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(PbTe)yo(AgysSbysTe)y; MDHRLTIE, /WNILIVBEBEMHELTRED 27 NESN TS
(Hsu et al, Science 2004). —CDELN 27 (XF/HHEMIZKZE «, [TERTDESND. —
AT, HENE BREOHEN M ERESN, IRER O LAARFIHARREDORETHS.
AMETIE, KEEDR, BREICEFTHIT)vIIVEICESI—AREREAD, HEHIC
KERERBL-EKRAEZSZ
HCEICEBL, IREEEBATR, HRH#E-
BFEHEOIVEFN)—HEIZFH
ALTEE: (K 2). [RRGHERZE
M CKER-HE- SR OBEEE
PIEWFATHLMNITSHHIZE
DFEIEFERBIZAEDTHY, [L<FH \
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EERTTYELSE (2 2) HE FEEMEFERAL, EBEREREOMMIKFEEANS.
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CDEIEF/HEEIT « ZETSEAE-OHICEEMNTHY, ERICBFEERDETHAR
Y (Y=

3. SEDEM

AHET, BEMHPOBE-TEHYBEITHERESNSIEEREIE T+ /UBELERELL, 18
FRMCEREZDNEMNITETIELIEAHALN G- RAFZENEELGEFO—DOTH
BIERDHM =M, §%, TOMDEAF (Fa—ATa4YPAVISAMRERBELE) OF
E(TOVWTEHITERMGMREZEREL, ARIELTWKBELNHS. £, B 27 2EH/T
BIZITBELNF—NUMEEELF V)T REZRBILTIMLELHS. CORE F—EVTM
FT/EEICEEETEZADARENENH DO, T/BEEFVYITEREONAZHRELT 510
ICEMGER—E T DR TO—EEELRITNITRSAL.

HERBZFRALTH/BEZEALBFREERZETIELEVIF AR, ARETH
RELTz PoTe HABMHBICELEEST, thDILEMRICSHLTEEDTHD. AAETIE
PbTe EEBMHEET I —RELTRERZLEITEYIGEEELERL, FlHT S0
D—DODEFHERL-. %, BELHENZ, RE-IRIILX—MEOBRO—BIET L
[GERESESICIE, BERARNLETRERMEIZEN, D OEHREZETOIMHILE
THAS. TOESIEMBTEAFZEZFALI: 2T ORLIEAFINS. ZOE, MERICEK
STCIE, FHEHRERMNF/BEXFEATI-OICHEDLZERBEEEZAELTLVENMESD
2aHYRD ARRTIEZOLIGEEICIERAGMHREROHKA/NVIFEFEHTOL
AHIRELT-.

4. 5

AHEDOBMOBEEE, 1) NILIBRBEMHICTH/BELZEA-FIEHTEIANSTO—%E
EgHE, 2) F/RBEEEEMICFEHET S2E, 3) F/EEDREMREIERICK T HEE
EARZRMICEALMNZTBIE, 4) FNELEICHEEOBANERAEM B OREHREEHESS
[ZEHBETHS.

DRV 2) 22T, BEAYVLADIILTFH/BEZEAL, EQOKXITENEEEMIC
i Bh, £z, Y4 X, BEEEDLSIZLTREICHET 52H0ERT EMNTEZ. Fi:,
NEOMERIEEICHEINSIHRELT, NILIBREMHOIVEFN)—HEHEFED
RE, RUF/HEEEBI-ODETETOCADIREL, BHOBRIZLEIE-RETH
5. 3) T/REEDREMEERICHTIZENAERRILICOVNTE, REETREZEEDS
EBXHALMNLI-BETHY, TEELEIZHS. 4) BEOREMEOMEEEIEHOE LEIZDULY
TIE, Bhi=tEENRESINTIVS PbTe EMUTRBAEHHEOF/HEEDREFIEIZEF
LTHY, BEF/BERBEDADZXLLGBALNZHYDOHLIERTHS. £EEL 2T
ERAICEESTVVELD, SERENICEREZBV-MREICETTS.

5. ARKBITEDRAE
AMETIE HEEORBEZFALT/NILIOMHEICH/BEZERMICHRSE. 7/
BEICLIEFRERADEAICKYRTFERMCERZETIE., HEERALZIENDILEEE
ELTz, ZDHER. BRBEDREKRFMHEZFIAL T, PoTe E41# (SbTe,BiTe AgTe) [THLNT
QO
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VAR RTyTUEE (BRARITHEY) 28 A TESILEEHLMIZL., £ PbTe-Sb2Ted %
TlE, EMEREZF AL TCOASHEEEEATESEFBALMICLE, ZLTEALNT=RIC
TEDLSLBHEEFFIATELILNZREBOHSICIE. REEART BRIy IUEIZK
5—AMERNENTHY. KER-MEEE - BEFEGED/NNILY-aVEFR) —HRE
LTOFERAMEBRLNICLIz, SOICEMRBERTHLONST/aVRIUYMEEICKY M E
REBRTIEIIENTE, RAFENKREVFIEREERDETHAREVNILFHLMICL
o CMBICKY  F/BEHAXDODEELL-HH. REEELHHITHILET.BH=T
PbTe-AgSbTe RIFFEIZLY.PbTe RICERTHRFHEERLLT 50— T70%FEEETL.
0.5W/mK LANILGABEEBE-ERFIKREN, SOITHELTF/BEILEDIRELLT, AN
ANTOAVT EEFIRALZEFEHTOLRZREL, ZR. REFNECENHLOAE
MHEELTIEEED TS Mg2Si Z ALV EERICKY  Mg2Si RIZERIRDF/ Si fix g —I(Z
DESEDIELITHIL., F/BEEDBTEIELHERD Mg2Si TR THRFEEERMN 3
EME T LIS EERALz, BEMHESFICTHEERGFRFRETELERIIREL
LEAD, THRLEIEHE . BEMBOFMIERL ST /BELREMICEY . MEMBHERA K
=M OEALICHAONZN\ILIEEIFEREHEFT 5,
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1. ARDALLY
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2. IR
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2. 2. BKFT/ZHEASTADHKR —RIAD KL BEHRT —MEBZIKIZ—

