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Fig. 1. Transmission electron micrographs and selected
area diffraction pattern of MA Al-8wt.%Ti alloy after
annealing at 600 for 3 hr. ; (a) bright field showing the
image of ALTi indicated by an arrow, (b) SAD pattern
with B=[001] identifying Al;Ti phase with D0,, structure.

Fig. 2. Transmission electron micrographs and selected
area diffraction pattern of MA Al-8wt.%Ti alloy after
annealing at 600 for 3hr. ; (a) bright field showing the
image of Al4C; indicated by an arrow, (b) SAD pattern
with B=[1210] identifying Al4C; phase with hexagonal
structure.
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Fig. 4. Comparison of oxide behaviour in conventional
2024 Al alloy and MA Al-8wt.%Ti alloy.
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Fig. 3. Relation between the diffusion-compensated
steady-state strain rate (E/D; ) and the modulus-compen-
sated stress (O/E) for MA Al-8wt. % Ti alloys in deuble log-
arithmic scales. Data of MA Al-Fe-Ce alloys are included
for comparison.
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Table 1. Average grain size of various pure elements
obtained by MA.

Elements structure Melting 'Grain
Temp. size(nm)
Cr bee 2148 9
Fe bee 1809 8
Nb bee 2741 9
w bee 3683 9
Hf hep 2495 13
Zr hep 2125 13
Co hep 1768 14
Ru hep 2773 13
Al fec 933 22
Cu fce 1356 20
Ni fec 1726 12
Pd fce 1825
Rh fcc 2239 7
Ir fec 2727
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Fig. 6 FE-SEM micrographs of the MA W-30wt% Cu
specimen sintered at 900°C for 1hr; (a) the matrix area
and (b) the interior area of the powder.

Fig. 7. (a) SEM micrographs of MA W-30Cu powder spec-
imens sintered at various temperature for one hour;
1100°C (a), 1150°C (b), 1200°C (c) and 1300°C (d).

Compact of MA powder
- Mean particle size(MP.S.) = 4m

- Crystalline size(C.S.) = 25nm
- Relative density(RD.) = 40%

Nanosintering of MA powder
*}.\"“mti - Solid state sintering at 1000°C
\,m.-\«,‘ 4 - Culayer and Pools formation
o -C.S. %200nm, RD. % 73%

1st rearrangement of MA powder

- Liquid phase sintering at 1100C

- Cu liquid formation and spreading
-C.S. = 600nm, RD. =95%

2nd rearrangement of W grains at 1200C

- The highest homogenous state
- C.S. =1000nm, RD. = over 97%

Fig. 8. Schematic diagram of the double rearrangement of
the mechanically alloyed W-Cu powders.
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Fig. 9. Evolution of saturation magnetization versus mill-
ing time.

TM)pNyAE $A22 A7=5ict 7| A g3l
23 Fe-Co 2] Kuhrt®'5el] 777 o) wj2m,
71AX 23} Foll FexCol-x2] solid solution®] 334
Foll d2E SeiAEE o g EAe] LAzt
24, dx3zA6d ot 10-50 Oe S 7Hxlgkx
Hsiodet. Fe-Nie oln] A8 R Aoz A}
43 A Bo)Xqk, Kuhrt' 52 7| AR g3 o8
4 nm 27} RS 7 vHFEA R A
o &3t <3S Hislsle A7F At B Al
a3 99} & 2= Fe-NiAlolAM 7|A143E3F 24
Tl wbE E3pAksigkat BApEe) Wsts e
et E3AIRE WG] F1EE AEH L
2 1IE BEch a9 102 AR 4
ZAAAH A7 B8 e BEes
10nm =712 & o 2o AAY o] dATg 7HA

Table 2. Magnetization Ms and Coercivity He for different bee-Fe alloys.

Sample Ms(Am2kg-1) He(Am-1) Techniques
Fe-10% Ni 227 200 Mechanical alloying after 96 h of milling
Fe-20% Ni 219 110
Fe-10% Ni ~203-210 ~571-1143  Mechanical alloying after 60 h of milling and at different milling intensities
Fe-20% Ni ~167-201 ~571-1143
Fe-10% Ni 209 2590 Mechanical alloying after 36 h of milling
Fe-10% Si 199 2390
Fe-10% Al 205 1750
Fe-10% Ni - 320 Electrodeposition

Journal of Korean Powder Metallurgy Institute
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A Direction of easy
magnatization

B Bloch walls
C Weiss domain

D Grains boundaries

Fig. 10. Representative diagram of (a) ideal magnetic
structure of polycrystalline materials, (b) ideal magnetic
structure of polycrystalline materials after milling (as sin-
gle magnetic domain).

ARl olgfel Gk A4S EAHOE HelFm
ol
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a1 gleh. FARANL Abe] 7192w

Fig. 11. (a) TEM bright field image, (b) SAD pattern and (c) micro-diffraction pattern from the (AlgsCuygFe 5)9¢Siyq alloy
after 40 hrs of MA.
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7R WA =) vge] HE o] §
I} AzTeEAE 9 3 He 714H 3
3 34 7162 21479 M= EFelM gt
viel e 324 A% Al AR fe® vk
AAY I, A&, dVAAA AT S E, &
AXA ] EekzAe] Faat &4 S 71

3 % % oleh

Table 3. Volume fraction of the icosahedral phase from the as-milled and subsequently heat-treated compositions.

Compositions

As-milled

Heat-treated for 4 h

723 K 873 K 1073 K
(A165Cu20Fe15)100-xSix(X=0) ~0.11 ~0.14 - -
(A165Cu20Fe15)100-xSix(X=5) ~0.12 ~0.19 - -
(Al65Cu20Fe15)100-xSix(X=10) ~0.45 ~0.30 ~0.37 ~0.40
(Al65Cu20Fel5)100-xSix(X=15) ~0.12 ~0.15 ~0.52 ~0.31

Vol. 11, No. 2, 2004
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