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QUIZ CE102
Vapor Pressure and Fugacity

Lucas Montogue

P> PROBLEMS

> Problem 1 (Dahm & Visco, 2015, w/ permission)

Estimate the vapor pressure of ethanol at temperatures of O, 50, 100, and
150°C using the Antoine equation, the Clausius-Clapeyron equation, and the
shortcut equation.

Equation Ps3t (bar) | PS3t(bar) | Psat(bar) | Psat(bar)
at 0°C at 50°C at 100°C | at 150°C
Antoine
Clausius-Clapeyron
Shortcut

> Problem 2 (Dahm & Visco, 2004, w/ permission)

Estimate the boiling points of 1-propanol at pressures of P = 0.1, 0.5, 1,
and 5 bar, using the Antoine equation, the Clausius-Clapeyron equation, and the
shortcut equation. Use AHV?P = 41.44 kJ/mol.

T, (°Q) T, (°Q) T, (°Q) T, (°C)

AU at 0.1 bar at 0.5 bar at 1 bar at 5 bar

Antoine

Clausius-Clapeyron

Shortcut

-> Problem 3.1 (Dahm & Visco, 2004, w/ permission)

For ethanol, make a graph that compares the vapor pressure versus
temperature predictions obtained from the Antoine and shortcut equations over the
entire region 0.5 < T, < 1.0.

< Problem 3.2

Repeat the previous problem for acetone.

> Problem LI' (Smith et al., 2004, w/ permission)
Determine the fugacity of sulfur dioxide (SO,) at 600 K and 300 bar. Use
equation 4.
A) f = 104.5 bar
B) f = 156.3 bar
C)f=217.3 bar
D) f = 275.2 bar

-> Problem 5.1 (Smith et al., 2004, w/ permission)

Estimate the fugacity of isobutylene as a gas at 280°C and 20 bar. Use
equation 4.

A) f =5.089 bar
B) f =8.112 bar
C)f=11.53 bar
D) f = 18.76 bar

© 2020 Montogue Quiz



< Problem 5.2

Estimate the fugacity of isobutylene as a gas at 280°C and 100 bar. Use
equation 4.

A) f =38.92 bar
B) f = 51.25 bar
C) f =73.10 bar
D) f =91.14 bar

-> Problem 61 (Smith et al., 2004, w/ permission)

Using equation 5, estimate the fugacity of n-pentane at its normal-boiling-
point temperature and 200 bar. The saturated molar volume can be estimated with
equation 6. In addition to the data given in Table 2, use the following information.

Compound Normal Boiling Critical Molar Critical
pou Point (K) Volume (cm3/mol) Compressibility Factor
n-Pentane 309.2 313.0 0.270

A) f = 1.042 bar
B) f = 2.444 bar
C) f =3.818 bar
D) f =5.011 bar

- Problem 6.2

Using equation 5, estimate the fugacity of isobutylene at its normal-
boiling-point temperature and 200 bar. The saturated molar volume can be
estimated with equation 6. In addition to the data given in Table 2, use the
following information.

Compound Normal Boiling Critical Molar Critical
ompou Point (K) Volume (cm3/mol) Compressibility Factor
Isobutylene 266.3 238.9 0.275

A) f =0.6711 bar
B) f = 1.106 bar
C) f =2.202 bar
D) f = 3.405 bar

- Problem 6.3

Using equation 5, estimate the fugacity of 1-butene at its normal-boiling-
point temperature and 200 bar. The saturated molar volume can be estimated with
equation 6. In addition to the data given in Table 2, use the following information.

Compound Normal Boiling Critical Molar Critical
P Point (K) Volume (cm3/mol) Compressibility Factor
1-Butene 266.9 239.3 0.277

A) f = 0.4982 bar
B) f = 1.088 bar
C) f =2.208 bar
D) f = 3.623 bar

> Problem 7 (Smith et al., 2004, w/ permission)

Assuming that equation 5 is valid for the vapor phase and that the molar
volume of saturated liquid is given by equation 6, prepare plots of fugacity (f)
versus pressure and of fugacity coefficient (¢p) versus pressure for chloroform at
200°C in the pressure range of O to 40 bar. In addition to the data given in Table 2,
use the following information.

Compound Normal Boiling Critical Molar Critical
P Point (K) Volume (cm3/mol) Compressibility Factor
Chloroform 334.3 239.0 0.293
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> Problem 8 (Dahm & Visco, 2015, w/ permission)

Suppose we have a compound whose vapor phase can be described by the
EOS

17:E+61P2
P

where a = 0.01 L/bar2:mol. Find a general expression for the fugacity of this
compound as a function of T and P. What is the fugacity of this compound at T =
500 Kand P =5 bar?

A) f =5.05 bar
B) f = 6.88 bar
C)f=8.21bar
D) f =9.03 bar

> Problem 9 (Dahm & Visco, 2015, w/ permission)

This problem involves a compound whose vapor phase can be described by
the EOS

17:£+aTP2
P

where a = 0.3 cm3/mol-bar2-K. This compound has vapor pressures of P53t = 0.5 bar
atT =50°Cand P = 5.0 bar at T = 100°C. Saturated liquid at both T = 50°Cand T
= 100°C has V = 125 cm3/mol. True or false?

1.( ) The fugacity in the vapor phase at T = 50°C and P = 0.1 bar is greater than
0.2 bar.

2.( ) The fugacity in the liquid phase at T = 50°C and P = 100 bar is greater than
0.72 bar.

3.( ) The fugacity in the vapor phase at T = 100°C and P = 3 bar is greater than
3.25 bar.

4.( ) The fugacity in the liquid phase at T = 100°C and P = 100 bar is greater than
9 bar.

> Problem 1 0 (Dahm & Visco, 2015, w/ permission)
Regarding propylene, are the following statements true or false? Use the
Peng-Robinson equation of state.
1.( ) The vapor pressure at T = 25°C is greater than 10 bar.
2.( ) The fugacity of saturated liquid at T = 25°C is greater than 8 bar.
3.( ) The normal boiling point is greater than 250 K.

-> Problem 1 1 1 (Dahm & Visco, 2015, w/ permission)
Using the shortcut equation, estimate the vapor pressure of benzene at
400 K. Then, using the Peng-Robinson model, estimate the fugacity of benzene in
the vapor phase at T = 400 Kand P = 100 bar.
A) Ps3t =223 barand f = 1.98 bar
B) Psat = 2.23 bar and f = 3.30 bar
C) Psat = 354 bar and f = 1.98 bar
D) psat = 3.54 bar and f =3.30 bar

- Problem 11.2
Using the shortcut equation, estimate the vapor pressure of hexane at 400
K. Then, using the Peng-Robinson model, estimate the fugacity of hexane in the
vapor phase at T = 400 K and P = 100 bar.
A) Ps3t =218 barand f = 1.86 bar
B) Psat = 2.18 bar and f = 4.09 bar
C) Psat = 4.63 bar and f = 1.86 bar
D) Psat = 4.63 bar and f = 4.09 bar

< Problem 11.3

Using the shortcut equation, estimate the vapor pressure of phenol at 400
K. Then, using the Peng-Robinson model, estimate the fugacity of phenol in the
vapor phase at T = 400 K and P = 100 bar.

