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1 | Introduction

1.1. Background

Carbon dioxide (CO ,) is one of the major contributors to climate change

Reasons to consider CQ capture

Electricity generation: 41% of world total CO , emissions

. ! Europe B 1365.94 mmTCO
Europe: 30 % of the electricity from coal P 2
! World - 12064.64 mmTCO ,

10% 4%

/ Russia Others
India L
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USA
China
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66%

\ Source EIA

[ Separation/Concentration of CO , Is required to mitigate climate change
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1 | Introduction

1.2. Motivation

Reduce greenhouse gas emissions.
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1 | Introduction

1.3. Recovery of CO, by dispersive absorption (Amine - based scrubbing )

’ Drops dragging

Flue gas o
. Solvent volatilization

Amines + CO,

mmmp (| 90% Eff)

. e Total solvent losses:
Residual Gas 15 vol.% CQ 1.5 Kg MEA/1 tonne CO, captured

(38v4(



1 | Introduction

drawbacks

Environmental,
social and economic

1.3. Recovery of CO, by dispersive absorption (Amine - based scrubbing )

High dependence between streams (G and L)

Bigger equipment

Solvent evaporation and drops dragging (loss of solvent and air pollution)
Amines asabsorption liquid: Toxicity solvent

Solvent losses avoided in process intensified

-

........................

F___

MEA losses \

(Drops dragging and evaporation)

MEMBRANE
CONTACTOR

IL- CO,

- Drops dragging avoided: membrane
contactor

DESORPTION - )
SYSTEM Flemt ol - Solvent evaporatlon .avbrde
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1 | Introduction
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1.4. Process intensification

I. Equipment changes: NON-DISPERSIVE ABSORPTION

I Independent control of gas and liquid flow rates
Advantages I Larger and known gas-liquid interfacial area

I Avoid solvent drops dragqing

[I. Solvent changes: LIQUIDS WITH LOW VAPOR PRESSURE (e.g. lonic Liquids)

I Avoid solvent evaporation

Advantages I Specific solvent for specific applications: e.g. tailor-made ionic

liquids for CO, recovery

ZERO SOLVENT EMISSION PROCESS

Luis,P ., Garea, A., Irabien , A.J. Membrane Sci ,2009



1 | Introduction

1.4. Process intensification

I. Equipment changes: NON-DISPERSIVE ABSORPTION

I Independent control of gas and liquid flow rates
Advantages I Larger and known gas-liquid interfacial area

I Avoid solvent drops dragqing
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1 " Introduction

lI. Solvent changes: LIQUIDS WITH LOW VAPOR PRESSURE K
(e.g. lonic Liquids)

I Avoid solvent evaporation

Advantages I Specific solvent for specific applications: e.g. tailor-made ionic
liquids for CO, recovery
/ 0 : : . Avoid solvent
& rganic salts with negligible vapour pressure

-8 evaporation

o RTIL: Room Temperature lonic Liquids

Melting point< Room Temperature

¢ Structure: cation B anion

Cl, BR, BR, PF;,FeCl, CH;SQ,, C,H;SOE.

Tailor-made ionic
-4 liquids

« Product design according to the requirements




1 " Introduction

Magnetic lonic liquids (  MILs) e

ILs with anions containing metals complexes

1-Ethyl-3-methylimidazolium Tetrachloroferrate

MILs acquire different behavior in the presence of a magnetic field .

(1) Response of Emim[FeCl , ]Jtoasmall Nd magnet
(0.55 T) Water is added to the in order to show
clearly the displacement.

(2) Reported change of N, bubbles trajectory
a) in absence b) in the presence of a magnet

: a b

Jiang Y., et al. China Particuology, 2007.

[ Compounds can have high or low solubility in the MIL depending on the magnetic field applied
Bara JE., et al. J.Membrane Sci, 2008.
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Developing a selective and tuneable gas transport technology by
applying an external magnetic field

' Specific aims: -

| D - &
8’ ’

Experimental study and comparison of carbon dioxide absorption
process in a hollow fiber membrane contactor using amines, ILs and
MILs as absorptions liquids.

|
A

I Mass transfer modeling in parallel and cross-flow hollow fiber . ’ 4
' membrane contactor disposition. V

| Development of tailor made MILs for CO, recovery.

I Assembling of magnetic stimuli-responsive membrane system for a
selective transport by application of a magnetic field

> e



2. Non- dispersive carbon dioxide

Experimental setup

absorption . Experimental

study

Membrane Contactor
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2. Non- dispersive carbon dioxide absorption . Experimental study

Experimental setup “ !C )
€0.0; +— g ﬁ@

Analyzer Needle valve

Ll a-h:p-:oloo.
....! i Membrane Contactor :

e

Y 1. Hollow Fibre Module (Gas-iquid Contactor,
A Liquicel, USA)

-~ ! Absorption Liquid

:l.ll.ll.‘l.ll.ll.l.

Table 2. Module specifications.

\ Fibre 0.d., m

(The overall mass transfer coefficient, K ... Fibre i.d., m
is experimentally obtained from the flux Fibre length, m
through the membrane: NUmber of f:bres

— — " Effective membrane area, m?
NSQ,g |\ISQ,I KoveraII . CIm] Porosity
\~, J | Efective pore size, m




2. Non- dispersive carbon dioxide absorption . Experimental study

Mass transfer modelling

I___________'I

Pt s I Shell-side fluid flows perpendicular to the axis of
| fiber

I Both fluids vary significantly in both directions and
thus the change is bi-axial

o’ 0 '

Liqui-cel” Longitudinal (1) and cross-flow (2) membrane conta

Mass transfer description/comparison



2. Non- dispersive carbon dioxide absorption . Experimental study

Tailor-made MILs

G Characterization Magnetic behavior. Structural
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e MILs for CO, recovery Study| brs
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™ Motor
I Experimental system I
- - h — — — — — — — — J
- Absorption evaluation Gas stream in membrane contactor with
MIL., for non-dispersive absorption.




Non- dispersive carbon dioxide absorption . Experimental study

Tailor-made MILs

Emim[FeCl ,]-Antiferromagnetic ordering

Paramagnetic behavior of nbmim[FeCl4 ]
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Selective Transport of Stage OFF
Without

Non-
Crlented
rAIL

Selective transport of component A (without magnetic field) and selectiv
transport of component B (in the presence of magnetic field)

2. Non- dispersive carbon dioxide absorption . Experimental study

SWITCH ABLE

Stimuli-responsive membrane system
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3 | General conclusions

Separation/concentration of CQO, is required in order to mitigate climate change and to

recover and producing valuable product.

ILs are used as absorption liquids in membrane contactor, achieving a
zero solvent emission process.

The development of tailor made MILs for CO, recovery is carried out.

This study aims at developing a selective and tuneable gas transport techno
applying an external magnetic field.
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