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1. (20 marks)

Select the most correct answer and circle it in the provided answers sheet. More

than one answer may be correct, make your choices carefully and wisely.

1.At equilibrium, in a closed isothermal system with a fixed boundary, one of these properties is a
minimum

a)S b) G oH d) A

2.The mechanical stability criteria dictates that
a)xkr=0 b)xr >0 )Kkr <0 d)xr <0

3. The Poynting factor is important at
a) Extremely low P b) High P c) Atlow T d)bandc

4. The partial molar Gibbs free energy is defined as
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a) maximum b) minimum )0 d)

6.The relative volatility for a certain binary mixture is found to be o, ,=10. Therefore, component 1
will most likely concentrate in the vapor phase.
a) True b) False

7. Positive deviations from Raoult’s law are manifested on a Pxy plot as
a) Bubble curve below b) Bubble curve above c¢) Dew curve below d) Dew curve above
Raoult’s line Raoult’s line Raoult’s line Raoult’s line

8.A system will flash if the system pressure is lower than the dew point pressure and lower than the
bubble point pressure

a) True b) False
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Problem 2 (20 marks) Derive the necessary conditions to describe the equi-
librium between a supercritical solvent whose fugacity can be calculated using
an expression similar to that of vapor fugacity and a pure solid. You may as-
sume that the solid is soluble in the supercritical phase while the supercritical
solvent is not soluble in the solid.

The supercritical phase will be denoted by SC and the solid as s. The
solvent will be referred to as component 1 and the solute will be referred to
as component 2. The criteria for equilibrium are

1. Thermal equilibrium i.e., equality of temperature in all phases consid-
ered
T5¢ =15 =T

2. Mechanical equilibrium i.e., equality of pressure in all phases consid-
ered
PSC —pS=p

3. Chemical equilibrium i.e., equality of fugacity of each component in
each phase. The problem statement simplifies the treatment since we
need only consider the solute between the supercritical phase and solid

20 =f
v§ (P — P5')

P = sustub
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Problem 3 (20 marks) Use the attached sulfuric acid-water enthalpy chart
to solve the following:

a) What is the boiling point for a 80-wt-% aqueous solution of HaSO4
at 0.1 MPa?

This is read off the chart directly at the boiling point curve (the dotted
blue lines). By interpolation yields a value of 200°C at the boiling point of
the mixture.

b) What is the heat of mixing for a 80-wt-% aqueous solution of HySO4
at 93.3°C?

The heat of mixing requires knowing the actual enthalpy as well as the
pure component enthalpies, taking into consideration that the pressure is
kept fixed all the time at 1 bar. Read from the chart the following values:
hi,so,(x = 1.0,T = 93.3°C)~ 110 kJ /kg, hp,o(x = 0,7 = 93.3°C)~ 380
kJ/kg, and h(z = 0.8, T = 93.3°C)~ —95 kJ /kg.

Ahuis = W(T, P,x) = > x;hi(T, P)
= —95 — (0.8)(110) — (0.2)(380) = —259.0 kJ /kg.

which indicates that this mixing process is exothermic.
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Problem 4 (40 marks) The reputation of Mr. Okla Zaki as a smart chemi-
neer (chemical engineer) is unsurpassed at the chemical engineering depart-
ment of the University of Jordan. Mr. Zaki suggested that a mixture of
zylene isomers fed to a flash separator at 300 K and 0.012 bars will flash
and provide some separation of these isomers. The feed composition and the
Antoine equation constants are given in the table below.
Species zi | A B C
m-Xylene | 0.4 | 9.5188 | 3366.99 | -58.04
o-Xylene | 0.2 9.4954 | 3395.57 | -59.46
p-Xylene | 0.4 | 9.4761 | 3346.65 | -57.84
The Antoine equation is given in the units of bar when temperature is in
Kelvin

B
T(K)+ C

1. If the system can be flashed, what are the equilibrium compositions in
the vapor phase? Comment on the answers you have calculated.
Determine if the given pressure falls between the dew and bubble pres-
sures. This requires determining the vapor pressure for each species
at the prescribed temperature

In PP (bar) = A —

[ 3366.99 ]
vap o _ 99VUJII o
Pxylene = €XP _9-5188 300 — 58.04| = 0.012318 bar
vi [ 3395.57
Py lene = €XP 9.4954 — 55 —5515 | = 0-009842 bar
[ 3346.65 ]
vap _ .
By ylene = €XP _9-4761 ~ 300 7| = 1012986 bar

