HARE: §EKE
~FH: 2013-01-08
F—7— K (Ja):
*—7—FK (En):
fERE: [EH, ~F3h
X=)LT7 FLR:
il

http://hdl.handle.net/10297/6975




KXc—19

FEZMREDRERX FREARERNE) ARAREESE
Rk 2 44 5 A3 1 HEUE

HPEEES : 1380 1

BAERER  RErgE (C)

FRZSHARST - 2009~2011

RS 21510113

EEEL (X)) ~I7RXXA b7 4 AD—DEREZDIEH

AR ERRER (FEX)  Fabrication of magnetite whiskers and their application
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WFFER R OB (3£30) : <110>-oriented single crystal magnetite whiskers 30 to 200 nm in
diameter were synthesized on a stainless steel plate by means of the combustion flame thermal
oxidation process. The whiskers were applied to spin-polarized electron field emitters at room
temperature. The growth technology developed in this project was also applied to the synthesis
of spinnable carbon nanotubes.

AR TERE
(BHEHAL - 1)
[ERES Y Rt & Bt

200 94E 1, 000, 000 300, 000 1, 300, 000
201 04E 900, 000 270, 000 1, 170, 000
201 14E 700, 000 210, 000 910, 000

AP

RS
gt 2, 600, 000 780, 000 3, 380, 000

T2y 8« # A E g
Bt onE - B+ - ~A7af% FIOME TR YA R
X—TU— R F O REREM B, ~ 73X H2 A N, AV UARWET, CVD Ak, h—RrF ) Fa—F

1. WFZEBIAE Y D =

2005 FEITABFRANESR DIZL > THIH TH
HEEINTHR RO~ T REA N T 4 A
FH—1%. B 20nm A5 200nm, £ S 100
pm PLEOEFES T 1), BREERZ W T
KA T ICRE fTEE, SRR OBRLIZ X
S TRET 272D R EZEE,
- MER I D . SRR Ty de i
DHE—XEEZ AT 5. bR FEE DR
BET D, LWL ENRH D, LrLRN 135 254 R H—




LIDOYITREA NT 4 AT —HEOHE
B LM TR, ZoMfE & Lttt
& ORI Tl o T,

2. WO B
BEOREBAFBILIZ L > TELNDLARFTIED
~ TR EA N4 AT —DOfEE L REE
EDORBRAEH SN L, R bR E ) fiFflil
BLOERMHA 2 EAFMRE TR E LT
DORBEZE BT 5 Z &N LY OHFZER KT
ol

3. Wik

(D=7 REA ST 4 AT —DIERL

RBER 2B & LT-20C V DRI K 0§k
W~ 73R8 A4 MU 4 AT — 2R SE
Too AEBME RS, FHiAE T B,
EARRET. E D X TR oNIc L0 s & g
Briv=,

(2) AL IR 3B 57 fiF

VT REA N 4 AT —m BRI BT ER
SERETCINEFTICEIEL, ES4x1
0 °Pa, IR 3 5 0°COKFETEIT LEEFEXK
H~7 x4 A Fe Lz, ZOEBREHBUVEIC
ik L TE bR E A RIERKE T 100%FEHEH
L7z, TNEBHIRIET3 5 0CT 1 HFELR
FLERIZE L,

(3) BB 2 & AR E T

WA A B — AN TEEEIC L > T, 2iCV
DIETER LI~ 7 22 A N 4 A —%
PRI D 1AL, # v T AT i
Sec s L7-, 2 oRB o deig s b Ezeh
B EHENDET DA ARARE % Mott
HCELA R & iR B 2 i CRHAI L 7=,

DA AREZR T —TR T ) F 2—T DIERR

YT XL A NT 4 AT — OB TH
TR HEARSRAREE 2 W2 B C V DIEIS
Ko —RrF ) Fa—T7EICEH LT,

4. WFFERE

(D=7 REA N 4 AT —DIERL
EIAMEATORER, K~ 24 A4 b T 4 AT —
IE<110> FAClE L HEAERTHY . N
ERICHRIE S L < IEfEdm X E A LT D
T ENbhotn, EBIT, EHE ORTiE
EHOEHENREL ., Tl CBRBREN G
Wy U AT — IS s B AR S
RN LD R, BERE T
<L MOBRTEETIZRVWLEHISN D,