A) P53t = 0.203 bar and f = 0.203 bar
B) Psat = 0.203 bar and f = 2.08 bar
C) Psat = 2.35 bar and f = 0.203 bar
D) Psat = 2.35 bar and f = 2.08 bar
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» Problem 12

Using equation 10, determine the fugacity coefficients for a chlorine
(1)/chloroform (2) mixture at 250 K and 32 bar if the mixture contains 35 mol% Cls.
Experimental virial coefficients were found to be B;; = =38, B,, = —100.1, and B,

=—58.6 cm3/mol.

A) $, =0.774 and ¢, = 0.861
B) §, =0.774 and ¢, = 0.994
C) $, =0.956 and ¢, = 0.861
D) ¢, = 0.956 and ¢, = 0.994

> Problem 1 3 (Smith et al., 2004, w/ permission)

For the system ethylene (1) + propylene (2) as a gas, estimate the fugacity
coefficients ¢, and ¢, and the fugacities f; and f, for t = 150°C, P = 30 bar, and y,
= 0.35. Use the parameters below instead of the data in the Additional Information

section. True or false?

Critical Critical Critical Molar | Acentric Critical
Component | Pressure, | Temperature, | Volume, V, Factor, Compressibility
P, (bar) T, (K) (cm3/mol) ) Factor, Z,
Ethylene 50.4 282.3 131.0 0.087 0.281
Propylene 46.65 365.6 188.4 0.140 0.289

1.( ) Fugacity coefficient ¢, is greater than 0.92.
2.( ) Fugacity coefficient ¢, is greater than 0.92.
3.( ) Fugacity f; is greater than 13 bar.
4.( ) Fugacity f, is greater than 13 bar.

P> ADDITIONAL INFORMATION

Equations

Eq. 1 &> Antoine equation

B B
T+C

log,, P*" = 4

where P52t is vapor pressure, T is temperature, and 4, B, and C are constants that

depend on the compound. Normally, the temperature is entered in degrees Celsius

and the pressure is returned in millimeters of mercury. Bear in mind that 1 bar =

750.062 mmHg.

Eq. 2 - Clausius-Clapeyron equation

ln f)zsat B _AHvap L_L
Ijlsat R ]‘vz TI

where P2 is the vapor pressure at state i, T; is the temperature at state i, and

AHY?P is the change in enthalpy for vaporization.

Eq. 3 & Shortcut equation

w 7 1
loglo R, = E(QH_I)[I_FJ

r

where P53t is the reduced vapor pressure, w is the acentric factor, and T, is the

reduced temperature.
Eq. 4 - Generalized correlation for fugacity coefficient

p=4"(¢')

where ¢° and ¢! are fugacity coefficient components in the Lee/Kessler correlation,

which can be read from Tables 3 and 4, and w is the acentric factor.

Eq. 5 = Correlation for fugacity coefficient from the simple virial equation

@ =exp {%(30 +wB' )}

I

where P. is the reduced pressure, T,. is the reduced temperature, w is the acentric

factor, and B and B? are virial coefficient components given by

B =0.083- 0422

1.6
T
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and

0.172
742

B'=0.139-

Eq. 6 > Saturated volume of liquid

(-, )2/7

e =v.Z,
where V, is the critical molar volume, Z_ is the critical compressibility factor, and T,
is the reduced temperature.
Eq. 7 = Poynting fugacity correction factor

LP{M}

RT

where f; is the fugacity at state i, P; is the pressure at state i, V is molar volume,
and T is temperature. Practically speaking, the fugacity is most often known at the
vapor pressure, because at the vapor pressure fL = fV for vapor-liquid equilibrium
and f5 = fV for solid-vapor equilibrium. Consequently, the Poynting equation is
often written as

v(p-pP)

— sateX
f=7"exp RT

where P52t is the vapor pressure of the liquid or solid at the temperature of interest
T and f52t is the fugacity of saturated vapor at the temperature T and the vapor
pressure Psat,

Eq. 8 2 General integral for fugacity of a pure species

(4150

where Z is the compressibility factor and P is pressure.
Eq. 9 > Fugacity in the Peng-Robinson model

N 4 Z+(1+\/5)B

where Z is the compressibility factor and A and B are coefficients given by

aP
=%
and
g P
RT

A reminder of the expressions used to determine a and b is provided below.

The Peng-Robinson equation of state is
RT a
P== - —
V—b V(V+b)+b(V-b)

Parameter a is such that a = aa, where

T2
a. =0.45724R’ P%

c

a=[1+x(1-7%)]

K =0.37464+1.542260—0.2699320°

in which w is the acentric factor. Parameter b, in turn, is given by

with

b= 0.07780R£
P

c

Eq. 10 - Fugacity coefficient for a gas mixture, derived from the virial EOS
A P
Ing =—(B,, + 20
) RT ( ntY 12)

ln¢?2 :R_PT(Bzz +y12512)
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where P is pressure, T is temperature, y; is the liquid phase molar fraction of
component i, B;; and B,, are second virial coefficients for a mixture of two gases,
and 6;, = 2B;, - B;; — B,,.The equation can be readily extended to a
multicomponent gas mixture, in which case we write

~ P 1
Ing, :E|:Bkk +Ezzyiyj (251k _51,')
i J

where

5‘1{ = 2Bik -B,-B,

1

54’;’ =2B,-B,- B,

Problem 13 uses a method in which the fugacity coefficient expression is
determined by mean variables, expressed as follows. The mean acentric factor is
given by the arithmetic mean

o = T o,
Y 2
Likewise, the mean critical compressibility factor is given by
P Z,+Z,
ci,j 2

The mean critical temperature is

I, =1 x1,

V1/3 Ak
(2]
’ 2

The mean molar volume is

The mean critical pressure is

Zci,jRI;i,j
ci,j =
ci,j
The reduced temperature is
T
Tri,j =
ci,j
Coefficients B® and B* are given by
0. 422 0.172
B =0.083———— ; B —0139——
ri,j ri,j
The second virial coefficients are then
RT. .
_ ci,j 0 1
B, = (B!, +m,,B,)
ci,j

Coefficients 6, ; are given by
0,;=2B,-B,-B,,

Finally, the fugacity coefficients are determined with the relations

1n¢1 (Bll+y§512)

ln¢?2 :RPT( 2 TV 512)

Table 1 Coefficients for use with the Antoine equation

log,, P*" = A— ch
(with T given in °C and P53t expressed in mmHg)

Compound A B C
Acetone 7.11714 1210.595 229.664
Benzene 9.1064 1885.9 2442
Ethanol 8.32109 1718.10 237.52

n-Hexane 6.87601 1171.17 224.41

1-Propanol 7.84767 1499.21 204.64
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Table 2 Physical properties of selected compounds

