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Micro Review

N_H LREMZBW CO, 535 - BN AT LD
mB(LICET SR
Optimization of CO, removal and concentration system by using of honeycomb adsorbent

AR T 22T RS, AR PR
Kyushu University  Masaki Minemoto and Yosuke Matsukuma

Carbon dioxide (CO,) included in the exhaust gas from heat thermal plants is the main cause of global warming.
In the present study, we focused on the rotary adsorption towers filled with honeycomb-type adsorbent and conducted
the following experiments and simulations. Firstly, we made simulation models in order to precisely estimate the
performance of the actual adsorption system. These experimental results were compared with simulation results
and showed good agreement. Furthermore, adsorption and desorption of CO, were successfully simulated at each
adsorption, heating, purge, and cooling stage. These results could be helpful guidance for the system optimization
of rotary CO, plants. Secondly, turbulent flow in the honeycomb structure was numerically simulated by the Lattice
Boltzmann method to resolve the flow maldistribution phenomena inside the honeycomb structure. A new technique
was proposed to automatically design the pore size distributions of the pore plate in front of the honeycomb while
keeping the total porosity of the plate constant. In consequence, the technique had an effect on flow uniformization,
especially in the case of horizontal inlet of flow with an adequate entrance region.
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Development of nanocarbon materials for electronic devices

SR e Bl YRS
Kyushu University  Hiroki AgO

There is growing interest in “nanocarbon materials”, mainly carbon nanotubes and graphene, for future electronic
applications, such as transistors, sensors, and integrated circuits. The realization of these electronic applications
requires precise control of the structure as well as their integration. In this article, our recent progress of horizontally
aligned single-walled carbon nanotube growth and epitaxial growth of single-layer graphene is reviewed. Growth

mechanism and device properties are also demonstrated.
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This research report resumes the results of research work for developing reaction mechanisms during coal
volatile combustion based on our related publications. Developments of coal conversion become more familiar in the
worldwide at the present. Computational Fluid Dynamics (CFD) plays a key role to explain these developments of
different coal chemistry steps including devolatilisation, volatile combustion and reforming, char oxidation and char
gasification. In the research work, firstly, the authors develop the reduced mechanism that has a good agreement with
the mechanism model of primary reaction of coal volatiles that consists of 255 chemical species and 1095 elementary
reactions. Secondly, in the viewpoint of nowadays environmental issue for CO, reduction, carbon resource utilization
especially how to increase syngas during coal gasification, the authors investigate continuously the primary reactions of
coal volatiles including the soot formation mechanism for O,/CO, environment to analyze the combustion components.
The effects of CO, concentration, reaction temperature and pressure are also discussed in this research report for the
soot model that provides a better result of the increase in product concentrations of CO, H, and the reduce in CO,.

Keywords: reaction mechanism, reduced mechanism, soot formation, aromatics, coal volatiles, plug flow reactor.

Introduction

As well known that coal has a potential energy value,
the substantial worldwide attention is being focused on
cleaner and more efficient use of coals. Coal gasification
process, in particular, allows an efficient use of this energy
source with a low environmental impact. Continued
utilization of coal is depending on the availability and
development of the new process. Presently, about 40% of
electric power generation in the world depends on coals.

As coal heats up, the volatile components of the coal
will diffuse into the gas stream. Volatiles generally
are composed of H,, H,0, CO, CO,, hydrocarbon
gases, hydrocarbon liquids, and polycyclic aromatic
hydrocarbons (PAHs). Most of the compounds will
continue to react to produce successively lighter gases
as the more complex molecules decompose, eventually
forming CO, and H,O provides if the sufficient oxygen
is available. PAHs are products of primary pyrolysis and
PAHs are precursors of soot in secondary pyrolysis. The
conversion of PAHs into soot during secondary pyrolysis
is accompanied by release of CO and H.,.

New advance in instruments, computers and numerical
methods have greatly increased in order to conduct the
research efforts in coals. In this numerical research work,
the authors divide the study into two parts'. One is to
develop a numerical model that is validated with the
experimental results and then to make a reduced model
for CO, gasification that shows similarity with primary
mechanism consists of 255 chemical species and 1095
elementary reactions®. The reduced model contains 53
chemical species and 73 elementary chemical reactions
and the comparison between the primary and reduced
mechanisms is provided. The second part is to extend the
previous work for developing mechanism including the
soot formation. The reaction mechanism consists of 276

species and 3793 reactions?. The comparison between
soot formation and without soot models is also provided.
Moreover, the effects of CO, concentration, temperature
and pressure for the appropriate soot model are also
reported in this paper.

