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Fig.12 SEM photograph of worn surface of
Fe-2C-5Cr-5Mo-2W-5V alloy.
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Fig.13 Cross-sectional microstructure of worn surface of

Fe-2.3C-3Cr-2Mo-2W-7V (MC).
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Table 1 Catalytic activities for benzene oxidation with ozone over Mn loaded catalysts®
Catalyst Rate Products CO,? Mn conc.© Mn/Al Si/Al
/10-*mol g! min'! /% /% ratiod ratio
Na-Y 0.1 HCOOH, CO — 0.0 —f 5.1
Mn-Y 19.1 CO;, CO 82 5.6 0.336 5.1
Mn-5 18.1 COs, CO 72 2.7 0.356 18
Mn-MOR 1.1 CO,, CO — 2.0 0.276 20
Mn-ZSM-3 0.6 C0,, CO — 2.1 0.328 23
5wt%-Mn/Si0; 4.8 €O, CO, HCOOH 40 4.8 —f —f
15wt%-Mn/Si0; 3.3 CO;, CO, HCOOH 40 13.0 —f —f
5Wt%-Mn/Si0s-AL0s 13 CO,, CO, HCOOH — —¢ 1.8 0.77 6.3

*Benzene 300 ppm, ozone 1500 ppm, O, 10%, reaction temperature 343 K. °CO, selectivity (%) based on carbon balance.
°Mn concentration /% = (Mn weight / catalyst weight) x 100. Mn/Al ratio was determined by ICP analysis.
°The values were not precisely obtained due to low activity under our conditions. fThe ratio cannot be calculated.
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Material Improvement of Roll for Hot Rolling by Using CPC Process
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Synopsis:

FUJICO has been producing the rolls for hot rolling by using CPC(Continuous Pouring
process for Cladding) process. The rolls for rolling require many characteristics such as
abrasion resistance, therefore the rolls for rolling is cladded by high-speed steel. FUJICO has
improved the materials for rolling rolls to improve cost performance. In this paper, the
evaluation and results of refining microstructure are reported by addition of a special element
in high-speed steel. Addition of special element refines the microstructure, and improves the
abrasion resistance. Developed roll with improvement material obtained good rolling results

compared with the conventional roll.
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Fig.1 Dimensions of specimen for measurement of the
fracture toughness value.
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Table 2 Experimental conditions of wet rolling-sliding
wear test at high temperature

Counterpart material S45C
Size of counterpart piece ¢ 100 X 15mmt
Size of test piece ¢ 80 X 10mmt
Load 10kgf
Rolling velocity 600rpm
Sliding ratio 5%
Temperature of counterpart material 600°C &800°C
Cooling conditions Water cooling, 600m{/min
Test time 50miné& 1 5min
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Fig.2 Microstructures of test specimens. (Type I material)
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Fig.3 Microstructures of test specimens. (Type I material)
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Fig.5 Results of tensile strength tests.
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Fig.6 Results of fracture toughness tests.
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Fig.7 Effect of measurement temperature on Vickers
hardness.
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Fig.8 Results of hot wear tests.
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Table 3 Results of thermal shock test

No Temperature (°C)
' 550 575 600

A Q O x
B (@] x

C @) O x
D @) x

E @) x

F x

G ©) O x
H X

O:No crack, x :Crack
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Table 4 Solid phase percentage of materials

| Primary | Eutectic | Eutectic | Eutectic

No. 7 MC M,C -

A 320 12.0 0.0 56.0
B 10 | 125 00 | 765
C 315 | 12.0 0.0 56.5
D 87 | 122 0.0 79.1
E 280 122 1.0 58.8
F 7.0 12.6 1.0 79.4
G 27.0 132 1.0 58.8
H | 68 132 1.0 79.0
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Fig.10 Comparision of CPC roll surface texture.
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BofiT @ X

Fe-75%Si A& % AW BB BIEIC L 5 SiC KIS EER AR D /ERL

Fabrication of Reaction Sintered SiC Ceramics by Infiltration of Fe-75%Si Alloy Melt

BBt 42— Hifg 42—
F—BAR=E E—BHKE
EH Eh BE (@@ B &

Yoshitsugu Hanada Yo Sho

E B

ABFFETlE, ROSBERSIEZFIH L7z SIiC 2B U, 7 Ok BLE oMk v 12
DWTHE L7z, Fe-75%Si &4 % HWW CTIERL L 7= SiC BERE A OB 230 Fe 15 &
W Si TEDOHAMBIE %2 L —Y —HMEE & EPMA & V., £ AMEE & L
FESOREEEN M 2 ¥ I — A EFHIC L VA LT,

ZODORER.  Fe-75%Si Aaiaim L — R K ~D Baf i@ttt a2 r L, bl
TRBERS IR ORI R AL IEF IS e o T2, E 72 Fe D IRALY DA RLIT 72 < | FeSi
FH& D% FeSio #H & U CTHAE L TUve, RBERS L7o SiC O EEEIPEE I, — &k
BEREIRP O CERBENEZDIZONTEAT 22 R bhhoT2, Fe-Si 4% AW
HZ LR TR IXE RO BERE SIC K bdkEIND, THUTEHPIC
FeSi, FeSiy & SiC M —kRIZHAMIZ oA SN Z ENERTHD EBXHND,

Synopsis:

Structure and mechanical properties of SiC fabricated by the reaction sintering method have
been investigated by varying the blending composition of Si, C and SiC powders. The sintered
SiC was successfully performed through the infiltration of Fe-75%Si alloy melt. The
microstructure and distributions of Fe and Si elements were observed using laser microscope
and EPMA respectively. The hardness and fracture toughness were measured using a
micro-Vickers hardness tester.

The results indicate good infiltration of Fe-75%Si alloy melt into the first sintered body and
that the second sintered body had a small amount of porosity. Iron carbides could not be found
in the sintered structure but finely distributed iron silicides of FeSi and FeSi, were found.
Furthermore, the fracture toughness of the body increased with increasing C content in the first
sintered body. The mechanical properties were improved more than that of conventional
sintered SiC when Fe-Si alloy was employed. The improvement in the properties is thought to
be due to uniform and fine distributtion of FeSi, FeSi, and SiC in the matrix.

1. %8

RAL A & (SIC) 1T E, M, MEEFEM:,
MM, ERZEENE, mRE, mEaE, SEvsE
RIpEZL OBNTMEREEFOMEITHD Z &
5 BRSOk 7e SICKEIZHW LA TWS D,
SiC OFFRZIE)EIX, SEMEI O mIRIZEB T Dt

BOMBERESM EEE M2 D Z LI VRO R
FENRIAEN., T =27 a3 & ORESCHRH
EILC LA AEERIR T EMA D Z LN TE D, FRIC
fEFHERBEDN 1073K 28 2 5 & 8P EHT ., b0k
(L2 Uit CMHEERED X 5 22 MR & 40 (2 F8 f
TERWD, IBE EFIC X DHE O /NS0
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SiC ~D#EfAN i S ALAviE, @SIRIZH T 2 5% 4R it
DAERE L 72 0 BEBENARE L 72D, L L7k

