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General scheme of a chemical process
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Introduction

Basics of reactor design and analysis
We use three main reactor architectures: batch, continuous-stirred tank,
plug-flow reactors
Complex reactors can be approximated as a combination of them
Material and energy balances for the three reactors are first-order,
nonlinear ordinary differential equations (ODEs) or nonlinear algebraic
equations
Momentum balance is usually neglected although fluid flow patterns are
sometimes addressed
Concentration, pressure, temperature are dependent variables, whereas
time or distance along the reactor are independent variables
In simple cases, balances can be solved easily. In more general cases,
computational languages are necessary
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Terminology
Classifications and Terminology

Ideal reactors have certain assumption on the fluid flow:
▶ Batch and continuous-stirred tank reactors are assumed to be ideally well

mixed (all properties are homogeneous in space)
▶ Plug-flow is a special type of flow in a tube in which the fluid is perfectly

mixed in radial direction and varies continuously in axial direction

The phase in which the reaction occurs is important:
▶ Homogeneous reactions: reactants and products are in a single (fluid) phase
▶ Sometimes reactants and products are transported in one phase (often gas)

but the reaction occurs over another phase (often solid)
▶ Sometimes reactants are in different phases, although the reaction usually

occurs in one such phase

The mode of operation can be different:
▶ Batch: reactants are loaded in the reactor, reaction occurs, and products

are discharged
▶ Semi-batch: one or more reactants are loaded into the reactor, other

reactants are added continuously, finally products are discharged
▶ Continuous: reactants are fed and products are discharged continuously
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An Example Process

Hydrodesulfurization
Crude oil and associated products contain organosulfur compounds (RS)
Sulfur must be removed to avoid catalyst poisoning and to meet
pollution restrictions in fuels
Sulfur is removed using hydrogen at high pressure according to the
reaction:

RS+ 2H2 → RH2 + H2S

The reaction rate, over catalyst, is expressed as:

r =
kcα

H2
cβ
RS

(1 + KH2
cH2

+ KRScRS)γ
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An Example Process

HDS process scheme (from Wikipedia)
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Course teachers

Prof. Gabriele Pannocchia
Theory lectures (usually on Monday and Thursday)
Department of Civil and Industrial Engineering (Chemical Engineering)
Office: @2nd floor (1 floor down main entrance), room 201
Phone: 050 2217 838
Email: gabriele.pannocchia@unipi.it
Web Site: https://people.unipi.it/gabriele_pannocchia/

Dr. Riccardo Bacci di Capaci
Exercise lectures (usually on Friday)
CPCLab: @1st floor of Chemical Engineering (DICI),
Phone: 050.2217837
Email: riccardo.bacci@unipi.it
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Objectives and methodology of the course
Course objectives

1 Understand kinetic (as well as thermodynamic) aspects of chemical
reactions

2 Understand the fundamentals of isothermal reactors
3 Understand methods to compute kinetic parameters from experimental

data
4 Understand thermal effects in chemical reactors
5 Understand complex kinetic mechanisms
6 Understand mixing effects in reactors

Course methodology
Lectures (about 60% of time)
Class exercise (about 40% of time)
Occasionally, Homework assignments (not graded)
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Course syllabus

Part I: stoichiometry and thermodynamics fundamentals
1 Stoichiometry of Chemical Reactions

1 Examples of Chemical Reactions and Stoichiometry Matrix
2 Independent Reactions
3 Reaction Rates and Production Rates

2 Thermodynamics of Chemical Reactions
1 Reaction Equilibrium
2 Temperature Dependence of Reaction Equilibrium
3 Multiple Reaction Equilibrium
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Course syllabus (continued)
Part II: Chemical Reactors in Isothermal Conditions

3 General Mole Balance
4 Batch Reactor

1 Single Irreversible (Reversible) Reactions
2 Multiple (Series or Parallel) Reactions
3 Non-Constant Density Case

5 Continuous Stirred Tank Reactor (CSTR)
1 Unsteady and Steady-State Conditions
2 Non-Constant Density Case
3 Multiple Reactions

6 Semi-Batch Reactor
7 Plug Flow Reactor (PFR)

1 Unsteady and Steady-State Conditions
2 Non-Constant Density Case
3 Multiple Reactions

8 Comparisons of Reactors
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Course syllabus (continued)

Part III: Computation of Kinetic Parameters
9 Determination of Kinetic Parameters via Integral Method
10 Determination of Kinetic Parameters via Differential Method
11 Arrhenius Law and Computation of its Parameters

Part IV: Chemical Kinetics
12 Elementary Reaction Fundamentals
13 Fast and Slow Time Scales
14 Rate Expressions for Complex Mechanisms
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Course syllabus (continued)
Part V: Energy Balance for Chemical Reactors

15 General Energy Balance
16 Batch Reactor
17 CSTR

1 Unsteady and Steady-State Conditions
2 Steady-State Multiplicity and Reactor Stability

18 Semi-Batch Reactor
19 PFR

1 Unsteady and Steady-State Operation
2 PFR Hot Spot and Runaway

20 Reactor Networks and Optimization

Part VI: Mixing in Chemical Reactors
21 Residence Time Distribution (CSTR, PFR, Batch and Combinations)
22 Limits of Reactor Mixing
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Course material
Books

Most followed in this course (can be borrowed from the teacher):
J. B. Rawlings and J. G. Ekerdt “Chemical Reactor Analysis and
Design Fundamentals”, 2002, Nob Hill Publishing

Other good books:
▶ S. H. Fogler “Elements of Chemical Reaction Engineering”, 2005, Prentice

Hall
▶ O. Levenspiel “Chemical Reaction Engineering”, 1999, John Wiley & Sons
▶ G. F. Froment and K. B. Bischoff “Chemical Reactor Analysis and Design”,

1990, John Wiley & Sons

Lecture slides and additional material
All material will be available at the Engineering E-learning web site:
http://elearn.ing.unipi.it/course/view.php?id=1218

Lecture slides
Past exams (some samples)
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Student office hours and list

Student office hours
GP office hours on Friday 14:30-16:30
RBdC office hours on Thursday 14:30-16:30
Presence must be confirmed by email or during morning class
Quick questions can also be asked/answered by email

Student list
Each student must be enrolled in the course at the E-learning site
All communications will be sent via email from E-learning (make sure
your address at E-learning is up to date)
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Examination

Examination scheme
Written exam covering both theory and computational aspects of the
course
Oral is rarely done, only for possible clarifications on the written exam
Vote registration is joint with IRC-2 (ceiling-rounded average of the two
votes)
Exam can be repeated even if successfully passed in a previous session:
only the last outcome matters

Preparing the exam
Study theory (text book, lecture notes and slides) –> A lot!
Solve exercises (especially those without solution) –> As necessary!
Identify critical aspects (of both theory and exercise) and check with you
colleagues; if still unclear, ask GP or RBdC
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