T—MERIRC12AT BIEOFRFHERBARIFLER. EEKN 10 mDF/RT7EHKES
FA0%EETIT/ZHENSRMERTELILERE LI (K 3), KBEA/TDOHER. ZDF
JRT7IEBHKTHEIZSNTVSIENA D21 (F 3b-d), KRFDESEEMENR TR
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Nanopore) &4 — i IAEL THWVTSITIOFETZERLI=LZA IZERE (K 3e) IZIXKE
HREEERYDERTIAMNERBISN ., REISEEDFETELEELTHTRESHS —FERD
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STFFETHE LRI B A4 U N7 —MERIKICAE T HERICEONAZEN RO TS,
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BANTH (FH,0") A AU MSITIO R DIEEEFE5IE M. STIO,REIIBEERICEILT D,
CANZ WA LETRADKEBARDSSITHRICENTE. M ODBR_ERIMNVDRAFZHER
SEREV—r v )THEERRETHLIC LA DM oT,
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2.3. BERFEZRTEFARODERBBRBRLHR —/\ILID 5 EOREBREEN—

TC1 TC2
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CANZ S —MEB AL L THERLF=SITIO,—FETICHA —NEREZHMLI-LE D EBERE LS —F
X7 RE (HallZhB) Z 5 I (K 4) . CANS—SrTiO;-FETIERE 3elZRT KIITAE
YBMRERTIEMD, FHRIES —FEEMNM-EERE—HallZI R D LS TERMIZIToT=,
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F/FA—F —DBHAFERMIRICER NS —RITEFHR(IDEG) (FInEFEFIKEE
EOMBILIZESEFHAADRICERALEAZ—IL%-EF - BEPHEETRIEND,
1DEG BRICKYEBRIEMF BEAROYMELLEMFERLULEICHOH LI ENTAEEEEZA LN
%, 5&IEAFM VYISO —EMBEEZFALT. ERRRIEMFEERLEICH /54 —4—D
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4. BTV
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BIIBREFRTELEZZA TS,
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AHARTIE., SYEAMTHOBEELREAI L. BEIMGETAT7ELTERURINS O ORE
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IEMBBEMH THASTIOITAL. 7F—MEBRIELL T LI FEAV D EHH THSH12Ca0-
TAI203(C12AT)EALNAC ETRIFASITIO3-FETMERIZA L=, LALGEASLAREEE T
[F. ERFTEENSZRTICEBEBARNLHEE N (BERE) OREEKIEIRONGA ST
N, BOTKEELCEHAMHSRAERET HET. KDESRHBREFIFALTIOEISLANILDE
RE—FEYUT7(EBER) DEENREZRBEE-ERIFEICKEN, H-HEKTF/
ZHMASAEREL TS —MEREELT LT, ABEREOVERRIENBBISN, /NILIDSE
EFICHLTIRBREDEREADEILICHRIILIZCEE, FHLORAB L A H OIER X3t
LT, RELGEBMDH o= LBOONEMNERRELED TREGHETE S, SEIE. ThEF
RALERAEMHORAREEZEH TILLRIBRAZHELIL,

6. FLHMEMEIV A
(WX (RER) FxR: 104

1. H. Ohta, Y. Masuoka, R. Asahi, T. Kato, Y. Ikuhara, K. Nomura, and H. Hosono,
“Field-modulated thermopower in SrTiOs-based field-effect transistors with
amorphous 12Ca0-7Al,O3 glass gate insulator”, Appl. Phys. Lett. 95, 113505 (2009)

2. H. Ohta, Y. Sato, T. Kato, S-W. Kim, K. Nomura, Y. lkuhara, and H. Hosono,
“Field-induced water electrolysis switches an oxide semiconductor from an insulator
to a metal”, Nature Commun. 1:118 (2010)

3. H. Ohta, T. Mizuno, S. Zheng, T. Kato, Y. Ikuhara, K. Abe, H. Kumomi, K. Nomura,
and H. Hosono, “Unusually large enhancement of thermopower in an electric field
induced two-dimensional electron gas”, Adv. Mater. DOI: 10.1002/adma.201103809
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R EDMDOBR (FELGFRRER. XRE. ZEYH)
(1B7F38E 13 4]
1. XAHE. [EERIEYICLIABER —IEAXIvILERICKSTIO—F—1. 8
70 EiSAYMERRFMEES (HEERIEMRRITIL—T - ERtEY Iy JARF
Y TBRALMEERME - TNA R ICAETYESHRICEI T SOFKMFEREEZEB
EYTRICYARFARORIRERE]D . EILKRZFE(ZIL),. 2009 F£9 A 8 H
2. Hiromichi Ohta, "Thermoelectric Seebeck effect of SrTiO3 - Electron doped bulks,

superlattices and field effect transistors”, The 16th Workshop on Oxide Electronics,
Tarragona (Spain), 2009 4 10 A 6 H

