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Preparation of polyoxyethylene-polylactide (PEG-PLA) Nanoparticles and the application in photodynamic
therapy (PDT)
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Poly[2,6-(1,4-phenylene)-benzobisimidazole] Nanofiber Networks

Jin Gongl), Testuya Uchidaz), Shinichi Yamazaki3), Kunio Kimura®

HSummaryll

The preparation of poly[2,6-(1,4-phenylene)-benzobisimidazole] (PPBI) nanofibers was examined using the
crystallization of oligomers during isothermal polymerization of self-polymerizable
2-(1,4-carbophenoxyphenyl)-5,6-diaminobenzimidazole. The polymerization was carried out at 350 degrees C at a
concentration of 1w-t.-% for 6 h in three kinds of solvent. The solvent influenced the morphology of PPBI
precipitates significantly, and PPBI nanofiber networks were successfully formed in DBT, of which the width
ranged from 30 to 110 nm. Molecules were aligned along the long axis of nanofibers. A fibrillar morphology with
molecular orientation is ideal for high performance materials such as reinforcements, non-woven fabrics and so
on. The nanofiber networks exhibit the highest thermal stability.
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Poly(2,5-benzimidazole) nanofibers prepared by reaction-induced crystallization

Kazuya Kimural), Gong Jinz), Shin-ichiro Kohamaz), Shinichi Yamazaki”, Testuya Uchida4), Kunio Kimura®

HSummaryll

Morphological control of poly(2,5-benzimidazole) (PBI) was examined by reaction-induced phase separation
of oligomers during polymerization to prepare nanofibers. Three monomers, 3,4-diaminobenzoic acid (DABA),
3,4-diacetoamidebenzoic acid (DAcBA) and phenyl 3,4-diaminobenzoate (PDAB), were used to synthesize PBI.
Polymerizations were carried out at 350 °C in a mixture of dibenzyltoluene isomers. Polymerization of DABA
yielded spheres with plate-like crystals on their surface. Polymerization of DAcBA yielded almost no precipitates
because of the high solubility of DAcBA oligomers. By contrast, polymerization of PDAB yielded aggregates of
PBI nanofibers (of which the average diameter was similar to 60 nm), which resembled nonwoven fabrics. These
fibers were formed by precipitation of (2,5-benzimidazole) oligomers and their subsequent polymerization into a
developing crystal structure. The structure of the monomer significantly influenced the morphology of the PBI
product, and PDAB was preferable for the preparation of PBI nanofibers. The temperature of 10% N, weight loss
in these nanofibers was in the range of 634-644 °C and they were thermally stable.

The network aggregates of poly(2,5-benzimidazole) nanofibers were prepared by the
polymerization of phenyl 3,4-diaminobenzoate at 350 °C in a mixture of dibenzyltoluene
isomers. The average diameter of the fibers was ~60 nm. These fibers were formed by the
crystallization of oligoimidazoles and the subsequent polymerization in them.
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Thermally Induced Solid-State Synthesis of Fluorine-Containing Poly(ether

oxadiazole)

Yuka Maruyamal), Yukihiko Maedal), Kanji Wakabayashiz), Shinichi Yamazaki3), Kunio Kimura®

HSummaryll

Synthesis of poly[oxy-(2,3,5,6-tetrafluoro-1,4-phenylene)-(1,3,4-oxadiazol-2-yl)-1,4-phenylene] (F-PEOz) was
examined by nucleophilic aromatic substitution reaction of
2-(4-hydroxyphenyl)-5-pentafluorophenyl-1,3,4-oxadiazole (HPOz). Only low molecular weight F-PEOz or
crosslinked insoluble polymers were obtained by the solution polymerization with bases. In contrast, thermally
induced solid-state polymerization of HPOz potassium salts at 180 °C for 1 h gave fully soluble F-PEOz with the
yield of 84% and its reduced viscosity was 0.66 dL g"'. The longer polymerization time gave insoluble polymers
due to the crosslinking reaction even in solid state. The solid-state polymerization did not undergo topochemically
and it proceeded in an amorphous state. The crosslinking reaction was slightly inhibited by the solid-state
polymerization. F-PEOz exhibited excellent solubility, high T, of 246 °C and good thermal stability.

