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Asian dust transported one full circuit around the globe

JUNKEIS 2 Emge By (s
Kyushu University ~ [tsushi Uno

The transport of mineral dust is well known to occur usually within the lower troposphere. Long-range transport of
Asian dust has occasionally been observed on a trans-Pacific scale, and, in a few cases, Asian dust has been detected in
the ice and snow cores in Greenland and French Alpine. Here, we present findings from a comprehensive study of an
extensive dust storm occurring in China’s Taklimakan Desert during May 8-9, 2007. We found the dust-veiled cloud
was transported in the upper troposphere more than one full circuit around the globe. This extraordinarily long-range
transport was tracked by the recently launched CALIOP space-lidar and confirmed by our model simulations. The dust
transport took approximately 13 days. Upon reaching the northwestern Pacific after one circuit, the dust descended to
the lower troposphere caused by the subsidence of a high-pressure system, indicating the possibility that Asian dust
can supply mineral nutrients to open oceans far from the source region. During the transport, the dust appears to have
interacted with cirrus clouds, suggesting that the Asian dust can impact the global radiation budget via indirect effects.
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Micro Review
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Development of Solid-state Electrochemical Gas Sensors Aiming at
On-board Diagnosis and Environmental Monitoring

TN e v 2 — Y B
Kyushu University  Norio Miura

Among various analytical methods developed for detection of environmental pollutants, electrochemical solid-
state gas sensors have received great attention due to their advantages such as high sensitivity, high selectivity, rapid
response and portability. Over the years, we have developed a large number of high-performance solid-state gas sensors
using various sensing electrode (SE) materials. One of the important approaches is the use of yttria-stabilized zirconia
(YSZ)-based gas sensors employing oxide-SEs under various detection modes. Several experimental parameters such
as operating temperature, thickness and morphology of SE have been optimized to achieve highly desirable sensing
characteristics. The obtained sensors showed excellent performances with a great scope for application in on-board and
environmental monitoring. This micro review provides an overview of the mixed-potential-type, amperometric and
impedancemetric gas sensors recently developed by our group for detection of environmental pollutants.
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Development of High-performance Zirconia-based Gas
Sensors Using Nano-structured Sensing Electrodes

Kyushu University
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Vladimir V. Plashnitsa, Norio Miura

The present study is overviewed the recent developments in yttria-stabilized zirconia (YSZ)-based planar sensors
using nano-structured sensing electrodes (SE) aiming at sensitive and selective detection of exhaust gases and ammonia
slip in automobiles. Particular attention is focused on the fabrication of nano-structured Au-SEs and evaluation of its
sensing characteristics in a wide operating temperature range. It was observed that the sensing performance of nano-
structured Au-SEs depended to a large extent on the size and shape of Au nano-particles as well as on the morphology

of YSZ substrate.

A growing production of automobiles and
implementation of industrial combustion furnaces
especially in developing countries enforce a strong
concern globally on environmental pollution due to
release of various hazardous gases (NO,, hydrocarbons
(HCs) and CO). As for the automobiles are concerned,
conventional three-way catalyst (TWC) and selective-
catalytic reduction (SCR) systems are used to oxidize CO,
NO, and HCs to environmentally safe CO,, N, and H,OV.
Thus, the minimization of concentrations of exhausted
gases will result in keeping the clean environment and
CO, reduction. The control of functionality of TWC
and SCR systems requires the development of high-
performance solid-state gas sensors workable in harsh
environments and high temperature.

The yttria-stablizied zirconia (YSZ)-based gas sensors
using the different kinds of sensing electrodes (SE) are
capable of providing the sensitive and selective responses
to various gases. Furthermore, new attractive findings

Fig. 1. Crystallization of 5 nm-Au colloids on (a) rp-, (b)
pp-and (c,d)sc-YSZ ((111) and (100), respectively)
plates, after annealing at 1000°C for 2 h.

in a field of nano-structured materials allow applying
their distinguished features to improve the selectivity
and sensitivity to a target gas. In fact, we have recently
reported that the YSZ-based sensor attached with Au-SE
fabricated by r.f. sputtering (sub-micron Au particles)
gave sensitive and selective response to NO,?.

Thus, to examine the effect of size and shape of Au nano-
particles on its gas sensing characteristics, Au-SEs were
fabricated by applying the colloidal gold solution with
the particle size of 5 nm on different YSZ plates (porous
rough- polycrystalline (rp) YSZ: grain size and roughness
of about 300 nm; dense polished-polycrystalline (pp)
YSZ: grain size — about 5 pm, roughness — 150 nm; and
atomically-smooth single-crystal (sc) (100) and (111)
YSZ: roughness is less than 0.5 nm). Figure 1 shows the
morphology of Au-SEs fabricated on (a) rp-, (b) pp-, and
(c, d) sc-YSZ plates after annealing at 1000°C for 2 h.
It was observed that almost all Au colloids diffused into
the surface layer of rp—YSZ (Fig. 1, a) and this sensor
gave the highly selective and sensitive response to C;Hg
at 550°C (Fig. 2). Such a behavior is attributed to the
formation of intermediate compounds (propylene oxide
or acrolein) in the vicinity of nano-Au/Y SZ interface with

NHS (g
NO2 550°C
5vol.% O2

[ ] 5vol.% H20

) \ 400 ppmeach

[ |

-
C3He! o |

50 0 -50 -100 -150 -200 -250
Aemf/ mV

Fig. 2. Cross sensitivities to various gases (400 ppm
each) at 550°C under the wet (5 vol.% H,0) for
the sensor based on rp-YSZ treated with 5 nm-Au.
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Fig. 3. Comparison of the cross sensitivities to various
gases (400 ppm each) at 700°C under the wet
condition for the sensors based on each of sc-
YSZs attached with Au-SE.

(@) as- after after
fabricated 45 days 75days

20 mV

15 min
L

100 ppm NH3; 700°C; 5% Oz2; 5% H20

nano-Si02

Fig. 4. (a) Response transients to 100 ppm NH, at 700°C
under the wet condition for the sensor based on
pp-YSZ treated with 5 nm-Au; (b) change of the
shape of spherical Au particles to hexagonal-like
Au-SiO, composite.

the help of adsorbed oxygen?.

In the case of sc-YSZ plates, the gold followed the
crystalline orientation of YSZ and formed the conductive
(100)- and (111)- oriented Au domains with square- and
triangular-like geometry, respectively (Fig. 1, ¢ and d).
As a result, the sensor based on YSZ(100) with Au-SE
exhibited high but not selective responses to HCs at 700°C,
whereas the sensor based on YSZ(111) gave selective
and sensitive response to NH;. Such a discrepancy in the
sensing characteristics can be attributed to the dissimilar
affinity and catalytic activity of variously-oriented Au
domains to different gases.

The morphology of pp-YSZ can be considered as
an intermediate between rp- and sc-YSZ plates. So,
only partial Au clustering was found along the grain-
boundaries and considerable amount of Au nano-particles
were observed on the YSZ surface (Fig. 1, b). The as-
fabricated pp-YSZ-based sensor using Au-SE did not
show attractive sensing characteristics. However, after
45 days of operation at 700°C, the present sensor was
found to give sensitive and selective response to NH; and
the NH; response was not altered even after 75 days of
operation (Fig. 4, a). SEM and EDX analyses revealed
a gradual accumulation of nano-SiO, impurities on the
surface of nano-Au particles (Fig. 4, b) changing their
shape from spherical to hexagonal. In turn, it might result
in change of its catalytic activity to gas-phase oxidation
because some of active Au clusters are hidden by SiO.,.
Additionally, high NH; sensitivity can be promoted by
possible acid-basic interaction where acidic SiO, nano-
particles catch and bind basic NH; gas molecules.

Thus, based on the obtained results, we are currently
designing and constructing the high- performance YSZ-
based sensor using nano-structured SEs for the selective
and sensitive detection of carbon monoxide.
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Improvement in Sensing Characteristics of Zirconia-based Total Hydrocarbon Sensor
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Kyushu University  Yuki Fujio, Norio Miura

In order to improve the stability of the mixed-potential-type yttria-stabilized zirconia (YSZ)-based propene (C;Hy)
sensor attached with ZnCr,0O,-sensing electrode (SE), the several modifications of the SE material and YSZ powder
were examined. As a result, the sensor using the laminated ZnCr,0,/YSZ-SE gave the stable emf response against
100 ppm C;H, at 5500C for about one month. The fabricated sensor was found to exhibit the linear dependence of
sensitivity on the logarithm of C;H, concentration in the range of 10-800 ppm as well as on the logarithm of total
concentration of various hydrocarbons in the range of 90-2600 ppmC.

