Chapter 12

    Lyes KADEM [Thermodynamics II] 2007

Gas Mixtures

In this chapter we will develop methods for determining thermodynamic properties of a mixture in order to apply the first law to systems involving mixtures. This will be an essential step to understand chemical reactions and combustion. 

The objective of this part is, therefore, to answer to this simple question:

“If I give you the properties of a component A and the properties of a component B, what will be the properties of the mixture A+B”.

The first solution to answer to this question will be to define a table of thermodynamic properties for each mixture. But obviously, this is not achievable since the number of combinations is endless. It will be much easier to determine the properties of the mixture using the properties of each component.

For that, we need to know the composition of the mixture, as well as, the properties of the individual components. 

Let us start by some definitions:

The total mass of the mixture:


[image: image1.wmf]1

...

k

mABCi

i

mmmmm

=

=+++=

å


The mole number of a mixture:
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The mole fraction
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 therefore: 
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The mass fraction
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Note that, 
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therefore 
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 The molecular weight of the mixture can be obtained as:
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And the mixture gas constant will be:
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       where RU is the universal gas constant (8.314 kJ/kmol K).

When performing an analysis on a mixture it is important to state if the analysis is based on the mass [gravimetric analysis] or on the mole numbers or volume [volumetric analysis]


P-v-T behavior of gas mixtures or ideal gas-low for mixtures:

Two models are used to obtain the P-v-T relation for a mixture of ideal gases:

The Amagat’s model: In this model each component is considered, as it exists separately at the same pressure and temperature of the mixture. The total volume is the sum of the volume of each component.

Amagat’s model same T and P

For the mixture (A+B)
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For component A
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For component B
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But 
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Therefore for the Amagat’s model: 
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The general form is: 
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VA and VB are the partial volumes.

The Dalton’s model: in this model each component occupies the same volume and has the same temperature of the mixture. The total pressure is the sum of the component pressures (partial pressures).

Dalton’s model same T and V

For the mixture (A+B)
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For component A
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For component B
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But 
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Therefore for the Dalton’s model: 
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The general form is: 
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PA and PB are the partial pressures.

We can show that,
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Properties of mixtures of ideal gases

The extensive properties of a mixture, such as H, U and S can be found by simply adding the contribution of each component, for example for enthalpy:
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In term of specific enthalpy h:
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Therefore, 
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This can be also expressed on a molar basis 
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So in general form:
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John Dalton
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   Figure.10.1. John Dalton.

Mixture of real Gases

Dalton’s law and Amagat’s law can also be applied to real gases (non-ideal gases) with a reasonable accuracy. However, the deviation from the ideal gas law must be taken into account by:

1- Using more appropriate (and complex () relations for a real gas.

2- Using the compressibility factor (Z) 
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For a mixture, Zm can be computed as:   
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Remember that: 
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The problem with using the compressibility factor is that this approach considers only the influence of like molecules on each other, neglecting the effect of the molecules of the component A on the molecules of the component B. In practice, the predicted values using the approach of the compressibility factor, maybe far from the experimentally determined values.

The solution?

Kay’s rule (


Another more accurate approach to predict the behavior of a real gas is to use the Kay’s rule (Form W.B. Kay 1963).

For that, pseudo critical pressure and pseudo critical temperature have to be computed. Then, the compressibility factor will be determined using the Nelson-Obert generalized compressibility chart (chart page 868 [Cengel’s book]).

Pseudo pressure: 
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Pcr,I is the critical pressure for each component of the mixture.

Pseudo temperature: 
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Pcr,I is the critical temperature for each component of the mixture.

From (table A.1, page 824 [Cengel’s book])

The results obtained by using Kay’s rule is accurate to within 10% over a wide range of temperatures and pressures. This accuracy is acceptable for most engineering purposes.

 

Properties of real gas mixtures

The study of the properties of real gas mixtures maybe very complex and counterintuitive.

To illustrate this, let us see the following example (Cengel book page 645).








(



Figure.10.2. Mixture of real gases.

While the pressure of both components is 100 kPa, the pressure of the mixture is 102 kPa.

This may be explained by the influence of the molecules of different gases on each other.

Even though, several approaches exist to determine the properties of real gas mixtures, the easiest way is to use the Kay’s rule (… once again).
























































Example   





Air is a mixture of N2, O2 and a small amounts of other gases, and it can be approximated as 79 percent N2 and 21 O2 on a mole basis. During a steady flow process, air is cooled from 220 to 160 K at a constant pressure of 10 MPa. Determine the heat transfer during this process per kmol of air, using the Kay’s rule.  








Real gas


A+B





25(C


1 m3


102 kPa








Real gas


B





25(C


0.6 m3


100 kPa








Example   





Molar analysis of air indicates that it is composed primarily of nitrogen (78%) and oxygen (22%). Determine:





The mole fractions.


The gravimetric analysis.


Its molecular weight.


Its gas constant.  





Real gas


A





25(C


0.4 m3


100 kPa








Example   





An insulated rigid tank of volume 0.2 m3 contains 0.25 kmol of O2 and 0.4 kmol of CO2 at 300 K. Determine the pressure of the mixture using:





a/ the ideal-gas equation of state.


b/ compressibility factors based on Dalton’s model.


c/ compressibility factors based on Amagat’s model


d/ Kay’s rule. 





English meteorologist who switched to chemistry when he saw the applications for chemistry of his ideas about the atmosphere. He proposed the Atomic Theory in 1803 which stated that (1) all matter was composed of small indivisible particles termed atoms, (2) atoms of a given element possess unique characteristics and weight, and (3) three types of atoms exist: simple (elements), compound (simple molecules), and complex (complex molecules). Dalton's theory was presented in New System of Chemical Philosophy (1808-1827). This work identified chemical elements as a specific type of atom, therefore rejecting Newton's theory of chemical affinities. 


Instead, Dalton inferred proportions of elements in compounds by taking ratios of the weights of reactants, setting the atomic weight of hydrogen to be identically one. Following Richter, he proposed that chemical elements combine in integral ratios. Despite the importance of the work as the first view of atoms as physically real entities and introduction of a system of chemical symbols, New System of Chemical Philosophy devoted almost as much space to the caloric theory as to atomism. 








Example   





A mixture is composed of 2 kmol CO2 and 4 kmol N2. It is compressed isentropically in a cylinder from 100 kPa and 20(C to 2 MPa. Assuming constant specific heats. Calculate:





The final temperature.


The work required.  


The change in entropy.





Example   





A rigid tank contains 2 kg of N2 and 4 kg of CO2 at a temperature of 25(C and 2 MPa. Determine:





The partial pressures of the two gases.


The gas constant of the mixture.  
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