3. Hiromichi Ohta, "Electric Field Modulation of Thermopower for SrTiO3", MRS 2010
spring meeting (Symposium M), San Francisco (USA), 2010 £ 4 B 5 H-9 H

[Fa%R] 104, F4£ 36 4

1. XHE#ME. BEEX, B RE. MEXE. BRE— BN @5FSH. [7ELD7
R 12Ca0-7ALO%# 7 —MERIEL T HSITIOBRMEN S D X421, 5 70 EI: AHE
FRFMBER (BEYMILINOZIX) EILKRF(ELW). 2009 F 9 A 8 AH(AEE)

2. XHE#E. BEEX, B RE. BN, MEFH. TMHX. ERAHN. 2EE
HEHRICKASITIOER MBIV RAFF Y RILOAIRIL ], 5 70 Bl AYEZERF
RS (BiEMILIO=IR) EIWKRZ (). 2009 £ 9 A 8 H (AEA)

3. H. Ohta, Y. Sato, T. Kato, S-W. Kim, K. Nomura, Y. lkuhara, and H. Hosono,
"Field-Induced Water Electrolysis Switches SrTiO3 from an Insulator to a Metal", The
17th Workshop on Oxide Electronics, Awaji Yume Butai (Hyogo, Japan), 2010 £ 9
A 20 B(OEE)

4. XE#E. KB #A. Shiian Zheng. MEXEE. ¥RH —. K. ERAEH. 5F
Mt —. M55, (ERAFE-RATEFAROERATRELHI. £ 72 BEI-AYME
FRFMBER(CADE-RELH) | ILBXZ/NANFv /AR (LUF) . 2011 £ 8
A 30 B (A35E)

5. H. Ohta, Y. Sato, T. Kato, S-W. Kim, K. Nomura, Y. Ikuhara, and H. Hosono, “Water
Electrolysis Induced 2D Metal Formation in SrTiO3", the XX International Materials
Research Congress 2011 (IMRC 2011), Cancun (Mexico), 2011 ££8 A 14 H—19 H
(OE8)

(5% 4 4]
1. KE#BE. [T=hHK, ShEKI—KDER A BEFALTIREARZXESLRENR
I EREIC—] BHBAIEE 480, 23 (2011)
2. KHE#ME. ISTERMEIEMTIHEESTEAARRRIZHNT ERFE2RTICERE

DEEEFHEFIE ] REHMF 11, 54 (2011)
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(TLREE 2 4. BEERE 13 4]

TURAER: KEFEITHRBAENOHEOINWABMHEEMELIZLICHY -FL -

BEEFHVERM-HELAEMEBIHICHAE- 2010 F 11 A 15 B, #HEHEMTIRE

HiE. AEBEXKE HEHRK

(BAE$RE)

1. [TIHPEDERSBRICEBRMEHEIRMNIE — 2 XA E . KEFESEMBERI. T8
#E (2010 £ 11 A 17 B)

2. TBFERIT, FHMFE I NHK BIEKLS5BAKR (2010 F£ 11 A 17 H)

TLRKRK: HH1ETCREMHOMEEZRELTIILITHY —SHEEGREM RBHE

BRZEME- 2011 4 12 A 28 A, HEFIMIREMKE. EHEXFE HREFEX
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(9524 BERFERVNVEEREZEH—R I/ —DRIH)
ZREAR: FR20F 10 A~FR 2453 A
B R E: Lk &M

1. ARDBLL

H—R>F/Fa1—T (carbon nanotube: CNT)EBEEARTIL. i ANERLI-LEIZ. B L
CNT(ABRIT 74 BE)DNBYH V. TENF/Fa—TIEELGEVNENSHEFEAT
HY.CNT OEREDHEMEEFEZ/NIILIFRETEIETHLTWSEFERLGL,, RETGEEBHME
ANTIZ, CNT ALEZHEFZEL LT ST1VRESE T ST7VEBEE -REER) .1 RO
CNT AFTE T BN EWMREREE/NILIETIZE I RMADETH D, AR TIE. 7
ST4VEEE -BEMFIZAVT, 1 RO CNT OF DS BEMBIFEZ/LVETRMESE T
AR DAV —% /T HILEBMELI IROAHELTE. FT. 0771 EHEE-
BERFIELTHERAT AR ORINCNTE4ES -BEATRE THALEHER T H-DIC. WET
SATBREEETRAVT. RORDFMEINTZZEEH—HR>F/Fa1—T (multi-walled carbon
nanotube: MWCNT) #E{EL . ZDELADIEES SV FHZEEHET 5. RIZ. OFEERLT:
MWCNT #& /L. F/Fa—TDRIEMNSFT/Fa—T%5IEHL. EER-HRLENASh—RY
F/F1—THlE ST 5 (EMLT- ONT Ml DS  OZOMMIC/ ST EmiEE -BE
BFIDRIFRERML. MELZSZATRLESTHLITLY, ALK D MWONT REZHEE-ME
SE.BEEBEN—RUITAV—ZEHL . BESLUVHNREARS, LRROMELTELT.
[ /E D MEE/NILIETSIEHBIET-ODREFTEZTDHEMEARINDHEEFS,

