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lant loop (20) has makeup water supplied via a dirty water tank (40), a water treatment system

including a demineralizer (46) and a clean water tank (48). A recirculation line (38) from clean water tank (48) to dirty water tank
(40) permits flow through the water treatment system (46) to remain at a consistent high level. Channeling through the demineral-

izer (46) and slime buildup are decreased.
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Description

Water Treatment System
for a Fuel Cell Power Plant

Technical Field

The invention relates to water treatment
systems for use in a fuel cell power plant and in
particular, to a water treatment system for makeup
water used for the fuel cell coolant loop.

Background of the Invention

In a fuel cell power plant, the fuel cells are
cooled by cooling water passing through a portion of
each fuel cell in heat exchange relationship. After
the cooling water is heated by cooling the fuel
cell, a portion of this water is flashed into steam
which is used as a supply for the gas reformer.

With this steam being removed, the solids will tend
to build up in the recirculating coolant loop and
accordingly a portion of the water is blown down,
preferably continuously, to avoid solids build up in
the systemn.

Treated water must be added to the system to
make up for both of these losses. Conventionally,
the blow down passes through a water treatment
system and is returned to the circuit. The water
which is electrochemically produced in the fuel cell
reaction and contained as vapor in the gases exiting
the cathode is condensed and also collected for
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addition to the loop after treatment. Further, raw
water may be added as required. Water may also be
collected from anode exiting gases if desired.

This dirty water from the various sources is
conventionally collected in a tank and pumped
through a water treatment system comprised of
filters and demineralizers from which it is supplied
to the recirculating coolant loop for makeup water
as required.

The loss of water from the coolant loop is a
function of the load on the system and it follows
that the quantity of makeup water required will also
vary in accordance with the load on the system. The
water treatment system is therefor designed for the
full rating so that it supplies sufficient water at
that time.

At reduced fuel cell power plant ratings, the
treatment system must either operate a reduced flow
or operate intermittently.

At the design flow, the water being treated
flows rather uniformly through the resin bed. At
reduced flows, however, there is a tendency for the
water to channel through only portions of the bed.
It follows that predominantly the resin only in that
portion of the bed is used and the effectiveness of
the bed is greatly diminished.

On the other hand, if the system is operated
intermittently, there are clearly times which no
flow exists through the water treatment system. It
has been found that at these no-flow conditions the
rate of bacteria reproduction and slime generation
increases in the system. This bacteria reproduction

and slime generation does not amount to any
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significant degree with the continuous flow through
the systen.

Summary of the Invention

A pump is located to pass water through a
water treatment system including a filter and a
demineralizer. It takes suction from a dirty water
tank and delivers the discharge to a clean water
tank. The supply means for passing water to the
fuel cell coolant loop takes water from the clean
water tank. A recirculating line is provided from
the clean water tank to the dirty water tank with
the pump operating to pass a substantially constant
flow of water through the demineralizer at all
times.

The constant supply of water through the
demineralizer avoids both the low flow problem of
channeling and the intermittent flow problem of
bacteria reproduction and slime generation. The
clean water tank may be sized to provide a flow of
clean water to the coolant loop during times when
the water treatment system is inoperative or being
regenerated. A sufficiently large clean water tank
will also provide clean water for use in the
regeneration process.

Brief Description of the Drawing

The drawing is a schematic illustration of a
fuel cell power plant having a coolant loop and the
water treatment system arrangement.
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Description of the Preferred Embodiment
A fuel cell power plant has a plurality of
fuel cells of which one fuel cell 10 is shown. This
includes a cathode 12, an anode 14 and a coolant
5 flow path 16. A pump 18 circulates coolant through
the fuel cell power plant coolant loop 20 with heat
being removed from the fuel cell by heat exchanger
16 and the coolant passing to steam separator 22.
Through outlet 24, the steam separated here, passes
10 to a fuel reformer not shown. A heat exchanger 26
removes excess heat from the loop.

.-

-

The biow down line 28 operates to remove water
from the coolant loop for the purpose of avoiding
solids build-up therein. This delivers the water

15 through heat exchanger 27 to a well 30 in condenser
32,

Air passing through cathode 12 discharges
through line 34 and contains substantial water vapor
formed in the fuel cell. This passes through the

20 condenser 32 where the condensate 36 drops into well
30.

The blow down and condensate pass through line
38 to dirty water tank 40.

Pump 42 takes suction from dirty water tank 40

25 passing water at a substantially constant flow rate
through filter 44 and demineralizer 46. The water
is discharged into clean water tank 48. A
recirculating line 50 is provided to return water

from the clean water tank to the dirty water tank
30 40.

]

A supply means in the form of a high pressure
pump 52 and a valve 54 are operable to transfer
water from the clean water tank 48 to the coolant '
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loop 20 as required for makeup. With the pump 42
passing water through the demineralizer at a
constant rate, the portion of water passing through
the demineralizer which is not transferred to the
coolant loop is recycled through line 50.
Accordingly, a constant uniform flow is achieved
through the water treatment system at all times,
independent of the instantaneous requirements of
coolant loop 20.

Additional makeup water may be supplied
through raw water line 56 modulated by valve 58 to
maintain water level 60 in the dirty water tank.

With the recirculating line 50, located at a
high elevation 62 in the clean water tank,
significant water storage is achieved in the tank.
Anytime the tank is below the overflow level, the
uniform flow through the water treatment system will
operate to fill the tank. Once the tank has reached
the overflow level, it will continually be
recirculated.

The recirculation of the clean water into the
dirty water tank dilutes the dirty water providing
an increased purity at the inlet of the water
treatment system. This further improves the quality
of water achieved at the outlet of the water
treatment system.

Accordingly, it can be seen that low
velocities through the demineralizer leading to
channeling are avoided, reproduction of bacteria and
generation of slime is minimized and an improved
clean water quality is achieved.
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Clainms

1. A water treatment system arrangement for a
fuel cell power plant operable at varying rates and
having a fuel cell coolant loop requiring treated
makeup water comprising:
5 a dirty water tank;
a water treatment system including a filter
and a demineralizer;
a pump for passing water from said dirty water
tank through said water treatment system at a
10 substantially constant flow rate;
supply means for passing water from the
discharge of said water treatment system to said
coolant loop as required for clean water makeup to
said coolant loop; and
15 a recirculating conduit for returning water
from the discharge of said water treatment system to
said dirty water tank beyond that passing through
said supply means.

2. A water treatment system arrangement as in
claim 1:

a clean water tank located at the discharge of
said water treatment system;

5 said supply means being connected to take

makeup water from said clean water tank;:

said recirculating conduit being connected to
return water from said clean water tank to said
dirty water tank.
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3. A water treatment system arrangement as in

claim 2:
said recirculating conduit connected to said

clean water tank at a high elevation, whereby said
5 clean water tank will accumulate a volume of stored

clean water before recirculation starts.
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