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The effect of graphene copper (GN/Cu) nanocomposites interface is the main factor to 

understand glides and shuffles dislocations which significantly affect the thermo-

mechanical performance of graphene copper nanocomposites for ultra high strength 

materials applications in the automobile & aerospace industry. Here, we report the recital 

optimization of graphene interaction with copper by molecular dynamics (MD) simulation. 

To analyze the effect of temperature and stress three various orientations of Cu ((1 0 0), (1 

1 0), and (1 1 1)) have been chosen. The nanocomposites were heated from 300k-1500k to 

predict the melting temperature by mean square displacement (MSD) and radial 

distribution function (RDF). Apart from interface, edges in graphene can also cause 

dislocations nucleation. Furthermore, GN/Cu nanocomposites have been subjected to 

uniaxial tensile loading along with armchair and zigzag directions. The stress-strain curves 

were used to calculate mechanical strength by comparing them with pure copper 

counterparts. The melting temperature of  GN/Cu (1 0 0), GN/ Cu (1 1 0), and GN/ Cu (1 1 

1) have been observed from MSD are 1191k, 1053k, and 1332k respectively. The lowest 

melting temperature of GN/ Cu (1 1 0) shows its unstable structure due to a greater lattice 

mismatch. GN/ Cu (1 1 1) has a higher melting temperature as compared to GN/ Cu (1 0 

0) and GN/ Cu (1 1 0) due to less phase transformation and propagation of shuffle 

dislocations. The stress of pure copper has been observed as 5.9 Gpa along the armchair 

direction. It was observed from stress-strain curves under a constant strain rate of 5×10
9
 

along the armchair direction, the values of stress for GN/ Cu (1 0 0), GN/ Cu (1 1 0), and 

GN/ Cu (1 1 1) were calculated 22.5 Gpa, 21.9 Gpa, 26.8 Gpa respectively. Moreover, it 

was calculated that the mechanical strength of GN/Ag (1 0 0), GN/ Cu (1 1 0), and GN/ Cu 

(1 1 1) increased by 381.3%, 371.1%, 454.2% along the armchair direction as compared to 

pure copper. It was found that the values of stress along zigzag direction for pure Cu, GN/ 

Cu (1 0 0), GN/ Cu (1 1 0), and GN/ Cu (1 1 1) were calculated as 2.1 Gpa, 25.4 Gpa, 21.0 

Gpa, 31Gpa respectively. It was investigated that the strength of GN/ Cu (1 0 0), GN/ Cu 

(1 1 0), and GN/ Cu (1 1 1) increased by 1209.5%, 1000%, 1476.1% as compared to pure 

copper along the zigzag direction. Based on the above-mentioned results, GN/Cu 

nanocomposites can be used in the automobile& aerospace industry in next future 

applications.  
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1. Introduction 
 

GN metal nanocomposites have attracted much attention due to interface as well as 

dislocations because they are in progress of ultra high strength materials applications for the 

automobile and aerospace industry. Moreover, graphene incorporation with copper not only 

improves mechanical performance but also design function which is useful in various applications 

of engineering. Furthermore, researchers have fabricated graphene metal nanocomposites along 

with the various degree of reinforcement of hardness, strength, and elastic modulus by using 

compression tests. Graphene is a unique two-dimensional material consists of sp
2 

hybridized 
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carbon atoms packed into a honeycomb crystal lattice because of its extraordinary properties as 

larger surface area (2630)m
2
 [1], extremely apparent to visible light (~2.3% amalgamation) [2], 

maximum thermal conductivity (~5000 Wm
-1

K
-1

) [3], outstanding mechanical strength (young’s 

modules ~1.1TPa) [4]. The copper metal is used in industrial machinery and graphene is a one 

atom thick layer. These two are the best contenders due to significant thermo-mechanical 

performance not only in aerospace but also in the automobile industry. Many graphene metal 

nanocomposites are commercially synthesized to improve the thermo-mechanical performance of 

these materials in the automobile industry to make stronger vehicles and in the aerospace industry 

for sporting goods as well as aerospace constituents. These nanocomposites are used to make 

various parts of passenger aircrafts such as doors, spoilers, fairings, and elevators to increase fuel 

efficiency and reduced weight [5]. Furthermore, it is necessary to use lightweight, low cost and 

long-life nanocomposites. These nanocomposites are used in favors over polymers composites due 

to lightweight, thermally stable to restrained high temperature (1000 c
0
) applications and ultrahigh 

mechanical strength [6].  

