Nov. 30, 2023

Department of Materials Science and Engineering
Pohang University of Science and Technology

1/3
AMSE205 Thermodynamics I

Prof. Byeong-Joo Lee

1.

2.

Problem Set #3 calphad@postech.ac.kr
Room 1- 311

The vapor pressure of solid NaF varies with temperature as

—34450
InP(atm) = T 2.01InT + 33.74
and the vapor pressure of liquid NaF varies with temperature as
—31090
InP(atm) = —T 2.52InT + 34.66

Calculate: (20)
a) The normal boiling temperature of NaF
b) The temperature and pressure at the triple point
¢) The molar heat of evaporation of NaF at its normal boiling temperature
d) The molar heat of melting of NaF at the triple point
e) The difference between the Cp of liquid and solid NaF
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3. B2 subregular solution model2 O|Z235t0 A-B 23 8MO| molar Gibbs energys H 4ot

ZAO|LCt. (20)

G, =X,"G,+X3°Gg +RT{X, In X, + X5 In X} + X, Xg{L, + (X, —Xgz)L,}
a) O] AOZHE A B HE9| partial molar Gibbs energy A2 | E5IA|2.
b) ?l subregular 4 ZEHO| A, B Zt 20| dilute EHO0|AM = Henrian S, rich &
A0 M= Raoultian H&2 LIEHCHE HEX AMHES o6 dS 2O[Al2.
c) ¥ a)0lA REDH A HE2| partial molar Gibbs energyZF E{ Gibbs-Duhem equation=
0|83 B ME9| partial molar Gibbs energyS 7 E=HA| 2.
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oAk H7 8 DS A o p £ A 719 %] \ | |
dEdE UEUH= =d As AHdotn, 4 GM'"“’-«*A oo %
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6. The followings are binary phase diagrams among three elements A, B, C, with melting point
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XB aB

0.10  0.0320
0.20  0.0800
0.30  0.1498
0.40  0.2400
0.50 0.3510
0.60 0.4782
0.70  0.6162
0.80  0.7559
0.90 0.8874
1.00  1.0000

of 1000, 1200 and 800K, respectively. Based on binary phase diagrams, sketch isothermal
sections of the A-B-C ternary phase diagram at 900, 700 and 400K. (20)
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The vapor pressure of solid NaF varies with temperature as

—34450
InP(atm) = T

—-2.01nT +33.74 S— ¥

and the vapor pressure of liquid NaF varies with temperature as

—31090
T

InP(atm) = — 2.52InT + 34.66 /—93

Calculate: (20)
a) The normal boiling temperature of NaF
b) The temperature and pressure at the triple point
¢) The molar heat of evaporation of NaF at its normal boiling temperature
d) The molar heat of melting of NaF at the triple point
e) The difference between the Cp of liquid and solid NaF
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2. BHHO| r 2l spherical particle 2 2™ Zat2 Q| C}
(capillary pressure)
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3. TS subregular solution model 0| 8510 A-B 2 89| molar Gibbs energyS HETH

Z0|C}. (20)
G, =x,"G,+x;°Gy+RT {x, Inx, +xylnxy}+x,x,{L, +(x, —x5)L,}

a) O Ao28El A B 4E2| partial molar Gibbs energy 212 REGHA|2.

b) -?—| subregular gﬂj" E%'OLA, B 7—|| Q—Em dilute %‘.Q‘.OHHE Henrian 71%%, rich ¥
O£ Raoultian 1SS LIEHHCHE HEF AMLE Mdd] S 20[A2.

c) §l ool =3t A HE9| partial molar Gibbs cncrgyi?ﬂ Gibbs-Duhem equation2
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3. CF2-2 subregular solution modelS 0] 8510] A-B 28 M| molar Gibbs energy & BT

Z{0|Ct. (20)

G, =x,"G,+x;°Gy+RT {x, Inx, +xylnxy}+x,x,{L, +(x, —x5)L,}

a) O Ao28El A B 4E2| partial molar Gibbs energy 212 REGHA|2.

b) -?—' subregular gq‘i E%'OLA, B 7—|| Q—E—m dilute %‘.Q‘.OHHE Henrian 71%%, rich ¥
O£ Raoultian 1SS LIEHHCHE HEF AMLE Mdd] S 20[A2.

