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Chemical Engineering Thermodynamics

• Chemical Engineering + Thermodynamics

• Chemical + Engineering Thermodynamics

• Engineering + Chemical Thermodynamics

• Principles of Chemical Engineering

+ Principles of Thermodynamics

• Text Book:
– “Chemical, Biochemical, and Engineering 

Thermodynamics”, S.I. Sandler (5th. ed., Wiley, 2017)
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Grading

• Midterm Exam #1 20

• Midterm Exam #2 30

• Final Exam 35

• Quiz 15
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Thermodynamics: What Is It?
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Outline

1. What Is Thermodynamics?

2. Thermodynamic Systems

3. Principles of Chemical Engineering

4. Units and Dimensions



What is Thermodynamics?

• Thermodynamics is the study of the changes in 

the state or condition of a substance when 

changes in its temperature, state of aggregation, 

or internal energy are important. 

• Thermodynamics is the science of energy. A 

sound understanding of thermodynamics will 

allow you to determine how energy is controlled 

and converted in devises.



What is Thermodynamics?

• The primary objective is to establish a criterion 
for determining the feasibility of a spontaneity
of a given physical or chemical  transformation.

• Once the spontaneous direction of a natural 
process is determined, we may wish to know 
how far the process will proceed before 
reaching equilibrium.

• Thermodynamic methods and concepts provide 
a powerful approach to the understanding of 
such problems.

--- Klotz, Rosenburg // p.4



What is Thermodynamics?   

• Scope of classical thermodynamics (A science 

related to heat in motion)

– calculate the heat and work associated with processes  

(1st law)

– determine the maximum work available from a process 

or the minimum work required to drive a process (1st 

law and 2nd law)

– calculate equilibrium states for systems involving 

multiple phases and chemical reactions

– measure, estimate, and correlate the thermodynamic 

properties

--- Kyle // p.1



What is Thermodynamics?   

• Thermodynamics was then developed to study 
energy… The first law deals with energy 
interchanges. How efficiently can energy be 
converted from one form to another? Carnot 
answered this question, leading to the second 
law of thermodynamics …

• When the first and the second laws are 
combined they lead to relations that tell how 
much work is available in a given situation, a 
concept called availability, or exergy.

--- Levenspiel // p.2



The central problems of thermodynamics



Interactions and Systems in thermodynamics



Thermodynamic Systems

System - Surrounding

Interaction

Heat 

Flow

Mass 

Flow

Work

Flow

All three are related to Energy Flow.

How can we describe the energy associated with matters?



The problems that we are interested in



What does Thermodynamics deal with?   

Heat Work

Thermodynamic

Properties

Efficiency

Dynamic

Equilibrium Process

State

Exergy

(Availability)
Max (or Min)

Work

Energy

Phase

Spontaneity



The problems that we are interested in



Thermodynamic Systems

• State of a system 
– Determined by the state of matters constituting the 

system.

– Gas / liquid / solid state or the coexistence of more 
than one phases.

– Single component / multi-components.

– Equilibrium / nonequilibrium.

• Process
– A system changes its state from one to another state.

– Initial state / path / final state.

– Reversible / irreversible processes.

e.g., density, T, P, etc.



Thermodynamic Systems

• Equilibrium state (of a system):

– The state does not change with time (time-invariant).

– The system is uniform.

– No flow of mass, heat, or work.

– Net rate of chemical reactions is zero.

– An undisturbed system will approach an equilibrium 

state.

• Steady state (of a nonisolated system)

– Time-invariant state.

– Contain both inflow and outflow of mass or energy.



Thermodynamic Systems

• Stable equilibrium state (of a system):

– The system will return to the same equilibrium state 

after small disturbance.

– A stable equilibrium state will never spontaneously 

evolve to a state of nonequilibrium.

• The direction of natural processes : systems 

evolve toward an equilibrium state, not away 

from it.



Equilibrium state



Thermodynamic Systems

• The state of a system:

– Determined by properties of matters within a system, 

e.g., T, P, composition, density, etc.

– Can be specified by specifying two independent 

properties and masses and composition of matters of 

the system.

– Some properties are interrelated, e.g., T, P, mass, 

and V. 

• The equation that correlates T, P, M, V is called the equation 

of state (EOS).

• The ideal gas law (an EOS) was identified while studying 

low-density gases.

• An universal temperature scale, the absolute temperature 

scale, was defined.



Properties of Matters

• Classification of properties of matters:

– Intensive / Extensive properties, mass-
dependent or not.

• Intensive properties: T, P, density, molar volume, 
refractive index, etc.

• Extensive properties: mass, volume, etc.

– Primitive / Derived Properties, directly 
measurable or not. 

• Primitive properties: color, T, P, etc.  

• Derived Properties:

NOTE: Intensive / Extensive properties, Primitive / Derived Properties



Properties of Matters

• Properties that are directly observable are 

called primitive properties, e.g., T, P, mass, 

volume, color, index of refraction, etc.

• Any combination of primitive properties is 

also a property. Such properties that are 

indirectly observable are called derived 

properties, e.g., internal energy, heat, etc. 



