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PEZES MU, Fox NEITREAER DRI RKREHEIZ LY XS ZED
EFTE, TOMEL LT, BRI CHEEIR OSSR E ORI«
EAHAHL, REZELESEIBREZMAN, BIETITZORELED T, BR
BB LR AN DR~ DB & E > Tnd, 29 LERROEHOH
THMEZEICRB W TS . HIEKIER L OMEoF EME OPERICH LT, U A
7 NRomFmAb e ERk 2 72 7R TR R RS 5 << T R SEBH I 3 D
b T& Iz, TOPITEWT, KALHEAMIIRERR O R E REH 2H 5 &
ZAOND, MEORMEICMEFEMECM M2 13 C o, EiEoRtixiE e & o
Bl E 5T 52T, EMZOLOICEMIMIMELZ 5225 Z &N TX
LEITH D,

FMEALEC R L THUR O BATREZ K32 &0 MEZE O b O DR kg0
Bt S ELFEL, EMZ2RO#M THET 2 FENET b5, Bi#IC
X, EMEHEZ KRRV —F R LIl TR - Bl L CREBZEX AN
LRMMPES AN ZIZ L O E LT, EMEEEICRFELILBIRE SETHEE AN
DIRIER0, BlRC Y 2 Vg7 & OEMIR T THEM 2B & L CEM LM R
el e AT e Y 2 L (AR N SR I = A N N 3 At 7 P a7 v
RE AT TR T 280, B Zfafme LT v FIRITRIE LEFTERIC X
S THEMERRICERIEL BT I E LA v FEZILLDOE LT, @RCFERK
R EDOMEI AT 7 A~ DR —Thb LM R IR - #EfESE 5
WFLR A& (PVD : Physical Vapor Deposition) <2, 4@/~ 7 L At¥7s EROGH)
BZ25ESEROGAT A LIRA L TEVEI ORI X » THEMREICHER S 51k
7% %7E (CVD : Chemical Vapor Deposition) 72 7238 % P, o T & IS HEfiTIE
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Do WA A mtERR b S, mEMOO Y A IV AR RSB IT, 4
Bb BRSNS LMD, SIS - i e - PIEICHIATE 58
fE RIS, 7 ) — =k ¥ — & L THWL D KIGHIEEOEM R & O
REVEMBIBR RIS IR B ORI A NEA TNV D, IWHF OB EIE ) LIRS
FEMGER 2412 £ 9 E 9B S AL, Seimb Bt OB RICRE W TR E k&l 2 4H 2
LEWFEND,
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Fig. 1-1 A schematic illustration of molten material depositions to create a coating

layer for a component sufrace on thermal spraying process.
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BH LI, BREIL LD U A ¥ =Wk e & OB Bl koL ¥ —HIc A
T 52 L TR E 213 E S B2 10um~ Imm £ ORI 2RI L 0 i L
TEHBEL G2, NIHEHREICEEIETHET L2 LIk & bT 5
REWBEENT TH 2, BHMEHIRRE - &4 - Bt - A - 125l &
DEFEE T I v I/ AZITILD, &Rt ET7I v AOEEMTHDLIT—A
e LRG0T | ZE LEERMBRE ) ME CHIVUIHEMNT 221 T
570, JRFHICHKEMEIOREN TEDFLERH 5, S HICTHES LD
DEEMITHR LT HHIRIIT L A LR BRE EMOMEEDBEBERE W
ELRETH D, LU S BB U 7o B R oD Rk A 1 oA 1 1 fth D
T AL HRDELESTHDMUESGH D, ZIVUIEHEA DO 7+ 2
WZEHHDTH S,

