure of membrane 74, the
detail of which is described with reference to FIG. 6, water from cathode exhaust stream

22 will primarily condense inside the pores of membrane 74, rather than on outer wall



10

15

20

25

30

PCT/US2008/013205

WO 2010/071615 PCT/US2008/013205

76. Due in part to the pressure gradient across the membrane established by the low
partial pressure of cooling fluid 84 and high partial pressure of the water vapor in
cathode exhaust stream 22, the water will travel across membrane 74 to inner wall 78 as
designated by arrows 86, where it will join cooling fluid 84. Furthermore, heat present
in cathode exhaust stream 22 will be convectively transferred with the water to cooling
fluid 84, while the thermal gradient established across the membrane by the lower
temperature cooling fluid 84 will also facilitate conductive heat transfer to cooling fluid
84, thereby cooling cathode exhaust stream 22. This heat may later be recovered by
directing cooling fluid 84 through a typical heat exchanger, for example. Because
membrane 74 allows for both convective and conductive heat transfer to occur, the
effective surface area needed for removing and recovering sufficient heat from cathode
exhaust stream 22 can be reduced when compared with non-membrane condenser
systems. By reducing the effective surface area, the size, weight, and cost of the
coﬁdenser may also be reduced.

FIG. 4 further shows condensed electrolyte 88 present on outer wall 76 of
membrane tube 72. For a phosphoric acid fuel cell system, the condensed electrolyte 88
will be phosphoric acid, for example. By tailoring the porosity of membrane 74, as
described in more detail with reference to FIG. 6, electrolyte vapor present in cathode
exhaust stream 22 will not condense inside the pores of membrane 72, but rather, is
forced to condense on outer wall 76 with a small amount of residual water. Because
membrane 74 will only allow water to transfer across to inner wall 78, condensed
electrolyte 88 such as phosphoric acid will remain on outer wall 76, with pure condensed
water joining cooling fluid 84. Unlike metal condensers, membrane tube 72 made of
corrosion resistant materials such as ceramic materials resists the corrosive effects of
electrolyte 88 buildup, such as that typically caused by phosphoric acid condensation,
and therefore imparts a longer shelf life to a condenser unit employing membrane tubes
72. Furthermore, as electrolyte 88 continues to condense on outer wall 76, it will form
droplets containing substantially pure electrolyte such as phosphoric acid that can be
collected into electrolyte reservoir 66 (shown in FIG. 1) for recycling, neutralization and
proper disposal, or re-injection into fuel cell 12, for example. By re-injecting the
collected electrolyte 88 into fuel cell 12, the life of fuel cell 12 and the overall fuel cell
power plant 10 can be increased.

FIG. 5 shows an end view of membrane tube 72A including an embodiment

according to the system and method of the present disclosure, with inner cooling tube 90
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in inner area 80. As discussed with reference to FIG. 4, water vapor present in cathode
exhaust stream 22 will condense in the pores of membrane 74, however, some water
vapor may also travel through membrane 74 without condensing, driven by the high
partial pressure of the vapor, for example. In the embodiment shown in FIG. 5, water
vapor that crosses membrane 74 will enter the space between inner cooling tube 90 and
inner wall 78 of membrane tube 72A. By directing cooling fluid 84 through inner
cooling tube 90, dew point temperatures may be established allowing the water vapor to
condense on inner wall 78 and the outer surface of inner cooling tube 90, forming
condensed water 92 droplets. The condensation of water in the space between inner
cooling tube 90 and inner wall 78 will create a low partial pressure of water vapor in this
space that will also help to facilitate the migration of water condensed in membrane 74
pores to inner wall 78, where it may join condensed water 92. Because the recovered
condensed water 92 does not join cooling fluid 84, the system and method described with
reference to FIG. 5 allows for independent control as to what may be done with the
recovered condensed water 92. For example, condensed water 92 may be collected in
water reservoir 34 (shown in FIG. 1) and then used for steam reformation, humidification
of fuel cell reactants, controlled introduction into cooling fluid 84, or other uses.
Furthermore, because inner cooling tube 90 will prevent water from joining cooling fluid
84, any type of cooling fluid 84 may be used in an isolated manner, including but not
limited to glycol based coolants.

With regard to heat transfer from cathode exhaust stream 22, the cooling of the
temperature in the space between inner cooling tube 90 and inner wall 78 will facilitate
conductive heat transfer in addition to the convective heat transfer occurring with the
migration of condensed water and water vapor across porous membrane 74. To ensure
adequate heat transfer, inner cooling tube 90 should comprise a material having a high
thermal conductivity, such as metal. To further facilitate thermal conductivity, inner
cooling tube 90 may include surface features providing a high heat transfer area, for
example, fins.

