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P>y Hg - the standard enthalpy of B phase

H) - the standard enthalpy of y phase

AH,_,p - the transition enthalpy of o to 3
phase at Ty,

AHpg_,, - the transition enthalpy of B to y
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$9 = S?((a)- the standard entropy of a phase

 ASpsy 0_¢o0
SB = SX(B)- the standard entropy of B phase

S?, = S?((y) - the standard entropy of y phase

ASq-.p = AS(a-p) - the transition entropy of a to  phase

at Ty4

ASg .y, = AS(g_.y) - the transition entropy of ( to y phase
at Ty,
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Exercise 1

Calculate the change in the enthalpy and entropy of solid and liquid zinc in the
temperature range from T° = 298.16 K to T = 1000 K, step =100 K based on

following data:

MPT=692.655K BPT= 1180K

s- 4956 2.99E-3 .199E+5 O. 298.14 H?2=0. §9=9.95
| - 7.5 3*0. 692.655 AH._,; = 1750.

g- 4968 3%0. 1180.  AH,., = 27569.
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Calculation of the standard enthalpy and entropy of the liguid phase H o and SlTO

Step |. Establishing the equations for Cp and enthalpis and entropies of solid, liquid
and gas Zn

Cosy=a+b-T+c-T%+d T?
Cps) = 4.956 + 2.99E-3 - T + .199E+5-T"%> + 0 - T?
Cps) = 4.956 +2.99-1073-T + 0.199 - 10>- T2
Coy = 7.5 Cp(g) = 4.968, (b=0, ¢c=0, d=0)
H{;=0 AH ;_,,=1750 AH 4 = 27569 5§9=9095

_ AHe,; 1750
s>l 1, 7 692.655

AHI—)g 27569

= 2.5265 ASp.g=—— =5 = 23.3636

AS
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Step 2. Calculation of the standard enthalpy of liquid and gas phase for Zn

TO
" Cps)dT + AH (g _;) — f CppdT

m

H( = He) + f
T°

T, T°
H{y) = HQy) + j CrdT + AH gy — f CogdT

m Tb

TO
HY,) =0 +me (4.956 +2.99-1073-T + 0.199-10>-T~%) dT + 1750 —j 7.5dT

TO Tm

T, T°

m Tb
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Step 2. Calculation of the standard entropy of liquid and gas phase for Zn

T, Cp(s) ™ Cpa)
dT + AS, . j IO T
St = Sis + fT T =0 T

m

o C
~p P9)
Stg) = S + L 7 Gp@dT +454.) —f r T

7, (4956 +2.99-107% T+ 0.199-105-17%) 1750 jTO 7.5
%) =9.95 + j T 692.655
TO

Tb7 5 4 968

Tm T Tb
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Calculated the standard entropy and enthalpy of liquid and gas Zn

H{, = 1368.8 [cal - mol™]

H{,, = 31170.65 [cal - mol™!]

Sty = 11.603 [cal - K~ - mol™!]

S?g) = 38.450 [cal - K™! - mol™1]
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Step lll. Calculation of the enthalpy and entropy of solid, liquid and gas Zn

Hzoay = Hzay + a@y(T — T°) = 1368.8 + 7.5 - (T — 298.16)

Hzn(g) = HZn(g) + @(g)(T — T%) = 31170.65 + 4.968 - (T — 298.16)

T
Sz = Szay *+ @ - In (ﬁ) =15.00847.5° . <298. 16)

T
—_ 0 — | =
Sinig) = SZn(g) + a(g)ln (T") = 38.450 1+ 4.968 - In (298. 16)
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Step lll. Calculation of the enthalpy and entropy of solid, liquid and gas Zn

o T? — T T-T°
HZn(s) = HZn(s) T ag) - (T-T°) + bZn(s) . 2 * Czn(s) ° T -TO

T? — 298. 162 T —298.16
Hz,s) =0+ 4.956- (T —298.16) + 0.00299 - = + 19900 - =T

T TZ _ TOZ
Sau(s) = As) " In (ﬁ) +bb - (T —T° +¢e) 57 0z

TZ . TOZ

Z.TZ.TOZ

Szn(s) = 4.956 - ln( +0.00299 - (T — T°) + 19900 -

298. 16)
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T(K)
298.2
400
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500
550
600
650
692.7
700
750
800
900
1000
1100
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1200
1300
1400

Hg)
0
2628
3954
5306
6687
8096
9534
10785
11002
12500
14029
17177
20449
23844
26648
27362
31005
34772

H)
5727
8923
10492
12061
13630
15199
16768
18107
18337
19906
21475
24613
27751
30889
33400
34027
37165
40303

132535
133574
134614
135653
136692
137732
138618
138771
139810
140850
142928
145007
147085
148748
149164
151243
153321
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Sa)
48.548
57.769
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70.492
73.004
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160.875
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H(s) = Hzn(s)
H(1y = Hznq)
H(g) = Hzn(g)
H(S)T . HZn(S)
Hoyr = Hzp
Hgyr = Hzn(g)
AH (5o 1, = AH 70 (s-50)

