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Synthesis of Visible Light Driven Photocatalyst and Development of
Photocatalytic Environmental Purification Process

by
Masahiro Katoh, Toshihiro Moriga, Narisuke Mori, Ryota Mashima, Mayu Yamada

In this study, to improve the photocatalytic reactivity of TiO, and to extend its light absorption into
the visible light region, nitrogen (N) and fluorine (F) doped TiO, and some Perovskite-type
LaTiO,«N;x were synthesized. The photocatalytic activity of N,F-doped TiO, under not only
visible irradiation but also UV irradiation exceeded that of commercial anatase type TiO, (ST-01 by
Ishihara Sangyo, Ltd.). This high photocatalytic activity under LED irradiation is indispensable to
development of photocatalytic environmental purification process. Some Perovskite-type
LaTiO,«Njx with anion nonstoichiometry were prepared by heating an oxide precursor under
ammonia atmosphere and successively annealed under diluted ammonia. Increasing O/N ratio
enhances the optical bandgap of the oxynitrides. A series of perovskite-type LaTiO,N materials with
compositions a slightly deviated from the stoichiometric metal composition was also prepared.

Increasing Ti/La ratio results in deterioration of reflectivity.

Key words: Titanium Dioxide, Visible Light Driven Photocatalyst, Environmental Purification Process
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Fig.1 Powder X-ray diffraction patterns for TiO, and

N,F-TiO,.
1 (12)

Table 1 The prepared concentration of NH4F aq. and

crystallite size of several N,F-TiO,.

Sample name Conc. of NH4F aq. Crystallite size” [nm
NH,F p 4F aq ry ze* [nm]

N,F-TiO,[1.0] 1.0mol/L 227
N,F-Ti0,[3.0] 3.0mol/L 28.4

N,F-Ti0,[5.0] 5.0mol/L 345

11
a Calculated by applying the Scherrer formula on the

NF-TiO, anatase (1 0 1) diffraction peak.

LED TiO, ST-01 )
NH,F
N,F-TiO, Fig.
NH,F 1.0, 3.0, or 5.0 mol/L 2 400nm
N,F-TiO, NH,F TiO, NH,F 5.0mol/L
XRD Fig. 1 NH4F ST-01
TiO, N,F-TiO, 425nm  450nm

NH4F ST-01

NH,F

101 TiO,
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Fig. 3 C/Cy of methylene blue in UV-visible
spectra around 660 nm as a function of blue LED

(A=470nm, I=20mA) irradiation time. (12)
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Fig. 6 Diffuse reflectance spectra of oxynitrides prepared in
this experiment. The chemical formula calculated from the

results of oxygen/nitrogen analysis is also shown.
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Fig. 7 Diffuse reflectance spectra of oxynitrides with
varying the cation ratio. The ratios denoted in the figure were
determined by ICP-AES spectroscopy.
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Experimental Verification of Position Sensorless Drive System

for Permanent Magnet Synchronous Motor

by

Tokuo OHNISHI, Kenji YAMANAKA and Masahide HOJO

The PM motor has become increasingly popular for many applications. We proposed a novel

sensor-less control system for the PM motor drive. The proposed system can be easily constructed
without any motor parameters. We developed the prototype electric vehicle (EV) driven by interior
permanent magnet synchronous motor using proposed sensor-less control methods .

In this paper, we describe the principle of operation of the proposed sensorless control scheme for the

PM motor drive and we apply this control method to the main motor drive for EV and reports test run

result of the electric vehicle, using proposed sensor-less control methods.

Keywords :
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On testing of open faults in multi-layered wiring LSIs

by

Hiroyuki YOTSUYANAGI and Masaki HASHIZUME

Open faults are difficult to test since the floating wire occurred by an open fault has unstable

voltage. In this work, the effect of adjacent lines around an open fault in multi-layered wiring LSIs

is discussed. To observe the relation between an open fault and the adjacent lines, a 0.35um CMOS

IC is designed and fabricated. The open fault macros with a transmission gate and with an

intentional break are included in the IC. The adjacent lines in the same layer and the different layers

are placed in the test chip. The simulation and experimental results show that the voltage at the

floating wire is affected by the adjacent lines.

Keywords: testing, open faults, VLSI, multi-layered wiring, adjacent lines
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Study of Speech Recognition using Suffix Array

by

Satoru TSUGE, Masami SHISHIBORI, Kenji KITA

For obtaining high speech recognition performance, we need high quality acoustic model and language

model of speech recognition. In this study, we focus on the language model. The conventional language

models, which are CFG, N-gram model, and so on, have some problems which are outputted the

non-language characters and words sequence. Therefore, in this paper, we proposed the language

model which was used the suffix array for speech recognition. The suffix array was proposed for the
information retrieval. The advantages of the suffix array were that “O000 0”7 “0D00000CO00O

0007 For evaluating the proposed language model, we conducted the similarly music information

retrieval experiment using MIDI database. The experimental results showed that the proposed method

was useful for the music information retrieval.