2. ARABR

2.1 FRIOFRFM MWCNT BMEAROBMEEFELZOREICET S RORFMEOLE
1.5.10 wth DRI FEFRALEMWCNTIZDWNT, RE TS5 X 1§ % (spark plasma

sintering: SPS) Z LT, SPSIE/1:20 MPa(—37E) . SPSIREE : 1400, 1600, 1800°C TR LT[

ILADHHRELZART, BIETEKIEEZE (107 torr) . EMLFREFERMIE 10 DELTz, R

RAMEN—ETHD5

Boron/MWCNT

&.BEMLREMNSLESHIZ  powders - A

o—P /——
DNT, E£r=hRDFHM \
EMNEMTBHIZTONT. E
BEHEAD 3 mhfiREs Vabum |
YU RIEKRE DT, =p = §
— A RIFRHKME 5,10 #

Heating under 20 MPa

wth® 3 ;RERITERE LYY 1 10wi%HR™SEEFMLT- MWCNT B{EAAD TEM £&. (fh5)1400°C
HRIZIFEAEEELE TE{E. (F)1800°CTEL. (X£)E{LAA—VH.

Motz RIRKME 5.
10 with D EME R DB EICKEGEVWARONGNIEN G RORBIMEDBHENFET
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BIEMNTREEINT, EMLRE 1400, 1800 ‘CTDHRDF 10 wth BEMEATIX, BASHIZF/Fa
—IDERLIEBZRONATZT7ACRT4y 7 IKME IR BEEINTZ (B 1), RIFREHM
LZLMEE MWCNTsIE T ST77 M bR T4 KM BICER LGN EMND, RORINBELER
[CHELTWSEHBIINSA, T /LRI TORIFZEDIEREBDIZEETELGA 1=,

2.2 EEEM MWCNTs DA RE MWCNT ki 0 {ES

FefllEDES. 7EFLUEE., BE. RIGFHEZ/N\TA—2EL T MWCNTHEHER A D
EEFIMWCNTsD &R E 1T o1z, BIE/NTA—E M5, FeZXEHE 3 nm(SiO,/SiEE#R 30 X 30 mm) .
RIGRE 660°C, RIGHEHE 156 NI TERT HL. MWCNTsE5IEHT CENTELIEERRA
MWCNTs Z & TE =,

FEEL M MWCNTs A 50D MWONT #i#EFR I 5% BEZERL- (K 2) , ZERIDFHR D vy
FOLEICTEEEM MWCNTs Zt YL, 5IEHEL T, BRIOEEE—2—IZERYFTz, E—
A—FHEAIEE T HENTE, MWCNT ZEERSELALEIEHT ENTRETH S, E—4
—[EIEE (1360 rpm) . 5IEHLEE (5 cm/min) T, MWCNT #ifDERF1To71- (K 3), jBE
DED THEICBAFLAIDNDLIIILTHY . BEOERIZHELTL2/—ILAASTLNSTIH
UR—M i E BRI ST EICK DT, MWCNT M2 eI LN TES,

221978 5.8 kKV X3.28K 18.Bxm

2 MWCNT #ii# D FREENTE. 3 MWCNT #i#dD SEM 1£.

2.3 FROFFMIZED MWCNT DB REL

MWCNT #ii# % B 0.001 mol/L DT EILIT7ARDERDEIZ/—IVKRIZEBSE=&. Y1
ARLGASHHEESIEH LTz, COMMICTEEMNTEASLEZET T 2000°CHORAMLIBEITLY,
ZTOMWEEZRELz, B 4 (X, EZZT T 2000°CHEALIEZF{T>f= MWCNT fibers (a—Boron
MWCNT fibers (2000 deg)) D SEM BEETH 5, B 3 DREELKT H&. NAEICLHHHERE
DD IETF/Fa—TOREINERIN RORFMLE(CL->THEREORENEL

.‘_'T-_"hf
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LTWbl&@Fhomnor-. & 5 (&
a—Boron MWCNT fibers O L8 E —
VY AHHIRTH S RoRRMEL
M 2000CCTHRULEZITHI
MWCNT fibers ( EtOH-condensed
MWCNT fibers (2000 deg)) & ELER S
e HBENKELGO>TNSILE
HhHmb, & 1 [2F MWCNT fibers
DESRE. LR KT IL
¥— RIEZRLI-.RIEFF/Fa
—JDRBEICERYT HFRT.E
WMEIFETZT7AMEARELT
WHIEETRT LBEHUTILEL
T.XU0EBDE D (as—prepared
MWCNT fibers) . TB/— )L &I
a2 LEET OLHD
(EtOH-condensed MWCNT fibers) .
R = # (Torayca T300B; Toray)
%R L1z, a-Boron MWCNT fibers
(2000 deg) DHEMAFIE (L. RALIEH
MELLBLTHRRE 15 18, Hhagtt
F18 M8, WIRT R ILF—IXHEERD
REBMBED 25 ETHo1=,
a—Boron MWCNT fibers (2000 deg)
D R{BEIF 0.19 &h&EK T5T74h
IENFEEL TS, ChoDFERM
B RURBMAHEERT DT
J/Fa—TDRERBEHDIN TS/
Fa—TRLTOBEICALADE

Specific stress (GPa/g/cm®)

882459 3

5

V HMle.akK 3.884m

4 MWCNT fibers ® SEM BEE.

¢.8

0.6+

0.4

a-B-MWCNT fiber
at 2000 °C

0.2 EtOH-MWCNT fibers 1
at 2000 °C
% 1 2 3 4

Strain (%)

