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Carbonation Kinetic Characteristics Study of Cao-based Adsorbents Doped With
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ABSTRACT: CaO-based carbon capture technology is a very

promising  post-combustion carbon emission reduction
technology. In this paper, the performance of a novel synthetic
CaO adsorbent doped with 5% high-aluminum cement was
prepared by hydration method. We explored the adsorption
synthetic multiple

carbonation-calcination cycle. The kinetics

characteristics  of adsorbent  after
adsorption
experiment results showed that the adsorption efficiency of
synthetic CaO-based adsorbent increased with the carbonation
temperature gradually increased. CO2 concentration had little
effect on the adsorption performance of adsorbent. Multiple
carbonation-calcination cycles results showed that the
adsorption efficiency of adsorbent reached maximum at 750°C,
which was steady at 23% after 30 carbonation-calcination
cycles. The activation energy in carbonation reaction stage of
the synthetic adsorbent after the first and 30 cycles was almost
the same. The activation energy of rapid reaction stage and
diffusion control stage for the synthetic adsorbent was
37.9kJ/mol and 119.7kJ/mol, respectively. The particle
adsorption mode was further established to explain the
phenomenon of CaO-based adsorbent deactivation. The results
showed that the sintering layer on the surface of adsorbent
particles led to the prolonged time of CO: diffusion to the
surface of CaO molecules, which could be reacted in the
particles.

KEY WORDS: CaO-based adsorbent; carbonation; adsorption
efficiency; adsorption model; activation energy
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Fig. 1 Principle of CaO-based carbon capture technology
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Table 1 Main component of high aluminum cement %
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Table 2 Experimental conditions
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1 10% CO,+90% N,
2 15% CO,+85% N,

600
3 25% CO,+75% N,
4 40% CO,+60% N,
5 10% CO,+90% N,
6 15% CO,+85% N,

650
7 25% CO,+75% N,
8 40% CO,+60% N,

900  100% N,

9 10% CO,+90% N,
10 15% CO,+85% N,
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1 25% CO,+75% N,
12 40% CO,+60% N,
13 10% CO,+90% N,
14 15% CO,+85% N,
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15 25% CO,+75% N,
16 40% CO,+60% N,
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Fig. 3 Carbonation process of CaO-based adsorbents
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Table 3 Kinetic test results of
synthetic CaO-based adsorbents

CO, ik PR 2 B B B SN B
JE%  In(Kw o) Ed(kimol)  [In(Ke. o)l Eol(ki/mol)
10 3.05 37.85 40.08 119.6
15 3.05 37.9 401 119.7
25 3.04 37.86 401 119.6
40 3.05 37.86 40.11 119.4
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Fig. 8 Adsorption efficiency of synthetic CaO-based
adsorbents after multiple carbonation-calcination cycles
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Table 4 Kinetic test fitting results of synthetic
CaO-based adsorbents after 30 cycles
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Due to the heavy use of fossil fuels, CO, emissions
have increased sharply in recent years, so how to
effectively control carbon emissions has become a very
serious topic. CaO-based carbon capture technology is a
very promising post-combustion carbon emission
reduction technology.

In this paper, novel low-cost synthetic CaO-based
adsorbent doped with 5% high alumina cement is prepared
by hydration method. The performance of adsorbent is
carried out in the TGA reactor under different operating
conditions (temperature, CO concentration).

As shown in Figs. 1 and 2, the adsorption efficiency
of synthetic adsorbent increases with the increasing
temperature at different CO, concentrations. When the
temperature is raised from 600°C to 750 °C, the adsorption
efficiency of synthetic adsorbent increases from 42% to
58.1% at 15% CO; concentration. CO; concentration has
no obvious effect on the adsorption efficiency of the

synthetic adsorbent when temperature is below 700°C.
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Fig. 1 Effect of carbonation temperature on
adsorption kinetics of adsorbent
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Fig. 2 Effect of CO2 concentration on adsorption kinetics of
adsorbent

The activation energy of the adsorbent in the rapid
reaction stage and the diffusion control stage is 37.9kJ
/mol and 119.7 kJ /mol, respectively.

As can be seen from Fig. 3, when CO; concentration
and carbonation temperature are 15%, 730°C, 750°C and
770°C respectively, the adsorption efficiency of the
synthetic adsorbent is stable after 20 carbonation-
calcination cycles, and the adsorption efficiency of the
synthetic adsorbent at 750°C is the largest, decreasing

from 56% to 23% after 30 carbonation-calcination cycles.
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Fig. 3 Adsorption efficiency of synthetic CaO-based
adsorbents after multiple carbonation-calcination cycles



