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ABSTRACT

Rotating disk atomization technique is applied to M
(Korea Multi-purpose Research Reactor) fuel fabrication.
A rotating disk atomizer is designed and manufactured
locally and U-4.0 wt. Si alloy powders are produced.
The atomized powders are heat-treated to transform into
USi and the mixture of USi and Al are extruded to fuel
meat. Most of the atomized powders are spherical in sape.
The microstructure of the powder is fine due to the rapid
solidification. The time required for petitectoid reaction
is reduced due to the fine microstructures and the
resultant U.Si grain size is finer than ever obtained
from ingot process. The mechanical properties of the fuel
meat are improved yield strength about 30 %, tensile
strength 10% and elongation 250 increased.

INTRODUCTION

The Korea Multi-purpose Research Reactor is designed to use a fuel pin of
low enriched uranium silicide powders dispersed in the aluminium matrix. The
uranium silicide powder is fabricated through the sequence of processes:
casting to ingot, heat-treatment to blank, chipping to pieces, rinsing and
drying, pulverizing to powders and magnetic separation of ferrous inclusion.
Fabricators suffer from the laborious and tedious job in comminuting the tough
U3Si blank. Fuel meat contains impurities in some amount. Shape of the
comminuted powder is irregular and the surface of the fuel meat is usually
room. In addition, beat-treatment takes over 72 hours at 80 C.

As presented at 1M RERTR meeting,' rotating disk atomization technique is
applied to the XMRR fuel fabrication. Powders are produced directly fm Ussi
alloy melt, so that comminution is eliminated from the process. This advantage
not only helps the fabrication economy but also increases the properties of the
fuel meat. Rotating disk atomization results in rapid solidification and the
microstructure of atomized powder is finer than that of cast ingot. As a result,
the beat-treatment time of sluggish peritectoid reaction between UjSi2 (primary
particle) and Uss (uranium solid solution) can be reduced due to the increasing
interface area. Further, the resultant microstructure U3si is finer than that
of blank.

The shape of atomized powder is generally spherical. This will increase the
flowability of NH and Al powder mixture during blending and forming, which
will increase the homogeneity of the dispersion and will also increase the
mechanical properties of the fuel meat such as yield strength, ultimate tensile
strength, toughness and elongation. Further, aluminium matrix becomes more
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continuous having spherical U.Si fuel particles in the extruded fuel meat,
which will increase the thermal conductivity.

In this paper, the atomized powder is characterized in size, morphology,
microstructure. The time for the completion of the peritectoid reaction and the
grain size of the resultant USi are examined in respect to the microstructure
of the atomized powder. The mechanical properties of the fuel meat are
investigated in comparison with the ones fabricated by the ingot-blank-
comminuting process.

EXPERIMENTS

Rotating disk atomization is chosen to improve powder properties and
eliminate the comminution. The uranium silicide is melted in vacuum and is
atomized at inert atmosphere because of the pyrophoric character.

Atomizer comprises a furnace chamber with an induction coil, a tundish with
a calibrated nozzle in the bottom, a rotating disk and the driving unit, a
container and a powder collector. A cooling gas system is installed at the
upper part of atomizing chamber. A powder collector is connected to the
bottom part of the atomizing chamber.

The depleted uranium which is purchased from Nuclear Metal Industry, U.S.A.
and silicon metal with purity 99.999% are loaded in crucible and melted in
vacuum. The melt is fed through the tundish on the high speed rotating disk and
is atomized by centrifugal force.

Atomized powders of 325-100 mesh are beat-treated in vacuum (less than 1.0
x 10'storr) for different times to find the time for the completion of the
peritectoid reaction. Powders to be used for the mechanical test of the fuel
meat are heat-treated for I hr which is considered enough for the completion of
the peritectoid reaction.

Heat-treated powders are properly blended with Al powders in V-mixer for 3
hours. The blended powders are extruded to a fuel meat.

In order to determine the size distribution, the atomized powders are
classified into eight different ranges.Powders are also observed in stereoscope
and SEM to examine the shape and microstructure. The powders of all different
sizes are mounted in epoxy to make an observation of the microstructure. Some
powders are found to contain a recess pore in them. To determine the pore
content inside the atomized powder, the density is measured by immersion
weighing method in ethyl alcohol.

Heat-treated powders are also examined under microscope for different beat-
treatment times.

The extruded fuel meat is machined to tensile specimens. Tensile tests are
performed to determine the mechanical properties of the extruded fuel meat.
Fracture surface of the tensile test specimen is observed by SEN to find the
fracture mode. The fuel meat is also observed under microscope to find the
U3Si distribution and the continuity of the aluminium matrix.

RESULTS AND DISCUSSION

Most of the atomized U3Si powders are spherical in the small size range as
shown in fig.1a, but some large size powders were observed to be ellipsoidal
as shown in fig.1b. On the other hand, ingot-blank-comminuted powders are
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irregular in shape, see fig.1c. The shape of powder is affected by atomization
parameters. It is found that powders become ellipsoidal with the higher
feeding rate, the higher sperheat of melt, the lower rotating speed and the

2 lower thermal conductivity of disk. 
In the higher mification, the surface of the powder is found to be

winkled. It is considered the extension of the as-cast dendritic structure.'
It is found that the winkles are reduced in the fine structure powder and the
surface is shown brighter.

A typical size distribution of atomized USi powders is shown as fig. 2.
Particle size is influenced by several interrelated operating parameters. The
finer particle sizes and narrower size distribution are obtained from the
higher emperature of the melt, the lower feeding rate, the higher rotating
speed and the larger diameter of the disk.' When operated in a certain
condition having powders dominant in distribution between 100 and 150 AN,
the weight fction of powders ranging fm 50 to 200 an is found to be
obtained about 80%. In this case, the average powder size is about M on.

