Sampler  Chemical Reaction and Gasification 

2001 bis 2008
Question 01/1:










2 points

Give two examples for heterogeneous reactions and sketch a fixed bed reactor and a fluidized bed reactor! 

Question 01/2:










2 points 

The heat capacity of which gases is nondependent to temperature and of which gases is strongly dependent to temperature?

Question 01/3:










2 points 

Describe the difference between the Hatta-number and the Thiele-modul!

Question 01/4:










3 points 

Sketch the concentration of a reacting fluid component on the surface, in the boundary layer and the environment of a nonporous sphere catalyst pellet (both, chemical reaction and diffusion are controlling factors)!

Question 01/5:










3 points 

Sketch a graph for the concentration of A, B and C as a function of time, if the reaction is   2A + B ( C (stoichiometric input of A and B and a molar fraction of xC = 0,25 at the beginning)!

Question 01/6:










2 points 

Describe the meaning of the following words: conversion, yield and selectivity!

Question 02/1:










  3 points

Give two examples for modelling a real reactor using ideal reactors! 

Question 02/2:










  2 points 

Give a typical empirical function for describing the temperature dependence of the heat capacity of gases! What is the advantage of this empirical function?

Question 02/3:










  2 points 

Describe the temperature profile in a fixed bed gasification reactor!

Question 02/4:










  3 points 

Sketch the diagrams for the evaluation of reactions with zero, first and second order!

Question 02/5:










  3 points 

Sketch a graph for the concentration of A, B and C as a function of time, if the reaction is   A + B ( 2C (non-stoichiometric input: A is 1,5 times higher than B and a molar fraction of xC = 0,5 at the beginning)!

Question 02/6:










  2 points 

Describe the meaning of the following words: gas hold-up and bed porosity!

Question 03/1:










  3 points

Give two examples for modelling a real reactor using ideal reactors! 

Question 03/2:










  2 points 

Why is it useful to know the enthalpy and the entropy of the reactants and the products of a chemical reaction?

Question 03/3:










  2 points 

Describe the difference of the temperature profile between a fixed bed and a fluidised bed gasification reactor!

Question 03/4:










  3 points 

Sketch the diagrams for the evaluation of the mass transfer in the product layer in heterogeneous reactions!

Question 03/5:










  3 points 

Sketch a graph for the concentration of A, B and C as a function of time, if the reaction is   2A ( B + C (input: A is 4 times higher than B, no C at the beginning)!

Question 03/6:










  2 points 

Describe the meaning of the following words: conversion, yield and selectivity! Where is the difference between yield and selectivity

Question 05/1:










  3 points

Give two examples for modelling a real reactor using a combination of ideal reactors! 

Question 05/2:










  3 points 

Draw a diagram conversion versus temperature in a CSTR for an exothermic reaction and explain the stability criteria for the layout of the heat transfer area!

Question 05/3:










  2 points 

Describe the difference of the temperature profile between a fixed bed and a fluidised bed gasification reactor!

Question 05/4:










  2 points 

Sketch a process for biological gasification and give the (bio)chemical reaction for the conversion of carbohydrates!

Question 05/5:










  2 points 

Sketch a graph for the concentration of A, B and C as a function of time, if the reaction is   2A ( B + C (stoichiometric input without products)!

Question 05/6:










  3 points 

Describe the meaning of the following words: pyrolysis, gasification and combustion! Where is the difference between allothermic and autothermic gasification?

Question 06/1:










  3 points

Show, that a PFR is mathematically a series of CSTR! 

Question 06/2:










  3 points 

Draw a diagram conversion versus temperature in a CSTR for an exothermic reaction and explain the stability criteria for the layout of the heat transfer area!

Question 06/3:










  2 points 

Describe the difference in tar production between a fixed bed and a fluidised bed gasification reactor!

Question 06/4:










  2 points 

Sketch a process for biological gasification and give the (bio)chemical reaction for the conversion of fatty acids!

Question 06/5:










  2 points 

Sketch a graph for the concentration of A, B and C as a function of time, if the reaction is   A ( B + C (stoichiometric input without products)!

Question 06/6:










  3 points 

Describe the meaning of the following words: pyrolysis, gasification and combustion! Where is the difference between allothermic and autothermic gasification?

Question 07/1:










  3 points

Sketch a simple fixed bed gasification reactor and show the regions of drying, pyrolysis, reduction zone and oxidation zone! Where are the regions of endothermic and exothermic reactions?

Question 07/2:










  3 points 

Draw a diagram conversion versus temperature in a CSTR for an exothermic reaction and explain the stability criteria for the layout of the heat transfer area!

Question 07/3:










  2 points 

Describe the advantages and disadvantages of a fluidised bed gasification reactor!

Question 07/4:










  2 points 

Sketch a process for biological gasification (biogas reactor) and give the (bio)chemical reaction for the conversion of hydrocarbons!

Question 07/5:










  3 points 

Sketch a graph for the concentration of A, B and C as a function of time, if the reaction is   A + B ( 2C (non-stoichiometric input of A and B, but without product C at initial time)!

Question 07/6 :










  2 points 

Where is the difference between allothermic and autothermic gasification? Discuss the problems regarding allothermic gasification!

Question 08/1:










  3 points

Sketch a simple fixed bed gasification reactor! Is it really a fixed bed? How can you realise a continuous process?

Question 08/2 :










  3 points 

Draw a diagram conversion versus temperature in a CSTR for an exothermic reaction and explain the stability criteria for the layout of the heat transfer area! Give different methods for variation of the heat transfer area by construction!

Question 08/3:










  2 points 

Describe the advantages and disadvantages of a biological gasification in a series of two reactors!

Question 08/4:










  2 points 

Sketch a process in a cascade! Explain the efficiency of a second order reaction as a function of n!

Question 08/5:










  3 points 

Explain the difference between an “Eley Rideal”-mechanism and the “Langmuir Hinshelwood”-mechanism!

Question 08/6:










  2 points 

Where is the difference between pyrolysis and gasification? Discuss the problems and advantages of both processes!

Problem 01/1:








25 points in total

Equilibrium of a gaseous reaction

The equilibrium between carbon, carbonmonoxide and carbondioxide has a strong dependence to temperature:



2 CO   (   C   +   CO2
Your task is the determination of the equilibrium concentrations (partial pressure) with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) for a temperature of 1000K and stoichiometric input of the components C and CO2 at 1bar total pressure !

Solution guide line:

a)
Calculate the heat of reaction at 298,15K!

3 points

b)
Calculate the heat of reaction at 1000K and the entropy of formation for each component at 1000K! Assume that the heat capacity is a linear function of temperature (The input of steam and coal is at reaction temperature)!


cpC, 1000K 
:  16,55 J/(mol*K)

cpCO, 1000K 
:  30,78 J/(mol*K)


cpCO2, 1000K 
:  48,48 J/(mol*K)

15 points

c)
Calculate the equilibrium constant and the molar fraction of CO in the gaseous phase at 1000K!

7 points 

Problem 01/2:








25 points in total

Determination of an autothermic process

Synthetic gas is produced by reaction of steam and coal at temperatures between 900K and 1500K:



C  +  H2O  (CO  + H2




(1)

This is an endothermic reaction. For constant reaction temperature additional oxygen is converted with the carbonmonoxide to carbondioxide in an exothermic reaction:



2 CO  +  O2  (  2 CO2




(2)

The sum of reactions can be described in the following manner:



C  +  H2O   +  n O2  ((1-2*n) CO  +  2*n CO2  +  H2
(3)

Your task is the determination of n with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) as a function of temperature for a stoichiometric input of the components C and H2O at 1bar total pressure !

Solution guide line:

a)
Calculate the heat of reaction at 298,15K for (1)!

3 points

b)
Calculate the heat of reaction at 900K, 1200K and 1500K for (1)! Assume that the heat capacity is a linear function of temperature (The input of steam and coal is at reaction temperature)!


cpH2, 1000K 
:  29,65 J/(mol*K)

cpH2O, 1000K 
:  40,86 J/(mol*K)


cpC, 1000K 
:  16,55 J/(mol*K)

cpCO, 1000K 
:  30,78 J/(mol*K)

9 points

c)
Calculate the heat of reaction at 900K, 1200K and 1500K for (2)! Assume that the heat capacity is a linear function of temperature (The input of oxygen is at reaction temperature)!


cpO2, 1000K 
:  32,26 J/(mol*K)

cpCO2, 1000K 
:  48,48 J/(mol*K)

7 points 

d)
Design a graph to show the dependency of n from temperature for an autothermic process!

