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ABSTRACT

applications. Their superior properties have attracted great attention in

different fields. Having the potential to provide enhanced strength-to-weight
and stiffness-to-weight ratios, reinforced polymers are superior to unreinforced ones.
Using nanoparticles as reinforcement in a polymer can improve toughness, aging
resistance, strength and fracture of the composites.
Methods: Molecular dynamics method was used to study the effects of silicon carbide
(SiC) nanoparticles on the mechanical and thermal properties of the Araldite LY 5052/
Aradur HY 5052 epoxy resin. Different simulation phases, including the minimization,
equilibration, curing, and calculation of mechanical properties were carried out by
NPT and NVT ensembles, based on the COMPASS II force field.

l l ypothesis: Epoxy resins are thermoset polymers with extensive industrial

Fiqdings: The simulation results indigated that the mechani.cal properties qf the epoxy
' resin system at 300 K were not only in good agreement with other experimental and

Araldite LY 5052/Aradur HY theoretical properties, but also they produced greater accuracy than the previous

5052 epoxy resin, work by COMPASS force field. The results also indicated that the addition of SiC

reinforcement to the epoxy resin system improved the mechanical properties such as
strength and hardness as well as the thermal properties of the system while its density
nanoparticles, increased slightly. They showed that the optimum mechanical properties were related
reinforcement, to low concentration of SiC nanoparticles. In epoxy resin with a higher nanoparticles
percentage, by increasing the weight percentage, an agglomeration phenomenon
occurred, porosity increased, and consequently the mechanical and thermal properties

properties, decreased. The effect of particle size on the mechanical and thermal properties of the
molecular dynamics epoxy resin system also showed that by increasing the particle size, the mechanical
and thermal properties of the system were reduced. SiC nanoparticles with 3 different
nanoparticle geometries were added to the epoxy resin system. The results showed
that, due to a higher surface-to-volume ratio (0.6 1/cm), the epoxy resin system
with the spherical reinforcement presented higher mechanical properties than the
cylindrical (0.5 1/cm) and planar (0.26 1/cm) reinforcements.
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Fig. 1. The molecular structure of the components of Araldite/Aradur 5052 epoxy resin system.
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Table 1. Number and weight percentage of each component of Araldite/Aradur 5052 epoxy resin system.

Molecule No. of molecule in cell Molecular weight (g/mol) Weight percentage
Epoxy phenol novalok 26 7488 43.25
Butanediol diglycidyl ether 16 3232 18.67
IPDA 22 3740 21.59
Cycloaliphatic diamine 12 2856 16.49
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Fig. 3. Density of Araldite/Aradur 5052 system as a function

of temperature in equilibrium condition.
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Fig. 2. Araldite/Aradur 5052 simulation cell.
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Table 2. Mechanical properties of Araldite/Aradur 5052 epoxy resin system at 300 K.

) ) Young’s Modulus Shear modulus Bulk modulus Poisson’s Density
Mechanical properties
(GPa) (GPa) (GPa) ratio (g/em?®)
Simulation result 3.36 1.21 4.89 0.32 1.08
Experimental refrence [27] 3.2-3.9 - - 0.35 1.09
Theorical refrence [21] 4.73 1.77 4.32 0.33 1.12
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Fig. 4. Glass transition temperature of Araldite/Aradur 5052

epoxy resin system.

AFAA Jgapeths = 313 0 ¥ 0 lash (09 395 Jw pouly SI9I9SS 9 pole ole Ao A



e Q090 b Il LT S 03l (3230 il S 9 Sl olga 3 S U9Salas 3y 393L 3l ) 22

S AiS i Jole Olseas SIC S35 5 sdiS i i Slole Syl S5 doys Y Jsir

Table 3. The weight percentage of resin system components, hardener and SiC nanoparticles as a reinforcing agent.

Number of Silicon carbide Cycloaliphatic diamine IPDA Buthanediol diglycidyl Novalac
sample (Wt%) (Wt%) (Wt%) ether (wt%) (Wt%)

1 4.5 15.75 20.63 17.83 41.29

2 9.61 14.91 19.52 16.87 39.04

3 15.04 14.01 18.35 15.86 36.74

4 19.84 13.22 17.32 14.96 34.66
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Table 4. Mechanical and thermal properties of Araldite/Aradur/SiC epoxy resin systems with radius of 3.0 A and different weight

percentages of SiC nanoparticles.

Number of Density Young’s Bulk modulus Shear Modulus Poisson’s T ®
sample (g/em?) modulus (GPa) (GPa) (GPa) ratio £
0 1.081 3.36 4.89 1.21 0.32 370-390
1 1.10 5.04 442 1.92 0.3 520-525
2 1.11 5.05 4.99 1.89 0.33 450-460
3 1.13 4.36 4.83 1.61 0.34 390-400
4 1.14 3.88 4.49 1.43 0.35 380-390
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Fig. 5. Mechanical properties of Araldite/Aradur/SiC epoxy
resin systems with radius of 3.0 A and different weight

percentages of SiC nanoparticles.
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Table. 5. The weight percentage of the components of Araldite/Aradur/SiC epoxy resin systems with different radius and weight

percentages of SiC nanoparticles.

Number of Silicon carbide Cycloaliphatic IPDA Buthanediol diglycidyl Novalac
sample (Wt%) diamine (Wt%) (Wt%) ether (Wt%) (Wt%)

1 7.2 15.32 20.04 17.32 40.12

2 13.43 14.28 18.69 16.17 37.43

3 18.8 13.37 17.52 15.14 35.08

4 14.3 14.14 18.51 16.0 37.05
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Table 6. Mechanical and thermal properties of Araldite/Aradur/SiC nanoparticles epoxy resin systems with different radius of 5.0

and 7.0 A and different weight percentages of silicon carbide nanoparticles.

Number | Density | Young’s modulus Bulk modulus Shear modulus Poisson’s Glass transition
of sample | (g/cm’) (GPa) (GPa) (GPa) Ratio temperature (K)
1 1.13 4.54 4.38 1.71 0.32 440-450
2 1.15 3.90 3.15 1.508 0.29 410-415
3 1.17 3.766 3.86 1.407 0.33 450-460
4 1.16 3.604 4.10 1.33 0.35 380-390
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Fig. 6. Reinforced Araldite/Aradur/SiC epoxy resin systems with three different shapes of silicon carbide nanoparticles: (a) spheri-

cal, (b) cylindrical, and (c¢) planar.
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Table. 7. The weight percentage of silicon carbide nanoparticles in three shape of spherical, cylindrical and planar, other resin

system components and hardener.

Number of Silicon carbide Cycloaliphatic IPDA Buthanediol diglycidyl Novalac
sample (Wt%) diamine (Wt%) (Wt%) ether (Wt%) (Wt%)
3 7.2 15.32 20.04 17.32 40.12
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Table. 8. Mechanical and thermal properties of Araldite/Aradur/SiC epoxy resin systems with three different shape of silicon car-

bide nanoparticles, spherical, cylindrical and planar.

Density Young’s Bulk modulus Shear modulus Poisson’s
Type of sample ) T (K)
(g/cm?) modulus (GPa) (GPa) (GPa) ratio ¢
Sphere 1.13 4.54 4.38 1.719 0.32 430
Cylinder 1.12 4.306 4.296 1.615 0.33 427
Planar 1.12 3.658 2.579 1.447 0.26 427
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