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ABSTRACT

A system for operating a fuel cell comprises a fuel cell having an anode, ,Ian
electrolyte and a cathode " An external power supply circuit connects the 'anOde arid
cathode. There are a first supplier for supplying a fuel to the anode, a second suppher

for supplying oxidizer to the cathode, and a controller for mterrmttently prov1d1ng

reverse cun'ent chargmg to the fuel cell via the external power supply 01rcu1t
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CHEMOELECTRIC GENERATING

The present invention relates to fuel cells and more partlcularly concems novel systems

“and methods for providing reverse current chargmg toa fuel cell

BACKGROUND OF THE INVENTION

Fuel cells are electrochemical devices that produce usable elect:ricity by converting o

chemical energy to electrical energy. A typical fuel cell includes positive and negative

electrodes separated by an electrolyte (. g., a polymer electrolyte membrane (PEM)) ‘In a

- typical direct methanol fuel cell (DMFC), a fuel, such as hydro gen or methanol, supplied to the -
- negative electrode diffuses to the anode catalyst and dissociates into protons and electrons. The
protons pass through the PEM to the cathode, and the electrons travel through an external cn‘cmt ’

to supply power to a load.

\ SUMMARY OF THE INVENTION |

Accordln g to the 1nventlon penodlcally interrupt operatlon of the fuel cell and apply a
reverse charging current to the cell during the interruption. |

In another aspect, mcrease air ﬂow rate at the cathode. ‘ |

In yet another aspect, the invention includes a power supply and energy storage device
that provides reverse current charging to the fuel cell -svhile supporting the load when fuel celt
operation 18 interrupted, and during normal operation the fuel cell recharges the energy storage !
elernent

 Other features objects, and ‘advantages of the mventlon w111 be apparent from the |

following descnptlon when read in connection with the accompanying drawing in which:

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 shows a 's.ystem block diagram of an operating fuel cell in accordance with the

| 'mventlon,

FIG. 2 shows a graph of voltage versus time, Wthh demonstrates the effoct of pre-

treatment of a fuel cell usmg reverse current chargxng accordmg to the mventlon
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FIG. 3 shows a graph of voltage versus time, which demonstrates the improvement in

long-term decay of the fuel cell voltage using reverse current charging . according to 'the |
rnventlon ' \ | _
. FIG. 4 shows a graph of voltage versus time, which shows restoratron of fuel cell voltage
aﬁer cell reversal using reverse current charging according to the invention; and

FIG. 5 shows a graph of voltage versus time, which shows the 1mprovement of fuel cell
voltage usmg reverse current charging and an increase in cathode side air flow rate accordmg to

the invention.

Like reference symbols in the various views indicate like eiements

DETAILED DESCR[PTION |

The method and systenr of the invention will be 111ustrated wrth reference to a drrect

methanol fuel cell (DMFC). However, the methods and system are apphcable to any type of fuel“ - \' -

_cell including, but not limited to, fuel cells that utlhze carbon based fuels, such as methanol and
ethanol. It also applies to hydrogen fuel cells that utilize either pure hydrogen,. or hydro gen
contaminated with carbon monoxide (CO)\ as fuel. Referring to FIG. 1, there Is shown a systern .-
block dlagram of a DMFC 110 in operation which methanol supplred to'a negative electrode
(anode) 120 that is electrochemrcally oxidized to produce electrons (e-) and protons (H") The
protons move through an electrolyte 100 to the cathode 130. The | electrolyte 100 can be in the .

form of a solid polymer electrolyte membrane (PEM). The electrons travel through the external

circuit 200 (described below) to the positive electrode (cathode) 130, where they react with
oxygen (or an oxidizer) and the protons that have been conducted through the PEM to form :

 water and heat. Oxygen can be supphed to the cathode 130 by a vanety of methods such as, for :

