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1 Electrolytic Production of Hydrogen Utilizing Photovoltaic Cells* 

Mark A. Daugherty 
Technical Staff Member 

Los Alamos National Laboratory 
Los Alamos, New Mexico 
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Prerequisite Knowledge: Knowledge of basic electrochemistry is helpful but 
not required. Knowledge of basic hydrogen safety is required, references are 
provided to assist in developing this knowledge. 

Objective: 
production system. To measure the efficiency of a single cell proton exchange 
membrane electrolyzer and to develop a basic understanding of its operation. 

To observe the performance of a small renewable hydrogen 

Equipment  
1 .  (2) multimeters or a data acquisition system 
2. 
3. copper wire 
4. (2) copper connector pads 
5. ( 1 )  electrolyzer cell containing: 

solar ~ array (3.0 V and 1.9 A maximum outputs) 

(2) plexiglass end plates 
stainless steel bolts, nuts and washers 
(2) 316 stainless steel* current collectors 
(1) catalyzed polymer electrolyte membrane 
(4) 0.030” thick carbon papers 
(4) fiber reinforced silicone gaskets 

6. distilled water 
7. tubing and tubing connectors, suitable for hydrogen operation 
8 .  pressure vessel suitable for hydrogen 

(1  50 psi maximum working pressure) 
9.  (1 )  hydrogen pressure relief valve (set at 100 psi) 

* This work was supported by the U.S. Department of Energy, Office of Utility Technologies, 
Hydrogen Program Office. 
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10. 
1 1 .  ( 1 )  control rheostat 
12. (1) hydrogen pressure gauge 

( 1 )  oxygen pressure relief valve (set at 100 psi) 

Introduct ion:  

Hydrogen has the potential to serve as both an energy storage means and an 
energy carrier in renewable energy systems. When renewable energy sources 
such as solar or wind power are used to produce electrical power, the output can 
vary depending on weather conditions. By using renewable sources to produce 
hydrogen, a fuel which can be stored and transported, a reliable and 
continuously available energy supply with a predictable long-term average 
output is created. 

Electrolysis is one method of converting renewable energy into hydrogen fuel. 
In this experiment we examine the use of an electrolyzer based on polymer- 
electrolyte membrane technology to separate water into hydrogen and oxygen. 
The oxygen is vented to the atmosphere and the hydrogen is stored in a small 
pressure vessel. 

Basic Safety Considerations: 

It is necessary to consider safety in every step of the design, fabrication, 
assembly and operation of a hydrogen system. For the present system major 
safety issues include: 1 )  ensuring that the maximum operating current of the 
electrolyzer is never exceeded. 2) ensuring that there are no gas leaks in the 
system. 3) ensuring that the  maximum operating pressure of the system is 
never exceeded. 4) excluding possible ignition sources from the area of the 
oxygen and hydrogen vents, and 5 )  separation of the hydrogen and oxygen 
vents. Reference 1 provides a general description of hydrogen and hydrogen 
containers and references 2-4 are intended to provide an introduction to 
hydrogen safety. 
working knowledge of the appropriate hydrogen safety requirements. 

It is the responsibility of the experimenter to develop a 



Experiment a1 Apparatus : 

A schematic of the experimental apparatus is shown in Figure 1.  
electrolyzer is provided by the photovoltaic array. 
between the array and the electrolyzer to control the input power to the 
electrolyzer. 
hydrogen is stored in a pressure vessel. 
both the oxygen vent and the hydrogen storage vessel. 
located in the hydrogen tubing between the electrolyzer and the storage vessel. 

Power for the 
A control rheostat is located 

Oxygen from the electrolyzer is vented to the atmosphere and the 
Pressure relief valves are located on 

A pumpout valve is 

Photovoltaic Panel 

H2 to 

Control Rheostat 

E 1 s t  rol yzer 

H2 ven Pump out valve 

Hydrogen Storage 21 1 

Figure 1 : Electrolyzer system schematic 

Solar Array: 

The electrolyzer used in this  experiment is designed to operate at a current 
density of 250 rnA/crn2 across the membrane. 
than the design current are applied across the membrane, the voltage drop will 
increase significantly as shown by the solid curve in Figure 2. 
rises excess heating will occur and it is possible to damage the membrane. 

If currents significantly larger 

As the voltage 



Obviously this must be avoided as it may allow the hydrogen and oxygen to mix, 
creating a potential safety hazard. 

The output from a photovoltaic array is shown schematically by the dashed line 
in Figure 2. 
current of the array ( I  sc) is below the maximum operating current of the 
electrolyzer (I m a x )  one can ensure that the electrolyzer will never operate above 
its maximum rated current. I m a x  will vary for different catalyzed membrane 
assemblies and also depends on how the temperature of the cell. For the 
assembly used in this experiment the maximum operating current density is 300 
mA/cm2. 

By sizing the photovoltaic array so that the maximum short circuit 
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Figure 2: Photovoltaic array sizing 

Electrolyzer: 

The polymer-electrolyte membrane is at the heart of this electroiyzer. 
case, the membrane is a specially treated polymer that conducts protons or other 
cations, but not anions. A specific catalyst is applied to each side of the 
membrane to facilitate the water electrolysis reactions, which are shown in 
Figure 3.  
ruthenium oxide and on the cathode side where hydrogen is evolved, the 
catalyst is platinum supported on carbon black. 