5. SiC (348 & el U TEIMEN S 0 o TANA
HCTHDLIENRRTHD, SIC 1FLE T 1ED i
B L » CTHIM MR 21525 2 EREEL W,
K& 2B O UEECHR OME AN 2 121%. £
DO HHIOMWE Z R OFZ M OBEALIT L > TEuvg
AL FERATHD D, TN E T, SiC M
Mz SiC {2 & A S ClE A N S5 kS
D RLEIIMED Al O 72 SiC BT & 43R
SHCMEREMEZSET D 5L 59, HDHWIE SIC
T T — NI IR S S S EALORA T
72 & SiC DHEAIZHOWTIFZEL K DAFZER H 5, SiC
T E O =B EM ORED — D\ RS BEREIE N 2T
bILD, —HIIZIE C 2807 Y 74— LMKIT Si
DIRG i35 S, SiC DAEREB X OB O FRIE A
1TOoFETHD D, RIGKERIEIZRE LI EG BN
ERICTRAET D728, SIC ORI LM B | TN N EEE
72 E DBEREEICEEARTIRY Y, L LR S, HEfS A
DRIEE /NS M D ENTE, FRRBIE
HREFOBIUZ LV SiC BN 7= 72 8RE 2 ¢
EHREHETH DL EZEZ LN TSI, £ ZTSiC
DR THDENECIN TR TH D Z &
% LUC, FEMOM M A2 ST AUE, o BERSTE
TIHE BN RWEN T SICH BN B AL 5 ATREMED
H5b,

AW ClrE, BEHER E LT Fe-75%Si 4%
v, ROSBERSEIC X Y SiC oERA21T - 7=,
Fe-75%Si A3k ogfm & L TEZHI T
%, Fio. TRl Fe-Si A4 3TARL Si & [RIERIC SiC &
DIBNER BN Z EDNH STV DA 101D Si % H
WCBREERE L= SiC K0 bR Em< T& 5 L5
2D, ILICAETIE, =7 Fy hy=g
bz B E LT B ROGREREZ A Uiz, ERE
DIISBEREZAT 9 Z & T, 2RI LEREH 23 <
IRBM IR ZIROBERE TR CHEZE L2 IEE
NS <M BNDT=D, Bt EFmTo=
ANETTDHIENTED, LLRBL, B
IRERE R % AV Fe-Si A& DREHREIZ L % SiC
ZWVET HIFRICB T 2 1L < Lfi7e SiC B
BrofE7EE L TER BITIME 21T 72, FrIZ
Fe-Si 542 L5 SiC OARGRREAZHA LML, 4
BEOFM AT 5 MWENRH 5, AT TIX. FEMHE
DR Z 2L SH ., SIC DBERS HELER-OHE M 12
DV THEFEAT 7

2. ERAZE

WIEAECEHE Si & C 12Nz T SiC DR, RIEA
(RN 2 V72 STIERIEE 99.99% (CFATRIAE 5.7um)
ORE R, CIIME 99% (CEEIRIEE 47nm) DO H

— R T T v 7R, SIC ITHE 94% (CEHBRiF
S5um) O¥MKREH N, TSRO /SA v H—
ELTERYEMED 7 = 7 — VR CE¥IRIAR 20um)
DR E AWz, 2B RIIEESO—%1 7B
HITH D Fe-75%Si 4D % V7=, Table 1 (2R
T LT =) = VEIEOBRLAERE 16% & —EIC
L. SiC, C, Si DEL&H &b W7 5 BHOME %
R Lz, BIRZBRWIZEmEROEIGITIE U TAR
Z % h F H 10SiC, 2SiC-1C-1Si, 1SiC-2C-18i,
1SiC-1C, 10C & L 7=,

Table 1 Compounding ratio of raw materials for SiC
reaction sintering test
(mass%)

Sample SiC C Si Resin

10SiC 84.0 16.0

2SiC-1C-1Si | 42.0 21.0 21.0 16.0

1SiC-2C-1Si | 21.0 42.0 21.0 16.0

1SiC-1C 42.0 42.0 16.0

10C 84.0 16.0

SiC. Si. C, Resin:
Raw materials

Powder mixing

‘ Hot pressure forming

First sintering

‘ Sccond sintering |

SiC. Si. C, Resin:
Green mold body

SiC.C:
Preformed body

SiC, Si, Fe-Si alloy:
Completed pod

Fig. 1 Process of two-step reaction sintering method to

produce SiC ceramics.

AWFFENZ BT D BERE IR ER O FINEZ Fig. 1 12777,
T, FMRIIFELIE, S TEHW TS
BAL, Ay M AR THEEE TN EBEIC LY
24h OELRIR A H AT o T2 A LT R &2 N~ 50mm
X 50mm X 20mm DRI AA, SRR Z N L
TEEAZ TS Y > 2 TR 20 MPa D)) % 2 %
o UT=, FBHIE & 28 2mm & 72 5 X 5 BFEI L 72,
AT Ar T ARTEEF KIS T 1273 K OERFFIZ &
O —RBEREZAT > T2, FEVT, ZIRBERSITIFNIE )
10" Pa DL FIZ TR 1693 K CEEEF L 7=, Fig. 2 12—
WRBERE 7L OIS X 2 3, —IRBERER D7) 7 +
— MMEEBE B D ORI AN, 0 EICREH
&JE L LT Fe-75%Si 6&r#t7-, Dk, FN
EEZZREBICRL PR L &S Em Y, 7
U 74— 5MK%EZDOEGNICIR LIRRECTHREEL
7214, K 10h T CEIRE THAI LT,
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Fig. 2 Schematic illustration of second sintering process
using vacuum furnace.
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S HICHEFTREFC I DV IENEZRE L, REER
BLOBEEEOMREICIE X BEH (X-ray
diffraction, XRD: Bruker AXS D8-DISCOVER) % f\»
72 X AREIPTTIL CuKa BR% FHVN, 20° 25 100°
FTRAT v 7 001° DRATFT v FREF¥ Ik
BT R Z — &/, BEEEICB XL ——
s (F—x 2 R VHX-5000) 2%V MEREBIZEZIT
ST, EMBEED 2 ELEBTIC X D, BT
PR ESCBERE AR D SIC RO THFE 5B L2 HIE L
7o EHICEFR~A 277 FFA4Y (Electron
Probe Micro Analyzer, EPMA: H A ¥ JXA-8200SP)
% T SEM B OBER X R oM Ol 217
STy 774 08T I v 7 AOXRIBHESMHEER
J5{E JIS R1607 ([ZHEPLT 5 TR IEICHDE 1213 <A
/7y h—RBEEFH (Ta—F¥x—Tv7
FM-810e) T XV SEiRAEGIMEE ORI E 21T - 7=,
REBREMHIIFTEZ 098~4.9 N & LT, ApbmEizxt
LCEEICE vy I—REF% 10s BEME 7=, 5
by h—RAEREEBEL, FEOTEE SR
DR SEWE L, 1 Nz & 10 EFTOBIE Z1T
VN, BRR & BN RN SEIE & SR O 1 L il
EEE L L,

3. BRLER
3.1 RMHEOKE

Fig. 3 1Z(a) SiC, (b) Si, (c) C DEEHYERDIMELR &
WREEBIZ V5 (d) Fe-75%Si A4 Wik D 5
WMIREEE %77, SiC HRITE LZ Sum OHRKLT
BRSNTEY, Mokl E_TREW, Si BHE
X 10um FRE DR X 2000 Inm BBED/NS 2RI &
EHLYONTNBLIITHRZ D, CHRIFFFEIT/N
STRRIDBE L TR Y, FED LEBORRLI TR
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TERNO TN, ORI THRZRRITIR B
2ol Fe-Si A&ldE72% 2 FEOMM HHERK
XN TEY ., EPMA OEEDHT 2 HIRWVIKEAE 1
Si T. HWIREAIESIT FeSi DR EN7=, Fe-Si
FARBER 9 (2 X B &, Fe-75%Si &4 TIX=EIR T Si
& FeSiy DFHANHAR Y . FeSix DARIZFEERIR 2 FF /- 72
VW, NSO EIEIL Si A 42%. FeSix B3 58% Td
Do

b
o —

Fig. 3 Microphotographs of raw materials (a) SiC, (b) Si,
(c) C powders and (d) cross-section of Fe-Si alloy
lump.
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Fig. 4 X-ray diffraction patterns of raw materials (a)
SiC, (b) Si, (c) C powders and (d) Fe-Si alloy.

