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1.
In synthesizing hydrogen for use in a fuel cell, methane may be used in the overall reaction CH4 + 2H2O → CO2 + 4H2.

(a)
Using the data below on enthalpy of formation determine the amount of heat that is released or must be input per unit mass of hydrogen produced.

(b)
If the heat is supplied by burning methane in air, what is the total mass of methane required and the total mass of CO2 produced per unit mass of hydrogen produced?

Assume that reactants and products are both at the temperature of 25oC for which the thermochemical data are provided in the table at the end of this assignment.
2.
The potential difference of a particular hydrogen fuel cell,  in volts, as a function of current density, i in amp/cm2, is found to be given by the following empirical equation: = 1.1(1 – i/2).  Find the maximum power output of this cell and the values of the current and voltage at this maximum power output.  What is the cell efficiency at the maximum power.
3
The reaction equations for a fuel cell can be written to include the potential at which the ions are created.  This approach is used below to show that the electrons at the anode are at a differential potential than those at the cathode.  The fuel cell output power is created by the passage of these electrons from the higher to the lower potential through a load.

A PEM fuel cell using methanol as the fuel is supplied with a water-methanol mixture at the anode.  The anode reaction produces hydrogen ions in the electrolyte and anode electrons according to the reaction: 

CH3OH + H2O → 6H+{el} +6e–{a} + CO2.
At the cathode, the cathodic electrons and electrolytic hydrogen ions combine with oxygen to form water molecules by the following reaction:

6H+{el} + 6e–{c} + 3O2 → 3H2O → 6H+{el} + CO2 + 6e–{a} + CO2.

These two reactions combine to produce the following reaction in which the net production of electrons is zero, but the electron flow in the external circuit produces useful output power.

CH3OH + 3O2 → 2H2O + CO2 + 6e–{a} – 6e–{c}.

(a)
Using the values for standard Gibbs Function shown in the table below, determine the maximum potential difference that the fuel cell can generate.
(b)
Calculate the ratio of the maximum electrical work per unit mass of fuel to the heating value of the methanol.

	Thermochemical Data at 25oC

	Substance (phase)
	Molar mass kg/kgmol
	Formation enthalpy Hfo 
(kJ/kgmol)
	Formation Gibbs Function Gfo (kJ/kgmol)

	CH4 (gas)
	16.043
	–74,850
	–50,790

	H2O (gas)
	
	–241,820
	–228,590

	H2O (liquid)
	
	–285,830
	–237,180

	CO2 (gas)
	
	–393,520
	–394,360

	O2 (gas)
	
	0
	0

	CH3OH (liquid)
	32.042
	–238,660
	–166,360

	CH3OH (gas)
	32.042
	–200,670
	–162,000

	H2 (gas)
	2.016
	0
	0
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