Compound Critical Temp. (K) | Critical Pres. (bar) Acentric Factor
Acetone 508.1 47.0 0.307
Benzene 562.1 48.95 0.121
1-Butene 420.0 40.40 0.191

Chloroform 536.4 54.72 0.222
Ethanol 513.9 61.48 0.649
Ethylene 282.1 50.20 0.085
n-Hexane 507.6 30.25 0.300

Isobutylene 417.9 40.0 0.194

n-Pentane 469.7 33.70 0.252

Phenol 694.3 61.30 0.442

1-Propanol 536.8 51.75 0.629

Propylene 364.9 46.0 0.142
Sulfur dioxide 430.8 78.84 0.245

Table 3 Values of ¢° for use with equation 4

P. 0.4 0.6 12 2.0 3.0

50 10.0

T,=10 | 0.8690 | 0.8035 | 0.5781 | 0.3972 | 0.3097

0.2483 | 0.2415

T,=1.10 | 09016 | 0.8531 | 0.7112 | 0.5408 | 0.4285

0.3451 | 0.3296

T,=1.20 | 0.9247 | 0.8892 | 0.7834 | 0.6546 | 0.5420

0.4446 | 0.4198

T,=130 | 09419 | 0.9141 | 0.8318 | 0.7345 | 0.6383

0.5383 | 0.5093

T, =140 | 0.9550 | 0.9333 | 0.8690 | 0.7925 | 0.7145

0.6237 | 0.5943

T,=150 | 09638 | 0.9462 | 0.8974 | 0.8375 | 0.7745

0.6966 | 0.6714

T,=2.0 | 09886 | 0.9840 | 0.9683 | 0.9528 | 0.9354

0.9183 | 0.9462

T,=3.0 | 1.0023 | 1.0023 | 1.0069 | 1.0116 | 1.0290

1.0423 | 1.1298

Table 4 Values of ¢! for use with equation 4

P. 0.4 0.6 12 2.0 3.0

50 10.0

T,=1.0 | 0.9727 | 0.9594 | 0.9204 | 0.8872 | 0.8531

0.7962 | 0.6823

T,=1.10 | 1.0023 | 1.0046 | 1.0280 | 1.0990 | 1.1015

1.0617 | 0.9572

T,=120 | 1.0163 | 1.0280 | 1.0691 | 1.1588 | 1.2388

1.2647 | 1.2050

T,=130 | 1.0257 | 1.0399 | 1.0914 | 1.1776 | 1.2853

1.3868 | 1.4061

T,=140 | 1.0304 | 1.0471 | 1.0990 | 1.1858 | 1.2942

1.4488 | 1.5524

T,=150 | 1.0328 | 1.0496 | 1.1041 | 1.1858 | 1.2942

1.4689 | 1.6520

T,=2.0 | 1.0304 | 1.0471 | 1.0965 | 1.2503 | 1.2503

14191 | 1.7539

T,=3.0 | 1.0233 | 1.0352 | 1.0715 | 1.1803 | 1.1803

1.3002 | 1.5813

P> SOLUTIONS
P.1=) Solution

Per the Antoine equation, eq. 1 in the Additional Information section, the

vapor pressure is given by

B
log,, P =A—
Eio T+C
For ethanol, the coefficientsare A = 8.321,B = 1718, and C = 237.5,
giving
171
log10 P =8.321 —7—8 =1.087
0+237.5

or

P =10""" =12.2 mmHg

- P =122 mmHg x atm

1.013 bar

X
760 mmHg

1 atm

0.0163 bar

The given data applies to P = 1 atm, so let this be state 1. Then, the

Clausius-Clapeyron equation is written as
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B AH™ (1 1 B 42, 000( 1 1 J
ln st =— _— —)ln = — —
P R \T, T, 1.0 8.314 \ 273.15 351.5
~In P =-4.122

S P =0.0162 atm

1013 bar _

S B =0.0162 atm x =
atm

0.0164 bar

From Table 2, T, =513.92 K, P, = 61.48 bar, and w = 0.649. The reduced
temperature is

T 0427315 oas
T 513.92
so that
7 1 7 1
log, P =—(w+1)| 1 —-— |==x(0.649+1)x| 1— =-3.392

Resolving the3 logarithm, we have
PrSat =107"" =4.055x10™"
Since P52 is given by the ratio

sat
sat __ P
” I
L,

we ultimately have

t
])rsat — " N Psat — ])rsatljc
P

c

S P =4.055x107"x61.48 =|0.0249 bar

As a second illustration, we will perform the calculations for a temperature
of 100°C. Appealing to the Antoine equation, we have

log,, P™ =8.321-—L118 ___393;
100+237.5

so that

P* =10"" =1702mmHg

atm  1.013 bar
X =

o P =1702 mmHg x
760 mmHg I atm

2.269 bar

Next, using the Clausius-Clapeyron equation gives

B AH™ (1 1 B 42,000 1 1
ll’l sat =— —_——— > ln = — —
P R \T, T 1.0 8.314 | (100+273.15) 351.5

- In P =0.8339

S B =2.302 atm

1.013 bar _

S P =2.302 atmx =
atm

2.332 bar

Next, we resort to the shortcut equation, noting that T, = T/T, = (100 +
273.15)/513.92 =0.7261, or

sal 7 1 7 1
log,, P :E(a)+l)[1—?j:Ex(0.649+1)x(1—0.7 j=—1.451

’ 261

S P =107%"=0.0354 atm

Lastly,
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P* = P*P =0.0354x61.48 =[2.176 bar

The values obtained above and those for the other three temperatures are

listed below.
Equation Ps2t (bar) Ps2t (bar) Ps2t (bar) Ps2t (bar)
- at 0°C at 50°C at 100°C at 150°C
Antoine 0.0163 0.2953 2.269 10.29
Clausius-Clapeyron 0.0164 0.2871 2.332 11.55
Shortcut 0.0249 0.3291 2.176 9.190
P.2 =) Solution

Consider first the boiling point at a pressure of 0.1 bar. From Table 1, the

constants for use with the Antoine equationare A = 7.848, B = 1499, and C =
204.6. Referring to the Antoine equation gives

log,, P = 4— — log,, (O_l baer] =7.848 — 1499

Ir+C 1.013 bar T +204.6

.. 1.875= 7.848—ﬂ
T+204.6

|1, =46.37°C

We proceed to apply the Clausius-Clapeyron equation. Since we have AHV2P

=41.44 kJ/mol but not a corresponding boiling point, we estimate a normal boiling
point using the Antoine equation,

1499

log, 760=7.848 ——~
Bio T +204.6

—T,~97.2°C

We can use this relation as a basis for estimating the boiling temperature at
other pressures. Accordingly,

Y AR (101 0.1 bar 41,440 (1 1
In| 2 |- ——— |5 = x|
P R \1, T 1.013 bar 8.314

T, 273.15+97.2

b

.~ —2.316 =-4984 x (i - 0.00270j

=T, =316.0 K=[42.85°C

The boiling point as obtained with the shortcut equation is considered next

From Table 2, we have, for 1-propanol, T, = 536.8 KP, = 51.75 bar, and w = 0.629.
Solving for T, we write

w T 1 P 7 T
lOgm])r t =§(0)+1)(1—Ej—)logw( P j=§(0)+1)(1—?j

c

Psat
lo —
é glO( Pc } _(I_LJ

113 e
T T 7 (e+)T
pat -l
. IOgIO(Pj
T: - c
T. 7 (0+1)T,

Substituting the numerical values, we obtain
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b

| 3 loglo(

0.1
51.75

1
- J =313.2 K =[40.05°C
536.8 7(0.629+1)x536.8

Values obtained for other pressures are summarized below.

