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An ideal ¢ ] rhe &80 % TiteriNit §hredel ate (1) the
ﬁnal vclume of the system, (2) the work done by the system, (3) the heat cntcnng or

leaving the system, (4) the change in the internal energy and (5) the change in the

enthalpy when the gas undergoes

a, areversible isothermal expansion to a pressure of 10 atm,
b, areversible adiabatic expansion to a pressure of 10 atm,

The constant volume molar heat capacity of the gas, c,, has the value 1.5 R.

Shfe 1,  FEV=mgl .| #wz x5 = 9./ mmofer,
0.08208x300
Isothrma) tiponsior H Safe 2. Bl h mLRE 2254
' =50 K
adlabailc trparim flow ifae | 19 Sfate
% %
/’:/y /S (5 /’;{,‘; = /mé% b= 187348

7= Y e 1O X /343 ~ 245 K
e 1.5 % 1.04248

2) /et b‘/ﬂ’ﬁﬁ’d-
¥y = 22.5 £
;j /j‘. 7° -bﬂ:"& Wo‘xd?i/#x.?d/x&%? = Padg T
i) gEH~= fzﬁ J
4) A7z 0 .. Ao
g£) 47T=0 .. =0
}) adaballe Jx;fhf/};‘

) V3= /8 /.5’/

2) We =D =My (T3-7) 5 =g n)ENE I Rg N (255~ F00)
= 5/.94,7"

3) Z

) Aﬂ: - ’5-?’«7- ' ;.._::3
§Y) M= re(G-7) = 9. /4r"x Lasfx (5—300) = ~F5FF T. =

1

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
“r'_‘ DI']: 9 s+ \i .i a } :

to th fllo threee, h of which is conducted reversibly:
a, A doubling of its volume at constant pressure,

b, then a doubling of its pressure at constant volume,

¢, thenareturn to the initial state along the path P = 6.643 x 1074V2 + 0.6667.

Calculate the heat and work effects which occur during each of the three processes.
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<> lhe ininal state of 2 quantity of monatomic ideal gasis P =1 atm, V = 1 liter and T = 373
K. The gas is isothermally expanded to a volumie of 2 liters and is then cooled at constant
pressure to the volume V., This volume is such that a reversible adiabatic compression to a
pressure of 1 atm returns the system to its initial state. All of the changes of state are
conducted reversibly. Calculate the value of V and the total work done on or by the gas.
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i atm and 2
24 Two moles of a monatomic ideal gas are at contained at a press;‘n;ee sc;fl : 1‘Jf o oh the
. temperature of 300 K. 34166 ] of heat are transferred to the gas, a5

i i rsible.
gas expands and does 1216 J of work against its surroundings. The process 18 1eVe
Calculate the final temperature of the gas.
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ﬁ—s—eﬂe-meb-emz-gﬁﬁmﬂmin@lﬁ AD) K hadalpresusrE 6 I atm. The addition of 3000 J
. f work to be done during the
of heat to the gas at constant pressureé Causes 832... Jo
expansion. Calculate (i) the final state of the gas, (i) the values of zS:U and AH for the
change of state and (iii) the values of ¢, and ¢, for N2. Assume tk‘xat nitrogen behaves as
an ideal gas, and that the above change of state is conducted reversibly.
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26 10 moles of ideal gas, in the initial state P1 = 10 amn, T, = 300 K are taken round the
following cycle.

a a reversible change of state along a swaight line path on the P~V diagram to the
state P=1atm, T=300K,

b areversible isobaric compression to V= 24.6 liters, and

¢ areversible constant volume process 1o P = 10 atrn.

How much work is ddne on or by the system during the cycle? Is this work done on the
system or by the system?
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Al ¥ U.I“U-J

@ Anisothermal expansion to 0.5 atm, followed by,

b an isobaric expansion to 100°C, followed by
¢ an isothermal compression to 1 atm, followed by

d an isobaric compression to 25°C.

The system then undergoes the following reversible cyclic process.
a  Anisobaric expansion to 100°C, followed by
b adecrease in pressure at constant volume to the pressure P atm, followed by
¢ anisobaric compression at P atm to 24.5 liters, followed by |
d an increase in opressure at constant volume to 1 atm.

Calculate the value of P which makes the work done on the gas during the first cycle
equal to the work done by the gas during the second cycle.
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Problem 2.8* One mole of a monatomic ideal gas at standard temperature and
pressure (STP) undergoes the following three processes:

1. at constant Pressure the Temperature is doubled.

2. at constant Temperature the Pressure is doubled

3. the gas is returned to STP via constant volume process

Calculate AU, AH, q and w for each of the steps.

Solution
First calculate the values of T, V and P at the states A, B and C.

Step 1

T V P
A T, V, P,
B 2T, 2V, P,
C 2T, V, 2P,

Step1 A 2B

AU, =C,AT=C,(2T,-T,)=C,T,
w,=PAV=PQ2V,-V,)=PV,=RT,
q=AU+w=C,T,+RT,=(C, +R)T,

Step 2 B>C
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AU, = C,AT =C, (2T, —2T,) =0

W, = Ivc RVTBdV _ 2RTA_[VCd—V =2RT, m“i_c =-2RT,In(2)

Vi Vg V B

q, =w=-2RT,In(2)

Step 3 C2A

AU, =C,AT =C,(T,-2T,)=-C,T,
wy = IVA Ea’V =0 since V.=V,

Ve V

g, =AU, =-C,T,

Thus we see that for the entire process:

AU =C,T,+0-C,T, =0 as it should for a state function
D w, =RT, —2RT,In(2)+0

Zqi =(C, +R)T, -2RT,In(2)-C,T, =RT, —2RT,In(2)
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Problem 2.9%

. . . M  constant C
Paramagnetic salts often obey the Curie relation: % ===

T T
Obtain an expression for the work needed to change the magnetization from
M =0 to M = M of such a material. Assume that the field and the magnetization are

parallel.

Solution

M M, ™ ™ HM
w=[ " VI = | fyovT-dM:yovz—Cf:/,zov f2 !

H M,

From the equality w= gV we see that to get to the same M at higher

temperature, more work is needed. Temperature works against the ordering of the

moments.

M,

From the equality w = 2,V —~ > we also see that the work needed is the area under

the linear # vs. M plot.
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Problem 2.10 * One mole of a monatomic ideal gas is taken on the path A=> B -
C 2D A as shown in Figure 2.7 .

(1) A-> B is areversible isothermal expansion of the gas;

(2) B = C s areversible adiabatic expansion of the gas;

(3) C =D s areversible isothermal compression of the gas

(4) D 2 A is areversible adiabatic compression of the gas.

a. Derive expressions for AU, q and w during each step in terms of Va, Vi, V¢, Vg, ti,

t> cv and R. Determine the sign of each.

b. Determine the values of X(wj), 2 (qi) and X (AUj) in terms of Va, Vb, Ve, Vg, t1, t2

and R. Determine the sign of each.

pressure —>

volume ——>

Figure 2.7
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Solution

MWA—>B AU, =0; w,=¢q,=Rt, ln(%) >0

2 B—>C ¢q,=0;, AU,=c¢,(t,-t)) <0, —w, =AU, sow, >0

B)C—>D AU, =0; w,=q, = Ri, ln(‘;—d) <0

@HD—->A q,=0;AU,=c,(t,-t,)>0 -w, =AU, sow, <0

SUM > w, =R, ln(%) +Rt, 1n(%) >0

a c

v, 1%
> g, =Rt, ln(V—:) +Rt, 1n(7i) >0

AU =0

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

Problem 2.11 *

The change in enthalpy when one mole of solid water (ice) is melted at

273 K is 6008 J.

a. Calculate the change in enthalpy when ice is melted at 298 K. Is this process
possible at 1 atm?

b. Calculate the change in enthalpy when supercooled water solidifies at 260 K.

c. Sketch the H vs. T plot for both solid and liquid water.

For this problem take the heat capacity of liquid water to be 75.44 J/k and that of solid
water to be 38 J/K over the range in temperatures of the problem. The enthalpy of

liquid water at 298 K may be set equal to zero.

Solution:

a.
HIS{ZO(T) - J-229783 C’L’dT —AH, + J.2T73 CISJdT
=75.44(273-298) — 6008 + 38(T —273) J
= 7894 +38(T —273) J
H,o(T) = [ chdT =75.44(T ~298) 1
Thus
AH, = H"(298)— H"*(298)
=0—(—7894) +38-(298 —273)
= 6944 J.

Yes, ice can be superheated

AH ... =H?®(260)— H"(260)
H"(260) = 75.44(260 —298) = —2866.72
H®(260) = —7894 + 38((260 —273) = —8388

AH =(—8388) —(—2866.72) = -5521.28 ]

fusion
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Problem 2.12* Three phases, 3 ,o. and & meet as shown in Fig. 2.8a, forming three
interphase interfaces, namely the B / o, the 6 / o and the .0 / B It can be shown that
the following holds

Yaip _ Vs _ Vps
sinf, sin6@, sing,

Using the above equation determine the equation that relates the grain boundary

grooving angle g to the interface energy Yo/ and the grain boundary energy ya/a.

See Fig. 2.8b.

a, .
’
*, s

“\ J’
\ Liquid /
h! +
\‘ ri
£y L

b — YL
sin @ sing,,,

groove

0, ooe T 20, =21

groove

7
sing_,, =sin(zr ——4—=) = sin(—=-)
2 2
Yoo Van

Sim ggroove Sin( g;ove )

using: sin(2X) =2sin(X)cos(X)

S

groove _ groove
Vb = =2¥ , COS(———)

Sin( groove )
2

using: sin(2X) =2sin(X)cos(X)
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INTRODUCTION

This solutions manual provides worked-out answers to all problems appearing in

Introduction to the Thermodynamics of Materials, 6:n Edition, with the exception of some of the
problems in Chapter 5 and Problem 9.7), which are included in the answer section in the back of
the book.

Complete solutions to all the new problems to the 6 edition are included and denoted by *.

All solutions arc comprehensive, making this supplement a useful instructional tool for
professors and students.

This document is available on Q stUdocu

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

Problem 1.1* The plot of V=V (P, T) for a gas is shown in Fig. 1.1. Determine.
the expressions of the two second derivatives of the volume of this plot. (note: the
principle curvatures of the surface are proportional to these second derivatives).

What are the signs of the curvatures? Explain.

Solution: start with the defining equations of Bt and a.

(5_VJ =-V 3, assuming f, is constant
T

oP
2
orP” ).

(avj . .
— | =Va assuming ¢ 1s constant
or ),
2
0 ‘Z =a’V >0
or’ ),

Since all terms in the expressions are positive (V, o and p?), both principle

curvatures are positive. The surface is convex.
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Problem 1.2*% The expression for the total derivative of V with respect to the

dependent variables P and T is :

dvz(a—vJ dP+(a—VJ dr
oP ), or ),

Substitute the values of o and Br obtained Qualitative Problem 2 into this equation

and obtain the equation of state for an ideal gas.

Solution

dV =—B,VdP +aV dT

dv =—KdP+lVdT
P T

av.__dp dr

% P T
InV+¢,=-InP+c,+InT +c,
PV =(constant)- T

The constant is nR for n moles of the ideal gas.

This document is available on § stUd ocu

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

Problem 1.3* The pressure temperature phase diagram (Fig. 1.4) has no two phase
areas (only two phase curves), but the temperature composition diagram of Fig. 1.5

does have two phase areas. Explain.

Solution

This must be due to the number of components in each system: The system displayed

in Fig. 1.4 is unary and that in Fig. 1.5 is a binary. We will see more on this later in

the text.
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a
Problem 1.4*% Calculate the value of the ratio —— for an ideal gas in terms of its
T

volume.
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An ideal ¢ ] rhe &80 % TiteriNit §hredel ate (1) the
ﬁnal vclume of the system, (2) the work done by the system, (3) the heat cntcnng or

leaving the system, (4) the change in the internal energy and (5) the change in the

enthalpy when the gas undergoes

a, areversible isothermal expansion to a pressure of 10 atm,
b, areversible adiabatic expansion to a pressure of 10 atm,

The constant volume molar heat capacity of the gas, c,, has the value 1.5 R.

Shfe 1,  FEV=mgl .| #wz x5 = 9./ mmofer,
0.08208x300
Isothrma) tiponsior H Safe 2. Bl h mLRE 2254
' =50 K
adlabailc trparim flow ifae | 19 Sfate
% %
/’:/y /S (5 /’;{,‘; = /mé% b= 187348

7= Y e 1O X /343 ~ 245 K
e 1.5 % 1.04248

2) /et b‘/ﬂ’ﬁﬁ’d-
¥y = 22.5 £
;j /j‘. 7° -bﬂ:"& Wo‘xd?i/#x.?d/x&%? = Padg T
i) gEH~= fzﬁ J
4) A7z 0 .. Ao
g£) 47T=0 .. =0
}) adaballe Jx;fhf/};‘

) V3= /8 /.5’/

2) We =D =My (T3-7) 5 =g n)ENE I Rg N (255~ F00)
= 5/.94,7"

3) Z

) Aﬂ: - ’5-?’«7- ' ;.._::3
§Y) M= re(G-7) = 9. /4r"x Lasfx (5—300) = ~F5FF T. =

1
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“r'_‘ DI']: 9 s+ \i .i a } :

to th fllo threee, h of which is conducted reversibly:
a, A doubling of its volume at constant pressure,

b, then a doubling of its pressure at constant volume,

¢, thenareturn to the initial state along the path P = 6.643 x 1074V2 + 0.6667.

Calculate the heat and work effects which occur during each of the three processes.

V, = AL = 0.00206x277 . 22.4 ..

F /
@) /=2, hEaxzg= 4484, T= KPR . Sps K
0.0820¢
Jy 223, BE1PLL e 2abn 7 = _2X9E . 1092k
09206

1= 2 We PVs=t)) = /[ 9F.8=22.4) = 20.4datn = 22707
A= ney(Tp=r) = Enllidgn (F16~273) = 34057
= g-u , . We BHPE 42270 = SE75T
273, Wro =g= FxdIss (1092-540) = 405 T
/ /
321, w= [PV = [(663%s7 yE s 0. bis7)
3

3
= ﬂlﬁx//“f[;;?. /55_7 + Aé’o’/?[l(r“’./a']
3

= Gégixsi” [r2.4— #187] # 0.6057[22.:4 ~ 47 4]
S |
£ =32.35 Lary = =327 T
AU = -gﬁ (7 ~73) = -,5 »xE 3/ 2 % (27.7“//,?2) £~ 102/ T
g < D pw = =/02/4 =320 = ~ /3852 T
Woprgr < 2270 = 3278 = ~ 100 T

Cromay = P05 6F09 ~ V3452 = < IW0ET
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<> lhe ininal state of 2 quantity of monatomic ideal gasis P =1 atm, V = 1 liter and T = 373
K. The gas is isothermally expanded to a volumie of 2 liters and is then cooled at constant
pressure to the volume V., This volume is such that a reversible adiabatic compression to a
pressure of 1 atm returns the system to its initial state. All of the changes of state are
conducted reversibly. Calculate the value of V and the total work done on or by the gas.

y o= _/f/_l_/(, - /[%/ & L.IT2T andfer

R 2.00208 v 377
158t liopst W/”é?/v‘/;h r BE LY s L = pFak

V2 2
Convtar! priiure wm/wf//é.. 2 Sfaje T al wivek
Ky S
Ly = 7 - 0547 h= ss2t

/] -2 2 = [Z -
S W nﬁf&z’: = DO sg X 3T w b 2 = Tp3 T
2-23, Wz FKh-¥)= g5 /352~ 2] = ~ 424 batis = =245 T

B2l We~AMUs - ngy -7 )
= -2 Mz?xf * Lirts (375 —242)
F -7/ v
Wromge = 0.3 =285=~37/ = L7 7
WK A by 7e Sas

3
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i atm and 2
24 Two moles of a monatomic ideal gas are at contained at a press;‘n;ee sc;fl : 1‘Jf o oh the
. temperature of 300 K. 34166 ] of heat are transferred to the gas, a5

i i rsible.
gas expands and does 1216 J of work against its surroundings. The process 18 1eVe
Calculate the final temperature of the gas.

2 = 9w = 34/66 = 1%/ T

L]

31950 J

YW

ﬂ&'y (72 ""7;)

. 2xEx 8384 [To~300) |
T, = /1620 K.,
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ﬁ—s—eﬂe-meb-emz-gﬁﬁmﬂmin@lﬁ AD) K hadalpresusrE 6 I atm. The addition of 3000 J
. f work to be done during the
of heat to the gas at constant pressureé Causes 832... Jo
expansion. Calculate (i) the final state of the gas, (i) the values of zS:U and AH for the
change of state and (iii) the values of ¢, and ¢, for N2. Assume tk‘xat nitrogen behaves as
an ideal gas, and that the above change of state is conducted reversibly.

s V= RL - 0.00206%273 _ 244

7 /
W= £32 = Pi-n)xdimde - (Vy-22.4) x 19/.52
0.08206
", /z, = 30.8/ V4
-, = f_f/;r, = /> 30.67 -~ 373 K
* R 0.4£206

. . _ - 2P T
y)y AvE j W = 3000 /32 P
e v{T~T;) = /02 <y

L

f/‘" A = Fo0s = 9’/72-"7;) :/dﬂQ'
‘ 9 = 30 -7//”4[:,,&',

. 4
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26 10 moles of ideal gas, in the initial state P1 = 10 amn, T, = 300 K are taken round the
following cycle.

a a reversible change of state along a swaight line path on the P~V diagram to the
state P=1atm, T=300K,

b areversible isobaric compression to V= 24.6 liters, and

¢ areversible constant volume process 1o P = 10 atrn.

How much work is ddne on or by the system during the cycle? Is this work done on the
system or by the system?

ne 10 L=zio T =30 V= JOn 0.08206 2300 . 2442 £,
| /6

g) /"2 He) Tp=dor l"e:/l‘ﬁ = 24424

W= arepbeiow e Lt
P \2 »-[—,![(/a-/)ff‘?//z" 29.6Y

v # 1 (2942~ 2¢,/)]x 10032
= #7234 AT
) 2~ 3 {;.r /) ¥y = 2442

we F(Vy-%) = |[28.6=2443) 7 10/.72
o ~22.5 KT |
cy dl=o .. HW=0

23,4~ 22.85 = /909 KT
Aone ﬁ;. 7‘/,:;;;;

Wraras =
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Al ¥ U.I“U-J

@ Anisothermal expansion to 0.5 atm, followed by,

b an isobaric expansion to 100°C, followed by
¢ an isothermal compression to 1 atm, followed by

d an isobaric compression to 25°C.

The system then undergoes the following reversible cyclic process.
a  Anisobaric expansion to 100°C, followed by
b adecrease in pressure at constant volume to the pressure P atm, followed by
¢ anisobaric compression at P atm to 24.5 liters, followed by |
d an increase in opressure at constant volume to 1 atm.

Calculate the value of P which makes the work done on the gas during the first cycle
equal to the work done by the gas during the second cycle.

T, = 29f [,57 0T 0.04206x 198 = 2445
F/'/f/‘cya/c',’
/=22 T35 2f Br oS, Ve 20 = It

Wz /?7%% > LYAEN 2y the 2w ITITT™

Z2- 3 7}-“‘37;? (;zﬂ,:" Vg = C.08204n 377 . E/224
2.8
W PlGget2) » 05627~ 42,9/ )x 10,32 = 624 T

B4 Tg5373 fgo/ Vgw 005205377 . 30.6/.4
/

W ﬂ?‘&% = ﬁ3{¢4‘x373-4—d,! s - 25y
A/ We Fly=tg) e [(2495-30.6/) v 10130 = — 6257

Seeons 5/%!,’

/ -2 fez/ | 7 =392 s V2 2 0.08208% 377 = 34 40

W= Plevi)s /(704 2F.45)100.52 = fFzgy
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2.7 Copdimisedd,

2~ 3 AVsp W=y
B £, /f = 244 /y =P
= PLrf5 =304 )RI0032 T =185 T

, ’V/ﬂ"% - ”Wwa”[ﬁé

)7 4 Erp — 2182 ~ 624 = ~F28 -+ 618 F.
P L3ah.
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Problem 2.8* One mole of a monatomic ideal gas at standard temperature and
pressure (STP) undergoes the following three processes:

1. at constant Pressure the Temperature is doubled.

2. at constant Temperature the Pressure is doubled

3. the gas is returned to STP via constant volume process

Calculate AU, AH, q and w for each of the steps.

Solution
First calculate the values of T, V and P at the states A, B and C.

Step 1

T V P
A T, V, P,
B 2T, 2V, P,
C 2T, Vv, 2P,

Step1 A 2B

AU, =C,AT=C,(2T,-T,)=C,T,
w,=PAV=PQ2V,-V,)=PV,=RT,
q=AU+w=C,T,+RT,=(C, +R)T,

Step 2 B>C
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AU, =C,AT =C, (2T, —2T,) =0

W= RVTBdV =2RT,[ " 4V gt 1n“i—c = “2RT, In(2)

Vi Vg V B

q, =w=-2RT,In(2)

Step 3 C2A

AU, =C,AT =C,(T,-2T,)=-C,T,
wy = IVA Ea’V =0 since V.=V,

Ve V

q; =AU; =-C T,

Thus we see that for the entire process:

AU =C,T,+0-C,T, =0 as it should for a state function
D w, =RT, —2RT,In(2)+0

Zqi =(C, +R)T, -2RT,In(2)-C,T, =RT, —2RT,In(2)
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Problem 2.9%

. . . M  constant C
Paramagnetic salts often obey the Curie relation: % ===

T T
Obtain an expression for the work needed to change the magnetization from
M =0 to M = M of such a material. Assume that the field and the magnetization are

parallel.

Solution

M M, ™ ™ HM
w=[ " VI = | fyovT-dM:yovz—Cf:/,zov f2 !

H M,

From the equality w= gV we see that to get to the same M at higher

temperature, more work is needed. Temperature works against the ordering of the

moments.

M,

From the equality w = 2,V —~ > we also see that the work needed is the area under

the linear # vs. M plot.
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Problem 2.10 * One mole of a monatomic ideal gas is taken on the path A=> B -
C 2D A as shown in Figure 2.7 .

(1) A-> B is areversible isothermal expansion of the gas;

(2) B = C s areversible adiabatic expansion of the gas;

(3) C =D s areversible isothermal compression of the gas

(4) D 2 A is areversible adiabatic compression of the gas.

a. Derive expressions for AU, q and w during each step in terms of Va, Vi, V¢, Vg, ti,

t> cv and R. Determine the sign of each.

b. Determine the values of X(wj), 2 (qi) and X (AUj) in terms of Va, Vb, Ve, Vg, t1, t2

and R. Determine the sign of each.

pressure —>

volume ——>

Figure 2.7
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Solution

MWA—>B AU, =0; w,=¢q,=Rt, ln(%) >0

2 B—>C ¢q,=0;, AU,=c¢,(t,-t)) <0, —w, =AU, sow, >0

B)C—>D AU, =0; w,=q, = Ri, ln(‘;—d) <0

@HD—->A q,=0;AU,=c,(t,-t,)>0 -w, =AU, sow, <0

SUM > w, =R, ln(%) +Rt, 1n(%) >0

a c

v, 1%
> g, =Rt, ln(V—:) +Rt, 1n(7i) >0

AU =0
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Problem 2.11 *

The change in enthalpy when one mole of solid water (ice) is melted at

273 K is 6008 J.

a. Calculate the change in enthalpy when ice is melted at 298 K. Is this process
possible at 1 atm?

b. Calculate the change in enthalpy when supercooled water solidifies at 260 K.

c. Sketch the H vs. T plot for both solid and liquid water.

