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Development of In-situ Raman spectroscopy methods
for continuous synthesis of high-quality CNTs by floating catalyst vapor growth method
FEAME!, FREL?2COHE B, &Hx fIE? 8 L)LY #HA F—!
Univ. of Tsukuba?!, Sumitomo Electric Industries, Ltd.?,
°Yoshiaki Shingaki?, Toshihiko Fujimori®?, Samuel Jeong?, Jun-ichi Fujita*
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BEIFFSHTWD, EAMET 2ICTEGENORERZR CNT Z KEIZART 20BN H Y | 7l
BEAL P 5SARRCRVE(FCCVD 1£)28 CNT Z e iIC G T 2 FiEE LTI ST D, Lo,
FCCVD 1% TIFRBHMEE DR EERCF v U 7 W AR EIR E DB/ T A —F —IT K-> T CNT DE
RINENRKRE L LA SND T2, EEHENREL e > TWbH, £ 2 TARBIZE TIX, FCCVD IEIC
OB EAIHFN CNT OB Z | AR ICE DR CRHMEiT 5 7~ v o eBili & g Lz, £
7o BRSO ZAE S CNT dnEIC 52 2528 U 7V 2 A L TRIZLL CNT BliR A 0 = A 4
fil B 22 5T T o AN CNT e A PERF DB SR Z ) TV 2 A L TT 4 — Ry Z il T 5 F
BEE L THIRF SN D,

FCCVD EIZ L % CNT Auld i FR & LTy /) —LiElE %2 CNT slEHfiliE e L <7z nt
> % V1000 COEXIF CTITo72, MFACNT OT7~ 2 AT MAERET D700, AFIFE T
PREBIZ AL & LT 532 nm & L—H—Z MG Lz, INTFHR DN EMATOED & TR
I CNT 226D A b — 27 AEELE & BUS L 7= (Fig. 1), Fig. 2 I N NAERE DR 5 — O D
B E2FAL CNT A LIZBRICHE LT T~ 227 hvAsRd, £9°, 1590 cmticRAbh 5
E'— 71X CNT O AN BB EICEIK T 5 G-band TH Y | RAICNT KD T~ AT b &L b
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Fig. 1 In-situ Raman spectroscopy system of flying CNTs Fig. 2 Raman spectra of flying CNTs
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Random network formation of carbon nanotubes suspended
between nano-pillars via kite-growth mechanism

Osaka Univ. !, °Yuanjia Liu !, Taiki Inoue !, Yoshihiro Kobayashi !
E-mail: liu.y@ap.eng.osaka-u.ac.jp

Carbon nanotube (CNT) networks have garnered considerable attention for their exceptional
electronic properties. The self-assembly of CNT networks presents promising prospects for artificial
neural networks, especially for physical reservoirs reliant on random networks [1]. Dai et al. have
previously demonstrated extensive CNT networks using chemical vapor deposition (CVD) techniques
[2], indicating controable fabrication potential. Additionally, kite-growth [3,4] is effective to elongate
the CNT array length suspended in the network [5], further propelling CNT networks in electronics.
This study aims to explore the fabrication of CNT random networks connecting between nano-pillars
with assistance of the kite growth process. By optimizing the pillar spacing on quartz substrates, we
achieve a balance between longer CNT spans driven by kite growth and shorter CNT spans resulting
from capture by closely spaced pillars. This approach streamlines synthesis while enhancing the
structural and electronic properties of the CNT networks.

The CNT networks were synthesized at 930°C via kite-growth mechanism, utilizing FeCls as the
catalyst precursor and ethanol as the carbon source. Figure 1 shows the resulting CNT networks on the
quartz substrate with pillars. A primary electron energy of 5 keV in scanning electron microscope (SEM)
was selected for enhanced visualization of bridging CNTs. At lower primary electron energies, the CNTs
on the substrate surface become very bright due to the influence of electron beam-induced current [6],
which interferes with observation. According to the kite growth mechanism, the convection effect
caused by the vertical temperature gradient lifts the CNTs on the pillars. Then, horizontal laminar flow
carries and aligns the growing CNTs. However, if the pillars are close enough, this can cause pertubation
of gas flow, leading to CNT oscillation. These pillars provide attachment points for the nearby oscillating
CNTs. Once in contact, van der Waals forces capture the CNTs, causing them to form bridging structures
regardless of the gas flow direction. Other CNTs that are not captured continue to follow the kite growth
mechanism, forming bridges along the gas flow direction. The length of the bridging structures depends
on the spacing between the pillars. If the spacing increases, the likelihood of CNTs being captured by
closely pillars decreases, making it harder for bridging CNTs longer than 10 um to form. On the other
hand, CNTs along the gas flow direction can still span much longer distances, such as 50 um or more,
as determined by the kite growth mechanism. By designing specific pillar spacings, CNT networks with
different structures can be easily achieved. This work paves the way for the application of random CNT
networks in the field of artificial intelligence, particularly in serving as physical reservoirs.
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Fig.1 SEM images of CNT networks taken under different viewing angles. (a) Oblique View. (b) Top
View. The white arrows indicate the direction of gas flow. Note that the black lines represent CNTs
attached to the substrate, while the white lines depict bridging CNTs.
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Co & Ir %AV REEREICLPERBH—RUF/ Fa—TRE

Liquid-phase synthesis of SWCNTs with Co and Ir catalysts
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OSfuilr B
Meijo Univ. !, Meijo Nanomaterial Res. Center 2, Univ. of Hyogo®
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[1] H. Gamo et al. Jpn. J. Appl. Phys. 46 (2007) 6339.

Fig. 1 (a) RBM region and (b) the high
frequency region of Raman spectra of SWCNTs

[2] K. Yamagiwa et al. Carbon 98 (2016) 225. grown at 700°C by LPS with Co catalysts. (c)
[3] T. Maruyama et al. Appl. Surf. Sci. 509(2020) 145340. TEM image of SWCNTSs grown at 700°Cby LPS
[4] T. Maruyama et al. in press, J. Nanoparticle Res. with Co catalysts deposited by 4 DPN.
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CNT &RIZ& 1+ 5 Fe il Fai~D Y BR
Effects of Y on Fe catalyst lifetime in carbon nanotube growth
BREABET !, TEK2OLI7A 7 —as ), LEESE? $HEZ, FLE!
Shizuoka University !, Kindai University 2, °Le Huy Khuong Duy !, Hisashi Sugime 2,
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[#2] CNT (carbon nanotube) J%EIEFEIZIUNT Fe fillfiikAEIZEIANIC AL L TRV, K &
HATRE 1) B ORREfE 7 [ ~JER T 5, e ) ki r 2 BRI S Z L3 L <, 5 —E
REEIRGE T 5 & AR ISR A3 ONT R I3E Ik 32, ZhE ¢, MR HEM I, B o
WARF T AT T — (AG) BREWVGI PHERDIREAET L NG SN THD[1], &
FZETIE, Gd L0 b KERAG ZFFD Y O Fe fiitFH iy B WL R 2~ 7=,

[3=Bx] Sitk bicx 3y %Y 72k Y Si0, (20nm), AlLO; (3nm). Y (0.24nm) ., Fe (2.0nm)
LTz, CHy, ZIRFRE L, —/b R AFERASERE (CVD 15) C© CNT 28/ L7,
Fo, REREDTZDH0 L7t OE[REXY VT HAAr & EBITHE LT,

[FHRLEZ]  Figl |2 CNT OERE & CNT 7+ L 2 FEOBMERZRT, Y @A L T, i
Rl 2 R TIFIE LR 13 0.5mm ThoTo, —F, YEZEA LGS, ONT iR (T 6 FFH
FEEEKRE L. RS IX4mm ([Z#E Lz, 2D ORERN S Y EOBE AT S0 il i O R HUE
RN H D Lo To, EHICH0 a2 & BEIE 9 FERIFREEMEGE L R &13 9.5mm |25
L7z, HO IZZ 7 = ot v 246 LA, ONT i 18 FEfAE L 13.8mm & 72 > 72, Fig2 |2
Y EHO K7 a8 ALTAMLE CNT 74 VA MR, LEXED | Y BEAKRD
H,O, Fe RIRFAG AR E ORI ZEICH ST 2 Z LvbnroTz,

