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B EAATRAFBRPAI /5L AHRATHE(10) (TxI00) AR S B ELF (MWNT)#
FHIHRAR REHNET S MUNT HRZARREALSHH (MWNT/CMs). Boa b kK T
MWNT/CMs & 1~V 41, 5t 3 48 MWNT/CMs % &9 MWNT 9% Stk 47 7 SEM LK. 2 £ £ 9 :PAA
HRMBES MWNT R4F K, AR MWNT B ER XN SEM EFAEX AT S HARERER, 2FH Y
WE;48E MWNT/CM ¢y £ fa & (p) (i394 % ,1 -V M X409 2. PAA 5 TxI00( ®(PAA): @
(Tx100) =2) A FI AR LTS KEHH 6 MWNT,SEM B 73K MWNT A A AP A& 094845 5
A ;NPTA A MWNT/CM ¢ p 39 RA 12.7 Q- m £%(p, £ AH 14.8 QO - m) , M40 F MWNT % ¥ &
NP4 48 MWNT/CM #) p 47 % 429.8 QO - m,p, 4 1 170.1 Q - m.
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(MPEG -550) , Bl k& 28k 35% , LW ik,
FIRF A HRER, BETE KA 2R R
ft. TRAK . EBEFAK(DIW) ;3 RH 4HEH.
MWNT: IG5 K #A BR A B (NTP) & 7=, H H A&
YIBEIR W 1. MWNT 6945 8O0 . BB 7 & SAA

RNEM(PAA)  REGHARK, L3 a, X
BRAERR A7 R T A SAA dhhrE x -
100(Tx100) , FEHAMW A&, 474, HA LB gk
R &=

®1 MWNT @R #ER
Tab.1 The physical properties index of MWNT

. SER KE g ¢z 4 T 5E BB BOR B3R HRER BE
/nm /um /% /(s+em™') /(m1~g") /(g+em™?)
CVD 20 ~40 5~15 =90 <3 10 ~107* 40 ~ 300 1.60

SRt 78 P B B 943 88 48 95 : KQ2200B R
AAEE (IHRBLBFNFARAAE™),
HJ -5 RIBTHRERE I BEPE R (L & Im KRB
WEARABEM™). HEO0.01 g KB FFE (LM
Te e F A AT A=) . 7K U8 5 3R B P 38 K B
PREG(RBBRMUNBEIRER AT 7).
Fluke 8842A RIM B T A% ; WY) W B H K
ERFE(LERINBBRESARAAE™).
JOEL1200 - Ex % % 1 L 7 5 148 (TEM, B &
JOEL BB FARIHEFE) ;S - 4700 MM T B 1%

8% (SEM, H 7 Hatchi 2 8] &4 7=).
1.2 MWNT 4 ##% % MWNT/CM & #4108 &
MWNT BB R RFELBOT . 2R T,
4 50%0.05 g.0.1g.,0.2 g % 0.5 g MWNT il A
Y54 2.0 mL PAA £ 40 mL DIW & (454515
N1.N2.N3 K& N4);fER%F t, B 0.5 g MWNT
IMAZEA 2.0 mL PAA } 1.0 mL Tx100 # 40 mL
DIW Wi B (45 K NT4) , #1478 S35 # 10 min,
AL FE 10 min; Z J5 B W MWNT £ 5 # R
[ SAA Wi h sy Bl e g o, G RAK 2 Fims.

®2 FFN SAA FAH MWNT B R
Tab.2 The dispersion effect of MWNT in five SAA solutions

T HHS MWNT 5 O B SR R fe e H AL
N1 GUNBFLBRBFHERENS.S IERERBENYS BE.
N2 BREWA4 dFREBAKY S, B L& MWNT 5iRE ERE.
N3 BRRREHEOREKR, BER2 dFERAYS, A8 MWNT B % k.
N4 REAFZHK BER24 hEFHSE BETERYS, FFE MWNT HI B A
NT4 REFLEFHK BERBEYY S IERFRRESRRIBYE BE.

HRLE MWNT/CM 844 ) & B 40 F - %t #
B5dEMS # MWNT 43 80 4 51 47 10 min
B8 A 4b B, B in A MPEG - 550 0.8 mL, /K I8
(BENDIW FEM 2.5, HMKKE W/CH
0.40, MWNT % 5k Je 45 & 4 %1 %.0.05% .
0.1% .0.2% 0.5% % 0.5% ) , HLHBE 51 s 6 B4
WAKHEBEATBES ETHANEREN S cm
x4 emx3 em REHHEELREBY, —A 3 4,45
WP 28 d RSB B A S 45 5% NP1,
NP2.NP3.NP4 % NPT4 ) MWNT/CM ik, SC30 AT,
# MWNT/CMs IR B ZERERE RN (46 1) C
B HEAE 4t 24 h.

