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61.7 x10%; ( DMSO) .N N- 500 nm 1 mm
( DMF)
MWNTs . TA
1.2 Advanced rheometer AR 2000
-MWNTs MWNTs 30 min.
0.5 mg/mL
DMSO.DMF.THF 1 h 2
2.1 MWNTs
MWNTs. 2.1.1 MWNTSs
PhthCS-MWNTs/PAN
PhthCS-MWNTs DMSO
1 h. PAN PhthCS-MWNTSs N
DMSO 6 h 80°C 6h
0.8 mm 1.35 m/min MWNTs
(70 £0.5) C 3.5 cm; MWNTSs
80%  DMSO -10%C; MWNTs
40%  DMSO 11
11. ( 1)
PhthCS-MWNTs/PAN N MWNTSs
PhthCS-MWNTs/PAN 2 h 24 h
10 K/min 1 6 ~10
180°C 1 K/min 190°C . PhthCS-MWNTs MWNTs
200°C \210C  220C 10 min 230°C MWNTSs . 24 h PhthCS-
24 h . MWNTs PhthCS-
PhthCS-MWNTs/PAN MWNTSs .3
2 CMCS N
5 K/min 600°C 45 0 —CH,COOH
min ; 5 K/min  600°C MWNTs ; NCS (0]
1200°C 15 min MWNTs CMCS
. PhthCS N MWNTs
LEO1530 0
—COOH —OH
F30-HTEM
Galdabini SUN2500 PhthCS-MWNTs
25 mm 25
CARY 50 -
Table 1  Polarity of solvents related
Solvent  Tolune CH,CL,  THF  Acetone Aeetic NMP  DMSO DMF:H,0  DMF:H,0 H,0
acid =4:5 =5:13
Polarity® 2.4 3.4 4.2 5.4 6.2 6.4 6.9 7.2 8 9 10
* H, O polarity is defined 10 and other solvent polarity is defined according to electronegativity difference.
DMSO MWNTs  DMSO
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Fig. 1 Dispersion of MWNTs in different solvent: (a) after 0 h and ('b) after 24 h
OR OR OR
o 0 0
RO 0 RO o RO 0o~
Oy N, 077 NH, n NHR n
c C 0
I R=—CH,COOH or -H
C_
or -H  Carboxymethyl chitosan
g )
A
Naphthyl chitosan
HOOC
Phthaloyl chitosan
(@) (b) ()
Fig. 2 Structural formula of phthaloyl chitosan ( a) naphthoyl chitosan ( b) and
carboxymethyl chitosans ( ¢)
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Fig. 3  Dispersion stability of PhthCS-MWNTs and original mg/mL MWNTs
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MWNTs PhthCS
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Fig. 4 Rheological properties of PhthCS-MWNTs ( a) after 0 h and (b) after 24 h
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Fig. 5 Effects of PhthCS concentration ( a) and molecular weight ( b) on the dispersion stability of PhthCS-MWNTSs in DMSO
PhthCS ~ MWNTs
5x10°  PhthCS ~ MWNTs
5x10* PhthCS. MWNTSs
MWNTs MWNTSs
MWNTSs
2.1.3 PhthCS-MWNTs
Table 2 Results of energy dispersive spectrum analysis ( EDS)
6 MWNTs TEM MWNTs PhthCS-MWNTs
Element
MWNTS( 6( a) ) PhthCS-MWNTs Weight (%) Atomic (%) Weight (%) Atomic ( %)
5 ~10 nm C 100. 00 100. 00 89.34 91.78
0 0.00 0. 00 10. 66 8.22
( 6(b) 6(c) ) -
MWNTs  PhthCS-MWNTs 2.2 PhthCS-MWNTs/PAN
( 2) MWNTs
100% PhthCS-MWNTs 8( a) PhthCS-MWNTs/PAN
10. 66 % SEM PhthCS-MWNTs  PAN
PhthCS
( 2(a)) \
MWNTs 8(b)
MWNTs 7 PhthCS PhthCS-

MWNTs
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Fig. 6 TEM images of (a) MWNTs (b) PhthCS-MWNTs and ( ¢) PhthCS-MWNTs

Fig. 8 SEM pictures of 0. 5% PhthCS-MWNTs/PAN composite primary fiber: ( a) fracture face and ('b) surface ( after 5 min in DMF)

