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III B.Tech I Semester Examinations,May 2011 CHEMICAL ENGINEERING THERMODYNAMICS-II Chemical Engineering Time: 3 hours Max Marks: 80 Answer any FIVE Questions All Questions carry equal marks ????? 1. Explain Dew T calculations with neat flowchart along with relevant equations. [16]
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2. (a) Write short notes on the following,



i. Standard Heat of Reaction with suitable example. ii. Standard Heat of Formation with suitable example.



or



(b) Heat of combustion of solid carbon and gaseous carbon monoxide are respectively. (-393.78 kJ/mol and (-283.18) kJ/mol. Determine the heat of formation of CO. [10+6]



3. (a) Explain how the Clausius-Clapeyron equation can be used for estimation of approximate value of mean molar heat of vaporization over a specified range of temperature.
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(b) The vapour pressure of liquid chlorine, in cm of Hg, can be expressed as + 9.91635 − 1.206 × 102 T + 1.34 × 10−5 T 2 The specific volume log p = − 1414.8 T of chlorine gas at itsboiling point is 269.1 cc g −1 and that of the liquid is 0.7 ccg −1 . Calculate the heat of vaporization of liquid chlorine in calories g −1 at its boiling point 239.05 K. [8+8] 4. The following data for the VLE of the 1-proponol (a) − chlorobenzen
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(b) at 95 0 C has been reported by Ellis et al. Assuming that the Margules equation adequately represents the VLE data of this system, determine the Margules parameters. Compare the experimental data with that calculated from the Margules equation. P(Torr) 518.00 609.00 632.50 665.00 681.50



x1 0.2120 0.4300 0.5200 0.6380 0.7490



y1 0.5990 0.6970 0.7260 0.7590 0.8130



The Antoine constants are given by Components A B C 1-Proponol 8.37895 1788.020 227.438 Chlorobenzene 7.17294 1549.200 229.260 1
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The Antoine equation is given by log10 P = A -



B t+C



, P in torr, t in 0 C. [16]
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5. Carbon deposits in reactors are removed by passing hydrogen: C +2H2 ⇔ CH4 In one such process at a pressure of 2 bar and 10000 K the effluent gas contained 15 mole % CH4 and 85 mole % H2 . If the standard free energy for this reaction at 10000 K is 21000 KJ / K mole, can greater amount of methane be obtained under these conditions? What will be the quantity of CH4 obtained if pressure is 1 atm? [16]



i. An isolated system ii. Constant temperature and volume iii. Constant temperature and pressure.
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6. (a) What is the criterion for equilibrium of a single phase for the case of:



(b) State the Gibbs phase rule and explain the meaning of the terms and symbols used. [8+8]



or



7. Explain briefly the estimation procedure of thermodynamics properties from cubic equations of state along with equations. [16] 8. (a) What is the property that is the contribution of a component as it exists in a solution and defines it mathematically? Give two examples.
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(b) It is required to prepare 3 m3 of a 60 mole percent ethanol − water mixture. Determine the volumes of ethanol and water to be mixed in order to prepare the required solution. The partial molar volumes of ethanol and water in 60 mole percent ethanol-water mixture are: V1 = 57.5 x 10−6 m3 /mol (ethanol); V2 = 16 x 10−6 m3 /mol; The molar volumes of the pure components are: Ethanol, v1 = 57.9x10−6 m3 /mol, Water, v2 = 18 x 10−6 m3 /mol. [8+8]
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1. Carbon deposits in reactors are removed by passing hydrogen: C +2H2 ⇔ CH4 In one such process at a pressure of 2 bar and 10000 K the effluent gas contained 15 mole % CH4 and 85 mole % H2 . If the standard free energy for this reaction at 10000 K is 21000 KJ / K mole, can greater amount of methane be obtained under these conditions? What will be the quantity of CH4 obtained if pressure is 1 atm? [16]



or



2. Explain Dew T calculations with neat flowchart along with relevant equations. [16] 3. (a) What is the criterion for equilibrium of a single phase for the case of:
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i. An isolated system ii. Constant temperature and volume iii. Constant temperature and pressure.



