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§12-1. Introduction
i Condensed Phase : Pure Metd
1Gas:0,, S, Cl,, H,0, H,, etc.
e.g. 1. Oxidation of metals.

2.Atagiven T, what is the maximum p,,_, which can be tolerated in agas

atmosphere without oxidation of a metal. “ Bright” annealing of copper.

812-2. Reaction Equilibrium in a system containing pure

condensed phases and a gas phase

Oxidation of a pure metal M a T, P=1atm

1
M +502(g) =MO

. _Toxygen isinsoluble in M.

assumptions: j ST _
1 MO is goichiome tric.
I Mgy=Mg

Three Equil. | (2) MO, =MO,,

I 1
I (3) M(g) +§Oz(g) = MO(Q)

(D) Gy (ges) =G, (solid)
(2) Gyo (ga8) = G0 (s0lid )

—— N e/

(o] (o] o] 1 o] pMO
3) DG =G -G -=G =-RTIn——
3) MO(g) M@ o T 0(0) Py ,pgzz
1 Gy (gas) =G *RT Inpyg
| - . o \P:ng
f Gu(olid) =Gl +Q, " VuedP

V (s = molar volume of solid M, it is insensitive to pressure change.

P=
ie é:1|0M<g)\/M(s)d;:l‘ <<‘RT In pM(g)‘

i “10a
eg T=1000°C, Fe | Pr© @ hall
f Ve @7.34cm



t RTInpg, =-224750 J

N

§ QL Ve =734 @mxem® =-0.74 J
G:\)’l(g) + RT In pM(g) @3;(5)

or G‘;Mg) =G> - RT In Py

M(s)

MO(s)

Similarly, G}, = Grow - RTINP,00

. 1 &1 9
Substitute into(3), DG” =G - Gl = 566, =~ RT IN&—,7
2 &P 5
DG°° RT InK
1
K= 7
Po.

and DGo:[G;’AO(S) -Gy - %ng(g)] is Standard Gibbs Free Energy Change for

o 1 _
reaction: M g +§OZ“’) =MO,

Note: 1. Equilibrium constant K can be expressed only with speciesin gas phase.
2.DGCisf (T), and K=K(T) only.

3. Atfixed T, (poz )eq_: Po,(eq,m)
when po, >pg, ) P Spontaneous oxidation of metal will occur.
P consuming O, , Po,
P finaly, po, =Po,(eq) OXidation ceases.
eg. Extraction metallurgy process: Reduction of oxide oresby po, <o, (e

4Cu y + Oy =2Cu,0

DG°=  333000+141.3T (J)



DG°= RTIK= RT In(——)=RT Inp,,

Po,
[0}
npg D802 1730
> RT
Figurel12.1
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812-3. Variation of “ Standard Gibbs Free Energy Change”
with T
Mg +Oyg = MOy, DGO(T)=?
DG°= RT InK=RT Inp,,
Po, e (T) isdetermined by DG’(T)
Exact caculation of DG°(T) can be donewith Co(T)
DG2=DH? TDS at P=1atm

j— (0] \T \T DCP
= [DH%gg+ QQSDCPdT] T D$98+ Q,ST dT]

For  M(s)+0O,(9)=M O,(s)



Hoos: DSy

pme) — At b, T + ClT_Z
POy — A2t b, + CzT_2
pmo,(9 =8z TPy +C; T ?

|
]

, |
Given |
i
i
|

000U

DCp =(a3- &, - &) +(bs- by- b)) T+(c3-C, - Cl)T-z

=Da+ DbT + DcT"?
o Db, Dc
DH2 DH298+%DC T =DH +Dal +——T2- —
i Db DC| U
DHoz%D Hoo + (Lower lim it of int egration)|Dal +— T2 - — 7
[ 2 T 298%
Similarly, calculation of DS} b DG? can be obtained.
énlpce /m)u _ D
Or, é u-— 2
e T b T
J DG, J  DH° 7, DH, Da Db, Dc
QAT Qe 72T =Q, =7 - 5+ T
2 DH
DS; _ 1+ paint D—bTD—C2
T T 2 2T
aDG® o
| =integration constant= 29 _ %+ Daln 298+%' 298+,L2i
208 298 2 2" 298° 4

