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 Chemical metallurgy encompasses the extraction and
refining of metals, liquid metal treatments, and the
corrosion protection and surface treatment of metals.

 Thermodynamics is the study of the energies involved in a
reaction and, therefore, provides information regarding
the driving force behind a reaction.

 By studying the energy requirements it is possible to
determine the optimum conditions necessary to provide
the desired reaction.

Chemical metallurgy



 Thermochemistry is the study of heat energies, H, in a reaction
and as such provides important information regarding heat
balances and fuel requirements in a metallurgical process. The
unit of heat energy is the joule or kilojoule (J or kJ).

Thermochemistry

Exothermic and endothermic reactions
Every known chemical reaction involves an energy change; most reactions 

occur with an evolution of heat and are called exothermic reactions, 

a few reactions (which will normally only take place at high temperatures) 

absorb heat and are called endothermic

reactions.

If heat is lost by the system, i.e. given out to the surroundings

(exothermic reaction) a negative sign ( - ) is placed in front of the stated 

quantity of heat. 

Conversely if the system gains heat from the surroundings (endothermic 

reaction) a positive sign is used. Two examples are given below:



The top of a mould into which metal is cast may be made of a material 

(e.g. powdered aluminium and an oxidising agent) which evolves heat 

when in contact with a source of heat such as molten metal.

This extraction reaction for zinc needs to overcome the difficulties of 

heat supply and conservation in order to be commercially operable at 

1373 K

Standard enthalpy change for a reaction



Now the change in enthalpy, ΔH, is given by

ΔH = H2 – H1

= Hproducts - Hreactants

Fig. below gives typical heat energy profiles for exothermic and 

endothermic reactions. Before a reaction can occur energy is required, 

called activation energy (E), to surmount an initial energy barrier; 

without this energy the reaction cannot proceed



• The enthalpy change for a reaction ΔH is dependent upon: 

(a) temperature; ( b ) pressure; ( c ) physical states of reactants and   

products; ( d ) amounts of substances reacting.

• The standard enthalpy change for a reaction, ΔH°, is defined as the 

change in enthalpy referring to the masses (in moles) of the reactants 

and products shown in the equation for the reaction at 101 325 Pa 

(1atm) and at a stated temperature, T.

• For example, ΔH°298 refers to the enthalpy change at standard 

pressure (1 atm) and a temperature of 298 K. 

There are various ways in which enthalpy changes for reactions may be 

stated more specifically:

(i) Standard enthalpy change of formation for a compound, ΔH°f

This is the change in enthalpy when one mole of a compound is formed 

from its elements under standard conditions.



(i) Standard enthalpy change of combustion, ΔH°c , of a substance

This is the enthalpy change when one mole of a substance is completely 

burned in oxygen under standard conditions, e.g.

Obtaining ΔH°c values for elements and compounds by use of the 

bomb calorimeter.

(iii) Enthalpy change of atomisation, ΔH°A , for an element

This is the enthalpy change occurring when one mole of gaseous atoms 

is formed from the element in the defined physical state under standard 

conditions, e.g.



(iv) Standard enthalpy change of transformation, ΔH°trans , 

This is the change in enthalpy when one mole of a substance undergoes 

a specific physical change, e.g. melting, evaporating, allotropic 

transformation, under standard conditions.

(v) Standard enthalpy change of solution, ΔH°sol

This is the change in enthalpy when one mole of a solute is dissolved in 

a given amount of solvent, under standard conditions. For example



(vi) Standard enthalpy change of dilution, ΔH°dil

This is the enthalpy change when further solvent is added to a solution 

of specified concentration under standard conditions.

(vii) Standard enthalpy change of neutralisation ΔH°neut

This is the enthalpy change when an acid and a base react together to 

give one mole of water. For a strong acid and a strong base the enthalpy 

change of neutralisation is effectively constant at -56.9 kJ/mole when 

considering infinite dilution.

