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QUESTION 1

SECTION A

A single-stage flash vessel is to be designed for the binary system carbon tetrachloride (1) +

cyclohexane (2) at 120°C. From limited experimental data it is seen that y; = 0.632.

a) Determine an initial estimate for the system pressure (P) and x; using only Raoult’s Law

(10)

b) Using the initial estimates from part (a), carry out a dew pressure calculation to determine

revised estimates of P and x; using only the gamma-phi approach (it is not required to revise

the initial estimates using modified Raoult’s Law). Perform only a single step of the

calculation—no iterative procedure is required. You may use generalized correlations

(based on the Virial equation of state) to estimate vapour-phase fugacities, and apply

Wilson’s model to calculate activity coefficients. Assume the Poynting factor is equal to 1.

For this system, take kij =0.0.
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Table 1: Pure component properties for carbon tetrachloride (1) + cyclohexane (2).
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Wilson’s Equation

Component i ;(ci [ll)):; | [cmzf/il ol Ze, o Antoine Constants Parameters
A B C Aij
1 5564 | 45.6 276 0.272 1 0.19 | 14.1 2914 232 0.6938
2 553.6 | 40.73 308 0.273 | 0.21 13.7 | 2723 221 0.2412

Further useful information is available on page 2.

TOTAL /50/
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USEFUL RELATIONSHIPS: SECTION A

100 kPa =1 bar

Universal Gas Constant

R =8.314 J.mol' K!
=8.206 x 107 L.atm.mol . K!
=8.314 x 10”2 L.bar.mol 1. K!

=82.06 cm’.atm.mol . K!

R =8.314 Pa.m>.mol 1. K!
= 83.14 cm’.bar.mol 1. K'!
=1.987 cal.mol . K!
= 8314 cm?® kPa.mol 1 K'!

. VI[P — P
fil — @fatpisat exp< l T L

Raoult’s Law Modified Raoult’s Law
yiP = x; P YiP = x;y, P
Fugacity of liquids Fugacity of liquids
fi = xyiPP*

Henry’s Law
fi = xH;

Infinite dilution & Henry’s Constant
o _ Hi
’y. —_— —
S

Wilson’s Equations

A12

In Y1 —=— ln(xl +A12X2) + X [
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X1+ Aoxy,  Agixg+xs

Iny, = —In(x; + Ap1x1) — x4 [

Ayq ]

X1+ Aoxs  Ayix+x,

Gamma-Phi Method

yi®;P = x;y; PF*

Where
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Phi-Phi Method

Vip! = x;9}
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SECTION B

QUESTION 2

Narasigadu (2011) measured liquid-liquid equilibrium data for the hexane (1) + acetonitrile (2)
system at 350 kPa and obtained the following results for the parameter 4 for the 2-suffix

Margules model:

2.40 A vy =-1.182E-04x? + 6.855E-02x - 7.193E+00 ,
R?=9.986E-01
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Figure 1: Margules parameter 4 as a function of temperature (7).
Estimate the composition of both liquid phases at 323 K. It is already known that over the

temperature range 313 to 348 K, the hexane-rich phase has a composition ranging from 65 to

92 mol-% hexane while the acetonitrile-rich phase has a hexane content of 6 to 31 mol-%.

The 2-suffix Margules model is given by:

Iny, = Ax2 = A(1 — x;)?
Iny, = Ax?

TOTAL /20/
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QUESTION 3

Consider the water-gas shift reaction:

COg) + H20(g) > COxg) + Hag)

Initially, a reactor contains 2 moles of CO and 3 moles of H2O. If the reactor operates at 1 bar
and contains 25 mol-% water vapour at equilibrium, estimate the temperature in the reactor and
the composition of all species. State all assumptions. The equilibrium constant as a function of
temperature for various reactions is given in Figure 2.

TOTAL /15/

QUESTION 4

Sketch a labelled schematic diagram that illustrates a hydrogen fuel cell with an external
electrical load. Your diagram must show the flow of reactants and products, as well as the flow
of electrons in the system.

TOTAL /15/
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DATA SHEET: SECTION B

USEFUL EQUATIONS: SECTION B

Stability criteria:
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Figure 2: Equilibrium constant as a function of temperature for various reactions.



