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AL B HEREEAR R R AL, 22 AL 1) 5 AL feT A5 B 0 K AR 100 5 B /0N o AE AL 32 A O T AR hy R AR i i b R
i . Wang 5515 Bk 98 K 400 R S0 g 56 1 38 2o 3ek 08 32t L BV [ A ) T 200 45 2 G bR BT A5 b R
(£ BEAR 2 T = ik 15GPa, [A] I AFM Al SEM | 45 5 3% B B 40 K 45 1Rk 9 K AR AN A 65 b1 kL A AR 47
f 73 ot

W Ah PR 9 K AR5 G W ) 4 9 52 G BHRERT B ST 85 & IR AN OK A8 AN R AE AT 3 ARG 27
PERE . RIS A bk v iR e A B K TR T T O B 4 R T R B X R TR S R
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K BR AN K AR/ 55 W0 525 A R T AE H FAbA B D7 ToD AR I 98 i /0

AT RS B A0 K A ) e U 1 K AR O 25 A HOB 3 LR 50, 1" B AR A R AR R ik 9 oKk 4R
ReWE Gt & E e A5 HEEMEIEREH  J1 2 M RE 5 I R L S &% A o e RE L JF 5 W) 45
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BRANK A (CNT) - B AR AN TA LS VGCF-X, K 5pm, 42 15nm, H HL 5 5% fI3 GG 545 51
10'S/cm il 1200W/(mK) ;

15 % B R i (HDPE) : 8 Z A0 T B R ¥ 40 4 5. 0X10°g/mol;

TR CBE: R Rk b2zl T

it 3d (X-100) : 75 Bl Ak T 43 A FR 2 A
1.2 #HAHEE

(D AR K 45 (CNP) 1 6l £

5 100mgCNT B FifF ¢k o, i B 2 30min, B2 AfF Bk o J0 BURLCIR B G0 K45 . BE S K BIF 85 4 1) B 40
KAEE AL N 200mL TorK CEEFD 2mL i H0id  J 75 73 B 30min. e B 3 B4 5 1 B A8 oK A
BB WA B A e PR A0 L DORY R 1l U8 4 g D8 AR IR o 25 8 7oK o e, B s RUHE A oot
T MU AC i T L AT 21 ik 40 K 4R

(2)CNP/HDPE & & # k1 i 5

KR %6 CNP/HDPE & & M 8E. B S 7E e g0 K 4% 1 3 18 0% A2 A5 79 v FH -5 FEL IR 4 91 Kl
B FE B 2A K 4R 1 DL 78 S LA SR )5 HDPE $% AL 2Y 100 pm 9 BERFE i, 5 J5 7E 140°C .2MPa 1 i BE &
JEJ1 7% HDPE 5 CNP ER =R R G AR, Al R an sl 1 s,

1 CNP/HDPE & & # il 55 &l
Figure 1 Diagram of the preparation of CNP/HDPE composite

(3)CNT/HDPE 5 & bk i %

F B HDPE CNT L& HE 4] (1010) i A HAAKE %5 46 3728 (. 78 0 T35 B 4 160°C , 5%
A 20r/min M4 NIR A 15mins 48 Al LR 5 A9 FE 5 R B ARBR AL HLAE 160°C , 5MPa 1) 1% 71 F il LY
0. 2mm J5 R il L
1.3 MK RAE

TE AL A5 A M - R H] Quanta 450 (& [F FEI 2w $3 4 #3058 (SEMD W8 B 44 K 40K i Ko CNP/
HDPE & &k R 1 XM . Hh CNP/HDPE & & b RHRE 5 78 0 Ve 8, 48 IBORE S 0 1o 2 47 00
2, A X RAT SEM B4R F L 43 BT 45 4 (Tmage-Pro Plus 6. 0) 5 40T T A8 K 4R 19 FLAZ K/ Kz
ARG

B K 4K 7 22 PR BRI OBF R K R K 29 8 Sem, TE 298 6mm~ 7mm 1Y 55 T2 A 5 IR RS B0 0 &
L JEL R K B B SR T LT 4B AN (LR Ry LLY-06ED, 35 M 17 B T {05 75 B2 ) X ke 4 K 4% 3k 47
Fir A5 B 05k L P R R 3mmy/min. 8] 7 [ 2 A 30mm, AL 5~10 14,

