INTRODUCTORY
CHEMICAL
ENGINEERING
THERMODYNAMICS

SECOND EDITION

J. RICHARD ELLIOTT ¢ CARL T. LIRA



https://www.pearson.de/9780132788519

Introductory Chemical Engineering
Thermodynamics, Second Edition


https://www.pearson.de/9780132788519

Introductory Chemical Engineering
Thermodynamics

Table of Contents

Cover
Half Title
Title Page
Copyright Page
CONTENTS
PREFACE
Notes to Students
Acknowledgments
ABOUT THE AUTHORS
GLOSSARY
NOTATION

UNIT I: FIRST AND SECOND LAWS
CHAPTER 1 BASIC CONCEPTS

1.1 Introduction

1.2 The Molecular Nature of Energy, Temperature, and Pressure
1.3 The Molecular Nature of Entropy

1.4 Basic Concepts

1.5 Real Fluids and Tabulated Properties

1.6 Summary

1.7 Practice Problems

1.8 Homework Problems

CHAPTER 2 THE ENERGY BALANCE

2.1 Expansion/Contraction Work
2.2 Shaft Work

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

2.3 Work Associated with Flow

2.4 Lost Work versus Reversibility

2.5 Heat Flow

2.6 Path Properties and State Properties

2.7 The Closed-System Energy Balance

2.8 The Open-System, Steady-State Balance

2.9 The Complete Energy Balance

2.10 Internal Energy, Enthalpy, and Heat Capacities
2.11 Reference States

2.12 Kinetic and Potential Energy

2.13 Energy Balances for Process Equipment

2.14 Strategies for Solving Process Thermodynamics Problems
2.15 Closed and Steady-State Open Systems

2.16 Unsteady-State Open Systems

2.17 Details of Terms in the Energy Balance

2.18 Summary

2.19 Practice Problems

2.20 Homework Problems

CHAPTER 3 ENERGY BALANCES FOR COMPOSITE SYSTEMS
3.1 Heat Engines and Heat Pumps The Carnot Cycle
3.2 Distillation Columns
3.3 Introduction to Mixture Properties
3.4 Ideal Gas Mixture Properties
3.5 Mixture Properties for Ideal Solutions
3.6 Energy Balance for Reacting Systems
3.7 Reactions in Biological Systems
3.8 Summary
3.9 Practice Problems
3.10 Homework Problems

CHAPTER 4 ENTROPY
4.1 The Concept of Entropy
4.2 The Microscopic View of Entropy

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

4.3 The Macroscopic View of Entropy

4.4 The Entropy Balance

4.5 Internal Reversibility

4.6 Entropy Balances for Process Equipment
4.7 Turbine, Compressor, and Pump Efficiency
4.8 Visualizing Energy and Entropy Changes
4.9 Turbine Calculations

4.10 Pumps and Compressors

4.11 Strategies for Applying the Entropy Balance
4.12 Optimum Work and Heat Transfer

4.13 The Irreversibility of Biological Life

4.14 Unsteady-State Open Systems

4.15 The Entropy Balance in Brief

4.16 Summary

4.17 Practice Problems

4.18 Homework Problems

CHAPTER 5 THERMODYNAMICS OF PROCESSES
5.1 The Carnot Steam Cycle
5.2 The Rankine Cycle
5.3 Rankine Modifications
5.4 Refrigeration
5.5 Liquefaction
5.6 Engines
5.7 Fluid Flow
5.8 Problem-Solving Strategies
5.9 Summary
5.10 Practice Problems
5.11 Homework Problems

UNIT Il: GENERALIZED ANALYSIS OF FLUID PROPERTIES

CHAPTER 6 CLASSICAL THERMODYNAMICS GENERALIZATIONS FOR ANY
FLUID
6.1 The Fundamental Property Relation

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

6.2 Derivative Relations
6.3 Advanced Topics
6.4 Summary

6.5 Practice Problems
6.6 Homework Problems

CHAPTER 7 ENGINEERING EQUATIONS OF STATE FOR PVT PROPERTIES
7.1 Experimental Measurements
7.2 Three-Parameter Corresponding States
7.3 Generalized Compressibility Factor Charts
7.4 The Virial Equation of State
7.5 Cubic Equations of State
7.6 Solving the Cubic Equation of State for Z
7.7 Implications of Real Fluid Behavior
7.8 Matching the Critical Point
7.9 The Molecular Basis of Equations of State: Concepts and Notation
7.10 The Molecular Basis of Equations of State: Molecular Simulation
7.11 The Molecular Basis of Equations of State: Analytical Theories
7.12 Summary
7.13 Practice Problems
7.14 Homework Problems

CHAPTER 8 DEPARTURE FUNCTIONS
8.1 The Departure Function Pathway
8.2 Internal Energy Departure Function
8.3 Entropy Departure Function
8.4 Other Departure Functions
8.5 Summary of Density-Dependent Formulas
8.6 Pressure-Dependent Formulas
8.7 Implementation of Departure Formulas
8.8 Reference States
8.9 Generalized Charts for the Enthalpy Departure
8.10 Summary
8.11 Practice Problems

