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Figure 1 Changes in survival of 5. aureus versus
illumination time?.
The bacterial suspension (106 CFU/mL) was
incubated under (A) visible-light illumination
(1700 1x) or (B) in the dark.
-e-, blank; - A-, TiO2 and
-m-, Sulfur doped TiOsz.
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Figure 2 Bactericidal activity of metal-containing
sulfur-doped TiO2 7,
The bacterial suspension (106 CFU/mL) was
incubated under (A) visible-light illumination
(1700 1x) or (B) in the dark.
Symbols  represent: -e-, blank; -wm-,
copper-containing sulfur-doped TiOz -V-,
silver-containing sulfur-doped TiOs and - A-,

nickel-containing sulfur-doped TiOs.
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Figure 3 Influence of the amount of copper in

sulfur-doped TiOz on bactericidal
activity?.

The bacterial suspension (105 CFU/mL) was

incubated under (A) visible-light illumination

(1700 1x) or (B) in the dark.

Symbols represent: -e-, blank(Non-

photocatalyst); - A-, 1%; - V-, 3%; -m-, 4%; -x-,

5%; -o-, T%; -A-, 10%; -V-, 12%; and -0-, 20%.
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Figure 4 Influence of illumination intensity on

bactericidal activity of 5% copper-

containing sulfur-doped TiO2 under
visible-light illumination®’
Symbols represent: -e-, 250 1x; - A -, 650 1x; and

-m-, 1700 Ix.
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Figure 5 Utility of copper-supplemented sulfur-
doped TiOz in decontaminating rest-
room floor!®,

The number of viable bacteria on the nursing
home restroom floors, one coated with copper-
supplemented sulfur-doped TiO2 and the other
non-coated (control), were determined. White
bars, non-coated floor tiles; and Black bars,
copper-containing sulfur-doped TiO:z coated
floor tiles. Error bars' standard deviations of
two places. An asterisk indicates that the
restroom was cleaned with an abluent at 72

hours.
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<+— Rolling direction

Fig.1 Surface small spalling of roll used in hot
rolling mill roll

<— Rolling direction
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Fig.2  Cross section of hot rolling mill roll
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Table 1 Mechanical properties of specimen
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HV : Vickers Hardness(kgf/imm?)
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Fig.3 Thermal cycle test configuration and method
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Fig.6 Cocoa made by fretting between two
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Fig.7 Fracture surface of Mode II fatigue crack
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Fig.8 Shapes and dimensions of Mode I
fatigue crack growth specimen
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SRR, ZHRIRED ERIZ LY TIC & FE ¢
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HBHROTILC &S LERZE S LT TIC O&HEN
BT CTHEL AR, TiC OEIGHIMZ I-1-hL#EZ 5
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it O LB ER AR L, TR
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BRI RIEMNE < Tl Sz, 0.07% T ikt o s
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ZLEBE SN, TLHIRE(IFRTHE TH D & R
120, S &DINEFIN BRI, NMEME£<E
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VR BGET ARRICBAET HE RO E H R <
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Fig. 2  Relation between flowing distance and
pouring temperature by Ti addition
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Fenring Tewp 180072 |

Fig.3 Photographs showing effects of Ti addition

andpouring temperatures on fluidity

Fig4 Relation between Ti addition and casting defects:
(a) without Ti addition, (b) with 0.07% Ti
concentration
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IFig.5 Microstructures showing effect of Ti addition
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Tablel Image analysis results of microstructures
Carbides density Size of grain and carbides
[Ti composition 5
) (1/mm?) (g m)
' MG | M,C | Total | 2-DAS | MC | M,C
No addition | 3064 | 342 | 3406 44 53 b7
0.06%Ti 3728 | 589 | 4317 29 47 3.6

