i I i i 2022 4F 6 f

Iy

¢ 36

LAk E/ BRENESH RN RER

ENE 2 1F" , TEFH
(B3 T KRFMMRIAEZFR, AL 063210)

B INRECR A KA /RS W S BRI AR S B PR BT IZ N T A R AL T AR R R SR, A SCE e
BT WYUK W =R D RE A U7 i LU I RE AL B K AE /SR A W A2 A R R B T A D7 T L A I AR OR: i B B0
L2522 e ULAR 3D FTEN BT SR BEAT T 7 K B4 I R X DN REAL B 90K B/ R e W S M RHE B SO A48 i
T 10 e RN A% S s A U A N AT AT B A AT T 2558 . TR MR b, X DD AL 2 R/ R G W B MR
SR KR Ty 1 AT T R

KR RAKE ; TIRefL; BAW: EAME

5l E

TR KAT (CNT )RRy HA MR EE Rt 05 2 e 2 e i — 4 9 K A RE 52 31 70k B AR TH]
AR 5% N B3 R R O TE L MR IR R AN K A P SR T 2 B A TR AT 20 A BB RR 40 K A (SWCNTs) il
ZREPR AN KA (MWCNTs) ™,

F1 1994 4F Ajayan % il & CNTs/BAEME A M B Z 5. 6T CNTs #4558 38 A Y 59 0F 58 8 5 h
— KT CNTs [KEA IR B 7550 3 5 PR 25 1 1 ok 58 A 0 0 B RS E0RE S AT e AR AR I
BRI EM G (EP) (B (PAND RN (PP SR E WA TEfE, Chatterjee % il % T SWCNTs/#
LI (PPy) &AM R MR ZE R R E A SRES T 2 2 P RIEE T4 55 5. Yetgin'"
MWCNTs 54 itk PP #4748 , 45 3 ik MWCNTs 138 A AT PP (1 3 PE AL 52 5 45 %0 . P o F
WaGR 18. 4%, fH CNTs B o 4 8 L AR e 2> B 7E R A b . 4F CNTs i 47 D RE b m] A3 R4 v
CNTs B4 0 K H 5 R A 3L R ) i R g5 4 h . WFgs AT 5 aiik g ke / R A& W & MR
W THBE AR A KA/ R G W E G M BHE S A H AR RS 7 T A M RE T 58, N R AT S )

HT CNTs R REALXT B POKE / REME S A EZAEM A CE A H T CNTs 13
REALTT 5 SR G X R 9K/ RE W E A MR & r i dG s i 25 22 DT 3D ATER S B AR AT T
MG ERJEGRIR T RYDKE /R AW E & M RHE B P 25 45 | f#E T 0 B RN 1% 18R 2% S5 5k 1 5B iF oY E
&I XD AR AR AR A/ R E W R B AR AR R & R I 10 AT T R

1 B KT Wi by x

WA I ALEL A A ] . CNT's BT REAL 5 26 0 40y Lt S RE AL A SR An g4kt L 781 W Rl 9k
) FERl b R AT N B AR T IR 2% D RE AL X — HTHE .
1.1 #HMHohee

A T REAL 8 E CNTs B RE b 808 o i i fb 2 SR 51 A B0 R LS e O BT AR I, Hovp

10.14028/j. cnki. 1003-3726. 2022. 06. 004

Y %5 :2021-03-26 ;1 | : 2021-08-16;

EEWE EEARFFESTE (514720740 4648 B AR % BT H (E2012100005) 5

EE B NI (1994 , Lo, WL BF 52 28 B 95 07 1) SRR 4909 K 48 52 A A4 ) ol 5 B iz

CHEIRBRR AN LI E 19655, B i Bz L BT 1 Sk B A I R L S R A Kk A R R B T . E-mail: lan@ nest.

edu. cn.