It has been shown that graphene copper nanocomposites got novel thermal characteristics 

because of their low mass and the strongest bonding of carbon atoms [7]. The tensile strength and 

fracture strain decreased by increasing the temperature or size of the graphene copper 

nanocomposites [8,9]. It has been observed that a hole in graphene copper exhibits complex 

behavior at a boundary that improves stability due to the low dimensional interface [10]. The 

lattice defects and density significantly improve the stability, stiffness as well as strength of 

graphene copper nanocomposites [11]. Salam et al. synthesized GN/Cu nanocomposites due to 

inexpensiveness, superior catalytic properties which were reused five times without a reduction in 

selectivity [12]. With the rapid progress and development in the aerospace industry, the accessible 

technologies developed do not have enough potential to overcome the demands and development 

of the innovative era. Nanocomposites based on CNT have procured comprehensive concentration 

in recent years intended for their applications in, military crafts, aircraft, spacecraft, and missiles 

owing to superior properties such as thermal stability, mechanical strength, and huge surface area. 

S.K Bhunia et al. devolved reduced GN/Cu nanocomposites which control pollution that acts as 

the best photocatalyst under visible light [13]. GN combined with various metals like Al, Ag, Cu, 

and Au significantly improve the strength, hardness, fracture, and modules of elasticity [14-17].  

The major objective of the recent work is to study the improvement of the thermo-

mechanical performance of graphene copper nanocomposites in the automobile industry and 

aerospace applications. The incorporation of graphene metal nanocomposites in the automobile 

and aerospace industry has got incredible attention starting from the structural behavior of 

materials, mechanical strength, and design applications. The major reason for the incorporation of 

graphene copper nanocomposites is to provide cheaper, safer transportation in the aerospace 

industry. To control the phase transition and structural organization between GN/Cu 

nanocomposites is the non-bonded interaction energy [18]. GN/Cu nanocomposites are extremely 

exceptional materials with high thermal stability used for the development of flexible electronic 

circuits and as a catalyst due to the unique FCC structure of Cu [19]. It has been observed that  

GN/Cu nanocomposites due to the hexagonal structure of graphene considerably affect thermal 

properties [20]. Despite many concerning metal matrix composites reported in experimental 

studies, only a few studies offer regarding GN metal composites by MD simulation [21]. Amel et 

al. investigated the evolution and distribution of atomic nanoclusters of tinny material over the GN 

substrates such as Ag, Cu that formed aggregates of different sizes [22]. Moreover, it has been 

developed that GN/Cu nanocomposites improve mechanical properties based on fracture strain, 

tensile strength, and young’s modules [23]. Khan et al. synthesized GN/Cu nanocomposites 

experimentally which improve electrical conductivity and photoelectrochemical performance [24]. 

The present work is performed to examine the thermal and mechanical behavior of GN/Cu 

nanocomposites by using MD simulation. The Large-scale Atomic/Molecular Massively Parallel 

Simulator (LAMMPS) [25] package was used to perform all simulations throughout the work. All 

snapshots were taken with the use of visual molecular dynamics (VMD) code [26]. In the present 

simulation, adaptive intermolecular reactive empirical bond order (AIREBO) [27] potential was 

used for interactions between C-C atoms. It includes an adaptive behavior of the dihedral angle, 

non bonded, and torsional interactions, which still allow unfixed hybridization state for covalent 
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bonding interactions and effectively simulates covalent bond formation, breaking, and orbital 

hybridization of atoms [28]. Furthermore, the accuracy of the MD simulations depends on the type 

of force field used to simulate the sample. The AIREBO [29] inter-atomic force field yields close 

to results of higher-order density functional theory (DFT) studies most widely used for simulated 

GN, carbon nanotubes (CNTs), and related two-dimensional materials (2D) [30]. The outcomes of 

this study provide a comprehensive understanding of the structural stability, interfacial strength, 

propagation of dislocations, and deformation mechanism in graphene copper nanocomposites 

which increases the performance of these materials in the automobile& aerospace industry. 

 
 
2. Simulation Methodology 
 

Firstly build a cubic cell of Cu with different orientations as pure Cu, Cu (1 0 0), Cu (1 1 

0), and Cu (1 1 1) with a lattice constant 3.615 Å of Cu considered as a substrate with a length of 

the cell in x, y, z direction in different orientations (±40Å, ±40Å, ±18.3Å) containing 1264 atoms. 