Key words: Suffix Array, Speech Recognition, Language Model
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Application of Iron Oxide Combustion Catalysts
to After-Treatment System of Diesel Engine

by
Kei-ichiro MURALI, Suguru TOJO, Takatumi YAMAGUCHI, Toshihiro MORIGA
and Yoshiyuki KIDOGUCHI

Iron oxides which were supported on three kinds of alumina (y-Al,O;, y-Al,Os; and
activated-Al,Os3) were prepared for oxidation catalysts on an after-treatment system of diesel engine.
In methane oxidation experiment, we found that the hematite (a.-Fe,O3), which was synthesized from
goethite (a-FeOOH), supported on y-Al,O; has the highest catalytic activity (over 70% in CHy
conversion) at 227K than the other catalysts. Also in the redox reaction between NOy and
activated-carbon as substitute for soot, the catalyst supported on y%-Al,O; showed the highest
performance and CO gas was not observed in the products. It is concluded that in o-Fe,O3/¢-AlO;3
catalyst, a-Fe,O; exists mainly on the surface of the support, because of flatness of the surface of
%-Al,03. On the other hand, in the case of a-Fe,0s/y-Al,O5 catalyst, as the surface of support,
v-Al; O3, is uneven, a-Fe,O3 do not partially exist on the surface but in the pores.

Key words: Iron oxide, Combustion Catalyst, Oxidation, Alumina Support
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Fig. 5 Methane conversion over o-Fe,05/y-Al,O5.
a-Fe,O3/y-AlLO5 and a-Fe,0j/activated-Al,O;.
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Fig. 7 Fe2p peak area ratio Fe/(Fe+Al) as a function of the
catalysts and content of o-Fe,O; to the entire catalysts
measured by XRF.

Bk g o T, MBI KT D AL REEE O FlR iz B0
TH. y-ALO; Wb RE 2R L7y, Al 2 Er
T 5 2 LIT LV y-ALO; HFHIEN B R D Z & o7z,
Z OJFIAIT XPS 8 L O XRF JIEOFER (Fig.7) »HHfe
W22 LNTED, Fig7 1L, XPS O — 7 miEL Y
ROTENEN ORI D Al SLHRITHT D Fe JLsED
F & & XRF TRD 72K D a-Fe,0; DIFFR 277 L
TWD, y-ALO; FHEFME B Al IE ) Il 5% m D Bt R O
FEG M b2 < 9Tatom% & 72 V) | MHALEFE O/ S EE
O NEI i S i OFRITR OBIG R L T & BERRE
REVHAGMNE o7z, ZHUTIIROMALONEBIZ 1L
FALE (0-FeO03) D —EMZAL TWDH Z L2 EHHE L T
WD, ZDTZHMERD D72\ vy -ALO; R o-Fe,05 23

DHCRRETHEEEN TR Y, — Lo %\ w-ALO; T

Table 1 Crystallite size of a-Fe,03/¢-Al,0;5 a-Fe,05/y-Al,O53 and a-Fe,Oj/activated-Al, O,

a-Fe,053/y-AlLO4
Crystallite size(A)

Miller indices

a-Fe,05/v-Al,O3
Crystallite size(A)

a-Fe,Os/activated- Al,O4
Crystallite size(A)

(012) 96
(104 85
(110) 150
(113) 110
(116) 90

70 92
89 95
220 130
230 105
200 100
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Preparation and photocatalytic property of visible light responsive

TiO, thin film photocatalysts by dip-coating

Toshihide HORIKAWA!", Takashi ISODA?

The visible light responsive TiO; thin film photocatalysts were prepared by applying
a dip-coating process, for which the coating solution was prepared using titanium
tetraisopropoxide as a source material and different organic solvents. The nitrogen was
doped to the obtained TiO, thin film during the calcination process as an agent for
visible light response. The surface morphology was analyzed by AFM and FE-SEM.
Nitrogen state in the lattice and crystalline stricture were measured by XPS and XRD,
respectively. Photocatalytic decomposition activity of methylene blue on the films was
also measured under visible light irradiation using the light emitting diodes.

Keywords: Titanium dioxide, Thin film, Nitrogen doping, Photocatalyst
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Fig.1 Typical photographs (a, b), FE-SEM image (2") AFM image (b’) of the
prepared TiO, thin films using different solvents obtained by dip-coating: (a)
EtOH, (b) CeHy, (the volume ratio of TTIP:organic solvent was 1.5, the
dip-coating speed was 5mmns).
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Fig.2 Dip-coating speed vs TiO, film thickness (the organic solvent was CgHyp,
the volume ratio of TTIP:organic solvent was 1:5). Inset shows the photograph of
the TiO, thin film that was prepared by dip-coating speed at 20 mm/s.
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Fl&E RPBEA LD &, CH,DE XTI T v 7 - FlEs
FAELT-DIZHT L, BtOH O & 13T T v 7 - B R D372
77, ZOHE & UTEOH OFA, Ti0 R 3Ed 23 nm D—
WRIFH25 200 nm FREDRE 72 “IRRAAZE CHET 5720,
TR L 0 3 AET DRI OIRIISEIC L 2 B E D
HAVNE L BEENDSRSAER Ligh o Toizd s T v 7 < HIMED
Lot tEZBND, UL, Ci, OEAITIIIKfiE
& EREATOODE U S DL nm @ Ti0, —RRi 1%, CH,,
BTN RIS L 2 BE O EE R 2,
— BT CIRNEE R E A B | S Lz B bivd, £0D
7280, 5l& BFHEL EF 206> TR E~F1 & BT O A8
TREDSEIN L, AR L7 — b -8 b BN L 7= DGRl f8)
< MRIALEBIC X AR SR I3 L 0 iE e, 7T v o - FI8
WEUIZEEZLND,