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

8.12 Homework Problems

CHAPTER 9 PHASE EQUILIBRIUM IN A PURE FLUID
9.1 Criteria for Phase Equilibrium
9.2 The Clausius-Clapeyron Equation
9.3 Shortcut Estimation of Saturation Properties
9.4 Changes in Gibbs Energy with Pressure
9.5 Fugacity and Fugacity Coefficient
9.6 Fugacity Criteria for Phase Equilibria
9.7 Calculation of Fugacity (Gases)
9.8 Calculation of Fugacity (Liquids)
9.9 Calculation of Fugacity (Solids)
9.10 Saturation Conditions from an Equation of State
9.11 Stable Roots and Saturation Conditions
9.12 Temperature Effects on G and f
9.13 Summary
9.14 Practice Problems
9.15 Homework Problems

UNIT 1ll: FLUID PHASE EQUILIBRIA IN MIXTURES
CHAPTER 10 INTRODUCTION TO MULTICOMPONENT SYSTEMS

10.1 Introduction to Phase Diagrams

10.2 Vapor-Liquid Equilibrium (VLE) Calculations

10.3 Binary VLE Using Raoults Law

10.4 Multicomponent VLE Raoults Law Calculations

10.5 Emissions and Safety

10.6 Relating VLE to Distillation

10.7 Nonideal Systems

10.8 Concepts for Generalized Phase Equilibria

10.9 Mixture Properties for Ideal Gases

10.10 Mixture Properties for Ideal Solutions

10.11 The Ideal Solution Approximation and Raoults Law
10.12 Activity Coefficient and Fugacity Coefficient Approaches
10.13 Summary

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

10.14 Practice Problems
10.15 Homework Problems

CHAPTER 11 AN INTRODUCTION TO ACTIVITY MODELS
11.1 Modified Raoults Law and Excess Gibbs Energy
11.2 Calculations Using Activity Coefficients
11.3 Deriving Modified Raoults Law
11.4 Excess Properties
11.5 Modified Raoults Law and Excess Gibbs Energy
11.6 Redlich-Kister and the Two-Parameter Margules Models
11.7 Activity Coefficients at Special Compositions
11.8 Preliminary Indications of VLLE
11.9 Fitting Activity Models to Multiple Data
11.10 Relations for Partial Molar Properties
11.11 Distillation and Relative Volatility of Nonideal Solutions
11.12 Lewis-Randall Rule and Henrys Law
11.13 Osmotic Pressure
11.14 Summary
11.15 Practice Problems
11.16 Homework Problems

CHAPTER 12 VAN DER WAALS ACTIVITY MODELS
12.1 The van der Waals Perspective for Mixtures
12.2 The van Laar Model
12.3 Scatchard-Hildebrand Theory
12.4 The Flory-Huggins Model
12.5 MOSCED and SSCED Theories
12.6 Molecular Perspective and VLE Predictions
12.7 Multicomponent Extensions of van der Waals Models
12.8 Flory-Huggins and van der Waals Theories
12.9 Summary
12.10 Practice Problems
12.11 Homework Problems

CHAPTER 13 LOCAL COMPOSITION ACTIVITY MODELS

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

13.1 Local Composition Theory
13.2 Wilsons Equation

13.3 NRTL

13.4 UNIQUAC

13.5 UNIFAC

13.6 COSMO-RS Methods
13.7 The Molecular Basis of Solution Models
13.8 Summary

13.9 Important Equations
13.10 Practice Problems

13.11 Homework Problems

CHAPTER 14 LIQUID-LIQUID AND SOLID-LIQUID PHASE EQUILIBRIA
14.1 The Onset of Liquid-Liquid Instability
14.2 Stability and Excess Gibbs Energy
14.3 Binary LLE by Graphing the Gibbs Energy of Mixing
14.4 LLE Using Activities
14.5 VLLE with Immiscible Components
14.6 Binary Phase Diagrams
14.7 Plotting Ternary LLE Data
14.8 Critical Points in Binary Liquid Mixtures
14.9 Numerical Procedures for Binary, Ternary LLE
14.10 Solid-Liquid Equilibria
14.11 Summary
14.12 Practice Problems
14.13 Homework Problems

CHAPTER 15 PHASE EQUILIBRIA IN MIXTURES BY AN EQUATION OF
STATE
15.1 Mixing Rules for Equations of State
15.2 Fugacity and Chemical Potential from an EOS
15.3 Differentiation of Mixing Rules
15.4 VLE Calculations by an Equation of State
15.5 Strategies for Applying VLE Routines

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

15.6 Summary
15.7 Practice Problems
15.8 Homework Problems

CHAPTER 16 ADVANCED PHASE DIAGRAMS
16.1 Phase Behavior Sections of 3D Objects
16.2 Classification of Binary Phase Behavior
16.3 Residue Curves
16.4 Practice Problems
16.5 Homework Problems

