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W OE OH T AR (SDS) 1 g — B Bl 7 b B 2 BE Bk 49 K 4 (MWCNT) |, SDS 4b 3 5 19 MWCNT 4y
£ 279 SCNT, I 3R FI G B 1 AL RN A BY 7 SR AL 43 ) il 4 7 MWCNT/PET #1 SCNT/PET & & #4 8+ M AL ) SO0
gEH, S PRl 45 T R e LA P fE S5 A 5 WF ST T SDS XF MWCNT/PET & & kRl BE i 82 . 45 R 4 0,
SDS 4bFRREA &4 3 MWCNT 7E PET JLfk i1 43 HOCIR A, (2 3 5 vl I 48 1 26 B0, AT B B A0 R S R 1038 8
BN 2. 35 wt% Wb 25 [R5 0. 18 wi% ; fEWR N 1 wi% (4 T, MWCNT X PET (95 i P e I A 5% W, 1
SDS 4b ¥ MWCNT A fi PET (L S %M 1 x 1077 S/em #2555 6.5 x 10 S/cm;SDS % MWCNT fy4b ¥, R
AT PET 095 i M8, i HL# MWCNT XT38 55 PET By AL MG M 68 A 5 08 W 09 /B IR0, 23 &
1wt% B ,SDS 4bFH i) MWCNT A] fdf PET K& i hir A 8 B85 35 = 31% , B A A it 48 =i 58% .

KA

RIS R IR £ 16 (PET) J& — Rl 25 5 /Y
IIBYEM I, BAT 000 R Ry 1 5 BT B
R BSOS | SR R i P N
1. X T PET 12, 45 i AT i,
o7 DA RCH e P BB 0 18 i 30 2 77 AR 9 A 1 Tl 17
W {eL. 10 H, PET fiif 46 27 8 ol , 5 e — Rl B AT 5 &
LR AL R AL B BE B9 PET & 45 A4 Rkl 5 ol A
B A i VR AR o Tt 1 SBUAR A

T AEAS T RS Y AR AT T R
TEIR G YIRS B BORE. B B 5 L EOR
BLIE S RB R, & JE A4, R 9K (CNT) |, Bk 47
Ue B RN X RIE-RAME A
BB T A A 4 B Tl S S S R T T8
]z R

TE LR Y 5 o DR CNT R Sy i 4 9 43+
Zif s TAEF B s A T S PR R CNT A9 2
B APE 5% R0 7 FHBOF 5 e 00T R AR R 7
CNT RERG BRI TR EWZ R A K2
F14y X R B2 R 51, CNT 3l 45 4] 48 7F — e
IFHTERGY A5 MR, CNT MRS Y Z i
55 0 S48 5 1 2 R0 CNT 4% T B P BE Y 58
Sr A

FME PR B 29 T X CNT g 17 3 1 Ak

ZEERRIOKRA, + TR, BN MR L N, e

BRUOE SRS MR M CNT A5 LR L AT A
X AN BN CNT 1 45 48 DT PR 455 1
CNT g HL 2 7 4 P RE "™ OV, E 0% 3 b 1 i
BURLRIR 5 W) 2 18] 09 B 45 5 1 k48 v 2 A Ak
9 Tk B AR A SR E AL A
RS & BB B B2 A0 2 = CNT 16 55 W) sl
H A EORR T AT SO K A 4 P A X
3 BIORE B AP BE A 52 W, (ER X T 5 R
FUAE R MWCONT 5245 4 RE ) L 22 PR BE 4 531 2
MWCNT/PET T 52 & 4B} J5 T i WL SCRR AR G5 -

