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Reaksi Kimia

_aju dan konversi kesetimbangan suatu reaksl
KImia tergantung pada temperatur, tekanan, dan

Komposisi reaktan.

Laju reaksi tidak rentan terhadap perlakuan
termodinamika, konversi kesetimbangan,
sebaliknya, rentan terhadap perlakuan
termodinamika

Tujuan dari kuliah ini adalah untuk mengetahui
pengaruh suhu, tekanan, dan komposisi awal
pada konversi kesetimbangan reaksi kimia.



Koordinat Reaksi

Reaksl Kimia secara umum:

Vi A+ VL[ A+ [V A V| A,
dn, _ dn, _ dn,

> = =...=d
v, V, V, vV,

Koordinat reaksi, mencirikan tingkat atau der

suatu reaksi telah berlangsung

— Perubahan diferensial dalam jumlah mol
suatu spesies yg bereaksi :

dn =vde (1=12...,N)

A 4

[fdn=v[de (=12..

N)

yi — ni — ni0+vi£ .

n=n,+ve (1=12..

,N)

i




Untuk sistem di mana reaksi berikut terjadi , CH, +H,O - CO+3H,
Anggap mula-mula terdapat 2 mol CH,, 1 mol H,O, 1 mol CO and 4 mol H,.

Tentukan y; sebagai fungsi €.

y=t=0% CH o +H,0 -~ CO+3H,

n n,+ve

V=)V, =-1-1+1+3=2

N, :Znio =2+1+1+4=8

_2-€¢

Yor, = g1 g

_ l+¢

Yeo 8+ 0g
1-¢ 4+ 3¢




Suatu vesel awalnya berisi n, mol uap air, jika dekomposisi terjadi menurut

reaksi 1
H,O - H, +§OZ

tentukan hubungan jumlah mol dan fraksi mol masing-masing spesies kimia
dengan koordinat reaksi €.

y = N _Nytvié
N n,+ve
1 1
v=> Vv, =-1+1+—=—
Z 2 2
r]o:Zﬂio:no
A\ 4 — 8
Yh,0 LI 15 Yu, =
2 1 — 2 ’ +1
n+=-¢& Yo, 1 n, 25
2 n+_-¢
Nyo =Ny =& 2 N, =&
1
No, = 7€




Multl reaksi

 Dua atau lebih reaksi berjalan simultan
— v;; . koefisien stoikiometrik spesieslalam reaksj.
— Perubahan mol spesies

total koef. stoikiometrik:

dn => v de,
]

Integration

n :ni0+zvi,j £,
j

V. EZVU
|

summation

N=n,+> v &
j

n=n, J:ZJ:[ZV.,,)EJ




Consider a system in which the following reactionsur,
CH,+H,O - CO+3H, CH,+2H,0 - CO, +4H,

If there are present initially 2 mol Gland 3 mol HO, determine expressions for the
y; as functions of; ande, .

i [ CH, [ HO | cCO | CQ | H,
|
1 1 | 1 1 0 3 5
2 1| -2 0 1 A >
Vo = 2—& &,
|7 5426, + 2,
ni0+zvi,151
Yi = j — ||V = 3_51_252
N+ V& 0 T 54 2¢ +2¢,
j
| . A
© B+2¢ +2¢,
"2 B+26+26, |7 542¢ +28,




Aplikasi Kriteria Kesetimbangan pada

Reaksl Kimia

e ¢: variabel tunggal yg menunjukkan perkem-

bangan reaksi

— Energi Gibbs total pada T dan P konstan ditentukan

olehe

— Jika tidak dalam kesetimbangan, reaksi apapun akan
mengalami penurunan Energi Gibbs total sistemnya

 Kondisi saat Kesetimbangan ter

capai.

— Energi Gibbs total adalah minimur

G = f (&)

— min

— Differensial/ turunan pada titik itu sama dengdnlLN

(dG'), . =0




Constant T and P

Figure 13.1 The total Gibbs energy in relation to the reaction coordinate



Perubahan Energi Gibbs Standar
dan Konstanta Kesetimbangan

d(nG) = (nV)dP — (nS)dT + Z (adn

dn =vde

d(nG) - (nV)dP — (nS)dT *(Z ’ y)dg

_[o(nG) | _|a(G) fibrgm
Zvi,ui—{ » LP—{ > LPDTEF‘“M [T~ =0




The fugacity of a species in solution:

For pure speciesdn its standard state:

=[(T)+RTIn f

G° =T (T)+RTIn f°

i

H;

-G? =RTIn—

Ve

f

v

ZV[G°+RTIn

—> VG + RTZ[In




" | _ -AG®
The equilibrium constant for the reaction, f(T) K =ex

0 — 0
The standard Gibbs energy change of reaction, f('ll)XG — z V, Gi
i

RT

Other standard property changes of reactic

AM =D viM?

