	Basic data of the subject

	Academic unit: 
	Faculty of Mathematics & Natural Sciences, Department of Chemistry

	Course title:
	Chemical Reaction Engineering

	Level:
	Bachelor – Department of Engineering Chemistry

	Course status:
	Mandatory

	Study year:
	III ( third ) / Semester V

	Number of hours per week:
	2+2

	Credit value – ECTS:
	5

	Time/location:
	

	Lecturer:
	

	Contact details: 
	Email: 
Tel: /038-229-964/

	

	Curse description
	Homogeneous reactions in ideal reactors. Kinetics of homogeneous reactions and the analysis of its variables. The prediction of the rate of reactions from theory. Interpretation of batch reactor data.  Batch reactor with constant and changing volume. Introduction to reactor design. Ideal reactors and their design for single and parallel reactions. Multiple reactions. Effect of temperature and pressure on single and multiple reactions. Choosing the right kind of reactor. Flow patterns, contacting, and non-ideal flow. The dispersion model, series reactors, mixing and convection. Solid catalysts of chemical reactions. Packed bad reactor. Reactors with suspended solid catalyst, fluidized reactors of various types. Deactivating catalysts. G/L reactions on solid catalyst: trickle beds, slurry

Reactors, Three-Phase Fluidized Beds. Non-catalytic systems. Biochemical reaction systems.


	Course objectives:
	Understanding and application of chemical kinetics concepts in the chemical reaction engineering. The knowledge of reactors’ characteristics and their modelling. The selection of an appropriate reactor for a given process and calculation of its parameters. Understanding the patterns of flows in the reactor and the deviation from the ideal flow and the solution of such problems. 

	Learning outcomes:
	After completing the course the students will   :

· Understand and be able to use the equations of different reactions for the analysis and their prediction.
· Be able to analyse the parameters of a process using the knowledge from chemical kinetics, different reactor models, transport processes, and the mathematical operations.
· Be able to use their knowledge from reactor models to calculate their performance.
· Be able to use the skills from the course to estimate the optimal conditions for a process which takes place in a reactor, and design a reactor for a given chemical process.

	

	Student’s participation (which has to correspond with the learning results of the students) 

	Activity
	Hours
	Days/Weeks
	Total

	Lectures
	2
	2/ 15
	30

	Theoretical/laboratory exercises
	2
	2/15
	30

	Interaction with the course holder/consultations 
	2
	2/15
	30

	Total
	2
	6/15
	90

	Teaching methodology:  
	Lectures (interactive method and monolog), seminar work, experimental and numeric exercises, discussion, group work.

	Evaluation method:
	• Active participation in lectures                       10 %

• Seminar work                                                  20 %

• Regular attendance                                          10 %

• Final exam (by writing)


   60 %

	Literature

	Main literature:  
	O. Levenspiel, Chemical Reaction Engineering ,   3rd ed., John Wiley and Sons, 1999.

	Addition literature:  
	H. Scott Folger, Elements of Chemical Reaction Engineering, 3-rd ed., Prentice-Hall; 1999.
G. W. Roberts, Chemical Reactions and Chemical Reactors, Wiley, 2008.

	
	


	Plan of course development:  



	Week
	The lecture

	First week:
	Short overview of chemical engineering reactions. Kinetics of homogeneous reactions. Interpretation of batch reactor data.

	Second week:
	Introduction to reactor design. Ideal reactors for a single reaction. 

	Third week:
	Design for single reactions. Design for parallel reactions.



	Fourth week:
	Potpourri of multiple reactions. Effect of pressure and temperature, single and multiple reactions. Choosing the right reactor. 

	Fifth week:  
	Basics of non-ideal flow. Compartments model. Dispersion model.

	Sixth week:
	First evaluation

	Seventh week:  
	The tanks-in-series model. The Convection model for laminar flow. Earliness of mixing, segregation and RTD.

	Eight week:  
	Heterogeneous Reactions. Solid catalyzed reactions. 

	Ninth week:  
	The packed bed catalytic reactor. Reactors with suspended solid catalyst, fluidized reactors of various types. 

	Tenth week:
	Deactivating catalysts..

	Eleventh week:
	Non-catalytic systems. Fluid – fluid reaction kinetics. Design of fluid – fluid reactions.

	Twelfth week:  
	Fluid-Particle reactions kinetics. Design of fluid – particle reaction.

	Thirteenth week:    
	Biochemical reaction systems. Enzyme and microbial fermentation. 

	Fourteenth week:  
	Substrate-limiting microbial fermentation. Product-limiting microbial fermentation.

	Fifteenth week:   
	Second evaluation

	Week
	Exercises

	First week:
	Program and review of chemical kinetics. 

	Second week
	Numerical exercises, homogenous reactions kinetics in ideal reactors.

	Third week:
	The kinetics of oxidation of I- with S2O82- in a batch reactor.

	Fourth week :
	The kinetics of I- oxidation in a semi batch reactor.

	Fifth week:
	The effect of mixing in on the rate of oxygen solution in the water in a semi batch reactor.

	Sixth week:
	The measurement of the performance mixing reactor with continuous flow.

	Seventh week:
	Numerical exercises, flow patterns and non-ideal flow.

	Eighth week:
	Determination of dilution rate of the solution of CuSO4 in a semi batch and continuous reactor. 

	Ninth and tenth week:
	Determination of the flow rate distribution in the packed bed reactor with different particle sizes. 

	Eleventh week:
	Determination of the treatment time for a volume of the reactor.  

	Twelfth week :
	Determination of the number of reactor volumes that can be treated in time scale. 

	Thirteenth week:
	Determination of the age distribution of potassium permanganate solution in a reactor with the pulse and step experiment method.   

	Fourteenth week:
	Test.

	Fifteenth week:
	General report on exercises.


	Academic politics and behaviour rules:

	The regular attendance on lectures and exercises is mandatory. It is required maximal disciple and respect for academic behaviour rules. Students are informed about the specifics of organisation of lectures’ and exercises’ by the course holder in due time. 
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