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. | oy || o »<f ;
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Item Unit GE 7FBcase = MHI M501G case
Ambient Temperature (Site Condition) °C 25
Coal Flowrate (Dry Basis) t/h 182.60
Coal HHV (including Inh. Moisture and Ash) kJ/kg 31,230
Thermal Energy of Feedstock (Based on Coal
HHV) (A) MWt 1,584.06
Ratio of syngas delivered to power block % 50 69
EBBr(;ss Electric Power Output of IGPG Complex MWe 374.83 509.44
Auxiliary power consumption MWe 110.3 109.61
Methanol Production t/h 73.70 45.69
Methanol Heating Value kJ/kg 22,691.60
Methanol Heating Value Production (C) MW 464.55 288.02
Net Electric Power Output of IGPG (D) MWe 262.35 398.83
DME Production t/h 0.20 0.12
DME Heating Value kJ/kg 31,681.00
DME Heating Value Production (E ) MW 1.76 1.06
Gross Efficiency ((B+C+E)/A *100) (Based on 0
Coal HHV) % 53.1 50.4
1~1 *

Net Efficiency ((C+D+E)/A*100) (Based on Coal % 46.1 435
HHV)
CO; capture t/h 92.40 57.29
CO; emission t/h 265.76 366.75
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1. Luan Y.T., Chyou Y.P., Wang T., Numerical analysis of gasification performance via
finite-rate model in a cross-type two-stage gasifier, International Journal of Heat and
Mass Transfer, 57/558-566, 2013, IF:2.407, Rank 6/122=4.9% in Engineering,
Mechanical.
W AER
The gasification process of a pressurized, oxygen-blown, entrained-flow E-Gas like
gasifier through numerical modeling is investigated by solving the 3-D, steady-state
Navier—Stokes equations with the Eulerian—Lagrangian method. Eight chemical reactions
are solved via the Finite-Rate/Eddy-Dissipation Model. The preliminary gasification
process is successfully modeled and the global chemical reactions are proved to be
strongly affected by the finite rates. The results of parametric study show that the
increasing O,/Coal ratio results in a decrease of CO, but an increase of CO, and exit
temperature. With a modified water—gas-shift reaction rate, a more reasonable trend is
obtained that as the coal slurry concentration decreases, the mass flow rate of H,, CO,,
and H,0O increase while that of CO decreases. As the amount of coal slurry mass flow in
the first stage increases, the exit temperature and the mole fraction of H, and CO; increase,
while that of CO decreases. However, different fuel distributions do not provide notable
influence on gasification performance due to the large space inside the E-Gas gasifier
allowing complete reaction. The overall results show that the present CFD model can
adequately capture the gasification behavior and analyze gasification performance inside
the gasifier.
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In the last three years, the Institute of Nuclear Energy Research (INER) has been
developing the E-GAS gasification numerical model and analyzing the gasification
performance by conducting several parametric studies. A preliminary numerical model
considering coal particles tracking, two-step volatiles thermal cracking, and nine chemical
reactions has been established. In last year’s results, the single lateral injector design in
the second stage of E-GAS gasifier is found nonideal for the gasification process.
Therefore, one of the objectives in this study is to modify the second stage injection and
investigate its effect on gasification performance. Moreover, because of rising interest in
the use of low-rank coals as the feedstock for power plants, the second goal in this paper
is to investigate the gasification features by using North Dakota (ND) lignite as the
feedstock. The result shows that a dual-injector design (either tangential or opposing jets)
in the second stage injection of E-GAS gasifier can minimize the nonideal recirculation
zone and improve the gasification performance. Furthermore, a tangential injection design
can make the average temperature reach equilibrium more quickly, so the height of the
E-GAS gasifier could therefore be shortened. Moreover, by examining the energy needed
for the second stage injection, a tangential injection design saves more energy as
compared to the opposing-jets design. The result of the assessment of ND lignite shows
that under the same condition of O2/coal and coal/slurry ratios, no matter what the
feedstock flow rate or the total input heating value, the gasification performance of ND
lignite is always lower than that of Illinois #6 coal. However, the cheaper price of ND
lignite makes it more competitive, and if the electricity generating industries can accept a
lower gasification performance, the usage of ND lignite can be a choice to be considered.
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High-temperature CO; capture using a Ca/Al carbonate sorbent, made of Ca—Al-COs;
powder and a TiO, binder, was studied. Calcium aluminates were synthesized by the
coprecipitation of Ca®*, AI**, and COs> under alkaline conditions. The results showed that
TiO; nanoparticles significantly improved surface area and cyclic stability of sorbents in
thermogravimetric analysis (TGA) and reactor. Six types of Ca / Ti pellets were prepared,
using a Ca—AI-COs3/TiO, weight ratio of 1-6:1. These granules gave a very stable CO,
uptake, to 80% of their full capacity, for 10 cycles, compared to only 35% using Ca—Al-
COs. A possible reaction scheme for stabilizing the CaO microstructure for multi-cycle
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experiments is described.

Yu, C.T., Chen, W.C., Development of a Scalable Method for Manufacturing
High-Temperature CO, Capture Sorbents, Chemical Engineering and Technology,
36/766-772, 2013, IF=1.366, Rank 55/133=41% in Engineering, Chemical, 2012
ECRE

An engineered process for scalable manufacture of a calcium aluminum carbonate CO,
sorbent with production amounts of about 1000 g per hour has been developed. The
process includes mixing and heating, solid-liquid separation, drying and extrusion,
crushing and conveying, and calcined molding steps. The sorbent preparation involves the
coprecipitation of Ca**, AI**, and CO5>" under alkaline conditions. By adjusting the Ca:Al
molar ratio, a series of Ca-rich materials could be synthesized for use as CO, sorbents at
750°C. A calcium acetate-derived sorbent exhibited better cyclic stability than sorbents
originating from CaCl, and Ca(NOs),. The initial sorption capacity increased with CaO
concentration. High stability of more than 90 % was maintained by the Ca:Al sorbents
after 40 looping tests.

Yu C.T., Chen W.C., Chyou Y.P., Chen S.Y., Synthesis of Calcium Aluminates Granule
with TiO, Binder for High-temperature CO, Capture, Energy Procedia, 2013, 37,
1246-1253. (El)
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Chen Y.S,, Li S.C., Chyou Y.P., Hot clean-up technology of dust particulates with a
moving granular bed filter, Sixth International Conference on Clean Coal Technologies,
May 12-16, 2013, Thessaloniki, Greece.

Wang T., Chen M.H., Chyou Y.P., Modeling of Volatiles Condensation and
Re-evaporation in Coal Gasification in a Low-Temperature, High-Pressure Entrained-Bed
Reactor, International Pittsburgh Coal Conference, 15-18, September, 2013, Beijing,
China.

Huang L.W., Chyou Y.P., Sulfide Capturing Techniques for Advanced Fuel Conversion
Process by Silica-Supported Sorbents, International Pittsburgh Coal Conference, 15-18,
September, 2013, Beijing, China.

Huang C. Y., Chyou Y.P., Study of H,S Removal at High Temperature with
20%Fe,03/Al,03 Sorbent Applying Factorial Experimental Design Method, AIChE
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1.

Wu C.H., Chang Y.P.,, Chen S.Y,, Liu D.M., Yu C.T., Pen B.L., 2010, Characterization
and Structure Evolution of Ca-Al-CO; Hydrotalcite Film for High Temperature
CO,,Journal of Nanoscience and Nanotechnology, 10 (7), pp. 4716-4720. (IF 1.149,
89/152=58.55% in Chemisrty, Multidisciplinary, 2012.)