3.3 TiC ik B 28

T I OEEEERIIVE y . v +MC 8, v
+MaC HAAONETEERET 553, T8 i 1Ly +MC 3%
BESGLARTIC L& TiC Kt E ~Tl& y . v +MC
Hhh, v +MeC HFONETERB 5D LHEH SN 5,
0.06%Ti WSHBHIZRE L ChEsl L% EPMA 2 X Hifii
S EA Fig6 177, EPMAGENS, o
BRIV 2R &5 MC Bkt é Mo & W 2%
A5 MuC Bk & LT &g, Til
MC DB 2 PiCBET H Z i< LT
AR L TS, Gt T, TiC 13445 MC 23 &3 587
CHlEE LTRSS Z ENESITBRD, — 7.
MaC B OTFEEEANIE T i BE shian
Lk y +MoC FRFIGRNCT S THE S LD
EEZBND,

Fig.6 Higher magnified EPMA showing alloy elements in
0.06%Ti concentration sample

Fig.7 ® SEM {25 TiC 13 MC B{kiho— v Pz
BBl LTBlZR SN D, Fig.8 11 Fig.7 DRWELAL
oy (A) 1S L CEMEST AT oo RTH D, TiC
ThHDHZ ENHERCE T, Zhit, Wu b 90F Cr
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BROFIEE MaCs A O » PEIZTIC A3 & LT
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TC B EHOEE AN = AT, TRl 1cE&2 5
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(Ti) + [C) =TiC(s)
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Fig. 7 Higher magnified SEM secondary
showing TiC particles in eutectic carbide in 0.06%

clectron image
Ti concentration sample
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O B S IHHER — 7235 F L ¢ T fng &
RN E & ORERA e L7,
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Fig.9 Photographics showing effect of structure
refinement on fracture toughness
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Fig.10 Effect of Ti content on fracture toughness
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Fig.11 Effectof Ti content on tensile strength
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FER A BT A L L CENET 5 @il 7 b— AESEEE
(2, EAEZER A IRA CX DL oo b O T, B
TR L HREESERNICTREECE LD, BREVA
MELEBELAHHIZGHETCE A ZEPF-THD,
ZOEERFHNS I LT, BRIEEEINATLEETH
EEOIEHEENTEE L 720 . FEPOREERE LI
ZTEREBENEATE S, BELLSTWFZ U
FHIRBWTC, RO E#H T L— ABEFEERE & AV o8
B R OREFHEE N 18 wt.% Cho-DIZHR L T,
EAEER % BO%IRES L= CIIfREE L 6.8
wt.%FE CIHT A2 LN TE D, RETIE, ZOEH
ZHRERERAEUOBHET V- ABRHEBREEHAWT
NiCrMoFeCo &4 DBEE{L A i L | BiE2/KIEiE T T
i Ol & 3 A Tz,

2. EEAE

SERCHEH Li-md 7 L— AEHEEE L, EHAT
WA FOTO D, R OB, iR 0.32
Limin (Z[HE LT, BAHVAPOERRELITIHEIZ
KT AHEMREE L L, BEEAQIENZIRET 5%
KIMEBETRE L, EHEHOAT7A=FLLT, /¥
VIVESOEELHR L, NUARSHELS RS E
REMEIOMBME HIEL< 20, BRML LI Shsd, 1k
S OVEREGE Table 11077, RERICHE LA
R OEEZRBEE I Wi, FERIL Q=
F&MCRH LT % v EETRORRFRRE >, 23H
& LTORY,

MBS/KIETE T CofitfetEEEmiE, mERORE % 0.05
mol/L | ZFF# L 7= KIEiKIZ 604.8 ks BliEHE L TiT 272,
EERBEE T, Al CRIGREMENG Lo
7= 333K & L7, iRERE A 13, 50 mm X 100 mm X
5 mm @ SUS304 #1Z B IEE 273 200~250 pm & 72
AL 91250 mm X100 mm &iPHO 1 @miciEst L,
RO Y a— 2 iRFE V¢, RERMEAY 30 mm X
80mm &L L LI AXF T LT,

Tablel Spraying parameters of NiCrMoFeCo alloys

Combustion | Mixing Oxygen
Barrel . ; <
) air S.D. | concentration
Mark |length|Pressure . ) Gt} || %n i aal
(um) | (MPa) Ratio| rate mm) | inTi coating
(%) (%)
TO | 1016 0.68 1.35 0 380 —
T1 | 1016 0.60 1.31 30 380 0.14
T2 1016 0.72 1.66 50 380 0.08
T3 63.5 0.72 1.66 50 380 0.07