Equation T, (°C) T, (°C) T, (°C) T, (°C)
at 0.1 bar at 0.5 bar at 1 bar at 5 bar
Antoine 46.37 79.63 96.84 146,1
Clausius-Clapeyron 42.85 78.75 96.85 147.1
Shortcut 40.05 77.65 96.85 150.6
P.3 =) Solution

Part 1: The Antoine coefficients for ethanol are 4 = 8.32109, B =1718.1,

and € = 237.52 (Table 1), so that

log,, P =A- B =8.32109—
T+C
¢ 8.32109 1718.1
P =10

1718.1

T+237.52

TT+237.52 (D)

Note that the Antoine equation takes the temperature in °C, not K, and

expresses the vapor pressure in mmHg, not bar; accordingly, we shall make

conversions as needed. The shortcut equation, in turn, is written as

ol

or, equivalently,

log,, B™

7 1 1
log10 Pfat = —><(0.649+1)>< 1-— [=3.848| 1——
3 T T
P
sat _ sat
P = 7 P=FF
.
5 P=61.48x10*0V0) (1)
The data are processed in the following table.
sat sat sat
T (K T €0 T, P>"" (mmHg) | P (bar) P>%" (bar)
(Eq. 1) (Eq. 1) (Eq. I1)
257 -16 0.5 3.67 0.00490 0.00875
308.4 35.4 0.6 106.1 0.141 0.168
359.7 86.7 0.7 1052 1.402 1.377
411.1 138.1 0.8 5585 7.447 6.704
436.8 163.8 0.85 10964 14.62 12.86
462.5 189.5 0.9 19844 26.46 22.96
488.2 215.2 0.95 33576 44.76 38.55
501.1 228.1 0.975 42773 57.03 49.01

We are looking for plots of vapor pressure (the blue column for the Antoine
equation, the red column for the shortcut equation) versus temperature (the yellow
column). Both are shown below.

60

50 = Antoine (Eq. |)

= Shortcut (Eq. I1)
40

30

20

Vapor Pressure (bar)

400 450 500

350
Temperature (K)

250 300

10
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As can be seen, the two models yield essentially the same values at low
temperatures, but the shortcut equation underestimates the vapor pressure
somewhat at higher temperatures (assuming, of course, that the Antoine equation
is more representative of the actual vapor pressures than the shortcut equation).

Part 2: The Antoine coefficients for acetone are A =7.11714,B =
1210.595, and C = 229.664, so that the Antoine equation has the form

1210.595
T +229.664

711714 1210.595

PRt =10 " T+229.664 (111

log,, P* =7.11714—

As before, bear in mind that the Antoine equation as given above takes
temperatures in degrees Celsius and returns vapor pressures in mmHg. We proceed
to write the shortcut equation,

a1 1
loglo ])’ ' =§(a)+l)(l_Fj

r

7 1 1
log,, P* =—=x(0.307+1)x| 1 —— |=3.05| 1 -—
glO r 3 ( ) ( Tj ( Tj

r r

or, equivalently,

Rsat :g N P: R'_Prsat

S P=47.0x10*"") (V)

The data are processed below.

K I o) T P***(mmHg) | P***(bar) | P***(bar)
(Eq. I1) (Eq. I1) (Eq. 1V)
254.1 -18.9 0.5 23.62 0.03149 0.0420
304.9 31.9 0.6 87.9 0.117 0.436
355.7 82.7 0.7 903 1.204 2.319
406.5 133.5 0.8 4902 6.535 8.124
431.9 158.9 0.85 9706 12.94 13.61
457.3 184.3 0.90 17702 23.60 21.54
482.7 209.7 0.95 30155 40.20 32.48
495.4 222.4 | 0.975 38498 51.33 39.26

As before, we are looking for plots of vapor pressure (the blue column for
the Antoine equation, the red column for the shortcut equation) versus temperature
(the yellow column), as follows.

60

501 mm Antoine (Eq. 1)
s Shortcut (Eq. 1V)
40!
30/

20+

Vapor Pressure (bar)

10!

250 300 350 400 450 500
Temperature (K)

At low temperatures, the shortcut equation seems to overestimate the
vapor pressure somewhat. This is followed by a small region of good agreement
between the two models and, at higher temperatures, by a region in which the
shortcut equation underestimates P2t by a considerable margin.

11
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P.4 =) Solution

The reduced properties are T,, = 600/430.8 = 1.393 and B. = 300/78.84 =
3.805. Values of ¢° and ¢* for P. = 3.0, read from Tables 3 and 4, respectively, are
listed below.

¢° ¢!
T, = 1.30 0.6383 1.2853
T, = 1.40 0.7145 1.2942

The value of ¢° for T, = 1.393 can be obtained by interpolation,

LT, _§~¢  1393-130 _ ¢°-06383
T,-T, ¢ -4  140-130 0.7145-0.6383

r2

¢0 =0.7092
Likewise, ¢! is given by

T.-T., ¢-4 ,1393-130 ¢' —1.2853
T,-T., #-4  1.40-130 1.2942-1.2853

2

¢ =1.2936

In a similar manner, values of ¢° and ¢* for P. = 5.0, also read from Tables
3 and 4, are listed below.

¢° ¢*
T. = 1.30 0.5383 1.3868
T. = 1.40 0.6237 1.4488

The value of ¢° for T, = 1.393 can be obtained by interpolation,

1.393-1.30  ¢°—0.5383
1.40-1.30 0.6237-0.5383

- 40 =0.6177

Similarly, ¢! is given by

1.393-1.30  ¢'—1.3868
1.40-1.30 1.4488-1.3868

-4 =1.4445

The results are summarized below.

¢° ¢
B =30 0.7092 1.2936
B =50 0.6177 1.4445

We can interpolate to determine ¢° at P. = 3.805,

P-P, ¢ -4 ,3.805-30 _ ¢° —0.7092
P,-P, & -4 ~ 50-3.0 0.6177-0.7092

- 9" =0.6724
As for ¢1,

3.805-3.0  ¢'-1.2936
50-3.0 1.4445-1.2936

S ¢ =13543

Given the acentric factor w = 0.245, the value of ¢ follows from equation 4,
p=¢"(4')" =0.6724x1.3543" =0.7243

The fugacity of SO, under these conditions is determined to be

f=¢P=0.7243x300=|217.3 bar

¢ The correct answer is C.