(2) AL IR 3 57 fiF

BRI~ TR EA N 4 A —% T
35 0CT  @bRE 100%%HHA LIz =
A1 2. 5%D FbREDIRFE BRIy

fiE S iic, ZONMRIERE, Uik~ R1 4 A
N7 4 AT —% 400 CTKETE L&
A, LT IRFEIRT EKFEEDRIGTA
BUTAPRETHZ LR LT,

(3) BHRILHI R v A7 e -7
<10>FE M~ 7 R Z A N7 4 AT —Seb0
HEIRT, K1 5%DAE U RiBEROE
Nl HENDZ &, SEMER S & H LIS
BWTHRME - EFERLICLETHD Z
LR LT,

W HRTTREZR — AR T ) F 2 — 7 OERk
BEFT OemBRELN, =R+ /) Fa—
TNRERSTMEHSZELNTE RS
DI L T, CNTOREZELKEY A
B Ko T 5 2 LT Bl D
C N TG S el 2R Y . HIRDO K &
WCNTHEBIOMASI S HT Z & &2 A6
L7z

5. FeRERLE
(BFgEfFeE . WFFE o K ONEEEAF TR 1
=)

(ERERm 30 (FE 8 1)

@ S. Nagai, K. Hata, M. Okada, H. Mimura,
“Observation of Rotation of
Spin-Polarization ~ with  the  Verwey
Transition at a Surfaceof a <110>-Oriented
Magnetite  Whisker by  Field-Emitted
Electron Polarimetry”, E-J. Surf. Sci.
Nanotech, ##Fif7. Vol.9, 2011, 322-325

@ H. Sakakibara, S. Nagai, K. Hata, M. Okada,
H. Mimura, “High-resolution energy
measurement of field-emitted electrons
from a single crystalline magnetite whisker”,
Ultramicroscopy, #E#cfi. Vol.111, 2011,
404-408

® Y. Inoue, M. Okada, A. Ghemes,S.
Sakakibara, H. Mimura, ” Anisotropic
carbon nanotube papers fabricated from
multiwalled carbon nanotube webs”,
Carbon, ##if. Vol.49, 2011, 2437-2443

@ Shigekazu Nagai, Koichi Hata, Morihiro
Okada and Hidenori Mimura, “Temperature
and Emission Current Dependence on Spin
Polarization of Field-Emitted Electrons
from (110)-Oriented Magnetite Whisker”,
e-Journal of Surface Science and
Nanotechnology . 2t #tf . Vol.8, 2010,
321-324

® Shigekazu Nagai, Koichi Hata, Morihiro
Okada and Hidenori Mimura, “Verwey
transition in field-emitted electrons from
single <110>-oriented magnetite whisker”,
Journal of Vacuum Science & Technology B.




(52

@

#HA . Vol. 28,2010, C2A24-C2A27
Morihiro Okada, Yoichiro Neo, Hidenori
Mimura, Shigekazu Nagai and Koichi Hata,
“Fabrication of spin-polarized electron
emitter  with  single  <110>-oriented
magnetite whisker”, Journal of Vacuum
Science & Technology B, ##:47. Vol.28,
2010, C2C26-C2C30
Shigekazu Nagai, Koichi Hata, Morihiro
Okada and Hidenori Mimura, “Verwey
Transition in Spin Polarization of Field
-Emitted Electrons from <110>-Oriented
Single Crystal Magnetite Whisker”, Applied
Surface Science, #r#Hifi. Vol.256, 2009,
1058-1060
Morihiro Okada, Yoichiro Neo, Shigekazu
Nagai, Koichi Hata, and Hidenori Mimura,
“Fabrication of a Spin-Polarized Electron
Source with a Single”, Japanese Journal of
Applied Physics, ##ifr. Vol.48, 2009,
06FEQ7-1—06FE07-5
&) Gr1 9
M. Enomoto, A. Ghemes, M. Okada, H.
Mimura, Y. Inoue, “Electrical Properties of
Spun MWCNT Fibers”, 2011 Materials
Research Society’s Fall Meeting, 201 1
41 1 H 3 0 H, Hynes Convention Center
RA MY CKE)