AH (1)1, = AH zn(1-g)
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The change of the Gibbs Energy of the chemical reaction
A+B=C w T[K]=-const
AGg = AG,- AGgyp
AGr = AGq- (AG,4 + AGp)

AGp = AGg- AG, - AGg

1 1
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AG (A+B=C)
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Binary solutions

)
S
|

G + RTInX, + G&*

A
&
|

G% + RTInXg + G

Gap = XpG4 + XpGp

)
'S
™

|

X4(GY + RTInX, + G) + Xg(G3 + RTInXg + G&

2
|

1 - Xg
1-X,

S
v
|l
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Binary solutions - continuation

Gip = X,GY + XpGY

AGap= X4(RTInX, + GY') + Xg(RTInXg + GF"
Roztwory doskonale

G = 6% + X,RTInX, + XgRTInXp

AG%= X ,RTInX , + XgRTInXp
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Excess Gibbs free energy

Gop = XG5 + XpGy*

G5 = X TRIny, + XgRTIlnyg

AGap= X4(RTInX, + GY') + Xg(RTInXg + GF"
AGap= X RTInX, ¥4 + XgRTINXpyp

ay = X,V

ap = XgVp
AGap= X RTlna, + XgRTlnag
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Partial Gibbs free energy of component

AGABZ XARTlnaA + XBRTlnaB

AGA RTlnaA

AGg= RTlnag

Project WND-POWR.03.02.00-00-1043/16
International interdisciplinary PhD Studies in Materials Science with English as the language of instruction

Project co-financed by the European Union within the European Social Funds



European Y . INSTITUTE OF METALLURGY European Union

Funds AND MATERIALS SCIENCE g
) @A £oLisH ACADAMY OF SCIENCES European Social Fund
Knowledge Education Development

Component activity
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> [J/mol]
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Gibbs-Duhem equation

X1dG5* + X,dG5* =0 T=const
Gi" = G1 (T, X3)
Gy = G2 (T, X3)

dGE*
dx, )T

dG§* =

dGS*

dGgr = (25
2 dXo T
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Interphase equilibri
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amic analysis

G' [kJ/mol]

T =T,= const

| XB(liq)
|
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Roztwor ciekty

Roztwor 2-fazowy L+S
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Applying the Gibbs-Duhem equation
a) Partial function of component 2 is known

X,dG5* + X,dG5* =0, G5* =V(X,), T=const
G1* = Gy (X2) G3" = G3" (X2)

dGex) (dGex)
ex __ 1 ex — 2
dGy” = (dXz T dG; dx, /7T

dGe* dGE*
ax, = X2ax,
dGE" X, dG&F

dX, 1-X, dX,

Project WND-POWR.03.02.00-00-1043/16
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Applying the Gibbs-Duhem equation

dG* X, dGS¥
dX, 1-X, dX,

S
¢
!

d ex X dGex
1 f 2 2 dx,

1-X, dX,

dGE* X dV(X
1 f 2 ( Z)dXZ

1-X, dX,
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€X ex p—
2000 — G2 G1 W(Xz) +C

= - To calculate C constant the G;* value for any X,
g | Giz (+) i (X,) value must be known.

0 [ From the figur on the left side one can notice that:
I - for X,=0 (X;=1), Gi*=0
and it gives

. i C = —W(XZ = O)

Project WND-POWR.03.02.00-00-1043/16
International interdisciplinary PhD Studies in Materials Science with English as the language of instruction

Project co-financed by the European Union within the European Social Funds



European @M INSTITUTE OF METALLURGY European Union
Funds A, AND MATERIALS SCIENCE .
& POLISH ACADAMY OF SCIENCES European Social Fund

Knowledge Education Development

Example:
The partial excess Gibbs energy of component A in binary liquid alloys A-B
IS given by following equation:

G = 2500(1 — Xp)? T = const.
Calculate the excess Gibbs Energy the component B.

ex

B — —
- 5000(1 — Xp)

From the Gibbs-Duhem equation it is known that:

d6y*  Xp dG¥
dXg 1-XpdXp
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dX g
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——42 dXz = 5000 (1 —Xz)dXp

|-

X4 )
GS* = 50007 = 2500X%

G&* = 2500(1 — Xp)% = 2500X5

Gop = X465 + XpGg*

GS5 = 2500X,X 5
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_ Ggp G I
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[J/mol]

ex
AB
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Applying the Gibbs-Duhem equation
b) Molar Gibbs energy of solution (1-2) is known

GE* = X1 G5* + X265* =(1 — X5)GE* + X,G%*

dGex
dX,

A6 _dGy _(cox  y 6T\ | cox | o dGF

dX, dX, dx, dXx,

dGe* dG, dGe™ dGe*
— G¢* - X, + GS* + X,

dx, dX, dXx, dXx,

= d(GE* + X,65%) + X, 65"
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dGe* dG§* — dGe* LG4 x dGS*
dX, dX, > dX, > dXx,

dG** dG, dGe* dGS*
~ G -(1-X + G+ X
dX, ~ dX, ( 1) dX, > dXx,

dG** dG, dGe* dGS*
—G¥+G6G¥-(1-X X
dX, dX, ! +67 = 1) dX, T4 dX,

dGe* d6‘1 dGex+X dGex+X dGS*
dX, dXz L dx,  “ldx, % dx,

— Gex Gex/* XZ
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dGex
dX,
ex
dX,

d Gex
dX,

X = X,6G5" — X,G7"

