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exploitation of rare earth metal industries
MELKRSE
KHI {83k (OHMAE NOBUO)
HEKE - KFRIFEHER - 2EHE
MEEEZS 60029345

FGERRR O E (F130) - ARBFSE TIEHIERAFAE L DS LR R & W TSR (LT 7T — A XA X )L)
DHIH, ABTTA A NITA TrHY BIDA TITREFVUL XAV TLD
LR N 2 RS 2 0Bl 2 FE A WS U BB T OV 7 A AR e O —RefE 2 WF9E L7z,
AH T LI NTE Y U ARG IR BN B2 R L, AT FIE T, 72
ST 1gDAN T ATEIS0nm OHEEEAZE 4 &L R TEHDT

TR - TEMICAELETH D,

TR OBEE (3230) : The aim of this study was to develop a new method for synthesizing
hard rare earth metal oxide films of scandium, yttrium, lanthanum, cerium, plaseodymium
and neodymium and to investigate their mechanical and tribological characteristics. Oxide
films of scandium and cerium showed low friction and/or low wear. Since the present
synthesis enables coating of 4 sheets of tatami with a thickness of 50nm from merely 1g of
scandium, engineering as well as industrial application is anticipated.
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Fig.1 A schematic of simultaneous arc plasma
and atomic oxygen beam irradiation
apparatus.

COBAEFE—b « T— 7T A EE
PR S B RIS BT & b 7o Pl e —
LEFEHLTEY, BEOTF¥y—T7 v 70
DL 72 < B x 7o EEARIC RIS FIRE T 5 .
Flz, T—0 77 A=, JFE—A3 T
TRV DO SN B T B S R
TORBETHDZ LD, EROBEENRL,
— R ORI R ERAIR N FTRETH D, ks
INNWVAZL Lo TT =7 T TR~ « it —A
DO EORENARETH L Z D, HE
DOFIE S HEHIATZD.

DX D Tekka R A b TR 72 TERA
YA VT Si(001) H Bl R b
HWIEOAIRIAITV, ZD kT A Rm P —EkE
FHIZED RHATE.

(2)  fEHT

Si(001) B BT U7 7 TR bW 1
FEDRLAL ST HTICIE X BROEHE 150 Y61k (X-ray
Photoelectron Spectroscopy, XPS) & v 7=,
Z OB XM & L TIHRH A MK o #(1253. 6
eV) ZHWRIE Z1T - 7=, F-EEOEmEE
21X B 1 [ 7 BA f 85 (Atomic Force
Microscopy, AFM) % Fu 7.

FEESRER TIL, AMFE=E O A E 7B
&% (Scanning Electron Microscope, SEM)NIZ
FAGAATZA Y 2 F )LD pin-on—plate B b
TARA—=HERNZ FE LY DB TR
T ARE, BEEIITOTHTS—JIT L o THI
E L7z,

(3)  FEBRTFIA

AT, S1(001) FAREHEIZAATET S Si0,
RaVEIFR—T g EREL, HER
Si(001) #2455 72812 Si (001) F:ARIZ RCA
evs K OB E 22 i T 700°C, 1o 7 L7
=— VAR AR L=, 0%k, BEJRTE—
Lo T =0 T T A A RS E A O Ty



TIERAC LD R A AT o 72, RIS
VX5 3 IS TEBRARE LI 5. &
BRI, TR ORI IBREE B &
L CHBEEZERT700C, 1FHORZ 7=
— VAV % i L 7=,

(4)  FEBRSEM

T—0 T X2 H o ~OHINEEE 200 V
R D, A AR ) TR B R RE oD AR IR B
ZuIE, KON 300°C &AMk S C AR A
RoT. ZORE, WREKRETDHF v —
NOEZE 2 HEEEZE (~107 Pa) IZffh, WEE
BT — A0 BEHIE 10000 shots, &7+
7 —2 77 X< (Sc, Y, La, Ce, Pr, Nd)
DI E % 5000 shots & EDT-.

L w5 BIEEE I 0. 36mm/s, L w 5 BhEEEEIT
3.0mm, L 9 #EEFKIT 250cycle (IZFNEA
EERSE 2 . 72, EEERBRIL SEM N
R EZEd (1. 5X 10°Pa) IS T{T - TV 4.
FAFEEIE 0. 36N &, ZFDRRICA U DI K%
il £ 3B L F 1GPa TH 5.

4. HWFIERE
(1) A CJEm b 2 B4 5 SERAs 5
O XPS T X DAL BT

Fig. 2 \ZHMRIESE 300°C I TRRE L~ A1 v
N U v AE B (Y,0,) D XPS R X 7 h45y
MRz, EBRERO—F L LTRT.
Fig.2 TIX ANy # U v 7B 2 45k 0%
SHBOHTFERZ R L TRY, RiEHoWNE
FTOXPS A7 MLE ELBIEICIE RS,

Y3d A~ kb, 01s A7 h ALz v,0,
IZHLR B B — 2 (Y3dY?: 158.4eV, Y3d¥?
160. 5eV, Ols: 530.9eV) kiR &, — 5T
Y IZHEKT D Y3d72 D v — 7 (156. 8eV) IFIAIE
SN oTlz. ZHuE, A v MU T ANR—FE
MY —IZER LY (Y,0,) #iE & L CAIRL S h
TWHZEEELTND.