WIZ Fig. 41Z(a) SiC, (b) Si, (c) C DEBHE. (d)
Fe-75%Si A4&D X BT/ & — > %7~ 7, SiC K
WZIZ3C4H B X 6H AL D 3 FED SiC & Si DIFEFE
NBE SN, SEAWE SiC HER TIIEZHO v —
7 DEIER X OEIPTFREN D 3C HD SiC B RK¥-%
6. $2VT 6H & 4H @ SiC, Sildb T EFEEL
TWBZ ERb)d, 72 Si BRI Si DARDE—
JE7RL, CBORIINT—RE—2 Lipotlz, 3%
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M4 )8 TH D Fe-Si &4:1% Si & FeSi, &R L7=,

Table 2 Composition ratio and porosity of first
sintered specimens (calculated)

Sample SiC C Si Porosity
(mass%) | (mass%) | (mass%) | (vol.%)
10SiC 90.2 9.8 51.6
2SiC-1C-18Si 77.3 22.7 58.6
1SiC-2C-1Si 54.7 45.3 58.7
1SiC-1C 45.1 54.9 53.7
10C - 100.0 54.8

3.2 BHEERDIKEE

Table 2 (2 —RBEREZ DB ELOME Z T, — IR
BEfECIINA U A —BHEDIRFBLIC LV | BERSAD
EHENEDT S, EEELIT, A X —ThHDH 7=
J = VBHIR 7200 & — IR BERS & [F] U5tk CEVLER L
T TR OFRZIT> TV D, EORER, EERED N
KI43% THoT-, Lo T, IWINUTEBHIED 57%
ZC ELTEMSN, 5EOBAEREOWNTIICE
WTH CONFIETDHZ L1725, MlEDRFE(IC K
HEUDRALEIL, RFE(CATHZEOERREENETH D,
L7223 T, KALE a 1TRFACRITROEFEIC L B
B2 L. UFOX6/REL b5,

a= 1-Q-vy)pr/pc (1)
Z 2Ty IR D RFIT K B EEWD L), pr
ISR E (kg/md), pc [TIRFBEE (kgm’)TH D,
BHIEE 16%26 L TREBICIRFLT D & 62vol.%
DRIV TE D ERAEIND, EHIZSi BNEmEn
TV 5 2SiC-1C-18i & 1SiC-2C-1Si DFREHT . S BE
FEIC X VBEICIEET D Si & C A L SiC &4k
THD, POERAE L SICITMA TN LD A
% L7= SiC BFEET D, ZDfER, Table 2 |2 9°##
Bl 72D W TROSEMETY Si MFEIE LRV VIREE &
RHEZEZOND, —WREEMEOKILERIT, —RGE
EROKILEE LRV ETREBIOHEGEE pn &
ST HEE po ZHNT, LUFOXNLRAED bl
Do

a; = 1—-ps1/pr1 @
HIGHEE p lX, Table 1 @ Si & C OELALND
SiC &7 58, WEISib LI COEEZRD, &5
I —RBEFREZ OB DRI EE R WEE L L
TRE L7, ADTEE pa 1, EERIC KBRS L
B OREZHIE L TRD T2, —IRBERER ORILER
X, Table 2 (Z/R”T LD IZFNEIL 51.6%, 58.6%,
58.7%, 53.7%, 54.8% & RAE S bz, ZAUE 1mol
FTOD Si & CIZX > T Imol D SiC BNE LA,
ZDOEFEEIL 32%DINHE 6 D LFHATE 5, £
D=8, RISBERE N Z - 7= 2SiC-1C-1Si &

1SiC-2C-1Si 1, XV HERILENKEL 2D %
2 BB,

Infiltrated
metal
(Fe-Si alloy)

Fig. 5 Cross-sectional microstructure of specimens

after second sintering.

RIZ Fig. 5 (A FED —WRBERE 1% O Wi kL & 71~
9, EPMA & XRD H#TIC & 0 BWK AT SIC TH
0. FIUCK LEEWER IR L CHEE L 72 Fe-Si
FETHDLHEBEZBND, SICHIUZEHT 2 & Fig.
5 @D#EF 10SIC I RSND L D2, TORIMLE
SiC DENZ N E 3um FRE DR 7235 < /i L., kL
FOFRENLLIL > &) LR TE D, b iX
Sum FEE ORI Z RS T2 F EILBR > TWDHMN, ATk
BEL ML L TR B RELS RoTWDLETTD
HBoid, Fig. 5 0 HIRHEIND LI CD
BN LD E SICRLFITREL 720, S HIThiEK
DT 52 Enbhd, FEO SIC MBElE ST
WU 10C 3B (Fig. 5(e) TiE, 1T kR
Eb, Fo, WTROREHZB N TH, KERR
LR SN o7,

TS D IR BERETL O W TRGRELAR > O 5 AL &
1To72, Fig. 6 [T —IRBEREIRD C HA & & IRBERS
#dD(a) SiC HFEE, (b) SiC ki T-OfEEK, (c) ~HEZE
(bR E OREGRE T, SHEZ(LRIT— RGNS
WREREZ T COREDOZEALTH 5, SiC HAETIT
C ZEOHIZENAIITHE 2. B &P 50%0D &
T EFEER 90%ICHIEE L, T LARRIE EFAEC0NT
7polz, — T, SiCHRIOMEHIL C BOBINICLE
VB LTz, 22T, —IRBERE RO R FLICIRE LT
Fe-Si B4R D Si flisy & —IRBERS IRICBEIZAATE
T5CHEIETH I ETSICHNERESND, 2Dk
. 1mol ® C (254 % 1mol @ SiC DOIEFEHIE 1.93
5 LIRS 2720, —IRBERE IR OKFLZ D 5 1EH
NHDHZENEZLND, SIC NEKENDBENS
WIEE ., —RBEREIRNTO SiC 28 58 5 BFENME L
FERE LRI D7D, iz, JFEID C 133K
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Fig. 6 Effects of C content of first sintered specimens

on (a) area ratio of SiC grain, (b) grain number

of SiC and (c) dimensional change after second

sintering.

