
University of  Siegen
Institute of Fluid- & Thermodynamics

Jürgen U. KELLER, Wolfgang ZIMMERMANN

Kinetic Analysis of Sensor-Gas-Calorimeters

as Linear Passive Systems

JUERGEN U. KELLER, WOLFGANG ZIMMERMANN

Inst. Fluid- and Thermodynamics, University of Siegen, D-57068 Siegen, Germany

e-mail: keller@ift.maschinenbau.uni-siegen.de

1. Sensor-Gas-Calorimeters (SGC)

2. Calibration experiments

3. Thermodynamics of heat transfer processes

4. Theory of Linear Passive Systems (LPS)

5. Simple models and their inversion

6. Conclusions



University of  Siegen
Institute of Fluid- & Thermodynamics

Jürgen U. KELLER, Wolfgang ZIMMERMANN

Schematic diagram of a 
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Non-Isothermal Gas Adsorption Processes

1st Law:

2nd Law:

Process Equations
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Literature: J.U. Keller, Ber. Bunsenges. Phys. Chem. 91 (1987), p. 528.
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Pressure Swing Adsorption Process (Water Vapor / Aerosorb LR4)

Isothermal Process Non-Isothermal Process
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Schematic diagram of a sensor gas 

calorimeter (SGC) 

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 N2 (1.6bar), T=298K, =10s

Ohm’s heat release (red lines) Pressure signal (blue lines)
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Differential and integral heat of adsorption for activated 

carbon AC BAX 1500 / n-butane (C4H10) at 298K.

0 1 2 3 4 5 6

0

10

20

30

40

50

60

70

80

90

100

Heat of Condensation for n-butane (20,95 kJ/mol)

 Mesured differential heat of adsorption

 Differenciated from integral heat of adsorption

D
if

fe
re

n
ti

a
l 

h
ea

t 
o

f 
a
d

so
rp

ti
o

n
 [

k
J

/m
o

le
]

n-butane ads. [mmole/g]

0

50

100

150

200

250

300

350

400

 Measurend integral heat of adsorption

 Interpolated integral heat of adsorption

 I
n

te
g

ra
l 

h
ea

t 
o

f 
a
d

so
rp

ti
o

n
 [

J
/g

]



University of  Siegen
Institute of Fluid- & Thermodynamics

Jürgen U. KELLER, Wolfgang ZIMMERMANN

Calibration Experiment in SGC: Periodic Electric Power / 

Ohm’s Heat and Resulting Pressure Difference
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Calibration Experiment in SGC: Step Funktion Electric Power 

Supply / Ohmian Heat and Resulting Pressure Difference
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Heat Transfer in the Sensor Gas Calorimeter

1st Law        CEOS      Heat Transfer

Sorbens / Sorbate
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Sensor Gas

Heat supply :
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Determination of Heat Supply (P) from Sensor Gas Temperature (T)

1st Approximation:

2nd Approximation:

Experiment:
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3rd Approximation:

Experiment:
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Determination of Heat Supply (P(t)) from Sensor Gas Temperature (T(t))
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Transfer Functions SGC:
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Adsorption of n-butane on AC BAX 1500 at 25°C.

Sensor gas temperature (SGT) and pressure (SGP), pSG(0)=1.6bar, N2.
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Conclusions (SGC – LPS)

1. Non-isothermal gas adsorption process experiments:

(p(t) – p*) → (T(t) – T*) → 

2. Calibration experiments Ohm’s resistors:

2nd order model (Bode diagram, 10-2 s-1 < 1, 2 <10-1 s-1)

3. Resonance frequencies ( 1, 2) depend on

- sorbent (type, ms)

- sorptive gas (type, T, p)

- sensor gas (type, T, p)

4. Mixture gas adsorption processes:

Modifications of SGC needed.

f a aP(t)= h h m (t)