[2#%c#k]  [1] H. Sugime et al. Carbon 172, 772-780 (2021).
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Fig.1 Growth profiles of the CNT forests without Y, ) i = e
with Y, with Y and H-O, with Y and H,O and Fig.2 CNT forests grown (a) with a Y layer and
ferrocene. H>O, (b) with Y, H>O and ferrocene.
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Analysis of dissociation process of ethanol on Co catalysts
supported on Al2O3 and SiO: by in situ DRIFTS measurement
ZWARBL, &WKRT /<782 O/ R, FH K2, AL EE2
Meijo Univ. !, Meijo Nanomaterial Res. Center 2, °Yukiya Koyama!, Takahiro Saida'?2,
Takahiro Maruyama'-
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—HIZHWBD CVD IEIZIS T ONT AR OflF i C OJFURMAT A 53 iR R 4 IE R~ 7o)
BITIFEALERD, Bx DT NV—T T, ZOGIEB 7 — U =8/ 55 (DRIFTS) HIE
WZHEH L, 72—/ CVD {EIZE1T 5 CNT pkRIRFD Co filtit & Tr il ihER7 2% i C O W AR
ICDOWTHIRTWA, BRI FESTIE, ALOs & SiO IZHEFX L7~ Co it Ir filli T
OYRIETE 2 A U7 [1], ABFZETIE. ALOs & SiO: (ZHEF 7= Co filifi ECT ot ERM DR
FEARAF D 3T 24TV, 0 fRARIE D ik 21T - 7=,

EBRF %

FEfE =)L N IAKFI# % y-AlOs, SiO2 MyRIZENEIVRS L, HiRk LT Co Al me b ok
RICHEF S 23R 2 /B L, DRIFTS JIEICHV V2, F2H D729, y-ALOs, SiO2 MyK DA
OFES [FARIZVERL L DRIFTS JIE AW, 30EHE 300°C 225 700°C £ CTOIRFEHFAT 100°0C 2
EVWZHEZE T2, HEIREE CHIR L7242, =% 7 — /LT A% SPafitfa L. 10 77 ONT k%
ZiTo72, ZOM. 1432 &2 DRIFTS HIE #17\, HIKIC K D1V & bl L7=, CNT E% D
BT, T~ o0, XPS, TEMBZE 2 W TRl 21T - 7=,

FERLEEE
1(a). (b)IZ 300°CH 5 700°CDOEIREIZIS T
% Co/AlLO3 & Co/SiO2 D DRIFTS A2 hL%
F72. K 1(c). (d)IZ 700°C TD DRIFT HIEH Dk
B> TEM 4 7~7, Co/ALOs DA, BIRFEIC
BT 1576 & 1447 cn! 1 acetate (2 LAWY B —
7 NI BT DIZH L, ColSiOx DA 13 500°CLL
T 1750 em! (T acetaldehyde KD =27 36 o
Niz, ZNENORBHIIBWT, HHERDOY =
— 7 MBI IV LTRY, FRIAERY e
LY ) = NDOGRHENREIZ LV EDS S e
L BbinoTz, e e
TO0CCO) DRIFT WEGDRIZILT 2 sy (it el wensl o e o
HMEEAT T8 25 Gband E—ZAHEHEL. 00 for@ ColAbo, and @) Corsion
F7- TEM B H CNT R EL THD Z &R
R CcE e (K1), (d). BAEMND, ONT BRIZBWT, Co il L Co =% 7 — )LDy fiits
E AR DB HEEHRICH WD SRR L Y B2 Z ERBH LN E RS T,

AR
ARBFTED—EBIIRNIRFIIET T T 4 v THEHE, BWMKRFT ) ~T VT et 2 —, BX
OXRE~T VTN b —TF A 7 THE (FRFNTERT) O3RZ%=21T TT- 7,

2% Ik
(1] /NLAERRA 26 71 BUSH P SF 2R ES 22p-P07-1 (2024).
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Thermal defect healing of various kinds of single-walled carbon nanotubes
in reactive environment
°Man Shen, Taiki Inoue, Yoshihiro Kobayashi
Department of Applied Physics, Osaka University, Osaka 565-0871, Japan

E-mail: shen.m@ap.eng.osaka-u.ac.jp

[Introduction] The extremely outstanding properties of single-walled carbon nanotubes (SWCNTs) have
attracted broad and extensive research interest since the discovery of them. However, the performances of
as-synthesized SWCNTs are usually lower than our expectations because of the defects. To extract full
potential of SWCNTs, defect healing is highly demanded. In the past research, we had achieved the defect
healing at relatively low temperature on our as-synthesized SWCNTs from nanodiamond (ND) with the
assistance of CoH,, CO; and the combination of CoH» and CO; [1-3]. However, the amount of the SWCNTs
grown on the substrate is too small. For practical applications, large-scale repair experiments are necessary.
Here we employ our defect healing methods on super-growth CNTs (SG-CNT) which is a kind of commercial
SWCNTs and compare the healing effect on different types of SWCNTs, including SG-CNTs and as-
synthesized SWCNTs from ND (ND-CNTs). The results show that our defect healing methods, when applied
to SG-CNTs, has completely different effects than ND-CNTs, which provides new experimental evidence for
studying the defect healing mechanism of SWCNTs.

[Experiment] SG-CNTs powder (ZEONANO®SG101) with average diameter around 3—5 nm, /g/Ip around
2.5 was purchased from Zeon Nano Technology Co., Ltd and used with no further treatment [4]. ND-CNTs
with diameter 1-2 nm, /c/Ip around 9 were grown from ND on Si substrate [1-3]. As shown in Fig. 1 (a), in
two-stage defect healing, SG-CNTs were firstly heated in 0.5% CO» under 950 °C for 1 min, then heated in
0.4% C,H; for 60 min at 1000 °C and repeat. As comparison, SG-CNTs were also heated in 0.5 % CO at
950 °C for 1 min. Defects in CNTs were analyzed by Raman spectroscopy based on the intensity ratio of the
G-band to the D-band Ig/Ip with an excitation wavelength Acx of 633 nm. Thermogravimetric analysis (TGA)
with sample mass ranged from 0.5-1.5 mg was carried out with 200 sccm air flowing using a heating rate of
5 °C/min from room temperature to 800 °C.

[Result and discussion] Fig. 1 (b) shows the TGA of SG-CNTs after different heat treatments. The peak
temperatures (7peak) in the derivative thermogravimetric (DTG) can be used to analyze the oxidation stability
and quality of the CNTs. Generally, the higher Tpeax, the higher the quality of the CNTs. From Fig. 1(b), we
can see that after heat treatment in CO; and after the first two-stage defect healing, the T,eac decreased,
indicating that the quality of SG-CNTs decreased after heat treatment in CO; and the first two-stage defect
healing, implying an increase in impurity and defect content. However, when the sample, which had already
undergone the first two-stage defect healing, was healed again, the Tpeak increased and became higher than
that of pristine SG-CNTs. This indicates that the second two-stage defect healing improved the quality of
SG-CNTs, reducing the impurity and defect content. This is different from the results we previously obtained
from ND-CNTs [2,3]. Fig. 1 (¢), (d) compares the changes in the Ic/Ip of ND-CNTs, the Ig/Ip of SG-CNTs,
the Theak of SG-CNTs as the number of defect healing increases. The different diameters of ND-CNTs and
SG-CNTs may be the reason for the different result, since small diameter SWCNTs are usually more sensitive
and active than large diameter SWCNTs.