. example ﬂowmg air or carrying via a iquid. An oxidizer can be used to oxrdlze and/or dellver |

oxygen via a ﬂllld or gas to the cathode. Many possible oxidizers, for example potassrum-
chlorate (KC103) and sodium chlorate (NaC103) can decompose and release oxygen when
heated. Hydrogen peroxide (m a liquid form) also can decompose and release oxygen when

contacting catalyst or acid. Although these oxidizers can dlrectly contact the cathode and react

with electrons to complete the reduction reaction, they can also be decomposed first, and then .

released oxygen 1s delivered to cathode.
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The electrodes are in contact with each side of the PEM and are typically in the form of "

carbon paper that 1s coated w1th a catalyst, such as platinum (Pt) or a rmxture of platmum and

ruthenium or a platmum ruthenium alloy (Pt-Ru) The electrochemical reactrons occumng at the

~ anode and cathode can be illustrated as follows:

- Anode (oxidation half-reaction): = CH3;0H + H;0 — CO, + 6H" + 6&~
Cathode -(reduction half-reaction): 3/20;+ 6H" + 6e” - 3H,0

 Net reaction: ; - CH3;0H + 320, - COz + 2H20

The electrons generated at the anode travel through the external circuit 200 that includes
power processing’ 'circuitry' and load circuitry (discussed below). The external circoit 200
N includes an energy storage unit 150, which can include, e.g., a battery and/or capacrtors The
energy from the fuel cell can be saved 1n the energy storage unit 150. The extemal circuit 200'

' optronally can mclude first intermediate power processmg crrcultry 140, which conditions the

power from -the fuel cell to properly supply the energy storage umt 150 1f necessary The ﬁrst

| _1ntermed1ate power processing circuitry can include, e.g., a DC/DC convertor The energy saved
“in energy storage unit 150 can be used to feed load crrcultry 170 (e.g., a portable electronic
device) vra optional second power processing crrcurtry 160. Second power processrng cn'cultry -

160 may provrde further power condltlomng on the output from 150 dependmg on the

reqmrements of the load crrcultry 170, and may include, e.g., a DC/DC or a DC/AC converter

The combination of first power processing circuitry 140, second power processing crrcurtry 1.60, '

and energy storage unit 150 provide power to the load circuit 170.

Fuel cell interruption can be provided by the interaction of poWer processing circuitry -
180, second proceSSing circuitry 160, energy storage unit 150, and control box 190. Circuitry

180 and control box 190 may cornpnse a hardware module, a software module, or combmatlon'

current 185 to the fuel cell via switch or relay 147. Crrcultry 180 provides reverse current to the" '

fuel cell by inj ectmg a current, which is Oppos1te to the normal fuel cell dlscharge current

_Therefore, durmg reverse current charging, the cathode potent1a1 1S hrgher than durmg normal

. operatlon, and the anode potential is lower than durmg normal Operatlon. Swrtch_ or relay_ 147 is

3
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connected to terminal 145 for norrnal fuel cell Operation Switch or relay 147 conneCts to switch .
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\ terminal 146 dunng IEVErse current charging, and power from saved energy in energy storage
unit 150 1s provrded to circuitry 180. Energy storage unit 150 contmues to provrde power to load
170 via second power processing cncultry 160 during reverse current charging, Control box 190
5 draws power from energy storage unit 150 and controls how circuit 180 provides reverse current :
pulses to the system. The reverse current charge 1s related to the number of reverse current
pulses and the duration of each pulse, and depends on the fuel cell Specrﬁcatlon fuel cell
operation status fuel cell performance, and external circuitry operatrng condrttons The control
box 190 can provide penodrc reverse current charging o the fuel cell to 1rnprove fuel cell -
10 performance depending on the fuel cell operating status (i.e., whether the fuel cell requrres'. .
pretreatment, is in reversal condition, or has been operating for a long time and a decay in
performance has been observed) Control box 190 momtors a variety of cell perfonnance .'
parameters, such as the fuel cell voltage, load current 175, power processing crrc uitry 160, and
- energy storage unit 150, fuel cell Operatmg status vra status line 125, fuel cell reversal by
15 monitoring the fuel supply status, operating time elapse, and long-term performance decay. .
The reverse current charge pulses applied to the fuel cell can be controlled per monltored -
parameters via crrcurtry 180 and switch or relay 147. For example the control box 190 can .
disable power processing circuitry 140 dunng reverse current chargmg When a decay in fuel
cell output voltage is observed, control box 190 can 1mtlally provide a rapld senes of reverse
20 current pulses to the cell to increase the level of fuel cell power output The reverse current '