5 MWCNT fibers M ELIRE — 3 AHBRER.

BEE5ZTVAIEN DD o=, —AT. EIRE (0.1 mol/L) DHRIHRIR/—ILIAKRTHRMLE-
WL, RALTEDORIERVREEBRLTEY., LBELET L, ChIEFa—TDirFE

ERVENRIEL., RIERVRIZEY . TOEBA D RIELLEDT=DIC, BENBIALSTEEZS
%, & 6 [& a—Boron MWCNT fibers (2000 deg) DB #% D SEM EE TH D, 7/Far—T Rt
HEEEITEREL TOSEA DERBEEINTIVS, BT AMEhTWSIRORINF/Fa
—TDEZIZRHLTLSD . FEDLSLENRZLIZELTLDDN., <D >TELT . 4§

BROPRRETHS.
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# 1 & MWCNT fibers MLLIEE ., heEMER BT TR IL¥— R {E.

. Specific stress Specific stiffness ~ Toughness R value
Materials 3 3
(GPa/g/cm®) (GPa/g/cm®) (J/9) (Ipflg)
as-prepared  MWCNT
i 0.65~0.68 32.5~37.4 11~15 0.59
fibers
EtOH-condensed
) 0.59~0.65 10~27 15~22 0.58
MWCNT fibers
EtOH-MWCNT fibers
0.61~0.69 21~37 7~14 0.24
(2000 deg)
a-Boron MWCNT
: 0.87~0.90 28~77 14~19 0.19
fibers (2000 deg)
Carbon fibers
(Torayca(T300B)) 1.07 127 6.2 0.91

Toray #4

SUBDOG 5.0k x3.00k SE(L)

6 a-B MWCNT fibers DRl > SEM 4

.‘_'T-_"hf
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2.4 £&

FEHBE KRS UTDOILEBRHSMICLI:

s EMLEREDOLR.KRVRAMEOBMICHE, BEILAED 3 mah (FRE EHERNKEDA
o1z, EMERE 1800 CORVFRFMELATIE, F/Fa—TMNERLIZEEZLND
[RTAvIRTST7ANDBE IDBEIN ., RORNF/Fa—TOBEEHITFSLTL
BIENTREEINT-(RIRD A MICEALTIIFHA).,

*  Fe#XBEMEE 3.0 nm(Si0,/SiE4R 30%30 mm), 5%-C,H,/HeH R (512 scem) . RIGEE
660°C. RItB5ME 15 S REIDCVDEHIZKY . EERRIMWCNTsE & R LT=,

o E—H—[A#x%k 1360 rpm. 5IEHLEE 5 cm/min [Z&Y, MWCNT fE#DVERIZRLINIL
1=

o RUFRARI MWCNT HEHE DML ROEBEMME LB THEE 1.5 {5, iR
18 1%, BRI RILFT—IIREEDRFMHED 25 ETHo=-CRIRDDMERMBRIZEK
ZRaER EDAN= X LIZEILTIXTFREA),

3. $RDOREMH

SRIE. F/Fa—THHHOBED TEMEBZ ., XU TEM-EELS IZ&H KD FRDIHEHRD &
BREDTRODRIDOMBREHLNITIMEEFITI. CNERBFICHRIVRDRMAEZDREL.
FYUBBREDH—RUF/Far—T D EREITS,

4. BCFHE
BIRMICFT /Fa—THHEERL, RYOFRRMICKIMEDHBARED B EAFEESN
=0, TNICEDETOMRETE. HRASHIZHELHY . BERIL 50 5E&T 5D,

5. BIRKLIEDR#E

AHMETIE. REFLGBMEANT 2. h—RoF/Fa—TJRITEHELLLIMESE. 1 K
DH—HRF/Fa—THETHENRERFEZ/ LVERETEIEHT EVLSHRE DA
HESZERIC, JS7(VEREES -MEMBIELTRIRZANDILET, EREREN—RTA
Y—%BI8 - KR HLEEELLz, ZORB.RVROMRERRTH-OICHETSX
TR EEZRAVT  RYERMA—ARUF/Fa—T OEILREREEARLIET, BILEE
DLEFEARMEDEMIZHEL, IR FIRELEERINHBEALEML., F£1-1800°CHELIR
ETIE. RT1vIRTST7AMENRASINZET. RORNF/Fa—T DEELEHICE
BELTWAIEERBMICHALMICLIz, RITh—RUF/Fa—TJ iR T 5151, Fefit
WEISOT7EFLU/EE-BE  RICHBREDENSA—2%ZHEHTEET. EERRALIEY
WFIA—ND—RoF/Fa—TDEREMAREEL. ChOBRLIFa—T ORIEMST/F
aA—J%5|EHL. MG HIRICKVMNSIIOVDERY A XELDh—RUF/F1—T DHit
FERTHEICHRILIz, SOICCOMHMICRIRSEREEL &R, LY LHEHES|E
HL. FIEZHTT2,000°CIEEDBMNEBEIELI-D—R 74V ICOEHMEE TS
L5 R . AR RERMOKRNIERRHE L LB L T, LLERE1 56, LR 86, TR
IRIILF—ELTREDREMUBENL HELERT25EDRELEBT-, CHODMHERE. 1t
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EDRLAGEDRFMMEICHERTEBEULOBEBMZRHNTELLER., MAIKEELIC