1 SLBEs

1.1 K ERAY 2R

R E WL —E (PET) , [ Aldrich 2y
HL RO 4y P R 2.5 x 10% b T 3 B R A
(SDS), % B Aldrich 24 w5 £ BE g 99 K &
(MWCNT) , B 48 FHC BE 43 5 24 10 ~ 15 nm £ 10
~20 pm, i [# Iljin Nano Tech 2\ H].
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it A, 25 [ TA A .
1.2 F SDS 3 MWCNT §j &b 18
% 500 mg (1) MWCNT #11 500 mg [t SDS — iz
BRI A 200 mL £ B F KRS )G,
JHZE E Cole-Parmer 8900 #8 75 ¥R V7 #5 # 75 4 HX
1 h. i 5 R PR B 25 BEAS P A 80°C R Tk 4
h LR BRAK 4. F 05 0 7= 4 Ry 10 B %5 F SDS
f) MWCNT, 75 I W& Bk S SCNT.
1.3 H&HH&E
¥ PET F1 Bt MWCNT, SDS 1 SCNT #48
6] L LR A 05, FH AR BURFF 55 1 AL (HAAKE) 78
TELBE R 280°C %38 Ky 70 r/min (4 5511 R IR, JOF
¥ A3 200 PET & & AR O E ¥ HL (HAAKE )
TE I R R AR W RE 5%, F 45 Fp ok RE DN K. 5 5
By 4 5 xMWCNT/PET 5% xSCNT/PET, ix H x
f3 MWCNT 5§ SCNT 7£ PET & & #4 %} 5 45 fin
B (wt% ). {5l 1, IMWCNT/PET 4t 36 & & # kL
44 1 wt% ) MWCNT, 1SCNT/PET {1t £ & & #
B4 1 wit% [ SCNT.
1.4 BEXRHK
AP RH AT B S R AR 4l ASTM D4496 Fr
WEVEAT. 3R A 75 22 A D 36 4 P 7E 280°C T [k
AR 3R 30 min, T 5K © K0 T AR RS BE A AR R T
P A4 HL A =2 (], (8 FH 3% [ 4 A 5 28 \] Y Fluke
110 80707 T2 00 2 B ri BEL. S 7 BRI e T 4
ot 2 TSP S B0 TR 22 , 78 KR & 2R 1 15 4% fih
HLM Z (R b — sk am 4R, L S ik i FRR 2 1
x10 7" S/cm.
PR T AR A 0 20 (1) T
o= (1)
Kb o BB H SR LIS S/em, L 2 i 1Y
KB, B em, WO BE B Y B8, B0 S em  H
SERE S L B em , RO AE 1 H B BRLA
2 Q.
— B SE T A S L A R L SR BE S i
B HIE A C ) AR R A (2) s
o =o0,(m -m,) form > m, (2)
AR Q2) o BRI TR, m & SCNT 5
CNT (7R, m, EHAR @B E, B 5
A ROR
1.5 MEERIE
PET i g K45 (1 4 HOR 850 H H A< JEOL 2%
Al Ay JEOL JSM6360LA 4§ #4555k M 25, #4 K} ML

P REAR 5 ASTM D638 A i 75 =5 il F ] 3¢ [ 9
Wi e B 2N 7 B9 Instron 3360 U ff i HLZE 50 mm/
min (3R T E . bR 45 S P RE IS [ TA 2
Al Q-100 22 7% 45 4 B PALAE N, fR97 T I 5E
DSC il 5E I, 5 Sk FE i A ) 300°C SR 5 LA 10
K/min B3 R ER ] 40°C , B L) 10 K/min 1953 &
JHE %= 300°C.

2 H#RE5iTiR

2.1 EAMBHHAEN

P R AR A T T, R SEM I 42
TEGME AR E RS HIEA. B 1 1(a)
A 1(e) W O R 2L H MWCNT/PET & & #4
BELE 1(b) A1 1(d) BUEH SCNT/PET & & b K} i
. AR R B 4 S MWCNT 5
SCNT. M1 B8 - v T LAE Y R R ) PET 3
A TP Rl 4 K A AR OK RUBE | 359 AR R 19
B, (E7E SRS 40 0 43 OB IR R A & R Y
25 5. WTE SCNT/PET & & # kHrf, i SCNT 1y
WINEE 5 wi% i )& 10 wi% , 76 L FE 5 W w1
SCNT (53 i ¥ 5), L& A i A SCNT
B0 X 8. 0 MWCNT/PET & & # K
MWCNT P15 (9 31 4 A 5 W b, 78 H W i 1 mT DA
FHA B LM MWCNT [# 5 X 58, X & MWCNT
AR X IRUE R F 1 wm P, B MWCNT 30
I A SR X A A5 i % AR

DL &5 BB, SDS Xt MWCNT fiy &b B 512
fie i 25 Hb U 55 MWCNT f9 [ 58 i 1) , 42 LA
PET 3 {4 o (1 43 #0FR 3. 35 A FH 80k il SDS
g% B IR MWCNT 2 [i] (9 i 7 42 77, H Mt & 7
MWCNT & [fi () SDS 7] DL & MWCNT 2 1] [ 25
[ A7 BHA G, SR X F A HT A B T 803 SCNT il
PET L4 8] /) 7 180 P4 BE , A Bh T {2 #f SCNT #&
PET 3L v 73 W T A 2501 3 Ha 190 45
2.2 EEMRHNBEXR

