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Graphene is an allotrope of carbon which chemical and physical properties have attracted the attention of 

the scientific community since its discovery [1]. The use of graphene and their applications, have been 

investigated in the field of polymers, ceramics, and most recently in metals [13-16]. In the particular case 

of metal matrix composites, a great number of investigations have been carried out in the production of 

aluminum composites [2, 3]. Even though, a notorious number of publications related with 

CNT/aluminum composites have been carried out, few literature about the production of 

graphene/aluminum composites is available, related with the mechanical behavior provided by graphene 

nanoplatelets to the matrix under an applied stress and wear conditions. 

In this work, a 7075 aluminum alloy (Al7075), GNPs were used in the synthesis of Al7075 composites. 

Composites were produced by mechanical alloying (MA) in a high energy mill Spex 8000M. The powder 

mass was 8.5 g and the ball-to-powder ratio was of 5:1. All milling runs were performed with methanol 

as a process control agent (PCA). Argon was used as the inert milling atmosphere. Milling time was set 

to 5 h. Milled powders were cold consolidated and sintered under Ar atmosphere. 

For wear evaluation a pin-on-disk system was used, specimens underwent the sliding wear tests against 

SiC abrasive papers of 220, 320 and 400 of grit under constant load. Loads of 2 and 4 N were transferred 

directly to the specimens with the use of the pin. Tests were carried out at room temperature using water 

as lubricant and a disc rotating speed at 2 m/s. The total sliding distance was of 960 m and measurements 

in the weight loss of the specimens were taken every 240 m. were dried at 60°C for about 30 s and weighted 

in order to calculate the weight loss of the specimens in each interval of the test. 

Representative TEM and HRTEM micrographs of a composite reinforced with 1.0 wt.% of GNPs are 

observed in Fig 2 a,b. Micrographs reveal the presence of graphene into the aluminum matrix. A nanobeam 

diffraction pattern (Fig. 2a inset, NBD) of the selected zone indicated by a white circle in Fig. 2a, displays 

a crystalline array with a visible amorphous hallo. Fig. 3b displays a magnified view of the circled zone 

shown in Fig. 2b. It is observed the aluminum and graphene phases, and the formation of a transition zone 

between them by the intercalation of atomic columns. The thickness of the graphene layers is less than 3 

nm, as it is indicated by the white square presenting atomic columns with an interplanar distance of 0.334 

nm in accordance to the basal plane of graphite (002). 

Fig. 3 c, d shows secondary electron SEM micrographs of the worn surfaces. It can be observed the 

morphology of the wear samples characterized by abrasive wear. Grooves in the sliding direction are 

observed as result of the abrasive wear as well as material smearing. Scars on the topography of the 

samples indicate plastic deformation, however a rougher surface is observed in the alloy (Fig. 2c), which 

present a softer matrix where SiC particles can penetrate more easily in the material surface, increasing 

the amount of material lost. In the other hand, the composite (Fig. 2d), present a smoother surface 

https://doi.org/10.1017/S1431927620023260 Published online by Cambridge University Press

http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927620023260&domain=pdf
https://doi.org/10.1017/S1431927620023260


Microsc. Microanal. 26 (Suppl 2), 2020 2935 
 

 

characterized by the presence of shallower scars, indicating higher wear resistance. The increase in the 

resistance to the abrasive wear in the composite it is due to a harder surface and increased strength due to 

the addition of GNPs as well as the presence of aluminum carbides. Both, GNPs and aluminum carbide, 

strengthen the bond with aluminum particles from the matrix reducing the amount of material loss during 

abrasive wear. In this regard, Kök et al [4] states that hard protruding particles are exposed after initial 

stages of the abrasive wear process, and whose hard nature delay the weight loss when they are in contact 

with the SiC particles because a decrease in their cutting efficiency [5]. 

 
Figure 1. Bright field TEM micrographs of the reinforcement materials for the Al7075 composites 
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Figure 2. (a, b) Bright field TEM micrographs of the GNP/Al7075 composite after sintering condition. 

Worn surfaces. (c) Al7075 alloy, (d) GNP/Al7075 composite. 
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