TRBEREIZR T D C D SiC ~DORUGITRE D I
(%, Table 2 ® 10SiC, 2SiC-1C-1Si, 1SiC-2C-1Si,
ISiC-1C, 10C DOFEFT, ZH LI 14.8%, 27.0%,
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PE O IR E N — R RO K ILELL T Thiuid4e
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FOREN 72 SN DA T — IRBERE IR O NE N D
OHNAET DT, BEbIERSIRICEINABAE LR
FTUNRIEL 05 2 B2 BILSH, 1SIC-1C & 10C
OFEHIE L Tk, —REBIROKILENENE N
53.7%. 54.8% ThoH7-H., KILFELL EORIENF
BT HZ BN, FORBZIEFILEIN 7%,
2% ThbH, ZOLEOFRBEENERIT 1.2%E 1.8%
7o Tz (Fig. 6(c) . FEBRD ZUREBERS A TIIt
BOREEERICEADLENFEA L TBY ., HRiZ 10C
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DOREFCTIE, FEOREND -T2, ZDXHIZ
C BT AR O AR LRICKRE g B E b
2D ENDND, WEDE SIC BEREE2155 7
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VETh D, KATHEZ L ZMZ D720 C &%
KFEE5 L, SiC DEREN DL 780 — kB
ROZFLUITT N THE L3I, Fe-Si @185 DOE|
EMNEEINT 5, KREERIZIIT Y el & 541X,
—WRBEFRE IR DRILER 58.7%CxF LT, C &HRIX
453%Tdh -7,
FOSBEREOR RO —o & LT, BEADRILE
WG TRECEDLZ ENETF NS, T SiC D
MEZER T SELREATHLH DN, —REEREKRE D
TRAVIEDS B < B[ IR OIUHE 2 R84 L e WA & 3
RT 52 LT, ZRBEREIENORFLE FEF 12/ &<
THZENAREETH D, Fig. 5ITRsndLIHIT,

)

RLF- OV O pm ORI & BEHQFEL TR Y |

Fe-75%Si & ain 13— IRBERE IR & O ER B <
WSR2 IR S E AR EmNZ E R bho T,

03C-SiC 24H-SIC < 6H-SiC »Si aFeSi, & FeSi
(a) 10SiC

Intensity, a.u.
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Fig. 7 X-ray diffraction patterns of second sintered
specimens.

AT Fig. 712 ZRBEREH O X BREIHT S5 — 2 %R
9, Fig. 7 (a) 12/~ 10SiC B O BERSIAIT, 3C, 4H,
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Influence of Surface Hydroxyl Group of TiO; Nanoparticles for Photocatalytic Degradation

BfiT @ X
AT DR E A BRI Y 2 SRR RIE T R

Bt 42— B> 42—

F_RE TR F_BAR=E HE
Bt (I%) £ 8BF MO KE

Eunyoung Bae Tomohiko Higuchi

2 F

W IR AT B D BRFE « I IC OV TR 22 BB 2 kR L CTIT o TV D, £
O F TR B D LS FRPEREN T & R T VT & RO A & AWk BR oM 0 K LT
KT LTWSBERRAR LN, KBRS B O ANE X Z ORLE OREEICBIR T 5729
EFEECHDH, FITCAHEHTIE., T FNTATE RH RO K Ui ERIC L A0
PEREDIR TN &2 &4 5 & iz, NftEREoRIE EICE T oMt 21iT- 72, €D
FER. ORMEREDMETT L7 el BT, o RaBRAT L 0 bR EKEBEEN A LT
WEZENTRBENT, BT, TR RTATE R RSMRIEREDMET U7 efifiiss
BHZ W T iRMERERIE ORFT 21TV, WL AKFEA~DRIEEZIZA— 7 L—7
WERZATH Z & CT & T AT & KU ASMERENEE T MmN A b, Fio,
St B 0> 2 K BR FE B S FEMRIE 25 D b L v R RMEREIC 5- 2 B BB O W
T, REKBREED D 72 WA EHNE & ftEre N m < ARG R & 7o T2,

Synopsis:

We have been studied for the development of TiO» photocatalyst and the evaluation of
photocatalysis efficiency. Although photocatalyst showed high photocatalytic degradation
activity, photocatalyst underwent deactivation during repeated degradation cycles. The
durability of TiO, photocatalyst is important to be related to the function of the product. In this
paper, we have investigated the cause of reduced photocatalytic activity by the repeated test of
the acetaldehyde decomposition and about the recovery method of photocatalytic degradation.
Once the photocatalyst was deactivated during degradation of acetaldehyde, it was suggested
that amount of surface hydroxyl group was decreased than before degradation experiment. On
the basis of the surface hydroxyl group effect on photocatalytic reaction, deactivated TiO»
catalyst could recover their activity through immersed in H>O> or autoclave treatment. In
addition, we investigated the influence that the amount of surface hydroxyl group was related
to toluene gas degradation. The low surface hydroxyl group density of TiO, was enhanced
photocatalytic degradation of toluene.
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Fig.1 Illustration showing experimental setup for photocatalytic
decomposition of CH3CHO using a flow type reactor under
UV light irradiation.
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2. EEBAE
2.1 [ER#MH

BRI U7 et Bl oo A% % Table 1 12~d, i
FA UM EHT A TR b T & o RICREA BT, PC-A,
PC-C |3/VTF VAR T & N4 A8 LTk,
PC-B |32 KB LT o 7 & — 2Bl
fplbT 5 L B4 T4 NEEE LIMEIChH D, &5
3 FEE ORI CRBR 21T - 72,

Table 1 Properties of TiO, sample catalysts

Catalyst TiOx type Surface area (m?/g) Remarks
PC-A Rutile 61 Metal/TiO,
PC-B Anatase 90 Zeolite mixture
PC-C Rutile 34.6 Metal/TiO,

2.2 HERFOER

FRBRIZ 2 il o3 A1 3R S5 100 mm., 18
50 mm DTV IfHET ¢ V2 — (BfTE 880g/m?)
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7L, fERL7.  (Fig.2), S+t AREES S B oo
POV TIIEERO 7= OEIET D 7,

»

o

TSt

50mm

100mm
Fig.2 TiO; coated aluminum fiber filter.
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B JISR1701 IZHEHL L 727 & R T VT & R ADSy
fitskBRiE R % Fig3, Fig4, Figs ZZNZLIURT,
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Fig. 3 Repeatability test of PC-A during the photocatalytic
degradation of acetaldehyde.
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Fig. 4 Repeatability test of PC-B during the photocatalytic
degradation of acetaldehyde.
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Fig. 5 Repeatability test of PC-C during the photocatalytic
degradation of acetaldehyde.
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Layer lll (mobile water, remavable
al50°C)
Physisorbed

water Layer Il (relatively mobile water,

remavadleat B0 ~ 100 °C)
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Fig. 6 Pictorial representation of proposed structure of

water layers adsorbed on the surface of TiO». Adapted
with permission from ref. 8 (Copyright 2013 American

Chemical Society).
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ZNEND-0OH &' — 77 Omfg & ONEFED Hb % Table 2
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Fig. 7 FT-IR spectra of PC-A powders : (a) fresh PC-A

(b) used PC-A (after ten cycles of photocatalytic
degradation of acetaldehyde).
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Fig. 8 FT-IR spectra of PC-B powders : (a) fresh PC-B
(b)used PC-B (after ten cycles of photocatalytic
degradation of acetaldehyde).
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Fig. 9 FT-IR spectra of PC-C powders : (a) fresh PC-C
(b)used PC-C (after ten cycles of photocatalytic
degradation of acetaldehyde).

