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Determination of Absolute Gas Adsorption Isotherms by
Combined Calorimetric and Dielectric Measurements
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1. Gas Adsorption Systems, Basic Concepts

2. Masses of Adsorbed Phases (Adsorbates)
Definition, Measurements Methods (Volumetry, Gravimetry)

3. Calorimetric Measurements of Pure Gas Adsorption
Equilibria
4. Dielectric Measurements of Pure Gas Adsorption Equilibria

5. Calculation of the Absolute Mass of the Adsorbate

6. Example
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Gas Adsorption Systems, Basic Concepts
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Plane Surface Sorption System: Absolute/Excess Mass
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Measurement Methods of Masses of Adsorbed Phases

1.Volumetry / Manometry 2.Gravimetry
Result of measurements: Gas Adsorption System
Q:ma_pfvas V*:Vf_I_VaS

Approximations:

1.Gibbs excess mass 2.Absolute mass adsorbed
as ~\/S a
VT =V, V7=0 V® =V, +(m*/pf)
a f\ 7S ma
Mee =Q+p V,, m?2 GE > ng

1-(p" 1 py)
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Impedance Calorimeter*
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Experimental setup for calorimetric - dielectric measurements of gas

adsorption equilibria.

: T*=const

[ p
Storage ” D——F @
Vessel m ms

p* Ve |

Adsorption
B ’ A mf Vessel
Thermopiles T;(t) Oy
)P DE 100 191 22 Al U(®) ® I(t)




USI IFT JUK 2007

Sorptivs Vacuum Sensor

2 P2 T Gas

Vz* V‘* VO* V3* Gas Outlet
i ¢

! vsi Vi

V1
P1‘—

6

Manually
Operated

Valve _’L

Capillary (1) ————— P3 - Capillary (2)

Air Thermostat

Capillary (3)—_|

Sensor Gas Vessel

J «— Thermostat (T*)

Adsorption Vessel—] . Reference Vessel
(Gas Thermometer 2)
Sorbent ——____|

Sensor Gas Jacket
(Gas Thermometer 1)

Adsorptive Gas <"\ )

Schematic diagram of a sensor gas calorimeter (SGC)
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Sensor gas calorimeter (SGC) for
simultaneous  measurements  of
adsorption isotherms and enthalpies.
© IFT, University of Siegen, 2003.
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Calibration experiments in the SGC 0.5J to 5J

Sensor gas N, (1.6bar), T=298K, t=10s
Ohm’s heat release (red lines) — Pressure signal (blue lines)
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—— Differenciated from integral heat of adsorption
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Heat of Condensation for n-butane (20,95 kJ/mol)
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Differential and integral heat of adsorption for activated carbon AC BAX 1500 / n-butane (C,H,) at 298K.
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Calorimetric - Dielectric Measurements (1)

1.Dielectric polarizability of the adsorbed phase (a)

Ope = Qe (p,T,m*,m*)  Asm/(V/m)  DEOS
a a ma a
QDE = (p,T,ij

2.Enthalpy of adsorbed phase (a)

AH=H"-H?
AH = AH(p,T,ma,mS) J, kJ CEOS

AH = Ah(p,T,25).m°
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Calorimetric - Dielectric Measurements (2)

Inversion of (DEOS)

p=p[oca,T, msj
m

Insert in CEOS Extensivity relation

AH:Ah(p[aa,T,m_sj,T,m_s}ma Qi
m m

Dielectric - caloric equation of state (DCEQS)

AH —Ah[QDE T j

m® m® m°®

Experimental data:  AH, Q7 ., T,m’ Calculated quantity: m®
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Reduced dielectric polarizability (IT) and Gibbs excess specific
polarizability (a=I1/mGE) of CO, on DAY-zeolite at T = 298K.
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Enhalpy (AH™) and Gibbs excess specific enthalpy (Ahgg=AH®™/mc)
of CO, adsorbed on DAY-zeolite at T=298K.



USI IFT JUK 2007 DCM 16

N
O‘GE/[M?J/mQ]
0 200 400 600 800 1000
0
05 >
-Y, 7 _ A
0:345 10,430 Ah =Ah(a)
Ahge/[3/mg] 0,584 /
11 Liquid 0,809 Henry
state region
1,5
-2 -1,830
2,5
137 33 455 660 900

-3
Gibbs excess specific enthalpy (Ahge=AH™/m) - reduced Gibbs excess specific
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Absolute and Excess Masses of CO2 Adsorbates on
Wessalite (DAY -Zeolite) at T=298K
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Conclusions (1)

0. Gas adsorption phenomena on porous solids (zeolites,activated
carbons) provide the basis for a still growing number of separation /
purification processes for air and other technical gases.

1. Traditional measurement methods for the mass of gas adsorbed on
a porous solid like volumetry and gravimetry need auxiliary model
assumptions on the sorbent/sorbate system and hence deliver only
approximate values of that mass.

Deviations between apparent and true values of masses are expected

to increase with increasing preasure and decreasing temperature.
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Conclusions (2)

2. Combined calorimetric-dielectric measurements of gas adsorption
systems allow on principle to calculate the mass adsorbed from the
dielectric - caloric equation of state (DCEOS) of the adsorbate.

3. Measurements are presently laborious and cumbersome.

Hence development of a (fully automated) instrument,probably based

on a gas sensor calorimeter (SGC) would be desirable and useful.
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