1960 LIRE D IS O BB AT 8L, RicEmL.
HEHHE A KB BRETE LR IN TV S, HEHHET R
rh—R LR BRIV, BALKRIREDRLIGRYE
&, M4 OBRBERER S [ Z T IHRRO—DTH %, 1 TE,
JERAZ VR bk (NMHCSs) L ATy 70 HBRIRRE L
DIFN & 752 BUEINIZT R KT RIE TH %, BUE, AEfHOT
VYV VBRUBNEY A7 LORIENE, FiciEREE P KD
TONTW B, UL, O HBIEHE Ao kic k0.
T4 DRGIEGYNE 7 in situ CHIE T X 2B P 22>t
DBIFNYIHEEIN TV S,

BEHPEA A & SR, SERE, ERE, B
ek, EREEID RO BND, TNE THLDXL YO
Mo 2, ZE(bYNa=7 (YSZ) & EREME & LIzBA
(L2l o, AR EnR 2 Rt 35 2 & T
FVB) AT A HNC & £ N R S0E R 72 L i v O )
RS TRIEE D DEEIRNICHIT T E 2 2 EAMEI N T
%5 D, £z, YSZIF T TICEHEALEIN TV SR Y OTHE
AR EUTHWSNTED, HE AR A 2 I Ui
Bz sz, UL, BETHHEH XHRICIZZ B ONMHCs
RIELTED, TNE THEIN/ZNMHCs > %1iE, NMHCs
DRZABCCREMAS & (BRI REIRIRE A I KD REED R
278 NMHCsD F—2)URAKZIRE 2 IE 92 T L3 8
LW

THUTHUT, FAE Tk, #i7 a L Hfigh (ZnCr,0,)
BRI ORIV a =7 3 h, HEHEN
AR EIEOEISM R T NMHCSIS R UGERINTISE L,
F iz, SHHEORALKER A DEIGTRE LI A AT
JEIED, b—20VIRALKZIRE (ppmC) 1R LT LLBIBE R 7z
IRT T eEHE U, Uh L, A Y2 ENEEI S 85 L,
HASERED LRI B T b o T, 2T T AW
Tld, BRBLIA D)3 =7t > DZnCr,0 M T K%
MABT LT RO ZEENZ UG U, e, L

FEFDOHATERFCOVTERAEINZ 2,

LU BT OEEICIE, R—=ZAME L LTYSZ %, Bk &
LBz e, 9. TilkOYSZE (8 mol% Y,0;
doped) DAMAIZETIC, BBIEIR—A R EPIR—A b2 ZNTN
HORICEBAT Uz, F72, YSZENMIR IO /eiiIc Pt R—A - 72
WA LTz, D%, BRI, 1100°CT2RERINEK 95 T Lic K
D, BN (SE) | *Hli (CE) BXUBI (RE) ZZNTh
BRL TRy Y ETE L, COETREREBELIFAOT 00—
TIVHICERE Ut ML DR A2 B S8 7o, TORE
SRR H IS RGBS Ules IBBHIEICIE T L 7 haA—
K2 N, Wi AT A 72 Fa - RIS A TR ORI & 23 et
MDOEN 22 IE LTz TORR &H ADF#IZ100cm¥/mink
L. WINOHAEHE &+ 5 vol. % H,0) LTHWz,

K9 A ORI G 2 B U Te 32T D H RAIRE R IED
IR DWTHGET Uz, M UTeBOmIE, ENEh(a) Zn-
Cr,O0,DHTYER L T=MHIME (ZnCr,0,-SE) | (b)  ZnCr,0,4lc
YSZ#RZ 10 wtY%imInU7aAIR (ZnCr,0,+YSZ-SE) . ()
YSZJZ [ i ZnCr, 0, 2 KiJE L7AiH R (ZnCr,0,/YSZ-SE)
TH 5, RNTTRTEIIC, TOXRVEEEZ(a) ZnCr,0,-SE&(b)
ZnCr,0,+YSZ-SETIE, I0HARE X TREEL TV, Th
DI ZEIC TR B T e Wb oTzs — 7. (€)  ZnCr,0,/YSZ-
SEDBZ AT, MIEZIT o717 AR, FERICKE TH BT
e ot FAZ T 17 HHTENMHCSHS DA R
I UTIEE A LIS 2R E T, RALKZITH UGEIRINIC IS
Bz,

ZTC. SEMEIRBLUEZEA VE—Z 2 AJEICKD,
TEMIA & RIARMIE % O R ORI E L2 ik Uiz, Z D
B YSZERBEANDYSZEBDIEKIC KD, KL TH 2 =
PR Z , Z & 81T ZnCr,0,/Y SZ SR DM IT) 22 8 M
ML TWB T b oTz, —fIC, IBEEM L )La=y
Y OISEREE . BRI M & SE/ Y SZ 5T
DOBLUCANSOSIENE (Y =T 2B X OT7/ =T 1



o ——F7——7——7———
(c) ZnCr204/YSZ-SE
_ .% N S— e e —
’ \
..,... ,/ \
501 08y ~ \ -
> S -.- "l’. \
1S 5 \
= 3 3 \ ]
g \
) % \
< _100}F \ [ (@) ZnCr204-SE | _|
- 550°C b
- 100 ppm C3He
. 21 vol.% O2 3 | (b) ZnCr204+YSZ-SE
* 5vol.% H20 L]
-150 N 1 N 1 N 1 N 1 N
0 5 10 15 20 25 30 35

Time / day

Fig. 1: Time course of C;H, sensitivity at 550°C for the
sensors attached with each of (a) ZnCr,0O,-SE, (b)
(ZnCr,0,+YSZ)-SE, and (c¢) ZnCr,0,/YSZ-SE.
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Fig. 2: Dependence of Aemf on the total concentration
of various HCs mixtures at 550°C for the sensor
attached with the laminated ZnCr,0,/YSZ-SE.
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Advanced Energy Conversion of Useful Resources toward Low-Carbon Society
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% k. Mohammad F. Irfan

Fukuoka Women’s University ~ Katsuki Kusakabe,

SungMo Son and Mohammad F. Irfan

The numerous actions for reduction of carbon dioxide concentration in air and for saving of energy supply from
fossil fuel resources have been considered and developed to realize a low-carbon society. In our laboratory, advanced
biodiesel synthesis from waste recycle oils such as an electrolysis method and a rapid catalytic method in microtube
reactor were investigated. Basic research of CO,/O, gasification of coal was started as a subject of Novel Carbon

Resources Sciences.
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Biodiesel production from sunflower using CaO catalyst under reflux conditions

wmiz TRt R e
Fukuoka Women’s University SungMo Son

Transesterification of sunflower oil (SFO) with methanol was performed using CaO catalyst at 80-120°C under
reflux conditions. The effects of the reaction temperature, the catalyst concentration and the molar ratio of methanol to
oil on fatty acid methyl ester (FAME) yields were investigated. The CaO catalyst showed good catalytic activity under
reflux conditions. In addition, the fuel properties of the BDF produced at 120°C with 5 wt% CaO catalyst satisfied the
values required in the EU standard for biodiesel fuel (EN-14214).

Introduction

BDF is catalytically synthesized through the
transesterification of triglyceride in vegetable oils and
animal fats with excessive methanol, and is used as an
alternative petroleum diesel fuel because of its similar
combustion properties'®. BDF is environmentally
attractive because a reduction in emissions of greenhouse
gases, SOx and aromatics can be achieved when it is used
in place of petroleum diesel fuel.

BDF is produced using a homogeneous catalyst
such as KOH, NaOH, HCIl and H,SO, under the mild
conditions*”. Homogeneous catalysts caused problems
such as equipment corrosion and the need for wastewater
treatment after removing the dissolved catalyst from BDF
with a large amount of water?. However, heterogeneous
solid catalysts can solve these problems due to the easy
separation of the catalyst from the FAME and to the
reusable properties of the catalyst*® %10,

In this study, transesterification of SFO with methanol
using CaO catalyst in a reactor with a condenser was
investigated at a temperature higher than the boiling
point of methanol. The fuel properties and quality of the
produced BDF were examined.

BDF Production Process

Transesterification of oil with methanol was performed
in a 100 mL flask equipped with a magnetic stirrer, a
thermometer and a reflux condenser. The methanol/oil
molar ratio was changed within the range of 6:1 to 18:1.
The weight concentration of CaO catalyst based on the
oil was varied from 1-10 wt%. The flask was immersed
in an oil bath. The reaction temperature was varied from
60-120 °C. The reaction product was centrifuged at 6000
rpm for 20 min. The upper ester layer was rinsed with
deionized water and the mixture was centrifuged again.
These procedures were repeated several times until the
pH value in the aqueous phase reached 7.0. Then 0.1 ml
of the rinsed sample was diluted by 3 ml of hexane for
analysis. The concentration of unreacted oil that remained
in the BDF was analyzed using a high performance liquid
chromatograph (HPLC, Tosoh Corp., Japan) equipped
with a silica-gel column (Shimpack CLC-SIL, Shimadzu
Corp., Japan) and a refractive index detector. The standard

tests (JIS K 2390) of fuel properties of the BDF including
flash point, pour point, metal content, iodine value, and
impurity concentrations, were carried out by Shimadzu
Techno-Research Inc.

BDF production from SFO

The effect of molar ratio of methanol to oil on FAME
yield for transesterification of SFO is shown in Fig. 1. The
molar ratio in the mixture of oil and methanol loaded in
the flask before heating was adopted in Fig. 1. FAME yield
increased as the molar ratio of methanol to oil increased
and reached a maximum value. A decrease in FAME
yields at higher levels of methanol content was caused
by the dilution effect of catalyst and reactants®. A molar
ratio of methanol to oil higher than the stoichiometric
ratio has generally been adopted for BDF production, to
obtain a high FAME yield. The optimum molar ratio of
methanol to oil for the transesterification of SFO with
KOH catalyst at 25 °C was in the range of 6:1 to 8:1 11).
In the case of CaO catalyst, Kouze et al.'? adopted a 12:1
molar ratio of methanol to oil for the transesterification of
soybean oil and waste cooking oil with refluxed methanol.
Liu et al.'® reported that the optimum molar ratio for the
transesterification of soybean oil at 65 °C was 12:1. As
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Fig. 1. Effect of the molar ratio of methanol to oil on the
FAME yield for transesterification of SFO: Reac-
tion temperature, [, 80 °C; O, 100 °C; A\, 120
°C; 5 wt% CaO catalyst; Reaction time = 30 min.



shown in Fig. 1, the optimum molar ratio at the reaction
temperatures of 80 and 100 °C was 12:1, and shifted to 9:1
at 120 °C.