Table 2 Relative amount of surface OH groups of fresh and

used TiO;, determined by FT-IR
Relative Amount of
Sample -OH Peak area
Surface OH
PC-A Ocycle 2120 1
PC-A 10 cycles 839 0.40
PC-B Ocycle 878 1
PC-B 10 cycles 554 0.63
PC-C Ocycle 1926 1
PC-C10 cycles 1617 0.84

Table 2 DFERNG | MR AEIK & REAKBEIEDOAFT
Th%5-OH &liT, = TOMEHZIBWT 10 RO D K
LEIRBRIZ DIT D DDV R Z R LT A,

WU, AKG3EHE O TEIEAEER ) & 200 ‘C T

# L TL DRGr Bz iERE R % Table 3 12”7,

Table 3 Water content of various samples as determined by

Karl Fisher titration
Sample Water content Physisorbed water
(%) (mmol/g)
PC-A Ocycle 0.5107 0.283
PC-A 10 cycles 0.5267 0.292
PC-B 0Ocycle 0.6781 0.376
PC-B 10 cycles 0.5575 0.309
PC-C Ocycle 0.3550 0.197
PC-C 10 cycles 0.5232 0.290

PC-A DA, #h0 W LA A it B T

WAEKDREIZEITIZEA ER LN -T2, T72bb,
0 3R U dBR OR#% T FT-IR B — 27 fEO 2T
FHKBIEDORC L > TRETWD EEZ BN,
PC-B (Il 2 FEOSLARGEAA R} & bl U Tyl ag Kk 23
2N, TRUL. AL TWAELT A MIEKLT
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Fig. 10 Schematic illustrations of changes in amount of
hydroxyl groups on TiO» surface.
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Fig. 11 Bulk structures of rutile and anatase ).
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Fig.12 Degradation of toluene on various catalysts under
UV light illumination. Rt : Removal of toluene,

Light source : 365 nm LED 15mW/cm?.
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a) immersed in H,O,
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Fig.13 Plausible mechanisms of the formation of hydroxyl
groups on the surface of TiO» NPs pretreated by
hydrogen peroxide and autoclave.
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Fig.14 The PC-A reuse results of photodegradation of
CH3CHO for 5™ uses and after regenerating with

H>0,.
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Fig.15 The PC-A reuse results of photodegradation of
CH3CHO for 5™ uses and after regenerating with

autoclave

autoclave.
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Fig. 16 Repeatability test of PC-A during the photocatalytic
degradation of acetaldehyde.
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Fig.17 O 1s XPS spectra of the condition of hydrothermal
treatment. The relative ratios of the peak areas are
shown.
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Fig.18 Binding energy (eV) of the O 1s species on TiO,.
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Table 4. Concentration and relative amount of surface OH
groups determined by FT-IR, Karl Fisher titration

and XPS
Relative
Physisorbed | Surface OH | Removal Rate
Sample Amount of
-OH"® Groups © of CH:CHO
(PC-A) Surface OH
(mmol/g) (mmol/g) (%)
HO; 1.26 0.302 4.403 63.33
Autoclave 0.98 0.308 1.449 46.67
Used 1.00 0.408 1.422 50

2 The relative amounts of surface OH were proportional to the peak
areas of the OH stretching in the region of 3700 - 2500 cm! and were
normalized to used PC-A. ® Calculated from Karl Fisher titration.

¢ Calculated from the XPS peak areas.
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A — b7 =TT o 72 B X, FTIR 2347,
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Decomposition Performance of Single Gas Using Multi-layered Decomposition Reactor

-
—

iR 24— HfftffE > 42— Hfttf&tE > 42— Hfttf&EEz > 42—

BE_HRE &RE EHRE J—4— FUARE RE Bltr4a—k
BHd HEEF Bt (I%) kA BF AAR F&K BL(TX®) £ R
Eriko Fujii Shohei Sakaguchi Mai Ohkubo Hyo-Gyoung Kang
2 B

Wt w7 L — AESHEIC K o TR (TION) O A HAN & ez L Tk,
FIBEHTES & A LROZERI L E 7 LRk &2 7 el RE 2 1 5 L 7 L 2 B L C & 7,
TRHHEIC X o TYERL S U= e T 3 WA B o iR B & R B A R 2 &
INETOHRETHOLNTEY, 5% OH =72 oAbt BEE L O B3~ OIS H S F
TX 5, Wb T HICdhT- > TL, HAE(TIO)DMREM L7251 TidZe <, LR
DO LMEEEZHFT 2 2 ENEEICR D, TOH, S L oEfifRIEk O HEN
(2 & DIERERN BRI D E NS X D R R A ML T2 MR H 5,

AMTIE, T RTATE FE MU ZHNT, ZEEESCT VT HEEEZERL
T2 B D FRVEREIC O W THRET %,

Synopsis:

FUJICO has developed various photocatalyst (TiO2) products, such as antibacterial tile and
air purifier, since we had established the deposition technology of photocatalyst by a
high-speed flame spraying method. The thermal sprayed TiO» coatings showed organic
material decomposition and sterilization effect. Therefore, it can be expected to be applied to
the development of the new photocatalyst related product. In order to develop the product, it
is important not only to improve the performance of photocatalyst (TiO») but also to design a
more effective product structure. Therefore, it is necessary to clarify the influence of the
contact number with the photocatalytic filter and the difference in the light source on the
decomposition performance.

In this paper, we report the effects of multi-layered structure and lamp wavelength on
decomposition performance using acetaldehyde and toluene.

1. Bx HOAEWE &R CTE D=, KUEELZELF L,
LT 2 ATIONZITIENR S5 Z Lk, Ky P, BRSBFIIASFIHS LTS,

SOBRFELEN BIAL I DFRNT V) —F DN AR SE WerblT, ml 7 L— ARFHEIC X o TRAMELTIO)
DIAMEAER R 8 5, T ONMBAEFIC L D ARZER Bl sl s A IR ma S i A ffr L C Lk, 22
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LAEEE (FASL4 :MaSSC 7 U — ) OB 2 A /L (7
fud : MaSSC v —/V K& A V) 73 & — iR « BRid
BEREZ T 2 e, KB T30 I ZAPET
A IHURALERES R & OO RESE TR R (P
bt s Y —7 =77 %2—) EEMMELTER DO,
X B AREMERED R EDT-6, AR A
T HEBALT & UM BIOBIR b I L T 727, Ll
BRI EDOIE - 2B TIE, K RN RT 5
7= DT LT 2 AR OMRER B2 T, 2EE L
L COMREN EHMETH D,

Z T, BN A BB S E 5120, Sl v
& — % 88 T E A R & ORI AR S D,
£, SPEREDM BT, #AMR (X0 ERED
R ZRV, TS OUIKRe, EMEEESRE ORI
X D fidlt & OISR A X D,