Polymerization features in solid state during polymerization at 180°C for (a) 0 min
(HPOzK), (b) 0.5 min, (c) 5 min, and (d) 1 h.
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Gasification of woody biomass char with CO;: The catalytic effects of K and Ca

species on char gasification reactivity

MITSUOKA Keiichirou"”, HAYASHI = Shigeya®, AMANO Hiroshi”, KAYAHARA Kenji ¥,SASAOKA Eiji 7,
UDDIN  Md. Azhar ©

B Summaryll

The effects of alkali and alkaline earth metals such as potassium (K) and calcium (Ca) on CO, gasification
reactivity of Japanese cypress (hinoki) char under various temperatures (1123-1223 K) and CO; concentration (20
-80 vol.%) were studied using thermal gravimetric analysis. The presence of K and Ca compounds in char
improved the reactivity of hinoki char for CO, gasification catalytically. It was also confirmed that K and Ca
compounds can be supported on char to exhibit an enhanced catalytic effect during CO, gasification of K-char
and Ca-char. The char gasification rate increased with the increase of CO2 concentration at higher temperatures
(1173-1223 K), however at lower temperature (1123 K) the gasification rate decreased at 80% CO,. The
retardation of char gasification rate at higher CO, concentration is caused by the inhibition effect of CO: CO is
disproportionated on alkali metal catalysts to CO, and carbon, and affected the CO, gasification rate. The
dependence of char gasification rate on reaction temperature indicated that there was no significant change in the
gasification mechanism in the temperature range of 1123-1223 K.
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Fig. Fractional gasification of char, Ca-char and acid washed char with CO,.
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Study of the Mercury Sorption Mechanism on Activated Carbon in Coal

Combustion Flue Gas by the Temperature-Programmed Decomposition Desorption

Technique

MURAKAMI  Atsushi”, UDDIN Md. Azhar”, OCHIAI Ryota”, SASAOKA Eiji” and WU Shengji®’
B Summaryll

Effects of coexistent gases (HCI, SO,, O,, CO,, and H;0) in simulated coal combustion flue gas on mercury
removal by a commercial activated carbon (coconut shell AC) were investigated in a laboratory-scale fixed-bed
reactor at 80 °C. To clarify the contribution of the Deacon reaction IHCI+1/20: = Cl: + HLO Hon the
mercury sorption mechanisms, the experiments were also conducted in the presence of Cl, (in the absence of
HCI). It was found that O, promoted mercury removal in the presence of SO,; however, SO, suppressed mercury
removal irrespective of the presence of O,. The promotion of mercury removal by the presence of O, may result
from the Deacon reaction. However, SO, seemed to inhibit the Deacon reaction. It is thought that mercury species
formed on AC through the Deacon reaction was HgCl, (including HgCl,), which decomposed and desorbed at
around 300 °C. The high-temperature TPDD peaks were observed at around 500 °C in TPDD spectra of the spent
sorbents used in mercury removal in the presence of Cl, (or high concentrations of HCI), SO,, O,, CO,, and H,O.
This TPDD peak temperature range is very close to the decomposition temperature of HgSO,4. We suggest that the
high-temperature mercury desorption peaks are related to the decomposition of mercury species similar to
mercury sulfate containing chlorine (HgS,0,Cl.) on AC.
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Fig.. Effects of the presence of 0.5 ppmv Cl, and 1, 100 ppmv HCI during mercury removal in the presence of 500
ppmv SOz, 5% O,, 10 % CO, and 16 % H,0 (SV =2.4 x 10° h™") on TPDD spectra.
B Key wordll
Mercury removal, Activated carbon, TPDD
B Affiliation
1) Master candidate, Graduate School of Environmental Science
2) Associate Professor, Dept. of Environmental Chemistry and Materials
3) Master candidate, Graduate School of Environmental Science
4) Professor Emeritus , Dept. of Environmental Chemistry and Materials

5) Associate Professor of Faculty of Environmental Science and Technology, School of Mechanical Engineering,
Hangzhou Dianzi University, China

B Printing @l
Energy & Fuels, 24 (8), pp 4241-4249, 2010.