Mathematical Model

A plug flow reaction model for reaction of coal
volatiles is developed for O,/CO, gasification. The model
is numerically developed using the input data of coal
volatile pyrolysis that has concentration of H,, CO, CH,,
0, and CO, of 0.00049, 0.00283, 0.00211, 0.00729 and
0.02241 in mass fraction, respectively. Simulation is
conducted inside the reactor of 28 mm in diameter and
1200 mm in length. The plug flow reactor model can
be used to model multiple reactions as well as reactions
involving changing temperatures, pressures and densities
of the flow. In the ideal tubular reactor, which is called the
plug flow reactor, there is assumed to be complete mixing
perpendicular to the direction of flow (i.e. the radial
direction) and no mixing in the direction of flow. In the
plug flow, the residence time in the reactor is the same for
all elements of fluid. It means that the reaction proceeds
as the reactants in a plug progress along the reactor tube.
There is ideally no back-mixing in the reactor and there
exists a uniform temperature, pressure and velocity
profile across the radius.

All the gas phase and surface phase reactions are
considered in this mathematical model are as follows:

aA+bB<>cC+dD 0

b

The lower case letters (a, b, ¢ and d) represent



stoichiometric coefficients, while the capital letters
represent the reactants (4 and B) and the products (C and
D).

k is the proportionality constant called the specific
rate coefficient for the above reaction and follows the
Arrhenius equation.

-E

k=ATe exp ™ )

where 4, is a frequency factor (mole-m-sec-K), 7' is
temperature (K), o is temperature exponent, £ is activation
energy (J/mole) and R is the gas constant (J K' mole™).

Reduced Mechanism

The aim of this study is to reduce the number of species
and reactions to get a reduced mechanism small enough to
use in CFD calculations. There is no theoretical limitation
of the number of species utilized in the mechanism
calculations however the simulation time becomes
unacceptably long. There is no species limit in Chemkin-
CFD, but the practical 50 species limit was introduced
in the code of Fluent. Species entering the combustion
process and the resulting stable products of the reaction
process are selected as important species.

The authors first consider only five compound species
(H,, H,0, CO, 0,, and CO,) that is obtained by filtering
the species based on the mass fraction. Then the Rate of
Production (ROP) analysis has been studied. ROP analysis
is particularly useful for plug-flow systems, where the
computational expense for the added calculations is
small and it is possible to consider data from a large
reaction set. ROP analysis determines the contribution of
each reaction to the net production or destruction rates
of a species. The percentage of the contribution of the
i-th reaction to the formation of or consumption, C,, of a
species £ is calculated as:

@
C. =—X100 )
ki w

k
where @, is the net molar production rate per unit
volume of the k-th species.

The authors successively consider the most dominant
reactions for each species and make a new mechanism.
Then, the size of the mechanism is gradually increased
by adding the chemical species and number of dominant
reactions, and the procedure is terminated when the
deviation becomes smaller. The reactions are added or
removed to modify the reduced mechanism by temperature
sensitivity analysis. The resulting mechanism has 15
compound species and 73 elementary chemical reactions
that include 37 intermediate species”.

Reaction Mechanism including Soot Formation

Nucleation is the process of forming new condensed-
phase particles from a continuous phase, such as gas

and vapor. Particle nucleation is the most important step
in soot formation and results in generation of the solid
particles. It is irreversible and all reactants must be gas
phase species. The PAH molecules first grow into planar
molecules while simultaneously reacting with the gas
phase species and colliding with other PAH molecules
to form large molecules. The PAH compounds having
large molecular mass about 2000 is considered soot and
the reaction mechanism is described from benzene to
coronene (C,,H;,). Then, considering the concentration
of H,, CO, CO, and soot in the outlet of the reactor the
authors define which model has significant regarding
energy and environmental issue.

