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M OE A TR B R W AL T R R W L e RS 3 b T OB A N £ BE Bk 4 K
(MWNTs ) 47 R T AL H, & BLAR 2% — FF It Ak 52 A (PhthCS) RE A R = MWNTs 74P 6 ~ 10 i B VA 71
TR A BIOE SRR E M, T B 48T PRihCS 19 43 i S vk B 05 MWNTs g 43 i B e e 1 1) 52 i 5 3l 5 ol W O 3%
FITHE ST, KB MWNTs 37 RMEAE T —)JZRELN S5 ~10 nm (W B LB Y722 T 2% 45 T PhthCS-
MWNTs /RNl G IR 22, WAL S Al 25 T 52 G i 27 4, SEM 25 K W] PhthCS-MWNTs 75 & 4 Ji 22 Fl
EA A Y 43 B 5), RAFEU  PhthCS-MWNTs 3t 5 & J5T 22 R & 45 Bk 2F 4 (1 ) 4 P B L W b 9 Bic 3 1
F .24 PhthCS-MWNTs & & g 0. 5% W, 52 & ik 2F 2 i B 58 3 4 5 7 19. 8% 5 35 Jm PhthCS-MWNTs F & X &
B ET 4 (Y B MR BLAT 8 S5 3R, 2 PhthCS-MWNTs 5 52 3% B, & A B 4F 4k (0 4% [CBE LA 6. 24 GPa §2
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BT 13.86 GPa 3 K T 122%.
e 3t

RN K AS (CNTs) Bl A Sy 2 BH AR B 44 oK 394 3
FHRE CNTs Blck 38 45 4 3 1R B BF 58 © A VR 24
T EAE S BR B R, T CNTs RV A4
KA He A, 7 AT Sl G o R B 5 g | 5 v
R B G, A6 B 2 B B0 CNTs 16 5 4 bk
ARASL A fl A ) 14 5 T 2T A B R AR
() 187 3 42 v . CN'Ts 14 AT 558 760 200 4% ) 51— 7 24
% CNTs /BA W E A MG & .

% CNTs HE1T 3 i kb B, J2 i e HofE A 9
g 4G P B R LA A T . T AR R, R
S5 TR T FL A A W b B CNTs Sfe 48 25 HL 43 Bl v i
()77 O $0H , Wang* Fll Lin™ 258 B BF 55 3 0
4 CNTs BL3E I A 317 B8 19 2 TR 8 0 v 75 4
e, 78 B E K P R B B B TR WS R
fff CNTs B8 75 2 1 7K ¥ W 1 #a 58 43 B, Zhang
i VO] FH K PSS SR A ) A0 R T RS R
BT LA OB A 238 T 3k = PP 3 Ak B 5T OB
SEAE S CNTs BAM R, 76 pH (R 2 ~ 12 K
153 R4 B CNTs. 353 86 & 499 2143 B4 217
W38 T K AE R 40 . Shieh'"" Fil Pompeo' ™’ 45
WU 2 i 52 T M T HG O S 2o Ak 2 R R F

FeRMEATEY), AR, A, ke

CNTs i, 743 51 K 45 0 K 3L 4 b= ). Ke
AT B Y S WA AR S T 00 5T B OME Ak B
CNTs, & & W REV i T L TROK W W, b e i T
DMF \DMSO “5A7 HLE . 3 19 52 Bl S AT A= 4
Xf CNTs 3 BlCPE BE A9 52 Wi & CNTs B 52 OBl 1Y
WrFEsIR T E Mz s

ASSCMU A il (9 LA 72 S AT 28 W F 22 BE e
QUK E PEATRIMAL B, T2 M0, 25 5 S B, D5
T BRANOKRATAE R B 5 b 1 oy B R R E A O
IO P S o e 20 KA o B T B 0 OK A BTN O R
9 22 J5UH, 5 B 9 22 R 2 AR AL R AL AR A
FIBRAOKRE RS 4E, B T E AT
FYERE S HOWIE S, 20 T P DL

1 SLWHIE

1.1 SKBEH

ZEEWANRE (MWNTs) IR K A R 2>
Al EHAR 10 ~20 nm, AR L2y 300 5 487K — T it
fe57e B (PhthCS) , A 5 2% H Bt 1k 7¢ & bl
(NCS), Al 5 52 P H AL 72 R Bl (CMCS) , [ 15
F RN G (PAN) , B gl 44k, 2 7
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H#61.7 x10"; —HI FF L (DMSO) N, N-—" I 3
FH Tt e ( DMUF ) i HC Al Ak 2 32 550 35 ok [ 24 4% 141 A=
R T
1.2 Hmbl&RRIE

SERMEAT AL W-MWNTs (1) ) £ &% MWNTs
A Bk B R 0.5 mg/mL (1) 58 58T 4= W 1
DMSO DMF \ THF %5 #f L %5 7 b, @8 7 Ab 3 1 b,
75 ) A Yo VR O S Y 0 A S, IO IR AR UL E
TR AT B e AT A W AL BRI MWNTs.

