et XBEF

2021 4 1 H &

CD
HEERS 54190024—1

s BRBL- = L F—

K 4
MoefesE | =7eLfd—T%

EpERE F

sk

Tav

S¥ o
il

v
/

o e RIS K DR - HUEE OTE RALIZIES < CO, A RERIUTHESERINS (LR DT R 7
B Performance prediction of degraded CO; capture solution based on total acidity/alkalinity quantified by

titration

1. Introduction

Post-combustion CO, capture (PCC) technologies, especially the
chemical absorption method by aqueous amine solutions, are
technically mature and have a wide range of applications to reduce
greenhouse gas emissions and contribute to climate change
mitigation. One of the critical issues preventing the rapid
deployment of amine-based PCC is the degradation of amines over
the long-term operation. Oxidative and thermal degradation are the
two main causes of amine degradation and result in generation of a
variety of degradation compounds. These products often lead to a
decrease in loading capacity or alteration in solution physical
properties, and entail operational issues such as increases in
operating costs, foaming probability and corrosion rates. Therefore,
it is worthwhile to analyze the type and the concentration of
degradation products and investigate their effects on the process
performance.

From the previous studies in the laboratory [, simulated
degraded amine solution was made by adding weak acids to fresh
amine solution in accordance with the composition of real degraded
amine solution to investigate the effects of the representative
degradation compounds on the solution properties. However, the
results showed that the simulated degraded solution could not
reproduce the main properties of actual degradation amine solution
completely. One of the reasons of this non-reproducibility might be
dominantly caused by unidentified degraded compounds which was
not added to the simulated degraded solution. Namely, although the
simulated degraded solution could reproduce the composition of
representative acid compounds which can be identified by Ion
Chromatography (IC) analysis, it could not simulate the
concentration of unknown acidic compounds, which cannot be
identified by IC but might exist and dominantly affect the solution
properties.

In this research, a holistic approach quantifying the total
acidity/alkalinity without the identification of all degradation
compounds by titration was proposed, and a simulated degraded
solution which has the same acidity/alkalinity with a real degraded
solution was prepared. As a real degraded solution, the degraded
aqueous amine solution of monoethanolamine (MEA), which were
made by 750 hours continuous operation of a bench-scale,
10kg-COy/day capture apparatus in the laboratory, were used. The
composition of the degraded solution measured by titration was
reflected to that of the simulated one. Moreover, the CO, capture
experiments for simulated degraded solution and real degraded
solution after 750 operational hours were performed to confirm the
effects of the total acidity/alkalinity on the simulation of real
degraded solution through the comparison of the solutions’ process
performance.

2. Titration method to measure total acidity/alkalinity

A titration analysis established by a patented method ), which
has been improved and calibrated based on the measured pH value
and the volume change of the titrants, was employed to analyze the
total acidity/alkalinity in aqueous amine solutions. It consists
mainly of the excessive addition of a strong acid into the solution to
release loaded CO, and the base titration using such treated
solution. The accuracy of the quantification method by titration has
been measured by repeated experiments and can be controlled
within an acceptable range of 10%. The total HSS concentration in
real degraded solutions obtained by this method were taken as a
reference for preparing the corresponding simulated solution. The
pH change with excessive acid addition and the base titration curve
are shown in the following Figure 1.
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3. CO; capture experiment and evaluation of process
performance

The CO, capture experiments were conducted using fresh
solution, the real degraded solution after 750 operational hours, and
the simulated degraded solution. The purpose of this experiment is
to evaluate the reproducibility of simulated degraded solution by
comparing the process performance of the absorbents under the
same operating conditions. Figure 2 shows the breakdown of the
regeneration energy and the results of the CO, capture rate. Figure
3 shows the axial distribution of CO, loading of the absorber.
Figure 4 shows the partial pressure of the water vapor and CO, at
the top of the stripper.
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actual degradation compounds and the HSS added to the simulated
solution might cause the alteration of the enthalpy of desorption,
which results in a decrease in the regeneration energy for CO,
desorption. As can be seen from Figure 4, for the simulated
degraded and the real degraded solution, the partial pressure of H,O
was near the saturated vapor pressure, respectively. These results
indicate the excessive water vaporization and consist with marked
increase in latent heat in Figure 4.
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