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Purpose

S.J.T.U
Phase Transformation and Applications

Thermodynamics is about developing a
rigorous understanding of natural
processes.

Much of what you will learn about
materials science will rely on your
comprehension of thermodynamics.

The basis of your future major courses
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S.J.T.U
Phase Transformation and Applications

Purpose

The science of thermodynamics Is concerned with
heat and work, and transformations between the
two. It is based on two laws of nature, the first

and second laws of t
reasoning and skillfu
It Is possible to corre

nermodynamics. By logical
manipulation of these laws,

ate many of the properties

of materials and to gain insight into the many
chemical and physical changes that materials

undergo.

SJTU Thermodynamics of Materials
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S.J.T.U
Phase Transformation and Applications
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Contents of the course

0, 1, 2, 3th law

Property Relationships
Equilibrium

Chemical Equilibrium
Electrochemistry

Solution

Phase rule

Phase diagrams

Statistical Thermodynamics
Surfaces and Interfaces
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How to learn?

S.J.T.U.
Phase Transformation and Applications

 Reading
e Discussion
e EXxercise

God helps those who help themselves!
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Units

S.J.T.U
Phase Transformation and Applications

e Temperature

— 1 Kelvin
— F=32+1.8C

« Composition

— 18K: 18/24
— Measurement
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Math

S.J.T.U
Phase Transformation and Applications

e Total differential
ox (@) (@j 1 (@j __\),  Euler
oy ) \ox )\ oz ), ox), (ez

 Stiring approximately equation

INNI= NInN —N
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Index of nomenclature

S.J.T.U
Phase Transformation and Applications

System / surroundings 4t A 55

Open / close / isolated systemsiii . 1. 57
Thermal equilibrium / steady state “F-#. Fa&
Heat / work#, 1]

Internal energy N B 2 R

State function k4 5 %k

Intensive / extensive propertiesyi/& . 75 & i
Enthalpy

Heat capacity %
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Ot law

S.J.T.U
Phase Transformation and Applications

 Two systems in thermal equilibrium with
a third system are also in thermal
equilibrium with each other.

Principle of measuring Temperature!

Thermometer -> the third system
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1.1 Systems and Surroundings

S.J.T.U
Phase Transformation and Applications

e A system: any portion of space or matter set
aside for study < How the system is
defined
— Open system: matter is allowed to enter or leave
— Close system: no matter enters or leaves

A bottle of water?
eSurroundings: everything else
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1.2 Energy Transfer (1)

S.J.T.U
Phase Transformation and Applications

* Energy transfer between system and
surroundings is divided into heat and
work
— Heat: energy transferred between the

system and surroundings because of
temperature difference

— Work: all other forms of energy transferred
between the system and its surroundings
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1.2 Energy Transfer (1)

S.J.T.U
Phase Transformation and Applications

— Heat: because of temperature difference
Q: positive from surroundings to the system
— Work: all other forms of energy transferred
W: positive work done on a system by surroundings

Q+ W+
@ @ Energy flows into the system

Surroundings - Surroundings
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1.2 Energy Transfer (2)

S.J.T.U
Phase Transformation and Applications

Mechanical W = EV]| :EAW — PVV
work A

Resisting pressure

F (Force) multiplied by the
change in volume

Reversible: the initial state of the system can be restored with
no observable effects in the system or the surroundings
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1.3 Energy of a System

S.J.T.U
Phase Transformation and Applications

Energy of system:
* Internal energy

« Potential energy: gravitational; centrifugal,
electrical; and magnetic potential energies

» Kinetic energy: overall motion

» Translational
» Rotational
Have absolute value

Internal energy: inherent qualities or properties
Composition; physical form; environmental variables
Temperature, pressure, electric and magnetic field, etc.
Mechanical (spring), chemical (H20), thermal energy (possessed)
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S.J.T.U
Phase Transformation and Applications

1.4 Energy as a State Function

Equilibrium state and not depend on the thermodynamic path
Determined by the parameters that specify the system in its final

state and In Its initial state.

d
@ >

VU =U, -U,

SJTU Thermodynamics of Materials

Equilibrium: its temperature,
pressure, density, and other
physical properties are uniform
throughout.

Steady: the system does not
change with time.
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1.5 Work

S.J.T.U.
Phase Transformation and Applications

Work a function of the path taken

Case I: A Case ll: B
W = _Pl(VZ _Vl) W = _Pz(Vz _V1)

i

W = §PdV =(P,—P)(V, -V,)

isochoric

Pressure —p
-
N
|
Isochoric ”.
Pressure —p

—U
-

- T isobarig, QF

Vl V2 Vl V2
Volume =——p Volume m—p
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1.6 The Closed System

S.J.T.U
Phase Transformation and Applications

15t Law: for a closed system

Conservation of energy

oQ + oW =dU

Q and W are not state functions
U Is a point or state function

5Q + W =dU +d(PE)+ d (KE)

PE: potential energy
KE: kinetic energy

Nuclear reaction?