In this reaction, as in any other strong acid-strong base reactions, the 

sole reaction is the formation of molecular water,



Calculating enthalpies and enthalpy changes 
ΔH ° = H°products - H°reactants

The enthalpy of an element, by convention, is taken to be zero at the 

reference temperature (usually 298 K), providing the element is in its 

normal physical state under the conditions considered, and becomes 

finite at any other temperature. For example

But

since, under the specified conditions, mercury is a liquid rather than a 

gas, i.e.



Hess's law

Hess's law states that the enthalpy change for a reaction is the same

whether it takes place in one or several stages (i.e. ΔH for a reaction

depends only on the initial and final states).

The great utility of this law is in calculating enthalpy changes for

reactions which cannot be carried out experimentally.



Example (1)

The standard enthalpy change of formation for carbon monoxide is 

required. The reaction is represented as:

but cannot occur stoichiometrically because of the tendency of the 

carbon to form carbon dioxide giving rise to a mixture of products ( 

CO and CO2 ) . 

However, standard enthalpy values are experimentally obtainable for 

the following reactions:

These reactions may be manipulated (e.g. reversed, added, subtracted, 

multiplied) to represent the change occurring in reaction (2.1), hence 

making it possible to calculate ΔH°I



Example (2)

Methane cannot be synthesized by direct combustion of carbon and

hydrogen:

but its enthalpy of formation, ΔH°f , can be calculated from the enthalpies 

of combustion of methane, carbon and hydrogen by application of Hess's 

law:



Reverse reaction I , multiply reaction III by 2 and add all three together



Homework
1) Calculate the standard enthalpy changes of formation at 298 K for 

the stated compounds from the data supplied in each case:





Enthalpy changes: the effect of temperature

Kirchoff's equation

The heat capacity of a given substance usually alters with temperature 

change. It is this variation in heat capacity of products and reactants 

which gives rise to variation of ΔH values for reactions as temperature 

changes,

i.e. in the generalized reaction shown below there are two alternative 

pathways which may be considered: 

(i) shown by solid arrows

(ii) shown by broken arrows



As in both (i) and (ii) the initial and final states are identical then,

according to Hess's law, the heat exchange for each process will be the

same, i.e.

This is only applicable when using mean values of Cp for the 

temperature interval T1 - T2 .This can be rewritten as:

i.e. change of ΔH with T is equal to change in Cp .This is known as 

Kirchoff's equation



This equation is useful in the integrated form as in the case of high-

temperature conditions which normally apply to metallurgical reactions. 

Integrating Kirchoff’s equation between T2 and T1 yields:

(2-3)

This may be expressed more usefully:

To calculate ΔHT2 from this equation it is necessary to consider how 

Cp varies with temperature.

(2-4)



Therefore, the enthalpy change for a reaction at any temperature, ΔHT 

may be calculated if the enthalpy change for the reaction at another 

specified temperature, usually 298 K, is known and molar heat capacity 

data are available,

i.e. equation (2.3) may be rewritten (considering standard conditions):

(2-5)

Molar latent heats are added if products transform ; subtracted if 

reactants transform.

In the simplest case it may be assumed that the molar heat capacities of 

the reactants and products do not alter appreciably with change of 

temperature, i.e. Cp values at 298 K from data sources may be used 

directly. Equation (2.5) then becomes:



(2-6)

(2-7)

For more accurate values of ΔHT it is necessary to calculate ΔCp using 

Cp values for reactants and products at the required temperature 

deduced from the type of empirical equation illustrated by equation 

(2.4) such that:



If the heat capacity of a substance differs in the various states 

considered, the calculation must be performed separately for each state, 

i.e.

where Tf and Lf are the melting point and latent heat of fusion of the 

product respectively.

Latent heat of transformation and melting and boiling points must also 

be considered in the above equation if the reactants or products go 

through a phase transformation.





Homework