(b) State the Gibbs phase rule and explain the meaning of the terms and symbols used. [8+8] 4. (a) Explain how the Clausius-Clapeyron equation can be used for estimation of approximate value of mean molar heat of vaporization over a specified range of temperature.
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(b) The vapour pressure of liquid chlorine, in cm of Hg, can be expressed as + 9.91635 − 1.206 × 102 T + 1.34 × 10−5 T 2 The specific volume log p = − 1414.8 T of chlorine gas at itsboiling point is 269.1 cc g −1 and that of the liquid is 0.7 ccg −1 . Calculate the heat of vaporization of liquid chlorine in calories g −1 at its boiling point 239.05 K. [8+8]
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5. Explain briefly the estimation procedure of thermodynamics properties from cubic equations of state along with equations. [16] 6. The following data for the VLE of the 1-proponol (a) − chlorobenzen



(b) at 95 0 C has been reported by Ellis et al. Assuming that the Margules equation adequately represents the VLE data of this system, determine the Margules parameters. Compare the experimental data with that calculated from the Margules equation.



3



RR P(Torr) 518.00 609.00 632.50 665.00 681.50



x1 0.2120 0.4300 0.5200 0.6380 0.7490
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The Antoine constants are given by
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Components A B C 1-Proponol 8.37895 1788.020 227.438 Chlorobenzene 7.17294 1549.200 229.260
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The Antoine equation is given by log10 P = A -



B t+C



, P in torr, t in 0 C. [16]



7. (a) What is the property that is the contribution of a component as it exists in a solution and defines it mathematically? Give two examples.
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or



(b) It is required to prepare 3 m3 of a 60 mole percent ethanol − water mixture. Determine the volumes of ethanol and water to be mixed in order to prepare the required solution. The partial molar volumes of ethanol and water in 60 mole percent ethanol-water mixture are: V1 = 57.5 x 10−6 m3 /mol (ethanol); V2 = 16 x 10−6 m3 /mol; The molar volumes of the pure components are: Ethanol, v1 = 57.9x10−6 m3 /mol, Water, v2 = 18 x 10−6 m3 /mol. [8+8] 8. (a) Write short notes on the following,



i. Standard Heat of Reaction with suitable example. ii. Standard Heat of Formation with suitable example.
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(b) Heat of combustion of solid carbon and gaseous carbon monoxide are respectively. (-393.78 kJ/mol and (-283.18) kJ/mol. Determine the heat of formation of CO. [10+6]
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1. Carbon deposits in reactors are removed by passing hydrogen: C +2H2 ⇔ CH4 In one such process at a pressure of 2 bar and 10000 K the effluent gas contained 15 mole % CH4 and 85 mole % H2 . If the standard free energy for this reaction at 10000 K is 21000 KJ / K mole, can greater amount of methane be obtained under these conditions? What will be the quantity of CH4 obtained if pressure is 1 atm? [16]



or



2. (a) Explain how the Clausius-Clapeyron equation can be used for estimation of approximate value of mean molar heat of vaporization over a specified range of temperature.
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(b) The vapour pressure of liquid chlorine, in cm of Hg, can be expressed as + 9.91635 − 1.206 × 102 T + 1.34 × 10−5 T 2 The specific volume log p = − 1414.8 T of chlorine gas at itsboiling point is 269.1 cc g −1 and that of the liquid is 0.7 ccg −1 . Calculate the heat of vaporization of liquid chlorine in calories g −1 at its boiling point 239.05 K. [8+8] 3. Explain Dew T calculations with neat flowchart along with relevant equations. [16] 4. (a) Write short notes on the following,



i. Standard Heat of Reaction with suitable example. ii. Standard Heat of Formation with suitable example.
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(b) Heat of combustion of solid carbon and gaseous carbon monoxide are respectively. (-393.78 kJ/mol and (-283.18) kJ/mol. Determine the heat of formation of CO. [10+6]
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5. (a) What is the property that is the contribution of a component as it exists in a solution and defines it mathematically? Give two examples. (b) It is required to prepare 3 m3 of a 60 mole percent ethanol − water mixture. Determine the volumes of ethanol and water to be mixed in order to prepare the required solution. The partial molar volumes of ethanol and water in 60 mole percent ethanol-water mixture are: V1 = 57.5 x 10−6 m3 /mol (ethanol); V2 = 16 x 10−6 m3 /mol; The molar volumes of the pure components are: Ethanol, v1 = 57.9x10−6 m3 /mol, Water, v2 = 18 x 10−6 m3 /mol. [8+8]



6. The following data for the VLE of the 1-proponol (a) − chlorobenzen 5
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(b) at 95 0 C has been reported by Ellis et al. Assuming that the Margules equation adequately represents the VLE data of this system, determine the Margules parameters. Compare the experimental data with that calculated from the Margules equation.