Usefulness: one of the terms is unknown
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1.7 Notation

S.J.T.U
Phase Transformation and Applications

Specific properties: properties per unit mass

U .
U=— Specific internal energy
m
V = ! — 1 Specific volume
" m
molecular weight
V = Molar volume

density
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1.8 Intensive and Extensive Properties

S.J.T.U
Phase Transformation and Applications

Extensive properties: depending on mass of the system

Intensive properties: not depending on mass of the system
Pressure, temperature, specific volume and density

Imagining another identical system created alongside the system under consideration,
If the property or quantity in question has doubled, then that property is extensive
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1.9 The Open System

S.J.T.U
Phase Transformation and Applications

Flow work: the internal energy of the materials entering and
leaving that system, plus the work done on the system.

W, = [ PV, = ["Pdv,m, = PV,m

Differential form

W, = PV,m,
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1.9 The Open System (2)

S.J.T.U
Phase Transformation and Applications

First Law for an open system

U.+PV.)om —(U_+PV_)om +&Q + oW =dU

| 1 0—0

~

Flow work

System
e boundar
Fig. 1.5
Flow work In

P—» | / an open system

~. - — -
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1.10 Enthalpy

S.J.T.U
Phase Transformation and Applications

Enthalpy: defined as U + PV

Relative value!

(Hi)&ni _(Ho)é‘rno +®+6\N =du

System
e boundar
om] " [om,)

V v

~. - — -
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1.11 Steady state

S.J.T.U
Phase Transformation and Applications

Steady state: defined as the system does not change with time.

> (Hiom) =Y (H,omy) + R +W =dU =0

System
e boundar
om] " [om,)

V v

~. - — -
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1.12 Heat Capacity at Constant Volume

S.J.T.U
Phase Transformation and Applications

Heat (energy) capacity: defined as the amount of thermal energy
required to change the temperature of a material.

X =dU =mCdT

oU
_ d—U B C e (_—j
CdT = = dU aT ),
No other forms of work involved
Need to specify
dU =mC,dT Path / Condition

A function of temperature and specific
volume of the material to which it applies.
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1.13 Heat Capacity at Constant Pressure

S.J.T.U
Phase Transformation and Applications

Heat (energy) capacity: defined as the amount of thermal energy
required to change the temperature of a material.

Q =dU —W =dU +PdV =dH =mCdT (aHj
C e
CdT:d—H:dﬂ : oT P
m

No other forms of work (except volume work) involved

dH =mC,dT

Need to specify
Path / Condition

A function of both temperature and presure
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Example

S.J.T.U
Phase Transformation and Applications

Calculate the energy required and the cost of heating a
slab of aluminum of mass one metric ton (1000kg) from
300 K to 800 K, a temperature that might be used to
reduce the thickness of the aluminum through rolling.

The aluminum will be heated by passing it through a
furnace that uses electricity as its source of energy. The
cost of electrical energy is assumed to be 5 cents per
kilowatt-hour. Assume all the electrical energy entering
the furnace is used to heat the aluminum.
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Example

S.J.T.U
Phase Transformation and Applications

Select the furnace as the system
It Is an open system. Assume it is at steady state.

D (Hidm)=> (Hyom )+ Q+W =dU =0

0\

Energy entered the system as
0~ ﬂi) work because of an electrical
potential difference (non

volume work)

800
ﬂo _ﬂi — CPdT

300
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Example

S.J.T.U
Phase Transformation and Applications

Select an aluminum slab as the system, It is a closed
system. The first law equation in integrated form.

Q+W=U,-U, . .
Q=U,-U,-W =U,-U,+P(v,-V,) < ==

=U,+PV,-(U,+PV,) ' — i '
— H2 _H1 :(ﬂz _ﬂl)m

This is essentially the same as the result obtained using the open
system. The energy supplied to the slab is treated as heat in this
case. Because there are no extraneous heat losses from the furnace,
the energy transferred as heat is identical to that supplied as
electrical energy to the furnace. The approaches, thus, yield the
same answer, as they should.
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S.J.T.U
Phase Transformation and Applications

Review / Key points

System / surroundings & 45

Open / close / isolated systemsi 55 191
Thermal equilibrium / steady state }-ffai 45
Heat / work#1J;

Internal energy N B #7724 e

State function: k& 5 %k

Intensive / extensive propertiesyi /& 75 & M i
Enthalpy 3

Heat capacity#%
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Review / Key points

S.J.T.U
Phase Transformation and Applications

e Systems can be classified as open, close
and isolated systems

e Oth law
o 1st law / energy conservation
 Heat / work

 Internal energy / enthalpy / heat capacity
e State function
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Review / Key points

S.J.T.U
Phase Transformation and Applications

e The first law of thermodynamics is simply the
principle of conservation of energy: that is,
energy can be neither created or destroyed. To
derive the practical benefits of knowing this
principle, we must construct an accounting
system for energy, sometimes called an energy
balance. This system must handle flows of
energy, such as heat and work, as well as the
various forms of energy that matter possesses.
To operate this accounting system, we will need
to understand a series of basic notions and
definitions.
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Homework

S.J.T.U
Phase Transformation and Applications

Any comments, suggestion and questions

sExercises in Chap 1
P38,1.2,1.3
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