From this vapor pressure and knowledge of the feed composition the
bubble and dew pressures are caculated as below

Pgupple = Z z; P’
= 0.4(0.012318) + 0.2(0.009842) + 0.4(0.012086) = 0.012090 bar
1

PDCW - ~— _ / pvap
> i/ P
_ 1
= 0.4/(0.012318) + 0.2/(0.009842) + 0.4/(0.012086)

The criterion to check to see whether the system will flash or not is

Ppew < P < Pupble
0.011962 < 0.012 < 0.012090

= 0.011962 bar



The criterion is true, hence we may proceed to use flash calculation to
determine the coexisting compositions in the vapor and liquid phases.
We need to use the Rachford-Rice equation first to determine the vapor
fraction

vap
K= b= {1.026512,0.820208, 1.082154}
= =0
Poy
0.4(1.026512 -1) 0.2(0.820208 — 1) 0.4(1.082154 — 1)

=0

T 1+ V(1026512 —1) ' 1+ V(0.820208 — 1) ' 1+ V(1.082154 — 1)

Solution using Matlab’s fzero with an initial guess of V = 0.5 con-
verges at V = 0.731323. Consequently,

N S S
Yi= 1+ V(K; —1)
0.4(1.026512)
m-xylene — = 0402
Ym-xyl 1+0.731323(1.026512 — 1) HA00
0.2(0.820208)
. =0.18888
Yo-xyl 1+ 0.731323(0.820208 — 1)
0.4(1.082154)
-xylene — =04
Yp-xyl 14 0.731323(1.082154 — 1) 040833
and
T; = L
I+ V(K - 1)
0.4
N — 0.392
Tm-xylene = 77 0.731323(1.026512 — 1) 039239
0.2
o = 0.23028
Fouxylene = 9770 731323(0.820208 — 1)
4
0 =0.377 33.

l‘p—xylene — 1 + 0731323(1082154 - 1)

The flash separation will slightly enrich o-xylene and remove p-xylene
in the liquid phase while keeping the mole fraction of m-xyelene essen-
tially constant. Nevertheless, the opposite is taking place in the vapor
phase: the mole fraction of m-xylene and p-xylene is essentially the
same as that in the feed while that of o-xylene is reduced.



2. Determine the relative volatilities for each binary system i.e., m-xylene/o-
xylene, m-xylene/p-xylene, o-xylene/p-xylene.

Koylene  1.026512

O'm-xylene,o-xylene — Ko wvione = 0.820208 = 1.2515
-xy .

Kiyxylene  1.026512

m-xylene,p-xylene — = = 0.9486
Cmexylene,pxylene = T T 1.082154

— O[p-xy]ene7m_xylene = 1/09486 = 1 054 2
Ko xylene  0.820208

_ o _ — 0.7579
Qo-xylene,p-xylene Kpxylene  1.082154

— Qpxylene,o-xylene = 1/0.7579 = 1.3194.

These values suggest that p-xylene will be the component concentrated
most in the vapor phase followed by m-xylene and least concentrated
in the vapor phase will be o-xylene. The opposite order will be in
the liquid phase. This order is exactly what was obtained in the flash
calculations.

3. In your opinion, will chemineer Zaki be justified in recommending to
use distillation as a separation technique for such a system?
The smart chemineer will be right if he wanted to separate p-xylene
from o-xylene. However, the m-xylene will be distributed between the
phases. It would be difficult to separate the m-xylene using distillation!
Usually, these isomers are separated using crystallization rather than
distillation.

4. Discuss if Raoult’s law can be considered as a good model for such
system.
Raoult’s law would be a good model since these isomers are similar
in size, shape and chemical interactions. Also, the pressure in the
calculations is so low to justify the use of the IGM model for the
vapor phase. A very strong evidence to support such a model is the
very close dew and bubble point pressures!

The following table is a summary of the claculations used throughout
this problem:

Species 2 PY#? (bar) K x Yy
m-Xylene | 0.4000 0.0123 | 1.0265 | 0.3924 | 0.4028
o-Xylene | 0.2000 0.0098 | 0.8202 | 0.2303 | 0.1889
p-Xylene | 0.4000 0.0130 | 1.0822 | 0.3773 | 0.4083






