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1. a)
Write short notes on the following: normality, molality, limiting reactant and excess reactant.

    b)
The flue gas analysis is CO.  7.26%, CO2.4.2%, O2 7.5%, N2  81.04% on mole basis. Express the flue gas analysis on mass basis.

2. 
A volume of moist air of 28 cu m at a total pressure of 740mm Hg and a temperature of 30(C contains water vapor in such proportions that its partial pressure is 22.0 mm Hg. Without the total pressure being changed, the temperature is reduced to 15(C and some of the water vapor removed by condensation. After cooling it is found that the partial pressure of the water vapor is 12.7 mm Hg. Using the partial pressure method, calculate:

a)
Volume of the gas after cooling.

b) Weight of water removed.



3.
Write short notes on:

     
a)
Cox chart and its applications.     b)
Duhrings chart and its application.

    
c)
Critical properties.
       
     d)
Reduced conditions.

4. 
Air at atmospheric pressure has a wet bulb temperature of 20oC and a dry bulb temperature of 30oC. Using the humidity chart.

    
 a)
Estimate the percentage saturation, molal humidity and the dew point.

   
 b)
Calculate the weight of water contained in 100m3 of the air.

5. 
Benzene and Toluene are to be separated by distillation. The feed contains 45% by weight of benzene. After distillation the overhead product contains 98% benzene by weight. The bottom product contains 8% of the total benzene fed to the distillation column. For a total feed rate of 2000 kg/hr find 


i) 
The overhead product rate







ii) 
Toluene composition (by weight) in the bottom product


6.
A coal containing 81wt % total carbon and 6 wt % unoxidized hydrogen is burned in dry air. The rest of the coal is solid inert. The amount of air used is 30 % more than theoretically required to completely oxidize all of the carbon to CO2 and all of the hydrogen to H2O. Calculate the number of kg of air per kg of coal and the composition of the stack gas leaving the furnace, assuming this gas contains no CO.
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7.
In an experiment, methane is burnt with theoretical amount of air.  The reaction does not go to completion due to faulty operation of the equipment.  If the methane and air are originally at 25 oC and the products leave the reactor at        380 oC. What percent of methane is burnt? 

CH4 (g) + O2 ----> CO2 (g) + H2 O (g), HC = -191760 cal/g mol           

Mean Cp values  (in cal/gmol - C):  O2  = 7.4, CH4 = 10.88;

            N2 = 7.09; CO2 = 10.48; H2O = 8.35

8.
40 kg of ethyl alcohol and 50 kg of acetic acid are charged in to a reactor to yield ethyl acetate as per the reaction,

C2H5 OH(l) +  CH3 COOH (l)  = C2 H5 OOCCH3  + H2O

     
The reaction is 60 % complete. Estimate the heat effect of this process heat of combustion in cal/mol: C2H5OH = -326700

           CH3 COOH = -208300; C2 H5 OOCCH3 = -538760.
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1. a)
In the decomposition of   KClO3,



2KClO3 -----→ 2KCl +3O2,

(i)
Calculate the amount of oxygen that evolves on decomposition of 12.9 gm of KClO3.

(ii) Calculate the amount of KClO3 for evolution of 5 gm of oxygen. 

b)
A solution of caustic soda in water contains 20% NaOH by weight at 333K. The density of the solution is 1.196 kg/L. Find the molarity, normality and molality of the solution.

2. 
In producing activated charcoal for adsorption purposes, coconut shells are destructively distilled and treated with superheated steam. This results in the evolution of gases which leave the processing equipment mixed with the steam. In a plant employing such a process, the gas yield is 2832 cu m per hr at 455(C and 1.02 atm absolute, with the following volumetric analysis:

N2  10.0%, H2
20.0%, CO2 5.0%, CO 25.0%, H2O 15.0%, NH3 20.0%, C2H4 5.0%.  Before absorption of the NH3 in H2SO4 the gases are cooled to 66(C in a heat exchanger. This results in the removal of 90% of the water by condensation. The NH3 absorbed by the hot condensed water is negligible. Absorption of the NH3 and removal of practically all of the residual H2O vapor is accomplished by further cooling and absorption in sulfuric acid solution. Calculate:

a) 
Average molecular weight of the original gas mixture (including steam).

b) 
Specific volume of the gases leaving the processing equipment at 455(C and 1.02 atm expressed as cubic meter per kg.

c)
Weight of gases (including steam) leaving the processing equipment expressed as kgs per hour.

d)
Weight of H2O condensed in the heat exchanger, kgs per hour.


