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Formation and Dispersion of Precipitates during Hot Deformation
in Al-1%Mn Alloys™

Hiroki Tanaka ** and Katsuhiro Sasaki ™ *

In this study, precipitation behavior in hot workings on Al-1%Mn alloy was investigated. It has been

identified specimens used in this study show thermally stabilized substructures after plain strain

compression (PSC) test as a hot working. PSC tests were carried out between 300C and 500C. By using

small angle x-ray scattering (SAXS) method, dispersion state of precipitations formed in hot workings

were estimated. It was considered minute precipitations less than 10 nm in diameter were formed in hot

worked areas. These minute precipitations were increased with increasing in compression temperature.

In invariant area heated at 400C, precipitations less than 10 nm were not identified. By using of HAADF-

STEM, these minute precipitations less than 10 nm were confirmed, and it was cleared due to EDS

analysis the precipitations consist of four elements such as aluminum, manganese, iron and silicon.

Keywords: aluminum manganese alloys, plain strain compression, small angle x-ray scattering, high angle

annular dark field scanning, hot deformation
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Table 1 Chemical composition of specimens (mass%).
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Fig. 1 Experimental procedures on (a) heating pattern
of PSC test and (b) measurement arias of the
specimens.
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Table 2 Measurement method of
Aichi synchrotron radiation.

Beam line BL8S3
Analysis method SAXS
Detector R-AXIS
Aperture 2.5mm
Camera length 1126.09mm
WAVE LENGTH 092 A

Table 3 Specimen thickness on
SAXS measurement (mm).

Invariant area Constriction area

400 C 300 C 400 C 500 C

0.455 0.336 0.474 0.356

Table 4 Difference on electrical conductivity between
invariant and constriction areas (%IACS).

Invariant area Constriction area
300°C | 400C | 500°C | 300°C | 400°C | 500C

as cast

30.5 30.5 30.6 31.1 30.9 31.1 31.5
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Fig. 2 SAXS profiles of PSC test pieces (a) constriction
and invariant areas at 400 C and (b) constriction
areas at 300, 400 and 500 C .
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Fig. 3 Experimental and calculated values on SAXS
data (a) invariant at 400 C , (b) constriction
at 400 C , (c) constriction at 300 C and (d)
constriction at 500 C .

Table 5 Setting factors on Irena analysis.

1P 2P 3P
Min size| Mean Min size| Mean Min size| Mean
Scale [A] [A] Std.dev. | Scale [A] [A] Std.dev. | Scale [A] [A] Std.dev.
300 C |
constriction 32972 | 95014 | 214.994 | 02822 | 1.0796 | 13.2065 | 2.8226 | 3.0972 |
400 C |
constriction 53089 | 14.5058 | 243.356 | 0.2801 | 0.8482 | 14.9599 | 0.3004 | 3.0338 |
500 € 2 38 | 330 | 04964 | 18085 | 85 | 02793 | 31331 | 15 | 2041 | 565444 | 03856
constriction
400 C | | —
invariant 10.9362 | 39.9475 | 217509 | 0.3466 [ [
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Fig. 4 Size distributions of precipitations derived from SAXS profiles in Fig. 3 (a) invariant at 400 C ,
(b) constriction at 400 C , (c) constriction at 300 C and (d) constriction at 500 C .
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Fig. 5 STEM images after PSC test (a) invariant at
400 C, (b) constriction at 400 C, (c) constriction
at 300 C and (d) constriction at 500 C.
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Fig. 6 STEM images (a) constriction at 500C and
(b) courtesy image of the broken line area in
the left image.

Fig. 7 STEM-EDS analyses on the constriction area
at 400 C .
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Fig. 8 Hypothesis on the formation of thermally stabilized substructures. a: lattice constant.
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Fig. 9 X-ray diffractograms derived from
the PSC specimens heated at 400 C .
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