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INTRODUCTION

Nowadays, power plants and carbon-intensive industries (cement, steel, limestone or (petro)chemical, ...

plants) are responsible for almost 50% of anthropogenic CO, emissions to the atmosphere (37

GTCO, in 2018 [1]) that mainly contributes to global warming. Since two decades, CO, capture techniques were investigated to envisage CO, storage and more recently CO, reuse. Beside the mature
absorption-regeneration technologies using amine solvents but having an impact on the environment, adsorption processes are a promising capture technique thanks to improvement of process design
and development of new materials. Among these materials, MOFs appears as very promising materials for both gas separation and purification. However, the performances of these hybrid materials in
carbon capture technologies have not been fully evaluated and fine-tuning is still needed for adsorption processes at large scale in real industrial conditions. In this work, the performances of MIL-
160(Al) (selected after screening in the begin of the project) for CO, capture from flue gases with lab-scale Vacuum Pressure Swing Adsorption (VPSA) processes was evaluated by simulation. These
results will later be experimentally validated on a 3-column VPSA lab-scale pilot to confirm the influence of the parameters and allow the use of these results for the optimization of an industrial unit.

ADSORPTION ISOTHERMS AND BREAKTHROUGH CURVE MEASUREMENTS
Adsorption isotherm measurements and modelling

MIL-160 (Al) [2] [3]
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CYCLES STUDIED AND RESULTS
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Breakthrough curve measurements and modelling

Modelling of the experimental breakthrough curve on Aspen Adsorption

* |deal Adsorbed Solution [4] model for co-adsorption prediction

* Linear driving force for adsorption kinetic (aaqt‘ kiprilq: — qi])
1D discretization of the bed
* Non-isothermal bed with double jacket for cooling
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Targets of the capture process:
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3-bed 5-step VPSA [6]
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Second case: Adsorption and blowdown pressure can be higher.
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In this work, the adsorption performance of MIL-160(Al) was determined by measuring and modelling the adsorption
isotherms and breakthrough curves. The modelling results represent the experimental data well and have been used to
model a future lab scale CO, VPSA pilot capture unit in Aspen Adsorption. 3 cycles were studied by design of experiments
to find the operating parameters that would reach the targets of purity and recovery while minimizing the energy
required. The two-column cycle allows targets to be approached using two successive units. The main problem is to have
very high CAPEX compared to a 3-column cycle. The 3-bed, 5-step cycle does not achieve the objectives. High purity is
difficult to achieve while keeping recovery and energy consumption acceptable. The 3-bed, 7-stage cycle is promising for
approaching the targets without drastically increasing energy consumption. The objectives could be achieved by further
studying certain parameters and other variants of the cycle to find the best possible configuration for CO, capture.
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Length of column (m) 0.3 | Model assumptions:
Diameter of column (m) 0.0701 |* Same assumptions as for the breakthrough curve
Flowrate (Nm¥h) 1 |* Ideal work for compressor and vacuum pump
CO, molar fraction in feed (%) 15 y—1
Volume (cm?) 1157.25 1% D\ ¥
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Adding a light blowdown step where the bed is evacuated from the top at
an intermediate pressure and not stocked in the product tank in order to
improve the purity. Idle step is used to synchronize the three beds.
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The separation of the blowdown into two stages allow to increase
the purity of the CO, stream without impacting the recovery. The
results obtained show that this cycle can approach the targets of
recovery and purity (setting 1) or can be used as a first unit for a two-
stage VPSA capture process (setting 2). Performances of this cycle

can be increased by studying more parameters such as flowrate or
L/D ratio.

REFERENCES

[1] IEA, CO, emissions from fuel combustible highlightes, 2018

[2] D. Damasceno Borges et al., J. Phys. Chem. C, vol. 121, no. 48, pp. 26822-26832, Dec. 2017.
[3] A. Cadiau et al., Adv. Mater., vol. 27, no. 32, pp. 4775-4780, Aug. 2015.

[4] AL Myersetal.,, A.l.Ch.E.Journal, 11(1):121-127, 1965.

[5] C. A. Grande, ISRN Chem. Eng., vol. 2012, pp. 1-13, 2012.

[6] L. Wang et al., Adsorption, vol. 18, no. 5-6, pp. 445-459, 2012.

[7] S. Krishnamurthy et al., Chem. Eng. J., vol. 406, p. 127121, 2021.

This project has received fundings from the European

Union's Horizon 2020 research and innovation
programme under grant agreement N2 831975
(MOFA4AIR).




