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1.

2.

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. E& 2 subregular solution model2 O|Z235t0 A-B 23 8MO| molar Gibbs energys H 4ot

ZAO|LCt. (20)

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

m

a) O] A28 H A B H&9| partial molar Gibbs energy A2 FEOHA2.

b) ?l subregular 4 ZEHO| A, B Zt 20| dilute EHO0|AM = Henrian &, rich &
A0 A= Raoultian H&SS LIEHHCHE HEX AME S THRIsH S EO[AIL.

c) ¥ a)0lA REDH A &2 partial molar Gibbs energy 25 E{ Gibbs-Duhem equation=
0|83t B ME9| partial molar Gibbs energyS FEHA| 2.

4. A-B 2 AAOMXM o B F solution phase 7F2| B G [ - m ' —
242 5 49| Gibbsenergy vs. composition curve 0| - Tm"‘ | o= 3Gre) .
common tangent line (38 ™S 10, F
are 9o YHS RHBOBM FWE 4 Urh
AL, Gibbs energy curve & JAEOIMXE 2Zf h o
HA9| reference state Off 2} FHe2[ dHE =+ -

Ch HF 8% DU ARSI0] o, p £ A 7tO) ] &\ . |

5
NEHS Uty =7 A2 IND, 2 PO A s
fIA0f CHof LEHEl reference state & ALESH= of v i 5
MEY X2 reference state Off A 10| unique s - |
St AYECHE S 20IAIR. (10) N,
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5. 1273 K, A-B2 A o nE&HOM & B 9 B a8
ZH0|| UHE activity (wrt. solid B)7F CF&1 20| 8;2 282(2)8
SdEQCE o 18Yel E9et Ed= /& 0.30  0.1498
o UE= 2EES &1 (ideal, regular, sub- 0.40  0.2400
regular model), ‘S B 2| activity 2} molar Gibbs 828 gigég
energy of mixing = analytic oF FTACE 0.70 0.6162
HESHAI, = BH $A0=2 M 2 0.80 07559
ANl activity 2ot A FEE activity (1)32 ?E:)E‘)Z)g

_I
o [
= Hlusty ZEo| 245 HO[A2.(20)

£

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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1.

The vapor pressure of solid NaF varies with temperature as

—34450
InP(atm) =

—2.01InT + 33.74

and the vapor pressure of liquid NaF varies with temperature as

—31090
InP(atm) =

— 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

0) Ligude| vopor pressure ok iRt Fobdlg xRl T boiling pintold T oloz
Inl= —% — 2.5 LT+ 3466 =~ To= 2006 (K)

b) Selidst Ligid & Vopor pressure T Poizti Agold| Tok triple pointoidl T olez

L 34#_450 20T+ M= -20 250h] 13y STz DAK)
t

aelf presues Zaypl P = & [3“7? -20 bt k) Re 22910"* (atm)

C) Toold the mobar bt of eunporationd o

dbp 4  d _ 30 28
SRR SR anbTias) - 2022

= AH,,z R(310f0 -2 52T) =834 ()X (3010 - 220X2006(K) = 206500(3)
d) Teold the mobor bt of mekting 2 ole®
AHsag = AHssv - AH gy ole2
Mo = REM0-20T) - AHesr= R(3M50 - 31090 -{(.01-252)T) = 8.3k B0+ 0.51T)

T=Teol22  AHsss = 5384 (ImlKY 260 + 0.51 X 1238(k)) = 331%0(T)

e) Allssp= R(3360 + 0.5IT)

s

= 0.5IR = 4.24(I/K) = -G >0
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AGm= Atlm=TmASk

Aélm= 0O —/ ATm - %,”-S'TL)

(melﬁng pointoil r ASm N ATm _ ({s-fl_) : 2Vm

s34 46=0) Tn AHm

_ Abm
ASn



. CF&2 subregular solution model2 O| 835t A-B2Y 8MO| molar Gibbs energyES H 2ot

Z0|Ct. (20)

G,=x,"G +x,°G,+RT{x, Inx, +x,Inx,}+x,x,{L, +(x,—x,)L,}

a) O] Mo282E A B d&2| partial molar Gibbs energy &2 FE5HA|2.

b) 9l subregular EH ZEO| A B 2t d&£0| dilute BH A= Henrian HS2, rich &
S0l M= Raoultian &2 LIEIHC= M AHE WA HE HO[A L.

