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Learning Objectives for today’s lecture

e At the end of this week’s lecture, you should
be able to:

— Derive expression for fugacity and fugacity
coefficient

— Application of fugacity to phase equilibria and
their calculations.

CHE 415 — CHEMICAL ENGINEERING THERMODYNAMICS li



Department of Chemical Engineering, LMU FFEy

FUGACITY, FUGACITY COEFFICIENT o

0 From the Gibbs free energy differential,

Q dG = VdP — SdT 6-1

O Applied to 1 mole of pure fluid i at constant T, this equation
becomes,

a dG,; = V,dP (const. T) 6-2

4 For anideal gas, V, = RT/P

4 Thus, dG; = RTd?P

4 or dG; = RT dInP 6-3

0 Egn.6-3 can be made universally valid by replacing P with a new
function known as fugacity, f

0 Eqn.6-3 becomes,

d dG; = RT dInf; (const. T) 6-4

O Where f, called the fugacity of pure i, is a property of | with the units
of pressure.

O For the special case of an ideal gas,

d RT dinf, = RTdInP
O Integration gives,
a Inf, = InP + InC
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FUGACITY, FUGACITY COEFFICIENT o

d and f=CP
d Where C is a constant

O Putting C = 1, makes fugacity = pressure

O Since ideality is assumed as P=»0, then the equation

0 limZ =1 is valid 6-5
pP—0 P

Q The fugacity f; of a component in a solution is similarly defined as

4 dG; = RTdInf; (const.T) 6-6

U For lim Z& = 1
P—-0 XiP

O Thus for a mixture of gases,

A fi = xiP (ideal gas)

O The product x,P is known as the partial pressure P; of component i in

the gas mixture.

die P,=x/P

d and ZPi=2xiP=P2xi=P

Q

l.e the pressure of a gas mixture is equal to the sum of the partial
pressures of its individual components.
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FUGACITY COEFFICIENT o

O The fugacity coefficient is defined as the ratio of the fugacity of a

material to its pressure. For a pure substance,
_Ji

D Qi P 6-7
O For a component in solution,

a pi= 1L 6-8
O ¢; Is the fugacity coefficient and is dimensionless.

L Values of ¢; and ¢@; are readily calculated from PVT data

4 Derivation of f; and ¢;.

0 From egn.6-4

d dG; = RT dInf, (const. T)

O At constant T and composition (X), 1 mole of solution, the equation
d d(nG) = —(nS)dT + (nV)dP + }[pu;ldn,

O Becomes dG, = V,dP (const. T,x) 6-9
1 Combination of egns.6-4 and 6-9 gives,

O Alogarithmic differentiation of 6-7 gives
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FUGACITY COEFFICIENT o

A logarithmic differentiation of 6-7 gives
dinf, = ding; + dInP
=dlng; + %P
Substituting into egn. 6-10 gives
ding; = % d?P — d?P (const. T,X) 6-11
Since, Z; = %, we have

ding; = (Zi — 1)%’3 (const. T,x) 6-12
Integrating between P = 0, where ¢; = 1 and P gives
Ing; = J, (i =D 6-13
Since f; = ¢;P, the corresponding expression for Inf; is
Inf, = InP + fOP(Zi — 1)%’3 (const. T,x) 6-14
O Analogous equations to 6-13 and 6-14 for which V rather than P is
the variable of integration are easily derived. They are

(N Iy Ny Iy Iy Ay My WAy WOy W

a Ing; = (Z,— 1) — InZi — f (Z, — 1) =~ 6-15
a Infy = -+ (Z,— 1) — J (Zi — 1) =~ 6-16
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FUGACITY COEFRFICIENT o
O Forideal gases, Z =1, hence,
d ;= ¢ =1
4 and f=f=P

U The analogous equation for a component i of an ideal gas mixture
(solution) are
Q oi=¢@=1

Py

4 and f.=yP 6-17
U Where yi is the mole fraction of component | in a gas phase.
U Since the residual volume is related to the compressibility factor by

the expression

Q AV; = (11— Z) 6-18
O Hence eqn.6-13 becomes,

a Ing; = —— J, (5 — Vi) dP

A = — R—lT fOP AV;dP  (const. T) 6-19
O Also the expression

a Ing; = fOP(ZAi — 1)%’3 (const. T,x) is valid 6-20
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FUGACITY COEFFICIENT o
Qd And since Z; = %
Q Pi=——J, & —V,)dP (const. Tx)  6-21
4 The generahzed correlation for fugacity coefficient, ¢ Is
a Ing == (8° + wph) (const. T,x) is valid
Q Applicable to non-polar or slightly polar gases, where 8° and g are
given by
0 0 _ 0422
Q And Bl _0139—0172

Q Andalso  Ing = Ing® + wine or ¢ = @°pt®
O Where ¢° ¢!, 8% w and B* are functions of (P,,T,) found in literature
(see Lee-Kesler chart).

U Practice Example.

U Determine the values of ¢ and f for n-butane gas at 460K and 15atm
by the generalized correlation for fugacity coefficient. (P = 37.5atm,
Te.=425.2K, w = 0.193)
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Figure 7.1 Corresponding states correlation for the fugacity coefficient in reduced coordinates—
simple fluid term. Based on the Lee—Kesler equation of state.
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Figure 72 Corresponding states correlation for the fugacity coefficient in reduced coordinates—
correction term. Based on the Lee—Kesler equation of state. SN
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SOLUTION o

0 We know that
a Ing = % (B° + wpt) (const. T,X)
Q And P.= 42 =22=040

Pc 37.5
Q T. = — = 22 =1.08

Tc 425.5

0 _ 0422

Q p° = 0.083 —aie = —0.290
0 And B =0139 - =2 = 0014
O Substituting in the equation above
a Ing =22 (~0.290 + (0.193)(0.014)
a =-0.1064
D And Q= e-0.1064
a =0.899
O Since f=¢P
a =0.899 x 15
U = 13.49 atm
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EQUALITY OF FUGACITY AS A CRITERION OF
PrRASE EQUILIBRIUM

U The concept of fugacity as the criterion for chemical equilibria is as
that of using chemical potential. To derive this relationship for
fugacity, we begin by equating the chemical potentials of phases «a

and S uf = pf 6-22

O Also fugacity as defined by G.N. Lewis is given by the relation

a w — pn$ =RT ln[f :| 6-23
i

0 Combining egn.6-22 and 6-23 vyields,
Ja ] ff
pae + RT]n[ wf? + RT In
fee P

O Applying a mathematical relationship to the quotient in the
logarithms and rearranging gives:

ue® — ube = BT ln[?ﬂ:] +RT l"[))?jl

1
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EQUALITY OF FUGACITY AS A CRITERION OF =
PRIASE EQUILIBRIVM

O The first three terms are just a restatement of Eqn.6-22; hence the
remaining term must be equal to zero, that is,

A
0 = RT ln|:f

{ -

Q or fe=1° 6-24

O Eqgn.6-24 forms the criterion for chemical equilibrium in terms of
fugacity. It is just as simple as that for chemical potential.
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