DG =1 T+DH, DaTInT-D—b E
2 2T

eg for 4Cu y + O,y =2Cu, 0,

(1) calculate from: DH%gg, DSjg, Co[Cuy,, Oy Cu,Oyl
DG =-333200- 4.28TInT- 9.3 10°T?- 0.85" 10°T * +174.4T

(2 DG°= RTINK=RT Inpg (o,



Measure po ., (T) P DG*(T) CAG+BTINT +CT

DG =- 338900- 14.2TInT +247T

(3) Approximate (2) to alinear form DG$=A+BT

DGI= 333000+141.3T

Compare (3) with (1), error is small !!

Usually, it is convenient to use approximation, “ for oxidation of pure
metals.”

DG = A +BT

812-4. Ellingham Diagrams  (Stability of Metals and Metal-Oxides.)
1. Ellingham: Plot DG° vs. T for oxidation of many metals.

DG° € A + BT , for oxidation of pure metals.

cp. DG°=DH® TDS’, at constant P

1A =DH°

| ,but DH®, DS’ isamost independent of T.
iB=-DS

M(s) + Ogzq) = MOy



T
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Figure 12.2 The Ellingham line for the oxidation of silver

Figure12.2 T=0°K, DG°=DH° (Heat formation of oxide at 0°K))

DSO:%OZ(S) B S)/l(S) B S(())z @ S))2

t %02(5) @a‘/l(s)

I 0
;r-sgz >> SMOZ(s) or S(l)\ll(s)
(- DS°) >0

(D T=T, DG°=0, M and MO, arein equilibrium under po, =latm

DG°=- RTInK =RTInp,, =0, (poz)eq_ ° 1atm
(T=T,<T,, DG°<0 (oxidation reaction occurs under po, =lam.)

G issmaller than Gy

(o]
MOz (s)
M isspontaneously oxidized.

DG% =RT1 lnpoz(equl) <0, Po, (eq,T1) < lam

(3 T=T, >T,, DG®>0, decomposeof MO, occurs under pg, =lam.



poz(equz) > 1atm

N

DS’ @ S,

DS° corresponds with disappearance of 1 mole of O, initialy at latm.

Therefore, if al oxidation reactions for pure metals are expressed in terms of

1moleof O,y , then linesin Ellingham diagram have similar slopes.

sope=- DS* @&,
all lines are more or less parallel.

e 12Coy, + O, = 2C00,,, DG’ = - 467800 +143.7T
~ 12Mng, +0,, = 2MnO,,, DG® = - 769400 + 145.6T

Relative stability of oxides CoO and MnO are determined by their DH®, i.e.

More negative DH°U More negative DG°
U More stable the oxide, or metal is more easily oxidized.

3. Consider: Two oxidation reactions with Ellingham lines intersecting one another.

2A 4 +0,=2A0 4 ......(1)

j DH{;) < DHY,

Assme: 1 DS, <Ds), or DSy, | >|s|

2

(2)'(1) p B(l) + 2AO (S) = 2A + BOZ ...... (3)

4G° o7

AG®

oK T

Higore 124 The variation of AG® with T for B +
2A0 = 2A + BO, from Fig. [2.4

Figure 12.3 Intersecting Ellingham lines for two hy-
sothetical oxidation reactions



Figure 12.3, Figure 124

1(A+BO,) are stable

T<Tg, DG°<O, i
7(B+AO) are ungtable

1(A+BO,) are ustable

T>Tg, DG°>0, i
71 (B+AO) are stable

If pure A were to be used as a reducing agent to reduce BO,, to form B and

AO, reduction should be conductedat T > T¢.