In this 

On the anode side where oxygen is produced, the catalyst used is 
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Figure 3: Water electrolysis reactions 

A schematic of the electrolyzer is shown in  Figure 4. 
electrolyzer are made to the two 316 stainless steel current collector plates. 
the anode side the collector is gold plated to reduce corrosion in the oxygen 
environment. Carbon paper is used to provide electrical contact between the 
current collectors and the catalyst layers on the membrane. 
paper will corrode relatively quickly on the anode side i t  is less expensive than a 
more durable titanium screen. Thus the carbon paper on the anode side will 
have to be replaced as it wears away. In addition to electrical contact the carbon 
paper provides a pliable mechanical support between the current collectors and 
the catalyzed membrane assembly. Fiber-reinforced silicone gaskets are used 
for sealing. The entire assembly is clamped together using stainless steel bolts, 
which have been omitted from Figure 4 for clarity. 
of the components used in the electrolyzer is available from the author upon 
request. 

Electrical connections to the 
On 

While the carbon 

A detailed drawing package 
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Electrolyzer schematk 
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Figure 4b: Side view of electrolyzer 



Pressure Vessel Storage Unit: 

The hydrogen is stored in a pressure vessel equipped with a pressure gauge. 
Hydrogen production can then be determined from the known volume and 
pressure. 
stainless steel. The pressure vessel and all tubing, connectors and valves used in 
the system must be rated to withstand the maximum working pressure, which is 
100 psig in this experiment. 
maximum working pressure is not exceeded. A pump-out valve is needed to 
evacuate the hydrogen lines and the pressure vessel prior to the start of the 
experiment. 
concluded. 
tubing if so desired. 

Suitable materials for the pressure vessel include aluminum or 316 

The pressure relief valves insure that the 

This valve is also used to vent the system when the experiment is 
A second valve can be used to isolate the pressure vessel from the 

System Assembly: 

Insulated copper wires are used to connect the output from the photovoltaic 
array to the current collectors. 
anode current collector and the negative lead to the cathode current collector. 
The oxygen vent/relief valve is installed and the hydrogen tubing is used to 
connect the hydrogen side of the electrolyzer with the storage vessel and the 
pump out valve as shown in Figure 1. 
side connections should be leak tested to ensure that they are leak tight prior to 
operation. 

The positive lead is connected to the gold plated 

Both the oxygen side and the hydrogen 

Experimental Procedure: 

By filling with known volumes of water make calibration marks on the side on 
the anode and cathode water chambers. These marks will be used to determine 
the volume of water electrolyzed. 

The anode water chamber is filled with distilled water and the oxygen 
vent/relief valve is installed. The hydrogen tubing and storage vessel are 
evacuated to remove the air. One multimeter is used to measure the current 
from the photovoltaic array and the other is used to measure the voltage across 



the current collectors. The control rheostat is set to zero or the open position 
and the electrical connections are then made to the current collector plates. 

The ideal voltage required to separate water is 1.2 volts. In addition to the ideal 
voltage there are losses or voltage drops due to the internal and interfacial 
resistances of the components used in the electrolyzer. Until the applied voltage 
is large enough to overcome these resistances electrolysis will not take place. 
Increase the power slowly using the control rheostat until bubbles are observed 
when looking through the plexiglass housing. 
bubbles were first observed. 
voltage of 1.2 volts? The ratio of actual voltage to ideal voltage is a measure of 
the efficiency of the electrolyzer. How efficient is the electrolyzer? 

Record the voltage at which 
How large is this voltage compared to the ideal 

The hydrogen output of the electrolyzer is proportional to the current flow. 
Adjust the rheostat until a steady reaction is taking place. Monitor the current 
flow through the electrolyzer. 
cathode chambers and measure the change in water volume over a known time 
period. (During electrolysis a significant volume of water will travel through the 
membrane, so the volume of water in both chambers must be used to determine 
the amount of water electrolyzed.) 
equations shown in Figure 4 calculate the amount of water that should be 
electrolyzed by the measured current in the time period. 
with your measured volume and also to the volume expected from 
pressure/volume calculations. Repeat the measurement for different settings of 
the control rheostat. 

Record the water levels in both the anode and 

Using the density of water and the reaction 

Compare this volume 
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Notes to the Instructor: 

The Compressed Gas Association, Inc. is located at 1725 Jefferson Davis Highway, 
Suite 1004, Arlington, VA 22202-4100, (703) 979-0900. 



The National Fire Protection Association (NFPA) is located at 1 Batterymarch 
Park, P.O. Box 9101, Quincy, MA 02269-9101. 
Carbon paper can be obtained from Spectracorp, 599 Canal Street, Lawrence, MA 
01840, (508) 682-1232. 

Reinforced Silicone gasket material can be obtained from CHR Industries, Inc., 
407 East Street, PO Box 1911, New Haven, CT 06509-9988, (203) 777-3631. 
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