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Abstract: Highly oriented carbon nanotube arrays exhibit good electrochemical properties of excellent rate

performance and long cycle life due to their superior electrical conductivity, large specific surface area and

well-developed porous structure, which leads to great application potential in the fields of electrochemistry.

Herein, the synthesis methods of carbon nanotube arrays were briefly introduced, followed by discussions

on the latest research progress of carbon nanotube arrays in electrochemical applications in the aspects of

novel batteries, supercapacitors, electrochemical catalysis and electrochemical sensors. Finally, the existing

problems of carbon nanotube arrays in electrochemical applications as well as the future development

directions were analyzed and summarized.
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Fig. 1 Surface and internal views of SWCNT (a), doubled-
walled CNT (b) and MWCNT (c)™?
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Fig.2 Schematic diagram of vertical CNTA®
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Fig. 3 Schematic diagram and digital photograph (a) and
galvanostatic discharge-charge curves under different
bending states at 50 mA/g (b) of flexible quasi-
solid-state Li-CO, battery (4.5 cm length and 0.3 cm
diameter)!*®
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Fig. 6 Schematic diagram of flexible solid-state zinc-air

battery (a); Constant current charge-discharge cycle
curve of CONCNTF/CNF thin film (b) "

HHEA R AR MIPREE | RGN EEA
RoetEma ihtese, T ReEiEs ik,
2.1.4 BA b

BRRL L T LR AL RCR B L TSR Rk
VRS AN, BB BE VR IT A R T SR
HL AL RITE PRI . AR B 5, X — Bk 3t
IR M AL FH B B . ] 3 e e AL 350 11
TEPERNA R D H B H AR Tt i ik
FIFFEAYE 25 . CNTA RH KRG LR IAL, S
TS 0 R A2 R0 A 2 58 M A T VR M BR
ek e Tt A LV o B R AR o LT AU AT O
BhZ EAR GRS T E B R RS WE A (PBPA)
W) SWCNT BRI, K LA Sk 5 Fa BH AR R IS 4% A
FEFIEE, £ AP ER LR /O, JRE ER W 1 fiE b 35 42
Fo YU W S CVD ik, DAk
ML RE R = 2R TR, AR T B A P MIN 1Y
M HHES MWCNT F43%1 ( PN-ACNT ), PN-ACNT
ARG . BCR R, ] YRR R i 4 fb 7R B
HA b2 i R 5. S5HPLHES CNT L Pt AH
e, BAFEEHSIZEMA CNT 248 TH 4 Pt Al
AR, ZHANG U7 HHESI A CNTA _EVTRLAR
W A Pt KOk, o HAE b T 58 i
(PEM) ¥RBH M E AL, T EHESIA CNTA K
A REHE A 55 0T 7 5 J6 B5% R A U 1Y) e A L B M, IR
AL B, XA B TR MR A fiEA
SRR, MR 5 T AR F Sl A 3% . WEN 4504
TR T —Fhis BEHES B ) CNTA BYHl 73k,
Pt 49Kk B EAE CNT BIMAMNEE |, MR T
Fo-H-re RAKE Z 5 E (P-CNT-Pt). AP
CNT fEfli Pt 44 A kL 13520 M B 25 76 HAS e | 4243t
T Z G, XRRORE Rk PR G gk P L
A B HHEALMEfE  GONG U E M R f b
T HHEP B & A CNT ( VA-NCNT) A IYE N —Fh G
S B AN, 7RI E T I e Pt ELA AT Y F A S
PR KIS 788 I X A8 SR R TR 52
22 HEBREFFZHHNH

5 E i AT H, B AR A KR
JEWT R A ey sk MRS S, G T
FHHE R AR & AR R 50 H ONT il & i %
AR B A LS ) S bERE, R
LR RS LUO ZELR R T i 2 CNTA A5 b Bt
MR B g, R E, HA R
TREHLHES CNT 15 R Bl 4 R HE 25

BN A A PO e R BE Ty, (R
IGAE 1 2% B A AR ACRE i s BELAS T HL S B o PRI,
PEAT R RE L B L PR T R A SR RN A 24 A i )
G 2R g BT £ B L PP ZHANG



© 2220 ¢

A% 4m 4 T FINE CHEMICALS

%39 %

EPNRSE T — R b OO, RDTE R
il 8 NCNTA, FRAEIZME5 EUIARZHL Zn, Ni JEHL
R IR S R B AIK R, AR m A R v
PSR R, HU %0 85 7 0% (GQD)
DO B HHES ) CNT F4%1( VACNTs )L, B GQD/
CNT REMHIH & T HEBERS (B 7). fETIH
GQD Z Wi, B4 VACNTs 74k K FEHESH CNT
#4351 (HACNTs ), SRJ5 384343 5 WA 7o AT [ 4
ff )i GQD/CNT & A S5 B HL 75 4% - CNTA $2
BT RA R, 2T iR P e, 3R T
SER AR EME, M SEBL T R B A A Rk fiE

