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Abstract: Invesligalions were made on the phase evolulion and thermal stability of the 90W-7Ni3Fe( mass fraction,

%) milled powders by means of XRD and DTA. The results showed that ball milling produced an ulirafine composite

powder consisting of supersolidus solution W(Ni, Fe) and amorphous phase, owing o the fast diffusion rale induced by

high density of lattice defects and nanograin boundaries. The amorphous phase results from the exlension of the solubility

of Win ¥ (Ni, Fe) phase which forms during the first 3 h of ball milling.
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1 INTRODUCTION

Tungsten based alloys are unique materials due to
the combination of high density, strength, ductility,
Fully
densified tungsten heavy alloy is prepared typically via

conductivity, machinability and formability.
liquid phase sintering of W powder blended with Ni
and Fe powders. However, the high sintering tem-
perature and long sintering time result in coarse mi
crostructure and progressive compact slumping and

distortion' '™ 3!

Ultrafine metal powders have been
reported as one of the advanced materials because of
their large specific surface area and high reactivity '
The most attractive method to produce nano-grain
powders is high energy ball milling. It is also gradual-
ly attractive in tungsten heavy alloy to refine mr
crostructure and enhance consolidation to reduce sin-

[7=191 " But fewer studies on char

tering temperature
acteristics of the asmilled powders from microstruc
tural change and thermal analysis have been reported.
In this paper, based on XRD and DTA, we would

like to study the asmilled powder characterization
during milling in detail.

2 EXPERIMENTAL

The initial W(99.95%, 2.91Hm), Ni(99. 5%,
2.66 Bm) and Fe(97. 0%, 6.50 Hm) powders were
mixed in a mass proportions of 90: 7. 3, then subject-
ed to mechanical alloying.

Milling was conducted in a QM-1 planetary ball
mill equipped with 100 mL stainless vials. Stainless
balls, cemented carbide balls or tungsten balls were
used. The mass ratio of balls to powder was 5. 1.
The rotation rate was 200 r/ min. The experiments
were carried out in a high purity argon atmosphere.

After various times of milling, a small amount of
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mechanically alloyed powders were extracted from the
container and glued onto a silica plate for XRD tests.
The XRD patterns were obtained with CuK 4 radiation
at a scanning rate of 0. 1(°)/s. Using a combination
of W (110) with W (321) peaks, the grain size and
lattice distortion were calculated according to the fol-
lowing equation[ i

Beos= 0.94X¥ D+ 2&inf (1)
where B was peak integral width, 0 Bragg angle,
D grain size, € lattice distortion, and A X-ray wave
length.

The relative integral intensity ratio of W to Ni,
R, was determined in terms of

R = Iw(io/ INion (2)

The DT A thermal analysis was carried out using
Perkin Elmer 7 series thermal analysis system. About
30mg of the as milled powders were sealed in a cop-
per capsule and were heated from 30 C up to 1470 C
at a fixed heating rate of 10 'C/ min.

3 RESULTS AND DISCUSSION

Fig. 1 shows the variation of X-ray diffraction
patterns of the powder mixture milled for different
times. Milling causes broadening of the line profiles.
The Ni and Fe peaks disappear with increasing
milling time and the fee ¥( Ni, Fe) solid solution
forms. It has been reported '"'?! that the Y phase
forms during the first 3h of milling. With the in-
crease of milling time, the ¥(Ni, Fe) Bragg peaks
decrease in intensity. The peaks even become invist
ble for the powder milled for 35h with tungsten balls
as the milling medium. This behavior is further illus-
trated in Fig. 2, which gives the variation of R as a
function of milling time. As shown in this figure, R
thus the ¥
(Ni, Fe)(111) peak and its intensity become too

becomes very large for 30h milling,
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small and weak to be detected. This indicates partial
amorphization and the formation of W (Ni, Fe) su-
persolidus solution. During high energy ball milling
processes, the powders are collided, extruded, frac
tured and cold welded repeatedly, resulting in a large
amount of grain boundaries. With the increase of the
lattice defects and the grain boundaries, the free ener
gy and diffusion rate increase, which may play a
dominant role on the formation of the ¥ supersolidus
solution, amorphization and the extension of solubil-
ty of W into ¥(Ni, Fe) binder phase. However, us-
ing stainless balls as the milling medium, the two
peaks still coexist for the powder milled for 40 h,
which suggests that the milling media have great ef-
fects on the powder phase evolution during milling.
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Fig. 1 X-ray diffraction patterns of
pow der mixture milled for different times
(a) —Using stainless balls; (b) —Using tungsten balls
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Fig. 2 Relative integral intensity ratio
of W(110) to ¥ phase (111) vs milling time