X; = X,65" — (1 - X,)GT*

Xz — Xngx—Gix‘FXlGix

Gex — Gex X dGex
1 = 274X,

Gex dGex

=G*+(1-X
dX, =+ l)dXz

ng — Gex + X1
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Measurement of the thermodynamic properties
Gig = X4(GS + RTInX, + G¥) + Xg(GY + RTInXy + G&*
Gap = X4G) + XpGy + X RTInX, + XgRTInXg + X,G%* + X5GE*
G = [X,69 + XgG% + X RTInX, + XgRTInXg]
Gis = XG5 + XpGF'

G=H-TS
GizHi—TSi

Project WND-POWR.03.02.00-00-1043/16
International interdisciplinary PhD Studies in Materials Science with English as the language of instruction

Project co-financed by the European Union within the European Social Funds



European @O INSTITUTE OF METALLURGY European Union

Funds AND MATERIALS SCIENCE

' M POLISH ACADAMY OF SCIENCES European Social Fund

Knowledge Education Development

Electromotive force measurements of activity (Au-Li)

Lig || (KCI-LICl)e || Au-Li
AGLi = —nFE = RTln(XL,)

—n-F-E
R-T

Gi; = AGy; — RTIn(X ;) = —nFE — RTIn(Xy;)

ay; = exp

dAGy; dE
ASLi:— dT = nF ﬁ = nFB
p p
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AHy; = AGy; + TASy; = —nF |E — nF (%)p = —nFA

St = ASp; + RIn(Xy;)

where: F — Faraday constant, R — universal gas constant, T — absolute temperature [K],
E — electromotive force as a function T, X;;- concentration of lithium in the alloy, a,; — activity of Li

AG;; — change In the partial free enthalpy of lithium, AS;; — change in the partial entropy of lithium,
AH,; — change in the partial enthalpy of lithium, S;; — partial excess entropy of lithium.
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The calorimetric study of the mixing enthalpy

Hpiss—x = (AHsignal * K) — (H>T<R_>TM ‘ny)

2 Hpiss-x
AI_Imix_
Npoy+NLj+ngsy

where AHg;jgq IS the heat effect measured after each drop of metal samples (Au, Li or Sn) into the

metallic bath (Au, Li, Au-Li or Au-Sn), K is the calibration constant, T and T,, are the drop
temperature (room temperature) and the calorimeter temperature of the respective measurement in
Kelvin.

H)T(R_’TM IS the enthalpy change of the pure metals (Au, Li or Sn) from the room temperature (Tg) to

the measurement temperature (T,,), N,,, N; @and ng, are the numbers of moles of gold, lithium and tin,
respectively. Hpss.x IS the enthalpy of dissolution of pure gold, lithium or tin.
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Direct reaction method
XAA(TR) + XBB(TR) —_— AXABXB (T)+ Q

where: Ty, is the temperature of the components before the introduction into the reaction zone (crucible),
T is the temperature at which the reaction goes on (crucible), and Q is the heat effect measured by the

calorimeter. In such a case, the formation enthalpy A¢H at temperature T is calculated according to the
following equation:

AfH = Q — (X,AH, + XgAHpg)

Where: X, and Xg are the mole fractions of the reacted components (A, B) and AH, and AHg are the enthalpy
changes of the solid metals (Au or Li) between temperatures T and T.
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Task to do:

Korzystajac z definicji funkcji mola roztworu funkcji namiarowej oraz rownania

Gibbsa -Duhema wyprowadzi¢ rownanie dla nadmiarowej energii swobodne;
Gibbsa sktadnika 2 — pisemnie.
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Drut Pt-Rh 30 Drut Tantalowy

T g

Sole LiCI+LiF

P Al () || (LICl - LiF)gy, + Al || AI-Ni-Ti (s)

Tygielek z Probka

Elektroda odniesienia
99,999% Al

Tygielek z Mo

Druty termoparowe
Ni-Mo

T
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Entalpie tworzenia faz w uktadach
trojsktadnikowych okresla sie z
wykorzystaniem zaleznosci:

11/

R

1. Tygiel alundowy.

2. Stos termoparowy NiAI-NiCr.

3. Mieszadetko.

4. Doprowadzenie probek do kapieli z
temperatury pokojowej.

5. Termopara mierzgca temperature w tyglu.

6. Korpus bloku kalorymetrycznego.

7. Pojemnik ze stali zaroodporne;.

8

9.

1

. Piec kalorymetru.
Pojemnik posredni.
0. Doprowadzenie probek do pojemnika
posredniego.
11. Termopara mierzaca temperature w
pojemniku posrednim.

Schemat bloku kalorymetru AH= XAAHeAf + XBAHer + XCAHEf _AH®

AxxBxsCxe
typu rozpuszczania
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