- pulses can then be ad_] usted to be less frequent as determined by monitored cell performancc 1.€.,

due to an observed increase and stabrhzatron in cell output. Generally, the fuel cell is

| constructed and arranged to provide steady power to the load crrcultry 170 and the extra energy
. saved in the power supply 150 can be further used to satrsfy peak power demand frorn the load
25 circuit 170. '

- EXAMPLES

| Membrane electrode assemblies (MEA) were fabrtcated or purchased from comrnercral_ :

sources. An MEA was tested in a srngle cell with 16cm? actrve area. The expernnents were

30  conducted usmg 1 M methanol solution and compressed air. The reverse current was typically

the same as the load current. The duration of reverse current chargmg ranged from a few

4
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' seconds to several minutes. Durmg chargmg, the cell voltage was greater than the open c1rcu1t '

| voltage with the cathode under oxrdatlon and the anode under reduction condrttons

- MEA's were prepared as follows Pt-Ru black (Johnson Matthey, London UK) was
mixed with a 5wt% NAFION solution (Electrochem Inc Woburn MA) and water to form an
ink. The anode electrode was then prepared by applying a layer of the obtamed ink to a pre-

teflonated (10wt%) carbon paper (Toray, Torayca Japan) A sxmllar process was used to prepare o
‘the cathode, except that the Pt was used instead of PtRu black (Johnson Matthey, London, UK) -
- The complete MEA was fabncated by bonding the anode electrode and the cathode electrode to a
 NAFION® (Dupont, Wllmmgton, DE) membrane. The MEA was assembled for testmg~
- between two heated graph1te blocks with fuel and air feed

Example 1 | _
~ This examme demonstrates performance Improvement via pretreatment of a fuel cell

prepared 1n accordance with the invention. As demonstrated in FIG.2, aﬂer reverse current was

applied briefly to a MEA, performance of the MEA after pre-treatment (curve (a) n FIG 2)

“improv ed si gmﬁcantly compared to the performance prior to the brief reverse current charging

pre-treatment (curve (b) in FIG.2). ., - ,
The MEA was fabncated m-house w1th 4.5mg/cm” of Pt-Ru and 3mg/cm of Pt.
NAF ION® N117 was used as the electrolyte membrane (Dupont Wllmmgton DE). The

performance (output voltage) of the freshly made MEA was tested at 70°C with 2 A loadmg -

both before and after pre-treatment.

- The pretreatment via brief reverse current chargmg was done as follows: the reverse

current charging was camed out on the MEA by perrodlcally applying a 2 A, 18 second reverse

current pulse a total of six times over a 18 0 minute period. When not belng reverse current |
charged, the cell output current was mamtamed_ at 2A. The power improvement was 15% (a
15% voltage irnprovement as shown in FIG.2 under constant output current conditions translates

“into a 15% power unprovement) Note that power was provrded by the cell at hrgher voltage' .

aﬁer reverse current charging,
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Ex glc 2 _
This example demonstrates the effect of penodrc reverse current chargmg on slowmg

down long-term fuel cell performance decay. Fuel cells are typlcally operated under constant
load, i.e. in constant current mode. Long term operation in this mode results in a decay in the

output voltage of the cell. In this example, the fuel cell operation was periodiCally interrupted

- manually and reverse current chargmg pulses were applied. In an operatmg system these'

functions are provided by the system of FIG. 1, where switch 147 is pcnodlcally sw1tchcd

between posmons 145 and 146 via circuitry 180 and control box 190.