The size of single-layer graphene (SLG) sheet in x, y, and z-direction was (±40Å, ±40Å, ±15.5Å) 

containing 627 atoms of graphene with a lattice constant of 2.46 Å. One atom thick SLG (having 

hexagonal structure) sheet was packed on the top surface of copper. MD simulations consist of the 

following steps. Firstly copper equilibrated at a fixed temperature (10k-300k) for achieving an 

equilibrium state at 0.001ps. The experimentally determined Cu melting temperature was 1358K. 

That’s why a comparatively higher temperature of 1500k was selected to achieve a homogeneous 

disorder of the copper. The SLG can with a stand at 3300k estimated by MD and 2073k estimated 

experimentally. Secondly, SLG laminated over Cu in various orientations, the composites heated 

as well as simulated from 300k to 1500k. The earlier studies specified that carbon bonds need 

rotation and stretching during the process of ring formation or defects of heating. The superior 

temperature increases the kinetic energy to assist the composites. MD simulations were performed 

at different temperatures initially 10k to 10 K, then 300k to 300k, and finally 300 to 1500k 

respectively. It is observed that molecules of the graphene possibly will not decompose at low 

temperatures. In the previous studies, the decomposition of the hydrocarbon molecules was not 

under consideration. It has been observed that the melting temperature significantly affects the 

thermal properties of the nanocomposites. At very high temperatures the substrate surface can 

destroy or yet the graphene lattice. MD simulations were carried out with a constant number of 

atoms, pressure, temperature ensemble (NPT). Throughout the work, periodic boundary conditions 

were applied in all directions. A conjugate gradient method was used to relax and minimize the 

energy of atoms in graphene copper nanocomposites. The system was then allowed to equilibrate 

using the Nose-Hover thermostat at 300k for 1× 10
-9

 s. 

 

2.1. Interatomic Potentials 

A computational model was used containing two types of atoms such as copper (Cu) and 

carbon (C). Different kinds of potentials were used for different interactions during the whole 

simulation. For Cu-Cu atoms interactions, the embedded atom method (EAM) potential was used 

for the calculation of potential energy between metal atoms and its equation is 

 

𝐸 = ∑ 𝐹𝑖(𝜎𝑖𝑗) +
1

2
∑ ∑ (∅)𝑖𝑗(𝑅)𝑖𝑗𝑗𝑖                                                  (1)  

 

where  𝐹𝑖(𝜎𝑖𝑗) is the electron density embedded energy and (∅)𝑖𝑗, (𝑅)𝑖𝑗 is the repulsive interaction 

between core atoms. One must know the host atoms' embedded energy and repulsive force 

between cores in MD simulations. This potential is mostly used for the thermal and mechanical 

properties of metals and alloys. To approximate the interaction between two neutral atoms or 

molecules Lenard-Jones (L-J) potential was used in MD simulations. The L-J potential used for the 

calculation of non-bonded interaction energy between Cu and C atoms and its equation is given as 

 

    𝑉𝑙𝑗 = 4ε[(
𝜎

𝑟
)

12
− (

𝜎

𝑟
)

6
]                                                            (2) 
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Here 𝜎 is the finite distance at which interparticle potential zero and is ε the potential well 

depth. The term r is the distance between particles. The terms ε and 𝜎 depend on the material 

characteristics that physically describe adhesiveness and lubrication properties. The potential 

parameters for graphene copper nanocomposites were taken as  

 

              εCu−C =0.02578ev     (3) 

 

   𝜎Cu−C =3.0825Å     (4) 
 

 

where the value of ε is in the range of (0.01-0.05ev) for generalizing interface characteristics of the 

GN/Cu nanocomposites.  

 

3. Results and Discussion 
 

The propagation of dislocations plays an important role in the melting as well as 

deformation mechanism which significantly affects the thermo-mechanical performance of 

nanocomposites in the automobile and aerospace industry [31]. Furthermore, the interface also has 

a significant effect on thermo-mechanical performance based on the dislocation nucleation [32]. In 

the first section, the dynamic melting behavior of graphene copper nanocomposites is studied by 

heating from 300k to 1500k. The MSD and RDF are used to estimate the melting temperature 

which improves the thermal stability of graphene copper nanocomposites. In the second section, 

mechanical strength was estimated by uniaxial tensile loading along armchair and zigzag 

directions to inspect the modulus of elasticity which enhances the mechanical performance of 

graphene copper nanocomposites. 

