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Amorphous Al»Os layers are widely used to activate catalysts in single-wall carbon nanotube (SWCNT)
growth. In this study, we carried out SWCNT growth by chemical vapor deposition (CVD) using Rh catalysts
deposited on Al>Os layers. Using Al>Oz layers prepared by various methods, we investigated the effects of
fabrication methods of Al>Os layers on activity of Rh catalysts and found that not only the particle sizes and
the inward diffusion but also the electronic states depend on the fabrication method of Al,Os layers.

Keywords. Single-walled carbon nanotube, Al>O3, Rh, UPS

TR ER

B —AR T/ Fa—7 (SWCNT) 1%, RWETBEIELGT L5 érbkitRo1L 7 b
=7 ZAEE LTOISHAB SN TWD, Fri, LS OERITHIZIHBW T SWCNT (EflE4T 5 7~
b, (ERLRE OIKE/ENLEEN TV D, KxilE, Fox D7 L—7 Tk Rh & iz v 72 b5 R
£ (CVD) LY, 300CLL T TOD SWCNT OERUZ P LT2[1], £ DEE, TE/LT 7 AD AlOs
5% Rh ik 1 OEFEIZ WD 2 & THEMREDININ A X 5 7=, — %1 AlOs FHRFIR I itk 1 %
EM LS, EREHEIMNCHRERH D Z DML TWD, @ ISERIEE 7000CLL ETHWS
52, ZHUzHE L, 600°CLL FOERWEEEIZHB VT AlLOs ISR E DO R 8 5 = & 23]
L7z, AR T, ALOsHFHEIZ X2 RhAEEDIEMALD A B = X MZOW TR D2, Bipd
FHETIERL L 72 ALOs iR |12 Rh fililit 2 fHEF S48 C SWCONT [l E %217V, EREotiks217-72, %
72, % AlLOs [E T, Rh filt it D Ri - A ALWEIEH, & HIZIXEFIRIBIC G 2 D B2~

EBR
ALOsEIZLL FO5@ Y OFHEIZ LY, FRLT-,
VAIEHZ—7 > MCHWEETE—24 (EB) AE0%, HARERL
QAIZE % —7 v MZHWEEBZAE R, KXH600C CLRFHEERL
(3) Al203% % — /7 v MZHWIZEBAKA
@Al X =77y MCHWE~ 73R b ARy ZREDH, HIRERL



BV AIZZ =5y MZHWe~ 7R ba v ANy Z7KEOE, KKH600°C TLRFHEE{L
EFiEE, KR THWOIHAER 1ITRT,

F1 T THEOERGE LK

KA OB | Ee bk W& PR
1 BT —2 (EB) | Al H SR (L (NO) [EB(AI)-NO]
2 #Te—24 (EB) | Al 4L, (Thermal Oxidation) [EB(AI)-TO]
3 E7 v —A (EB) | Al203 [EB(AI203)]
4 ANy B Al H X2 1k(NO) [SP(Al)-NO]
5 A8 A Al A2/l (Thermal Oxidation) [SP(AI)-TO]

RO FEE O TALOIREZ SIS FIZ/ERIL, & HIZEBZRFE T L Y Rhfifokr - 2 HEfE S
B HEMRICH L, =& 2 — A EREPFRICHV-CVDIEIZ XV 600°C CSWCNTIERLI A 1T -7, {ERLL
72-SWCNTIZ T ~ % t{ﬂlmk%ﬁﬁ%iﬁﬁfﬁ (SEM) BIZRIC X VFHh L7z, F7o, Mk 1A
R HMEF T (TEM) B2k v, filfi o AlOsHEIE N E ~ D TEBOK BE 2 X $OCE 40
(XPS) & J:é(’“éjiﬁ/%ﬁ%ﬁﬁu\fnﬂmto S 51T, BALOK FTORNbL D E - REEDE
WIS I ﬁ“ét&b, Rhfib it 2 7% 35 U 7= AlLOsffl%f L, SEAAER¥SRE v % —BL7ICB W THE
2R T (UPS) WIEZ4T - 7=,

R, BIV, BE .