c) ¢ a0l R A &2 partial molar Gibbs energy 2% E{ Gibbs-Duhem equation=

0]83t0] B A&2| partial molar Gibbs energyE FE5HA| 2.
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C) Gibbs-Duhem Equation : E‘XndEHO (@ fartial Molar Buentity)
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5. 1273 K, A-B 2 ®A o D840A 2 B 29 XB aB
0.10  0.0320

MO 2 aetivi ] creat zo

MOf| [HE activity (wrt. solid B)7} CH21} 20| 020  0.0800

FYE[RUCE O] 184l E9st EdE 7tE 0.30  0.1498

Z LEtH= ZH2 &I (ideal, regular, sub- 0.40  0.2400
0.50 0.3510
0.60 0.4782

regular model), & B 2| activity 2t molar Gibbs
o
=

N
energy of mixing

analytic oF 4 0.70  0.6162
BHSIA|R. £ HEH fAoz Hitet Z} 0.80  0.7559
. = 0.90 0.8874

ZMOMO| activity #f0t M ZSHE activit
° e ° Y 100 1.0000

—Ho
4>
0x
Lo U
Hr
=)
>
fo
E

U HlWo5tol ZEe

) 0v- 3 oot e st Gu- 85 P ok O 2 4 e o el ik 94 3
it) Gm= %XaGaa + %8G + RT (%aLnOn + Xo fns)  fEqular medel ol Ol
=26m*= ?(:GA + Xsa(:‘as +RT(Xaln%a+ XedaXe)+ RT (Xaln Y+ Xs faYe)
= X, Con + XeGe +RTUD Kat X oXe) + XaXeLap 012 XaXslap = RT (}(Aﬂnﬂ +Xp.tnTe)
ozl RTAT: = o0&, RTAT = oix2 (o=La) - XXaXa+ RTHelnTe = KL pg + RT Xe fn¥e = XaXslas

> hel1-%0)=RifiTag of 48 222 (= exp (2URD) gy - gg ooz

. LFB“"XB)I Krﬁﬂ RT Un(0.0300/0.1)
S0p=Xexp| 220, £ O Las = ex.las = = —=3— = -1.889)
Op = Xo X RT /° (1-Xe)™ - ( (-01*
i#i) subregular modelotiA
391 problem ol 72 2R RTInGls = RTS +(-%0)Lo +(-67 U-4%elLy
, (I-%ef Lo + (1-XeY(I-4%e)Ly
S 0g= X8 exP
RT
lof Lig 7ol (Xp=01-> = 0.082 /Xs=02 - Oa= 0:08)
Zs otdl Bz Aol ol O 3 PP YA4S ZolRd [o= 1500, Li- 4l
L — a 2 o 2
Wio] mblold 75 Qs48 olgste] U modelold de & LB ofZieh B
x B aB ideal(a_B) regular(a_B) subregular(a_B) 2 Xkideal) 2 XHregular) 2 XHsubregular)
0.10 0.0320 0.10 0.031999836 0.032018454 0.048083261 1.15677E-07 1.30486E-05
0.20 0.0800 0.20 0.081289721 0.080037203 0.084852814 0.00091197 2.63067E-05
0.30 0.1498 0.30 0.150579619 0.146989753 0.106207439 0.000551274 0.001987145
0.40 0.2400 0.40 0.241060283 0.234704326 0.113137085 0.000749733 0.003744607
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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)

TEMPERATURE_KELVIN

1200

1100

© o
o o
o o

o @ N ®
S © o o
& © o o

s
> o
=)

MOLE_FRACTION B A

MOLE_FRACTION C

T gojoild SeiZ FdoPl Qg Bk
900(K) , N0 (K), 400(KINA Tenory phose diogram & 2240R orHS} Zrk-

{900(K)>

<700(K>

1200 +

| 1000 L L L 1 I
/ R
/ // 200 Q#K sl
L LT g
e - - gl 8007 ¥ e
Wb B Rl el e E
A// \\ K g . /C"'X'/ § 700
/ \ £ % \ = 800
g || f
/ A+B \’L = 500+ A"'C \ ¢ 500
400
02 04 05 08 10 T oz s o5 o8 1o

B+Cth £ v-l
eic j.

0
B

MOLE FRACTION C ¢