[References]

[1] M. Wang et al., Appl. Phys. Express 16, 015002 (2023). [2] M. Shen et al., 65th FNTG, 2P-9 (2023).
[3]M. Shen et al., 71st JSAP Spring Meeting, 22p-PO7-11 (2024). [4] K. Hata et al., Science 306,1362 (2004).
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Fig.1 (a) Temperature-time schematic diagram of two-stage defect healing. (b) TGA of SG-CNTs after
different heat treatments. Inset: DTG of SG-CNTs after different heat treatment respectively. (¢c) Changes
in Ig/Ip of ND-CNTs (above graph). (d) Changes in /6/Ip of SG-CNTs (bottom, left, black axis) and Tpeax
of SG-CNTs (bottom, right, blue axis).
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SIM-TERS [Tk B BEH—FRUF/ Fa—TD
G/ FREEDA FILADHEBEDEN
Analyze of correlation between chiral angle and G band intensity of single-walled
carbon nanotube by STM-TERS
BRRBEL ' RESEEE' BHEEN' BFEL4RAK'| WEE' REHF
Osaka Univ. !, °Takuma Hattori!, Seta Kento!, Taisei Haruna?, Akira Saito?, Yuji Kuwahara?,

E-mail: hattori@prec.eng.osaka-u.ac.jp

WG —R T ) F2—7(SWCNT)IL, 72 1 ey RESEICHKRT 2 S ESERET
YiE% 6>, SWCNT O&EZ L, A TR E LENL 777 =0F 73— FDOBE T DI
FWEoTERINTEY, ZOBXFIZL - TERBEEONY FXy v TR EOBE %
IS5 2 LA TE S, Raman 59GHIEIL. SWCNT O & HROE WML TGS 5 7- 012, &
<MBfEbTEY ., FilxiX, 200-250 cm™ 13T RBM E— K%, SWCNT O ORI, 1580
e HED G N2 RO, &R EE AT OB W BT 20 Lo L, 8% ¢ Raman
3 CINE Tl JEDBEHFERIUT K - TE DOZEM /3 FREDEL um FREEIZTHIR STz,

EA b RVEEN(STM) D ERE 2 AW 7o BREHE R 7 ~ » HGEL(TERS) 20 Gl E (STM-TERS) 3,
STM DJF 1/ fRFEBIZZIZ L B SWCNT D7 A T NMAEEOFRIE, OOT H, KKaOFHmIZNZ T,
TERS (2 X » TIREMEH A m 2R e TG T 5 2 LA TE 5, ZHETIZ, STM-TERS (ZX
V. SWCNT DOEFIRRESLKIMEZE nm OZE e T~ b LT & 2R3, UL, JEfofifne
LV THITE ATREZR STM ORI AEN SN TE LT 4 D SWCNT DO F A Z VAREIZ DWW T
i SN T I oTz, £ 2T AWFZETIL, STM & TERS % & % & F 72 SWCNT [TV TR,
B A Z RS L Raman 736, FFIC G /X2 ROIREE A ) 27— )L DZE 53 fRE CRRAT L 7=,

7T AT 7 A 3= LI T L7z SWCNT & &A% T, Gk L7c Au(111) 558k B4k S
2% Z LT, SWCNT & Au(111)FEARIZAHE ST, 1ADIZ STM OJR - fifEBEZRIc L v, £ 30
ARONERD SWCNT IZHOWTAATEE L TG L. NATEREDN E 020 A 7 & FFE
L7ze 2B SWCNT IZDWT TERS IEZATo72 L 2 A, G-/ RO L G+D/N ROFR
FELEDS, T A TIOVAD 15-20 FEAHETRE K220 30 EAHETIE, /hE< /D2 LW HEMITL
7 (Fig.1), ZOfERIL. I A TAARKENE XIT, GV G- o+

400

Chiral index
RO HRS 2 7 7/ EFREERD NS D1 200w

HEEZ LB, RICED, G-& Gy NORMEL & o e
T, SWCNT DA A F VAR A TE 5 2 EAVRBR E T, chiral index
[1] A. Jorio et al., Phil. Trans. R. Soc. Lond. A 362, 2311 (2004). 201 6

intensity (a.u.)

approach

retrac

[2] M. Liao et al., Nano Lett. 16, 4040(2016). Fig. 1 STM-TER spectra of (upper)
[3] S. Chaunchaiyakul et al., Carbon 99, 642 (2016). (6,5) and (lower) (6,4) SWCNT.
[4] J. Jiang et al., Phys. Rev. B 72 235408 (2005)
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BEA—ARUF/Far—TORRICHT HSHEFTIRHD
HE R R O Bl B i
One-by-one tracking of kinetic effects from multifunctional gas feedstock
on the growth of single-walled carbon nanotubes
RAI OXiZ BE, M2)E=® BEX, hll X
Univ. of Tokyo, Keigo Otsuka, Shunta Horisawa, Shigeo Maruyama

E-mail: otsuka@photon.t.u-tokyo.ac.jp

PR — R F ) Fa—7 (CNT) 1E, vV a bR TF v xR B L TOETE
BANEAET L], 731 AZBWTER 2R ECEROT VA EZIEHT 5720100 BED
PREINE RN EE2FRETH 0 Al 2 O CNT OEERE~DOBLAE £ > TV 5[2], IilrF 4 1%
AV —RIRBICTH AT X ) — LRI RB A AT A & & biC Mﬁi#%m*%m@%
SHEREZFFH Z & it&%@fﬂﬁﬁmﬂ7/zf&méM6_t%@b@CNT_ﬂbfﬁ%
L72[8l =& /— /& AH ) —)VDIRE T AT XU 8K CNT Zi8IRERK L7z & W 5 WS BI[4]
ZERUHICEE, —ROT V3 — I OWTHBE~D R FEMAG - BREFENOEEIL, S IO
ESC CNT OFE FHEE ~DIRTEEZ BfR T 5 Z & DB R G AN IZ R AR & B 2 5, RAFFET
X, CNT Bk DA & 7 — VIR IRFBMAG L — MO E RIS 2 2 8% 1 R LT,
AR - DT L 3 — Ly T - fREE T T R AR IC BT A T LA AL T 5,

T X )= EFEE LzER CNT O&RHIZ, Fig. 1la 2" 9 X D12 A ¥/ — V% IR EIZERM
L. [RNLARZ U o 7 FHEBNCS & - TR OFEFSER 2RI BHE L7z (Fig. 1b), A%/ —/L®
IR U T RENBET 27217 T<, CNTICL 2Tk #2) R LS ANED D 2
ERbhotz, =T, T~ AT R h CNT R 5 IR FBIFRFORIEZ 525 & (Fig. 1c) .
AL ) —=)VTRFEPRE LTHHEEEL TWAD Z &b nd, Figure 1be 72BN D 1HERE 25D
CNTIZOWTHEFHT D2 LT, AX ) — /T L DRBMAR L FRE L WY T 2 HERED BB
%, HEGRE T VB O AT IV TR L7z (Fig. 1d), AFEBTIL, )8 CNT & J4E(K CNT
DFEEETT 5 L & HIT, 2CH-13CH0H [S]°A Z v A BN T8 EIFE T+ 52 &
T, SR ETOT v a— oy OWE - fiRBEY 0 A kiR LTV <,

(@) % 3cm (c) S-CNT 1 (d,
4 | 5 7 5 i3 W
2 a0
o8RRI . g
ethanol Time E ﬁ 10
o c
(b) 100F o g £
—_ 3o 3= =
£ R — _Z 0.5
3 o 3 (=%
= s-CNT #2 / = . 3
& Sor / & SONTHL £ g 00
L] S 13C EtOH 2 Individual
E /g 5 scem (3 : Aygrage
~ 0 1 1 1-’C‘ Etof‘ . -0.5[{= Fitting 1 1
0 10 1500 1550 1600 0 2 4 6 8
T|me (min) Raman shift (cm™1) Methanol flow rate (sccm)

Figure 1 (a) Flow rate of methanol and ethanol during the growth of CNTs. (b) Representative growth
curves of semiconducting CNTs. (c) G-mode Raman spectra of the nanotube parts grown from isotopically
engineered methanol and ethanol. (d) Relative change of effective carbon supply rates and growth rates as a
function of methanol flow rates for many CNTs. Fitting is based on the kinetic model proposed in ref. [3].

[1] C. Qiu et al., Science 355, 271 (2017). [2] B. I. Yakobson et al., Sci. Adv. 8, eadd4627 (2022).
[3] K. Otsuka et al., ACS Nano 16, 5627 (2022). [4] L. Ding et al., Nano Lett. 9, 800 (2009).
[6] K& fh, 25 84 [ais FH B Pk F iRk 22, 22a-A306-2 (2023).
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F D15 XAFS HIFEIZ & 2 Ni fillilEm S D
BEA—ARVF/Fara—TBREA D =X LDOEH

Elucidation of growth mechanism of single-walled carbon nanotubes

from Ni catalysts by in situ XAFS measurement

BWKREI, FWKF/ <782 OKE ®th', #&F BE' FE BE". BUIE Zif,
Al B2
Meijo Univ.!, Meijo Nanomaterial Res. Center?
OShinya Mizuno', Shusaku Karasawa!, Takahiro Saida'2, Shigeya Naritsuka!,
Takahiro Maruyama'-?
E-mail: takamaru@meijo-u.ac.jp