Pressure, temperature and equilibrium



Temperature



Properties of Matters

• Properties whose quantity is proportional to the 

amount (mass) of matter are called extrinsic 

properties, e.g., volume, gravity force, energy, 

etc.

• Properties whose quantity is independent of the 

amount (mass) of matter are called intrinsic 

properties, e.g., density, T, P, color, etc. 

c.f.: Intensive / Extensive properties

Intrinsic / Extrinsic properties



Properties of Matters

• Extrinsic properties divided by the amount  of 

matter become intrinsic properties, e.g.,

– Molecular weight = mass/mole

– Density = mass/volume

– Specific volume = volume/mass

– Molar volume = volume/mole

– Energy per unit mass (or per unit mole), e.g., H in 

steam table



Extensive and intensive properties



State and path variables



Properties of Matters

• Properties of matters:

– Energy content of matters:

– Other properties having the same unit as 

energy

• Enthalpy, Free energy, etc.

Kinetic

Energy

Internal

Energy

Potential

Energy

NOTE: Heat and Work are energies exchanged between a system and its 

surrounding, not properties associated with matters.

Total Energy

of matters



Properties of Matters

• Energy:
– Is associated with matters.

– Has different forms.

– Can be transferred from one system (matters) to 
another.

• For example, internal energy (U) of a single-
component, single-phase system
–

–

– Since                    (EOS)

internal energy can be expressed as 
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Q: what can be the driving force for energy transfer?



Specifications of the equilibrium state



Specifications of the equilibrium state



Equation of state (EOS)



Experiments



Experimental Observations

1. In any change of state (except involving nuclear 
reaction), total mass is conserved.

2. In any change of state, total momentum is conserved.

3. In any change of state, total energy (including internal, 
potential, and kinetic energy, heat and work) is 
conserved.

4. Heat flow and work flow are equivalent in that 
supplying a given amount of energy to a system and 
either can be made to result in the same increase in its 
internal energy. Heat (thermal energy) and work 
(mechanical energy) are not equivalent in the sense 
that work can be completely converted to heat but heat 
can be only partially converted to work. 



Joule’s experiments



Experimental Observations

5. A system that is not subjected to forced flows of mass 
or energy from its surroundings will evolve to the 
equilibrium state.

6. A system in equilibrium with its surrounding will never 
spontaneously revert to a nonequilibrium state.

7. Equilibrium states that arise naturally are stable to 
small disturbances.

8. The stable equilibrium state is completely 
characterized by values of only equilibrium properties. 
For a single-component single-phase system, two 
independent intensive properties are needed to fix the 
thermodynamic state of an equilibrium system 
completely; the further specification of one extensive 
variable of the system fixes its size. 



Experimental Observations

9. The interrelationships between the thermodynamic state 
variables for a fluid in equilibrium also apply locally for a 
system not in equilibrium.

10. For nonequilibrium systems, the rate at which natural 
relaxation processes occur are directly proportional to 
the magnitude of the driving forces.

• Heat flow (units of J/s or W) or heat flux (units of J/m2s)

• Mass flux of species A in the x direction

• The flux of the x-component of momentum in the y-coordinate 
direction 
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Summary of experimental observations



Summary of experimental observations



Conservation of Energy

• Though the forms of energy can change, the 
total energy associated with an isolated 
system will remain unchanged unless in the 
presence of nuclear reactions.

• Conservation of energy is obviously true for 
isolated systems.

• For other systems, apply the Balance 
Concept

System
Surrounding

This is an isolated system

The energy of the new isolated system
is conserved. The Balance Concept
accounts for all the energy interaction
between the original system and its
surrounding.



Heat, work, and conservation



Quality of energy



Governing Equation for Energy Balance
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Unit Systems

(MKS Unit System)



Unit Systems



Unit Systems



Other Unit Systems

• cgs unit system:

– “cm”, “gram”, and “sec” as the three 

fundamental units.

• fps (British Engineering) unit system:

– “ft”, “lbf (pound force)”, and “sec” as the three 

fundamental units.

– Need to note the difference between “pound 

mass (lbm)” and “pound force (lbf)”.



Dimension and Dimensional 

Consistency

• Dimension: measure of property

• Dimensional consistency:

– 5 kg + 100 m = ?

– “ a + b = c “  a, b and c must have the same 

unit for the equation to be meaningful.



Approaches of Thermodynamics   

• Classical Thermodynamics / Statistical Thermodynamics / 

Molecular Thermodynamics / Modern Thermodynamics

• Classical thermodynamics presents broad relationships 

between macroscopic properties, but it is not concerned 

with quantitative prediction of these properties.

• Statistical thermodynamics seeks to establish 

relationships between macroscopic properties and 

intermolecular forces through partition functions; it is very 

much concerned with quantitative prediction of bulk 

properties.

• Molecular thermodynamics presents methods for 

quantitative prediction of these properties.

----- Prausnitz, Lichtenthaler, Gomes de Azevedo // p.xix



Principles of Chemical Engineering

• HW1 (from Himmelblau,”Basic Principles and Calculations in Chemical 

Engineering”, p.520, 6th ed., 1996.)

1.寫下此問題求解的governing equation

2.寫下合理的assumptions (idealization)

3.寫下求解時需要的properties有哪些