IHIT, Ti PO TTIP & AHUTHEALE EtOH, CgH,, O
 1:5~20 L UCGRBLT=T ¢ v 7 2—F 1 U VEIRE VT
FlZ FIFHE 5 mm/s CTI0 A E L, Z2C, EiEh
DF|E HPHEN—ETHDZ b, MEENREL 51T
CHM B BT BB TTIP 2NEd % = &1272 5, EtOH
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Fig. 3 Typical photographs (a) and AFM image (@) of the prepared TiO, thin
film (the organic solvent was CsHy, the volume ratio of TTIP:organic solvent
was 1:20, and the dip-coating speed was 5 mm/s).
BrAlcid 1:5~20 & a—7 ¢ » Z VIR O ELOH AN 5 &
1550 2 THAR I ZHERT S5 200 nm FREEOD Ti0, R F-0 &)
Wb 2 LAMERCE T, HERET D Ti0, K38 5728
IO ARBIEIRE LTz, —J7, Ci, ORI 1:5
CYERL U7 BB OE D72 Fig. 1b) DIZH L, A
HEDHEINL 2—F ¢  JESHER O CH, BONEINT 5 &, Bk
D WIEOFEIIMD R 2 (T 6T 5 2 LM ST,
Fig. 3IZTTIP & CHyp, DUEELL 1:20 Da—F ¢ v ZERA
TR L7272 AFE L AN Eifg 4779, Fig. 3a’®
ARM B0 | $5 nm FREED— YR F-73EEE LT 10 nm DK
RFa L, T4 6D =IRITHIHERS L CHRIEDSTZRL S 41T
WBHZ EDGIND, Fig. I ITRLIZE DI, ML 1:5 &
E—YRADEEET D T & 7 EEEITHERE L QU bl 20
TholoZ Linh, —IRRIT-HEEHE L IRKL 2R L.
B ZIRITTANCHERE L7 Z & C Ti0, EIROBIRM:REE L 8
LUz LoD, (REEELOBIMNI R, RiF03F70 D HERERE
TEETER LT3 & LT, R T O AERaaiE & PRI DRI EE
LI R E S BHRT 2DOTIF RV EE X D, Rk L7z
X 91T CH,, L L= & & Ti0, — WK A RGEE L EtoH
B E LTz & & 0 IRV, (RFELOIEINC LV CH,, TRl
BT 2 Z & TS DRHIIR L 2D, D7),
—URRIF-OREE - EDEAT L. DV N SV & E IS
N3 Te ZIRBIF ISR LT £ B2 BV, TERLS L2 2K
Krf1d Fig. 3a’ @ ARM EIEH D H 537D £ D IZHA RGN
B 212D =IRITHNT M LAHERE L 10, Wil I i L
EEfb L7,

3.2. &R F—7Ti0,EE
Fig. 413, Fig. LITRUTCEIEENETESR R—7 W08
e L7z Ti0, DT U A B AR, %k F—7WELLT-
(N~doped) TiO, fEHIL, 3 R — 7 AEZ i L TR
(undoped) TiO, L BB AR LTz, %35E F—7UENC X
Y. EtOH D & & QO LEHADREHAE Fig 4a) 1. CH,
D& ZFEAN O FEOGEIER (Fig. 4b) IZENEL LT,

(a) (b)
hivan

of Tokushima

miversitgj of Tol1

Fig.4 Typical photographs of the nitrogen doped TiO, thin films; (a) EtOH, (b)
CgHyz (the volume ratio of TTIP:organic solvent was 1.5, and the dip-coating
speed was 5 mmys).
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Fig. 5 Influence of the organic solvent species or N-doping on the UV-Vis
reflection spectra of the prepared TiO, thin films; (a) undoped and N-doped TiO,
thin films (the organic solvents were EtOH and CgHy,, the volume ratio of
TTIP:organic solvent was 1:5, and the dip-coating speed was 5 mnvs), (b)
N-doped TiO; thin films at different dip-coating speeds (the organic solvent was
EtOH, the volume ratio of TTIP:organic solvent was 1:5).