6 points 

Problem 01/3:








25 points in total

Design of a chemical reactor

Butyl acetate is produced in a pilot plant batch reactor with a volume of 200liter at 90°C. The objective is to gain as much of the acetate as possible during a 8 hours working day. Economic aspects are to neglect.

The input mixture is a ratio of 1mol acetic acid to 5mol butanol. The density of the mixture is 750 kg/m3 and constant during reaction. Excess volume are to neglect. For this ratio the reaction is of second order related to acetate only and the rate constant is k90°C = 0,247*10-6m3/(mol*s).

Design the optimal production procedure, when the set up time between two reactions is 90 minutes!

Solution guide line:

a)
Sketch a chemical reactor for batch processes and a diagram with the estimated concentrations of butanol, acetic acid and butyl acetate during reaction!

3 points

b)
Calculate the input concentrations of butanol and acetic acid!

6 points

c)
Develop an equation for the rate of reaction and solve the differential equation to determine the concentration of butyl acetate as a function of time!

6 points 

d)
Design four different possibilities (2,3,4, and 5 reactions during 8 hours) and plot the production plan!

4 points 

e)
Prove the best procedure and calculate the maximum amount of butyl acetate produced in one day!

6 points 

Problem 01/4:








total 25 points

Heterogeneous catalysis
The hydrochloration of acetylene is a heterogeneous catalysis with mercury chloride as catalyst. The technical process runs in a pipe bundle reactor, but for experiments in a laboratory a batch reactor is taken:



C2H2  +   HCl    (   CH2=CHCl

All components are gases.

For a test the following parameters are given:

Input concentration:
0,4  bar
acetylene




0,6  bar 
hydrogen chloride

Temperature

120 °C

The partial pressure of acetylene is reported (see diagram)!

Determine the coefficients of an assumed Eley Rideal reaction!

Solution guide line:

a)
Sketch a pipe bundle reactor and a typical batch tank for gaseous reactions!

4 points

b)
Take five different rates of reaction from the diagram (slope of the function in bar/s)!

4 points 

b)
Draw a diagram for the linearisized form of the Eley Rideal reaction! Put in your rates!

4 points 

d)
Determine the coefficients by linear regression (slope and intercept from the diagram or mathematical solution with the calculator)!

4 points 

e)
Prove with the help of the coefficients, if the rate 2*10-4 bar/s is valid for a total pressure of 0,692bar!

4 points 
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Problem 02/1:








25 points in total

Equilibrium of a gaseous reaction

The dependence of benzene’s stability to temperature is an important property of a synthetic natural gas generated by gasification from biomass. The reduction of tar at higher temperatures can be predicted with benzene as an easy to analyse placeholder for hydrocarbons with high temperature resistance. The degradation of benzene may be described as follows:



C6H6   +   6 H2O   (   9 H2   +   6 CO

Your task is the determination of the equilibrium concentrations (partial pressure) with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) for a temperature of 800°C and stoichiometric input of the components benzene and water at 1bar total pressure !

Solution guide line:

a)
Calculate the heat of reaction at 298,15K (H2O as steam)!

3 points

b)
Calculate the heat of reaction at 800°C and the entropy of formation for each component at 800°C! Assume that the heat capacity is a linear function of temperature (The input of steam and coal is at reaction temperature)!


CpC6H6, 800°C 
:215,31 J/(mol*K)

cpCO, 800°C 
:  33,48 J/(mol*K)


cpH2O, 800°C 
:  50,90 J/(mol*K)

cpH2, 800°C 
:  30,64 J/(mol*K)

15 points

c)
Calculate the equilibrium constant and give the equation for calculating the partial pressure of C6H6 in the gaseous phase at 800°C!

7 points 

Problem 02/2:








25 points in total

Determination of an enthalpy of formation

The heat of combustion for hemicellulose (C5H10O5) is reported to 15 500 kJ/kg at 298,15K and 1atm:



C5H10O5  +   2,5 O2  (CO2  +   5 H2O


(1)

Calculate from this value the enthalpy of formation for hemicellulose and the enthalpy of reaction for the gasification of hemicellulose with steam at the same temperature and pressure:




C5H10O5      (CO    +   5 H2



(2)

Take all properties for the gases from Tabelle 4/1  (Fitzer-Fritz: Technische Chemie)! Is the gasification of hemicellulose an endothermic or an exothermic reaction? What differences are to expect at 800°C? Which composition of the outlet gas of an autothermic reaction where both reactions occur simultaneously could be expected, when the conversion of carbonmonoxide and steam to carbondioxide and hydrogen is to neglect?

Solution guide line:

a)
Calculate the heat of formation for hemicellulose at 298,15K!

5 points

b)
Calculate the heat of reaction at the same temperature for the gasification and at 800°C! Assume that the heat capacity is a linear function of temperature (The input of hemicellulose and oxygen is at reaction temperature)!

cpCO, 800°C 
:  33,48 J/(mol*K) 

cpO2, 800°C 
:  35,05 J/(mol*K)


cpH2O, 800°C 
:  50,90 J/(mol*K)

cpH2, 800°C 
:  30,64 J/(mol*K)

cpCO2, 800°C 
:  55,29 J/(mol*K)


The heat capacity for most solids like hemicellulose is 1,2kJ/kg and independent from temperature!

10 points

c)
Determine the ratio of the two reactions which is necessary for an autothermic process at 298,15K and at 800°C!

4 points 

d)
Give the composition of the outlet gas in vol% or molar fraction for CO, CO2 and H2O! Assume no further conversion from CO2 to CO!

6 points 

Problem 02/3:








25 points in total

Design of a gasification reactor

For small block type motor power plants the thermal gasification of biomass is an innovative process to change from fossil fuel to renewable energies.

To estimate the size of a fluidised bed reactor fifty years old kinetic data of the gasification of lignite is used. The density of dry lignite is 750 kg/m3 , 90vol% of the solids in the bed are ash and bed material (CaO, CaCO3, MgO, MgCO3 …) and the bed porosity is 50%. Because of the very high internal surface of lignite the reaction is at relatively low temperatures (<900°C) in a first order approximation a homogeneous first order reaction in a continuously stirred tank reactor (CSTR).

For lignite the frequence factor ko of the Arrhenius plot is ko = 3*105 1/min and the activation energy 

E = 29,5 kcal/mol.

Design two fluidised bed reactors for the gasification of 120kg biomass (lignite) per hour; one with a conversion of 98% at 850°C and the other one with a conversion of 99,5% at 750°C!

Solution guide line:

a)
Sketch a chemical reactor for batch processes and a diagram with the estimated concentrations of the reactant (lignite) reaction! What are the differences in the technical process mentioned above?

3 points

b)
Calculate the rate coefficients at 850°C and 750°C and the required residence time for the two different conversions in a batch process!

6 points

c)
Develop an equation for the residence time in a CSTR and repeat the calculations for the technical process!

6 points 

d)
Calculate the constant amount of lignite in the CSTR for both cases!

4 points 

e)
Determine the total volume of the two different reactors and propose a useful layout (don’t forget the isolation and the material transfer lock)!

6 points 

Problem 02/4:








total 25 points

Evaluation of a heterogeneous reaction
Red mud is an iron oxide (40%) containing by product of the extraction of aluminium oxide from basalt. Hundreds of investigations were made to find a sustainable usage for it instead of disposal.

One of the often-made proposals is to take red mud as a chemical sorption agent for the reduction of sulphur dioxide in waste gases. Dhupe, Gokarn and Doraiswamy have reported the conversion of red mud pellets with a diameter of 1,28cm in contact to 11,4% sulphur dioxide containing air at the Tenth International Symposium on Chemical Reaction Engineering (ISCRE 10) in Basle 1988:
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Prove if the heterogeneous reaction is controlled by the diffusion of the gas through the product layer (Fe2(SO4)3) or by the chemical reaction! Estimate the time for total conversion of the pellets!