PhthCS-MWNTSs . PhthCS-MWNTSs 3%
3 PhthCS-MWNTs PhthCS- 25.7%;
MWNTs/PAN PhthCS-MWNTs 0.5%
PhthCS-MWNTs
; PhthCS-MWNTs 3
Table 3  Effects of PhthCS-MWNTSs content on the mechanical properties of PhthCS-MWNTs/PAN
Content of Tensile strength/ Variation of Elongation at Variation of Young’ s modulus/ Variation of
PhthCS-M standard tensile strength break /standard elongation at standard deviation Young’ s
WNTs (%) deviation ( MPa) (%) deviation ( %) break (%) ( GPa) modulus ( %)
0 36.95/4. 46 — 108.90/0. 18 — 2.14/0.24 —
0.5 50.67/10. 33 +37. 14 108.07/1. 67 -0.76 2.39/0.19 +11.68
1 47.33/6.57 +28. 18 107.71/0. 32 -1.09 2.55/0.17 +19.15
3 46.84/8.53 +26.80 108.06/0.77 -0.77 2.69/0. 11 +25.70
2.3 PhthCS-MWTNTs/CF N PAN
MWNTSs
PhthCS-MWNTs
PhthCS-MWNTs/PAN PAN

PhthCS-MWNTs (CF).
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10
MWNTSs PhthCS-MWNTs MWNTSs
N MWNTs
8  PhthCS-MWNTs/CF
SEM N PhthCS- PhthCS-MWNTs
MWNTs. MWNTs PhthCS-MWNTs
MWNTs MWNTs 3% 6.24 GPa
13. 86 GPa 122% . 3
4 PhthCS-MWNTs
PhthCS-MWNTs MWNTSs
; PhthCS- MWNTs
MWNTs 0.5%
19. 8%, PhthCS-MWNTs
Table 4 Effects of PhthCS-MWNTSs content on the mechanical properties of PhthCS-MWNTs/CF
Content of Elongation at Variation of Tensile strength/ Variation of Young’ s modulus/ Variation of
PhthCS-M break /standard elongation at standard deviation  tensile strength standard deviation Young’ s
WNTs (%) deviation ( %) break (%) ( MPa) (%) ( GPa) modulus ( %)
0 100. 90/0. 25 — 99.57/24. 11 — 6.24/0.88 —
0.5 100. 82/0. 23 -0.18 118.58/45. 96 +19. 80 6.69/2.01 +7.21
1 100. 60 /0. 22 -0.30 109.96/37.92 +10.43 7.79/1.33 +24.84
3 100. 81/0. 45 -0.09 116.52/42.72 +17.02 13.86/3.57 +122.12
10" PhthCS 5 x10°
MWNTs PhthCS-
MWNTs 5 ~10 nm

(2) PhthCS-MWNTs PhthCS-MWNTs /PAN
PhthCS-MWNTs /CF

Fig. 9 SEM pictures of 0.5% PhthCS-MWNTs/CF - PhthCS-MWNTs
composite fiber ( fracture surface) ;  PhthCS-
MWNTs 0.5%
3 19. 8% ; PhthCS—
MWNTs
(1) ( PhthCS) PhthCS-MWNTSs 3%
MWNTs MWNTs 6 ~10 6.24 GPa 13.86 GPa
DMSO  PhthCS 175, SEM PhthCS-MWNTSs
0.6 mg/mL 5 x
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Abstract A polyacrylonitrile-based carbon fiber modified with multi-walled carbon nanotubes ( MWNTSs) was
prepared in this paper. Three chitosan derivatives phthaloyl chitosan ( PhthCS) naphthoyl chitosan and
carboxymethyl chitosan were used for surface treatments of MWNTs in order to improve their dispersion and
stability. Acidizing MWNTs and original MWNTs were also used for comparison with the MWNTs treated with
chitosan derivatives. Results indicate that the dispersion and stability of PhthCS-MWNTs were improved
significantly in those solvents possessed of polarity from 6 to 10. The effects of molecular weight and
concentration of PhthCS on the dispersion stability of the MWNTs were evaluated. Results of transmission
electron microscopy and element analysis of the MWNTSs reveal that part of MWNTs’ surfaces are coated by a
layer of PhthCS with the thickness of 5 ~ 10 nm which changes the surface properties and dispersion stability
of the MWNTs. A composite PhthCS-MWNTs/carbon fiber was fabricated through gel-spinning preoxidation
low-temperature carbonization and high-temperature carbonization. SEM results exhibit that the PhthCS-
MWNTs dispersed uniformly and oriented preferentially within the composite fibers which led to improved
mechanical properties of the composite carbon fiber. The tensile strength of the composite carbon fiber with
0.5% PhthCS-MWNTs is 19.8% higher than that of the carbon fiber without MWNTs. And the Young’ s
modulus of the composite carbon fiber containing 3% PhthCS-MWNTs is 13. 86 GPa which is 122% higher
than that of the carbon fiber without MWNTs. However the elongation at break of the composite carbon fiber
changed scarcely by adding the PhthCS-MWNTs.

Keywords Chitosan derivative Carbon nanotubes Composite fiber Dispersion property