c) §l ool =3t A HE9| partial molar Gibbs cncrgyﬁ?ﬂ Gibbs-Duhem equation2
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3. CF2-2 subregular solution modelS 0|83810] A-B 28 8UO| molar Gibbs energy & BT
Z0|C}. (20)

G,=x,"G,+x,°Gy +RT{x, Inx, +xy;Inxy} +x,x,{L, +(x, —x5)L,}
) O Alo28EH A B H&£9 partial molar Gibbs energy 1S FEoHA2.
b) -?—| subregular Bl

gﬁ" E%'OLA, B 7—|' Q—Em dilute Cg@{oﬂﬁ‘— Henrian 71%%, rich ¥
O M= Raoultian
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3 g2 subregular solution model€ O|25}0] A-B 2 8UO| molar Gibbs CangY% E:2:ikoly
ZA0ICt. (20)

G, =x,"G,+x;°Gy+RT {x, Inx, +xylnxy}+x,x,{L, +(x, —x5)L,}

a) O Ao28El A B 4E2| partial molar Gibbs energy 212 REGHA|2.

b) -?—| subregular %Qj” E%'OL A, B Z} Q—Em dilute Y A= Henrian H &2, rich &
AolME Racultian HES LIEPHCHE HEE AHS T dS 2o[A2.

c) §l ool =3t A HE9| partial molar Gibbs energy 25 E| Gibbs-Duhem equationS
0|85t0] B 4&2| partial molar Gibbs cnergyS 7 E0HA| 2.
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4. A-B 2 AA MM o, p 5 solution phase 7+O] EHE
ZHe 5 M9 Gibbs energy vs. composition curve o
common tangent line (38 ®FMHE 10, F
curve 240 FHEHES HS2=2M FFYE =+ ACL
3G, Gibbs energy curve & MM 2t
49| reference state Off M2t &2 d24E
ACE 1 8Y LS A8 o p F & UY
dEEE LUEtHeE =d Mg Eden,
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stA ZWECHE 28 2OAI2 (10)
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5.

1273 K, A-B 2 #A ¢ 1EH0M d& B 2 8 as
0.10  0.0320
KM M2 activi rt. solid B)7} Ch21F 20
20| E activity (wrt. solid B)7} CHS2F 20| 020 0.0800
H5YE%UCE o] ngde st SdEg 7 0.30  0.1498
EH LEIfE 22 3D (ideal, regular, sub- 040 02400
s » . 050 03510
regular model), & B 2| activity 2t molar Gibbs 0.60  0.4782
energy of mixing & analytic Pt FTASR 070  0.6162
ENSAe. E 29 $Aoz AN 2t 080 07559
e & - 090 0.8874
ZEOME| activity i HE ZHE activit
—=e s ° . 100 1.0000

a =
e Blusto 2R 2548 HO|AR.(20)

G et TGyt Tphad, 4 7 o 2

) 7%“ 7(;5 G, i o + 4 iy (Ldeal)

= %;6&_6 7@06715 4 %/&4/&} " @J@MZZB + L)//Qr%g (ﬂeamlowf>
- TGt Blo « Bdn Ty« To Tt [ Let (551,

—7 G@ = 0635 ‘fﬂrﬂb% Q’B (lJeul) -2 Qg= 7B
= o llg, 0. 1 o1l QI Midpha ot (A1)

= Gp + Pt U Lo T "% - 11, (3%) L4

= G+ Pl = (- g)Le £ (F75)"(1-u)

QO Tde = ap= 7,

Ly G

@ R:@Lalow : @;:04 ~7 dpzoz2 [dg= |— Qp= 1)
_= ap .
7 M ML = L ()

7 Lo - ypelS

(T=2n2k. #=6.37fuol-)

Up ;f/\[)(%glé_ﬂ ) X 1p



G\ Suloreaqlur

RTmae= (-7 L t (-25) (1-Ug) [ 4 f7 ks
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1 1 1 0 17 0 1

Wm%ulw | Leall ol wmade ML Rk



6. The followings are binary phase diagrams among three elements A, B, C, with melting point
of 1000, 1200 and 800K, respectively. Based on binary phase diagrams, sketch isothermal
sections of the A-B-C ternary phase diagram at 900, 700 and 400K. (20)
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