For this problem take the heat capacity of liquid water to be 75.44 J/k and that of solid
water to be 38 J/K over the range in temperatures of the problem. The enthalpy of

liquid water at 298 K may be set equal to zero.

Solution:

a.
HIS{ZO(T) - I229783 C’L)dT —AH, + .[2:3 CIS)dT
=75.44(273-298) — 6008 + 38(T —273) J
= 7894 +38(T —273) J
H,o(T) = [ chdT =75.44(T ~298) 1
Thus
AH, = H"(298)— H"*(298)
=0—(—7894) +38-(298 —273)
= 6944 J.

Yes, ice can be superheated

AH ... =H?®(260)— H"(260)
H"(260) = 75.44(260 —298) = —2866.72
H®(260) = —7894 + 38((260 —273) = —8388

AH =(—8388) —(—2866.72) = -5521.28 ]

fusion

This document is available on Q stUd ocu

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

4000

2000

-2000

-4000

molar enthalpy, H, joules

-6000

|
|
|
|
} H20(s)
|
|

-8000

1l | ]
260 280 300

temperature, K

| A

I
320 340

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

Problem 2.12* Three phases, 3 ,o. and & meet as shown in Fig. 2.8a, forming three
interphase interfaces, namely the B / o, the 6 / o and the .0 / B It can be shown that
the following holds

Yaip _ Vs _ Vps
sinf, sin6@, sing,

Using the above equation determine the equation that relates the grain boundary

grooving angle g to the interface energy Yo/ and the grain boundary energy ya/a.

See Fig. 2.8b.

a, .
’
*, s

“\ J’
\ Liquid /
h! +
\‘ ri
£y L

b — YL
sin @ sing,,,

groove

0, ooe T 20, =21

groove

7
sing_,, =sin(zr ——4—=) = sin(—=-)
2 2
Yoo Van

Sim ggroove Sin( g;ove )

using: sin(2X) =2sin(X)cos(X)

S

groove _ groove
Vb = =2¥ , COS(———)

Sin( groove )
2

using: sin(2X) =2sin(X)cos(X)
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; : > 8f' 2l mon iOHei paKis[F = 10 atm and T = 300 K.
Calculate thc change in the entropy of thc gas for (@) an isothermal decrease in the
pressure to 5 atm; (b) a reversible adiabatic expansion to a pressure of 5§ atm; (¢) a
constant-volume decrease in the pressure to 5 atm.

Pz loak 7 = 300K v, = 0. 04284 X700 2.¢52 2
/o

2) Bk T 4 =L - 29244

Sz

45 = fEB 2 pggnhl = EH T/
}y gz 0, /bty OS5

.y - . Bl _ $xigiz - S0 K
¢y NS ,Vi= 2.942 ,72-7--- G720k

A5 = 5/‘14‘_;; = /ffxf..?/‘ffr‘ﬁ»z; 2 “de/ff/k

S

1
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3.2 One mole of a mona ‘

re sequence of steps: ‘
|

a. Starting at 300 X and 10 atm, the gas expands freely into a vacuum 10 triple its
volume. ‘

b. The gas is next heated reversibly to 400 X at constant volume.

c. The gas is reversibly expanded at constant temperature until its volume is again \
tripled.

|
/0 :

d. The gas is finally reversibly cooled to 300 K at constant pressure.

Calculate the values of g and w and the changes in U, H and S.

) /—e2 7, =300, Vp =80 = 7.366 4, 5= ﬁ-—f.esmé.
& Vo = =9/ 'g
2=-'W==',ﬂl/=‘ﬁf/-‘~'~'67, ﬁf”ﬁﬁ"ﬁwcﬂjl44,é‘,5 = 9, 134T/

|

. £x333 =% Py

$)y 2= 3 7'3,-.-5100 =354 , 5= 7;& £ v 337 £ i

QY=o .. W0 ,Zf=At/=¢/f7,;~7}):/-5xﬁ/4¢wm |
= 12977

M= & (G-Ts) = Lxi247 = 2047 |

NS = cpbls . /.frﬁ.?/ff-é—f.ﬁ = 3507 T/K |
72 10

/¥ <, 5= ”--/ e
¢) 8 —2 4 Tg=407, Vg = 3% 72./58 i + S/ 4]

e

BVzoH=0 f=W¢< R 74 ﬂ.;‘.'. = S irgsx g9 03 = JE54T 1

} £
\.
A =4 = 365% - 9,34 T/k
T 4 |
- e /z‘ff&z‘ ]g.r/.dpﬁﬁﬂp/r'?_p \
4) 45 FTIK 5 -

-~ 16.623 4 | i
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Y= 47Ty ) > X fItd Q0 —400) = =)257 T
A = 2p < 2.8 f. 314 [;/4—447) = =278 T
W= g=-8)= =24f #7245 = 7T

4y = d/-v&pjé" = 2-5:@"'.5’/44-4-% = ~ 597 J'//:

7#
AU AH W 7 45
/- 2 0 / J 0 F./3¢#
2 — 3 /2‘?? 2078 Vi 1247  3.54F
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S EDI%%@%&%&QMM constant pressure
natomic ideal gas un e
>3 Ssx:;zorh‘i)iha E: entropy of the gas increases by 14.41 JK and the gas absorbs 62

le of a
ioules of heat. Calculate the initial and final temperatures of the gas. gﬁn 1;1:’ c of 2
o d monatomic ideal gas undergoes a reversible 1'so.thermal expansion g IR,
Z?fbxies its volume, performs 1729 joules of work and increases its entropy oy .
Calculate the temperature at which the expansion was conducted.

Z = , %
a) 45z 149 = c)ﬁ"?:; z z-fxd’ix#-ﬁ-_?__;
. Z-"-::'.Z
7/
= 6236 = G(1-7) ~ 25x 374 (73=7)

To~7 = Fo2

T - Bar Kk and T = 0K

= = =z 7 = 767
s W= g = /725 4s +

> = 1728 o Fp0 K
5767
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3.4 Calculate the change in the enthaply Bndmherchange imentepy when one mole of SiC is
heated from 25°C to 1000°C. The constant pressure molar hieat capacity of SiC varies

with temperature as

¢, = S0.79 + 197 x 10T — 492 x 1072 + 820 x 10° T3 Jimole.X

72
20 = [cpar
7 4
. 2 2
- 5179 [1325-29f ]+ L2 [127- 25 ] + #9270 / o “ip ]

£l L
- '2 / 1 -
g f;ﬂ [/27.; 28p°

= 4982y + /509 — 12645 + FIEF

= 427.4‘27 7

45 = jC/d'?

4. 127 rd - ”‘?z ) e
- $19g = + 1.97%10° (7273~ 24f ) + [/27.4’ 5/ 4 :]
¥ 4
- FL2ox10" L, ~ L
5 L7272 37/’.7

= 737 4+ /@ ~ 262 +/42

59.7 T/k

1§
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| sccond mole of copper wh1ch mmaﬂy, is at a uniform temperature of 100°C Calculate
the temperature of the two-mole system, which is contained in an adiabatic enclosure, -
when thermal equilibrium is attained. Why is the common uniform temperature not
exactly 50°C? How thuch heat is transferred and how much entropy is produced by the
transfer? The constant pressure molar heat capacity of solid copper varies with
temperature as

¢, = 22.64+628x 10T J/mole.X

f s-,d)fa A%fbf "‘J’%A‘/ = 5

. 4
fdfa'-f- fa/acr =
273 773

- z 2
.. 22.64 (77»275’) o BIEN/ 3/77} - 273)
: - g ?
+ 22.64(Tp =373) + I LFNI ;/7;: -37F ) =
Te = 72332 k ($072%)
[ 4 Y Y e n’ti’%' /;-C/fdﬂ;'-; 7. . L BT S éﬁ W "W/ﬂ/h,f

hast g Pom hof Ci s 1 Fhan A7 cansea My dd'ﬂf’/:? healy 72
ca/a <. | 323.72 |

| -7 .
AS}/// o ,[ fZé? = Z7o{4~£4. ég&}‘% -y éfo/)[???ﬁZ'Z?f
7

277
277 |
= 4.5 Tk
7 s 7 o (727,72 ~3 73
. = < - 2372 , » 7272.72 ~ A
Ar/’él" s f —7?_—" = 72,(4#-}-7-—; -+ KZf /l[
374 |
2 355 .7//<

AJ’;'”.:- 2.8 -77/{

Heat dorciyed = 22. 14 /?23 28-277) + 3. NP ﬂ’za 2% 2 295
= /2337

!
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3.6 A reversible heat engine, operdting iR Tydlewithdraws heat from a high-temperature

reservolr (the temperature of which consequently decreases), performs work w, and
rejects heat into a low-temperature reservoir (the temperature of which consequently
increases). The two reservoirs are, initially, at the temperatures 7y and T, and have
constant heat capacities C and C, respectively. Calculate the final temperature of the
‘system and the maximum amount of work which can be obtained from the engine.

[rzcerr /e mt/f'/f&
L 570 S it iovree F AShast ik

7
c’dn;..... p/
fz 7}/6,77/
</

(L) (%)

/
7{ :/7/075(")%"

171, = [~elB)- [50w-7)]

i7
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Problem 3.7* In deriving the equation for the efficiency of a Carnot engine in Section 3.11 it

<

was stated that —£

S

. Show that this equality is valid.

=~

Solution

Along the adibatic curve BC
PV, =PV/

since the gas is ideal
PV, =RT, and P.V,. = RT,

Thus T,V =TV
or T,7V, =TV, @)

Also, along the DA adiabatic curve
PV; =PV/

since the gas is ideal
PV, =RT and PV, =RT,

Thus TV, =T,V]"
or TV, =T,7V, (ii)

LV, _T7Ve

Dividing (i) by (ii) we obtain: = :
g (i) by (ii) Ty

D>< |Uc)<
S
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Problem 3.8% a. Calculate the change in entropy at 273 K for the freezing of water.
b. Calculate the change in entropy for the freezing of water at 260 K.

The change in enthalpy when one mole of solid water (ice) is melted at

273 K is 6008 J. Take the heat capacity of liquid water to be 75.44 J/K and that of

solid water to be 38 J/k over the range in temperatures of the problem.

Solution

The change in entropy of one mole of water on freezing at its

a. equilibrium freezing temperature is:
AH, ,; —6008 J :_21.23i
273 273K K

b. The freezing of water at 260 K is an irreversible process since 260 is below the
Equilibrium freezing point of water. But since entropy is a state function we

can perform a cyclic calculation as shown below:

Liquad

S, JK >

Ice

260 273
T, K>
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ASL%S (260) + AS;60»273 n ASS%L(273) i AS£734260 ~0

273 ~S 273 L
AS, ,;(260)+ | Cr gp 80087 | Crar—o
AT 213K 4 T

260

AS, (260)+381n =2 4 0098 o5 441020 _g
260 273

273 K
AS, ,(260)+1.85+21.23-3.68=0

AS, ,(260) = —19.40%
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Problem 3.9*% Calculate the work performed by the Carnot cycle for the shown

in Fig. 3.4 using the T-S diagram of Fg. 3.9.
Solution

The area enclosed by the box in Fig.3.9 is first calculated.
Area = (t2 — t1)AS
Where AS =Sc—Sp=3Ss-Sa

%:(SB—SA)zAS

2

B o (5,-8.)=(S.—S,)=AS

4

w=gq,—q,=LAS —t,AS
w = (t, —t,)AS, the area of the box in the T-S plot
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ng] VILET O WO COmMmpPartmentsorLeaua: e a—part One

compartment contains 1 mole of ideal gas A at 1 atm, and the other contains 1 mole of
ideal gas B at 1 atm. Calculate the increase in entropy which occurs when the partition t

between the two compartments is removed. If the first compartment had contained 2

moles of ideal gas A, what would have been the increase in entropy when the partition
was removed? Calculate the corresponding increases in entropy in each of the above two t
situations if both compartments had contained ideal gas A

19 Whepthe /41!4'7‘/}1« L femoved ! ” |
The /oleme a/;a/vkd’ by I mdle of A obler .. 44 = PR ;
The Vol/me .am/’/}d by I mole of & adoadlear .. I = R 2 j
. 57574, = J‘;g iy = R 4.

iy The velome sicnpiea by 2 maler /f A amblr . D5g = IRBRZ \
The yofome Mc‘af/k/ 4y 2 mple 4 F Aorbles .. dsp = RA2 |

| ASyppy = IRF2 7 RES |
W A change . Lo

s

1%, Dowhle dee ytfome of B 2 mofec f A A5 =IRB2 \
Reepore f/—(,mf‘;y/o,, 4= 0

Deciiave i Vifome of The 3 moJes ¢f A by the pacder 3,?’- |
= Z
Q5= 3R ;ﬁ’-.?
‘ 52
= 2 » —
DSy, T ARG FIRAZ 5 RE

This document is available on % stUdocu

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

6TH EDITION GASKELL

4.2 Shov-v that, when n atoms of A and n atoms of B form a randomly-mixed solution, the
fraction of the total number of distinguishable complexions which occur in the most
probable distribution decreases with increasing value of n.

Tatn) #unbor af ﬂé‘ﬂ?’%{’u/f[al&? &'Om/b&ﬂc’rﬂ = (- 2"1)'/

nin/

Wik »w éa-’/l«.ﬂq a M/é})& o ¥, K nimben 1f c'myéx/éw'

. - \ /
I~ The Woif probuble Alhibulion - n! ISR

A » ",
BUD DUP)!

. / Z
The factiom f(m) = [ P ]
(0.6»)/(0.6n)!. (% .{)4
T2 [osnr) 2!
n/n/

, -

Whieds decieases Witk fbf"‘dﬂ’;; s

ORI L

19
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) - : late

4.3 Assuming that a silver-gold alloy is a random mixture o.f gold and s3lver atotf(r)l:;n Czlrf?dcal

" the increase in entropy when 10 g of gold are mixed with 20 g of silver to ely, 198 and
homogeneous alloy. The gram atomic weights of Au and Ag are, 1espectivesy,

107.9.
| 23
. = [0 o 928X /0
Nyy = Numper of afams of Au T 3
| s OF A9 = 29, x 6.4255 )0
’ﬂAj = Humber of aft F A9 7;7-—'7

B5cms = R (Ma? !
! My
= R [(ge* Pag) P (M Ph9) = Mu

24
o Lagosn s [1574 = 1515 ~EBB] % N

/&Pﬂﬁu - '”ﬂ‘q’gﬁ %A;

= |.02Z .T/K
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4.4 On the assumption that copper @@ hidRel oo Medl A6l EHINE, calculate the mass of
copper which, when mixed with 100 g of nickel, causes an increase in entropy of 15 J/K.
The gram atomic weights of Cu and Ni are, respectively, 63.55 and 58.69.

23
pomber of atms of M =08« Gozdn 1D = /.026 x ¥
5247

pumber Of #ims of Cu = Py
Weopf = 15 = R[ O+ 1y ) b [y + )

- @M'% ﬁrM« — “&&’5‘ 7&54‘]

~17 24 24
= 12805x)8 [(1026%70 * 4‘@)/’1//,/2/ X/ * "”a‘)

24
L osin P po2bx10) =P e

S gy = 606X Ve
23
mar 0f Ch = 8.6/ % /) . 8354 = (57»’7
6,023 % )0

2|
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Problem 4.5% We saw in Sec. 4.6 (Eq. 4.xx) that A=-nk,7InZ. We will see in the next

chapter that: (S—?j =—S. Perform the differentiation of A with respect to
Vv

temperature and obtain the relationship for the entropy of an isolated system in terms

of its partition function Z.

A=-nk,TInZ

(a—Aj _ S = —nk, In Z —nk,T IE
or ), or

Thus
olnZ

S =nk,InZ +nk,T

Note that if we multiply both sides by T we obtain:

S = nk, In 2 +nk,7 E

TS = —A+nk, 7> J0E

olnZ
oT

Thus: U = nk, T’
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Problem 4.6* A weak magnetic field is applied to a system of up and down spins. The up
spins have a slightly lower energy state than those with down spins. This is because
the up spins are favored by the weak magnetic field. Thus

8T<8¢

a. Determine the partition function for this system under the influence of the weak
magnetic field.

nT

b. Determine the ratio of: — for very high temperatures and very low temperatures.
n

SOLUTION

& g g
a. £ = exp(——) = exp(—) + exp(—
D exp( kBT> p(kBT> p( kBT>

i \
exp(—— exp( =5
n' P T b P, )
= 7 — and —= - .
exp( o )vexp( o) exp( ) vexn( )
kBT kBT kBT kBT
Thus:
! 0
exp(—— 1—
ot p( K ) . or
TE—— s T gets large:T = < -1
exp(_ ) s
k,T k,T

equal numbers of up and down

T

ex (i)
n' P k,T g —¢'
b. —=——7—=exp( )
T exptE) &
T

The numerator of the exponental is poitive: Thus as

T gets small the exponential get large.

AsT—>0n' >n andn' =0
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5.13* Show that the three TdS equations can be written as:

1. 7dS =C,dT + % av

T

2. TdS =C,dT —TVadP

3. TdS=C, &a’PjL&dV
a aV

Solution

1. Ta’S=CVdT+T(a—PJ dv
or ),

We need to obtain an expression for (G_P)

(&) ()

[G_Pj _ 1 -V a
or ), (GTJ (GVJ A
ov ).\ oP ),

14

TdS = C,dT +T -2 dv

T

2. TdS:CPdT—TLa—VJ dp
ar ),

This document is available on § stUd ocu

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS
6TH EDITION GASKELL

OF MATERIALS

We need an expression for (g—‘T/j

P

We know that 8_Vj =Va
oT

P

Thus
1dS = C,dT —TV adP

oT or

3. TdS=C, (_J dP+CP(—) av
oP ), ov ),

We need expressions for LG_T] and (a—TJ
OP ), oV )p

[a—TJ =& see first TdS equation above
oP), «

() L
ov ), aVv
Thus

1dS =C, &dP+&dV
o aV
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5.14* Starting from the following equation valid for a closed system, obtain

Maxwell relationships.
dH =TdS + VdP — jyVMd #

Solution

R
OP)s 4 \OS )px

ov oM
)
0K s p OP ) 4

oT oM
R — _ILIOV _
OH Js p 0S )p
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5.15% Starting from the following equation valid for a closed system, obtain Maxwell

relationships.

dA =—=SdT — PdV + 1oV AHIM

Solution

a_Sj _(G_Pj

oV )rw \OT ),y

oS o0H
), ()
oM )., oT )y

oP o0H
R :_/’lOV R
oM ), ; oV Jur
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5.16* The cycle shown below consists of two isotherms (AB and CD) and two isobars

(BC and DA). Use the TdS equations to draw the T-S diagram for this cycle.

v
Use the following TdS equations

1. TdS=C,dT + % av
T

2. TdS =C,dT —TVadP

3. TdS=¢C, &dP+&dV
o aV

A—>B from 1, at constant T, ifV decreases, S decreases
B—>C from 3, at constant P, V increases then S increases.
From 2, at constant P if S increases T increases
C—D from 2, at constant T if P increases then S increases
D—A from 3, at constant P, if V decreases S decreases

From 2, at contant P is S decreases, T decreases.
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5.17% Show that: 27 =2 = y where f, = l(a_VJ and ;= l(a_vj
B o vier), vior ),

Hint: use the TdS equations.