Refereeing: Full paper, Language: English




Journal of The Faculty of Environmental Science and Technology, Okayama University, Vol. 16 No.16-4-8

PEG-PLA nanoparticles prepared by emulsion solvent diffusion using oil-soluble

and water-soluble PEG-PLA

MURANAKA Makoto", HIROTA Ken" and ONO Tsutomu*?

HSummaryll

Poly(ethylene glycol)-block—polylactide (PEG-PLA) nanoparticles were prepared through the oil-in-water (O/W,
ethyl acetate/water) emulsion technique using oil-soluble PEG—PLA in the presence of water-soluble PEG-PLA
as a surfactant. The particle diameter decreased with increasing water-soluble PEG—PLA concentration, the
smallest averaged diameter was 75 nm. From these results, it was found that water-soluble PEG-PLA acted as a
surfactant which prevents further coalescence of droplets. In addition, the particles diameter decreased with
increasing hydrophile-lipophile balance of oil-soluble PEG-PLA in the absence of water-soluble PEG-PLA. In
contrast, the particle diameter was constant in the presence of water-soluble PEG-PLA. Therefore, the capability
of water-soluble PEG-PLA as a surfactant was more excellent than that of oil-soluble PEG-PLA.
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Figure 1 (left) SEM image of PEG4-PLA29 nanoparticles prepared by the emulsion solvent diffusion method
using PEG4s—PLA; as a surfactant; [PEGs—PLAy9] = 3.3 wt.%, [PEG4—PLA,] = 5.0 wt.%. (right) The effect of
PEG4—PLA, concentration on the diameter of PEG-PLA nanoparticles; open key: PEG4—PLA; (3.3 wt.%), closed
key: PEG4—PLAy (3.3 wt.%).
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Photocatalytic water treatment over WQOj; under visible light irradiation combined

with ozonation

Shunsuke Nishimotol), Takayuki Manoz), Yoshikazu Kameshima3), Michihiro Miyake4)

B Summary H

Photocatalytic water treatment over bare WO; under visible light irradiation combined with ozonation
(O3/vis/WO3) was investigated using an aqueous phenol solution as model wastewater. The Os/vis/WOs3
treatment exhibited a much higher total organic carbon removal than ozonation alone. Bare WO was found to
function as an active visible-light-responsive photocatalyst for decomposition of organic compounds in the
presence of ozone, which readily reacts with photoexcited electrons in the conduction band of WOs;.
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Figure. Schematic illustration of wastewater treatment using a WO; photocatalyst combined with ozonation under
visible light irradiation.
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Steam reforming of naphthalene as model biomass tar over iron —aluminum and

Iron-zirconium oxide catalysts

NOICHI Hiroyuki ", UDDIN Md. Azhar”, SASAOKA Eiji »

B Summaryll

The catalytic properties of iron-based mixed metal oxides such as iron—alumina (Fe—Al) and iron—zirconia (Fe—
Zr) were investigated at 850 °C in a fixed bed reactor for the steam reforming of naphthalene as a model biomass
tar compound. The effects of addition of copper species (CuO) to the iron based mixed metal oxide catalysts were
also examined. For Fe—Al catalysts, the catalytic activities for naphthalene conversion increased with increasing
Fe content except for 100Fe—0Al. The catalytic activities of Fe—Al and Fe-Zr were comparable at steady state
conditions. Compound oxides were formed in the cases of Fe—Al, but not in Fe—Zr. A strong peak in the vicinity
of 2 0 =45° for metallic iron was observed after catalytic experiments in the XRD patterns of all catalysts, which
could be related to the active sites of the catalysts. The addition of CuO increased the activities and stability of the
Fe—Al catalysts. The reasons for catalytic activity enhancement due to CuO addition can be explained as follows:
copper dispersed evenly in the compound oxides facilitate the reduction of iron oxides to metallic iron and
prevent the catalytic deactivation due to decrease in surface area of the catalysts during the reaction.
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Fig. The catalytic activity of Fe Al catalysts with different Fe content for the steam reforming of naphthalene at
50°C ( 30Fe 70Al 40Fe 60Al, l50Fe 50Al, [J60Fe 40Al, A70Fe 30Al, A100Fe).
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Phase separation of borosilicate glass containing sulfur

