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Abstract

In this dissertation, the study explores the correlation between microstructire and

mechanical properties of materials, with a primary focus on aluminum alloys aﬁd meéium
entropy alloys. The research specifically delves into the examination of 2xxx aluminum
alloys (Al-Cu-Mg) and assesses the impact of introducing minor quantities of Ag on
precipitate formation and material strength throughout various stages of the ageing
process. The observations of precipitate evolution, size, morphology, and distribution,
were conducted using Transmission Electron Microscopy (TEM) at early, peak, over-
ageing, and prolonged ageing stages. The atomic structure of nano-precipitates was
analyzed through High-Resolution Scanning Transmission Electron Microscopy (HR-
STEM), and the volume fraction of precipitates was quantitatively assessed using EELS.
Mechanical properties were evaluated at each stage through tensile tests, establishing
correlations with microstructural analyses to comprehend the strengthening effects of
distinct precipitates on the alloys.

The present study reveals that the introduction of Ag results in the significant
enhancement of material strength, primarily attributed to the formation of the Q phase.
The Q phase, besides demonstrating thermal stability, effectively consumes abundant Cu-
Mg clusters, thereby impeding the coarsening of the S phase from 11 hours to 18 hours,
consequently maintaining material strength during the over-ageing stage. The competitive
relationship between the Q phase and S phase is identified, leading to an exploration of
the effects of simulated warm forming at different ageing timings on the microstructure
and mechanical properties of the AA2040 Al-5.1Cu-1.0Mg-0.4Ag high-strength
aluminum alloy. Four distinct combinations of warm forming and artificial ageing

(5%+1h, 20 min+5%+40 min, 40 min+5%+20 min, and 1h+5%) were examined to

Vi
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observe the strength improvement and corresponding microstructure In contrast- to
I

conventional age-hardening materials, pre-strain resulted in reduced the alloy S strength '

|
The study concludes that the 40 min+5%+20 min sample exhibited the h1ghest strength
attributed to the combined effects of Q and S phases.

The subsequent section of this dissertation focuses on the equiatomic CoCrNi
medium entropy alloy (MEA). This alloy, exhibiting excellent strength and high ductility
due to the formation of deformation twins at crogenic temperatures, holds potential
applications in polar districts or outer space. The investigation extends beyond the
lightweight effect, examining the influence of Si addition on the microstructure and
mechanical properties of CoCrNi MEA through in-situ deformation transmission electron
microscopy {in-situ deformation TEM). The findings indicate that Si addition effectively
reduces stacking fault energy. Deformation in CoCrNi MEA, when subjected to a single
crystal under the 110 direction, primarily involves dislocation movement. In contrast,
CoCrNi-Si MEA deforms through deformation twins due to its low stacking fault energy,
significantly enhancing strength. The study also addresses the ongoing debate regarding
the contribution of short-range order structure (SRO) to strength, finding that the

formation of SRO promotes more uniform deformation. Additionally, as strain increases,

the generation of deformation twins contributes substantially to strength improvement.
Keywords: AA2024 aluminum alloys; Minor Ag addition; Thermally stable Q phase; S
phase; Warm forming; High resolution scanning transmission electron microscopy;

CoCrNi medium entropy alloy; Si addition; In-situ deformation transmission electron

microscope (TEM); Short-range order; Deformation twin
vil
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