In this work, monodispersed layered double hydroxide (Ca-Al LDHSs) nanoparticles were
synthesized by hydrothermal coprecipitation. Uniform thin films of layered double
hydroxide on porous anodic aluminum oxide (AAQ) substrates were formed by a direct
precipitation process in a homogeneous suspension containing monodispersed Ca-Al
layered double hydroxide nanoparticles. It was found that the formation of a designed
hydrotalcite-like phase is strongly dependent on the [Ca®*]/ [AI*'] ratios, and that a
minor CaCO3; phase could possibly form simultaneously, which is attributed to the
greater insolubility of CaCO3 and the incompatibility of the ionic size of Al and Ca. The
optimal CO; adsorption capacity appears in the layered Ca-OH-Al structure with the
composition ratio of 3:1. Furthermore, the CO, adsorption mechanism varies with
treatment temperature. Below 400°C, the CO, adsorption is attributed to the LDH
structure with a large surface area and pore volume, but above that the adsorption is due
to the formation of CaCO3; and CaO. The permeation behavior and CO; absorption can
be explained by a preferable chemical and physical absorption of CO, on the layered
double hydroxide and porous structure of the membrane.

Chen Y.S., Hsiau S.S., Lai S.C,, Chyou Y.P., LiH.Y., Hsu C.J., 2010, Filtration of
dust particulates with a moving granular bed filter, Journal of Hazardous Materials, 49,
pp. 1214-1221.(1F 3.925, 2/122 = 0.16% in Engineering, Civil, 2012)

The goal of this study was to evaluate the performance of a moving granular bed filter
designed for cold test to filter coal particulates. A series of experiments were carried out
at room temperature to demonstrate the collection efficiency of this method of filtration
technology (i.e., the moving granular bed filter) at different filtration superficial
velocities and mass flow rates of filter granules but with a fixed inlet dust concentration.
The dynamic characteristics of the filter system were evaluated by measuring variations
in the outlet concentration and size distribution of dust particulates. The collection
mechanisms of the filter granules in the moving granular bed filter were also studied.
Experimental results showed that the collection efficiency could be enhanced by using a
filtration superficial velocity of 30 cm/sec and mass flow rate of 450 g/min. The results
of this study indicate this type of method could be useful for application in different
cross-flow filter systems for gas clean-up. The focus in the current study is essentially
the development of a moving granular bed filter that could be applied in a
high-temperature environment. The results are expected to serve as the basis for future
research.

Smid J., Chyou Y.P., Hsiau S.S., 2010,, An approximate theory for stresses in dust cake
of ceramic candle filters, Powder Technology, 203, pp. 288-297. (IF 2.024, 34/133 =
25.56% in Engineering, Chemical, 2012)

A simplified theory is developed that yields the approximate stresses within a dust cake
on the outer surface of ceramic candle filter and gives the critical factors which ensure
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complete detachment of cake. The radial and tangential stresses in cake during filtration
have been derived by consideration of active state of stress in the dust cake. Back pulses
of cleaning gas expand dust cake on the condition, that their power is just adequate to
properties of cake, such as angle of internal friction and cohesion. Expansion of dust
cake induces tension cracks and disintegration of cake. Back pulses of higher values
hamper expansion of cake and cause “patchy” cleaning.

4. Huang C.H., Chang K.P., Yu C.T., Chiang P.C., Wang C.F., 2010, Development of

high-temperature CO, sorbents made of CaO-basedmesoporous silica, Chemical
Engineering Journal, 161, pp. 129-135. (IF 3.473, 10/133=7.52% in Engineering,
Chemical, 2012)
This study develops a modified CaO-based mesoporous CO; sorbent with high sorption
capacity (about 10 mol/kg sorbent) and long-term durability. Highly ordered mesoporous
SBA-15 molecular sieves used as carriers were successfully synthesized through
direct-synthesis by using non-ionic surfactants as the structure-directing agent under
strong acidic conditions. Calcium ions using calcium acetate as the precursor were finely
dispersed onto prepared carriers using an impregnation method. Calcium oxide was
obtained under calcination at high temperature. Analytical techniques, such as X-ray
diffraction  patterns, nitrogen  physisorption isotherms, scanning electron
microscopy/energy dispersive spectrometer, and transmission electron microscopy, were
used to characterize the synthesized mesoporous materials. The thermo-gravimetric
analysis was used to test the performance of CO, capture using prepared CaO modified
sorbents. The property and carbon dioxide sorption ability of the substrates and sorbents
were examined and discussed. Carbon dioxide was effectively adsorbed, concentrated,
and separated using the reasonable reaction paths. Durability tests showed that the CO,
adsorption ratio remains at 80% after 40 cyclic runs under a carbonation temperature at
700°C and calcination temperature at 910°C, respectively. The results showed that the
structural stability of the sorbents was improved sufficiently under high temperature and
cyclic sorption—desorption operations.
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5. Chyou Y.P, Lee W.B., Chen P.C., Ko F.K., 2010, A Case Study of CO,-Cycle and Energy
Systems Analysis for a Coal Gasification-Based Polygeneration Plant > Ninth Annual
Conference on Carbon Capture and Sequestration, pittsburgh, PA, USA, 2010-05-10~13.

6. Chen Y.S,, Chyou Y.P., Hsiau S.S., Lai S.C., Lee H.Y., Hsu C.J., 2010, Filtration of Fly
Ash Using a Moving Granular Bed Filter, International Conference on Multiphase
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Chen P.C., Chiu H.M., Chyou Y.P., Yu C.S., 2010, A System-Level Simulation Model of
Poly-Generation Plant Based on Gasification Technology with Methanol and Power
Generation, ASME 2010 4th International Conference on Energy Sustainability, Phoenix,
Arizona, USA, 2010-05-17~22.

Chen P.C., Chiu H.M., Chyou Y.P., Yu C.S., Chen H.J., 2010, Process Simulation Study
of Coal Gasification-Based Multi-Product Plant with Electricity and Chemical Products,
The 13th Asia Pacific Confederation of Chemical Engineering Congress, Taipei, Taiwan,
2010.10.05~08.

Yu C.T., Wang C.H., Hsu M.J., Chyou Y.P., 2010, Development of a novel Ca/Al
carbonates for medium-high temperature CO, capture - 10th International Conference on
Greenhouse Gas Control Technologies, GHGT10, Amsterdam, Holland, 2010.9.19~23.
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Chen H.M., Jiang T.J., Huang C.B., Chyou Y.P., 2010, Numerical simulation analyses of
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1. Chen M. H. Jiang T. L., 2011, The analyses of the heat-up process of a planar,
anode-supported solid oxide fuel cell using the dual-channel heating strategy,
International Journal of Hydrogen Energy 11, pp. 6882-6893. (SCI)

In the present study, a finite-volume (FV) model has been developed to investigate the
thermal behavior, the heat-up time and the corresponding temperature gradient for an
anode-supported planar SOFC during the heat-up process. A methane burner is employed for
the heat-up of the SOFC. Effects of the burner power and the flow configuration on the
temperature distribution, the effective maximum-temperature-gradient, the heat-up time and
the required energy in the heat-up process are investigated. The numerical results obtained
from the present study show that the single-channel mode is impractical for the SOFC heat-up
due to the lengthy heat-up time. For a fixed-power burner, the required heat-up time for the
counter-flow configuration is about 25% less than that of the co-flow configuration. For the
counter-flow configuration, the temperature gradient is averagely about 17% larger than that
for the co-flow configuration. The total energy required for the counter-flow configuration is
about 20% less than that for the co-flow configuration. The counter-flow configuration is
superior to the others as far as the heat-up time and the required energy are concerned,
although it yields a relatively higher maximum-temperature-gradient.