GP
(Vi
o = _RT? RT |

/ZviGV\
d RT

dT
H°=- 2_\ /
in, , RT =
}
AH° dInK dlAG®
—— dnT —AH° = —RT? ( AT)
dT




For a chemical species in its standard state:

Gio — HiO _TSIO

l summation

Zi V.G’ = Zi ViH? _Tzi V.S —AG

° = AH® ~TAS®

AH°:AH§+RTTACP

dT

AS® = ASS +R

TAC, dT

T R T

_AH? -AG?
TO

A

v

AG® = AH? —TL(AH(‘,’ ~AG?)

0

"8 47 —RT

T ACS

dT

+R
To T R

T




RT RT

AG® _ AHS | AG° AH? < TAC

AC d
TO

Readily calculated at any temperature from thedsteh

“AG | heat of reaction and the standard Gibbs energygehan

of reaction at a reference temperature

InK =
K=K.K/K,
K, = exp(_AGo ]
RT,

K1 =eX AHO (1—
RT,

D)

_ 17 ACE
K, _exp{ ?LO

R

T + TAC; dT
T R T
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Figure 13.2 Equilibrium constants as a function of temperature




Calculation the equilibrium constant for the vapbiase hydration of ethylene at 145
and at 320C from data given in App.c
C,H,+H,O0 - C,H.OH

K=KK.K, From Table C.4
. F{—AGSJ AHS = AH S, = ~45792]/mol
° RT,
0 AG; = AG,,, =—-8378J/moal
_ (naHo( T, .
K, = ex;{ AT (1‘?D The heat capacity data:
0
1 7 ACO T ACO dT A:(CzH5OH)_((:2H4)_(H20)
K,=expg-= =dT + = —
T% R T R T
RN
T Kq 'K, \| K, K
298.15 29.366 / 1 1 29.366
418.15 29.366 \ 4.985x10/ 0.986 1.443x10
593.15 29.366  \ 1.023X1ﬁ 0.9794 2.942x108

N



e Reaksl fase Gas:
— Keadaan Gas ldealf,” = P°
— Standard-state pressureof 1 bar

SEREAELAINT A =qyP
— | =K Nl 55| =K >
AT P VEZVi

An ideal solution|g = @ I_l (yi@vi = (F K
| - v _(PY
Anideal gas: |¢ =1 I_l (yi) | —( j K

1

f (composition) f(P) f(T)




Mo =2

o

f (composition) f(P) f(T)

e According to Eq. (13.14), the effect of temperature on the equilibrium constant K is
determined by the sign of AH?. Thus when AH? is positive, i.e., when the standard
reaction is endothermic, an increase i T results 1 an mcrease in K. Equation (13.28)
shows that an increase 1in K at constant P results in an increase in ]'[,- (y;)"; this implies a
shift of the reaction to the right and an increase in ¢, “onversely. when AH® is negative.
1.€., when the standard reaction is evothermic, an increase in T causes a decrease in K
and a decrease in ]_[f{}’;)"* at constant P. This implies a shift of the reaction to the left
and a decrease in g_

o If the total stoichiometric number v (= >, v;) is negative. Eq. (13.28) shows that an
increase in P at constant T causes an increase in [ [,(y;)", implying a shift of the reaction
to the right and an increase in g,. If v 1s positive. an increase in P at constant I’ causes a
decrease in ]_L' (v )", a shift of the reaction to the left. and a decrease in ¢,.



 Liquid phase reaction:

N\

=]

~

= f.
G -G’=| VdP=RTIn—_
P° f°

. _v(P-P’)
f° RT

[ x )V" =K ex;{ P F_{TPO)Z vV, )}

Except at high pressures

Vi _ Ideal solution
[106)" =KL

i

Law of mass action

</€>




Equilibrium conversions for single
reactions

e Single reaction In a homogeneous system:
— assuming an ideal gas and the equilibrium constant is

oG

— assuming an ideal solution and the equilibrium constant is
A

known: l_l (()g))vi “K

— the phase c\c/)mposition at equilibrium can be obtained



The water-gas-shift reactiolO+H,O - CO,+H, Is carried out under the
different sets of conditions described below. Clali®uthe fraction of steam reacted
In each case. Assume the mixture behave as angdsal

v From Fig 13.2, K=1 v _ Yu,Yco, _
Mo =[] ) ==
i P° v EZVi =0 i Yco Yh,0

(a) the reactant consists of 1 mol gf0Hvapor and 1 mol of CO, T = 1100 K, P = 1 bar
AL

