= - F—r ~yA— (JHEHE)  10.5pt. £ 5 18mm
BA & Template [Ekaissak id

Journal of TAPS 4.0 cm 7T A= HEE Vol.27 No.1 June 2019
16pt  BAEAKREF
RTRNF =TT A RIROBFE L T ORINTAOIER (5

FaTara K, ﬁfﬁjﬁ?l'—%"/\ 1THEE O 5
KRR FHAFH A ZET /R B

Development of High Energy Plasma Heat Sources and Its Application to
Th 1P i
ermat Trocessmng 14pt Times Bold |

Akira KOBAYASHI ™" ***

*Chulalongkorn Univ., Bangkok, Thailand, **Univ. of Tokyo, Tokyo, Japan 12 pt Times
10.5pt ?

e New [Reriar ***Joining & Welding Research Institute, Osaka University, Osaka, Japan

ﬁqﬁ&ﬁ /M - 0 pt ’
:| 10.5 pt Times ’

Abstrac

Material processing using nano-technology is now advancing towards a more precise and
controllable smart stage. Regarding thermal processmg, the plasma system with high precise,
has been proposed for advance he gas tunnel type plasma system
developed by the author exhibi also high efficiency. Among its
various applications is the pla s such as AlLO3 and ZrO,. The
characteristics of these ceramic onventional ones. The ZrO,/AL,O3
composite coating by the gas tunn Sma spraying has the possibility for the development
of high functionally eraded thermal barrier coating). The corresnonding result
that the alumina/zirq ,p oo (10pt or 10.5pt) mechram 1718 : B/IME - Opt

and oxidation resisf . . 1l as the e TRIEESHS
further development| Single line Spacing (7 : B/ME - Opt THRLY) )lication o

type plasma is for th 200 SELIA . Centering Ims were formed in a

Short time Of 5 S- A lu, TITCU CUIIIVIN TITY \/Uutlllss) \AAZ S A YA%A" %388 vy U.y sun CTUTIITU type plasma reactive
Bold spraying. ,
<+ i Half line space

Keywords: Gas tunnel type plasma system, Al,Os and ZrO,, Thermal barrier ctaumg—ro<;
Surface modification.

Within 200words
10pt or 10.5 pt

a5 TUTIIICT

3.0~3.5cm

3.0~3.5cm

About 5 Keywords

1. S WIN—T%=NH BT FERIEE & & It
7T A DINAEKEENC (77 A~ AR fEtE L TE /-,
¥ BAITIES o i1993ﬂ50) 12ATHD, L FEAGOWRDOAA L OX—F > MIEm=
k. I AXVICHEIBEO X —5 Y MIEEOL  RAX—T T XEJEROBRE, 7T X~ OB
FRFgEE & & bICAIZEER O & BROTZ  INTA~OIEH, IR F L X —EHTH 727, 2.0cm

2.0 cm
) | TSR B 2 e L C X 72, AT 20 JEFE SR Bexalp 7o A<t e, ZOBESEZES LT

il

WA, Text (number of line: Standard)
VRT e | 2B (BA&3 10. 5pt  E 721, 1lpt ) Times. 10.5pt

1980 FRILT T | sy« 44 % x40 F7ime 2 columns format
R, 7T AEOW s oo Single line Spacing
~ DIEHIT DN TITE >
RABREETH ST ger o4 - 46 lines per page are standard.
PVD, Spattering. Spray Sipgle line Spacing (47 : B/AME - Opt T BELY) DI oY BFILIR S RLE S 33 F
fCﬁoT%f:O :ODC]:5 NI I T L T VT T T UV PR IA Vf:%)@c:fcﬁéo 1&%%?6705

20cm =




2 ~—; 10.5pt, 5 18mm

Journal of IAPS 3.0 cm

A bk 2 2T T A~ B8, etk - TIWnICfE
HMENDHRKJET T A~ EZBW LS L7 7 X~
INLEA~DISHBWIFERI G TdD D, RIRK P L
FHRGEET CHFRATRIZ A 5 72 1970 FERIL L —H
—7 IR, BIE—LTTAv, v alE
T A=y EOWIGERSs I > T X - Z 0% k0