% ZC, N-doped XUERRIif&DIEWIRAEA WV-Vis JIEC &
DEMIE L7z, ZOfEHRA Fig. 51077, Fig 5ald. EtOH, G,
ZTH & TR 5 mn/s TYERLL7- Tio, iR 2455 K—7
JVERL -t L 723 & i LV 2R IO IV-Vis St A~y b
ZRLTWA, EtOH &35, N-doped Ti0, RO
DLEDS undoped Ti0, HHEDZDAME LV &AM~ 7 k
L QWD ZEDBSIND, EHR R—THBIZ L0 A EEE
HETEI2Z LAV SIS, — . CH,, & V2355 N-doped,
undoped Ti0, T & & [ ZWRINIHOOALEAS 340 nm {3128 Y | Ti0,
DT F 2 —BREERDR T WIUHONAE, £ 387 nm, K DK
FlzH 2 2 EHERTE B, EH F—7NuBA ) L7z Ti0, 7%
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Fig.6 XPS spectra of N 1s of un-doped TiO, thin films (a), (c), nitrogen doped
TiO, thin films (b), (d), and that of (b), (d) after Ar* ion etching for 180 s are
shown respectively in (b”) and (d”) (the organic solvents were left; EtOH and
right; CeHy, the volume ratio of TTIP:organic solvent was 1.5, and the
dip-coating speed was 5 mmy/s).

MEDEIZEAL L, WITRT N 1s D XPS A2 kL (Figs. 6d and
d) 26 b Ti0, FfEHICESR R—T7 S TS Z L AR T
7o, B DAVEIROBIE S 130 mmf2E (Fig. 2) f&;of:
=IO E TR E IR~ b B2 BD,

WIZ Fig. 5b i, EtOH 2 MW Ta1& Tk 5~50 /s T
VEBLL 7= N-doped Ti0, 80D WV-Vis S A7 FLAR LT
%o BIE RIFEENHL 72 D106 T, RIBRESHML, &
PEHONE SO T TIIED D E BIZAHDEII~ 7 F LT
L EDMERTE D, ZHUTE|E R ORI A
T2 TiORAFEAMEMLIZ720TH D L& 2 B5ND,

E5IZ, undoped Ti0, KL N-doped Ti0, HIRDZEEIF T
DPREEHERT HT-0DIZN 1s DXPSHIEZATV O, Z DfE R4 Fig.
6 I~ 7, Figs. 6a and c [3ZHEHUEtOH, CH, & VTR
L7= undoped Ti0, #iD XPS AL R Th DR, WTHLOEE
B2 ORI T B N Is 1B 15 B —2 13 fFEL
720y, —J5, N-dpoed Ti0, X T NOEEEA WA 128
WTH N Is ITIRET 5 B —2 23396 oV AVTHICHER TE 5 Figs.
6b and d), ZON 1s D396 eV ITRETHE—2 1L, — I
Ti0, ffm - ORI T & BRI TR R—7 BT L0 Ef
SN TI-NFEEEIER LT- & & D f-NF Oz, 2 L
T, Figs. 6b” and d’1%, HEREEZ T /LT A A ATLD 180
By F o ZRERENE L CRE LTz & & D XPS AT ML
SRLTEY, ToF 7% 396 eV ITIHET D E— 7 VL L
TRNZ EDD, TR TR X 0 e SN ZEES Tio,
BT F—7 &R, FO%EHEIT TI0, TP ol & B S Ti-N
FEGETR LTRRE T TiO, i FICAHEL TV D Z L 2oRie
T%,

F7-. N-doped Ti0, #lEAAERT 5 Ti0, OffaEEEE XRD
BIEIC X VR LT, EtOH &N T 5~50mn/s 5 | & I

L 7= N-doped Ti0, 74l XRD /<% —> % Fig. 7157, 5l
X R 20, 50 mm/s "G L 7= XRD /3% — A2 TiO,
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Fig. 7 XRD pattems of the prepared N-doped TiO, thin films at different
dip-coating speeds (a) 5 mmys, (b) 10 mm/s, (c) 20 mmys, and (d) 50 mms (the
organic solvents was EtOH, the volume ratio of TTIP:oroanic solvent was 1:5).
N-doped Ti0, {EiFAET 25 Ti0, OfESAEEILT T2 —EHIT
5D EDHERTE T, BlE RIFHEINEO & X2, XRD 3K

ATE—=ZIFRLNRVY, TAUTB] & LT HREED R S L
IRaAERcT % Ti0, DEAVI7R 720 | ZD72 XRD TR TE
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W72 —EHTH L LHEHIS LD,

FTo, CHy VTR L7#E (51& RiFdEE: ~11
m/s) ZEHRZ XRD JE L7203, B =215 bhnienoTe, b
TROBE &[] U & O 1SR T2 Ti0, ORAVD72< XRD T
B TE RSl bDEEZ D72, BlE LI 5 m/s
TT 4 v 73— 4 7 & Halkk ) i LR L7550 XRD
AR & 25, EtOH 2 VTR L 72 Ti0, 8 L [ 7
FH—VIIRBET D PERTET, DI LMD C Hu %
PN THRR L7 DU T B IREAERT S T10, DRl
TFE—BEITH D LB I,

