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Abstract

In many technical applications aqueous solutions containing ammonia and sour gases

like carbon dioxide have to be conditioned. Typical examples are the cleaning of raw

gases in power stations, or applications in the �eld of environmental protection. The

design of usually applied thermal separation processes requires physico-chemical

models to describe phase equilibria. Some applications like selective absorption and

desorption of ammonia and carbon dioxide in water use kinetic e�ects for separation.

The layout of these processes requires information about the phase equilibria and

the kinetic e�ects of chemical reactions and mass transfer involved.

Correlating and predicting the simultaneous solubility of ammonia and sour gases

such as carbon dioxide in aqueous phases is a di�cult task, mainly caused by che-

mical reactions in the liquid phase and ionic interactions. Due to chemical reactions,

ammonia and carbon dioxide are not only present in neutral, but also in ionic form.

Besides, some products of the chemical reactions are only formed, when both gases

are solved simultaneously in the liquid phase. A typical example is the formation of

the carbamate-ion in the system ammonia{carbon dioxide{water.

Continuing earlier work on the simultaneous solubility of ammonia and sour gases

in aqueous solutions (M�uller [39], G�oppert [16], Kurz [28], Sing [70]), the present

work contains infrared-spectroscopic investigations for the determination of species

distribution in aqueous solutions of ammonia and carbon dioxide. By using a special

technique in spectroscopy called attenuated total re
ection (ATR) spectroscopy, it

is possible to measure the true concentrations in the liquid phase.

In the present work a new apparatus was developped for the measurement of species

distributions at temperatures up to 393 K and pressures up to 0.15 MPa. For the

experiments the evacuated cell, which is kept at a constant temperature, is �lled

with water or a saline solution and then pressurized. After adding ammonia and/or

carbon dioxide the mixture is equilibrated. Thereafter the temperature, the density

and the IR-spectrum of the solution are measured. The experimental investigations

were carried out at temperatures ranging from 313 K to 393 K and at various overall

concentrations of ammonia and carbon dioxide.

Furthermore a method to evaluate the complex spectra was developped. For each

temperature the dependence of absorbance (in the spectrum) on the species concen-

tration was determined in calibration measurements in �ve binary systems (NH3-

H2O, CO2-H2O, NH4Cl-H2O, KHCO3-H2O and K2CO3-H2O). The evaluation of the

spectrum requires information about the peak size of each species, so the overlapping

peaks of all the species in the spectrum must be separated. This separation is carried

in such a way, that the absolute deviation between the summarized single peaks and

the measured spectrum becomes as small as possible. Thereafter the species con-



VIII

centration can be determined by using the calibration functions (usually a linear

relationship between species concentration and species absorbance is observed).

The results for the species concentrations have been compared with the prediction of

a thermodynamic model used to describe the vapour-liquid equilibrium in the system

ammonia{carbon dioxide{water. It was developped by Kurz et al. [30] and is based

on a method published by Pitzer [52]. Particularly the correct description of the

species distribution at the phase equilibrium is required, when applying kinetically

controlled processes, because the deviation from the phase equilibrium is the driving

force of the mass transfer.

Although the model developped by Kurz et al. is capable of describing vapour-

liquid equilibria in this complex system up to concentrated solutions reliably, it is

not always able to provide a reliable description for the species distribution. It was

found in this present work, that for some (mainly ionic) species there are signi�-

cant deviations in the species concentration between the calculations of the model

and the spectroscopic results. For this reason the model of Kurz et al. for the sy-

stem ammonia-carbon dioxide-water was revised using the species concentrations

determined in the present work. This revised version is capable of describing relia-

bly both the vapour-liquid equilibrium and the species distibution for the system

ammonia-carbon dioxide-water. Also this new model is able to predict quantitative-

ly the experimental results for the changes of the enthalpy of mixing and dilution

of aqueous solutions containing ammonia and carbon dioxide, as well as the chan-

ges of enthalpy of partial evaporation of those systems (Weyrich [80]). Furthermore,

predictions of vapour-liquid equilibria in aqueous solutions of strong electrolytes (li-

ke ammonium chloride or sodium sulfate) containing ammonia and carbon dioxide

(Bieling et al. [4], Kurz et al.[29],[31], Sing [70]) are in good agreement with the

experimental results. Predictions of the changes of enthalpy of partial evaporation

of quaternary aqueous systems containing ammonia, carbon dioxide and a strong

electrolyte (ammonium sulfate or sodium sulfate) are also in good agreement with

the experimental results of Weyrich [80], whereas the deviations become signi�cant

applying the predictions of this model to the changes of enthalpy of mixing of quater-

nary aqueous systems containing ammonia, carbon dioxide and a strong electrolyte

ammonium sulfate or sodium sulfate (Weyrich [80]).

In the present work, for the �rst time species concentrations in the complex sy-

stem ammonia-carbon dioxide-water could be determined. The revised version of

the model gives a better description of the thermodynamic properties in the above

mentioned ternary and the quaternary systems and can be used as a basis to ex-

pand the model to describe transport kinetics and kinetics of the chemical reactions

involved.
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NH4NO3 Ammoniumnitrat

(NH4)2SO4 Ammoniumsulfat

NH2COO
� Carbamat-Ion

NH+
4 Ammonium-Ion

OH� Hydroxid-Ion

SO2�

4 Sulfat-Ion

De�nitionen

Absolute Abweichung:

�abs(X) = Xexp �Xcal

Relative Abweichung:

�(X) =
Xexp �Xcal

Xexp

Mittlere absolute Abweichung:

��abs(X) =
1

N
�

NX

i=1

����abs(X)
���

Mittlere relative Abweichung:

��(X) =
1

N
�

NX

i=1

j�(X)j


