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With increased global attention on the greenhouse effect and climate change, identifying
an effective and economical solution to control the release of greenhouses gases, especially
carbon dioxide (CO»), into the atmosphere has been the subject of much research. Because
it does not use chemicals or produce toxic byproducts, water scrubbing is an
environmentally friendly method of absorbing CO> from exhaust gas and therefore
provides a promising means of controlling emissions of CO,. However, the great limitation
of this method is a low interaction between CO; and water, resulting in a low degree of
removal and a high-pressure (1.0 to 2.0 MPa) operating requircment. In this study, 1
employed an apparatus outfitted with one or several water-film-forming-units (WFFU)
which can produce a large number of water-films along with fine bubbles to promote the
mass transfer and contact between the gas and liquid phases and improve the effectiveness
of water scrubbing.

The doctoral dissertation included 6 chapters and its content was presented as the
following.

Chapter 1 introduced the background, the objectives of this study and the structure of
the doctoral dissertation.

The literature review related to this research and the summary of the previous study on
the CO2 removal technology were presented in Chapter 2. |

In Chapter 3, the performance of an apparatus outfitted with a water-film generator in

removing CO: from different concentrations of mixed gases (containing CO2 and N») while

tap water as a physical solvent to absorb CO; was assessed through the obtained results of




removal efficiency and absorption rate under various conditions of key factors including
internal pressure, gas supplying pressure, temperature, gas-to-liquid ratio (G/L), and initial
COz content. The internal pressure in the absorption tank and CO; initial content, have a
significantly direct effect whereas temperature shows an inverse effect on the CO2 removal
efficiency and its absorption rate in water. The results also prove that the good performance
of CO2 removal process can be seen at the low gas supplying pressure of 0.30 MPa. The
low value of G/L can increase the removal efficiency but it prevents the economic aspect
due to a decrease of CO; absorption rate. On varying the experimental conditions — internal
pressure (0.06 and 0.10 MPa), gas supplying pressure (0.30 — 0.71 MPa), temperature
(10°C-30°C), G/L (0.36—1.79), and initial CO; content (10% — 100%) — the CO; removal
ability and absorption rate varied from 22.9% to 90.0% and 4.5 x 10*to0 44.4 x 10* mol s°
L1, respectively. For instance, the removal and absorption rates reached approximately
90.0% and 12.0 x 10-* mol s”'L"!, respectively, when the experiment was operated at 10°C
and 0.30 MPa of gas supplying pressure with 35% CO. inlet gas content and 0.71 G/L.
Chapter 4 discussed about the application of statistical tools in assessing the
performance of COz removal process using the advanced water absorption apparatus. The
influence of various parameters—pressure, initial COz concentration, G/L, and
temperature—on the CO, removal efficiency and its absorption rate in water were
.' investigated and estimated thoroughly by statistical polynomial models obtained by the
| utilization of the response surface method (RSM) with a central composite design (CCD).
Based on the analysis of experimental matrix containing 31 trials, a high efficiency of CO,
capture can be reached in conditions such as low pressure, high CO» concentration at the
inlet, low gas/liquid ratio, and low temperature. Furthermore, the coefficients of |
determination, R?, were 0.996 for the removal rate and 0.982 for the absorption rate,
implying that the predicted values computed by the constructed models correlate strongly
and fit well with the experimental values. It evidences that the models can be used as useful
tools to predict the CO» removal efficiency and absorption rate accurately without carrying

out a large number of experiments. Therefore, the utilization of RSM-CCD can provide




observing the interactions among factors.

As discussed above, the advanced apparatus equipped with one WFFU support for the
COz removal performance at low pressure but it still remains the limitation due to the low
' removal rate under high load of feed gas (low absorption rate at high G/L). So as to assess
comprehensively the effect and the benefits of using WEFFU in improving CO: removal |
process, I carried out the comparison of the values of CO2 removal and absorption rate
which obtained when conducting experiments in the apparatus equipped with non-, one-
and two-WFFUs. The results and discussions for this matter was shown in Chapter 5.
Based on our results, the WFFU significantly improves CO> capture at 0.30 MPa in a water
absorption system with two WFFUs. The CO; removal rate was 20% greater than for
conventional systems without WFFUs. Moreover, statistical data attained by the Taguchi
analysis method showed that the number of WFFUs used in the absorption system has the
greatest influence on CO, removal efficiency (contribution percentage = 50.65%)
compared to gas supplying pressure, initial COz concentration, G/L, and liquid
temperature. I also thoroughly investigated the effects of these factors on CO2 removal
performance in the apparatus linked with non- , one- and two-WFFUs. The optimum
conditions for CO; removal efficiency in a system equipped with two WFFUs are: low
temperature, a G/L of 0.71, a gas supplying pressure of 0.30 MPa, and a high inlet CO;
concentration. Therefore, our research improves on the physical absorption method for
removing CO, from exhaust gas using tap water, thereby introducing a promising new
technology for controlling carbon dioxide emissions in a more environmentally friendly
manner.

Finally, Chapter 6 summarized the findings of this research including the CO2 removal
performance when using WFFU in enhancing the water absorption process, the optimum
removal conditions and the benefits of WFFU in the improvement of water absorption

method. In this chapter, the suggestions for the further work was revealed.
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