 

3.1. Thermal Properties 

In the recent development of the automobile & aerospace industry, efficient heat 

dissipation plays an important role which requires thermal stable materials with low conductivity, 

coefficient thermal expansion (CTE), and thermal conductivity (TC). GN/Cu nanocomposites 

attracted much attention due to the best thermal stability in various fields such as sensors, the 

automobile industry, and thermal management systems for aerospace applications.  
In the present research to compare and calculate melting temperature, we computed MSD 

and RDF for structural thermodynamical stability of the material. It has been shown from figure.1 
that the melting temperature is sensitive to orientations. Firstly, all samples were heated at 10k to 
equilibrate the composites and then the composites were melted at 300-1500k temperatures. 
Initially, it was observed that the response of the heating process for all samples remained the 
same. However, after some time a point was reached when GN/Cu (1 1 0) started deformation 
more quickly as compared to other samples which showed the lowest melting temperature of 
1150k. The calculated temperatures for GN/Cu (1 0 0), GN/Cu (1 1 0), and GN/Cu (1 1 1) are 
1191K, 1053K, and 1332K  as shown in figure.1. The temperature vs MSD has been shown at 
different time steps in figure.1. The lowest temperature 1053k of GN/Cu (1 1 0) showed a more 
lattice mismatch and unstable structure due to which MSD increased. It can be observed from 
figure.1 that GN/Cu (1 1 1) has higher melting temperatures due to less phase transformation. It 
means that this is a more thermodynamically stable structure of graphene copper nanocomposites. 
The different snapshots were taken with visual molecular dynamics (VMD) as shown in figure.2. 
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Fig. 1. Comparison of MSD vs temperature of pure Cu, GN/Cu (1 0 0), GN/Cu (1 1 0),  

and GN/Cu (1 1 1). 

 

 

The reactive edges of graphene form a covalent bond with the neighboring graphene atoms 

which produces a unique network in the graphene copper nanocomposites system as shown in 

figure.2. The MSD of graphene copper nanocomposites was calculated to quantify the atomic 

mobility during equilibration at 10k and heating from 300k-1500k as shown in figure.2. However, 

the mixing of very reactive graphene edges forms a covalent bond with the nearest graphene to 

minimize the energy of the system. As shown from the figure (B) a more number of octagons were 

produced on the left side of the GN/Cu (1 0 0) sample whereas on the right side on the graphene 

layer for GN/Cu (1 1 1). It can be seen in figure (C) that octagon and pentagon both produced 

shuffle dislocations during the melting process for GN/Cu (1 1 0) which improves the thermal 

properties of the material. It has been observed that pinned dislocations are produced when more 

number broken bonds between carbon atoms of graphene and new bonds are formed randomly. 

These dislocations improve the thermal performance of the material that affects significantly 

thermal properties. 

 

 
 

Fig. 2. Melting behavior of (A) pure Cu, (B) GN/Cu (1 0 0), (C) GN/Cu (1 1 0) and (D) GN/Cu (1 1 1). 
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Fig. 3. Graph of RDF and interatomic distance of pure Cu, GN/Cu (1 0 0), GN/Cu (1 1 0),  

and GN/Cu (1 1 1). 

 

 

RDF curves are plotted against interatomic distance to check the structural stability of Cu 

and graphene copper nanocomposites. To compare and calculate the melting temperature, we 

computed the RDF of all samples. It has been shown from figure.3 that the behavior of the heating 

process is different for all samples. At the start all the samples have shown quite similar behavior, 

however, a point reached where the nanocomposites start deformation due to different metal 

orientations. It has been shown from figure.3 that the first peak of crystalline pure Cu is at 2.5 Å 

and the next peaks are less due to an unstable structure. It was observed that GN/Cu (1 0 0) with 

red color shows clear peaks at 300K, while at 1191K the sample peaks are wide and less. After this 

atoms must be disordered due to melting and the final configuration has fewer peaks because of 

unstable structure which gives valuable information of nanocomposites materials that affect the 

thermal properties. RDF of GN/Cu (1 1 0) shows that the first peak is clear while the next peaks 

were less wide at 1053K and the sample melted. The RDF graph of GN/Cu (1 1 1) at 300K 

