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CH,(g) = C(graphite) + 2Ha(g) = AG, = 69120 — 22.25TlogT + 65.35T
200(g) = 2C(graphite) + O2(g) =+ AG2 = 223400+ 175.3T
COs(g) = Clgraphite) + Oz(g) = AG3 = 394100 + 0.8T
Ha(g) + %Dz{g} = H:0(g) =+ AGy = —246400+ 54.8T

6=_2515 55 38 sle 48 sluws  (C,H,0) 3= 2815 3 54 50 juolis sl

35 Sl e s diteen Dol 3 VU gla 2STy (sl S s 5 CO2,CO,CH4H,,0,,H,0)
bl 5 osba dgbely o3ls 35 SVslae o sl ely 53 i e gl a5 e
054 H20: 020 Hae CH4 CO  COy (5l pims oS o (oot s 53 15 U0

a3 5 (el S

ne, the number of moles of C, = ney, + neo, + neo (1)
ng, the number of moles of O, = 2nep, + noo + N0 (2)
ny, the number of moles of H, = 2ny, + 2ny.0 + 4ncn, (3)
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Using the above relations,
Ny + Mo + 2ney, = 2nco, + Moo + Mo (6)
or, as n; o p; at constant P,
PHy + 2pon, = 2pco, + poo (7)
and also,
nop, + oo, + oo = 2neo, + oo + ELo (8)
or
POHy = POOy + PHO (9)
In addition,
P = pcn, + pco, + poo + pH, + PH.o (10)

€0 & dalas 5l eslinal b I::'coz 3 PCH4 s Pl e 3 Peo Ph,o ¢ Pw, Slp s o OS]
25 )=
2 K sty dals ol AG/ oS 150 S3A ey R K 2 (I)Q“SU

ss T=1750Kk
PH,O = PCH, — PCOy (11)
Poo = %P — Pco, (12)
PHy = 1p_ 2pcH, + Peo; {13)
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The reaction (i) below has an associated change in Gibbs free energy of AGY
and equilibrium reaction constant K, ; at T=1750K.

CH, + CO; = 2H, + 200 (14)
AGY = 239820 — 22.25T log T' — 109.15T Joules (15)
K,.i = exp[—AGY(1750K, 1atm) /1750 R] = exp[241953/1750 « 8.314] = 16679009 (16)

K, ; is related to the partial pressures of the gases by

2 2
Poop
Kp'_ O Ha

i (17)
PoosPOH,

And the following reaction (ii) has an associated change in Gibbs free energy
of AGY, and equilibrium reaction constant K, j; at T=1750K.

Hs + CO2 = HyO + CO (18)
AGY, = 36000 — 32.05T Joules (19)
K,.ii = exp[-AGY%(1750K, 1atm) /1750R] = exp[20088,/1750 + 8.314] = 3711114 (20)

K, ;; is related to the partial pressures of the gases by

- PoOPHL 0
K, = PCOPH.O (21)
i PO PH,

The two equilibrium reaction constants, K,; and K ; are related to the
two independent variables,pcu, and pco,, with P = latm as

LP_ . E%P—E . + Porere o

Ky, = 16679009 = (3P = Pco.)*(5 PoHs + Peo.) (22)
. PooPoHy

[IEP — Py ](pf'Hq = p('-.:)z)

pco. (3P — 2pon, + peos)

Aas o |y lis Ol g P=1AtM L c¥las (ol Olosen >

Ky = 3711114 = (23)

Sl oS 3yls s gy s cpl e glp ol cpdin) el ol € 55 55 (6,505 6l
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CH; 4+ CO, = 2H, 4+ 2C0 (24)
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AGs = AG + AG; — AG:2 = T7468.29J (25)

S sl s 0 Olg o 1y Mt aite SO s 3525 Jsgaes Ll s aales 4w Sl W

V.L))I&C,W-»Ju den(:H4 Lo

ddney, + 2dng, 0 (26)
2dnco, +dneg = 0 (27)
dncu, +dnco, +dnce = 0 (28)
(29)
Reaction CHy | CO2 | = | 2Ho | 2C0O
Initial 1 1 o 0 0
Equilibrium change | 1-x 1-x | = | 2x 2x
352 s 2SIy S5 L
2005 =200 4+ 05 (30)
AGs = 2A0G5 — AGo = 4358250 (31)
Ls &5 sla Jgo 3las 5 55 50 Lal
2dnco, + 2dnco +dnpg,o = 0 (32)
2dnp, + 2dng.0 = 0 (33)
Reaction 2005 | = | 200 | 20,
Initial 1-x — 2x 0

Equilibrium change | 1-x-2y | =& | 2x42y | ¥
From the last reaction equation

H, +1/20, = HyO (34)

s S 3 ol esls (TELTB0K (ol ) s lustead sh3T (550 55 s

AGy = —246400 4 54.8 1750 = —150500J (33)
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The constraint equations are,
2dnpg, + 2dnpg,0 = 0 (36)
2dno, +dng.o = 0 (37)
Reaction Hy | 1/20; | = | H:0
Initial 2x ¥ - 0
Equilibrium change | 2x-z | v-z/2 | = Z

VU (sls 2S5 6 aen 08,5 5 50 L sl 3w o
newy =1 —2mneo, =1 -2 -2y, ny, =22 — 2, neco = 22+ 2y, np,o = 2,
no, =y —z/2and nyyy =2+ 22 +y— 2/2.

chh b‘}f L;F)w ¢4.>.=:23)>

Fou. = (2+21:1J:j— 7F (38)
Foo. = @ +12; f-; Eyz t (39)
P = &7 22;1.:;_ 72" £
Feo = &3 22; J:L j‘i ) ()
Fo = (2+2.‘rjy mpy (42)
Poy = 3% _p (43)

(2422 +y—2/2)
‘mpJ;Lx;);uﬂlj;\.s;ww\,uoﬁrwd‘ﬁ,wo\}:6»0;5\

Al e Bolo 3 daly, o KT

Péo P,

—COH:  _ erp(AGos/RT
P(?H4PG'{32 p{ 0 f }
(Poo)* Po,

Mool o, _ ol A
(Peo.)? exp(AGys/RT)
P

Ol = exp(AGy/RT)

PHg[PfJg:II'IIrZ
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2z +y)*(2z — z) P*

A-o)i-z-2)2+20+y—zj27 ~ 20019 (44)

(22 + 2y)*(y — 2/2)P 3 5 )

Q-ec-)C+omty—zp _ 08*100 )
,3{2+2;[.‘+3,.r—z,/E]'f’E _ .\ 10-5

@50 /27 3.16 + 1075) (46)

(47)
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6.2 1>
55 e Olge cmsS15 el (6,
G\ _ A(G,V)
(aT)L. = ATy S
8(G,V)
_ ATP)
T ary) (49)
B(T.P)
_ (38)p(85)r — (5B)1 (5F) s -
= v {50)
('&?}1
oV oV _
¢ — =« k Ioole oole oS- L
(aplj[(ﬂ.l srak sa sl g ole KL
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v r (5p)y T P
= —S+_—VaV (52)
Ver
Va
= —S4-— 53
: (53)
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