PhthCS-MWNTs/PAN & 4 & 22 ity ] 45 52 0%
SE 1t PhthCS-MWNTs fiil A % DMSO | #8543 8%
1 h. Bt € & PAN Jil A #]i% PhthCS-MWNTs [
DMSO W ik 6 h, 7 80°C T lal Zu#i+ 6 h, 15
B 22 53 B 51 0 D5 2290 . BEIE 97 22 7% A, B AL
Wi22 1 B A2 0.8 mm, £ 3 JF 1. 35 m/min, 25 %2
WO TE (70 £0.5) °C B BE 3.5 ey — YCBE [
R EE 80% 1 DMSO 7K % ¥k, IR BE Ry — 10°C
TR BRI N MR E 40% ) DMSO K R, IR
HEAT =R PR, SRR ECh 11.

PhthCS-MWNTs/PAN & 4 5 22 () T 46 4k &
¥ PhthCS-MWNTs/PAN & & I 225 hn — & 5k h
J& R RS BRI, 4% 10 K/min DA 2 PR 3 T
RE 180°C, Z J5#% 1 K/min J} &, 7 190°C |
200°C .210°C F1 220°C F 4 4.1k 10 min, 7£ 230°C
Ak 24 h, R TR AL 22

PhthCS-MWNTs/PAN & & 1 & 1k 22 (1) 5% Ak
oA 2 A S RS b A
AR, 5 K/min NE R FHE 600°C {1 45
min HEATRIR R AL ; Z J5# 5 K/min )\ 600°C TR
2 1200°C , fRif# 15 min FF47 5 i s Ak, i 2515 3
Gk £ 4.

%M LEO1530 494 ¥ + . ff B8 WL 58 FF it 1
NI 30, 21 2 22 W R V% VR Jia YA O, OO T . >R ]
F30-HTEM i 5 B - 5 3 55 UL 58 A i 0 08 JE 5.
J12EVEBE R H] Galdabini SUN2500 %7 A i 4%,
L YERSFE 25 mm  SPRATINGE 25 W BUNME. B0
W 7E K FH CARY 50 A: 4k AU 28 Sh-0] UL 43 't O B

T, K 500 nm, 1 omm A 4 0, T2 AR ok RE
WO HE B A 1 £, 00 R B IR O BB R W E
RO MWNTs (99 52 A8 PR REI 2 R TA 2
) Advanced rheometer, AR 2000 # 47, £ 5 Il
SE T4 2888 75 43 HE 30 min.

2 H#RE5iTiR

2.1 EEETEYX MWNTs #1TREALE
2.1.1 FMHE A MWNTs 75 A [R] A% M v 70
Syt

ARSCNGF FEER BT R, A T AR
Tk Ak 7 5 Bl 255 H I A 7 3R W RN 7R R SR Ak e R b
LR e REAT AW, 0008 i S BT AR
H R S | G i R AR A T 5 B A L AT A R 2K B
It ORI ST JROBEATT A= W A MWNTSs [a] i £ 0,
PLekst MWNTSs 78 37 770 b (9 43 BlobE ffeose v o
W 5% 72 BBEAT AL W) A B S MWNTSs 78 A [ %5 57 of
P18 3 5T TR M, S G 4 RV R A M R T 11
sy PRV R RNR A& 3 (e 1) 4 8] ¢ 3R p
RE Wb B R Ak K D b MWNTs 76 8 75 I h 4y
B2 h J5 i 24 b, HER A AT WL 66 I E kAT
W BE I . T 1 S5 SRR AR 6 ~ 10y [
%7, PhthCS-MWNTs # FL R /b MWNTs Fl JE 44
MWNTs W ¢ B 2 48 5. # & 24 h J5, PhthCS-
MWNTs [ 43 P A0 X 42 45, U B PhthCS-
MWNTs [ 53 B AR e M 4R A5 203 . 3 3 Fh o
RREAT AP R 25k & 2 FroR, CMCS 2548 N
MO I B AR 3k J2—CH,COOH, 3E K g 4f, 5
MWNTs [1] ) 7 I 1 %2 55 5 NCS 2544 O 1 HUAR
FE AP, 5 MWNTs (1) 4 B0 i 55 CMCS 3
ifii PhthCS 2544 ff N AR (9 2K 34 BE fl MWNTs
PR B ) BB, O3 — O T O A |
() —COOH FI & Bt ) —OH i 1 55 1 Pk 45 580 1)
=N S SR (B SE N s -/ S = 1
PhthCS-MWNTs £ AH i 75 751 v i 7 Hh A 1 1 43
.