The effects of reaction time and temperature on the
FAME yield for transesterification of SFO are shown in
Fig. 2. As the reaction time progressed, the FAME yield
showed S-shape curves, which, according to Kouzu et
al."» could be explained that by a variation of the reaction
order as transesterification progressed. Transesterification
obviously occurred at the boundary between oil and
methanol in the early stage, where the reaction rate might
be zeroth-order kinetics with respect to oil concentration.
The reaction rate was then changed from the zeroth to
first order kinetics, due to good miscibility in the reaction
mixture. Guan et al.” observed the flow behavior in a
microtube reactor during the transesterification of SFO
and reported that a quasi-homogeneous flow of dispersed
fine droplets of glycerol and methanol in the continuous
FAME/oil phase was formed above the oil conversion of
70%. As shown in Fig. 3, FAME yields reached more than
92% after 90 min of reaction time.

Fig. 3 shows the effect of reaction temperature on
FAME yield for the transesterification of SFO.

Transesterification of oil with methanol in the presence
of heterogeneous catalysts is a three-phase reaction
system. Accordingly, the reaction rate might be reduced
due to mass transfer resistance on the boundary between
the oil and methanol phases. FAME yield increased as
reaction temperature increased, due to the enhancement of
miscibility at high temperatures. Liu et al.¥ indicated that
methanol was vaporized at high temperature and formed
a large number of bubbles which inhibited the reaction
on the three phase interface. However, the evolution
of bubbles enhanced the turbulence in the reactor and
reduced mass transfer resistance in this study.

Fig. 4 reveals that the FAME yield increased as
the concentration of CaO catalyst increased, due to
the increase in the total number of available catalytic
active sites for the reaction' Y. The FAME yield was
also affected by mass transfer between the reactant and
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Fig. 2. Effects of reaction time on FAME yield for
transesterification of SFO: [ 1, 80 °C; O, 100 °C;
/\, 120 °C; 3 wt% CaO; Molar ratio of methanol
to oil = 6:1.

catalyst® 13 ¥ Accordingly, high catalyst concentration
caused the reactant mixture to be more viscous, which
caused a decrease in the reaction rate due to mass transfer
resistance'> 19,

Fuel properties of the produced BDF

BDF samples for the analysis of fuel properties were
produced from the transesterification of SFO with 5
wt% CaO at 60 and 120 °C for 2hr and washed with
water several times. The BDF properties obtained using
CaO catalyst were compared with that obtained those
using 3 wt% KOH catalyst. Table 1 summarizes the fuel
properties of the produced BDF.

The pour point is the lowest temperature at which
frozen oil can flow, and is often used to specify the cold
temperature usability of fuel oil'”'®. The pour points
evaluated by JIS K2269 were -7.5 and -2.5 °C for BDF
samples produced with CaO catalyst at 60 and 120 °C,
respectively. The flash point is the lowest temperature at
which liquid oil can form an ignitable mixture in air. All
the flash points evaluated by JIS K2265 were higher than
the values described as the minimum requirements for
BDF in the European standard (EN-14214).

The amounts of alkali metal and alkali earth metal
were evaluated using the ENI14108 and EN14538
standards, respectively. The amount of alkali earth metal
in unwashed BDF was as much as 1.3 wt%, perhaps
Ca compounds such as calcium methoxide and calcium
diglyceroxide were partially dissolved in the FAME at
high temperatures. After washing the FAME phase with
water, the amount of alkali earth metal in the FAME
produced with CaO catalyst at 120°C was lower than
the minimum value (5 ppm) stipulated by the EN-14214
standard.

The results of iodine values evaluated by JIS K0070
were close to the maximum value (120 gI/100g)
stipulated by the EN-14214 standard. The iodine value
is related to the number of double bonds of fatty acids,
and mainly depends on the origin of the vegetable oil.

80
70 -

FAME yield [%]

(] 2 4 6 8 10
Ca() concentration [wi%]

Fig. 3. Effects of reaction temperature on FAME
yield: [, 3 wt% CaO; O, 5 wt% CaO; V/, 10
wt% CaO; Molar ratio of methanol to oil = 6:1;
Reaction time = 30 min.
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Monoglyceride, diglyceride, and glycerol were formed
during the transesterification of triglyceride, and these
compounds should be removed from BDF. The total
glycerin results, which include the amounts of mono-
, di- and triglyceride and glycerol, were lower than the
minimum requirements for BDF in the European standard
(EN-14214). In particular, the amounts of intermediates
(mono- and triglyceride) of BDF obtained using CaO
catalyst were lower than those obtained using KOH
catalyst. Thus, the quality of BDF produced using CaO
catalyst at 120 °C was acceptable, judging from the
quality required in the European standard (EN-14214).
In summary, high temperature BDF production using
CaO catalyst under reflux conditions was proposed. The
FAME yield for transesterification of SFO indicated a
maximum value in the molar ratio range from 6:1 to 18:1.
The FAME yield of SFO reached more than 92 % at a
molar ratio of 6:1 and a reaction temperature of 80 °C for
120 min with 3 wt% CaO catalyst. Thus, CaO catalyst
showed good catalytic activity under reflux conditions.
In addition, the fuel properties of the BDF produced
at 120 °C with 5 wt% CaO catalyst satisfied the values

required in the EU standard for biodiesel fuel (EN-
14214). The results obtained in this study are suitable for
commercialization.
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Fig. 4. Effects of catalyst concentration on FAME

yield: Reaction temperature [, 60 °C; O, 80 °C;
/\, 100 °C; ¥/, 120 °C; Molar ratio of methanol
to oil = 6:1; Reaction time = 30 min.

Table 1. Fuel specifications of BDF from sunflower oil

BDF Catalyst 3wt% KOH Swt% CaO Swt% CaO EU
sample Reaction temp. 60°C 60°C 120°C guide line
Pour point (°C) 275 275 2.5 -
Flash point (°C) 188.5 178.5 182.5 >120
Alkali metal Na ( ppm) <2 - - <5
Alkali metal K ( ppm) <2 - - <5
Alkali earth metal Ca ( ppm) - ( 4253)3 (13?)%)0)3 <5
Alkali earth metal Mg ( ppm) - (<<22)a (<<22)a <5
Todine value (gI/100g) 119 123 123 <120
Monoglyceride (wt%) 0.53 0.12 0.26 <0.80
Diglyceride (wt%) 0.07 0.04 0.04 <0.20
Triglyceride (wt%) <0.05 <0.05 <0.05 <0.20
Free glycerin (wt%) <0.005 <0.005 <0.005 <0.20
Total glycerin (wWt%) 0.15 0.04 0.07 <0.25
a: unwashed BDF
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Pulverized coal pyrolysis & gasification in N,/O,/CO, mixtures

by thermo-gravimetric analysis
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The combustion characteristics of Datong coal in the different N,/O,/CO, environments have been extensively
studied by using thermo-gravimetric technique. The effects of combustion environment, oxygen and CO,
concentrations and different heating rates were considered. Moreover, different models have also been applied and the
values of Arrhenius activation energy (E) and pre-exponentional factor (A) have also been estimated from the TGA

data obtained at different heating rates.

Introduction

Concerns over the role of greenhouse gases in forcing
global warming have led to international agreements
that have set targets for controlling carbon dioxide
emissions. Achieving these goals will require emissions
trading, increasing energy efficiency, fuel substitution,
and changes in combustion practice. Coal is an abundant,
low cost fuel but with a high ratio of carbon to hydrogen,
making control of CO,, a major concern for the future
use of coal. As stationary sources emitting large amounts
of CO,, pulverized coal fired power stations could be
the best candidates to install CO, capture system. In lieu
of our growing energy demands, carbon sequestration
provides an alternative to sharply reducing coal use.
Carbon sequestration can be defined as the capture and
secured storage of the carbon that is emitted as a result
of human activities as well as the carbon that is already
present in the atmosphere. However, it is necessary that
the concentration of CO, in the gas or liquid stream be
more than 90% before it can be injected into the oceans
or deep underground geological formations.

The carbon-CO, reaction is of great importance in coal
gasifiers and in numerous industrial operations hence this
gasification process has been examined extensively by
many investigators'?. Turkdogan and Vinters'” reported
the effect of CO, concentration on the carbon-CO,
reaction rate. The reaction rate of the C-CO, reaction with
respect to CO, concentration is approximately first order
at low pressures (pressures much below atmospheric) but
approaches zeroth order at high pressures (pressures above
15 atm)'). The carbon-O, is also important in overall
gasification scheme because the reaction is rapid even
with chars, exothermic and not limited by equilibrium.
Thus some char is reacted with O, to produce the heat
and temperature required to drive the carbon reaction'?.
Moreover, prior to or concurrent with the other reactions
in a gasifier, pyrolysis of coal takes place. As the behavior
of pyrolysis is not yet properly established but however,
it is known that the rate of pyrolysis and the amount and
composition of volatile products from a given sample
of coal or char depends upon several factors such as
heating rate, final decomposition temperature attained,
vapor residence time, the environment under which the

pyrolysis takes place, pressure coal particle size and
coal type'*'¥. The char-CO, reaction, after the pyrolysis
reaction is completed, takes place on the char surface and
is essentially a carbon-CO, reaction. As the later starting
only after the former stage is essentially completed and
as the pyrolysis process is completed at high temperature
so it is better to gasify the coal at oxy-fuel combustion
conditions by which the internal surface area increases
markedly'®.

Oxy-fuel combustion technology could be successfully
used to retrofit existing coal fired power plants or
alternatively be used to design and build new coal fired
power plants with almost zero emissions'®. In a recent
review, oxy-fuel combustion technology for coal fired
power generation has been described in detail and
demonstrated to be a cost effective method of CO,
capture'”. However differences in thermal properties of
N, and CO, make oxy-fuel combustion quite different
from conventional air combustion. Buhre!” also reported
that the presence of CO, in high concentrations during
oxy-fuel combustion affects the heat transfer, flame
ignition, coal burn out, emissions, and ash properties.
Comparison of the reactivity of coal/char in air and oxy-
fuel combustion environments under various O,/N, and
0,/CO, conditions have been studied and number of
factors have been identified to cause the difference' .
This difference in reactivity are due to the differences in
properties of bulk gases, the lower rate of diffusion of
oxygen through CO, and the higher specific heat capacity
of the CO, and may be the coal type (rank) also play a
significant role in the reactivity and hence burnout®”.