FIG. 6 shows a cross section of membrane 74, including porous layers 74A, 74B,
74C, and 74D. Base support layer 74A is generally thick with large pores, providing
mechanical strength to membrane 74 without significantly restricting flow of fluids
through membrane 74, and defines inner wall 78 having pores open to cooling fluid 84,
for example. Layer 74A may comprise, for example, a-Al,O; having a thickness of

approximately 0.1 to 30mm and a nominal pore size of approximately 10 to 15 microns.
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Although layers 74B, 74C, and 74D are shown in FIG. 5, any number of additional thin
layers may be deposited on layer 74A with progressively smaller pore sizes. For
example, layer 74B may comprise an a-Al,O; layer with around a 0.8 micron pore size
and 0.01 to 0.02 mm thickness, and layer 74C may comprise an a-Al,O; layer with
around a 0.2 micron pore size and a 0.01 to 0.02 mm thickness.

Separation layer 74D may be deposited on layer 74C with a pore size of less than
0.2 microns by known sol-gel membrane synthesis methods, and defines outer wall 76
having pores open to cathode exhaust stream 22, for example. In sol-gel membrane
synthesis, the average pore size is determined by the primary particle size in the sol.
Generally, the method involves preparing a sol from alkoxides of aluminum or
zirconium, and depositing it on the ceramic membrane substrate (e.g., layer 74C) by a
dipping or slip casting method. After drying and heat treatment, separation layer 74D
will form the smallest pore size at a relatively low temperature, with the pore size
generally increasing with the heat treatment temperature. Thus, depending on firing
temperatures (which can range from 400°C to 1400°C, for example), pore sizes of
approximately 20 Angstroms to 0.2 microns may be obtained.

The actual pore size used for separation layer 74D may be determined based on
the molecular size of the electrolyte to be excluded, with the selected size of the pore
being smaller than the electrolyte, but larger than the molecular size of water, which has
an extremely small molecular size of around 4 Angstroms. By selecting such a pore size,
electrolyte molecules will be excluded via molecular sieving, and can then be forced to
condense on outside wall 76 of membrane 74 by establishing the proper temperature and
pressure conditions based on saturation vapor pressure qualities of the electrolyte.
Proper temperature may be established by controlling the cooling fluid 84 temperature,
and proper pressure may be established by controlling the pressure of cathode exhaust
flow 22 via flow restrictors, pumps or valves, for example, to increase or decrease the
partial pressure of electrolyte vapor to the necessary level. Once the proper conditions
for condensation have been established, electrolyte vapor will condense on outside wall
76 of membrane 74, while a substantial amount of the water vapor will condense via
capillary condensation (also known as “Kelvin condensation”) inside the pores of
separation layer 74D, as well as any other layers having sufficiently narrow pore sizes
that may facilitate capillary condensation, for example, those with pore sizes ranging
from approximately 40 to 100 Angstroms. Capillary condensation allows water to start

to condense at lower vapor pressures than usual, resulting in an increase in water
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recovery relative to traditional condenser systems currently used with fuel cell stacks that
do not employ membranes 74. The condensed water vapor will then migrate (designated
by smaller arrows in FIG. 5) through layers 74C, 74B, and 74A via a capillary and partial
pressure gradient across membrane 74 to inner wall 78, where it may join cooling fluid
84, for example.

While the above-identified drawing figures set forth several embodiments of the
invention, other embodiments are also contemplated, as noted in the discussion. In all
cases, this disclosure presents the invention by way of representation and not limitation.
It should be understood that numerous other modifications and embodiments can be
devised by those skilled in the art, which fall within the scope and spirit of the principles
of the invention. The figures may not be drawn to scale. Like reference numbers have

been used throughout the figures to denote like parts.
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CLAIMS:
1. A method comprising:
operating a fuel cell to produce an exhaust stream comprising an electrolyte vapor
and a water vapor; and
separating the electrolyte vapor and the water vapor from the exhaust stream
using a membrane condenser, comprising:
directing the exhaust stream to contact a first side of a membrane of the
condenser;
condensing the electrolyte vapor on the first side of the membrane;
condensing the water vapor inside the membrane; and

drawing the condensed water from the membrane to a second side of the

membrane.
2. The method of claim 1, wherein the electrolyte is phosphoric acid.
3. The method of claim 1, wherein the membrane comprises ceramic material.
4. The method of claim 1, further comprising collecting the condensed electrolyte
vapor.
5. The method of claim 4, further comprising reintroducing the collected condensed