Solution guideline:

a)
Sketch the concentration of the sulphur dioxide in the external boundary layer, in the product layer and on the surface of the reactant in the case of a chemical controlled reaction and in the case of an internal diffusion controlled heterogeneous reaction!

4 points

b)
Draw a diagram to prove, if the chemical reaction is the controlling factor for both temperatures!

7 points 

b)
Draw a diagram to prove, if the internal diffusion is the controlling factor for both temperatures!

7 points 

d)
Estimate the time for 100% conversion at both temperatures! Which diameter is necessary to gain a total conversion after one hour?

4 points 

e)
Discuss the result! What is the interpretation of the curves at 330°C?

3 points 

Problem 03/1:








25 points in total

Equilibrium of a gaseous reaction

The dependence of benzene’s stability to temperature is an important property of a synthetic natural gas generated by gasification from biomass. The reduction of tar at higher temperatures can be predicted with benzene as an easy to analyse placeholder for hydrocarbons with high temperature resistance. The degradation of benzene may be described as follows:



C6H6   +   6 H2O   (   9 H2   +   6 CO

Your task is the determination of the equilibrium concentrations (partial pressure) with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) for a temperature of 850°C and stoichiometric input of the components benzene and water at 1bar total pressure !

Solution guide line:

a)
Draw a typical gasification process (reactor, feeding system, gas purification)!

3 points

b)
Calculate the equilibrium constant at 850°C! Assume that the heat capacity is a linear function of temperature (The input of steam and coal is at reaction temperature)!


CpC6H6, 850°C 
:218,76 J/(mol*K)

cpCO, 850°C 
:  33,60 J/(mol*K)


cpH2O, 850°C 
:  52,80 J/(mol*K)

cpH2, 850°C 
:  30,97 J/(mol*K)

15 points

c)
Show, that the partial pressure of C6H6 in the gaseous phase at 850°C is very low (assume, that the partial pressures of hydrogen and carbonmonoxide are round about 1bar, then calculate the partial pressures of benzene and water under stoichiometric conditions)!

7 points 

Problem 03/2:








25 points in total

Determination of an enthalpy of formation

The heat of combustion for dry biomass (HCOH)n is reported to 15 500 kJ/kg at 298,15K and 1atm:



(HCOH)n  +   n O2  ( nCO2  +   n H2O


(1)

Calculate from this value the enthalpy of formation for dry biomass and the enthalpy of reaction for its gasification with steam at the same temperature and pressure:




(HCOH)n      ( nCO    +   n H2



(2)

Take all properties for the gases from Tabelle 4/1  (Fitzer-Fritz: Technische Chemie)! Is the gasification of biomass an endothermic or an exothermic reaction? What differences are to be expected at 800°C? Which composition of the outlet gas of an autothermic reaction where both reactions occur simultaneously could be expected, when the conversion of carbonmonoxide and steam to carbondioxide and hydrogen is to be neglected?

Solution guide line:

a)
Calculate the heat of formation for biomass at 298,15K!

5 points

b)
Calculate the heat of reaction at the same temperature for the gasification and at 800°C! Assume that the heat capacity is a linear function of temperature (The input of biomass and oxygen is at reaction temperature)!

cpCO, 800°C 
:  33,48 J/(mol*K) 

cpO2, 800°C 
:  35,05 J/(mol*K)


cpH2O, 800°C 
:  50,90 J/(mol*K)

cpH2, 800°C 
:  30,64 J/(mol*K)

cpCO2, 800°C 
:  55,29 J/(mol*K)


The heat capacity for biomass is 1,2kJ/kg and independent from temperature!

10 points

c)
Determine the ratio of the two reactions which is necessary for an autothermic process at 298,15K and at 800°C!

4 points 

d)
Give the composition of the outlet gas in vol% or molar fraction for CO, CO2 and H2O! Assume no further conversion from CO2 to CO!

6 points 

Problem 03/3:








25 points in total

Design of a gasification reactor

For small block type motor power plants the thermal gasification of biomass is an innovative process to change from fossil fuel to renewable energies.

To estimate the size of a fluidised bed reactor fifty years old kinetic data of the gasification of lignite is used. The density of dry lignite is 750 kg/m3 , 90vol% of the solids in the bed are ash and bed material (CaO, CaCO3, MgO, MgCO3 …) and the bed porosity is 50%. Because of the very high internal surface of lignite the reaction is at relatively low temperatures (<900°C) in a first order approximation a homogeneous first order reaction in a continuously stirred tank reactor (CSTR).

For lignite the rate coefficient at 600°C is reported to k600°C = 0,01 1/min, at 700°C to k700°C = 0,07 1/min  and at 800°C to k800°C = 0,3 1/min

Design a fluidised bed reactor for the gasification of 120kg biomass (lignite) per hour; one with a conversion of 98% at 850°C!

Solution guide line:

a)
Sketch a chemical reactor for batch processes and a diagram with the estimated concentrations of the reactant (lignite) reaction! What are the differences between a batch process and the technical process mentioned above?

3 points

b)
Calculate the rate coefficients at 850°C and the required residence time for the conversion in a batch process with the help of an Arrhenius plot!

8 points

c)
Develop an equation for the residence time in a CSTR and repeat the calculations for the technical process!

6 points 

d)
Calculate the constant amount of lignite in the CSTR!

4 points 

e)
Determine the total volume of the reactor and propose a useful layout (don’t forget the isolation and the material transfer lock)!

4 points 

Problem 03/4:








total 25 points

Evaluation of a heterogeneous reaction
Red mud is an iron oxide (40%) containing by product of the extraction of aluminium oxide from basalt. Hundreds of investigations were made to find a sustainable usage for it instead of disposal.

One of the often-made proposals is to take red mud as a chemical sorption agent for the reduction of sulphur dioxide in waste gases. Dhupe, Gokarn and Doraiswamy have reported the conversion of red mud pellets with a diameter of 1,28cm in contact to 11,4% sulphur dioxide containing air at the Tenth International Symposium on Chemical Reaction Engineering (ISCRE 10) in Basle 1988:
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Prove if the heterogeneous reaction is controlled by the diffusion of the gas through the product layer (Fe2(SO4)3) or by the chemical reaction! Estimate the time for total conversion of the pellets!

Solution guideline:

a)
Sketch the concentration of the sulphur dioxide in the external boundary layer, in the product layer and on the surface of the reactant in the case of a chemical controlled reaction and in the case of an internal diffusion controlled heterogeneous reaction!

4 points

b)
Draw a diagram to prove, if the chemical reaction is the controlling factor for both temperatures!

6 points 

b)
Draw a diagram to prove, if the internal diffusion is the controlling factor for both temperatures!

6 points 

d)
Estimate the time for 100% conversion at both temperatures! Which diameter is necessary to gain a total conversion after ten minutes at a temperature of 330°C?

5 points 

e)
Discuss the result! What is the interpretation of the curves at 330°C? Is it useful to increase the temperature above 500°C? Why or why not?

4 points 

Problem 05/1: 
( cancelled






25 points in total

Determination of an Equilibrium Constant K

Before use of synthetic natural gas in a fuel cell, carbonmonoxide is to be eliminated completely!

Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) the temperature of 50mol% conversion from CO and water to CO2 and hydrogen in case of a stoichiometric input of the reactants and 1bar total pressure:

CO   +   H2O   ( CO2   +   H2
Solution guideline:

a)
Calculate the equilibrium constant Kp for 1bar total pressure and the same partial pressure for all components (use ideal gas law)! Determine (G°/T !

4 points

b)
Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) (G°/T for 600K and 1200K and calculate the required temperature using an adequate algorithm (graphical solution also possible, assume cp as constant)! Should the process be driven at high or at low temperatures? Why is the reaction often carried out at round about 300°C ?

15 Punkte

c)
Calculate the partial pressures of all components in equilibrium at 600K!

6 Punkte

Problem 05/2:
( cancelled






25 points in total

Determination of an Autothermic Process

Synthetic gas is produced by reaction of steam and coal at temperatures between 900K and 1500K:



C  +  H2O  (CO  + H2




(1)

This is an endothermic reaction. For feeding the reaction with the required enthalpy additional oxygen is converted with the carbonmonoxide to carbondioxide in an exothermic reaction:



2 CO  +  O2  (  2 CO2




(2)

The sum of reactions can be described in the following manner:



C  +  H2O   +  n O2  ((1-2*n) CO  +  2*n CO2  +  H2
(3)

Your task is the determination of n with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) as a function of temperature for a stoichiometric input of the components C and H2O at 1bar total pressure !