CNP/HDPE & & #1812 ek o 2 & MR SAC 29 Sem., 58249 Smm (95 TE A 5% . I K5 1 D =
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Figure 2 (a) Sample and (b) Measurement system for the self-heating measurements

AR BRI K AR S 56 SR BELSORP-mini Bt 2% 1 AR ATFL AR I a2 4000 4 28 46 2k 2 A1E ik 49 K 4K 1% £L
1 g5#) . R F Barret-Joyner-Halenda(BJH) #8  gE 47 43 M7 11 55 , B & 45 B B 20 K 48 ) FL AR KN o A
HH £k .

LI RE R L B I K i A R 3R RE . MK R G R B E A 2b Frs , Ho A e ko B
L5 L A S TR R BE (T H IR B A% I 25 (AM-8000K , A A H 57 2 w)) Mt , 3 7% A H il 378 47 504 R 42 . 1R
FEAL &A% R B A S E 7 B . CNP/HDPE & & ML & RE S an & 2 B 7, & #40bE fig I 3k B[]
#5 1000s,
2 #RE53%®
2.1 WREAKEK
2. 1.1 BRYUCRAUESUNE K 3 A SZIR AR B R GRS R, o R 3a R R 4G HT R L B 3b ol
gk gt st . o AT DL, AR S BT i 45 09 B AN K 4R R DL SE R R BR . LBk g K 4R 3R 1 -2 LT T B
BRFE . BRAURAR LB K T A A i A, A — @ WM. ARSI H S kORI B AR Y
A 8em,

K3 B K AR K
Figure 3 The photo image of the carbon nanopaper
Kl 4 e k4t SEM K. i 8] 4 7T 0L Bk 9 oK 4R TH 7% TC B BB . BRANOK A Z RN AH B2 X
SEYEIE LT A — 5 S B W 4 R RS R S A e AR ik 8 K A8l T AR O A AT 2 AT
BEAN i 40 K A5 38 51 3 80 AR LG B8 0E 1 T 3 5T TR FL 25 4 o
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Kl 4 fak4t SEM
Figure 4 SEM image of the carbon nanopaper

2.1.2 BRAVCKICHI LA
e 49 K AR 2 FH B 9 K A5 Rl 0 K A5 T) 1) L R 2L B P = 2 AR 285 4 o L AR A /N A R AR KRR
R R AR 095 B MR . T e 52 W &2 A MR PERE . A S 56 R FH EE 2% T BRUR LA 0 e 1303 3R 45 ok
FAEBR K AR LR G54 OF I & iy BITH 350 B ik 90K AR FLBR 43 A . BB A0 K 4R SEM [&] 4 7]
U ASHIE 5 5 A5 B I B 98 R AR LA 35T VA /N AL . 3 S L R H B A I AR AR BT L . R
BIH ¥ #r i3 20 9 FLIR A S fL A o A i e an 1) 5 BF 7 o i T ] DL, S 56 1 45 A ik 406 L AR KRS 40 4 b 7
20nm~40nm Z [, HE P fL7E 10nm DL F 8 60nm DL I,
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a L o)
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Figure 5 Pore size distribution curve of the carbon nanopaper
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KIANE 6 frs. & 6 ] UL B4R FLARTE 20nm~40nm 2 &) i FL ) BUA R B . R W WS Bl LR £ . 15
BRI 3K BIH 3 70 A B 5 B A R — B0 AT UL S 58 i 159 B 4R 9 L A2 /MBI FE 20nm~40nm Z [|] .
2.1.3  BRACRIRHY T2 MERE BRAIOREATAY ) 22 MR BE R 0 L B2 2 B A S0 A7 00 s o G ) — R A2 Y
KAWL 7 Fros AL GR B R R 1 PR BT B ANOR ARAY TR A B B A
Hi £k AT UL AN B AR AR B B PSR AE 1. 90MPa~1. 97MPa 2z Ji] , H P ¥ {4 1. 91MPa, $i ffi A £ 5 35
{6 0. 128GPa, SR 1 5% 40 K AR R AP R i L B 2491 0. 2GPa~5GPal ) Rl 2 24 Oy 2MPa~
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Figure 6 Typical histogram of pore size distribution of the carbon nanopaper
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Figure 7 Tensile curve of the carbon nanopaper film
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Table 1 Tensile data of the carbon nanopaper

