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1. Description of the 1. Description of the ZecomixZecomix conceptconcept
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1. 1. SchematicSchematic of of chemicalchemical islandisland
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1. Chemical looping carbon capture1. Chemical looping carbon capture
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1. Project objectives1. Project objectives

- Construct, test and evaluate the feasibility of SER 

- Characterize the CO2 sorbents under various conditions of 
temperature

- Evaluate thermal desorption characteristics of CO2 from dolomite
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1. Experimental and modeling approach1. Experimental and modeling approach

Evaluation of:

-CO2 sorption capacity of calcined dolomite

-performance in multi-cycling CO2 capture

Development of:

- mathematical model of gas-solid reaction to   predict solid sorbent
conversion in a multi-cycling carbonation
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2. 2. ExperimentalExperimental apparatusapparatus
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Parameters Values

Maximum temperature 1000 °C

Calcination N2 atmosphere

Heat rate 10 °C/min

Carbonation CO2 atmosphere
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2. Used parameters2. Used parameters

Parameters sample 1 sample 2

fCaO [-] 0.215 0.274

fMgO [-] 0.164 0.155 

ε0 [-] 0.620 0.571

dp[m] 1.95E-04 1.64E-04

VCaO [m3/kmol] 1.69E-02

VCaCO3 [m3/kmol] 3.69E-02

VMgO[m3/kmol] 1.11E-02

VMgCO3[m3/kmol] 2.75E-02

Z [-] 2.18
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2. 2. ExperimentalExperimental curvescurves at 700 at 700 °°CC
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2. 2. ExperimentalExperimental curvescurves at 600 at 600 °°CC
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2. SEM 2. SEM micrographsmicrographs

SourceSource:: GallucciGallucci etet al.al. 20082008
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2. 2. CalcinationCalcination processprocess..
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2. 2. CarbonationCarbonation processprocess and and productproduct layerlayer formationformation
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2. Shrinking core grain2. Shrinking core grain
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2. Gaseous reactant mole balance2. Gaseous reactant mole balance
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2. Boundary conditions 2. Boundary conditions 

( ) 0tand0rat0
r

C0;tandRratCCh
r

CD A
0AA0m

A
e ≥==

∂
∂

≥=−=
∂
∂

tcoefficien diffusion   Effective=eD

Sustainable fossil fuels for future energy 6th-10th July 2009 ROME



2. Effective diffusivity2. Effective diffusivity

The effective diffusivity accounts for:The effective diffusivity accounts for:

--Not all area available for diffusionNot all area available for diffusion

--Paths are tortuousPaths are tortuous

--Pores changing crossPores changing cross--sectional areasectional area
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2. Product layer diffusion coefficient.2. Product layer diffusion coefficient.
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2. Dimensionless numbers2. Dimensionless numbers
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2. Comparison between numerical and experimental 2. Comparison between numerical and experimental 
results:results:
700 700 °°C carbonation processC carbonation process

Parameters sample 1

15.14  

0.237

0.0014

sample 2 

She [-] 5.771

Φ [-] 0.048

β [-] 0.017

a b XN DPL

[-] [-] [-] [m2/s]

sample 2 12.1 0.9 0.868 1.33E-14

sample 1

1st 36.8 2 0.868 1.82E-17

2nd 42.3 2 0.810 1.77E-17

3rd 50.8 2 0.739 1.79E-17

number 
cycle

4th 60.9 2 0.675 1.78E-17
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2. Comparison between numerical and experimental 2. Comparison between numerical and experimental 
results:results:
600 600 °°C carbonation processC carbonation process

a b XN DPL

1st 44.0 2 0.790 1.82E-17

2nd 53.3 2 0.722 1.77E-17

3rd 55.8 2 0.700 1.79E-17

number 
cycle

4th 63.0 2 0.664 1.78E-17
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2. Activation energy of the product layer diffusion2. Activation energy of the product layer diffusion

Temperature DPL
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CONCLUSIONSCONCLUSIONS

--A spherical grain model has been proposed to A spherical grain model has been proposed to 
study the COstudy the CO22 uptake;uptake;

--The model can be used to predict the conversion The model can be used to predict the conversion 
during singleduring single--step and multistep and multi--cycling carbonation;cycling carbonation;

--The activation energy of product layer diffusion The activation energy of product layer diffusion 
was evaluated;was evaluated;
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