XU I

HE D —R T/ F2—T7(SWCNDIL, HERMECTH 2 B3 EEHIEN e S Tnenizo,
FEAERHEA TR, HEEFIEOEBICIE, SWONT O A = X LAOFANEETH Y |
FDTDITIE, EFDOGRIEIZ LD SWCONT ARFFOMIEOIREZH LT 5 Z DM ETH D,
Fx TN ET, IBTEOFBETEOSI N TE ., SEEERE T CORIENATHEZ X BRI
PO E(XAFS)HEIZAE H L, SWCNT O ESRME T TOART » RHIEZ1TV Co filifitd
SWOCNT & DAL PIRIEZ TR C & 7=, AENEFE Ukt TH 5 Ni fillfi 2 Hv 7z SWCNT
R D2 DY XAFS JIE# 17, SWCNT IR IZIS 1T 5 Ni filliE O fiiOR 78 2 53471 L7z,

ERFIE

MEER = 7L « NAKF & TV R E MK L, IBRE - BERR L7 b O - IEL
TRy FE2ERL, XAFS HIEMAOREE Lz, AilkBl2 XAFS HIEHA E— LT 4 VICHRE S
7= CVD B/LNIZED ), %% U 7 A2 & LT Ar/Ha(3%)% 1000 scem B A LT 750C % TH-
BEIT-oT=D 5, At/Hy % No/CoHa(3%)ZHI D 2 CNT B 21T - 72, ZOMIC 1 53482 Ni K
WD XAFS I &#1T-7=, WEIZH VB 7 u hardtr Z—o BLIUS2 IZBW T 7=,
F£7-. CONT itk ikl %2 Raman, TEM % W TRl 24T - 7=,

EREEBE

XAFS HIE®Z OFRELD 7~ 3 HHlER L O
TEM BEZEOFER NS, SWCNT D RLE D R
iz, E1(a), OICHIEF B L CNTEREF D
XANES A7 FVZ79, Ni filfi i3 H5-06 B 46
725 450°C £ Tl NiO <° NiOOH (ZUTV VIREET H
SN, LV EIRICRD &I EILSE
Fx. NIALOSZITWARY RV DR E D & #
M. BEEEA LT Ni & Al BORES O o

xp [E]

xu [E]

RS- [1], F£7-. CNTHERIIG#% . ¥z 8330 8340 8350 8360 8370 8330 8340 8350 8360 8370

E vV
. NIALOS ISV E & 788 > C VN2 78, R Energy (V] nergy feV]
MR < 725 & Ni it 3 BrY KRB IS 1 (a) F-RBF D Ni K-XANES 2= 72 b L
Too M BIX &V BRI 2 B F 2 TR A AT (b) SWCNT i EH @ XANES 22 } L
VY, Co DGR & DR BT 9,

HEE

BIFTE DT BHFE A2 (B) 19H02563. &Ik KFF / ~TFT U T AR 24—, B
FOBE~T V) T b —F A 7 THEE (O TRERIFGEET) OXEE =T Tt 7=,

BE IR
[1] S. Yoshioka et al, J. Phys. Chem. C, 125, 5269 (2021).
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Ir BE O Co itz AW BB — R T ) Fa—THRRICBITS
Ny 77 RBIBEZDRROEN

Differences in the effects of buffer layers on single-walled carbon nanotube growth
with Ir and Co catalysts

AWRET, ZWKT /<72, SERSLKRER® CUA B!, FH BL Y,

FIL #E—3, B EIRY, L &R
Meijo Univ.!, Meijo Nanomaterial Res. Center?, Univ. of Hyogo®
© (M1) Mao Yotsumoto', Takahiro Saida'2, Yuichi Haruyama?, Shigeya Naritsuka',
Takahiro Maruyama'-
E-mail: takamaru@meijo-u.ac.jp

1. #=s

Y@ H—RF ) Fa—7 (SWONT) OFEENCIE, BBART /KT 2 M V723K
MR (CVD) IERIAS HWLN TS, oL, @R TSWCNT EZ1TH 720, LIZ LItk
BHERT - DUFEECF A FHAEDNRIN CTHBLITENIE Z o T L 9, £ 2 T, filflt & JEAR o B bt
HEBLE LTy 77 BEEATDHZ ENRRALNTND[L], FTxIXINET, Ir & Co &l
WCHWT, Bix 7283y 7 7 @8 A LT SWCNT f%E 21TV, /Ny 7 7 & L filiB DL A5 1T
X0 Bl ESRESC ONT RN LT 5 Z & 2 L C&72[2], ABFZE TIL, Si0y/Si F&
M LY ALOs, MgO D& /3 7 7 J& EIZHERE S 172 Ir 38 L OY Co filft 2 VT SWCNT ik E %
TV, Ny 7 7@ ONT OREHERICE 2 58 L Z DRI OV TR,

2. EBRFHE

Si0x/Si FMKIZ RF @A A X ZEEEIZL W N> 7 7 & (ALOs, MgO) % [/E 20 nm HEFE S+
Db, WVAT =0T A< H o EZHANT, %3y 7 78 LI I, Co filifi:% 8 pulse JHEARE
L7z, 2B OHEMITH L, Ir it DS A sRIRE 600~850°C “EtOH 1 40 Pa,/ 5l & FFfH] 10
min T, Co fillitDILE . MEIRE 450~800°C ~EtOH /T 100 Pa,/ % FEREfH 10 min O T, =
—/L K7 4—)L CVD & % FH T SWCNT R Z21T - 72, i D728, Si0y/Si Hai b1z & filit
ZEEHRE LN W T, FfROEREIT- 7, IEZOREE 7~ v ih & ERRE
FPEMREE(SEM)IC X 0 3 L 7=,

3' ﬁ%&%g 40 -9-Co/AI203
SWCNT i EEDOFEE L LTI~ A7 LD G band B — 35 & enirisio2
7 & Si E—7 OmER (G/Si k) &Mz, Figl ITks CNT o 2
R &N %) 572 Ir/Si0; & Co/ALOs DARAEDHITHT 5 G/Si @, |
W DR RR R AEME 2 R T, Ir M IRIR © D SWONT e fas Cas |
IEFITA72< 800 CHHA D &L RIMITHEENSEIM LT, Cofit 10}
BEOLGA | ARIRO AR &L Ir it X » $2< . 700°C T G/Si s ﬁ I
R ERST=0, FNLLEOIRE CIIkEENEMIIHED L, S0 .S, Qe- &
Fig2 (a), (D)4 S0 CR b R RA S 5o RO OWTE SEM (2 ° ° © ey 5
2T, EbLbEERLR L2 SWONT OENBIZ SN2, 2 Fig 1 Temperature dependence of
SORMIER TR 5 R EREX A R TEE, BL0% Ny 7 7 BA G mtio (red: ISiOs, blue:
RREERI T2 52 5 AROBECICB LT, 4 A #HA1T ). COARO).

5 o . — Ir/Si02, G/Si=36.31 (b) Co/AI203, G/Si=11.03
B ATIEO EIAAIAT )~ T ) T AR e .

L H— B LOSHE~T U TSR Y —F A T
THEE (O FRERETERN D3Rz 3T T L
72, (B
[1] C. Mattevi et al., J. Phys. Chem. C 112, 12207 (2008). ML e R ...
[2] PUARTLSRAD, 55 71 RGP ARG Fig 2 SEM image of SWCNTs grown under the optimal

22p-P07-2. growth conditions: (a) Ir/SiO2 (850°C), (b) Co/Al203
(700°C).
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Ry FA—F—R—ZABWEBRFERT v ILIZLS
MR EEE X REREDRER
Exploration of New Superhard Carbon Allotropes by a Bond-Order-Based
Machine-Learning Interatomic Potential
RRAL!, EMRESMEE2 CO)/E MBE L, AM B2 X BE', Al EX!
Univ. of Tokyo !, Shinshu Univ 2, °lkuma Kohata!, Kaoru Hisama?, Keigo Otsuka?,
and Shigeo Maruyamat E-mail: kohata@photon.t.u-tokyo.ac.jp

