17.1 Idea Gas Equilibrium Constant M ethod

CH, +H,O0= CO+3H, (1)
Vi 1 -1 1 3

v; IS stoichiometric number

|vi| is stoichiometric coefficient

For ideal gases

Vi L Zui
Ka = TIVP) " = (TTY)P
K, = 1.422 for reaction (1) at 900 K
Feed: 1 mol CH,4, 3 mol H,0, find equil. prod., 2 bar

dn, _ dn, CH,
Vi Vs nif = n: + Vv, H0
Process Co
1. # phases? Method? (K, method). Hy
2. Find AG% and K.
3. Material balance.
4. Solve!
1
Summary at 900 K

In P(bar) XCH4

17.2 Equilibrium Constraint
At reaction equilibria, Gibbs energy minimized:
Q = Q(Ta P7 ni)

at constant TP dG = —SdT + VdP + S u;dn,
dG = ywdn; = 0 = Y pu;dg

how get u? dG = RTdInf




i i z
[dG, = 1~ G® = RT[dInf, = RTInf
G° ,° fio

fi
.O

W = G+ RTIn pluginto 0= > v,

0= zui(GﬁRTlnﬁJ
f

f

17.3 Equilibrium Constant (RHS)
fi

0
i

—RT> v;In

Note: vlna = Ina®

aso Ina”+Inb™ = Ina"b™®
Equlibrium Constant

YUG = -RTY v, '”f‘o For ideal gas
| ,\?g 3 3 )
Standard State - denoted with superscript © i =yP (fi = P if pure)
6
choose Standard State as pure gas at 1bar CH, + H,0 = CO + 3H,
fi0 = 1bar
Must always express 1A‘i in bar — f'ino
FEEP —AGy CH, AG{ co 3AG] H,
17.4 Standard State Gibbs Energy of Rxn | I A

LHS - involves properties at a standard state
ZUiGiO = AG$

find AG; at 298.15°K  Appendix E, Elliott & Lira




Standard State:
T of system

Specified P°, usually 1 bar
Composition
State of aggregation

Combine RHS, LHS (dlide 5)
AGT = —RTZInGJ = —RTY In(a)"

= —RTInK,

Composition and Pressure Independence of K,

17.5 Effect of Pressure, Inerts, Feed Ratios
Le Chételier’'s principle

molesreact  mols prod

@ |

(b)

Inerts -

Nonstoichiometric Feed -
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17.6 Determining Spontaneity of Reactions

A~

Svi; = SViGO+ RTZviInF—L} 17.22

~ Vi

17.23

f £
AGr = AG + RTZW"{#} = AGy + RTI”HL?IE}
[ i i |l

AG$ <0
AG¢?>0
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17.4 Temperature effects on AGT and K.
JAGS/RT)  AH? _ (m)
van't Hoff Eqn ar RT* dt
o T ) o
AG? =_IAHT 474 AGE
RT 4

RT? RTR (17. 26)

AHP = AHR + [ AC, dT
Tr (3.44)
ACp = Yvia + (> vib)TH+ (ZUiCi)Tz"‘ (ZUidi)T3
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AHS = J+ AaT + 8872 ACrs Adpt 5 46
2 T3 T
o 2 3
AG® _ k= L _Aa o ABT AcT_AdT,
RT RT R 2R~ 6R 12R

(17.28)

17.8 Shortcut van't Hoff

K AGr° AG:° —AHR°(1 1
In( ‘:): R T - R(———R) 17.29
K, RT, RT R \T T ( )
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Example 17.4

C,Hs+H,O 2 C,HsOH
Kcalc.xls, Kcae.m

1) Be careful with stoich
2) Don't use incomplete Cp data

3) A(Hy<0) K, with T & Exothermic
A(H:>0) K, with T §  Endothermic
4) if dl Cp = 0 - shortcut method .
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Plugging into Egn 3.44 (slide 12) becomes

use AHogs = —45.63kJmol at T = 298.15 tofind J
into Egn. 17.26

AGogg = —7.55kJmol at 298.15 find |
Example 17.5 (repeat Ex17.4 by shortcut method)
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C2H4 + Hzo = C2H5OH