Solution

Start with the First and Second TdS equations:

1. TdS=C,dT + % av

T

2. TdS=C,dT —TVadP
Set S =0 and divide 2 by 1

1. Cdr =-L%qy
T

2. C,dT =TVadP

Co_ TWafdP) _ . _ 5
C Ta(dv]s (VﬂT)(VﬂS) Bs
B,
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6.1 Calculate AH, g and AS,e for the reaction Zrg, + O, = ZrQyg -

for Zrm) > Oz = f/"fz(x) Blage = —100500 .7'
1 2r) ¥ Oy = ?fi;ﬁ) Jh Wﬂvy/ .’-’.‘i’f--' 1/ 364
by =17 69 - £a4x/T°T ~ 12.3%578°F ~7,e
AF 176 K EZrx)— z"/'//’a). A panr = F900T
Fir 21p) b = s () I~ T rEsse 5/_/5{«/47/ A
',o? = J6#F =/ 20x /Zif - [2.3F% /0 7'“? J/g
At 1978k  Zrisp) =2 Z172(p) A fans = 55007
7y %?) # Iy = ‘:M’“/f ) i~y m-jg 1474 — 1600
ey = 217 = 81X/ 4 Li7as T T
Ay for Zr ?) o+ g = 2 /Z[/!v’
= = 1100884
1767 (136 ~251) — 4. /$% /) //!.i'{ ’Z‘i’o‘ ) # 12.5P% 1t /,/3 ” %,)

~ 3700 | -
. - /.
kA (1978~ 1170) ~ 0. 45w1 (1975 38 + 12 3710 / i
+ 550/ |
- z 2
t 215 1600 — 1475) ~ 4H51D (1500 — 15767 - =1, 69515 12

il /¢7f
= ~ |a§6000 T
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6./ Continded |
BSpay = S84 =205/ -39 = —~195.7 Tl
ﬁf/{‘fég —~]65.7
‘Y _ . -
+ /767 Hm / /3 ) S28%10 / 15 29’4’)#{ /fo/d ~ / /)

—~ 5980
/136
# 16.4F b/ o i/ AP Z?x/J {/7‘7}’-——— //;;) + 6 /ffmf
//,3{ ?/af ;/3/ )
+ 590/
/478
.5‘
b 217 00— Lgreii in - 1478) ~ o (- )
/-f7«sf’

= =785 Tl
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6.2 Which of the following two reactions is the more exothermic?
.(i)AC(grapmw) + I/ZOQ(E) -3 CO(g) at 1000 K
(if) Cigiamond) + 120q — COy at 1000 K.‘

g, s = 0o~ 18) + X3 1J5 000 = 31

ey (/m 27)’) "W{/w zs/)

= P30 T

5

# 619%10" ppas 2_%,)

= 2847 7.
Er  Aamird = jm/blo'/'ﬁ
B gy = 11830 — 12867 = ~/037 T

For 5(73//7'/:) + 30, = Co. A#,
C(ﬁﬁbﬁhpﬁi} = C'/;rz:;%‘r/ DY = 1837
ol dramond) + z’a,_ = Cp 44, ~1437

¢ [

' TAe dr/b}ﬂ/f/‘d/- of Gramoed 17 1037 T mope
Lol c Thar e gxidalion 0 F i/g;pkﬁ;
b a rmolon basic
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6.3 Calculate the change in enthaipy and the change in entropy at 1000K for the reaction
Ca0,, + TiOy, = CaTiOy,
For Caf) tily=Cof Mg, = = 1730 T
Th 1€ reenge 2159~ 776 k |
Bop = 942 + § 64wl o insnn’ 7 ?
At Tk Ca) azgg ) BHpaur = F00T
1 c’zl/&)*‘ 20, = Gt /'/-_ e /zfsjg ‘7/#’-/4&’/
,ﬁ?a =~ P55 — Jfﬁx/a T 5//5‘%/& 7%

By = = 639500
+ 941 76~298 ) + £64 1o (7 »z‘?f) 7 nswi] /7/i 777/

+ 8505 (1000 -TIE) ~ITHEAN0 ﬂW" 760+ 65N m 7§

= ~§35700 T

For Tit0 = Tioz Mgy = — F44000 T
In H frppe 276 )00 K

.447 = 28/ ~ /5 47%/& 7‘ 7 fix/d 7'
Mppy = ~ T4

L 2314 [1006=29F8)— 6. 735"«/6 //ddd—rZ?f %)

/555#/‘? ///Jd 2};)

= --7570’&'4 J
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Fsr é‘/«) 9‘7'/,'4‘- ‘g‘ﬂz = C&W’d‘; Affg,%-'»—-/{a”ﬁ{ﬂoj”

T Har rEngy LM~ T K

Ac/ 85,07 = 8711 7 - = 25455~ 1w Tk
Af TEK  CaE)- Ck[ff") AH ywns = FO0T

I fLs zirde 716 = 1000 f5, Z%” &:—4)1‘ Tf%/,...z &r770;
dep < 60.87 -»5‘z 2% 1677 ~ z:s' 55w/ 7 J'/’,e

,Aﬂ/‘m/ F /t{("éﬁf 5_
+ BRI 71§ ~298) — 14Tl (i 2 4 LSRN i )

- Jo0
* 60,82 099 =T) ) — 241455/ ﬁé’fﬁ " 75) + ;5’ FE5%10 //M/ .wv

= | 445080 T
Fr cad # ity = GaTily
DAssy = — 1695000 + 937800 + $20707 = — §500T
~ —hfy 205
For Ca () 7 éﬂz;" ca/ fd«fw = Ff ~ %5 5 = 106050
P C;?) w5 Guo
LSy & T 10605
7 # [ - 0525wl
+ sz%f 2D + 74 e zzy,«ra e (7 e
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{3 CoinRed 77}
- P05
L1
T
* 35 /% /57 19 ) — #8550 ﬁm/wm') # 3.0555 (

7//)
= =97.42 Tk

For Tivs, = Titz A;%f’ 5'.4,/~24£/~iz7_ = — I 2 T

. DSiey T — 1852

L 23./4 b {//AJ) ,./3¢7,,‘/0//JIM 25391"5 265wy /ﬂﬂd Zﬁz}

= 75 J'/e
for Cafw)# 7'/—1"2 2 = C'¢774:

DBSrey = 787~ 4/{~3d7-~xz¢5/ -—.-za’/zf.ay

ASipps = — 28625
o () 378 [ =230 ¢ 12. 77‘37»’/&?
+ 3309 ( )""7#/07 [ zﬁ)
-~
v/ s | .y
+ 62.62 '4*[ 1090 Y 52.27 % /o ﬁdﬁ/w?/{)f/z,743x/oﬁ , ﬁ

| 7//"’ )
=z —256.9 JJk

Fir Cads Tity = Cality

I8y, = <2567 + 7.4 + 175/ = 6.& T

7
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6.4 Copper exists in the state T = 298K, P = 1 atm. Calculate the temperature to which
the copper must be raised at 1 atm pressure to cause the same increase in molar
enthalpy as is caused by increasing its pressure to 1000 atm at 298K. The rr:oiair
volume of copper at 298K is 7.09 cm® and the thermal expansivity is 0.493 x 107 K.

These values can be taken as being independent of pressure in the range 1 - 1000
atm.

Py = labw , o= 1000 aby T= 298 £

M= V(1 =&T)(H~F)
= ‘Zé?x/;iﬂ""’ 1.457 » /;iZ?ﬁ’)ﬂﬂw—-/) % 10/.3
=612 T

7,7 278, T,= 7T
7
DH = fcfdf
7

-3
200 = 22.4%(7-295) — ofz.ixfa 25

., P= Jabe

]

.. T=317 K
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6.6 An adiabatic vessel contains 1000 g of liquid aluminum at 7QO°C. Cglculate '@he mass
of Cr,0O, at room temperature, which, when added to the liquid a!gmmam (with which
it reacts to form Cr and ALO,) raises the temperature of the resulting mixture of

Al,0,, Cr,0, and Cr 10 1600K

Fw 241+ cndy = 25+ ALY

BHygr = — 1675745 A VBTV = ~ 54845 T
ard v 7he alvid 298 924 K [Ty, A7)

x.ikf = "’52{ 1‘?!,4{;:/357' uzgzzfx/ai'“z T
Af Bs K Al = Al A¥,, = 1708 T
and 151 ﬂA//g) + Croy = 207 + Al
o s WAige T75 - T34 , .
pop = <2743 2833507 T ~2029% 10 7 Tk
o ZME) + Ciply = 250 F Mty

e — FHI050
Az, ’

~ §.25 (934-298) *ﬁifi’ﬁgﬁﬁi w}
L2ppgntd (L L
Tidr LIS
~ 7 % /874

~ 17,43 (9754 ) + “f""—‘ (175~ 532

,\51/“/“ ....,._//
F 2L2E%I0 | 4 zﬁ,)

= —562400 T

7
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6.& conuid

Heas /’efaf/}zfd A Incregse Het Wmﬁﬁ gg;f 2 e gF
ity (o 210 73k |

-7 .

=z ? - f.3% /¢ ¢ AN
1/5.37 (978 -28) + 1240 (73~ 206) + 1B 10 /77’7 zﬁ)

= 89924 T

| s tfe heat gvaiiably al T8 X . /a‘ffm/x of ...fi’/ég, feacTod
~ Sha300 - §os2p = SHIEY T

Yaad pesuimid o st 1 tongeratiye 4f 1 ke of STty
| fom 777 % /606K

= 119.87 (16 ~ 773) +./£’.:@';x;/4 (1600 - 775

P 3/72.4 J
Heat retred 1 roise e f%fmvm of 4 e sf Azl
{rom 973 11 /00sf

=166 (1686—~973) + |7 7fwa (AW 7779

7 28,83 x 10 ///Jd 47;)

< Sosi¢ T
Heat ﬂ:fwml o s e 7 %fﬁmﬁw % I ol C'/
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66 4&4//‘4«/ (2}
From §78 fp Jésok
~F . F f / /
= 2943 (1600~ 775) + LEZAR (1607730 # BAFx W [, —20)
= 23/30 7

SEns bl Iead avasiable 47 incirs s Ko ool it o 4
the DN <34,

= LS4 - Ix 2UB0 — SO0 = 355190 T

Wopnhey of decerr mdfer I G heafed

» 4

= 855/90 - 4.5
& TLY

| TAE racfarls ar Zmsder A1+ B.75 mnfty fFCoy %

op =1L g Sty per X 24-78 2 A/

o S1324 Crniy pe 57.9¢ ¢ A/

v K kShg e Kp A
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6.8 Calculate the value of AG for the reaction
Si?’N“ + 3 02 = 3 SiO'Z(u—quaraz) + 2N2

At 800 K. What percentage of error occurs if it is assumed that Ac, for the reaction is
7ero’?

DHygg = ~35NaT00 + TE#809 = — 19879007
USyy = 2FIT1S +InHE = Fx 5] = VP == 120 /3

-3
pq 26,99 — 99, 7%/ T ~ /Nﬁ'x/d 7’

' ~ 2499($08 ~ 255
| Ay, & /%’794/3 §99( ¥
- 74 7‘;"1_." (05 =295 # 3AEN

M“‘".——w

5 -/ /
(A%fﬂ 278
= ~2,005000 T

o | o9 /S, 774
Af"@%‘_‘ﬁu = -210.8 + 2477 /2”

5.1 1
Ga.7517 (800-298) + o [ 7

= ~2505 JJK
bég,, = — 2005000 + $Iox 150.5 = — 4805 M T

Asome J@o =g

— 4 &
dépyy = ~1987 00 + SHXIH.F = L8000 T

) £1/80p ~ /ﬂsw/
J825000
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6.9 Determune The srorchiomets

i + ¢ 2Ca0.Al03.5i07)
(3Ca0.Al;03 38i0,) + a(CaO.A1203.SiOg) = b(CaO.Algog.ZSxOQ) (

and calculate AH 208, AS 595 and AG 208 for the reacton.

= brle
Masr bajorce ok Cald I+a
Ahls 42 = b+

570, 344 = 2rc

4 = bale~3 = ppo~/ = 244~ 5

/ /

c~-3 = =/

2¢-3 = bre~3
b= 2 and A F bpse-3 =75

(3Cap.#,05.35105) + 3/Ca0. Aoy 592D p
= 2(Ca0MalpAS) * 22680 Alzly 523 )
Aﬁzgi - —IX6{44300 — Ix 3949400 + Ix 293200 7 EF 46500
= 99700 T ‘
D Syee = 2X2025 7 251947 — 2414 =In/ttS
= /258 T/k

| = 622/
Bl = 79700 299x 1258 s T

3%
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6.10 How much heat is requirfdl 1oliRckdasel thel seniperature of 1 kg of cordierite,

2Mg0.2A1,03.58i0;, from 298 K to its incongruent melting temperature of 1735 K7

WW = L5803 + AX/4).9 + Sx604) = S5
-7 £ 2 '
Cp oz K2f3f o DYRp T RI0EIHN T T/K .m0l

Hent wsyid por mile
= 42434[1757-237) + 9. 2xV (/wi 297°)
2 .

K /
+ 200.8Tw /8 [ e e
7 /fw 2y

-~ 979799 T
Heat ugusen 1 T £

= 479797

wld0p = 16750850 7
575

3
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6.11* A function Q = -F + uN, where F is the Helmholtz free energy , p is the
chemical potential and N is the number of particles in the system.
Obtain an expression for dQ and thus determine the independent variables for

this function.

d Q=-dF + udN + Ndu

but F=U-TS so

dF = dU -TdS — SdT = -PdV —Ndp - SdT
d Q=SdT +PdV +Ndu

Q=Q(T, V,
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6.12*% (a) Given that the Helmholtz energy can be written as:

F=-N_, k,TInZ

system

Obtain simplified expressions for both F and S of an Einstein solid.

(b) Show that the entropy approaches 0 as the temperature approaches 0 in such

a solid.

From the text we saw that £ for the Einstein solid can be written as:

Z = exp —l hv !
2k,T —hv
l—exp| —
k,T
3

F=—-N_.,.hv+3N__ k.Tln|1-exp —h
2 7 : k,T

B

F=-N,

system

k,TInZ

g Nk, Iz N [ 2nE
or y N Tar ),

——— - N_..k; In| 1-exp _
L th k,T
1-exp

- 3nk, In| 1-exp v
( hv j k,T
_eXp _—
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hv
PR
S=3nk( Vj B

1-exp _ v —>1asT -0:In1=0
k,T

B

SoS 50 asT —0
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6.13* Obtain an expression for the internal energy of an Einstein solid as the
temperature gets very large and differentiate it with respect to T and show that the
Dulong and Petit value for the heat capacity is attained.

3nhv

U'=§nhv+T
exp(——)—1
(XP(kBT) )

asT —> exp(h—v)—>1+h—v
k,T k,T
U'=§nhv+ 3nhy =§nhv+3nkBT
2 (Lv) 2
k,T
ou'

Thus C, = i 3nk, =3R for one mole
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-1

Using the vapor precxure»tet@rfﬁr#atgr@ Felationkhipé fok ©AF, ., CaFyay and liquid CaF,,

calculate:

1. The temperatures and pressures of the triple points for the equilibria CaFyq)-
CaFypy-CakFy) and Can{g)*Cang)wcan(v),

2. the normal boiling temperature of CaFs,
the molar latent heat of the transformation CaFy) —> CaFyg),

4. the molar latent heat of melting of CaFy@p).

G peaty () = ELE —ps15 hT v 5457
Ao Plafs EB) = “EIIF0 4525 b7 4 FVOF
7

.év/{&;z/(} = '-{{zgﬂ ..-4[25-%97 ')"!j'i/
7

/) Aty ﬁ-’g,—/ayw Ty ptc /a;;,t
~5480 L 5489 = ~E7M0 4 Sfof

7 7
Y/
- [N X fz-‘,c;' = 2.32x/0 "d/ﬁh«

At Ky lé'if}wk - vapyr 79?/'0/-: }w}.«f,

-i-;?/a v Sh4f = "..53.7.21'9 4 5254
. T 18Pk A gy - ﬁg{,/;“;gh
2) ATy, Peat, = Jabn

Aw (1) = 0= ':..:f.";.f_ﬁ’-f’- - 25258 T + 5394
w/-a/aA. jxmr Ty = 277K

23S
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3)  Fr W-isfr 2 hrom
nposfy, = =512 | 453540 T + 5457
7

% > B%4750 _ .5 D fw=>7)
“7 7% 7 r7*

L AK (W) = R( 54557 - 4.526T)
Fir - vapy apvihbriom. |

Avfesp, = =537 _ 451540 T + Bb0F

=
At prag, 4 )
L= = B30 _ 453y s /f/g—w'

£T T2 f‘}"’ | R7*

Aﬂff..;;r) = R(837fy - #5257)

Ay[yw/) = DA y-r) = ﬁ”(f-;f)
= L34d (5938p = 53710 )
= 4739 7.
1) Frr - e brom
Mfes, = - ,{%w - 4525 4T + 53U

%}; = 80200 _ 4500 _ BH(L—r)
5‘7 -7;; “;T' - }&7%

DH(C=>r) = R($9200 ~ 4.525T)

g AH(/.-,.,z) = Ah’[f—w)- LH (&= 1)
= f.314% (33740 = $4200)
= 29768 T
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99 Calculate the approximate pressure required o distirmercury-at oo

Tht SaTuraicd e daa 7 Ligwid 13 b
A p () = L = 4798 T - 1704

Af T = 375K, Pz = 3.55% 15 ¥ ape

ond Hg wild pe Ajiplled at putimees Jower Paae
et s y st

37
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773 One mole of SiCly vapor is contained at 1 atm pressure and 350 K in a rigid container of
fixed volume. The temperature of the container and its contents is cooled to .280 K. At
what temperature does condensation of the SiCly vapor begin and what fraction of the
vapor has condensed when the temperature is 280 K?

ﬁﬁ'um/@ ydles/ prehajsr OF 532,';; vapy, the Vy/dme oF Hhe
cordemer js Y=WRT — pogus7x3dsy = 28724

, 7
and cotfing cavses The fressve of the vaprr i geerease

. -3
a,::ofd'/hf ty P .”_}'ﬁef ’%2712.5_77: 2.8§57%/0 7

The I&fdfa?"d vaplr s 8 f Jiavs 4 S/ﬁ/f ’a

/b(z&fm) = Axp ("%ﬂ’f—'ﬁ + 10.94)

and thus condeniatisn begmsal T K/ ven by
2457510 r = L%p f"?:g_?!i‘ + 10.76)
re T = 328K '
At 280 K +he salvrafad vap presvire 12
op [ ”-%% # J0.9) = 0./395 am
and the nompey of motes of Sl o T2 vapsr f/)q;?
5 n= LL o 03xHET2
F7 01057 =20
The nmomber of uoles in the ligad phase =/— 0/78= S525

and s §LEY has condensed

- OITE
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ssures of zinc have been writien as

7.4  The vapor pre E
in p (atm) = — }élg—-q ~ 0755InT + 19.25
? =TT
and )

15250 _ 195510 T + 2179
inp (atm) = - T

. R
Which of the two gquations 1s for solid zinC

r ddnp o 570 075 - A
AT 7* T e
©pp, = R (/5'75’/ ~ 9.7557)

4 ' D
Adwp _ 15350 — 1255 - L
r A 77 a7
.Y XA (15750 ~ 1255 T)
Now A s—sr P AH g0

My > Vi) g4 ’ s
- T /5 ﬁ'r’s'a/;;/ Q%ME 15 %ﬂr«&;ux 7

/
#
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7.5 At the normal boiling emperatne of 11on, 1, = 235Uk, e THE O CIRNge 0 tne—vapor

pressure of liquid iron with temperature is 3.72 x 1073 amm/K. Calculate the molar latent
heat of boiling of iron at 3330K.

Assuming that [ vepor belars o an Jdcal e ot o/
rovmal M'//A—; fw}.f , B ipligs VOlowe 3f R vaptr
at Pz /apont Tz 3330 K ir

V = PRI = 4.0p087 % 3339 = 2772 4
7 |
TR af _ M- DK
~7 T8V~ 7Yy

DRy = TH A
' 74

= 730 x 27325372 % /dbg < abn
e 32774 ZL.atn

s 389/ % E34F - 342374 T
0. 042457
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76 Below the triple point (-56.2°C) the vapor pressure-cf-ngd-eIérxs-gweﬂ-ﬂ.,

3116

inp (atm) = - + 16.01

The molar latent heat of melting of COy 1s 8330 -joules. .Caiculate the \:‘apori (Z:g?ssure
exterted by liquid CO, at 25°C and explain why solid CO; is referred to as "dry .

The Hople pond presmre s
/ﬁv/p:«' -3ue 4 tio o p= 518 At

2164
ard Akp _ 3pé _ HHG=0)
~ 7% R7>

AHrer ) = P ggxiNé = 285%47 T

QH (s==>4) = £330 T

QH (E=r) = 25967 - f23) = /78577 T
Frr //}W‘J Cos

Hpente) = ~ 2 o Combant-
At #4'%7&W2/p¢ﬂ~f

b (54) 7 -17577 4 comymnd’

2/6.4K
gombant = /39
Sl /78577 F
b = =12 + /.5
/C/z, [() i,]/#,{l’/

/Cdp/() ~ 73‘3 m

The 1 abw wsbar does it parr Hhrongh B4 sPRINPD frebd
f%/'af;jvﬁ? 7

)
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nt ieqad are.

7.7 The molar voiume Uit Yead-at-thé-normatmelting-temper2 . a
respectively, 18.92 cm> and 19.47 cm®. Calculate the pressure which must be applied to
lead in order to increase its melting temperature by 20 centigrade degrees.

3
APy 207 - JfT2 <
The mafar voome 3 o4 12 27 22 74 role
, z
Cagd P4 17 20T = 1947 <A
The wmdlar vofomedf £ 3 STVl =
| 7
LY = 1997 — 1§92 = 0.35 <7
AV (3>L) 4 Pr

NH (oK) = 5107

dE . M

AT 72V y

B f, = FE F2.052 b 2%

2 055§ 4
~ 282/ alw

The pressure mint be ncreased To 2827 alin

. f

.‘E
i
+

;H“‘w; ' | This document is available orl:‘ 2§ StUdOCU
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78 _ Nitrogen has a‘m'ple pol‘ifil;jfu - 'v‘v’-gH‘“EQH&QI\NG%K&@I@poim Vg - ffv - 00e5
a;d q’ricomc;b\t/ " e\(}u— 0.165 cm? /mole. Also at the friple POINE S - da =
e /moleand Vg - Vy =V

s between the fields
- = 36K lies on the boundary D _“
_ The state P =t am, T = . tion o= B, AS =
Se-Sy7 1.25 {{KOL and P phases, and at this state, for the Transfon;l;&r o gon at low
of S0k Og t;/ 027 cm>/mole. Sketch the phase diagram
6.52 I/K an = U

temperatures. 3
Ve =V = 2043 o/ mile

7
0165 €m fmole ;
Va VY j D yc5 + o043 = 02 o /mole

Ve - Vo ?

T i
. : A g /s siaslkc

M 7 stableat Wigh prsswres & /g

4 O and

7 7 S« 55’ _
;/-d-f/owf hih 7T, yal A/

.
o p %’- r.%x_% = 1053 aﬁn/,%
f—x & - %@?;% - 748 etk
r—p % z %x% - 277 apafk
At Lapn and 36K

xorp 2 o L2 BT 2 21 PN

43
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___________ AR slope = 277 atm/K
slope = 1054 atm/K

4650

Problem 7.8
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T

a7 oI

and O 93 10 atm at SZOK Caiculate the norrnal bmlmg temperature of NdCIs.

The /A/pp/’ /Mffﬂ)f! 174/&7?;% 15 of the ﬁﬁw

|
|
1
i

I (09310) = A + 8

A 2#
TS 9/;/41' 4=~ 6614 wd B = 1265

"’ A /::z T atn |
= p =~ b8t + 12.65
() =

or 7;:...-' £28 K

4hs
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7.10* Three allotropes a, B and y of a certain element are in equilibrium at its triple
point See Figure 7.18. It is known that:

V/>V® and S/ < S

Determine which regions of the diagram are a, 3 and y
Explain your reasoning.

Solution

If the pressure is increased, equilibrium of the system favors the lowest molar volume
phase. Therefore a is in either region I or II of Fig. 7.18, since V! >V“ . But at the

triple point, increasing the pressure moves equilibrium to the lowest molar volume

phase. Thus, region II is the a phase field.

If the temperature is increased, equilibrium of the system favors the phase of the
highest entropy. Therefore the B phase is in either region II or III since S7 <S” But
at the triple point increasing the temperature moves equilibrium to the highest entropy

phase: therefore region III is the phase field for the 3 phase.

The phases are as they appear below.

T->
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7.11%  Fig. 7.11 shows a pressure vs. temperature phase diagram for a system
exhibiting two solid state phases. Sketch the Gibbs free energy curves v. temperature

for the two solid phases and the liquid phase. Comment on the slopes of the curves.

AN
N
e o »e— B— L ML

T

The slopes show that the 3 phase has a higher entropy than the o phase both of which

have lower entropy than the liquid phase.
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7.12* Below is the Gibbs free energy vs. Pressure plot for three phases, solid (S) liquid (L)
and gas (G), near the triple point for the system. It is known that the molar volume of the
solid is greater than that of the liquid.

a. Label the three plots of G vs. P as S, L or G

b. Below, draw the T P plot for the material. Label the S, L and G fields and any other

points of interest. Note that the temperature is increasing in the downward direction.

P->

P->

It is important that the slope of the liquid / solid curve be as shown. His plot is the

normal P-T plot rotated by 90° clockwise!
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7.13* The Pressure Temperature phase diagram of a certain material is shown below.
Construct the Volume Temperature diagram for this substance and label all phase
fields.

P-

S+L
S+G L

/ Gas

< A
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7.14* Tt can be seen from Fig. 7.7 that the metastable extensions of the two phase
equilibria go into single phase fields. At the triple point it can be seen that the stable
and metastable equilibrium curves alternate as one goes around the triple point. Show

that the metastable extensions must alternate with stable two phase curves.