3.3, YA

3.2. IO UCELOH 2V, Bl B 50 m/s T
TR U7 ) S b TR E S B N E B B ND T L,
A ST A TR DIE 400, 470, 525 nm 2 FHENA
T4 LED HEHH L, AT Lo 7 — KRR D A e
EAToT, TOREE Fig 81TRT, EOMEDEERE LT
& ZITH, undoped, N-doped TiO, LT X 2 MR 10
AT LT N KRB IR LD, I
£-400 nm @ LED SEHRH T3\ Tl undoped Ti0, #0578
N-doped Ti0, 5L 1) & YEAMBIEM:A S < | 12 INFHCR) 85% 0D A
TV U TR DN LTz, —J7, N-doped Ti0, 5D
Y. AT L U7 KRR O 12 T 50% Td
o7, L L, RSS2 LED DB B3 470 nm LW E< 72D &,
ZOiEME TR L, N-doped Ti0, FEEDYAMIENEDS undoped
Ti0, HRDZALE D i Z E0353703%, N-doped Ti0, B %
12 FREE TR 400 nm 00 LED AR U7z & & L [RIRRISH 50% A T
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Fig. 8 Photocatalytic decomposition of an agueous methylene blue solution using the prepared undoped
TiO, and N-doped TiO, thin films under LEDs irradiation (the organic solvents was EtOH, the volume ratio

of TTIP:organic solvent was 1.5, the dip-coating speed was 50 mmys).
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Development of a Rehabilitation Method for Concrete Structures
Using the Ductile Fiber Reinforced Cementitious Composite

by
Takao UEDA

Electrochemical corrosion control methods have been applied to concrete structures deteriorated
by steel corrosion in concrete. By means of these methods, corrosion control effect can be expected,
but the improvement of mechanical performances or prevention of dropping of concrete pieces can’t
be gained. From such background, experimental investigation was carried out in order to clarify the
possibility of a new electrochemical rehabilitation method, in which the ductile fiber reinforced
cementitious composite bonding and covering the anode material on the concrete surface was used
for improving the mechanical performances of the deteriorated structures. As the results of this study,
bending strengthening effect was confirmed by the flexural bending test of reinforced concrete

specimens applying the proposed method.

Key words: HPFRCC, Electrochemical Corrosion Control Method, Strengthening Effect
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Table 1  Mix proportion of concrete for RC beam specimen

w/C sla Gmax Unit mass (kg/m®)
mm C W S G NaCl WRA AEA
55 46 15 318 175 796 946 13.2 0.3 0.02
Table 2 Mix proportion of HPFRCC
Name of W/B siC \%i No. Unit mass (kg/m°)
Fiber % C W S FA Fiber HVA SPA
PVA 37 0.5 15 V37 817 378 409 204 19.5 0.756 1.02
45 0.5 15 V45 750 422 375 188 19.5 0.844 | 0.937
PE 37 0.5 15 E37 819 379 410 205 15 0.758 1.02
Table 3  Properties of fibers
Fiber Length | Diameter | Tensile Young’s
2. (mm) (Jam) strength modulus
2.1RC HPFRCC (N/mm?) (N/mm?)
RC PVA |12 40 1600 4.0=<10*
Table 1 HPFRCC PE 12 12 2500 8.8><10*
Table 2 HPFRCC
Table 3 Table 1
RC 28 46.5 P2 T P2 100
N/mm? cl 8.0 150 @
kg/m? NaCl TitaniX-m mesh F—l( 0 Concrete 2
- [ . @
i 470 °
HPFRCC 2 \ # vl
A b A
W/B 45 37 Steel bar < ""RCC 300 | Unit mm
D10 |
20 Fig. 1 Outline of RC beam specimen
\i 15 S/IC 05
20 mm
3.16 g/cm3 3280 cmZ/g HPFRCC Fig. 1
JIS A 6201
2.35 g/cm® 3700 cm*g SiO, 56.9
16 7 1.0 A/m? 8
3
2.59 glcm 0.IN  Li3BO,
(HVA) 0.2 AE
(SPA) 0.1
2.2 HPFRCC 100>
RC 100><80>< 100><400 mm 40 mm
400 mm 20 mm D10 SD295A 1
HPFRCC RC HPFRCC
@100><200 mm 100>=<100
><400 mm
20
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2.3
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Ag/AgCI

HPFRCC

50 mm

10 mm
JCI-SC4

3. HPFRCC
HPFRCC
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E37

HPFRCC
2 10
20 N/mm?

w/B 37
E37
HPFRCC

Fig. 2
10kN

HPFRCC
Cl
2000 kN
Fig. 1
TT
2 mm
HPFRCC
Cl
Table 4 Table
PVA V37
E37
Table 3
PE
E37 V37
HPFRCC