Kkt . MA PR I-CVD A5,
FER FLBR R Ni SR L HIA T CNTA, FriE sk
= 4E Ni/CNT HUH 7E L2 0 2.5 Alg I AY HL 25 &
9186 Flg, 3 HAE 1.0x10" RAEFF 5 WAL R A
99%, FIHEMRIER . R M0ERRERE M &
P51 HL A RE

—_—

84

Scroll
— A

VACNTs

HACNTSs
) Peeled l RS
Assemblin, eoeﬁ?
Separator. —
Soid GQD/CNT
electrolyte, composite film

K7 T GQD/CNT &5 I 1oy 20 FiL 7 i 1) ol i
AR
Schematic diagram of preparation process of

supercapacitor based on GQD/CNT composite
film®"

TR e TR R s e R R, et
EREF AR TR AWK, B FHBEY S MR
WFERG, M EA i SR MM A, Xt
FrfERE R A EEE P mEX SRR
CNTA BB MR M SR 68, FIUH R B 2458 CNTA
A A 5P F A T o A R LA i LAk 2R M AR Y T 4
2R =R 1.0x10° UG, LA R RE
TREFTE 96%., CNTA KFH KM HLFRER, HIW AL
AR R 0 KA S T B S AR T B A A S A L R A
WA R BRAR BE £ o A0 A0 12 Dk 114 456 3 45 4
ZHAO ZEBHJF % T —Fog B phsr AT R 46 CNT
F:%1] ( CCNAs ), HHEAG MK ZHRLEH . CCNASs
AT LA Z AN R B R 46 A%, 2B w3k 1.0x10° YR A
PRI 7 AT 30 4 M R L o DL CCNAs S 36 M 4
T — R R A 2SR 4R OH B g A Ay
(CSS), HuTLIAFitiaet, J-RE/RZ RS SMER R
AR AR, HH AR A 93.2 mF/em?, 7E 60%0 25 R

Fig. 7

HEEESE 3.0x10° WG REREE 94% M e 28 . 4R
M, CNTA RYHK M R HBLAT T HA e RESE & rp )
N, B, YANG PRI HZ R E AL G = 4R
B CNTA il & T —F CNT % @ % % & 1
(CNTA@SF) WEA#E (B 8), B AEZER
BHEHBEAWEN, B R RibarEe. hT
CNTA FE25000 , SF Akl LLTE 324 1A pigntk e
RAEA LGSR, SF rPEE RIS T2 4
BB CNTA@C Bk, 5 AT CNTA 4R %%
HLZS 29 M L , CNTA@SF & A AR R 25K
PER KR . ZHU 26PN S 3 2RIk A
XPFFH) CNTA Hr, il g8t I [ i) 2 i 25
AR (FSC) #fF. SBEYLHES CNT 4y
SEEML, FSC ()R AL 2% L 25 RN i K RE 9% Wl 3%
Haag, HEA 14 mW/em® BRIIRERE, Frf st
£ 1.0x 10" IR FEHCIEIR)G , #FE<2%. XFl% T4l
% MR A BEA g H T i 48 v] 28 SR A RN T A B2
igan it

7). Silk fibroin

Wl("i"li"i,h”/ Eipgﬁgg ll”f;‘“"

Pristine CNTA Silk fibroin solution

f~4
;g
‘ CNT Silk fibroin Si substrate g
(o)
S
b Afier bending " Afterbending  After bending I 047
CNT. ~ CNTA@SF CNTA@C £ %& ;p;
Nl

CNTA@C

K 8 CNTA@SF fl CNTA@C WIHIVERZEE (a); Rk
CNTA. CNTA@SF #l CNTA@C F425 ith 5256 B
(b) B3

Fig. 8 Schematic diagram of CNTA@SF and CNTA@C

preparation (a); Images of pristine CNTA,
CNTA@SF and CNTA@C after bending (b))

23 HERUAFELPHINA

Hii, sta&man Pt A& BA MR
P, JEECE WWHTHAEIER] . 2RI, SE4a @R R
AP AR BRI T RN . I, SRz
O e s G e R e < N SN QR 1 s L
Tk T HA 2R LG5 s 250 i B S
CNTA, HAe sk b B ) v i R A A0
23.1 WK

FERBRAY 15 50 3L R 7K LA e Ak R 0 2 e,
AlRRE R AR IR B R L, &R S g Kok
FTHAFENES MG . RAFr S rEae
ERIEAERE S . CNTA HAT RPN 1 2= 74