RAICET=—FEBAHAHLICETRVIZEFHEL =WV AEIL. REAREZXOHEZERT
FERYDEEZZS-LOOMREDEITLRICEY . REBBLAIITEETEITHI LA

Fr=CElF SENTHARICHISLLVESB N RENIZEEZA LD,

6. ELHEMRIAL
(D RX (RER) FER
1. Yoshinori Sato et al, “Boron-Assisted Transformation to Rod-Like Graphitic
Carbons from Multi-Walled Carbon Nanotubes in Boron-Mixed Multi-Walled
Carbon Nanotube Solids”, ACS Applied Materials & Interfaces 2011, 3,
2431-2439.
2. Yoshinori Sato et al, “Influence of the structure of the nanotube on the

mechanical properties of binder-free multi-walled carbon nanotube solids”,
Carbon 2012, 50, 34-39.

3. BR ZIkik, £k &R, HIR %=, ®E M, “h—RUF/Fa—7 - RORLH
ERIZEFNIBRERRIVRERIEAVROBERNDEHER", HHTEFE 2011, 60,
807-811.

4. £ &, “D—ARoF/Far—JEILHROEHEESEEL", €53IvIT—2Tv)
2011, 2011, 39, 143 — 147.

5. Hikaru Nishizaka, Yoshinori Sato* et al., “Influence of carbon structure of the
anode on the production of graphite in single-walled carbon nanotube soot
synthesized by arc discharge using a Fe-Ni-S catalyst”, Carbon 2011, 49,
3607-3614.

(2) ¥rerHifE
MR RES -6 4 (EAHEE 5 4. PCT HEE 1 4)

QR)ZDMDOR (FELFERFEK. RE. EEWH)

(1BfrediE]

1. Yoshinori Sato, “New Carbon Materials: Fullerenes, Carbon Nanotubes, and
Graphenes”, 8th International Workshop: WATER DYNAMICS, Sendai,
Japan (March 9th, 2011)

2. Yoshinori Sato, “Properties of Multi-Walled Carbon Nanotube Blocks
Solidified by De-fluorination”, Frontier 2010: Third French Research
Organizations Tohoku University, Joint Workshop on Frontier Materials and
Processes, Albi, France (October 8th, 2010)

3. &k &R, ERE-BEMEFEOA—ARUF/Fi—TELRDZER". F& 21 &
E EERFHMERLRXETOISLELVEEESEE. P106. BER. BT

(September 19th, 2009)
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A EREABEREZAVV-IRXEL O IR TIRIADEIE |
PR HAR: FERL 20 &£ 10 A~F/ 24 £3 A
B E E: RE KER

1. FRDARLGL
AEVMAZYRFINETREGRERER T TELILIMNAZ ) AR M- LGHREZ T 5
L. HiRGRFRAREMREET DRMELTRELTEEAV TN D, EKITFHROTERIEE
FROEIRILF—FRFELTHRFEINS, REVMAZJREEFOHFODEREND—DTHD
AEVEFALERIiTHS, AEVEHRERYEOHMEDORRTHY . ChETIEIHRERE
EDRBHTEITERSNTE =, SHIC1988 FNEREIERMNRDER LK, ERIEEEX
EVEDBEDEERMTIRE SN, REY (i) LEBZHE-FRTSIEFT /NI ADRHE
DEALLGY MEDAEVFAZIRFERAEDENoF=, EKITEHEBE NN AIREL LD 1ETR
DTEBEREFIRECEE SN MRAMBEKIERES U F LT 7AAR)) BEMNRFEEINT-,
ZDAREVMAZIZARFORREITENTE2EBE

BELDIE. BREVRBERERL-ETHD, BRIE CI) _
FYTREVBEFETYHYVRAELVEFD 2 BORELE ? e '
HOBEFCHRININ, BEOEFEERNELNIER ' 1

EUS T ILEBBCENTES, £l RELIFEE —
BAENFE RSB T FILHEONBI=0 . SHae s i

BRFERENTREL G D, AR TIXINETODERIE
MERERAVEREVRBEEE—REBL. FHD 1 AELT OB, i)

R . ) R SAELDRZIEL, MAEAE AT
AEVEFDHEBRIEHIRELTIILE—LHEIEN TRt
BREVRIBRORAFEEZIT (K 1), FD=HIZ. 2
TUBHERIEMDOE T/ A—E3—LLSBEIOEREEDER ., 5LUTNERAW -, R ILEE
ERFOEREBIEL,

AEVFAZ VAN ESHHAEEICIE. BEDILICAZ IR MEDMENEL2ELTET
Hb. LML, FOERICIFIAVE VAV AIATYFEVWSRBEEMBRLATNIEESEL, Th
(X, FEREBHUMEAREBTEERIERNSREELS:H. FERPFADREARBERD
SFEASENELUETIRE0WSRETHD, CORBEMET 5=, EREFEEXDREIC
REVIANA—EBERAL. REVEADENRILEZR ATz, FERANDEUNRLGZREVFA
DNERINIE REVMSIUORBLGEDFBERTFREANORELEEN MY LGS,

2. IRAE
1. [FLoIZ

ARETIL. REMERBAEL L RIVERLLTHAT 5. MEELTEICEZLNSDILEU
ANATFARREBIEMR (EIZTTISAR) THD, BB THEN LBEHBZ TINETHE
BN HEHH . F1)—m MR ITEL BREAND LERAVGETNIERED T4ILZ—EFREL
BN —A.TISARRIGBENEHE TRIBEIBRZTIEEVLA, X2 —REFERBLVL+H

Q0
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[CEWL, ZRIFIEIERLEELGRAUITHDIEER.