Table 4 Fresh properties and 28 days’ strength

Name of Table flow Air 28 days’
mixture mm strength
N/mm?
V37 150 6.0 65
V45 197 8.0 45
E37 110 35 54
35
30

Deflection mm

Fig. 2 Bending load-deflection curves of HPFRCC

specimens
Fig.
V37
HPFRCC
V37 PVA
PVA
PE PVA
PVA
2 E37
PE
V37

V45
Fig. 2 V45
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4.1 °
04
3
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Fig. 3 Electrifying period days
HPFRCC
Fig. 3 Potential difference between anode and steel bar
HPFRCC
Table 5 Half-cell potential of steel in specimens before
and after the treatment V vs Ag/AgCl
DV37 DV45 DE37
4.2 Before 0.359 0.356 0.390
After 1.059 1.043 1.059
Table 5
0.35 V vs Ag/AgCI ASTM C876-91
9/Ag  HPFRCC | Concrete |
< > < g
8.0 kg/m® 8
ol 7 —B8-DV37
"’g 6 —— DV45
1.0 V vs Ag/AgCl —
Oy
[T
o
=3
3
e 2
43 cl <1 |Steel
CI 0 1 1 1 1 1
Fig. 4 0omm .10 20 30 40 50 60 70
HPFRCC 20 mm 20 mm Distance from concrete surface mm
Fig. 4 Distribution of total chlorides in specimens just
Fig. 4 HPFRCC 1 after the treatment
2 cm Cl
HPFRCC 3)
HPFRCC
4.4 HPFRCC
cl HPFRCC
2.0 kg/m® Fig. 5
cl 8.0kg/m’ 75 HPFRCC 1.0 N/mm?
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Development of a visual fluorometric determination method for selenium
in environmental water samples

by

Tomoki YABUTANI, Akiko [INUMA, Masayuki YOKOTA, Hideyuki KISHIMOTO,
Junko MOTONAKA, Yukako HAYASHI

Selenium(IV) and Se(VI) were visually detected and determined based on fluorometric
derivatization used by 2,3-diaminonaphtalene (DAN) and [3-cyclodextrin ([3-CD) / sodium
dodecyl sulfate (SDS) as fluorometric enhancer. The visual determination of Se was achieved by
removing non-reacted DAN, which causes severe interferences and shows high background for
visual determination, with a cation exchange treatment. The cation exchange treatment provided
over 90% of its removal efficiency without loss of Se-DAN. In order to determine Se(VI), Se(VI)
was converted to Se(IV) based on the reduction of the treatment under 6 mol 1" HCI at 110 °C.
Se(IV) and Se(VI) in a river water and a seawater sample could be quantitively recovered through
the Se-DAN derivatization and the cation exchange treatment. Under the optimal condition for
visual determination of Se, the fluorometric color was visually detected from 20 pg "' to 5000 pg I
of Se(IV) and from 100 pg 1" to 5000 pg 1" of Se(VI) and the difference of the color every 20-50 g

1" was distinguished.

Keywords: Selenium, visual determination, fluorometry, 2,3-diaminonaphtalene, cation exchange

Department of Chemical Science and technology, (ICP-MS) ICP (ICP-AES)
Institute of Science and Technology, The Univers (AAS)
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Scheme 1 A reaction of derivatization of

Se(1V) with 2,3-diamino naphthalene.
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( 1
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Fig. 1 The fluorescence excitation and
emission spectra of Se-DAN without and with
SDS /B-CD, B-CD, and SDS

The samples were Se-DAN in water (Se
concn. 0.63 umol |1 ) containing
flurorometric enhansers as follows;

(@) 6 mmol I-1 SDS, 10 mmol I-1 -CD

(b) 10 mmol I'1 B-CD

(c) 6 mmol I-1 SDS

(d) water

-

Fluoles ence intensity

400 500 500

wavelength /nm

Fig. 2 The fluorescence emission spectra of
Se-DAN in the samples before (dotted line) and
after (solid line) the removal treatment of DAN
by cation exchange resin.
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Table 1 Recovery of Se(IV) and Se(VI) in river water and seawater sample in the Se-DAN analytical

procedure”
Sample Se concentration (mg 1™)” Recovery(%)
Se( ) Se( ) Se( ) Se( )
Riverwater 0.1 - 108 == 4
2.0 - 98 = 2
0.04 0.06 101 = 9 104 + 12
0.4 0.6 97 + 3 112+ 20
Seawater 0.1 - 103 == 3
2.0 - 101 = 3
0.04 0.06 9% <+ 4 98 + 13
0.4 0.6 102 + 3 98 + 5

a)The Se-DAN analytical procedure consisted of the Se-DAN derivatization, the cation exchange
treatment for removal of non-reacted DAN, and the fluorometric measurement with the fluorophotometer.
The pH condition was adjusted to be pH 2 in the Se-DAN derivatization and pH 4 in the fluorometric

measurement.

