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UNIVERSITY OF TECHNOLOGY, JAMAICA
COLLEGE/ FACULTY: Engineering and Computing
SCHOOL/ DEPARTMENT: Chemical Engineering
Mid-semester Examination 2, Semester 3
Module Name: 	   Chemical Engineering Thermodynamics 1
Module Code: 	   CHE3003
Date: 		   July 24, 2012
Theory/ Practical:  Theory
Groups: 		   B.ENG.3C
Duration: 		   3 hours

Instructions
1. ANSWER ALL QUESTIONS
2.  EACH QUESTION MUST BEGIN ON A NEW PAGE
3. LEAVE TWO LINES BETWEEN PARTS OF A QUESTION
4. READ EACH QUESTION CAREFULLY BEFORE ANSWERING
5. SHOW CLEARLY ALL EQUATIONS USED FOR CALCULATIONS
6. THE INTENDED MARK IS INDICATED AT THE BEGINNING OF EACH QUESTION
7. ANSWER MUST BE NUMBERED IDENTICAL TO THE QUESTION BEING ANSWERED
8. A FORMULA SHEET AND UNIT CONVERSION CHART ARE ATTACHED.

 (
*** 
DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO
 ***
)


Question #1 [35 marks]
A vessel with a volume of 0.35 m3 is used to store liquid propane at its vapor pressure. Safety considerations dictate that at a temperature of 320 K the liquid must occupy no more than 80% of the total volume of the vessel. For these conditions, determine the mass of vapor and the mass of liquid in the vessel using the Peng/Robinson (PR) equation. At 320 K the vapor pressure of propane is 16.0 bar.


Question #2 [35 marks]
An equimolar mixture of nitrogen and acetylene enters a steady-flow reactor at 298.15 K (25°C) and atmospheric pressure. The only reaction occurring is:
N2(g) + C2H2(g)                       2HCN(g)
The product gases leave the reactor at 873.15 K (600°C) and contain 24.2 mole-% HCN. How much heat is supplied to the reactor per mole of product gas?


Question #3 [30 marks]
A binary mixture of Ethanol (l) and l-propanol (2) with a mole fraction of  = 0.25 is flashed to conditions of T = 360 K and P = 0.8 atm. Assuming that Raoult's law applies, determine:
a.) the equilibrium mole fractions  and  of the liquid and vapor phases formed,
b.) the molar fraction V of the vapor formed, and 
c.) the fractional recovery R of species 1 in the vapor phase (defined as the ratio of the moles of species 1 in the vapor to moles in the feed).
		


Total Marks = 100
***** END OF PAPER *****
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For Vapour and Vapour-like Roots

Start with 

For Liquid and Liquid-like Roots

Start with 
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FACTORS FOR UNIT CONVERSIONS

Quantity | Equivalent Values
Mass 1kg = 1000 g = 0.001 metric ton = 2.20462 lby, = 35.27392 oz
1lby = 160z = 5x 107* ton = 453.593 g = 0.453593 kg
Length 1m = 100 cm = 1000 mm = 10° microns (wm) = 10'° angstroms (A)
=39.37in. = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft = 12in. = 1/3yd = 03048 m = 30.48 cm
Volume 1m® = 1000L = 10° em® = 10° mL
35.3145 ft> = 220.83 imperial gallons = 264.17 gal
= 1056.68 qt
166 = 1728in> = 7.4805 gal = 0.028317 m* = 28317 L
= 28317 cm®
Force 1IN = 1kgm/s> = 10° dynes = 10° g-em/s? = 0.22481 Ibg
11bg = 32.174 Ibyft/s> = 4.4482 N = 4.4482 X 10° dynes
Pressure 1atm = 1.01325 X 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar
= 1.01325 x 10° dynes/cm?®
= 760 mm Hg at 0°C (torr) = 10333 m H,0 at 4°C
= 14.696 Ibg/in.? (psi) = 33.9 ft H,0 at 4°C
= 29.921 in. Hg at 0°C
Energy 1J = 1N'm = 10 ergs = 107 dyne-cm
= 2778 X107 kW-h = 0.23901 cal
= 0.7376 ft-Ib; = 9.486 X 10~ Btu
Power 1W = 1J/s = 023901 cal/s = 0.7376 ft-Ibg/s = 9.486 X 10~ Btw's
= 1341 %1072 hp
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THE GAS CONSTANT
8314 m*Pa/(mol-K)
0.08314 L-bar/(mol-K)

0.08206 L-atm/(mol-K)
8.314 J/(mol-K)
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Table B.I Properties of Pure Species

Molar Ve
mss  w LK Rha 7 armol ! T/K
or 10 m® kmol !

‘Propane 44007 0152 3698 4248 0276 2000 811
Acetylene 26038 0187 3083 6130 0271 113 1804
Ethanol 46069 0645 35130 6148 0240 167 313
1-Propanol 6009 0622 5368 5175 025 210, 3704
Oxygen 3199 0022 1546 5043 734
Nitrogen 2014 0038 1262 3400 0289 802
Hydogencyanide 27026 0410 4367 5390 0.197 139,
Water 18015 0345 6471 22055 0229 559
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Table 3.1: Parameter Assignments for Equations of State

For use with Egs. (3.49) through (3.56)

Eq. of State o(T,) o € Q v
vdW (1873) 1 0 0 1/8 27/64
RK (1949) 7712 1 0 0.08664 0.42748
SRK (1972)  asrk(T); ) 1 0 0.08664 0.42748

PR (1976)  apr(T};w)f 1442 1—+/2 007780 045724

Ze

3/8

173
173
0.30740

. 2
fasrk (T3 @) [1 F(0.480 + 15740 0‘176w2)(1 —T,'/Z)]

. 2
tapr(Ty; @) [1 b (0.37464 + 1.54226 026992&)(1—#”)]
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Table C.4: Standard Enthalpies and Gjbbs Energies of Formation
at 298.15K'

Joules per mole of the substance formed

State AH AG

fos f298

Chemical species (Note2) ~ (Note )  (Note 1)

Miscellaneous organi

Acetaldehyde CoH40 %) —166,190  —128.860

Acetic acid CoH40, (0] —484500  —389.900

Acetylene CoHy @ 227480  209.970

Miscellaneous inorganics:

Carbon dioxide CO, (@ —393,509

Carbon monoxide co ®) —110.525

Hydrochloric acid HCl ) —92,307

Hydrogen cyanide HCN ® 135,100
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‘Table C.1: Heat Capacities of Gases in the Ideal-Gas State

= A+ BT +CT? 4+ DT~ T (kelvins) from 298 0 Tppax.

Constants in equation C 5/

Chemical species Toax  Cpfy /R A 10° B 10°C 105D
Miscellaneous organics:

Acctaldehyde CHO 100 17978 158

Acetylene CHy 150 1952 - ~1299
Benzene Colg 1500 30064 ~13.301
Miscellancous inorganics:

Air 200 ~0016
Hydrogen H, 300 0.083
Hydrogen cyanide HON 2500 -0m5
Nitogen Ny 200 0.040
Water H0 2000 0.121
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InP*/kPa=A— ——
/ T+C
Table 10.2 Parameters for the Antoine Equation
A B c
Ethanol 16.6758 3674.49 —46.70
Ethylbenzene 14.0045 3279.47 —59.95
n-Heptane 13.8587 2991.32 ~56.51
Methanol 16.5938 3644.30 ~33.39
Methyl acetate 14.4015 2739.17 —50.03
n-Pentane 138183 2477.07  —39.94
1-Propanol 160692 344866  —69.06
Toluene 140098 310301  —53.36

‘Water 16.2620 3799.89 —46.80
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