Table 1  Polarity of solvents related

Acetic

Solvent Tolune CH,Cl, THF Acetone

acid

DMF NMP

DMF:H,0 DMF: H,0
DMSO H,0
=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.

H1 T BRI 25 22 T 2010 5 22 J5ORCR T B 3570

DMSO,MWNTs 7£ DMSO = [ 4> 8t bE st B 48 It
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K. NI 1 (a) F1(b) 45 R A A, PhthCS-
MWNTs £ DMSO w1 43 8t B 2 f F F At JL 2%
MWNTs. [ 3 g IR, 2850 480 h J5 , PhthCS-

MWNTs 7£ DMSO w45 B A7 — & B9 43 8L, 07 B 46
MWNTs I JL-F- 58 4 TR

40 3 Original MWNTSs 40 ™ Original MWNTSs
3.5 I o Acidizing MWNTs N 3.5 o Acidizing MWNTs
3.0 A PhthCS-MWNTs & = A PhthCS-MWNTs A
2 3.0 v NCS-MWNTs o % 307 vNCS-MWNTs
S 55| <9 CM-MWNTs oA % 25 <CM-MWNTs °
2 N e N
S 201 i S 20f 34
3 © A 51 v A
2 15¢ 2 15+
,8 v d q A 'g
5 L0 : Fa g < 5 101 Ve o
28 L 2 a 8 g <
=< 05 8 v 4 ¥ < 05F A 5
00 & 2 WadE ¢ o oo & B a8 ¢ o
a b
_05 1 1 1 Il L L L L 1 —05 1 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11 2 3 4 5 6 7 8 9 10 11
Solvent polarity Solvent polarity
Fig. 1 Dispersion of MWNTs in different solvent: (a) after 0 h and (b) after 24 h

|

H,

(||) R=—CH,COOH or —H
Cc—
or -H  Carboxymethyl chitosan
3 HO®
Lo
Naphthy! chitosan
HOOC
Phthaloyl chitosan
(@ (b) ©

Fig. 2 Structural formula of phthaloyl chitosan (a),

carboxymethyl chitosans (c¢)

~ —0—OriginalMWNTSs
2.5 3%\ —A—PhthCS-MWNTs
A
20F |~
8 a\bﬁk& v
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2
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05 - /
0\\0
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Fig. 3 Dispersion stability of PhthCS-MWNTs and original

MWNTSs in DMSO

2.1.2 PhthCS ¥ i J& 4 + 5 Xf MWNTs £ % 7
rh o3 B B9 5 e

Kl 4 2R [R o BE (% PhthCS &b B MWNTs J5,
7E DMSO () h B2 A2 AL A5 0. J5 i MWNTs | T
KRARMAE A, 20 WL FT 30 min HH 5, 598

naphthoyl chitosan (b) and

TEAE BRI F 1 T 58 0k (o A ) 3 Ao 300 266
e K, i i o R g R A AT, K T SR U 3% T 19T
B BB T R R 25T 24 h J5 A R FORL R
SHEIL AR R R, B R B KL T 2R A [ ik
PhthCS ZhHf ffy MWNTs, 25 B 75 24 h #i J5 2 f %
7] DMSO AH3T , i B 3 22 K & MWNTSs [ 75
L3 JE I MWNTs 4.

M 5 (a) v PhthCS ¥ B % MWNTs 7£
DMSO 1 43 HiUH: 52 W ok 7, 24 PhthCS ¥R 4 0.6
mg/mL B W B 0 K, B0 B Y MWNTs (19 ik
JE f e, o OB A IGVR B I Bl 25 PhthCS ¥ B (1)
PR A ZETE MWNTs i ) PhthCS J3 % 5 34
Z ,MWNTs [ 7 0 B e e v 3 m. (A8 i —
SE P I, B PhthCS ¥k B2 42 =, PhthCS 43 7 [i] B
AH 28 45 1 JL 2R 8%, %F MWNTSs fy 2 T £, 78 250 1
Z B 5.