Note: In order to compare stabilities of oxides, Ellingham diagram must be

drawn for oxidation reactions with consumption of one mole of O, .
4. Richardson nomographic scale of pg,eq1)
DGT= RTINK=RT INpg, ) for oxidation

For O, ,idea gasmodel G=G°+ RT In P

G°: Standard Gibbs Free Energy of O, at P=1atm
DG? isthe Gibbs Free Energy change of O, from lamto po,e,m & T.
Foragiven po,eq), DGT=[RINPo,eqy]1:T

agtraight lineof DG vs. T can be drawn.

For different po, g, aseriesof linesof DG? vs. T can be drawn .

These lines radiate from the point DG°=0, at T=0°K .
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Figure 1.5 The variation, with temperature, of the difference between the Gibbs free energy of |
mole of ideal gas in the state (P = P atm.T') and the Gibbs free energy of 1 mole of ideal gas in the
state (P = | atm,T)

Figure12.5

When Po,(eq) =1aM In Po,(eq) =0
DGT =R INpg,eq) : T, slope=0

when Po,(eq) < 1atm, Inpoz(eq.) <0
DG° vs. T line, dope< 0

Po,(eqr) NOMographic scae is added to Ellingham diagram along right-hand

edge and bottom edge.
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Figure 12.6  The superimposition of an Ellingham line on Figure 12.5



Figure 12.6 egaT=T,
ab = DG?, =Gibbs Free Energy change of O,

from latm® 10%°atm
if po, < poz(eq’Tl):lo'zoatm

oxidation of M will not occur.

temperature, K
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Figure I2.7  [llustration of the addition of the Richardson oxygen pressure nomographic scale to an

Ellingham diagram

Figure 12.7 If T,<Tg
Po,(eqm) (B < Po,eqr) (D
B oxidized more easily than A.
Startingwith po, =latmat T, (A+B+O,)
A and B oxidized smultaneoudly.

When po,  t0 £pg,eqr) (D)

Oxidation of A ceases and oxidation of B continues + part of AOQO

decomposed.

Final equilibrium: A(S) + BOZ(S) + Po,(eq) 2



812-5. Effect of Phase Transition

A=A @ 8 T=Thm
@)=W)*+2) Ay, +O0uy =AOuq ....(d)
DHG =Hao,9 Hag  Hou
=Hao,s Hae Ho,g [Hig Hael
DHZ =DH%, DHZA
Similarly, DS%5=DSy, DS a=- So, - DSy =- (So, +DSia)
DHyA>0 and DS} ,>0

jDH{y <DHg

I p sope of Ellingham line=(- DS’) >0
f DSiy < DSy

(sope) - slope=S, +DS; 4

0K 0K

TmA T Tm,AO 2 T

Figure 12.8 () The effect of melting of the metal on the Ellingham line for oxidation .of the metal. (h)
The effect of melting of the metal oxide on the Ellingham line for the oxidation of the metal.

Figure 12.8 intercept at T=0°K is lower.

A *+ 0y =A0,q - (D)

29) ~



B)=(1)+(4): Ay +0,, =AO0,, ...... (5
DH ?5) = Hvoz(l) cA)\(s) %z(g)
=Hao9 Haw Ho,o*Haon) Haowl
DH 5 =DH ) +DHi o,
Similarly, DS(z,=DSY)+DSh a0, = So, + DSh ao,

DH7 a0, > 0. DS a0, >0

1}' DH ?5) <DH ?1)
f DSts) < DSgy

[* intercept & T=0°K is higher .
I o
t* dopeg, =(-DSy ) < (- DSy), (sope) decreases.

(a) (b)

-

ACG° AG°

TmA Tm,A02 7 Tm,A02 Tm.A T

Figure 12.9  Tllustration of the effects of phase changes of the reactants and products of a reaction
on the Ellingham line for the reaction

Figure 12.8 , Figure 12.9

ed. T rea, 969K, Ty re, =1298K, T, =1809K

1 Fe, +Clyg = FeClyg (1)
| —
i Fey +Cl,g = FeCly)...(2)

Given:|[ Fey +Clyg = FeClyg .....(3)
DG}, =-346300- 12.68T In T +212.9T (J)

DG, = - 286400+ 63.68T ()