electrolyte vapor into the fuel cell.
6. The method of claim 1, further comprising collecting the condensed water from
the second side of the membrane.
7. The method of claim 6, wherein the collected water joins a cooling fluid in
contact with the second side of the membrane.
8. The method of claim 1, wherein the membrane comprises multiple porous layers.
9. The method of claim 8, wherein at least one of the porous layers comprises pores
having a pore size of approximately 40 to 100 Angstroms.
10. The method of claim 9, wherein one of the multiple porous layers adjacent the
first side of the membrane comprises pores having a pore size smaller than a molecular
size of the electrolyte, but larger than a molecular size of the water.
11. A method comprising:
operating a fuel cell to produce a cathode exhaust stream comprising electrolyte
vapor, water vapor and heat;
operating a condenser in fluid communication with the fuel cell to recover heat
from the cathode exhaust stream, the condenser comprising at least one

membrane tube having an outer wall and an inner wall, with multiple
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porous layers between the outer wall and inner wall, pores of the multiple
porous layers having pore sizes that generally increase from the outer wall
to the inner wall of the membrane tube; and
separating the electrolyte vapor and the water vapor from the cathode exhaust
stream with the condenser, comprising;:
directing the cathode exhaust stream to contact the outer wall of the
membrane tube;
condensing the electrolyte vapor on the outer wall of the membrane tube;
condensing the water vapor within the porous layers; and
drawing the condensed water from the porous layers to the inner wall of
the membrane tube, leaving behind the condensed electrolyte on
the outer wall of the membrane tube.
12. The method of claim 11, wherein the electrolyte comprises phosphoric acid, and
wherein the membrane tube comprises a ceramic material.
13. The method of claim 11, wherein a cooling tube containing cooling fluid is
positioned inside the membrane tube to create a space between the inner wall of the
membrane tube and an outer wall of the cooling tube.
14.  The method of claim 13, wherein using the condenser to recover and separate the
electrolyte vapor and the water vapor from the cathode exhaust stream includes
condensing water vapor inside the space between the inner wall of the membrane tube
and the outer wall of the cooling tube.
15. The method of claim 14, wherein separating the electrolyte vapor and the water
vapor from the cathode exhaust stream with the condenser includes collecting condensed
water on the inner wall of the membrane tube and in the space between the inner wall of
the membrane tube and the outer wall of the cooling tube.
16. The method of claim 15, wherein the collected condensed water is used for at
least one of steam reformation and controlled introduction into the cooling fluid.
17. The method of claim 15, wherein using the membrane condenser to recover and
separate the electrolyte vapor and the water vapor from the cathode exhaust stream
includés collecting the condensed phosphoric acid.
18.  The method of claim 17, wherein the collected phosphoric acid is reintroduced
into the phosphoric acid fuel ceﬁ.
19.  The method of claim 11, wherein at least one of the porous layers comprises

pores having a pore size of approximately 40 to 100 Angstroms.
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20. The method of claim 11, wherein a porous layer adjacent the outer wall of the
membrane tube comprises pores having a pore size smaller than a molecular size of the
electrolyte, but larger than a' molecular size of the water.
21. A system comprising:
a fuel cell for producing an exhaust stream comprising electrolyte vapor and
water vapor; and
a condenser connected to the ﬁn_el cell to receive the exhaust stream, the
condenser comprising a porous membrane having a first side, a second
side, and pores configured to condense the water vapor within the pores
and condense the electrolyte vapor on the first side.
22. The system of claim 21, wherein the electrolyte is phosphoric acid, and wherein
the membrane comprises ceramic material.
23. The system of claim 22, wherein the condenser is configured to draw the
condensed water vapor to the second side, leaving behind the condensed phosphoric acid
on the first side. |
24. The system of claim 23, further comprising an electrolyte reservoir for collecting
the condensed phosphoric acid.
25.  The system of claim 21, further comprising a condenser cooling loop connected
to the condenser, the condenser cooling loop containing a cooling fluid for cooling the
porous membrane.
26.  The system of claim 25, wherein the cooling fluid is in contact with the second
side of the porous membrane, and the condensed water vapor joins the cooling fluid at
the second side.
27. The system of claim 23, wherein the condensed water is collected on the second
side of the porous membrane.
28. The system of claim 27, further comprising a water reservoir for collecting the
condensed water.
29. The system of claim 21, wherein the porous membrane comprises multiple
porous layers.
30. The system of claim 29, wherein one of the multiple porous layers adjacent the
first side of the porous membrane comprises pores having a pore size smaller than a

molecular size of the electrolyte, but larger than a2 molecular size of the water.
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