KIS(b) BE T/ FHAS x10° f15 x10° Y
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5.5

5.5

b) After24h o Original MWNT
50F 0 0.5 mg/mL PhthCS
A 0.6 mg/mL PhthCS
= 45T B v 0.7 mg/mL PhthCS
& L o < 0.9 mg/mL PhthCS
a 4.0 oo o
=) u]
» 351
Z
§ 3.0
~ 25t
20
1.5 1 1 1 1 1 1 1
0 5 10 15 20 25 30

Time (min)

Fig. 4 Rheological properties of PhthCS-MWNTs (a) after 0 h and (b) after 24 h

a) After 0 h o DMSO
50 0 Original MWNTs
o AQ.5 mg/mL Phth CS
o 45T o v 0.6 mg/mL Phth CS
g&f a0k % <0.7 mg/mL Phth CS
E < 0.9 mg/mL Phth CS
= 35 %,
z
g 301
~ 25t
201
1.5 1 1 1 1 1 1
0 5 10 15 20 25
Time (min)
4.0 a LO0h
o2h
35+ A4dh
2 v6h
o 30F <d424h
2
@ 25| o o A
2.0 F ¥ ° o
A
A
150 % N
¥
].0 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Concentration of PhthCS (mg-mL_l)

3.5

b
3.0F
O, PhthCS/MWNTs (M5==500000)
2.5 0-0-0 °
jo)
2 20r
& N
=] . ~
g 15 A, o PhthCS/MWNTS (My~50000)
< A
1.0
u]
05k MWNTs
0.0 1 1 | 1
0 5 10 15 20 25
Time (h)

Fig. 5 Effects of PhthCS concentration (a) and molecular weight (b) on the dispersion stability of PhthCS-MWNTs in DMSO

PhthCS X MWNTSs J3HURCHR 1952 ), 45 R = W] 43+
H 4 5 x10° () PhthCS X} MWNTs 1) &k #4440 T
S F AR S x 10° (g PhthCS. J5 H & i T4 F 8 K
()52 R MEELA A ) 5 T, HLOH ZE7E R Al KA
TSR TR AT, GBI AR BN B % TR 5 R
2.1.3  PhthCS-MWNTs {13 W JE 55t K i) 7 AL B
v

MK 6 H MWNTs f#) TEM 8 F- 0] DL &
F A B S MWNTs (6 (a) ), PhthCS-MWNTs
(IR R A — 2R N 5 ~ 10 nm ()43 7 5
(nE 6 (b) FIlE 6 (c) Hrdf Sk ab ). 38 ok T 5 4
MWNTs 1 PhthCS-MWNTs ik 17 70 2 40 #7114 45 5
(F 2) " A, J5 &g MWNTs 3R I 9 Bk & & HF
100% , 1fif PhthCS-MWNTs 3 ifij B B = 4 if 17 16
10. 66% WA TG ER , AT LIHERT < R A Y E 24
BAERAKRE . i T PhthCS i 4% Fafi A K&
AP R (I8 2 (a) ), MBS I & A AR B 55 36
B M ok e 52, e 5 MWNTSs JE B850 (19 A0 BAE T,
S5 MWNTs JE W& 7 Bt s (9 60 58 2544 , PhthCS
53 FHETE S8 00k 94 K 8 45 B8 A0 A i, o8 Bl 44 oK

A7 Sty TN 2 P G 3 0 1 e 44 K A PR ) T Al
A BEVE T, 10 55 7K 35 1A U0 1) A S 1) 3K ) A
AT AR B, 0 T MWNTSs (14 36 Ifi 1 I
REAIR T MWNTSs /) % 1 g A1 MWNTSs [|] (1 41 B4
A7, 838 T MWNTSs 78 3% 57 o (0 49 Bork K ke
;@_

Table 2 Results of energy dispersive spectrum analysis ( EDS)

MWNTs PhthCS-MWNTs
Element
Weight (% ) Atomic (% ) Weight (% ) Atomic (% )
C 100. 00 100. 00 89. 34 91.78
(0] 0. 00 0. 00 10. 66 8.22