Solution guide line:

a)
Calculate the heat of reaction at 298,15K for (1)!

3 points

b)
Calculate the heat of reaction at 900K, 1200K and 1500K for (1)! Assume that the heat capacity is a linear function of temperature (means constant heat capacity, but an average value - the input of steam and coal is at reaction temperature)!


cpH2, 1000K 
:  29,65 J/(mol*K)

cpH2O, 1000K 
:  40,86 J/(mol*K)


cpC, 1000K 
:  16,55 J/(mol*K)

cpCO, 1000K 
:  30,78 J/(mol*K)

9 points

c)
Calculate the heat of reaction at 900K, 1200K and 1500K for (2)! Assume that the heat capacity is a linear function of temperature (The input of oxygen is at reaction temperature)!


cpO2, 1000K 
:  32,26 J/(mol*K)

cpCO2, 1000K 
:  48,48 J/(mol*K)

7 points 

d)
Design a graph to show the dependence on n from temperature for an autothermic process!

6 points 

Problem 05/3:
( cancelled







25 points in total

Design of a Gasification Reactor

For small block type motor power plants the thermal gasification of biomass is an innovative process to change from fossil fuel to renewable energies.

To estimate the size of a fluidised bed reactor fifty years old kinetic data of the gasification of lignite is used. The density of dry lignite is 750 kg/m3 , 90vol% of the solids in the bed are ash and bed material (CaO, CaCO3, MgO, MgCO3 …) and the bed porosity is 50%. Due to the very high internal surface of lignite the reaction could be seen as a homogeneous first order reaction in a continuously stirred tank reactor (CSTR) at relatively low temperatures (<900°C).

For lignite the rate coefficient at 600°C is reported to k600°C = 0,01 1/min, at 700°C to k700°C = 0,07 1/min  and at 800°C to k800°C = 0,3 1/min

Design a fluidised bed reactor for the gasification of 120kg biomass (lignite) per hour; one with a conversion of 98% at 850°C!

Solution guide line:

a)
Sketch a chemical reactor for batch processes and a diagram with the estimated concentrations of the reactant (lignite) reaction! What are the differences between a batch process and the technical process mentioned above?

3 points

b)
Calculate the rate coefficients at 850°C and the required residence time for the conversion in a batch process with the help of an Arrhenius plot!

8 points

c)
Develop an equation for the residence time in a CSTR and repeat the calculations for the technical process!

6 points 

d)
Calculate the constant amount of lignite in the CSTR!

4 points 

e)
Determine the total volume of the reactor and propose a useful layout (don’t forget the isolation and the material transfer lock)!

4 points 

Problem 05/4:
( cancelled







25 points in total

Non-Catalytic Heterogeneous Reaction

H. Kainer has reported the decomposition of sphere calciumcarbonate particles of 45,2 mm diameter in an inert atmosphere: 



CaCO3  (  CaO  +  CO2
at 796°C (see diagram).

Your task is the estimation of the required diameter of calciumcarbonate particles which are converted completely after 15 minutes!

Solution guide line:

a)
Assume an inert atmosphere without any CO2 in the environment of the calciumcarbonate particles. Draw the concentration profile of carbondioxide in the product layer under the following conditions



1. 
the chemical reaction (decomposition) is the speed-limiting factor,



2.
the diffusion in the product layer is the speed-limiting factor,



3.
chemical reaction and diffusion influence the process.

4 points 

b)
Take at least five values from the given diagram and transfer the data to two new diagrams to prove, if the chemical reaction or the diffusion is the speed-limiting factor. Assume no difference (in mathematical formalism) between the decomposition and a chemical reaction with one component reacting from gaseous phase.

11 points 

c)
Discuss the result!

2 points
d)
Estimate the (total !

2 points
e)
Calculate the required diameter of calciumcarbonate particles for a complete conversion estimated after 15 minutes. Assume 



1.
the chemical reaction (decomposition) is the speed-limiting factor!



2.
the diffusion in the product layer is the speed-limiting factor!

6 points
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25 points in total

Determination of an Equilibrium Constant K

Before use of synthetic natural gas in a fuel cell, carbon monoxide is to be eliminated completely!

Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) the temperature of 90mol% conversion from CO to CO2 in case of a non-stoichiometric input of the reactants (0,4bar CO and 0,6bar H2O) for the following reaction:

CO   +   H2O   ( CO2   +   H2
Solution guideline:

a)
Determine first the partial pressures of all components and then the equilibrium constant Kp in the given case (use ideal gas law)! Determine (G°/T !

5 points

b)
Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) (G°/T for 600K and 900K and calculate the required temperature using an adequate algorithm (graphical solution also possible, assume cp as constant)!

13 points

c)
Calculate the conversion of CO in equilibrium at 600K in case of the non-stoichiometric input!

7 points
Problem 06/2:
( cancelled






25 points in total

Determination of an Autothermic Process

Synthetic gas is produced by pyrolysis of carbohydrates at temperatures between 600K and 1000K:



(HCOH)m  (mCO  + mH2




(1)

This is an endothermic reaction. For feeding the reaction with the required enthalpy additional oxygen is converted with the carbon monoxide to carbon dioxide in an exothermic reaction:



2 CO  +  O2  (  2 CO2




(2)

The sum of reactions can be described in the following manner:



(HCOH)m  +  n O2  ((m-2*n) CO  +  2*n CO2  +  mH2
(3)

Your task is the determination of n with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) as a function of temperature at 1bar total pressure!

Solution guideline:

a)
Calculate the heat of reaction at 298,15K for (1)! The heat of formation of solid biomass (carbohydrates) is reported to -128kJ/mol and its heat capacity is 30J/(mol*K) and temperature-independent.

3 points

b)
Calculate the heat of reaction at 600K, 800K and 1000K for (1)! Assume that the heat capacity is a linear function of temperature (means constant heat capacity, but an average value - the input of steam and biomass is at reaction temperature)! Discuss the result for (1)!


cpH2, 1000K 
:  29,65 J/(mol*K)

cpCO, 1000K 
:  30,78 J/(mol*K)

11 points

c)
Calculate the heat of reaction at 600K, 800K and 1000K for (2)! Assume that the heat capacity is a linear function of temperature (The input of oxygen is at reaction temperature)!


cpO2, 1000K 
:  32,26 J/(mol*K)

cpCO2, 1000K 
:  48,48 J/(mol*K)

8 points 

d)
Discuss the dependence on the ratio n/m from temperature for an autothermic process!

3 points 

Problem 06/3:
( cancelled







25 points in total

Estimation of Kinetic Data for Biological Gasification

In most cases kinetic data is gained from discontinuous processes. Your task is the development of an equation for the layout of a biological gasification plant.

Take values from diagram Abb. 3.26 from Fleischhauer/Falkenhain: Angewandte Umwelttechnik ISBN 3-464-48509-9 and determine the reaction constant at different temperatures under the assumption of a first order reaction. Finally draw an Arrhenius plot to find the k°-value and the activation energy.

Solution guideline:

a)
Sketch a reactor for the biological gasification processes! Why is a first order reaction not the best choice for biological reactions?

2 points

b) Take at least four values at 30°C from the diagram, convert the data from millimetre to m³/kg and finally to % conversion. Assume a conversion of carbohydrates to carbon dioxide and methane:

–(HCOH)2-    (    CO2    +    CH4

at 1 atm total pressure.

6 points

c)
Take the maximum (equilibrium) conversion from the diagram and draw a diagram for linear regression of first order reaction and determine the reaction constant! Attention: the diagram is for CSTR – not for batch reactors!

6 points 

d)
Repeat the calculation for second temperature of your choice!

5 points 

e)
Draw the Arrhenius-plot and determine the k°-value and the activation energy!

6 points 


[image: image5.wmf]
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25 points in total

Non-Catalytic Heterogeneous Reaction

Non-porous, spherical particles of zinc sulphide were converted in air at 873K and 1093K to solid, porous zinc oxide ZnO and gaseous sulphur dioxide SO2. (Gokarn, A.N., Doraiswamy, L. K., (1971) Chem. Eng. Sci. 26, 1521-1533.)