The aim of the present study is to see the effects
of different combustion environments of bulk gases,
oxygen and CO, concentrations, pyrolysis conditions
and different heating rates on coal gasification reaction.
Most importantly the simultaneous processes of pyrolysis
and gasification reactions have been studied on coal.
Different models have been applied and from them
different activation energies values have been calculated
at different heating rates for different weight fractions of
the coal.
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2. Experimental

2.1 Material and its characterization

A coal imported from China, Datong coal, was selected
for the thermo-gravimetric analysis experiments. The raw
coal was first crushed and pulverized firstly using the
mortar & pessell in the laboratory and then sieved using
screen vibrator. The proximate and ultimate analyses of
coal sample are summarized in Table 1.

Table 2 shows the physical properties of the resulting
coal.

Table 1: The proximate and ultimate analyses of Datong
coal sample

Coal Analysis
Proximate analysis Ultimate analysis
(dry %) (dry %)
Moisture 3.89 C 73.92
VM 27.28 H 3.82
FC 61.54 o 10.24
Ash 11.18 N 0.27
Total S 0.61
Comb. S 0.57
Uncomb. S 0.04
Cl 90 (mg/kg)
F 150(mg/kg)
Na 470 (mg/kg)
K 1600 (mg/kg)
Hg 0.07 (mg/kg)
Se 0.0001
Cd 1 (mg/kg)
As 0.0002
B 0.0011

Table 2: The physical properties of the Datong coal

sample
Property Datong Coal
BET surface area (m’/g) 5
Pore volume (cm’/g) 0.016
Average pore diameter (nm) 13.2
Particle size (um) 100 — 300
Specific density (-) 1.47
Heat capacity (J/Kg K) 1170
Melting point (°C) 1490
Softening point (°C) 1290
Calorific value (kJ/Kg) 28.780

2.2 TGA measurement and analysis

Pyrolysis and CO, gasification experiments were carried
out in a TGA apparatus connected with the computer
having thermo plus 2 software for analyzing the coal
sample. The procedure can be summarized as follows:
about 10 mg of the sample having a particle size range of
100 — 300 um in diameter was placed in a quartz pan. The
sample was packed loosely and placed the pan over the
TG holder of which one end was suspended and another
was attached to the microbalance. The temperature of
the sample was measured by a thermocouple placed at
the beneath of the holder. The coal sample was heated
at a heating rate of 10 K/min from room temperature to
1273 K in the mixture of O,/N, or O,/CO, with various
oxygen concentrations from 2% to 100% for combustion
tests and different pyrolysis tests using N, or CO.,.
Pyrolysis and gasification processes were also taken place
simultaneously. Initially, the system was purged with high
purity nitrogen at heating rate of 10 K/min and then the
flow of N, was switched to different mixtures of O,/CO,
at the same heating rate of 10 K/min. In order to verify
the influence of heating rate, the non-isothermal tests
runs proceeded at different heating rates of 10, 15, 20 and
50 K/min. For all the experiments, the gas flow rate was
kept at 50 cc/min. The weight change of the sample, time
and temperature were recorded simultaneously for all the
experiments.

3. Results and Discussion

3.1 Coal combustion in different environments

This Fig. 1 shows the comparison of coal pyrolysis
experiments in different gas environments with the
variation of gas temperatures by thermo gravimetric
analysis technique. In case of pure streams of CO, and
N, environments, the mass loss rate of coal pyrolysis
in the presence of N, was lower than that in pure CO,
environment at both high and low temperature regions but

100
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Fig. 1. TG curves of Datong coal combustion in envi-
ronment of bulk gases at heating rate of 10 K/
min.



Table 3. Data of ignition points of Datong coal in different environments

Comp. 100% O, 20% CO, /80% O,

IT(°C) 417 421 434

this difference is marginal at high temperature. This may
be understood by the stages of coal pyrolysis process.
In case of 100% N, environment, the coal pyrolysis
process has two stages: release of moisture content and
devolatilization but the process of coal pyrolysis in high
100% CO, environment can be divided into three stages:
moisture release, devolatilization and char gasification by
CO, in high temperature zone'®. Also, this difference may
be explained due to the density difference and transport
properties of these gases which are quite different (the
mass of the CO, molecule is different from that of N,).
Moreover, the formation of char particles is larger and
its surface area is also higher than that of the N, char
particles as observed by Rathnam'? hence the weight
loss observed in CO, environment is higher than the
N,. In case of high concentration of O, all the coal was
fully combusted immediately and sharply lost its weight
and reached to the ignition point immediately which is
around 417 °C as shown in Table 3 and also indicated as a
horizontal peak in the Fig. 1.

Different mixtures of these gases were also investigated
as shown in Fig. 1 and it can be clearly seen that the
difference among them is very meager i.e. almost same
except at high temperature zone where there some
difference is found.

It is seen in Fig. 1 that at high temperature region
the weight loss in O,/CO, environment is little bit less
than O,/N, environment that may be due to the thermo-
physical difference of combustion mixtures and due to the
lower rate of diffusion of oxygen through CO,' but this
difference is so small that can be ignored. This meager
difference can be explained by this way that, the presence
of the same concentration of O, in the gas mixture
dominates the combustion process over the pyrolysis
process and hence the individual effect of CO, and N,
gases in the mixtures becomes insignificant and as a result
TGA profiles show the same curves. On the other hands,
Li'"® claimed that, in O,/CO, mixture, the loss rate of coal
sample is little smaller than that in O,/N, condition and
the burning time is little bit longer hence the replacing of
N, only by CO, is unfavorable to the burning and burn-
off of the coal char. But this paper deals with the reaction
of coal with CO, in order to overcome the environment
issues as the increase of CO, concentration causes a
global warming. However, this combustion performance
in the presence of CO, can be improved by increasing
oxygen concentration in the gas mixture as described in
the next section.

3.2 Effect of different 02/ CO, mixtures

During non-isothermal heating process, the normalized
TG curves in different combustion environments are

50% CO, / 50% O,

70% CO, 130% O, = 79% CO, /121% O, 79% N,/ 21% O,

472 479 488

shown in Fig. 2. It can be seen that the rate of mass loss
increases with the increase of oxygen concentration in
0,/CO, mixture. When the concentration of oxygen is so
high then the TG profiles decreased sharply and reached
to the ignition point immediately. The details of ignition
points with the use of different oxygen compositions are
shown in Table 3.

As mentioned in above section that the coal reactivity
in O,/CO, environment is little smaller than that in O,/
N, environment at the same oxygen concentration, but
coal reactivity increases with the increase of oxygen
concentration and that is found to be proportional to
the O, concentration in O,/CO, environment'®. In fact,
under oxygen enriched char combustion conditions, CO
oxidation in the boundary layers of char particles and the
gasification of the char by CO, becomes significant and
that pulverized coal char particles burn under increasing
kinetic control in elevated oxygen environments,
despite the higher burning rates®". It is also seen in the
combustion profiles that each profile shows a peak which
appears at about 350 °C i.e. before ignition temperature
for all the TGA profiles. In fact, TGA profiles must show
the decreasing trend of loss of volatile matters but instead
of decreasing, it indicating the increase of coal mass. This
increase in coal mass may be due to the reaction of oxygen
with the functional groups present in the coal sample. In
order to support this point, it is clearly seen from the Fig.
1 that when there is no oxygen in the gas stream then
there is no peak which can cause the increase of mass. So
it can be claimed that this increase in mass is due to the
reaction of oxygen with the functional group present in
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Fig.2. TG curves of Datong coal combustion in a
mixture of different gases at heating rate of 10
K/min.
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the coal sample. This Fig. 2 also contains one small Fig
which is required to find out the optimum value of O, i.e.
how much oxygen is stoichiometrically needed to react
with the present functional groups in the coal sample. It is
clearly indicated in the small Fig. that with the use of 2%
& 6% O,, there is absolutely no peak appears but with the
increase of oxygen concentration from 6 to 8% O,, then
the peak starts to appear so this shows that 8% O, appears
to be optimum value. However, the use of lesser amount
of O, shifted the TGA curves to the higher temperature
zone and as a result the burning rate of coal is decreased
and the burnout time is also delayed.

3.3 Effect of different pyrolysis temperatures

The figures 3, 4 and 5 show the influence of different
pyrolysis temperatures on coal sample in both isothermal
and non-isothermal conditions. The Fig. 3 showed
different TGA profiles with the effect of different pyrolysis
temperatures on coal sample. In this experiment, the
coal was first pyrolysed at different temperatures started
from 300 to 825 °C and then gasified with 21% O,/ 79%
CO, gas mixture. The mass loss rate profiles after 500
to 825 °C when gasified dropped down sharply as they
were already reached at or beyond the ignition points as
mentioned in the Table 3. But in case of 300 and 400 °C,
when gasified, the mass rate loss decreased slightly up to
the ignition temperature and then dropped down sharply
to complete the combustion reaction. As the ignition point
lies between 400 and 500 °C, so as a result, the prior use
of gasify medium is useless. So there is need to perform
pyrolysis from room temperature to 400 or 500 °C, either
at isothermal or non-isothermal conditions.

Fig. 4 (a,b) showed the pyrolysis process at 400 and
500 °C at non-isothermal condition with heating rate of
10 K/min with different compositions of oxygen and
carbon dioxide. It can be seen from Fig. 4(a) that TGA
curves slightly moved ahead up to the ignition point and
completed the gasification reaction smoothly except at
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Fig. 3: Influence of different pyrolysis temperatures on
coal in non-isothermal conditions at heating rate
of 10 K/min.

the high composition of oxygen and carbon dioxide (i.e.
50%).

