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Mechanical Milling Process as Severe Plastic Deformation Method

Hiroshi FUNWARA, Eiji ODA and Kei AMEYAMA

Synopsis :

Mechanical milling is one of the severe plastic deformation processes and can give a heavy deformation to a metallic powder. Using such a

mechanical milling process nano crystalline material can be produced with relatively simple equipment, low cost and short time. The me-

chanical milling process leads to finer grain than other severe plastic deformation for bulk materials and the grain size produced by mechani-

cal milling is less than 10 nm. Nano grain structure by mechanical milling is finally formed with nano layered structure though the grain re-

finement rate depends on the milling method and the milling condition. The minimum grain size produced by mechanical milling is related to

many factors such as melting point and stacking fault energy. The nano grain tungsten powder demonstrates a good workability and its sin-

tered compact demonstrates the superplastic deformation at 1473K. When the milling intensity is suitable, mechanically milled powder con-

sisting of shell and core can be produced. The compacts produced from such mechanically milled powder have the nano / meso hybrid mi-

crostructure and demonstrate advanced mechanical properties.
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Fig. 1. Pattern diaograms of ball milling methods such as (a) shaker milling, (b) planetary milling, (c) attritor milling and (d) rotary

milling.>!
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Fig. 2. Production methods of fine grain materials for vari-
ous grain size ranges.'?
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Fig. 3. Relationship between average grain size and
milling time in pure Fe powder E)rocessed by vari-
ous mechanical milling methods.”?
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Fig. 4. Relationships between milling time and (a) average
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Fig. 6. SEM micrograph of the cross section of pure Ti
powder milled for 90 ks.
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Fig. 7. TEM micrographs in the vicinity of the surface of
the Ti powder milled for 90ks. (a) reveals that
nano grain structure is formed from the nano layer
structure. (b) shows nano grain structure of about
3 um area from the powder surface.
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Fig. 8. TEM micrograph in the vicinity of the surface of
SUS316L stainless steel powder milled for 360 ks.

Fig. 9. TEM micrographs of the W powder milled for (a)
36ks and (b) 360ks.
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out MM360 ks treatment.
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Fig. 11. Schematic illustrations of (a) shell/core structured

powder and (b) nano/meso hybrid microstructure.

Fig. 12. TEM micrograph of a shell/core hybrid mi-
crostructure of the HRS compact of the pure Ti
powder milled for 90 ks.
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Fig. 13. Result of tensile tests of the HRS compacts of
pure Ti powder milled for various MM time. The
figure also indicates results of the conventional
pure Ti materials, i.e., “C.R.”” as 90% cold rolled
annealed Ti, “H.R.”” as 90% hot rolled Ti at
1173K, and “Bulk” as an annealed bulk Ti, re-
spectively.
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