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Introduction

Low power density has limited the pracica
applicaion of direa methanol fuel cdls (DMFC).
Ultracgadtors can deliver high power, but commercial
adoption has been limited by their modest energy density.
Hybrid powver supplies that combine ultracgadtors with
DMFC's exploit the alvantages and addressthe
limitations of ead technology. Results sowing the
transient voltage response of a hybrid
DMFC/ultracgadtor power supply to dynamic load
profil es are presented and d scus<sd.

Experimental

The DMFC consisted of a’5 cm” MEA with 4.4
mg/cm? PtRu (Johnson Matthey) anode dedrocatalyst
loading and 2.8 mg/cm? Pt cathode dedrocatalyst
loading. The DMFC was operated at ambient presaire
and 8C°C with 0.75M methanol flowingat 3 ml/min and
air at 100scem.

The ultracgpadtor consisted of 6 parallel cdls. The
capagtor eledrodes (7.8 cm? adive aed consisted of 20
mg of high surface aea cabon deposited on conductive
polymer current colledors. 30 wt% KOH was used as the
eledrolyte. The 6 cdl configuration rated at 1.0 V with
6F dc cgpadtance and an equivalent series resistance
(ESR) of 4 mQ.

The cgadtor and fuel cdl were cnneded in parallel
and dscharged througha HP 6050A Programmable
Elearonic Load. The DMFC baseline arrent was varied
asillustrated in figure 1. Baseline aurrent draws were
chosen to represent regions of kinetic, resistance, and
masstransport limitation for the DMFC. The test protocol
consisted o varying the discharge between a baseline
current and peak values correspondingto 2X, 5X, and
10X baseline aurrent. Pulse repetiti on frequency was
varied from 0.66 Hz to 909Hz with pe&k current duty
cycles of 33%, 16.7%, and 9.09%. A scope was used to
record the voltage and waveform aaossthe load.

Results and Discussion

During steady-state operation, the performance of a
DMFC isunaffeded hy the presence of an utracaadtor.
However, when rapid changes in current are required (Fig.
2) the voltage, and hencethe power provided by the
DMFC is substantially reduced from steady-state levels.

A low resistance, high cagpadatance ultracgadtor responds
rapidly to changes in current demand and reduces the
voltage drop during these events, effedively increasing
the power provided to the load. Once arrent draw
returnsto baseline levels, the cgadtor isrecharged by the
DMFC.

The greaest improvements in power were ohbserved
for discharge profil es with lower duty cycles, lower
frequencies and higher ratios of pea currentsto baseline
current. (Fig. 3).

Conclusions

Ultracgadtors can be combined with fuel cdlsto
improve power density. The combination isided for
applications that impose low frequency, low duty cycle
pedk loads. Examplesinclude fuel cdl boa-up, roba
stall recovery, and wirelessdata transmisson.
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Fig.1. Voltage axd paver density recorded under
steady-state polarization for a 5 cm’ DMFC.
Arrows indicae baseline airrent levels used
during pused discharge experiments.
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Fig. 2. Voltage recorded at the load for a DMFC and
DMFC/ultracgadtor (*not correded for lead
wire resistance of 60 mQ). Resporse is during
repeaed current pulses from 0.2 A (1.0 s) to 20
A (0.1 s). Power densties cdculated from iR
correded vatage values.
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Fig. 3. Power at the minimum voltage point (correced

for lead resstance) for a DMFC and
DMFC/ultracgadtor. Pulsed current discharges
of 0.2 to 20 A (9.09% duty cycle) performed
over arange of frequencies.



