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Time: 1 hour PART - A Marks: 36
Write your answers/solutions in the space provided. Each question carries four marks. The data
booklet of Tables and Charts is allowed.

Atomic weights:- Na:23, Cl:35.5, 0O:16, C:12, H:1, Sh:122, Fe:56, S:32.

1. Find the molecular formula for the solid compound which contains 22% sodium, 33%
chlorine and 45% oxygen.

2. Find the extent of reaction and the mole fractions of the products for the reaction A > 3B
if conversion is 60%.

3. If 12 kg of C7H1s is burnt to give 15 kg of CO., what is the percentage conversion?




4. For the reaction, Sh,Ss + 3 Fe > 2 Sb + 3FeS, if 650 g of stibnite (Sh2S3) and 200 g of iron
turnings (Fe) are heated together to give 200 g of antimony (Sb) metal, what is the limiting
reactant? Find the % excess of the excess reactant and the yield of Sb based on feed.

5. Suppose that in a text 22 kg of C3Hg is burned with 415 kg of air to produce 44 kg of CO>
and 14 kg of CO. What was the percentage excess air?

6. One hundred kmol per hour of a mixture (F) of 40 mol% methanol in water at 30°C and 1
atm is to be separated by distillation at the same pressure into a top liquid distillate (D)
containing 96 mol% methanol and a bottom liquid product (W) containing 94 mol% water.
Find the molar rates of top and bottom products, D and W, respectively.




7. A mixture of 60% H> and 40% N is combined in a tank at 800 atm and -70°C. Estimate
the specific volume of the mixture (in cm*gmol) using Kay’s method for generalized
equation of state. Given T¢(K): H2=33 & N2=126.2 and P¢(atm): H>=12.8 & N>=33.5.

8. Moist air at 40°C and 45% relative humidity is heated in a furnace to 85°C. How much heat
is added per kg of dry air and what is the final dew point of the air. Given Ao = 2502 kJ/kg
H20.

9. What is the heat absorbed for isothermal reaction, CsH1o (g) = C2Ha (g) + C2He (9); at 298
K and 1 atm pressure. Standard heat of combustion, kJ /mol:
CsHa1o (g) =-2873.5; CoH4 (g) =-1411.80 ,CoHs (g) = -1561.0
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Atomic weights:- Na:23, CI:35.5, 0:16, N:14, C:12, H:1, Sh:122, Fe:56, S:32, Ca:40 , Mg:24.

1. (a) (7 Marks) Define/explain the following terms:
Dulong-Petit’s law, Kopp’s rule, Trouton’s Rule, molal humidity, relative humidity,
saturation humidity, absolute humidity.
(b) (7 Marks) An air-water vapor sample has a dry-bulb temperature of 70°C and 10%
relative humidity at 1 std atm pressure. Determine (analytically): humidity, molal humidity,
humid heat, dew point and humid volume. Obtain the wet-bulb temperatue from the
humidity chart.

2. (20 Marks)

Pure CO2 may be prepared by treating limestone with aqueous sulphuric acid. The
limestone used contained anhydrous calcium carbonate (CaCOs) and anhydrous
magnesium carbonate (MgCOz) and some inert insoluble materials (1). The acid used
contained 15% sulphuric acid (H2SO4) by weight. The residue from the process had the
following composition by weight: calcium sulphate (CaSO4) 12.00%, magnesium sulphate
(MgS04) 4.00%, sulphuric acid (H2S04) 1.20%, inert (1) 0.50%, carbon dioxide (CO2)
0.20% (trapped), and water (H20) 82.10%. During the process, the mass was warmed, and
carbon dioxide and water vapor were removed. The reactions are:

CaCOz + H2SO4 > CaS0s4 + H20 + CO»
MgCOs3 + H2SO4 - MgSO4 + H20 + CO»
Calculate
(a) The composition (in %) of the lime stone used
(b) The % excess acid used
(c) The mass of water vaporized and removed per 100 kg of residue
(d) The mass of carbon dioxide obtained per 100 kg of limestone.

3. (30 Marks) Dry air (only O2 and N2) and toluene (CeHsCHS3) vapor are mixed and fed to a
reactor at 197°C and 1 atm. Air is supplied in 120% excess of the toluene fed to the reactor.
23% of toluene reacts to form benzaldehyde (CeHsCHO) and 2% reacts with oxygen to
form CO2 and CO. The ratio of CO2 to CO formed is 7:3. Water vapor is formed in both
the reactions:

CsHsCH3 + O2 > CgHsCHO + H20
20 CgHsCH3 + 159 O, = 98 CO, + 42 CO + 80 H,O

The product gases leave the reactor at 205°C and 1 atm. Water is circulated through a jacket
surrounding the reactor, entering at 20°C and leaving at 47°C. If 100 kg mole toluene is
fed to the reactor and all gaseous materials are behaving as ideal gas, then answer the
following questions:



(a) Draw a suitable flow diagram with proper labelling. How many unknowns are here?
What are they?

(b) Calculate the volumetric flow (m®) of the combined feed stream to the reactor.

(c) Calculate the volumetric flow (m?) of the combined product gases.

(d) Calculate the heat transfer from the reactor (kJ).

Data:

AH {%} CsHsCHs (g) = 50; CsHsCHO (g) = -40; CO2 = -394; CO = -111; H,0 (g)= -242.
C,| ——= =a+bT+cT?+dT® whereTisin °C

gmol.°C
Compound a b x10? ¢ x10° d x10°
CsHsCHs (g) 94.18 38.00 -27.86 80.33
CsHsCHO (g) 74.06 32.95 -25.20 7757
02(q) 29.10 1.158 -0.607 80.33
N2 (9) 29.00 0.2199 0.5723 -2.87
CO2(q) 36.11 4.233 -2.88 7.464
CO (g) 28.95 0.411 0.3548 2.22
H20 (q) 33.46 0.688 0.76 -3.503

4. (20 Marks)
Calculate the theoretical flame temperature (outlet temperature of the adiabatic reactor)
for CO gas burned at constant pressure with 150% excess air, when the reactants enter at

100°C and 1 atm. Given AH ?[%} : CO=-111, CO»= -394;

kJ
Cp m 5 1 CO =0.029, O, = 0.031, N2 =0.030, CO> = 0.046.
“\ gmol.°C
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