& 2 45 1 SCNT/PET Fl MWCNT/PET & 4 #4
H Y 3 FL 3R G 4 OK S S N B 2 TA) Y O &R L]
Rl LA 20 PET J& — 8+ 400 B 1) 48 2% b
R FRATI A H AR R L G R AN 1071 S/em HISC
Hik R 38 A B0 T A MWCNT 5 SCNT J5
AR 1 R 5 28R AR I Al 40 DK R T 1 KA B 4%
REg4E e HP R R BB ARG 2R H
H1,SCNT/PET & 4 1A % B H: MWCNT £ SDS %
7 A0 B, U AE X MWCNT i 5 , 7€ B LA 5 10 32
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Fig. 1 The SEM micrographs of MWCNT/PET and SCNT/PET composites: (a) SMWCNT/PET, (b) 5SCNT/PET, (c¢) 10 MWCNT/

PET and (d) 10SCNT/PET
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SCNT # K 1 wt% (¥ N 4514 F , MWCNT/PET
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Fig. 2 The electrical conductivity of MWCNT/PET, SCNT/
PET and SDS/PET composites

FH T A5 L OB R LS I i @B (E S A RE
TE BUAT S50 5 L I 28, Pt LA R B} 7 L 5 3R A o
BB — WS LA B G B 1 . 7R AR
S, B MWCNT | %5 B2 HORE B R B Al 1
(1.4 ~1.9 g/em’® ), H bk A HC B B 77 2 B0 AR 1A
BUE B AT A 3d. Kl 2 Frs, SCNT/PET
I CNT/PET I E SRR EE S AL (2) 4
BT A ARG, HREARK(2) 153
44 it 26, SCNT/PET Al MWCNT/PET & 4 b
BFHL SR8 B 50 9 JE m, = 0. 18 wit% il m,
= 2.35 wi% , iz 45 KK W SCNT/PET & 51k &R

55 Ltk MWCNT/PET (K R A7 3 4719 5 FL PR g

— MRk AA KB/ o T B A REORE R 5 M R
Bl 299 K A8 TE AR P 8 3 W R A A RS B )
6 &, MAWE5E HY SCNT/PET & & #4 kL SCNT
(4 HCIR A B A7, JC BE B Wk &5 SCNT B % L
MWCNT 2 £ () S o @il ik R B A 7 &
B S . HK SCNT 4B R T 1: 11
MWCNT #1 SDS [, H 7€ T 1 4b # 5 SDS JL-F-
HBEATE MWCNT B3R L. o 7 i & SDS H & &
BT FHMERE AT — &, A H 4 T
SDS/PET # i I % T 3 H 52 2 R fin £ 19 ¢
F.EITE 2 Ty SDS/PET 4 & H 2= M Re th 4k n]
VLA i, SDS A% B Xf b4 kL i 5 i M BB LT 1% A 51
R, B S I A 2] 10 wi% , 38R B N A kL
SRR . IZERLR W, SCNT/PET B & M kL Z
FFLA L MWCNT/PET {1k 24 & ¥ 4 i 5 1 B,
FBAE T SCNT 7E PET JLAA b H A7 57 4119 3 A AR
A, A F T A %500 5 H I 45 i 35, 1 A SDS
AR AE TG
2.3 EAMBMNERERE

T 28 SCHK i 38 Bk 99 K 45 BB A5 1 Sl Az 371
Xt 22 Bl B A WA B R B4 AR BEVE O N 1
U AR 5T R DSC W58 T & & b R 45 & 2k
fiE. [N MWCNT A1 SCNT ££# 4~ DSC ik () 40 ~
300°C 3 BE X 8] ¥ K AT B8 & 7 HhAE o] () #0428 17
o, MR Z b PET (45 b X ] LA (3) 1t
AT

X, = — 8w (3)
(1 -W,) - AH),

K (3) i W, SR BUR R TR E H, R AR R IS
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Fltks  HC, 2 100% 2l PET (44 Gl k5. H3 9 SCik 19
B PET 1y H, ik 140 J/g.