The Antoine constants are given by



y1 0.5990 0.6970 0.7260 0.7590 0.8130



in



x1 0.2120 0.4300 0.5200 0.6380 0.7490
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P(Torr) 518.00 609.00 632.50 665.00 681.50



Components A B C 1-Proponol 8.37895 1788.020 227.438 Chlorobenzene 7.17294 1549.200 229.260 B t+C



, P in torr, t in 0 C. [16]



or



The Antoine equation is given by log10 P = A -



7. (a) What is the criterion for equilibrium of a single phase for the case of:
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i. An isolated system ii. Constant temperature and volume iii. Constant temperature and pressure.



(b) State the Gibbs phase rule and explain the meaning of the terms and symbols used. [8+8] 8. Explain briefly the estimation procedure of thermodynamics properties from cubic equations of state along with equations. [16]
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1. (a) Write short notes on the following,
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i. Standard Heat of Reaction with suitable example. ii. Standard Heat of Formation with suitable example.
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(b) Heat of combustion of solid carbon and gaseous carbon monoxide are respectively. (-393.78 kJ/mol and (-283.18) kJ/mol. Determine the heat of formation of CO. [10+6]



or



2. (a) Explain how the Clausius-Clapeyron equation can be used for estimation of approximate value of mean molar heat of vaporization over a specified range of temperature.
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(b) The vapour pressure of liquid chlorine, in cm of Hg, can be expressed as + 9.91635 − 1.206 × 102 T + 1.34 × 10−5 T 2 The specific volume log p = − 1414.8 T of chlorine gas at itsboiling point is 269.1 cc g −1 and that of the liquid is 0.7 ccg −1 . Calculate the heat of vaporization of liquid chlorine in calories g −1 at its boiling point 239.05 K. [8+8] 3. (a) What is the property that is the contribution of a component as it exists in a solution and defines it mathematically? Give two examples.
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(b) It is required to prepare 3 m3 of a 60 mole percent ethanol − water mixture. Determine the volumes of ethanol and water to be mixed in order to prepare the required solution. The partial molar volumes of ethanol and water in 60 mole percent ethanol-water mixture are: V1 = 57.5 x 10−6 m3 /mol (ethanol); V2 = 16 x 10−6 m3 /mol; The molar volumes of the pure components are: Ethanol, v1 = 57.9x10−6 m3 /mol, Water, v2 = 18 x 10−6 m3 /mol. [8+8]
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4. Explain Dew T calculations with neat flowchart along with relevant equations. [16] 5. (a) What is the criterion for equilibrium of a single phase for the case of: i. An isolated system ii. Constant temperature and volume iii. Constant temperature and pressure.



(b) State the Gibbs phase rule and explain the meaning of the terms and symbols used. [8+8] 6. Explain briefly the estimation procedure of thermodynamics properties from cubic equations of state along with equations. [16] 7



RR



Code No: RR310802



Set No. 3



7. The following data for the VLE of the 1-proponol (a) − chlorobenzen



x1 0.2120 0.4300 0.5200 0.6380 0.7490



The Antoine constants are given by



y1 0.5990 0.6970 0.7260 0.7590 0.8130
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P(Torr) 518.00 609.00 632.50 665.00 681.50
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(b) at 95 0 C has been reported by Ellis et al. Assuming that the Margules equation adequately represents the VLE data of this system, determine the Margules parameters. Compare the experimental data with that calculated from the Margules equation.



or



Components A B C 1-Proponol 8.37895 1788.020 227.438 Chlorobenzene 7.17294 1549.200 229.260 The Antoine equation is given by log10 P = A -



B t+C



, P in torr, t in 0 C. [16]
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8. Carbon deposits in reactors are removed by passing hydrogen: C +2H2 ⇔ CH4 In one such process at a pressure of 2 bar and 10000 K the effluent gas contained 15 mole % CH4 and 85 mole % H2 . If the standard free energy for this reaction at 10000 K is 21000 KJ / K mole, can greater amount of methane be obtained under these conditions? What will be the quantity of CH4 obtained if pressure is 1 atm? [16]
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