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   Max. Marks: 70

Answer any FIVE questions

All questions carry equal marks.
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1.
The first reaction for the soda manufacture is 

2NaCl + H2SO4 = NaCl + NaHSO4 + HCl

The acid contains 75.0% H2SO4.  It is supplied in 10% excess of that theoretically required for the above reaction.

a) Calculate the weight of acid supplied per 1000 kg of salt charged.

b) Assume that the reaction goes to completion all the acid forming bisulfate, and

     that  in  the  process  90%  of the HCl formed and 25% of the water present are 

     removed.  Calculate the weights of HCl and water removed from (a).  

c)  Calculate the percent composition of the reaction mixture after the removal of 

     HCl + water as per (b).

2.
A natural gas has the following composition, all figures being in volumetric percent:


CH4 = 80%, C2H6 = 15%, N2 = 5%. Calculate:


a) Composition in mole percent


b) Composition in weight percent 


c) Average molecular weight


d) Density at standard conditions, kg/m3.

3.
The gases from a pyriter burner have the following composition:


SO2 = 9.8%, O2 = 8.5%, N2 = 81.7%.


After passage of gases through a catalytic converter the analysis (excluding the SO3 formed) is as follows:


SO2 = 0.60%, O2 = 4.5%, N2 = 94.9%.


What percentage of the SO2 entering the reactor has been oxidized to SO3?

4.
H2S from a refinery gas is burned with theoretical air to S and H2O over a catalyst.  The conversion is 30% per pass.  It is proposed to increase the ultimate yield to 90% by recycling part of the gas following the removal of sulphur.  Assuming that the conversion per pass is uncharged, what recycle ratio (moles recycle per mole of feed) is required?
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5.
A fuel oil analyzes by weight:


C = 85%, H2 = 12%, combustible S = 1%, O2 = 1%, Water = 1%.  

The composition of the combustion products of the above fuel oil by volume percent is as follows:

CO2 =9.9%, CO = 1.7%, H2O = 10.7%, SO2 = 0.05%, O2 = 3.65%, N2 = 74.0%.

Calculate the percent excess air supplied over that required for complete combustion of the fuel oil.  Water is the mass ratio of air to fuel oil?

6.
If air at 1649oC is to be cooled to 538oC by passing it counter currently through a moving bed of pebbles, compute how many grams of air can be cooled per gram of pebbles.  The pebbles temperature rises from 260oC to 1093oC.  The heat capacity of air can be expressed as:


Cp = 6.386 + 1.762 x 10-3T – 0.2656 x 10-6T2 where T is in K and Cp is in Cal/g.mol.K.

7.
Calculate the standard heats of reaction of the following reactions, expressed in Cals/g.mol:


a) C2H2(g) + 2H2(g)           C2H6(g)


b) C2H2(g) + H2O(l)           CH3 CHO(g)


c) CaC2(s) + H2O(l)            CaO(s) + C2H2(g)


Standard heats of formation, cal/g.mol. are:


CaC2(s) = -15,000


CaO(s) = -151.900


Standard heats of combustion, cal/g.mol. are:


C2H2(g) = -310,615


CH3CHO(g) = -284,980


C2H6(g) = -372,820.

8.
Write short notes on any THREE of the following:


a) Humidity chart


b) Ternary liquid systems


c) Theoretical and actual flame temperatures


d) Henry’s law and Raoult’s law.
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