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INSTRUCTIONS:

L. ALL questions should be attempted. Answer in ink.

2. Answer ALL questions in the ONE BOOK provided.

3. Any programmable or non-programmable calculator may be used
provided it has been cleared of any information that would subvert the
purpose of the examination.

4, Calculations must be shown in sufficient detail to illustrate your
understanding of the procedure.

5. State all assumptions clearly.
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UESTION 1

i) Perform a dew pressure calculation given the information for the binary system consisting

of n-pentanol and n-hexane, at a system temperature of 30 °C. You need to only perform the

calculation once, no iteration is required. State ALL assumptions.

(20)

if) Considering the intermolecular forces between the system components, comment on the

shape of the phase envelope and the system behavior.

()
TABLE 1: Data for the binary system.
Component 1 Component 2
Chemicals n-pentanol n-hexane
vapour mole fraction, yi 0.2 0.8
Molar mass, g/mol 88 86
Density, g/cm’ 0.8144 0.6603
Vapour pressure Antoine
constants
Ai 4.68277 4.00266
B; 1492.549 1171.53
Ci -91.621 -48.784
T range (K) 307.1 - 411 286.18 - 342.69
Wilson parameter, cal/mol an =1718 az =166.8
Use the Wilson model.
= = il ;‘1* 5'1 bt } \
Tryy = mednn{a, = v 4. 1= x. = - 2
nEy {x, 252 (_n = X2y s = XA ]
i a‘ T .;“ ¥,
iy = =fn{ve =8 Ay i v iz — 24
v s ien) ! t Ny T Xad v e
V; " . cm3
Ay = exp (R—T”): Tin (K); Vi (=);
Antoine equation log P =A- %‘ Pinbar; Tin K.
TOTAL 725/
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UESTION 2

Assuming complete immiscibility for the binary mixture of water (1) + toluene (2) at the
constant pressure of 1 atm, answer the following questions. Use the following table of saturated

vapor pressures.

t/°C Pi*'/kPa P,*YkPa
60 20.00 18.58
70 31.25 27.25
80 47.44 38.04
90 70.16 54.37

(a) What is the lowest temperature at which this binary mixture can exist entirely in the

vapour phase? What is its composition?

(12)

(b) If the system in part a, is heated to 90 °C, find the composition of the components in

the corresponding phases.

(6)

(c) Explain, using the concept of different phase equilibria, how VLLE behaviour would

exist in a binary system.

2

TOTAL /20/
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UESTION 3
The following reaction reaches equilibrium at 500°C and atmospheric pressure:
CO(g) + H0(g) « €0,(g) + Hy(g) (R1)
Component A H4g (J/mol) A G°39g (J/mol)
Co(g) -110525 -137169
H,0(g) -241818 -228572
CO,(g) -393509 -394359
H,(9) 0 0

Assume the mixture behaves as an ideal gas. The system initially contains 1 mol CO and 1 mol

H20. Assume the following relationship is valid.
K A H° (1 1)

n= =~
n T T

K' R
Answer the following questions:

(a) What is the composition of the system at equilibrium?

(12)

(b) What is the change in the Gibbs energy (nG) when the change in equilibrium reaction

coordinate (g,) is less than 0.001. Explain your answer.
2)
(¢) As aprocess engineet, you wish to maximize the production of Hj;. Discuss and elaborate

on the implications of the following strategies:

I.  Increasing the temperature. (2)
II.  Increasing the pressure. (2)
II.  Adding an inert component to the feed stream. (2)

TOTAL 20/
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FORMULAE SHEET
Universal Gas Constant
R= 83141 mol'l. K 8.314 Pa.m’. mol™. K!
8.206x102 L.atm. mol'!, K! 8.314 Pam’. mol™. K™!
8.314x1072 L.bar. mol ', K! 83.14 cm?.bar. mol™. K
82.06 cm>.atm. mol!. K! 1.987 cal. mol L. K!
Pressure 1 bar = 0,986293 atm = 14.5038 psia = 750.061 torr
Equations of State Virial: Z=1+B/V + C/V2 +
van der Waals: P = RT/(V —b) — a/V?
BP
Pitzer correlation: =0.083 - 9 4;%2 ;  B'=0.139- 0'14722 ; £=B"+wB'
Ty Ty RT,
028
Rackett equation: V% =y z -1 57;
[4 [4
Summation equation in =1 Zy,- =1;
il i=1
& z(1-K;)
Isothermal Flash calculation ‘P =0
% (¥)= ; 1+ ¥(K, 1)
Zj ZJ'K i
Xj=— =—1 1  __y K
1wk, -1) (g, )
Bubble point equation Z z, K, =1 ; Dew point equation Zc: z,/K, =

i=l i=1

: 1) — g _ f(¥)
Newton’s method plkt) = @k _ (%)
o . yk+1)_p(k)
Convergence criteria l ) l < 0.0001



UNIVERSITY OF KWAZULU-NATAL, MAIN EXAMINATIONS: JUNE 2019

COURSE AND CODE: THERMODYNAMICS 2 ENCH3TH
PAGE: 5 of 5
B, P
Ing, = —-—
ng =—r
Using the two term virial expansion in P:
— __ P —~ P
gy = —[B11 + y361,] ; Ingz = —[By; + y{4i5]
B = y1Bi1+ ¥2B22 + 152012 ; O = 2Bj; — Bjj — Byy; 8 = 0; &5 = 0; 6;=6};
_psat _pSa
For a binary system: P, =exp Byq (P PlRT)"'PJ’22512 5 P, = exp Bay (P PZR;)+PJ'f'512

Yi@PP = x;:f°

Gamma-Phi formulation vi0iP = x;y; pisat

_ (‘Elb [—VIL(P _ Pisat)]
R RT

Equations for BUBBLE/DEW PT calculations from SVA:

Bi =9(Z’H.‘)’1; Y2r oeu yN—l)
¥i =y(7:Bx1, X2, ...,xN_l)

sat __
P = f(T)
t
_ xiviPf ) _ YifeP ) — 1. _
Yi = 8;P ’ X = Y:'Pisat ’ Ziyi - 1a2ixi =1 N
p =y - P=——1 _
ogy ’ Tyii/yiPF*
sat _ __Bi . . — Bj .
T" - Ai—lﬂ.P C" ’ T Aj_lnp.fat C]
J
sat _ P . sat __ Yi9iy - psat spsat
S e I = PR DE /R
i

A6° K AH [1
K=exp(——) In— = ——-[——l]



