Fugacity calculation for gases and liquids
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We shall study how to calculate the fugacity of a

pure gas or liquid component.

We will see why the Gibbs function is called the generating function.

We shall see how to calculate the fugacity of a gaseous component
using the vdW cubic EOS and also using the Virial EOS and the
Pitzers correlation.

For a liquid component we follow a different procedure, because for
liquids reliable cubic EOS dont exist.

At the end we shall solve GATE problems on fugacity.
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We saw one reason why the thermodynamic function G is so
important in our last module. Namely because it has P and T
as its independent variables which we can easily manipulate.
In this chapter we shall see the second reason why the Gibbs

free energy is the most sought after function in all of Thermodynamics.

We shall see why G/RT is called the generating function.
Specifically we shall show that knowing the functional form
for 6/RT we can calculate all other thermodynamic

functions namely V, U, H and S.
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If we assume this Virial expansion is a valid representation of the
gas phase behavior then all thermodynamic quantities can be exactly

evaluated.

The Virial equation holds advantage over the cubic EOS.
For a cubic EOS we need to solve the cubic equation for
V given P and T. Then knowing P, T, and V we calculate Z.
The Virial equation gives us an explicit equation for Z.
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B is a function of Temperature only and can be either negative
or positive. If B is positive Z > 1 and if negative Z < 1,
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Because f < P, the gas is showing a negative deviation from ideality ie Z < 1
over most of the pressure range of integration.
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How to calculate the vapor and liquid phase fugacities from vdW EQS

Given T and P use the EOS and calculate the volume, V if a single phase is only
present.

Calculate the compressibility factors

PV
RT

Then calculate the fugacity :

lni:(Z—l)—anJrln LA
P V—-b VRT
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If two phases can exist at these P and T, you get three roots for the EOS.
Then take the largest volume as the vapor volume, VV and the smallest
volume as the liquid volume, Vt. Calculate the liquid and vapor phase

compressibility factors.
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Peng—Robinson EQOS
P RT B a
V—b V(V+b)+b(V —b)
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The saturation vapor pressure of water at 200 C is 1.555 MPa.
Estimate the fugacity of water at these conditions using the PR EOS?

1) For this T and P calculate the V.

2) Calculate the liquid and vapor volumes.

3) Calculate the liquid and vapor phase Z.

4) Calculate f for liquid and vapor phases.
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x=037464+1.542260 —0.2699320°

b=0.07780R L
F,

A an+(1+J5)B
B2J2  Z+(1-+2)B

S (7 D tn(z—B)—
In> =(Z~1)~In(Z~B)

A=aP g bP
BT RT




K

Te=6473 Pc=22.12.10"

T'—473.18 P:=1.555.10°

k= 0.37464 + 154226 « w — U 26002« w°

w=0.34

R~8.314

el e

'I I .
a-=o.45m.(" Te )-a bi=0.07780- (R ) =1.603.10~
8 P+b R T=bea 0.000035
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Vigs=max(volu) =0.002345 V1= min (volu) =0.000025
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Calc all the parameters needed
for the PR EOS, namely

a,a, k and b knowing the
critical properties and the
acentric factor.

Solve the cubic equation

for the three specific volumes
the lowest specific volume
corresponds to the liquid

and the largest to the vapor
specific volume.




Calc the vapor phase and
PV, PVi
zg=.n__;=o.sm Ri=—p—r=001 ‘ liquid phase compressibility.
aP _ bP _ ——
A=n’ e =0.076 Br=mr=0.007 Calc the factors A and B
!gJac-((Zg—l)—ln(Zg—B)- 4 2g+(1+V2)-B)|__o0m
2-8-\/2 (1-va).m Calc the vapor phase and
liquid phase fugacities.
i _fac=|(Zi-1)-n(Z1-B) [zz-(1+\/i) B))_—o.oaa
2.B. \/' zi-(1-v2)-B
Jug_vapi=Peexp (fg_fac)=1.449:10°  fug lg=Pe.exp(fi_fac)=1.453.10"

Since at 200 € and 1.555 Mpa conditions water exists in two
phases, vapor and liquid have same fugacities !l
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T

K
0 273.15
0.01 273.18
1 274.15
2 275.15
3 276.15
4 277.15
65 338.15
66 339.15
67 340.15
68 341,15
69 342.15
70 343.15
7 34415
72 345.15
73 346.15
74 347.15

P

L
V_oap

RT

PSai’

M@/gsq- -

SPECIFIC VOLUME V
sat. sat.
liq. evap. vap.

1.000 206300. 206300.
1.000 206200. 206200.
1.000 192600. 192600.
1.000 179900. 179900.
1.000 168200. 168200.
1.000 157300. 157300.
1.020 6201.3 6202.3
1.020 50472 59482
1.021 5705.2 5706.2
1.022 54746 5475.6
1.022 52548 5255.8
1.023 5045.2 5046.3
1023 48454 4846.4
1.024 4654.7 4855.7
1.025 44727 44737
1.025 42990 4300.0
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Water can exist in any of the three states. At a pressure of 1 atm, why
do we see water in the liquid state between O € and 100 C and in the

vapor phase above 100 C ?
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dG = RTdIn f
G =RTIn f +T(T)

For two phases (say vapor and liquid) in equilibrium

——

' AtVLE, GV=GL

1
1
——J

G' =RThn f" +I(T)
G"=RTInf"+T(T)

GV:GLij:fL
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Let us check if G¥Y = Gl at 100 C and 101.325 kPa for water

From steam tables at 100 C and 101.325 kPa we have the following data

Liquid Phase Vapor Phase
H (k]/kg) 419.064 2676
S (k] /kg K) 1.3069 7.3554

GY=HV-TSY =2676—-373.15*7.3554 = — 68.67

Gt =HM-TSt = 419.064 - 373.15*1.3069 = —68.61
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Of all the phases a component can exist, it chooses the state
which has the lowest Gibbs (6) free energy. Since & and fugacity,

f are equivalent we can reframe this sentence as:

Of all the phases a component can exist it chooses the state

which has the lowest fugacity.
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