$DGY, =- 105600+ 418TInT - 375.1T (J)



(2) (1), FeClyq=FeCly)......(4)

0 =DGY reci, =DGY, - DGY =59900+12.68T InT  149T

T1(OGhreci, I T)

i
fDH R recr, =~ T7 ] =59900 - 12.68T

i oo il

%DSC,;,FeCIZ = -[ﬂﬂ%e%] =-1268 InT- 12.68+149
{ DH® = 47610 J
1 m,FeCl,

=T :969K,
m,Fecl %Dsgn,mz =49.13 J/K

(3) (2, FeClyy,=FeClyg) - (5)

?5): bFecl, = ?3) - ‘(’2):180800+41.8T InT 438.8T

DG oy /T
(BCbrec, )]:180800-41.8T

i
1 DHp reci, =+ T
|
: DG?

! Ds? :-[ﬂb—mq =-418 InT- 41.8+4388
T b,FeCl , TlT

} DH} recy, =126500 J

T=T, roy, =1208K,
bFecz 1 DS ey, =97.46 J/K

Figure12.10

AG?, kd/mole Clp

L | | | ) 1 |
0 400 800 1200 1600

temperature, K
Figure 12.10  The Ellingham diagram for the chlorination of iron

§12-6. Stability of Oxidesin CO/CO, and H,/H,O Gas

Mixtures



In order to avoid oxidation of ametal, or reducing ametal oxide, alow pg, is

usually needed.

A vaccum system, p @10 *%atm (10° Torr ), is not enough to get alow po, .

Low po, can be obtained by CO/CO, or H,/H,O mixture with high

(Pco/Pco,) OF (P, /Ph,o) ratio. Nomographic scales of (peo/pco,) and

(Pn,/Ph,0) ae added to Ellingham diagram.
1. Consider reducing of MO, with (CO/CO,) gas mixture.
2CO(g) + Oy = 2COyg) - - (*1)

DG°= 564800+173.62T (J)

2
DG°= RTInK,= RT |n(2p&)
Pco *Po,
DG®=2RT In(20 )+RT Inp,,,
Pco,
aT=T,
\ DG
Inp(orﬁeq) :% 2 ln(pﬁ)
' o Pco,
For oxidation of some metdl: at T=T,
Mg +Oyg =MOyq ...... (*2)
DG°= RT,INK=RT,Inp&?_ |
*1) (*2) ' idi ' '
If Posteq) Porteq) metal will not be oxidized (or oxide will be reduced)

2. Nomographic scale for (peo/Pco, )

2C0O g + 0y =2C0yy) ------ (*1)
[latm] [latm] [1latm]

DGy = 564800+173.62T



or DG?= Dchoz] TDS’COZ]
2C0y [1am]= 2CO,, [Patm]...... (*3)
DG2=2RT InP

(*1) + (*3=(*4)  2CO(, + Oy = 2COy
[latm] [latm] [Patm]

DG3=DGS+DGS

DGy= DH%o, TDS%o,+2RT INP

1
For any other pressureof CO,, : Patm, or (pﬂ):(ﬁ)1 1
o .. C . o « .
DG, vs. T islinear, originating from DH\co,; “C" point,
withadope €(- DSo, )+2R InP
i Peo
_|_P_pco2 >:L ( ) <1l gope>(- DS)COZ])
! co,
' p
I'P<l (—=)>1, dope<(- DS?COZ])
T CO,
temperature, K
0 200 400 600 800 1000
102
10-1
1
8’ 10
gé 102
620 PR e rql I
Figure 12.11  Tllustration af the effect of the ratio PeenIPeo in @ CO, -CO gas mixture on the tempera-

ture at which the equilibrivm M + CO, = MO + CQ is established



Figure12.11

3. Using CO/CO, gasmixtureto reduce MO
M (S) +02(]Hm) = MOZ(S) ...... (*5)

(*1) (*5)=(iX) MO, +2CO(lam)= M 4 +2CO,(lam)...... ()

.2

o, O

DG?,, =(DG?, - DG, )= RTlnﬁzz
(ix) (€] 5 Peo ﬂ

DG, =2RT In(e0. )

Pco,

aT= Ts’ ( Pco ):1’ DG?ix) =0, (equ||)

Pco,

(@ Fix (pﬂ):l, T, > T, (r)point lies below Ellingham line(* 5)

Pco,

IM will not be oxidized .
%MO2 is reduced.