PLARE JEE / MPa PrAfiE et/ GPa

1.9140.04 0.128+0.017

2.2 CNP/HDPE £ &#H#}

2.2.1 CNP/HDPE E&MEHES K 8 A4 K4E (CNP)/HDPE & & # ¥y SEM K, Hirh [ 8a iy
CNP/HDPE & & #1 &1 Wi i 2 45 &, 8l 8b 2y CNP 5 HDPE # i , [ 8c b A1 4b = A T HDPE [ filk 48 >k
YREl, I 8a Al WL, CNP/HDPE & &M B =2 & & 45 W5 i ol WL, b B 2 kK RE G 2. &
B MR IEBE 2R 270 ,m, P R GUKANE A 2Rk 7T0pm, HHETARDESE AT A, B4R 40 B A 8K
BIS AL I E VR 2 A R B oA BT R G W B 0935 0 B0 B BT ARG A )2 . I El
8b fii7~ ,CNP 5 HDPE Sk A i HDPE 2 A6k g4 K 48, R b AE & 30% 45 52, 12 A1) HDPE {4k
B KA . T BRGNK A AR ) A R 49 K AR IS 3 5 B A AT 5 SRS A T il ) 4% 4 A DR T A
B A AR T2 BRI 19 7 BOR S .

2.2.2 CNP/HDPE & & # B9 J12 g % HDPE,CNP/HDPE,CNT/HDPE = fi b1 B} i 17 11 2 1
REI A, O g -1 A2 th Ze tn &1 9 Fi i, SE g 45 ) an sk 2 fros , Horp CNP/HDPE #l CNT/HDPE 9 filk 44 K
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Kl 8 CNP/HDPE & & #1 k¥ SEM &
a: BT 425 s b: CNP 5 HDPE JUfii s c: 3 A HDPE (755 44 K 4%
Figure 8 SEM image of the CNP/HDPE composite
a:the overall view of cross section; b: the interface of the CNP and HDPE; c: the CNP immersed in the HDPE

BEHwEY oA 8% (wo, M 9 0] W, 4 HDPE 7 i ff i & & i ik H B A5 ¢ K 09 W 24 K, i CNP/
HDPE .CNT/HDPE W fi &2 G b4 Ak W % A= e 4 7 24, 9 40 4 AR /N o X6 B = FobA s i) 7 Al 5% 2 . CNP/
HDPE.CNT/HDPE ¥ #li &2 & b 8L 7 A 5 B 1 2 %5 F 26 HDPE ., 3 W ik 49 2K 45 Fl ik 40 K 48 % HDPE
FARM G EH . CNP/HDPE & & #4F0) H 8 & & T 46 HDPE il CNT/HDPE & & #4 %} 59 $i7 fif 151
i AL UL RS R ] A5 07 2 5 3R G R N IR A R 1 25 S R I SR BN ) 2R R R 22 R

30 HDPE

—— CNP/HDPE
25 ——CNT/HDPE

]

0 10 20 250 300 350 400
Strain %

Stress /MPa
- N
()] o

-
o

PO ARG R - R AR Hh 2%

Figure 9 Stress-strain curves of the composite

R2 fANRER

Table 2 The result of tensile measurement of HDPE and composites

G FLfER [/ MPa fi it /GPa
HDPE 19.1441. 52 0.993£0. 035
CNP/HDPE 24.88+1.48 1. 953-£0. 085
CNT/HDPE 24.78+2.82 0.938=£0. 058