AFETIE, TERTATE RE ML DH A%
VT, T ¢ L2 —DFEEESRSC T v TR AR
W L7256 O REREIZ DUV THRE T 5,

2. FSMROER

NI E DY 10~400 nm OFPHDNT, HEN
B RDIFE T =200, FRIZK > ThEX 72
TERIN® 5, 100~230 nm ORI S 72 LIEH %2
HUF a2 D, 4 v HIRGB b 12A L.
TILTFE RTHIUL., HARVEEIZRY . Rz D
ko RFEEFHRTHIUE, B UVEBRA~DE Rkl
FEEAR, NUBUBROMEL, OB E W o T2
I %, 260 nm FiE O RIFRVEE 1263 5,
360~390 nm T DEINRE , SIS 5 2 &
2k D, PR - BREREE RS D, £io, EEE
IS5 2 & TG ESIFTE 5, fiaTx
X — L IEDRER R R ORROFERE LL IR
7

=N *h *c/h

7277 L. Ey: BEFOTRILX— N: TART e
(6.0221367x10% /mol) . h : 7 7 v 7 O T ¥
(6.626069x1037kJ * 5). ¢ : YEiK (2.997925x1017 nm), A :
& (nm),

Table 1  Relationship between binding energy and
resolution wavelength for molecular band
Molecular bond | Binding energy | Resolution wavelength

(kJ/mol) (nm)
C—C 352.9 339.0
C—H 408.6 292.8
O—H 457.5 261.5
0=0 491.9 243.2
C=C 588.1 203.4
C=0 795.3 150.4

HOREENFEEEIX L (E) & By ZAUE X, By
EREGT XL LTKRD D,

A=N * h * ¢/Ey
Table 1 (ZHEA T RLX — & HDFEE R O —15]
Y, ZOXIICENENDOWREEFIHTX UL,
DTREREIHETE D,

3. EEAE

3.1 EERHH

BERT AT NTATE R, Ml astgl L
Too ENENDORIEN BIRIET A %458 S0L DT RZ
— Ry JIZHE LT, SRR Cd 5 kT 2 v
%, MPT-623 (fAiEE (BF) ) Z AWz, 3Er
1L, SR B ISR RTERE A & L TR L7e 7L ik
HEZ ¢ B — (HAHT R 1100 gm?) 12 T4 > A
T U —% U UCTER U7 BRI TR S /9 115 mm,
& %65 mm OHCIRAHV, BS %100 mm, g £
50 mm OB A8 5 L 5 122 a0 (Fig. 1)
WZERE LT,

3.2 EEREE

T 4 VRS SO A M L S, il o —
N7 4 B —OMRERHM A T > 72, Fig. 1 128D
AL E OIS 23, ARBRASST. Bt TRYEL-
T 4 IVE—DEEREIENATRE & 72 DEEEE M,
PE, 365nm ICE— 7 EA AT 5 BLB 7
(FLABLB/N, () HZH) | 254 nm IZ & — 27 R4
BT HREL (GL4, () HZHR) | 185nm [Z8—7
WREAHTLHY 507 (GL4Z, WotER (BF)
R DEIMRENT TR, BB AT TR
T a HOCTHERL U 7o R E T A 21a L. BIE1ERY
L7272 AR L, DS 10 ppm, FHXHEE DS
50%FREECHE R 20 L/min [Z30I& U7-, SERY 2 DEE
HIEITEAREE () TAT v 78 12X - TR
L7z, 185nm FV' v T TR, 4 27
TR— (AT« TR« Bo_=—ll) TR
BOTWEMZ THIE LT,

—> : Air flow

BLB lamp Photocatalyst sample

Partition width ~ Air layer thickness  Filter cassette thickness
(60£0.5 mm)  (10£0.5 mm) (7£0.5 mm)

Fig.1 Schematic illustration showing experiment process

and multi-layered reactor.
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R = ([Gas]o-[Gas]) / [Gas]o < 100
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T F 7Tk RBLO ML U COBREMRES 365
nm BLB 7 o 7 DOLKE Li-hE & Gt AT - 7=,

4. FRLEEE
4.1 BEEEIZK B0

T FTVT B REEMEE T ¢ L2 —0 1 EI i
L7 SO0 micisE U755 ObrEMREHm
HEROFERL LT, 7B M7 LTE RIRER (Ry) O
FERAZZTNZI Table 2 & Fig3 (Z/R7, Table 2 & Fig.3
ko, e oV E—0 1 mO@mETIE, TR
VT RIRERN 1% Th-o7-73, a2+ 2
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Table2 LV, FHEZE DT M T AT b ROBRERN,
A aldehyde NRIVXEIHDHDOD, 10%HHE THEE L 1D &
— it on o M6, I Z O (MRS 720 TS
= 7esh, BRIRREROEINEL IR D EEZ BN
£ 5,
&
‘E Table2 Acetaldehyde decomposition performance for
5 each number of passage surfaces
. R 4 (%) in number of passage surfaces
Test conditions
0 1 2 4 6 8 | 10
o 1 passage surface 0 7
Time (min) - For each passage surface 7
. 10 passage surface 0 15 19 32 36 41
Fig.2 Measurem.ent §Xample of agetaldehyde For cach passage surface s T Toe T6 s
concentration m test operation.
- — 100
3.4 ERAS =@=Single-sided coating
3.4.1 g%*ﬁiﬁl: K éﬁj\ﬁg'liﬁg 80 ==¢ = Double-sided coating
ARBIEE NI T TR L7 4 V2 —% | ks
DHG L WERS L= 7 4 A2 —% S katEs o 2 O
B O RMEREZ A L7z, IR 365nm BLB 7 7 & 40 ---*
. HRMEEIOER S 725 &) ISR LI, TR N7 P
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0 2 4 6 8 10
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MV TDT o T PR OE N K D BrRENERE 4 ik
FHMiL7=, F7o. 185nm AV T U FITBWTL,

HDOWRAT L DNR L FAET DAY N K DR
BT,

3.4.3 REDELZSVTDHMAEHEIZEITDZE
BiE TONRMERE

HIIE, 7 4 v —1 K HORNIZ 185 nm A>T
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Number of passage surfaces (numbers)

Fig.3 Acetaldehyde decomposition performance for each
number of passage surfaces.
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Table 3 Toluene decomposition performance for each
number of passage surfaces

R 1 (%) in number of passage surfaces

Test conditions

0 1 9
1 passage surface 0 0*
For each passage surface 0
9 passage surfaces 0 6
For each passage surface 6

*Result of JIS Type Tester

100
30 =@=Single-sided coating
==¢ =Double-sided coating
~ 60
e
<40
20
——————— -
' O—@— — =
0 2 4 6 8 10

Number of passage surfaces (numbers)

Fig. 4 Toluene decomposition performance for each
number of passing surfaces.

