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2 XIGERSY

2.1 FE

ZBERR K (MWCNTs) 442 10 ~ 30 nm,
KEEHR S ~ 15 pm, WHNGOKEE A R &4 F2314 &
N 26.3% B TR HN2.74x10° g - mol™ £
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2.2 MWCNTs/F2314 E6 MBI H &

B R (2% 5% 10% F1 20% ) ] MWC-
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Fig. 1  Curves of storage modulus ( E') vs temperature of

MWCNTs/F2314 samples
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Fig.2 Curves of loss factor (tan§) vs temperature of MWC-
NTs/F2314 samples

F 1 F2314 Jz MWCNTs/F2314 &4 M EHI SIS J12- MR 281

Table 1 Dynamic mechanical parameters of F2314 and

MWCNTs/F2314
sample T,/C tand,,
F2314 49.5 1.673
MEF-1 49.2 1.188
MEF-2 48.2 0.904
MF-3 48.1 0.768
MF-4 47.8 0.430

is peak value of loss factor.

Note: T, is glass transition temperature, tang .,
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0.1 MPa i A [d] il B2 R B9 = 5025 il 855 22 1 78 i 2%

M3 0] LAFE M 7 3 6 0 4 ) B [0 5 BT Y e B AT

o K 2015 % %23 4% H2# (140-145)



142

MREBIR, XIVEHE, XIHR, B, FER, KRR

BEWEIR . MWCNTs/F2314 &2 & bF 1} 114 5 22 iy 26 1 1.
I PR Bi B, BRIV 28 I 54 1 i 56 4 1 A8 DA R A 2 0
AR B o U5 728 ) i B B, i A2 7 7 I S ] 4 8 i

2.0x10°

15x10%

In

1.0x10*

stra

50x10%

00 [

0 1000 2000 3000 4000 5000 6000
time /s

a. MF-1

14x10°
12x10°F
1.0x103F
8.0x10%F
6.0x10*F
40x10*t 45T

80°C

70°C
60°C

strain

2.0x10*F
00 f

0 1000 2000 3000 4000 5000 6000
time /s

b. MF-2

8.0x10*

6.0x10*+

4.0x10*H

strain

2.0x10*+

0 1000 2000 3000 4000 5000 6000
time /s

c. MF-3

2.5%10%

20x10%}+

15%10%F

strain

1.0x10%+

50%10°

00 r

0 1000 2000 3000 4000 5000 6000
time /s

d. MF-4
3 0.1 MPa il ARFRIIEET 4  MWCNTs/F2314 & & #F Rt
V14 8575 2 7 A% 2
Fig.3 Creep strain curves of four MWCNTs/F2314 samples at

different temperatures and 0.1 MPa
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Fig.4 The linear fit of the creep strain curves of MF-1 during

steady state at 45 °C and 0.1 MPa
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Table 2 The creep property parameters of MWCNTs/F2314 samples
| constant creep strain rate/s”' creep strain at 5400 s
sample
b 45 °C 60 °C 70 °C 80 °C 45 °C 60°C 70 °C 80 °C
MF-1 2.305x107%  2.836x10™%  3.213x107®  5.746x107° 7.025%x107* 1.130x107° 1.520x107* 1.850x107*
MF-2 1.347x10°® 1.865x107%  2.259x10°®  3.071x107® 5.132x107*  6.010x10~* ~ 7.831x10™* ~ 1.240x107°
MF-3 7.246x107 1.172x10%® 1.251x10°® 2.316x10°® 2.400x107* 3.777x107  4.054x107* 7.202x107*
MF-4 6.017x107° 6.313x107° 7.469x107°  8.640x107° 1.394x107* 1.470x107* 1.984x10™  2.290x107*
E HHR) WA FBRU o, 8 HF(2) :
t 1 1 _t/r 1
Eq M3 8( )=? ?(1—9 v )+7t (2)
g
o <\ T o b b o
N & TEUE AR L B v, o T N g 0 28, 0 AR o R s mT
1, DA AR i D RFIR
e(t)
et D(1)= (3)
B 5 Burger MUyt ) BIAUR 5 K o
Fig.5 Schematic drawing of Burger four-element mechanical model FFHE(2) ik e 2 B )5 e .
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oo WG N 7, MPas E, iy 3% 5 AR Y 5 R
MPa; E, Sy #0E 78 0 S PE B &, MPa; 7 Dy B ot B
6] ,s5 my HAERE ,MPa - s,

