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Abstract

The precipitates in commercial precipitate-strengthening aluminum alloys, such as 7XXX
and 2XXX alloys, are incoherent with the Al matrix, their lattice structures and lattice constants
are different with the Al-matrix. Therefore, large coarsening rates of these precipitates due to their

+‘.

higher interfacial energies are expected. From the example of the Ni-base superalloys, a
temperature of 425°C, three-quarters of the absolute melting point of Al, may be an achievable
goal for a high temperature Al alloys. But, none of the currently available Al alloys exhibit
satisfactory results at this high temperature. The precipitates present in these alloys grow too fast
at this temperature and thus the strength and creep resistance degrade unacceptable. Only Al;Sc is
the stable and coherent L1,-structured precipitates in Al matrix from the literatures. Most of
research used other elements, such as Ti and Zr, to substitute Sc because Sc is a very expensive
element. However, L1,-structured AlsZr and Al;Ti are only metastable phases, and their
coarsening rates would become faster while they transfer to stable tetragonal DO,; phases.
Therefore, they are no longer suitable used at high temperatures. To find the stable Als(Ti, Zr, Sc)
precipitates and enhance high-temperature applications of Al alloys is the goal of this proposal.
Both of the rapidly solidified technology and conventional casting will be used in the project to
get the Al-Ti-Zr-Sc alloys with different compositions and different sizes of casts. Some of the
specimens will be vacuum sealed in quartz tubes and annealed at 425°C for long period of times.
The coarsening rates and phase transformation of L1,-structured Als(Ti, Zr, Sc) precipitates will
be investigated by TEM observation. Moreover, the hardness of these alloys will be examined.
All of these would help us to further understand the potential of high-temperature application of
these Al-Ti-Zr-Sc alloys.

Keywords : Al-Ti-Zr-Sc alloy, Rapid-solidification, Hardness, Precipitate, Coarsening, Grain Size
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Aging k Precipitates
L1, phase Temperature  coarsening coefficients
(°C) (m/hr) (vol.%)

Al3(Tig.252Zr0.75) 425 3.94 x 10 5vol.% [ref.14]
Al3(Tig.75Zr0.25) 425 1.61 x 108 5vol.% [ref.14]
AlsZr 425 2.49 x 10 1vol.% [ref.15]
Al3(Vog75Zr0.125) 425 1.63 x 107 1vol.% [ref.15]
Al3(Vo.725Zr0.275) 425 2.26 x 10 1vol.% [ref.15]
AlsZr 375 1.22 x 1077 1vol.% [ref.12]
AlsZr 400 7.50 x 10% 1vol.% [ref.12]
Al3(Vo.75Zr0.25) 425 1.03 x 107 5vol.% [ref.8]
Al3(Vo.75Zr0.25) 450 6.13 x 10 5vol.% [ref.8]
Al3(Vo.75Zr0.25) 500 1.28 x 10°% 5vol.% [ref.8]
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2. AIX 45 A dp B AR S ISR S 1 F B [12,22-26]

A 5 B i 5 1o ¥ #(A)

Al fcc stable ap = 4.0495
Al;Ti tet. (DO23) stable a=5.443 c=8.610
AlsZr tet. (DO23) stable a=4.013 c=17.321
AlsZr cubic (L1,) metastable ap=4.09
Al;Hf tet. (DOy;3) stable a=23.989 c=17.155
AlV tet. (DO23) stable a=5.345 c=8.322
AlsSc cubic (L1,) stable ap =4.1026
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% 3. Al-Ti-Zr-Sc & & = i» %

= & Ti Zr Sc Al
Al-5vol.% Al3(Tig.75Zr0.25) 1.74 1.14 Bal.
Al-5vol.% Al3(Tig75Zr0.25)+0.1wt.Sc 1.74 1.14 0.10 Bal.
Al-5vol.%Al3(Tig 7520 25)+0.2wt.Sc 1.74 1.14 0.20 Bal.
Al-5vol.%Al3(Tig 75Zr0.25)+0.3wt.Sc 1.74 1.14 0.30 Bal.
Al-5vol.%Al3Sc 2.07 Bal.
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L1, phase coarsening coefficients alloy composition
3 (Wt%)
(m*/hr)
Als(Tig.25Zr0.75) 3.94 x10% Al-0.65Ti-3.22Zr * [ref.27]
5vol.% precipitates
Als(Tig.75Zr0.25) 1.61 x 108 Al-1.74Ti-1.14Zr * [ref.27]
5vol.% precipitates
AlsZr 2.49 x 10 Al-0.75Zr * [ref.12]
1vol.% precipitates
Al3(Vo.875Zr0.125) 1.63 x 10 Al-0.1Zr-0.4V * [ref.12]
1vol.% precipitates
Al3(Vo.725Zr0.275) 2.26 x 10% Al-0.23Zr-0.34V * [ref.12]

1vol.% precipitates
* Preaged for at 500 °C for 1 hour prior to isothermal aging.

Aly(Tip.sZrg 25)
425°C, 100hrs

Al3(Tio.7s7.10 25)
425°C, 400hrs

Relative frequency (%)
Relative frequency (%)

0 0.5 1.0 1.5 L] 05 1.0 1.5
Particle size (r/ T ) Particle size (r/ T)
Aly(Tig.75Zrg 25} Aly(Tig 25Zr0.75)

425°C, 1200hrs 425°C, 200hrs

Relative frequency (%)
Relative frequency (%)

0.5 1.0 15 0 0.5 1.0 L5
Particle size (r/ r) Particle size (r/ F)
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#55 AI-TI-Zr-Sc £ £&FF A2 P RAET2ZHR
HV (load = 10g)

&z o Uk 500 °C-Lhr
(as-spun) preaging
Al-5vol.% Al3z(Tig 75Zr0.25) 51+1 61+1
Al-5vol.% Alz(Tig75Zr0.25)+0.1wt.%Sc 88+6 64 + 2
Al-5vol.%Al3(Tig 75Zr0.25)+0.2wt.%Sc 95+5 78+1
Al-5vol.%Al3(Tig 75Zr0.25)+0.3wt.%Sc 132 +10 81+1
Al-5vol.%Al;Sc 107+ 8 61x1
160
140 —
120 L as-spun
?E\ 100 |
e L
a 80
§ 60 i preaging at 500°C for 1 hr
J"__U L
40 +
20 —
O I 1 " 1 " 1 " 1

0.0 0.1 0.2 0.3
Sc content (wt.%0)
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