Y. Inagaki, M. Okada, H. Mimura, Y. Inoue,
“Pulsed Thermionic Electron Emission from
CNT Fiber”, 2011 Materials Research
Society’s Fall Meeting, 201 141143

0 H, Hynes Convention Center KR =& k>
CKE)
Y. Minami, M. Okada, H. Mimura, Y.

Inoue, ” Strong Multi-Walled CNT Fibers
Improved by Post Spin Processes”, 2011
Materials Research Society’s Fall Meeting,
201141 1H429H,Hynes Convention
Center ARZ k> CKE)
Y. Suzuki, M. Okada, H. Mimura, Y. Inoue,
“Growth of Spinnable Carbon Nanotube
Array by Chloride Madiated CVD Mathod”,
2011 Materials Research Society’s Fall
Meeting, 201 141 1 A 2 8 A, Hynes
Convention Center HA k2 CKEH)
K HEE—, B —, [ HTIL, =
“VTAp=2 =T REA NU L AT—InDHDE
RGBT O 2 & ARMREE, 55 52 [0 B2
%Té@ S, 2011411017
FEBERT R
ﬂ<# Be—, Al R, M i, ME SFL,
=K ﬁ;ﬁi, 30a IM-5 BRIGHE T A 5
IR B~ 7 X Z A4 MU 4 AT —
?\%ﬁ“(@ Verwey ERREN. 7 2RISHEY
PGS, 201 148 H30H,
B RY: (ILE)

S. Nagai, K. Hata, M. Okada, H. Mimura,
“Rotation of spin-polarization due to the
Verwey transition at a surface of a <110>-
oriented magnetite whisker observed by
field-emitted electrons polarimetry”, 24th
International  Vacuum  Nanoelectronics
Conference, 2 01 14 7 H 2 2 H,
Bergische Universitat 7 >~ L &1 (KA
)
K. Hata, H. Sakakibara, S. Nagai, T. Iwata,
M.Okada, H. Mimura, “Energy distributions
of field-emitted electrons from
<110>-oriented magnetite whisker”, 24th
International  Vacuum  Nanoelectronics
Conference, 2 01 14 7 H 2 1 H,
Bergische Universitat 7"~ L2 )L ( KA
)
H. Sakakibara, S. Nagai, K. Hata, T. Iwata,
M. Okada, H. Mimura, “High-resolution
Energy Measurement of Field-emitted
Electrons from a Single Crystalline
Magnetite Whisker”, 8th Atomic Level
Characterizations for New Materials and
devices, 201 145 H 2 4 H, Olympic
Parktel > w7/ (KiER[E)
S. Nagai, K. Hata, M. Okada, H. Mimura,
“Observations of Rotation of
Spin-polarization ~ with  the  Verwey
Transition at a Surface of a (110)-oriented
Magnetite  Whisker with Field-emitted
Electrons Polarimetry”, 8th Atomic Level
Characterizations for New Materials and
devices, 20 1 145 H 2 3 A, Olympic
Parktel ~ 71 (KugE[E)
i REE, kI w—, M WE—, EH E
x, FH SFIA, =& FHM, “14a-ZW-5 <
7‘?\574 N AT =D OB EF
O ERR T XL X — M7, 7 1 [ES
%%ﬁ EFHIES, 20104 9A14
A, BERY (Kik)
ORsE, BNAL, ARFERZ, “8%7T/
A Y —DRESRMEEIERE” , B 7 1EIG
AYEyayiingiis, 201049814
H, RiGRY (KiR)
B, ﬁ*ﬁ%’a‘% DARFHE—, “~ T %X
ARF I TAY—ITLD CO, 0 RA T =R I
DRES” , £B71 @mﬂ%%ﬁ & AR A
£, 2010498 14H, BIFKE (B
S. Nagai, H. Sakakibara, K. Hata, M.Okada,
H. Mimura, “Measurement of z-direction
component of electron spins field-emitted
from a single-crystal magnetite whisker”,
52nd  International ~ Field  Emission
Symposium, 2010 4= 7 A 8 H, Crowne
Plaza Coogee Beach ¥ R=—(F—2A& K
ZU7)