temperature shows more and more compact peaks. The first peak appeared at 2.5 Å and the next 

peak at 1332K peaks were less and wide. The peaks were disappeared after the third peak and the 

line becomes smooth. It has been shown from figure.3 that GN/Cu (1 1 0) can be used to check the 

melting of other samples. The final structure of every sample was significantly different from each 

other. It means that the structure of GN/Cu (1 1 1) is relatively more stable which possesses a 

larger value of melting temperature. It was observed that structural disorder increased with 

orientations when RDF peaks become more indistinct. It has been observed that graphene single 

layer on copper substrate produce dislocation cores appears stable at high temperature that alter the 

configuration of nanocomposites edges. The unsatisfied and dangling bonds created in graphene 

i.e. formation of a heptagon, pentagon, and octagon which created glides and shuffle dislocations 

that significantly affect the thermal properties of the graphene copper nanocomposites.  

 
 
4. Mechanical Properties 
 

GN metal nanocomposites have been shown great interest due to interface as they were 

pitch in the progress of sensors, catalysis, nanoelectronic devices, hydrogen storage devices 

(Fonseca et al). Kim et al. observed the ultra-high strength of GN metal nanocomposites by the 

compression test. Duan et al. have been calculated the results related to the mechanical properties 

of GN-embedded metal nanocomposites by MD simulations due to the effect of GN layers and 

chirality. The bottom layer of Cu was fixed and both sides of the nanocomposites remain rigid 

upon which forces were applied. All samples of graphene copper nanocomposites were first 

subjected to uniaxial tensile loading along with armchair and zigzag direction to calculate the 

stress and strain values that affect the mechanical properties of graphene copper nanocomposites. 

 

4.1. Deformation along Armchair Direction 

The resulting stress-strain curves of graphene copper nanocomposites under a constant 

strain rate of 5×10
9
 along the armchair direction have been displayed as shown in figure.4. Graphs 



1191 

 

exhibit that initially stresses were directly proportional to strain and then stress was dropped at 

lower yield strength. The values of stresses were calculated as 5.9 GPa, 22.5 GPa, 21.9 GPa, 26.8 

GPa for Cu, GN/Cu (1 0 0), GN/Cu (1 1 0), and GN/Cu (1 1 1) and all samples broke at different 

strain rate due to ductile nature of nanocomposites and stress drastically decreased in the plastic 

region. At different time steps when the load was applied along an armchair direction, different 

snapshots of composites of all samples were taken with VMD as shown in figure.5. Initially, when 

stress was applied, the sample stretched in the x-direction, and porosity was created which can be 

seen in other figures. After that Cu was start to break because Cu is brittle as shown in figures.5. 

The resulting stress-strain curves of all samples under a strain rate of 5×10
9
 along armchair were 

displayed as shown in figure.4. 

 

 

 
 

Fig. 4. Comparisons of stress vs strain curves of pure Cu, GN/Cu (1 0 0), GN/Cu (1 1 0),  

and GN/Cu (1 1 1) along the armchair direction. 

 

 
Figure 4 shows the black curve for pure Cu, red for GN/Cu (1 0 0), blue for GN/Cu (1 1 

0), and pink for GN/Cu (1 1 1) nanocomposites. The comparison of different sample curves shows 
that GN/Cu (1 1 1) breaks at 0.37 strains with larger stress 26.8 GPa and acts as more ductile 
material as shown in the figure.4. It has been shown from table 1 that the modulus of elasticity of 
GN/Cu (1 0 0) nanocomposite is larger as compared to other samples. 

 
 

Table 1. The stress-strain comparision along the armchair direction. 
 

Pure Cu & GN/Cu 

nanocomposites 

Stress  

(GPa) 

Strain      Modulus=stress/strain 

Of elasticity 

Cu 5.9 0.10 5.9/0.10=59 

GN/Cu (1 0 0) 22.5 0.27 22.5/027=83.3 

GN/Cu (1 1 0) 21.9 0.30 21.9/0.30=73 

GN/Cu (1 1 1) 26.8 0.37 26.8/0.37=72.4 
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f) 

 
 

Fig. 5. Presenting (a,b,c,d,e, f,g) deformation behavior of GN/Cu (1 1 1), during uniaxial  

tensile loading along the armchair direction. 

