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1.
A natural gas has the following composition, all figures being in volumetric per cent:  Methane CH4  83.5, Ethane C2H6  12.5, Nitrogen N2  4.0.  Calculate composition in mole percent and weight percent, average molecular weight, density at standard conditions as kg per m3.

2.a)
What is an equation of state?

   b)
Write any two equations of state; one for an ideal gas and one for a real gas.

   c)
Differentiate an ideal gas from a real gas.

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. 
One thousand cubic meters of moist air at 101 kPa and 22 °C and with a dew point of 11 °C enters a process. The air leaves the process at 98 kPa with a dew point of 58 °C. How many kilo grams of water vapour are added to each kilogram of wet air entering the process. The partial pressures of water vapor at 11 °C and 58 °C are 1.31 kPa and 18.14 kPa, respectively.

5. 
Nitrobenzene is produced commercially by nitrating benzene with a mixed acid containing (by weight) 39% HNO3, 53% H2SO4 and 8% water. The reaction is C6H6 + HNO3 ( C6H5NO2 + H2O. A charge is made up of 655 kg benzene and 1360 kg of the mixed acid. The reaction goes to 95% completion. Calculate



a) The quantity of nitrobenzene produced





b) The quantity of the spent acid








c) The quality of the spent
6.
A solution of sodium chloride in water is saturated at a temperature of 15 (C. Calculate the weight of NaCl that can be dissolved by 100 kg of this solution if it is heated to a temperature of 65 (C.  

Solution of  NaCl at 15 (C = 0.358 kg per kg of H2O.

Solution of  NaCl at 65 (C = 0.372 kg  per kg of H2O.

7.
Write short notes on:

(a) Internal energy  
(b) External energy 
(c) Heat Work.
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8.a)
Distinguish between heat of combustion and heat of reaction. 

   b)
The standard heat of hydrogenation of gaseous propylene (C3H6) to propane is –124 kJ. The heat of combustion of propane is –2.22 MJ at 25 oC. Utilizing the known heats of formation of carbon dioxide 
(-393.6 kJ) and liquid water (-286 kJ), determine the heat of combustion and the standard heat of formation of propylene.
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1.
A solution of sodium chloride in water contains 230 grams of NaCl per litre at 20oC. The density of the solution at this temperature is 1.148 grams per cubic centimetre. Calculate the following composition in weight percent, volumetric per cent of water, composition in mole percent, composition in atomic percent, molality and kg of NaCl per kg H2O.

2.a)
Write short notes on dissociating gases giving examples.

   b)
Write short notes on range of applicability for ideal gas law.

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.
A gas leaves a solvent recovery system saturated with benzene at 50°C and  750 mm Hg. The gas analyses on a benzene free basis as 15% CO, 4% O2 and the remainder is nitrogen. The mixture is compressed to 3 atm. and is subsequently cooled to 20 °C. Calculate the percent benzene condensed in the process. What is the relative saturation of the final gas?


Vapour pressure of benzene: 269 mm Hg at 50 °C;  74.5 mm Hg at 20 °C.

5.
A phosphate rock chiefly a mixture of Ca3(PO4)2 and inerts contains 32% P2O5 and is treated with 95% Sulfuric acid to produce H3PO4 as per the reaction 

Ca3(PO4)2  + 3H2SO4 ( 3CaSO4 + 2H3PO4.  1.2 tonne of the rock is treated with 752 kg of 95% H2SO4. The degree of completion of the reaction is 90% (based on Ca3(PO4)2. Calculate :


a) the weight and composition of the phosphoric acid produced


b) the weight and composition of the solid residue




6.
What will be the yield of Glauber salt (Na2SO4.10H2O) if a pure 32% solution is cooled to 20 (C without any loss due to evaporation? Solubility of Na2SO4 in water at 20 (C is 19.4 kg per 100 kg water.
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7.a)
Write the general energy balance equation. Show that heat added is equal to the increase in enthalpy for a non-flow process proceeding at constant pressure and without generation of electrical energy


   b)
What is heat balance? Is it different from energy balance? Explain.  


   c)
Differentiate between flow and non-flow process.
8.a)
Explain the usefulness of the enthalpy-concentration diagrams.


b)
Chlorinated diphenyl is heated from 40 tO280oC at the rate of 4000 kg/hr in an indirectly fired heater. The specific heat of the fluid in the temperature range is given by Cp = 0.275 + 0.35 x 10-3 t (kcal/kg oC) where t is in oC. Calculate the heat to be supplied to the fluid in the heater.
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1.a)
Define mole percent, molality, molarity, volume percent and weight percent.

   b)
Available N2 in a urea sample is found to be 45% (by weight). Find the actual urea content in the sample. Molecular weight of urea is 60 and molecular weight of N2 is 28.

2.a)
Write short notes on gas densities and specific gravities. 

   b)
Write short notes on standard conditions.

   c)
Differentiate guage pressure and absolute pressure.