This soot model consists of the following principal
processes: initial aromatic ring formation during small
hydrocarbon oxidation, formation of larger PAH, particle
nucleation/inception through coalescence of PAHs,
particle growth and particle oxidation. Particle oxidation
produces the lower PAHs. The reaction mechanism
developed in this model consists of 276 species, 2158
conventional gas phase reactions and 1635 surface
phase reactions®. Based on the detection of compounds
containing up to 160 carbon atoms is considered as a
particle”, the remaining all aromatic compounds are
considered as PAHs in this soot model. The main reactions
considered in this model are:

Reaction between PAH/PAH* and PAH/PAH*:
PAH/PAH* + PAH/PAH* — PAH/PAH* + H/H, (4)

Reaction between PAH/PAH* and C,H,:
PAH/PAH* + C,H, — PAH/PAH* + H 5)

Particle oxidation:
PAH/PAH* + OH — PAH/PAH*+ CO+H (6)

where * indicates a radical entity.

Results and Discussion
Reduced Mechanism

The reduced mechanism is tested against the primary
mechanism. The comparison of the two mechanisms can
be seen in Fig. 1 that shows the concentration profiles of
the major combustion species (H,, CH,, H,O, CO and
CO,).

The Fig. 1-a shows the result when the authors consider
10 compound species of H,, CH,, H,O, C,H,, C;H,, CO,
CO,, O,, C(H, and chrysene. The concentration difference
between primary mechanism and reduced mechanism
for H,O and CO is large. But, when we consider 15
compound species of H,, CH,, H,0, C,H,, C,H,, C;Hj,
C,H;, C;H,, CO, CO,, 0O, CiH, C,H;, C;H;OH and
chrysene, then the result provides the smaller difference
for all major combustion species as shown in the Fig.
1-b. This good agreement mechanism has 15 compound
species and 73 elementary chemical reactions that include
37 intermediate species.

This reduced model shows good results when the tem-
perature and pressure are maintained up to 1373K and 1.0
MPa, respectively".
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Fig. 1. Comparison between the primary mechanism (symbol) and the reduced mechanism (solid line)
at 1273 K, 0.1 MPa.

Reaction Mechanism including Soot Formation

It is seen in Fig. 2-a that the both soot and without
soot models provide different concentration profiles for
all major combustion species. The concentration of CH,
decreases for soot model since it is a source of PAHs in
order to form the soot. The increase in concentrations of
H, and CO in the soot model is due to the formation of
CO and H, from the oxidation of soot. As illustrated in the
Fig. 2-b, the significant difference of PAH concentration
is occurred for between the soot and without soot models.
The PAHs concentration for the soot model decreases
since a number of PAHs produces the soot. The soot is
almost zero at this condition.

-------- Without soot

—— Soot model

Mass Fraction

Axis Distance [m]

a) CO,, H,0, CO, CH, and H,

Temperature study (1273—1873 K) has been investigated
at constant pressure of 0.1 MPa. It is seen in the Fig. 3 that
the product concentrations of H, and CO become large
when the reaction temperature increases. The reduction
of CO, concentration is significant at high temperature.
This is mainly due to the decomposition of CO, to CO
and radical oxygen. Furthermore, the oxidation of PAHs
occurs in order to produce more concentrations of CO
and H, at higher reaction temperature. In the result, the
product concentration of PAHs decreases with increasing
the reaction temperature. It is also seen in the Fig. 3-d that
the concentration of PAHs intensively drops from initial
condition for forming soot.

-------- Without soot
——  Soot model
0 . 02 [ T T T T T ]
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9 . 7N
4= £
g L |
=2
20.01r .
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=
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Axis Distance [m]
b) PAHs and soot

