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Abstract Recently, covalent functionalization carbon nanotubes have been received special attention because of the expan-
sive application prospect in the areas of nanoscience and nanotechnology. Moreover, covalent functionalization of carbon
nanotubes can improve the solubilization of carbon nanotubes. In particular, polyaniline, due to its high electronic conductiv-
ity, good environmental stability, easy preparation and reversible acid-base doping-dedoping chemistry, has been one of the
most studied conducting polymers. Recently, CNTs-PANI composites were investigated widely, such as supercapacitor, opto-
electronic devices, sensing and catalysis as well. In this work, we perform in sifu polymerization method at low temperatures
obtaining uniform structures PANI grafted on CNTs (which has been covalently functionalized with NH, groups on its sur-
face) composites. Concerning CNTs-NH-PANI composites, PANI could be covalently grafted onto CNTs through NH,
groups. Due to the fact that CNTs-NH-PANI composites have abundant -NH, groups on their surface, serving as anchor cen-
ters for polymerization of aniline monomer. Introduction of NH, groups can not only increase the dispersion of carbon nano-
tubes itself, but also can be as growth sites to form PANI uniform grafted to the “core-shell” structure of carbon nanotubes in
the growth process of PANI. More importantly, PANI uniformly grafted on CNTs is prone to disperse the bundle of CNTs into
separated lines and improve water dispersibility of obtained CNTs-NH-PANI composites. Potential application of the com-
posite material as high performance supercapacitor has been explored. Composite material samples were characterized by
transmission electron microscopy (TEM), X-ray diffraction (XRD) and electrochemical methods and so on. TEM results
showed that the hierarchical CNTs-PANI composites with uniform morphology have been successfully prepared due to hy-
drophilic groups OH and NH, are successfully covalently functionalized on the surface of CNTs. Moreover, the electro-
chemical measurement show that CNTs-NH-PANI composites have high specific capacitance as supercapacitor material. At
the current density of 0.1 A/g, the specific capacity can reach 251.2 F/g. For PANI, the capacitance contribution is higher in
covalently grafted CNTs-g-PANI composites than PANI-c-CNTs. At the charge-discharge test, the composite material capac-
ity retention stability rate at 64% after 5000 charge discharge test, higher than that of PANI-c-CNTs 48% significantly at the
current density of 1 A/g.
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TEM

Figure 2 TEM images of PANI-CNTs (A), PANI-c-CNTs (B) and
PANI-g-CNTs (C, D)
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HALERF) ), IRAHER(HNOs, m uib2R5) ), hig
(HCL, Fg st 5#1ik51) ), 4 —H&(NHy(CH,),NH,, i
DIACRF) ), 1 BRI (NH,),S,0s, H 25451,
FUAR(CeHsNH,, E 25813, —ikZEmE &), ikl
Yoy, ZAMEHWIESE M TECNAIL-20 %Y
TEM(fif *23ERE FEL 2 #)), il RHBAES A 7] CHI660
FA A TAE S, DBk A TAE A (TR 1
cm?), WAIH K AR (SCE) 2 Lh v, 122 e Ak X
MR, BT rA A S 3 S AT
42 SEMRBEK

(1) BRACKE R BRI 1 g I CNTs W5 H
200 mL VEFRI = FO T, L 150 mL ) H,S04(96.7%)
LLJ% 50 mL ] HNO5(68%~70%), {E 70 ‘C R[ul%i 2 h.
BAYIKVEESFRE, 779 60 C NES T 24 h, H15
IRE R iE 8 CNTs-COOH.

(2) BWAKE I : FREL0.5 g ) CNTs-COOH
100 mL [ S0, 76 70 'C Ny U F Rl
24 h. FIAM S ALE 90 ¢ FPEZET. # 100 mL
IR ZE I = EfP, B S mL 2 g8 A .
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SHE T 70 C N FEli24 h WAEBH L& T
Ky SREGETE, Tl 2K g 5T 50 CIt
PRI 24 b, HIAFESICN CNTs-NH,. SER LR
511K Sda.

(3) WK MM B/ AR SN R 2R i BRI
100 mg CNTs-NH, 55 50 mg R AR I 2547 100 mL
0.2 mol/L H,SO4 LW I B KT, #7530 min,
REA], BT ukash. F 50 mL #KEEA 0.05 mol/L
) At PR Y A UK ) B P 4 I, 35
SERUE, REWAEVKE R NN T 5 CFRFEEmiRE R
N6 h. e, F TR e, IR X KR
K CEEFYE, F=4E 50 CEASMA 15 24 h, BpdE]
#3 PANI-g-CNTs & &KL @ ARE I, 435] PANI
ML N 25 wiYe. SEERXTEE, FLATAHIR] PANT HLf)
] PANI-c-CNTs & & A BER AR R 7 720 %% A 2. 2R
iz SR (R SR A HLER 1 S4b BT,

43 EEWMRIBMERAE

EMEHRZ AN (FT-IR) R 360 Nicolet
AVATAR LA E, KBr v, F4 0 oy
500~~4000 cm ' Ff 1S WG IR (UV-vis) R H
Hitachi U-3010 240 nT WG RGN e, B KEH 200~
800 nm, I Z N 200 nm/min, Y6iEHFh 0.1 nm.
XRD 34K H Bruker D8 advance-X 8 £ AT, MR
My CuKa B2 5 (K 0.15418), F9375HE: 20=10°~
80°; $7 2 (Raman) i MK H] TYHR800 447 2 ik
A A i R 3% S H B R AiE R FH FEI Tecnai G2 20S-TWIN
TR (i 22)IZ8 S L1 S R

HAL 22 3RAE: AR Ho A 2% R AR = Wil i
A, WAHEE R R B S mg iR S 1 mg gk
EAMFRIR A YIS, NI LA (PTFE)R A&
N WPIRYD, B S S R ERAE AL N 1.0 em® (B
HA b sz, 2 L il ok M A 2R Fa Al (SCE), 4l B
HLAR N Pt Fr, HECA 1 mol/L 1) HoSO, /K. 1R
Rz A RHATANE 3 78 55 H (e CHI660 7Y Ak 2%
TAESh (il M) BT X E]): —0.2~0.8 V (vs.
SCE)], ZamliA{r ¥ ri 78 504 (CT2001C) kAT

BOAE: SR R SR A T e K R R AT
b T T 45 3 R FA L3 B,
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