I ORED 7" 1 & A % Fig. 1-1 IZRT, FH—Oiafe Th DR o nEyn
HOBARTIL, B S AV S A B BIRIC K o TINB S LAl L 72 Rig o ik
THATT Do T OMBIEBFR CTILRL 7R E ORI IER L, ZEHE0m
ELOOKRLFRRITL TV ASEbH 5, FH _OmRETIE, &iE - mHE o
TR TIR T M 22 L, BB R L X — & B 3L — % b L 7z
ORI Lo DBEE T 5, M E TR LIERLFIERA T T > b &R
En s, B0 T, WAL L2 SEEE L7128 &« & FEE L C R
TR T e, TR 2 WS B DB A& PEIE, R 03 A T B 12 gk
b, TRbLBRMEHRICI > TERINDI DD THD, ZOEEIED
LEHEMEZM LS TR L LT, AMEmafmbsEs7 7 2 Ml
BRENTH D, EMRENCKE REE T 2L — 2R OMHIM 2 E LS E 5
Z LT, EMBREOBIH E X EM AR E L M REOFEREITH LH
Rl b2 FIETH D, AMERmICMNZAE LS ETCREELERIES
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W5, BT vz AREBBEMLEH R ED X DI, AR LIic< < MR
HINSWERMEIOKIETIE, ~( 70277y I RELBEEIND, ZhHD
KA E DRI R & e B A 5.2 5, FRICRIEO I & OB B %
XU, HEMORE - BMRENE - ERIRPLE IIBEERBERNH D, ZORRICw
AFARABEREEZOND YV Ty b, —HTEHAY— B 7 & OB K
IZBWTIE, E— M A 7S Ko TAE U ZBUS N ZFEFIT 2 DI SHE
LD, ZOLICEHERICENTIE, A7 T v M2 Tl <ORSE VAR
TROBIE R CRR A ZRRETIRAE L TR Y . KULE A L7220 S 2l &
IZX o TEERBDPER SN TVD,

WA 7 v 2O RE RFRIS, BRIEE 3o F15 & Helge U Tl 2 & 3%
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THHEITIE, BT 2 INET 2 =3 L F—JHOFEIC L > TRBIEN DD
M—XATH 5D, Fig. 12 ITER T 0w 2058 Z2 =T, miiREEZEY 1772
HOTRNF—FE L TIE, FE& U TRILKE LRI L DBBESBEIE R ED
BRBET XL F =% IO, T—7RbRNIT NIy « NU T L« KEBEHATT
AR EDBRK TN F =0, L—FREDNTxLF—2FH I T\D,
UTAE CTIRIRAERR BE OB BB = R L X — 2PN L, m@f T Tt gRmic
WEfHTAZ L THET S, 23— L XS L — T VLT Ry g I
FTOHERIE B IRNCHED 5TV 5,

Energy Source Spraying Method  Spraying Material

Gas Flame Spray msmwire, rod, powder
ll Combustion High Velocity |l owder
Energy Oxygen Fuel P
Explosion Spray [ powder
Plasma Spray s powder

Arc Spray

Wire Explosion

m Electrical Energy
Thermal Spray |
Spray
m LightEnergy G Laser Spray |[o==

Cold Spray [ powder

= Kinetic Energy

|

Aerosol
Deposition

powder

Fig. 1-2 Industrial coating processes of the thermal spraying techinques clasified