At high ratio of O,/CO,, the TGA curve first moved
ahead slightly as rest of the TGA curves but at a sudden lost
its weight and immediately reached to its ignition point
due to the excess amount of oxygen and then smoothly
decreased and completed the gasification reaction. On the
other hand, in Fig. 4(b), it can be seen that all the TGA
curves were dropped immediately as these were already
beyond the ignition point but at high concentration of
oxygen 30% and 50% the curves were moved back and
reached up to their respective ignition points and finally
completed the gasification reaction. On comparing with
Fig. 4(a) and Fig. 4(b), it can be claimed that weight loss
in both the figures is almost same or may be weight loss
is very slightly less in former Fig than the later one but at
relatively low temperature. This claim can be explained
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Fig. 4(a): Effect of different pyrolysis temperatures on
coal in non-isothermal conditions at a heating
rate of 10 K/min.
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Fig. 4(b): Effect of different pyrolysis temperatures on
coal in non-isothermal conditions at heating
rate of 10 K/min.



from Fig. 4(c) which is located within the Fig. 4(b). Fig.
4(c) showed the comparison of coal sample with the char
sample at different pyrolysis temperatures. The weight
loss of coal sample under non pyrolysed condition and
the sample pyrolysed at 400 °C were almost same but
comparatively at less temperature than the coal sample
pyrolysed at 500 °C. There are number of advantages
of this prior process of pyrolysis than to the gasification
process:

1) Simultaneous production of fresh char in one
continuous process by removing the moisture
content and volatile matters

2) Avoiding the excess use of gasifying medium

3) No increase of coal sample mass as there is no
reaction between oxygen and the present functional
group. However, it doesn’t affect significantly on
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I —— Isothermal at 500°C for 60 min
Isothermal at 500°C for 90 min
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Fig. 5(b): Influence of different pyrolysis temperatures
on coal sample at a heating rate of 10 K/min
with the variation of different isothermal time.
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Fig. 5(a): Influence of different pyrolysis temperatures
on coal sample at a heating rate of 10 K/min
with the variation of different isothermal time.

the combustion reaction mechanism.

Fig. 5 (a,b) shows the influence of pyrolysis process
with the extension of heating rate at isothermal condition
for particular period of times.

In this coal sample was first pyrolysed up to 400 °C at a
heating rate of 10 K/min and then keep the sample at 400
°C for different times from 0 to 90 min and then the coal
sample was gasified with the mixture of 79% CO,/ 21%
O, at a heating rate of 10 K/min. These experiments were
performed just to remove more volatile matters from
the coal samples but these experiments having constant
heating rate at isothermal conditions were found to be not
attractive because of excessive time and may be due to
need of multiple experiments. It is seen in Fig. that the
weight loss is almost same as that of Fig. 4(a) except the
length of experiments performed. So these experiments
seem not to be fruitful because of the passage of excessive
time.

3.4 Effect of heating rate on combustion
characteristic of coal

Coal combustion experiments were also carried out
at four different heating rates (10, 15, 20 and 50 K/min)
from room temperature to the final temperature i.e. 1000
°C and their combustion profiles were presented in Fig. 6.

It is shown in figure that with the increase of heating
rate, TGA curves shift to higher temperature zone. As the
heating rate increases from 10 to 20 and finally to 50 K/
min, the weight loss rates at respective heating rates were
also decreased. In case of 10 to 20 K/min heating rates, the
weight loss rates were almost same but on the other hand
at 50 K/min the weight loss rate was comparatively less.
It may also indicate that the increase in heating rate only
shortens the time approaching the final temperature but
little influence on its combustion mechanism. On these

Wt loss (%)

0I200I400I600I800I1000
Temperature (°C)

Fig. 6: Effect of heating rates on coal combustion pro-
files
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Fig. 7: Activation energy values calculated by different
methods with in temperature range of 400 to 600 °C.

heating rates, values of activation energies at different
weight fractions were also found by different correlations
at non-isothermal analysis condition as shown in Fig. 7.

In case of non-isothermal analysis, the temperature
changes at a constant positive rate. Brown?? developed a
rate equation of weight loss in the differential form.

da_ Algl'“) exp(-E / RT) (a)

Integrate this equation using initial conditions a =0, 7= T

In(1-a) = - %ﬂ Texp(—E / RT)

As the ignition point lies after 400 °C hence the limits of
the integral are conventionally changed to

/ Texp(-E /RT)

heilce the function p(x) may be introduced such that:
o0 e-X
po0 =] "L dx
x X

where x = E/RT, hence eq (a) becomes

AE
In(1-6) = 52 p(») (b)
m,- m
where o =5—-
=My

m  is the initial mass of coal, m, is the mass of coal at
a time t and m_ is the final mass of coal after the reaction
and £ is the heating rate.

The problem with this equation is that this equation is
not analytically solvable. The function p(x) however can
be expressed by some approximate equation. There are
many approximations have been derived but in this paper
two simple approaches have been used: Doyle’s?® and
Coats-Redfern’s* approximations. These are selected for
their simplicity and resulting ease of manipulation of eq
(b) into linear forms.

Doyle’s approximation of p(x) is derived by observing

a linear relationship between In p(x) and x:
p(x) = exp(-5.33-x)
Hence eq (b) comes out to be

In[in(1-a)] = Zn(;TE)-5.33-1.052(%) (A)
Hence for a given heating rate, £ and 4 values can be
estimated by plotting the /n[/n(1-a)] versus 1/T. In case
of Coats-Redfern approach only the first term of an
asymptotic expansion of p(x) is retained:

px)= i’;[l_(zy LU )-(A )4
+(_1)n((n+l)!/xn)+. -]
So p(x) comes out to be p(x) :)%:

Hence the equation may be incorporated into a linear
equation as
_ /ﬂ)- £
n[-In(1-a)/T?] = ln( gE ) RT (B)
The values of 4 and E may be estimated from the intercept
and slope respectively of a plot of /n[-In(1-a)/T?] versus
1/T. Further, the £ and 4 values may also be calculated
from very well known correlation i.e. Freeman-Carroll
method®).

d E |
Alog d—‘;’ = nAlog(1-a)- 53037 A(T) (©)

The plot of log 4% Vs L

e ploto logdt T
gives the value of E and A from the curve.

It is also seen in Fig. 6 that activation energies appear
to decrease with increasing heating rates®®. There is a
difference of about (40 kJ/mol) in the values of E from
using 10 and 50 K/min heating rates. As observed in Fig.
6, at 600 °C, more than 80 % of the material was reacted
at a heating rate of 10 K/min whereas around 50% of the
original material was reacted at a heating rate of 50 K/
min. At different heating rates, different methods such as
Freeman-Carroll method, Doyle’s and Coats-Redfern’s
approaches were used for the determination of activation
energies. These values were found to be at different
weight fractions starting from 90% of the original coal
material to the 15% of the retained coal material within
the temperature range of about 400 to 600 °C. This range
of temperatures and weight fractions have only been
selected because the main reaction i.e. gasification lies
within these temperature ranges and weight fractions. At
each heating rate, the values of E calculated by Coats-
Redfern and Doyle’s approaches were found to be high
and close enough to each other but on the other hand the
values of E calculated by Freeman-Carroll method were
found to be lower. Moreover, the activation energy profiles
obtained by each method showed the same trend i.e.
parabolic curve. For these methods, the maximum values
of E were found to be between the weight loss fractions
of 30 to 40% at 10 K/min but these E values were shifted
to lowest weight fractions from 20 to 30% when heating
rate of 20 K/min was applied and so on. It is clearly seen
from the Fig. 7 that parabolic curves of these values of
E were obtained by all the calculation methods. These
parabolic curves may be explained by this way that at the



start, the lower activation energy values were due to the
combination of fixed carbon and volatile matters present
in the coal and then these curves showed maximum peaks
which may indicate the presence of high concentration
of fixed carbon and almost zero concentration of volatile
matter for the gasification reaction and then again the
activation energy values go down may be because of the
combination of low concentration of fixed carbon and
comparatively high quantity of ash contents.

4. Conclusions

Gasification of coal/char in a CO, atmosphere can be
divided into two stages, the first stage due to pyrolysis
(removal of moisture content and devolatilization) which
is comparatively at lower temperature and char gasification
by different O,/CO, mixtures at high temperature. In N,
and CO, environments from room temperature to 1000
°C, the mass loss rate of coal pyrolysis in N, is lower than
that of CO, may be due to the difference in properties of
the bulk gases. The gasification process of pulverized coal
in O,/CO, environment is almost same as compared with
that in O,/N, at the same oxygen concentration but this
effect is little bit delayed at high temperature. This may be
due to the lower rate of diffusion of oxygen through CO,
and the higher specific heat capacity of CO,. However
with the increase of O, concentration the mass loss rate of
coal also increases and hence it shortens the burn out time
of coal. The optimum value of O,/CO, for the reaction of
O, with the functional group present in the coal sample
was found to be about 8%. The combination of pyrolysis
and gasification process can be the unique and fruitful
technique as it can save the prior use of gasifying medium
and the production of fresh char simultaneously in one
process. With the increase of heating rate, coal particles
are faster heated in a short period of time and burnt in
a higher temperature region, but the increase in heating
rate has almost no substantial effect on the combustion
mechanism of coal. Also the increase of heating rate
causes a decrease in activation energy value. Activation
energy values were calculated by different well known
methods at different fractions from 90% to 15% of the
original coal within the temperature range of about 400
to 600 °C and it was found that Coats-Redfern approach
showed the highest value of E and Freeman-Carroll
method showed the least value of E at every fraction of
converted coal.
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Effective utilization of lignocellulosic biomass with hot-compressed water treatment
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Kyushu University ~ Satoshi Kumagai

We investigate about the effective utilization of lignocellulosic biomass with hot-compressed water treatment as an
environmentally friendly technology. Biomass could be converted to various chemicals such as sugars, organic acids,

furan compounds and solid fuels by the treatment.