- N
n _nNg,+tVve 1-¢ 1-¢ E E
= L = _ S R — € =_ "€ =_£ =—£lle. =05
y N n +ve Yco 5 Yh,0 5 Yeo, 2 YH, 5 |8

(b) the same as (a) except that the pressurebarl0

Sincev = 0, the increase in pressure has no eff¢e, = 0.5

(c) the same as (a) except that 2 mol gfdNncluded in the reactants

Since N does not take part in the reaction and servegidsent: |, = 0.5

e




(d) the reactants are 2 mol of®and 1 mol of CO. other conditions are the sanm(@)

A
- ™
n _Ngy+Ve 1-¢ 2—¢& E E
== > = £ = £ =—= =—tlg,=0.667
Y N n +ve Yco 3 Yh,0 3 Yeo, 3 Yu, 3¢

The fraction of steam that reacts is then 0.66% 02333

(e) the reactants are 1 mol of®land 2 mol of CO. other conditions are the sam@J

A
- ™
_2-€&, 1-¢€, E E

Yh,0 = 3 Yeo, :Ee Yh, :§e

N _No+Vé

- N, +VE Yoo =73

The fraction of steam that reacts is then 0.667

(f) the initial mixture consists of 1 mol of,B, 1 mol of CO and 1 mol of CO other

conditions are the same as (a) AL
- ™~
n nNn,+VvVe 1-¢ 1-¢ 1+ ¢ P
y. —_1 =_10 [ R — e — e — e — Ce
- n, +Ve Yeo 3 Yh,0 3 Yeo, —3 Yu, 3
The fraction of steam that reacts is then 0.333 £, =0.333




(g) same as (a) except that the temperature is K650

v From Fig 13.2, K=0.316
[10)° :(ﬂj K 0 JYH Yoo, - 6316
i ! PO v EZvi =0 Yco Yh,0
NG
- ™
N _NgytVié 1-¢ 1-¢ E E
= = > = e = € =_€ =—¢le =036
y N n +ve Yco 5 Yh,0 5 Yco, 5 YH, 5 e

The reaction is exothermic, and conversion decs2agh increasing temperature.



Estimate the maximum conversion of ethylene toreihby vapor phase hydration at
250C and 35 bars for an initial steam-to-ethyleneorafi5.

For a temperature of 28D, K = 10.02 x 16 C,H,+H,0 - C,HOH

o

Assuming the reaction mixture is an ideal solut =q| V= Zvi =-1

~ Vv P\ Yeion Bon ( P j -3
. = | KF— — 1@0.02%x10°°)
[ ) (POJ Ve, Y oBo \P°

T.K[P/ba| o | T, | P, | B | B [ ¢,
CH, | 282.3] 50.40 0.087 1.853 0.694 -0.074 0.126 0.977

1
H,O | 647.1| 220.5p 0.34p 0.808 0.159 -0.%11 -0.p81 0,887
EtOH| 513.9] 61.48 0.64p 1.018 0.569 -0.327 -0.021 0,827

Yeton Hon — Yeon (0.827) _ (35j (10.02x107)
Yo, @m, Yoo Yeu, (0977)Y,,,(0.887) 1

A
yall N
n _Nn,+Ve 1-¢ S— €&, E

p— € -_ € .
N n +ve Ye,H, 6. Y0 = 6-¢. YetoH 6_c | 5o 0.233

Y, =




The equilibrium conversion is a function of tempare, pressure, and the steam-
to-ethylene ratio in the feed:

i ‘::
agk -

| ”§.9 /1013 25 bar
ey y 1T 2
1 ¥
T8 /i /s
/ /

Data based upon equation:
In K = 5200/7-15.0

.5 ]
0 : / / a= ratio of moles of water to CpHg
| in imitial mixdure
Dashed fines indicate region of
water condensation

400°C  300°C 200*1: 100°C 25°C
0.4 1 il 1 I 1
12 14 16 18 20 22 24 28 28 30 32 34 36 38

1000/, K~




In a laboratory investigation, acetylene
1120°C and 1 bar. If the feed is an equi

IS catefjty hydrogenated to ethylene at
Imolar mixturaaetylene and hydrogen,

what is the composition of the product stream atlidgium?