 

 
The snapshots of fig.5 have been shown the deformation of GN/Cu (1 1 1) nanocomposite 

at different time steps along with armchair directions. These snapshots were taken to describe the 
evolution of stress for all samples as a function of strain. After straining the composites, 
furthermore, the stress falls quickly to a smaller value singling the plastic deformation and loss of 



1193 

 
strength of the nanocomposites. Since the nanocomposites were not fractured and then a smaller 
increase in stress is expected to continue increases with a constant strain rate. In the present work, 
two types of dislocations were observed under the deformation mechanism. The seven carbon 
atoms combined to form a heptagon and five carbon atoms combined to form a pentagon. The pair 
of heptagon and pentagon produces glide dislocations as shown in snapshots of figure.5.The glide 
dislocation generation increases which lead to the nanocomposites hardening that improves the 
strength of graphene copper nanocomposites. The eight carbon atoms are combined to form an 
octagon which produces shuffle dislocations. Based on these dislocations formation, the present 
research work is useful in many technical applications where a strong material is required. As 
shown in the above figures.5 (a, b), the graphene layer stretched then start breaking from both 
upper and lower sides. It has been shown in figures.5. (c) Heptagon formed shown by blue arrows 
inside the red circle. Figures.5. (e) shows that heptagons and pentagons produced glide 
dislocations which significantly affect the mechanical performance of the graphene copper 
nanocomposites. It has been shown with larger red circles in figures.5 (e), more than 7 number 
carbons atoms were combined. In figures.5 (c,d,e,f,g) the formation of vacancies and breaking of 
carbon atoms in a line as well as copper atoms started to break but one line of graphene atoms still 
not broke at the end of deformation process. It means that vacancies were created when the 
deformation rate increased along an armchair direction which significantly improved the 
mechanical performance of the graphene copper nanocomposites. 

 

4.2. Deformation along Zigzag Direction 
It has been shown from fig.6 that uniaxial tensile loading was applied along the zigzag 

direction and the nanocomposite unique deformation behavior was observed. It was observed that 
fracture started from the boundary with the breaking of a few C-C and Cu-C covalent bonds. The 
deformation behavior continues with an increasing strain rate. Deformation behavior was in 
excellent agreement with the higher-order quantum study of Yan et al. [33]. It has been observed 
that the values of strain rate and stress of GN/Cu (1 0 0) loaded along the zigzag direction are 0.27 
and 25.4 GPa at the fracture point. The strain and stress values of GN/Cu (1 1 0) at the fracture 
point are 0.27 and 21.0 GPa. The strain and stress values for GN/Cu (1 1 1) at the fracture point 
are 0.39 and 31 GPa. The strain and stress values for the pure Cu at the fracture point are 0.04 and 
2.1 GPa. It was observed that the sample GN/Cu (1 1 1) acts as more stable mechanically due to 
the larger value of strain and stress as shown in figure 6. It is evident from Fig. 6 that the graphene 
copper nanocomposites exhibit brittle deformation along the zigzag direction. 

 

 
 

Fig. 6. Comparison of stress vs strain curves of pure Cu, GN/Cu (1 0 0), GN/Cu (1 1 0),  

and GN/Cu (1 1 1) along zigzag direction. 

 

 
Figure 6 shows black curves for pure Cu, red for GN/Cu (1 0 0), blue for GN/Cu (1 1 0), 

and pink for GN/Cu (1 1 1) nanocomposites. The comparison of different sample curves shows 
that GN/Cu (1 1 1) nanocomposite break at 0.39 strain and ductile behavior as compared to other 
samples. This result is because of the less lattice mismatch between GN/Cu (1 1 1), as compared to 
other samples. As shown in the figures.7. (b,c,d,e,f,g) with larger size red circles the deformation 
along zigzag direction and layer of graphene starts breaking. It has been observed from figures 
(c,e,f,g)  that pentagon, heptagon, and octagon produced both types of glide and shuffle 
dislocations. Finally, it was observed that when different combinations of carbon atoms formed as 
shown above which ultimately produced dislocations which increases the mechanical performance 
of graphene copper nanocomposites. It can be seen from Table 2, the modulus of elasticity of 
GN/Cu (1 0 0) nanocomposite is greater as compared to other samples. 
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Table 2.The stress-strain comparison along zigzag direction. 