2. ChangP. H.,Chang Y. P, ChenS. Y, YuC. T, Chyou Y. P, 2011, Ca-Rich Ca-Al-Oxide,

High-Temperature-Stable Sorbents Prepared from Hydrotalcite Precursors: Synthesis,
Characterization, and CO, Capture Capacity, ChemSusChem 2011(4), pp. 1844-1851.
(IF 7.475, 17/152=11.18% in Chemisrty, Multidisciplinary, 2012.)
We present the design and synthesis of Ca-rich Ca-Al-O oxides, with Ca?*/AI** ratios of
1:1, 3:1, 5:1, and 7:1, which were prepared by hydrothermal decomposition of
coprecipitated hydrotalcite-like Ca-Al-CO3; precursors, for high-temperature CO,
adsorption at 500-700°C. In situ X-ray diffraction measurements indicate that the
coprecipitated, Ca-rich, hydrotalcite-like powders with Ca?*/AI** ratios of 5:1 and 7:1
contained Ca(OH), and layered double hydroxide (LDH) phases. Upon annealing, LDH
was first destroyed at approximately 200°C to form an amorphous matrix, and then at
450-550°C, the Ca(OH), phase was converted into a CaO matrix with incorporated AI**
to form a homogeneous solid solution without a disrupted lattice structure. CaO
nanocrystals were grown by thermal treatment of the weakly crystalline Ca-Al-O oxide
matrix. Thermogravimetric analysis indicates that a CO, adsorption capacity of
approximately 51 wt.% can be obtained from Ca-rich Ca-Al-O oxides prepared by
calcination of 7:1 Ca-Al-CO3; LDH phases at 600—700 °C. Furthermore, a relatively high
CO; capture capability can be achieved, even with gas flows containing very low CO,
concentrations (CO,/N,=10 %). Approximately 95.6% of the initial CO, adsorption
capacity of the adsorbent is retained after 30 cycles of carbonation—calcination. TEM
analysis indicates that carbonation-promoted CaCOj3 formation in the Ca-Al-O oxide
matrix at 600°C, but a subsequent desorption in N, at 700 °C, caused the formation CaO
nanocrystals of approximately 10 nm. The CaO nanocrystals are widely distributed in the
weakly crystalline Ca-Al-O oxide matrix and are present during the carbonation—
calcinations cycles. This demonstrates that Ca-Al-O sorbents that developed through the
synthesis and calcination of Ca-rich Ca-Al LDH phases are suitable for long-term cyclic
operation in severe temperature environments.

3. Yu C.T, Wang C.H., Hsu M.J., Chyou Y.P., 2011, Development of a novel Ca/Al
carbonates for medium-high temperature CO, capture, Energy Procedia 4, pp. 787-794.
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(ED)
This study describes the synthesis and characterization of a layered material Ca-Al-CO3 as
CO, sorbent at medium-high temperature conditions. The Ca-Al mixed oxides were prepared
by co-precipitation of binary metal nitrates, i.e., Ca(NOgs), and Al(NO3); under alkaline pH
condition, and the concentration of calcium oxide was increased by varying the molar ratio of
Ca/Al at 1, 3, 5, 7, 13 and 20. Sodium carbonate was utilized as a structural template for
conducting the layered structure of Ca-Al carbonate. It was a simple way to synthesize
Ca-Al-CO3 composites with at least 45-50 wt% CaO microcrystalline by 100~200°C
hydrothermal treatment. The characteristics of Ca-Al-CO;, such as surface area,
morphology/particle size, crystalline and CaO contents, were determined by BET, SEM,
PXRD and ICPrespectively. CO, multiple-cycle sorption activities on the sorbent were
performed by a TGA. The major results showed that a synthesized Ca-Al-CO3; was
predominately mesoporous and its surface area was intensely dependent on precursors. In
addition, a crucial result indicated that the microstructure of Ca-Al-CO3; was improved by
using calcium acetate, Ca(Ac),, instead of calcium nitrate, and thus further enhanced CO,
sorption performance. By using this sorbent, a significant breakthrough is achieved for
capturing CO, from hot gas streams at temperature higher than 600°C, which includes the
features of 90% initial carbonation conversion and 90% CO, capturing performance after
100th cycling tests. The sintering effect of Ca-Al-CO; due to alternative gas
adsorption/desorption reactions was obviously retarded by incorporating Al,O3 and carbonate
ions into microscopic structure of synthesized calcium-alumina oxide.
4. Chyou Y.P.,, 2011, Perspective on Clean Carbon as Sustainabile Energy in Taiwan,
Sustainable Environment Research, 21(1), pp. 9-20.
Since the Kyoto Protocol activated on February 16, 2005, the worldwide efforts of
environmental protection for the sustainable development of human society have been
expected to impose international pressure on global countries and regions; hence, pre-caution
measures should be planned in advance. Fossil fuels will remain the mainstay of energy
production well into the 21st century; however, increased concentrations of CO, in the
environment are inevitable unless energy systems reduce the carbon emissions to the
atmosphere. In Taiwan, the CO, emissions from domestic coal power account for about 34%
of the present national total, while the power generation capacity by 2020 will consist of over
46% coal-fired plants. Therefore, it would be necessary to introduce sustainable base-load
options for preserving the continuous development of society and the balance among
environment, energy, and economy. To comply with the current national policy for technology
research and development, a feasibility study on sustainable domestic base-load options has
been conducted in the Institute of Nuclear Energy Research, supported by the National
Science Council. It is concluded that Integrated Gasification Combined-Cycle with carbon
capture option seems to be an ideal candidate to fulfill the requirement for the aforementioned
situation.
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1. Chien L.H., Li S.C., Chyou Y.P, 2011, Measurement of Bubble Behaviour on a
Pin-finned Surface in FC-72, 9th International Symposium on Particle Image
Velocimetry-PIV’11, Kobe, Japan, 2011-07-21~23,

2. Chen, M.H, Chen, P.C., Chyou, Y.P., 2011, Numerical analysis of oxy-combustion
characteristics in a pulverized-coal boiler, 18th Computational Fluid Dymanics
Conference in Taiwan, Aug., 3-5, Yilan, Taiwan.

3. Luan, Y.T., Chyou, Y.P, Wang, T., 2011, Numerical Analysis of Gasification
Performance via Finite-Rate Model in a Cross-Type Two-Stage Gasifier, 2011
International Pittsburgh Coal Conference, Sep., 1215, Pittsburgh, PA, USA.

4. Jing, T.L., Wu, T.P, Chen, M.H., Chen, P.C., Chyou, Y.P., 2011, Analyses of an
entrained-bed coal gasifier using a CFD model coupled with chemical reaction kinetics,
2011 International Pittsburgh Coal Conference, Sep., 12-15, Pittsburgh, PA, USA.

5. Chang P.H., Chen S.Y., Chyou Y.P,, Yu C.T., 2011, In situ self-assembly of nano-scale
layered double hydroxideparticles: synthesis, characterization and CO, capture capacity,
International Conference on Nanoscience & Technology, September 7-9, 2011, Beijing
China 2011.