according to heat sorces and using material types
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2 AREBIEIRGICEebTE, T AYEHNLRET L— 2L (HVOF : High
Velocity Oxygen Fuel) V54172 & OBl THEIC BN TWD Z &b RERERT
o, WA T ONEBREDRELOFLBRBERIFIC L o TEILL, EHERD
BERIGEDED 72 & L THASKEEILZCBTE 282 A LTS
T, =3 X —EIEOHEIFICHREE T AHE /2 SITER L CTEANBRR %
HHDH—HT, BESLY =2y b PV UVCHWONTWAHAZ—E VAT
LOzhRE L EERE L L GERINLTWD, RITF —E U AHDT AR
FEIZHBI L CTEE AN H Y, BIATO T AT AT 1600°CIZE T EA LT
D78 MG & (T 5 = —7 ¢ 7 (TBC: Thermal Barrier Coating)
WEEM S T ThN b, £, HARKELLEN S KIIRES
YIPRBEINTEY, 1700CE B2 5 B FREEHRENAX — L ORF L
ERAEAHLEEN TV D Y, BflmHI S T s &R EM OREICHHE & L
TORY Fa— a2l T 5L Lbls, BAVREETEBENROET I v 7 R
Dk y 7 a— k& JBRERTHET S 2 LT, AR AKX T &85 TBC Hifi
PHWOND, Ry Fa— M MIIEEM LTIy T - by T a— FOEENE
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BEONEAR D D WL 70 EDORPENZ BT, RLT-H A X3/ IS
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FERCBERG IR D RIEZ2ME T 21 T b, dOEFEEME o @ b /e ENRZET 5
o, ZHHORRIE, MVHREMERSZ LICL DR FOBE) - 58 - &
FRPEDHRITIMA T, B A AR H 2 WVITREPHRI OB LD LB R
HNTND D, BRI AR TREHEIC A OAUE, R TEPMMTH D Z LD
A—T AT HEETDAT Ty OV A XIRHERILD I 20 KIEAN
HORBEISTTOMEZILCH L LT, [ 7 7 0D Bt s, &
R ECHERSIRE DR T2 E ORI L 0 | IRBER OW & A1 512 X % pkfE
Tut R ZEWT, EREITERRLMMAERSINDAREELH VD . R+ %
AW 7o 2%, fEkIZhnwa—T ¢ 7 TiEIC R 5 E IR FFC o,
LU B, JEROES > AT 2% FO TR TS 24TV R ) & 7 F+45)
LA ER LN, EOEBIIMEOMEERICH D EEZ LN TN D,
FTRDOOLIERDOER VA7 A TIE, WEE mm OMWT = — 7 WAL 153
RIEHEDX v VT HALIRE LIREE T S TER Y 2L um LT O %
Weikd 2 &, Fa—TBEm OB X0 MR 703 LIRSS 2 1o D 2 E G
MR D7D TH D,

POk IRFHZ BT A MR A TR T 2 72 DI SN FiE L LT, A
v a7 A< A7 L— (SPS : Suspension Plasma Spray) <°T7 & Y /LT R
Y3 3 (AD : Aerosol Deposition method) 734 %, SPS TIL, F/ A—& b
Y77 YA RO T B a7 L 3 — LR I 78 & OIRIARIREN 4y ik &
B, PAR Y g VEMHTINODBBEKEZFR LT, Fa—THRICIV IIX
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BEAREEE TE% U TFICmz, YAy a ORI 2 HRT 2 LER D
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A SERITINHIT D Z IR E LTEEL W, AD TiX, 77 A XD
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F v UN—NTEMCHES L CRIET 2 FiETh D ¥, WHBTO X 5 (&bt
(ZIR & AS1T DKL Wil 6 2 WIT AR BRI L e od | ERRBO £ %
HIRCHEMICE R S EHEREA R TEAMREZHLTRY ., T/ ko
GO EAMIE A REETICE 7 I v VRGO D, L LR s, BE
F ¥ U R—NTORBIEBLIETH ) | KR E T 5 M ORI S5
7o, MRIAVNS IS AT THEZ 2 Mo D 5T 5,

2.2 BT IR F R A

FRRP ORI Y T v 7 Wb SELI-0I, &R0t T I v 7 ki %468
ST LWEHRZr XL LT, Fx DWIET V—7 TIEN—R2 MROFEM %
WD FIEEFTACE R Uiz O MR 2 IR & LT MR % iR L oy
WMToL, A7V —MEaND A=A MROFEMBRELND, ZOFERMITEA
Wi S 78 ENFER B 2N A D LIREME L. BRAF 2 & Ek L ORIRZ R Bt
FD. F7 LTINS LA n O R R, ERE O — R N E
Mrzxr LT, X Fig. 2-1 O 2 & S FEMEZER AR EAMT 2 & AW 250
o= iEb L, #/MNEi e LTI A MRICERNTE 5, 77 A~7 LT
7% & OFEH BRI AT IUL, BEREERAAEBR SN D, ZOFIECX
FUE. Y OB TR B A S BB HRE T 5 2 E RN EREIC AR D . BT I v Y
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BIEDTERHIC —E DN RAE BT Tz, LnLanb, @mEIlind 77 A~ =
v M2 &> TI A ME LZBUNER O — B8 2 RIIC e TEFIcHs s
D708 MRS IRV E U DR BIRE D LR oTz,

Fig. 2-1 A schematic illustration of micro mist supplier mounted on a plasma gun in
the conventional thermal spraying system. The micro resin mists including with

nanoparticles were introduced into plasma jet through carrier gas spattering.