- The MEA tested was prepared W1th 2.2 rng/cm Pt-Ru (J ohnson-Matthey) on the anode |
side, 3.3 mg/cm’ Pt on the cathode side, w1th a NAFION® N117 membrane. Teﬂomzed Toray |

- carbon paper was used as the gas diffusion electrode. The cell was tested at 42 °C and W1th 550

cc/min air flow. The fuel cell operatlon was 1nterrupted via mterruptmg load current by

disconnecting the fuel cell from the load (0.78A). Dunng 1nterruptlon reverse current pulses

‘were applied via an external power supply circuit.

The cell was tested for a first period of tlme with a current dlscharge/charge cycle of

0.81A /15 min discharge followed by —0.81A/ 0.3 min of reverse current chargmg. The cell was
 then further _tested for a second period of time consisting solely of constant current discharge of

0.78A. The curve of FIG. 3 shows the output of the cell under test, for both periods of time. The

cell experienced a performance decay of only 0.5mV/hr during the time in 'which periodic

mten'upnon and reverse current charging occurred vs. a performance decay of approxmrately

3mV/hr for period of tlme in which constant current operation was occumng

Note that the current discharge for the period of time dunng Wthh periodic reverse

cun'ent charging was occurrmg was maintained at a higher level (0 8 lA) than it was durmg the

. period of time when the cell was operated under constant current load (0.7 8A) This 1s done to B

ensure that sufficient energy is available dunng the reverse current chargmg penod to satlsfy the .

load 170 and the energy demand from the reverse current charging ClI'Clllt 180.

Ex ample 3 |

This example describes restoratron of fuel cell pcrformance after cell reversal has o

occurred. Dunng long term operation of a fuel cell, it is possible for the output voltage of one or

more cells contained i ina large cell stack to become reversed. When thls occurs, the cell output B

6
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voltage becomes negative. That is, during cell reversal, the anode becomes more positive than .
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the 'cathodc One common cause for reversal is reactant depletion. Although cell reversal can be
caused by deplctlon of reactants in either the anode or cathode, the greatest problem occurs when
the anode fuel 1s restncted For example, without fuel in the anode, carbon corrosion will occur_

and the anode catalyst can be damaged by excessive oxidation. The cell can be rev1ved however,

- using the current reversal procedure in accordance with the invention.

Cell reversal was simulated by occasionally op cratmg a cell without ﬁlel unt11 the cell

* voltage became negatlve It was discovered that by bri eﬂy applying a reverse current to the cell

| the cell decay could be reduced and most of the cell performance could be restored.

 An MEA was first tested W1th a defined load (dlschargc current) Wthh 1s described
below. After the cell voltage stabllxzed, the fuel pump was turned off, while forcing the same '
amount of current through the cell, for a period of tnne which was long enough to cause cell

damage The cell darnage caused by cell reversal was determined to have occurred if the cell ‘

- voltage after the fuel source was restored was lower than the ori gmal cell voltage under the same'

' output current dcnS1ty condition.

The MEA was purchased ﬁ'om Lynntech (Collegc Statron TX) W1th catalyst preco ated

' on the membranes. The anode contained 41ngcm‘ Pt-Ru, and the cathode contained 4mg/cm’ Pt.

ThlS MEA was tested with teflonized carbon paper as the anode gas diffusion electrode and gold
mesh as the cathode gas diffusion electrode using 600 cc/min of airflow. FIG. 4 shows the fuel
cell performance curve (voltage vs. time) at 1A load at 70°C. Aﬁer testing for a period of time

(curve (a) in FIG. 4), the fuel delivery pump was turned off while the same amount of current

was forced out of the cell. After a few minutes, the cell voltage became reversed (curve (b) 1 In !
" FIG. 4). The anode was more posmve than the cathode thh a cell voltage output of —1. av.
 When the fuel pump was turned on and fuel delivery restored, thc output voltage was
- significantly lower than before cell reversal (curvc (c) in FIG. 4). After applymg a few brief

reverse current charging pulses, most of the cell voltage was recovered (curve (d) in FIG. 4).