€ 3 8 SCNT/PET il MWCNT/PET &2 & 14
Z M 300°C LA 10 K/min 3 2 B i F 453 21 19 4k 45
gk 4. % 1 %4 4 SCNT/PET Fl MWCNT/
PET 55K R 1Y & #2280, b &k R 11
ghan B m R (3) AR

—PET ————— SCNT/PET a
---- ICNT/PET ------ 8CNT/PET
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Fig. 3 The Nonisothermal crystallization curves of (a)

MWCNT/PET and (b) SCNT/PET composites

Table 1  Crystallization temperature T, melting temperature T,

M3 ATLLE W X T AR R,
g b HH B L A I S AR XA T BRI 2
PET B4 1) 45 i 0 | JHC 08 1 IR B2 Bl S o 45 i
BT, B 3 ml g1, 4l PET By 45 &R 2
208.3°C , fif SCNT z¥ MWCNT [ 5 f# PET 3%
A 1) 5 T R 1) R T ) R RS R R AE 1 wi%
MU ST AR RS SREE T, &R 3
(R BE AR H B 2, 5 AR Bl SCNT o MWCNT
N0 %) 388 0 50 ) = R RS Bl (RURS Bh AR
B R 1M T, B4E bR, SCNT 8§
MWCNT Xf &K & rf PET B4R 6 iR B2 (Bric
T,) SEWE /N AR T, &k, B MWCNT xf T, 1
AL SCNT KA Z. Bl 1wi% MWCNT [
PET & & M RHI 45 & il B2 4% 2 1) 223.4°C, #5400
PET 41 15. 3°C | [fii #H % SCNT/PET & & ¥ k1
g R EE R 219, 6°C, HE S 11.3°C.

JL4% SCNT Fl MWCNT %t PET 47 1R 47149 45 &
B AR AR R, B 4 45 L SR B, SCNT I
MWCNT %5 IR S B0 PET FEAR (Y 45 5 22 A 3R
TR MG, Fo b SCNT 5132 19 PET 45 5 B Y [
TR G R B . X R B 4 Bk A S, SCNT Al
MWCNT Ay A A B AR v LU BEAE E PET (14 45 5
2 B o5, AEL R s R8s X PET 434 1Y) 32 311 1 i
R BHRS , 252 m T PET BR & 19 K BF S 80
L5 i SCNT/PET fil MWCNT/PET & 41k &
H PET SLARSE f AT i 22 5, Ul W MWCNT ff
SETEXT PET M4 g 7™ A 45 4 45 dh B A% A 15 4R FH i)
[F] s At 40 1) 2 L3k ) A, T SDS 9 A7 7E I AS
XX MWCNT B 45 5 R A #E 78 T, dxT PET 3k
il P A A — e R 1 i

and crystallinity X, for MWCNT/PET and SCNT/PET composites

Code T.(°C) T,(C) X (%) Code T.(C) T, (C) X (%)

PET 208.3 258.17 30.3 — — — —
IMWCNT/PET 223.4 257.6 29. 4 1SCNT/PET 219.6 257.5 28.5
3MWCNT/PET 228.0 257.4 27.8 3SCNT/PET 223.8 258. 1 25.6
SMWCNT/PET 232.4 257. 4 26.8 SSCNT/PET 225.9 257.8 23.2
SMWCNT/PET 234.6 258.5 26.0 8SCNT/PET 228.5 258.2 22.5
I0MWCNT/PET 235.1 258.6 25.9 10SCNT/PET 230. 4 258. 1 22.3

2.4 EEMEEV M

SCNT/PET MWCNT/PET 5 Hi & 4 4 % ity $ir
P RE AT MWCONT T SCNT ¥ - 11 3¢ 28 43 531 4n
K5 FIE 6 s, IIE AT, 24 MWCNT & SCNT
IINELAE 1wt DL, 544 2R 1 iz A B o T r
IS8 B 2 R34 K, T 5 MWCNT/PET & & 1K 2

HA R AL, {H SCNT/PET & 4 1k Z 45 575
Bifi 25 SCNT 5 02t 38 iy 38 i o) ot i) .

i, xF F R AR LT, 4 MWCNT mk
SCNT ZRINE g 1 wt% i, i 1A 2R (i i Ao o 249 4
PET JE K 55 17 58% Z£ 47 Ho A 22 A K, {2 24
MWCNT 8 SCNT ¥ il & ik %] 10 wt% Hf, SCNT/
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Fig. 4 The crystallinity curves of MWCNT/PET and SCNT/

PET composites
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20001
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2
E
2 1600
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2
g 14001
Pt —o— MWCNT/PET
12001 —o— SCNT/PET
L Il 1 1 1 1
0 2 4 6 8 10
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Fig. 5 The tensile modulus of MWCNT/PET and SCNT/

PET composites

PET & & K Z 09 $ {52 & 58 PET LR 4 & T
81% ,ifi MWCNT/PET & 4 fk R SR 2 1 65% .
Xof TP A 8 R, 24 MWCNT % SCNT ¥ i &
g 1 wi% I, SCNT/PET Al MWCNT/PET S f &
G R B RLAGE B 4 0 3 PET JER 5 31% F
23% . i MWCNT i SCNT ¥ il 5k i) 5 Ji,
MWCNT/PET &K 25 1 437 fift 55 B2 AN 15389 4, i
SCNT/PET 5 4 1A 5 1 1 41558 132 473 £ 445 18 K 1 fii
Ii].