C ORI R Z e iRT 5 72 0121E, IWETERIS KT LT/ okl v & [R5
[ &0 G L. M 2R RN BB A~ ST niEe b2y, £, F
J ORI AR T O BLER TR LS ROAD 5 Z &6 R OB
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ELTTIAEFHAT 201, =X NVF—MIZiRZ Th 5 7= DER O ) 73
EREHEMLETHD D, 22T RN LANLN TV D IHNIKIRD 7 a2 AT
oY A6 FEM ARG TE DRI AT L — AN 2B L
kH9¢Ex7, v—hHA K -my R A7 L —=LIFENAEHETHD . B
P& LTFig 22l ZmRand Lo BE—TEF Lo 2R BERETHTAT L
— AL, AT &0 BRI SRR EM A e T X D, ARIFET
(TR (ST ORI T A ) — S E CRIREOR 7 U —%(ERIL, &
JBE—/b FIZEA L T LS, HIROBEHFM 225 2 LT Lz,
ERL L7271y RE o — 0 A FEREEICZEEA L, EMRiE~K &
52 & TRERET I v 7 RIEORKZR AT,

Acetylene / Oxygen Gas

Compressed Air

Resin Rod with
Gas Flame Nanoparticles Dispersion

Fig. 2-2 A schematically illustrated Rokide® flame gun system. A solid resin rod with
nanoparticles dispersion was fed into an acetylene and oxygen gas flame for coaxial

direction by using a mechanical actuator.
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FETHDZD, MEERMT 2720 OB 3L X — LT 5 72 OESE) =
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INKX—=DRIZL > THIET S 7 ev 2 ThH D 9, D), EICIZKEDN
ZaHE LT id e b, ZRENOBESIT 2L F—72 6 NTEE) =
FNFX—DHENIBD TRL LT m A THY, WHFDNRT U AERD DO
RN A A C E AU, FUINE ) B0t T A A NI TE 2 2 &N T
HINbd, Ll Fig. 2-3 O A8 CHb IV TRlE A #5 T
5 7rtER X, IhECEREINTIEIW R T, Fox DI L—TT

3. TERDOEEF IR & Hfe U T TR & B DM WL 2 VT 5
e, BEENNINZENSMAT L— NIRRT, ERELDRNI L
NONRAT A BIKEIZTE D, T AVEHICHRT 1/8 BELIKETHD
3000CHOH A7 L—2LZFANWT, a—L FRAT L — T TIRFRE O3B DR
FIE ST L0 ZhERAYIC BB A 2 pk C E AUE, b O iR TE b e E AT
HICHEETH D EHFFIN D 10,

ABFFETIE, TV Tk T2k L HIE M 2 ER L, v—Dh 1 RElD
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13



DG I D T kL3, H AT L— AT EEh g mfifbd 5 2 &
T, REEREZ T2 2 L b BIICE DI EED T, BREET A DERUR
B CRHREORELZ 1T T, HHEFEM T 2Bk IR E OB E H1T -
7o © 7 v 7 BIEOWHIMER 2 FEMICBIE T 2 & & b, MdiEE L X fEl
LT 52T, HrILWER e AOGEHEMEZFIL7-, HF 507z
BECARZIEIZ LT, FE=T0NA RR T NI A MR EDOFERET
v 7 AR E DR IR L, BB LB AR BB M 2 F 8L S 508
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Material
melting point

] [
_____________ Jmm=mmmmmemmemepms=fess==e=a= --'--'""'"'I"“"""""l""' mmm—————
]

Undeveloped area"

Particle temperature

1 L}
1 1
1 ] i
o - AD-- : ' '
_____________ e B - - - - - -—--cefememmeemmemmmdee—mmm——mmmess ek as s .———
temperature ] ! . !
: : ] ]
1

0

0 200 400 600 800 1000
Particle velocity (m/s)