Fig. 2. Comparison between the mechanism with soot and without soot at 1273 K, 0.1 MPa.
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Fig. 4 shows concentration profiles for the soot model
along the axial position of the reactor at 1473 K, 0.1 MPa
with various initial CO, concentrations until ten times from
initial input of 0.02241 in mass fraction. As illustrated
in the Fig. 4, the soot model provides the better results
at higher CO, concentration for increasing significantly
the product concentration of CO and decreasing the soot.
Although soot reduces with increasing CO, but still there
are more PAHs and soot exist in the outlet of the reactor
at temperature 1473 K.
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From the Fig. 5, at temperature 1473 K CO,
concentration has not yet provided the more significant
effect. But, at high temperature (1673-1873 K) CO,
makes significant effect on PAHs as well as soot. From
this discussion, it means that to get significant effect from
CO, concentration, the temperature should be maintained
at high temperature about 1673 K due to decomposition
of CO,. At higher temperatures CO, have large effect on
soot and PAH reduction. On the other hand, O, shows
good prediction of soot and PAHs at lower temperature®.
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T
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Fig. 4. Concentration profiles at 1473 K, 0.1 MPa with various CO, input.
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Fig. 6 shows the effect of reaction pressure on product
concentrations. The concentrations of H, and CO become
high when the pressure increases, but the concentrations
of CO, and PAHs reduce. In the view point of reduced CO,
and high products of CO and H,, the reaction temperature
and pressure should be maintained at high condition for
soot model* . Formation of aromatics decreases with
increasing the reaction temperature and pressure.

Conclusions

The numerical research work for developing reaction
mechanisms during coal volatile combustion has been
investigated. The reaction mechanism (255 species and
1095 elementary reactions) can be reduced substantially
by using the rate of production analysis to a reduced
mechanism (53 chemical species and 73 elementary
chemical reactions). This reduced model shows good
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Fig. 6. Concentration profiles along the reactor at 1473 K with various reaction pressures.



results when the temperature and pressure are maintained
up to 1373 K and 1.0 MPa, respectively.

The soot formation model on primary reactions of coal
volatiles in a plug flow reactor for O,/CO, environment
also has been numerically investigated. Providing
the calculated data of simulation model is to predict
concentration profiles of the major combustion species
and PAHs. When increasing the reaction temperature,
the product concentrations of CO and H, become high.
Considering the advantages of the increases in CO, H,
and the decreases in soot, the effect of CO, concentration
are observed and discussed for the soot model at higher
temperature. CO and H, also increase with increasing the
reaction pressure. Furthermore, the CO, and PAHs reduce
at the both higher temperature and pressure conditions.
At higher temperatures CO, have large effect on soot and
PAH reduction, but O, shows good prediction of soot and
PAHs at lower temperature.
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[>] SYMPOSIUM s

The 5th International Symposium on Novel Carbon Resource Sciences
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The 6th International Symposium on Novel Carbon Resource Sciences

— Aiming toward Low-Carbon Society —
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Cross Straits Symposium on Materials, Energy and Environmental Sciences12
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3rd G-COE International Workshop on Energy and Environment in Chemical Engineering
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International Workshop on Process Intensification 2010
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Asian Core Program Lectureship Award (Taiwan)
(2010/11)

A8 ®x

"Catalysis in Siloxane Gels"
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Asian Core Program Lectureship Award (Singapore)
(2010/11)

RE B2

"Asymmetric Synthesis of Chiral Silanol and Its Transformation"
O%ZH

BREREZ B NMILOZESES R E
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Hl f1E

"Asymmetric Synthesis of Chiral Silacarboxylic Acids and Their Ester
Derivatives" Kazunobu Igawa, Naoto Kokan, and Katsuhiko Tomooka

®=x
9th International Symposium on Advances in Electro-
chemical Science and Technology (ISAEST-9),

The Best Paper Award

(2010/12)

K. Chihara, T. Doi, S. Yatomi, S. Okada, J. Yamaki
“Electrochemical Properties of Monodisperse Nano-size LiMnPOs
and LiFePOs Perpared by Liquid Phase Synthesis Method”
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“Preparation of highly dispersed platinum catalysts on TiO. by
using polymer-protected nanoparticles”
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The 5th Pacific-Rim Conference on Rheology (PRCR-5),
The Best Poster Presentation Award
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“Viscoelasticity of pullulan in ionic liquid Bmim CI”
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TEL: 092-583-7616 FAX: 092-583-7619
AMALHO—ICLCOE Email: ncrs@cm.kyushu-u.ac.jp
HimERE URL: http://ncrs.cm.kyushu-u.ac.jp



	00_表1_4
	01_02
	03_04_map
	05_06_特集_01
	07_08_特集_01
	09_10_特集_02
	11_12_特集_02
	13_14_特集_03
	15_16_特集_03
	17_18_特集_03
	19_20_中間報告01
	21_22_中間報告02
	23_24_news_01
	25_26_シンポ＆ワーク+実績

