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Abstract

Composite materials reinforced with nanopartiddegust nanocompositese
increasingly attractingnterest of the scientific community and the industrial world.
Nanoparticles used as fillers in composite materials exhibit a large contact surface
affecting the physical and chemical properties of the composite. Over the last years,
the appearance of polymaanocomposites has led to the replacement of metals in
mary technological and structural applications, mainly due to ease of production and
the combination of low weight with great mechanical properties.

This project is investigating the effect of graphene nanoplatelets fillers on
laminated epoxy matrix reinfordewith glassfabric composites.

The test pecimens were produced through Hand -Liy method. The
graphene nanoplatelets (GNPs) were incorporatedtte liquid resin during epoxy
system preparation by stirring in room temperature.

Three different laminate specimen series with four layeend various
percentage w.t. additions of graphene nanoplatelets (GNPs) were prepared for the
needs of this project. Epoxy matrices were reinforced with woven-fzlbgs of
Twill 2x2 weave in ply orientations [48/5], and [45/0Lntisymmetric @lSO well as with
unidirectional glass$abric of ply orientation [0/9Q] For each laminated series were
also prepared reference specimens with no GNPs additions, in order to compare the
GNPs effect on the nanocomposite behaviore phoduced specimens had to be of
specific dimensions and quality for the purpose of conducting tensile and three point
bending tests in compliance with ASTM D3039/D3039M and ASTM DBU30
standards, respectively. The GNPs additions of the Twill 2x2 remdoseries got to
20% w.t. of the used resin (epoxy matrix) and in the case of unidirectional
reinforcement the GNPs additions got to 30%. The upper additions limits were
determined by the fabrics structural characteristics, as well as by the tests\kemsel
that showed degradation of mechanical properties above a specific additions value, in
such extent that the resulted specimen exhibited lower mechanical properties even

than the reference specimens with no GNPs additions. The rest of the specimens



exhilkted improved mechanical properties of the composite material, according to the
additions level.

The effect of thermal curing on mechanical properties was also investigated in
the case of the unidirectional glafsdric reinforced composites with [0/90ply
orientation, as the curing process affects the properties of the polymer (epoxy) matrix.
Specifically, specimens with addition of 28t. GNPs were produced and after being
dried out(curing at room temperature for seven ddfigy were put in an oveor 2,

4, 6 and 24 hours at 8D and 106C. The cured specimens were tested in compliance
with the ASTM D79603 threepoint bending standard. The £@0cure cycle showed
greaterimprovement in the flexural strength of the compositem the 58C cure

cyde.
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Constituents
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Fibers + matrix +
coupling agent or fiber surface coating +
fillers and other additives

v

Lamina

(thin ply or layer)

(a) Unidirectional continuous fibers

(b} Bidirectional continuous fibers

(c) Multidirectional continuous fibers

(d) Unidirectional discontinuous fibers

(e) Random discontinuous fibers
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Laminate

(consolidated stack of many layers)
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Parameter Specification
Retum speed 600 mm/min
Position control 0.006 pum
resolution

Crosshead speed | £0.10 mm or 0.15%
accuracy of displacement

Load measurement |  £0.5% od reading
down to 1/50 of load
cell capacity

Strain £0.5% od reading
measurement down to 1/50 of full
accuracy range
Parameter Specification
Load capacity 100 kN
Maximum speed 500 mm/mn
Minimum speed 0.001 mm/min
Maximum force at 75kN

full speed

Maximum speed at 250 mm/min
full force

Position measurement | £0.10 mm or 0.15%
accuracy
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