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1.a)
Aqueous solution of triethanolamine (TEA) i.e N(CH2CH2OH)3, contains 50% TEA by weight. Find the molarity of the solution if the densiy of the solution is 1.05 kg/L.

  b)
The concentration of CO2 is measured to be 0.206 kmol per kmol monoethanolamine (MEA) in a 20% (by weight) aqueous MEA solution. Assuming the density of the solution to be nearly 1.0 kg/L, find the concentration of CO2as weight % and mole % in the solution. The chemical formula of MEA is NH2CH2CH2OH.

2.a) 
Calculate the number of cubic feet of hydrogen sulfide, measured at a temperature of 50(C and a pressure of 29.5 in. Hg, which may be produced from 3.1752 kg of iron sulphide (FeS).





b) 
An automobile tire is inflated to a gage pressure of 2.38 atm at a temperature of 0(F. Calculate the maximum temperature to which the tire may be heated without the gage pressure exceeding 3.4 atm.  (Assume that the volume of the tire does not change.)  

3.a) 
Calculate the total pressure and the composition of the vapors in contact with a solution at 100(C containing 35% benzene (C6H6), 40% toluene (C6H5CH3), and 25% orthoxylene (C6H4(CH3)2) by weight. Vapor pressure at 100(C: Benzene = 1340 mm Hg, Toluene = 560 mm Hg, o-Xylene = 210 mm Hg.

  b)
State the Raoult’s law. What are the assumptions made in writing this law.

4.a) 
Write the expressions with notation for partial saturation, relative saturation and percentage saturation.

b) 
Carbon dioxide contains 0.053 mole of water vapor per mole of dry CO2 at a temperature of 35°C and total pressure of 750 mm Hg. Vapour pressure of water vapor at 35 °C is 44.5 mm Hg.

(i) Calculate the relative saturation of the mixture.

(ii) Calculate the percentage saturation of the mixture.

5.
Common salt and Sulfuric acid are heated together in a retort to manufacture Hydrochloric acid. The HCl gas coming out is cooled and absorbed in water to produce 31.5% HCl by weight. Some amount of HCl is lost during absorption. To produce 1 tonne of 31.5% HCl a retort is charged with 550 kg of NaCl and 480 kg of 98% H2SO4. The reaction 2NaCl + H2SO4 ( Na2SO4 + 2HCl goes to completion.
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a)  Which is the limiting reactant?






b) What % of HCl formed is lost during absorption?





c) Calculate the composition and quantity of the residue left in the retort assuming that 50% of the water in H2SO4 distills over




6.
An aqueous solution containing 58% NaNO3 (by weight) from an evaporator is crystallized to yield the crystals containing 4% water (by weight). The crystals are removed from the crystalliser, which carry off 4% water. The mother liquor containing 0.5 kg NaNO3 per kg water is recycled to the evaporator with 1000 kg/hr feed containing 20% NaNO3 (by weight). Find (a) the yield of crystals (b) the recycled mass flow rate of the mother liquor (c) the total feed rate to the evaporator and (d) the feed composition.

7.a)
Define mean molal heat capacity of a gas at constant pressure. How is it used to calculate the total heat required to heat the gas from one temperature to another at constant pressure?


b)
The molal heat capacity of methane in the zero pressure state is given by the equation Cp = 3.381 + 8.044 x 10-3T –4.30 x 10-6 T2 (where Cp is in cal/g mol K and T is in K).

Calculate the heat required to raise the temperature of one kg mole of methane from 260oC to 535oC in a flow process at a pressure of 1 atm.  


8.a)
How is the standard heat of reaction obtained from (i) heats of formation and 


(ii) heats of combustion


   b)
Calculate the standard heat of reaction of the following:

CH3Cl (g) + KOH (s) 
[image: image1.wmf]®

 CH3OH (l) + KCl (s)

The heats of formation of the inorganic compounds are:

KOH (s), 
[image: image2.wmf]D

Hf = -4,25,847.52 J 

KCl (s), 
[image: image3.wmf]D

Hf = -4,35,868.2 J

The heats of formation of the organic compounds are:

CH3Cl (g):  
[image: image4.wmf]D

Hf = -81,931.1 J


CH3OH (l): 
[image: image5.wmf]D

Hf = -2,38,642.8 J
(((*)))
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1.a)
Write about the various hydrometers used in chemical industries to measure specific gravity of a solution.

  b)
Cracked gas from a petroleum refinery has the following composition by volume: methane 45%, ethane 10%, ethylene 25%, propane 7%, propylene 8%, n-butane 5%. Find the (i) Average molecular weight of the gas mixture 

(ii) The composition by weight
(iii) Specific gravity of the mixture.

