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Schematic illustration of CNT fiber spinning methods. (a) Dry spinning by draw twist process from CNT forest,
(b) Direct dry spinning from CNT furnace, (¢) Wet spinning using acid or surfactant dispersion and coagulation bath.

[¥7E : Watanabe 5 (Nanomaterials 2022, 12, 593, DOI:10.3390/nano12040593) X ) #zif%. CC BY 4.0
Note: Reproduced from Watanabe et al, Nanomaterials 2022, 12, 593 (DOI:10.3390/nano12040593), CC BY 4.0
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SH 8% (Scanning Transmission Electron Microscopy : STEM)
IS CES AT VEMEE L 720 L7232 EITHEAE T ARMT
HU, MEEE 200 keV Tdh Do STEMBIEHOREMERIZ
BIL UL, EHRAF Y E— @I THALL2, Ar A 4
YIV YT TCEROMLY A=V BE Y w7z, £CNT
DAL IS B A B S ICHN T 2 8 EILER) (FIR)
ARG PP HHEE LT, SHE—RITT 7 A€V EGET IV
IZEOWTHEITE 519 ~2D, FIRHIER, Vertex 80v (Bruker
Optics, Billerica, MA,USA) & TR-1000 (Otsuka Electronics,
Osaka, Japan) # i\ Cir> 720 &L CNTHM I35 CNT O
FCIF]BE % RFA 2 72012 XBHGELA <7 MV EIE L 720 H\»
Lrryrutu by sy —ICClERERL . AL
U—A45 4 YIEBL8S3TH Y, AHIMEEIE092 A, 725K
1202~10 m& L7zo MIMEREMESFHET 5 2 L2 5 2K
JeRAR ‘ R-AXIS VII++ 2 L72o 155072 2K I50 Xk
L7 —% 25 Azimuth 70 v b 2{EK L, ZOE—27 Oyl
SIEEZME L L7zo CNTHM O F— TR0 2% 5Tl
720, IRUEMEANY PVOMEERTo 2. L -EE
WEH GRS T RIS ICRE SN AEEETH Y, BiREkE
13488 nm THh %,

3. FMfifER

B2ix, 4CNTHMICBTLENEELBEEOMBERLT
B, CNTHEMOEEEHENZ, CNTHM OFRE
RL, HEREZHESITTRLEIY Y — XX TH b, CNTHE
MOBEPFE NI LEERPE N LD N D, Tz, Hio
AELIECNTORS 2 RTIHETH Y, FIRGIEIZL S
WA~ V7S LIRTE T 7 AE v 4L E 7))L % fif o CTHEE
ENs2, ZofEiE, CNTOXRKRIAY 25w, Fo9<
TEAERIELZTFOREEZRIMETHY, CNTOERENELH
MERTZENHMESNTWAEIY, CNTE2HHMLLTH 2D
MBEBRIEY o2 D26 b B bbb, Lo T,
CNT#MOBEDIE L, BRENTWECNTOAEREN R,
DexMat A% b BEEII % 5o

1.8 T
® DexMat .
1.6 | ® Nanocomp W 10
A Taiyo
| ¥ Meijo il =
o 14 < Hamamatsu E
£ n
L 12t J =
20 1 >
=
210 4 =
@ ©
3 3
a 0.8 . g
(@]
0.6 |- - 01
L
04 -
|
2 3 4 56789 2 3
100 1000

Effective length (nm)

B2 H#AECNTHM ORI EHE ST 2EERDa
5 —
Contour plot of conductivity as a function of effective
length and density for various CNT fibers.