UNIT IV: REACTION EQUILIBRIA
CHAPTER 17 REACTION EQUILIBRIA

17.1 Introduction

17.2 Reaction Equilibrium Constraint

17.3 The Equilibrium Constant

17.4 The Standard State Gibbs Energy of Reaction
17.5 Effects of Pressure, Inerts, and Feed Ratios
17.6 Determining the Spontaneity of Reactions
17.7 Temperature Dependence of K[sub(a)]
17.8 Shortcut Estimation of Temperature Effects
17.9 Visualizing Multiple Equilibrium Constants
17.10 Solving Equilibria for Multiple Reactions
17.11 Driving Reactions by Chemical Coupling
17.12 Energy Balances for Reactions

17.13 Liquid Components in Reactions

17.14 Solid Components in Reactions

17.15 Rate Perspectives in Reaction Equilibria
17.16 Entropy Generation via Reactions

17.17 Gibbs Minimization

17.18 Reaction Modeling with Limited Data
17.19 Simultaneous Reaction and VLE

17.20 Summary

17.21 Practice Problems

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

17.22 Homework Problems

CHAPTER 18 ELECTROLYTE SOLUTIONS
18.1 Introduction to Electrolyte Solutions
18.2 Colligative Properties
18.3 Speciation and the Dissociation Constant
18.4 Concentration Scales and Standard States
18.5 The Definition of pH
18.6 Thermodynamic Network for Electrolyte Equilibria
18.7 Perspectives on Speciation
18.8 Acids and Bases
18.9 Sillen Diagram Solution Method
18.10 Applications
18.11 Redox Reactions
18.12 Biological Reactions
18.13 Nonideal Electrolyte Solutions: Background
18.14 Overview of Model Development
18.15 The Extended Debye-Hlckel Activity Model
18.16 Gibbs Energies for Electrolytes
18.17 Transformed Biological Gibbs Energies and Apparent Equilibrium Constants
18.18 Coupled Multireaction and Phase Equilibria
18.19 Mean lonic Activity Coefficients
18.20 Extending Activity Calculations to High Concentrations
18.21 Summary
18.22 Supplement 1: Interconversion of Concentration Scales

18.23 Supplement 2: Relation of Apparent Chemical Potential to Species
Potentials

18.24 Supplement 3: Standard States
18.25 Supplement 4: Conversion of Equilibrium Constants
18.26 Practice Problems
18.27 Homework Problems
CHAPTER 19 MOLECULAR ASSOCIATION AND SOLVATION

19.1 Introducing the Chemical Contribution

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

19.2 Equilibrium Criteria

19.3 Balance Equations for Binary Systems

19.4 Ideal Chemical Theory for Binary Systems

19.5 Chemical-Physical Theory

19.6 Wertheims Theory for Complex Mixtures

19.7 Mass Balances for Chain Association

19.8 The Chemical Contribution to the Fugacity Coefficient and Compressibility Factor
19.9 Wertheims Theory of Polymerization

19.10 Statistical Associating Fluid Theory (The SAFT Model)
19.11 Fitting the Constants for an Associating Equation of State
19.12 Summary

19.13 Practice Problems

19.14 Homework Problems

APPENDIX A: SUMMARY OF COMPUTER PROGRAMS
A.1 Programs for Pure Component Properties
A.2 Programs for Mixture Phase Equilibria
A.3 Reaction Equilibria
A.4 Notes on Excel Spreadsheets
A.5 Notes on MATLAB
A.6 Disclaimer

APPENDIX B: MATHEMATICS
B.1 Important Relations
B.2 Solutions to Cubic Equations

B.3 The Dirac Delta Function
Example B.1 The hard-sphere equation of state
Example B.2 The square-well equation of state

APPENDIX C: STRATEGIES FOR SOLVING VLE PROBLEMS
C.1 Modified Raoults Law Methods
C.2 EOS Methods
C.3 Activity Coefficient (Gamma-Phi) Methods

@ Pearson


https://www.pearson.de/9780132788519

Table of Contents

APPENDIX D: MODELS FOR PROCESS SIMULATORS

D.1 Overview

D.2 Equations of State

D.3 Solution Models

D.4 Hybrid Models

D.5 Recommended Decision Tree

APPENDIX E: THEMODYNAMIC PROPERTIES

E.1 Thermochemical Data

E.2 Latent Heats

E.3 Antoine Constants

E.4 Henrys Constant with Water as Solvent
E.5 Dielectric Constant for Water

E.6 Dissociation Constants of Polyprotic Acids
E.7 Standard Reduction Potentials

E.8 Biochemical Data

E.9 Properties of Water

E.10 Pressure-Enthalpy Diagram for Methane
E.11 Pressure-Enthalpy Diagram for Propane

E.12 Pressure-Enthalpy Diagram for R134a (1,1,1,2-Tetraflouroethane)
INDEX


https://www.pearson.de/9780132788519