~ This examme descrrbes combmmg reverse current chargmg with mcrcased air ﬂow rate

FIG 5 shows the unprovement of fuel cell voltage usmg reverse current chargmg along with an

" increase in the cathode side air ﬂow rate
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Using the MEA prepared in Example 1, the reverse current charging was tested at an air
flow rate of 20000/m1n (curve (c) in FIG. 5) and 600cc/min (curve (a) in FIG. 5) Before reverse |
cun'ent charglng, the MEA had a lower voltage output at higher air ﬂow rate Aﬁer reverse
current chargln g, the MEA had a higher voltage output at higher air flow rate (curve (b) in FIG. .
5) than the MEA at the lower air flow rate (curve (d) in F IG. 5). ' .

There has been descnbed novel apparatus and techmques for lmprovmg fuel cell
performance. It 1s evident that those skilled in the art may now make numerous modlﬁcatlons of
and departures from the specific embodiments described herein without departmg from the
inventive concepts. Consequently, the 1nvent10n is to be construed as embracing each and every
feature and novel combination of features present in or possessed by the apparatus and_
techniques herein dxsclosed and hmlted solely by the spirit and scope of the appended claims.

What 1 1S claimed is:
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1. A -method of chemoelectric generating with a fuel cell, .having an anode, an

- electrolyte and a cathode comprising: '

supplying fuel to said anode; |

supplymg oxidizer to said cathode

’ mtenmttently providing reverse current chargmg to sald fuel cell

2. A method of chemoelectric generating in accordance With claim 1 and further

including monitoring operating conditions of said fuel cell.

B 3. A method of chemoelectric generating 1n accordance with claim 2, wherein said
reverse current chargmg occurs when momtonng operatmg condmons of sald. fuel cell

- indicates performance decay of said fuel cell

4. A method of chemoelectnc generatmg n accordance with claim 2 wherem sald,

' - monitoring of fuel cell conditions includes monitoring the voltage of said fuel cell

5. The method of claim 1, wherein said:intennit_tently providing reverse current charg_ing .

* controls the amount of reverse current charge received by said fuel cell.

6. The method of claim 1, wherein said intermittently providing reverse current charging
includes selecting a specific number of reverse current pulses and the duration of each '

reverse current pulise.

7. The mcthod of claim 6 and further including momtonng Operatlng conditions of sald' |

o fuel cell selectmg said speclﬁc number of reverse current pulses and duratlon of each pulse in

accordance with t.he momtcred fuel cell operating conditions.

8. The method of claim 1, wherein said intcnnittently' providing _revei‘se current charging
increases the amount of charge received by said fuel cell when said monitored fuel cell

performance deteriorates.

'
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0. The method of claim 1, wherein said intermittently providin g"reverse current charging

* decreases the amount of charge received by said fuel cell‘when said monitored fuel cell .

pet'fonnance improves.
10. - The method of clai_m 1, whei'ein said supplying oxygen to said cathode 1s via air
flowing. ' ‘ ‘ o

11.  The method of claim 10, wherein said intermittently providing. _reverSe cort'ent .

charg_ing further includes increasing the rate of air flowing when supplying oxidizer to.said. o

. : cathode.

12.  The method of claim 1, wherein said supplying oxidizer to said cathode is via a

liquid.

13. The method of claim 1, wherein  said oxidizer is ‘OXygen gas fromf air.

14.  The method of claim 1, wherein said oxidizer is oxygen from decomposmg potassmm\ -

chlorate

15.  The method of claim 1, wherein said oxidizer is oxygen from decomposing_ sodium -

chlorate..

