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Abstract of Thesis

Carbon nanotubes (CNTs) having super-high strength, super-high modulus, excellent conductive
properties, large aspect ratios and light weight are ideal reinforcements for composites materials. In the past
decade, aluminum metal matrix composites (AMMCs) reinforced with CNTs have been intensively studied for
using as the next-generation strong and light structural materials in aerospace and automotive industries. To
realize the strengthening potential of CNTs in AMMCs, there are three main challenges, i) homogeneous CNT
dispersion, ii) suitable CNT-Al interface, and iii) clarification of strengthening mechanisms in CNT/AI
composites. In this study the attempts are made to deal with these three challenges by (i) developing a novel
approach to uniformly disperse CNTs, (ii) investigating the relation between interfacial structures and
consolidating conditions, and (iii) illuminating the reinforcing mechanisms in CNT/Al composites. This study
may shed some light on understanding and designing high-strength CNT-reinforced AMMCs.

A novel solution ball milling (SBM) process is developed to overcome the problems of CNT dispersion in Al
matrix. It is found that the combining use of the solution coating and high energy ball milling in the SBM
process provided a simple and effective approach to obtain un-bundled CNTs on the Al powders. Simultaneously,
there are small structure damages or length reduction of CNTs dispersed by the SBM process. However,
conventional methods either fail to achieve good CNT dispersion or bring structural damages to CNTs. A small
amount of homogeneous CNTs (0.88 vol.%) leads to noticeable strength improvement over 20% in Al matrix.
The results suggest that the SBM process is promising for producing high-performance AMMCs reinforced with
CNTs.

To improve the composite strength, temperature-dependent interfacial microstructures are investigated in
the processes of sintering and post heat treatment. From the in-situ observation of post heat treatment, it is
discovered that micro-cracks form during the heating-up stage. The release of residual stress in severe
plastically deformed materials is thus thought responsible for the cracking phenomenon. During sintering,
physical and chemical bonding conditions between CNTs and Al matrix generally keep increasing with the
increase of sintering temperature from 427°C to 627°C. The ductility of as-extruded composites increases with
increasing temperature. Within 427-527°C, CNTs are found stable in AMMCs with trace content of interfacial
Al4C3 phase. The dominant failure modes are debonding of matrix grains and debonding of CNT-Al interface.
At temperature of 527-627°C, the size and amount of interfacial Al4Cs phase keep increasing. CNT pull-out
becomes the dominant failure mode. At 602°C, particulate AlsCs phases form between Al matrix and the
partially remained CNTs, leading to the highest tensile strength. At sintering temperature 627°C, mono-crystal
Al4C3 nano-rods form in Al matrix. The tensile strength and load transfer effect decreased comparing with the
composite sintered at 602°C. It is deduced that CNTs with suitable interfacial Al4Cs phases is an optimal
structure for highest strengthening efficiency.

To further clarify the dominant strengthening mechanism in CNT/Al composites, in-situ observation of
tensile tests are performed. A multiple peeling phenomenon is commonly observed during the tensile test. The
bridging walls originated from raw CNTs are helpful to improve the inter-wall bonding conditions, leading to
the effective load transfer between walls. The observed CNT fracture mode suggests the effective load transfer
between multi-walled CNTs (MWCNT) and the matrix, and between MWCNT walls in CNT/Al composites
during tensile failure. The relationship between strengthening efficiency and interfacial strength is established
under different failure modes using the shear-lag theory. It is found that CNT fracture results in a high

strengthening efficiency in AMMCs, which agreed well with the experimental value.
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