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Table 1. Important milestones in the development
of MA and MG

1970 ... Development of ODS (Oxide Dispersion
Strengthened Material) nickel-base

superalloys
1981 ... Amorphization of intermetallics
1983 ... Amorphization of blended elemental
powder mixtures
1989 ... Occurrence of displacement reactions
1990 ... Observation of disordering of
intermetallics
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Table 2. Several physiéal processes which occur Table 4. Departure from equilibrium achieved in

during the application of mechanical energy various processes
Physical Processes via Mechanical Energy Max. Departure from
Process Equilibrium (kJ/N,)
1. Heat Generation d 2
2. Producing the Shear Stress Solid-State Quench 16
3. Pressure Increase Quench from Liquid 24
4, Amorphization and/or Phase Transformation (Rapid Solldlﬁcatlon)
5 Emissi f the Exo-el Condensation from Vapor 160
: ITHSSIOH of the Exo-electron Irradiation/Ion Implantation 30
6. Tribo-plasma Mechanical Cold Work 11
7. Tribo-luminescence - Mechanical Alloying 30
Table 3. The kinds of solid activation by mechani- MATERTALS
cal energy HOMOGENEOUS COMPOUNDS ~ M'XTURES
Activation of Solids by Mechanical E METALS Qi
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2. Surface Area: particle size reduction and creating o g e
>
the new surface by fra.cture PROCESS 2 g §
3. Surface Energy: distortion of surface atoms g 2 I
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Fig. 1. The basic concept of energize and quench to  gjzeq by grinding, mechanical alloying and mecha-
synthesize non-equillibrium materials. nochemistry.
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Fig. 3. Schematic representation of the different
types of milling devices.
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Fig. 4. An overview of the main factors to be
considered in MA. :
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Table 5. Major differences between mechanical alloy-
ing and milling processes

MA | Milling

Milling Inert gas, Air, Water, Alcohol etc.

Atmosphere Vacuum

Powder/Ball Powder/Ball Almost the same volume
Weight Ratio =1/3~1/100 of ball and powder

e - upet

Milling Time Long Short
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Table 6. Typical properties of process control agents
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Melting Point (°C) Boiling Point (°C)

Generic Name Chemical Formula
Stearic Acid CH,4(CH,),,CO,H
Heptane CH,(CH,);CH,

Ethyl Acetate CH,CO,C,H;

Ethylenebidi-steramide
Polyrthylene Glycol

C,Hy-2(C,sH30N)
H(OCH,CH,),0H

Dodecane CH,(CH,),,CH,
Hexanes CH,,
Methyl Alcohol CH,0H
Ethyl Alcohol C,H,OH

67-69 183-184
91 98
-84 76.5-77.5
141 259
59 205
-12 216.2
68-69
-98 64.6
-130 78

900 " increase power
800 .
700 0] O o)
g 600 [¢)
E 500t o (o] OO O o
&3 q
400 4
@ o (o) o
300
50 100 250 500 |0‘()0
w (rpm)

Fig. 5. Dynamic equillibrium of the amorphous phase
in Ni,,Zr, system using a planetary mill."””
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Table 7. Examples of mechanically alloyed Al alloys
Material Composition Dispersoid Ref.
Al Al AlC;, ALO, 17-20
INCOMAP Al-9052 Al-4Mg-1.1C-0.80
INCOMAP Al-9021 Al-1.5Mg-4Cu-1.1C-0.80 Me. Al
INCOMAP Al-905XL Al-4Mg-1.5Li-1.2C-0.40 AIgZC 3;\1 0 21-23
DISPAL 0 Al-2.5%0 a3 T
DISPAL 3 Al-3.0%C-0.8%0
Al;Fe, 24-26
Al-Fe Al-Fe Al Fe,,
ALC,, ALO,
Al-Fe-X Al-Fe-Ce AlgFe, 27, 28
(X=Ce,Gd,Mn,Mo,Ni,Si) Al-Fe-Mn Al Fe,,
Al Fe,Ce,
ALC;, ALO,
Al-Li Al-Li ALC;, ALO, 29
Al-Li-X Al-Li-Cu ALC;, ALO, 30
(X=Cu, Mg, Si) Al-Li-Mg

(

Fig. 6. Scanning electron microscopy images of (a) the starting material, (b) powders milled for 70 h, (¢)

140 h, and (d) 280 h.>Y

(d) 280 h milted
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Table 8. List of some ceramics
mechanical alloying

produced by

Compound Synthesis (135111219;1) Ref.
TiB, Ti+B -323.8 32, 33
FeB Fe+B -71.1 34

Nd,Fe,,B Nd+Fe+B 35
TiC Ti+C -184.6  36-38
VC, V,C V+C -117.2 39
BN B+N, 2544 40, 41
CrN Cr+N, 42
Cu,N Cu+N, 41
Mo,N, MON Mo+N,, Mo+NH,  -81.6 41, 42
NbN Nb+N, -235.1 42
Si,N, Si+N, 7448 39, 41
TaN TatN,, Ta+NH,  -252.3 39, 42
TiN Ti+N, -337.9 41, 43
VN V4N, 2172 41, &2

WN, W,N W+N, 41, 42

ZrN Zr+N,, Zr+NH, -365.3 39-42
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