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Fig. 1. CHEMCAD software application: pyrolysis process scheme in relation to the streams and
reactors set.

3 Results and Discussion

In Fig. 2 the equilibrium composition of a mixture equimolar of CaO (1 mol/h) and
CO; (1 mol/h) that gets at 20 °C and 1 bar into a thermodynamic Gibbs unit is plotted
as function of the reactor temperature. At temperature below the 500 °C the formation
of CaCOs is clearly favoured with heat loss; on the contrary, at temperatures above
800 °C, the CaCO3 decomposition with formation of CaO and CO, occurs with heat
duty (Fig. 2).

Fig. 2. CHEMCAD software application: carbonatation of the carbon dioxide as a function of
the temperature.

Focusing on the results of sensitivity analyses, chemisorption mechanisms were
observed and evaluated through CHEMCAD® process simulation software. Specifically,
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the CO; sorption vs temperature trends related to the CaO mass ratio values ranging from
0 to 0.5 were evaluated. It is relevant to observe that the most significant temperature-
dependent CO, sorption capacity is registered into a temperatures ranging from 400 °C to
650 °C, with a strongly decreasing behaviour of CO; adsorption at higher temperatures,
as shown in Fig. 2. Thus, CO, capture capacity is increased with the CaO content strictly
related to the abovementioned temperature range (Fig. 3).
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Fig. 3. CO; sorption vs Temperature [°C] trend in relation to an increasing CaO/digestate mass
ratio.

Despite the CaO/digestate mass ratio increases, at temperatures higher than 650 °C,
the CO, behaviour is not affected by the CaO content. In fact, as emerged from the
plot results coming from the CHEMCAD® software application, CO, sorption by CaO
should be performed at the temperature below of about 646 °C. Such thermal conditions
would allow to reach a greater adsorption process efficiency. At temperature above 750 °C
the molar fraction of CO» is below 10%, but in this case the low content is reached by
other chemical reactions such as Boudouard reaction and dry reforming of methane, as
follows:

C + CO; =2CO (Boudouard reaction)

CH4 + COy =2CO + 2H, (Methane dry reforing)

In Fig. 4 the molar fration of H; of the dry gas is plotted versus temperature at fixed
parametric values of CaO/digestate mass ratio. Figure 4 shows that at temperatures higher
than 650 °C the concentration of Hj is independent of CaO/digestate. This indirectly
means that the chemisorption of CO, by CaO is inefficient at temperatures above 650 °C.