(b) AT T, <T,

If (@):1, point(u) lies above ling(*5) M will be oxidized.

Pco,

Only when (pﬂ)3 10, M will not be oxidized. (or MO, can be reduced)

Pco,

eg 2CO,(latm)= 2CO,(0.1am)......(6)

DG2=2RT In(0.1)

(X)+(6)=(x) MO, +2CO(lam)= M +2CO,(0.1am)......(x)

DGy =DG iy +2RT In(0.1)=2RT In( Peo. )+2RT In(0.1)

Pco,



aT=T,, (P )=10 =0, (eqil.)

Pco,
Ex.: For agiven (@) point A= 10°, and T=1000°C, then a point P in diagram
Pco,
can be specified.
Q (po2 )eq can be obtained by drawing OP and its intercept a p,, scae

(point B=10"2°am)
(2) For an Ellingham line of some metd, if point P lies below line, metal will not

be oxidized. Figure12.12
Figure 12.12
0]
- \\\\\ 4+02:M02 l(PCO/‘PCOx)T

10% (a)

1000°C “l @

Pox
T(Pco/’Pco;)

§12-7. Upper limit of (Pe) at afixed T

co,

(2) 2:()=(3 2CO+0yq=2C0,, DG = 564800+173.62T

2 D=4 Cy +CO,=2CO, , (1y=170700 174.5T
1. Reaction Equilibrium of (3) (CO-CO,-0,)

2

Pco
%= RTINKp= RT In(——2—
Pco *Po,

)

(o]

DG
2|n(pcﬁ): Inpo, O
Pco RT



Pco, )= 1 [X3?3)

lo lo - —
4 Peo 2 IPo. = o aRT
Pco, \_ 1 564800 173.62
log(—=)== logpo, +— - =
Peo . 2 2" 23RT 2 23R
. Pco 1,. . . 564800
For afixed , log(—=%) vs. (=) islinear with same dope of (———
Po, 1o -~ ) (T) pe (2, 2_3RT)
3 P gy gy ey ¥egay
~/~~~/~~sssssssss/ssssfc
2 /’/ //2,’
/ / / /e
; / /1
D //
o) /
g -1 // ]
2 ,/ -
// unstable gas at P = 1 atm
3 . “ .
5 ('5 . l7 il E') 110 1I1 tlz 13
1Tx 104, K1
Figure 12.13 reproduced as [og(pm:/p(\n) vs. UT
Figure12.13
. 0 o 0
Fix poz,asTT,(i)i b?ﬂ:i,écojT
T Pco g Pco, g

T, more reducing gas.

5
ie Tt b ?Coj
Pco, g

See Figure.12.14.
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02§

400 600 800 1000 1200 1400

temperature, K

Figure 12.14  The variation, with temperature, of the composition of the CO~CO, gas mixture in equi-
librium with solid graphite at P, = | atm

co, 9

2. At afixed T, (1), there is a lower limit of 2 I,
T pco 4]

5
«© 7], because reaction (4) sets an equilibrium ,

CO, @

[ upper limit of ?
Y

5
as gpi: t P C precipitates
Pco, g

(4) C +COy, 2 CO,

(%]

2§
DGS = RTInK= RTIn gﬁz
Peo,

At atotal pressure: P=1am , pg, =1  Pg

20532

2 0
kK= —Po —om 24)- 13 x 109) exp( — ) X

1- Pco RT

2 R —
Pco +pco‘X-X—0

- X +4/X? +4x

2

Pco=

2+X - VX +4x

2

ad pe,=1 P =



@cozg :2+X-«/X2+4X
gpco B“m't - X+ X2+ 4x

=£(T)

