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Preparation of super high strength bulk nanocrystalline Al by cryomilling

LI Jiong-li, LI Sha-sha, FAN Zhen-zhong, LI Wei, XIONG Yan-cai

(Beijing Institute of Aeronautical Materials , Beijing 100095, China)

Abstract: The combination of three processing routes of cryomilling, hot isotropic pressing (HIP) and hot extrusion was
employed for the fabrication of the bulk nanocrystalline Al. The microstructure and thermal stability of the bulk
nanocrystalline Al were studied by transmission electron microscopy (TEM) and differential scanning calorimetry (DSC),
respectively. The chemical composition, density, microhardness and tensile property of the bulk nanocrystalline Al were
also measured. Besides, the tensile fracture surface of the bulk nanocrystalline Al was observed by scanning electron
microscopy (SEM). Furthermore, the contributions of grain-size effect, Orowan strengthening and dislocation
strengthening to the yield strength of the bulk nanocrystalline Al were quantitatively estimated by Hall-Petch, Orowan
and Taylor equations, separately. The results demonstrate that the average grain size of the bulk nanocrystalline Al is
approximately 300 nm. The density and microhardness of the bulk nanocrystalline Al are 2.692 g/cm® and 109.15HV,
respectively. The resulted sample exhibits super high yield strength of 270 MPa and ultimate strength of 379 MPa with an
elongation of 3.2%. The enhanced strength of the bulk nanocrystalline Al can be mainly attributed to the grain-size effect
and Orowan strengthening.
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Table 1 Chemical compositions of the as-atomized aluminum
powders (mass fraction, %)
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Fig. 1 Processing route of bulk nanocrystalline Al: (a) As-degassed; (b) As-hipped; (c) As can-removed; (d) As-extruded
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Table 2 Impurity compositions of as-extruded aluminum
(mass fraction, %)
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Fig. 2 TEM images and SAD patterns of bulk nanocrystalline
Al: (a) Transverse; (b) Longitudinal
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Fig. 3 DSC curve of bulk nanocrystalline Al
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Fig. 4 SEM image of tensile fracture surface of bulk

nanocrystalline Al
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Table 3 Tensile properties of Al at room temperature

Sample Strength/MPa
- Yield Ultimate Elongation/% Reference
(0.2% offset) tensile

Al(1) 28 76 39 [11]
Al(2) 26 43 0.6-1.9 [12]
Al(3) 244 257 4.0 [13]
Al(4) - 284 7.7 [14]
Al(5) 149 173 17.5 [15]
Al(6) 165 243 6.4 [16]
Al(7) 270 379 3.2 This work
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yield strength of bulk nanocrystalline Al
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