Therefore, phase evolution can be concluded as
follows. At first, due to fast diffusion between Ni
and Fe, the ¥solid solution forms and Fe peak disap-
pears. Then, interdiffusion between W, Ni, and Fe
leads to increase in solubility of W in ¥-( Ni, Fe) and

Ni and Fe in bee W. When the solubility of W in ¥
(Ni, Fe) reaches a certain extent, amorphization oc

curs'*!. When the solubilities of Ni and Fe in bee W
surpass those in equilibrium, the supersolidus solution
forms.

The broadening of X-ray diffraction line results
from the refinement of the crystallite size and inten-
sive lattice distortion. Fig. 3 and Fig. 4 show the rela
tionships between crystallite size D or lattice distor
tion, Ad/d and milling time respectively. It is seen
that a rapid decrease in crystallite size and a rapid in-
crease in lattice distortion occur during the first 20 h
of milling, due to the balls imparting stronger impact
force and energy to powder and powder work harden-
ing. After 30 h of milling, the rate of comminution
decreases rapidly, the crystallite size gradually reaches
a constant value, and the lattice distortion increases
slowly. The impact of the milling media on powder is
not high enough to refine the grain size further. The
equilibrium between grain recovery and comminution
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Fig. 3 Variation of crystallite size in
tungsten grain as a function of milling time
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Fig. 4 Variation of lattice distortion in

tungsten grain as a function of milling time
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is gradually reached. Tungsten or cemented carbide
balls has strong impact force, which can refine the
crystallite further and aggravate the lattice distortion,
thus helping interdiffusion, amorphization and solid
solution formation.

The DTA curves show two exothermic and one
endothermic peaks with the increase of temperature.
The first exothermic peak is relatively broad and flat,
ranging from about 200 C to 750 C. This is con-
tributed mainly to the exothermal overlapping of pre-
cipitation of supersaturated W( Ni, Fe) solid solution,
stress relaxation, nano grain recovery and growth.
However, the second exothermic peak is narrow and
steep, which corresponds to change of amorphous to
crystalline formation of W ( Ni, Fe) metallic com-
pound and ¥(Ni, Fe, W) solid solution. Further
more, the absolute value of the crystallization en-
thalpy H (area of the exothermic peak) and the
transformation temperature decrease with increasing
milling time.

The endothermic peaks in DTA curves corre
spond to the melting point of ¥(Ni, Fe) phase. The
melting point is almost not influenced by the increase
of milling time, which is different from the report in
Ref.[ 14]. Milling induces a large amount of defects
and grain boundaries. The activity of the atoms in-
creases greatly. The free energy and diffusion rate in-
crease, which should decrease the melting point of
binder phase. Meanwhile, the interdiffusion rate a
mong W, Ni and Fe increases. According to the Nr
FeW phase diagram, the dissolution of W into ¥
(Ni, Fe) is much easier than that of Ni and Fe into
W. Thus, ball milling extends the solubility of W in
¥( Ni, Fe) binder phase. The extended solubility
certainly increases the melting point. Therefore, the
melting point of ¥ phase remains unchanged with
milling time.

4 CONCLUSIONS

1) Nanocrystalline W-NrFe alloyed powders
which consist of supersolidus solid solution W ( Ni,
Fe) and amorphous phase have been obtained by ball
milling of Ni, W and Fe elemental powders. The
grain size decreases greatly and the lattice distortion
increases rapidly with increasing milling time, and
stabilizes after 40 h of ball milling.

2) Tungsten balls is a more effective ball milling
medium for phase evolution.

3) Phase evolution can be divided into two
stages. In the early stage of milling, interdiffusion
between Ni and Fe powders leads to the formation of
fee ¥(Ni, Fe) solid solution. Then amorphization of

fee ¥(Ni, Fe) solid solution occurs and W{ Ni, Fe)

supersolidus solution form. The amorphization is due
to excessive dissolution of tungsten in fecc ¥(Ni, Fe)
solid solution.
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