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Effect of Carbon Nanotube Solvent-Free Nanofluids on Mechanical

Properties and Damping Properties of Epoxy Resin

WANG Yudeng', LIU Qianli®, YAO Zhuojun®’, YAO Dongdong', ZHENG Yaping'
(1. School of Nature and Applied Science, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China;
2. Shanghai Composite Technology Co., Ltd., Shanghai 201112, China)

Abstract: In order to prevent the aggregation of multi-walled carbon nanotubes (MWNTs) in the resin and
improve mechanical properties of the resin, carbon nanotube solvent-free nanofluids ( MWNTs-C-M2070) are
obtained by grafting silane coupling agent (KH560) and polyether amine (M2070) to carboxylic MWNTs,
Carboxylic MWNTs are the core, and KH560 and M2070 are the corona and the canopy, respectively. MWNTs-C-
M2070 is characterized by Fourier transform-infrared spectrometer, rheological analysis, and transmission electron
microscope. The results show that the corona and the canopy are successfully grafted on the surface of carbon
nanotubes, and the loss modulus is always greater than the storage modulus, which indicates the liquid
characteristics of MWNTs-C-M2070. The mechanical properties and damping properties of the epoxy matrix with
MWNTs-C-M2070 added as the modifier are studied. The mechanical and damping properties of the epoxy matrix
are improved well when the mass fraction of added MWNTs-C-M2070 is between 2% and 4%. Compared with
traditional carbon nanotube fillers, MWNTs-C-M2070 can be well dispersed in resins and solvents without ultrasonic
assistance, so it has great application value in industrial production of composite materials.
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Fig. 1 Reaction mechanism
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Fig.5 Storage modulus and loss modulus of MWNTs-
C-M2070 at different temperatures
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Tab. 1 Mechanical property test results of nanocomposites
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Fig. 6 Time domain waveform curve of epoxy
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Fig. 7 Relationship between natural

frequency and beam length
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Fig. 8 Relationship between damping ratio and beam length

3 HRiE

AL MWNTs H#, KH560 K 8k 2,
M2070 A 56 4R )2 5 B G BT Bk 4 K A5 TV R0 40 K
WA MWNTs-C-M2070, MWNTs-C-M2070 Jin A
ISR BE L T fif A SRR i 1 T S v e AR L O T A
SRR 200 ~4 Yot A il e S b 0 A B 4R
5 R ¥ MWNTs-C-M2070 Jin A FF 48 B B v il
K A MR B E L3 R, 24 L 0k
AV BT RO B b o AR SCR A 58 A 7] 56 AR )2 X e
YK AE TS RN A K AR/ BR ER RR 40 oK 25 MR
J12 1 e S BH e P g 19 52, DR I S 2 F 5 e AR
Seb R )2 G R g A 1A 4 DR 3R S ke 40 K A TS R
YK AR IR 5T A5 10 90 oK B A R RN ) 2 1 g
S JetEng.

S % 3k

C1] skpEm, 5k)8 2, WhE gk, 38 3h 5 04 5 49 B e 5
(M. db5t: MLBE T s B Ak, 1993:21-37.

(2] 208, TH. RS S5ERYEEAMRLT]. K
Bl 5 TR, 1995, 13(2): 1-13.

£3]

L7]

[8]

(10]

[11]

[12]

[13]

[14]

[15]

SUHR J, KORATKAR N A. Energy dissipation in
carbon nanotube composites: a review[ ]J]. Journal of
Materials Science, 2008, 43(13): 4370-4382.
IIJIMA S. Helical microtubules of graphitic carbon
[J]. Nature, 1991, 354(6348): 56-58.

WALTERS D A, ERICSON L M, CASAVANT M
J. et al. Elastic strain of freely suspended single-wall
carbon nanotube ropes[J]. Applied Physics Letters,
1999, 74(25) . 3803-3805.

IIJIMA S, BRABEC C, MAITI A, et al. Structural
flexibility of carbon nanotubes[ J]. Journal of Chemi-
cal Physics, 1996, 104(5) . 2089-2092.

T, ZREFRE. SKOGEE. BR YN OK A X R SRR 1 2%
PERERYSE AL FRUARL T2, 2005, 35(2): 38-41.
REFE . DER. . KH550 B ik a0 K & 8 531 A
BRI BT 5E (T ], M2 AR AR, 2009, 29(4) : 63-66.
FEREIDOON A, KORDANI N, AHANGARI M G,
et al. Damping augmentation of epoxy using carbon
nanotubes[ J]. International Journal of Polymeric Ma-
terials & Polymeric Biomaterials, 2010, 60(1);: 11-
26.

MONTAZERI A. The effect of functionalization on
the viscoelastic behavior of multi-wall carbon nano-
tube/epoxy composites [ ] ]. Materials & Design,
2013, 45: 510-517.

TEHRANI M. SAFDARI M. BOROUJENI A Y,
et al. Hybrid carbon fiber/carbon nanotube compos-
ites for structural damping applications [J]. Nano-
technology. 2013, 24(15): 155704.

RAJORIA H, JALILI N. Passive vibration damping
enhancement using carbon nanotube-epoxy reinforced
composites[ ]J]. Composites Science and Technology,
2005, 65(14): 2079-2093.

VILLORIA R G D, MIRAVETE A. Mechanical
model to evaluate the effect of the dispersion in nano-
composites[]J]. Acta Materialia, 2007, 55(9): 3025-
3031.

XIBEBL, SR, REA. YK E B H VLA =1
(1. Bhefad i, 2001, 46(19): 1590-1595.

FU K, HUANG W, LIN Y, et al. Defunctionaliza-
tion of functionalized carbon nanotubes[J]. Nano Let-

ters, 2001, 1(8): 439-441.
CR U . BBt 45)