873K





1093K


time

conversion


time

conversion 




Your task is the estimation of the required temperature to convert zinc sulphide particles in 120 minutes!

Solution guideline:

a)
Assume an inert atmosphere without any SO2 in the environment of the zinc sulphide particles. Draw the concentration profile of zinc sulphide in the product layer under the following conditions



1. 
the chemical reaction (decomposition) is the speed-limiting factor,



2.
the diffusion in the product layer is the speed-limiting factor,

3. chemical reaction and diffusion influence the process.

4 points 

b)
Take at least five values from the given data and transfer the data to a new diagram to prove, if the chemical reaction or the diffusion is the speed-limiting factor!

11 points 

c)
Discuss the result!

2 points

d)
Estimate (total for both temperatures

4 points

e)
Calculate the required temperature by linear interpolation.

4 points

Problem 07/1: 
( cancelled






25 points in total

Determination of an Equilibrium Constant K

Wind is one of the most important sources for renewable energy. Unfortunately it is very hard to store the electricity gained in periods of sufficient air movement. The idea of hydrogen as an intermediate energy is not new, but no storage is found up yet for hydrogen produced in electrolysis cells in large quantities. Is it possible to generate a simple-to-handle liquid from hydrogen and CO2 just by feeding thermal energy?

Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) the temperature of 50mol% conversion from CO2 to methanol in case of a stoichiometric input of the reactants for the following reaction at 1bar:

CO2   +  3 H2   ( CH3OH   +   H2O

Solution guideline:

a)
Determine first the partial pressures of all components and then the equilibrium constant Kp in the given case (use ideal gas law)! Determine (G°/T from partial pressures!

5 points

b)
Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) (G°/T for 298,15K and 400K and calculate the required temperature using an adequate algorithm (graphical solution also possible, assume cp as constant)!

11 points

c)
Calculate the conversion of CO2 in equilibrium at 400K in case of the stoichiometric input (iterative solution is enough!)! Why is it useful to increase the temperature and the pressure (just hypothetical answer)? Which parallel reaction may appear? Could it be useful to generate methanol in two steps?

9 points
Problem 07/2:
( cancelled






25 points in total

Determination of a Heat of Formation

Bio ethanol seems to be an important factor in renewable energy supply of automobiles. It can be produced by conversion of sugars in a fermentation processes at 35°C:



C6H12O6  (2 C2H5OH    +   2 CO2




(1)

This is an exothermic reaction with a very low heat “production” (hr = -226kJ/mol glucose). Plants, e.g. sugar beets generate sugar from water and carbon dioxide with sun energy.



6 H2O    +   6 CO2  ( C6H12O6    +   6 O2



(2)

Your task is the determination of the heat of formation for glucose (C6H12O6) with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) and the efficiency in conversion of sun energy to bio ethanol!

Solution guideline:

a)
Calculate the heat of formation (at reaction temperature and at 298,15K) for glucose from reaction (1) at 35°C! The heat capacity of glucose is 1256J/(kg*K) and temperature-independent.

6 points

b)
Calculate the heat of reaction at 298,15K for reaction (2)! 

3 points

c)
Calculate the heat of reaction (in kJ/mol and kJ/kg) at 5°C, 15°C and 35°C for (2)! Draw a diagram heat of reaction versus temperature! Is there a contradiction to experience?

8 points 

d)
The harvest of sugar beets is 40t/ha, the content of extractable sugar is 16% and the yield in fermentation 70%. The solar constant is 1,3kW/m², but the normal radiation on ground in central Europe 0,2kW/m² (average summer/winter and day/night). Estimate the efficiency in conversion of sun energy to bio ethanol!

8 points 

Problem 07/3:
( cancelled







25 points in total

Evaluation of a Michaelis-Menten-Reaction

(adapted from Octave Levenspiel: “Chemical Reaction Engineering”)

At room temperature sucrose is hydrolysed by the catalytic action of the enzyme sucrase. Starting with a sucrose concentration of 1mol/m³ and a constant enzyme-concentration of 0,01mol/m³ the following kinetic data were obtained in a batch reactor:

time / h

   1
   2
   3
   4
   5
   6
   7
   8
   9
   10
   11

mol/m³

0,84
0,68
0,53
0,38
0,27
0,16
0,09
0,04
0,018
0,006
0,0025

Your task is the calculation of the two coefficients of the Michaelis-Menten-reaction by linear regression

Solution guideline:

The Michaelis-Menten-reaction is defined by the reaction rate r:
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where [B] is the concentration of the substrate, [A] is the concentration of the enzyme, B is the stoichiometric coefficient of the substrate, K is the equilibrium constant between substrate and enzyme and k2 is a first order reaction constant for the hydrolysis.

a)
The linear form defined by the differential method and leads to (B = –1):
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Draw a diagram for the linearized form and determine the two coefficients k2 and K by linear regression.

12 points

b)
The linear form defined by the integral method is:
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Draw a new diagram and repeat the calculation of the two coefficients with this method. Are the differences reasonable?

13 points

Problem 07/4:
( cancelled







25 points in total

Non-Catalytic Heterogeneous Reaction

Non-porous, spherical particles of zinc sulphide were converted in air at 1093K to solid, porous zinc oxide ZnO and gaseous sulphur dioxide SO2. (Gokarn, A.N., Doraiswamy, L. K., (1971) Chem. Eng. Sci. 26, 1521-1533.)





time

conversion 




Your task is the estimation of the concentration-versus-time-diagram for different diameters!

Solution guideline:

a)
Assume an inert atmosphere without any SO2 in the environment of the zinc sulphide particles. Draw the concentration profile of zinc sulphide in the product layer under the following conditions



1. 
the chemical reaction (decomposition) is the speed-limiting factor,



2.
the diffusion in the product layer is the speed-limiting factor,

4. chemical reaction and diffusion influence the process.

4 points 

b)
Take at least five values from the given data and transfer the data to a new diagram to prove, if the chemical reaction or the diffusion is the speed-limiting factor! Estimate (total for both cases!

10 points 

c)
Assume different radius of the particles (twice, half) and draw a diagram concentration versus time for all cases (six lines)!

9 points

d)
Discuss your result

2 points

Problem 08/1: 
( cancelled






25 points in total

Equilibrium of a gaseous reaction

The dependence of benzene’s stability to temperature is an important property of a synthetic natural gas generated by gasification from biomass. The reduction of tar at higher temperatures can be predicted with benzene as an easy to analyse placeholder for hydrocarbons with high temperature resistance. The degradation of benzene may be described as follows:



C6H6   +   12 H2O   (   15 H2   +   6 CO2
Your task is the determination of the equilibrium concentrations (partial pressure) with the help of Tabelle 4/1  (Fitzer-Fritz: Technische Chemie) for a temperature of 800°C and stoichiometric input of the components benzene and water at 1bar total pressure !

Solution guide line:

a)
Calculate the heat of reaction at 298,15K (define H2O as steam)!

3 points

b)
Calculate the heat of reaction at 800°C and the entropy of formation for each component at 800°C! Assume that the heat capacity is a linear function of temperature (The input of steam and coal is at reaction temperature)!


CpC6H6, 800°C 
:215,31 J/(mol*K)

cpCO2, 800°C 
:  55,29 J/(mol*K)


cpH2O, 800°C 
:  50,90 J/(mol*K)


cpH2, 800°C 
:  30,64 J/(mol*K)

15 points

c)
Calculate the equilibrium constant and give the equations for calculating the partial pressure of C6H6 in the gaseous phase at 800°C!

7 points 

Problem 08/2:
( cancelled







25 points in total

Determination of Heat Loss

Wind is one of the most important sources for renewable energy. Unfortunately it is very hard to store the electricity gained in periods of sufficient air movement. The idea of hydrogen produced by electrolysis as an intermediate energy 



2 H2O  (2 H2   +   O2




(1)

is not new, but no storage is found up yet for hydrogen produced in electrolysis cells in large quantities. Is it possible to generate a simple-to-handle liquid from hydrogen and CO2 by a biological process?

Determine with Tabelle 4/1 from (Fitzer-Fritz: Technische Chemie) the loss of energy for conversion of CO2 and hydrogen to acetic acid in case of a biological reaction at 1bar:.