%6 [ 2 S S i {1 .« 37 -

SE A T R AL B, E DY AR L R 3 ¢ 1 Mk H,SO, Ik HNO, 4k B MWCNTs, ¥
MWCNTs R4 TR 8 T MWCNTs 48t Guo 281 B it i 32 4% ) MWCNTSs B9 3
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A N3 E] CDP-PANI/CNTs &AMk, 45 R %8, CDP-PANI/CNTs & & # B T Ha o B 8 48 T 4l
PANI,

2.4 WBFIEFZE

805 B # R AR P T ek CNTs KAERBEHL > 8 R & L tirb . WimFgE &85 ,CNTs #9
AP HES AR T4 CNTs X RA WG . B A BT (98 W7 32 & L i 25 22 35 L i DR D
e 3D T B AR %5 5 B £ 7 vk LA i A L LR CNTs 76 A9 1Y 43 A 1) 51,

Fi L 7 22 1 2 48 e T RB AL CNTs 43 BU7E R & W WOh I Y7 220 SR 5 AT R 7 22 8 R A W)
AT Y S HR A MR — R ER D it 7R R A WA G I A Th Ak CNTs. nl A3 008 i 58 4 W) 25 4
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JIT & 1 52 A R LA A B R T B (R RS2 R L A KL B A RSB 4
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K1 3D-PPF-ssDNA@CNTs & & bRl & K 7R BIA] (@) ssDNA@CNTs B il # 5 (b) 3D SCA I 2 M S L 5
ssSDNA@CNTs (52 A 5 (O TEAT ssDNA@CNTs 7778 1ty 1 380 F o 412 HE 46 0 459 8 BB (2020 Elsevier BUALF AP
Figure 1 Preparation and test schematic of 3D-PPF-ssDNA@CNTs composite material. (a) Fabrication of
ssDNA@CNTSs; (b) Ammonialysis of 3D scaffold and its composite with ssDNA@CNTSs; (¢) Enhanced cell
proliferation and osteogenesis under electrical stimulation in the presence of ssDNA@CNTs

(Reprinted with permission from Ref. [42]; Copyright 2020 Elsevier)
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J988.1%.,

Cao %5 IBEEA R MBE AR (TR A W M B 25 7 . 78 MWCNTs R i iR A& T PPy 4ikEk, 4
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) N%: :}N{: :}N O)»Nt !
5 Polymerize e i ,LO,L ol
—— ' i
+ Dedope and Dry H !
Dissolve i |n

m-cresol

and Dope

with CSA

graphite porous
paper  PANI/ICNT electrolyte

CaCOs
«H* nanoparticles
Etch with HCI Cast in m-cresol
Wash and Dry

2 Z4L PANI/A-CNTs HL M i il % 1 A% 18 (2019 Elsevier ALY A7)
Figure 2 Preparation of porous PANI/A-CNTs electrodes(Reprinted with permission from Ref. [50];
Copyright 2019 Elsevier)
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Compression Degassing iia}}:v/- Sonication  Filtration :'%' . Heat
Moulding [ oy in Acetone . A
———
EP/F-MWCNT EP/F-MWCNT EP/F-MWCNT F-MWCNT MWCNT MWCNT/surfactants/
Nanocomposites Powder Mixture Flocculation Functionalization H,0/acetone Mixing Solution

B3 MWCNTs Jifgfb il EP/F-MWCNTs 99K & & b kLl 45 2218 (2018 Elsevier ALY
Figure 3 Schematic diagram of MWCNTs functionalization and preparation of EP/F-MWCNTs nanocomposites
(Reprinted with permission from Ref. [56]; Copyright 2018 Elsevier)
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Bora 207 LUR SEALBR 40 K 45 /BB A 40 K 45 (- MWCNTs/PAniNT) & & b B WAL otk #l % T
— T R P R VAL AR . I OE R W AL AR ) N 5 AL BT I L R IE e R, -MWCNTs [
AG R T PAnINT A%, [F B PAniNT S50 B8 fF - MWCNTs T 24 5 i B 12,
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Ni G DR P R A B N N- 2 3 N 3 Bt e (PDEA) 5 % 3t 1k 22 BE TR 40 >k 45 (MWCNTs
(COOHM#HATEE A A T — R0l A A f {7 2 &g . MWCNTs(COOH) B A iy PDEA 441t T
T 22 B35 7 AL 3SR T AR AR PE L 42 55 T PDEA/MWCNTs(COOH) & 4 B80T il $4 B 25 W %t 2
Tk S 3 1 (AP) R I PERE . 45 5L R W] AL RS X0 AP B I 7E 2. 9~ 340pmol/L i N LRt E R,
K H R R 0. 42pmol /Ly Sy 2P R 48 14 RS I 42 43k 1 — oo JEL B