Solution

Assume the curves representing the stable equilibrium and those representing the
metastable equilibrium do not alternate. Demonstrate that a contradiction arises. See
below. The metastable extension of the o/y curve goes into the stable y phase field.
So on the extension is the y phase stable or metastable? This ambiguity shows that
the o/y curve can not be extended into the single y phase field. Hence the curves must

alternate.
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terms Of the reduced variables. Calculate the compressibility factor for a van der Waals

gas at its critical point and compare the result with the values obtained for real gases at

their critical points listed in Table 8.1. Calculate the value of (dU/0V)r for a van der

Waals gas.

T P ke wole (/’-:‘ )[V'-—}) R |
| (% * 2 W hevr—4) = RET,

| V/; &
| r
( ﬁﬁé‘ r’f.é") (%%=1) - 57}?‘72]3

| Ve M - “l
| 27;’(“ NPh=1) = T

| (% *5)(7%=1) =

|
Z. = __/fi'._'__,/?f - £ 3; 27}” =2 . 4.3
| v R T 27:5’ T Fa 4 =

| Ny - T/y —p -
- (3/r ° T/W)r SRt OXy

37
? . FIra var der Wﬁd—/fﬁd{ P= BT . a2
} f y—5 y*
¢ f .

. Nl ax) = A7 -~ 4
{ (’77. -5 1% Vs f = 7;:
! . ,
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8.2 nmoles of an ideal gas A and (1 - n) moles of an ideal gas B, each at 1 atm pressure, are
mixed at total constant pressure. What ratio of 4 to B in the mixture maximizes the
decrease in the Gibbs free energy of the system? If the decrease in the Gibbs free energy
is AGM 10 what value must the pressure be increased in order to increase the Gibbs free

energy of the gas mixture by AGM?

Mix w moles of A and (1=n) mojes of B af constant
AG"* - 37[%%‘,% * (1—~1) A (j— u)]
% P /27'[%% ‘) - //’hﬁ-—n)”{]
| = RT ,& = J W?z%- =I5
Mamym ACcease m::u/‘f 'f//’ﬁf? /4 =Ng = 0.5

Tnereasing e pressure fom | atm 1o P apw
jremases the frec eneipy by

DG = RIn?
L ps - 4RI 2
4o = T = 2

" f:ﬁr )4+ apn

W
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You are responsible for the purchase of oxyg
pressure of 200 atm at 300K in a cylindrical vessel

’ ‘Waals
meters. Would you prefer that the gas behaved ideally or as a van der

van der Waals constants for oxygen are @

en gas which, before use, will be stored at a
of diameter 0.2 meters and height 2

gas? The

- 1.36 1>.atm.mole™! and b = 0.0318 Y/mole.

2
The volume of fo 1ARE 11 Trd = 3420/ %2 -;

3
Z 0.0628¢ 7
| s 2044
Vit If bt 945 17 1046L, Bt 1Pk CorfRInS

" "ﬂ/=‘ 200x 8284 511 moler
RT  0.08204 x 700

If M gai i & Vom der Waals g2/
2
/ ——
[f’ * ;f;”)(;/- nb) = nRT

207 + 1367 )( 6244 — 0830 ) - 2 0.0£204 x 500
f.44°

whHeb d1yes M= 565 myles.

It jo Heus Jesr G4 penitte o N bor frrk JE o
9ar berany is /deal, |
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8.4  The virial equation of state-for n-butane at 460K is Z =1 + A/V + B/V? in which 4 = - 265

!

+

cm’/g.mole and B = 30250 cm®/g.mole®. Calculate the work required to reversibly

compress one mole of n-butane from 50 atm 1o 100 atm at 460K.

The Virral zf.w-?;km L Wt Vs am7M¢/£ , I
2= =26 J0250
| 4 y’

Plat) = Sropntss [ -2 222

At P, = Srabe, trsivs v, -—--39fm’
At a,g Fy = /ﬂafiw Ve = 1769 o’ |

Cwe [Pay = RT[[L - %’ v 30250 T v
. f /[ L)
L L. L7 - d0asefL _
ﬁ’?’[»é«,é + 268/ - L 2yl ﬂ_]]
3 /0 4!» /7” 21250 a
et ( 176 a’m’) //7/; 27.4* 2]
= — [+ T
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4 the crirical van der Waals constants for the gas
b. the critical volume of van der Waals S50,,

c. the pressure exerted by 1 mole of SO; occupying a volume of 500 cm® at 500K.

Compare this with the pressure which would be exerted by an ideal gas occupying

the same molar volume at the same temperature.

Ter “"".-—-——-'jd &V"' _f._..; % ..Zf’:- = ....{é
wt 274F 274 % £
| 4= _iimxp.a!zgg = 0.0547 4)miT
77.8x L .
| - 2r, = 27»'0-55172 7f = £77 .t
. 8 = 276 fe > —

! V,;,- = 34 = 2.17¢ 4/”»!&

| v—-4 ¥* 0.5~ 00507  05°
I - ;5'541;)"

FY?A“VV’df) s P7 - 0002465 5% :-;Fz'lamﬁh 
i , | y - 0.5 N
i
|
|
|
l | 50
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8.6 One hundred moles of hydrogen gas at 258K are reversibly and 1sothermally compressed !

from 30 liters to 10 liters. The van der Waals constants for hydrogen are a = 0.2461
1>.atm mole™ and b = 0.02668 l/mole, and in the range of pressure 0 - 1500 atm, the
virial equation for hydrogen is PV = RT(1 + 6.4 x 107*P). Calculate the work that must }
be done on the system 10 effect the required change in volume and compare this with the
values that would be calculated assuming that (¢) hydrogen behaves as a van der Waals

gas and (b) hydrogen behaves as an ideal gas.

B J0P puler, T 2IPK, Vy=i0L, V3= 0L

Fr=nR7 (14 64557F) t
we (1Y V= mﬂf["‘" » 647107 ] |
ay = wﬂ?’ﬂ’/}-; = “’97”--{:‘ |

W= wRT L/ ]

—te . = e
PV = 645187 fT/n = WET U~ b gntd BT ]

p = 1005 0.08206% 258 = §5 ahn |
ﬁ’ — 1PO% 6AXI0 % 0.88265% 208

/’2 ~ /PF¥ 2. 0020 % Zf[ - ~ 2900h
/b - 20 % 4% 15w 0.0F206 xS i

| %
W 10FxFYEE 27/&2‘; = ~ 301 AT N

L

van der Waak 3ac |

‘£ By
T4 £z 0246/ 'gﬁ
| iy u-—j;; i e

b= V02648 H/rle
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| A
PR - ,':.f. {4
Py = /(V all 2)
rnﬁ';"&[’ J na[.-.... + L
V, —
1O 108X D.926¢ F

= JxE3 44 294 %[
I~ 10T K 0. 02668

— 100 0.2467 x £-3/52 [_.__{_ ‘“5]

0.08206 170 Fo
s =309 AT
/0
1 den) gar W+ nﬂ?‘»&o% 2 140 xﬁsmfxwf-ﬂvﬁ
= —~272 AJ.
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8.7 isi ir ] eIor hvdrocen WORK

1 = £
S1710 the v OHaN0Nn O a D

a. the fugacity of hydrogen at 500 atm and 298K,

b. the pressure at which the fugacity is twice the pressure,

¢. the change in the Gibbs free energy caused by a compression of one mole of

hydrogen at 298K from 1 atm to 500 atm.

What is the magnitude of the contribution to (c) caused by the non-ideality of hydrogen?

Ly ~—
4) —— -_— 2 Fand /+ f . -
. 6516 P | 3., & gnss %p
% j Lad ey L7

,I 77?,.-.- 1376 and F = 1776x S5y = Ktpak

b £_, 2
G R LRl oy E
--.;;2 at P = /0837 aln. |

B A (A V‘-—'ﬂ?’[}-{ + E4ns5 7]
86 = RIA5L w 7k f-1)
f

2
s figgn29f b -f_/"f,’f o+ Ly 29F w 44#/;752’1“{7 |
= 5400 * 79
= /6150 T
and the conbrbatin. duc 19 meds-raica) bekawidr 1e 795 T -
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8.8* Show that the truncated Kammerlingh Onnes virial equation:

PV _ 1,81
RT v

reduces to P(V - b”) = RT, and find the expression for b’ .

Solution 8.8

PV

[1-20)
\%

if V. >> B'(T') then using the expansion

=RT

=1-x forx<<l1
1+x

PV( —@j = P(V - B'(T))RT

sob'=B'(T)

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

8.9*% Fig. 8.7 shows an isothermal variation, with pressure, of the volume of a van
der Waals gas at a temperature below its critical temperature. Redraw this Figure and
below it sketch the Helmholtz free energy vs. Volume plot. Be sure to indicate

important points on the A vs. V plot.

Solution to 8.9

dA, =—PdV

(8—'4) =—P so the slope should always be <0
ov );

oV? oV

Thus there are two points where A vs. V changes its curvature.

’A P .
( 0 = (8—) and there are two extrema in P vs V.
T T

Also the common tangent delineates the molar volumes of the
equilibrium phases.

H

L AW
‘ : ; \ g \

S

volume AY)
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8.10* Obtain a simplified expression for the total derivative of the pressure for an

van der Waals’gas.

dp = (5_1”] dr + [5_1”) av
or ), ov ),

= RT —% for a van der Waals' gas
V-b) V

(6P) = i for a van der Waals' gas

T ), V-b
(8_Pj = _Lz + 2—? for a van der Waals' gas
ov ), V-by V
Thus, dP = R dT —( RT > +2—‘§)dV
V-b V-by V

which reduces to dP = édT —i—ZdV ifa=0andb=0
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8.11* Obtain a simplified expression for the total derivative of the pressure for a gas

that obeys the truncated Kammerlingh Onnes virial equation:

PV _,Bd)
RT v

Solution 8.11

AR

( j R (T)R RT(@BJ

=— +
V v? vi\er

(6_PJ __RT_2B'RT

ov ), V? v?

ip=| B EOR I (BD |y [RL 2BORT T,y
1% v 1% oT 1% 1%

which reduces to dP = édT — };—Y;dV if B(T)=0
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8.12* Derive an expression for Z¢: of a van der Waals gas.

The equation of state for the van der Waals fluid is

P:RT a

v—b v*

Where P is the pressure in Pa
R is the gas constant (8.314 Joule/K)
v is the molar volume of the gas (m?)
a and b are empirical constants that vary from gas to gas.

To calculate Zr we must obtain: Per, Ver and Ter

At the critical pressure and volume, the critical isotherm has a horizontal inflection:
(apj ~ [azp} 0
EE— = —2 pu—
ov ). ov ”

an RT 2a
—_— :——2 +—3:0
ov . (v—b) V

o°P 2RT  6a
2 = s——==0
o ). (v — b) V
Solving we get:
8a a

VCritical = 3b’

Pcritical - 27b2

b

TCritical = ﬁ

a

Py, _27b° Sb 3
Zcr = = = —
RT., 8a 8

27b
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8.13*. The ideal entropy of mixing of a binary solution is given as:
AS,. =—R(X,InX,+X,InX,)

a. Sketch the entropy of mixing vs. Xs.

b. Calculate (using the expression for the ideal entropy of mixing) the ideal entropy of
mixing at B =0.25

c. Calculate the slope of this curve at Xg = 0.25

d. Calculate the partial molar entropy of component B for the composition Xg = 0.25
e. Calculate the partial molar entropy of component A for the composition Xg = 0.25

f. Show that your answers in d and e are consistent with your answer in c.

Solution

ASM'id, joules/degree

1 i 1 1 1 1 1.
A 01 02 03 04 05 06 0.7 08 09 B
XB —r—
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AS . =—R(X,InX,+X,.InX
b ™ (XaIn X, +X,InX,) 4.56 J/Mol

AS, =-RIn2

AS,. =—R(X,InX,+X,InX,)

. dAS. .

c dd;m“=—R[1nXB—1nXA):—R(—1n3)=R1n3 913 JMol
B

d. Ss=—R(InX,)=RIn4 11.52 J/Mol

_ 3
e. Sa=-R(nX,)=RInC) 239 IMol

dAS,,.
mir — R1n3 11.52-2.39 = 9.13 J/Mol

f.

B

AS, =Ss5—Ss=R(n4+In3-In4)=RIn3
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9.1 One mole of solid C£203 at 2500 K is dissolved in a large volume of a liquid Racultian
. -+ - K.
solution of Al,O3 and Crp0s in which Xcr,0, = 0.2 and which is also at 2500
iti rral
Calculate the changes in enthalpy and entropy caused by the addition. The no

melting temperature of CryOs is 2538 K, and it can be assumed that the AS;nAL0, =

AS m, Cr103 .

PHm gy = 10700 T .. DS pnty = 227300 = 4425 3)f

M'

232
A}L/m’g’/;pj > N 48, = 2538 x 96.25

s 17400 T

Cris) ~ i) SH = Bffy, = 117400
. . -,ﬂ,’/ _
crie) Cr(im rtledion) H > 4 s 0
) »Aﬁ’;‘/wu = 7408 T
Crle) — Cr(€) A= ISy = 44.25
, , o
Gy — Crlmislatin) AS7 A 7 s A,

= = f.5/84 b 0.2
Y

L By, o #6285 4135 = 574 7/
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9.2 When one mole of argon gas is bubbled through a large volume of an Fe-Mn melt of X my f
= (.5 at 1863 K evaporation of Mn into the Ar causes the mass of the melt to decrease by
1.50 g. The gas leaves the melt at a pressure of ] atm. Calculate the activity coefficient of

Mn in the liquid alloy.

The satupsled vaper precaire of lignid Mo at 1853 X Ji

- 37440 -
.@X/( -—7;;;'*-' -*.?'/Z'&‘///i 7"37'{/) o 9“’ff3“7/‘"

2 i
The nomber of molec tf Ma rewpved = 130 =~ J.0277 |
| 54.94
The parhal pressie of Mo in fiog par mintare = T
= 0.0277 0.026( = / ke
/0277 e
S R Y.

[ n 1.0453

4&/@’,,:'%

0537 _
i /. 0f

B

TREHE

85
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9.3 The variatian,‘ with composition, of G** for liquid Fe-Mn alloys at 1863 K is listed below.
a. Does the system exhibit regular solution behavior?
b. Calculate G, and Gy, at X = 0.6.
¢. Calculate AGM at Xy, =04,

d. Calculate the éartial pressures of Mn and Fe exerted by the alloy of Xy, = 0.2,

X Mn 01 | 02 | 03 0.4 0.5 0.6 07 | 08 | 09

G* . joules | 395 | 703 | 925 | 1054 '| 1100 | 1054 | 925 | 703 395

2) C'a/an/w?’/‘ﬁlb of % -’-"’__f_f | fry Lach m;;.../‘mz‘rh.. | f’%f Ko
X Xty

a—/qafg vaike of 4396+ 6 7. | Theretary, A 167“/'/7 é Y{
the {y//'cm 15 IEquIAL,

b TN - axy cestéres = 1583 T

2
Gy, ~ X5 4396% 0.4 7-‘?'.

oy 6" = L3195x I8f7 (04504 # 04H08)F 9596 x0.Fn0.{
£ =937 T

2
VU S =R
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7 3 comllinued.
L Ay, T 12X 02 = 024

P = 4 "’”}“" ~ g2l 153 # 3TUY) = 0.0997 aths
1£63 |

/9/;;/, = R%,,f/;/h 0.24%0.0493
= ‘3, d0/¢ ah.

' 1
Ve = & (’43‘7(*1).2 ) - o
R — = Lol
! Jirtfx 1463 :
LAy = oW N0 = 0.869 !
e
“‘/( #’% — /87 Hu 1f47 + 27 ?;) 455%10 4

-

0

fff = ﬂ/,?fﬁ =
s 3.68 x /ﬂﬁiﬂ#f!'

-5
. 0809 x £.55%/0

577
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i i i ith 1 mole of Cu
9.4 | Calculate the heat required to form a liquid solution at 1356 K starting with

Ag is given by AHM = 20590X cuX ag-

Heat | mnole of G o 299X fp 1356 k ond ol &
1784 |

bH = [epeybT * Ama

/g . . ;}
\ . 8.28%10 _ 29
- 12,64 (1356 *H) p 8200 (18

+ 2970 J

s 42420 J.
| 135
Lent | mmole oF Ag flon- 254 fo 1354 5

1254 B - p
A + 2, 49(¢)
At = f ‘fﬂ’}é’)’(’r * ﬂ”’z-’é'f | /ECf 17

147 _

. 1.54%15 (12245 29¢7)
é = 113 (1834-20¢) Lhacy

frl . g+ 305 (1354~ /274)
~ 18118 (T 2”) + /109 ‘

= 41260 J s
e 2 pwples of b}wlrvﬁfdf ligvid & plw ,/ | A'f
SH £ o (- 24570505 )

= 4pagd +H1260 = 1030°

~ /0300

7 )7‘»! hedd /dyufrfdmmz‘
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9.5 Melts in the system Pb-Sn exhibit regular solution behavior. At 473°C ap, = 0.055in a
liquid solution of Xpy = 0.1. Caiculate the value of Q for the system and calculate the

activity of Sn in the liquid solution of X g, = 0.5 at 500°C.

iy o= 24 . 0%

— T A58
Y7 4./
s & b 0.
,, A2 £3/44 = 7":" 5 s 4rrp T
4.5

At 800°c (773 K) ek Xp = 08

y 2
,&yd}h > ~457¢ %08 = - 0.7
S i4% %773

. 4&n = &Sr.&#/[-d,/?f) z 0.4/F

59
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9.6* a. Calculate the values of AGand ag for an alloy of Xg =0.5 at 1000 K
assuming the solution is ideal.

For ideal and regular solutions AG" (X ;=0.5)= Aaf = Aa‘f

AG"" (X, =0.5)=—-RTAS" (X, =0.5)

:—8314*(llnl+llnl)=—5763J
2 2 2 2

AGy = RTa, =-5763J]
5763

aB(XB = 05) = exp(—m) =0.5

b. Calculate the values of AGpand ag for an alloy of Xg =0.5 at 1000 K that is a
regular solution with a AH =16,628* X, * X, .

AGY"*4(0.5) =16,626 + 8314 * (llnl+lln l)
2 2 2 2

mixing

=16,626*l+8314*(llnl+llnl)
4 2 2 2 2

=-1609 J

AGp = RTa, =—1609 J
1609

ap = exp(—m) =.844
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9.7*% A regular solution exhibits a miscibility gap. Sketch the activity of Xg vs. Xa at

a temperature within the miscibility gap.
Denote regions where Henry’s law is obeyed and where Raoults’ law is obeyed if

applicable.
Solution
1= 1
/

[+] H -
i v
I ]
! P
I - |
| -~ [
| - |
| - Nl
! -~ <\Raoult 's :
P Iowy I

¥ f
I |
i |
f L o

A xg x’,f B
—
< XA
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9.8  Tin obeys Henry’s law in dilute liquid solutions of Sn and Cd and the Henrian
activity coefficient of Sn, s, varies with temperature as

iny°, = - 840/T + 1.58
Calculate the change in temperature when 1 mole of liquid Sn and 99 moles of

liquid Cd are mixed in an adiabatic enclosure. The molar constant pressure heat
capacity of the alloy formed is 29.5 VK

ﬂ:;;ﬁ = R 9%’/(;'/1_ = —fasx§po = —675FT
| 3(F) |
N le) = i | -
A //é/ e ) = Xgd7g, + Nad Ay
= oy x(~-8984) A/’/Z{ﬂ 4

- 6747 T
= Qﬂf
= 294 T

v TInemawin T ¢ 89.8F _— 2.37 kelas
295
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of a binary solution can be expressed as ‘

1 1
Iny, = oy Xp + -2-'0&2X% + "gasxﬁ o |

and

1
Inys = ByXs + -;-Bzxi + BsXG ..

over the entire range of composition, then o) = By = 0, and that, if the variation can be l

represented by the quadratic terms alone, then &g = Bs.

3

%IJ;:- N Xg +3/a’;z\ééfa§x,+',- |
L Xgdb ¥y = W XNdxg o+ N Xy Xpd%p o+ Agx,x;dy, + - |
' / 7 i z
ﬂwl}:ﬁ,u’}, +3’/32y *IpxE |

’ 2
L R * PNy + gy 4 |
Fon be GIbbs-Dohen Lquation |
XyadTy = Xpa4dp |

"’f"’/ MAdXy + KeXXpddy = fr 28 4% +fz’9¥,dx3 |
1f the pones leper are Mapcald at the Juadinshe fepmsr |
Equaliy if #he coetfreienls in Terme contrimg Xy (%)
fffu;/'(f that o) .::'/;/ =0 and qM’/; OF Fhr
cieHcients inHo GRAAETIE Teymr femirer FAGT Ky = /3}

Gl

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS
6TH EDITION GASKELL

9.10 The activity coefficient of Zn in liquid Zn-Cd alloys at 435°C can be represented as

InYz, + 0.875X24 — 0.30 X%y

Derive the corresponding expression for the dependence of In Yoq on composition and

calculate the activity of cadmium in the alloy of X ¢4 = 0.5 a1 435°C.

.
o Oy = 047Xy — 03Xy
b Vi = 1760 Xea#%eq = 5.9 X5y 4%,
"".%( Gh Ty, = = TV dNey 09 X3 ey A
A4 4

"

/.75 Xp, €, = 0.9%, (i- X3,)4X;,
= 045Xy AN, + d,i'x;,{xa'_

”

3
R AT ﬂ"fzf)r; + 0.8 X5

) /U' )’54/.7 0.5, Xé‘,{’ L1855 ondk d@ = 0877
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0.11 The molar excess Gibbs free érerzyrob formayion ©fi sodid solutions in the system Au-Ni

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

i

can be represented by

T
G* = XX au (24140X 5, + 38280 Xy — 14230XAHXN9{1' 2660] !

Calculate the activities of Au and Ni in the alloy of X 5, = 0.5 at 1100 K.

l” ”;{;o F
6" - x /..z)[? #/40x + H2H0(1-x) - 19230 % (]~ )_7[ / -'-;Zz

= [ 39280 ~ 644502 # 42/4&: - /-fzwx"]x 5. 554 —

- [ 74280 ~ /333005 + 127809 2" ~ 54920 ]M?/

3.74
(/'757% = [!IZW — |7I8FLX + 246/1802% //’,72‘91?
+ 56520 2% ] 0574

G Gt Omx) 36"
An = Sl 52

3
= [30200 - 137300% + 1999507 ~ 142/20%
s ﬂﬁaz’] 2.55¢
—s

4 /d M 20.5) = 3ok 7 = P15 1100 4 Bpy
"W = 139 and By = 08x)39 = 0454

Yy *

J

g
Fomdy 6t Y, = 05) = 405/ - 13/4,:.’//@/};

’ }/‘;": /7 - ﬂ/‘,“: [TV l.48 =

63
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9.12* The activities of liquid iron-copper solutions at 1550 °C as a function of
composition are shown in Fig. 9.9. Sketch the activity coefficients as a function of

composition at this temperature.