C,H, - 2C+H,

AG° = AG® + AG?

2C+2H, — C,H,
C2Hz+H2 - C2H4

InK=_AG

~RTINK =-RTInK, -RTInK,

A 4

K =K,K, =(4x10°)25%x10°)=1

Ideal gas

A
yl N
y = n _Ny+ve v, = 1-¢, Voo, = 1-¢, Voo, = &, 0593
== = = &, =0.293
" n ng+ve || 2-g || 2-g |77 2-g, |50

\ 4

Yeu, =0172Yy, = Ye,u, = 0414




Acetic acid is esterified in the liquid phase watinanol at 100C and atmospheric
pressure to produce ethyl acetate and water acgptaithe reaction:

CH,COOH +C,H.,OH - CH,COOC,H;+H,O
If initially there is 1 mol of each of acetic a@dd ethanol, estimate the mole
fraction of ethyl acetate in the reacting mixtureguilibrium.

For the reaction at standard state (298 K):

| K_—AGO AH°:dInK
AH?S, =-3640J||"" ~ i =~ DG 4650 RT2 T

o _ » 1N = = =1. >
Angg =-4650J RT 8.314x 29¢€.15 K37E = 4.8586

Assuming ideal solution:
|—| (Xi )Vi - K | Xewac®n,0 - K
| XACH XEtOH
A
- ™

_N_Nptvié 1-¢ 2

X = n - N, + V& XacH = XetoH _Te Xetae = Xu,0 = e =0.6879

2
=0.6879/2=0.344




The gas phase oxidation of S0 SO, is carried out at a pressure of 1 bar with 20%
excess air in an adiabatic reactor. Assuming tiatdactants enter at £5and that

equilibrium is attained at the exit, determine ¢benposition and temperature of the
product stream from the reactor

1 AH ... =-98890J
0, +§Oz —~ S0, For the reaction at standard state (298 K): >

NG, = -70866J

Assuming 1 mol of SQentering the reactor,
O,: 0.5 x (1.2) = 0.6 mol entering
N,: 0.6 x (79/12) = 2.257 mol entering

In the product streat| SC,:1-¢, SC;l g, _
0,:0.6 - 0.5, N,: 2.257 [~ total moles: 3.857-0¢

+29815

\4

T = —AH ggsge
Energy balance|AH y,c, + AHp =AH =0 - <Co>
T "
The enthalpy change of the products at T
AHZ =(CP) (T-29815) =) n(Cg) (T -29815)




Assuming ideal gas:

[1(n)" = (5

E

7

v=>v,=05 —
i I & | 3857-05¢, | _K
1-&, | 06-05¢,
K = KKK,
{
A .
RTO
_ 1 TA AC dT
B T k [, R T
In K =-11.3054+ 118044 IDCPS—%(IDCPH)

Assume T— InK — &, — T

Converges at T = 855.7 I§,= 0.77

1-¢&,

Yso, =

3.857-05x%x¢&,

=0.0062




 Reactions in heterogeneous systems

— a criterion of vapor/liguid equilibrium, must be satisfied
along with the equation of chemical-reaction

equilibrium

Estimate the compositions of the liquid and vagwases when ethylene reacts with
water to form ethanol at 20D and 34.5 bar, conditions which assure the presehc
both liquid and vapor phases. The reaction vessahintained at 34.5 bar by
connection to a source of ethylene at this preséis®ime no other reactions.

According to phase rule (see later): F = 2 (say) P,
the material balance equations do not enter ir@@thution of this problem.

Regarding the reaction occurring in the vapor phasel, , +H,0,, - C,H,OH

Assuming ideal gas :

fi ’ _ fEtOH 0 P” =1bar —
rl =K K==—"=—P " K 47315¢ = 0.031

v

pPoj for fuo | T =47315K




Phase equilibrium:

N

fr

f|

[
P

K==

N N

\Y; I
EtOH P o EtOH P 0]

fvof o ff

CoHgq  H20 CoHgq  H20

For vapor phasef.’ = y.gP

For liquid phasef,' = x y, f

\ 4

K =+

Xeton VEon fétOH po
|
(yCZH ¢c H4PXXH oszo]c 20)

f sat (qw Psa'[

N

Ideal solution (vapor)g =@

A 4

K =

t sat
Xeion Veon @OH PEtOH

(yC2H4%2H4 P)(XH ,oVu 2oqéﬁa;o P:i) )

o




K =< Xeion Vi EtOH ¢§J‘ (t)H PE?otH < P°
(yC2H4%2H4 P)( 2oszo to PHfto)