RFERBIRITITT ) =R F A VB RICREEND L) BRI EE L OREL
BOHDMERBR O T2 Bl R BRI FE R AR R T 2B BE AN TDIL TS, T TH Vickers
fill 275 40 GPa LA L D[RRI EM BE & FEZAL TR Y | BIHIM o a—TF ¢ 7l LToIRH
WHIFF S LTV D TR R R OPRRIT B R A H R T RSB BB (DFT) 2 -V T T T
D8, REWRRICE L CEIHE I A RN bRy 7 705, DFT OFHHE = 2 N & KRS 5 Fik
E LT, B ERAIART v LBER STV DR, NT A —=FENRL KRBT O@EmOHE
WFEEET N TIEL OFET =2 PNSET, #EmdEBIER T L TLE D 2 EMHEERRICEN,
THIB L 72 %, RBFIETIIAR Y R — 4 =15 < MBI 2 B 8 £ 7 VSl AA T 2 &
T, BEFOET NI bDEDFET =2 NI A=Z N0 ARG DT 31X — 2 HEiERIC
HETX DM ERT vy VEBRE Lz, ZOFRFBRT > v v /L% T, random structure
search (RSS)? 1T 95 Z & T, 12000 fHl > AT E M 2 £ LTz, SOt | By, B0
L E TR O [ R AR % T2 i WL LTz, 2 O30S TR O [RFE A TH V) | 42 13E 1% Samara
Carbon Allotrope Database® |2 %4% X 4L TR WK DRI HEE Th - 7= (Fig. 1), T 45 OfE B3
HE LT AR T v VBRI LORMOIE DR ENELZ TR TEHZ 2R L TEY,
A FEY FIZRS T A FE Y v ZHREROBREMEM B OBRICBISAN I s 5,

SF

- Known allotropes — Unknown allotropes
Diamond Lonsdaleite Z-carbon
. s 3o ¢
g '....
M-carbon -
[ .
PoPS 828

Fig. 1 Known and unknown superhard carbon allotropes found by the RSS. Diamond, Lonsdaleite,

Z-carbon"’, M-carbonS, bct-C46, and S-carbon’ are shown as examples of the found known allotropes.

[1] Tersoff, Phys. Rev. B, 37, 6991 (1988). [2] Packard and Needs, J. Phys. Condens. Matter, 23, 053201 (2011). [3]
Hoffman, et al., Angew. Chem. Int. Ed 55, 10962 (2016). [4] Amsler, et al., Phys. Rev. Lett. 108, 065501 (2012). [5] Li,
et al., Phys. Rev. Lett. 102, 175506 (2009). [6] Umemoto, et. al., Phys. Rev. Lett. 104, 125504 (2010). [7] He, et. al.,

Solid State Commun. 152, 1560-1563 (2012).
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BERMEEREICK D ONT 74 LR FORIERFEME
Thermal resistance of CNT forests measured by transient thermal response
MEXEE! CEDE! PHHZ' HLRE!
Shizuoka Univ. !, Yamato Watanabe!, Takayuki Nakano', Yoku Inoue!

E-mail: watanabe.yamato@cnt.eng.shizuoka.ac.jp

[#2] CNT 74 L 2 MI@EWEMRENE & kM2 F50 2 & s & BSRE M EHTIM)~ )i H 23
FFESNTW5S, CNT # TIM & L TRET S, FMOBRERIIMA R EREIEZZE T L2 &
MEETHD, LOLRNBDL, CNT 74 LA M EBJE & AR FE5E U7 B0 Jm O CNT
HOBRIEREFEIZ BT DGR e, E 2T EAVGERIEIC LY, BY.CNT 74+ LA RO
BB LA R L7z,

[ZE2BR] SiFk BicA Xy X U U ZIRIZE Y, Fe/ ALO;s /SiO, JEZTERK L. (LFXAHHERE(CVD)
B X0 B 22 b ST TRRDIESO ONT 74 VA MEAK LEZ, £DO% CNT 7 4+ LA
% Fb s & B L, A BRI IERERE 2 JIE Uiz, 15 DAzl AR 2 A 5 L TR
MEREICAE L, AT v THEEZEHR R L CREFOBMESTZ /S o 72,

[# 2 & E22] Fig.l (CE S5 950 um O CNT 7 # L A s OEWEER M Z RT, HND AT v T
5. FEBMEH A G AT RELOBRPTED 3.33 em®K/W EHEE SN D, Fig2 IZ CNT 74 LA b
D7+ LA NREEBIRPIOBRE RT, 74 LA NRBSHEINT 5 OIS TR LT,
R 2B, 7 4 LA RO CNT 7 4 LA FO~ 7 o RBYRERNE T LTV D
TEERLTWD, ZhE, ONT 74 LA RRRULT 21EE | ARITEBOE A LEYRE
ZAHWHP L TNDZ LR LTS EBZ6NL[1], /2. 7'ry SOl X0 FmedEsins
0.5~1 en?K/W FREE & LFES b b,

3.0 T T T T T

2.5 - i
2.0 -
1.5F -
1.0 = -

05 * -

Thermal resistance (cmZK W)

Heat capacitance [Ws /K]

4 0.0

1 1 1 1 1
0 200 400 600 800 1000

Thermal resistance [szK W] CNT height (um)

Fig.1 Thermal structure function of the CNT Fig.2 Relationship between thermal resistance
forest with a height of 950 um. and CNT forest length.

&R [1] K. Nishita et al. Carbon 218, 118749 (2024).
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TIMFIAIZFIF=CNT 24 LR DT 1 ILLYE
CNT forest film for thermal interface materials
HEXRE L CANKE! PHEZ FLE!

Shizuoka Univ. 1, °Tomoki Okumura?, Takayuki Nakano?, Yoku Inoue!

E-mail: okumura@cnt.eng.shizuoka.ac.jp

[#E] . BHV AT LAO—lEa 5 BREMEHTIM)O @R LA RO Bt T D, L
L. WHTIM THLHBMRE 7 ) — ZI@EIR T CHEENEMET T2, 22T, MWEMRERL X
Wk 2 OO EAME TH D CNT 7 4 L 2 M TIM ~OJEHR I ST\ 5, KBTI
FHEEZME L, CNT 74 LA MZE D ¥— MR TIM OFERZ1TU N BUR, @S EIFGA 2 D 5 & f5ids
L 72 BRGTRHn 2 1T > 7=,

[3=8R] Si Stk Bl Ay Z U 72 XY FelALOs/SIO, DB A TERL LT-, CoHa & [RFEJR &
L. BV ARHERE (B CVD IS CrndihnZ(110°C/min)[1] &£ U8 STEP ¥4[2]ic L ¥ | £ & 120 um,
B 140 mglem® D @R T 4 LA D& TR LTz, AR 2 BT PVDC(10 pm) &2 R v F L
EEIE T CRESEHZ ETTIM Z/ERL7-, HYLCNT 7 4+ LA kL O CNT-TIM O s
PEZIE L, BUSIERIUC AT 5 2 & CRMERPTA RFE S o 72,

[R5 & 22] Fig.1 |2 CNT/PVDC/CNT Sl oW SEM 14 % 7~4, CNT O E#RME B2 bh
FUITCONT 7+ LA R L THAE LTV 5, #5650 PVDC JE1E CNT IIZIADS > TE 5T,
CNT 3 PVDC NEIIZIRA L TS EE X Hivd, Fig.2 IZ CNT-TIM OERHiE &R A ~7, 0.1
cm? KIW & TER OGN BN 7=, 1.2cm2 KIW FEEE £ CEVE RO/ S VEENR H D Z D% mH
BOKREBRBREBENROND, ZORAT vy 7HEELY | BIRK O HIZ & O Z &
CNT-TIM OEERFTAEH T 5 & 0.97 cm?KIW & RAE S Bz, ZOFEHRN 5 PVDC J& 1 LBk
BEL 72 o CWRNZ Lo Tz, CNT BIIC—H PVDC RMTET 5 & TRRI DA, BAF2REW
CNT/CNT #A5 W56 TWb B b D,

4 |
05 0.1 E_ E
;) i
T ool I
g oo1p | E
3 £ CNT-TIM |
‘um: C |<:>
T 0_0012 1 I 1 ! |
0.0 0.5 1.0 1.5 2.0
o 2N Thermal resistance Ry, [chK/W]
Fig1 SEM image of the CNT/PVDC/CNT structure, £19:2 _ Fhermal - structurefunction of the

[2%&30#R]
[1] H. Inoue et al. Carbon 158, 662-671(2020). [2] A. Kawabata et al. Carbon 52, 110117(2013).
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Enhancing thermal stability of doped carbon nanotubes via complex chemistry
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1. IRES

H—RoF ) Fa—7 (CNT) OFT /34 Ais
ALl F—=8r 725255y U 7 ORI
EI0, ZEDOLRENEMET DI ENRAIR ER
Do TN AIIBRENREIZH A LD T2, R—
FARBE D MMV | T IC RE RPN EHE TH 5,