6. F R ET RATE -~ ¥, 2011, Evaluation of Desulfurization Performance of
Alumina Type Metal Oxide Sorbent, 2011 Korea/Japan/Taiwan ChE Conference, 2011,
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11/9-11/13, Centum hotel, Busan, Korea.
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1. ChenP.C, Yu C.S., Chiu H.M., Chyou Y.P., Chen H.J., 2012, Process Simulation Study
of Coal Gasification-Based Multi-Product Plant with Electricity and Chemical Products,
Asia-Pacific Journal of Chemical Engineering, 7, S1, pp. S101-S111.
In this study, the commercial chemical process simulator, Pro/lI® V8.1.1, is implemented to
perform the simulation of a coal gasification-based co-production system, of which the
feedstock is kaltim prima coal (KPC) from Indonesia and the products are electricity and
dimethyl ether (DME). There are five major blocks in the multi-product plant, i.e. air
separation unit (ASU), gasification unit, gas clean-up unit, combined-cycle, and DME
synthetic unit. ASU utilizes cryogenic air separation process, which provides oxygen with 95
mol% purity to the gasification unit and nitrogen to the combined-cycle. GE technologies are
employed in the study, i.e. quench-type slurry-fed gasifier for the former and 7FB-series
turboset for the latter. The clean-up unit includes dry solids removal, syngas scrubbing, sulfur
compounds removal and sulfur recovery processes, which are implemented to deliver clean
syngas to further processes and elemental sulfur from H,S. The clean syngas is divided into
two equal streams to generate electricity and produce DME, simultaneously. The results show
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that the gross and net electrical power outputs are 371.6 MW and 275.1 MW, respectively;

furthermore, the yield of DME is 51.78 metric tons per hour. In summary, the net efficiency of

the coal gasification-based multi-product plant is 46.1% (HHV), which is higher than the
counterpart of typical IGCC plants by over 4 percentage points.

2. ChenY.S., Hsiau S.S., Lee H.Y., Chyou Y.P., 2012, Filtration of dust particulates using a
new filter system with louvers and sublouvers, Fuel, 99, pp. 118-128. (IF 3.357, 11/133
= 8.27% in Engineering, Chemical, 2012)

Coal is a very important fuel since the supply of oil is quite limited, whereas coal is much
more plentiful. The Pressurized fluidized bed combustion (PFBC) and integrated gasification
combined cycle (IGCC) systems are considered the best for advanced coal-fired power plants.
However, the high temperature syngas produced by these systems contains many dust
particulates which need to be filtered before entering the gas turbine. The moving granular
bed is an important apparatus for the filtration of the hot gas and is currently under
development.
The goal of this study is to evaluate the performance of a moving granular bed filter designed
to filter out coal particulates. We investigate the flow patterns of the filter granules, the
collection efficiency, and the pressure drop under different filtration superficial velocities,
mass flow rates of filter granules, rotational speeds of the trommel screen system, but with a
fixed inlet dust concentration. All filtration system experiments were performed at room
temperature. The results showed that using a filtration superficial velocity of 18.01 m/min,
mass flow rate of filter granules of 0.46 kg/min, and rotational speed of 63 rpm, the overall
porosity of the filter granules decreased and the filter resistance and the collection efficiency
increased, with an increase in the amount of smaller-sized filter granules in the bed. The test
results apply to moving granular bed filters or other filtration systems functioning in
high-temperature environments and are expected to serve as the basis for future research.

3. Lin S.M,, Feng J.C., Ko F.K., 2012, Assessing Taiwan’s energy security under climate
change, Natural Hazards, 62, pp. 3-15. (SCI)

This paper intends to assess Taiwan’s energy security situation under current and future

development of global environment. We construct a static computable general equilibrium

model for Taiwan to fulfill our purpose. The model is benchmarked in 2006 and includes
detailed specification of power generation technology and renewable energy producing
sectors. It also distinguishes sources of imported energy to reflect Taiwan’s current policy of
diversifying sources of supply for energy. Simulations using the model have been focused on
both changes in energy price and quantity of energy supply under specific specifications of
the development of renewable energy technologies and CO, emission reduction requirements.

Our simulation results demonstrate that energy security and climate change mitigation interact

each other, and under a specific emission reduction target, the effect of exogenous energy

shocks on the economy will be partially absorbed by the internal adjustment mechanism of
the economy.

4. Chen M.H., Jiang T.L., 2012, The analyses of the start-up process of a planar,
anode-supported solid oxide fuel cell using three different start-up procedures, Journal of
Power Sources, Vol. 220, pp. 331-341. (SCI)

Three start-up procedures for an anode-supported planar SOFC are proposed and investigated

numeri- cally in the present study. The first is to introduce the inlet fuel at the operation

temperature after the heat-up process is completed. The second is to incorporate the
anode-recycling mechanism into the start-up process. The third is to fix the difference
between the inlet-fuel temperature and the cell minimum temperature. The numerical results
obtained from the present study show that the effective maximum absolute
temperature-gradient is exhibited in the early stage of the start-up process. For the present
investigated SOFC configuration, the required start-up time for the case using methane is
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3.2-fold longer than that using hydrogen. The effective maximum absolute

temperature-gradient for the case using hydrogen is 2.2-fold larger than that utilizing methane.

The endothermic internal reforming reaction of methane has a positive effect on the

accommodation of the temperature uniformity during the start-up process. The

anode-recycling mechanism significantly reduces the start-up time For the
fixed-temperature-difference start-up procedure, a properly selected temperature difference
may lead to a smaller effective maximum absolute temperature-gradient in the early stage and

a shorter start-up time by accelerating the start-up pace in the later stage.

5. Smid J., Hsiau S.S., Chyou Y.P.,, Huang T.C., Liu T.C., Flow patterns and velocity fields

in two-dimensional thin slice panel with flow-corrective insert, Advanced Powder
Technology, 23(5), pp. 548-557. (IF 2.024, 34/133 = 25.56% in Engineering, Chemical,
2012)
An experimental two-dimensional (2-D) thin slice panel for studying flow patterns of
fine silica sand was designed and manufactured. As supplier of sand was not known at
that time, flow properties of the silica sand were assessed without shear tests. A
preliminary design of plane-flow hopper of the experimental 2-D panel was assumed to
be close to the mass flow conditions. Sand was circulated in the experimental panel to
study the steady state flow. Tests of flow patterns suggested typical funnel-flow patterns
with stagnant zones in the hopper and in the vertical part of the panel. Stagnant zones
near the bottom of the hopper indicated insufficient width of the hopper outlet. Shear
tests for estimation of flow properties of silica sand were carried out additionally and
two methods of how to transform the funnel flow of sand to the mass flow were followed
up; (a) existing 2-D panel was retrofitted with flow-corrective element, and (b) the width
of outlet in existing experimental panel was widen into the size, calculated according to
mass flow conditions. Both modifications were proven to be successful and the last-in
first-out funnel flow was transformed into first-in first-out mass flow of sand. Velocities
of individual tracer particles were measured during mass flow and velocity field was
evaluated. Velocity profile of particles in the vicinity of flow-corrective insert was
studied in detail.

6. Chen P.C., Chiu H.M., Chyou Y.P.,, 2012, Process analysis study of integrated
gasification combined-cycle with CO, capture, Procedia Engineering, Vol. 42, pp.
1634-1647. El

The present study adopted commercial chemical process simulator, Pro/II® V8.1.1, to analyse

the system performance of Integrated Gasification Combined-Cycle (IGCC) with CO, capture.

There are four major blocks in a reference IGCC plant, i.e. air separation unit (ASU),

gasification island, gas clean-up unit, and combined-cycle power block. Additional water gas

shift reaction and CO, absorption processes are integrated into the gas clean-up system for

CO; capture. The feedstock is Kaltim Prima Coal (KPC) from Indonesia, which is generally

used in Taiwan, to evaluate the data with actual situation in Taiwan. The results show that the

efficiency of IGCC is around 42.22% (HHV). When 90% CO, capture is employed in the

IGCC, the efficiency is decreased to around 36.74% (HHV). It means that the energy penalty

of 90% CO, capture is about 5.48 percentage points. Furthermore, data of 50% CO, capture is

evaluated to reach the CO, emission condition close to that of Natural Gas Combined-Cycle

(NGCC).

