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MATERIAL AND ENERGY BALANCE

 (Chemical Engineering)

Time: 3 hours






Max. Marks: 70

Answer any FIVE questions

All questions carry equal marks

---

1. 
What are the various methods employed for expressing composition of mixtures and solutions? Explain them giving examples.

2. a) 
Calculate the volume occupied by 13.6 kg of chlorine at a pressure 743 mm Hg and 21.1(C. 











b) 
Calculate the weight of 3 cu.m of water vapor, measured at a pressure of 15.5 mm Hg and 23(C.


3. a) 
State Raoult’s law. What are its limitations? 





 b) 
Estimate the vapor phase composition at 60(C in equilibrium with a liquid mixture containing 40 mole% benzene and 60 mole% toluene. Also calculate the composition of the liquid mixture, which boils at 90(C and 101.32 kPa. Vapor pressure data is given as: 


	Temp. (C
	Vapor pressure of Benzene, kPa
	Vaporpressure of toluene,kPa

	60
	51.3
	18.7

	90
	135.05
	54.4


4. 
A continuous drier is operated under such conditions that 115 kg of water are removed per hour from the stock being dried. The air enters the drier at 79.5oC and a pressure of 765 mm Hg. The dew point of the air is 4.5oC. The air emerges from the drier at 35°C, a pressure of 755 mm Hg and 90% relative humidity. Vapour pressure ofwater at 4.5oC is 6.1 mm Hg.

(i) How many m3 of original air must be supplied per hour?

(ii) How many m3 of air emerge from the drier per hour?

5. a) 
2000 kg of wet solids containing 70% solids by weight are fed to a tray drier where it is dried by hot air. The product finally obtained is found to contain 1% moisture by weight. Calculate : 

i) kg of water removed from wet solids
(ii) kg of product obtained .



b) 
An aqueous solution of pyridine containing 27% by weight of pyridine and 73% water is to be extracted with chlorobenzene. The feed and solvent are mixed well in a batch extractor and the mixture is then allowed to stand for phase separation. The extract phase contains 11% pyridine, 88.1% chlorobenzene and 0.9% water by weight.  The raffinate phase contains 5% pyridine and 95% water by weight. Calculate :

 i) The quantities of the two phases 

(ii) The weight ratio of solvent to feed based on 100 kg feed.
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6. 
The orsat analysis of the flue gas from an oil fired furnace is CO2 8%, CO 3%, O2 4%, and N2 85% (by volume) . An analysis indicates that the oil contains 78% by weight carbon and the remainder being combustible hydrogen and moisture. Air enters at 300C and 101325 N/m2. Assuming the air to be dry calculate



(a) The percent excess air used









(b) The carbon hydrogen weight ratio in the fuel





(c)  The volume of air used per kg of oil fired





(d)  The kg of moisture in the flue gas per kg of oil fired


7. 
Write notes on   

         
(a) Kopp's rule    


(b) Kistyakowsky equation   

            (c) Humid heat capacity of air  
(d) Clapeyron equation

8.
When benzene (liquid) is completely burnt to CO2 (gas) and H2O (liquid) the standard heat of combustion is –3263.5 
[image: image1.wmf]´

 103 kJ/kg mol. The standard heat of combustion of H2 (gas) to H2O (liquid) is –285.8 
[image: image2.wmf]´

 103 kJ/kg mol, that of carbon (solid) to CO2 (gas) is –393.3 
[image: image3.wmf]´

 103 kJ/kg mol. Calculate the standard heat of formation of liquid benzene at constant volume neglecting the volume of water formed and initial volume of benzene.
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