12
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P.5 =) Solution

Part 1: The reduced properties are T,, = 553/417.9 = 1.323 and B. = 20/40
= 0.5. Values of ¢° and ¢ for P. = 0.40, read from Tables 3 and 4, respectively, are
listed below.

¢° ¢
T. = 1.30 0.9419 1.0257
T. = 1.40 0.9550 1.0304

The value of ¢° for T, = 1.323 can be obtained by interpolation,

LT, _§~¢ 1323-130_  ¢°-09419
T,-T, ¢ -4  140-130 0.9550—0.9419

r2

¢0 =0.9449
Likewise, ¢! is given by
I.-T, B ¢1 —¢11 N 1.323-1.30 (15' —1.0257
T,-T, ¢21 —(,/511 1.40-1.30 1.0304-1.0257

r,2 -

- ¢ =1.0268

In a similar manner, values of ¢° and ¢ for P. = 0.60, also read from Tables
3 and 4, are listed below.

¢° ¢*
T. = 1.30 09141 1.0399
T. = 1.40 0.9333 1.0471

The value of ¢° for T, = 1.323 can be obtained by interpolation,

1.323-1.30  ¢°-0.9141
1.40-1.30 0.9333-0.9141

-4’ =09184

Similarly, ¢! is given by

1.323-1.30  ¢'-1.0399
1.40-1.30 1.0471-1.0399

-4 =1.0416

The results are summarized below.

¢° ¢!
P. = 0.40 0.9449 1.0268
P, =0.60 0.9184 1.0416

Once again, we utilize interpolation to calculate ¢° for B. = 0.50,

PP, _§~¢ 05-04_ ¢ -09449
P,-P, -4 06-04 0.9184—0.9449

- ¢°=0.9317
As for ¢1,

05-04  ¢'—1.0268
0.6-04 1.0416-1.0268

S 4 =1.0342

Given the acentric factor w = 0.194, the value of ¢ follows as

p=¢"(4')" =0.9317x1.0342°" =0.9378

The fugacity of isobutylene under these conditions is calculated to be

f=¢P=0.9378x20=|18.76 bar

¢ The correct answer is D.

13
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Part 2: The reduced properties are T,, = 553/417.9 = 1.323 and B. =
100/40 = 2.5. Values of ¢° and ¢ for P. = 2.0, read from Tables 3 and 4,
respectively, are listed below.

¢° ¢!
T, = 1.30 0.7345 1.1776
T, = 1.40 0.7925 1.1858

The value of ¢° for T, = 1.323 follows by interpolation,

LT, _ -4  1323-130 ¢ -0.7345
T,-T, ¢ -4  140-130 0.7925-0.7345

2

¢0 =0.7478
Likewise, ¢! is given by

L-T, _¢-¢ 1323-130__ ¢'-1.1776

T,-T., #-¢ ~ 140-130 1.1858-1.1776

- ¢ =1.1795

In a similar manner, values of ¢° and ¢* for P. = 3.0, also read from Tables
3 and 4, are listed below.

¢° ¢!
T, = 1.30 0.6383 1.2853
T, = 1.40 0.7145 1.2942

Proceeding in a similar manner, ¢° for T, = 1.323 is found as

1.323-1.30 4" -0.6383
1.40-1.30 0.7145-0.6383

4" =0.6558

As for ¢1,

1.323-1.30  ¢'—1.2853
1.40-1.30 1.2942-1.2853

4 =1.2874

The results are summarized below.

¢° ¢
P.=20 0.7478 1.1795
B =30 0.6558 1.2874

We are looking for the ¢ values that apply to B. = 2.5. Since this is midway
between P, = 2.0 and B. = 3.0, we can simply take the arithmetic means of the
results above instead of using the interpolation formula. Accordingly, we have

_0.7478+0.6558

¢ =0.7018

and

_ 1.1795+1.2874
2

¢ =1.2335

We can then calculate ¢,

p=¢"(¢')" =0.7018x(1.2335)" ™ =0.7310

Finally, the fugacity of isobutylene under the specified conditions is
calculated to be

f=¢P=0.7310x100 =|73.10 bar

¢ The correct answer is C.

14

© 2020 Montogue Quiz



P.6 =) Solution

Part 1: The reduced temperature is T, = 309.2/469.7 = 0.658, and the
reduced pressure is B. = 1.01325/33.7 = 0.0301. The fugacity coefficient ¢ is given
by equation 5,

¢=eXp{

%(30 +a)Bl)}

Virial coefficients B® and B? are respectively calculated as

B’ —0083—0422—0.083 %: -0.741
0.658"°

1.6
T

and

B'=0.139- M—0139 M——0859
T 0.658"

r

Substituting in the formula for ¢ brings to

P
=exp|—
¢ p{T

r

(B° +a)Bl)} = exp{%osm [-0.741+0.252x (0. 859)]} =0.957

The saturated volume of liquid is given by equation 6,

yo =y z 00 2313%0270Y" 2119.4 em’ /mol

At this point, we invoke the Poynting correction factor (equation 7),

V;Sat (P _ Pjsat)
Ji=¢F" exp a7

so that

119.4x(200-1.01325)
f;=0.957x1.01325x exp =

=|2.444 bar
83.14x309.2

4 The correct answer is B.

Part 2: The reduced temperatureis T, = 266.3/417.9 = 0.637, and the
reduced pressure is B. = 1.01325/40 = 0.0253. The fugacity coefficient ¢ is given
by

P 0 1
=exp| —=|B +wB
’ p{Tr ( )}
Virial coefficients B® and B? are respectively computed as
422
B’ =0.083— 0.422 ——=0.083- 0—= —0.785
Z 0.637"¢
and
B'=0.139- M—0 139—%=—
Tr 0.637"
Substituting in the formula for ¢ gives
¢= exp{%(Bo +a)Bl)} = exp{(z)o6253 [-0.785+0.194x (-1 o)]} =0.962

The saturated volume of liquid is determined as

ye =y 2 0 2238.9%0.27507" 2 90.88 em® /mol

The fugacity of the component at the specified pressure is given by the
Poynting equation, namely

15
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fi=P" GXP[

Vsat (P Psat ):l

RT

90.88x(200-1.01325)
S f=0.962x1.01325xexp =

=1{2.202 bar
83.14%x266.3

4 The correct answer is C.

Part 3: The reduced temperature is T, = 266.9/420.0 = 0.635, and the
reduced pressure is B. = 1.01325/40.4 = 0.0251. The fugacity coefficient ¢ is given
by

P
=exp| —=(B’ + wB'
’ p{T,. ( )}
Virial coefficients B® and B? are respectively calculated as
422
=0.083- 0 422 _ =0.083- 0—16 =-0.790
Z 0.635"
and
B'=0. 139—M—0 139—L72——1 02
Z 0.635**
Substituting in the formula for ¢ gives
¢= exp{%(Bo +a)Bl)} = exp{%(?ﬂ [0.790+0.191x (-1 oz)]} =0.962

The saturated volume of liquid is determined as

ye =y 2 0 2239.3%02770" 291,39 em?/mol

The fugacity of the component at the specified pressure is given by

=|2.208 bar

83.14x266.9

91.39%(200-1.01325)
f=0.962x1.01325xexp

¢ The correct answer is C.