A 100 mg of the strong cation exchange resin and 220 rpmx10 min for mechanical

shaking were used in the cation exchange treatment for removal of non-reacted DAN. The measurement

of the analytical samples was performed in the fluorometric condition of A= 375 nm and A.,=550 nm).

Se-DAN
-CD/SDS
[3-CD/SDS
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Se-DAN
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Se-DAN
se(lV)  Se(vl)

Se(C ) Se( )

10
Se(VI)
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90

B
5%
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Se( )
Se
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7
Se(VI)
Se(1V)
100
80% 100

(RSD15%) 110
Se(VI) 10248 %
Table 1
Se(1V) Se(vl)
Se-DAN
Se(Vl)
Se Se( ) Se
Se( )
Se(1V)
RSD 10%
Se(1V)
Se(Vl)
Se-DAN
3-2.
Se( ) Se-DAN

SeC )

100%

Se(VI)

Fig. 3
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Fig. 3 Color transition with the concentration change of Se-DAN in the visual
determination method..

The pH condition was adjusted to be pH 2 in the Se-DAN derivatization and pH 4 for visual
measurement. A 100 mg of the strong cation exchange resin and 220 rpm>10 min for mechanical
shaking were used in the cation exchange treatment. The fluorometric color generated by radiation
with a black light (A= 365 nm)

0 5mg ISe( )

Se( ) DAN
DAN Se
Se-DAN DAN
0 pH2 DAN
100 ug 1 (10 pug 11 ) 10 Se-DAN 5% Se-DAN
0 20 pg It
Se( ) SDS/[3-CD Se-DAN
20 ug It
Se( )
20-50 pg It Se( ) 20-50 pg It
Se(VI) 20 ug I
0-5mg I Se(1V)
100 pg I 6 mol I1
Se( ) HCl 110 10 Se(VI)
Se(VI) Se(1V) 100 ng I
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Design, ex vivo Synthesis, and Biological Activities of Plant Constituents

Containing an Isoprene Side-chain Based on Isoprenomics

by
Yoshihiro UTO, Daisuke KOYAMA, Naoki OTOMO, Chiaki ABE, Tadashi SHIRAII,
Eiji NAKATA, Hitoshi HORI

Phytyl quinols, namely acyclic tocopherols, are key intermediates of tocopherol biosynthesis,
but their biological activities remain unclear. We therefore investigated the structure-activity
relationship of phytyl quinols to apply a chemical biosynthesis design for an antiatherosclerosis
drug based on isoprenomics. We have achieved the biosynthesis-oriented synthesis of a- and
B-phytyl quinol as an unnatural intermediate, other y- and &-phytyl quinol as a natural one. All four
phytyl quinols showed almost the same moderate inhibitory activity against low-density lipoprotein
oxidation instead of their different degree of C-methylation with character different from
tocopherols. In vivo toxicities of phytyl quinols against chick embryo chorioallantoic membrane
vasculature were hardly observed. We proposed phytyl quinols were possible antioxidants in plants
and animals, like vitamin E.

Key words: Antioxidant, Acyclic tocopherol, Antiatherosclerosis drug, phytyl quinol,
Chick embryo chorioallantoic membrane, Isoprenomics

1
Division of Bioinformatics Engineering,
Department of Life System,
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2
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Fig. 1. Biosynthesis of tocopherols.
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R NaH Rs
phytyl bromide
—>
Ry OH toluene Ry OH
R, Ry
1R;=R,=R;=CH, 5Ry=R,=R;=CH; 3%
2Ry{=R3=CH;,R;=H 6 Ry =R; =CH3, Ry =H 65%
3R =R;=CH;, R3;=H 7R;=Ry;=CHj3, Ry =H 62%
4R;=CH;,R,=R;=H 8 Ry =CH3, R, =R;=H 54%
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. O,
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SPB/ acetone 2:3 R; Et,0, MeOH OH
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TX-2229 Ry =R;=R3=CH; 65% TX-2254 Ry =R;=R3=CH; 88%
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TX-2233 R, =R, =CH;,R;=H 75% TX-2242 Ry =Ry =CH;, R;=H 86%
TX-2230 Ry =CH3, Ry =R3s =H 54% TX-2231 Ry =CH;3, R; = R3=H 95%