 

Pure Cu & GN/Cu 

nanocomposites 

Stress  

(GPa) 

Strain      Modulus=stress/strain 

Of elasticity 

Cu 2.1 0.04 2.1/0.04=52.5 

GN/Cu (1 0 0) 25.4 0.27 25.4/0.27=94.0 

GN/Cu (1 1 0) 21.0            0.27 21.0/0.27=77.7 

GN/Cu (1 1 1) 31 0.39           31/0.39=79.4 

 

    
 

    
 

   
 

 
 

Fig. 7. Presenting (a,b,c,d,e,f,g) deformation behavior of best sample GN/Cu (1 1 1),  

during uniaxial tensile loading along the zigzag direction. 
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4.3. Deformation Comparison along with Armchair and Zigzag Direction 

The Fracture behavior of both zigzag and armchair direction can be further analyzed by 

plotting to result in stress vs. strain data using the loading process. For a clear relationship between 

zigzag and armchair mode, resulting stress vs. strain curves can be compared and studied to predict 

their mechanical response of applied load. The resulting stress-strain curves for both zigzag and 

armchair of various samples have been presented. Initially, for both cases, stress is approximately 

directly proportional to strain. The strain and stress values for the pure Cu at the fracture point are 

5.9 GPa at strain 0.10 along the armchair direction and 2.1 GPa at strain 0.04 along the zigzag 

direction. It was observed that the value of strain rate and stress of GN/Cu (1 0 0) along armchair 

direction are 0.27 and 22.5GPa at the fracture point. The value of stress is 25.4 GPa and strain 0.27 

for GN/Cu (1 0 0) along the zigzag direction. The strain and stress values of GN/Cu (1 1 0) at the 

fracture point are 0.30 and 21.9 GPa along the armchair direction and 21.0 GPa at strain 0.27 along 

the zigzag direction. The strain and stress values of GN/Cu (1 1 1) at the fracture point are 0.37 

and 26.8 GPa along the armchair direction and 31 GPa at strain 0.39 along zigzag direction. It is 

concluded that GN/Cu (1 1 1) is more stable mechanically due to the larger value of strain and 

stress in both cases along with armchair and zigzag direction. It was witnessed from the above-

mentioned results that graphene copper nanocomposites exhibit ductile behavior along the 

armchair direction and brittle behavior along the zigzag direction. 
 

 

Table 3.The stress-strain comparision along with armchair & zigzag direction. 

 

 

Pure Cu & GN/Cu 

nanocomposites 

Stress along 

with armchair 

(GPa) 

Strain along the 

armchair direction      

Stress along the 

zigzag direction 

(GPa) 

  Strain along zigzag 

dierection 

Cu 5.9 0.10 2.1 0.04 

GN/Cu (1 0 0) 22.5 0.27 25.4 0.27 

GN/Cu (1 1 0) 21.9             0.30 21.0 0.27 

GN/Cu (1 1 1) 26.8 0.37 31 0.39 

 

 

5. Conclusions 
 

In conclusion, the SLG sheet was successfully laminated on the Cu substrate to investigate 

the interface effect and production of different dislocations. To find out the thermal stability, 

structural stability, and intrinsic strength different Cu orientations were tried and the result shows, 

GN/Cu (1 1 1) nanocomposites are the most obvious stable structure. We have observed that glide 

and shuffle dislocation appear which increases the thermal stability of the material. Two types of 

glide and shuffle dislocations increase the strength of the GN/Cu nanocomposites. The results of 

the present work shed light on the melting and deformation mechanism in graphene copper 

nanocomposites which can be useful more efficient in the new fabrication and designing of 

graphene metal nanocomposites in automobiles & the aerospace industry.  

We have also observed the difference in dislocations behavior due to graphene edges i.e. 

armchair and zigzag direction. Our present results have been shown that along zigzag orientations 

of the graphene copper nanocomposites have significant fracture strength and more stable structure 

of the material which considerably affect the mechanical properties. The comparison of stress-

strain curves along armchair direction have been shown that GN/Cu (1 1 1) larger value of stress 

26.8 GPa with a 0.37 strain rate and acts as more ductile material. The stress-strain comparison 

curves along zigzag direction have been shown a larger value of stress 31 GPa for GN/Cu (1 1 1) 

with 0.39 strain rate and act as a more brittle material. In the end, we have shown that interface 

and different dislocations improve the strength of the GN/Cu nanocomposites which can be useful 

in new designing as well as fabrication of graphene metal nanocomposites in the automobile & 

aerospace industry.  
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