S.D. : Spraying distance

EIERBR O, MEKEERT OB A A RE
k., WA T T X IohEEE AT, WA A
YOMENGERE mg-dm?-day! #K®, NACE
(National Association of Corrosion Engineers) ffit
fMHERLIEL Y | JEEE 0.06 mm-year! LT 4 it

7 ¥ 3 —{il—tsukuru No.17 (2009)

BT S L. NACE HEEIZIRYT 24838 T
AW EERET, 12mg dm2-dayl LT & 7225,

3. ERRBERBLUEER
3.1 ZEMEBRERA

B R EA BT 2 ETE THH Ni, Cr, Mo, Fe
DIEHEA AV #EER Figl (071, T3 TOHEM
BT, FEEOERS THH Ni OEIREREHA
LMD, BHA A ORENLBEHLEZERES
Fig2 oY, ZRERE L TL, T2 OE§RHEC
13, B OBREBEDKTIZHEY, BEEEOKT
RRDH B, BRE 50%IRA LTc T2 DEHEHT
B EERLEWVEEEZ AL 203 mgdm2-day’!
Lotz EEOBEEMER LAV T3 OEHSR
i, BEEN 27.3 me dm2-day! KL, HiRF
L72BR (LRI DO EE R & L TE LT,
T3 G5 FE, T2 OFEHEE L Y 5 &, i
BB 2 A/ L LR SPEWTE, BELEID
HlT 22RO HND N, MR+ ThETeD
RGBT 2 Z< EATTHEE > T D, ZORE
BB T OTFEN, BEOE—EE2EEL, EEELHY
KEEHERE -T2 EEZBNS,
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Ni| Cr|Mo|Fe Ni|0r Mo|Fe Ni{Cr‘Mo Fe | Ni| Cr|Mo|Fe
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Tig.1 Corrosion rate of dissolved metallic ions after
immersion test at 333K

0 ————

dw/ct mg-dm -day |

T0 T1 T2 T3

Fig.2 Corrosion rate of dissolved total metallic ions
after immersion test at 333K
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Z- S O B AR A A Fig3 1T, BEEO
BV T2 OEREMTH, BEBEPICIEFI ROBER
(GEVIREEDS Z < Bl s b, —FH, ZRERELT
W TO OEFEIE I, BRI IIEE SR
TR, SEIETEMREE CA 7T v o 2 RIS HERE L 7= fH i
MEIZR X5, NiCrMoFeCo &4 OMt &t 2 s 15
FHikd LT, iS5 OB L& MEl+ 5720 Tla+5
T, BHPTORBLERIE L, HEROR %
R S5 Z ENEETHL Z LAy,

Gy T2
Fig.3 Photos showing micro-structures in cross
section of TO,T1,T2,and T3

3.2 B L BRIED&ET

NiCrMoFeCo &40t &tz m E X528, B
HHDRIABALT 2 (R S b A FIE AR LT,
BRI T2 SR S5 ik & LT, AR SR & 3G
IRBELI TS T, MEIRIE S B A kR EZ B
D5, RBEREED EAD & ERRLTOER LT DT,
Mt EPEO R LR RF T E 2V, BRI A ER S
IR SEARERTFIEL LT, 23— AT L—
NETEND, a—IV AT L—{%, BN - NEME
A A% VW TE RN & Jid Tk, Rk &1
PR SURRIET B R TH 5, R E 2 MR
SHRIESEH7-OITIE, MEICHTRIE, BEE,
MITEEORE( LBV ETHD, 23—V AT L—TF
B ADREA I = A LEBEIZLT, RIEHH T2
BRI CE XS 20Tl KRB T2 RE
SHRRIE S HEEBTILEY Y, Bl L— AR
S ORBEZ L, THEICH L TEtR R A BRI E
L LT ERPDOERTIRBELL 1.66 L7205 X 5 ICiREE
U7z, TESHRIF 2 BB S U Rl S H 5 - 012X,
BITF-ONMBNRMETH H -, T2 DD 101.6 mm
NUNEFER LR, £, REROFET L —%
WREWBID, J ANVERESGEL., BEENED
ET2O5MLEY 1.4EEV 099 MPa & Lz, EiZ,
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TEHIEREA 220, 300, 380 mm & LC. &HEEED
WAL IE LT, B A% Table2 |29,