75 X< AR

Vol.27 No.1 June 2019

B2 3 O F R A

ERILT — 7 7T X~ ORFZEBI %
s ZNT T X< DR EIT T,
— AT RGEER OFET RV —FEEE— A
DRRAFEZITV, 7T T T <D 33000 F DKk

FRLIE 2
~ - EREFICEOMIE
j(l_lujjj7( Iﬁ_‘ELJ:UDXJ\"*‘X%J:ZDo

S AT (1 or 1.5 lines)
Avvxy MeBBEL, Tt T Iy 7 EHIE
OBIFIZHEA L, @BEREIE O MERUZ DU THFZERR
RaegF &z, RzomnaaiT 5,

1T/ : Z/IME - Opt
Times New Roman

10nt

Fig.2 Currént-Voltage characteristic of Schematic
of gas tunnel type plasma jet.

rigure2 (X, A VAT T X<z v b
O MIE M2 o] 7= B DT H A B Rl

mi|  Fig.1, Fig.2,... are Full speling when they are at the
= | head of sentence.

i

=

TRLTWD,

HZ W2 W75 LT3 o K ‘ﬁﬁ%@@

2. EBREEBIOHE

Fig.1, Fig.2,...and Table 1, Table 2 are Bold only
firstly appeared in the text.

»> Fig.3 T
M, &<

EENE LTRSS T A =
v FOKX A Fig. 1 \OR"T, UALT v 7 A F v
VS —HTHEEN T R T EE O & 7R D L ARES
DA K 2z RN R > TERT 5, 20
ZET, STRRERPES L0 O JELD
EEDOH ABENT T A< L. 2kt 5,

Cathode

\

generator
nozzle

Gas
divertor
nozzle

= Plasma

Insulator

—_—
20 mm

Cooling  Working
water gas

Fig.1 Schematic of the gas tunnel type plasma torch

Times New Roman 10pt
17 : FR/IME - Opt

BETHD 1,

F72.Table 1 [Z/RT K D12 b —F H B FL8REE
%, 15000 K T, 10° W/ecm?80% TH Y, \WiFird
PERAE DG 1S FFIFEEWVETH D, FERIE,
INETIZRER LML ESRINTZ,

—

(a)

(b)

10mm
Fig.3 Comparison of the shape of plasma jet (500 A).

(a) conventional type plasma jet
s tunnel type plasma jet (long, stable)

le 1 Comparison between gas tunnel type plasma
t and conventional ones.

Gas tunnel type Conventional ones
plasma jet
Temperature 15000 K 10000 K
Energy density 10° W/cm? 10* W/cm?
Heat efficiency 80% 50%




3= (FEA—) ; EmsLZ A bV 10pt, E7*5H 18mm, Centering

BT RNF =TT A BIROBRFE & OB LA~DIEH]

OB LIEEEIIONTA N2V T Z X
vV MI, BTRVX—EE GEETH
DD T XS, RHGCE e EMEHEINT 7
E~DEIMED R < o %< O L RetE % £F
S>TWD, EOISHFE LTI,

) E73Iv 7 A 77 A~EH(ALO;s and ZrO;
etc.)

2) T & BB FE U (Nitridation)

3) T MEL BERER B 1 A E

4) REMBE~D TS XTIGHA
REND D,

3. AR B RVRIRE ORI
Z 2 ClE, WERMFZEICE D FHA CTE T A F v
FNATZ X< =y NOBYNT., FRERE~

Koy DS E
X 6 fELL
Discussion & V)

RI6 plEpRHEL R £,

Fig.4 Schematic of the gas tunnel type plasma spraying
torch. L Spraying distance.