2.2 PhthCS-MWNTs/PAN £ & J& 2 09 1% 0 T
RN F R

M & 8 (a) H PhthCS-MWNTs/PAN 4 & JH 22
(1 i SEM BB 3k 7, PhthCS-MWNTs 5 PAN 4%
G R, EC S, HER R G 4B, &5
W22 1 (R 55 0 RS 22 b Ve R G IR 22 1l )
BT —E TR A HL) . NI 8 (b) Z1iUS i &2 A i
22 F TR AT S0 fig B N A M W8 5% 3] H: o PhthCS-
MWNTs 1) 53 A 5 W) 5 &5, H £F 48 N &8 i T
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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-MWNTs () &= B [a] JE B T i 7

2 3 J& PhthCS-MWNTs % & %} PhthCS-
MWNTs/PAN & & Ji 22 J3 5= VF G /Y 5% i, v] UL 7
I PhthCS-MWNTs X 52 45 J5t 22 (1 Wt 2441 K 32 52 1
BN T I A I 22 1) 4 TGS & il PhthCS-MWNT

(938 0 T3 K, 24 PhthCS-MWNTs & ¢ % 3% i,
AR BRI R T 25. 7% ; 5 4 J7 22 (W B i
58 J& U] £E PhthCS-MWNTs & 4 0. 5% i Hi Bl
L. b O 22 1E G 727 L LU B S e 5 K i 22 19
fAAE AR 3 A RORE U F 122 5

Table 3 Effects of PhthCS-MWNTs content on the mechanical properties of PhthCS-MWNTs/PAN

Variation of

Content of Tensile strength/ Variation of Elongation at Variation of Young’ s modulus/

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 £ & o &F 4 5 W
MR NFEEE

I PhthCS-MWNTs [ 25 22 W 45 5 I8 9 22
% PhthCS-MWNTs/PAN & & JE 22 [ 1 #2 rfr , PAN
K4 FoE 5 PhthCS-MWNTs JE i T & 5 X, 2 3

AR AL AR 2 Ak R s i 2 AR B B, PAN R 3 1
AT MWNTs JE Bl A7 5% A8 9 2T 254, A
HHEW). Ea b Armon R — 20 LR i
B 5E 35 1 B N R S5k, 1 B 2 A R A 4
(CF) . TERR £T 4 28 337 A0 10 % A= W 28 60 0 72 o, &85
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G 7 MWNTSs 12T 45 ¥ A0 b T 50 400 1) ik 2 G 2T
MRy Y] ) EEHE T S T R BB SN AETE Z Y RE
MIE 8 ' PhthCS-MWNTs/CF & & ik £F 4 () 7 it
SEM & Fr a] W 5% 2 9 4k L 4K W7 19 PhthCS-
MWNTs. MWNTs X} &2 & fiie £F 4k 38 B /4 51k K T
MWNTs 25 ik 2T 2 2 ok 19 Bk B , £ 45 o AL MWNTs
(8 525 e 2 A 1 1 ol i J3E RS d 75 L) 4 o
Wit 3 4 1 PhthCS-MWNTs & &5 & 4 i 4
Yt Iy 2 1k BE 1 52 W 25 SRk &, PhthCS-MWNTSs Xf
S5 TR AT 4k 1 W 24 3R 2 i AR /)5 24 PhthCS-
MWNTs &840 H 0. 5% B, 52 4 Bk 2T i 1 7 {3
FEHETS T 19. 8%  ifii 4k 22 18 i PhthCS-MWNTs Jfi
I, A AT Y R R AT TR B X R

4 PhthCS-MWNTs F & 4 Jin J5, MWNTs H 2 i
KA 55k 21 2 v Bk B 385 in, MWNTs X 5 J32 11
TE T HRFH BB A R 19 T BT MR A LA BT R i B
k2218 N PhthCS-MWNTSs X} 5 & i £F 4 1) $ir fif 45
W H A W4, 2 PhthCS-MWNTs % 4
3% B, 52 Ak AT 4E 1 A% IR R DA 6. 24 GPa $2 15
T 13.86 GPa, 0 K T 122% . 4545 %K 3 hE L
Ji 2 {1 A% FCASE 1 45 L, 10 B 7 ik 7S 30 T8 45 M 45 5%
LHBRER 4 b, S B B MWNTs Xt & & 45 4E 45
Y TTER B K. T R £8 A HE Y MWNTSs 0] (i F A
RyEBER 2  HE G R 22 R AL,
TGk 3 A e 25 22 AR A SR I B A 4T 4