7.  Chyou Y.P.,, Chen Y.S., Huang L.W., 2012, Hot/Warm clean-up technology of gaseous
pollutants, Engineering Journal of Wuhan University, 45, pp. 809-816. (El)

To comply with the domestic technology R&D strategy, a feasibility study project on

sustainable clean coal technologies has been undertaken at the Institute of Nuclear Energy

Research (INER) since 2005. This work represents the follow-up efforts for mitigating

greenhouse gas emissions from sustainable development viewpoints. It is expected that this

50



ST BESY

strategic planning will establish the essential foundation for technologies needed to fulfill the
policy of energy saving and carbon abatement. This work focuses on the strategic planning of
clean carbon-based energy technologies, from the viewpoints of both practical development
and advanced research. The exhibited technology consists of two categories. The first one is
advanced gas filtration technology in moving granular bed filter, which is associated with the
development of multiple-stage granular moving bed apparatus. Using filter granules under
different kind or particle size, higher filtration efficiency collected in the dirty gas conditions
could be achieved. The other technology is the so-called hot/warm gas desulfurization, which
displays potential to control sulfide emission. In the present study, sorbents are prepared by
incipient wetness impregnation method, and then introduced into a fixed-bed reactor to
perform adsorbing tests with simulated syngas. At different kind of parameters combination,
the result shows that the best adsorbing capacity is about 7.4 g-S/100g sorbent.
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Chen W.S,, Yu C.T, Chen W.C, 2012, Medium-High Temperature CO, Adsorption Using
Calcium Alummates Sorbents, The 6th Pacific Basin Conference on Adsorption Science
and Technology, Taipei, Taiwan, 2012-05-20~05-23.

2. Luan Y.T., Chyou Y.P., Wang T., 2012, Investigation of the Gasification Performance of
Lignite Feedstock and the Injection Design of an E-Gas like Gasifier, 29th Annual
International Pittsburgh Coal Conference, Oct. 15-18, Pittsburgh, PA, USA.

3. Huang J.Y., Chyou Y.P., 2012, Discussion of high-temperature desulfurization reaction
parameters, 19th Regional Symposium on Chemical Engineer (RSCE2012), Bali,
Indonesia, 11/7-11/8, 2012.

4. Chen W.C, Chen W.S., Yu C.T, Chyou Y.P., 2012, Development of CO, Capture
Technique Using Calcium Aluminates Sorbents at Medium-High Temperature, 2012
Taiwan Symposium on Carbon Dioxide Capture, Storage and Utilization, 25-27
November, Taipei, Taiwan.

5. Yu C. T, 2012, Synthesis of calcium aluminates granule with TiO, binder for
high-temperature CO, capture » 11th International Conference on Greenhouse Gas
Control Technologies » Kyoto, Japan, 2012-11-18.

6. Chang P. H., Yu C. T., 2012, Structure Identification and CO, Adsorption Behavior of
Hybrid Metal Oxides by Hydrothermal Coprecipitation Route, International Symposium
on Metastable, Amorphous and Nanostructured Materials, Moscow, Russia,
2012-06-18~22.

7. Chang P. H, Yu C. T., 2012, Synthesis, Characterization and CO, Capture of in situ
Self-assembly Nano-scale Layered Double Hydroxide Particles, International
Symposium on Metastable, Amorphous and Nanostructured Materials, Moscow, Russia,
2012-06-18~22.

8. Chen M.H., Chen P.C., Chyou Y.P., 2012, Numerical analysis of oxy-combustion
characteristics and NOy formation in a pulverized-coal boiler, The 36th National
Conference on Theoretical and Applied Mechanics, Nov. 16-17, 2012, Chung Li,
Taiwan.
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ARTLE AR RAMEBL Y BEFAM BEY FARLIIHE O FP
% 1394611.2013°5 " 1 p -
FRFP

- AR OR R AR R 2 P B R RUR > T * iy pk 45 (Ca(Ac)y) -
Al(NO3); 7 42454~ él » Rk f{&ﬁfﬁi (Template) & == Ca & Al @i @
Ca(Ac)-AlI-CO3 2. z st K& ;& # & ¥ i # (nano-LDH) » # ¥ g &gt
Ca(Ac)-Al-COz J& * & 600°C m F H 4 - 3 1 E%i (COy) - ;ﬁ Ay
Ca(AC)-Al-COz ## & 5 pgdt/¥ b4 d, ¥ T ha Ljs A3t 2-6 2 5K (nm)
FEAa I %1@ 90%z2_ A=degk v F o ¥ g F iR 2 AR TR
Ficim 3 §90%7§1 '?;]z"
ARILE P FIEH AR K Ak R Ca-AlI-CO3 2 H flig g * = 3
EY EAREES > FP ¥ 1394612.2013°5 % 1 p -
&P

- fE BEF MR KAk A2 g ,‘é s A g
F AT GRANPL TR R 2 S 3 ok ek Sk 4 (Ca-Al-COg) 0 1T S ¢ R H
# - 31 'L‘ﬁﬁl\?’ o H {211 A o bt I ES &E"L’é&:ﬁ}ﬁ—* J\/p R R %ﬁd JE\J%/.\LEZ/J’
LI I S I CE IR O & S 2o ¥ Y ﬁ#i CEFREFEETR
ﬁ_ﬁ:ﬁ%gﬂ‘—"‘ﬁ““‘7 '&% ER AP 3‘ ILE}‘\'}’§$\,WP’§‘L$,”I§?‘T » gl
Ca-Al-COz #1#*  200~800°C i & BT & F wdc= § L a2 ic 4 » H ¢ 1
CaAl=7:1z #fl e ¥ zgl 52% g CO,/g LDH 2. iﬁ;‘(_, » T ¢ & 1 600°C
i 750°C \j(p“ﬁ‘(/'*!fmﬂffﬂ P sadF 3 45% g CO./g LDH 2 A % » ¥ &
P+ c‘rgm_—kgipj AR - Ml BT 7
=A% > Compact Two-stage granular moving-bed apparatus, P~% % R % 4|
%3 - US8,343,430B2,2013-1 % 1p o
FERRP

A compact two-stage granular moving-bed apparatus comprises a vessel, a
flow-corrective element, and a filter material supplying part. The vessel
comprises a hollow interior, a gas outlet, a first media outlet and a second media
outlet. The flow-corrective element divides the hollow interior into a first
channel and a second channel. The filter material supplying part has a first
provider for providing a first granular material flowing through the first channel
and a second provider for providing a second granular material flowing through
the second channel, wherein a vertical level of each first and second provider is
adjustable so that a first flow path that an exhaust gas flows through the first
granular material and a second flow path that the exhaust gas flow through the
second granular material is respectively capable of being controlled.
=4 T % > Moving granular bed with gas guiding system, 21 2 R & f1& 3 >
US 8,491,711 B2,2013 -7 * 23 p -
FRHP