2.2.3 CNP/HDPE Z&# 6 #AbERE [ 10 O CNP/HDPE 5 #BHERE ] 2V ~9V I 1 &
P 55 I I G AR P R AR R BORE S R R Y E R 800 (wo o I AT WL CNP/HDPE &4
BRI AT S B R B 3G A e T A B T 2 O S AN R TR O OV E . ST K B JE T G
113, 1°C, BAT AR W 4 19 A ICR o 0 AH [R] SORE S 28 9 3L A48 CNT/HDPE 5245 #4812 47 A 2404 BE
1 ST R PR FEE 5 ) ) 5GP AN T 11 B o el AT DL L 2 AN RO OV R BB Y R T K Pl
JEAL R 34. 9°C , HUR PR BE L e Ik T CNP/HDPE & &bk, Al WL, URR 44 K 4% (14 1 2 i 4 i 240b4 6t L
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Figure 10 Time dependence of surface temperature for the CNP/HDPE composite films with 8% (wt)

carbon nanopaper under the indicated voltages.
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Figure 11 Time dependence of surface temperature for the CNT/HDPE composite films with 8% (wt)

carbon nanotube under the indicated voltages.

HPFA CNP/HDPE & 0 87 52 i BT AP 9 A #Pk B8 L SR 1 AT 58 R #3588 25 A0 A s 3 1
CNP/HDPE & & 4 8H K A0 B2 5 10 18] 9 56 & 2, RN 12 s . A9k CNP/HDPE 2 &
AR HLAAAE BB AR S RSy 70 X450, 27mm (R X B8 X mp) Sl 4 35 FE L sl 32 43 1 29 6V 94NN
Jeo fhE 12 A7,k CNP/HDPE &4 #4Hit hin v J5 5+ 24 B35 T 5L RE Bk Th i . 2 61, 4°C 5 PR FF
A IR AE M R AR R IR T0h Z A B A T ST T B I AR L R IR T IR B G 29 1h
JrFEE AL A AR AW CNP/HDPE &4 81k T 485 20 % b B i s B e A R 5 1
R IR ] SR A R LA Dy o BB LA P R AR G 9 2 P T 5%

3 i

KB UE ki A T AR AR AR R SR TR A 5 HDPE &2 & il % T CNP/HDPE =2 &2 & #
B IEAINESE T CNP e S L5 L ) 2 M fE L & CNP/HDPE & & #4889 IE 3L T 27 1 fig K JA
AE. EZLRMT .

(1SR BT I8k n] AT 2 107 58 D6t FLAR S ST A AR 4R . B 99 K 4R H A — 72 1Y 95 JE 70 )
MR A RS T S AR . AU N BT H 2 B e 4R AL AR R A 2 P fE 20nm~40nm 2 [i]
HZ LA IR 7 A i BLAT R4 A0 3R i 4 5
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Figure 12 Time dependence of T, for the CNP/HDPE composites film under the rechargeable

battery act as applied voltage
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Rl SE TR W A 9 5 R

(3) I A K AR ) 6 1) 526 A4 ORHAY HE A PE RE T S 00 TR M RE. & 558 8040 (wo B9 CNP/HDPE &

EFBRHESMINR TRy OV I AT AR AT 113, 1°C A 2 1 4 FA IR BE - i A ) & B8 AR IR J7 sUi 4 19 CNTY/
HDPE & #4889 &k SR AU 34. 9°C
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Electrical Heating Properties of Carbon Nanotube
Paper/High-density Polyethylene Composites

TANG Ping, CHEN Zhi-giang, HU Yun-ping, BIN Yue-zhen”
(Department of Polymer Materials and Engineering » Faculty of Chemical , Environmental and Biological

Science and Technology, Dalian University of Technology, Dalian 116023, China)

Abstract: To improve the dispersibility of carbon nanotubes (CNT) in high density polyethylene (HDPE), carbon
nanotube paper (CNP) was prepared by vacuum filtration method and then CNP/HDPE composites were prepared through
hot-pressing. The morphology, pore size and mechanical property of the CNP and electrical heating property of CNP/
HDPE composites are investigated. Results indicated that the resultant CNP with flat surface and porous structure possess
of a certain level of strength and flexibility. The pore size is 20nm~40nm. Three-layered HDPE/CNP/HDPEcomposites
show that the tensile strength and modulus are 24. 88 MPa and 1. 953GPa respectively which are higher than those of pure
HDPE. The most important point is that the electrical heating properties of CNP/HDPE sandwiched composites is much
better than that of CNT/HDPE mixing blend composites with the same content of carbon nanotubes.

Key words: Carbon nanotube paper; Electrical heating property; Conductive composite; Polyethylene
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