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Talk outline

= |ntroduction
= Scope of the study

= Pilot plant tests of the CO, absorber
= Rate-based model development
= Rate-based model assessment using pilot plant test results

= Conclusions
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The Chilled Ammonia Process
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Pilot tests

Rate- based model

I\/Iodel assessment Conc|u5|ons

The CO,-NH;-H,0 system
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[1] Darde et al. Ind Eng Chem Res 49 (2010) 12663-74
[2] Janecke Z Elektrochem 35 (1929) 9:716-28
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Phase diagram: CO,-NH;-H,0 system
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Phase diagram: CO,-NH;-H,0 system
H,O
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From power plants to cement plants
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Test matrix definition

CO, content in
flue gas (%vol)

Packing type  Liquid properties

Random

[1] _
CSIRO 8.5-12 25 mm Pall ring

Structured

This work Upto 35 Flexipac M 350X

[1] Yu et al. Chem Eng Res Des 89 (2011) 1204-1215
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Test matrix definition: Preliminary process optimization

CO,

BC+L+V
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Pérez-Calvo et al. Energy Procedia 114 (2017) 6197-6205
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Test matrix definition: Preliminary process optimization
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Test rig
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Pilot test results
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Rate-based model

Experimental value
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[1] Wang et al. Ind Eng Chem Res 55 (2016) 5357-5384
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L-phase reaction kinetics — Validation of literature models
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[4] Levenspiel (3" ed.) (1999) Chemical Reaction Engineering. New York: John Wiley & Sons
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L-phase reaction kinetics — Parameter estimation
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Rate-based model performance assessment (1)
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Rate-based model performance assessment (2)

Set C —low CO, loading
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Conclusions
= The Chilled Ammonia Process is a very promising technology for CO, capture
from cement plants

= |t has been confirmed experimentally that the higher CO, concentration in the flue
gas enhances the absorption of CO,

= CO, capture efficiencies as high as 60% have been obtained in only 3 m high packing

= The results of the CO, absorption pilot plant tests have shown that the rate-
based models available in the literature are outside their range of validity
when used at the conditions of the CAP applied to cement plants

= Therefore, a new rate-based model has been developed, that:
= |s able to reproduce the trends of the CO, absorption rate obtained experimentally

= Can be used with engineering purposes for the simulation and optimization of the
CAP applied to cement plants for CO, capture
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