Fig.3 shows the microstructures within powders of various sizes. The micro-
structures of powders are much finer than that of alloy ingot. It is also
noted that the microstructure becomes finer with decreasing powder size. As the
size of melt droplet is reduced, the cooling rate increases due to the
increasing ratio of surface to volume. Fig.4 shows the relation of the primary
ML particle size with the powder sizes. It is shown that the size of primary
U2Six particle decreases linearly with log (the powder size). From this result,
the pimary ML particles in the powders of practical size reqiured for
reactor use are found to be between I and 3 am, compared with 20-30 Am in
cast ingot.

In observation of the microstructure in atomized powder, some powders are
found to contain recess pores as shown in fig. 5. It is found that the
frequency of appearing these pores increases with powder size. Fig. 6 shows
relation between the density of the atomized powder and its size. It is
obviously seen that the density of the large powder is smaller than that of the
small powder. This result agrees well with the microscope observation. The
pore volume fraction determined by densit7 measurement is found no greater than
4% even when powder is extremely large. Pore forming may be attributed to the
cooling gas dissolved in the molten metal and then liberated during
solidification.

Fig.7 shows the isothermal transformation curves for the specimens of
different USi2 particle size beat-treated at 800 C. The time for complete
transformation amounted to about 2 rs and 120 hrs. in the fine and coarse
structure specimen, repectively.' The curves are typical for phase
transformations by nucleation and growth. Nucleation occurs more rapidly
in the fine microstructure than in the coarse one, whereas the slopes
which means the transformation rate are almost the same. Therefore, it is
assumed that the short peritectoid reaction time is induced by the small
interspacing between the fine primary particles and by the rapid nucleation.

After complete reaction. the powder having fine primary particles 3 to 
an) is found to be tranformed to much finer Z am) W. while the ingot having
coarse primary particles (about 100 to) is found to be transformed to UySi of
50 am. as shown in fig.8.

Table 1. is the tensile test results f extruded fuel meats. The elongation
of the atomized powder fuel meat is about two and half times larger than that
of pulverized powder fuel meat. It is assumed tat spherical shape of dispersed
U2Si powder in Al matrix promotes te flowability of matrix during extrusion.
The atomized powder has relatively smooth surface, while pulverized powder
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Table 1. Tensile test results of extruded fuel mats.

Yield strength Ultimate tensile Elongation
strength

kg/ad kg/ad %

Pulverized powder 8.26 13.11 6.20
fuel meat

Atomized powder 11.26 14.42 15.84
fuel meat

has many sharp edges, oxidized surface and precracks, which seem to be brought
about by cominution.

Yield strength and ultimate tensile strength of the atomized powder fuel meat
are 30 %, 10% respectively higher than those of the comminuted powder fuel
meat. Fig.9 shows that Al matrix adheres strongly to the surface of the
atomized powder without pull-out. The high strength of the atomized powder fuel
meat is attributed to the strong adherence of Al matrix to the atomized powder
s ulface.

CONCLUSION

Powders of UsSi alloy are produced directly from melt for the improvement of
the fabrication technology and the enhancement of the properties of te fuel
meat. Rotating disk atomization is applied for this purpose. Atomized powers
are characterized and the properties of the fuel meat produced from this
powders are examined. As a result, the followings are concluded;
1) Most of the powders particles are spherical in shape, while ingot-blank-
comminuted powders are irregular.
2) Powder size is influenced by several interrelated operating par am ters.
3) The microstructure becomes finer with decreasing powder size and the size of
primary ML particle decreases linearly with log (the powder size).
4) As the primary particle becomes finer, the transformation time becomes
shorter. The powder having the fine primary particles(3 to on) is found to be
transformed to the finer USi Uan).
5) Yield strength and ultimate tensile strength of the atomized powder fuel
meat are 30 % and 10 % repectively higher than in the comminuted powder fuel
meat. The high strength is attributed to the strong adherence of Al matrix
to te atomized powder surface. Using the atomized powder, the fuel meat is
expected to have grater mechanical properties and thermal conductivity. Finer
microstructures in the fuel dispersion may cause a reduction of swelling.
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(a) 140-200 mesh, atomized powder.

100

(b) 70-100 mesh, atomized powder.

Tq� 200

(c) Comminuted powder.

Fig. 1. Shape of atomized powders and of comminuted powders ; (a) 140-200 mesh,
atomized powder, (b) 70 100 mesh, atomized powder, (c) 100-325 mesh,
comminuted powder.
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Fig. 2 Histogram of powder population and cumulative distribution of size.
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(a) 100 -140 mesh

lu

(b) 140-200 mesh

(c) 200-325 mesh.

Fig. 3 The microstructures within atomized powders of various sizes
(a) 100-140 mesh, (b) 140-200 mesh, (c) 00-325 mesh.
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Fig 4 The relation between the primary USia particle and the powder sizes.
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Fig. 5. SEM observation of the recess pore in atomized powder.
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Fig. 6 The relation between the density of the atomized powder and its size.
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Fig. 7 The isothermal transformation curves for the specimens of different
VISi2 particle size in the heat-treatment at C.
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Fig. 8. Optical microstructures of the U3.Si phase after complete peritectoid
transformation. (a) atomized, followed by heat-treatment at 8OO'C for

1 h () ingot specimen followed by heat-treating at 8000C for 72 h.
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A

Fig. 9 Fracture surface of tensile test specimen to illustrate the strong
adhesion of matrix Al to atomized powder.
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