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Investigating wear and mechanical behavior of A380 aluminum hybrid
nanocomposite reinforced with graphene nanosheets and SiC nanoparticles

Abstract

The purpose of this research is to investigate the microstructure and wear behavior of AIA380 alloy:nanocomposite reinforced with graphene
nanoplates (GNPs) and SiC nanoparticles produced by ball milling and spark plasma sintering furnace (SPS). The percentage of SiC
nanoparticles was fixed and the percentage of graphene nanosheets was considered variable. Graphene nanosheets with percentages of 0.25, 0.5,
0.75 and 1% by and SiC nanoparticles at 0.5% by weight were added to the nanocomposite. The presence of dispersed GNPs with high specific
surface area significantly increases the strength and hardness of composites. Microstructural studies of the alloy showed that the addition of
GNPs up to 0.5 wt% reduced the grain;size, but the addition of a higher amount of GNPs (1 wt%) did not significantly change the grain size. At
higher GNP values, the presence of graphene agglomerates at the grain boundaries is a favorable path for crack growth. The optimal amount of
nanosheets was 0.5% by weight. The wear resistance of the produced nanocomposites is higher than the base sample and the weight reduction
of the base sample is 3 times compared to the optimal sample. Due to the self-lubricating nature of graphene, the friction coefficient for the base
sample and the nanocomposite containing 0.5% by weight of graphene is 0.689 and 0.455, respectively, which indicates a reduction in the
friction coefficient. Also, the hardness of the samples.increases from 105 Vickers for the base sample to 175 Vickers for the sample containing
0.5% by weight of graphene.

Keywords: Aluminum-based nanocomposite; wear behavior; mechanical properties; Microstructure, graphene, silicon carbide



Table 1. Chemical composition of 380 Al alloy as base
material.
Substance | Al Si Cu | Fe Zn Mn

Wt.% Bal | 85 | 35 | 1.3 3.0 0.5
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Table Y. Hardness results of different nanocomposite
samples.

Sample Hardness (Hv)
A380 105
Al A380-0.5%SiC-0.25% GNPs 141
Al A380-0.5%SiC-0.5% GNPs 175
Al A380-0.5%SiC-0.75% GNPs 121
Al A380-0.5%SiC-1% GNPs 115
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Table 2. Grain size of with various graphene nano
plates contents.

Sample Grain size (micron)
A380 150+30

Al A380-0.5%SiC-0.5% GNPs 70+15
ALA380-0.5%SiC-0.75% GNPs | 72+13
AlA380-0.5%SiC-1% GNPs 83+15
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Figure 1 SEM morphology of (eh)rimary aluminum powder, (b) ball milled alloy powders at 10 h with SiC nanoparticles and
graphene nanosheets, (c) SiC nanoparticles, (d) graphene nanosheets.

(@) « 8,5 Slaogl 5 SIC 355k ol pags cels Vo 3 00 Sl (gl gl5 5LIT sla05s () cadsgl poainagll j050 () SEM (555158 ,50 V JSC
95 Glriangils (5) SIC @il 34



= L
SEVH 15007 WD 1085 nm
Vo bt €8 [

SO WAG 200 x| Davcemitese 101822

Fig. 2 SEM images from bulk nanocomposite produced from (a) 0.25 wt.%, (b) 0. 5 wt.%, (c) 0. 75 wt.%, (d) 1.0 wt.%
graphene nanosheets (0. 5 wt.% SiC for all samples).
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Fig. 3 Back scattered SEM images from the polished surfaces of the (a) pure Al alloy and nanocomposites for different weight
percentages of graphene, (b) 0.25 wt.%, (c) 0.5 wt.%, (d) 0.75 wt.% and () 1.0 wt.%
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Table ¥. Coefficient of friction for AIA380 alloy and

nanocomposites for different weight percentages of
graphene.

Sample Coefficient of
friction

A380 0.689

Al A380-0.5%SiC-0.25% GNPs | 0.521

Al A380-0.5%SiC-0.5% GNPs 0.455

Al A380-0.5%SiC-0.75% GNPs 0.561

Al A380-0.5%SiC-1% GNPs 0.571
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Fig. 4 SEM images of worn surfaces of (a) pure AIA380, (b) 0.25 wt.%GNP, (c) 0.5 wt.% GNP and (e) 1.0 wt.% GNP
tested under 10 N applied load.
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Table &. Weight loss as a function of GNPs content for
unrefined and refined nanocomposites

Sample Weight loss(mg)
A380 6

Al A380-0.5%SiC-0.25% GNPs | 2.4

Al A380-0.5%SiC-0.5% GNPs 2

Al A380-0.5%SiC-0.75% GNPs 211

Al A380-0.5%SiC-1% GNPs 2.3
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