P.7 =) Solution

The reduced temperatures are T, = 473.15/536.4 = 0.882 and, at the
boiling point, T,,, = 334.3/536.4 = 0.623. The saturated volume follows as

1% —VZ(”) —~239.0x0.2930°" _94.39 cm?

sat

Now, the fugacity coefficient is given by equation 5, namely

%(30 +a)Bl)}

r

¢=eXp{

The virial coefficients are given by

B =0.083- 0422—0083 %: —-0.433
T 0.882'°

r

and

B'=0. 139—M—0 139 - M——0 152
T 0.882*

r

In addition, B. = P/P.. Substituting in the equation for ¢ yields

P P
¢ =exp {F(BO +wB' )} = exp{o_ggzpc [-0.433+0.222x (—0.152)]}

r

S =ex

P
p{mx[—o.4ss+0.222><(—0.152)]}

16
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- ¢ =exp(~0.00967P)

The equation in question is plotted below.

1.0/ ‘ S ,
0.9

0.8/

0.7!

06 ]

0.5 ' '
0 10 20 30 40

P (bar)

Consider now the fugacity of the system, which is given by the Poynting

equation (equation 7),
V'(P-P,)
f = ¢sat}:at eXp R T

Given the vapor pressure of chloroform at 200°C, we have
P = exp(—0.00967 X 22.27) =0.806
so that

94.39x(P—-22.27)
83.14x473

f= 0.806x22.27><exp[ }: 17.95exp[ 0.0024(P-22.27)

The fugacity is plotted against pressure in the following figure.

90—y
18.5 -
f (bar) 18.0

17.5¢ .

17.0
0 10 20 30 40

P (bar)

P.8 = Solution

The fugacity is given by equation 8,

1ni:jP:P—Z_1dP
p Jp

Before proceeding, we need an expression for (Z — 1)/P. Manipulating the
EQS given, we have

17
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Then, we substitute into the integral to obtain

or

aP’
=¢C
f =exp [3RTJ

Substituting the numerical data, we get

=1(5.05 bar

3
fzS.Oxexp(O'les x1oooj

3x83.14x500

Factor 1000 was included because coefficient a expresses volume in liters,
not cms3,

¢ The correct answer is A.

P.9 =) Solution

1. False. The fugacity is given by

1ni—jP:P—Z_1dP

p oo p

Before proceeding, we need an expression for (Z — 1)/P. Manipulating the
EOS provided, we get

7KL, arp?
P
VP aP’
—=1+
RT R
3
nz-1=92
R
-1 aP?
P R

Then, we substitute into the integral to obtain

f _¢praP®  aP’
IP=0 FIRET:

5=
aP’
=Pex
A p[ IR j
Note that the only difference between this expression for fugacity and that

of the previous problem is the absence of temperature in the exponent’s
denominator. Substituting the numerical data, we get

or

=10.1 bar

3x83.14

3
f=0.1xexp(0'3xo'l j

2.True. The fugacity of the vapor phase at 0.5 bar and 50°C is

0.3x0.5°

"' =0.5xe
/ Xp(3><83.14

j =0.5 bar

Using the Poynting equation (equation 7), it follows that

£ g V(P,-P) 05 125%(100-0.5) 3795 T
= EXp| ————— [ =V.OXEX = (V. ar
: Pl Rr P83 14x323

3.False. We appeal to the equation obtained in part 1, giving

18
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aP’ 0.3x3°
=Pe =3xexp| ———— |=13.099 bar
4 Xp( 3RJ Xp[3x83.14j

4.False. We know the vapor pressure of water vapor at T = 100°C to be 5.0
bar. From the fugacity equation derived in part 1, we have

aP’ 0.3x5°
= Pe =5.0xexp| ————— |=5.811 bar
4 Xp[ 3RJ Xp[3x83.14j

From the Poynting equation, the fugacity in the liquid phase is calculated to
be

=|8.522 bar

V(P,-PR) 125%(100-5)
= [ exp| ——=— |=5.811xexp| ————
L=t Xp[ RT } Xp{ 83.14x373

P.10 = Solution

1. True. The Peng-Robinson equation is

B RT _ a
V-b V(V+b)+b(V -b)

We proceed to compute parameters a and b,
K =0.37464+1.542260—0.2699320°
ok =0.37464+1.54226%0.142-0.269932x0.142° = 0.588
T = (25 + 273)/364.9 =0.817

2

a=[14x(1-77)] =[1+0.588x(1-0.817")] =1.12

2 ) .
a, =0.45724R° L 04572483142 x 250" _g 1500 DATCM =
1§ 46.0 mol

c

6
@ ad :(9-15xl06)x1.12=1.02x107m%
mo

3
b=00778R e = 0.0778x83.14x 242 _ 513 S
P 46.0

c

mol

Parameter b represents the lowest value the molar volume can have, or
51.3 cm3/mol. For example, if V = 60 cm3/mol, we have

;
p_83.14x298.15 1.02x10 1418 bar
60-513  60x(60+51.3)+51.3x(60—51.3)

From the definition of Z, we calculate

PV _ 1418x60 _. .

T RT  83.14x298

We also need parameters A and B, namely

ap  (1.02x107)x1418

A= = =23.6
R’T? 83.14% x 298’

:b_P: 51.3x1418 _504
RT 83.14x298

The fugacity is determined next,

Dty gy A n2+(1+ﬁ)3

b 5)-z--wiz-p1- 2+(1-42)8
N7 N o 236 3.43+(1++/2)x2.94
..ln(Pj—(3.43 1)-In(343-294) - = tn v+ (12
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The vapor pressure is the pressure for which the liquid-phase fugacity f*

- f =394 bar

equals the vapor-phase fugacity f. Substituting P = 1418 bar in the Peng-
Robinson equation, we have

1418 =

Solving the equation above, we get two imaginary solutions and V = 60

83.14x298

1.02x10’

V-51.3

V(7 +51.3)+51.3(7 -51.3)

cm3/mol. Since there is no corresponding molar volume for a liquid state, we
surmise that P = 1418 bar is not the vapor pressure of propylene at 100°C.
Calculations for other molar volumes are tabulated below.

Liquid V

iqui Pressure | Z In(f/P) | f (Liquid) apor z | /P |f (vapor)
Molar Volume . A B . Molar Volume

R (bar) (Liquid) (Liquid) (bar) 3 (Vapor) | (Vapor) (bar)

(cm3/mol) (cm3/mol)

60 1416 3.43 23.5 2.93 -1.29 390 - - - -

65 574 1.51 9.5 1.19 -2.50 47 - - - -

70 246 0.69 4.1 0.51 -2.54 19 - - - -

75 91 0.28 1.5 0.19 -2.00 12 - - - -

80 12 0.04 0.2 0.02 -0.18 9.6626 1644 0.04 -0.2 9.6626

Clearly, the fugacities become equal when the molar volume is 80 cm3/mol.
This corresponds to a pressure of 12 bar; thus, we surmise that the vapor pressure
of propylene at the temperature in question is about 12 bar.

