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Q1 (a) A 0.9 mol/L (M) aqueous solution of nitric acid (HNO3) flows into a process unit at a
rate of 2.65 m*/min. The specific gravity of the solution is 1.5.

(Given Puater=1000kg/m*, MWpnos = 63.02 g/mol).

(i)  Calculate the mass concentration of HNOj in kg/m?

(2 marks)
(i)  Determine the mass flow rate of HNO; in kg/s

(2 marks)
(iii)  Find the mass fraction of HNO;

(6 marks)

(b)  Aninlet stream that contains 20 mole% of water vapor and 80 mole% of dry air enters
a condenser. Dry air may be taken to contain 21mole% of oxygen, with the balance
nitrogen. The condensation process occurs whereby a 90% of the water vapor in the
inlet stream is condensed and found to be 225 L/h of pure water. Another outlet stream
of condenser removes the same component as the inlet stream.

(GEVCH pwater = ] 000kg/m3, MWwa[er = I 8.0 kgkaI'IOl).

(i)  Determine the molar flow rates for all streams
(9 marks)

(ii)  Calculate the mole fractions of oxygen, nitrogen and water in the outlet stream.
(6 marks)

Q2 (a) 5000 kg/h of a solution that is 40% of sodium chloride (NaCl) by mass is joined by a
recycle stream containing 45% of NaCl, and the combined stream is fed into an
evaporator. The condensed stream contains a pure water whereas the concentrated
stream leaving the evaporator contains 50% NaCl and this stream is fed into a
crystallizer in which it is cooled, causing the crystals of NaCl to come out of solution
and then filtered. The filter cake consists of pure NaCl crystals and a solution that
contains 45% NaCl by mass. The crystals account for 95% of the total mass of the
filter cake. The solution that passes through the filter also contains of 45% NaCl.

()  Draw the process flow diagram.

(4 marks)
(i)  Determine the rate of evaporation at the condensed stream.
(9 marks)
(iif)  Calculate the feed rates to the evaporator and crystallizer.
(9 marks)
(iv)  Solve the recycle ratio (mass of recycle/mass of fresh feed)
(3 marks)
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Q3

Q4

(a)

(b)

(a)

Copper (II) sulphate is produced in the reaction of copper (II) oxide with sulphuric
acid.

CuO + H2S0s — CuSO4 + H20
100 mol of feed contains 45 mole% of copper (1) oxide and 55 mole% of sulphuric

acid. In this reaction, a fractional conversion of 30% of the limiting reactant is
achieved.

(i) Determine the limiting reactant.

(4 marks)
(i)  Solve the percentage of excess reactant.

(4 marks)
(iii)  Calculate the molar amounts of all products.

(7 marks)

A 100 mol/h of butane (C:Hio) and 5000 mol/h of air (21% of oxygen) fed into a
combustion reactor. The reaction process occurs between the butane and oxygen
producing carbon dioxide (CO2) and water (H20) as the outlet products.

(1) Write the balance combustion reaction of butane and oxygen.

(2 marks)
(ii) Find the molar flow rates of theoretical oxygen and air.

(5 marks)
(iii) Calculate the percentage of excess air.

(3 marks)

In a 6L of flask, carbon dioxide at an initial pressure of 5 bar is cooled from 110°C to
40°C. Assume the cooling process occurs in an ideal gas behavior. The heat capacities
(Cp) values were given in Table Q4.

[Given R =8.314 x 10~ kJ/(mol.°C) = 0.08314 L.bar/(mol.K)]

() State the value of specific heat at constant volume in function of temperature.

(2 marks)
(i) Calculate the internal energy inside the system

(4 marks)
(iii)  Find the number of moles at the initial condition

(2 marks)
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(b)

(iv)  Determine the heat transferred during the cooling process.
(2 marks)

A stream containing 10% ammonia (NH3) and 90% air by volume is to be heated from
30°C to 250°C. The molar flow rate for the inlet and outlet streams of every component
remains constant throughout the process. The flow rate of the gas is 4.00 x 10° liters
(STP)/min. Given the specific molar volume at STP is 22.4 L(STP)/mol whereas the
specific enthalpy of air at the inlet and outlet streams are -0.15kJ/mol and 8.17 kJ/mol,
respectively as per tabulated data in Table Q4(b). The heat capacities (Cp) values
were given in Table Q4.

(i) Calculate the molar flow rate of the ammonia and air.

(6 marks)
(i)  Determine the specific enthalpy of ammonia at the outlet stream.
(4 marks)
(iii)  Solve the required rate of heat for this operation in kilowatts.
(5 marks)
-END OF QUESTIONS-
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SEMESTER / SESSION : SEM 1 2022/2023 PROGRAMME CODE : DAK
COURSE NAME : MASS AND ENERGY BALANCE COURSE CODE : DAK12903
Table Q4
Compound ax103 bx 10 cx 108 dx 102
Ammonia 35.15 2.954 0.4421 -6.686
Carbon Dioxide 36.11 4.233 -2.887 7.464
Table Q4 (b)
References: NHs (g, 20°C, l1atm), air (g, 25°C, Iatm)ﬂ
Sllb tance Nin I:Iin Mout Hout
Sk (mol/min) | (kJ/mol) (mol/min) (kJ/mol)
Ammonia NnH3 0 NNH3 ﬁ
Air Nair -0.15 Nair 8.17
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FORMULA
G= Psubstance = L
> Preference P i
m=p.Q Q=9.A
F=m.a p==L
A
AU + AEx + AE, = Q-W A=0+PV
AH + AEx + AE, = Q-Ws W =W, + Wy
AEk=‘mVZ—;Kl— AEy=mg(z; — z,)
T: T,
AU = fo C,(T)dT AH = le Cy(T)dT
Cp=a+bT+CT2+dT3 Cp:Cv+R
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Mass

Length

Volume

Force

Pressure

Energy

Power

CONVERSION OF UNITS

1kg =1000 g=0.001 metric ton = 2.20462 Ibm = 35.27392 oz
1lbm =160z=>5x10-4ton=453.593 g = 0.453593 kg

0
Im =100 cm = 1000 mm = 10° microns (pm) = 100 angstroms ( 4 )
= 39.37 in = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft =12in=1/3yd =0.3048 m =30.48 cm

1m3 =1000 liters = 106 cm3 = 106 ml
= 35.3145 ft3 = 220.83 imperial gallons = 264.17 gal
=1056.68 qt

1ft3  =1728 in® = 7.4805 gal = 0.028317 m? = 28.317 liters
= 28 317 cop®

IN =1kgm/s?2=10°dynes=10°g.cm/s?= 0.22481 1b¢
11bs =232.1741bm.ft/s?2=4.4482 N = 4.4482 x 10°dynes

1atm =1.01325 x 10° N/m? (Pa) = 101.325 kPa = 1.01325 bars
=1.01325 x 10° dynes/cm?
=760 mm Hg at 0°C (torr) = 10.333 m HO at 4°C
= 14.696 b/ in? (psi) = 33.9 ft H,O at 4°C
=29,921 in Hg at (°C

1] =1N.m=107 ergs= 107 dyne.cm
=2.778 x 107 kW.h = 0.23901 cal
= 0.7376 ft-Ibf = 9.486 x 10 -+ Btu

1W =1]/s=0.23901 cal/s = 0.7376 ft.Ibs/s = 9.486 x 10 -4 Btu/s
=1.341x10-3hp
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