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Mechanical performance of graphene/polymethyl-methacrylate nano-composites under

tension loads: A coarse-grained molecular dynamic simulation
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Abstract: Strength is a important factor to consider when designing high-performance composite materials. In-
spired by the excellent mechanical properties and complex hierarchical structure of nacre, a nanocomposite was
designed, in which the graphene layers were interlaced in the polymethyl methacrylate matrix. Coarse-grained mo-
lecular dynamics simulations were used to investigate the effect of various geometrical variations on the mechanic-
al properties under tension loads, including the two-dimensional geometric shapes of graphene, the number of
graphene layers, the interlayer distance of the graphene sheets and the overlap length of the graphene sheets. The
simulation results show that the strengthening effects of different geometries of graphenes on composites are very
different, among which, the rectangle and sawtooth shapes are close to each other and are stronger than the
trapezoidal graphene. There is an optimal number of graphene layers to make the composite have the strongest
overall mechanical properties. The mechanical properties of graphene can be improved by reducing the interlayer
distance of the graphene sheets or increasing the overlap length of the graphene sheets. Overall, this paper system-
atically studies the influencing factors of graphene-reinforced polymer composites and reveals the influence rules

and microscopic mechanisms of each factor. This study provides a useful guidance for the design of nanocompo-
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sites with targeted properties.
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Table 1 Functional form and parameters of the force filed for the coarse-grained graphene!*"!
Potential Function Parameter
Bond Viond = kp(1 — e~ 9(d=do)y2 ky = 194.61 kcal-mol™'; dp=0.28 nm; d=0.155nm™!
Angle Vangle = kg(6 - 0o)? ko = 409.40 kcal - mol™!; 6y = 120°
Dihedral Vdihedral = ko (1 —cos(2¢)) ko = 4.15 keal - mol ™!
o\6  /o\12
Non-bonded Vb = 4e (7) - (7) ], r<reut £=0.82kcal-mol™!; rey = 1.2nm; o = 0.346 nm

Notes: Vyonds Vangler Viinearas and Vy,—Sum over the energies of all the bonds, angles, dihedrals, and pair-wise non-bonded interactions of
the system respectively; d, 6 and ¢y—Bond stretching, bond angle bending and dihedral angle torsion; k, and 0—Depth and a parameter
related to the width of the potential well of the bond respectively; dy—Equilibrium distance of the bond; k;,—Spring constant of the angle
interaction; §,—Equilibrium angle; ko—Spring constant of the dihedral interaction; r—Distance between two atoms; e—Depth of the
Lennard-Jones potential well for non-bonded interactions; —Lennard-Jones parameter associated with the equilibrium distance between
two non-bonded beads; r.,,— Cutoff distance of the non-bonded interactions.

Fo MALREAERERTPE (PMMA) 3 EHRESH™
Table 2 Functional form and parameters of the force filed for the coarse-grained polymethyl methacrylate (PMMA)!*l

Potential Function Parameters
k
Bond Vbond = %'(d —do)? kg = 19461 kcal -mol~" -nm~2; dy = 0.402 nm
k
Angle Vangle = 39(9— 6o)? ko = 794.89 kcal - mol~! -rad~2; 6 = 89.6°
. k
Dihedral Viihedral = §(1 —cos(24)) ko = 42.05 keal - mol~!
ro\12 0\° A
Non-bonded Vb = Do (7) —2(7) Dy = 1.34 kcal -mol™"; rp =0.653 nm

Notes: kq—Spring constant of the bond length; D, and r,—Associated with the equilibrium well depth and the equilibrium distance of the

non-bonded interactions.
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(b) Model 1

(d) Model 3

H—Distance between graphene layers; N—Number of graphene layers;

(e) Model 4

Lo, —Graphene overlap distance; —Angle of model, 75°
BT 845/ PMMA GRS SRR T801 2 (MD) BERUR
Fig.1 Schematic diagram of molecular dynamics (MD) model of

graphene/PMMA nanocomposites
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Fig.2 Tensile stress-strain curves (a) and Young's modulus and ultimate strength (b) of graphene/PMMA

nanocomposites with different graphene geometries and pure PMMA
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Fig. 4 Variation of the interaction energy between PMMA chain and

graphene and the configurational changes of polymer chains
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