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Table 1 Impurity content of as-milled powder and

as-extruded sample

Mass fraction/%

N O H C

Sample

As-milled powder 0.006 0.54
As-extruded sample 0.007  0.463

0.0338  0.025
0.0059 0.037 6
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1 —As-milled powder
2— As-extruded sample

@ (111)

(2?0)

(b) }

v—AlLO,

e

2
30 40 50 60 70 80 34 38 40 42 44 46
20/(°) 20/(°)
0.4076 5 . B
0.4074 a2 .
£ 36t
o 04072 =
N
S B 30T
0.4070 } =
D) S 24+
0.4068 - 18k =0.00198x+0.00000478
n
0'4066 1 1 1 1 1 1 12 1 1 1 1
02 04 06 08 10 12 14 16 4 8 12 16 20
1) B g7
tan @ -sin 6

1 XRD ¥ B4 Hr

Fig. 1 XRD patterns and data analysis: (a) XRD patterns of as-milled powder and as-extruded sample; (b) An enlarged image of

rectangular area in Fig. (a); (c) Linear fitting for calculating lattice parameter of as-extruded sample according to Eq. (2); (d) Linear

fitting of Eq. (3) to estimate grain size and microstrain of as-extruded sample

Md, ST 25¢°, ZilH, d=91nm, €=0.00037.
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Fig. 2 Typical grain morphology in ball milled powders and
SAED pattern inset
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Fig. 3 TEM image and grain size distribution of as-HIPed
sample: (a) TEM image and SAED pattern inset; (b) Grain size

distribution
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Fig. 4 TEM images and grain size distribution of as-extruded sample: (a) Low magnification and SAED pattern inset; (b) High

magnification; (c¢) Second phase; (d) Grain size distribution
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Fig. 5 Tensile results of as-extruded 5083 Al alloy: (a)
Engineering tensile stress—strain curve of as-extruded sample;

(b) Tensile samples before and after test
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Fig. 6 Fractographs of tensile samples: (a) Microcrack;
(b) Dimple
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Fig. 7 Hardness distribution of cross section of as-extruded

5083 Al alloy
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Table 2 Tensile properties of A15083 samples produced by different methods

Processing Average Yield Ultimate tensile  Elongation/
Order  Aluminum o o Reference
condition grain size stress/MPa stress/MPa %

1 5083-0 Annealing >1 um 125 275 16 [28]

2 5083-H343 Strain hardening >1 pm 270 345 8 [28]

3 5083 Cryomilling+CIP+extrusion 150 nm 713 720 0.3 [9]
Mechanical

4 Present study 322 nm 560 566 6.3

milling+HIP+extrusion
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Table 3 Contribution of different strengthening mechanisms

and estimated total strength of 5083Al alloy

Aoyp/ Ao/ Aoy/ Ao/ oo/ Oiotall
MPa MPa MPa MPa MPa MPa
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Microstructure and mechanical properties of ultra-fine grained 5083 Al
alloy prepared by mechanical milling and hot extrusion

LI Ping', ZHOU Hao?, PAN Wei-ping', LIU Dong-ming’

(1. Key Laboratory for Liquid-Solid Structural Evolution and Processing of Materials,
Ministry of Education, Shandong University, Jinan 250061, China;
2. Laiwu Branch of Shandong Iron and Steel, Shandong Iron and Steel Co., Ltd., Laiwu 271100, China)

Abstract: The microstructure and mechanical behavior of ultra-fine grained (UFG) 5083 aluminum alloy fabricated by
mechanical milling and hot isostatic pressed (HIP) followed by hot extrusion. The chemical composition, density,
hardness and tensile property of the UFG 5083Al alloy were also characterized. The results show that the samples show
an average grain size of 322 nm. The yield stress, ultimate tensile stress and tensile strain-to-failure are 560 MPa,
566MPa and 6.3%, respectively. The fractographic observations of the as-extruded 5083 alloy demonstrate a feature of
microvoid accumulation fracture. Semi-quantitative analysis suggest that the strengthening mechanisms including grain
boundaries strengthening, dispersion strengthening, solid-solution strengthening and dislocation strengthening are the
dominant strengthening mechanisms. A calculation shows that the grain boundaries strengthening and dispersion
strengthening are the dominant strengthening mechanisms.

Key words: ultra-fine grained materials; 5083 Al alloy; mechanical milling; microstructure; mechanical property;
strengthening mechanism
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