Experiments with Fuel Cells

For the Parallax Board of Education and Homework Bo ard

Experiment #1 — Electrolysis and Fuel Cell Modes
A REEL Power "™ (Renewable Energy Education Lab) Experiment
© LearnOnline, Inc. www.learnonline.com

Purpose

Unless you have an expensive computer-based graphical plotting device at your
disposal, you may never have observed the electrical process by which a
reversible PEM fuel cell goes through its Electrolysis and Fuel Cell Modes.

This experiment is designed to illustrate these processes without any substantive
analysis except to review the two separate modes in terms of their electrical
characteristics.

You will come to understand that:
1. The Electrolysis Mode is where hydrogen and oxygen are produced.

2. The Fuel Cell Mode is where hydrogen and oxygen are recombined to
make electricity.

Background Information

If this is your first experiment or if you just need a refresher on some of the
details please refer to the following background information guidelines:

Parts Assembly and Wiring Guidelines

Coding Guidelines

A/D Converter Chip Operation

Resistor Color Codes

Computing Current with Voltage Drop

REEL Power Software Installation and Operation

Additional Fuel Cell Information
Suggested Fuel Cells
Hydrating and Purging a Fuel Cell
How Reversible PEM Fuel Cells Work
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Equipment

Qty Description

1 Reversible PEM Fuel Cell

1 3-volt battery pack or equivalent DC power source

1 Parallax BOE or Homework Board

1 9-volt battery or +12 volt regulated DC supply

1 MCP3208 - 12-bit A/D converter chip

1 1 ohm resistor

1 10 ohm resistor

10 Solid hookup wires

1 USB or RS232 cable

4 Clip leads

1 Windows PC computer with REEL Power ™ software
(MACs must have Parallel’'s “Desktop 3.0 for Windows”)

1 Printer (optional)

General Hardware Hookup

Setup the equipment as shown here, and then examine the Jumper Board
Hookup (next) for specific details. Note — you can substitute a solar panel or

other DC power source for the 3 volt battery; howev er, be sure it doesn’t go

over 3 volts and that it has sufficient current cap ability to electrolyze water.

3-Volt Reversible PEM
Battery Fuel Cell
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Jumper Board Hookup for Electrolysis Mode
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Schematic for Electrolysis Mode
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Code File

Download the following file to the BASIC Stamp:
Parallax_Fuel_Cell_Exp.bs2

The code file can be found on the REEL Power CDROM that came with this
lesson or on the LearnOnLine website at www.learnonline.com.

Code Algorithm

Here’s how the code works to acquire and display the fuel cell’s voltage, current,
power and resistance. For complete details refer to the above code file.

The Main loop looks like this...

Fuel_Cell_Exp:

GOSUB Get_Voltage

GOSUB Get_One_Ohm_Drop
IF (voltage < oneOhmDrop) THEN
GOTO Fuel_Cell_Exp

ENDIF

current = (voltage - oneOhmbDrop) / 1

I=E/R  where
| =curr ent in milliamps
E = volt age in millivolts
R =resi stance in ohms
GOSUB Plot_It

GOTO Fuel_Cell_Exp

The first subroutine acquires sixteen readings of the input voltage which can be
either a battery, solar panel or the fuel cell itself (depending on the mode) and
averages the samples in order to acquire a more stable reading.

GOSUB Get_Voltage

Notice that in the code a 16-bit word variable is used to a store the sixteen
samples. Since each sample is 12-bits with a potential value of no more than
4096 (0 -4095), then 16 samples can fit into a word variable that has the capacity
for 65,536 values without rolling over.

Samples = 65,536 / 4096 = 16
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Following the averaging process the raw count value is converted into milli-volts
by multiplying by 1.22 mv / count as in:

5 volts / 4096 counts = 0.00122 volts / count = 1.22 mv / count

The next subroutine acquires sixteen readings of the drop across the 1 ohm
sense resistor. It, too, is converted into millivolts by the following subroutine.

GOSUB Get_One_Ohm_Drop

Since the input voltage and 1 ohm resistor drop voltage are taken at different
times, a test is made to determine if the solar panel voltage is greater.
Otherwise, the resultant subtraction to determine current will be totally incorrect.

If (voltage < oneOhmDrop) THEN
GOTO Fuel_Cell_Exp
ENDIF

If the test passes then the current is determined by subtracting the input voltage
from the 1 ohm resistor voltage and dividing by 1 ohm .

Current = (voltage — oneOhmDrop) / 1

1=E/R where

‘I = current in milliamps
‘E = voltage difference in millivolts
‘R = value of 1 ohm sense resistor

The Plot_It routine computes the checksum for the voltage and current variables
and transmits the values to the computer. The process then repeats.

GOSUB Plot_lIt
GOTO Fuel_Cell_Exp

Procedure for Electrolysis Mode

1. Remove one of the battery leads from the circuit and purge all hydrogen
from the fuel cell.
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. Click on the REEL Power ™ icon to bring up the software menu. Then
click on the Renewable Energy Experimenter Kit  icon.