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

Fig. 9 SEM pictures of 0.5% PhthCS-MWNTs/CF

composite fiber (fracture surface)

3 %ig

(1) 4B 2% — W I £k 5T 28 B ( PhthCS) 4b 33
MWNTSs feA % M 3% MWNTs 76 H% ¥ 6 ~ 10 3 [
P R Y 43 PR B R e 7 5 72 DMSO | PhthCS
AN 0.6 mg/mL IR, 4 FH N S x

10° {1y PhthCS [t 5 x 10" iy b 2% 5 0 4. 3 3t %of
MWNTs (1) fi W JE 55 F T & 43 #r, 3% W] PhthCS-
MWNTs & 7r R T —ZREELHN 5 ~10 nm
{14 6, 75 g%

(2) PhthCS-MWNTs %} PhthCS-MWNTs /PAN
54 22 F1 PhthCS-MWNTs /CF & 4 i £F 4k (1) 71
VEre HA W W 09 o /E H. PhthCS-MWNTs X
A5 W 2T 4 (19 BT 24 A K SR 52 i AR /1N 5 24 PhithCS-
MWNTs & 40K 0. 5% B}, 52 G e 2F 4 16 7 0 5
R T 19.8% ; £ & A Wk £F 4 ' PhthCS-
MWNTs ) £7 76 %F JC i i HA7 b 2 88 5, Y
PhthCS-MWNTSs & 1~ 3% B}, 2 &4 4 i # IR
ik M 6.24 GPa 275 %] T 13.86 GPa, 3 kK T
122% . i 3 SEM i i 43 47 W22 %] PhthCS-MWNTs
531, B g BT

REFERENCES

lijima S. Nature,1991,354(11) ;56 ~ 58

“w B W N =

Coleman J N,Khan U,GunXo Y K. Adv Mater,2006,18:689 ~706

Coleman J N,Khan U,GunXo Y K. Carbon,2006,44(9) :1624 ~ 1652

Jason E R,Guo Z,David L C,Sun Y P.J] Am Chem Soc,2000,122:5879 ~ 5880

Licea ~ Jiménez L,Henrio P Y ,Lund A, Laurie T M, Pérez-Garcia S A, Nyborg L, Hassander H, Bertilsson H, Rychwalski R W. Compos Sci



172 R S A R 2011 4

Technol 2007 ,67 ;844 ~ 854

Gong X, Liu J,Suresh B, Voise R D, Young J S. Chem Mater,2000,12(4) ;1049 ~ 1052
Li Q,Kinloch I A, Windle A H. Chem Commun,2005,26:3283 ~ 3285

Wang S,Shen L, Zhang W, Tong Y. Biomacromolecules, 2005 ,6 (6) :3067 ~ 3072

Liu Y, Tang J,Chen X, Xin J H. Carbon,2005,43(15) ;3178 ~3180

10 Zhang J, Wang Q,Wang L, Wang A. Carbon,2007,45(9) ;1911 ~ 1920

11 Shieh Y T,Yang Y F. Eur Polym J,2006,42:3162 ~3170

12 Pompeo F,Resasco D E. Nano Letters,2002,2(4) ;369 ~ 373

Nl N =)

13 Ke G,Guan W,Tang C,Guan W,Zeng D, Deng F. Biomacromolecules, 2007 ,8(20) :322 ~ 326
14 Li W,Xiao L,Qin C Q. ] Mater Sci,2010,45(21) :5915 ~ 5922

15 Shieh Y T,Wu H M, Twu Y K, Chung Y C. Colloid Polym Sci,2010,288(4) :377 ~ 385

16 Wang Z K,Hu Q L,Cai L. Chinese J Polym Sci,2010,28(5) :801 ~809

MODIFICATION OF POLYACRYLONITRILE-BASED
CARBON FIBER WITH CARBON NANOTUBES
TREATED BY CHITOSAN DERIVATIVES

HU Xiaolan'?, ZENG Haitao' , ZHOU Hua', YU Ronglu', DONG Yanming',
ZENG Zhiqun', SHEN Xinyuan®

(' College of Materials, Key Laboratory of Fire Retardant Materials of Fujian Province, Xiamen University, Xiamen 361005)
(* Science and Technology on Advanced Composites Laboratory, Beijing Institute of Aeronautical Materials, Beijing 100095)
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Abstract A polyacrylonitrile-based carbon fiber modified with multi-walled carbon nanotubes ( MWNTs) 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.
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