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Evaluation of impact strength of composites and fiber metal laminates
hybridized with nanoclay after exposure to high temperature thermal shock

Moslem Najafi, Abolfazl Darvizeh, Reza Ansari’

Department of Mechanical Engineering, University of Guilan, Rasht, Iran
*P.0.B. 3756-41635, Rasht, Iran, r_ansari@guilan.ac.ir
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Impact properties

Composite materials such as fiber reinforced polymeric laminates are used extensively in various engineering
applications. Of the greatest impediments to the use of these materials in advanced applications is the reduction of
their mechanical properties and structural integrity when they are exposed to high temperatures. In this paper, the
effect of nanoclay addition on impact properties of composite and fiber metal laminates before and after exposure
to high temperature shock have been investigated. For this purpose, the nanoclay particles were added to pure
epoxy resin using mechanical mixer, high-speed mechanical homogenizer, and ultrasonic homogenizer. Then, both
the composite laminates and fiber metal laminates 2/1 were laminated by aluminum sheets, pure epoxy resin and
modified resin with nanoclay and glass fiber using hand lay-up process. The effects of using nanoclay on the
impact strength of composite laminates and fiber metal laminates before and after exposure to temperature of
230°C were studied. According to the results obtained, it was found that nanoclay has effective role in maintaining
impact properties of the specimens. Additionally, as a result of protective role of metallic layers, the thermal shock
induced degradation in impact properties of fiber metal laminates was decreased.
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® ARALL (Aramid Reinforced Aluminum Laminate)
" GLARE (Glass Reinforced Aluminum Laminate)

8 CARALL (Carbon Reinforced Aluminum Laminate)
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Table 1 The chemical composition of K-10 montmorillonite nanoclay

(1) Jode Gameosle () lake  Jomeoesle

1.97 CaO 50.95 SiO,
0.98 Na,O 19.60 Al,04
0.86 KO 5.62 Fe,03
16.73 Other 3.29 MgO

3 Araldite LY5052

4 Aradur 5052

® Huntsman Advanced Materials Inc.

© Sigma-Aldrich Co.
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Table 2 Specification of aluminum alloy and epoxy resin
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Table 3 The chemical composition of aluminum alloy 2024-T3

() lode yaie (D) ke paze
1.2-1.8 Mg 05 Si
0.10 Cr 0.5 Fe
0.25 Zn 3.8-4.9 Cu
0.15 Ti 0.3-0.9 Mn
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Fig. 2 Picture from impact test by Torsee pendulum Charpy tester
5 Syl bl lawgs sy (903l plowl 5l (6 pgat ¥ S5

T g cxy Y
Rl 5 1 Al Jelos -V-Y
wie) 03bo Glyiedr (Sl ol LSl Gla Sy S50 jekiie 4
Sl ol 5 palls oyl (amgh ool 5o oad aisle glaaYauxr
85 8 Syl s Sl i Blr 03] s sl s>
58 o ools lis alls il WSSl 5 Lol 5l sael Cass 4 el
20=6.12 ° gl aygly 10 55 Se Gl Al S sz 5l S>3 IS
Lg a8 s_i: )L>5.o..: 6[{,’&‘ BN | ).4.09.:[.1 d001:144 6‘4{\] O alold 5o
Sspin yioglh 0.76 sl o alol o 20=11.69° o ool Sob
o

5 ilize CojaalSsil glaaige slaY i Jolsd 5 A sla S
tigy e g calie LYES] o, 5l eslitnl 5 olis «ol )35 3% (g5l
OHlr @58 o Al 252y pae Logas sl ZojoralSsil 55 nl 50 ()5l
S 0aclB G lgreds rizmen (sl o9l JolS o sl g sl slaslas
3o Jlaiol 5 Sl VL slonays s sl Gl 4 4y b
o3l 5% (ssl> gladigai ;o Sl GlOY G Jolsd ( SaSsls
| )S.nyLu d001:1.60 JOLO.A

# VEGA, TESCAN

@yl e 5 551,80

o aalllas 3500 Slge (SlSe plyS 2 VU los ST bl sl
(oSl faned SU Cojenals 5l et il gladiged hagh
byl s cou ,el b oolge ol G ol penay (6518 AL sloa Yo
ki ol & A858,5 13 Sl )y sl Jl slos 31 51,8 oo
D 015 6l 4> 55 100 l...U.a.a) ol ) sles a4z ;0230 oYL slos Lyl )
S Lojlod e85 o0 0l Ko gt (oSl () sladed sbos ]
4 dzg Lol Jleel 4z 8o 15 Gae gl bediges 5l casein slass g9, »
€978 9 290 go lp Oloy pl bS5 (o el 5 spar Slaalin
@4z b Sl 530 3V 0,5 (o0 SOl (Sl (0 )0 (i g ooy
slos yo gl lal canlllas 0550 Slge Jlisle jo Sl Sei ol pgj)
SUEL &0t baiges o § duy (slos SLS 4 ol 5 Gl 4> )0 230
et sy aiged Vb oo 5> Sai Sldae plonil 51 o o5l ol
A 3y age gled 10 g 00 7,5 sl

sz 4o gosl -#-¥

60 x 12.7 Jolee ol o (ool slodiges olal 1 JS& Golas
5 SselS Slhdiges Culhd (e WL Gusd @ ek
190 £ 0.05 5 jode 22 £ 0.1 50 36 U sbhaYar
A, Gec 5 ax,0 45 4l L S VG SO ad 6,55l o sheo
b ol ladigas byl Sy 48 e ue 2.54

Fig. 1 Charpy Impact test specimens made from FML and glass/epoxy
composite
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Table 6 Diffraction angle and d-spacing of various types of

nanoclay/epoxy nanocomposites in terms of nanoclay percent
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Table 5 Charpy impact test results for GE laminates
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Fig. 4 Degradation of impact properties of FML and GE laminates after
exposure to high temperature thermal shock
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Fig. 6 SEM micrograph from glass fiber/epoxy matrix debonding at (a)
GE/IT (b) 3 wt.% nano-GE/IT
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Fig. 5 Photographs from fractured surfaces of composite specimens
after impact testing (a) GE/I (b) GE/IT (c) 3 wt% nano-GE/I (d) 3 wt%
nano-GE/IT
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Fig. 7 Photographs from fractured surfaces of FML specimens after

impact testing (a) FML/1 (b) FML/IT (c) 3 wt% nano-FML/I (d) 3 wt%

nano-FML/IT
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