4.2 5T RERENEEREE DBER

365nmBLB 7 7 254 nm X FE T L OV 185 nm A
ST T DENENRI D EDOT TR, Ot
fibi = ¢ L& —D 1 s RO R EMERER TR O
RELT, TR AT REBRERBLO br= R
F#% Table4 & Fig.5 (T3, Table4 & Fig5 £V,
T 7T RNIZEREREIZR IO T, BREET
7%, 18%. 28%&L &< o T 5, ZHUL C-C DFEE
(ZHii Cdb DR RN 339 nm, C-H DFEA I35 17
B8 292 nm, C=C DFEEITIIA RIS 203 nm T
HY . FEREAERTL 2L THHERETL Z N
TED, BERNmELEbDEEZ NS, —
J7. PAVmAZK LT85 mm Y T T DL &
DIREZRD 25% & @ iERE ~ L, ZHud, b
JLE LD C=C OFEEHEEI TR U720l K3 203
nm THDH72D, 185 nmm TOHRGGFHEH w215 Z L
TElEEBEZOND,

Table 4 Decomposition performance of acetaldehyde and
toluene for each lamp wavelength

Test conditions R, (%) R (%)
365nm 7 0*
254nm 18 0
185nm 28 25

*Result of JIS Type Tester

100
u Aldehyde
80
® Toluene
S 60
~
&
S 40
o
. -
. = N
365 254 185

Wavelength (nm)

Fig.5 Decomposition performance of acetaldehyde and
toluene for each lamp wavelength.
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BROFERE LT, BETHEY L OB EFERT A LH
flhSH7GE, Flo, KB TOORET LAY Vi
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XE-EETOTE R TILTE FBREZRBLO ML
VBRFEHEE Table 5 & Fig.6 |[ZENZF1URT, Table5 &
Fig6 LY. 7 F 7T b RBRERIIA Y L DOHDY;
AlE 0%, 185 nm D E 2 Y Tl a1E 24% Th o7,
K, AV UTAL DRI bR A
T 5 LIZ LD REG O (C-C G Do E
73339 nm, C-H #&5& Do R 292 nm, C=C f5&
DR 203 nm) BETHDLHEEZHBND, ML
TUBRERIIA Y L DOBDOEE S 185 nm DI A4
TEBALRBE ThH-T, ZhEb, AV TR
KR ETCHDLEEZOND, T INTATE R
H MU B VNI E I A IS AR
THEHITIH 0 | el & OMRFDRIIHER TE 720>

277,

Table 5 Decomposition performance of acetaldehyde and
toluene in 185 nm ozone lamp

Test conditions R, (%) R (%)
Ozone only 0 28
Ozone + wavelength 24 25
Ozone + wavelength + photocatalyst 28 25
100
B Aldehyde
80 B Toluene
< 60
<
S 40
=
) l - -
0

Ozone only Ozone + wavelength Ozone + wavelength

+ photocatalyst

Fig. 6 Decomposition performance of acetaldehyde and

toluene in 185 nm ozone lamp.



4.3 FROERLGDSVIOMAEHEIZHEITELERE
ETDHRERE
185nm A7 7 254nm FXF LT, 365 nm BLB
FUTDNEICT v T adRE LTz & & Ot~ ¢ L2
—D 9 [fiZ i@ U7 DR EMEREREMERER OS5 &
LT, 78 7T RERESR (Ry) % Table 6 & Fig.7
(g, HelE LC, 365nm BLB 7 > T DOAERE LT
t%@t%ﬁ74w&—®1oﬁ%LHLt%é®%
PERERHMRABR OFE R b Ao TR g, Table 6, Fig.7
ioJ:U 32 OFERE Y EEEAHEHTAZ LICEY
DIREE OUIWT AN X . FREREOM FIZE S
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BB L DT E NT LT ROBRERN 10%H1% TH
H—HTC, EERE LA DEDS L, TENTATE
R OBREZRIL20%A1% D\ O BRERE R LTZ, 2t
185nm 4 T U THY U ERESE, 254mm &
AT & DT L O IEHREFE N L < FAE L, 365 nm
BLB 7 7 CRRISBILOMRLIZT-DEEZ b
Do

Table 6 Acetaldehyde decomposition performance for
each number of passage surfaces

R 4 (%) in number of passage surfaces
0 2 4 6 8 9 10
185nm,254nm,365nm 0 44 58 65 74 73

Test conditions

For each passage surface 44 24 18 25 -2
365nm only 0 15 19 32 36 41
For each passage surface 15 5 16 6 8

100
80

60

40 - -

Ry (%)

-~
20 ’_ - =@ =B 85n1m,254nm,365nm

==¢ =365nm only
0
0 2 4 6 8 10

Number of passage surfaces (numbers)

Fig. 7 Acetaldehyde decomposition performance for each
number of passage surfaces.
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Table 7 Toluene decomposition performance for each
number of passage surfaces

.. Ry (%) in number of passage surfaces
Test conditions
0 2 4 6 9 10
. 185nm,254nm,365nm | 0 | 26 | 29 | 30 33
For each passage surface 26 4 1 4
365nm only 0 6
For each passage surface 6
100
el | 85n1m,254nm,365nm
80 =% =365nm only
= 60
=
<40
—— —m
2 ﬁ
N e -
0 2 4 6 8 10

Number of passage surfaces (numbers)

Fig. 8 Toluene decomposition performance for each
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Development of Wireless Sensor with Cylindrical Type Dye Sensitized PV Cells
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Synopsis:

Cylindrical type photovoltaic(PV) cells are lightweight and have the advantage of being
strong against gale or snow coverage. Furthermore, it has the feature that it can be
installed vertically and can generate power for a long time from morning to evening. In this
study, the cylindrical PV cells were prepared by enclosing a flexible Dye-Sensitized-
Solar-Cell-Sheet in a glass tube. The fabricated cylindrical PV cells have a high sealing
performance and were proved to be usable in an outdoor environment. Also, the cylindrical
type PV cells were used as a power source for an off-grid sensor capable of measuring
luminance, temperature, and humidity. The developed cylindrical type PV cells proved to be
highly effective especially in bad weather.
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Fig.1 Overviews of cylindrical PVcells.
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Fig.2 Comparison of light income in cylindrical PV
and flat PV.

Fig.3 Photos showing model of cylindrical off-grid sensor
system.

T2V, B RO IR - i
FEREOT=XY T EITOHENEL . KGR
FHRFIZHETE Lo B 2% 8 LRI K OVER R
R 20N 5, FET A ADREHFNT= >
VKRB, VF T LA F Ny T )=l EDOEE
ML WIER EEa T o EREIT b,

o7

VEBNFEITIT 1. 5~AV IR CTH D, MFE AR
T E L OVEEIEE 0. 5~0. 6V FEETH D720,
LEIZHT- >, AEEBAMLETH HH3, KEE)
SOFEFT R —a ARKE WD, KiEE
N BEICESES LTk, AE-EETLZ LN —
I T D, Bxlx, T AENBTHRE — FHE
FEETHZ LIk Y . FEEEOEER LA LI L,
MfEE R IEERE — AR CTHET 247 27 U v
RNt o —HEROERZ AT,

2. HERAERBRKEGEMOER &5
2.1 HEReRBRERAEGENOEESE

VERL U7 i R SO 2 Figd 1T
R, BN B STy 7 arZ T MEEIC
7o TWD, —fiRN7e 7 L U7 VKRB ER Y — M,
RELV—FDOETEN)T 7 4 NV LEOHRH#ES— b
TEOMENDH LN, AEETIX, T7AEICLY,
FesE - KO DOFEBEW AN B S, Efli7e s —
"ARETH Y, > — FOHBHEAAIREIZ 2D, T
AE R OEEIY CKD #AS 38 UYE LM fE R
FHIROR IR A - B #hdh R & (Fig.5) 2 VW T T -
oo TV 7HEOEIEHNZICH LD THY | ik
THEZREET 52 & CEETORMEEST L &
72K BE LT-@ESWE DA 7 AEENENFEBATREIC 22
Do

Glass tube
Porows titania dye tube(anode)

ot tube wit ectro

Fig4 Schematic diagram showing structure of cylindrical
dye-sensitized PV cells.

