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ABSTRACT

High-energy requirements for solvent regeneration represent one of the main challenges in the conventional post-
combustion capture (PCC) process. Thermomorphic biphasic solvent (TBS), comprising lipophilic amines as the active
components, exhibit a liquid-liquid phase separation (LLPS) upon heating, giving rise to extractive behaviour, and
thus enhancing desorption at temperatures well below the solvent boiling point. The low regeneration temperature
ofless than 90 °C together with the high cyclic CO, loading capacity, 3-4 mol/kg, of such TBS system permits the use of
low temperature and even waste heat for desorption purposes. In order to improve the solvent regeneration process
and reduce the commensurate energy demand still further, desorption experiments with various techniques for
enhancing CO, release in place of gas stripping, such as nucleation, agitation, ultrasonic method, etc., were studied
at temperatures in the range of 75-85 °C. Nucleation and agitation both accelerate CO, desorption, but regenerability
by nucleation only achieves 70-85%, while by agitation attains 80-95%. Ultrasonic desorption also intensifies the
solvent regeneration and superior to conventional stripping process. The energy consumption for TBS system with
those intensification techniques is only half of that for alkanolamine-based process with steam stripping. Extractive
regeneration is another potential method to substitute for stripping and reduce the exergy demands. An extraction
process using inert solvent was developed for improving the regeneration efficiency and elevated pressures were
applied for reducing the significant volatile solvent loss.
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1. Introduction

Solvent regeneration with its high energy consumption at
temperatures of 120-150°C represents one of the most sig-
nificant weaknesses in alkanolamine-based CO, capture,
contributing to more than half of the total processing costs.
Development of new solvents and the integration of pro-
cess heat are the most promising means of reducing the
energy consumption (Wang et al,, 2011). Many researchers
have devoted a lot of work to identify new absorbents and
techniques for reducing the energy requirement and thus
increasing the capture efficiency (Chowdhury et al., 2009, 2011)
have screened various aqueous tertiary amine solvents to
mitigate the energy requirements by lowering the heat of
absorption, with only modest deterioration in CO, loading
capacity and reactivity. Some undisclosed solvents, which can
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allegedly cut the regeneration energy by ~30% compared to
the benchmark monoethanolamine (MEA), have been inves-
tigated in the CASTOR project (Knudsen et al., 2007) and also
by other researchers (Puxty et al., 2009; Goto et al., 2009; Kim
et al., 2011), but the desorption still needs to be carried out
with steam stripping at 120°C or above.

A novel TBS system has been proposed by Agar et al.
(2008) to ameliorate this problem, since they offer excel-
lent reactivities and high loading capacities but also very
deep regenerabilities at temperatures of only 80-90°C, due
to the partially miscible properties and thermally induced
LLPS behaviour (Zhang et al., 2011a). Initial development work
focussed on the miscibility of organic and aqueous phases
and their temperature dependent phase transition behaviour.
The concept of the phase transition CO, capture process is
primarily determined by two processes:

Received 12 July 2011; Received in revised form 5 February 2012; Accepted 27 March 2012
0263-8762/$ - see front matter © 2012 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.cherd.2012.03.016


http://www.sciencedirect.com/science/journal/02638762
www.elsevier.com/locate/cherd
mailto:jiafei.zhang@udo.edu
dx.doi.org/10.1016/j.cherd.2012.03.016