HHERER SR, SRS X L OB OBUS S —R
V= a— VT OB REARERELTY 7/l a—X
FNAFTADOFHMMEHENT WS, UL, ZORIFEN T
(E2EFRIR T RV F— DO EHGLIIE N XN TB ST, Z DB
FEMBFLENTWS, — /. VT /b —RAFRNNA A TR
oA BEZIRE Bz | HEORZZ =W M RSN T
%, TROBIERED T THEIA—A NI O—A,
ELICSBERRED T TH DBV IV TH B, o TRRNE
FIFHD=DITE, FNE D2 HEL ., 52 DRFEICAI L7z
AR EEN S,

COXIGEHREHE A, FHE 5D IL—T"TId, Fig. 1
ICRHRCRUTIRE - TENfEIIC B 27K, 3 b b inE UK
WD) 77200 —2AFINA AR ADHHRE AT DONT
Mz roTWV 5,

ZOHT, FIMEBKTTOREL DINAA <A FUFR. K
Ebo bbb, AF AEIVA 7 FT77%E) O T
Nz BBEBRZ. Mz 7 )V 2—CF v v T LI ERIHE
HARIRTHAR 2 AR, I BUKZ KOS IS EK L, 3R
ERIEERD LN F STl o7z — il LT, Bz

A
HEERSK
Supercritical
/4 Water (SCW)
221
BE [ mEak ERF
i~ Hot-compressed
[N Water (HCW )
=
R B
t st
ZER
! Y g HARRELR
0 100 374
RE (°C)

Fig. 1 skokeEx

L7z & Z0OREDOTAM I DUV T Fig. 210779, KD KSR
BERNCINEBUKIR 2 AR S GBI TS T Lic kD, FT i
HEREE LTIV a—A, 7V 7 b—=ADEH L. ROT40CTHBE
KOOIV —AR I THZHT I /—A, Fn—ABX
CFraAt ) I, E512230°CLL ETidt b a—255
THBIINA—A, TIV7h—ABXCtva+ ) TEHIELNT
BO., IEHUKOEEFIEOR TNV O—RA L t)ba—X
AR T b & LT B R 2 T & 2 FERE LT,

753, IEEUKD O K IShKoy fREE) 172 R DRI, 7K
DAF U HEDOZEAIC I THHINS, Txbb, KDAA>
R, k- & T RS BRSO ER L, 250°CHET
T - HEIRAED KIS EERFI 1000151 BN 5720 TH B
(Fig. 3),

Fle, —RINICY 7 IV —ARNA T ADEEE LT
Ot ZCBNTEAIRILO—AR )L a—A ARSI )

O 7se/—=x, FLa—2z, xoo0—2%, [l 70903,
oy EH Footuam

80 300
250
=
E 200 ~
i e
o 0
8 1% gy
& ¥
oy 100 =
}(;HQ
o 50
0
0 20 40 60 80 100
B (min)
| Il |
I L |
RUb—Z AFY—R

(NZRLE—REE)  (EALA—XEE)

Fig.2 EREFEMEHKNEICL DR S DIEAHEE)



1000MPa
500MPa
300MPa

BMESE

Eﬁﬁ/

100MPa

50MPa

A4 (logkw) (mol/kg)?
o

=20 [

25MPa

-25
0 100 200 300 400 500 600

RE (C)
Fig.3 kor# >

T NBONTWV AT, ERENIVO—A &)lu—
RO BN &5 Iz ORISR 8 TH B H%, LLE
DM TELNIEAILVE—A, )V a—2 53 YN OVT
&, BRSNS 7=V HEZ 2 IR NIREE T, DI +Ekd

HEATV DI, BRI KO BRI A2 ORE RN
BEEINDT DM, RIEDTE ) —) LR G FE R
FBEEUTHIHTER T EERUTWE2 I, AT, JEHERORE -
EHL, WREDOBREREYDOLIIC AIVIVO—ANFY
FUTHBE A, 140~230CIS TIEFSNZATA LY HICIE
t Mot URE 2 ORG24 U, Re R ame UTEH
BNTWVBFIaAVdMRLETEETEEASMILTL
29,

NS DO FE i N—RIC B, 5 TRAF O IR HE SR Ak
BEGRUMEE > TWREYY I F I BXO, W7V 7 #

E T/ S—=LA VA EDBICRIAE NG/ =LY S FE a5 7
R LT RIS DWW TRE 2T T TV B,

WO ES I, VZ /)L —RAFRINA A< ADHIEEUKAL
HICBWTIE, BEZBINATRETH B, LU, Mt Z A 724
R ZFORERIINE UK TR REI N, L DILPERE LT
T PTREZ A WA (P8, WEG. 7V a—Vis, LTV ViEE)
RTTALEYIE (TIVT 5 —)b, 5-HMF) IcEfEnsced
N0tz ZTT.NAZARAV T 7A4F)—DB 5, Hik
HHETINEDRENZEIPEIFIC DN TE MG Z1T>T
WAHEZATH B,

AT NIV E—AR )V a—AK S fRE N0
BRI DER DIV T =5, V7= VE IV E—ZApN S
TV E—RE RZ LIEFICEIRETENE TH 57280, [Ek
B E LTOFRIHBATRETH %9,

VR LI, FHEOBRIETH % TEIIIE it ERE RS
AT L T2 ALEE T 22055 2 CRBRIERE) TldkE
St N O 2 FO O 7 5V FHAND 0, U 7/ k)L
O—2A%RNAF R ADKEVILIIC K2 R B E A pe kic
DVTOMZENMTHONTED Y, ZNEOMIREMETE, &
D EETRNA A ZOAFA T 0 ADOHERE, THICIENA
A A7 I & UTAR BRI 2 O KBIANMIF I 2 DTV
BETAHTH S,

ZE Nk
1) HERL, AR xIVF—725E, 83, 776 (2004).
2) BEAD, AR TEAEE, 6,297 (2005).
3) HED D, (L2 T2, 34, 458 (2008).
4) FERD, AR T YA, 5,205(2004).
5) BEMD, HISHEIHAT 3 )LF—2 K2 (2009).
6) BERD, (LT 24 %41@*}@#:%(2009).
7) NS, BIREM P2 - FEERZ (2008).
8) T, HF & M, 119,118(2003).

NOVEL CARBON RESOURCE SCIENCES NEWSLETTER

36



37

MRBERRFEIA—T7L0
EIcOWT

JO—/NIVCOEH RFREIRFIL. &<IC
EEELEORIRGBBFRERICHEV.E
BELIXIIX B BRETHNIEZERTHS
Ak ABRENDRREFIMHRANGSEE
HEB EBAEEDPH>TVDRIE RFE
BEREOARHELFBAYVEEEHA-IRE
BREEATVNDIZE, RBEBRDHBED
BEHRARTHBCONDREBRETHY).
WECBEBIEORREINTWEZE. %
BERICRREEDLOMESEIEREL.
WIEKARE TOMBEADBRRERDHLL
PREREBETIEAEHELTVE
T ARCOEDIFRBFDAA NI, ZDFE

PHDOESEEN. REB/IRI AT LEHBA
RFEBENHEINBEERIL LS
BIREE 2 Pl Re LIRS T 572010
ENLHIBIREETEIOL P REVHITSN
FU 7 ZhEbNhhDCOEA N—DF
VIR E . FEEEDICEZA HRICATT

BAEHEUTCWHE. WhIEEEEE-T
WET,

COEDFIFEE L. COEDHE L XT Ln
CERBHAEHEIX-LOEESE K
COEEXNEMBELERLEL-.2F
BICA-7-2009FFIC EEL-EEED
EICCOEDSDIRE NMIF /-2 % [ #k
REBRFT+—FL|DEEEVDIT TH
ALELE FIRRERFE T+ —T A,
COENEXRBUHUELE MBI CNE
EBNHE. BB E TR EEDEFH
®#FH. COEALN—THHE LR ERERS
EH REERICEDOHAHEMBMEDR
HrT—vELTEN B S ERER % IBEE
LCEEmEREESEVW. BRI EEL
THIBESADEBEHT BRAEITITO
FELEERTIHTT EEAICIE.
TH+—=FLIIB3DDY T IT4—=F LHSH),
ZThEZhICHEHE BEFREE ELR
BREEPFBLET . TN EThDYT T4~

A vAg
1@5
AR BRAORERE | 2w
(+FATRFBEREY IVATL)
2100 =
R B AR B R CIRTEBE [
/ D
HTRILF— HEEEAR il [ aze— BIRILE—
e (REE)\A AT RE) AR HifiRasE
| sermxsmaEwA |
2030 — IXLE—HEOR L
IS5 (COF %)
HEREBIERS
R EFRFCOE
2000 BRAUBHEDAEC: p— AT F— RS
. BEFASNTVSREERE=COHIHE > MIHRCTHEETEZE
t

A1

KFRMBEIREE A HIRORFAR (€7 ) TREICHR L)