A E TIENIFe,0,EVNVSRERIILEI DS A EEICAL
foo A B EFRERLEBEEZHL. BIEYMROBTIE
LEE R BB E LNV D, RER LTS/ RELTIE
ftiIZCoFe, 0, /5L BHRDIBEZFF OMMN ZL<H S, NilE
HHABEESNTEYTAREEBRARERIVIZKWNEE R
THALE. £ THEBBLLTEBFEHN
NiFe,0,(8.34 A) DFIE N THATiIN(4.24 A)E A V=,

X2 AERVORSHES JRAT
2. NiFe,0 BRI D R £ b QU 1) GBYA b O\

REEEL TIERISHMBEEE AL -, FEEELT  WRYA b)) FIImsES A
[ENIFe,0 B HERL . BFHMBT o Lickor  tplwidslbnosuedu/ SOk,
BAELTz. BERICIENBRICKDBRRZEH SO
BENFHAE 4x10°PaB ALz, THEBOTINIEIZRFFHAR[PTTIRE TS EICEYE
BILt-, BEEICELTEETANETAR2E5HD, — D&, —BICHMEFEZBEERILT LS
A)—RmDETHEELZBLLIELHY . BRTHHME R ERZIRLILTHD.2 mBIE. T
INARE, EITP U RIVERELTRWVWSRICIEREENH —EREDFHENEETH S,
RETITRANKEFTNIXEDR—ILERY BIFET NA REEER[FDIEETELZL, ULD
[IOWCEERE. RERELGEHFEHDREILET oz, BISITRT DI, T, (EHEE)=
200°C. 300°C. 400°CTHD Rt =R EF#REIT (RHEED) BB LUK AENRDAEHR T
H5. MERIAFERICEL Tkt (NiFe,O[RE) =2, 4, 6nm®D BIE T—2—%<L71z, RHEED
BERDEERBEENBEVANRRN) —/8—2F B 5N, TsubBAELEBIZONTHEIKRK
RETRTARYMRINNFI—VIZELTEHIEN DN D, THHERADFEELVSIBRAMNSE
REEETENANINENSZEIZES, — ﬁﬁﬁwﬁ??ﬂ%f(i T.,=400°CO R TOH

200°C

MCD (NFO-TiN)(mdeg)

Energy (eV) Energy (eV) Energy (eV)

3  MgO(001)/TiN/NiFe204(2,4,6nm) D % i F 1R E T ORHEED# & O EE T 0D
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BMRETFILBELNTWS, THhbHAHFHEVVSBEATIERRREE VAN EE
LS ZEIZES, CO&IICRAMKEESIFEDORREBEEKXRGFEEIN —FA D7D RIC
HY. FTEDOHHEICELETEHORBEILISDETHAIZ LN DM Tz, SHITEELLTIE
ArmPEELUTTEF2)—RDETIZKYERTIIVEMEERIGEN I EES Mo,

FrERIGHER /Ny R EEZRAVENFe,O,BEEDEREHAT-, ANYEFI—FyrELT
NiFe,O B fE A — Vb E AL BERESRT TOREEZ T oz, RISHER/SVATIE, 75X
IEDAAFT N I—T YNNI ERET SRICERREFORBEECLI— T yhRAZERELY
[CETTAER. REL—NMIKREEEEEZ S, Tz, TSATHIZZEBRAAUNEEN
NEFICREOBILET TOHSH, 512, RIEL—-BEXRABHIZEBERICKET S,
DESIZHERSA—E—NZ V-0, BEL—FRUVEEEZBRMELLBIIENTELEN D=,
BIEMAVDERRANDEELEEICEET S0V TEY . RISER /Ny TRIFEH
AL YME G L=OICITHEBLRIE/ NFZA—F—FIHIABLETHLIERHODND,

2. REVIANA—EE

LRETHONEZRERLIISAMNEEBRZRAV T RILEBEEEERL. REV (LS —F
FHEMOFTEE T o=, B 4(a)IZMg0(001)/Fe;0,(50nm)/NiFe,0,(4nm)/AlOx(2nm)/Fe(20nm)®
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BIX T THD AVEVFED -1 AAVFX VT (XD FROFHER DMLY, Thi-BERP
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BREEIZHITHT S LITREETH D, T T, FRERIEKFDKFREZIVRIZEZTHMZHI LD
HEBREHIEL, 7L—2-JLA 07— HEEREFIEN B ENHEE/ERZREI AL
LT. 2BHEABARDOEINRVEHED FEDES| (5 FRB) ZHFICHEL-AEROER
NLETHEIEEZT=. COLIEMEIF, BOERDEELZ(TEEBHEATIIRARN LT
OTRLNIZLDTHY . KRFERE—MRILTEIIENTENIL, SBIARLRE, JvRILE &R
ITE2FFECHLOVMRABELT ILZOMBORTFICEERT 5EE2 5,

2. IREE

<TVRZFEALLEREARDER> AMETIE. EFEEISETH4FIOVY1ELTIY
FEfR BEROEVOEEEARVZOREHMOEREToz. EBEBARIEI—RTIZETRE
EAEFFILZ, TEEDOES B-O7 (K 2) EEYDUVEER, RILI70)oRU74007
ZUBREREERILARL. ZVRERNRIET O FREHEEEREEERBERETNSHAS
MLtz T IRUDIETVREBBRIEEWOEHERZEIZITUL., £FEREOH FERHEIC
WEBERIVYRBBRBER =, &2, FI7EALUETIE 11 RU 2:1 £ERDOEY 2 (FIZRRIIL

GRXEBER) . ARILEMIE T IR EEERORHEHEFXHEILL.