DDV TIRA

AR A
Fig. 4 ([Z/RLTWD
AN AW M S AR

Text (10.5pt )

Single line Spacing (f7/ : &/IME - Opt THRLY)

O figwn - WFgERm L. BFJE — b
AN (TTAEA 2 1. B3 (ZU i) (0.5—1 2—JRE) 5 tunnel type plasma spraying in the
ChDH. ZDOHA R o B (1~ TR pE) bf Al,Os; powder. Spraying distance: L
7RI AOEHY 3 sk p v
CORMITIEENT g gy (Fe®)  ARLHEAZKGD.  |meT 300 20w

tI7Iv s RE

a8 Jﬂ‘“%“?g‘f: O WHERL, WFJE/ — bMiE. AU PF AT b h sl ISR % Fig.s ©
B OTREHZ I & HHZ L, REREOLOIZRS, o ZHUE. ALO; /X7 H—Dff

ckB, €T Ivs| o

JE3L Abstract (100-150words) . Keywords [, v il |- O yASHRIF- 73
DT 73 ERE R (5 fHFRE) &2olF 5,

DT ITAZT=y N O BFgeistid. +omfRes (6 o

WD ZENDND,

ERR e i S el HEHME) AT 6 N— VL LOBEME

DFEE R L, & L. REEFAZRREITS AT 720, R

" O [BI&M, Figl, Table 1. &L, TF. Bt |75 X< Wi, FEROWH K
-z, TR BHIZH ST (10pt Times) & 35, e 5 2y s AR (R 2

v 7 BIRIEREY O sk (References) 15 (HREELL 113 e 6 11, 2 | S L EE

;Fiz:%iz%/@%éo ETRITRREL TS, EPERTY ALO; coating W

T % 9,

FROVRNTHE R & i L T

ZOZEF, LFTOHA XV T 5 X<
VRIS ORISR T 5, W HAMEHTI T 7 X
~ A OHLNERRD SIS T T A~ il ]
IR EN D, Z D7, WH ST X —I3ENRN

ALOs coating Wi DBAMEE T H TH D, A M
RNV O W RIET IS Th 5 Z &3 b
No,

Table 2 X, HA M FAREFHZ L DT 13



4= l(J Header of even number page: Book Title (Times 10.5pt) Centering, 18 mm from top

Journal of IAPS

TR & kA ALOs coating D FEME (hardness,
porosity, etc.) DEZTH D W HA kol
AT LD 7 0 I T RBEIIAERTL LV 30-50%5)
W Z R L, FFEEICHEE TH D, K[ILBIERD
I D 5y CTln 2 ¥, 5119

ZOTNITEBEOE y 1 — A SIE, BERK T
VT L FEREDE: Hv=1200 THY. BBETH
%, [RALERXEREOE,DETHD, TA b
VRNV I, (EBVT R C T v DR
W2 20 kW DIRATITH Hv=800 DE E w 71— A
HERELND,

75 X< AR

Vol.27 No.1 June 2019

Flo, HA R FNVBIEGHZ LY Dva=T,
FH=TERT Iy I AP ONTHRERD
rnE (BEEE, <FL, 8 % bR 2 RS G L
TW5 9,

4.2 BGERKMEE TBC ~D#EHA

D a =T (ZrO)EIE, KA L IREVRE
PEDT=D, HAZ = N—F =57 Gl
5y TR S B MPEHI R L TR TBC &
LTEHSATWDR, BURTIZZ 7 v 7, &ik
fefl O, ERERIC K D 1ED34 wear resistance!?72
EORMERN R I TV, 22T, HA R
Y ANVRIEEHZ K D @EtERE TBC ORFZERHSE 217

= 7

RXEANZE, BIFOXPRIE>® | Vickers hardness |TIAHS
DRADSAEEIC! L. At L=30 mm, when P=33
10pt BEARV(KETEFLESIC) DHFLPERET the Vickers
X2 OHE B DR IZIL D B,

was about Hv=120019 = 1

IEBEREIR D ZrOy (Hv=1300)DIES ZEERT 5,
ZrO, coating [XFR I < | i S OGIURIHEREME
1195550, ZO K ) AR IC LY . St
O, BLO, EEEICES 7T > 7 Db
IEDSATRE L 72 D,

Proper spacing

THVIFRAICED V=7 TBC ®

(b) conventional type.

