E xercige 9

Problem 1: Using the 1-parameter margules equation on a single experimental data point

A single vapor-liquid equilibrium point for the water (1) 1 ethanol (2) system is experimentally
measured at 30°C. The experiment provides the following information:

x1 =0.30,y; = 0.23, and P = 10.1 kPa. Use this information to estimate the system pressure and
vapor-phase mole fraction when x; = 0.8.

Given simplest model for real solutions known as the 1-parameter Margules equation:

GE

ﬁ = Ax1x,

where this relationship is general and not based on a model

GE
o In[y1] + x; In[y,]

In[y;] : partial molar property of the excess Gibbs free energy
Saturation pressure for the components given:
Py sqt = 4.20 kPa
P; st = 10.42 kPa
Activity coefficient expressions for 1 parameter Margules equation:
Iny, = Ax?

Iny, = Ax?
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Problem 2:

You are interested in finding the pressure at which the first bubble of vapor will form from a liquid b) Wilson equation

mixture of ethanol (1) and benzene (2) (49 % by mole ethanol) at 313 K. The Margules parameters for
this mixture are A;, = 2.173 and A,; = 1.539, while the Wilson parameters for this mixture are % =

E

RTC —x1In(x1 +A12 X2) =2z In(xz +121 X1)

653.13 K and a% = 66.16 K. Find the pressure and vapor-phase composition three ways: The activity coefficients for this model are given using the same approach as before:

A1z A2t

; " Infy;] = —In(x, +A +
a) Using the 2-parameter Margules equation niril (e iz 22) + 3 G thnm T tham

b) Using the Wilson equation
c) Using ideal solution

A2 _ A21
X1 A2 X3 Xz +A21 X1

In[y,] = —ln(x; +Az1 1) — %1 (

The temperature dependence of the parameters A;, and A, is given as:

Given:
A= V‘—zexp( au)
a) 2-parameter Margules equation: Lo RT
V, -
143 21
N21= T-exp( )
u=y RT
E V: liquid molar volume of the pure component at the mixture temperature where:
ﬁ = x1X2(A21%1 + A12%3) V; (ethanol) : 58.68 cm*/mol
V, (benzene): 89.41 cm?/mol
where
a1,: composition independent parameters that describe how the interactions between the unlike
11’1[}’1] — x% (Alz + 2[A21 _ Alz]xl) components differ from the like components

Also given:

Infy,] = x{(A21 + 2[A12 — 4z1]%2) Pyos, = 13495 mm Hg
1sat — "

Py sqr = 182.79mm Hg
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