1.3 BiXHE

B TR B — B R, S v e A B R
— F 7% 4 IO B AR 3k W E MWNT/CM R {4 B9 B
WREU) B D, R\LAR (1) KiE MWNT/

CM iy F s B R (p) {8, 481 5 41 MWNT/CM i,
HHp-UXRILE1 FR.
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Fig.1 The p ~ U relationships of five
groups MWNT/CM
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p=llj,—',:s (1)
K :p HEBRBHEE,Q - m;U K0 EH;
VI K O B HifE, mA; S HEBER, cm’, X B
H72 emx3 em;L il O L E AR B BB, em, X
B3 2 cem.

STl 1 -V #5469 NP1.NP4 J NPT4 4
RS PIATERE, MR em® R/, HE
KZEBP K. AR EREHITHSLLE,
HEBREWUEERSHLE 3 B4,85
Fim.

2 ZRHER5TR

2.1 MWNT @o#x®
A2 2 TEM W23 MWNT M BB 5. F 2
BRKEEH MWNT 2 P H LR, B0 8.

F 100nm

H2 BERFNBRESR ChEEH, AER)
Fig.2 TEM image of MWNT with hollow,

curved and local tangled state

M2 WTLLE H,4 FF MWNT 3 £ 76 4 7 %
B PAA P HBPHABBRFERKER &
MWNT B B 8E , M B R BIF £S5 d5RE
BARRREEYS BE, MY MWNT B B8
it 0.1 g B ,PAA 28Uy %t MWNT 48U R &
Z HBEXN0.5 g ¥ MWNT ZEFA B F PAA R dE
BF Tx100 LA 2: 1 BEBP 8B ENBR
FESIEERFREERFRENS BE. B
R BN PAARBMERAEEMELRTREEH
REABREA MWNT EKEERPRFSEGT
FAIER T SAA A MRS BEB (O (PAA): O
(Tx100) =2) 4 MWNT ERFH 8, XZHF
PAA MARMEB FAEKEBRRTEE AN, B
Be— SRR HE RN, TxI00 WER 21kt
EBEKPRBREUDARERER ER—ENE
A BER " FIET PAA 15 Tx100 MAAHEF, 8K
FHEME AL FE R E MWNT 20, ERRE

K82, #E—5 % MWNT EHF 28 k.
2.2 MWNT/CM#I-V 4

1 & NP1 - NP4 & NPT4 H 4 MWNT/CM
BABAE -BE(p-U)XFRA.

M B PAA BF, MWNT B & M 0.05% %
3 0. 1% B ,MWNT/CM X i p BIFRRE &, 3
EATREMSS0 Q- mEE330Q - m A4, XA
BER A TRB RN T H MWNT 888 PAA BT
WABTARREED FHEELREMHELE
KL L, B2 T ER /N, MWNT #3355 5%
MAEBIMIE, Wi MWNT/CM £ 348678 Bl R
B EHEE MWNT BROSSEFAE,p BHE
FE#E, B0 V BT AR 2RO o B E
fn,NP3 41 MWNT/CM & p,_,i5 2 523.1 Q + m,
HAHEMEEB(4667.4 Q- m)BEH3.78 4%, %
B RULET MWNT A8 WA, 75 24 B 43 16 1
£ ,MWNT/CM ) 4 o 1% 4k o 3% 580 ; T b B
MWNT BRMHFE—EF 8.0 XA BETRNHA
FfE0 VKT MIERER N BTk, BRI
Bf MWNT S8R A 4, (B4 5 B B 4 MWNT
AREEARSBH XD —EHah 858,
BREERNIFR— WM, ATTHEHE NP4 4
MWNT/CM # p FFE.

[ & B PAA J& Tx100 i}, NPT4 4 MWNT/
CMMpHRAFI12.TQ - m EA(BXEBRA
14.8Q - m) , ML FTHIR MWNT B &/ NP4 4
H£429.8 Q- m (BEKfE1170.1 Q - m), 81
BEIABBREZ (MW p,, ERMK2 MR
%), B4, A MWNT ZEEEkP EFRIFH T
R4 , RB 00 W 4 R B # B0l &4d NPT4 4
MWNT/CM i H R ML SHERBEH. XHHF
FIFF RSS20 B A R B /ETh BB S5 B 52
2.3 MWNT/CM BRE&HHH

F3.4%5 45452 MWNTBE%0.05% .
0.5% Bf NP1, NP4, NPT4 44 MWNT/CM & # i
SEM A.

