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Name PP/GF PP/GF|GS PP/GF/Si0- PP/GF/MMT
PP composites

Martrix PP PP PP PP

1st filler (wt.%) GF [30%] GF [30%] GF [30%] GF [30%]
2nd filler (wt.%) - G5 [12%] 5i0; [2%] MMT [2%]
PAB composites

Martrix PA PA PA PA

1st filler (wt.%) GF [30%] GF [30%] GF [30%] GF [30%]
2nd filler (wr.%) - G5 [12%] 5i02 [2%] MMT [2%]
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(a) (b) (c) (d)
(e) (f) (9) (h)
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(a) PPIGF, (b) PP/GF/SiOs, (c) PPIGF/MMT, (d) PP/GF/GS,
(e) PA/GF, (f) PAIGF/SIO, (g) PA/GF/MMT, (h) PA/GF/GS [1].

(a) (b)
- —_ -
(e) (f) (9) (h)
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(a) PP/GF, (b) PP/GF/SiO2, (C) PP/GF/MMT, (d) PP/GF/GS,
(e) PAIGF, (f) PAIGF/SIO2, (g) PA/IGF/IMMT, (h) PA/GF/GS [41].

(c) (d)
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Material Crash length (mm)  Collapse mode  Initial peak (kN) ~ Mean crashing load (kN)  Energy absorbed (k])  SEA (k/kg)  Change in SEA (%)
PPCGF 86 1 29.74 3475 299 49.4 -

PPGF/SIO, 86 v 26.59 17.86 148 244 =307

PPGF/MMT 86 v 24.75 1539 129 21.2 -57.0

PPGF(GS 86 v 22.06 17.66 1.65 26.3 -469

PAGF 86 i} 47.66 5044 433 58.1 -

PAGF/SiO, 86 i} 44.61 45.66 4.15 54.5 -6.1

PAGF/MMT 86 1 54.59 40,65 323 42.9 -26.2

PAGF/GS 86 i} 55.10 45.74 411 51.7 -11.0

[av] Sl (6 )l08 )L cod bdigel ool ,8 Slasin 0-Y Jooo

Material Crash length (mm)  Collapse mode  Initial peak (kN) ~ Mean crashing load (kN)  Energy absorbed (k])  SEA (k/kg)  Change in SEA (%)

PPGF 29.79 I 2299 1419 0.36 236 -
PPGF/Si0, 314 I 2572 1541 037 22,6 -4.2
PPGF/MMT  36.02 I 20.02 12.86 0.40 20.5 -13.0
PPGF/GS 35.03 | 26.28 1352 0.40 20.7 -123
PAGF 60.5 1l 19.99 2.64 035 7.7 -
PAGE/SiO; 57.56 il 26,51 898 043 9.8 27.0
PAGFMMT 6261 1l 38.82 448 0.37 7.1 0
PAGF/GS 2203 il 40.42 1558 032 223 188.5
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2 Crack path deflection

3 Debonding

4 Plastic void growth
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2 Pull out
3 Rupture
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Abstract

In this thesis, a diglycidyl ether of bisphenol A epoxy (DGEBA) is reinforced by
spherical silica nanoparticles of three different diameters of 17 nm, 25 nm and 65
nm up to 6 wt.%. The aim of this study was to investigate the effect of particle
size, particle content and combined use of them on Young's modulus, fracture
toughness, fracture energy, impact strength and energy absorption capability of
thin-walled square columns and frusta. Experimental results showed that the
addition of nanoparticles to epoxy resin and also increasing the particle content
increased the Young's modulus, fracture toughness, fracture energy and impact
resistance so that this increasing was so clear in the hybrid composite. In the hybrid
series and in 6 wt% of the nanoparticles, the largest increase compared to pure epoxy was
equivalent 13.3% for Young's modulus, 63.1% for fracture toughness, 138.5% for the
fracture energy and 20.1% for impact strength. The results revealed that the effect of
particle size on mentioned parameters was negligible. With addition of the nanoparticles,
the energy absorption characteristics of thin-walled structures suffered and by increasing
the particle content, the reduction was intensified. In each experiment the effectiveness
mechanisms of nanoparticles has been studied by scanning electron microscopy
(SEM) and it was found that the dominant mechanisms were crack path deflection,
crack tip pinning and bowing, debonding and plastic void growth. Finally, the
experimental results modeled by artificial neural network and response surface
methodology (linear and quadratic) and “the selected model” was identified and
reported. According to response surface methodology and genetic algorithms,

optimal nanoparticle size and content for various parameters have been reported.

Keywords: Polymer composites, Silica nanoparticles, Particle size, Young's

modulus, Fracture toughness, Fracture energy, Impact strength, Energy absorption

capability, Neural network, Response surface method, Genetic algorithms.
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