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Elucidation of mechanism of high ductility maintaining high strength by
fabricating bimodal microstructure in nanoparticle dispersion strengthened alloy

Sakamoto, Tatsuaki
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By blending pure Al and AI-A1203 alloy powders, which was obtained by
mechanical alloying of pure Al and Al203 powders, with at a volume ratio of 1:1 and sintering, a
bimodal microstructure consisting of coarse and fine grains of Al matrix was fabricated to achieve
high strength and high ductility. When the powders were simply blended and sintered, the
strength-ductility balance was hardly improved, but when they were mixed by mechanical milling
before sintering, the strength and ductility both increased. The reason for this was that the mixing
by mechanical milling increased the interface between the coarse and the fine grain regions,
resulting in the introduction of geometrically necessary dislocations during deformation of the
sintered alloy, which increased the work hardening rate. Similar results were obtained for Al-Y203
alloy powder.



BM
BM
Al-Al,O3
Al
BM
1
MA
Al-3wt%Al>,03 Al-4wt%Y >,03
3
MA
24 48 MA Al-4wt%Y 203
MA
MA
BM
SSS PD
SSS 1 1 31
SPS 580 30
1 1 SPS 550 30
40
X XRD
SEM
FIB
5x10%s?t
1 Al Al>Os MA
Al
6 12 24 48 MA
XRD
MA MA
i-MA 48
MA MA
MA cMA i-MA
12 48
c-MA
48
MA Al20s3
Al
Al
Al,O3
2 i-MA cMA 48
TEM
i-MA Al203

BM

(1] Fe [2]
Al-Y ;03
Al-Al;03
Al Al203 Y203
10 1 MA 2wt%
400rpm 1000rpm 6 12
MA 2
Al-3wt%Al,03 Al
Al-4wt%Y 203 Al PD
MA 40
OM
TEM TEM
SEM
4.055
< e
: s
E 4.050 P L
= A N
D gen
@ 4.045 T~
£ ® iMa B
E O ¢MA
4.040 . . . .
0 10 20 30 40 50 60
Milling time (h)
1 Al Al203 MA -
MA MA c-MA

Al



c-MA

PD
SSS
3 Al-3wt%Al.03 Al
SSS BM
(1Y
BM
UM
BM BM
4
Al
SSS
GN
GN
Al-3wt%Al,03
Al-4wt%Y .03 5 Al
Y203 MA
Al
Ar MA
6 MA
Y203 Y O
Y203
Al-3wt%Al,03
PD
Ar 48
MA 48

MA

Yield stress (MPa)

()48h (i-MA)

(b)48h (c-MA)

-
- - =
-
> -
20 nm 20 nm
\ — ]
2 i-MA c-MA 48 Al-
3wt%AI,03 TEM
A|203
300
J UM{PDII R D &)
280 | . UM(SSSEA R D7)
200 F ®
150 b -.BMG&@Atsss*ﬁx:l:Ls'J‘/a"iE%tLoﬁ)
100 b ®o BN (HAI:SSSEIER=1:1. UL TREHEL)
« BVIHAISSSHR=3:1. YL TIREEL)
50 g
UM (SEAID )
0 1 L
0 5 10 15 20 25 30
Uniform tensile strain (%)
3 Al Al-Al,O3
UM BM

Lattice parameter (A)

4 Al Al-Al,O3SSS 1
1 (€Y
(b)
4.055
R
f .
4050 ‘e T e
e Ar-EH | S |
.
e
Ar-HifsE | PO
4.045 . . : . : E:|
0 10 20 30 10 50 80
Milling time(h)
5 Al Y203 Ar- Ar-
- MA MA
Al



Al-3wt%Al,03

SSS 400
- MA 150 LUM(PD#ﬁEEG)JaL)
. 30 | w UM(SSSEERDA)
[av)
MA g 250
MA 200 | BM{FiALPD#F&=1:1, I U ¥ 7 EBH405)
Ar i ®
g150 [ o BM(ALPD#F=1:1, VU FRALL)
MA YN 100 | UM (FEALD &)
XRD YN el ]
Y Y203 0 : I I I I
Y 20! 0 5 10 15 20 25 30
203 B— (%)
) MA4S 6 Al Al-Y 203
UM BM
Y03
YN
Al Y203
PD 6
Al Al-Y ,0sPD
BM
UM
Al-3wt%Al,03
7 Al Al-Y:0sPD 1
1 (@)
, (b)
TEM 2um 300nm
BM 1% TEM
GN
GN
SEM
2
GN
BM N
Al-Al,O3

(1

[1] Y. N. Zan, Y. T. Zhou, Z. Y. Liu, G. N. Mg, D. Wang, Q. Z. Wang, W. G. Wang, B. L. Xiao, Z.Y.Ma,

Materials and Design, 166 (2019) 107629.
[2] Q. Zhao, L. Yu, Y. Liu, Y. Huang, Z. Ma, H. Lia, J. Wu, Mater. Sci. Eng. A, 680 (2017) 347-350.



1 1 0 0

Tatsuaki Sakamoto, Tomoharu Mizuka, Shinya Shiga, Hiromichi Takebe 63

Formation of Particle-Dispersed Nanocomposite and Supersaturated Solid Solution by Mechanical 2022
Alloying of Al and Al1203 Powders

MATERIALS TRANSACTIONS 141-147

DOI
10.2320/matertrans.MT-L2021016

AICuFeTiZn

64 61

2021

2021

Al Y203

2022




Al-A1203

2022

Al-Y203

2023

Tatsuaki Sakamoto, Mina Hamada, Hiromichi Takebe

Strength and ductility of near a titanium alloys with bimodal grain size distribution fabricated via heat treatment

Thermec® 2023

2023