A moving granular bed includes a filter granule channel, an inlet unit of gas,
an outlet unit of gas, a first detecting unit and a feedback control unit. The inlet
unit of gas is disposed at one side of the filter granule channel, and the dirty gas
is fed into the filter granule channel through the inlet unit of gas. The inlet unit
of gas has a first flow-guiding plate. The outlet unit of gas is disposed at the
other side of the filter granule channel. The first detecting unit detects the gas
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velocity at the inlet unit of gas site. The feedback control unit is electrically
connected with the first detecting unit, and controls the angle of the first
flow-guiding plate and flow rate of filter granules according to a detecting result
of the first detecting unit. A gas guiding system used in the moving granular
bed is also disclosed. The moving granular bed and gas guiding system can
make the dirty gas have different velocity or distribution while passing through
the filter granule channel so as to improve the usage of the filter granules.
AT R RRAS KA AEREYL, BEY FARE T B
p % 141973 %ji 2013-12 7 21 p -
FERP
AP G- AERAS BRI FEREE AR - AW
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FRHEP
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R T T eyt
BB L HE o B FeBek AP R A58 5 4 42 CaO k3 RLA] o
FAAT A CalFe B¢ 65 2-7 B> 37 { #m sk % (Ca-Fe-COg) v A p!
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B AA R E F 2 5.2-104 mmol/g - 20 = i E]4& T+ 99-100% ;
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FRHP
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The present invention is a method of fabricating a high-temperature anti-
sintering CO, capture agent, comprising steps of: (a) materials preparation,
where a Ca-Fe solution and an alkaline solution are prepared and then the Ca-Fe
solution and the alkaline solution are mixed and stirred to obtain a solution
containing a Ca/Fe carbonate material after precipitation; (b) hydrothermal
reaction, where the solution containing the Ca/Fe carbonate material is heated
and kept being pressed to obtain a solution containing a layered material; (c)
solid-liquid separation, where the layered material is separated out; (d)
desiccation, where the layered material is dried; and (e) calcination, where the
layered material is calcined to obtain a carbon capture agent of Ca-Fe-COg; and
where, at a temperature of 600°C, the carbon capture agent of Ca-Fe-COj3 has an
initial CO, capturing capability of 5.2~10.4 milli-mole per gram (mmol/g) and a
stability of 99~100 percent (%) after 20 capture loops. Accordingly, a novel
method of fabricating a high-temperature anti- sintering CO, capture agent is
obtained.
=R T % > Hybrid heating apparatus applicable to the moving granular bed filter
B AR EFET Lo P 2 WE 0¥ 505 14/066,8802013-
10 30 p -

&P

A structure of hybrid heating equipment according to the present invention
is disclosed. The present invention combines a multiple of the thermal sources
for heating the interior materials of the container simultaneously, and assures the
materials could gain the thermal energy uniformity. Furthermore, the present
invention allows users to control the level of the heating simply through
adjusting the length of interior heating elements or the flow rate of the incoming
gas. In addition, the present invention connect with the tubes of the hot exhaust
gas to further lower the influence of the thermal resistance by coordinating the
flow of the hot exhaust gas, therefore fully reflect the advantages of the
conserving energy and reducing the carbon emissions by reusing the waste heat
as the principal source while the electric heating devices as supplement.

B AE % 3H(99~101 & 5 102 # 4ot £) ¢
NPVER B L4 B 5402 (P FARBE]LEZREFI3 )

N «HE‘
1.

a4

ARTL I PR 2 N KGR E B 2 P IR AR ¢ EARE (Y
R 099106264) (%% 2013-5-1 8 & 4] » # P % 1394611)
BT R EIE s HaE = Multlple Stage Granular Moving Bed Apparatus » %
B E ] (¢ ;ﬁ—%. 55.:12/688,010)° (3% % = v 2012-4-27 2~ 17 & 4 U88,163,249
B2)

éi—“'ﬁ Waﬁi’waug,a BHOZ ~FO iz ~HBo s pkkz 2 FaEs
A 2R E (Y k5L 1 12/909,426) - (% % © 3t 2013-7-23 B~ 7E T
US 8,491,711 B2)

& B B% ~ 3 Frd ~ 03 Method of Fabricating Layered Nano-Carbonate used
for Medium-High Temperature CO, Sorbent - % ® & 4] (¥ # % 5. :
12/756,062) - (3% % = »+ 2012-6-26 B~1¥ % 4 » US8,207,086 B2 )

56



ST BESY

100 # & - =& f|& 8 BAEEIE (¢ FARES3E ) B¢ 35
(\:l ;‘g}‘-g\wg?lj‘?,fi N ;E{]%—NZ,})
EIEE 3
1. %hpE R %08 LA RI LA B RAEE EFY FARENES
#P % 1337889 5. -2011-3 % 1p o
FRBP

R R - B BRI R B RE G - -
FAOSL R FHCE A R o SR F NGB F P H e P AT B A
/,'L;u ;;ar/;:nikpﬂg‘.a} 0 zjg%‘gﬂg&%z};g\,miiﬁ R S S 1}

i Iz?&”'ﬁvm#% ;‘1"2517%"3—,'3?7/:}/;‘;ufiﬁ'ﬁb"-j—ﬂ/g\.milg,ji,f
ﬁh—”‘3ﬁjﬂhl?€ﬁ%ﬁ%@ﬁ@ﬁﬁﬁqusz5%ﬁ%%
S o Jhd AF P ONIRAEF RN F VR A E R 5 A7 Pl

q 22
R TG MEFTS R R o ER it LR A Ep s WLk
5 .

2. HO= 30 ST B BRI A A0 6
TR BRI G A £ PP AR JEE 5 M 5 1350197
B -2011-10 2 11 p -

BERP
ﬁ%m%%ﬁﬁKWWﬂW@ﬁﬁ»%ﬁé2>wai@wﬁﬁﬁﬁ»%§
POTEIRULT TG A - AWM - L A RIERE - G5 F - B 2R

B A P R 2R PO B b - il
L et 1 e S S Sy S e
BB 2 iF (TiEAT l;%gﬂ;ugf#7 — ;rrE SR PRV & F ‘“f#’ 14T s AL
AR @A KR 2 h AP JEd w AR & ir#Aﬁ%ﬁ%
&&ffwﬂﬁﬁgaﬂﬂiﬁ’uﬁﬁmﬁﬁﬁ’Tﬁdw% THlEKEE
Fro Byt LR AR A 0 U AT AT g AR AT g K S
B @//,%1*{;1 °

30 ERHMT phEpam R T RN R ABREAL > BEP FARE
Z o FP % 1353874 %L - 2011-12 % 20 p -
FRBP

AFP - A RN ERI R AEREYE ST - R D E

AR A B L D SR o 6 - R A A R R - 6

_ k%‘*vzuﬁp— }%}% TR = F - t'if‘”‘”ﬂt'—- K],,j@ﬂ? s dr g

ZAFBCBRE A%y - ?ﬁv&pq‘*};‘}:ﬁ B2 % — AymAaite § - ind ik

E A BRI - %D g IR RIS B F i - D TR

RE Rl P F IR -3 N AL I ARl S Sl A

e o SRR ) B ke W iR F @%%Kﬁ?%ﬁ— F IR F R
WH DRSNS O F 2 g R e

LAY #5
1. T ik 32 % T Compact two-stage granular moving-bed apparatus & 41 >

o (3%% & *t 2013-1-1 3~ ¥ & 4| » US 8,343,430 B2)

s
L VRELEIFEERTY 33 REA > ¢ 55 13/087,066 0 2011 o
4
ERAR T~ R Eﬁ’r%ﬁﬂﬁﬁﬁﬁﬁﬁﬁ%@ﬁﬁﬁJ%ﬂ’i?im

57



ST BESY

R & fIF R a0rY 37 2 ®E 4] ¢ 3505 100105714 > 2011 > 2 *
22 p o
FEap
iﬁmﬁ—ﬁ?@yﬁﬂﬁﬁﬂﬁﬁ&ﬁﬁﬁﬁ’f’é%p—&%
— AR iR - ;‘[gﬁf;{-{@;gﬁ cGAMEF - FEZF~-F T -
f‘—”—*%PH%W”*”a—“’%+%#V*"°;yﬂi%ﬂ*“*¢%
BN F T R ES B P kT U MR ES R
Wig > &M ’I%{ﬁ/@;&ﬁﬁ/ﬁ% LRSS ﬂ"?’pg*ﬂ;ﬁﬁ ':5%57‘ e em 14
Wi MR- A S SERER Y 2 - BIRH T DR Sk
Mot f Y 2 B @ ¥ - fERH T Y G AR i 2 e e R
B Y R g s 2 F PR AR BB RSP
3. FE AT STV ARIT S PiipA M- B B 0= T B E IR
Wi B F WA GEY ¢ EAEE A ¢ 5l 100138300 0 2011
10.21
& Ep
AFEP G- B B E IR E R F Wﬁm?ﬁ’ﬂ%ﬁ#—ﬁ.
ﬁ@%babmfEiﬁ&aﬁﬁnm»%%\%t%ﬁﬁﬁ Ry i
AN E - AT F o TiERE A
4. %&%~4ﬁﬁ Wﬁi’uﬁﬁ%ﬁﬁiﬁgm&ﬁﬂ$ﬁﬁmﬂjg