Scheme 1. Synthesis of phytyl quinols and phytyl quinones.
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2.4 LDL uM a
LDL TX-2254 84.4 min
LDL
TX-2247: 82.6 min > TX-2242: 81.5 min > TX-2231: 77.2
©-6) LDL min DPPH
LDL
LDL LDL
Lagtime @  LDL TBARS S TX-2231
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TBARS @ Table 1 v TX-2242
Lag time min TX-2254: 1158 + 58 uM =
- TX-2247:111.9 + 2.3 uM > TX-2242: 148.0 £ 10.1 uM
LDL DPPH
Lag time = 100.8 min; TBARS IC5, = 66.5 + 13.1
Table 1. Antioxidative property of phytyl quinols and phytyl quinones.
Antioxidant DPPH ECsy (uM) LDL lag time (min) LDL TBARS ICs, (uM)
TX-2254 27.9+0.9 84.4 1158+5.8
TX-2247 265+ 3.4 82.6 111.9+2.3
TX-2242 243104 81.5 148.0 £ 10.1
TX-2231 20.9+3.1 77.2 97.0+34
TX-2229 > 200 58.2 > 1000
TX-2232 > 200 59.8 > 1000
TX-2233 > 200 50.2 > 1000
TX-2230 > 200 44.8 > 1000
dl-a-tocopherol 21409 100.8 66.5+ 13.1
2.5 in vivo 10 1
in vivo
in
Vvivo in vivo
Fig. 3
10pg  TX-2247
A B
1 10
in vivo
0.1 10 ng o-
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Fig. 3. In vivo toxicity of phytyl quinols and dl-a-tocopherol in the chick CAM vasculature. These photograph (A, B)
shows CAM vasculature without damage (A) or with damage (B) when 10 ug of TX-2247 was treated.
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Effect of Rich and High Turbulence Combustion on Emissions
and Flame Behavior in a Direct-Injection Diesel Engine

B EBHL KFOD BfFEL =k

by
Changlin YANG, Yoshiyuki KIDOGUCHIL, Kei MIWA

(14 ¥ 17} Times New Roman)

(12 & 17} Times New Roman)
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This study tried to reduce NOx and particulate emissions simultaneously in a high speed direct*

C

injection diesel engine. Fuel-rich combustion was used to reduce NOx emission at initial
combustion stage. High turbulence combustion was used to reduce particulate emission at
diffusion combustion stage. Experiments were carried out to investigate the effects of high squish
combustion chambers with small throat on combustion process and exhaust emissions. Results
showed that in the high squish combustion chamber, both NOx and particulate emissions reduced
with retarded injection timing. Endoscopic high-speed photography was employed to analyze the
experimental results. In the original combustion chamber at the early combustion stage, the high
luminosity flame tended to spread out of the cavity. Fuel-rich mixture burned slowly over the
piston crown. In the high squish combustion chamber, flame rotated violently around the bowl.
Fuel-rich mixture was kept beneath the squish lip, and was mainly oxidized inside the bowl. This
combustion phenomenon was considered to be one of the reasons for low particulate emission in
high squish combustion chambers.

(1972
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:1: EC m Abstract (10.5 % 17} Times New Roman) 31: c
> This study investigated the effects of fuel properties on combustion characteristics and] >
emissions such as NOx, THC, smoke and particulate in a direct-injection diesel engine. Cetane
number and aromatic content of fuels were varied independently. The results showed that reducing
cetane number resulted in the increase of NOx and the decrease of particulate at high load. The
aromatic content had little effect on combustion characteristics. However, increasing aromatic
RE content for high ‘cetane number fuel resulted in high NOx and particulate emissions. For low RE
2 cm cetane number fuel, increasing aromatic content produced high THC emission at retarded injection 2 c
—_ timing. In the case of high injection pressure, fuel properties showed little effect on particulate <—
emissions.
(1728
Key words: Diesel Engine, Emission, Combustion, Emission, Fuel
-
(5 %42 (2f728) (&32¥3 10.5 17} Times New Roman)
(BORNI1fr2em) (GHEFSCT)  chamber geometries have been employed V. It is
i 1. Introduction also necessary to investigate the effect of fuel
h'e Direct-injection diesel engines have been properties on  combustion and  emission
1 |widely used on automotive applications because of characteristics because the study of the modifying
F lits inherent high thermal efficiency and low CO, fuel properties is expected to be one of the important
“F |emission. However, emission regulations such as countermeasures to reduce exhaust emissions in the
#i [NOx and particulates have become stringent on a future. In regard of fuel properties such as cetane
B standpoint of preserving the environment. In order to number, aromatic content, distillation temperature
T |reduce exhaust emissions from diesel engines, and viscosity, the effects of these properties on
0 limprovement of injection system such as high combustion and emission characteristics have been
ﬁ pressure  injection and pilot injection, and investigated ©02 However, it is difficult to make
improvement of combustion process using EGR, clear the effect of each property separately because
two-stage combustion and modifying combustion every property affects with each other. In this study,
cetane number and aromatic content are changed
- — independently as fuel properties with keeping 90%
1 Department of Mechanical Engineering, RS
Faculty of Engineering, The University of Tokushima distillation temperature and sulfur content.
2 Department of Ecosystem Engineering, ) ) Experiments are carried out using a single cylinder
*T(gmdu?tes-cmo' OfEngi-neen.n?’ The University of Tokushima direct-injection diesel engine with changed load,
¢ University of Tokushima, 2-1 Minamijosanjima, Tokushima,
770-8506, Japan injection timing and injection pressure. The
0 Kk >
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Effect of Fuel Cetane Number and Aromatics
on Combustion Process and Emissions
of a Direct-Injection Diesel Engine

. (16 & 17+ Times New Roman)
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