Fig. 2-3  An industrial processes map of thermal spraying method distinguished by

particle velocity and particle temperature.
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EM SO WS 2 BRI L, B ABIIS 77 & BFRS o it i 2 & o Tt
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FIEIZLY 7V TR 2 RFEEIA 20,30% CTHE LT 7 U VEIIE~—Z K
HAER L, SR U720 bR IR 2 RIS LR HCRRAI L 7=,
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Fig. 3-1 Kinematic viscosity profiles of acrylic resin pastes including alumina nano-
particles. Share stresses of the past viscosities were measured at adjusted mixing speed.
These mixing times were changed at 5, 10 and 15 mins as shown in (a), (b) and (c),

respectively.
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IRFf#] 10min D34 TlX Fig. 3-1 (b) IR T L 2I2, ME7Tm 77 A Mide 27V
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Fig. 3-2 The kinematic viscosity profiles of the acrylic resin pastes including alumina
nanoparticles. The alumina contents were changed at 20, 30 and 40 mins as shown in (a),

(b) and (c), respectively.
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(b)

Fig. 3-3  An acryl rod including alumina nanoparticles formed in a brass mold through
the thermosetting at 120 °C for 2 hs. (a) The solid rods were broken in the mold during
the heat treatment. (b) The sound acryl rod with alumina nanoparticles through the

thermosetting treatment according to an optimized heat treatment pattern.
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Fig. 3-4 A heating treatment pattern to fabricate acrylic resin rods including alumina

nanoparticles through thermosetting reaction in an electric furnace.
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T oI, HIHIEIMED & 2 RIER GO D, ZOMOEHN 7 a2 & LTIA
SHOWHRTWD T Z AT AT L= LT, VAT AREOHN/NE
< FRAME S 2 Cd 0 | Bl T 685 CTh 2 78 CEEEMN 2 FIE %
Vo L LR BRRIRICEBER UK S TH Y WA T L — LTI TE 254
HEHATEL7vEATHY, BIETIITAI S - a7 - ora=7 -
TN EOBRMIRET Iy I BRONTZERMEITH D, ET7 I v 7K
JRIZk L CITE OB A R - 2 MBRENPRETH L Z LITMA T, vy B
MBERE RIS 5 TR 2D Z L ThHET = A RSN L, JT4E Tl — %72
ks L TORMTEDO—&TH D, AFRICL VBT I v 7k %55
L7z v REEFFEME LTHWD Z ERAEEICRY , v—h A FEHM
FORMEOH LM T 7 A LTEIET DRANRR 2, 1EkOET I v 7 b
fa by REg U Tk 2 o Lciiie v FOBERTIZ, 727 L—Aaf

BUDBRIEAR LR EEXOND 20, EIREMHFE RET & L bk

bT 20N B D, TAT L—LEFIZBWTT BF L ES) 0.2MPa 2324 R
EThod, vy NUEEE - JEREZERIES - BRE) 2 2 S8 TRIER
RRORREZFHE L K 9 & & X 7o, B HICE £ D8I RC (T8 ST BB L
TR TH D=0, EIROT AT L—AICEVBEET 52 ENEE LU,
PR DB K TRER T DRI A B AU CEVLIR & i 2 3 2 & 1T K 0 BRI
B L. BIR OBERIRE O R T2,

27



SUS304 Substrate

Acetylene/Oxygen Gas \

Alumina Particles

\ \
\

ﬁ

——
—_—

SV

‘R’

Compressed Air

Combustion Flame

1
100mm |

Fig. 4-1 The schematically illustrated thermal nanoparticles spraying procedure. A
stainless steel substrate of SUS304 was fixed at 100 mm in setting distance from a

flame nozzle top.
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TR DS L LTIE, vy MU 213 U B2 T ) & R E T
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S.emm/s LIRS RETDH & ZOBGIIUE SN, 7y RMEI ORI 2 60E )
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Fig. 4-2 The schematically illustrated cross section of gas flame gun. The resin rod
with nanoparticles dispersion introduced into the gas flame for coaxial direction.