14—4pr v

Flo SFBEARBEET LY 3¢ FAME ) ¢ H5 5 100121040 -
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5. &£B&FL -~ 3~ AT > T Method of Fabricating Medium-High Temperature
CO; Sorbents Made of Alkali Metal Promoted Calcium Aluminate Carbonates | -
B4 ARSI S ERE Y 55L5 13/179,699 0 ¢
#=AK®100 & 7% 11 p o
FERBP

The present disclosure relates to fabricating CO, sorbents; more particularly,
relates to fabricating CO, sorbents with calcium aluminate carbonates promoted
with alkali metals for capturing CO, at a medium-high temperature. The main
purpose of the present disclosure is to fabricating CO, sorbents with calcium
aluminate carbonates promoted with alkali metal, like Li, Na, K, etc., for
capturing CO, at a medium-high temperature of 400~800°C with a fast capture
velocity, a good stability and a high amount ratio of CO, captured.

58



ST

Fepy — 3]

By

101 &R EFE[£ 122 2 EF62 (FREJSE -HEPEfL1E) &

—HE‘ ;%—61,4: (¢ %R@Z]g—fljzl’i \;]}Z]},—w4]’ﬁ:)

LAEE6

1.

=A% > A Dynamically adaptive trommel screen system » B~{8 £ R & 4|3
Z -US8,091,711B2-2012-1 % 10 p -
&P
A dynamically real-time adaptive trommel screen system is revealed. The
dynamically adaptive trommel screen system includes a fixture, a trommel screen
disposed on the fixture for screening a mixture into regenerated filter granules
and screened residues, a structured duct for transporting the regenerated filter
granules and an enclosure for collecting the screened residues, a tilt control
member arranged on the fixture for adjusting the tilt angle of the trommel screen,
and a feedback controller that controls the tilt control member according to the
mass flow rate of the screened residues when the trommel screen operates so as
to adjust the tilt angle of the trommel screen instantly and dynamically. By the
feedback controller and the tilt control member, the tilt angle of the trommel
screen is adjusted in a real-time and dynamic way so as to increase the screening
efficiency. Moreover, the state of fractured filter granules is acquired from the
feedback controller so that a certain amount of fresh filter granules can be
refilled into the filter system for improving the filtration efficiency.
BT~ @~ & O = - Multiple-Stage Granular Moving Bed Apparatus »
P EWEAIFES - US8,163,249B2 > 20124 » 27 p -
&P
A multiple-stage granular moving bed apparatus comprises a first integrated
moving bed unit, a second integrated moving bed unit and at least one granular
material. The first integrated moving bed unit, having a first inlet part for
providing a raw gas flowing therein, a first outlet part for providing a partially
cleaned gas flowing thereout, and a plurality of first flow-corrective elements
disposed therebetween for defining two channels. The second integrated moving
bed unit, coupled to the first integrated moving bed unit, having a second inlet
part for providing the partially cleaned gas flowing therein, a second outlet part
for providing a completely cleaned gas flowing there out, and a plurality of
second flow-corrective elements disposed therebetween for defining two
channels. The at least one granular material flows through the two channels
respectively and then passes through the two channels respectively.
thpa@ ~ RAE T % > Two-stage granular moving-bed apparatus » B~ {8 £ B & {1
%3 - US8,142,730B2 - 2012 -3 * 27 p -
FEBP
A two-stage granular moving-bed filter includes a gas inlet part, a gas outlet
part, and a plurality of flow-corrective elements. The gas outlet part is disposed
opposite to the gas inlet part, and the plurality of flow-corrective elements is
disposed in a channel formed between the gas inlet part and gas outlet part.
Meanwhile, a first granular material is provided to flow through a channel
formed between the gas inlet part and the flow-corrective elements in a state of
mass flow, and a second granular material is provided to flow through a channel
formed between the flow-corrective elements and the gas outlet part. By means
of having two different kinds of filter media moving through the channels
between the gas inlet and outlet part, it is capable of performing two-stage
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filtering process after the raw gas flows therethrough, so as to improve the
filtering effect of the gas.

4, ERBESERAT R O % O 4% Method of Fabricating Layered Nanomaterial
Used for Mid-High Temperature CO, Capture> 2~ % ® % f|% % > US8,168,156
B2 - May 1,2012.

FRRP
A material is fabricated for capturing CO, at mid-high temperature. The
material is a layered material containing Ca, Al carbonates. A higher ratio of Ca
to Al helps capturing CO,. The temperature for capturing CO; is around 600°C.
The material can even release CO; at a high temperature. Thus, the material can
process looping cycles of carbonation and decarbonization at a CO, carbonation
scale of 45% g CO,/g sorbent.

5 &£ & B4~ 3 Fg -~ 54T Method of Fabricating Layered Nano-Carbonate used
for Medium-High Temperature CO, Sorbent % 4] » B~ £ B &% {|&% 3
US8,207,086B2 - Jun. 26, 2012.

FERFP

A CO, sorbent is fabricated. The sorbent captures CO, at a medium-high
temperature above 600°C. Calcium acetate is introduced for making a nano-scale
layered double hydroxide (LDH). The layered structure is used for templated
synthesis. The sorbent has an initial conversion rate above 90%; and the
conversion rate remains the same even after 100 times of
carbonation/de-carbonation cycles.

6. o HF TR S A R KE BREER & JI%E S EPL791.205B1
101.09.12
&P

The present invention is a simulator used in initial system integration tests
of a SOFC to testperipheral components with saved costs by replacing the costly
SOFC with simulator.