YT N—T1XZNE T, CNT O K—7RHE
Z [%+v ) 7HEANSIE CNT & F OB RAE
DF=DITRE LA T DR B8 K] &%
DL ENM A R4 4 i EE & L C HSAB (Hard
and Soft Acid and Base) H|DOF M2+ L T
X720, CNT IZVEA SN EMRITE nm (27
D IERENLT B0 D, [EPWA A2 ] &
I END, DRI, WAEA A bIRERIC [HR
SANITEEER L L COREMENS S, (it
BPLn Blcoen b L PREND,

Aal, CNT @ p B F—Z KRBT, T
=B ER T BRI R
— X2 M&RTEA L7z CNT O 72 & NS T
=F O SIZET A EEMRE [b5mE ]

BPSI-, TOS-, TCNQ* W3 L7=34 . 100°C
BT BENRT A= OLITRENT R
— IR I N o=, —J. Cl. NOs .
BOB~. CH3COO~ &\ 7-fi\\N T = A L 3
L7285 B RN /RNT A —H B R—T/iD
AL U WS T =2 v DAL E )G Ui
B 72 M B DIE W D3ER 8O B AT, FFIZ, HNOs

RF—t > 7. NOs % TFSINICEH#: L7854
1 DL B SERE MR T 2 RN
LEMEDORBUZ L) LT,

LT, p B ONT (2B DALFMHEE I H D
S LBEMFBOAYNEZ R LTZ, £/, F—7
RrZECBI Aot L LTOA
F R TFED A REME AR R LT,

HEE AL —EBIL, IST S X 280F, JST-
ASTEP . BHfF 2 92 D 4% 2 52 1 C ki
nE L7,

SE ik

1) Kawasaki et al., Commun. Mater. 5,21 (2024).

2) Eckstein et al., ACS Nano 11, 10401 (2017).

Z b £IZ, HSAB HIOAEZREE LIz O Tt
595, o, ROy o2 —T=Fr T 4

ERODPOVEDIZEIRS D [ A ] ick — . B @ B
S TREMER LICOR ol R b2, @O0 ‘\&""’9 3 *?? “ ??‘3 ﬁ& "'

2 RR7E SR NN OB OW W
T =D FHEEZETIETHE —— : :
(B3LYP/6-31G+(d,p) GD3) IZ CTH M L 7=, CNT High (hard) Chemical hardness (eV) Small (soft)
ﬁ jﬂ% (H%E’”e‘o Hm) %701:1 l\ :/@?jf f: hag (b) 7.0 60
TCNQ IIEICIRIET A Z L TR—E 7 Lz, ol lso s
A F UM BT - TIE, ik R—7 CNT & :g) 50} {2
%V F v A4 (Li-BOB, Li-TFSI, Li-TOS, Li- ¢ 4of |3
NFSD) O 7 & F ARMKICIRIER, f2E ST, % 30 oo
F—7 CNT % 100°C TRED b, B—~y g 20 E
258 (9) BLOETEE (o) ozfbzspd L[] oz
i, 7 = RIS U iiBwE 2 ek L7z, I . S
3. {ERLER L © §9° & X F w

LERE L BT = AL OMENSORES] o 4
1% CI" < NO3 < BOB~ < CH;COO~ < TFSI~ < SO4*~
<NFSI-<BPSI"<TOS <TCNQ* & 72 o 7= (Fig.
la), WD K= 7 HlZHWHETH,
oI L, S ITIEFZOEERD L2 &
O, pM =t iR s (Fig 1b),

R—E2 720 ONT IZIZIEERT (h—/L) R .
PNEAN S, EOMEEMNE LT R—E 74 %%0 02 04 o6 08 10720 60 10 14
BT =4 NhETH, £7-. 4 4 AH Time held at 100 °C (x10° h)
PT84, Li HERO T =F o 3 E+ F;Sg.é}ga) Chemficelll Pla.rdriess v(;lrizitﬁq?; ?f)anio(? Sspegiei

8 o . Srsg anges of electrical conductivity (o) and Seebec
:?3? j_H g %:%\ %_j gfﬁ}? g%ﬂig R%FSIVC@F%H ”;f EE f:oefﬁciengt (S) before and after doping. (c¢) Temporal

< ! changes of o of HNOs-doped CNT films before and after
AT, FEFAIZER & 220 TFSI-, SO42-, NFSI-, Li-TFSI treatment.

"

¢ ¢q>

< HNO,;-doped
O HNO;-doped &
¢ Li-TFSI-treated

by

HEFE o(x10°Scm )
N
o

©
&
©
<
©
(o
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Anomalous changes of Raman spectrum in soft-anion coordinated
p-type carbon nanotubes
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OM2) SATIRHEMR |, FERSRIETF |, /NERT 12, HEIE >, FHBIES 12, AHEE 125, BREF 1236
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1. IRES

H—RoF ) Fa—7 (CNT) IZEmn v U
TRBEEDIZN ALY F—E 7 X DM (p
B ) 225 Z b, F T VA
HROAERZR L ~DOICHANYREI TS,

YT N—F1T N E T, R—=7REDZE
TEME RIS TEE S 7 3 A 2 S oo BB 72 B
RERETHLHLEDOERDE & AL R—F
ST ONT OZEMZ LT DR E LT
Hard and Soft Acid and Base (HSAB HI|) ®F%h
PEERHTEE I TOEENEIEL LT
DAL EOF A Z#RE L&z,

BRI, HNOs IZfRFEN S 7 1 F U BEIE CONT
ICEBEDR—IL F—7NAETHLH DD,
NOs D X 9 RN T =4 & ORI 2 E
PEIZZ L2 &, TFSIED X 9 7285 v T =
F o A~OBEHIZ LY | ZER T ER IS TR
Wbl R—7REE2ZTE/LRETHD I &
FHRHELTEE,

A[a, HNO3; K—7 CNT {22\, TSFIL 7
=AU A~OBEBIHE R T AR B
DA Z BRI L 7= D TG T 5,

2. EBRAE

HJE CNT O B2l (BE~30 um) % iR
EIZXY = 7 L7, ¥4 CNT 5% Li-TFSI
DOT7E N WRIZIRIET HZ LT NOy /D
TFSI-~DWeEA A R E AT > T, FALERR]
BIZTT~ 2 A7 bV (BhE#E 532 nm)
PEETHELEBIC, B—_Xy 72 (S &
HER (o) ZHETDHZLET, F—78ELET
< AT MVOELOFERE A TR,

3. fEREEE

HNO; F—7" CNT D T~ o A7 hLiL

ARALERfE & Peiis LT B L7e > 7228, HNO;

R —7 %I TESI~D A A L 5t i LT-354 .

G FE—7 OEEHT 7 FB XA
N VAR OB 728D R S v (Fig.
la), #lc Gy FIRIEIEWHE Lz, R—E
WO HNOs JEE (0-13M) EviEE, 2o
ZbidECThH - 7= (Fig. 1b), £/, KR KN—7
B Li-TFSI W2 DA TIE, 29 LA
LIZR OGN o7, cBX NS & G RE
— BT D & 0h3~5200S em! DLk
S 3~+17 pV KT LUF O R — 7RIS TR
REBEEY T FRAELDZ ERERENTZ
(Fig. 1c, d),

PlbEXv. S~ 27 MLOEbIZHR—L

R—=7DHTFL, [F—V =77 kK
T = EAE DB IT A U DA I I
ELDHD] EFE XD, BIANCLY F—7K
REZMH SE 76 AT FAARER R—7 0k
BBOLDO~NERST-Z LG RS DEA
WCEBAARAWZ2 D TIER<, £72532mm I
BIF5 CNT OWEIF—E LT Lo
722 b il L — Y R BT AW
OB LD LD THRWE SR 5,
FREEEHO A = XL HOWTITEHO 4R
T & 53 TS WWT =F & CNT & D&
WA BEAERIC £ % sp? IREOIREMNH] 20 &
ODHER & FEEL TV D, oy FREIOIHNIL
¥ U7 OFBELEZIHIL 5 5, FEEE. TFSI-
Btk D CNT BT, HNOs R— 7% Otk
IR 10%H8Nd 5 —F ., SITEbERE
AN = N SR Ny =t a1 s/ (VA N
THX v U T7BEENN L L REEN S 5.
ek, BRI PIZIIT D CNT ~DOEALHIN
WCRED T~ AT MBI RE S TE
7203, AR CAELNT-MAIL, =B 7 &
AT HEMSE LT a e X & L TCERT
HZETHLMNI R 258 L2 TV 5,
R AW O—EBIX. JSTA-STEP, FHF#
FHEOFEEZZ T CEBEINE LT,
SE R
1) Kawasaki et al., Commun. Mater. 5, 21 (2024).
(a) (b)