5
T ,(i) t b x1 b ?ﬂi“mn 1,  see Figure 12-13.
T co @

3. MO, reduced in CO/ CO, gas mixture
MOy + COy = My + COyy
Equilibrium line can be added into Figurel2-13.
eg. (A) FeO, +COy, = Fegy + CO,y,
DG, = 22800+ 24.26T

5
DG{,, = RTInK= RTIn ?"i:
Pco a

oo, 0 DGpy _ 1192
Po g 2.3RT T

log 1.27 (line AB)

Note: any gas state , which liesabove AB is oxidizing with respect to Fe

Point A isthe lowest temperature T ,, at which FeO can be reduced by

Cy-
Examplel:
r (1) COy + %oz@ = CO,, DG{= 282400+86.81T
Given | (2 Hyg +%oz(g) =H,0, DG%= 246400+54.8T
(3) Co, +%oz(g) = CoO,  DG$= 282400+71.85T

\
Ask : 1. Which (H,, or CO, ) isamore efficient reducing gas ?



2. One mole H,, , how many molesof CoO  can be reduced at
T=1673Kand T =873 K ?
3. One mole CO , , how many moles of CoO , can be reduced at

T=1673Kand T =873K ?

ol :

1. DGS= DG, T, =1125K =852
When T T, DG} DG%, H,, isamore efficient reducing gas.
When T T,, CO., isamoreefficient reducing gas.

2. C0Oy+H,y=Coy+H,00 .. 4

4 =2 @, Dc%= 12500 17.05T

CoOy + Hyy = Coy + H,0q
Initial 1 1 0
Find 1-x 1-x
5
DG°= RTInK,= RTlnngzoj
Pu, o
0 6
K mexp( ot)= G0l
RT ngz ﬂ
X
T=16/73K , K,=191= ——=
- x)
X = Ke 19'1:0.95(mole)
K,+1 201
T=873K , K,=435
X = |,<4 = 43'5=O.978(mole)
K,+1 445
3. CoO+CO,=Coy+CO,, 5

G)=() (3,  DG2= 48500 14.96T



CoO, + CO, = Coy + COy

Initial 1
Final 1-y 1-y

5

DG2=  RTInK,= RTln?ﬁz

pcoz

DG? o, 9 _ y

K 5= exp( )= =
’ RT gpco 1] (1' y)
K .
T=1673K ,K,=05 y= —5_ = 992534 (mole
K,+1 152
132

T=873K , K, =132 = =— =0.992 (mole
5 Y= I3 (mole)
T=1673K, X Yy, H,g ismore efficient

T=873K, x y, CO, ismore efficient

Example 2 : NO, + Cl,, = NiCl,  +
At T=900K DG°= 154907
If 90 % CI, ,, must be converted into O, ,
What is the total pressure ? P =?

Sl  NO, + Cl,, = NiCl,, + %oz@
Initial 1 1 0 0
Fina 1-x 1-x X 1x

1..
=0
DG°= RTInK= RTlngepozz;
gpd2+
a
10 0
éﬁ)ozz;

L= exp( ——)=7.925
= el =)

Pa, EJ

DO

NI

2(9)



For gas phase : n,=(1-x) + %le %x

1
e x/2 @

8- (/2 2 =795
& 1-x 0
§-x/2 5
1
But x =90 9% =09 0818 _ ;oo P = 0.393 atm
0.182F

Example3: (1) ZnO 4+ CO,=2Zn,+CO,,, DG}= 177800 1112T
Q-1: Reaction (1) : T =1223K , P= latm, final composition of gas phase p, =?

Sol-1: T=1223K, DG? = 41800

.

DG® = RTInK,= RT ngreo. Pz N
Peo 4

@coz >1DZn + _ p ( DGl ) — 00164

8 pCO g T

P=p, + Pco, T Pco but p, = Pco,
pCO = 1 2pZn
_Pa —0p164

Pco, = 0.113 am

Peo = 0.774 atm

Q-2: WhenP 1 (pg,) increases, condensation of Zn, occurs.
T=1223K, p,, =272 P.=7?