Table2 Spraying parameters of NiCrMoFeCo alloys

Barrel Combustion Mixing air s,

Mark length Pressure Rati rate Lagin)
(mm) (MPa) ate (%)

T4 101.6 0.99 1.35 0 380

TH 101.6 0.99 1.66 50 380

T6 101.6 0.99 1.66 50 300

T7 101.6 0.59 1.66 50 220

BIEDOVER £ CER U7 RIEmE O 5E 4
Fig.d (e, FMEERICIT, ERERFORR A A
{b+ 7= DI iNES - A% - HE(kgk (M) AIETE ¢ 5 7R
Ty F TN E{T ST,

ZEREIRE LT ey T OFEFEICIIAT T v
Y afb LR < iBiARRREE COMENBEE X
Nz, ZB5% 50%IRE L= Th OEREMTlL, A7
7w afb LRt BlE@ahieiah, T2 &
THELVREELIhFofEEEE s o T g,
(7o, HBRORIIE, ZEAERDBRAR,

EEIEREZ 300 mm, 220 mm & BpH2ES0) 7 T6,
T7 OIEE S ClE B RF7 & BICRE L L CHE
LTWHIRNBE SIS, WiERRE CRlE L7
BELIRRY, ATy valb UMb ELS | 9E
AER L Tr TN,

AT NiCrMoFeCo A& E D I 7 m iRk
L T7 OFEE 4R L B O WTEAL 4 . Figs
WRT, AN, SRR AR  m OB &
2o TG, TT OIEF % ORISR S . iEFEIOHh R
Ml & FEOE— 2l L > Ta, T LEED
FRRE S 2o TBY , RIR CHMMEIRAERE /1 & LR
JERIENBE SN,

() T4 (" T5
‘:‘( Y AT FAR 4{%”}‘})"?"? e 3 - £ A ,;_S%';-:;:f fffjas':

@ 16 (H) 7

Fig.4 Photos showing micro-structures in cross
section of T4, T5,T6,and T7



(b) T7 film after spraying

(a) NiCrMoFeCo powder
Fig.5 Photos showing micro-structures in cross
section of NiCrMoFeCo powder and T7

3.3 ZiEERIER B

NiCrMoFeCo &4 B OB (b4 [ - 7- 5k T4,
T5, T6, T7 &kt e LCHE{L LoV iRl C
VEEF L7 T8 2 VT, 8.1 THE FIRRIC, 333 K OFiE
IKIETR T CIdEFE M 41T - /2. T8 DEHNGMt%
Table3 (7, HSHiA A HE A Fig6 (RT, Fi, 1
A A OBBEPGREIE LB RE L Fig T IR,

Table3d Spraying parameters of NiCrMoFeCo alloys

Barrel Combustion Mixing air SN
Mark length Pressure Batio rate (;11 m')
(mm) (MPa) )
8 101.6 0.61 0.88 0 380
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Fig.6 Corrosion rate of dissolved total metallic ions
after immersion test at 333K
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Fig.7 Corrosion rate of dissolved total metallic ions
after immersion test at 333K
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mg-dm2-day! DEKELZR LT, ZERERESLTWH
ROEED T4 FEHTlE, BEEN 164 mg-dm?2:
dayl &720  {KED TO F&0: & ik U Tt 1.3
fFizim b Uiz, 25% 50%IRA Lio@ED Ts &M
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3.4 BREHODEE

BT L— NEECIaE LT-iER M ENE, 0.5~1ms
OB CHEMICERE LESh D, Bt W
Cr, Si, BXU Al 25D E5®&MEIClL, ZOEVWE
FHFEC b RIFORmMAE LI 5, FiTRmOBRb
MEEEEE ., BRMUERAI A Y — P&y | RrFHR
BIRMICIE AT 5, ERERENO L., B REOR L
ZHHIS A Z & T, A Ao Cr &ML,
B — B RIERE L 7o > T 5, TRERIEORR K E R &
Vi L7z Cr/NiA A DR & OBE % Tig 8127577,
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STV Cr DR TH D,

