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Chapter 6 Adsorption
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Chapter 6: Adsorption
Thermodynamics of Adsorption IV
(Temperature dependence of the Henry coefficient)

 If we change the temperature
how does the Langmuir
isotherm change?
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sweep gas

temperature swing

_ N heat
adsorption | 2
Process regenerate at
at lower T higher T
J @c}ool
flue gas
A CO2
O-C02 What is the Henry
coefficient at Trinal?
40° C
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gas

d (.uco2

for the gas phase:

d(pgs (

(T.p)/T)=d

(ouss (T,p)/T"

T.p)/T)=
. T
for the adsorbed phase:
(ous (T,0)/T
(T,o0) /T) \ 'uCOng’G)/ )

ads
d(pés (

0

(.UCO2

dT

dT

ads

(ouss (T,p)/T"

How does equilibrium changes if
we change the conditions?

(T.0)/T)

. I )
(ouio (T.0)/T?
. 9Jdo

We need to compute these contributions

dp

do
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d(u, (T.p)/T)=d(ués (T.0)/T)

= = = = | Gasphase
(ouss (T,p)/T (ous” (T,p)/T
d(ug, (T,p)/T )= COZgT T\ g o 2ea T-r)] dp
\ /, \ P J
with w‘um (T,P) _ ‘uo ( Ew
Easy: (augcgz /T] 5 kB
op ) P
Almost easy:
oo /T _ n°
oFr ) T

... thermodynamics
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Thermodynamics recall .... heat work
adding molecules

First law: dU =TdS — pdV + udN

Enthalpy: HA=U+pV
Gibbs free energy: G=U-TS+ pV

Chemical potential (molar U= G =u—Ts+ pv
Gibbs free energy): N wu=h-Ts

dG =dU—-d(TS)+d(pV)
dG = —SdT +Vdp + udN

Maxwell relation °G | ( 9°G (a_u) _ (aS)
oTON ) \ONOT o )y, \ONJp,

Grh, T
— = —9 =
JoT )y, T

57, =2lar), 7
of ), T\Jr) T* T’

or
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iIncrease the temperature?

How does equilibrium changes if we

d(ués (T.p)|T)=| —= dT +| —2%
( - / ) \ oT ) \ 0

SR d(p&s,(T.p)/T)=d(uis, (T.0)/T)

(dute, (T.p)/T (dute, (T.p)/T

J

with ﬂ‘LLIG (T,P) _ ‘uo (T

for the gas phase, WhICh glves (a‘uIG/T] A
N.p

Thermodynamics:

a,LLIG/T h](;
Which gives for the change in 7 =T
equilibrium conditions: N.P
hIG k
d(uss (T.p)/T)= = dT+?de
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Adsorbed phase

d(uis (T.p)/T)=d(us, (1.0)/T)

(a‘uads (T G)/T\ (a'uads (T G)/T\
d(ugo, (T.0))T )= —— dT +| —22 I
( ) \ oT Js \ 00 y
with K ———

|
.H

T

Thermodynamics:
(auads /Tj - hads
P

Which gives for the change

2
in equilibrium conditions: oT r
ads hads kB
(;UCO2 T ,O /T) do
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h' k
Gasphase  d(uss (T.p)/T)= - dT +=Ldp
P
For the adsorbed phase: ;
] 1 1 1 ha ° k
dluls (T,0)/T )= dT +-Ldo
e = (;uco2 )/ ) T2 =
Equilibrium if:
d s, (T.p)[T =duo, (T .0)[T
hIG k hads k
~dT +—dp = dT +—do
Heat of adsorption: T p T’ O
ads 1IG
qads — hads _hIG k d(hlGj_ (h —2h )dT
(Assume gadgs=constant) In p I
dinK q,,
Henry’s law dl  k,T?
E KHp qads

uKzK exp| —
B

=
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] ] ]
1] 1] 1]
Higher heat of adsorption
T=402C T=402C
S S
5 T=1002C S
qv) ©
o o
— —
Pressure Pressure

... larger difference between
the Henry coefficients at high
and low temperatures!
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Summary

If we know the heat of adsorption we
can predict the temperature
dependence of the Henry coefficient