Fig.6 Comparison between gas tunnel type plasma
spraying and conventional type for ALOj coating.
(Input =45 kW, Distance = 65-100 m
y

Table 2 Comparison between gas tunnel type
spraying and conventional type for AlLOs coating.
(Input =45kW. Distance = 65-100 mm)

Gas tunnel type  Conventional
plasma spraying ones
Vickers
hardness 1200 800
Porosity 10% 20%

TEEZ X BT 2 DI TV FIXA R R i s
DOEDTHD, T FHERATIEH 5035
WETHDHIMNLTH D,

[lustrations should preferably be mounted in the
text, with successive numbers and captions. Please
take into account that too small symbols, fragments,
inscriptions will be indistinguishable.

Figure captions and table
- captions should be typed =
= 10point size.

203 ZrO, mixing ratio (wt%) ZrO;

Fig.7 Dependence of Vickers hardness and porosity of
zirconia composite coating on the alumina mixing rate.
L=40 mm when P=25 kW.



BT F—T T A~ BJROBSE & £ OB T A~DIEH

Figure 7 X, Z10; REHICH T 5 ALOs +

0, HEM Ov v h— AL [ILROEM:
Bold =\ 2, — o84, P=25 kW, L=40 mm T

PR 13K 200 pm OEABEEZER L7z b 0T
%, ( FF =220 ZiO EEBEDOE v J1—
Z@WiAMﬁ@%%ﬁk%wiEk%< ALOs3
WEOREE Hyso=1440 (ZiT5<, T ERAHT
ﬁ@izmﬁittmmm@k%mi&k%<
720 ZiO ETIE30% & 72 D,
ZOEIT, TAVITFTERETDHZILIZE-T
£V Zr0, EATEOMHE - BREZ S 2 2 &2

TE, ML TR IR E (BT 5 Z LR TE 2.

4.3 FERWERERE & R D /ERY
TS, V=T RIS OV THEAERER A
VERICX A Z ERbNosTNAN, YLa=T4

/EI\H 11 ) DRI SR = | Ll 2, LPf S 3 > 1, )> 1

Fig,8 Comparison between gas tunnel type plasma
spraying and conventional type for Al,Os3 coating.
(Input =45kW, Distance = 65-100 mm)

1400 T . T ' T y T ‘ T

Zirconia composite coating -

1300 P=25 kW

liness, Hv

&0

and bottom corners in

CONCLUSION.

N L=40 mm
Figures and Tables should be located at the upper |- \ . 4

each page

before | ‘>>< 1
= / -

XTI VTR IR T C TR O R JI7RK T S

& R A — R b S AU A HIE < ALz
EURHEREIEE (10 2580 CHARMIA ) 2EL S
N5,

Figure 8 |35 F 5 \— 2 CIEBLE L7271 2
FIREM (50%A1,0350% ZrO,composite coating)
DY O —FITH %, i k7 /3—2 30 [T at P
=25kW, L=40mm. TERSNTZHDTHD, b
Z 83— Z L 1000 cm/min THESK in Fig.4 LV
10 (5D EIETH D, MEE 150 pm O Wrif Ak E
F D TRALDI D72 < S TR
ZUVMERDEIE L AR TH D Z & NESITBLE
b,

Z ORI white and gray D725 2 @6 T
THEY, BHICHEE L TEBELZEE LTS
EPMA DO43#7iZ &V | white is zirconia (ZrO,) and

gray is alumina (ALO3) TH D Z & N> TND,

B, BEETERNHEIIKIATH D,
Figure 9 (X2 D ALO; ZrO, #HA K IED Vickers
hardness Hvso DR S 0 D52 R~ LI=H D TH

1000 | 2 1 L 1 " 1 M 1
40 60 80 100 120
Distance from coating surface, | (um)

Figure 9 shows the distribution of Vickers
hardness: Hvsy of the zirconia/alumina
composite coating shown in Fig.8 (coating
thickness: about 150 pum).