135



R

Aoy 0 0.5, BT IR )

oF2 mF2 opF3  mpF3
X 2. ZvHREBRL- B-O b FMASEERDH (M = metal).

<EREREEADORELESES> H2ITRTZEHED B-OY M EEEAE MFO RU MF5 A
WBEERAAUNKREICESILI-EFEELEF /7 1V — (CuF0-CuF5, PdFO-CuF5, PtFO-
CuF5 & &) ANERLT B[A. Hori et al., ACIE, 2007]. A E T BT HHERZOMEAE
HEIZPIF5 ZBAL. 2EBAA VDA EHLELEREEEICEIHB RO ERIHEZT1=,
BHLTIRBERIIERBAA RN KELALDIE(Cu<Pd<Pt) BEZELHNITERL. L E
KEMNESNT- (K 3a) , CUFO-CUF5 KR U PtFO-CuF5 t#& & (I8 50 -/ A—kJL(AFM [Z&Y

BENMNDIA—RILHAXET. WVThIFWMEREE—EAR (RE2VF VT AR) ~NDIEE
HEEMNRSNE=(E 3b-d), AZNIT7UTILVT—IILARINERUFDEAZ LESZIENTHE
SNBFHH PtFO-PtF5 SR (X, MICERTHREAEFEEEONHA S ERBRENE RSN
1= (& 3d),

3. (a):%i&@%ﬁi M%fé L,T—W“o) £#E&. (b)(c) PtFO-CuUFs5 3 ffnaa
SEM R U TEM &, (d) PtFO-PtF5 &5 %D SEM 4.

L\fnw.‘ﬁﬁa%ﬁ EROREAMICEREAENR2YXSGLTHY. 18 1.3 nmx 1.4 nmBEifL
—ARDEBENLALEBENEFEL TS, CUFO-CuF5 ##EERTIIERAAUBIZHLRA
E%Z'I’.iLE’VFEE{’EFﬁ?b\@JL\'C}oU Fonf-ttREROEFERERUMRRLYFDREEERITHE.
EEBEETHTMIC ﬁaaﬁﬁéﬁﬂéa“é_tb\'\b\of_(aot% 107 sem™), (%, FR 5
LI-B$AD40 7Vt AN, BEF 10 Scm O FBFEME R T IEND, HEERIIZEY
ERERARZEHIETHIILET. SWMcERERT RER T/ TN REREZBET,
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SEARDERPICHITAR R IEEH#S \%(/7'Z|*
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% 2 (CuoF)UTF T, LAG27 FRBFH X 4. CuF5 DFMN -, FH metal-mI2kD
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"”'hf

136



EF/ DA —FRKT 5121 THL AR FEBGLED -1 (arene-perfluoroarene) & Ui A 4
&M metal-m MAEERIZKYRK 32wttt DT A E AT HIENT Mo (R4), T . N
VEY 6 LEASBARD T ANBEEFMICEAND L, HEEKR1 2 FITHLT, 09 F(CuoF2)<2 &
F (CuopF3). 2 7 F(CuF4)<3 #F(CUuFS) DR EUARYRAEN-FERNEON. TVRE
B CTHYAABENBIR S 52 &, £z metal-m HEERANREDLZEN DM o1, Bl
[Z7=Y—IL 7 L EFEERIZ05 F(CuoF2)<2 53 F (CuopF3) . 2 53F(CuF4). 2 53F(CuF5)h’
BEIN. FERBENSTVREBRBNZGDILETY—ILOBERAFFDICELT HFLLY
WEMNRLNTZ(E5), ¥ LY 8LRBHDBENEZR SN, 09 F(CuoF2)<1 5 F(CuopF3).
15 F(CuF4)<4 5F(CuFs)ETVREBEMBMITIKTFL T =, YA XD KREL THAA> LITIAD
(SEMTELWLWALFLY 9 Tl 09 F(CuoF2), 04 F(CuF4)<2 #F(CuopF3).2 ¥
(CuFS)DEEMNRELN (K 6), TRIAFILAUEL 10 TlE. 04 F(CuoF2), 04 F(CuF4) 0
2F (CuopF3) <2 HF(CuUFS)DEENARLN., COIGETELIVEEBRRULE DR FEH
FELESANAETHAIEFHLMNIILEz, ZDEIH., MG TVEERODREZERY
[CEASMZL=8REFIEHL, TvREERT BT THLL D FEIEMHOMEREZR L (R
XHER), AMEREEZTIC. SRIEERICT AN EAET5-OICELIBEEBREFRIT A
DTN YE T —RAEEROBEREITI,

5 7=Y—IJL 1 &#EYiAAT(a) CuopF3. 5 ALFL 9 #EYiAAT(a)CuopF3,
(b) CuF4, (c) CuF5 D& RiEE (b) CuF4, (c) CuF5 D& #&ik
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ELTH 10nmM B tmDIE, REBcmOREOEAMEROERITHL Iz, S5IZEE
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