018 |
0.16 |

S oos |
5008 f
0.06 |

004 |
002 |
0

High oxidation

Low oxidation

Fig.8 Relation between oxidation and dissolved
Cr/Ni ratio after immersion test at 333K
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Fig. 1 Schematic illustration of screw and wedge
type tool: a) Back support tool, b) Taper tool,
c) Screw shaft
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Fig.2 Schematic illustration of friction surfacing
with screw and wedge type tool
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Tig.4 Appearance of friction surfacing for steel pipe
substrate
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Fig. 5 Appearance of friction surfacing for steel pipe
substrate
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Fig.6 Appearance of friction surfacing for steel pipe
substrate
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Fig. 7 Appearance of friction coating material
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Fig. 8 Appearance of friction bonding
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Fig.9 Photos showing relation between appearances
of friction coating and friction pressure
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I'ig.10 Relation between friction pressure and
coating thickness
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Fig.11 Relation between hardness distributions
and friction pressure
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rances of friction coating and rotation speed

EEEEICLIAKESOE{LERBR LIRS
Fig. 13 (2R, [BEEEEOBINC & b 7o TR X )3
b3 AEmARD B, Tk, RBRHZRIE L
AR OEEEDT —7 L X< —FH LTV, [Ei
BEEML TN &, ABMOEEENRD T2 L4
R L7,

72 a -4l —tsukuru No.17 (2009)

3
g
E25 1
=15}
£ 2|
8
.,61,5-
o
g 1r
4
180'5—
=

0 1 1

250 300 350 400
Rotational speed (rpm)

Tig.138 Relation between rotational speed and
coating thickness

Fig. 14 |Z PRSI ER O S 5Af 41, H PR O
B 43R Fig. 11 &[RRI, BT Cle Sl & &
RLTCWA, EEEEAMENT 5 &, BEME TS 5E
MAH Y, [EfAEOE 280rpm TlE, PUEE O S
2 HV400 R L7,

Substrate Coating metal
500

>

g 400 T

& |

4 300

®

g -+ 280

= 200 a5 e
4 310rpm
- 340rpm

100 : :

-0.6 0 0.6 1 1.5

Distance from interface (mm)

F'ig.14 Relation between hardness distributions and
rotational speed

3.1.3 A Y EE L ARBIRE DB

PV R L REIR E OBREREE T A D, £
HEA 1.5~2.6mm/s OFPHTE (LI W HE DEE
PR ER AT o T,

Fig.15 (3% 0 HE AL ST & EOREE DI}
BEEART, Fig.15 10 WEEOEL, %0iEED
FRICEROEE R AEENHDH Z EAVHIER L, #Y
HECIIABBORESELEZRBLEERS
Fig 16 1oy, %0 #HE DR T ISR AEBOE X
HWINT HEMOH D Z & AR L, 2l R
\ZHIE LTS OB O T — 2 L L —H L TB
N, EDHELRTSEA L ELIT, ABMOEREE
MBI 5 = & 2R L,



2mm/fs | 2.4mm/s|2.6mm/s

1.5mm/g| 1.7mm/s

I'ig.15 Photos showing relation between appear-
ances of friction coating and traverse speed

1 1.5 2 2.5 3

Traverse speed (mm/s)

po

o

Thickness of coating (mm)
p—t
© m ~ ©m o or
T
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Fig.19 Photos showing effect of surfacing methods
on corrosion resistance
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Table 1 Conditions of abrasive wear test

Load (kgf) 3.1
Speed (m/min) 470
Belt roughness #40
Test time (hr) 2

Size of test piece (mm) 50 50X 10
Stopper
Specimen Holde;r

Belt (#40, SiC)

