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Property Valuse
Compressive strength BS 6319 | >72N/mm2 @ 7days @20°C
Flexural strength BS 6319 > 60 N/mm2 @ 35°C
Tensile strength BS 6319 > 25 N/mm?2
Pot life 85 minutes @20°C
Specific gravity 1.04
Viscosity 1.0 poise @ 35 °C
Min. application Temperature 5°C
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Si0,(0.1) 73 GNPO.1 74 (SiO,+GNP)0.1 75
Si0,(0.2) 735 GNPO0.2 76 (SiO2+GNP)0.2 79
Si0,(0.4) 75 GNPO0.4 77 (SiO,+GNP)0.4 81
Si0,(0.6) 78.2 GNPO0.6 81 (SiO,+GNP)0.6 82
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Si0,(1.0) 80 GNP1.0 83 (SiO,+GNP)1.0 84
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Concentration Impact Concentration Impact Concentration Impact
wit% strength(J) wit% strength(J) wit% strength(J)

Ep 89.28 Ep 89.28 EP 89.28

Si0,(0.1) 119 GNPO.1 119.3 (SiO,+GNP)0.1 178.5

Si0,(0.2) 119.5 GNPO0.2 120 (SiO,+GNP)0.2 208.3
Si0,(0.4) 148.4 GNPO0.4 198.4 (SiO,+GNP)0.4 209
Si0,(0.6) 148.8 GNPO.6 208.3 (SiO2+GNP)0.6 250

Si0,(0.8) 150 GNPO.8 357.1 (SiO,+GNP)0.8 386.9

Si0,(1.0) 187.5 GNP1.0 300 (SiO,+GNP)1.0 468.75
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Concentration B.S Concentration B.S Concentration B.S
wit% ( MPa) wit% ( MPa) wit% ( MPa)
Ep 19 Ep 19 EP 19
Si0,(0.1) 15 GNPO.1 24 (SiO,+GNP)0.1 42
Si0,(0.2) 19 GNPO0.2 27 (SiO,+GNP)0.2 58
Si0,(0.4) 20 GNP0.4 40 (SiO,+GNP)0.4 62
Si0,(0.6) 22 GNPO0.6 47 (SiO,+GNP)0.6 92
Si0,(0.8) 29 GNPO0.8 121 (SiO,+GNP)0.8 146
Si0,(1.0) 47 GNP1.0 95 (SiO,+GNP)1.0 65
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. Young's . Young's . Young's
Conc\z?;)atlon Modulus Conc\z?g/;atlon Modulus Conc&&aﬂon Modulus
GPa GPa GPa
Ep 7 Ep 7 Ep 7
Si0,(0.1) 10.34 GNPO.1 204 (SiO,+GNP)0.1 27.13
Si0,(0.2) 10.44 GNPO0.2 31.2 (SiO,+GNP)0.2 31.58
Si0,(0.4) 10.79 GNPO0.4 33.44 (SiO,+GNP)0.4 34.45
Si0,(0.6) 11 GNPO.6 34.08 (SiO2+GNP)0.6 49.06
Si0,(0.8) 15.79 GNPO0.8 38.8 (SiO,+GNP)0.8 77.125
Si0,(1.0) 21.17 GNP1.0 39.06 (SiO,+GNP)1.0 48.12
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Thermal properties 4 ) all pailadll (3-4)
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o o g (5-4) sl Lpany ae 4 9l Cilapuad) Jalay 50ad XS5 dlle dadan dalisa
A 58Ul (Si0,,GNP) Gy aue xill day g Jib oS 5003 4 ) sl dolua ¢l

gD oS5 Ay ) LSy 0 2l e 5 o) ) ol ) o £(5-4) s

Concentration Therrmal Concentration Therrmal Concentration Therrmal
(wWt%) coefficient (Wt%) coefficient (wWt%) coefficient
K(w/mK) K(w/m.K) K (w/m.K)
Ep 0.001 Ep 0.001 EP 0.001
Si0,(0.1) 0.00109 GNPO.1 0.00157 (SiO,+GNP)01 0.0018
Si0,(0.2) 0.001439 GNPO0.2 0.00277 (SiO,+GNP)0.2 0.0022
Si0,(0.4) 0.00176 GNP0.4 0.00344 (SiO,+GNP)0.4 | 0.00256
Si0,(0.6) 0.0018 GNPO0.6 0.00576 (SiO,+GNP)0.6 0.0027
Si0,(0.8) 0.00165 GNPO.8 0.00605 (SiO,+GNP)0.8 0.0028
Si0,(1.0) 0.00166 GNP1.0 0.00453 (SiO,+GNP)1.0 0.0033
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Concentration | Tg | Concentration | Tg | Concentration | Tg

(Wt%) C (Wt%) o5 (Wt%) o5

Ep 50 Ep 50 EP 50

Si0,(0.1) 51 GNPO0.1 51 | (SiO,+GNP)0.1| 52

Si0,0.2) 52 GNPO.2 54 | (SiO,+GNP)0.2 | 53
Si0,(0.4) 53 GNPO0.4 55 | (SiO,+GNP)0.4 | 55.5

Si0,(0.6) 55 GNPO0.6 55.5 | (SiO,+GNP)0.6 | 56

SiO,(0.8) | 57 | GNP0.8 | 58 | (SiO,+GNP)0.8| 59
SiO(1.0) | 56 | GNPLO | 57 | (SiO;+GNP)L.0| 57
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A 5 Sl o dal) (naS 5D A gliial) Ay <) dslaean g3 B 2(7-4) g

Freq Gac oac ocac oac Oac Olac Olac
Hz EP 0.1% 0.2% 0.4% 0.6% 0.8% 1%
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Abstract

In this study, the effect of the addition of silica nanoparticles and
graphene nanoplatelets to epoxy resin on the mechanical, thermal and
electrical properties were studied. Manual casting method was used for
manufacturing of epoxy resin reinforced by silica nanoparticles and
graphene nanoplatelets with different weight ratios (0.1, 0.2, 0.4, 0.6, 0.8
and 1wt%o). Different properties of prepared samples such as hardness,
impact strength, bending strength, thermal conductivity, glass transition
temperature, alternating electrical conductivity and scanning electron
microscopy were studied.

The hardness test results showed that the hardness of pure epoxy
increased with increasing weight ratios of silica nanoparticles and
graphene nanoplatelets, where the highest hardness value was reached at
the weight ratio (196). The results of the impact strength test showed a
improvement in impact strength resistance when pure epoxy reinforced
with silica nanoparticles and graphene nanoplatelets compared to pure
epoxy, where the highest impact strength resistance value was reached at
the weight ratio (1%b).

The results of the bending strength showed that the epoxy bending
value increased by increasing the weight ratios of the silica nanoparticles
and the graphene nanoplatelets, where the highest value at weight ratio
(0.8%). The thermal conductivity results showed that the thermal
conductivity improved by adding reinforced materials ot pure epoxy-.
The results of the DCS analysis showed that the glass transition level of
pure epoxy starts to increase steadily when the supporting materials
(silica nanoparticles and graphene nanoplatelets) are introduced where
the maximum value is at the weight ratio (0.8%b).

The results of the electrical test showed an improvement in the
alternating electrical conductivity of pure epoxy by increasing the
frequency and by increasing the reinforced materials (silica
nanoparticles and graphene nanoplatelets) to pure epoxy.

The SEM images results showed an improvement in the scratch
resistance and hardness of the nanocomposites and thus an improvement
in many mechanical properties when incorporating silica nanoparticles
and graphene nanoplateles t pure epoxy.
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