3. a)
What is steam distillation? Write about the applications of steam distillation in process industry.

    b)
Explain how the steam distillation temperature is computed for any system.

4.
It is desired to supply 3000 cu.m per min of air at 60oC, dew point 23oC to a soap drier. The outdoor air is available at 15oC, wet bulb 10oC. Indicate two ways of carrying out the change, stating temperatures and humidities involved. 
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5.
The waste acid from a nitrating process contains 25% HNO3, 50% H2SO4, and 25% water by weight. The acid is to be concentrated to contain 30% HNO3 and 60% H2SO4 by the addition of conc. H2SO4 containing 95% H2SO4 by weight and concHNO3 containing 90% HNO3. Calculate the weight of waste acid and concentrated acids which must be mixed to obtain 10000kgs of mixture of the desired composition.

6.
Bituminous coal with a calorific value of 20000 KJ/Kg is used for generating steam in a boiler. How much coal has to be burnt to generate 1MW of energy. Efficiency of combustion is 75%. How much air is needed if 50% excess air is to be used. Assume that coal contains 67% carbon and 33% ash.

7.
Sulfurdioxide is oxidized in 100% excess air with 80% conversion to sulfur trioxide.  The gases enter the converter at 400 oC and leave at 450 oC. What is the magnitude of heat absorbed, in kcal, in the heat exchanger of the converter if 500 kmol of dioxide are introduced into the converter?

SO2 (g) + 1/2 O2 (g)  = SO3 (g)    -23490 cal/g mol

Mean molal heat capacity values in cal/gmol C

            SO2 = 11.0; O2  = 7.4; N2 =7.1; SO3  = 15.5

8.
200 kg of gaseous methyl chloride along with an equal amount of KOH are taken into a reactor to yield methanol and KCl.  The reaction is 70 % complete. Estimate the heat effect of this reaction from the following heat of formation (in cal/mol) data:

KOH   =  -101780     KCl   = -104175

CH3Cl =  - 19582     CH3OH = - 39850 
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1. a)
Calculate the average molecular weight and the composition by weight of air. The composition of air at mean sea level is as follows: Oxygen 21%, Nitrogen 78% and Argon 1% (on volume basis).

b)
Sodium chloride weighing 600 kg is mixed with 200 kg potassium chloride. Find the composition in weight % and mole %.

2. 
A producer gas has the following composition by volume:

CO 23.0%, CO2 4.4%, O2 2.6%, N2 70.0%.

a)
Calculate the cubic meter of gas, at 21(C and 750 mm Hg pressure, per kg of carbon present.

b)   
Calculate the volume of air, at the conditions of part a, required for the combustion of 3 cu m of the gas at the same conditions if it is desired that the total oxygen present before combustion shall be 20% in excess of that theoretically required.

c)  
Calculate the percentage composition by volume of the gases leaving the burner of part (b), assuming complete combustion.

d) 
Calculate the volume of the gases leaving the combustion in parts b and c at a temperature of 315(C and a pressure of 750 mm Hg per 3 cu m of gas burned.    

3. a)
What is Raoult’s law? What are the applications and limitations of Raoult’s law?

    b)
Draw the schematic diagrams of vapour-liquid equilibria for a binary mixture for the following cases:

     
(i)
When the total pressure is constant.

(ii)
When the temperature is constant over the composition range.

4.
The dew point and dry bulb temperature of ambient air were found to be 18 and 290C. respectively. The barometer reads 760mm Hg. Calculate the following using a humidity chart.


i)
The absolute molar humidity.
    ii)
The absolute humidity.

iii) The percent saturation.
    iv)
The percent relative humidity.

v)
Humid volume.

5.
What will be the yield of Hypo (Na2S2O3.5H2O) if 100kg of a 48% solution is cooled to 25oC?


Data: The solubility of Na2S2O3 at 250C is 70 parts per 100parts of water.
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6.
A hydrocarbon is burnt with excess air. The orsat analysis of the flue gas shows 10.81% CO2, 3.78% O2 and 85.40% N2. Calculate the atomic ratio of C:H in the hydrocarbon and the % excess air.