2 CO2   +  4 H2   ( CH3COOH   +   2 H2O



(2)

Solution guideline:

a)
Calculate the heat of reaction (at 298,15K) for the electrolysis (1)! In the beginning water is in liquid state.

3 points

b)
Calculate the heat of reaction at 298,15K for reaction (2)! Water and acetic acid are at the end in a liquid state

3 points

c)
Calculate the heat of reaction (in kJ/mol and kJ/kg) at 5°C, 45°C and 65°C for (1) and (2) using a constant heat capacity! Draw a diagram heat of reaction versus temperature for both reactions and for the loss of energy (in %)! Discuss the result!

10 points 

d)
Repeat the calculations for a hypothetical biological process converting hydrogen and carbon dioxide to methanol:



CO2   +  3 H2   ( CH3OH   +   H2O



(3)


Any comment regarding the state of methanol in comparison to acetic acid? Discuss the advantages of methanol related to acetic acid in the storage of energy!

9 points 

Problem 08/3:
( cancelled







25 points in total

Is Biogas Production a Michaelis-Menten-Reaction

In Fleischhauer/Falkenhain “Angewandte Umwelttechnik” the production of biogas at 20°C is reported as a function of time:

time / days
  5

 10

 15

 20

 25

 30

 40

l/kg

142

220

272

307

329

347

366

The production is given in liter per kilogram of organic dry mass. The volume of biogas after an infinite long time is 388 l/kg. Your task is the calculation of the two coefficients of the Michaelis-Menten-reaction by linear regression

Solution guideline:

The Michaelis-Menten-reaction is defined by the reaction rate r:
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where [B] is the concentration of the substrate, [A] is the concentration of the enzyme, B is the stoichiometric coefficient of the substrate, K is the equilibrium constant between substrate and enzyme and k2 is a first order reaction constant for the hydrolysis.

a)
The linear form defined by the integral method and leads to (B = –1):
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Draw a diagram for the linearized form and determine the two coefficients (k2 *[A]) and K by linear regression. Attention: the coefficient k2 is always combined with the sludge concentration [A], because no enzyme concentration is reported! Discuss the result, especially the sign of the coefficients!

15 points

b)
Draw a the diagram produced gas versus time (reported values as points, calculated function as a line) and evaluate the determined coefficients. Are the coefficients reasonable or is it just a method to calculate the conversion in a biological reaction?

10 points

Problem 08/4:
( cancelled







25 points in total

Evaluation of a heterogeneous reaction

Red mud is an iron oxide (40%) containing by product of the extraction of aluminium oxide from basalt. Hundreds of investigations were made to find a sustainable usage for it instead of disposal.

One of the often-made proposals is to take red mud as a chemical sorption agent for the reduction of sulphur dioxide in waste gases. Dhupe, Gokarn and Doraiswamy have reported the conversion of red mud pellets with a diameter of 1,28cm in contact to 11,4% sulphur dioxide containing air at the Tenth International Symposium on Chemical Reaction Engineering (ISCRE 10) in Basle 1988:
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Prove if the heterogeneous reaction is controlled by the diffusion of the gas through the product layer (Fe2(SO4)3) or by the chemical reaction! Estimate the time for total conversion of the pellets!

Solution guideline:

a)
Sketch the concentration of the sulphur dioxide in the external boundary layer, in the product layer and on the surface of the reactant in the case of a chemical controlled reaction and in the case of an internal diffusion controlled heterogeneous reaction!

4 points

b)
Draw a diagram to prove, if the chemical reaction is the controlling factor for both temperatures!

6 points 

b)
Draw a diagram to prove, if the internal diffusion is the controlling factor for both temperatures!

6 points 

d)
Estimate the time for 100% conversion at both temperatures! Which diameter is required to gain a total conversion after one hour? Is the greater diameter for the internal diffusion model logical?

6 points 

e)
Discuss the result! What is the interpretation of the curves at 330°C?

3 points 
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Diagramm1

		0		0		0		0		13320

		1198.4517528949		1198.4517528949		1198.4517528949		1198.4517528949		21420

		2423.1819397993		2423.1819397993		2423.1819397993		2423.1819397993		30960

		3675.4189654997		3675.4189654997		3675.4189654997		3675.4189654997		42840

		4956.4827650206		4956.4827650206		4956.4827650206		4956.4827650206		57960

		6267.7944190312		6267.7944190312		6267.7944190312		6267.7944190312

		7610.8870971317		7610.8870971317		7610.8870971317		7610.8870971317

		8987.418559316		8987.418559316		8987.418559316		8987.418559316

		10399.1854944806		10399.1854944806		10399.1854944806		10399.1854944806

		11848.1400356118		11848.1400356118		11848.1400356118		11848.1400356118

		13336.4088677749		13336.4088677749		13336.4088677749		13336.4088677749

		14866.315442042		14866.315442042		14866.315442042		14866.315442042

		16440.4059324457		16440.4059324457		16440.4059324457		16440.4059324457

		18061.4797327105		18061.4797327105		18061.4797327105		18061.4797327105

		19732.6254969536		19732.6254969536		19732.6254969536		19732.6254969536

		21457.2640005443		21457.2640005443		21457.2640005443		21457.2640005443

		23239.1994574922		23239.1994574922		23239.1994574922		23239.1994574922

		25082.6814127462		25082.6814127462		25082.6814127462		25082.6814127462

		26992.4799802355		26992.4799802355		26992.4799802355		26992.4799802355

		28973.9780915531		28973.9780915531		28973.9780915531		28973.9780915531

		31033.2856617775		31033.2856617775		31033.2856617775		31033.2856617775

		33177.3823282781		33177.3823282781		33177.3823282781		33177.3823282781

		35414.2979223595		35414.2979223595		35414.2979223595		35414.2979223595

		37753.3434804137		37753.3434804137		37753.3434804137		37753.3434804137

		40205.4110146514		40205.4110146514		40205.4110146514		40205.4110146514

		42783.3684705429		42783.3684705429		42783.3684705429		42783.3684705429

		45502.5890361125		45502.5890361125		45502.5890361125		45502.5890361125

		48381.674265574		48381.674265574		48381.674265574		48381.674265574

		51443.4637970699		51443.4637970699		51443.4637970699		51443.4637970699

		54716.4810128537		54716.4810128537		54716.4810128537		54716.4810128537

		58237.0638408147		58237.0638408147		58237.0638408147		58237.0638408147

		62052.6142886506		62052.6142886506		62052.6142886506		62052.6142886506

		66226.7594430384		66226.7594430384		66226.7594430384		66226.7594430384

		70847.9622905201		70847.9622905201		70847.9622905201		70847.9622905201

		76044.7946349735		76044.7946349735		76044.7946349735		76044.7946349735

		82015.2308454709		82015.2308454709		82015.2308454709		82015.2308454709

		89089.0001129885		89089.0001129885		89089.0001129885		89089.0001129885

		97881.2961452833		97881.2961452833		97881.2961452833		97881.2961452833

		109768.324871748		109768.324871748		109768.324871748		109768.324871748

		129131.144495195		129131.144495195		129131.144495195		129131.144495195



[Acetylene]

[Hydrogen chloride]

[total]

[Vinyl chloride]

experimental data

time [s]

concentration [mol/m³]

