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We describe the use of a gas bubbler apparatus in which the gas phase is bubbled into a fixed amount of absorbent under standard
conditions as a uniform procedure for determining the absorption capacity of solvents. The method was systematically applied to
determine the CO

2
absorbing capacity ofMEA (𝐴

𝑐
) at several aqueousMEA (𝛽) and gas-phase CO

2
concentrations.𝐴

𝑐
approached

the nominal CO
2
absorbing capacity of MEA (720 gCO

2
/kgMEA) at very low 𝛽 levels, increasing from 447.9 ± 18.1 to 581.3 ±

32.3 gCO
2
/kgMEA as 𝛽 was reduced from 30 to 2.5% (w/w). 𝐴

𝑐
did not depend on the CO

2
concentration in the inlet gas stream

as long as the gas stream did not include other amine sensitive components. During the bubbling tests the outlet CO
2
concentration

profiles exhibited a sigmoidal shape that could be described by an exponential equation characterized by an efficiency factor (𝑎) and
a form factor (𝑛). Statistical analysis based on correlation analysis indicated that in all cases the experimental data fit the equation
well when a was 6.1± 0.35 and 𝑛was 2.5± 0.12. The results of these experiments may be used to optimize scrubber designs for CO

2

sequestration from fossil fuel derived flue gases.

1. Introduction

There are several industrial applications in which a liquid
phase substance (solvent) is used to selectively absorb one or
several components (pollutants) from a gas stream passing
through an absorbing column (scrubber). One application
of increasing interest is CO

2
absorption from fossil fuel

derived flue gases in thermal power plants. CO
2
is the most

widely produced greenhouse gas (GHG) as a result of fossil
fuel combustion to satisfy the world energy demand [1, 2].
Efforts tomitigate global warming include CO

2
sequestration

from flue gases for either storage in the sea or empty oil
wells or reconversion into CO and O

2
through artificial

photosynthesis [3–5]. Although these technologies are still in
an early stage of development, amine scrubbing has emerged
as the preferredmethod forCO

2
sequestration [6].While acid

gas removal from process streams using amines is a mature
technology [7, 8], flue gas scrubbing presents many new
challenges still not adequately met on the scale necessary for
GHGabatement [9].Wet scrubbing techniquesmust improve
to process large volumes of flue gas at acceptable thermal
efficiencies and minimal costs [10, 11].

Extensive work has been undertaken to identify the opti-
mum packing material geometry to improve hydrodynamic

mixing and maximize mass transfer in order to minimize
the size and pressure drop across the scrubber [12]. The
absorption or removal efficiency (𝜂, defined in (1), where
𝑦
𝑖
and 𝑦

𝑜
are the pollutant concentration expressed as

molar fraction at the inlet and outlet, resp.) is a means of
expressing the performance of the scrubber. Several authors
have erroneously referred to 𝜂 as a solvent property even
though two scrubbers using the same solvent could have
different absorption efficiencies. Consider

𝜂 =
𝑦
𝑖
− 𝑦
𝑜

𝑦
𝑖

. (1)

Amine Absorbing Capacity. Amines are ammonia deriva-
tives in which one or more hydrogen atoms are replaced
by an organic radical [12]. Monoethanolamine (MEA),
diethanolamine (DEA) and methyldiethanolamine (MDEA)
are the most commonly used amines in scrubbing appli-
cations. The CO

2
absorbing capacity of amines is easily

degraded by the presence of SO
2
, NO
2
, HCl, HF, or O

2
in the

gas stream. These components form irreversible byproducts
that reduce the reaction rate during the absorption process
and increase the complexity of the solvent recovery process.

The absorbing capacity is a solvent property defined as
the maximummolar amount of pollutant absorbed per mole
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