16.  The method of claim 1, whcrem said omdmer 1S oxygen from decomposmg hydrogen

peroxide.

17. A method of pre-treating a fuel cell, comprising an 'anode an electrolyte and a
cathode with an external power supply circuit connectmg said anode and cathode sa1d'
method comprising: ' '
| supplying methanol to said anode,
| suppl.ying oxidizer to said cathode

and mtenmttently providing reverse current charging to sald fuel cell via sald

cxtemal powcr supply circuit.

. 18 A method of restoring performance of a fuel cell corhprising an anode an eleCtrolyte ,

and a cathode with an external power supply circuit connectmg said anode and cathode whcn
10
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said fuel cell is in reversal condition, said method comprising:

supplymg a fuel to said anode,

supplying ox1d1zer to said eathode

' 1nterm1ttently prov1d1ng reverse current charging to said fuel cell v1a sa1d external power

- supply circuit.

' 19. A method of operating a system having a fuel cell, sald fuel cell compnsmg an anode ‘
an electrolyte and a cathode an external power supply circuit connecting said anode and'

~ cathode, and an external load circuit connectlng said anode and cathode, said method

~ comprising:

operating said fuel cell to provide power;
monitoring operatmg conditions of said system;
1nterm1ttently provrdmg reverse current charging to sald fuel cell via said external

power supply circuit based on the monitored system operating conditions.

20.  The method of claim 19, whereiri said operating said fuel cell to provide power '

furnishes power to said external power supply circuit which ﬁthher prov1des power to sa1d

external load circuit.

21. The method of claam 19, wherem said momtormg system operating condltlons

1ncludes momtonng the perfonnance of said fuel cell.

22. The method of claim 19, wherein said monitoring system operatmg condltlons' '

1ncludes momtormg the operatm g eondmon of said fuel cell

23, The method of claim 19, wherein said momtormg system operatmg ‘conditions

includes momtormg the operatrng condition of said external power supply circuit.

- 24, The method of claim 19, wherein said monitoring _system operating conditions

o ‘inclu des monitoring the Operating condition of said external load circuit.

- 25.  The method of claim 19, wherein said extemal power supply circuit provrdes 'power .

to said load c1rc1ut when selectlvely provrdmg reverse eurrent chargmg to sald fuel ceIl

26. A system for operating a fuel cell, comprising:

11
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a fuel cell having an anode, an electrolyte and a cathode,
an external power supply circuit connecting said anode and cathode,
a first supplier for supplying a fuel to said anode; '
a second supplier for supplying oxidizer to said cathode,

a controller for mterrmttently prov1dmg reverse current chargmg to sa1d ﬁuel cell via

- said external power supply circuit.

27. The systemof claim 26, wherein said fuel cell consumes a-carbon' based fuel cell..ﬁ

28.  The method of claim 27, wherein said carbon based fuel cell is a direct methanol fuel

cell (DMFC).

. 29. The system of claim 26, wherein said fuel cell is a hydrogen fuel cell’.

30.  The system of claim 29, wherein said hydrogen fuel cell utilizing purehydrogen as

31.  The system of claim 29, wherem said hydro gen fuel cell utilizing hydrogen

' contammated WIth carbon monoxide (CO) as fuel.

32. The system of claim 26, wherein said controller 1S constructed and arranged to

momtor performance and operating status of said fuel cell.

33.  The system of clalm 26, wherem said controller is constructed and arranged to

momtor said extemal load circuit current.

34, The system of claim 26 wherein said second supplier supplying ox1dlzer to said

cathode via azr ﬂowmg

35. The system of claim 26, wherein said second supplier supplylng ox1dlzer to sald

cathode viaa llquld

36. The system of claim 26, wherein saild oxidizer is oxygen gas -from air.

37. The system of claim 26, wherein said oxidizer is oxygen from decomposing. ,

potassium chlorate.