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. 
Air at a temperature of 60°C, a pressure of 745 mm Hg and a percentage humidity of 10 is supplied to a drier at the rate of 15,000 m3 hour. Water is evaporated in the drier at the rate of 25 kg per hour. The air leaves at a temperature of 35 °C and a pressure of 742 mm Hg. Calculate

(a) Percentage humidity of air leaving the drier.

(b) Volume of the wet air leaving the drier per hour.

Vapor pressure of water: 148 mm Hg at 60°C;  41.5 mm Hg at 35 °C.

5.a) 
A solution of potassium dichromate in water contains 15% by weight of K2Cr2O7. Calculate the amount of K2Cr2O7 crystals that can be produced from 1500 kg of solution if 700 kg of water is evaporated and the remaining solution is cooled to 293 K. The solubility of K2Cr2O7 at 293K is 115 kg per 1000 Kg water.


b) 
The NH3- air mixture containing 0.2 kg NH3 per kg air enters into an absorption system where ammonia is absorbed in water. The gas leaving the system is found to contain 0.004 kg NH3 per kg of air. Find the percentage recovery of ammonia.
6.
A saturated solution of KCl containing 1000kg solids at 90 (C is cooled to 20 (C, determine the yield of crystals. Solubility of KCl at 90(C: 53 parts /100 parts of water. Solubility of KCl at 20 (C: 34.5 parts /100 parts of water.

7.
Calculate  the enthalpy of zinc vapor at 1200 oC and  atmospheric pressure, relative to the solid at 25 oC. Zinc melts at 419 oC and boils  at 907 oC. Specific heat of solid is 0.105, specific  heat of liquid is 0.109.  Heat capacity of vapor is 4.97 cal/g  mol, heat of fusion is 1650 cal per g-atom.
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8.
Calculate the theoretical temperature of combustion of ethane with 25% excess air. The average specific heats in kJ/kg.K may be taken as follows:

CO2 = 1.24     O2 = 1.10      Steam = 2.41       N2  = 1.19

The combustion reaction for ethane is 2C2H6(g) + 7O2(g)
[image: image1.wmf]®

 4CO2(g) + 6H2O(g),    
[image: image2.wmf]D

H273 = -1560 MJ/k mol   
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1.a)
A mixture of gases contains 0.5% CO2, 13% Cl2, 12.7% N2 and balance H2. Compute the average molecular weight of the gas. Calculate the gas composition as weight fractions.

   b)
Given a water solution that contains 1.704 kg HNO3 per kg H2O and has a specific gravity of 1.382 at 20oC, express the composition in the following ways: weight percent HNO3 and molarity at 20oC.

2.a)
State and explain:


(i) Dalton’s law

(ii) Amagat’s law.

b)
Prove that for an ideal gas mixture, the pure component volume of a component of the gaseous mixture is equal to the product of the total volume and the mole fraction of that component.

3.
Write short notes on:

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

    
(c) Critical properties.

    
(d) Reduced conditions.

4. 
It is desired to construct a drier for removing 100 kg of water per hour. Air is supplied to  the drying chamber at a temperature of 66 °C, a pressure of 760 mm Hg and a dew point of 4.5 0C. If the air leaves the drier at a temperature of 35 °C, a pressure of 755 mm Hg, and a dew point of 24 °C. Calculate the volume of air at the initial conditions that must be supplied per hour. 

Vapor pressure of water: 1.6 mm Hg at 4.5 0C;  22  mm Hg 24 0C.
5.
A wet organic pigment containing 35 % by weight of CCl4 is to be dried to 5% by weight of CCl4. The drier is to operate adiabatically with fresh plus recycle air at 100 0C and 101325 N/m2 pressure. Having a CCl4 dew point of 15 0C and discharging air with a CCl4 dew point of 25 0C. The capacity of the drier is 200 kg of bone dry solid per hour. The vapor pressure of CCl4 at 15 0C is 7590N/m2 and at 25 0C is 15300 N/m2.  Calculate:

(a) kg of fresh air to be supplied per hour
(b) The recycle ratio.



6.
What will be the yield of Glauber salt (Na2SO4 .10H2O) if a pure 32% solution is cooled to 293K without any loss due to evaporation. Solubility of Na2SO4 in water at 293K is 19.4 kg per 100kg water.
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7.a) 
State Clausius - Clapeyron equation.  What are the  assumptions made to obtain this form.

   b)  
The  vapor pressure of zinc in the range of 600 to 985  oC  is given  by  log            P = -6160/T  + 8.10 (P in mm Hg  and  T  in  K). Estimate the heat of vaporization of zinc at 907 oC, its normal boiling point.

8. 
Calculate  the  theoretical flame temperature of  combustion  of methane  with,  when both are taken at 0 oC  from  the  following information: Heat of combustion of CH4 (H2O in lqd phase) =-212.798 kcal/mol Heat of vaporization of H2O at  0  C = 10760 cal/mol Mean molal heat capacities in cal/mol: CO2 = 12.75

H2O = 10.09  ;   O2 = 8.28;  N2 = 7.86.
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