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Gibbsova-Duhemova rovnice
a jeji odvozeni

P.M.M.Duhem

J.W.Gibbs
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Parcialni hodnoty TD funkci
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4. Binary (two component) systems : The chemical potential

Chemical potential : governs the response of the system to adding component

_Two component system need to consider partial molar u, and .

Total molar Gibbs free energy = -Sd T + 1, X, + 145X (+VdAP)
Je-11 P, T konst

Simplified equations for an ideal liquid G=X AﬂA + X B uB

#AXA = GA +RﬂnXA

JUBXB — GB +RT|HXB

Ideal liquid or gas by Gs

G,
l.e. u, is the free

energy of —RT InX, 4 ' -RT In Xg
component A in A

the mixture

y Hg
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Odmiseni v tuhe fazi typu BCC
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Deformace Gibbsovy molarni energie smési

V tuhé fazi — regularni model
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Bezbarierova nukleace spinodalniho rozpadu

Energie libre : [

Typical microstructure evolution |
of spinodal decomposition:
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Gm pro Pro polymery

Deriving the Entropy of Mixing with Flory-Huggins Theory
1...volume fraction of specie 1

Imagine a Square Lattice Where Two Different Species (Blue and Red) Are Present

Here, we start out in a manner that is similar to as Lecture 1.7;
however, we will now make the red species part of a polymer

oel®e
Moreover, we will shift from mole fractions to volume fractions. In
I IDD doing so, we will state that a segment of the polymer chain will
L] occupy the same volume as that of the small (i.e., solvent)
U[‘n molecule. This causes the volume fractions to be:
_ Nm,
T m, 4+ Nm,

my

¢b=mb+Nm,,,;

br

In doing so, it can be shown that the change in entropy for a polymer chain upon mixing is:
(as,), = —king,
In a similar manner, the change in entropy for the solvent upon mixing is:

(4S,), = —klIn ¢, thalpy and Free Energy of Mixing with Flory-Huggins Theory

Mult[plying by the number of molecules of each type and summin g yi elds the total chan ge: Imagine a Square Lattice Where Two Different Species (Blue and Red) Are Present

The derivation for the enthalpy of mixing for the Flory-Huggins
AS,, = —k[m. Ing, + myIng,] Theory is the same as that of the Regular Solution Theory
nnn because there was the assumption of interactions does not
depend on the fact of whether the two neighboring sites were
linked or not. As such, one must just change the molar fractions to

D[‘n volume fractions to yield the following.

AH‘m = ¢r4’b1 kT
This allows us to make the same substitution as before for the free energy.
AG,, = AH,, — TAS,),

AG, _ (X
T brdpx + ﬁlnxr +¢pIngy

Moreover, this expression can be extended to blends of polymers where there are N, segments
of the red polymer and N, segments of the blue polymer. This yields:

_SoftMatter.pdf

r¢bl + [%lnxr +
T

z—:ln(i)b]
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Peritectic equilibrium
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Liquidus line |
. Critical point
T Critical point
B B Metatectic line
3 L L
LyS 7 +L 2
Lgrl o > L+ 3 L Ly 2
e Y
Monotectic line L1+3 s 2
R+s \ La+S
L+5S \
s Syntectic line
A x—>w B A X — B A x —> B
a) b) c)

Eutectic-type invariant reactions
1. Eutectics: | 2 s1 + 82

2. Monotectics: 12211 + s
3. EBEutectoids: s2 = s1 + 52

4 Catatectics: s1 = | + 52

Peritectic-type invariant reactions
1. Peritectics: | + 82 2 s1
2. Syntectics: 11 +12 > s
3. Peritectoids: 51 +s53 =2 52

Types of binary diagrams

Invariant Point

Eutectic
A point which
three phases
arein

equilibrium. Eutectoid
Peritectic
Peritectoid
Metatectic
Monotectic

Syntectic

Reaction

[2a+p
{28 +5;

y=a+f
5,25, +5;

[+a=p
[+8,28,

fra=yp
Si+5#=S;

a=/+pB
S =0+5,

[(=atl,
=540,

[+hL,=a
L+L=5

Monotectic reaction Metatectic reaction
—_— L2+S 8 == L+5

Syntectic reaction

Lislp==S

Example

a+p

L+a

>

a+fp

OO0 000 O

L+p

%

L+a

System

Ag-Cu
Pb - Sn

Fe-C
Al-C

Cu-Zn
Al - Ni
Cu-Zn

U-Mn

Cu-Pb

K-Zn
Na-Zn
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FD s horni a dolnim kritickym bodem
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Typu FD smesi polymeru (souhrn)

A UCST B

The clasical Flory-Huggins theory
of mixing predicts only one region
of immiscibility with an upper
critical  solution  temperature.
However, for some polymer
blends, there are two regions of
immiscibility; one is characterized
by an upper critical solution
temperature (UCST) and the
other by a lower critical solution
temperature (LCST). A third
polymer blend system shows one ONE-PHASE REGION
continuous region of immiscibility RECION

extending from Ilow to high

temperatures with miscibilty at / TWO PASE
(very) low and high polymer \
volume fractions. Volume Fraction of Component 1 or 2

ONE-PHASE
REGION

TWO-PHASE
REGION

TWO-PHASE

REGION ONE-PHASE

REGION

LCST

TWO-PHASE
REGION

Temperature

ONE-PHASE

TWO-PHASE
REGION

http://polymerdatabase.com/polymer%?20physics/Phase%20Equilibria.html



Experimentalne meritelna termodynamicka data
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Zakladni nazvoslovi fazovych diagramu
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Diskuse

Anomalie vody :

The heat of fusion of water with temperature exhibits a maximum at -17°C
Water has over twice the specific heat capacity of ice or steam
The specific heat capacity (CP and CV) 1s unusually high
The specific heat capacity CP has a minimum at 36°
The specific heat capacity (CP) has a maximum at about -45°C
The specific heat capacity (CP) has a minimum with respect to pressure
The heat capacity (CV) has a maximum
High heat of vaporization
High heat of sublimation
High entropy of vaporization

The thermal conductivity of water 1s high and rises to a maximum at about
130°C


http://www.lsbu.ac.uk/water/explan4.html

Fig. 1.46 Evaluation of the change in chemical potential due to a change in compos
tion. (After M. Hillert, in Lectures on the Theory of Phase Transformations, H.
Aaronson (Ed.),©The Amencan Society for Metals and The Metallurgical Soclety 0

AIME, New York, 1969.)




Vicestupnova destilace

Pokud chceme sniZit energetickou narocnost destilace, je tieba vyuZit odpadni teplo. Teplo,
které se uvolni pri kondenzaci vodni pary, je pochopitelné mozné vyuZit pro dalsi destilaci,
zakladni problém je ale v tom, Ze slana voda se vafi pfi trochu vy3ii teploté, ne? je teplota
kondenzace ciste vody (Cim vyssi obsah soli, tim vy33i je bod varu). Bod varu vody je viak sil
zavisly na tlaku. Nabizi se proto jednoduché feSeni — pouzit fradu za sebou zarazenych
destilacnich komor a sniZovat v nich tlak tak, aby kondenzujici voda z predchoziho stupné
dokazala privést k varu vodu v nasledujicim stupni.

Vicestuprfiova destilace

Néktera opravdu velka destilacni zaﬁzen na tomto principu pracuji treba v Saudske Arabii. /
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