A b #5260, SDS X MWCNT () 4b B, 4L

XS PET /5 B v g, 1M ELXF 2 &5 PET (AL
PEREA & B 1 /E R . SCNT/PET & & 1Kk &
O RO (E NS VAR o T LR U =
MWCNT/PET & & & & , Ut WA Bk 4% K 4 #¢ PET &
A PR AR 43 BICIR 25 e SR 3R 4 1) 1) 2L T i A S 3K
5k, K T Hik S PET Rk 45 5 fr 9 5% 5
ik . 33X, U BH A T A A M RMA RO S 2 5
R SCNT 7£ PET A5 ¥ 47 19 o §iCIR & H 5 PET
A R R P B, S B S MR
{14 L P it B A8 X6 B L 1) i i A5 4R 4L T Ay
{1 1 5 A

60

WL W W
n O N A~ N
T T T T T T

Tensile stregth (MPa)

A b B W
&~
T 1

—o— MWCNT/PET
—o— SCNT/PET

1 1 1 1 1
0 2 4 6 8 10
Filler content (wt%)

IS
(=]

Fig. 6 The tensile stress of MWCNT/PET and SCNT/PET

composites

3 e

DL E AR5 S 2 01, SDS X} MWCNT () 3¢ i
A3 A BT s SCNT Fl PET KL 44 8] 1y 5 1 M
fig, A B 4L iF SCNT 78 PET B {4 vh 43 WU P
BUAT R 5 R 2% DR B 4 K A/ PET & & K
HL 38 B (E N 2. 35 wi% F& %) 0.18 wi% , H.
TERINE N 1 wi% By 500, Al fff PET B/ 5 %
LT 10 AN L. A, SDS XF MWCNT () &b 3
AU 7 PET (1 S s PR 68 107 FLXT 2 85 PET 11
HUBVE 8 A % 58 A0 7R R
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THE EFFECT OF SODIUM DODECYL SULFATE ON MULTI-WALLED
CARBON NANOTUBE/POLY(ETHYLENE TEREPHTHALATE) COMPOSITES

XIN Fei', CUI Hailong®, XU Guozhi', XU Wenguo’

(" Department of Material Science and Engineering, School of Material and Mechanical Engineering,
Beijing Technology and Business University, Beijing 100048 )
(* Department of Chemistry, School of Science, Beijing Institute of Technology, Beijing 100081)

Abstract The multi-walled carbon nanotubes (MWCNT) were modified using sodium dodecyl sulfate ( SDS)
as the aid and the SDS treated MWCNT was named as SCNT. We successfully prepared the multi-walled
carbon nanotubes/poly (ethylene terephthalate) ( MWCNT/PET) composites and SCNT/PET composites with
the desired filler content. The effects of the SDS on the MWCNT/PET composites were investigated from
several aspects such as microstructure, electrical conductivity, crystallization behavior and mechanical
properties. The results showed that SDS treatment can effectively improve the dispersion of MWCNT in the PET
matrix , accelerate the construction of the electrical conducting networks. The percolation threshold of the
composites can be dramatically decreased from 2. 35 wt% to 0. 18 wt% . At the 1 wt% filler content, MWCNT
cannot increase the electrical conductivity of the PET composites, but SCNT induced a dramatic increase of
about 10 orders of magnitude in the electrical conductivity of the PET composites. SCNT not only increased the
electrical conductivity of the PET composites, but also more effectively improved the mechanical properties of
the PET composites compared with MWCNT. At the 1 wt% SDS treated MWCNT content, SDS treated
MWCNTs increase the tensile strength of PET matrix by about 31% and the tensile modulus of PET matrix by
about 58% . Not like MWCNT/PET composites, SCNT/PET composites increase the tensile strength with
increasing filler content after 1 wt% loading. Being similar to MWCNT ,SCNT could act as a nucleating agent
to shift the crystallization temperature of PET matrix to higher temperatures but decrease crystallinity of PET
matrix with increasing filler content. The role of SDS in these MWCNT/PET composites has been explored in
detail.

Keywords Multi-walled carbon nanotube, Sodium dodecyl sulfate, Poly( ethylene terephthalate) , Electrical

conductivity