Solution
T T T T T T T T T
10
9 2
8 4
7 . o
Yo (experimental) Yrg (Gibbs-Duhem)
6 ol
Y 5F o
4 !
3r a
2r g
1 1 1 1
Fe 0.2 0.4 0.6 0.8 Cu

Xcu
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9.13* Use the equation: AG™ =b(T —T,)1’ +cn* to derive the following equation

forn=n(T): 7,=01 —Tl)“2 where b > 0

C

(Hint: Use the Third Law of Thermodynamics to set =1 at T = 0).

Solution

AG® =b(T -T. 1> +cn'

XS
GAGG =0 for equilibrium
n
XS
8A6G =26(T -T)n+4cn’ =0
n

(T -T,)

C

Thus 7=0 and 7* = are extrema
By taking the second derivative n = 0 can be shown to be a maximum when T< T,
and the other two extrema are minima when T< Te.

2 - _ b(T _TC)
2c
at T =0, 7 =1 (by the third law)

Thus: T, = % which leads to n° = (1— 1)
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9.14* It has been found that in a certain solution the activity aa = Xa over a certain
range of composition. Determine the relationship between ag = Xg over the same

range of composition.

Solution

a, =X,

d(Ina,)=d(nX,)

X, d(na,)+ X ,d(Ina,)=0  Gibbs Duhem

dX,

X X
Thus:d(Ina,)=——2d(na,)=——2d(nX,) =
X X
B B B
integrating: Ina, =In X, +Iny where y is a constant

Thus, a, =yX,=y,X,

This is Henry's law.
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9.15* All regular solutions with positive heats of mixing have the same value of the
activity of its components (A or B) at the critical point of the miscibility gap.
a. Calculate this activity.

b.Plot ag vs. Xg for a regular solution at Tc for a miscibility gap.

Solution
az=73X;s
oo exf % :
fe=2z .
DT
Cexp \2) (1) .
a, =exp La [J >
2R ° o 02 0.4 0.6 08
a, =exp(0.5) -GJ =0.824 X2
Another way
Gs=AG,, (0.5 =AH __—TAS =
=%—RT(an) — RTIna,
But: T=T,. = %
1
5 —In2=Ina; =-0.1935
a, =0.824
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9.16*. At a certain temperature, T the A-B system exhibits regular solution behavior.
The activity coefficient of A is given by:

In(y,)=-b(1-X A)2 , where b is a constant at the given T

Compute the corresponding equation for the variation of yg with composition at the
same temperature. Be sure to state justification for the steps of your solution.

Solution

Iny, =-b(1-X,)’

Gibbs — Duhem

X, dGa+X,dGs =0

dGs=RTdIna, = RTdIn(y X ,)

X, dhny,+ X, dlny, =0

dlny, = —%dlnm = —%(—%XB(—dXA)

B B

VB
[diny, =Iny, =-bX} =-b(1-X,)’

V=1
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10.1 CaF, and_Mng are mutually insoluble in the solid state and form a simple binary

eutectic system. Calculate the composition and temperature of the eutectic melt assuming

that the liquid solutions are Raoultian. The actual eutectic occurs at Xcr, =045and T =

1243 K,
x =z Xup, ‘ ’
Fop the CaFy liquides Jime
AE,?, = 31200 1§ 45T =—8§34% 7 b X
For the Mgt /i qudos g |
865 = Bgisy — 3I86T = —EH1E 7 (1=

Simoltanaoos soloTion j’/’/&; 7557& }Dd//lrf of
tersedion /f e fgorass Jres &b
T = 37 K

Xeafr © 0.5%

Y
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¢ GAuqi 6611

G/;u(s}

10.2 Gold and silicon are mutually insoluble in the solid state and form a eutectic system with
at eutectic temperature of 636 K and a eutectic composition of X5; = 0.186. Calculate the
Gibbs free energy of the eutectic melt relative to (@) unmixed liquid Au and liquid Si, and

(b)Y unmixed solid Au and solid Si.

A CUK BBy b = 12600180 o gen T
1334

P AG’,,Z.;:,‘ = 0200 / JEES ~ a’!{/

30943 7
/658

L
30043 G, 4) 46" = ot

= = (0./86 530943 » 08175 66//) T
=~/ //7‘0 J

b J¢' = o

]

ST

Au Si
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103 AlyOs, which melts at 2324 K, and CrO3, which melts at 2556 & T0fr S s

i = id and
of solid and liquid solutions. Assuming that ASS, 1,0, = ASm.ALO; and that the soli

liquid soiuﬁons in the system Al;03-CryO3 behave ideally, calculate

1. The temperature at which equilibrium melting begins when an alloy of X a0, = 0.3

is heated,
2. ‘The composition of the melt which first forms,
3. ‘The temperature at which equilibrium melting is complete, and

4. The composition of last-formed solid.

[
G
Alm sty . 12917 _ g g
R7 7

&
\ AM"’ s (V8 _ 5447
i AT r

) The n//awm-/wm/fz &t Mgy = 05 is gw by
_ — 141 4 4
| s = 14 2 +;f{3)
- /292 - - /4§
| o ( _7__7.,6,4:;/,?) »7/_.7.___. »5.567 )

| Witk gy e Solatim T £ 2918 K

| 2y The wrf(f/M}-; /i gvrdus a//n/d/;ﬁ'b- 7’

s -~ /2929
| Xpsoy Logoidc) = 05 [ udd 47 ;:;{g)]

i = 0.62/

! bl
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Lroblen 10.3 Conlimued g

{

7) The /,'fux;sfa/ 7‘%/{/227514( ¥ X:‘f/zﬂ; = 0f ".j”@‘"‘% |

. e =lE L sssz) |
7

— /2829 s S
il --;.f-'v‘:’-'f/f) 4/ .._--’;"” “5547)

wiwer giver T = 29494 K |
4) T~ w//aqaw-///y G30dnrs com /by/://.}}/. ) |

Mg, (1litns) = / -%/*_g‘_.;'{ + 5547) |

!

oy (L2928 L £547) — ny [~ NS y

<

= J.3f
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10.4 Na;0.B,03 and K;0.B,0; form complete ranges of solid and liquid solutions and the
solidus and liquidus show a common minimum at the equimolar composition and T =
1123 K. Calculate the molar Gibbs free energy of formation of the equimolar solid
solution from solid Na;0.B203 and solid K;0.B,0; at 1123 K, assuming that the liquid

solutions are ideal.

Ab T = 23K

Ab’ff,wz/,&q, s {‘/Wo/ /240=/23 ) - 6522 T

7240

| D6, Koo hroy = 63000 (12201127 ) = 4957 T
| /220

i

A" (fomtiguds) = L35 51127 [054.05+ 06 4-05]
( s - 4727, = ac

ab = 05% 6322 + 0.5x #9937
{322
\ ' \& = iéif ].
| e T 26" () id roltm- fom Solide)
b
. 0 b
l 4 /4‘
| it " = = 6472 + 545
| S /2
| Ne
| K
i A
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10.5 Si0;, which melts at 1723°Cand TiGr7 whish mehssatrh842°C are immiscible in the i

solid state and the Si0;~TiO, binary system contains a monotectic equilibrium at

1794°C, at which temperature virtually pure TiO; is in equilibrium with two liquids ‘
containing mole fractions of SiQ, of 0.04 and 0.76. If, for the purpose of simple |

calculation, it is assurned that the compositions of the two liquids are X sin, = 0.24 and
Xsio, = (.76 and that the liquid solutions are regular in their behavior, what is the value !

of £; and at what temperature does the liquid immiscibility gap disappear? i
|
i

At Rt wm/&of/b;;. O Fr ﬂﬁ'ué/ﬂ‘dvjwf A ke 867 ciyve
J.JF"/ _& ¥ 2 2 |

S = A7 ] + L (7-2x) = i

Af 2067 K. |

£3154% 2047 - ;;Z + Ly [1=2x024) = 0 |

W It ho j/;’f:r L, = FF056 T,

= A2
Thee To = 224 = 3056 _ 4,5, K !

28 2% £314# |

This document is available on (D g stUdocu

Downloaded by zarsan far (zarsanfar@gmail.com)


https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

6TH EDITION GASKELL L ) ..
10.6 The binary system Ge-Si contains complete sofid and lquid solutons. Tie mettmg

temperatures are T, 5; = 1685 K and T 6. = 1210 K, and AH7, 5; = 50200 J. At 1200°C

the liquidus and solidus compositions are, respectively, Xg = 0.32 and Xg; = 0.665.

Calculate the value of AH}, g, assuming
1. that the liguid solutions are ideal

2. that the solid solutions are ideal
Which assumption gives the better estimate? The actual value of AHp, e at Tyge is

36900 1.

4t g7k Mngy = S0 (MDY o s T

/685
4
A6m, S, . 67/6 .
RT P i1a4 x 1473
Xeetrahie) = 0335 = | = &y [~0:5757)

-—1“5'5'
’ J@uffxﬁ473‘) 7/ )

firc/ 46’:,, o = = 197 T

ara  Mme =77 = 3INT
1200 =17 )
J2/8 |
lgrs (1= o= 05157)) by T )
Xé't (lgridusr) = .64 = (. ) 4

L 7194 % /33

-6 6 -
oy [ 26 - O 25157 )
F [ioifﬂx/nr?;) 7 (

Wk Girer D6y o = = 4679 T
70 |
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ﬁq{i; 9§ co 7, sgedOTH EDITION GASKELL |

o |
Ay, 6 = ~F*677 = 21527 T |
//z/p-/#!)

J2/0

The Crfmale fon the Jo /oty / 23/00 )
11 Elofey it acinot Vodue 0f 36900 J - |
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10.7 CaO and MgO form a simple eutectic system with limited ranges of solid solubility. The

eutectic temperature is 2370°C. Assuming that the solutes in the two solid solutions obey

Henry’s law with 2,0 in MgO = 12.88 and Yﬁ;go in Ca0 = 6,23 at 2300°C, calculate the
solubility of CaQ in MgO and the solubility of MgO in CaO at 2300°C.

__,.__.
—
——

| Myo % | X2 Ca

| %o (inf 4t %2) © Ay (i 47 %,)

| | =X, = £23(7~Xz) 2
i “-/sz [/hdﬂvfx//&' d"‘,{fﬂ [/"/GﬁfXZ)
| 284X, = Y %

y Solutipe of (1) erd ( /7) f/'rl/'

l r‘// = XQ;}:" 0.06¢
| | /'/; = /\/&p = 285

( | | 72
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10.8* A metatectic binary phase diagram displays the following invariant
transformation on cooling:

2B a+L
Sketch such a phase diagram and then draw free energy curves of mixing just below,

at and just above the invariant temperature.

o+p+L

T>Ty

o L+a L

a o+p g L+p L
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10.9* The free energy of mixing of a regular solution is given by:

AG, =a,X , X, +RT[X,InX,+X,InX,]
and a, = 24,943 Joules/mole

a. Plot AG,, vs. Xz at 1400, 1500 and 1600 K.

0 :
200 0.5 1
400 5
600 - .
800 45 5
1000 1o o

- *
1200 1= =
1400 +% -

! g
1600 ’\ 3
1800 W}
_2nnn

0.5

-500

-1000

-1000

-1500

B
[*
Ll
*
*
1500 T¢
*
3

1

*

*

*
*
+*
-*
*
*
j’

-2000

N/

-2500

annn

b. Plot %VS. X3 at the same

B
temperatures as (a).

1000

900

800

700

600
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400

300 FaY

200

100

-100

-200

-300

-400

F . Y
0 + %
N E. Y
-»

-500

-600

-700

-800 &

-300

-1000

1500 K

05

-500

[eosfs* ¥ +

-2000

3
X 4

-2500

-3000

-3500

1600 K

Plot of the first derivative for
1400K. The first and third zeros
are the minima of free energy
plot: they give the compositions
of the two phases in equilibrium.
The maximum in this plot and the
minimum give us the spinodals
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1000
900 *
800 °
i :
500 :' Plot of the first derivative for

10 & 1500K. Only one zero for this

4
Fi

300
200 plot at 0.5. In fact when it passes

100
0 f-! + through zero the curve has zero

;1;83 0.5 1 slope. This demonstrates that this
30 is the critical temperature.
500
600
700
800
900
-1000

1000
900
800
700
600

- Plot of the first derivative for
500 P4 1600K.The zero value is the
o 3 minimum in free energy vs. Xp
200 - plot (0.5)
F i
F i

100
0
-100

5 il

200 ;’
-300 $
400 3
*
5
L ]
*
*
+*

-500
-600
-700
-800
-300
-1000

c. Determine the critical temperature for this alloy. Show work.

From the answers above we estimate Tc to 1500 K.
Or, since a regular solution we calculate it to be Tc = ao/2R = 1500 K
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10.10*. A certain solid solution of A and B has a AG as follows:

AGE =AG,. —AG" =X, X,[a,X,+a,X,]+RT[X,InX,+X,InX,]

Where a; = 12,500 Joules/mole and a; = 5500 Joules/mole
a. Plot AG,; at T =500 and 700 K

b. Sketch the T vs. Xp phase diagram of this alloy

c. Determine the critical temperature and composition of this alloy.

Solution

202 f
$0

-200

0.2 0.4 0.6 0.8

* .9
—
V)

-400

.
'Y
.
.
-600 -
.
.
P
¢

-800

-1000

-1200
Plot of AG’ ve. Xp at 500 K, showing that a miscibility gap will exist in the T vs.

X phase diagram with Tc being less than Xg = 0.5.
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500

-500

®
.
L J
1000 o ¢ Series1

N
&
R d
1500 &

-2000

-2500

Plot of AG,,

mix

ve. Xg at 700 K, showing that 700 K is above Tc.

b. Plot will be asymmetric with Tc less than Xg = 0.5

O°AG,;,

c. A graphical way of doing this is to plot  gX, vs. Xg and see what T has the

O’AG”®

mix

curve just touching the 0 ordinate. Below isthe gx,;  vs. X for 700 K
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10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

-1000

-2000

-3000

-4000

-5000

-6000

-7000

-8000

-9000

-10000

¢ Series1

m Series2

20

40 60 80 100 120

This is above Tc.

O°AG”®

mix

The 600 K plot shows two crossings of the  gx, =0. Hence T < Tc.

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

-1000

-2000

-3000

-4000

-5000

-6000

-7000

-8000

-9000

-10000

¢ Series1

m Series?2

20

By trying various values of T, Tc can be found to be 607.5 K and the composition of
the critical point is X = 0.35
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10.11%. The phase diagram of an alloy that has an eutectoid transformation is shown

in Fig.10.33.

a. Sketch the Gibbs free energy curves for this alloy at T =T".
b. Show that the a/y solvus must enter the o/} two phase field (as

shown by the arrow).

Y
L
B
/5 2N
| ) TJ
T o + 5
A rj'e XE Kaa ﬁlE B
Solution

The common tangent of y and o below T intersects the a free energy
curve to the right of a.

Free Energy
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10.12* A eutectoid phase diagram is shown in Fig. 10.33. Draw the phase diagram

that would result if for some reason it were impossible to form the o phase.

SOLUTION

A possible diagram is shown below. Note that the y/ 3 curve is the same as the one in
Fig.10.28a until the temperature where the eutectoid temperature was. is reached. It
then is extrapolated to 0 K. The O K phases present are y and .
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111 A gas mixture of 50% CO, 25%GO2:359 25% [, (by. yolpme) s e 10 d Tafmace A

900°C. Determine the composition of the equilibrium CO-CO,-H,-H, O gas if the total

pressure of the gas in the furnace is 1 atm.

For Co + Hy = Ho +* O ;

DEfyy = =186 T . Fp =iy /%73 ‘

s /156 {

Co, + Hy —> Myd * O {

inshalmoler 0.25  2.3F ¢ 25 |
vper yeaction V25-¥% PL25-%X x I5+ x Yy / j
Wits fy =/ atn | |

K/ = PHd. /;4 ]

VG ;!

L1858 = X(0.5+X) |

(s25-%)" | | |

. Xz 0.0676 l

Xeg, = Xy, = 425- 00674 = 0482
Neg = 0.5% 00674 = 0548

X/,{zo = dfﬁ£7{ !
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11.2 How rﬁuch heat is evolved when 1 mole of SO, and 1, mole of O,, each at 1 amm.

i 1 atm
pressure, react to form the equilibrium SO3-S0;-O; mixture at 1000 X and

pressure?

For /O, # 30, =90 A6y = ~3230 T
Ko, 100 = 7y /. S270

F 394 x/‘;f_j/
= )&
| J12 f/z — Y%
; irifrod moler / % ’
’| ypor reasi)on /=¥ 5-4% of
z My = 4 (3-x)

| ﬂ(" 2;9-:) P )/’ﬂz.’..{:..ﬁ-f ’/’f'/‘; = 2%

A
| £ L%, - 147 = x (5-2)"
| % for ( /~x)"”[/~ x)

] | | L x = 0.467
s
| For formaiion of | mole of S0z AH = DY = = 94500 T

| For farmadion of 0.963 m-o/es U V3
\ Aﬂ 0. F53 w0 =~ f‘fﬂ/ld J

50T
43800 T ae evolved,

LI

1
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11.3 A CO,-CO-H,0-H; gas mixture at 2 total pressure of 1 atm exerts a partial pressure of

oxygen of 1077 atm at 1600°C. In what ratio were the CO; and H, mixed to produce the

gas with this oxygen pressure’

o, + Hy — Mo =+ <0

niha) melts A

Vpor reallion a—x )= x x

. ) |
Frr Ky +30,7 Mo  B6ipm, = —I12/52 T

K =~ 9659 = f//zl’ — X

T el

f%/’ff, -x) /0
which siter X = 073
o
For o440, 7C0, Dby = = VIFOST

. K= 2193 = __fd_"_”% = dﬂx..,a,; | = R~ 0753
2 AN e

Wil cfe jx}w A= J27¢
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11.4 Lithium bromide vapor dissociates according to LiBry, — Liy) + ¥4Bry ;). At what
temperature does the partial pressure of Li reach the value of 105 atm when the gas is

heated at a constant total pressure of 1 atm?

Lilr —s LS - 34
I ol males / / /
qfﬂhflﬂéﬂhbl =2 2 :{?f~ el /,‘é&f
-~ ) -5
Af f;-r / A, fL" s X = /J-! L x= M

* rFl ’-x
, [ = e d /
) PLisr T+ £

| -5
. ,/" ' J A 4 -
coKE ety L (5w ?y 1 = 2.234% 00
PLr8r
P60 373909 - 4209 T = = p g T A 22365180

Wi/ ch 5,?/” T 177 K

76
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11.5 When SO; is decomposed at the constant pressure P and T = 1000 K, the partial pressure
of O, in the equilibrium gas is 0.05 atm. What is the pressure P7 If the pressure of this
equilibrated gas is increased to 1 atm, to what value must the temperature be decreased to I

produce a gas mixture in which po, = 0.05 atm?

For 05 = 80, » 44, 46, , = 523¢
k/ = 0.537 |

For J't‘zf%}mo#’% pro, = Z/W‘ |
i Py = Srm 3P0, |

K = 0573 = i A {

o K E O3 E P P (005) w005 ;

| [0 (L~ 045)

Grer fr = 0./92 atm

X |

WK Pr=/labn , K = (0:05) 070  _ 5 o247 |

/= 0-/5 !

. 26°= 94600 ~ £9.37 7T = - L3t TP 0.0263 \

whick e T = 792 K | {
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11 & For the dissociation of nitfogéh aE@TAINEIN GASKELL

N2=2N

AG® = 945000 — 114.9T J

Calculate

: i. the equilibrium partial pressure of N in nitrogen gas at 3000 K and a total pressure

| of 1 atm,

ii. the total pressure of thé gas, at 3000 K, at which the partial pressure of Ny is 90%

{ of the total pressure.

| ‘ o
| For Myz 2w D6y = 600308 ;7;
| k= 3.5;:/9

? = !/" |
| (/= pw)
'i ,

_f
! o = EEERI) ate

ir e e kg = 2.53%00 "
| = 095 *01F 7 .
o = (0177) . _{_{//}
o 2.977 /.7
| X 21Px18 "7 ath.
|
|
L 13
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11.7 Ammonia gas is heated to 300°C. At what total pressure is the mole fraction of Nj in the
equilibrium gas mixture equal to 0.2. Calculate the standard enthalpy change and the

standard entropy change for the reaction i

3 1
Hag) + 7N = NHsg)

at 300°C. !

For My = No# 3l  déf, = =2502/ . Kppy = 170 |

As fhr = it Xy = Exy, |
‘ Xﬂ/z = 0.2 p Xﬂz, - d,[ X/VA’; = /‘""aZ"’ﬂ.J"“” 02 %

3 F 2 .
z
P Ms o7 s.2* |

Which j/}’éf P = 133tk

26" = —pM3p + FTET 5 197 T'
for My + 3, = 2m¥, |

¢

246" - _ 45T 25987 #2584 3.7 |
o
Iepy = = 2204 T/

- —lopis T
; ': For ‘%ﬁrz ""‘{ML = Né’;
’ ° . -
By = —S0900T amh M, = TI0T The
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11.8 By establishing the equilibrium

PCis(g) = PClg(g) + Clzfg)

at 500 K in a mixture of PCly and PCls a gas is obtained at 1 atm total pressure in which
the partial pressure of Clp is 0.1 atm. In what ratio were PCls and PCl; mixed to obtain

this equilibrium gas?

o
fr Py *ay = K Yooy = ~ 2472
Ko g9 = 150/

| /o] moles P p) /
Vptn Teact ou A+X x /- x My = AF/AX

At Fre et gy 2 E - =00 (1)

.

E ARF:/FE

! kK= )50/ = }/’é'/f - (/~X)[R*/+Xx) 'y
| ’bf%/’% X(AtX)

(/") o 0‘/) f”’! A= 2 {jz X = 240

Fl; - 4= 24692
Pels

; %0
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6TH, ED TION GA Llwnn K. Calculate the %-
11.9 Air and hydrogen are rmxcd in i

partial pressures of Hy and O, in the equilibrium gas at ] atm pressure and at 10 atm .

pressure. Air contains 21 volume percent Oz.

Ny = 20 | i‘
"Zl/f = fo - ?‘7’& = /6.8 ;
By, = 53.2 |

ﬁf' /{2 +* z{ﬂ; = Hza A(/‘;ﬂd - "//J‘ff/f l
K= T174x/0 7 . P ‘

-7
Az fo. ,.
"
7;& = 20 _ Lgps = Py * Ly
0 /6.8 Ty s i
|
-";f = WL - pasp = P * M0 |
¥ 43.2 /26, ¥ f

2, + Wipo = Q254X /264 = 33.6 |
orh 2hy, # Ly, = 33 Ex /. /085 = 45
Bhhp = 20~ Py, = .?.?.{-Zmﬂ’.

hy, = 6.8+ 'é"’ﬁ’a \ :
My = 20~ my, + vy + 640 % Sny, + 632 |

= 90+ M, 1
4
K= 709810 = Pho Py
Vs P//p
P4y "’ﬂz
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1,8 Cortisued
with [= 1 atw.