Concentration
Hydrochloration of Acetylene

12.2367355259

18.3551032889

30.5918388148

0

27.5326549333

11.9308171378

18.0491849007

30.2859204266

0.3059183881

26.0030629926

11.6248987496

17.7432665126

29.9800020385

0.6118367763

24.4734710518

11.3189803615

17.4373481244

29.6740836503

0.9177551644

22.9438791111

11.0130619733

17.1314297363

29.3681652622

1.2236735526

21.4142871703

10.7071435852

16.8255113481

29.062246874

1.5295919407

10.401225197

16.51959296

28.7563284859

1.8355103289

10.0953068089

16.2136745718

28.4504100977

2.141428717

9.7893884207

15.9077561837

28.1444917096

2.4473471052

9.4834700326

15.6018377955

27.8385733215

2.7532654933

9.1775516444

15.2959194074

27.5326549333

3.0591838815

8.8716332563

14.9900010192

27.2267365452

3.3651022696

8.5657148681

14.6840826311

26.920818157

3.6710206578

8.25979648

14.3781642429

26.6148997689

3.9769390459

7.9538780918

14.0722458548

26.3089813807

4.2828574341

7.6479597037

13.7663274667

26.0030629926

4.5887758222

7.3420413155

13.4604090785

25.6971446044

4.8946942104

7.0361229274

13.1544906904

25.3912262163

5.2006125985

6.7302045393

12.8485723022

25.0853078281

5.5065309867

6.4242861511

12.5426539141

24.77938944

5.8124493748

6.118367763

12.2367355259

24.4734710518

6.118367763

5.8124493748

11.9308171378

24.1675526637

6.4242861511

5.5065309867

11.6248987496

23.8616342755

6.7302045393

5.2006125985

11.3189803615

23.5557158874

7.0361229274

4.8946942104

11.0130619733

23.2497974992

7.3420413155

4.5887758222

10.7071435852

22.9438791111

7.6479597037

4.2828574341

10.401225197

22.6379607229

7.9538780918

3.9769390459

10.0953068089

22.3320423348

8.25979648

3.6710206578

9.7893884207

22.0261239466

8.5657148681

3.3651022696

9.4834700326

21.7202055585

8.8716332563

3.0591838815

9.1775516444

21.4142871703

9.1775516444

2.7532654933

8.8716332563

21.1083687822

9.4834700326

2.4473471052

8.5657148681

20.8024503941

9.7893884207

2.141428717

8.25979648

20.4965320059

10.0953068089

1.8355103289

7.9538780918

20.1906136178

10.401225197

1.5295919407

7.6479597037

19.8846952296

10.7071435852

1.2236735526

7.3420413155

19.5787768415

11.0130619733

0.9177551644

7.0361229274

19.2728584533

11.3189803615

0.6118367763

6.7302045393

18.9669400652

11.6248987496

0.3059183881

6.4242861511

18.661021677

11.9308171378



CP291102

		Reaktionsverlauf bei heterogener Katalyse

		r		pges		pA		pB		pA*pB/r		Regressionsanalyse

		0.73		0.9		0.3		0.5		0.2054794521		0.5290606654		0.0467672738

		0.63		0.85		0.25		0.45		0.1785714286		0.0065244564		0.0013840462

		0.52		0.8		0.2		0.4		0.1538461538		0.9995439622		0.0010316071

		0.42		0.75		0.15		0.35		0.125		6575.4015639923		3

		0.3		0.7		0.1		0.3		0.1		0.0069976297		0.0000031926

		KER =		21.3824736461		mol/(bar^2*h*kgKat)

		KA =		11.3126257343		1/bar

		r		pges		[A]		[B]		pA*pB/r		Regressionsanalyse

		0.0002027778		0.9		9.1775516444		15.2959194074		692280.445366593		58265.7789527897		157563.536530598

		0.000175		0.85		7.6479597037		13.7663274667		601624.672759063		718.5424270682		4662.9875491155

		0.0001444444		0.8		6.118367763		12.2367355259		518322.794992424		0.9995439622		3475.5857126858

		0.0001166667		0.75		4.5887758222		10.7071435852		421137.270931344		6575.4015639924		3

		0.0000833333		0.7		3.0591838815		9.1775516444		336909.816745075		79428852274.9056		36239088.1386775

		KER =		0.0000063466		m³/(mol*s)		Bei Einsatz von 1kg Katalysator pro m³

		KLA =		0.369792277		m³/mol

		r		pges		pA		pB		pA*pB/r		Regressionsanalyse

		0.0237006301		0.9		0.3		0.5		6.328945659		15.3646078716		1.6940571256

		0.0203425725		0.85		0.25		0.45		5.5302739981		0.2294967825		0.0486836193

		0.0168807201		0.8		0.2		0.4		4.7391343267		0.9993311312		0.0362866274

		0.0132334559		0.75		0.15		0.35		3.9672176511		4482.1848090545		3

		0.0091762149		0.7		0.1		0.3		3.2693218646		5.9017793762		0.003950158

		KER =		0.5902988659		1/(bar*h)						0		1.6940571256

		KA =		9.0697106016		1/bar						0.3		6.303439487

		tau		alpha/tau		[A]		[B]		beta/tau		Regressionsanalyse

		13320		1.29E-06		9.1775516444		15.2959194074		-1.37E-05		0.3769800102		0.0000064509		27.5326549333

		21420		1.39E-06		7.6479597037		13.7663274667		-1.34E-05		0.0108590154		0.0000001408		26.0030629926

		30960		1.52E-06		6.118367763		12.2367355259		-1.31E-05		0.9975169481		0.000000015		24.4734710518

		42840		1.69E-06		4.5887758222		10.7071435852		-1.26E-05		1205.1906199018		3		22.9438791111

		57960		1.95E-06		3.0591838815		9.1775516444		-1.20E-05		0		6.77216541099734E-16		21.4142871703

		KER =		0.0000064509		m³/(mol*s)		Bei Einsatz von 1kg Katalysator pro m³

		KLA =		0.3769800102		m³/mol						-1.40E-05		0.0000011732

												0		0.0000064509

		pges		[ges]		[Acetylene]		[Hydrogen chloride]		Tau		[VC]		Tauh		pges		pA		pB		pVC

		1		30.5918388148		12.2367355259		18.3551032889		0		0		0		1		0.4		0.6		0

		0.99		30.2859204266		11.9308171378		18.0491849007		1198.4517528949		0.3059183881		0.3329032647		0.99		0.39		0.59		0.01

		0.98		29.9800020385		11.6248987496		17.7432665126		2423.1819397993		0.6118367763		0.6731060944		0.98		0.38		0.58		0.02

		0.97		29.6740836503		11.3189803615		17.4373481244		3675.4189654997		0.9177551644		1.0209497126		0.97		0.37		0.57		0.03

		0.96		29.3681652622		11.0130619733		17.1314297363		4956.4827650206		1.2236735526		1.3768007681		0.96		0.36		0.56		0.04

		0.95		29.062246874		10.7071435852		16.8255113481		6267.7944190312		1.5295919407		1.7410540053		0.95		0.35		0.55		0.05

		0.94		28.7563284859		10.401225197		16.51959296		7610.8870971317		1.8355103289		2.1141353048		0.94		0.34		0.54		0.06

		0.93		28.4504100977		10.0953068089		16.2136745718		8987.418559316		2.141428717		2.4965051554		0.93		0.33		0.53		0.07

		0.92		28.1444917096		9.7893884207		15.9077561837		10399.1854944806		2.4473471052		2.8886626374		0.92		0.32		0.52		0.08

		0.91		27.8385733215		9.4834700326		15.6018377955		11848.1400356118		2.7532654933		3.2911500099		0.91		0.31		0.51		0.09

		0.9		27.5326549333		9.1775516444		15.2959194074		13336.4088677749		3.0591838815		3.7045580188		0.9		0.3		0.5		0.1

		0.89		27.2267365452		8.8716332563		14.9900010192		14866.315442042		3.3651022696		4.1295320672		0.89		0.29		0.49		0.11

		0.88		26.920818157		8.5657148681		14.6840826311		16440.4059324457		3.6710206578		4.5667794257		0.88		0.28		0.48		0.12

		0.87		26.6148997689		8.25979648		14.3781642429		18061.4797327105		3.9769390459		5.0170777035		0.87		0.27		0.47		0.13

		0.86		26.3089813807		7.9538780918		14.0722458548		19732.6254969536		4.2828574341		5.4812848603		0.86		0.26		0.46		0.14

		0.85		26.0030629926		7.6479597037		13.7663274667		21457.2640005443		4.5887758222		5.9603511113		0.85		0.25		0.45		0.15

		0.84		25.6971446044		7.3420413155		13.4604090785		23239.1994574922		4.8946942104		6.4553331826		0.84		0.24		0.44		0.16

		0.83		25.3912262163		7.0361229274		13.1544906904		25082.6814127462		5.2006125985		6.9674115035		0.83		0.23		0.43		0.17

		0.82		25.0853078281		6.7302045393		12.8485723022		26992.4799802355		5.5065309867		7.4979111056		0.82		0.22		0.42		0.18

		0.81		24.77938944		6.4242861511		12.5426539141		28973.9780915531		5.8124493748		8.0483272477		0.81		0.21		0.41		0.19