1500 —as-prepared 2000 —as-prepared

-HNO;-doped || G* —0.1M G*
—HNOQO;-doped &
O Li-TFSl-treated o
>, 1000 g
2 2 4000
g &
£ 500 £
D
0.0 0.0
1300 1400 1500 1600 1700 1800 1500 1550 1600 1650
Raman shift (cm") Raman shift (cm™')
() (d)
1586 1586
} + o 4OM
71584 } "_1584
E
T8 aon” /‘{’ =5 /i*’
8 5@' 1582 | 13M 8 @1582 _— As-prepared
= +
RS ox
| 1580 B Yp020M | 1580 i
U 4 u vl ¢
v\As-prepareoi 0.0-20M
1578 L L . 1578 L v v

00 20 40 60 80 D0 10 20 30 40 50 60
BEFE o (x10°S cm™) HE—_y2{RE S (uV K1)
Fig.1 Raman spectra of (a) as-prepared, HNOs-doped (13
M), and HNOs-doped (13 M) and Li-TFSI-treated CNT
films, and (b) HNOs-doped (0—13 M) and Li-TFSI-treated
CNT films. G*-band frequencies according to (c) electrical
conductivity (o) and (d) Seebeck coefficient ().
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Hh—ARoF/ Fa—TEMAEICLZERLERLROMSE
Highly Polarized Thermal Emitter with an Aligned Carbon Nanotube Film
on Silicon Chips
BX' SM4RK? BAXREYFAZIRPFREVE—S
O(DC)REFIR—EA', Andrea Zacheo', 7&E#If ', Shengjie Yu?, Jacques Doumani?, /MAESE
2, AIHE—ERZ thFEZ?

Keio Univ.,! Rice Univ.,> Center for Spintronics Research Network, Keio Univ.?

°Shinichiro Matano,' Andrea Zacheo,' Yui Shimura,! Shengjie Yu,> Jacques Doumani,” Natsumi
Komatsu,” Junichiro Kono,> and Hideyuki Maki'"
E-mail: maki@appi.keio.ac.jp

Rt a2 DT85, TEERZRICH ) b B TR D38 £ TIEIA < VWS Tl b | RGN
WD @Ot E LT, U arFy FICERBARETH LT/ I —R Mk v
BT NAANERE SN TND 2 RKIFETIE, T/ =R MECHDLI =R T ) Fa—
T (CNT)EL A2 VT, T/ 2R 2 A A T2 T 72 I VIR G T /3 A A (Fig. 1a) % B
L. miRGEDOREBSLIRABRR T2 Z LICHP L7z 3, CNT ERMIEIL, CNT 2A@E&E - mid
LIRS L7 SR CTH D . ONT O X 7 m e BGEIMMER, ~ 7 o RIERETHEILL T D
T =R MEICH D 4, ONT BLMIRZERET /N A A Tld, Fig. 1b O XL 9 ([ZHRAMEIK TR
D ENBHIS I, SONDRIIEIIL, Fig 1lc DIREFHETR OGN D L 212, EWRELEZR
L7, £ LT, RWFBEICERT 5T 2 B-ET A AL, ek &3R80 | REEDLP)2) 0.9 £ T
EH L, ONT Bl B2 A L7 MR3Ear35 2 LTS LTz, CNT B RIEEEIRIE,
WA THMF LV~ 7 F 7 L _X T arF oy BIERBTE HAEEEZHO TEBY |
RIS HEMT ~OF 5N S D, AFFEO—IL, ISTA-STEP, Kt SAEHESE, GTIE,
SPRING, JSPSPIRE 71 7' A, BHffE:, At hm=7 ARy FU—2Z7 g, NIMS B L
7Ty N7 4 — A, BR WHEEEE, 7 AV VESFFERME, Robert A. Welch I, Z2FHF}
FRFFER, JST CREST, 7 A A K Carbon Hub DX iR %% \T TITb b D TH D,

L PE:
[1] S. Matano et al., ACS Materials Lett. 2022, 4, 626—633.
[2] S. Matano et al., Nano Lett. 2023, 23, 9817-9824.
[3] A. Zacheo et al., ACS Nano, published on June 3, 2024.
[4] X. He et al., Nat. Nanotechnol. 2016, 11, 633-638.

(a)
(d)
10 F
0 ; os i";""'f"s'h'éiiéh'd'e'é'r'ﬁé}"
: .
\ o 0.6 o0, On-substrate max
4 | O -
&0 1 D04
f «
o » ° L] o
4 02 7.Suspended para. O On-sub. para.
— 315 0 T. Suspende‘d perp. D‘On—sub. perp‘.
Si Nano trench A 2I70d 101 54101 1012 5+1012
ngle (deg) Intensity (a.u.)

Fig. 1 (a) A schematic image of polarized thermal emission from a suspended aligned CNT film. (b) An infrared
image of the thermal emission from the electrically-driven aligned CNT film. (c) Polarization property of
thermal radiation from the suspended aligned CNT film device. (d) Polarization degree of the thermal radiation
from the on-substrate and suspended devices.
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Development of novel carbon nanotube hydrogels using tannic acid
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1. HIEEER - HBY

H—=RVF /) Fa—7@LT CNDIFEN
BEMRR R P B8, BRFFE R &R FF o T
270 A Bics OSBRI I T
WAYETH B, Lo L, CNT R0 EEH
WKXoTAYIEMELTLE ) RO D
X%, it & OFEELE > T b,
% 2T, BFOWEIC ONT 2032
THEHAMBZERE L, CNT D252 % 5
LW IHWIEBITOAT WS, AKIFFETlE, #ite
CNT OEEMEZER T 2 hofliARA I N
70 FeraicBdL <, FiEMElofhs X
O VEED A = X LfFH%Z HIE L CTw
3, ZDOt FuZ At CNT DEE L EE D
RKEIICIKFLTWR LEZLNTED
(Fig.1). BIfE CNT [FELEKT 0.8 nm @ CNT &
IO T EEI CO 7 ML 2 TER L Tw 512,
SRlOWMETIE, Frz KR L7 ONT & 08K
oA GDLRICXLZ 7LD THET 2,

2. EERRLER
SERET 2 HH e Fr iz, SGI01-
CNT(Ef£2nm-3nm)& X v = VE(CKE X 2.5
nm FEE)IC X 5 CNT Ko BUR o FaEEH Ic A
INntz, FALTFEE LT, ERORAW %
BEEEL, Z D 60 "CTEAT 2 TH
% (Fig2)e O MIA[HETH Y, T A%
NBEZ W IET 5 2 L TIMEDARETH 5,
MELDIREE & F LD BHR Z T~ 2 =01,
A REce Fa s volflzit 572, 2D
R BT THRE I N Twi e Fasriic
e, ZFafbic b8 7 CNT 4B o #2EE 13
Hic i g L o 72, 2T31E(6,5)CNT
CG300-CNT I =T SG101 D & 2547 400

o TnE0EeEZLND , AFIET
AU L7z %2 v = VB X 2 CNT &
F a7 OeERHEICBE L CRE 21T - 72, 55l
IZFEEIC TR R B,

~ ~@»
[ EQI] | SO0
~ et b v W
> N | peel oft’
__ _ ‘heaing " cel ol s a
PPO® ., O® @
OO >R
{fL
SG101 .
é; nm
(I n
) @213 mm
«— m-inleraction —2mm
0.3 nm ( ()I
OOOOT

Fig.1 Network structure of CNT and tannic acid.

Fig.2 CNT hydrogel.
3. ZE .
[1] FrEFR, K&MIR, 2019 455 80 BISHY Y2
R FAlTRRIE 2, 21a-PB1-11,2019 4F 9 A.
[2] R. Ogawa, et al., "Development of new carbon nanotube

hydrogels," Pacifichem 2021, 3589404, Dec., 2021.

