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Module Title: Electric Battery Analysis

Module Author: Jason Keith
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 Concepts: Voltage and Energy Storage in a Battery
Problem Motivation: The availability of energy has become an important part of our society. In this and related problems, we will discuss issues of energy consumption, energy reserves, and energy related emissions. Furthermore, we will analyze conventional and alternative energy systems. A particular emphasis will be placed on the generation of hydrogen for use in fuel cells for transportation and/or stationary applications.

Problem Information

Example Problem Statement: Chemical thermodynamics can tell us a lot about the properties of batteries. Consider a Nickel Cadmium battery with an open circuit voltage of 1.3 V. 

a) Determine the Gibbs free energy of reaction in J/mol Cd 
b) Determine the theoretical specific energy in W-hr/kg 
Example Problem Solution:

a. The relationship between the battery voltage and Gibbs free energy is given by:
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(1)
Where Vr= reversible cell voltage (V), G = Gibbs free energy change (J/mol), n = number of electrons transferred in reaction, and F = Faraday’s constant (96485 C/mol e-).
The chemical reactions occurring in a Nickel Cadmium battery is:

2 NiOOH + 2 H2O + Cd → 2 Ni(OH)2 + Cd(OH)2
Noting that the cadmium goes from solid cadmium (Cd0, with no charge) to a cadmium hydroxide (as Cd+2 ions since there are two OH- ions), the value of n = 2.
Thus, rearranging equation 1 we have:
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(2)
Inserting numbers, we have:
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b. The relationship between the specific energy Especific-theoretical (battery capacity per unit weight, in units of W-hr/kg) and the Gibbs free energy (in J/mol) is given by:
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(3)

where 3.6 is a unit conversion factor (3600 s/hr divided by 1000 g/kg) and 
[image: image5.wmf]M

å

is the sum of the molecular weights of all of the reactants (or products) in g/mol.

For our system, the molecular weight of nickel is 58.7 g/mol, oxygen is 16 g/mol, hydrogen is 1 g/mol, and cadmium is 112.4 g/mol. Thus, for the reactants (or products) the sum is 331.8 g/mol. Inserting into equation 3 we have:
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Home Problem Statement: Consider a Nickel-based Lithium-Ion battery with an open circuit voltage of 4 V and a specific energy of 120 W-hr/kg. The chemical reaction is:

LixC + Li1-xNiO2 → C + LiNiO2
In this expression, x represents a fraction which is equal to the number of moles of electrons transferred per mol of lithium. The molecular weight of lithium is 6.9 g/mol and the molecular weight of nickel is 58.7 g/mol. Determine this value of n which is equal to 1 divided by an integer.
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