7.
100 kmol of methane are burned with theoretical amount of air in a combustion chamber.  Air and methane are admitted into the chamber at 25 C.  Assuming no heat loss and complete combustion, determine the temperature at which the product gases leave the combustion chamber.  Heat of combustion of methane is 191310 cal/gmol

         
Mean molal heat capacity values in cal/gmol C

            CH4  = 14.27; O2 = 8.28; N2 = 7.86

            CO2  = 12.75; H20 = 10.09

8.
Calculate the actual heat of the following reaction with the temperature of each reactant and product is as indicated     

NaHSO4  + NaCl  = Na2 SO4   + HCl

         
250oC       25oC       550oC     300oC

    
Mean specific heat of NaHSO4 is 0.23 and that of sulphate is 0.26

Mean heat capacity of HCl is 7.1cal/mol-K

Heats of formation in kcal/mol:  NaHSO4 = -269.2; 

NaCl = -98.23; Na2SO4 = -330.9; HCl = -22.06
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1. a)
A saturated solution of salicylic acid in methanol contains 64 kg of salicylic acid per 100 kg methanol at 25oC. Find the weight % and the mole % composition of the solution. Molecular weight of methanol is 32 and molecular weight of salicylic acid is 138.

   b)
What will be the % Na2O content of lye containing 73% caustic soda?



2NaOH→Na2O+H2O

2. 
The gas from a sulfur burner has the following composition by volume:

SO3 0.8%, SO2 7.8%, O2 12.2%, N2 79.2%.

a)
Calculate the volume of gas at 316(C and 29.2 in. Hg formed per kg of sulfur burned.

b)
Calculate the percentage excess oxygen, supplied for the combustion above that required for complete oxidation to SO3.

c)
Calculate the volume of air at 21(C and 29.2 in. Hg supplied for the combustion per kg of sulfur burned.

3. a)
Define (i) Vapour pressure
(ii) Normal boiling point

    b)
Differentiate a gas and a vapour.

    c)   
Write about the effect of change in temperature and pressure on vapour pressure of substances.

4. a)
A sample of air at a dry bulb temperature 300C has a wet bulb temperature of 200C. Calculate absolute humidity, Molar humidity, percentage humidity, humid volume.

b)
Find the enthalpy of dry air at 300C. If 1003 of the moist air in part (a) is heated to 1100C, how much heat is required.

5.
Fresh orange juice contains 12% solids and rest water. It is concentrated to obtain 42% solids. In the present operation, the evaporator is bypassed with a fraction of fresh juice. The juice that enters the evaporator is concentrated to 58% solids which is subsequently mixed with bypassed stream to get the desired final concentration. Calculate the quantity of concentrated juice produced per 1500 kg of fresh juice fed to the evaporator and the fraction of feed that is bypassed.
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6.
Ethane is burned with 50% excess air. The percentage conversion of the ethane is 90%; of the ethane burned, 25% reacts to form CO and the balance reacts to form CO2. Calculate the molar composition of the stack gas on a dry basis and the mole ratio of water to dry stack gas.

7.
1000 kg of producer gas, analyzing 35% carbon monoxide and 65% hydrogen is burnt in 25% excess air in a combustion chamber.  The feed to the combustion chamber is at 25 oC and the product gases leave at 1200 oC. Calculate the heat loss from the chamber.

Standard Heat of formation:  CO  = -26.42 kcal/ gmol

                                      CO2 = -94.05 kcal/ gmol

                                      H2O = -57.80 kcal/gmol

        
Mean specific heats of gases in cal/gmol C: H2O = 9.524

            CO = 7.114; O2 = 8.068; N2 = 7.635; CO2  = 12.25

8.
A limestone containing 80% of calcium carbonate, 11% of magnesium chloride and 9% of gangue is calcined to yield the corresponding oxides. Assuming that the reactions are complete and the reactants and products are all at 25 oC, estimate the heat requirement to calcine 5 tons of the limestone.

      
Heats of formation in kcal/gmol: CO2 = -94/05

            CaCO3 = -288.45      CaO = -151.90

            MgCO3 = -266.00      MgO = -143.84
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