SAIKI Keiji”, SAKIDA Shinichi®, BENINO Yasuhiko®, NANBA Tokuro®

HSummaryll

A 10Na;S - 30B,0; - 60Si0, (mol%) glass was prepared, and the changes in glass structure and chemical state
of sulfur caused by phase separation were investigated. In the as-prepared and heat-treated glasses, sulfur was
present as S* anion and polysulfide S,” and S;™ anions, and Si—S and B—S bonds were not confirmed. A phase
separation by spinodal decomposition was observed after heat-treatment, where sulfur was preferentially
distributed to borate-rich phase. Even after the phase separation, formation of non-bridging oxygen was not
recognized. The preferential distribution of sulfur anions in the present glass was explainable on the basis of the
change in population of sodium ions, which compensated the negatively-charged sulfur anions.
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Electrode properties of the Ruddlesden-Popper series, La,;Ni,Os,+; (n = 1, 2 and

3), as intermediate-temperature solid oxide fuel cells

Suguru Takahashil), Shunsuke Nishimotoz), Motohide Matsuda3), Michihiro Miyake4)

B Summaryll

The Ruddlesden—Popper phases, La,+1Ni,03,+1 (n=1, 2, and 3), were synthesized by a solid-state reaction for use
as cathodes in an intermediate-temperature (500°-700°C) solid oxide fuel cell. The samples crystallized into an
orthorhombic layered perovskite structure. The overall electrical conductivity increased with the increase of 7 in
the intermediate temperature range. Single test-cells, which consisted of samarium-oxide-doped ceria (SDC;
Smy,Ces0;) as an electrolyte, Ni-SDC cermet (Ni-SDC) as an anode, and La,+Ni,Os,+; as a cathode, were
fabricated for measurements of cell performance at 500°-700°C. Current interruption measurements revealed that
both the ohmic and overpotential losses at 700°C decreased with the increase of n. LayNi3;Oy¢ was found to exhibit
the best cathode characteristics in the La,+;Ni,Os,+; series. Maximum test-cell power densities with LasNiz;Oyq
(n=3) were 10.2, 36.5, and 88.2 mW/cm® at 500°, 600°, and 700°C, respectively.
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Figure. Structural illustration of the Ruddlesden—Popper phases, La,+1Ni,O3,+ (n=1, 2, and 3).
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A versatile biodegradable polymer with a thermo-reversible/irreversible transition
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B Summaryll

A versatile biodegradable thermoresponsive polymer was developed. The polymer has succinimide and
isopropylasparamide segments and exhibits a phase transition with thermoreversibility that can be controlled by
changing the polymer composition. With fewer succinimide units, the polymer exhibits the type of
thermo-reversible phase transition that is characteristic of poly(N-isopropylacrylamide) (PNIPAAm). The polymer
with a higher proportion of succinimide units exhibits a thermo-irreversible phase transition, resulting in the
formation of nanospheres that are stable below the transition temperature. The stable nanospheres are generated
by dehydration and subsequent conformational stabilization through an interaction between imide rings. This
thermoirreversible phase transition in water provides a simple, oil-free preparation of biodegradable nanospheres.
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Figure 1 Thermoresponsiveness of aqueous solutions of IPA-PSI with various degrees of substitution (DS).
Change in appearance of aqueous IPA-PSI with DS = 76 (upper) and DS = 37 mol % (lower).
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