[, T RE AR 9 oK A5 /3R G W S A A RE LA s € 17 3 0 SR A BT W T N AR AL R . Wang
LS 1 A P R AROKE MW CNT's 84 76 HL 25 R BE R 6 (PAG) 40 K 21 4 1 e 1 b, TG I il 5 vl 0 245, 4%
JE K B A MWCNTs i PA6 40K £F 2k W 45 ik A B B (PVA) ZE K & i T MWCNTs/PA6/PVA &
BRI PLAP TG 25 R R W % A ORHE AN R 9 28 JE K P 1 e 30 B G 1 1 A JE e v L BT
BRI, Chen % 3 i fE R L LT HE Y R M ELL B EH — 2t -8R R (PCA) JE 3L M ik fb 1Y
MWCNTs/#98M: B &l (TPU QUK & A MRL, il £ T — Tl 28 1) £F 4 1 A8 % B 4%, i & ok B G 181 4 B
R. SRR, MWCNTs 78 TPU H 805 4 & 1 5 H il i . 2853 PCA D)RE L MWCNTs 5
TPU 2 [H] HA7 5 19 5 A AR, i 5 305 B0 48 &, A5 92 4% s HL oA ik 200 %0 1 T4 I 4% fig g A
e 5 1 e

il

Stirring
Ultrasonicating Heating s ! |

Nanocomposites film

©
R k_,-jrr—

Coating solution Original fiber Coated fiber Coated fiber sensor

Fl 4 MWCNTs/PCA/TPU Ji 2% & &I £F ) il 45 7% 78 (2019 John Wiley & Sons. Inc. SRALF HJ) "
Figure 4 Preparation of MWCNTs/PCA/TPU strain sensing optical fibers(Reprinted with permission from Ref. [60];
Copyright 2019 John Wiley & Sons, Inc.)

H DL L DI REALBR AN OK A /55 W) S & B R M G F 75 i L LG T DI B i L A% R 2 O T T T
ANTR) L U 5 4 RH CNT's T RE AL T5 125 B il 4 7 i B I 3R 1

4 HiE

IREAL CN'Ts 112 58 45 Wy 38 5l O nl A5 S48 T2 45 ) 10 2% T4 R L (5L 22 00 S BRI AL R A0 K 38/
REWE GRS 2 8 HLRE T P05 M b 290 K A% T i 25 5010 S B L T oK ok B2 5 R 16 1 5 1o
FEFE LT =AJr i m . (D) BE— 203 CNTs B8 T20, AR A BAS s (O FEAIR CNTs {5 1 fiE
A RTHE T SR B CNTs DREAL T ik M S AR 6 T7 1 (O Z L E & FRHR AR Z 0
4 T UIREAL CNTs 58G9 5w [RAH AR I HLEE L K S RE b CNTs o035 3R & W 1 BE BT 77 16 59 52 Wi L
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Table 1 Summary of the application of functionalized CNTs/polymer composites in different fields
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PGM/PMnO2 M IRELL R IE D RE L LRV AR7S [40]
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GRS
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MWCNTs/PPy M fiefl R IE e L TR Ak [49]
% fL PANI/CNTs M RE . FIE D AE AL JEAE R A i [50]
C-CNTs/EP LN D REfL R I TIREAL TSR [27]
PLA/MWCNTs Ak S A Ty B A« 3% 07 1 7R i RALHA [44]
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MWCNTs/PVDF M e fl R IL I AE ML SR [54]
EP/F-MWCNTs TR A DI REAL < R HE Tl R AL 4 3 1% 14 70) i 4 IR [55]
CNTs/ZnONW/PVDF AR D hE Ak - 2 1 R Bk I L IR B [56]
MWCNTs-Polyarg JEIL N B AL - RS R 2 VR AL [20]
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li2at PDEA/MWCNTs(COOH) LA el R FEDIE L VIR [58]
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Research Progress of Functionalized Carbon Nanotubes/Polymer Composites

HOU Cong-cong, AN Li-bao” , WANG Hui-ying
(College of Mechanical Engineering s North China University of Science and Technology s Tangshan 063210, China)

Abstract: Functionalized carbon nanotubes/polymer composites have been widely used in energy storage and electronic
devices due to their excellent properties. In this paper, three methods for functionalizing carbon nanotubes are introduced
firstly. Then, the preparation processes of functionalized carbon nanotubes/polymer composites, including new preparation
techniques such as electrospinning, electrodeposition and 3D printing which have emerged in recent years, are classified and
summarized. At last, the research development of functionalized carbon nanotubes/polymer composites in the fields of
supercapacitors, electromagnetic interference shielding and sensors is reviewed. Based on the literature, the future
development directions of functionalized carbon nanotubes/polymer composites are prospected.

Key words: Carbon nanotubes; Functionalization; Polymer; Composites
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