2. True. From the data tabulated in the analysis of the previous statement,
we see that the fugacity of saturated vapor at 25°C is 9.66 bar.

3. False. The calculations summarized in the analysis of the first statement
can be adapted to any temperature. The normal boiling point is the temperature at
which the vapor pressure is 1 atm, or 1.01325 bar. Since statement 1 showed that

the vapor pressure at 25°C is about 12 bar, the normal boiling point must be at a

significantly lower temperature. At 225 K, or —48.2°C, the results that correspond
to P = 1.01325 bar are as shown below.

V (cm3/mol) Z f (bar)
Liquid 64.39 0.00348 0.972
Vapor 18,000 0.971 0.976

Since fX =~ fV, we surmise that —48.2°C is a good estimate of the normal

boiling temperature.

P.11 =) Solution

Part 1: The reduced temperature is T, = 400/562.1 = 0.712. The vapor

pressure can be easily estimated with the shortcut equation (equation 3),

sat _ 1 1
IOgIORf ' :g(a)+l)(l—Fj

r

7 1
slog,, P =—x(0.121+1)x| | -———— |=-1.14

S P =107 =0.0724

S P =0.0724x48.95 =

3.54 bar

To establish the fugacity of benzene at the conditions at hand, we can
appeal to the Peng-Robinson model and use equation 9,

ln(£j=(2—l)—ln(2—3)—

4 | Z+(1+42)B

In

2\2B

We first compute parameters a and b as follows,

K =0.37464+1.542260—0.2699320"

Z+(1—J§)B

ok =0.37464+1.54226x0.121-0.269932x0.121° = 0.557
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a=[14x(1-17)] =[140.557x(1-0.712%)] =118

2 2
a, =0.45724R’ % —0.45724x83.14* x 2021

c

_2.04x107 Dar-em’
' mol?

bar-cm®
2

a=aa =(2.04><107)><1.18:2.4l><107
¢ mol

3
b=0.0778R e = 0.0778x83.14x 2021 _ 743 S
P 48.95

c

mol

Referring to the Peng-Robinson equation, we have

RT a

T T en)en(Tp)

. 83.14x400 2.41x10’ ~
V-743  V(V+743)+743(V -743)

Solving the equation above gives V = 102 cm3/mol, ¥V = 512 cm3/mol, and
V7 = 8710 cm3/mol. The largest result represents the saturated vapor. The
compressibility factor is then

_ PV 3.54x8710
RT  83.14x400

=0.927

We also need parameters A and B, namely

2.41x107)x3.54
A= ‘ipzz( 2 ) == 0.0771
RT’ 83.147x400

_bP _ 74.3x3.54

=—=——-—=0.00791
RT 83.14x400

We now have all the information needed to compute the fugacity. Indeed,
In (%) = (0.927 - 1) —In (0.927 - 0.00791) + ()

0.0771 0.927+(1++/2)x0.00791
' In
22000791 | 0.927+(1-+2)x0.00791

o f =3.54xexp(-0.0711) =

¢ The correct answer is D.

Part 2: The reduced temperature is T, = 400/507.6 = 0.788. The vapor
pressure can be readily estimated with the shortcut equation,

=-0.0711

(-)-

w 7 1
IOgIO ])r = 5(604‘1)[1—?}

7 1
slog, P =—x(0.30+1)x| 1-—— |=-0.816

S P =101 =0.153

S P™ =0.153%30.25=4.63 bar

To establish the fugacity of this compound, we once again use equation 9,

e 4 Z+(1+\/§)B
ln(;]—(Z—l)—ln(Z—B) 2\/78 Z+( \/E)B

We first compute parameters a and b as follows,

K =0.37464 +1.54226w—0.2699320°

21
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ok =0.37464+1.54226x0.30-0.269932x0.30° = 0.813

2

a=[14x(1-7")] =[1+0813x(1-0.788"*) | =1.19

2 ) .
4, = 0.45724R* 1= 2 0.45724x83.14* x 210" _ 5 9107 DA
8 30.25

c

mol

6
a=a.0=(2.69x10")x1.19=3.20x10’ ‘m_‘ifzn
mo

3
b=00778R e = 0.0778x83.14x 2270 _10g.5 ™
P 30.25

c

mol

Referring to the Peng-Robinson equation, we have

p- L a4  _463bar
V—b V(V+b)+b(V—b)

. 83.14x400 2.41x10’
V=109 I7(I7+109)+109(I7—109)

Solving the equation above gives V = 268 cm3/mol, V = 273 cm3/mol, and
V7 = 6550 cm3/mol. The largest result represents the saturated vapor. The
compressibility factor follows as

_ PV 4.63x6550

= = =0.912
RT  83.14x400

We also need parameters A and B, namely

3.20x107 )x4.63
A= szz( 8 ) T -0.134
R’T* 83.14*x400

5 bP _108.5x4.63

=—=—7———=0.0151
RT  83.14x400

Lastly, the fugacity f is computed as
ln(%) = (0.912—1)—ln(0.912—0.0151)+(...)

0.912+(1++/2)x0.0151
()-—213% (1+2) —0.124
242 x0.0151 0.912+(1—\/§)x0.0151

o f =4.63xexp(~0.124) =

¢ The correct answer is D.

Part 3: The reduced temperature is T, = 400/694.3 = 0.576. Substituting
the pertinent data in the shortcut equation yields

w 7 1
lOgIO I)r = 5(0)4‘1)(1—?}

r

7 1
slog P =—x(0.442+1)x| 1 —-——— |=-2.48

- P =107% =0.00331

- P*=0.00331x61.30 =|0.203 bar

The vapor pressure seems low enough for us to assume phenol to be an
ideal gas, with the result that f5at = Psat = 0.203 bar. Nevertheless, let us carry out
the pertaining calculations and verify this hypothesis.

K =0.37464+1.542260 —0.2699320"
ok =0.37464+1.54226%0.442 - 0.269932 % 0.442* =1.0

a=[14x(1-1)] =[141.0x(1-0.576")] =154
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2 5 .
a, =0.45724R’ L 0.45724x83.142x 243 _ 5 4917 DACM =
I 61.30

c mOl
bar-cm®
2

a=aa :(2.49x107)x1.54:3.83x107
¢ mol

3
b=00778R e = 0.0778x83.14x 243 _ 733 oM
P 61.30

c

mol

Substituting in the Peng-Robinson equation, we have

RT a

R T ey

=0.203 bar

- 83.14x400 2.41x10’

V-133 7(7+733)+133(F-733) 0.203

Solving this equation yields V = 86 cm3/mol, V = 925 cm3/mol, and V =
162,700 cm3/mol. The vapor is described by the latter result (which, yes, is very
large). The compressibility factor is then

_ PV 0.203x162,700
RT  83.14x400

Z =0.993

Parameters A and B, in turn, are given by

3.83x107)x0.203
- | : ) = =0.00703
RT’ 83.147x400

_bP_73.3x0.203

= =P 447107
RT ~ 83.14x400

Finally, the fugacity f is calculated to be

h{%} =(0.993-1)-1n(0.993-4.47x10™ )+ (...)