Do FEOMEMMAREM T, >y U — AR IR
D =40 pm ONLE 2N mil T Hvso = 1300 Tdh
. EBTT T D o TEARZ2R2ERIAELTH D,
TEURS 7 A 3 0D B2 M3 ol < VA BE 208 vy < AR
REIEMERIE N D,
TBC OREMMITIX, K[AL13Z < (up to 25vol%)
RIS D ZrO; coatings DFI SN ENI N TN S,

KEMNL, BEERICHZ 5720, K[ALEMNME
SEEEDOR->TEY, TIAITFTEZIRIMLEZREN
B Tns,

Uk ko, 240 - &f b 7 \—2ATHS
aERT 5 & 1 FKimiEES —RL S Uik
DATHIE) S A7 AERME AR (3% 23 B0 C AL AR 23
) MEREND, MR —HR L, KILDIED
DENWHEIND, S SMBIELNITRY | M



Journal of IAPS

FHEREMED K < 725, BIERE TBC OBIZIZHF G-
%,

5. K&

HA RN FNT Z XL, @B RIVFX—FET
BN AR E L, kRkx 2BV T O EMER A
HThDH, MRNLEAILT 7 A~EHTHY | 1t
Db XV EEED ALO; X Zr0, 2—T 4

PERIEI D,

(1) ZrO, BA ML, BURHEERE 2 £F b BBk i
TBC™ — : SR
ns MRAF LD TELZE

2| BEESRDROVRTV. |
PR 1) (2) - T

Niea=—7 RfERNE LT,
QHA R IV T T AL D& R/ORHGE
TiE, TiN HEAERREO 5s THOLRL TN D,
UL EDOBIEZ S S, BT LWZ A 7 O @zhs/ il
7T A~ D%, FOIEDBREE - TRV X— 8
EHTb LW~ RBEMEEI N TV D,

<
<

HiEE

AR EEZ F L OHITEEL T, ZE TOW
FEICBWTH AL TWEFE W< odRaeE.
SABBICT\N LT, Il

«— | Single line space

References

Single line space

1) Y. Arata, and A. Kobayashi, J. High Temp. Soc. 11-3, 1984,
pp-124-131

2) Y. Arata, and A. Kobayashi, J 4. P, 59-9, 1986,
pp-3038-3044

3) Y. Arata, and A. Kobayashi, J. J. 4. P., 25-11,

75 X< AR

Vol.27 No.1 June 2019

4) Y. Arata, A. Kobayashi, Y. Habara and S. Jing; Gas Tunnel
Type Plasma Spraying, Trans. of JWRI, Vol.15-2, 1986,
pp227-231.

5) Y. Arata, A. Kobayashi, and Y. Habara: Ceramic coatings
produced by means of a gas tunnel type plasma jet, J.
Applied Physics, 62, 1987, pp.4884-4889.

6) R. Vassen, G. Kerkhoff, and D. Stoever, Development of a
micromechanical life prediction model for plasma sprayed
thermal barrier coatings. Mater. Sci. Eng., A303, 2001, p.
100-109

7) D.N. Assanis; Journal of Materials Processing Technology,
Vol. 4 (1989), p. 232.

8) T. M. Yonushonis; Journal of Thermal Spray Technology,
Vol. 6(1) (1997), p. 50.

9) P. Ramaswamy, S. Seetharamu, K.B.R.Varma, and K.J.
Rao, Thermal shock charateristics of plasma sprayed
mullite coatings, J. Therm. Spray Technol., 7(4), 1999, p.
497-505

10) T. Araya; J. Weld. Soc. Jpn., Vol.57-4, 1988, pp.216-222.

11) Y. Arata, A. Ko* “~a of
Alumina Coatingg References: in English /ing
(in ng‘plazrfse)’ For Japanese paper, 87,
PP-EIB- 2% add (in Japanese)

12) A. Kobayashi, ! ata;

Relation betweer 10.5, 10ptor 9pt Times mic

coating Quality i (in
Japanese), J. Weld. 1M (%/Mﬁ‘ Opt) K
13) A. Kobayashi; Propert
with a Gas Tunnel Plas
pp.57-62.
141 A Knhavachi + Char

Alumina Coating Sprayed
_raying, Proc. of ITSC , 1992,

arictice af High Hardnece Alnminag

References (Bold): Centering (More than 15)

Times or Times New Roman 10.5-10, 9pt.

14 o . .
Describing title of paper is preferable for each

reference.

11 In case of Japanese, note (in Japanese)

Journal name should be Italic.

Volume number of the reference journal
should be bold.

e

1986,pp.1697-1701 (1986)

EADOR TEROITZREHDE D,

16 —