Fuel Cell Interface

. On the graphic display, click on the Connect button at the
lower-left of the screen. Verify that the connected icon
appears validating the Comm port selection. Make sure to
click on the arrow and select the highest comm port number.

. On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 5.00 volts.

Reattach the battery lead back to the circuit and begin to witness a plot
similar to Figure 1. The fuel cell is now in Electrolysis Mode and
presents an initial heavy load (low resistance) as shown by the spike in
current (blue) and power (red) at the very beginning of the plot. The fuel
cell’'s internal resistance (black), nearly zero at the very start, is shown to
be rapidly rising as the electrolysis process continues indicating that the
fuel cell is presenting a much lighter load to the DC power source as
compared with the beginning of the experiment.

REEL Power
Fuel Cell Interface
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Figure 1- Beginning of Electrolysis Mode
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6. Allow the hydrogen and oxygen to build up. The plot should begin to look
like that in Figure 2. Note that the voltage, current, power and internal fuel
cell resistance, the black line, are beginning to stabilize.

Figure 2 — Electrolysis Mode Stabilizing

7. Allow the electrolysis process to continue until sufficient hydrogen is
created then remove the battery from the circuit. During the process your
plot should look like that in Figure 3.
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Figure 3 — Electrolysis Mode Completion
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Procedure for Fuel Cell Mode
8. Remove the battery and fuel cell from the circuit and reconnect them
according to the Jumper Board Hookup for Fuel Cell Mode and the related

schematic below. Do not connect the fuel cell to the circuit as yet.
We want to preserve the stored hydrogen for the nex  t experiment.

Jumper Board Hookup for Fuel Cell Mode
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Schematic for Fuel Cell Mode
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9. With the computer operating as setup earlier attach the fuel cell filled with
hydrogen. The plot should begin to look much like that in Figure 4. Notice
that the voltage drops considerably as the fuel cell (how the power source)
begins to supply current and power to the 10 ohm resistor load.

Figure 4 — Beginning of Fuel Cell Mode

10. Allow the fuel cell to expend all of its hydrogen to power the resistor load.
Note that that voltage, current and power remains constant until the fuel
cell runs out of hydrogen. This indicates that the fuel cell acts like a
modern battery that remains at full power until the very end of its “life”.

Electrolysis Mode Fuel Cell Mode
Internal Fuel Cell External Lotd
Resistance Resistance

Figure 5 — Continuation of Fuel Cell Mode
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Analysis:

A great deal can be said about the chemistry and thermodynamics involved in
the decomposition of water into hydrogen and oxygen and the subsequent
recombination of these gasses back into water; however, this information is
available, in part, in subsequent fuel cell experiments and from many other
sources on the web and in books. This analysis concentrates on simply
describing the electrical characteristics of the PEM fuel cell during the
Electrolysis and Fuel Cell modes.

At the beginning of the Electrolysis Mode in Figure 1 the fuel cell is nearly a
“short circuit” (zero resistance) as voltage is first applied. Notice the “spikes” in
current (blue plot) and power (red plot) at this beginning point. However, the
resistance quickly increases thus reducing the load on the power source. This is
evidenced by a decrease and leveling off in current and power.

Well into the Electrolysis Mode in Figure 3 the voltage, current, power and
resistance stabilizes indicating that the fuel cell is actively electrolyzing water into
hydrogen and oxygen. The black plot line is the fuel cell’s internal resistance. If
a less robust power source is used, the current may be limited and, thus, the
apparent internal resistance of the fuel cell may increase. You are encouraged
to repeat this experiment with multiple power sources like a solar panel or high-
current power supply in Electrolysis Mode to find out for yourself.

Figure 4 begins the switch from Electrolysis Mode to Fuel Cell Mode where the
external power source is removed and the fuel cell now becomes the power
source for the resistive load. The initial voltage is high (1.4 volts) entering Fuel
Cell Mode, which is due to the overvoltage nature of the device at this time.
However, as Figure 5 illustrates the voltage stabilizes to the normal operating
level of between 0.8 and 0.4 volts.

Figure 5 shows how the fuel cell behaves during its discharge cycle into the 10
ohm load. As indicated previously this is indicative of a nickel-cadmium or
lithium-ion battery whose discharge cycle is nearly constant until the very end.
This fact alone points out that fuel cells (at least PEM fuel cells) are viable
alternatives to battery power — as long as sufficient hydrogen is made available,
which is currently the “holy grail” of the hydrogen economy. We have all sorts of
things that operate with hydrogen, but where is the hydrogen to power them?
Perhaps these experiments will point a way to someone discovering an easy and
inexpensive way to create it “cleanly” from water in a non-polluting manner.

Page 12
A REEL Power ™ (Renewable Energy Education Lab) Experiment
© LearnOnline, Inc.  www.learnonline.com