SWCNT A Z1T o 7o &slBHI R L, SEM #5221 T >7-& 2 A, [EB(Al)-NOJ-Al0s [ =12 Rh fi
AR SE R TITAERDIIA LN o T, Fi2, T U HIEICBWTY, ZOEKD
I GNNY RE—7 BRIl o7-Z D, [EB(AI)-NOJ-AlOs 512 Rh filt it 2 fHFF X 1 7= FaAi
TIL SWCNT MAER L TWRWnEEZXBND, D AlLOslEZ AWK TIE, T~ AT L
IZBWNWT, GV RE—27 & RBM B — 27 03 A b4, SWCNT 234k L Tz, Fig.l IZ& ko 7
VAR MO, SUERICHKRT DT+ o E—2IZxTH G AN RE—Z5RED I (G/S L)
Z9, GISi tl: 372 SWCNT DA EIZHIG L TWAH EF X HILD Z L ovh, [SPAL)-NO]- Al,O3
B2 W25 S I AR E DN IR & 720, [EB(AL03)] AI@ﬂ%@iﬁj@ﬁx%@/ﬂt ZWER L7072,
TEM éﬁﬂ%‘:ﬁotk %, [SP(AI) NOJ- & [EB(AI203)]-Al03 iz I =34, 13 & A ED Rh kD
HEN 20 LLFTH - 7= DI2x%t L, [EB(AI)-TO]- Al,03 i & [SP(AI)-TO]- AlO3 5 & F V7= FEf Tl
L0 R&V A4 XD RhKIFDBHRONTZ, 725, [SPAI)-NO]- Al,Oz i & [EB(AI03)]-Al,O3 i |
TiX, e o~ A 7“l/~~‘/a NI &4, SWCNT AR Lizkhi A4 XL 2o TWn5hH 2
EMbhotz, £72, XPSHIEIZ L DIEES HHOGHNE, ED ALOsEIZEB W T, 600°C 1Nk
9% & Rh A AlLOs BENEICHERL L TV DA T3 7= 3, [SP(AI)-NOJ-AlLOs 5 | Rh fili 4
B OWNEIER DS I b D72 N2 EnbhoT-, LLEND, SWCNT AT L 72 EE 1~2nm @ Rh
itk - N R EATIT ISR B2 < FFET D728, [SP(A)-NO] Al,O3 % T SWCNT DA & A3 i KiZ
RBHZEBRH LN TR oT,

S BT, MBEOMEFIREBELT~L5720, AeHIx L UPSHIE 21T > 72, Fig. 22 hv=60eV T
WI7E %217 - 72[EB(AI)-TO] -Alo03 i & [EB(AI203)]-AlO3 FED Al & 1- 15 A7 M V&R, K AT |k
D Al Os D B DA E - H A7 by (K OERSGH) Z5 W TESZIY, RhoO 4d 55y (X
HOREIOMEE) 2K, 7=/ IMEAIZHT D Rh4d iy DA = R VX —DREEITo T2, &
TO AlLOs fEIZOWT, Rh 4d #ENOFSEZ XX —%2F L O7-b D% Fig. 3 IZR7, MnH
[SP(AI)-NOJ-Al,03 i @ Rh il D354, Rhad WML 7 = L IO T, ) 4.8eV ICIFTEL, b
7 )V JHERLIZUT <, [EB(AI205)]-AlO3 5 > Rh filiifk > 4d YEN 1T Z DIRIZ 7 = /b 2 YENITIT O
Fllootz, ULbnn, ki 79 4 XOWNEIEBICIN 2, AlOs BEOVERLIGIEIC X v il
WENER2D Z ERHL N E ST,

BUE, {EREIC otcsAlzosH%@ﬁ%ﬁ%ﬂﬁ%rﬁmaéc:omf, X SR & (XANES)
ELHIET Y 7Y A N —IEICE D W 217> T D, AlOs FEDfE S MECTH A BE MR BR 220N
EBYEHUC 52 5 BT DV TH 675 IZL, AlOs RIC X 2 TS LD A T = X L2 62N LT
WS FETH D,




G/Si ratio
o oo
H o o

v

é()\ «0\ 03\ ) «o\

N

M oY
\; WO P
LELSE

Fig. 1. G/S ratio of SWCNTs
grown on each AlO3 layer.
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Fig. 3. Binding energy of Rh 4d on
each Al.O3 layer.
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[EB(AI)+TO]-

and (b)

[EB(Al>03)]-Al03 layers. Red lines show the spectra of Rh
deposited Al>O3 layers and black ones shows only Al>O3 layers.

[1] T. Maruyama, A. Kozawa, T. Saida, S. Naritsuka, S. lijima, Carbon 116 (2017) 128.
[2] K. Hata, D. N. Futaba, K. Mizuno, T. Namai, M. Yumura, S. lijima, Science 306 (2004) 1362.

WHIER R ABR G BEEE~DIS A - BEIIZDWT

« ARHFFERFR D —EBI
[1] Hoshimitsu Kiribayashi, Takayuki Fujii, Takahiro Saida, Shigeya Naritsuka, Takahiro Maruyama: Effects
of Al,Os Type on Activity of Al>Os-Supported Rh Catalysts in Single-Walled Carbon Nanotubes Growth by

CVD, MRS Fall Meeting NM3.7.37, Boston, USA, November 27-December 2 (2016)

[2] Hoshimitsu Kiribayashi, Takayuki Fujii, Takahiro Saida, Shigeya Naritsuka, Takahiro Maruyama: Effects
of Al,Os Type on Activity of Al>Os-Supported Rh Catalysts in Single-Walled Carbon Nanotubes Growth by

CVD, MRS Advances, Published online: 16 January (2017) 1-7. (DOI: https://doi.org/10.1557/adv.2017.25)
ELTHERAB L, £72, 2017 EMFICHPEFAR IS TRARAZ TE L T\ 5,



