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Table 1 Chemical composition of pure aluminum 1060 (mass

fraction, %)

Fe Si Zn Cu Mg Ti Al
0.035 0.25 0.05 0.05 0.03 0.03 Bal.
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Fig. 1 SEM image of graphene raw materials
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Fig. 2 Macroscopic morphology from thickness cross-section

of FSPed graphene/Al composites
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Fig. 3 Microscopic morphology and corresponding element
distributions of graphene/Al composites: (a) Microscopic
morphology; (b) Element Al; (c) Element C
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Fig. 5 XRD patterns of graphene/Al composites
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Fig. 6 Interface characteristics of graphene/Al composites and corresponding FFT patterns recorded in a;, a,, a; and a,: (a) TEM

image; (b) C element distribution; (¢) HRTEM image of interface [ ; (d) HRTEM image of interface II; (¢) Al4C; near interface II;
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Fig. 7 XPS survey spectra of graphene and extracted
graphene from composites: (a) Full-scale XPS survey spectra;

(b) Al 2p high-resolution XPS survey spectra
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Interface microstructure of graphene/Al composites prepared by
friction stir processing

FU Qiang, XIA Chun, HUANG Chun-ping, KE Li-Ming, MIAO Yu

(National Defense Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The graphene/Al composites were prepared by friction stir processing used pristine graphene as the raw
materials. The interface between graphene and the matrix could be divided into two types, namely graphene plane-Al and
graphene edges-Al, graphene materials exhibit a unique two-dimension structure. Two types of interface microstructure
were mainly observed by TEM and the interface formation mechanisms were analyzed. The results show that it is clean
and well bonded in the graphene plane-Al, illustrating a mechanical bonding. Nevertheless, a transition zone, Al,C;
occasionally detects near the zone, which is found in the graphene edge-Al, this zone is estimated to exist as an interface
combined with diffusion and partial reaction bonding. The interface formation mechanisms are related to the activity of C
atoms in different graphene locations. The C atoms in the graphene plane are highly inert for the large conjugated m bond
structure, and therefore, the mechanical bonding interface forms here. However, the C atoms at the graphene edge are
active owing to C—C bonds dissociation in friction stir processing, and diffusion and partial reaction bonding with
interface transition forms as the result of atomic-scale interaction between C and Al

Key words: friction stir processing; graphene/Al composites; interface; mechanical bonding; diffusion; reaction bonding
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