Lumps of the coagulated particles deposit and adhere at the inside of the flame nozzle.
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BIFDHEWT VI Ek & B — R o aEER O mAE b A B AT IC K 0 E D
L. BIEF ORI DIBANEIG 2L L7z L 2 A, vy FHOMFGHED 5.6,
3.0, 2.5mm/s LELS R DT LI, AL DIRAZRIE 3.84, 4.26, 6.78% & HEIN
M AR L7z, ZHUIAE YT 4 U ZBRICK Y BHM ORI AT L—AI12E
ASNDTEDOTHDLEZEZLND, BT I v 7 RESDRICIENEZIEIT 5
T=OIZiE, v—h A REFNCBIT 2 EEGFIF A2 2L S, i 7 vt R % il
B L7 iE 7 67220,

(2) (b) (©)

Fig. 4-3 Alumina coated layers on SUS304 substrates by the thermal nanoparticles
spraying. The acryl rods with alumina nanoparticles were inserted into the gas flame at
2.5, 3.0 and 5.6 mm/s in feeding speed for ceramic coating as shown in (a), (b) and (c),

respectively.
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etz DTz, vy RFGHE % 5.6mm/s [Z3%E LERRIE 1% 0.5 MPa |2
LTI LTz, 78F LU ENIL02MPa ICHE S NIZEEZTHDH, 2—H
A R ~NEAT D EMEZERE T % 0.60, 0.45,0.30MPa &b S5 & kLD
TRAHIT 3.88, 3.84, 2.52% &AM 27~ L, Fig. 4-4 D Z & < IE~DRALY)
AR END ZENSND, 7 L—ARED EFIZ L0 BIER M5 R
IR LTS EBEZXOND, SOICEMERENEZRDESELE, ATV
— L O BRI E Z i35 Z LT b 2N D72, BHERS AMEE T
WA RFEMICOTE DRI Do), RIBEEDDBIER LT RoTe & b E R
bd, EHIZET I v 7 BIREA~DRACIEAN ZIHIT 2 72012iE, ATV
—AREEZ LR IEDIVLEND DL EEZ LN, TETF LV URELZRET SRR
JEN E il L i i 7e 5 7au,

(a) (b) (c)

Fig. 4-4 The alumina coated layer on SUS304 substrates by the thermal nanoparticles
spraying. An air pressure was changed at 0.30, 0.45 and 0.60 to control the gas flame

temperature for ceramic coating as shown in (a), (b) and (c), respectively.
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Fig. 4-5 Combustion rates of the acrylic resin in the acetylene gas flame in different

oxygen gas contents.
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DT L PN Z R L, Fig. 4-6 D Z & < A~ ERACIIRA DS BN S 7K EE
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(2) (b) (©

Fig. 4-6 The alumina layers coated on the SUS304 substrates. Oxygen pressures were
changed at 0.6, 0.7 and 0.8 in the acetylene gas flame to control the combustion rates of

acrylic resin for ceramic coating as shown in (a), (b) and (c), respectively.
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Fig. 4-7 Cross sectional microstructures of the alumina coated layers on SUS304
substrates processed by thermal nanoparticle spraying (a) and conventional plasma

spraying (b) using micro particles.
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@ (b)

(c) (d)

(e) ®

Fig. 4-8 Color change of the alumina dispersed acryl rods after heat treatments in the
air. The composite rod (a) was heated at (b) 300, (c) 400, (d) 500, (e) 600 and (£)1100 °C
to observe brning conditions of the resin binder.
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Fig. 5-1 Relationship between particle size and volume fraction
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Fig. 5-2 The kinematic viscosity profile of acrylic resin pastes including alumina
particles of 1.8 um in diameter at 70 volume % (a). The alumina particles of 1.8 um and

170 nm were dispersed into the acrylic resin at 50 and 15 volume % (b).
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Fig. 5-4 The cross sectional microstructures and surface layer of coated alumina on
the SUS304 substrates processed by the nanoparticles thermal spraying using resin rods
with different compositions. (a) particles of 1.8 um in diameter were dispersed at 70 %
in volume fraction, and (b) particle of 1.8 um and 170 nm were dispersed at 50 and

15 % in volume fraction, respectively.
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Thermal spray monitoring equipment
Fig. 6-1 A schematically illustrated measurement system of particles behavior in gas

flame from thermal spraying gun.
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Fig. 6-2 A demonstration photograph of the thermal nanoparticle spraying using the
Rokide® type flame gun. A metal bath including water with 200 mm in depth was set in
front of the flame at 500 mm in distance between the gun top and water surface to

collect the heated and accelerated alumina particles.