Y

, |
7178570 = (20-'»‘7/,)[74’7“2[”/;,)

—t}

2
s (6.8 = Fp,)
Which giitr  my, = 943x10 ? msler

[ My, = b8 4w vy = GO omoles

-7 -~
e M B s 0890 - arn 5 ab
» 2 sa— 7 A ———N——— -
ny 70

o {J’ /7 = 0 lgz;

M d a— 4 5% v
/dz 7 7 !

Wi be }}- = /0 alrv

J
728 x 1 7 - /z’”“//z)(‘?"* 34‘3‘/&)
- T Wy
vy, (6.8 +4nm,) )17

s

2

-7
why ok j/./;/ Py = 2.90 % 19 mBfes
and Mg, ~ 6.8 mmola
| P Py
Phy < 29650 1y = F3x 00 A
Pty = L 10 = 0756 M
90

¥4
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11.10 One mole of each of hydrogen, iodine vapor and HI gas are allowed to react at 1500 K
and P =1 atm. Calculate the mole fractions of H,, I and HI in the equilibrium mixture.
The temperature is then changed to that value at which pyy n the equilibrated gas is ﬁvc

tmes py,. What is this temperature?

For My » I, = 24 Mm - 215 T

/% f"I»

/7’2 ¢ _2; = 2T
beppre / /- /
at qw’//}ﬁ}% J-x  |ex /¢ 2x i
' 2
K= (1 x) - /8.345 WGl ‘57/';/11 x =0, 53;5;
(/-x)’ ~
Xﬁ’z = X]} = /= gﬁ.@' - 0,/,(5'
vy = (7240504 = s

7
4
Fr Pur = Sy, K= ($74,)
J#45
Er = P390 —17.65 7 = — pIfE T Ha 25

jz}w T = 9/8
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11.11* Consider the reduction of Magnetite by CO to form pure iron:
Fe,0,(s)+4CO(g) =3Fe(s) +4CO,(g)

Calculate the partial pressure of CO and CO: in terms of the equilibrium constant Kp
for the reaction at any temperature, T.

SOLUTION

Assume the activity of the solids to be unity and that the gases behave as ideal gases.

3 o4 4
K = arAco, _ Pco,
P 4 4
Are0,9%0  Pco
1

7 Pco

Ki=—=

Pco

Also the total pressure is 1 atmosphere:

Pco, t Pco = 1

Solving the two equations simultaneously:

1
1 K3
Pco =77 Pco, =71

(K3 +1) (Ki+1)
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11.12% Tt is known that at 300 K the value of Kp for a certain reaction is 10'2. For the
reaction AH? is 100 kJ/mole.
a. Determine if this reaction is favorable at 800 K and estimate Kp (800K). Explain.

b. The actual value of Kp (800) is 35. Explain any discrepancy from your estimate.

SOLUTION

First, estimate Kp at 800 K.

ln(KP(SOOK)J:AH ( 11 j

K,(300K)) R \300 800
1 [ Kx(800K) =—100000( 11 j=—25.06
K,(300K)) 8.3144 \ 300 800
us K,(800K) =exp(—25.06)
K,(300K)

K,(800K) = K,(300K)exp(-25.06) =13.12

Since the value is greater than unity the reaction is possible at 800 K,

b. The above method assumed there was no temperature dependence of AH? over the

span of 500 K.
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11.13* Sketch the natural log of Kp vs. 1/T for the cases of
a. AH°<0 AS°<0
b. AH°<0 AS°>0
c. AH* >0 AS">0

d. AH°>0 AS°<0

R AH® <0 and AS" <0 R AH® <0 and AS">0

/T 1/ T

0
slope = — AH

AH" >0 and AS" <0

R AH" >0 and AS" >0 R

/T 1A
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f the carbonate?

-2 3 mposition ©
pressure of CO2 of 1072 atm to cause decomp

= R7H “
M0 + Cly = My s 465 — 117408 +170T = KT [92/5)

; -2
,: /‘f ffdz[q} = /0 At
ﬂ"
— J17800 £ 1TOT = SL3/5F 7B s0 = =IP297

W/'I.4~j/‘/(f T = S65K,
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Using the standa

calculate the melting temperature, molar heat of melting and the molar enropy of melting I

of nickel.

For W+ O =2M0 I ~47/200 ¢ 1727 T |
For 209 = Oy # 2N D6 = 5051p0 — 1922 7

Adﬂ’/}? ﬁ;’tf -
QM) = 20ty L6 = F4Gps 2027 T
Tm Wi = 3E00 _ 173 A
24.2
-Aﬂ/;,/p. = P75 - /7454 T
2

¢
A-’;,}M' = _.2...'_‘.?:3» - /0. / J/k.
2

85
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12.3 Calculate the temperature at which pure Ag,O decomposes 10 Ag metal and O, gas when

heated in (a) pure oxygen at | atm pressure, and (b) in air,

‘ 249 # 20 = A92.0

J6’= -3/540 4 6617 7 T
¥ frfe) = / @k

A
- 34540 # 6610 T = /77"4'/4,/({} =7

T = #2K
For fn(y) = 0.2/ amh

~ 30540 % B4y T = %xﬁ?/ﬂ' 7 A 0.2/

Grer T = #2/ K
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12.4 Determine the maximum pressure of water vapor In wel hydrogen al I atmrpressure—d

)
i
i

S . Aavion of
which chromium can be heated without oxidation occurnng at 1500 K. Is the oxidation

Cr by water vapor exothermic or endothermic?

o
For 20"7{'“25&2 = 5/2@ Aé’/f/ﬁﬁ = ~730/8ys T
For 3t = o+ ’é’if’z Lbrrrge = 49075 T |
Adaﬁ%—; fz}w |

b
28 + 0 :-'5/’26. 1‘3}4{; JG'/;W[-V ~ 2478758 T l

= Jrsnfistad P o0 |

/”72 %
‘ -3
. __/;"é_’f- ~ /[32%/0 !
P2 ”;M‘b 1
Witk PHe = / /}/;a(mx) = [/.72x/s

Frr 2a+ 30 = 1z + 3#,
dHr —371200 T

i Tt Uechios i ExIt Oy e.

§7
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12,5 A mix{ure of argon gas and hydrogen gas at | atm total pressure is passed through a

reaction vessel containing a mixture of liquid Sn and liquid 8SnCly at 900 K. The
composition of the gas leaving the vessel is 50% Hz, 7% HC! and 43% Ar. Has

equilibrium been attained between the gas phase and the liquid phases in the vessel?

For Ha + 2 = 2H/ /3y I mppe = = /597207
For Jnllh tHz 2 Iht 2HG D6, = 26740 7

= £Lx - 26740 - -
7 (=L /’,,ﬁ ;W) /.03 .,Z._.

Pha
Z"‘#"‘Nﬂ'}“?/ _Z__—Q« _f_é_z = fﬂlf/ ,/A/pﬂ J(//,?r & e

i
K, Jmdrcates %af ﬂfw/xéﬁw‘- Aar gt bece aifdscet

Tt G4/ h«fob»; CorfBrint D5+ QY7 = 0575 mols 1fHy Gt
D48 mACL ) Ar

Sefore 0535 -
aFfer ).55-x 2x Py = DEZ5A+X £O£7
| = Q565+ mols
2z .
/i'f-'ﬂ'”/ -"Wczz) _ ‘: xrﬂdjg’,{
(0.965+x)(0.5%5-x)

He) —o 2500504 . 4y
| 1.965 » 0.059#
He —, J.538 = D.05F# . 5s Y
O.965 + 2. 05 ¥
A )
r ’ J-#3 42 Z

4.548+ 058
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at 1273 K. Which of the two solid phases disappears if the composition of the gas is held

constant and the temperature of the system is decreased?

For FE+t45dy = fed D6°= 263705 + ££.35T7 T
Gy Cty = o, eco L8 282800 — 8T T

Foy Rrco, = ROr s D6 = [f700 — 2245 T

As wiite fit reaciion iy endsthernye. Trva
a deereass e f¢u7tem7‘://c cawrer The &urlbrim. #7 S

ar
Fed +cy —> K+l

Wi-ich decreares P (e cn~¢;¢m¥aﬂﬁﬁ'/4%§/4?j |

Thess a’zcr:anl-f Hr 7’%—/’ al ). /(.'p oo Cprmo] @il l
Pty casrs He FE0 plase 3 drappecs

81
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12.7  Calculate the vapor pressure of Mg exerted at 1400°C by the system in which the
reaction

4MgOy, + Sigy = 2Mgy, + Mg,SiO,,

is established

. p ©
for aMgo + 87z = Mgp8i0p A6, = —SIUTT

a0 = 2N+ by SE ek = TS T
S/ # e = 550, DY oy = = FITIEET

pr Mgl <57 = Mg (e) » MG, 504
B sy T 193898 T

= =2 3195 1477 b Py )

Ply(ep) = 2-42%15° sk,
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12.8 One—pramof-Cal O 6TH EDITION GASKELL
ST O CHCUT 1S ;.uabcu iy il OVdOoU th ngIQ VEESEl O volume | ier at room

temperature, and the system is heated. Calcuiate (a) the highest temperature at which the
CaCOs phase is present, (b) the pressure in the vessel at 1000 K, and (c) the pressure in

the vessel at 1500 K. The molecular weight of CaCO4 is 100.

frr Cad# oy, = cacds 46 = ~/8/50) + 13727 T

A fy) = <L, 1322
RT 2

~Z ;’3‘” #1650 (7

/ -
/ J- Cacly; = S5 = DU i ] Re Vegres corFanr 2.0

mtfes of &by f/-a'//d,ﬂﬂe LU mo/es B £y Gcccr s foo
GFAC pfove Hren

Peo, = 2_;[ = 0.0/% CUf2057T
/

From 0) fegpy) = o [ "/77‘{” # /a’.fi] 22

- ..
= f2057x00  (4)

/—/;"tf ﬂ// ara //':"} st etfecs af /ng =05/, T=1103 4
Wiich s Fle Frgitot }‘wfw‘sz af wWhich CAlly M

At T= 1070K 25 (1) /ffdf /’6/;/4[/ 2.055 ak.

ark of T=SI0K a5 (4) grer pigy = 123 aph.

A
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12.9 Calculate the total pressure (pso, +Pso, +Po,) exerted by equilibrated CoO and CoSO,

at 1223 K.

4
Cod # V3 = Cally ‘d(/zzg,g = = 216547
= foefx/223 H P05 /e

L Pitsfy) = T.95x00 o

&
.J"ﬂ; o fﬂz"‘ .210; ' A‘:’?fi{ = ""/4{7? 7

| 4
| >
s = 1228% £314F 4~ ft; - Pos
V4
A )
. /flg'f/z = A£.244 -7 4 //z = ‘Z/‘/ﬁ,
A7,
il o
s.244 = Flty [45900; /
2.99x 10"

s = 0672
f ﬂ; 2.30F

Py = 00797
? , = 10 abw

A ]
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12.10 A-gas mixture initially containiy 989 100, QM 700 kdd[0.0% 1mer coustucins v,

volume) is passed over sponge iron at 1000 K to remove sulfur by the following reaction.

COS(S) + FC(S) = CO(g) “+ FBS(S}

(a) Assuming that the effluent gas is in equilibrium with Fe and FeS$, calculate the

percentage of sulfur removed from the gas by reaction with the sponge iron. (b) Calculate

the partial pressure of S, in the effluent gas.

e
for £+3%2, ,‘}l}} = Cor J‘//‘;ﬂdf = ~2/2760 J

/
R+ 35 = fr DEpye = ~ 57650 -
J o
C #3530, =0 Af/aw/kr — /PG50 T

Por CUt Reconfor A6y = —prrep T

Cumh N = ap [ FS240 | |
=~ 257 =~ ) |
7/- Figs r/cW] 3 ‘f;} |
COF + B = Cp * FBr |
befprc O.# 7p
afly  sf-x  frrx |

25130 = 19 - JOFX ik sy = !
s i 0.754¢ |

O
L US rrvsed - 0.356¢ o 10 = 9%/
5 e 0 o7 |
I AE2N 20 A6, = —/3F5 T |

Kipgpg = 5.0/ = peyr y = _JI036
Jes- p o 90.3744 /:};
-t

PG = bixio o

3
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AT H . TH EDITEQNp GASKEh) is passed over solid CaFy, as a

2

result of which CaO forms accbrding 1o

CaFg(,;) “+ HzO(g) = CaO{,) 4+ ZHF(g)

The reaction proceeds to equilibrium and solid CaO 'and solid CaF, are mutually
immiscible. When the gas flow rate (measured at 298 K at 1 atm préssure) over the
sample is 1 liter per minute, the measured rates of weight loss of the sample are
2.69 x 10~ and 8.30 x 10~% grams per hour at 900 K and 1100 K, respectively. Use these
data to calculate the variation of AG® for the above reaction with temperature. The

atomic weights are O = 16, F =19 and Ca = 40.08.

Cafy + M0 = Cao + 2HF
My a4 35648
A w/;;/»f Jur of 22 ; producer 25 s COMSores / #a0
A weight 1017 of 13 pracuces P.O007 B and miinrif D, 0455 Hot

At G0k pi | hor
Weiakt foir of 2.69% 10 ‘; prdueer 244 %10 mofer HE
ord ioma 122515 mbler $p0
In 8044 F Jh Whieh Phat = 0 ? 2tz
Hppy = 0.9%60
| 0. 0820857 = 29F
.. @Mak/f)h» 1f 1.22x 167 moles of Hod 17 /;w}w}%éw.f ,

; - ~5 | |
s ri'ﬁ’w Ml L A ;ﬂfﬁ—

= 2.20f mos |

1
L Koy 7 P [ /)"
pme T TEE o e

o -0
A M;” = =434gx 500 En /- 0Fx/8
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AFr 1100 K 0.007 groms ptv AL |
Z 7.545% 16T walec/hyr |
- ‘ ~f -
. PHE = 75X/ x 00207525 g sy Tt |
60
- [ ;
= )05I%10 | M6y, w /FETF2 T

-~ 2
g 2 [3.075%/p ")

4
26’ = oH =705’ !
= 4 + BT |

71594 = A + 9008 | |
/46967 = A + /IWWE

whick 9 B = — /23 /1 i
A = 22449 T. |

o

d¢ = 282000 — /23T \

Kkl
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©12.12 Magneute (Fe304) is reduced 1o sponge ron, (rej, i a CONNUOUS TEITIOT U}chauué ft

800 K using methane gas, (CH,), as the reducing agent. The gaseous reaction product
leaving the reactor at a total pressure of 1 atm is a mixture of CO, CO,, Hp and HyO with
a negligible methane content. The gas is at equilibrium with the Fe-Fe; 04 mixture in the

reactor. Calculate the consumption of methane as moles of methane used per mole of Fe

produced.

For 3R+20, = Rzlq 4‘2‘/ > — 56240 J
= 2xLi/s8 > IO Hn Mfe)
P I ot 5"'/;‘ﬁf = 11x10"% 2t

For Hy +%0, = a0 M’m = ~202560 T
£ =P34t % FI0 Hn f//zf’,/
’/2//&
//zﬂ/ /7
= Lég/x /0 arA PHY L 4y S
fﬂ: /ﬂ, | | _.5——;' A/77/ )

For 2c0 0, = 200, A&, = ~425904 T
| = w/.?/ﬁ’fﬂd‘d"ﬂzé
/&’/ﬂr

. _peve ,
/65/’ J’ az:r/é Cj /_‘_’_‘/_? = 0845 —— 1)
PHz* Phos # fis + prsy = 1 —
P o thot € Grdt Bt H 11 v g7 Come flomm Tt CHy

%g :;I - /Dao,b/gz
H 2/;/,_ ¥ Q/p,yzp

N f}){zﬂ -+ /D}/z - 2/4, + ,2/:02— o (17)
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12,12 CopTrweed, 6TH EDITION GASKELL

So/ey 8F 03— (1) ﬂ?;’:f
Vi 0.56/2 atv
Pha0 = 8.1007 Abw
pes = 01004 At
Pedy, = 01528 ab
AN B C comer fip CHy —o OM08 ¢ D152 = V. 57F mojer
Al of v O Comer ﬁm @:’, —t  B.1043 % 0./fPF * A% 4./52F

= S EfEE mnaler

0.333F woles oF CHy per L v 0. 55 = 1.935F I
mples o F J

o1, 076 mokr of Chy pes nofe of R prodacd.

10
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12.13 Three equations for the oxidation of Mg according to Mg + Y40y = MgOys) are

0y,
AG® = — 604000 — 5.36T InT + 142.0T J

(In
AG® = —759800 — 13.4T InT + 317T ]

and

(T1D)
AG® = — 608100 — 0.44T InT + 112.8T J

One of these expressions is for the oxidation of solid Mg, one is for the oxidation of
liquid Mg and one is for the oxidation of gaseous Mg. Determine which equation is for

which oxidation and calculate the melting and normal boiling temperature of Mg.

¢
I f-;-,f = ~ 80400 - 530 LT + /52.0
T
T
‘;{_Z’ - 604000 _ %34 _ - M
AT 7% - - 72
[

’ Aﬁ.‘! = ~ 80400 + 5347

Simiorly My = =790 # 134T

and Af/;‘r — 508100 + L £4T

/ “’”;fym/ > /"’”/Z/ﬁ/ >/ Aﬂ/;%) /

. T ir for ovidadion of Ha[3)
T I P oxidation 4 Mg (e)

Oy 2 15 Fr oidatip sE Mg (5)
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,M; = As‘} aft Twmy = 70K |

béy = s6p o Tty = 1372k
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12.14 200 grams of liquid zinc are placed in a crucible at 1030 K. Two moles of air are bubbled
through the liquid zinc and the gas comes 10 equilibrium with the liquid before leaving
the system. If the total pressure of the gas remains constant at 0.8 atm throughout the

process, how many grams of metalilic zinc are left in the crucible? The atomic weights of

Zn and O are, respectively, 65.38 and 16.

Znfvy + 2t00p) = BOLT) D6z = 256248 T
/2 /

I 4 = 99x/8 = ——4Y
/434 Pa, 72

4
%fzz' {ﬂfj») = = J5250 __/,253-.& 7T -+ 277
7
. Ab Iv30k . f; = 01747 ah

/ , z -28
Ak .-.-/ g — = A2x /0 d/;h
% 9.9%18" % ﬂ-/?a’?]

2 prolers d—/f‘ —> .42 rt & ﬂz rat /;.ﬂ’mp/af/%
0.42 woler Oy = O-FF mover 2 —> J. % mep/er B0

awd 009 molr —> O.8f x 6538 = 357723,
54923 of B afe oxilired 77 0

rd ‘!

[.5F tles 7f My af 1030 K ark 7= 0L ah
"f/"z = 08—0.179 = L6862/ ap

&}V = ny RT " Velome of goo, V = L&/ x0.0f2057 % /032

0.62/

s 2/5 4

ﬁ%l/"" NpRT . Ny, = 0.17 % 25 = ) 455 mofes

9:082457 x 1850
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p.255 npler T = P45 % 653 = 2)0F p 2
29.77 g B ore c/aporaies

Ligat In remassting = 200 - 545 — 20.8

= //53;.-
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12.15 Methane gas is burned with twice the amount of stoichiometric air (i.c., the initial ratio of
CHy to O, in the mixtre is 0.25) and the combustion gas produced, in which the
concentration of methane is negligible, is used to calcine CaCOj in an isothermal
furnace. The gas and the solids are at 1080 K and the pressure of the gas is maintained

constant at | atm. How many moles of CaCO- are decomposed per mole of CHy burned?

Hy + 40, + #5350 M

—2 CP1 + 2H30 + 20, + /505 N, My = 20.05 i

Fn Vit gar fes, < 5—-2—;: = J.047F ah

Cat <o, = Cacly L6, = — /5/24 T
= LHs X/ U P PO fay)
L fenlq) = 0272 . T a’wm/om}éﬂ Y

X meder of CBCl; prrances x ntlis 7f &F s G~
I~ECRler Pls, from 10459 Fr 0272

7 « s /*X ’
(0 /232 = 7% .. X £f
20.08 + x |

tr-d fhts 476 moler 14 Cacty wir Aecomprsed
P o/t of Hy burmed,
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12.16 Mercuric oxide (HgO) is placed in a vessel which is then evacuated, filled with nitrogen

and heated to 600 K, at which temperature it is observed that the total pressurein the

vessel is 2 at. Calculate the mole fractions of O, and Hg vapor in the gas phase.

Heo = Haw + £08)
B gy = 27880 T B /
K 2RI T fHafo,
4
[ -; a—
frs %7//;, L a3an = [0 ]
L PHy = 00384, fr = 0.0/52, py = 159F

L My = LEH - o052

KXoy, = 0052 - 4007)

2

[0
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H-the-Hne AL whithTepresents the equilibrium

FeOy) + COg) = Fey + COyy,

intersects the carbon deposition line at the point 4, ( T = 972 K, Pco =0.595 amm,

0.405 atm, P

Pco, =
= 1.000 atm). At what toral pressure does the point of intersection of the

lines occur at 1000 K, and what are the values of the partial pressures of CO and CO, in
this state?

¢ s
Feg +cf = 4602 D6 = =700 + 22447

= --'/77‘%' f‘yz,
VL4

For

ALt o) pre Fr
29 _ 279 - In fetr = B (Hp)  — 1)

*

7 P /0

Gy CHioy 7200 AE'= 170700 = 1745
2
= - BT A p

pe.
At by fitat precvre 7

2 .o
=20570 4 20.9 = A pes —_—
7 Vit

Witk T = 1000k  Lpwer (79 asd (W) 2/7¢
?7:-“ /. 857  amt Py = NP PN
Jety; = 2.672 am
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13.1 Air at atmospheric pressure is blown over a Cu-rich copper-gold liquid solution at 1500
K. If only the copper is oxidized (to form pure solid Cu,0), calculate the minimum

activity of Cu which can be obtained in the solution.

2Cuse) # édz = Gup0052
DE° s = 184350 + EFHPT T
AG/:WX = ~Ssspf T = ﬂr%da/og
g, (2.2 %o pons
al, = 0025

Ree = J.159
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13.2 Magnesium can be removed from Mg-Al liquid solution by selectively forming the
chloride MgCl,. Calculate the activity of Mg in the liquid Mg-Al system which can be
achieved at 800°C by reacting the solution with an H,-HCl gas mixture containing

hydrogen at essentially 1 atm pressure and puc1 = 1073 atm to form pure liquid MgCl,.