=~ e
KB WX
AMAFESIO—/VLCOETZOTS AMLE [HRERERE |
=) —45—

I LEICE3~4EEE. RAIEL TLER
DFE1BE LS 7R, —EDT—~<
BRI CERRDBEEIET VT T4—7
LIEICREENF $HBT—<ICDWTIE T3
NI =T LDORTERLET

YT TA—FLDA T =T DR
WCRT IS RRERDMENI IV
F—FH.EIRIX— TITEIEND3D
DX —T—RNIZEHNINET . KFREED
FIRICOWT. bbb hDCOEIFRZEDT
FIIF—FIRERBOETFEEL TESAT
WET, ARIIEREN EHL T HFRFIC
RIETRIEUTFEETIIEND. ZLDE
TEELHIFINFT-—EFREL->TVET L
PLEDPS BEBERERICSIRELARIE
HANICEEHEL->THEN . BES
FEOXNNRERFTD ZLIMER R EEF]
AU, IxVF—sniazh = RIEMRHE
LANILTHB7=0HIC. CO2DRKEREXRIR
BELEEABLTVET BEFH.BE
AIEEI R F—DEISEIBEALI-ELTH,
AREDRFEEBFEEIIINE—BEELTH)
BHULahITHEHROREIEHRIILEL A
ZDZEND RKEDIRIVF—FTINAZD
TBEEEREEL TId. COMRBED R EE IR
oD BENIXNKF—RETHIRFRE
BEEEL-ITRILEF—NZRI YT XEHTR
SEROBRBEISESZ.EATKDLEYH
WET, 74A—FLITIE COBEEE HUF
7,

— A BREIRNF—EREEFE-THES
TRl a7 IR ERR M EEREL T
RELA-EAIXNX 5> TEEL/ B
HOBERMLEFHBICKRINBEERT
DEIXNF LI THELKREICBWTH
I732 RE BBEZETEZOEIXI
F—HMIrERLTVET HRAMNEIX



74— L1 74— L1 74—7 LI
(RERBIFNE—FIF) (& IHLF B2 ) (POTEE)
1 RAERAZXEFEECCS
> BREASICHIETITD
THLEHBEORER RS
3 RS ECOAE RS ECOAS
4 SRAFLN—ZADEIRILF—
5 MEAN—ZDBIRLF—
6 AHRBEABKEE
7 TIOTAHoT 1 DERRE
BNEHET SoAA—I
. REERECET T B A A—f— (R —. FEHRE)
ERRRRS HZALRBECCS R MK (BHTRH. HEHKE2)

ARl FHRAIFETA—ILERAR

WX —-BHEOPRT ARV RONERIET
ZADE . OPEOSVEIRIF R
DHAEREFELIEIRIF—FIMD
RETTH . COI0FERDEATEH VL
NIVEL TV B HETiTES5ICE L8 31
I3 EERRR R (S SIIL - MR T
IR D RAT LEEARNEBRZDSEIET
BUHEBENHNET TA—T LI TIEZ DR
Ba)HF MEL TNAZ R T LED
SOEIXINX—HMDOBEIREEREL T
RERZLLET,
HIVEDDTH—F L, TA—F LT T
CTREREHTET HRFERE
COEI}. kR ERDEMFIAPE X
X —RFOEEDBIE REELVWTY
T THBEEATVWET  F/-. AMKFIL
[PET7HRRAERZDT I3 TFEL
TENBTFTWET  HERDEEDEEH %

ITHo/=dIN RREREIICHDZTY
TREBERREEDHICRIERIE BIES
F BENRIROREREN FLEL-
THEN. ZhSDFEIF—EICEEESTH
BULTHOEANEERLTWEY , 7ITIC
BV BAROHEIET  BIEETFYE
PORRER > TV ZENEELWEEZS
hETH ZDEDICIIAERP 7T DIR
BEERL. HEABITTOELSERL
TKBENBYET, TA—FLMNTIE. 7
ST DBRIEESEMIZFES, Z04SHOIE
REFEABITCORERREEEZZLT
WEET,
ZD3DNTA—F Lt 2009FENFEIC
TR ABENDEENDRETHILAE
ERERCHEGBLLR. F1META—T L
IENDERI—T1>J7ELTRMEL. LI,
SEERICAETEEERBT T, 74—

JLICIIHE ELTMRE . ETFEFE
PEIMLTVWETH IELRIEFEICDON
TED)F2F7LD—RELTERLTWE
T REDFEDERFHIE. 74—F L1,
0.0, ZhZh.26.24. 202 CTH'). 74—
TLICFIB T 2B EPRIEEHEEED
T HRFERZMRNEEBOHES ZH
DEZENSIMLTDI—FT 12T THhB7:
&, BEEEAT I LD EE IR A ORI R
ETHIhbh BRERLGERYRRAS
hTuVET,

Fio, T4 —T LITEEL T BHMERE
B ERTHORERFHRESN, SINE
DO5 . HLEEDEGEHLTIE
ICENZThZhHFiRRERFEZL IEL
THARESNET SEEDT+—T A
EEENEHEL L. 74 —F LTA i
EBVIARICOCHR -V T=FHtF
FIMKZE SUHR-IVETAFETRSE
EFERREERLET ENEERFS
2RI 2EREINTLOET

T7H—Z LIIET FIRF SN, E-Leaning
BIELTRESN. ST G >7FE
=bbEDPOFERIEN TEDLIICT RS
NTWET TA—TLDFEBNDEEDIE,
FERICEFHEEROICERSN. L
R—hELTEEHONBZFET. SHE. K
Za—ALE—ICBERERETETFTET
. COEEEN EHRINI5FENIE.45F
BDT+—F LOEKIE. BHARDRERD
REBREFRESBEARTTOR
COEMBMNRERELZEFHLTVET,
BREDHAEHREALET,

NOVEL CARBON RESOURCE SCIENCES NEWSLETTER

38



1sr UHIVEI'SIW Collaboratlon Meetmg belween Fukuoka and Busan Clty

1, — -
R

Pt
ﬁu'

39

March 9th, 2009
Fukuoka city : KU, FIT, KWU, SGU / Busan city : PNU, KMU, DAU DEU

ﬂq} DO~

AENKFERT—Tay7

i EFEIT .

* I
EIAThIIKI /=27 L6
ARFORVWVERZGERAL. BE-1EZ D [FMORR LT,
HEMFKED—BOSERZHILTNEEXT,

I 3

EATIIRIVY—I7 LfER BHEEEE
BRTERFHIREZE B8



BRTMEREIICAET3EATAINS
KF (BRI IERZ LRK] AMKZ,
BRZFAZ AEFRAF) ICLEKFE
RRAELLANID [V —2 T L1428,
TR20FEDNBHFE [EEBHAFE
FoEfE IR B E ] ICHFRENEL =,

COBVHEADEMIZ. TPV TEEZL
DORE-IRILF - EDRE R
BB DOIREZ T AR CE M A1 E 4
BEERATEDTEIAMDBRESR
(2. ZhBDBBICDODWTHREDH R EH
ELHIBADRTERS [FOHLE | %15
FE-EZICAETBZETT 2D [FDHL
=1 T BRI EE DT
A«@ﬁﬁﬁ HBVIFBATFHEENDEIE

R E RT7OTHREEDMBIT R
%@f%ﬂﬂ@i&lyﬁb%ﬁigt%mabf
WET,

COBMD.=DIC 4DDEHEEEEL
T.OHRBEEH OMREH. O E
. Q&EBR#EE (HNFLR)EFTIELT
WET CDEZEREICHA-TIE KB
FREDELZAKRZOEMEEEILEDNS
b BELEHE - MREDOIRT LEDL),
EENEEETIMLOORREEAERT
VDB HNET £/ ZDEEIDENE
FFE. BEEREVATFLELT. Y —
ST LEBERE-HERE-TOTT L
HREREES HRAMBHERES EE
B-EHBEBEL ALY T LT TR,
BRECPREDERIADTTIIEL
TEREAT1 AN HY), S SRR REEL T
FMM-BIEETOTRNAYU—R—K%
HoTunExd,

T B ESICEVTR. O V-7
L7OTILCEEEEREAMDER
ICBHATWET OV —Y 7 L7705
FLEF . FNETNDORZETHBIN TS
BRIE-IXLX—(ICREELARBEERE
LEHDT AKRZICFIB T 218 LRED
FHIIEAICEEEL. BARBEERIBZ
ENTEET 21 FEEICEAL T, 7
128 8. 148 EPREINTOE
Toab FRCBLULERESRIXT
LOFRBRY, —ZWOFBEICDOVTIES
EEISXLONIBFOBEEEDLELTD
BOLWEIICEBLTVET,

72 21 FERMAICIF4RFDRZE
REPEENRELI[4AXZEREIF—
W]EERBLEL/Z, ShIE IRIE- IRV

AEIREREOKRT

F—RBICHLTBLDOEMHEFEE2
FRLWREEESICEE. RERT DR
FIREEBNELAHD T RIE- TRV
F—ICEHELEBECPRIEZRVY
W—TF1Zhy>a>&2;A3BNEER
KTTVEL ZOEIF—ILICIFAKRE
POBETT24Z2DS MY &Y T HD
Tor—hTRMERZDANEDTFICE
WIRBN L o= REET BN ZLE
E5hELT,

o 10ASWTEERMR LIS -1
BITOIRFRI FEENREL /-GBS
FTEEIF—E15BIC EDEIS CRMEL
TVET, 2hiz, — GRS
FELY) . ENBORAMRTIEZROE
RICHEFOBENPKRDOND A GEEE
HEA T AP0 ERHEE CEE->TIEL
HDTT G TORERICEICERELRN
B BEFFFEBTVET,

MEEEDOEICE VT AKFZDR
REICIDERMREZEL. LV—ED
AEEOEHER{EEBREL THRZEIR
BREEEBLEL . CNIE AKRZFICET
ZEBOMEHICLILEFMEENFE
LTEEEDHARBKETIOHDT. &KX
FENTO—MAE RO H 5L H#E
ZESTOEEER T 6HDEEI IR
SNEU = RBIRERZ—NT 9 TEL TR
FELEO#RGEHNEMREOREY HHFS
hEd,