200 nm §

B3 NP1 AX#ER SEM A (1-“MWNT”)
Fig.3 SEM image of NP1 gronp sample
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B4 NP4 AiX#EH SEM (1 - “MWNT”)
Fig.4 SEM image of NP4 group sample

BS5 NPT4 AiX# 6 SEM
Fig.5 SEM image of NPT4 group sample(1 ~ “MWNT”)

WHE 3 REF N, %53 PAA S #ER, LB
H) MWNT ZE Rk h B E BT 2w HE BHEE
B>, RKERFRRNE, H5EELEEHE
AAE, MR NP1 4 ) MWNT/CM ) p {— B ¥
H.ME 4R MWNT RAETEERBAE, K
S ECHEARIT WK WKL =Y 25 B AR , 0 24k
BREA—-ENREEANESEHEIARES
MWNTAIEEE KRR EH LXB—E W0 H
HEZHEREN T BN, {H NP4 449 MWNT/CM
B p EHARBE, B OV FHEMIER B R.

B 5% PAA & Tx100 NEABEBEER
) NPT4 4l MWNT/CM i B HEHWA : B R
MWNT HEET —ERENRBEHRE B AXHL
BRMEMSIAE, ERETFHIAHERE, B
MWNT ShREHBERH —BKRBKLZY, 514
GAEEE, BEMEAEE", AW NP4 4
MWNT/CM i p 1R K,0V BHER LR B

EWB AR MR E R R
3 HXiE

(1 ZEKPER R 1, 0% PAA XEFK7E MWNT
RIF4 8, L H R MWNT 5 B4 ket PAA K
B F Tx100 Bl ®(PAA): ®@(Tx100) =2 AH S
BERBEN MWNT B R ETRERFEYS
BE,XADTFEN RIF AN KILR ™48
e HE S B 23 e 3 BELAE

(2)X PAA fEH, & BB & B, MWNT & 4
2, £ MWNT/CM HR &0 BEARR, 4
WS E MWNT/CM i p X BE,1-V &
HHIERAE UK E. WA PAA 5 Tx100 L FEE
M, R R, MWNT #4805 8 45, NPT4
H MWNT/CM i p RE 12.7 Q - m(p,, =14.8
Q-m), AAHARENESIHERREI-V
.

(3)SEM 251 B /R {UH PAA Bf,MWNT 275
PERER 2, BB R & A R AR B AR A K
MR ;A PAA 5 Tx100 i), £ ¥ MWNT 7E %
KRR i,

(4) MR EE | PR VL8 B o AR HE BB Y
HRAABITH—B .
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Dispersiveness Effect of Multi — walled Carbon Nanotube (MWNT)
on the I - V Characteristic of MWNT Reinforced Cement Material

LUO Jian —lin, DUAN Zhong - dong

(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; The dispersion impacts of Polyacrylic acid (PAA) or/and Triton x100 ( Tx100) on different con-
centrations of multi — walled carbon nanotube (MWNT) were investigated by naked observation, hereafter five
groups MWNT reinforced cement materials ( MWNT/CMs) were mix cast. The I -~ V characteristics of
MWNT/CMs were investigated by four — electrode technique, and then the dispersiveness effects of MWNT a-
mongst three groups MWNT/CMs were observed by SEM. Results show that it is hard to achieve good disper-
sion of MWNT with single PAA dispersion, esp. when MWNT with high concentration. MWNT with tangled
and aggregated has bad distribution within the correspondent MWNT/CM, and there exist high resistivities
(p) and the marked nonlinearity of the I - V characteristic. But, the blackness homogeneity of MWNT dis-
persed solution with high concentration could still retain above 5 d with PAA & Tx100 (®(PAA): & (Tx100)
=2) surfactants, microstructure reveals that most of MWNT has good distribution and compatible within ma-
trix, and the p of NPT4 group MWNT/CM is only around 12.7 ) * m (the maximum is only 14.8 {} * m), as
comparison, the p of NPT4 group MWNT/CM with the same MWNT loading is 429.8 ) - m, and the maxi-
mum arrives to 1170. 1 () + m, respectively.

Key words: carbon nanotube ; dispersiveness ; cement — based material ;ampere - volt characteristic ; SEM