InK, = _A_Hggs(l-_ 1 \__AGu
a R \T 2981 R(298.15)
K, shortcut K, full

at 593.15

exothermi
reaction

AHZFO

endothermiic
reaction

AH%>O

E_’atequilibrium

Temperature
Qualitative behavior of equilibrium
conversion for exothermic and endothermic
reactions
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17.9 Visuaizing Multiple Equilibrium Constants

17.10 Multiple Reactions

Example 17.6 solved by Excel
60 g — Gas-Phase
40+ Ot P A+B =C+D K. = 2.667
00 00y M a0 A+C = 2E K,, = 3.200
~ 0] _
€ ni = Feed 2 mol A, 1 mol B, P =10bar
8 41
60 +
_80 ,E
F -2
2100 A e
05 1 15 2 25 3 35
1000/T (K)
17 18
17.11 Chemical Coupling
Ky = 2.667 =
Ky = 32 =
OBJ1 = 2.667(2-&,—-&)(1-&1) (&1 -E)& = O 17.12 Energy Balances with equilbrium constraint
OBJ2 = 32(2-&,—E,)(E,—E,) —4E2 = 0 Graphical Energy Balance - Heat of reaction method
_ in " out (T
&IVer 0 - z n, -[T Cp’idT_ z n, ITR CdeT

Solve OBJ1 = 0 subject to constraint
that OBJ2 = 0 , by varying &,,¢&, .
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components R

—EAHR

components
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out

in _ out in
m = nm mCp =~mCp_

_ in out T
0 = mCp (T7-T") —CAHg % exothermic
S | reaction
TOUtz Tin_&AH(F)a % **E..
MCopp, w
wp
[ |
Temperature
21 22
for given & T" find Example 17.9
1/2 N2 + 3/2 H2 —> NH3
9) Feed 400 K., 100 bar, stoichiometric feed.
b) Find outlet T, & for reaction.
_ AGogg = -16,401 Jmol AH%g = -45,940 Jmol
for Q = 0 canfind o o y
C)
H, 3/2
N, 1/2
NH, O
23 24




K, = 742.91 exp (5526.6(1 1 )

T 298.1

1

2

KaP(3—D = §£2_—§£ = M, dependson T, P
2 (1-8)

rearrange
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K, = f(§),find & , find y,
€ depends on ratio of reactants fed and inerts

Strategy:

1. guess T

2.cacK,, M, &

3.0 = n"+vE usen™, & E-bal.
E-bal close?

out
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17.13 Liquid Components

L _ t
Xi % %satpisat exp (\ﬂ%))

%sat P i'sat exp (\ﬂ%))

= Xi%eXp(\ﬂ%)) =X N

i
fo
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Example, dimerization of LA
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17.14 Solid Componentsin Reactions

CO(g) + Ha(g) = C(9 + H20(g) |

Solid activity is 1 when pure. Need Gibbs energy of
formation for solid.
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17.15 Rate Perspectives

2A * By < Ci9* Dy

—“ar =k [AIIB] 1 =k [C][D]
'af+ Tar = ¢ [A]°[B] + k [C][D] =0

2 Tk T (v.P\2(v.P) a(RT)™
[A][B] ki (YaP)2(ysP)
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17.16 Entropy Generation

17.17 Gibbs Minimization

G = Zni(_-;i
G _ G (G—Gi) G, .
d— = —=+|—==—] = —=+Iny; (ig) 17.31
RT RT RT RT i (19)
o
Pressure correction =L = 4%t 1 P (ig) 17.32
RT  RT  po
Q/RT =2 niAGf,iO/RT +2 nilnyiP
AGr® _ AGygs® +AH298RO(1.___1_8)
RT RT298 R T T29
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Summary

Relation of & to K. Relation of K, to AG°.
Calculation of AG° from AGygg® and AHgg°.
Calculation of AGgg° from AG 5gg° for species.
Calculation of AHgg° from AHs 5g° for species.

Energy Balances for Reacting Systems
Adiabatic reactions

Determination of equilibriafor multiple reactions.

Liquidsand Solids
Gibbs Minimization
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