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ABSTRACT : Nondestructive damage sensitivity of carbon nanotube (CNT) and nanofiber (CNF)/epoxy com-
posites with their adding contents was investigated using electro-micromechanical technique. Carbon black (CB)
was used only for the comparison with CNT and CNF. The fracture of carbon fiber was detected by acoustic
emission (AE), which was correlated to the change in electrical resistance, AR under double-matrix composites
(DMC) test. Stress sensing on carbon nanocomposites was performed by electro-pullout test under uniform cyclic
loading. At the same volume fraction, the damage sensitivity for fiber fracture, matrix deformation and stress
sensing were highest for CNT/epoxy composite, whereas for CB/epoxy composite they were the lowest among
three carbon nanomaterials (CNMs). Damage sensitivity was correlated with morphological observation of
carbon nanocomposites. Homogeneous dispersion among CNMs could be keying parameters for better
damage monitoring. In this study, damage sensing of carbon nanocomposites could be evaluated well nonde-
structively by the electrical resistance measurement with AE.
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Figure 1. Experimental scheme for double-matrix composite
(DMC) test,
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Figure 2. Schematic Figure for electro-pullout test.
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Figure 3. Electrical volume resistivity of carbon nanomaterials/
€pOoXy composites.
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Figure 4. Schematic model for percolation structure.
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Figure 5. Damage sensitivity of fiber fracture for (a) 0.1 vol%
CNT, (b) 0.5 vol% CNT, and (c) 2.0 vol% CNT composites under
DMC test.
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Figure 7. The change in electrical resistance of fiber tension for
0.5 vol% CNT composite under electro -pullout test.
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Figure 8. The change in electrical resistance of carbon nano-
composites for fiber tension under electro-pullout test.
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igure 9. FE-SEM photographs of fractured surface for (a) 2.0
vol% CNT, (b) 2.0 vol% CNF, and (c) 7.0 vol% CB composites.

)

£ ol8% AVAYY A B £ A% B of

Hel 71AREA = A 7198 ez G0

¢

AZ|AF SA4S o83t A7A- v gs APz

°o]83te i YR} LAl 3t

o oee
A B vloks) £ e A 2

Fhold A7 AFEE 3714 i YAz FolA
ONTE A7 A9} AV dskn w4 g §
2oilA A7) A=AAL 7Pt A7 A AL o)83t
& 59 S o W % el thRehRe
B} e 4l diF Aee A 7P 2 oNT
2hRel 397k b 2O W CB RYAEs] A9

N
174
S
o
K}
>
ol

Polymer (Korea), Vol. 28, No. 4, 2004

7} 7V dgkek. AAER) g AR %2} FAEHA B
Z Ao ANH AL o18%
3
5]

skl 4t ARl o 2

AF
B2 Az o) A9 B
L 5 9lsich

AAe] F 12 AL AyosE 2EHATA ERDS
B HE1EY nnl AEARAQLE A5 A
oz sagglen, oo Aoz A=)

References

1. E. T. Thostenson, Z. Ren, and T. W. Chou, Composites Sci.
Technol., 61, 1889 (2002).
2. A. Fyjiwara, R. Iijima, H. Suematsu, H. Kataura, Y. Maniwa, S.
Suzuki, and Y. Achiba, Physica B, 323, 227 (2002).
3. O. Lourie, and H. D. Wagner, Composites Sci. Technol., 59, 975
(1999).
4. R. B. Pipes, and P. Hubert, Composites Sci. Technol., 62, 419
(2002).
5. A. Allaoui, S. Bai, H, M. Cheng, and J. B. Bai. Composites Sci.
Technol., 62, 1993 (2002).
6. J. Sandler, M. S. P. Shaffer, T. Prasse, W. Bauhofer, K. Schulte,
and A. H. Windle, Polymer, 40, 5967 (1999).
7. H. Bubert, S. Haiber, W. Brandl, G. Marginean, M. Heintze,
and V. Briiser, Diamond Relat. Mater, 12, 811 (2003).
8. C. Park, Z. Ounaies, and K. A. Watson, Chemical Physics
Letters, 364, 303 (2002).
9. E. Kymakis, [. Alexandou, and G. A. J. Amaratunga, Synthetic
Metals, 127, 59 (2002).
10. Y. H. Li, J. Wei, X. Zhang, C. Xu, D. Wy, L. Lu, and B. Wei,
Chemical Physics Letters, 365, 95 (2002).
11. J. F. Feller, I. Linossier, and Y. Grohens, Materials Letters, 57,
64 (2002).
12. J. Vil Akové4, P. Saha, and O. Quadrat, European Polymer
Journal, 38, 2343 (2002).
13. G. Chen, C. Wu, W. Weng, D. Wu, and W. Yan, Polymer, 44,
1781 (2003).
14. J. M. Park, S. 1. Lee, K. W. Kim, and D. J. Yoon. Journal
Colloid Interface Science, 237, 80 (2001).
15. S. Wang, S. 1. Lee, D. D. L. Chung, and J. M. Park. Composite
Interfaces, 8, 435 (2001).
16. X. Wang, and D. D. L. Chung, Composite Interfaces, 5, 277
(1998).
17. ). M. Park, J. W. Kong, D. S. Kim, and J. R. Lee, Polymer
(Korea), 27, 189 (2003).

EgiH, A28A A43, 20043