2.
Calcium hypo chlorite is produced by absorbing chlorine in milk of lime. A gas produced by the deacon chlorine process enters the absorption apparatus at a pressure of 740 mm Hg and a temperature of 24(C. The partial pressure of the chlorine is 59 mm Hg, the remainder being inert gases. The gas leaves the absorption apparatus at a temperature of 27(C and a pressure of 743 mm Hg with a partial pressure of chlorine of 0.5 mm Hg.   Calculate:

  
 a)
Volume of gases leaving the apparatus per 100 cu m entering.

             b)
Weight of chlorine absorbed per 100 cu m of gas entering.





3.
Estimate the heat of vaporization of isobutyric acid at 200oC. 


Data:
vapour pressure data for isobutyric and are:



Pressure (atm)


Temperature, oC

2 179.8

5 217.0

Write down the assumptions involved in solving this example.

4. 
Nitrogen from a cylinder is bubbled through acetone at 825 mm Hg and 50 °C at the rate of 2x10-4 m3/min.  The nitrogen saturated with acetone vapor, leaves at 760 mm Hg and 35°C at the rate of 3.83x 10 -4 m3/min. Calculate

(a) The vapor pressure of acetone at 35°C.

(b) The kg acetone/kg dry N2 at the exit condition.

5. 
In manufacture of Chlorine, a feed containing HCl gas and air are fed to an oxidizer. The product gases leaving the oxidizer are found to contain 13.2% HCl, 6.3% O2, 42.9% N2, 30% Cl2 and 7.6% H2O (by weight). Calculate

a) Percent excess air used







b) Composition by weight of gases entering the oxidizer 



c) Degree of completion of oxidation 
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6.
Copperas (crude ferrous sulfate) is purified by dissolving it in water and recrystallizing it in a crystallizer. First copperas is dissolved in pure water to give a solution containing 28% FeSO4 (by weight). The solution is cooled to 283K to give out the crystals of FeSO4.7H2O.The loss of water due to evaporation during the cooling operation is 5% on the basis of total solution, charged to the crystalliser. It is desired to yield 0.5 T of FeSO4.7H2O crystals. The original copperas contains 96% FeSO4.7H2O (by weight). Find the quantity of the copperas charged to the crystalliser. The solubility of FeSO4 at 283K is 20.51 gm per 100 gm water. Assume the solubility of FeSO4 at 283K is unaffected by impurities present in copperas.

 7.a)
Write about the following:

(i) Kopp’s rule (ii) Trouton’s rule (iii) Kistyakowsky equation for non-polar liquids.


b)
Calculate the heat of vaporization in cal/g of carbon tetrachloride at its normal boiling temperature (76.7oC) by the following methods:

   c) 
From the equation of Kistyakowsky (b) Trouton’s rule


8.a)
What is the standard heat of combustion of a substance?


   b)
An approximate equation for Cp in kcal/kg mol K of gaseous HCl is 


Cp = 6.6 + 0.96 x 10-3T where T is temperature in K. Calculate the heat required in Joules to raise 5 kg moles of HCl from 100 to 180oC.


   c)
Calculate the heat of formation of CHCl3from the following:

CHCl3 (g) + ½ O2 (g) + H2O (l) 
[image: image6.wmf]®

 CO2 (g) + 3HCl (l), 
[image: image7.wmf]D

Hc = -509.93 kJ

H2 (g) + ½ O2 
[image: image8.wmf]®

H2O (l)                                                  
[image: image9.wmf]D

Hf = -296 kJ

C (s) + O2 (g) 
[image: image10.wmf]®

  CO2 (g)                                               
[image: image11.wmf]D

Hf= -394 kJ


½ H2 + ½ Cl2 
[image: image12.wmf]®

 HCl (l)                                                  
[image: image13.wmf]D

Hf = -168 kJ
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1.a)
The analysis of magnesite ore obtained from chalk hill area, Salem district yields 81% MgCO3, 14% SiO2  and 5% H2O (by weight). Convert the analysis into mole%.


Atomic Weights:  Mg-24.3
Si-28.08
H-1.007
O-16
C-12.0

  b)
The analysis of a sample of glass yields 7.8% Na2O; 7.0% MgO; 9.7% ZnO; 2.0% Al2O3; 8.5% B2O3 and 65% SiO2 (by weight). Convert the composition into mole%. 


Atomic Weights:  Na-22.98
  Mg-24.3   Zn-65.37
Al-26.98   B-10.81  Si-28.086

2.a) 
Calculate the densities in kg/m3 at standard conditions and the specific gravities of the following gases: (a) ethane, (b) sulfur dioxide, (c) hydrogen sulfide, (d) chlorine.      

b) 
The gas acetylene is produced according to the following reaction by treating calcium carbide with water:

CaC2 + 2 H2O( C2H2 + Ca(OH)2
Calculate the number of hours of service that can be derived from ) 0.45 kg of carbide in an acetylene lamp burning 0.0564 cu m of gas per hour at a temperature of 24(C and a pressure of 743 mm Hg.









