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Effect of Different Environmental Conditions on Impact Properties of FMLs

Hybridized with Nanoclay
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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

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

Eﬁ)yevr”"nﬁﬁfa. Jaminates 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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Table 1 The chemical composition of K-10 montmorillonite nanoclay
obtained from XRF analysis

%) Jlaie s ool %) Hlaie 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 UIP1000hd, Hielscher
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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. 10 SEM photographs for impact test specimens: (a) 0 wt.% nano-
FML/IH (b) 1 wt.% nano-FML/IH, (c) 3 wt.% nano-FML/IH (d) 5
wt.% nano-FML/IH
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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

o osel slodigal 4 barpe (5 7S Sy Se pslas 12 JSB
1 wt.% nano-FML/IC - 0 wt.% nano-FML/IC -l
5 wt.% nano-FML/IC - 3 wt.% nano-FML/IC -

Sl glaaYaizr ab @ly ()2 90590 3B U slaaYuir gla s
Gy 95 o o oeTsl 0y [ sasazil GLIL 4 > Luwg 5l
S39 M0y dw y0 (wygil Crizmed Wil asle paeg! 5083 LT 5
plsl 5l i diged .ol 00938l Al uSel 5, 4 5% 5 3% 1%
So9n Sl Jolis haeme Lyl Gl glgl (Byme 55 4,0 (o]
;3 130°C sles ,0) Yhleos (g3lu sy (mbe 39,58 ;0 —196°C sles ;o)
Glie oF 50 90°C (slos 1) 5l sk ibosm 5 (a5 Slse
poadisl Jolse 51 S je 585 e sl laplalejl (b axs S5
e obly Jelos 0 85 D90 Gl gy Ghe)y @ slays ol
@l ep 2 Ll aps geel bz b Gkt 029
sloanlp als o5 o8 jakie Lol S Julse Judoo 5l edalcwsa
Slye Ll p e B GRegn nl 0 emn 9y9e il
9 Fo9r Slom ole opl o adl il gl S glaaYaur
Ol 2 1y e B ymeS 5 et oS & Sl —sushs
ol cuie 3t 5l Sl mls sl olats] 355 4 sl s plSoul
B9 (55l Aise elgil Jlosl 5l 5 iy LAYz Glays ols> »
65)1),9 —@2.;5]0) Loyl Cod 00l o sodiges (0 0didd gy il ol Azl
okt 4l g ;b e Sl g JBlas ls e 3 a4 Yhles o
Py San bgs (¢ polal dadiges CuSlh Sl 5 (owlidiSu; (o) 2
ool ol (nl GbgS (95w Sen nslal (o) ML A (g, (S95S]
2 e S ) glailis Glgie @ BLL (Saal st el oS
anlp gg 90 5l e Sl mghsk, lulih cod el sladiges
PRSP JE I YO TR N T SCIUR - RN | BN S UCN B SRSP S WO

12 o )lais 17 095 1396 sl (w30 SilSo uwdise

Fig. 11 SEM photographs for impact test specimens: a- 0 wt.% nano-
FML/IT, b- 1 wt.% nano-FML/IT, c- 3 wt.% nano-FML/IT, d- 5 wt.%
nano-FML/IT
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