2 ?IJE’ #H6 2
Lo FH4 M- W ST i RO ERIEE R R BB Y
A R AEFITREEPRFARERY 7 FARE Y ELA
101135109 - 101.09.25
& HP
- EEROER SR - RBELRE - RGELE L -
WA - ZRABEAIFE e BB ERERE L0 c ZRBEFTEA
FRVWOERGEIFE LA I ZRBEREI I H TR S
g HRE G - AR ME - B F I BRI AT AT
(Heat convection) = ;% #&-%u 3 » (8354 8 8 2 Hooa i ;‘iﬁ’g! #u 1 3% (Heat
conduction)> 8 d B ac £ Ma 2 e ByEdF G BELH B CH T
- MR s BRI e A A B g .
2. ABRTLEFBEIT MR M P BEFRAMAEMRKT Ca-Al-CO;
TfEE R > AR SHBEEJIFERESTY Y FAMEA Y L
% 101130731 - 101.08.23
FRHBP
- f8¢ BEHFABERKET Ca-A-COz3 1 2/ 22 H e 23 R
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FR M GO B RR R ﬁe?]ﬁ% BRES A B 3R TR TS R A
fasr AI(NOg)z 2o i3 e el 11 pei% - » i pl fa 40 (NayCO3 )% & ¥ 1 4 (NaOH)
zop el bk o B RPRIR B kR R R H%f#‘l’# BRI A A A g AR TR
TR FE D o SR R AR PR 2 1 TR PRI o i
FRR R RER AR B e AR 7 R R R i A T REE A Y
Bop R FIRMS SRR 5 ) F R G R R A R R AT & T
(Ca-AI-COa) 24 E*(f’f' O Pl F Pt Ay U S S EE R i
l’-‘s /§(4OON8OOOC)EE«1}#‘#ZL: 7 ILE:H\ IR il A‘glle#l’:‘\ A A ¥ 2_it b ;}ﬁ‘gg}l\
A 27 T o
FEF M-S EGRT pp A BRBESEE R IS RAIHER
5 é‘t TR AFFAVREENFERT Y GFEREL Y G %ip
13/660,058 » 101.10.25
&P
A heat-conducting structure comprises a heat-conducting metal layer, a
heat-conducting support layer, and a heat-conducting protection layer. The
heat-conducting support layer is formed to enclose the heat-conducting metal
layer thereby preventing the heat-conducting metal layer from thermal
deformation, while the heat-conducting protection layer is formed to enclose the
heat-conducting support layer. In another embodiment, the heat-conducting
structures are utilized to form a heat exchanger or a heat-exchanging system
comprising a heat-absorbing zone and a heat-dissipating zone, whereby a
high-temperature fluid is guided to flow through the heat-absorbing zone for
transmitting the heat to the heat-conducting structures within the heat-absorbing
zone through heat convention and the heat-exchanging structures conducting the
heat to the heat-dissipating zone such that a low-temperature fluid passing
therethrough can absorb the heat dissipated from the heat-exchanging structures
within the heat-dissipating zone and transmit the heat energy out of the heat
exchanger or the heat-exchanging system.
HS}»%L—'L - A 12 % > Gas Distributor for granular moving bed filter & 4] » £ 3=
FHRZENFRERTY 352 RE T ¥ 3505 13/446,062 > 2012 > 4 »
3p -
& HP
A gas distributor for a granular moving-bed filter comprises a distribution
module, arranged inside a granular moving-bed filter. The distribution module
comprises at least one flow-distributing curtain to be used for allowing a
turbulent gas flow with dust 5 mixed therein to flow therethrough, resulting that
before the turbulent gas flow enters the granular moving-bed filter, the turbulent
gas flow is transformed into a more uniformly distributed gas flow and the dust
contained therein are partially filtered out.
=T % > Hydrogen-Rich Gas Combustion Device & {1 » £ 2= 5 A ah4g & {1
PHEERY FERET > ¥ 555 13/453,339 - 20124 % 23 p -
FRHP
A combustion device for hydrogen-rich gas is provided. Before entering a
chamber, fuel and air are non-premixed for avoiding flushback. A vortex
generator and a fuel sprayer are combined to mix fuel and air for enhancing
burning effect. Vortex flame is generated with stabilizing aerodynamics of flow
provided through vortex breakdown. A flameholder is formed downstream an
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injector to maintain stable combustion. Cooling air is introduced from a sheath to
cool down a high-temperature gas, which leaves the combustion chamber and
drives a turbine for turning a power generator. Thus, the present invention
effectively mixes fuel and air, avoids flushback and prevents combustor damage.
ARTL AT s dh T2 P BRI AERL T Ca-Al-COs
Thfg R > AFECFBREENFREEATY FERE Y FELG
13/613,224 » 101.09.13
FRHP

An engineered process of manufacturing a carbon capturing agent calcium
aluminum carbonate Ca-Al-COj3 includes steps of mixing, solid-liquid separation,
drying and extrusion, crushing and conveying, and calcined molding. The acid
bath of Ca*? and Al*? is mixed with the alkaline bath of Na,CO3 and NaOH while
stirring to form slurry which are then subject to solid-liquid separation to obtain a
filtrated cake. The filtrated cake is place into a drying and extrusion device to
obtain granular material. The granular material is placed in a conveying and
crushing equipment to obtain a powder material. The powder material is calcined
at furnace for forming a Ca-Al-COs, which is nano-layered composite with high
porosity. Thereby, the preparation of a solid sorbent can be scale up under
systematically controlled with yield of at least batches of kilograms used in
medium-high temperature (400 ~ 800°C) CO, capture.

(=) Hpedp 2
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11.

B AE 20130 ok &2 5 £ N 2 RRRY » INER-10040H -
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raw 0% 5 20135 ¢ FiE 4 AR A AP B 5 > INER-9940H o
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(1) s~ %332 % > T Compact two-stage granular moving-bed apparatus ; % 41 >

1 EWEJIES - US8343430B2 20131 % 1 p -
FRFP

A compact two-stage granular moving-bed apparatus comprises a vessel, a
flow-corrective element, and a filter material supplying part. The vessel comprises a
hollow interior, a gas outlet, a first media outlet and a second media outlet. The
flow-corrective element divides the hollow interior into a first channel and a second
channel. The filter material supplying part has a first provider for providing a first
granular material flowing through the first channel and a second provider for
providing a second granular material flowing through the second channel, wherein a
vertical level of each first and second provider is adjustable so that a first flow path
that an exhaust gas flows through the first granular material and a second flow path
that the exhaust gas flow through the second granular material is respectively capable
of being controlled

(2) =#-T % > Moving granular bed with gas guiding system, 28 £ B & {#% 3 >

US 8,491,711 B2,2013 -7 * 23 p -
&P

A moving granular bed includes a filter granule channel, an inlet unit of gas,
an outlet unit of gas, a first detecting unit and a feedback control unit. The inlet
unit of gas is disposed at one side of the filter granule channel, and the dirty gas is
fed into the filter granule channel through the inlet unit of gas. The inlet unit of
gas has a first flow-guiding plate. The outlet unit of gas is disposed at the other
side of the filter granule channel. The first detecting unit detects the gas velocity
at the inlet unit of gas site. The feedback control unit is electrically connected
with the first detecting unit, and controls the angle of the first flow-guiding plate
and flow rate of filter granules according to a detecting result of the first detecting
unit. A gas guiding system used in the moving granular bed is also disclosed.
The moving granular bed and gas guiding system can make the dirty gas have
different velocity or distribution while passing through the filter granule channel
S0 as to improve the usage of the filter granules.
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(5)=8 4 - & > Hybrid heating apparatus applicable to the moving granular bed filter
I 2B R EAET TP Y 2 WEA] 0 ¥ 555 14/066,880 - 2013 - 10
130 p o
&P
A structure of hybrid heating equipment according to the present invention is
disclosed. The present invention combines a multiple of the thermal sources for heating
the interior materials of the container simultaneously, and assures the materials could
gain the thermal energy uniformity. Furthermore, the present invention allows users to
control the level of the heating simply through adjusting the length of interior heating
elements or the flow rate of the incoming gas. In addition, the present invention connect
with the tubes of the hot exhaust gas to further lower the influence of the thermal
resistance by coordinating the flow of the hot exhaust gas, therefore fully reflect the
advantages of the conserving energy and reducing the carbon emissions by reusing the
waste heat as the principal source while the electric heating devices as supplement.
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(4) £ & 8, % > Method of fabricating calcium ferric carbonates used for high
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The present invention is a method of fabricating a high-temperature anti-
sintering CO; capture agent, comprising steps of: (a) materials preparation, where a
Ca-Fe solution and an alkaline solution are prepared and then the Ca-Fe solution
and the alkaline solution are mixed and stirred to obtain a solution containing a
Ca/Fe carbonate material after precipitation; (b) hydrothermal reaction, where the
solution containing the Ca/Fe carbonate material is heated and kept being pressed to
obtain a solution containing a layered material; (c) solid-liquid separation, where
the layered material is separated out; (d) desiccation, where the layered material is
dried; and (e) calcination, where the layered material is calcined to obtain a carbon
capture agent of Ca-Fe-COg3; and where, at a temperature of 600°C, the carbon
capture agent of Ca-Fe-CO3 has an initial CO, capturing capability of 5.2~10.4
milli-mole per gram (mmol/g) and a stability of 99~100 percent (%) after 20
capture loops. Accordingly, a novel method of fabricating a high-temperature anti-
sintering CO, capture agent is obtained.
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