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Phose rule

Consider the binary system butanol-water. Calculate the number of degrees of freedom and
specify which variables can be fixed for the following cases:

a) Vapor phase only
b) Two liquid phases,
¢) Vapor phase and two liquid phases
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a) How do you think the two last columns in the Table below were obtained?
(Hint: compare with Raoult’s law).

TasLe 11.1-1.  Vapor-Pressure and Equilibrium-Mole-Fraction Data
for Benzene-Toluene System

Vapor Pressure

Mole Fraction
Benzene at
Temperature Benzene Toluene 101.325 kPa

K « kPa mm Hg kPa mm Hg X Ya
3533 80.1 101.32 760 1.000 1.000
3582 85 1169 877 46.0 345 0.780 0.900
363.2 9% 135.5 1016 540 405 0.581 0777
368.2 95 155.7 1168 63.3 475 0411 0.632
37132 100 179.2 1344 743 557 0.258 0.456
3782 105 204.2 1532 86.0 645 0.130 0.261
3838 1106 240.0 1800 101.32 760 0 0

b) Compute the relative volatility for the six last compositions given in the Table. Is it
approximately constant?

If a liquid mixture at 358.2 K and 1 bar has x4 = 0.411, will it boil? If not, at what
temperature will it boil, and what will be the composition of the vapor first coming off?
‘What is this point called?

‘What are the saturation pressure (bubble point pressure) and vapor composition for a liquid
mixture at 100°C (373.2K) with 50 mol-% benzene and 50 mol-% toluene?

Explain what a dew point is. Consider a gas mixture at 911 mmHg (1.21 bar) with 50 mol-
% benzene and 50 mol-% toluene. What is the dew point temperature, and what is the
composition of the first liquid drop?
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Assume that the relative volatility between components propane (1) and n-butane (2) is 6
(constant). The following two streams are mixed:

Stream Fa: 80 mol/s. Saturated vapour at 1 atm. 50% propane. 50% n-butane.

Stream Fb: 70 mol/s. Saturated liquid at 1 atm. 50% propane. 50% n-butane.

The mixed stream is separated in an adiabatic flash unit operating at 1 atm into a liquid product
L and vapor product V (in equilibrium).
a) Rank the temperatures of the streams Fa, Fb, L, and V (justify your answer).
b) Find the amount and compositions of the streams L and V.

* For the energy balance, you can assume constant molar flows (which in this case means that
V=Fa, L=Fb).
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= Propune (1): 70%+ éX\ 40 =75
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The main point here is to compare batch (dynamic) and continuous (steady-state) operation of
single-stage flash (also known as flash distillation) for a binary mixture where one can assume
constant relative volatility o = 2.45. Note that the relative volatility for a binary mixture
between components A and B is

y/x

1-y)/0-2)

The feed (initial) composltlon is in both cases x" = 0.357 (mole fraction of light

component). In both cases, the pressure is constant.

i) Draw flowsheets of the two alternative flash processes (batch and continuous)
ii) Batch flash (Simple batch distillation).
a) Derive an analytical expression for the Rayleigh integral
/"-* dL ("' dx
Joo L oo y—x

assuming constant relative volatility
1
E = o 7)
Hint: Show that V=%~ @~1 ( e
b) Apply this expression to our mixture, which has a = 2.45 and x"= 0.357. What fraction
of the liquid must be evaporated in order to obtain a final composition x; = 0.258?
iii)  Continuous flash.
a) What fraction of the liquid must be evaporated to reach the same end concentration if
the operation mode is changed to continuous flash?
b) Which flash is more effective: Batch or continuous?
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