Science Update Programme for Secondary School Teachers

(Chemistry)
New Development in Electrochemical Cells
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Polarization Curve of an Alkaline Fuel Cell at Room Temperature

I. Objectives 

to evaluate the performance of an alkaline fuel cell by obtaining a Voltage versus Current   Plot (Polarization Curve) of the cell at room temperature.

to compare the performance of different fuels and to compare the performance with a   conventional battery

II. Theoretical background

The quantitative evaluation of a galvanic power source can be made in several ways, including cell voltage at fixed discharge current density, energy density, power density, or discharge capacity. A common way to express the performance of a fuel cell is the steady-state voltage versus current (or current density), viz. polarization curve.
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The open circuit voltage of an electrochemical cell can be related to the theoretical free energy change of the overall electrochemical reaction of the cell as follows:

where n is the number of electrons transferred in the overall reaction and F is the faraday constant.

The variation of current can be achieved by varying the external load by different resistors. The measurement of current by an ammeter may not be accurate since the resistance of the ammeter may give additional loading to the cell. It is convenient to measure the voltage across a standard resistor with a high resistance voltmeter and calculate current by the ohm’s law as I =  V / R.

A typical polarization curve is shown below    
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The power of the cell is simply current x voltage and will be at a peak value near the limiting current. Since current generated will be proportional to active surface area, it is also common to plot voltage versus current density (mA/cm2) and to plot power density (mW/cm-2) versus current density.
III. Experiment

Due to time limitation, each group will obtain a polarization curve for only one type of fuel.

The results of the different groups will be compared at the end of the practical session. 

You will be assigned either ONE of the following fuels:

Fuel A: Methanol (KOH electrolyte)


Fuel B: Ethanol (KOH electrolyte) 

      Fuel C: Aluminium  (NaCl electrolyte)

Experimental Procedure for Fuel A and Fuel B:

Materials and Instruments:

A liquid Fuel cell (HKU-002) containing an air cathode, an anode and a  separator.

Fuels: 3 ml ethanol or methanol  

Electrolyte: 27ml of 1 M  KOH  

A set  of Resistors of different values, an electrical multi-meter  

Electrical Wire Connectors: 2 pairs

Beaker:  1     Glass rod: 1    Timer(or watch ) : 1

1. Prepare the fuel + electrolyte mixture: 

Decant 3 ml ethanol in a 100ml beaker. Add 27 ml 1M KOH. Stir with a glass rod. Decant the mixture into the fuel chamber of the fuel cell carefully. Wait  for 5 minutes to allow proper wetting of electrodes.

2. Measure the OCV (open circuit voltage, without loading) of fuel cell

Use a voltmeter to measure and record the OCV of the fuel cell. Take the average of three readings at different times.

3. Determine the steady-state current at a given loading

Measure the precise resistance of each resistor with the multi-meter. Select one resistor and connect its ends to the fuel cell terminals. Record the voltage across the resistor minute-wise for a 5 minute interval. Disconnect the resistor from fuel cell.  Let it rest for at least 5 minutes to let the voltage recovered. Plot the voltage versus time to determine the steady-state voltage. Calculate the steady-state current from the measured value of resistance.

4. Plot polarization curves: Steady-state Cell working voltage (@5 minute) against different current. 

	Polarization curve : voltage response to loadings

	Group/Name:
	
	
	

	Run No.
	
	

	Resistor:
	
	ohm
	

	Fuel:
	
	
	

	Electrolyte:
	
	
	

	Fuel Cell Used:  HKU-002
	
	

	Clock time
	Time elapsed(min)
	Voltage
	Current(V/R: mA)

	 
	0
	  
	

	 
	1
	 
	 

	 
	2
	 
	 

	 
	3
	 
	 

	 
	4
	 
	 

	 
	5
	 
	 


                     Example : Data recording format for experiment
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5. Upon completion of experiment, disconnect the resistor from the fuel cell, decant the fuel  and electrolyte mixture into the waste tank. Rinse the fuel cell with DI water twice.
Experimental Procedure for Fuel C:

Materials and Instruments:

Fuel cell:  HKU-003 (one air cathode, one separator, no anode)

Fuels: Al foil 

Electrolyte: 25% NaCl in DI water

A set  of Resistors of different values, an electrical multi-meter  

Electrical Wire Connectors: 2 pairs

1. Preparing the Al anode: 

Prepare an Al foil (8cm X 2 cm) using scissors.  Decant 30 ml NaCl(25%) into the HKU-003 cell (without anode). Insert the Al foil into the cell and fold it’s upper end to the front side of the HKU-003 cell. Wait for 5 minutes. 
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Steps 2-5. Same as above for Fuel A and B
Remarks:

1. Plot your polarization curve and compare the results with those of other groups and with a standard AA size battery.

2. To evaluate the individual performance of anode or cathode, the absolute potential of anode or cathode can be measured with the help of a reference electrode. The reference electrode tip should be places as close to the working electrode (cathode or anode) as possible. For alkaline electrolytes, a Hg/HgO reference electrode should be used. For NaCl electrolyte, a Calomel or Ag/AgCl electrode can be used. A few reference electrodes may be available in the laboratory for short duration upon request.

Other Demonstrations:
Other items and components of fuel cells and batteries are on display in the laboratory.

 Al foil: 8cm X 2 cm











6cm X 2cm 





2cm X 2cm 
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