Known vtalues.t
sat t
P, T, ﬁéo 1@taOH %2H4 PHZO’ PEStaOH

0.049Kc 01 Veon

K =
(yC2H4 )(XHZOV H,0 )

Yeu, = 1= Yeon Yh,0

_ X. yi%sat Psat
@P

Y

\4

t sat sm
y =1- Xeton Veton ¢§OH PEtOH _ 20 Y 20¢§a o) P

Bon P @0 P
v

Yo, = 1- 0'907XEtOH Vewon ~ 0.493, LoVH,0

/

X0 = 1= Xgon ~ )}ém

/ volatile




K = 0.0493Kc 04 Veon
(yC2H4 )(XH ,oVH,0 )

Yeu, =1- 0.907Xgon Veron — 0.493X, ,oVH,0

Xn,0 = 1= Xeon

Values of Veon Mh,0

ASSUMEXgoy — Xi2o —> Yeona — K

check K5, =0.031

Converged at:

are determinedeznpentally

Xi Yi
EtOH 0.06 0.180
H,O 0.94 0.464
C,H, 0.00 0.356
> =1 >=1




Phase rule and Duhem’s theorem for
reacting systems

e For non-reacting systems
— © phases anbl chemical species:

 For reacting systems F=2-n+N
— Phase rule variables in each phase: temperature, pressure
and M1 mole fraction. Total number of these varial2 +
(N-1) &
— Phase-equilibrium equationg-1) N
— r independent chemical reactions at equilibrium within the
systemr equations
— F=[2+(N-Dn]-[(n-1) N] —[r] :
— With special constraints F=2-n+N-r
F=2-n1+N-r-s




Determine the number of degree of freedom F foh @di¢he following systems:

(a) A system of two miscible non-reacting speciegWiexists as an azeotrope in
vapor/liquid equilibrium.

(b) A system prepared by partially decomposing Cai@ an evacuated space.

(c) A system prepared by partially decomposing,8lHnto an evacuated space.

(d) A system consisting of the gases CO,, H,O, and CH in chemical
equilibrium

(a) Two non-reacting species in two phases

With no azeotropefF =2—-n+N-r=2-2+2-0=2
With azeotrope (¥y,, one constraint)F =2 -7+ N-r—-s=1

(b) Single reactionCaCO3(s) - Ca0 +C02(g)

Three chemical species and three pha€e€O, , CaO, CO,,
F=2-n1+N-r=2-3+3-1=1

(c) Single reactionNH CI - NH, , + HCl
Three chemical species and two phaMsl:4CI(S) NH3(g) + HCl(g)

One constraint: gas phase is equimolar
F=2-n+N-r-s=2-2+3-1-1=1




(d) 5 species, a single gas phase, and no speaisiraints:F =2 - 77+ N —@— S

The formation reactions: ?7?77?

c+io, . Co
2 } EliminatingC
C+OZ — COZ 1 \
: CO+=0, - CO,
H,+=0, - H,0 2

r EliminatingC
CH,+0O, - 2H, +CO,

Eliminating O,
CO+-0, - CO, CO,+H, - CO+H,0O| [EliminatingO,

CH, +2H,0 - 4H, +CO,

CH,+0, - 2H,+CO, J

F=2-71+N-r—-s=2-1+5-2-0=4




Duhem’s theorem

e For non-reacting system :

— For any closed system formed initially from given masses
of particular chemical species, the equilibrium state is
completely determined by specification of any |
iIndependent variables.

—F=[2+(N-Dn+n]-[(n-)N+N]=2

* For reacting system:
— A variable is introduced for each independent reactjon:

— A equilibrium relation can be written for each independent
reaction

/N
~[F=[2+(N-Dn+n]-[(n-1)N +N]#+1-1=2
N




Multireaction equilibria

e A separate equilibrium constant is evaluated &mhe

reaction:
n{]

— gas phase reaction

ldeal gas

[100) = (gjwi K,




A feed stock of pure-n-butane is cracked at 750K a2 bar to produce olefins. Only
two reactions have favorable equilibrium conversianthese conditions:

C,Hyp - CH,+CH, C,Hyp - CHg+CH,
If these reactions reach equilibrium, what is thedpict composition?