8(t):31+32+83:

EL MF-1 5], >R ] Origin 8.0 %k 73 4 4, Xf
I 7124 0.1 MPa iif 45 °CF I A8 2 i il 2 kA7 3
LPERA A 6 Fin . AR PEIIA 15 5] Burger PUJT
PEEEAY T MWCNTs/F2314 & 4G MR 45 S 80 (it
B B, (E, FASBES ) ¢ FOAIREEE », ) MO1E S T3 3,
MIE 6 FiZk 3 AT LA, 900G il 4k 5 i A8 52 50 ih £ L
Tt A, R G MR L R A8k %) 0.981 L |,
LA Burger PO JC {4 455 1 AT L) &5 K BE A5 4l MWCNTSs/
F2314 &M BHI G AT R

F3 AR ST Burger TUIT £ RL A 115 251
Table 3 The fitting parameters of Burger four-element model under different testing conditions
sample test condition E, /MPa E, /MPa T/s n;/MPa - s R
45 °C/0.1 MPa 1.822x10* 1.742x102 289.84 4.051x10° 0.99855
ME-1 60 °C/0.1 MPa 2.846x10* 1.001x102 453.96 4.041x10° 0.99936
70 °C/0.1 MPa 2.890x10° 7.410x10" 485.99 3.811x10° 0.99982
80 °C/0.1 MPa 2.688x10° 6.308x10' 540.94 2.173x10° 0.99971
45 °C/0.1 MPa 2.176x10* 2.225x10? 271.01 7.119x10° 0.99819
MF-2 60 °C/0.1 MPa 2.758x10* 2.004x10? 359.31 4.943x10° 0.99888
70 °C/0.1 MPa 7.028x10° 1.527x10° 404.96 4.341x10° 0.99950
80 °C/0.1 MPa 3.996x10° 9.271x10' 473.26 3.783x10° 0.99981
45 °C/0.1 MPa 1.157x10* 5.328x10? 283.01 1.087x107 0.99660
MF-3 60 °C/0.1 MPa 7.632x10° 3.403x10? 257.97 6.902x10° 0.99623
70 °C/0.1 MPa 6.756x10° 3.132x10° 308.12 6.485x10° 0.99643
80 °C/0.1 MPa 1.894x10° 1.856x10? 366.21 3.957x10° 0.99886
45 °C/0.1 MPa 3.124x10° 1.403x10° 340.46 1.334x107 0.98119
MF4 60 °C/0.1 MPa 2.886x10° 1.344x10° 247.29 1.222x107 0.98434
70 °C/0.1 MPa 2.806x10° 8.437x10? 318.95 1.051x107 0.98791
80 °C/0.1 MPa 2.635x10° 7.165x102 323.81 9.247x10° 0.98959

Note: E; is elastic modulus of regular elastic deformation, E, is elastic modulus of high elastic deformation, 7 is relaxation time, x5 is bulk viscosity, R is correlation coefficient.
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Fig.6 Creep compliance curve and fitting curve for MF-1 at
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Characterization Viscoelastic Properties of Multi-walled Carbon Nanotubes/F2314 Composites Using DMA
Method

LIN Cong-mei, LIU Jia-hui, LIU Shi-jun, HUANG Zhong, LI Yu-bin, ZHANG Jian-hu
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: Multi-walled carbon nanotubes ( MWCNTs) /fluoropolymer ( F2314) composites were prepared via a melt blending
process The influences of MWCNTs content on the viscoelastic properties (dynamic mechanical behavior and three-point bending
creep properties of MWCNTs/F2314) were explored using dynamic mechanical analysis ( DMA) method. The results show that
with increasing the MWCNTs content, the storage modulus (E’) of MWCNTs/F2314 composites increases, the glass transition
temperature ( T,) and peak value of loss factor (tans,,, ) decrease. The creep strain and constant creep strain rate of MWCNTs/
F2314 composites distinctly decrease due to the presence of MWCNTs. At 80 °C/0.1 MPa, when the MWCNTs content( mass
fraction) increases from 2% to 20% , the creep strain and constant creep strain rate of MWCNTs/F2314 composites decrease by
87.6% and 84.7% , respectively. Burger four-element mechanical model can be used to simulate the creep behaviors of MWC-
NTs/F2314 composites and obtain the constitutive equations of creep curves.
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