Mafey+ oty = Moty zy A6 = - 603200 + 120927 T
D61y = — 472518 T

by + Oy = 24y A = —Is20s - 12807 T
ﬂé‘fm = =201933 7

L, Mg +2HC = My + K2
Ag;ﬂj = —~ 274583

Y

z
R7 4 Wy Pre/.
[
74 " z
I L pgaxn - M
/

» ﬁ/{g = 5.4)"//.4

55 4
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13.3 The partial pressure of oxygen in equilibrium With puré—mm—mﬂ—md—p&re—hqmd—wi
oxide at 1200 K is 2.16 x 10~° atm. When SiO; is added to the liquid PbO to form a lead

+ L 54 * * 'a . *rq . elt
silicate melt the oxygen pressure in equilibrium with pure liquid lead and the silicate m

is decreased to 5.41 x 1071¢ atm. Calculate the activity of PbO in the lead silicate melt. |

Eor i) + 40, = [0L€)

A?zﬂk - //.1, ul mf /z
a8 P ) x (20%187)

/4
Wl &/} =~ 1 awrt WZ/’f) = S4/%/p 4//‘4-

| /"/‘.’)l/& = (05
- 15/ T (5 4% 2 .
aﬂd = 2 [
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13.4 Copper, present as an impurity 11 HguTd Pb,camr be Temoved-byadding PbS-to-the-Cu-Pb—————

alloy and allowing the exchange reaction

2Cuy + PbSi;y = Cuy S5y + Pbyy

to corne to equilibrium.

The solid sulfides are mutually immiscible, Pb is insoluble in solid Cu, and the Cn

liquidus, below 850°C, can be represented by

3500 . 5261

logXey =~

where X ¢, is the solubility of Cu in liquid Pb. If Cu obeys Henry’s law in liquid Pb,
calculate the extent to which Cu can be removed from liquid Pb by this process at 800°C.
Would the extent of purification of the lead be increased by increasing or by decreasing

the temperature?

-

Fhler + 355 = FAS)  H€ O 163204 + SFI3T T
20uf) + 35 < &ozf/x; 26 13000 #3077 T
Frr 265 + PoS(n) = G5 * Pl
| 46°= 21400 = 57.2¢4T
"V/:;; s =30015T = ~RTEK

28.97 = %)

N, |
At 1073k, Xd‘[&}w&fﬁf) = 0.0958 iy

P

2005
L Bpy = 10BN, aes Rp T (1mXGe)
‘ - 2893 = /& W/-/;#-j/}w X = 0.0/
Pege 100.4 Xia o
J0ba/ A7 50T Xgo = J.024 .. Extent of purifscadit % intasen b
qecreasing he Teuperalsce *
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1

13.5 A CH,-H, gas mixture at 1 atm total pressure, in which PH:‘ = 0.957 atm, is equilibrated ‘
with an Fe-C alloy at 1000 K. Calculate the activity of C with respect to graphite in the \
alloy. What would the value of py, in the gas mixture (at P = 1 atm) have to be in ‘

order to saturate the Fe with graphite at 1000 K? |

2652 ~Gr080 + W0.7T T

24y + & = CHe |
2 98’ = 17660 T < - RTH K

1000
-2
k= ggoxi0 = P . 4T g = A5

% f ;z. [0.55 7)245

I ,z;;.-/w?}:'/&/’w |

‘7,4/;‘/;2 o __fo,_. , w!-/:d.,j/}%
(7= pe)
f}/z = ﬂ. 72 ﬂj;"
feHy ﬂﬂzfﬁ’ﬁ"

(07
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13.6 Calculate the activity of FeO in an FeO-Al,05-Si0, melt below which the FeO cannot be
reduced to pure liquid iron by a CO-CO, mixure of pco/Pco, = 10° at 1600°C.

D6y, T
For) ~ J55557
o -~ 275858
= ~ 395473

Fr RE) * by = RIz)+ <O
D6 yypy = = 25753 T = - T4k
' - — o
| K= 993 = oY Gy x/d
d/‘,'/iiz
dféﬂ - ii?‘/dw

Ve

e

¢
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13.7 A piece of iron is to be heat-treated at 1000 K in a CO-CO;-H,0-H; gas mixture at 1 atm

pressure. The gas mixture is produced by mixing CO, and H; and allowing the ;
equilibrium CO, + Hp = CO + H, O to establish. Ca}culate.(i) the minimum H,/CO; ratio |
in the inlet gas which can be admitted to the furnace without oxidizing the iron, (i) the
activity of carbon (with respect to graphite) in the equilibrated gas of this initial minimum
H,/CO, ratio, (iii) the total pressure to which the equilibrated gas would have to be raised
to saturate the iron with graphite at 1000 K, and (iv) the effect, on the partial pressure of

oxygen in the equilibrated gas, of this increase in total pressure.

o
LE 150k 7 |

(07 eo - /89350 ]
H0 () ~ /91650 | |
1% ~ 199550 |
!
Cov oo =coyrFe ; D6 = 3760 K= Lt = 08 |

Mo+ Rp = Mo+ R ; 46 =775 .. K Z—-f",’;ﬂ—ﬂf%

Z
fﬂz + }/2 — Cf ¥ /Vzd /gs'f/yzp.

fﬁﬂ ”* fd{}z 4"//2 4/’”’2/ -/ g.,é..,

Py + 0,/.?{/5/ of }’;/;ﬂ/ v phs p t
J.
[V RV VAL WA §4 L
pas st 062+ spt 1T

e = 0. /972f

/; 5:.0’: i /: ;;; Wv/}jw’ /I efw:/z}ﬁbm wil J and 20 |
2 TV |
/’cf’z - ¢./2%3

-‘-"-“-"'—_

= [, 0063
f?" loc?
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, -
biw COp ami Ko i~ By talis =E = X

A2
52&.7‘ ﬁ% = P 42? 2
befre x / VR e T T
arkr z-a /-4 )2 2 oz
| - fhes 2 J# X
| Yy = /=&
| PH; —=
| | peo, = E=£
+ X
| For eyilibom wdh R ars 0. /gia;z - 0434 = x;a

ﬁﬁ-f— S499 # B weegim RS O2437

/=4 gt ¥ = 0458 = D2

 foih
For 40, » RO 06,y = ~117750T = 4 R7T4 Pz
. ~2/
Pl (Rls) 5 [P x I At

Chosle o Casse prbii I X, FRY X £ /| den

| Coyp v Hy = CO+ Hpo ——
behore 7 / 2 /
atrer I-a /—a A

a
f""’ = ..g- = /’l‘/z.ﬂ ; fﬁiz’ /-";4-.. P>

BEL) gy = 3940 = = RTh PeoPhos
| ' ;’Q’bfﬁ’i
Z . .
L 0608 5 _A Wik Gz & = 0. 44/
| (/1=&)
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fer = 8.2205 fets . . 1,248 “
peoy = 92795 A |
-/r0 |
fr 0¥ i/df = Yy ﬁjm = [ E£Ex/p - (&t / |
. 9,
fp |
= J.26F
(3
T

. . -2/
Wh A % /’/z = 5535 10 ah 5 Wi~ch & ?’C&ﬂ- -

D.964/) (7 Bt mps)mune alowabl raliy F % 4,.,/9

g1 255y He i dllowidle ratiy S Y
<Yy i frat

.. o
F) C*Coy 2260 M6,y = ~300 £ - RTA PG
PoL%e ]

% 4
. l/ . . )
ped Ge 01233 . 8¢

i) Fr a = [/ ark /ﬁ'/WW P

z
/572 = 2.153f f::_ W/‘l’aﬁ‘j/;"? P = 5‘.//4/7»
5. /1273

jv) T valiun ptle ;ATrs P sk Py T
TR T
rpl freTipns I o BIEC prEevu P
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13.8 An Fe-Mn solid solution containing Xy, = 0.001 is in equilibrium with an FeO-MnO
solid solution and an oxygen-containing gaseous atmosphere at 1000 K. How many
degrees of freedom does the equilibium have? What is the composition of the
equiiibrium oxide solution, and what is the partial pressure of oxygen in the gas phase?

Assume that both solid solutions are Raoultian in their behavior.

ces B(RM,0) /=75 /W{,alez,;w)
 FrCr2~f 7 3+2-F = 2
‘ﬁ"f/'nﬁ Fht fm/wfz;‘pu al |J0ON Legres Z ﬂ/CfZ? 7F 77’24/481—-—

6 . =~ Bpssed
M %0y = Mnd BEyy, * 257

/¢
Ky, = 22510 T Xbind .
’\ﬁfﬁ‘fﬁ’z

G40, = ko A6im T TITIHT
kg = 257500 7 2R,

o o gz R O i

e C Xpn RRA 2.08] XEs
j/‘r{}f Xk‘, = /20 /ﬂfi 3
9 [)22x%/0
Ther fig = 2587x10 © m
27

j/'m’ Jly = 223X 10 atn.
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o Theelements—A2 i o stoichiome %ATERI LS
; nd B, Which &® Bethoolid s 1O00PC, form two StoiC iometr A]

‘which are also both solid at 1000°C. The system A-B does not
1000°C, and, |

compounds A, B and AB,,

contain any solid solutions. A has an immeasurably small vapor preésure at
for the change of state, B(;) =B

AG® = 187220 — 108.87 J

The vapor pressﬁre exerted by an equilibrated AB,-A,B mixture is given by

log p(atm) = — 11?,42 + 6.33
and the vapor pressure exerted by an equilibrated A-A,B mixture is given by
log p(atm) = — 12303 + 6.9

From these data, calculate the standard Gibbs free energies of formation of A;B and AB,.

.’:'r/'; ;
—-—-:"z & ﬂ»! ‘

2y T AzB-APL pstire =

1000°C , P db = ﬁ7%¢5 z - 733/7 i
-3
! 25 I A=Ay B e 2 = 0/
19" |
A AyB ABp B
e ae z RTheary = 7 2437 7 f
i5x103
) ‘ 64: ”___...-——'zf37/ - ""f/zz J {
4108 3
e g ‘ Frr 2A+ 8 < Az B | '
£ b JJ': Ared = —24570.7.{

oo I = e“:,___;’;“i s =773

Pr A+ 28~ A8, .
A@".—: 5»"9{'# - 27170 T

13
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13.10 For the change of standard state V() = V(1 wt% in Fe)

AG® = ~ 15480 — 45617 ]

Calculate the value of Y% at 1600°C. If a liquid Fe-V solution is equilibrated with pure
solid VO and a gas containing po, = 4.72 x 10°1° atm, calculate the activity of V in the
liquid solution (a) with respect to solid V as the standard state, (b) with respect to liquid V

as the standard state, (c) with respect to the henrian standard state and (d) with respect to

the 1 wt% in iron standard state.

(4 o ]
| = Zil U = o/F
Yutl) ACr87s F AT 4, 5555 , = 0
Vis) = Y0t%) 108 x $50.54
° /
D - & -'ﬁr-ﬁ" e /A
Viy # 40, = Vo ACuprs = P77 P ke
, -3
L Gy = 1Y

% - 22840 s F77IT

V) 40, = VOr) 46 ,;;,r - 204005 ~ 7273 = =Z27f1FT

/ . -
- = RT A . ‘ P
s =k ﬂf/() [4 72 ;r/y” _dl’[l ') / P7x/5
' rl -3 ”3
/P
Cy/y :-'/I,Fy , /’Vﬂ__.... s 7.)3x//
vws) = Ny | 7
D 50,95 x 14
.f?..'.f..(.’_- P TR0 4124

by | s5.45

.
hvfitf) = Gragx7./3x10 = J.65
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13.11 When an Fe-P liquid solution is equilibrated at 1900 X with solid Ca0, solid 3CaO.P,0s

and a gas phase containing po, = 1071 atm, the activity of P in the iron, with respect to

the 1 wt% in Fe standard state, is 20. Given that AGSo00x = - 564600 J for

3Ca0) + P05y = 3Ca0.P; 055y !

and AG® = -122200 - 19.22T J for "i

YaPagy = P(1 with in Fe) f
calculate AGSgnox for the reaction i

5
Py + 5 0up) = P20s4)

3nds » Bbr(5) = A fory  Piom = ~S544600 T |
‘K= A325 P LA 3 m"’iﬁu |
L A g st . s Fx .

Fhos by

‘z’ﬂ;/f) = Prwi?) st = 158000 T |

f A -7, |
= 2.303%x /0 16/ 7 ¥ . - |
o P//» ,'Z ‘. ;; = 7,fif¥ /¢ &# |

j £r |

Fr gy * ‘550; :—'//5.9!(5) | |
, ,

- /5
Koz XN — g = 97x00
7530 /8 ¥ [/0 ] .
Aé'b... _,ﬁ;;,é,_,/( s - ;{7}7/‘7.

-
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13.12 Liquid iron, COMiaim 3 DSRERD re of

=3 x 1071% atm at 1600°C, contains its equilibrium contents of dissolved oxygen and
PO

To what value must the pg, be raised in order that solid hercynite
037 What is the

aluminum.
(FeO.Al,03) appears in equilibrium with the melt and with solid Al

activity of Al (with respect to the 1 wt% in Fe standard state) in this state? How many

degrees of freedom does this equilibrium have at 1600°C? Given

Y403y =Oa wimpinFey  AG® =-111070-5.87 T
|

Al = Al wi% in Fe) AG® =-43100-3226 T

AG® = 146230 — 54.35T I

FeO.AlOs¢y = Feyy + Og wiminfe) + Al203(s)

L6 grs = 108523 T
df/};j - /22064 T (1)

A6.psy = = /075703 T

Aleny = Adre)
= 1%4)

O lywth) =
2410)+ 50 = Asdsp)
JA’//M]) * iﬂﬂwﬂ) = A/:,_J;ﬁ-) ,Ag/;;? = SO/ PS5 T

= £ ouaax [f77x 2503 A28 [0] [4:’,7

Fﬂf’ SaTwiad e Wit /r‘/z/; 2/@/{/]4 flljﬁj = Jofp (1)
/éM/zé’; - By * Oputy) * ARG | 46,4, = $4732T = KR [J0T

%

VL fo] = ETIRNE wf/

/ -
- Rrh- _f_m for - B.9¢¥x /S g
oy /D
o

Fime (1) 173054 < 1Y)
T Exs 4
ot | fr oy 417 = 7.2/ /;[“’“/’ .‘ '
Pz (metrt, 4120, RebA20;, 562 )

¢ = 3 /4/ R, 0) -
F=zecvr2-f = 1 Wives i f/mﬁu{ylwdgT /J//(
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13.13 UC, can be equilibrated with UC and C at high temperature and can Dt SQUINUREIEETEE

i ini tures
U,C; and C at lower temperatures. Calculate the maximum and minimum tempera s

at which UC, can exist.

yrg = V€ 26 —102500 #5027 T
g +3c = Upls 26° = —236f00 + 25T T | g

p -
Jgze s vg 867 —1ER00 #I0TTT

& = =13000 + ESET @
= 0 at TF 22/t K

-

At T > 22/ Ve, melorfabte wpf VEAE

Jere & Ve

Y
Vz [.7 *“ L = 2[/52 A6 = 5007 --;,37' _,
£ gat TFI5I5K |

Af T 1BIEK. Ver il wrt. bere |
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13.14 In the Pigeon process for the production of magnesium, dolomite (CaQ.MgO) is reduced
by silicon to form magnesium vapor and 2Ca0.Si0,. Calculate the equilibrium pressure
of magnesium vapor produced by this reaction at 1200°C. The Gibbs free energy of

formation of dolomite from CaO and MgO is small enough that it can be ignored.
Qﬁid v 2030 # S, —* -7/”'7//’} + 2éadSidy c//

o I o _ _
2Ceb + Sty = A0 50, A6y T —5IE5 T
| IMg0 » be + 2Map) I6 1577 = FIL2E T
! S/ A 0y & )74; .dé'/;z{ = ~ 63075 T

’

o Z
. ,dé['/') = 719737 = "ﬁ7'ﬁ'f/”j

/,ﬂj = 0053 mfg
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. o Ehbithe Ao MeaA have in Mg0.Al, O4 at 1000°C? |

Py Mso + Ahdy = Mgl Ahds

A& f27 s ~30224 = - R7h- oo Ay

%uss. Sidy |

Te T ﬂ&%’f{; /7 Myd‘ o /’{i’ﬂa/?/gﬂj’ pecass W |
it e saurated wih Aty b Ay, = 1

WA Byos ity = “pay = 4

R}fjj d /27
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13.16 A mixture of ZnO and graphite is placed in an evacuated vessel and heated to 1200 K.

Calculate the partial pressures of Zn, CO and CO; that are developed.

Fr By PUYr) P
B s = 57207 « ~F7hfa, fir
Poufes = V554

For 2 +¢ & 2pwir) + COg
z
Af/;ﬂ = 500927 = 'ﬁ7-4~/93,./;,y,

2 -7
/;'/;d’ = S 40x /
| v Te G474 physc

W P = fes* 2P

[fes //,:4 * 2fa,,) s 4.57F
> : 4
/'4/‘.'. [fp/ fzfﬁa,) = B.62%/p

whick girer  peg = 0-7%4 afn
per, = 004 ah»
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blage of sohd Lwﬁﬁﬁﬁd Al exerts an equlhbnum i
13.17 An assemblage ‘

riate
vapor pressure of Mg of 0.035 atm at 1300 K. Write the eguation for the approp

rmation  of
reaction equilibrium. Calculate the standard Gibbs free energy of fo

3Ca0.Al 03 from CaO and A1203 and the BCUVlty of A1203 m CaO-saturatc ,
. 2

3Ca0.Al, 05 at 1300 K.

Tt 2901/ Bpiom 7 |
5200 wompe) * Imyp = ey * T . |

7 7 -
for wich K = pmy = 0035 = £HN ;

z g ’
/0f 700 , AJ/;% .
FCno + 2Al) + g0 = M) FCrt Ay Jofn
Haly = $0, 7 2A(e) 1242342 |
Mafry + 20, = M0 — /5393200
4 |

By 3cag + Anls = 3€0.450; D65, = 22144 T

W//'/' mff"’/»ﬂ/zﬂ'; = ﬂa‘, ‘;- /
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13.18 An iron-carbon melt containing 0.5 wt% C is prepared in an alumina crucible under an

atmosphere of pco = 1 atm at 1600°C. Calculate the equilibrium concentrations of O and
Al in the melt (i) ignoring all solute-solute interactions and (ii) considering the solute-

solute interactions. The interaction coefficients are listed in Table 13.1.

| oy y Jéf/;';, J
|01 M s m Sk ~ 1675103
2[4] = 241 + 247045
3007 = 44z + 366193

W] + 3[0] = Akl B6p7 = ~50156% T

z ¥
2/0[Y%4e] + Sug[40] = ~ 1399  — N

210, 7
C+h0, = CO — 29548 |
[0 = 102 + 122064
[e] = + S4352Z
> ~97250
[c]# 0] = €0 96 7 TG
& - ﬂ7ﬂv 4

Wik pcg = 1 ohm, log[%he) + 4 [70] = — 276  —— W)

1rg [%0] = =274 ~ A3 0.5 = =244
g [H0] = 00035

Jog [%A) = =~13996 = 3(-24%) _ _ 3377
T o [UM] = 000052
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P
|
Egciy becomer 9//;["4/5]*‘ Iy [hy ] = — 1799

ﬁz (ir  bteomer 2/6;['/&;] - .49}[%/] == 2.7

[ogfe = 5:[‘] “ 54[".7"‘ €e /;M]

28¢5 = g,/b] * a‘,ﬁ] * e, [At’]
At &, e

log 44y = ‘/g‘[”{] - 5/,[.:] + ey [0

wher 5‘::' 22x/8 g;c' ~20 %10 Clt = 2. 1

0 -2 ¢ c . _
€L = ~PIwi0  Eg T IRXIE 24, T VKN

/ -2 . 4
gﬁ s AL fxlY 56’ - Guf x 10 eA(

2z

-—r
= g0 %/

2 [Log Tae + g [AC]] # 5[ 4375 + g [0)] = — B

or 2[aj/ﬁ/] + e;[c] + :;:;[d] + ré:;[,fz]f
- Sfe:[o)fr eg[f] * e:’[a’] + —4’;[".7.; = - 7]

lig 1o + g [E] + Lpts + Hpfe) 5~ B2

f5feyr L fo] # elfwe] + Loy [2T
bebfo)+ eife] « &fia) ¢ 43 [0] <

oF
~2.7/2
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o 2/{4.{,«/5’[45,7 + Rli [E] = //"/5?"] * "’fﬁﬂf)
*35- 20075 (0] = 17573 [T = 9515 (A7) * 43/97f
= ~ 13954
Ok 22005 [E] = 97m15 [2] 4 #8000 S4c] + g /2']
- 20»*/37(!] Yy 5’%»’/52’[457 * 43 [0)

2 2,7/2

we Je] = 4.5, AL = 1.00054/
“O o 000785/
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l

— 1319 It s Teguired that PrObeehmimatedfromamore contamming PO, PbS—and PuSO7 by

converting it to PbS or Pb80, by reaction with an SO,-0, gas. Although the pressure of
O, in the gas can vary within wide limits,‘the partial pressure of SO, rﬁay not be higher

than 0.5 atm. Calculate the maximum temperature at which it can be guaranteed that the

PbO phase will be eliminated.

ﬁf' Frry + 502 zﬂz = IS0, 45)
y
Aé'a-‘-'" - LI/20Y 2//.5'7' -~ Rf-dvff/z /;:'

- 2257

Frr Py + 50 = Phizy+£p,

; A
A6 = 07208 - po.d T = — RTA SO
o

44978 _ 7
~== # 47 -

b fos = = 9506 4 gzs _—
7

o\ (Jii) med (i) itstect ol §F = G02%/f
R0y |~ oy, = = 23.94
) o FbS ir ot shbe af TS 1108 K
(i Which & Piors Tt max/mivm Pt perBIire -7 4
9.02x 1074 1T whfch £ /. r 54’”"//"4”7/“/

1 &S
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13.20 Cementite, Fe3C, is metastable with respect to carbon-saturated o-iron and graphite at
950 K and 1 atm pressure. Given that the molar volumes of o-Fe, graphite and Fe;C at
950 K are, respectively, 7.32, 5.40 and 23.92 cm® /mole, calculate the pressure, at 950 K,

at which Fes is in equilibrium with carbon-saturated a-Fe and graphite.

o

3Ry w & » RsC Lo, = 24/
VF/ o 732 am?/w
Var = 5.40 onmile

Shrte
Ve = 23.92 em /h~ ;
AV = 23.92 =540 —3x777 & — 244 Cue ST .

Eqvilibtrom vécnsz at Bt prronee 7 af e

, 244 [P )x LIEEL
24/ ' / ) F2.062

(,:(. },.‘-" é7/7¢7£h
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21 An experiment is being copductedonTatHgAuEIDIEAted] MIXIUre O Lav anmu wavws

contained in a closed vessel at 1200 K. The mixture is contaminated by iron in the form

of hematite (Fe,O3). The contaminant would not be harmful to the experiment if it
occurred as either wustite (FeO) or as cementite (Fe;C). The necessary changes in the
chemical form of the contaminant can be effected by admitting CO gas to the vessel.
Calculate the allowable limits of p¢o in the vessel for the occurrence of the contaminant

{a) as wustite and (b) as cementite.

Cal+ Cy = Callp Aé,z oy = F3f0T = RItafey,

Fes, mtiie T verred 15 1.3 as.

o
for s ity = Rptpr 0 20 ” "7,
Fos sguiltiom. b o st Fily | L2 = 0677 |

1y fos = Oog L P R k be bl pop 7 070 |
P
For gc, = o+ o .Af:-/z!zy':..-,eré»fgg; |

L LY - g.2p7  anh poy = FIE ate |

1ZZ
B feo 4 S Sl 2194 > pey > 1.9/ i
for ey 4260 = gl # s 96 SN T - ~ »"7&% |

=~

..-/%-;v = 2.5;":(/;2 Ageid f;:/ 773&#’ !

