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Abstract

As a non-equilibrium technique, mechanical alloying was
first used to prepare oxide dispersion strengthened in Ni-based
superalloys in the year 70’ of the 20th century. It has received
a considerable attention from physicists and metallurgists. Its
specific feature is the repeating deformation, fracture and
cold welding during the collision between the balls and
powder particles, leading to the final steady state of alloys.
At the same time the high intensity of stain and defects are
introduced in the materials by high energy of ball milling.
Thus its thermodynamic and kinetic condition are different
from the other solid state reaction. It is characterized by a
competition  between the thermodynamic driven
decomposition and the mechanical driven alloying process.
Over the past few years, mechanical alloying has shown to be
a powerful technique to synthesize a great variety of
nanocrystalline, amorphous, intermetallics, supersaturated
solid solution and composite materials. However the
properties of such materials and the mechanism of mechanical
alloying are not yet clear. Therefore author has prepared and
investigated the supersaturated solid solution of Fe - C and
Fe -Ni- C. It was hoped to extend the solubility of carbon in
bee and fee structures by mechanical alloying process. On the
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other hand the studies on the structural and magnetic
properties of Fe - C and Fe - Ni - C would be helpful to
develop the theory concerning the magnetic properties of
transition-metal-metalloid alloys. It is of prime interest in
materials rescarch because of their impact on both theoretical
studies and industrials application.

The remarkable points of this paper could be summarized
as follows:

1 . Supersaturated solid solution Fe; ,C; and
(Fes:Nigs )1, C, were prepared in a wide concentration
range (0<Cx <C0.9). The microstructure, magnetic and
thermal properties of the milled powders were followed by x-
ray diffraction, scanning electron microscopy. differential
scanning calorimetry and Mdssbauer spectroscopy. Fe - C
(bee) powders were synthesized by mechanical alloying of
elemental Fe and graphite. It is found that the crystallite size
of Fe;_, C, increases with increasing x. The nanocrytalline
phase of Fe - C was formed for 0<{x<C0. 67 and large grain
phase for 0. 75<{x<C0.9. Fes; Nijz— C (fcc) were prepared
from nanocrystalline Fes; Nijs and graphite. It is similar to
Fe - C that the dissolution of carbon is low in the samples of
high carbon content (0. 75<{x<20.9) because of the presence
of huge volume of graphite. In both bcc Fe - C and fce
Fess Nijz— C, the solubility of carbon is obviously extended by
mechanical alloying process. For becec Fe - C, the
magnetization is reduced well below the simple ‘magnetic
dilution and Fe moment decreases with increasing carbon

e 12
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content for 0<C x<C 0. 5. For fcc Fess Nigs — C, the lattice
constant increases linearly with increasing C content in the
concentration range of 0=Cx<{0.25. It shows that metal and
graphite powders were merely mixed for the samples of high
content in both Fe - C and Fes; Niys — C. Their magnetic
moments per alloy atom coincide with the simple magnetic
dilution. |

Il . The formation enthalpy of both Fe - C and
Fes; Niys— C were calculated from Miedema’s semi-empirical
model. It shows that the formation enthalpy of both system
increases with increasing C content, which is due to high
energy of structural transformation of carbon from graphite
to hypothetical close-packed metallic structure. The
crystallite size of Fe - C increases with increasing C content,
coinciding with the formation enthalpy of Fe — C. For both
systems the alloying reaction does not take place for those
samples of high C content. For high C content. the high
value of the formation enthalpy predicts the difficulty of alloy
formation in both systems.

[ll. The correlation between crystallite size D and
coercivity force H, is found in both mechanically alloyed
powders mixture. For grain size D below a critical value
coercivity H. increases with increasing grain size D. For large
grain size D exceeds the critical value, H, decreases with
increasing D. The linearity between D° and H, is observed in
both Fe ~ C and Fe;;Niys— C. Pure metal « - Fe and Fes; Niys
of nanocrystalline phase do not fit the D° relation, neither do

3‘.—_



2006 £F L #g K
LA i

the samples of low dissolution of carbon inside metal. It
suggests the requirement of a minimum carbon content for DS
relation.

IV. It is observed that the moment variation with

i dg s, i
metalloid content af—l is independent of transition-metal atom
X

Fe and Ni. The reduction of moment per alloy atom gﬁ is the
v 5

approximately same in both Fe — C and Fes; Nijs— C (0<<x<<
0.5). In this paper, the experimental data were compared
with the theories of magnetic properties in TM-M (transition-
metal-metalloid) alloys: band-gap theory and coordination
model. The obvious difference was shown between the
experimental data and the band-gap theory. By the definition
of the coordination model, the results of Fe — C cannot be
described by the coordination model. Both theories do not

predict the d—'u is similar for transition metal Fe, Co and Ni
L

alloys with metalloids such as B, C and P.

V. The alloying effect of C can be better described by
the moment per metal atom. The minimum of moment of
metal atom occurs at x = 0.5 and x = 0. 67 in Fe - C and
Fess Nigs— C, respectively. The reduction of moment can be
attributed to p — d hybrid bonding between TM and M atoms
in TM-M alloys. The degree of p — d hybridization might be
measured by the heat formation AH of alloys (chemical part
of formation enthalpy). It has shown a perfect linearity

el



B HRE SUNKE Fe- CHIBAER GRS EHTR

between AH and moment per metal atom in both Fe - C and
Fes; Nijs— C. The heat formation of alloys AH is calculated
from Miedema formula for solid solution.

The first chapter of this paper mentions the current
development of mechanical alloying technique, the extended
solubility in the immiscible system and objective of this work
as well as Miedema’s semi-empirical model. The second
chapter gives the experimental method, preparation of
samples and the estimation method on the crystallite size of
nanocrytalline system. The third and fourth chapters present
the experimental results of Fe - C and Fess Niys— C. Chapter
five describes the comparison of experimental data with the
theories of magnetism in TM-M alloys. It shows an obvious
disagreement between the experimental data and theoretical
prediction. The last chapter summarizes the experimental and
theoretical analysis work in this paper. The problems of
theories on the magnetism of TM-M alloys are discussed. It
requires more experimental data of TM-M alloys for the
improvement of the theory of magnetism.

Key words Mechanical alloying, supersaturated solid solution, Fe - C
series alloys, nanocrystalline materials, magnetic characteristics
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