Given :  Zn, = Zng



INp 5= @ 1.255In T + 21.58 (atm)

Sol-2: T=1223K, p%, =149 am

(?)coz >1:)Zn 9

& Po
149" 1.49

P.- (2" 1.49)

P, =13835am , p, =135.37 am

K.= = 00164 , py=pco,=149am

0.0164 =

Q-3: T=1223 K , P =150 am equilibrium p, =?
Sol -3: Zn,, = Zn, equilibrium must be maintained.
P, =1.49 atm

But p0021 P, ( P 138 atm )

.49 0
K,= gPoo, = 00164 ....... 0
§ P g
P=150 = 149 + Pgo,+Peo  ceeeen ()
Solve (1) (1)

Peo, =161 am , pey=146.9 am

Example 4 :
Given, CO,,+H,,=CO4,+H,04, ...(1 DGS =36000 32T
CO CO, H, H,O gasmixture produced by mixing with

CO + H

2(q)

L1 moles, T=1000K, P=1am

2(9)

Q-1 Pegy =7

Sal : DG = RTInK,, K p, = exp( [I)?C';I'I )=0.618



_ @HZO Pco

K
" g Pco, P,

Q- l-o:

Pco=Ph,o + Peo,=Ph,
P=1=puo tPeo * Pco, T Py, :z(pH2+szO )
Prot Py, =05 Pro=05 Py,

Peo = Puo =05 Py,

Pco,=Pu,
K = %QS' sz)x(O-s' sz) 9: g(o-s' sz)ZQ
" g sz poz B 8 sz2 !3

{ Pu, = Pco, = 0.28 atm

Puo =05 Py, =022am=p.,
Q-2 : Equilibrium gas mixture at initial P=1am, T = 1000 K

Contained in a constant volume vessel . What arefina p; if CaO

is introduced ?
[ ceO, + 5CO, = CaC,, +3CO,, -..(2
{ CaOy +H,0, = CaOH),y «orecerrrren(3d)
| Ca0, +CO,y = CaCluyy oovooiviiiinns (4)

DGS =  37480+300.7 T

DGS = 117600+ 145T

DGS = 168400+ 144 T

Sol : T =1000 K



o ' 3
If : Equilibium (1) K, = exp( [;32): pfozs =178 x 10°%
Pco

subdtitute { P o, = 0.053 am

Peo = 152.9. am  impossible !!

1

() K, =0037=

Prso
Pyo = 27.027 am

P £ 1am impossible !!

1

Iy K, =1882=

Pco,
Peo, =0.053am  pg, =028am Yes!!
only reaction (4) is equilibriated .

Peo, = 0.053 am ( pgo, = 0.28 am )
CO,, isconsumedand (1) P | , (2) reaction(l) -
at new equilibrium  pgy =Py

Puo + Py, =05 am (not changed )

K. =0.618= @uoPoo O_ & Do’ 5
P1 . (épICOZ mle a §(05‘ pHZO)XOO53a

Pho = 0113 am=py,
p,, =(05 0.113)=0387 am

Peo, = 0.053 am

P’ =0.666 am



Q-3: If C ,graphiteisintroduced , what is the fina p; ?
Gven, C +CO,, =2COy, .ovivernnn, (5)

DG? = 170700 1745 T

[x;O 2 O
So-3: K, =exp( —5)=1579= ¢P.®° 2

RT gp co, g
In order to maintain equilibrium of (4)

Peo, = Peo, = 0.053 am

1
2

1
Peo = (Ks Peo,)? = (1579 x 0.053 )2 =0.289 am

However , p, o, +p,, =05am (notchanged !!)

K. =0.618= & 1,0 P co 9: 0.5- p"H2)>O.2899
t ép”coz D, 5 0058

/Py, = 0449 atm
Puo =(05  0.449)=0.051 am
{ Peo, =0.053 am

Peo = 0.289 atm

| P =0842 am

Note : If process 2, 3, Q2, Q3 are reversed , the final equilibrium p; isthe same.



