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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the effect of different environmental conditions on the impact properties of fiber metal

Received 15 September 2017 laminates hybridized with nanoclay is studied. For this purpose, the fiber metal laminates were first

Accepted 11 November 2017

lamin luminum all h lass fiber, pur xy resin and modified resin with nanocl
Available Online 01 December 2017 aminated by aluminum alloy sheets, glass fiber, pure epoxy resin and modified res th nanoclay

using hand lay-up process. The influence of different types of environmental conditions including

Keywords: cryogenic aging (at temperature of —196 °C in LN,), high-temperature aging (at temperature of 130°C in

Fiber metal laminates dry air), and hygrothermal aging (at temperature of 90 °C in distilled water) on the impact properties of

Cryogenic aging the specimens made with pure epoxy resin and modified resin was investigated using response surface

High-temperature aging method in various levels. A suitable model was developed to predict the effect of aging type and

Hygrothermal aging nanoparticle content on the impact strength of specimens. The results obtained suggest that the

Nanoclay . . . . . . h .
cryogenic aging has a most effective role reduction of the impact properties of the specimens. While
htgrothermal aging has a less effective role in decreasing the impact properties of fiber metal laminates.
Additionally, the result of main effects analysis showed that the detrimental role of different types of
aging in reducing the impact properties is more effective than the positive role of nanoparticles in
improving the impact properties of fiber metal laminates.
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5 FMLs (Fiber Metal Laminates)
®GLARE (Glass Reinforced Aluminium Laminate)
"ARALL (Aramid Reinforced Aluminium Laminate)
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Table 1 The chemical composition of K-10 montmorillonite nanoclay
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%) laie e ool %) Haie e oole
1.97 CaO 50.95 SiO,
0.98 Na,O 19.60 Al,O3
0.86 K,0 5.62 Fe,0;
16.73 Other 3.29 MgO

! Araldite ML-505

2HA-13

% Huntsman Advanced Materials Inc.
* Sigma-Aldrich Co.

°Plain weave

® E-Glass Fabric

7 Colan Products Pty

8 ALRO SA

9 IKA T25 Ultra-Turrax, Stanfen

0 U1P1000hd, Hielscher
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Table 3 Comparison between predicted and measured impact values

R .
- Lgad WS
(%) (kIm?) ouss s
(kd/m?)
0.51 773.40 777.38 0 wt.% nano-FML/IR
0.55 784.97 780.64 1 wt.% nano-FML/IR
0.59 792.69 788.01 3 wt.% nano-FML/IR
0.57 779.85 775.38 5 wt.% nano-FML/IR
2.03 733.56 748.46 0 wt.% nano-FML/IH
0.69 746.81 751.99 1 wt.% nano-FML/IH
0.38 755.11 752.24 3 wt.% nano-FML/IH
0.36 748.41 751.11 5 wt.% nano-FML/IH
4.48 702.04 671.95 0 wt.% nano-FML/IT
1.88 716.97 703.75 1 wt.% nano-FML/IT
0.79 731.41 737.18 3 wt.% nano-FML/IT
1.31 725.29 734.82 5 wt.% nano-FML/IT
2.15 678.84 693.44 0 wt.% nano-FML/IC
0.76 695.45 700.73 1 wt.% nano-FML/IC
0.20 713.25 711.80 3 wt.% nano-FML/IC
1.38 710.49 700.84 5 wt.% nano-FML/IC
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Fig. 9 Photographs taken from optical camera and SEM for impact test
specimens
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Fig. 12 SEM photographs for impact test specimens: a- 0 wt.% nano-
FML/IC, b- 1 wt.% nano-FML/IC, c- 3 wt.% nano-FML/IC, d- 5 wt.%
nano-FML/IC
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Fig. 11 SEM photographs for impact test specimens: a- 0 wt.% nano-
FML/IT, b- 1 wt.% nano-FMU/IT, c- 3 wt.% nano-FML/IT, d- 5 wt.%
nano-FML/IT
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