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Experimental investigation of flexural behavior of basalt fibers/epoxy-aluminum

laminate composites containing nanoclay particles

Farid Bahari-Sambran, Reza EsIami—Farsani*, Hossein Ebrahimnezhad-Khaljiri

Faculty of Materials Science and Engineering, K. N. Toosi University of Technology, Tehran, Iran
*P.0.B. 19919-43344, Tehran, Iran, eslami @kntu.ac.ir

Keywords Abstract

Fiber metal laminates In this study, the effect of different weight percent of modified/ unmodified nanoclay particles on the flexural
Nanoclay properties of fiber metal laminates (FMLs) made of basalt fibers/epoxy-2024-T3 aluminum sheets was
Surface modification investigated. As a first step, the surface of nanoclay was modified by silane coupling agent which the creation
Flexural test of functional groups on the surface of nanoclay particles was confirmed by Fourier transform infrared (FT-IR)

analyses. The modified nanoclay with different weight percent of 0, 1, 3 and 5 was added into the epoxy matrix
and then for better distribution and dispersion of nanoparticles in the matrix, the mechanical and ultra-
sonication machines were used. Also, for better interaction and adherence between matrix and aluminum
sheets, the mechanical and chemical treatment were conducted. Then the mixture of epoxy and nanoclay with
woven basalt fibers and aluminum sheets were used to fabricate FMLs. To survey the effect of nanoparticles
on mechanical properties, the 3-point bending test was used. The results show that the maximum effect of
adding nanoclay particles on flexural strength and absorbed energy was in 3 wt.% of modified nanoclay, these
properties of fibre metal laminates, conaining 3 wt.% unmodified nanoclay was weakend in compareson
similar specimen, containing modified nanoclay. Furthermore, the flexural modulus was increased by
increasing the weight percent of nanoparticles. Also, to investigate the fracture mechanism of polymeric part,
the field emission scanning electron microscope (FESEM) was used. The microscopic images were revealed
that adding nanoclay particles are caused improvement of interaction between matrix and basalt fibers,

consequently, are caused improving the flexural properties.
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Fig. 8 FESEM micrograph of the separation surface of nano composite
and aluminum (a) without nanoclay (b) 3 wt.% modified nanoclay
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Fig. 6 Flexural modulus of fiber metal laminates at different nanoclay
loading
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Fig 7. Fracture energy of fiber metal laminates at different nanoclay
loading
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Fig. 10 FESEM micrograph of the fracture surface of laminate
nanocomposites containing (a) 3 wt.% modified nanoclay (b) 5 wt.%
modified nanoclay (c) 3 wt.% unmodified nanoclay
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SEM HV: 15.0kV WD: 10.53 mm
SEM MAG: 700 x Det: BSE 50 pm
View fleld: 207 pm  Date(midly): 041717
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SEM HV: 15.0 KV wo:10.5amm ||
SEM MAG: 400 Det: BSE 100 pm
View field: 518 ym  Date(m/dly): 04H7HT

Fig. 9 FESEM micrograph of the fracture surface of laminate
nanocomposites (a) without nanoclay (b) containing 3 wt.% modified
nanoclay (c) containing 3 wt.% unmodified nanoclay
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