4. BEE

AWFFEDFITICH -V BELACERLEZ W
iz, ZEST Y TAWR) D FH LK I
WL S5, /2. RIFZEO—ERIL ISPS B
WEE - PREREIBTIE (B 2F)(JP23K17814) D BhAL %
ZF Eh Tz,
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CNT ZEEARICERBI S E-#IEL— FOER
Conductive sheet with electrically aligned CNTs
AMKE Ok R—ER, ARE SE HP EE BE @X PF EE RKEHMt
Kyushu Univ., ©Soichiro Ichiki, Yoshihiko Kubota, Naoki Tanaka,
Masafumi Inaba, Michihiko Nakano, Junya Suehiro
E-mail: inaba@ees.kyushu-u.ac.jp

=T/ Fa—7 (CNT) IImEREEME, SEVMERE, MR SEN MY
EH LT MBI TH D, Bx T ONT ZF M S RAEEME Y — POEREBF LT D, K
W TIE. CNT ORAEEE SIS, EWIIEED BB CEEI LIBE > — F OFERIZ OV T
RIS

HJE CNT (SWCNT)Z ¥ —IZ0 S 57-DIZ, SWCNT 227 v a iV ALz, Zivk
poly dimethyl siloxane (PDMS)HHUZHRAN « L L, —BLE L CT7 m AL A% RE L, CONT &K
e Uiz, Fepk LTI 2 PRSI & IR & AT AR BRI A TS, BEAICL 27 4 7 —ik
BEONRZMIET 2 7 DICEMmZ P S o OEEEEZEI L B —% —CHEE -k STy
— MRV TG, 10 S HEERE 22535 5.0 kVep, 60 Hz OFEEZFIINL, ZDO%, EIC

B L7zt —%— (BEIRE :100°C) TMEALZRN S, & HIT 50 4rMllElR & BERMAE1T - 72,

B 1IN T OWED BB R 2 s, SR OB MO Bk, — &
10 BRI DWW SR O MIINIZ K 5, BERIINZR LO%E . CNT O3 HURER RAF CTH 5728

BERIRD L 9 TG IR TERD o, EEZHM L7256, v — MES TGS 20K
HIEZTER L TN D 2 EAVRS T, X 2 ITERAIN LIc Yo 7V & B Bl e B4
THY . CNT DRN T — MNELFG A —EHITHEI L TN D T LEARENTVD, CNT O+
DIEREE 100 um F2E ThH o7, ¥ — MOEBEMEIZHOWTIBIHIC TR A B R T 5,

[1] M. Inaba, et al., Diam. Relat. Mater. 146, 111246 (2024).

n' 4 " Q" : " “ . = 200 um
M 1EEZEIML TWanwy — MER)EEELHIM Lz — b 2 BERMLEZY— b R
(5 ) D i e B S R (FIHLET) G EEAEEE (PIHLET)
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EZILYSUERAW:-CVD#EICKSZECNT EAD SICaA—F4 27
Coating SiC on multi-walled CNTs by using CVD with Vinylsilane
BHAMIK., HRAEHEDSvIRY - FENRAVA RT3 HILK?2 BEARIERAEH
OXE EAL 152 R LR B—2 B8t Kt i EXS
S WM, RIR Eif 2, TR KR
Aichi Inst. Tech.!, Japan Advanced Chemicals Ltd.?, Koatsu Gas Kogyo Co. Ltd.?
°Naoto Ohshima?, Yuki Tsuchiizu?, Kenichi Uehara?, Shinya Fukuchi 2, Yasuo Nakai ®,
Keishiro Goshima?, Shigeo Yasuhara?, Wakana Takeuchci!
E-mail: v24711lvv@aitech.ac.jp

[LZUDIZ ) =R F ) F2a—T7 (CNTIZZ T 7 = &R e -T2, Thbar L@l iR
HD%%JE CNT LIRS, 28 CNT 1B, &7 A~ MEE, bRz e, -2l E5inE
PR OMWEEA L, B, IT, i, &7 A AR REFE A SRR RFIEN TS, LL,

CNT IFEEIRPHA, @i TIERmEL, HIELoT DIENALI TWARLZ N E TR 4 1, [FEERIC
TT7 2 NETER T —R T )75 — ML T, IRAEZAFE(SIC)a—T > 7T Eh L C& 7=,

FIT, AWFZETIEZESE CNT IS SIC a—T (L Va2 Z AL LT-.

[ EBR ST 1E]12 8 CNT 1%, fillid B A E S 7= Si0lfSi Fatl i, 72T L (CoH)ZFEHT 2T, B
72, FElE TRV R AR (BA CVD)IZLV R ESE b0 & L7z, CNT 0E X3 0.3 mm THS.

SIC 22— 713, FEHALL T =L T & 2 scem, U7 H AEL T Ar it & 200-800 scecm,

%R 600-1000°C, f% &)+ 71 0.35-1.37 Torr, K& FEHE 60 min DS TEL CVD ICE i EEL7-. =
—T A7 HIED CNT (%, EERE BHMBI(SEM)IZZE DB SIC DAEEBIE L.

[FE 3 LB EEFig. 1 B L O L (D)ICZNENSIC 2—F 1 > 7 HiODZE CNT & Ar:570 sccm
TSICa—7 (7 L7228 CNT ® SEM B %/~ ¥ . il mits C CNT O EALLI 37 nm 7> 5 214 nm
L0, CNT R4 ES L HICSiICRa—TF 1 7 Ei-. Fig. 2 IZIEE H1HTO SiC-CNTs DIE
A%~ ArB70 scem OFEHIRMmMUTLE 2 HEREDY 0.10 pm LU R~ & 28I Liz23,
Ar:800 sccm OFEHIES 0.10 mm L TH B 010 ym FREThH o7, 2 XV, AriiaEz i
SHDHIET, ZECNTOIVIERE~SICEa—TFT 4 VT A[ETH D Z ERBR I .

[Z% k] [1]B. Frank et al., Chem. Mater., 22, 15 (2010). [2]K. Ono et al., Jpn. J. Appl. Phys., 62,

SAL017 (2023).
€ 0.30} ) s CNTs
\‘;O 25l SiC coated CNTSs]
=Y Ar flow
= 570sccm
= 800sccm

0.00 0.10 0.20 0.30
Depth from surface (mm)

Fig. 1. SEM image (a) 0.8mm CNTs, (b) SiC Fig. 2. Depth and SiC-CNTs

coated CNTs (Ar:570sccm) diameter variation
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KEiEZ AL ONT/TR: DBIEESMHAE OB IERED S8
Resin structure classification of CNT/epoxy resin composites using Kmeans
I¥RKE OCM)ER ®IE B B, FH XF
Kogakuin Univ., °Tenma Hiraishi, Tomoe Yayama, Fumiko Akagi

E-mail: cm23058@ns.kogakuin.ac.jp

1. IT®Iic

FHZEMCEM D AN THESCT 7y MOFIRENE & S, @liE7 e Eom ISR ED R 5T
W5, I—RrT 7’“:%7(CNT Carbon Nanotube)i, AL/ FHRMEZ RO b, BIllEERETE L
T-HEERELE LT, iz ”“/\%T@/ﬁﬁ?mﬂ;ﬁﬁénﬂ\%.6[1] L7>L CNT (39~ COAfifE {23 AEfodk:
FREAIZES L TR, thoWEI6 U T EEAASEMEL | BilE & OREHEEHIMEN S W ) BIER H 5
[2], St VA g % 7 IC i CNT/EHER EIZIT B, (b7 a-oRdmBafR 7 & OBy
TRIRIEZBAL NI D Z EMRAIRTH DY, FN OO0,

ABFFE T, CNT & =R 45 ﬁﬁ@f&fﬁﬁﬁw EDOFCTHTRF URHEOSEICE B L ORI %
BHOMNCTHZEZHE LIz, 0702, CNT/REF RS R A 2 L~V TET UL L, 4y F8)
7% (MD : Molecular Dynamics) 7% v \Tﬁﬁ%ﬁ?fﬁﬁ&%ﬁﬁ%ﬂ%&bk@ Z LT, BisEHo—oT
5D K FEE VTG DR R T T, K HEREE L. 7 T AX ) T TED—>TH Y, Ll
PEDERWT =2y M7=, T =2 ORHE S — 2 T T HETH 5,

2. BEEFABIOHE

AMTETIX, =70V —AMD =— KD LAMMPS Z i\ 7[3], CNT &IOS EET /v & LCTHAL
HEIE 6 DD R S O(7 0)HE CNT 1 A L5 1.16 g/cm3 DE A
Tz ) —IVA DT LY m—T JUDGEBA)24 S3f-7% V=,
TR X, CNT OS50 DGEBA DEEAERE L T
22769 X 22769 X 25278 A & L7~

FUEET /UL, CNT & DGEBA & HIT/KHaD 720 defect free
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Fig. 2 : Relation between number of molecules in the 2 '
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