ZORRIZ, BRIERFO EAGRE I b 5T,
WO TR L TEIE (Sc,0,, Y,0,, La,0s,
Ce0,, Pr,0,, Nd,0,) IZBIL T, ARBFFETORL
ey K OFINEICB VTl Fig, 21739 X 91T,
REFHIZE L TE— 7 ALEIZFE D E D72
T FHERREI TN T 5 XPS B — 7 AR
Nz, ZoZ s, RSHMICE L Tk
Th D M oEhiE 72 f R L R o g1l
B LTz SRR AT 6 s, 2 o R,
HEEZE T COBMR T —L - T —2 77
R A TR IR &y 9 4 TR 70 i R A Y
Tt A0 L2 L, RN O
H O BEE DS B flLEE 7)vo —h 7 e A B 2 3
LIEEETHD Z a2 RIR L TWD.

Y3d

Intensity (counts)

6 164 162 160 158 156 154 1
Binding Energy (eV)

1

[}
a1

2

O1ls

538 536 534 532 530 528 526
Binding Energy (eV)

Si2p

Intensity (counts)

l2 110 108 106 104 102 100 98 96
Binding Energy (eV)

Fig.2 XPS depth profile of Y203 thin films under
the deposition conditions of a substrate
temperature at 300°C.
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Fig.3 AFM image of Sc203 thin films under the
deposition condition of a substrate
temperature at 300°C.
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Fig.4 Interference colors of rare earth metal oxide
thin films (Sc203, Y203, Laz0s, CeOz, Pr20s,
Nd20s3).
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Fig.5 Summarized friction coefficients of rare
earth metal oxide thin films.

FRAGWFFENTRE 1 K 2 BN S OB Mk &
mtEOm ENEZ NS, Thbb, FERiR
FEO B EWERN IS S, £
FRERFFENTEE IR CIX 7T L7 7 ZREED
RIS X% 3, ZRAEREARIREE &2 3007

W ERT 52 & O RERE 22 Y, BAT
RETARe =R EEAH LD EE
Z BB,

® & trEEE

AT THFE U 7= Bl 72 iYL Tid 7z -
721 g® Sc ZHWTH LZ 50nm DFEET,
B 4 B DL EOHERE O EIR S B T HE
HY, BIEROAMEHEVHIBEIL LA
Thab. 72771, 2010 FEEFHICTENNS D
LT T —AAZ OB ADNKIEIZ A~ b &
U, WFERZATICREEZE D Lo TmFRE TS
L HE LT LT 7 — A A Z VA2 HFH
L2V, 7T—27 7T X~ &L Z i % Faf
BES 57 8 TR LUTERICH L. AIFIED
REIEX R TA R P—0nbRET 55
fire LT, BEDORKELDOHIBIZEBNT
THhIEENTHS.

5. FaRER
(r7efRas . whot
=Y

UdEssamsc) G214

O JRHEFHE, (UARE, KRS, KFHFm
I, REMER, A HHEER LR O H
RAIBNEDHSLE FD N T4 Ra o —4r
MR 1) —T7—7 77 X~ LRI
Fe—LxHWH L TR (L
BEOAIEI— NS AR N EHFA,
56 2. 4 5. 2011, pp. 264—270

@ KHFA, JFHERHE, UAREBI, KA
B, KA, A TR LY IO Hi
RAIBNEDHSLE FD N T A4 Ra o —4r
PG 2 ) —A ~ b U o AR EE—,

Gy R QSR 24 12




F T AR YA N AFA, 5T &, 2012,
EEEE 1RV

(FpeR]) G2t Geitsi)

@D N. Ohmae, Recent Advances in
Nanocarbons and Tribology, B A
43,2011 /9 A 19 H P EERS#ES
JE)

@ S.Harada, A Novel Coating Method for
Rare Earth Oxides by Hyperthermal
Atomic  Oxygen, World  Tribology
Congress, 200949 A 8 H. HEEES

s (U #l)
(XE) G2

(D N.Ohmae, et al., Academic Press,
Comprehensive Nanoscience and
Technology, Volume 3, 2011, 400

© KHEifpE, f, {LFFEA RFEF, 2011,
606

(PEZER PEE)
OHRaRyL GE1 1)

LR A HRERR L NE & OFERUG A
L E AN PN
MEFIZE « AR K

FEEE « R HRE

F5 : 2009-47434
HFEAEH B ;2009 42 A 28 H

E N2 DR] « [EN

OBAFIRIL (B0 )

(D)
BV

6. MFTCRLRE

(D IFgERREE

KHI B3 (NOBUO OHMAE)

WF RS« RFPE TR - 48 280%
WF7eE% 5+ 60029345




