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Example Equilibrium Calculation

* Given mixture of CO,, CO, O, at specified (7, p)

and C:O ratio
* What is composition (intensive) at equilibrium (e.g., y;)?
* General approach: start with atom balances

(mass conservation)
— can write 2 equations, 1 for each nuclei type
n =neo +neo, n? =neo+2nc, +2n,
— in terms of mole fractions

=X
Neo + e, _ Xcot Xco,
o+ 2000, + 21, Yoo +2Xco, +2X0,

— since we can’t “lose” an equation, also  Zco + Xco, + Xo, =1
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Examplz eiE;iuilibrium Calculation

* Given mixture of CO,, CO, O, at specified (7, p)

and C:O ratio
* What is composition (intensive) at equilibrium (e.g., y;)?
 After atom balances, how many equations needed?

— 3 unknowns — 2 equations = |1 more equation needed
* Source?

— K, can write chemical state relation (“reaction”)

CO,+ CO+ %0, WP S
) PcoP,, _ XcoX, Plroe m ZH[Kpf,, (T)}

" Pco, Zco, 2
L Heoksl _ p il Zeoky o Ky (T)

K, (T

Xco, Xco, K, sco, (T )
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Equgtion Summary

* So we now have 3 equations for our 3 unknown y;

1. Xcot Xco, _i
Xco+2X, co, T 2y 0, n O

2. Xco T Xco, T Xo, =1

Zco?(lo/zz _ ﬁ?l/z Kp,,;(, (T)
ZCOZ KP; €O, (T)

» We can solve this (nonlinear) set of equations for a given
T, p and n</n° if we have the necessary formation
properties of our species

— e.g., from https://janaf.nist.gov
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Composition; T and O/C Dependence
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* CO, decreases at high T

— has low chem. energy (low Ah)), 77T favors higher energy species
* Increasing O/C shifts composition from CO—CO, (Xcoz/XcoT)
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Comp0s1t10vn T and p Dependence
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Increasing pressure drives composition to CO,

— high p favors “less” moles
At T extremes, either CO or CO,; so weak p dependence there
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Mlxture (TPG) Properties

Now that we know composition as function of 7, p and
atom ratios, how do we calculate other properties?

Enthalpy‘7
Z l/ it h = Z )]lhl

= z Xi [(hr ~h;, ) +A&hg, ] = Z f [(hr ~hy, ),. + A, ]

Internal energy?

h=h-pv u=h-pv
—h-RT —h—RT

. Entropy‘7
=D 15, =D , =208 )
=Sz [ 2Lar-Rin 2 =37| [ 2LdT-RI p'}
o i W |
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Molar Enthaiﬂgpy: T and p Dependence
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* Enthalpy increases monotonically with 7’

5000

* Enthalpy of TPG mixture now depends on pressure

— where composition is changing
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