Fig.5  Photo showing semi-automatic glass sealing
equipment. (Production : CKD Corporation )



2.2 BELETHEL-AERERERAEGE D
LETkS

BRI EMIC VD “FR LT 2 2 J8 DR
(I3 7 L— NEGHEE V2 2, R L722EE o
i&E% Fig6 (g, BRE S ITIHMOBRBEC L ETT-
VR 7 L— LI b T X AT ) —Z AL
T, M THLIZIERR Y — MIREfHTFHZ LT
T T Z A AR U, EIRIF R T o —
A MZHAT, WA (LT 2 A F U —I X2
LGRS 2 X0, g - SLRIE - HGELE SR E
LA CEEE R D Z LR Th D,

Fig. 7 \Z&FRA T V) — ORI E A & 2 2 1= — LT
& B O TR EHE CEM A ERL L 7= (334
KRN EERGNE 2R L TN D, K8 ORE
iz Emlbt 528 T A7 Y=Y v METH
JE U 7= R LT & AR W2 S O & RIS OB HS)
TNGEEND Z LR L,

Slurry feed throat Slurry feed throat:
Standard Tip

< P )

LY

Trania nanoparticle

- e e

|Combustion: Barrel ‘
‘room
Nozzle
Fig.6  Schematic illustration showing structure of
HVOF thermal spray gun.
I 1
E
E 0.5
3
2
23]
0 - -

Thermal spraying Printing

Fig.7 Comparison of efficiency in thermal spraying and
printing.

7 23— —tsukuru No.27 (2019)

VERL L 7= AR R IR FE O S8l % Fig8 12
Y, RS 200mm O MO EO B &
1340 25g & =R —ARROHEETH Y | FEH I
HTbhD,

120mm_

Fig.8 Overviews of cylindrical dye sensitized solar cell.

2.3 HMARERAERERAEENDOEN AL

U A BRI SHEDRUYE LI MR A 7 7 v
Rt P—iz, R U 7= M RO A 5
L. BIMREL T CREmE N 25T 5 2 & T,
PO 1 T2 (00 3 B8 SR 5 B8 th D J= A ik A 2 5T L 7=
(Fig.9), aHHIZ S DBEINEE T HAL TN TERX) T
Fhit U 7=, (0381213 Ru SR aB % EAER OV,
T b= b U WAEEEA U, B ERBRE OB X
VBN CIE, EREZ RN REECH - 772D, FRE L
7= R A ERIC BN RFDIAA, Y —T
— VR a b= B HOTOEEAREARE L, JE
FERLA Fig10 (233, PV IE 13,000 BFEIGI 540 H)
BB CHIHIMERED 97%. PV2 IZATHAIMEBED 94% Z-#f:
FFLTHY . 10,000 FERHEIGK 420 H) THIEIERED 90%
VIEHERFS 5 2 & 2 SGE LT, IRV CHh DT
B~ = N U B BRI T R I
BOTHEINCHHRETH D Z L A FRE LT,

e ) —
; Illumino smﬂ
) e ‘

S ———

Thermo sensor
Hygro sensor

Fig.9 Overviews of outdoor exposing test for cylindrical

dye sensitized solar cells.

58



59

—0_ 0.6
g =8
08
,:E 0.5
04 o-Pvl
0.2 PV2
0
0 5000 10000 15000
Time(hr)
Fig.10 Result s of outdoor exposing test.

3. ARMBERERAKEGELEERE LA TJY
v K& —nB%H

3.1 25Uy R —DHEE

MR ARG B A B e L7 7

RFeoH—0fR L LT ERET BN,

- B L AU K0 BRES T OFIBRA D 720

c RHIMICIEY . BET A ADOHH R

s HELORRENATRETH 0 | REHFEA /NS

< 360° FEIZL D =27 MEdSAlEE

WET—H2%227 77 R EOHMETHZLETLDOTY

EZTHLUTAEA LE=RY T INARE

3.2 #25)y koY —nikEt

T —IZBW L, BRI IR -
JE - BREDET=X Y T EITOGENEL . KB
W C R L 72 TB ) & BB L ORI M OV R e 1
FIATHMER DS, FET A ADOREHNE= 7
NWIKBEME RN T T LA ARy T ) —Ip D
EhdH D VTER _EE o T o= ERET S
o, TEBNEEIEIT 1.5~4V BETH 5, MR AR
KRB L OVEEN BT 0.5~0.6V FREE TH D7
W, FEICHT- ST, FAERBERMLETH L, KE
r#%®ﬂﬁiizw%~mxﬁk%wtb PN EES
A EHES RS L7141 EETH LN
W ThH D, UEEEE X, ﬁ7x£WT@%%@k
BEi s — b & 3EFNCHES LTz R RORRS;
A E LT,

AIED 12T, B LR S % 25mm (12, #YE
i 2 12OV TE, B /LRE &% S0mmi ﬁéi9mu
L7z, Figll lZZNENORIEHOINEZRT,

25mm

I Fd

Fig.11 Overviews of 3 series cylindrical dye sensitized
solar cell.

FNZENOMER ARG ER L o —=
=v MNtAG Y TBERRZ i L, FET N
A AITER _FEHEX vy X AW, BALES
25mm X 3 [EHIO MG K EME W56, fiE
BED BHEBENINRED -T2, BVE S 50mm X
3 EXOMEI AR E A W c S 6, THE
BENIVOGAREBENELSR-oTEBY, VAT LEL
THERET 2 Z L 2R LT=,

3.3 SEREEER

MBI AR K E A SR & L-AfEEA >
70y Rery—280EL, ALIUNHich D 7V a—

FARNBE T I CR%E U 7= (Fig.12), BRI (R0 3 ek
KM= b 1 KE X 200mm) & DC/DC =223
—4 BRCHEEX Y SV A TR S TRBY, wH
FREICEBL-ENEER _EE v/ U2 b
B H LT\, & h—3HHRRE - WA - AR
JE - faE - BRI A, MR R R Bt
OB I OER _EREX v ST X OEEIZONT
1To7= FHANZ 1 El/min. TRRE LTz, T—X 37 T D
REWZEETHZET, UTAE A LTOE=HXY
TINAIREIC 72 o T,

Fig.13 @ a)lTER _HEE X v /32 ¥ OFEIEORRFE
IETH D, 7 A MilBREEL AR o — B &
FEEEN EE->TRBY, VAT AL L THETHZ &
ZIZEE LT, Fig.13 @ b2 1 BREIOHBERRE 271,
BRHTHD 2018 4 11 H 29 A LEXRETH -7
2018411 A 28 HOBER _H@F v /R X DEL %
#% 7= (Fig.14), EREEH 2BV TH AMS FELIFEED S
U —HEENEEEED LAl TS Z L3y
MND, HMEHESERE T 3607 FE R MFEEAEET
HDT, EHND G IS S D EELE A WISk C
wé*&ﬁ%ﬁéﬂ/ﬁﬁ7ﬂ4z&ﬁﬁAbﬁtH

ARG B OB 2 R IR Ch o7,



Fig.12 Wireless sensor with cylindrical PV system
operation test in outdoor environment.
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Fig.13  Results of outdoor exposing test.
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