5 11 3] &, S BRGUKRE RS AL PR

© 2221

¥, R LR TR PR A9 B8 19 B A, R
Fb R TH U S AR 6 M o PR T A, TR AR Ak
Y5 CNTA WBEELAIR T R BIPUME 2 M
St AR T . WU SEPTHER T —Fh AT L IR
A AR AR A 0 PR S kAl (CC) (CeOy/
NiCo0,S,/CC) ) CNTA 435 OER HEREM 5% .
il %1 Ce0,/NiC0,S,/CC HKEEF HA K EFHY OER
PR S B Y o 76 B 10 mA/em® R H.
HHEHEF (270 mV ), CeO,/NiCo0,S,/CC Ak 45 A
AT AR HE PR i A5, O 5 B AORG M i% 4
Wl LLE 5] A CeO, YK 724 52 BLER KA A0 55, A1
HLF56RS LT 25081 1,3,5- =40 06-2,4,6- = A 3L 4Ky
fe/ R, ZnO G B FEER , WIRER Al Ik
AR, SR — B BE7E NCNTA LJRAAER T 7
YK S (328 Ni3ZnCo /NCNT [51 ), NisZnC ./
NCNT B30 BA BT & FAT S AE LTS 7, CNTA
By 23 25 H AR 7 HER Fl OER F2 i #2431 T £ 1)
WEARIE AL A, PR T A R B AR
R EEAR A K B AL T — S A5 AT B AR AR R o
XU PN NiFe,0, 444K T B 32 [ % 16 76 B HES)
B CNTA L, JF& H—FhF T3 40K 53 i 3D e
NiFe,0,/VACNT & AR . /MY NiFe,0,4 K7+
5 VACNT MEAER =4 T Whlason, $24L 7 &2
A A VA RN ST S LSRR o TIN S VA /E
B A3 % ., GENG Zemk i FE# NCNTA
E R T BEAE AT T B Ak o3 it o B L FAE WU
e A AsE A S EEELAE 10 mA/em® B L I 26
TREEE 1.535 V R A e, R e R >
100 mA/em® TG BL T, R AR . R HE O S A FELE
ShesE k. ZHANG M4 CoSe, 8 1 foii #A kb #1
ik & T B B AEE S —4E CoSe,/CNTAs
(1 9), CoSe,/CNTAs 7 il P B ff S 2 B M 1 £
FIMT & (HER) PERE, BIf7Em & E T,
HER W A] DB FI 4T . YANG 2% it B i i L ~F
A ZH 255 0 [ 88 i A A B T 2 £ — b G B 45 5
B4 @5 A NCNTA ( Co@N-CNT ) Hitl, HATF
TR it B B AR B 4 e Ha e bR Jre IR i v AR A A
TR TERR A R A 1.58 V BIAT 355 30 mA/cm?
P LU B, HL A ) R Al Ak R S I R T R
1 3D 53 J2 B R E5 44 LA AR RP A2 140 I B IR RN
CATERAE T —E WTE RO SO, I T/
JEEPH, RS TR SR SRR R
REN Z5TH iR 8 b B K ) FeNiCo = 4@ %
NCNTA /£ HER 1 OER (#5840 FH 2 # e b
=4 )& FeNiCo AN T 0] LIRMLTT Z 1 Phln 4 )8
TG, H R NCNTA 1 DL AL A S B 1
RN EE , 5 H IR R T LRI R 5 P BHL .

M FREAAAK A EE, HFEE 1.61 V /N H
JEEIAT A F] 10 mA/em? B9 L 35 B

I Microwave clenylatior
Thermal
treatment

CoO/CNTAs
® CoO nanocrystal

CoSe,/CNTAs
® CoSe, nanocrystal

CNTAs

AT 5L
10% H,/Ar Se

—

CoO/CNTAs

B ORI B LIE A BT =4 CoSey/CNTAS!
Fig. 9 Three dimensional CoSe,/CNTAs synthesized by
microwave-assisted selenylation["”
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Fig. 10 Scheme of fabrication process of NiCoP nanoparticles/
CNTA
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Schematic diagram of manufacturing process of NCNTA modified by carbon fiber coated with gold nanoparticles
(Step I : Growth of ZnO nanorod arrays on carbon fiber via hydrothermal process (ZnO-NRRAs); Step Il : Coating

Fig. 11

CF@ZnO-NRAs@PDA CF@ZnO-NRAs@PDA-GNPs CF@NCNTAs-GNPs

poly-dopamine (PDA) layer on ZnO nanorod arrays via polymerization of dopamine; Steplll: Decorating gold

nanoparticles (PDA-GNPs) on poly- dopamine layer via chemical reduction of KAuCly pre-cursor by catechol groups

of poly-dopamine; SteplV: Carbonizating and removing ZnO nanorod arrays template

)[72]
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