0 50 100 150 200
Distance from outlet of nozzle (mm)

Fig. 6-3 An attenuation profile of flame core temperature according to the distance

from the nozzle top of the Rokide® gun).

48



6.3 FEREELE

Fif% 1.8um 3 LN 170nm D 7 /L X SR & Z N ENRFEEIS 50% 72 5 TNT
15% & LTHEGF65% i LT 7 U stiEe v R aERl L7z, m—H A R
(CHAL, HAT L— AP ERATT D W0h - 2 T i B AR A8 & 0 BLE2 L 7o kR
F% Fig. 6-4 (T~ d, £lo, v—A RAVHOENOOEHEHIS Uz, 70
TR EET 7 — NRE & E O L% Fig. 6-5 17T, 7 L— AREIIT
PO & S S DI O TR T UL BERE70mm (238 T 2397°C L RHIlS Tz,
TAIFORMRTHSD 202°CL O EVETH S 2, 7 L— L BB NS
EENDIC DN TR T 53, FEE 70mm 1280 CTH 601m/s DIEZ R LTz, HiE
ROBEREHR 2 e m — 1 A REESHZI T DR 3 170m/s & i LT L
HWETH D Y, Bh 7 B O EA D IA £ CHEEE 100mm SRR E L2 A %
BETDE, TAITRANT L—ARNERITL TV DRI 107 & ed THl
Kl Coh D LEHRE SN D, Elo. REMBMTERAREN/ NS W2, 71—
REEDNEURLL ETh o THEMBIEE ClICHoRBENME LT, R IXE R
FTERRRE TH D L HEHI SN D,

49



e B
T a6
Setup used : nano 1.8 1207 sd100 l.ig
Last reset :

Measuring point

P

ey

/ Flame temperature
g025 9100 a0 360

2950

Flame velocity

v

125
v

3200 120
Intensity (a.u.) Velocity (m/s) Temp (°C) Subs Temp (°C)

o))

Fig. 6-4 A visualized spraying profile of the acetylene and oxygen gas flame including
the alumina particles visualized, and a measured flame core temperature and jet

verbosity using thermal spray monitoring equipment.
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Fig. 6-5 Temperature and velocity attenuations of gas flame including with fine

particles through increasing the distance from the nozzle top.
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SEl 20kV WD11mm SS50

Fig. 6-6 Surface structures of micro bulks collected by the water bath fixed in front of
the Rokide® gun. The acryl rods with alumina particles with different composites were
introduced into the gas flame. (a) particles of 170 nm in diameter were dispersed at
40 % in volume fraction, and (b) particle of 1.8 pym and 170 nm were dispersed at 50

and 15 % in volume fraction, respectively.
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Fig. 6-7 X-ray diffraction patterns of collected the alumina particles formed by
thermal nanoparticles spraying using Rokide® flame gun (a) and conventional plasma

spraying using micro particles (b).
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Fig. 7-1 Thermal power generation efficiencies according to heat exchanger positions in

high temperature boiler.
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Fig. 7-2  Coated titania film on steel substrate formed by thermal nanoparticles
spraying. The acryl rod including titania nanoparticles were introduced into the gas

flame in Rokide® gun system.
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Fig. 7-3 The X-ray diffraction pattern of titania micro bulks collected by the water

bath fixed in front of the Rokide® type flame gun.
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Fig. 7-4 The schematic illustration of photocatalyzed reactions on the titania surface.
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Fig. 7-5 The coated hydroxyapatite film on steel substrate. The acryl rod including
hydroxyapatite nanoparticles were introduced into the gas flame in Rokide® gun

system.
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Fig. 7-3 The X-ray diffraction pattern of hydroxyapatite micro bulks collected by the

water bath fixed in front of the Rokide® type flame gun.
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