[X7E : Watanabe & (Nanomaterials 2022, 12, 593, DOI:10.3390/nano12040593) ¢
Table 1 7—% 2 IZH 70 v b %E (mg/cm®—g/cm?) B L EERK (S/
cm—MS/m) |2 HAH5T, CC BY 40

Note: Replotted from Table 1 in Watanabe et al, Nanomaterials 2022, 12, 593

(DOL10.3390/nano12040593). Unit conversions applied (mg/cm?®—g/cm? S/
cm—MS/m). CC BY 4.0
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(a) ~ (e) : HAAM OSTEM &, () : 7 ¥~ A5 A
Cross-sectional STEM images and azimuthal plots of CNT fibers.
(a)-(e): STEM images for each sample, (f): Azimuthal angle intensity profiles.
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[X7E : Watanabe & (Nanomaterials 2022, 12, 593, DOI:10.3390/nano012040593) ¢
Table 1 77— % #3EI2H 70 v b LT, BEOHEAL % mg/cm3 7 5 g/cm?
12Z%, CC BY 4.0

Note: Replotted from Table 1 in Watanabe et al, Nanomaterials 2022, 12, 593
(DOI:10.3390/nan012040593). The density unit was converted from mg/cm?®
to g/cm?®. Licensed under CC BY 4.0
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AR CNT B £ ORBFFEM O W iE— 5

THUHEAT DX Watanabe 5 (Nanomaterials 2022, 12, 593, DOI:10.3390/nano12040593) Table 112#-5 <, CC BY 4.0
Physical properties of commercially available CNTs and CNT fibers in this work.
Reproduced from Watanabe et al., Nanomaterials 2022, 12, 593 (DOI:10.3390/nano012040593). CC BY 4.0.

Hamamatsu Taiyo Nanocomp Meijo DexMat This work
CNT effective length (nm) 270 130 470 2300 1800 2960
Average diameter of CNTs (nm) 45=+1 12£02 53+0.1 1.7 =004 22 +0.05 2805
Average wall number 50 =2 85+0.1 19 +0.03 14 +0.05 1.6 +0.05 1.8+ 05
FWHM (degree) 42.8 237 94 384 77 87
Yarn Density (g/cm3) 0.450 1111 0.955 0.575 1.670 1.982
Conductivity (MS/m) 0462 0.588 1.663 0.333 7.066 11429
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(a) Azimuthal intensity profiles of high- and low-density CNT fibers,
(b) and (c) X-ray CT, polarized microscopy images and SEM images.
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JT, EEERCNTHMICE L CIE, WGBEMEGRICBIT 2
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VBT F o 7RIS EIR T 2 L b b,

4.1 F—EVJICL 3 INTHEMOEEEL
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THEET 2720, AREHN300 nmeFh>TLE D 720,
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726

RIFZE T, AR TS N2 CNTRM ISR LT,
TEEICTC R—E Y 7 %772, 757 74 MHENZBIT 2 5688
TR N — 12 A%, AT L—L72YF 72 -CNT
WAT VL% T9ENER, ORISR cCLETsE, 7
T 7 = VIR CNT BRI F I 2 ERANEA S, pfl F—
TENZEVILDTH B2, REE LT, #ikLACNTH
MOWN, SEEREM 2 2R L7z, £9, BEHRE Lo
T2REED Y v — LIZCNT#HM 2 A CTLHRERIESE 5,
ZF O, FEMREE > SHLY WL 72CNT#M %2 Kk8E L, Kko%
EMY BRI S Z 0k, BAIEPHE % %6 L 72,
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B %G band EEHMIZ39 ecm L VT LT WD 2 L FHERE
LTBY, THIIREEEES S CNTICERBHIEZ 5722k
ERBELTBY, pH =7 -72eE20605 (B8P,

Conductivity (MS/m)
& o o o

N

before after before after
Sample 1 Sample 2

B7 SSEANER N — Y 2 iR O CNT S OB EHREDZEAL
Change in conductivity of CNT fibers before and after
fuming nitric acid doping.

ZO—FT, FMHEEIC LD F—FRRIT 1 HEE TR 5
CELRERELTHBY, LEMIIRITAF—XY P THDLEER
bo HtRIE, CNTHICEEMICEF Y, F— TR % REH
MEFFCE D F—N0 POERL T TV,

—e— Before doping
o After doping 9

Raman intensity (a.u.)

| 1 1 1
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Raman Shift (cm-1)

B8 T~ FEL ANy MVIZBIT LSRR N — Y VRi#
@ CNT #4 ® G band DZEAL
Changes in the G band of carbon nanotube (CNT)
wires are shown in the Raman scattering spectra
before and after nitric acid doping.
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