0.00703 0.993 +(1++2 )x(4.47x10°)
. In

=-0.00660
22 x(4.47x107) o.993+(1—\/§)x(4.47x10’4)

(-)-

Sf = O.203><exp(—0.0066) =10.202 bar

As expected, f53t =~ psat,

¢ The correct answer is A.

P.12 =) Solution
By definition, &, = 2B, - B;; — B,,. Accordingly,
0, =2x (—58.6) - (—38) —(—100. 1) =20.9 cm’mol™

Substituting into equation 10, we obtain

. P 32
Ing =—(B,, +y28,,) = —————x(-38+0.65>x20.9) = —0.0449
nh = (Bt 30 ) = g3 a0 ™| x209)
A P 5 B 32 2 _
In @, —E(Bzz+yl 512)—mx(—100.1+0.35 x20.9) =-0.150

It follows that
@, = exp(~0.0449) =[0.956
and
#, =exp(~0.150)=]0.861

¢ The correct answer is C.
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P.13 =) Solution

To begin, we compute the w terms,

@ +o, 0.087+0.087

o, === 5 =0.087
a)u:a)l;a)z20.08742-0.14020.114
0, = a)z-zi-a)l _0.140+0087 _
b, = @@ 014040140, 0

2 2

We proceed to calculate the T, terms,

T, =T, xT,, =~/282.3x282.3=282.3 K

T,,=\T,xT, =~2823x365.6 =321.3K

T, =T.,xT, =~/365.6x282.3=321.3K

T,,=T.,xT,, =/365.6x365.6 =365.6 K
The Z, terms are computed next,

_Z,+Z,, 0.281+0.281

ol 5 =0.281
Z +7Z
= el 2 _ 0.281+0.289 0285
’ 2
Z +7Z
Z, - 2 el _ 0.289+0.281 0085
’ 2
Z +7Z
Zcz,z _ZLeo c2 _ 0.289+0.289 _ 0.289

2

The V. terms are computed next,

% _(Kf?”/if 3 (131.01/3+131.01/3
el — | T A~
2

VEAVEY (131,07 +188.47 )

V,=|——| = =158.0 cm’/mol
’ 2 2
yUs L 3 13 133
Vers = % _[ 1884 2131'0 =158.0 cm’/mol
pus L3 3 13 133
Vero = % _[ 1884 ;188'4 =188.4 cm’/mol

The P, terms are computed next,

_Z,,RT,, 0.281x83.14x282.3

o =50.33 bar
’ Vs 131.0
Z,,RT
p,, =Zaxtlas 0.285x83.14x321.3 _ 4818 bar
Vs 158.0
Z, RT
p, = Zatlan 0.285x83.14x321.3 _ 4818 bar
Vas 158.0
Z,,RT,
, = Zaatlas 0.289x83.14x365.6 _ 46.63 bar

Vs 188.4

© 2020 Montogue Quiz
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J =131.0 cm’/mol
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The reduced temperatures are determined in continuation,

T A5
T, 2823
poo D435
T,, 3213
poo D435 o
T, 3213
poo T 43I
2T, 365.6

Blo1 =0.083 —% =0.083 —&2126 =-0.138
e 1.499"
B, =0.083- 2722 0083~ 2422 _ 4 189
rl,2
B, =0.083- 2222 0083~ 2422 _ g 189
T, 1.317"
B, =0.083- 222 0083 0422 _ 4051
' 1.157
r2,2

The B! coefficients are determined in continuation,

Blll =0.139_%:0.139—%=0.108
. : 1.499*

rll

B, =0139-2172_ g 139 172 _ 849
: 2 1317"
0.172 0.172

B =0.139-—-2=0.139———=_=0.0849
2! T4 1.317%?

r2,1

B;,z :0'139_%:0-139_%=0.0458

r2,2

The results obtained heretofore are shown below.

Numbering w T, (K) Z. V. (cm3*/mol) | P, (bar) T, B’ B1
1,1 0.087 282.3 0.281 131 50.33 1.499 -0.138 0.108
1,2 0.114 321.3 0.285 158 48.18 1.317 -0.189 0.0849
2,1 0.114 321.3 0.285 158 48.18 1.317 -0.189 0.0849
2,2 0.14 365.6 0.289 188.4 46.63 1.157 -0.251 0.0458

Using the tabulated data, we can establish the B coefficients,

RT,

B = (B 4w, Bl ) = 212823 (g 138.40.087x0.108) = ~59.97 e’ ol
Toop,, VM 50.33
RT, 14x321.
B,=—"%(B!,+m,B,)= M(—O.189+0.114XO.O849) =-99.42 cm’ /mol
op, Vo 48.18
RT,
B,, =—L(B), +»,,B),) = 83.14x321.3 (~0.189+0.114x0.0849) =-99.42 cm’ /mol
top,, VTR 48.18
RT, 14x365.
B,,=—%2(B),+,,B),) =w(—0.251+0.140x0.0458) =-159.4 cm’ /mol
Pop, VR 46.63

and then the 8, and §,, coefficients,

8, =2B,, B, ~B,, =2x(-99.42)~(~59.97) —(~159.4) = 20.53 cm’ /mol
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8, =2B,,—B,,—B,, =2x(-99.42)—(-159.4) - (-59.97) = 20.53 cm’ /mol
The fugacity coefficients are calculated as

30

—X (—59.97 +0.65% x 20.53) =-0.0438
83.14x423

ln¢?1 :R_PT(BU +y22512) =

<. = exp(-0.0438) =[0.957
and

30

—x(—159.4+ 0.65> x20.53) ~-0.129
83.14x423

lnéz =R_f;(322 +y12512) =

- ¢, =exp(~0.129) =[0.879

Lastly, we can determine the fugacities themselves, namely

f;=yP=0.957x0.35x30=[10.05 bar

and
£, =4,y,P=0.879%0.65x30 =[17.14 bar
The results are summarized in the following table.
1 2
Fugacity coeff. 0.957 0.879
Fugacity (bar) 10.05 17.14
¢ Statements 1 and 4 are true, while statements 2 and 3 are false.
P> ANSWER SUMMARY
Problem 1 Open-ended pb.
Problem 2 Open-ended pb.
Problem 3 3.1 Open-ended pb.
3.2 Open-ended pb.
Problem 4 C
Problem 5 3-1 D
5.2 C
6.1 B
Problem 6 6.2 C
6.3 C
Problem 7 Open-ended pb.
Problem 8 A
Problem g T/F
Problem 10 T/F
11.1 D
Problem 11 11.2 D
11.3 A
Problem 12 C
Problem 13 T/F
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Got any questions related to this quiz? We can help!
Send a message to contact@montogue.com and we'll

answer your question as soon as possible.
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