F- W EBROE TR —RETICER
B-IRIX—(ICATIEMBEE D PN

TLEHBAT A5E - X DT R/AR#EEE
ZOANPSELEL, EBAIICIZ4KRFED
MEEDHE5T . BB FPRIERE
EDONPORMREBIMA. BIAWSEFOIE
WRFEETVELZ, FEIEH200ZTED
SMENLHY) . BROARITKETEHRLEL
Too £2 UM KZE-G-COE[#HikFE R
ZIHEEDMEBEHBEBRNLEELZR
W E2IF—bULUSARBEDO K EETT-
TWEF,

— BT RIS T LERTITE
DEHBRIEICHEDTHY  REIRICIE
ZUAERTOT—U a3y TERELEL
12o 7= 3y T TTIRALY—IT L 18H
EERTBA4KRZICMA T EILFHAICH
PEBLEIUAFR. REAFR. EEX
FR.OBEBEFRFROIXZERED
S HY) . ZThEFhORZOBRERUVER
B-Ix X —ICEELRREORBNEE
TOWELEBEADZEKFIEEEICD
WTHIR AR BEE > THY . SEDIARE
PHEBTCOESZ BN HIFFINET,

ChEND—EDBHEIF4XFDOMEARI
@y?d)’rgf’xﬁb’éﬁ}zbzh‘%n ZThZFhok

DEEHHF BANBHIICHEESR
?Ebf:b@t%z’(mi%

SHEBIY-IT L-BRDOIEEIC

ZHAFF T AL,

NOVEL CARBON RESOURCE SCIENCES NEWSLETTER

40



41

MRBERSE IRV LI—Y a3y 7 EiEE 2009

SYMPOSIUM &
WORKSHOP 2009

] =

G-COE[#FiRFERZ | FHRFEES
(NCRS G-COE Special Seminar)

H B :2009F6A5H % AT AMKFIREF v /X RERTFRT 1BBEE

G-COE B—RIEFBRIRRERS VRIIL
ENRBCER-REEFRAICET SRAEM

H KF:2009F6R27H 5 B AMKFINELF+>/¥X C-CUBE 3F 303#&EE

shf##R#ES (G-COEEIF—)

H BF:2009%F9R15H 5 B AMKFINEF v /X EFEHE L 2— 3F HMEE

AMKZHIRF R IFFG-COERER
UFI LA B 1—Y—BEORYEH]

B BF:2009%10A30H 15 B AN AKZEIRLEF v /¥X C-CUBE 1F &R —IL

AMAKZAG-COE[#RFEFZF | -JCOALAFAZAEE
~HEBORREXADIINF—LEFEELLI~

H #¥:2009F1181H % P i AMNKZEHEF+>/¥X C-CUBE

The Third International Symposium on Novel Carbon Resource Sciences:

Advanced Materials, Processes and Systems toward CO:Mitigation

H BF:2009%1182-3H 5% B i AMKEFIREF+> /¥ C-CUBE

International Symposium on Resource Development in the Ocean
H B :2009%12A3H 15 A AKX v/ $X SEANZRRA 68

ZENMARRZHEE

The 2nd SJTU-KU Joint Workshop on Environment and Energy Issues
in Relation with Novel Carbon Resource Sciences —BH#Ht3+——

H B¥:2009F12811H % B hE EBEEKE

The Fourth International Symposium on Novel Carbon Resource Sciences:

Environmental Science and Technology
H BF:2009F12H12-13H % i hE LERBRKRE




[>] st

The 2nd Kyushu University - Koera University Joint Workshop
on Functional Materials

H BF:2009F5R827~29H % B KPR RALIRER

REICELOLDEIRLF—HRICETZEERS R II L

International Workshop on Development of Environmentally Friendly Functional Materials
B B :2009%F6H19H % AT AMAKZEFHELF+>/¥X C-CUBE 1/& T&+K—IL

RS KWRANEMAM XRRRETNIN-TEIF—
B # 1 200946A26H 15 7  AMASEFTES 12/ Y2 C-CUBE 108 HgkA—IL

HHRES RE TFOT7RER
B #2009 8F29H 15 7 B R (R AREE)

[LEF S AR S EZASAFARH-EHFLFEI 700170
FHRERILZ-FHRERILE ZFHWorkshop
B B :2009F9H28H 12 7 LM A H%EH+> /SR C-CUBE 18 5is&h—IL

The 4th International Symposium for Young Elements Chemists:
2009 Workshop on Organometallic Chemistry

[RBARRCEMOLZ]I BAREFERS VKRIIL
H K¥:2009F10A28:29H 15 A : AMKZFEREF v/ XX HBEHR 36

F13ET I FERES I HRII L
B #:2009%10A30-31H  # Af | RO VILATIL

2nd G-COE International Workshop on Energy and Environment
in Chemical Engineering

H B :2009%F1184H 5 i AMAKZFRE X+ N MEFB T IV F12EEE

AEFRABRICHERZZZADAFAFE- S5 FLE
F2MEFES I RII L
H B :2009F1184R 5 T AMAKEREF /8

HRIE T IEBHET (MRIHE T D-EXERAR1FE)

The 11th Cross Straits Symposium (CSS-11)
on Materials, Energy, and Environmental Sciences
H B:2009F11812-138 15 8@ -2 LA

F2MAEFIRIE 7R BERRCERMER-18E
H BF:2009%F12H4H B A AMIRILE—FE

NOVEL CARBON RESOURCE SCIENCES NEWSLETTER



i
o
5
4

YYRIILT—=Y 3y T iEiER 2009

[] e

HEKELIF IR IR B ERES AR 277 L2009 CINEST

Cooperative International Network for Earth Science and Technology
B BF:2009%F12H8-9H % FEa#E/ LR

2009 Sino-Australian Symposium on Advanced Coal

and Biomass Utilization Technologies
B 852009 12H9~11H % P E-RE East Lake Hotel

000¢ dOHSNYOM |3
3 WNISOdWAS

[]pi@#ES (G-COE - 1£18)

Hi-Link> >RSI L
H :2009F6H2H % A AMNKZFEIEF > /X EFEA—IV

{LEADEBF FFE-21 AMKEREZF v N2 —BFBRLERE
H K:2009%7H25H % P AN KZEIREF v /¥ C-CUBE

EIMER 7OV T T HEHES
B B:2009% 116138 35 P AN A PERE v/ X
TR E 2R FREEEA—IL

8£137HKASTECtIF—
A #:2009% 118278 5 A AMASERE T v>/ 2 EFE 54— 3B FHE

§
tit

SEMEES BYERRERTRICHE RSP S URERE T 20O ER
B F:2009F11H27H % A AN KFIRELEF v /X
BB LSRR 1R 11189




ZOOQE 52 (~12A)

MARBIRS

28-S RS

OxE

ER21FE

NG IRLRR RS
(2009/05)

W3 RAS

MIKILRRRE L, SRR TR
BH LI RUIKILER OREADI
HEERYTIHD

o=H

E7E

EFEERITERE

RIEKESE

(2009/06)

* H—ER

[RENAAY XL EM/FUCT S/ MO0~

e ks il e

(L3

%£46[H

{LFZBIEZER SR

AMKE

Chemistry Award of Foreign

Researcher

(2009/07)
Vliadimir V. Plashnitsa

"Nano-structured Au-sensing Electrodes on
Single-crystal Zirconia Fabrication and Gas
Sensing Characteristics" Vladimir PLASH-
NITSA, Perumal ELUMALAI, Yuki FUJIO, Norio
MIURA

o=H )
BAI7ZOVMNES
BEE

(2009/08)

i RE

[T7OVILOSUERETHD /DD 34
L—>aET VDRI

O=ZE

20084 &
BARLAOS—%L2E8
(2009/08)

=iE RE
[2cBL03TAyvIHEEEFDIBEE
A (RS AT

ozx
BEt5Iv 7RIS
BI4EFHETHR
ERH

(2009/03)
BE &

[SrALORICHFAMFHIBAShAER
R D= B EY E F BRI ER ER S |

osx
BF2EYS
E5oESMEMTR
HGE

(2009/03)
BE &

[ HREMEISIALOSEWR B3 NE
REIDS D FREEE TIEMIEER]

(-3

AMKFFE6MH
BEFERREITF—
ExRERE

(2009/08)
&2 =A

[ &R SINAFeBBEfE R D FL FABIE AR |

o=E
BERLZESAMZER
b=72% =12 AM
EBRMARR

(2009/09)

AR 3%
[KRBEE=2U 7B ELBEGER
1EZHVOCEHDIRE]

A

O=H

E170m
T2AF v IBEMT
FEUNFEXRS
BEMIS RS 7'09
NAPKRRAE2—8
(2009/11)

SthER 3A
[SUH755 2 O s T B 34

[ L3

The 11th Cross Straits Symposium
on Materials, Energy, and
Environmental Sciences

The Best Presentation Award
(Oral presentation)
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"Stabilization of Sensing Characteristics for
Mixed-Potential Zirconia-Based Hydrocarbon
Sensor"
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The 11th Cross Straits Symposium
on Materials, Energy, and
Environmental Sciences

The Best Presentation Award
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‘Effect of Heavy Rare Earth Element Addition
on Microstructure of NdFeB Sintered Magnets"
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The 22nd International Symposium
on Chemical Engineering
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"Preparation of Transparent Silica Glass by

Sintering Si02 Nano Particles and Its Optical
Properties"
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"Gasification of low-rank solid fuels with thermo-
chemical energy recuperation for hydrogen
production and power generation®, J.-|. Hayashi,
S. Hosokai, N. Sonoyama, Process Safety and

Environmental Protection, Vol.84, Issue 6 (2006)
409-419.
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Nobuo Sugimoto, Nature Geoscience 2, 557 - 560
(2009). doi:10.1038/nge0583
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