





807

single phasecorresponding tahe result of Xray diffraction analysis The selected area electron
diffraction pattern(c) shows also a typical harrow like patteframorphous single phase

Figure3 shows Xray diffraction patterns of the RS (AbFe.02Cr0.02Ti0.029sM2 (M=None, Mo)
alloy ribbons produced by a melt spinning technique at the copper rolle20Yds. The Xray
diffraction peaks of the AFeCr,Ti, alloy consist of fceAl, quasicrystalline (Q.C.) and AdTig
phases.On theother hand, ypaddition of 2 at% Mo, the intermetallic compound peaks disappear and
the quasicrystalline peaks becomes very cle@his means that molybdenum imparts a better
formation ability of quasicrystalline phase toP&-Cr-Ti alloy. Figure 4 Bows brightfield electron
micrograph (@) and selected area electron diffraction pattern (b) of the RS
(Alg.oFFe&.0LCr0.02T10.029sM0, alloy. Small particles 100nm or less in diameter are dispersed
uniformlyin the alloy. e selected aredectrondiffraction patterrfrom the particleshows a typical
pattern of quasicrystalline phase along figel axes This means these particles are quasicrystalline
phasesn the fceAl matrix.

In alloy design to disperse nanoscale Q.C. particles intdlifpbase, it is defingly important to
consider the balance between the stability of sapeled liquid state and the formation ability of
guasicrystalline phasén this study, Co and Mo are added teFd-Cr-Ti alloy to balance those two
issues.
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Fig. 3. Xray diffraction patterns of the Fig. 4. Bright-field electron micrograph (a)
RS (Alo.od€0.04Cro.02Ti0.0299sM 2 alloys and selected area electron diffraction
pattern (b) of the RS

(Al.03€0.08Cr 0.02T10.02)08M 07 alloy.

3.2 Microstructure and mechanical properties of P/M AbsFe; 45Cr 2 4900 5T10.8C0p g alloy
The atomaized alloy powder was produced by Ipigdssure
spinning water atomization process called SWAP, shown Molten Alloy
figure 5. This process is thevo-staged atomization process
wherethe molten alloy idivided by N gasat first and then  Spinning
cooled rapidly in spinning water. water
Figure 6 shows bright field electron micrograp(@) and
selectecarea electron diffraction patteriib) of the P/M
AlgsFe 45Cr, 49M00 5TipsCp g alloy. One can see the spherice
Q.C. particles with a grain size of about 100 nm disper:
uniformly into fccAl matrix after extrusion process

~—=— powder

Fig. 5. SWAP process
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Fig. 6. Bright field electron micrograph and selected-area electron diffraction pattern of the
P/M A193Fe2,45Cr2,45M00,5Ti0,8C00,8 alloy.

Figure 7 shows the temperature dependence of the ultimate tensile strength (cys) for the P/M
AlgsFe; 45CrpasMog sTigsCops alloy at each testing temperature, together with the data of
AlgsFe;Cr,Ti; alloy and the conventional Al-based alloy. The o, shows much higher ones over the
whole temperature range up to 673 K as compared with those of conventional Al alloys with high
elevated temperature strength. This outstanding tensile strength at elevated temperature is based on
uniform dispersion of the quasicrystalline particles excellent in thermal stability.
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Fig. 7. Temperature dependence of ultimate tensile strength (cyrs) as a function of testing
temperature for the P/M AlgsFe; 45Cr3.45sMo0 5Tip8Co0¢ s alloy.
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3.3 Formability of P/IM Al93Fez,45CI’2,45M00,5Ti0,8c00,8 alloy

The formability of P/M AlgsFe; 45Crs.45Mo00 5Tip3Cog g alloy was evaluated by compression test of the
extruded bar at elevated temperature of 673K. Figure 8 shows the testing condition of the
compression test. The testing temperature was set at 673K, which was similar to forging temperature
of the commercial aluminum alloy. The strain rate is similar to that of commercial forging process
(0.78 /s). Figure 9 shows the appearances of compressed specimens with compressive strain of 60%.
Figure 9-(a) shows the axial compression of the extruded bar. Figure 9-(b) shows the compression of
the radial direction of the extruded bar. The both extruded bars can be compressed without crack.
Due to their high elevated temperature strength, the compressive stress is about three times higher
over the whole strain range, as compared with those of conventional aluminum-based alloy.

Testing conditions

1. Testing temperature : 673K
2. Compressive strain :60%
3. Strain rate :0.78 /sec
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Fig. 8. Testing conditions of compression test Fig. 9. Appearance of compressed specimens

Figure 10 shows X-ray diffraction patterns of the P/M AlgsFe; 45Crp 4sMog 5Tip sC0y s alloy with the
as-extruded one and the compressed one. The XRD peaks of both alloys correspond to fcc-Al and QC
phases.
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Fig. 10. X-ray diffraction patterns of the P/M AlysFe; 45Cr».45M0¢ 5Ti9sC0¢ s alloys.
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Figure 11 shows the bright-field electron micrographs of the P/M AlgsFe; 45Cr;45Mo0g sTisCoo g
alloy; as extruded one (a) and the compressed one (b) . The structure of the alloy with dispersed
nanoscale quasicrystalline particles is maintained even after compression test at 673K. The factor
maintaining the structure after the compression test at the elevated temperature depends on the
balance of thermally stable and hard quasicrystalline particles and relatively soft fcc-aluminum
matrix.
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Fig. 11. Bright field electron micrographs of the P/M Alg;Fe; 45Cr; 4sM0¢5Tip3C0¢s alloy; as
extruded one (a) and the compressed one (b)

This fact has suggested the manufacturing possibility of the novel forging parts with superior
strength at elevated temperature. These mechanical properties and formability at elevated
temperatures are promising for the future extension of the new aluminum-based alloys to practical
materials.

4. Summary

By addition of Co and Mo to Al-Fe-Cr-Ti alloy, the good balance between the stability of
super-cooled liquid state and the formation ability of quasicrystalline phase was obtained. The P/M
Al-Fe-Cr-Ti-Co-Mo alloy with dispersed nanoscale quasicrystalline particles exhibited ultimate
tensile strength of more than 350 MPa at 573 K and 200 MPa at 673 K. The alloy had excellent
formability at elevated temperature with maintaining its structure of dispersed nanoscale
quasicrystalline particles.
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