Assuming ideal gas: Ve, Yo, _( P j‘lK
v P Vi ) yC4H10 P° |
H(yi)d_ Do K| 8 1
| P Yo, Yor, _ ( P j "
1 You, \P°) T
With a basis of 1 mol of n-butane feed:
y :1_£| — &y y =y — € y =y, = !
C4H10 1+ EI +€” C2H4 C2H6 1+ (‘:l +€” C3H6 CH4 1+ (‘:l +£”

£, =0.1068 s, =0.8914|Y. . =000y, =Yc, =00534|y.,, = Ve, = 0.4461




A bed of coal in a coal gasifier is fed with steanu air, and produce a gas stream
containing H, CO, O, H,0, CO,, and N. If the feed to the gasifier consists of 1
mol of steam and 2.38 mol of air, calculate thelldajium composition of the gas
stream at P = 20 bar for temperature 1000, 11000,12300, 1400, and 1500 K.

The feed stream:

1 mol C, Q =(0.21)(2.38) = 0.5 mol, N=(0.79)(2.38) = 1.88 mol

The formation reactions for the compounds are:

1 A GS J/mo
(H,+=0, - H f
2 202 20 T (K) H,O CO CcCQ
1 1000 -192424 -200240 -395790
< C+§Oz - CO 1100 -187000 -209110 -395960
1200 -181380 -217830 -396020
L C+0, - CO, 1300 -175720 -226530 -396080
1400 -170020 -235130 -396130
1500 -164310 -243740 -396160
-AG°
InK =
RT

v




Carbon is a pure solid phase:

~

fC_

fc (@ 20 bar) -

fe

fo(@ 1bar)

Assuming ideal gases for the remaining species:

~ Yo (Pjy
" Yo, Vi, \P°
. [
\"/ P J —_— yCO P
) = — . > K, =
TG
k KIII = yC02
With a basis of 1 mol of C feed Yo,
Y, = o Yoo = el Yeo, = i
H 5 _
3.38+(£” _‘9l% 3.38+(£” _‘9l% 338+ (‘9” 5l%
_ 1+€| _ 188 }/1 £ —&
Yh,0 = _ Yn, = — 2 “ Eun
338+ (&0 5% 338+ (& 5% 238+ En —g%

Three equations and three unknowns ...

can be solved.




Non- stoichiometric method

e Alternative method to solve chemical reaction
equilibrium problems

— base on the fact that the total Gibbs energy of the system
has it minimum value

— the basis for a general scheme of computer so

— (Gt)T,P = g(n_v n,, n3""nN)

— Find the setd} which minimizes Gfor specified T and P,
subject to the constraints of the material balances.




Lagrange’s undetermined multiplier
method

e The material balance on each element

Zi: nay, = A

| multiply the Lagrange multiplie

/]k(z na, — Ak] =0

| | summed ovek

TA(Fracal e
l

F=G' +Zk:/]k(zi: na, —AJ




F:g+gﬁ{2ﬂﬁ‘ﬂ]

F (and G minimum value?

A 4

oF oG! i ~
(an' jT P,n {anl jT P.n. Zk:/]kaik =0 (I _1’2 """ N)

l ~—_ 7

U+> A, =0  (i=12..,N)
k

14 =G +RTIn 1?. gas phase reaction
- f° ]| pureideal gas

- =G°+RTIn| —~
RS

;4:AG§+RTm[ﬁ§F)<

\ 4

AG: + RTIn[ yIP J+2Aka1k =0 (=

N)




Calculate the equilibrium compositions at 1000 i 4rbar of a gas-phase system
containing the species GH1,0, CO, CQ, and H. In the initial unreacted state,
there are present 2 mol of ¢aind 3 mol of HO. Values oAG; at 1000 K of each
species are given.

Elementk
C O H
A, = no. of atomic masses bin the system

2 3 14

species a, = no. of atoms ok per molecule of
CH, 1 0 4
H.,O 0 1 2
CO 1 1 0
CGO, 1 2 0
H, 0 0 2

AGE + RTIn( Y J+Z/]kak =0 (1=12...,N)

ldeal gas|g = — =1

AGT Ao L
+In[z - } Z = 3 =0 (i=12....N)




AGt A .
+In(Z - J Z = =0 (i=12....N)

k

For the 5 species:

19720 |n£ Ny, ]Jr/lc ar, |-

v 5 equations\

For the 3 elements:

— \
C: (Ney, T Neo TN, = 2 > S.Olve
. simultaneously
ang,, +2n, ,+2n, =14 . 3 equations
O: [NMyotNet2N,, =3 )

Zi N =Ney, ¥Nyo TN TN, TNy, } 1 equationsj