		0.8		24.4734710518		6.118367763		12.2367355259		31033.2856617775		6.118367763		8.6203571283		0.8		0.2		0.4		0.2

		0.79		24.1675526637		5.8124493748		11.9308171378		33177.3823282781		6.4242861511		9.2159395356		0.79		0.19		0.39		0.21

		0.78		23.8616342755		5.5065309867		11.6248987496		35414.2979223595		6.7302045393		9.8373049784		0.78		0.18		0.38		0.22

		0.77		23.5557158874		5.2006125985		11.3189803615		37753.3434804137		7.0361229274		10.4870398557		0.77		0.17		0.37		0.23

		0.76		23.2497974992		4.8946942104		11.0130619733		40205.4110146514		7.3420413155		11.1681697263		0.76		0.16		0.36		0.24

		0.75		22.9438791111		4.5887758222		10.7071435852		42783.3684705429		7.6479597037		11.8842690196		0.75		0.15		0.35		0.25

		0.74		22.6379607229		4.2828574341		10.401225197		45502.5890361125		7.9538780918		12.6396080656		0.74		0.14		0.34		0.26

		0.73		22.3320423348		3.9769390459		10.0953068089		48381.674265574		8.25979648		13.4393539627		0.73		0.13		0.33		0.27

		0.72		22.0261239466		3.6710206578		9.7893884207		51443.4637970699		8.5657148681		14.2898510547		0.72		0.12		0.32		0.28

		0.71		21.7202055585		3.3651022696		9.4834700326		54716.4810128537		8.8716332563		15.1990225036		0.71		0.11		0.31		0.29

		0.7		21.4142871703		3.0591838815		9.1775516444		58237.0638408147		9.1775516444		16.176962178		0.7		0.1		0.3		0.3

		0.69		21.1083687822		2.7532654933		8.8716332563		62052.6142886506		9.4834700326		17.2368373024		0.69		0.09		0.29		0.31

		0.68		20.8024503941		2.4473471052		8.5657148681		66226.7594430384		9.7893884207		18.3963220675		0.68		0.08		0.28		0.32

		0.67		20.4965320059		2.141428717		8.25979648		70847.9622905201		10.0953068089		19.6799895251		0.67		0.07		0.27		0.33

		0.66		20.1906136178		1.8355103289		7.9538780918		76044.7946349735		10.401225197		21.1235540653		0.66		0.06		0.26		0.34

		0.65		19.8846952296		1.5295919407		7.6479597037		82015.2308454709		10.7071435852		22.7820085682		0.65		0.05		0.25		0.35

		0.64		19.5787768415		1.2236735526		7.3420413155		89089.0001129885		11.0130619733		24.7469444758		0.64		0.04		0.24		0.36

		0.63		19.2728584533		0.9177551644		7.0361229274		97881.2961452833		11.3189803615		27.1892489292		0.63		0.03		0.23		0.37

		0.62		18.9669400652		0.6118367763		6.7302045393		109768.324871748		11.6248987496		30.4912013533		0.62		0.02		0.22		0.38

		0.61		18.661021677		0.3059183881		6.4242861511		129131.144495195		11.9308171378		35.8697623598		0.61		0.01		0.21		0.39

		0.6		18.3551032889		-0		6.118367763		0		12.2367355259		0		0.6		0		0.2		0.4
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Gesamtdruck

Partialdruck Acetylen

Partialdruck HCl

Partialdruck Vinylchlorid

Zeit [h]

Partialdruck [bar]

Patialdruckverlauf bei der Hydrochlorierung von Acetylen
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Messwerte

Ausgleichsgerade

Partialdruck A [bar]

pA*pB/r [bar*h]

Linearisierte Darstellung nach Eley-Rideal
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Messwerte

Ausgleichsgerade

beta/tau [1/s]

-alpha/tau [m³/(mol*s)]

Linearisierte Form des integrierten Eley-Rideal-Ansatzes
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_1357062965.xls
Tabelle1

		499°C						330°C

		time / minutes		conversion %				time / minutes		conversion %

		2		6.7				3		2.9

		3		9.8				4		4.0

		5		15.4				5		5.4

		10		23.9				8		7.2

		14		29.3				10		8.7

		20		35.1				12		10.1

		24		38.3				15		11.9

		30		42.7				20		15.9

		40		48.3				25		19.2

		50		52.4				30		22.0

		60		56.6				35		25.1

								40		27.8

								45		29.6

								50		31.4

								55		33.4

								60		35.1
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Tabelle1

		499°C						330°C

		time / minutes		conversion %				time / minutes		conversion %

		2		6.7				3		2.9

		10		23.9				10		8.7

		30		42.7				30		22.0

		60		56.6				60		35.1
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Diagramm1

		29.6559905101

		59.3119810202

		118.6239620403

		207.5919335706

		237.2479240807

		335.1126927639

		355.871886121

		403.3214709371

		474.4958481613

		610.9134045077

		726.571767497

		860.0237247924

		984.5788849348

		1100.2372479241

		1307.8291814947

		1497.6275207592

		1645.9074733096

		1847.5682087782

		1969.1577698695



time (min)

conversion

Decomposition of Calciumcarbonate 796°C         /       H. Kainer

0.0788690476

0.1160714286

0.2023809524

0.2767857143

0.3348214286

0.4032738095

0.4255952381

0.4553571429

0.5029761905

0.568452381

0.619047619

0.6696428571

0.7142857143

0.755952381

0.8080357143

0.8482142857

0.8764880952

0.9092261905

0.9300595238



CARBZER1

		

		x-A (mm)				Zeit (min)		Umsatz		1-(N/No)^(1/3)		Modell III

		1		5.3		29.6559905101		0.0788690476		0.0270128038		0.0021496527				0.0002775285		0.0559309143				0.000325704		-0.0357300106

		2		7.8		59.3119810202		0.1160714286		0.0402921276		0.0047395417				0.0000068745		0.006786898				0.0000052491		0.0051821971

		4		13.6		118.6239620403		0.2023809524		0.0726040986		0.0150486214				0.9896768362		0.0182329315				0.9956039731		0.0139219191

		7		18.6		207.5919335706		0.2767857143		0.1023872791		0.0293027814				1629.7819714443		17				3850.1283350971		17

		8		22.5		237.2479240807		0.3348214286		0.1270700049		0.0443368141				0.5418043807		0.0056514765				0.7462312265		0.0032949371

		11.3		27.1		335.1126927639		0.4032738095		0.1581041543		0.0670865359

		12		28.6		355.871886121		0.4255952381		0.1687352895		0.0758064672				3603.2329276827						3070.2722296069

		13.6		30.6		403.3214709371		0.4553571429		0.1833475472		0.0885220285

		16		33.8		474.4958481613		0.5029761905		0.2078774116		0.111673034

		20.6		38.2		610.9134045077		0.568452381		0.2443113346		0.149899161

		24.5		41.6		726.571767497		0.619047619		0.2750797513		0.1853766611

		29		45		860.0237247924		0.6696428571		0.3087084731		0.2270623603

		33.2		48		984.5788849348		0.7142857143		0.341366244		0.2700332978

		37.1		50.8		1100.2372479241		0.755952381		0.3750793752		0.316517876

		44.1		54.3		1307.8291814947		0.8080357143		0.4231359442		0.3856121547

		50.5		57		1497.6275207592		0.8482142857		0.4665705778		0.4499305833

		55.5		58.9		1645.9074733096		0.8764880952		0.501992053		0.5029880637

		62.3		61.1		1847.5682087782		0.9092261905		0.5505788356		0.5756094699

		66.4		62.5		1969.1577698695		0.9300595238		0.5879883196		0.6306200781

		84.3		67.2

		2500min		1
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Diffusions-bestimmt
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Zeit (min)

Umsatz

Zersetzung von Kalziumcarbonat (796°C) Werte nach H. Kainer
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Tabelle1

		499°C						330°C

		time / minutes		conversion %				time / minutes		conversion %

		3		9.8				3		2.9

		5		15.4				5		5.4

		10		23.9				10		8.7

		20		35.1				20		15.9

		30		42.7				30		22.0

		40		48.3				40		27.8

		50		52.4				50		31.4

		60		56.6				60		35.1
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