12
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38. The system of claim 26, wherem said ox1dlzer 1s oxygen from decomposmg sodium

| chlorate

' 39. The .system of claim 26, wherein said oxidizer 1s oxygen from decomposing hydrogen

- peroxide.

40. A system for pretreatmg a fuel cell cornpnsmg
~a fuel cell havmg an anode, an electrolyte and a cathode .
an external power supply circuit connecting said anode and cathode
a first suppher for supplymg a fuel to said anode;

a second suppher for supplying oxidizer to sa1d cathode,

a controller for providing reverse current chargmg to said fuel cell via sald external

| powe_r supply circuit.

41. The system of claim 40, wherein said fuel cell consumes a carbon based fuel..

42. The system of claim 41, wherein said carbon based fuel cell 1S adirect methanol fuel

cell (DMFC).

43.  The system of claim 40, wherein said fuel cell is a hydrogen fuel cell. -

44.  The system of claim 43, wherein said hydrogen fuel cell utilizes pure hydrogen as
fuel. - ' - .

45 The system of claim 43, wherem sald hydrogen fuel ccll utrhzmg hydrogen

.. contamlnated with carbon monoxide (CO) as fuel.

46,  The system of claim 40, wherein said controller is constructed and arranged to. :
monitor performance and operatmg status of said fuel cell.
47. ~ the systemoﬁf clai_rn 40, wherein said second supplier supplying .oxidizerto said
- cathode via air flowing. '

- 438. The system of claim 40, wherem said second suppller supplylng oxrdlzer to sald

' cathode via a liquid.
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49. The system of claim 40, wherein said oxidizer is oXYgen gas 'ﬁ'om alr.

50.  The system of claim 40, wherein said oxidizer is oxygen from decomposing . .

potassium chlorate. '

' 51. The system of claim 40, wherein said oxidizer is oxygen from decomposingosdium ~

chlorate.

52.  The system of clalm 40, wherein said oxidizer is oxygen from decomposrng hydrogen

perox1de

53. Asystem for operating a fuel cell in reversal condrtlon compnsrng
' a fuel cell having an anode an electrolyte and a cathode,
an external power supply circuit connecting said anode and cathode
a first supplier for supp]lylng a fuel to said anode;
“a second suppher for supplylng ox1dlzer to said cathode
a controller for mtermr'rtently prowdmg reverse current chargmg to said fuel cell via

sald external power supply circuit.

54.  The system of claim 52, wherein said fuel cell con_Sumes a carbon based fuel.

55, . The system of claim 53, wherein said carbon based fuel cell_'is a direct meth'a;rlOI'fuel

cell (DMFEC).

56.  The System of claim 52, wherein said fuel cell 1s a hydrogen fuel cell. '

'57.  The system of claim 56, wherein said hydrogen fuel cell utilizes pure hydrogen as
- fuel. ' ' ' '

58.  The system of claim 56, wherein said hydrogen fuel cell utilizes hydro gen

contaminated with carbon monoxide (CO) as fuel.

59.  The system in claim 52, wherein said controller is oonstructed and arranged to

momtor performance and operatmg status of sard fuel cell.

14
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60. A power system for converting fuel to electnmty, comprxsmg

a fuel cell for generatmg the electricity, said fuel cell havmg an anode, an electrolyte |

K and a cathode;

an extemal power supply circuit connecting said anode and cathode;
an extemal load circuit connected to said anode and cathode, '

a controller for controllmg said external power supply 01rcu1t to mterrmttently prov1de B

reverse current charglng to said fuel cell.

61. The p'ower system of claim 60, wherein said fuel cell consumes a carbon based fuel.

62. The power system of claam 61, wherein said carbon based fuel cell 1s a direct

methanol fuel cell (DMF C).

63.  The poWet' system of claim 60, wherein said fuel cell is a hydrogen fuel cell.

Patent Agents
Smart & Biggar
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