Per .
Frr £rd = X0 ,45/3&, = —IfFP7 = ~ ﬂ7"é’7ﬁ_— [,7‘.,_7)
z
L LEL - 474 ank fop T £ 1F
Viad

For Rac 19 be A2t L1942 Peo > 7. #3
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13.22 A Cu-Au alloy of X ¢y = 0.5 is being annealed at 600°C in deoxidized argon. The argon is
deoxidized by being passed over heated pure copper turnings prior to its admission to the
annealing furnace. The solid Cu-Au system is virtually regular in its solution behavior,

with a molar Gibbs excess free energy of mixing given by
G* = ~28280XcyX Ay J
Assuming that equilibrium is attained in the deoxidizing furnace, calculate the maximum

temperature at which the deoxidizing furnace can be operated without causing oxidation

of the copper in the Cu-Au alloy being annealed.

y e 4
26 + 50, = Guyd Aéf;y = =18/755 T = RIb Pu, B
4
za.a /; £/62 % 0 )
L2 == 20280 T ﬂfﬁ-)&:,ﬂxjx Y, = 22RO
fIrER LT3

= ~0.974 ,‘f )2,‘:.- Q.37 | &y = DIVRLE = IHIP Hr
Fhe INY5er PrEspmAe frv 1«70/):};7;/;;- beTneen e Ch~Au as(sy and Liayo
/f 1 /' i-//?x/ﬁ?z,. £.24 X1 e
o./88f
Forlcuv 40, = Gyt
86° s 162200 + 6028 = [t 7'4.[;'2,#»'/;* ]

Wi~ ke j/m- 1024 & %M/MM af Wiyekd S 2¢4%/0 &h

" IX st pRATAIE IEpictred 153 Goushbyrim, hetwten Geapt Gy 0.
Tt hogss s 7’%/4@7’“(4/‘ Wy Bl c/ed,wééb;y S P
Cas b opviaied i Hws 1026 K
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ety e pheoR 1 evacuated and closed
13.23 In a dew-point gxperiment a Lu-&il

r end of the tube is cooled to 740°C Zn vapor N

tube, and i$ heated to $00°C. When the othe

ivi ] i ure zinc.
begins to condense. Calculate the activity of Zn the alloy relative 10 P

Ak 749C
'é”f';v s - K50 _ 1,255 B 13 + 2777
10/3
¢ _ ' 5
[0, 1088 = o-1¢2 ab
¢
M Gorc
j‘“/’o = = /5250 _ jas5hew7d + 27T
# 173
f;’; nizx < 0.923 .
//{2 — D54
a /, .
o B Oetady) T
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.24 A crucible containing 100.y g of silver at 1000°C is placed in the reaction chamber of a
Sieverts’ apparatus. The chamber is evacuated and filled with 50 cms® (STP) of argon,
which measures the dead volume of the chamber. An external manometer reads the
pressure of argon as 0.9 atm. The chamber is re-evacuated and filled with oxygen, and it
is found that 251.5 cms® (STP) are required to produce a gas pressure of 0.9 atm in the
chamber. Calculate the solubility of O in the Ag (as atom percent) and caiculate the value

of the Sieverts’ law constant at 1000°C.

nomder of males s Ar )‘474//’&2:5 77 f/// f/, ¢ chamber

'70/}/‘-,.._.‘5_.2._--— = z,ZJZ?‘//;
| §2.057 %273 o
nomber of MY of 2 /‘47:/”2/ o 17 f’é champs-
M 28515 = JsaEsIP
b = §2.057% 273
* mbey o moles O O /m//eé R j
| = j/zg,.‘/p —- 2.292% /0 = 5. 775'?‘/2’

- 5,‘?%'7{/1’ x 32 = CZngﬂf'Mfﬁ’/ﬂ?{)/ﬁfb

AT B T e 190 ,

3
mdle fadjon ¢ , Xy = FEIPRII e
ax§ IR+ 122
9787

Catmh W = )T

4 = gz o] _ 17 -
for 29203 [oT [4’ N 2.0

J0s
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13.25 Silicon and manganese are £ommMERY ¥sed (Ogether, as [AEOX1AIZErs TOT LYUIL deeL. At

1600°C, _ r
IMnl wizinFe) + [Olg wiinFey = MnOgy K = 235 i

[Sila wwinre) + 2[0J1wminke) = SOz K = 27840 |

The values of the equilibrium constants show that SiO; is considerably more stable than
MnO. Why, then, is a mixture of Mn and Si more effective as a deoxidizing agent than Si
alone. The activities of MnO and SiO;, with respect to solids as the standard states in

MnO-Si0, melts at 1600°C are shown in Fig. 13.37.

(/f/';~7 S5 alome pProducer Seljd 507 [ 90, < 2 ) 0» T At 30T A
Pﬁ/t&af, Thsir will 0.0/ WY S , K dﬂyfg cﬁ;-?‘ekf /r

[407 =[ %t
vk

Kc;[/ﬁ = p46

27484 %0 A’/

ﬂf/hi/ 5 Me prodaces a .é/;m{ /’-a?aufé' Lhele a» Hr o3
Freawe Which, ¥ (aldaled wilk Hno Gyz Aps, = O02. Tt
widl 2.0/ WEL ST

A

2ol = 2.02 - 4
[ J 27040 % J.a/j O-0UF.

Tre M Cd/-?‘éz.f /ijfh/ b4 fﬁﬁu&/d wt%e Wnt ;,‘ Ca:/c:a/ﬂ-ié/ 2 l

[7#n) = s )
v - 50 |
FKon L9607 27,5 w O.HSS
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14.1 The EMF of the galvanic cell

Pbys, | PbClags) | HCliaqueous) 1 AgClsy | A&

where all of the components are present as pure solids in contact with an HC! electrolyte,

the temperature coefficient of the EMF is

is 0.490 volts at 25°C and, at that temperature,

ree. Write the cell reaction and calculate the Gibbs free energy

~1.84x 107 volts/deg

change and the change in entropy for the cell reaction at 298 K.

At tv apor” FPb = BT+ 2¢
| N #r Cailpie . ,{f*~r e — 4?,
. Ceer weachn. » |
Pb + 245cs = 245 + Pbts
86 = - 276 % = 2x 96475 0900 < 04540 T

’

o

AS = z?%‘;: - 2x7(ﬁ7x/-/,f¢x/5") =~ ~:’£5'JZ4'

i
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=

14.2 AL 298 K, the EMF of the cell
Pb ] PbC}Q |Hg2C12 l Hg

5357 v i 4 Y oree.
is + 0 35 olts and the temperature coefficient of the EMF is 1. 8% 10 olts/dec,ree
18 .

Calculate, (4) the maximum work available from the cell at 298 K per mole of Pb reacted,
alculate,

298
(b),the change in entropy for the cell reaction, and (c) the heat absorbed by the cell at 29

K per mole of Pb reacted when the cell is operating reversibly.

i i = 0. d
trode in the cell is replaced by an Hg-X alloy in which Xyg =03 an

The Hg elec
o y 0.0089 volts.

where X is inert. The EMF of the cell at 298 K is found to increase b

Calculate the activity of Hg in the alloy at 298 K.

_ 2% QF447 x 05357 = —I03/T

¢ LF5° =
a) A€ = —2F
bi PR R X A 7k
) i" TIS = 2?3’7‘2773’ - 533‘? ~7/mo/:4¢’;’;
z =

Gy the cell reaction P+ 9292~ Fhctz # 7l

. g foa,
IS 9 = 53144 X% 278
SRy #

Ry = 070
Ay = 0707
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14.3 The solid-state electrochemical cell

(P1),0; (gas at po,) | Ca0-Zr0, | Fe | FeO, (Pt)

is built to measure the partial pressure of oxygen in gases. Write and equation relating the

oxygen pressure and temperature of the gas to the EMF of the cell.

(Pt s /M/dg)/&r-/~ 0. | R|Ro, [FF)

Ve )
- Ja’/“/’"' _ Cﬂﬁm e
0 =30, (4%0) » 22 fo + 2 = K+ 0

f = ~-LE b Pz (at oro2)
27 fﬂy(‘Zfﬁ/ﬁdJ

Fr F+40,7 o 4's 2637004 65357 = Ao,

& - "g%m[aﬁa&) +£_.;'-ﬁ~i&/¢ =778,

37-[_, 2x263708 Zx{f.:‘r’i]
47 R7 ad

e ~
£ = 2461%)5 Hupy, — 1345 + ITENT

2 Hopy, = 2E05E | G0 Ny
7 7
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14.4 The EMI- 0l The cell

Ages) ! AgClis) | Clag,1 am)» Pt

is found to be

E(volts) = 0.977 + 5.7x 1074350~ 1) — 4.8 1077 (350 - )

in the temperature range ¢ = 100°C to t = 450°C. Caiculate the value of Ac, for the cell

reaction.

- -2 e
E = 1.577 + ,5'.7»’/&.,;' 35y -i'?mafz‘ - AP/ /5’;/.)
- -2
- 4.fx/d3r Ppnlt = 4.Fx/0 7«‘2

-%5 s S900908 — 7,/»’/;7;‘ By
A5 = 2?.5_7{, = f/¢i7/d.z’/ﬂf/{— 9.4¥10 1]
s P4 — 009267 |
= $7.4) - 00926 (7-273) Tim Keins
% - _-é’_Tﬁ L dep s =043 7/k. |
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14.5 A galvanic cell is set up with electrodes of solid aluminum and Solid aluMINUM-Zine atloy

and an electrolyte of molten AlCl;-NaCl. When the mole fraction of Al in the alloy
electrode is 0.38, the EMF of the cell is 7.43 millivolts at 380°C, and the temperature
coefficient of the EMF is 2.9 x 10~5 volts/degree. Calculate (a) the activity of Al in the
alloy, (b) the partial molar Gibbs free’ energy of mixing of Al in the alloy and (¢) the

partial molar enthalpy of mixing of Al in the alloy.

A{/ /’/ﬁ! /Jf.,

cet reactipe AL —2 AY 10 A3,
-7
A?/;g = =27 = ~ZxTEPF) % T FIx/P

s =252 7 = ﬁ7-€~€/{
. Rye = d.673

- £ _ ,
‘5",‘1; = 3'?-;::{; r Ix 7/7‘/7,*2'71/0! = f37 T/k

e A - -
ST = A + TIge
c - 2/50 # 65FnP39

s 3329 T
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14.6 By measuring the EMF’s of cell&afitheRypET TON GASKELL

Nig;y |NiOg;y 1 CaO-ZrO; | Cugy containing dissolved oxygen ;

it has been established that €3 in liquid copper at 1363 K is - 0.16 and that the standard

Gibbs free energy change for

Y5020y = [0} wi in Cu l

is AG® = - 74105 + 10.76T I. If the EMF of such a cell is 0.222 volts at 1363 K, calculate, l

1. The activity of oxygen in the liquid copper cathode with respect to a standard state [

of oxygen gas at | atm pressure

2. The activity of CuyO in the cathode metal with respect to Cu-saturated pure solid

CUZO
3. The weight percentage of oxygen dissolved in the copper cathode

4, The maximum solubility of oxygen in liquid copper at 1363 K

Wiy | s | Gao-210; ] Gee)-2
Fos (/om) P03 (i)

7 £zom - ~ELA ! pafm) f.zao’x/;f!
Y Por( ") | %

Gr AN Oy r IM9 A6 T —47120s 4 1727
s —~ 23676 ~* R}"ﬁc—f’d;/_@‘”) |

o Foz($m) = L 44 x m“""mé Zrrt

Prs (Psh) = aTindy -t 5ppe Wt Fr Py = L At
| e -
= S50 = [ £22x/

£206x 0" T
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1)  FAr 2Cufer 20, = Cytr) I — Itfios # S 45T T
- A{:?/j ~ —87702 T = ‘2,/?7%'/’/2 |
-~§
Pl = 6#7% /0 e

-6/,
o, _,-/ rézrn 7% 0, -
£ 4715

D20, = [y 26, = ~59837 2 ~RIRK

. hy = 189.4 % (1422x 0 ’Y T = 0241

Loyt = 5f[%]+ Ly [0 ‘
— 0617 = =i [%0) + 3 [% 0]
wFet g [U0] = 0268

5

4) hy (at/atuiatin wit ) = /‘fﬂ/"‘['/"’?”;?/
r 0. 4/2
7 Ry (tatwalim) = = 8.3/47
s = 018[00] + 45 [0

‘ ¢
"[ﬁﬁ]fafmmﬁ}h = 0402
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14./ LYICWIAE ME CONAIOnS under Whigh w%%&&so&gg%g&lgo = 18

equilibrium with metallic Pb and solid PbO at 298 K. Is any other lead ion present in {

|

significant concentration in this solution?

Species AGsx 1

PbOys) - 189,300
PbZt, - 24,310
Pblt, + 302,500
HPbO3(my - 339,000
PbO%;,, - 271,570
PbO4ny - 28,210
H,0¢, - 237,190

For f40+ 247+ 0 = Fb+ H?
46 = —237/9p + 1£7300 = - AW T
 EC AT saap
2F
: /
F = 0.24f — g"af;’;]:
" 0.24f ~ 0055 pH

. . J
Frr f’é“-,e 20" = F4 Aé":' 243/9 £ “zz’;’ﬁ = =007

= 020 + 4.0571 45 [H7)

£ re0s14~ RT 4 =
’ 7 [APT]

cab)rh - 002957 <03 [P

Wtk [,é;w];,/ £ = ~012F VoIt 1

o 0128028 _ . (33 g

T !

2859/
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5y ATl = I8

.0
A6’ ~ 24310 = 392500 £ = 326810 .. cf'-f'_,{%{;/ﬁ..— /. 697

F = 1§93 - BT 4 [PFPT
27 T

= [.493 — 0.02057 Q3 [
[7577

&/
= JF272x /4

M Ermone [T

[/’ﬂ"] 42
tii widle [F427 )z 1, [P ] = 505 x 7

For W' r HHho, = P 2450
zr
260 15569y = —Rrbe LT ,
[#r602 ] [#7]
o9y = s [T 24,
| JWr403]
At pH = 653 as [P677]2 1, [Hr602] = /¢

7

For /’M;-"‘ #t 42" = P8 o
4§l —arpy)  arw & = 2375

 E 2.375 ~ ﬁ%w J/
- 27 [ f/ﬂ;z-,] A 7

24
- 2.37%8 ~— 0.02§50 -&; [”éz / -—d,/77¢f’ﬁ"

A—————

[1545°7
At E= ~oné, p# = 633 arx [P ] = 7/,
[po0l ] = 2.5x057
This cocurment s avaiatle g g studocu
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5 ".4’.# oyt §Tia FDLTIFY G,As%y

D= — sy T EE 487

E = 489% - RT4- [PET
27 rnef ][,«,«v_‘]/

" mpsnf = 2P - ﬂdZ?!’@/ﬂ % “ J276 % {5’5
[fézf;J
22/

[;;4’, = S4x /0

mth [P677] = 2

!

[
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14.8 Aluminum can be produced by electrolysis of Al2O; dissolved in molten cryolite,

3NaF.AlF;. If inert electrodes are used in an electrolysis cell and the cryolite is saturated
with Al,O3 at 1000°C, what is the decomposition voltage of the Al,04? The Hall-
Heroult process for electrolysis of Al, O3 uses gréphite as the anode material, and the gas
which is evolved at the anode is essentially pure CO, at 1 atm pressure. Calculate the

decomposition voltage of Al;0; in an Al Os-saturated 3NaF.AlF; electrolyte at 1000°C
in the Hall-Heroult cell.

For. 24¢) + 502 = A3l
A6'5273 = = 12711F3 T

i 127/163  ~ 9.1594 vo/5-
¢F

3 z
for. Ay r T s ALl 2

®
Aé’/??{ g —f7/‘ﬁﬁ J.

P 678430 - J.17 volb.
= §F
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14.9 At 298 K the solubility of Cl, in Hy, under a partial pressure of Cl; = 1 atm, is 0.0618
molal. Calculate the standard Gibbs free energy of formation of an aqueous solution of
chiorine and calculate the change in the Gibbs free energy to form a solution of chlorine

which is 0.01 molal. Ideal solution behavior can be assumed.

Fro 4o < [0] K= L2 _ 4L,

/5

D67 —L3s25 2075 B 0. 0P = 4P3T T

fr [e], — [6],,, 465 kG0l
= - /1470

For ’éaz/}) = [C/]dlﬂ/m

46 = 650~ 11410 = ~ £5/2 T
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15.1* 2-4 Landau Case

The excess Gibbs free energy as a function of order parameter for a solution is written

as:

G* =G, -G, =a-T)n*+Cn’

where Gugis 1s the free energy of the disordered phase and a and C are positive constants.

a. Obtain an expression for the excess entropy of the equilibrium ordered phase as a

function of temperature.

Solution
G*=G,, -G, =a(T-T.)n’ +Cn"
_ XS
First we obtain 7. = _ar =1 by setting G- _ 0
e 2C
and solving for 7,,.
2 2
XS 2 4 a (T -1, )
G =a(T -T )., +Cn., = . <
aG* T 2a*(T -T,)
oT 4C
§Xs _ az(T -T.)
2C

(valid only at T < T.)
SXS

is negative since it is the excess entropy over and above the disordered entropy!
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b. Determine the value of ACp = Cp®™® -C,% at the transition temperature Tc.

Solution

(3
or ),

2 [—
Thus, since S, ,—S,, = a1
2C
as od _ anis _ a_2
oT or 2C
0S,,  0S, T’
TC Or¢ _ c 1S —
oT oT 2C
. T.d?
coicl =<2 50
2C
and since T, = 27C ;o CYCP =a

The heat capacity is of the ordered phase is larger than that of the disordered phase since
some thermal energy must be used to disorder the ordered phase on heating. See Figure

15.15.
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15.2* 2-4-6 Landau case:

The Gibbs energy as a function of order parameter for a solution is written as:
G=a(T-T.)n’ +Cn* +En°

For this case assume C < 0 and a and E are positive.

a. Find the non-zero value of the order parameter of the solution that has the
same Gibbs Energy as that of the disordered solution.

SOLUTION

G* of the disorderd phase = 0. Thus G of the ordered phase also =0

If equilibrium obtains: Z—G =0. Thus we have 2 equations to solve:
n

G=a(T-T.)n’+Cn*+En°=0
oG

oy V=2 =1 +4C* +6En’ =a(T ~T)n* +Cp* + En°
solving these two equations:
on eliminating E we obtain:z7=0 and n* = —@

o ) C
on eliminating a(T —7,.) we get n=0and n° = Y
Thus: — @ =—— (note for part d that 4AE = C?)

2
T=T.+ ¢
4aE
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b. Sketch the Gibbs Energy vs. 1 curve for the temperature in question in (a). This
temperature can be called To.

G

VANVAN

n->

c. Determine if the transformation for this alloy is first order. Explain.

Solution
2

Since there are two phases at T =T, + with the same Gibbs energy and both are

daE
minima, this is a first order transformation. This value of T can be called Ty in line with
the way we have defined Ty in the text.

d. Calculate the heat of transformation, AHo, for this disorder / order transformation in
terms of a, noand Tw, where nois the order parameter at the equilibrium transition
temperatureTt.

Solution
AH =T,S*
AS=S

ordered Sdisordered

aGXS
(5]

G* = a(T—TC)né +C77()1 +E77§

oG
( oT an - 61773 - _(SXS )TU

AH =-T,an; <0

AH =T (ij <0 since C <0)
2F

e. What is the significance of the sign of AHw for this transformation?

It is an Exothermic transformation
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15.3* A 2-4 Landau case:
Using the equation: G**(17) = a(T —T,)1°> +Cny*

show that the excess enthalpy for the Landau model with B =0 and C > 0 is:

A e =T0)
2 T,
Solution
T.-T T
From Eq.5.10 that 77, = ~S—=1-—
T. T.
T.— T.= 2_C
Inserting 77ezq - CT and ¢ g into G* (i) =a(T - T + Cr*
C
Gy _ a(T,.-T)’
2T,
and —S* = oG™ _ad -T)
or T,
HXS — GXS + TSXS - _ a(TC - T)2 _ Ta(TC — T)
2T, T,
g _ (T —2TT +T7) 2aTT. —2aT"
2T, 2T,
HX — a(T? _Tcz)
2T,

C

It can be seen that

dHXS_CX5_£
=C¥ =
dr T,
atT, C)=a
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15.4* A solid is held at high temperature until equilibrium is attained. Its surface
displays grooves as shown in Fig. 15.19.

a. Write an expression for the relationships between the grain boundary energy of o
and a..

SOLUTION

See problem 2.12%
Vepn-a = 27/0(1/052 COS(%)

b. Which grain boundary has the largest energy: au/az or o/as?
SOLUTION

The one with the smallest groove angle. Hence aui/ow

2)/a] oy cos(

%
5)

Vebiia

[
5)

Y gbin-3 2 .1, COS(

c. If ¢ij goes to m what is the value of the grain boundary energy?

SOLUTION
_ 4
Y eptizi = 2V a1a, COS(E) -0

d. If ¢y goes to O what is the value of the grain boundary energy?

SOLUTION

o
ygb/i—j = 2}/0:[/0:, COS(EJ) - 27/051»/0:»].
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MATERIALS

15.5%. Small cylindrical particles has been observed to nucleate in certain alloys
system.

a. What values of r and € will minimize the energy barrier to the formation of these
particles.

b. What surface energies favor the formation of long thin cylinders? Explain

v, 1s the surface energy of the circular face
v, is the surface energy along the length of the cylinder.

Note: assume the volume of the particle is constant.

V=nr’l=constant

S.E.=Surface Energy = 2nr’y, + 27rly,

S.E.=2mr’y, +%72 =2mr’y, +%
nr nr
dS.E) =0=4mnry, —V2—7/§
dr nr
r*_1n

— = for small y, larger
[* my,

Long rod for small y, or large v,
Thin disc for large y, or small 7y,
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15.6%*

Solution
G =0 for n =0 (disordered)

for the ordered phase G =0=a(T —-T,.)n" + En°

orn’ =———=
7 E
. . oqe . aG 5
Also since in equilibrium: - 0=2a(T -T.)n+6En
n
a_ a(T-T,)

orn =
7 3E

For both to be true: T, =T,

b. What is the value of the order parameter at T¢?
0: that is, the phase is just beginning to order
c. Is this a first order or higher order phase transition? Explain.
Must be a higher order transition
d. Show mathematically that for T < Tc, the disordered phase is unstable.

G=a(T-T.)n’ +En°

o6 _ 2a(T - T.)n+6En’

on

0°G "

e =2a(T -T,)+30En" =2a(T -T,) for n=0
n

2

Thus 0 C; =2a(T -T,)<0 for T < T,
on

Therefore unstable (a maximum)
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