3.
The vapour pressure of acetone is 200 mm Hg at 22.7oC. Liquid acetone is kept in a sealed flask at 22.7oC, and the gas above the liquid contains air and acetone vapour at a pressure of 960 mm Hg.

     
a)
Compute the partial pressure of acetone in the gas.

   
b)
Compute the partial pressure of N2 and

     
c)
Compute the mole fraction of acetone in the gas.

     
d)
How would you determine the boiling point of the acetone, assuming a constant total pressure of 960 mm Hg.


State the assumptions made.

4. 
A mixture of benzene and dry air at a temperature of 30°C and a pressure of 750 mm Hg is found to have a dew point of 15°C. Vapour pressure of benzene at 30°C is 118.5 mm Hg. Calculate

(a)   Percentage by volume of benzene.

(b)  Moles of benzene per mole of air.

(c) Weight of benzene per unit weight of air.
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5.a) 
A single effect evaporator concentrating a weak liquor containing 4% solids to 55% solids (by weight) is fed with 5000 kg of weak liquor per hour. Calculate i)Water evaporated per hour










ii) Flow rate of thick liquor








b)
A stream of oxygen is introduced into the NH3 pipe line at a rate of 4.5 m3/min.
 The resulting mixture is sampled further down stream and found to contain 10% by volume of O2. The entering oxygen is at 1.5 atm pressure and 303 K. Calculate the flow rates of NH3 and O2 in kg/hr.
6.
A saturated solution weighing 10000 kg with 30 wt % sodium carbonate is cooled to 20(C .The salt crystallizes as decahydrate. What will be the yield of sodium carbonate decahydrate crystals if the solubility is 21.5 kg anhydrous sodium carbonate /100 kg of total water? Do this for the following cases; Assume that no water is evaporated. Assume that 3% of the total weight of the solution is lost by evaporation of water in cooling.

7.
Find out the heat required to raise the temperature of 1 g mol of ethylene from 100oC to 700oC at 1 atm pressure using the following experimental data:

T, K                        298        500       700        1000

Cp, J/g mol K        43.55      63.42    78.49      105.73 


8.a) 
Define standard heat of reaction, heat of formation and  heat of combustion

   b) 
Calculate the heat of the following reaction,

         
CaC2 + 2 H2O  = Ca(OH)2  + C2 H2

           
Heats of formation in cal/mol : CaC2 = -15000, H2O = -68317

                        Ca(OH)2 = -235800,     C2 H2 = 54194

(((*)))
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1.a)
A sample of seawater contains 35000ppm solids. Express the concentration of the solids as weight %.

   b)
Caustic soda flakes obtained from a manufacturer are found to contain 60 ppm silica (SiO2). Convert this impurity into weight %.

   c)
Differentiate normality and molarity.

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.a)
Write about estimation of critical properties of organic substances from molecular structures.

  b)
Define the following:


(i)
Saturated vapour


(ii)
Super heated vapour


(iii)
Dew point or saturation temperature


(iv)
Quality of wet vapour.

4.a)
Define humid heat, humid volume, adiabatic cooling line and humid chart.

   b) 
A wet air of 26.8 m3 at 21.1oC and 740 mm Hg is dehydrated. If the water removed is 0.42 kg, what was the humidity of wet air?

The vapor pressure of H2O at 21.1oC is 19 mm Hg.

5.a) 
The reaction between ethylene and hydrogen bromide to form ethyl bromide is carried out in a continuous reactor. The product stream, on analysis, is found to contain 50 % C2H5Br and 33 % HBr (by volume). The feed to the reactor contains only ethylene and hydrogen bromide. Calculate :



i) the fractional conversion of the limiting reactant




ii) The percentage by which the other reactant is in excess
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b) 
It is desired to have a mixed acid containing 39% HNO3, 42% H2SO4 and 19% H2O (by weight). Nitric acid of 68.3% (by weight) is readily available, Calculate

 i) The required strength of Sulphuric acid to obtain the above mixed acid 

 ii) The weight ratio of Nitric acid to Sulphuric acid to be mixed.

6.
At 293K the solubility of sodium chloride is 36 parts per 100 of water and of sodium nitrate 88 parts per 100 of water whilst at this temperature, a saturated solution comprising both salts will contain 25 parts of sodium chloride and 59 parts of sodium nitrate per 100 parts of water. At 373K these figures per 100 parts of water are 40, 176 and 17, 160 respectively. Using the principles of fractional crystallization, calculate the % NaNO3 recovered from the saturated solution of both salts at 373K when it is cooled to 293K.

7.a)  
Write  a  note on temperature dependence  of  heat  capacity  of a substance.

   b) 
The vapor pressure of a solid metal in the range 600 to  1000  oC  is  given  by  log P = 8.10 - 6160/T  where  p  is  vapor pressure in mm mercury and T is degrees celsius.

Calculate the heat of vaporization of the metal at 907 oC, its normal boiling point using 

(i)  Clausius - Clapeyron equation and 

(ii) Kistyakowsky equation

8. 
Write notes on 

    
(a) enthalpy-concentration charts

   
(b) Partial molar enthalpy   

(((*)))
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