OHEIE, “flfiE 304~/ RHFA N F I UAY



— ARG L RE” , 55 3Bl H AT
HMOB LA S, 200941001
9H, mR=fE (AR

BEBJE,  “filli 305 ~ 7 R4 A T
AX—IT LD C02 53fFA T =X LDORF
%5 3 [a HAPINSEM B L SR,
200941001 9H, TRkEM GIHE)

@ Morihiro Okada, Yoichiro Neo, Hidenori
Mimura, Shigekazu Nagai and Koichi Hata,
“Fabrication of a Spin-Polarized Electron
Emitter with <110>-Oriented Magnetite
Whisker”,  The 36" International
Symposium on Compound Semiconductors,
2009 4= 8 H 30 H, UCSB Santa Barbara
CKE)

Morihiro Okada, Yoichiro Neo, Hidenori
Mimura, Shigekazu Nagai and Koichi Hata.
“Fabrication and Emission Characteristics
for a Single Magnetite Whisker”, 22nd
International  Vacuum  Nanoelectronics
Conference, 20094 7 H 22 H, 77 hv
TR (FrlE)

Shigekazu Nagai, Koichi Hata, Morihiro
Okada and Hidenori Mimura, “Verwey
Transition in Field-Emitted Electrons from
<110>-Oriented Magnetite Whisker”, 22nd
International  Vacuum  Nanoelectronics
Conference, 2009 4 7 H 23 H, 77 b
TR (FrlE)

(XEF) GO )

(PEZETY PEHE)
ORI (G2 1)

L BT

T M. kIR . PSR
HERIZE « ESLRTFEN —HEHKRT
FHYE : HFeF

F5  HHE 2010-041949
HEEEHR : 2282H26H
EINS D5 - [EN

4 ¥ . Process and Apparatus for Producing
Carbon Nanotube, Carbon Nanotube Fiber, and
the Like.

F$HHZ : Yoku Inoue, Morihiro Okada

He F| # : National University Corporation
Shizuoka University

FE¥H : Patent Application

%5 2 US 2011/0008240 Al

HiFE4EH B @ Pub. Date: Jan. 13, 2011
EWNs DRI st KIE

OBAIRIL (F0 )

Py i
LR
MR
FHYE -
g
BSFEA A
EINS DR -

(& Dfth)
R B— U

http://www.rie.shizuoka.ac.jp/
http://www.nvrc.rie.shizuoka.ac.jp/vision-i/
http://cnt.eng.shizuoka.ac.jp/index-j.html

http://www?2.chem.umd.edu/groups/wang/
6. HWF7EHH

(D) WF7EIRFEE

[ <F5L (OKADA MORIHIRO)

HRE R« BT LEZERT - 2%
W9 F 5 1 70373785

(2) Wrge sz

RE  B5—BEE (NEO YOICHIRO)
Frld K - B LSPFERT - R
FgeE 35 1 50312674

) Wrgeth /1

=& FHI (MIMURA HIDENORI)
FRIE RS - BT ToRAR5EAT - 2%
W98 %5 © 90144055

H I 3 (INOUE YOKU)
B KT - TS - UEHRE
WFgeE 35 1 90324334

M ¥E—  (HATA KOICH)
ZHERT - KRFBE LR - Bz
WFgeE 25 1 30228465

&I B— (NAGAT SHIGEKAZU)
ZERT - KRFBR L F5ER - Bz
WFgeE 35 + 40577970

DARFT fE— (KUBOMURA KENJI)
BIR TR« T4 - 2%
WFgeE 35 1 70308576