L
© @
/

Tig.2 Schematic diagram of abresive wear test

Table 2 Conditions of collision wear test

Abrasives Martensite grid  #80
Angle of injection( ° ) 45, 90
Air pressure(kgf/cem?2) 7.0
Quantity of projected
. 20
materials(kg)
Number of tests(cycle) 5
Noile
A
3 ) Angle of
v|\/\<g§“ . injection
— 6% o

Sgecimen

TFig.3 Schematic diagram of collision wear test
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WERHE U, i/ L7 SiC 0%ifE % Table 3 127K
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y
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Table 3 List of SiC particle size

Name Particle size(;: m)
SiC-A 150
SiC-B 50

SiC-C 5

b2
R o
|

SiC-C

Irig.4 Micro-structures showing specimens of
three type size of SiC particle
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POND,

Table 4 Area ratio of SiC particle and matrix (%).

Sample SiC paticles Matrix
SiC-A 62 38
SiC-B 71 29
SiC-C 71 23

WA Figh 1280 BEEHERER, Fig.6 |CHZeEFERER
FERAER L, SIC B MIEESREME I R T R84 2
L7c, thdshf & L TR 2 v AR (R HCR) %
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910 fEOMmiE Y B E AT 5 Z ERbhoT,

SiC-A
SiC-B

sic-¢ [ ]

HCR |
[ [

0 1 2 3

Specific wear rate (mm®/Nm)

Trig.5 Toffect of SiC particle size on specific wear

rate
T I I i I

SiC-A | il

i | | | | |
Sic-B l I
Sic-C ﬁ 0] 45°

b [190°
HCR 5]

1
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Wear loss (mm®)

Fig.6 Effect of SiC particle size on collision wear
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Fig. 7 Micro-structures of wear resisting hard
materials: a)HCR, b)SiC(other), ¢) Alumna.



Table 5 List of specimens.

Name Material
SiC(FUJICO) | Developed SiC(SiC-C)
HCR Hi-Cr cast iron
SiClother) Conventional SiC
Alumina Al203

Table 6 Hardness of specimens

Name Hardness(HV)
SiC(FUJICO) 2200
HCR 900
SiC(other) 3000
Alumina 1300

AHICIL, B%E SiC #F & LCRiEilcls W TR bRE
DBEH-T- 8iIC-C M AR BIZ L2, B CldE s
SIN 7277 g L/ S I e SN 5 ) B O 1115 -t
53w AR HESGS L Lz, Tabel 5 ICRERF O
AMBLUOMEEA R L, Fig.7 (&N ol
7, HCR 13& 7 v AESH Y1t T A 1l
mTH D,

sic(FuJico) |_]
HCR
SiC(other)
Alumina I
[ |
0 1 2 3

Specific wear rate (mm°/Nm)

Fig.8 Comparison of specific wear rates on
another materials for wear resistic

i Sy ‘
Hor R ’
SiG(other) 145°
- 0 90°
Alumina - 2 l ]
i 1
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Wear loss (mma)

Fig.9 Comparison of collision wears on another
materials for wear resistic
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Development of Living Environmental Cleaning Products by Photocatalytic Spray Coatings
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Tomohiko Higuchi Hisato Haraga Hiroshi Yoshinaga Youhei Umeda Takeshi Yamasaki
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Synopsis:

In this research, the environmental cleaning products such as the sterilization tile, the air
purification filter, and the deodorization board were made by thermal spraying process and evaluated
on the performance compared with the conventional products. As a result, the deodorization and
sterilization tiles had the high performance in gas resolution and good sterilization effect even in
visible light. The new air purification filter that has the characteristics such as good flexibility, thin,
and space saving was developed by changing of the substrate from conventional ceramics to
aluminum fiber. Also, the new developed air purification filter had shown the excellent performance
in gas resolution. The deodorization board that has both the quick removal efficiency for harmful gas
and high resolution could be developed by combining the porous type spraying coatings with high
photocatalytic efficiency and application of the substrate with high absorbability.
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Fig.2 Test results showing sterilization effects
of developed tile to £ .coli
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(a) Before irradiation (b) After irradiation
Fig.3 Destruction of bacteria by sterilization tile
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Iig.5 Test results showing anti spores effects of
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