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Abstract

The microstructure and pore characteristics have been studied on the sintered UQs pellet
which was made of the UO, powder manufactured via AUC process. The open porosity
decrease with the density and is nearly annihilated above the density of 10.45 g/cm>. The
round pore smaller than 3 #m exist in all densities. The large and elongated pore appears
additionally in low density. The pore in low density is more elongated than the pore in
high density. The distribution of the pore area versus the pore size i1s monomodal and
shows its peak on the pore size of 2 to3 4m.As the density decreases, the related area of

large pore increases.
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1. Introduction

Experimental investigations [1,2,3,4] have
shown that the irradiation behavior of nuclear fuel
is dependent to a considerable extent on its pre-
irradiated microstructure. Especially pore size and
grain size influence the in-reactor densification and
fission gas release, respectively.

The UO; fuel which has been fabricated in
Korea is under irradiation in the Korean PWRs. In
order to evaluate in-reactor fuel behavior the PIE
{Post Irradiation Examination) is planned to be
performed. Therefore as-fabricated properties of
UO, fuel should be characterized.

Present work is undertaken to investigate the
microstructural properties of the UQ, fuel. The
results shall be used for a comparison in the future
with imradiated specimens of this type fuel.

2. Experimental

The used UO, powder was made via AUC(Am-
monium Uranyl Carbonate) process [5]. The
characteristics of UO, powder is shown in Table
1. Impurities of UO, powder were analyzed and
shown in Table 2. U30g powder of 11wt% was
added to UO, powder and homogenized com-
pletely. The homogenized powder was pressed
without binder or lubricant to a green density 5.6g
/em3. Green pellets were sintered at 1710C for
about 3 hours in hydrogen atmosphere.

The sintered density and open porosity were
measured by water immersion method. The pellet
surface was ground prior to the measurement.
The ground pellet was weighed in air. The pellet
was evacuated to 0.3 Torr and then open porosity
was filled with m-xylene at atmospheric pressure
for about 1 hour. The impregnated pellet was
weighted in air and in water. Sintered density and
open porosity were calculated from the measured
weights and the density of water and m-xylene[6].

J. Korean Nuclear Society, Vol, 23, No. 1, March 1991

Table 1 Properties of the UO, Powder.

Particle Size <100 #m
Apparent Density 2.0g/cm>
BET-Surface 5.0m?/g
0:U Ratio 2.1

Table 2 Impurities of the UO, Powder

Element Content(#g/g U)
Al 160
Ca 1
F 35
Fe <10
Mg <1
Ni 2
Si <7
B <01
Cd 1
Cr <2
Cu 04
Mn <1
Sn <0.6
Zn <12

Four samples (density=10,30, 10,35, 10.40,
10.45g/cm3) were selected, and examined cera-
mographically. Specimens were etched thermally
and grain size were determined by linear intercept
technique. Pore size distribution were obtained
quantitatively using the image analyzer (Magiscan
Il, Joyce-Loebl Co.).

3. Analysis Methods of the Pore

Image analyzer measures characteristics of the
individual pore and the measured data can be
treated statistically. Pore sizes and pore shapes of
specimens are determined with an aid of special
software. With this program the area, perimeter,
shape factor and equivalent circle diameter of
each and every pore can be measured on as
many measuring fields as desired.
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In order to be able to intercorrelate the results
the examinations should always be carried out
with the same magnification and size. A magnifica-
tion of 500:1 and a measuring field with the
square 230X180#m were used for this study.
The results displayed are to be understood as
two-dimensional data.

The equivalent circle diameter corresponds to
the diameter of circle which has the same area as
the measured object.

Equivalent diameter=2+/ (area/ %)

The extent that shape of the object deviates
from circle, can be represented by the shape

factor.
Shape factor= 47 Xarea
ape 1actor =", rimeter)?

A circle has the shape factor of 1. As the object
takes a shape deviating from circle, the shape
factor decreases.

4. Results and Discussion

Sintered density are in the range of 10.25g/
cm® to 10.50g/cm3. And most are greater than
the density of 10.40g/cm>. Fig.1 shows the open
porosity as a function of the sintered density. The
open porosity decreases with density and
approachs nearly zero on the density greater than
10.45g/cm®. The observed open porosity is lower
than other published results[6]. This difference
results mainly from higher aluminum content of
this work. It is known that aluminum doping can
reduce open porosity. The UO, powder of this
work was doped with aluminum but the other
work was not.

Total porosity, open porosity and closed poros-
ity are shown schematically as a function of the
sintered density in Fig.2. The open porosity falls
more than the total porosity to the density of
about 10.40g/cm® and it becomes negligible
above the density of 10.45g/cm®. On the con-
trary, the closed porosity increases to the density

of about 10.40 g/cm?® and then falls gradually in
accordance with the decrease in the total porosity.
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Fig.1 Dependence of the open porosity on the de-
nsity

Fig. 2 indicates that open pores of about 1 vol %
are changed into closed pores during densification
from 10.25g/cm? to 10.45 g/cm?>. That can occur
only if the pore exposed to surface is pinched off
and becomes small and separated from the sur-
face [7). The pore morphology in Fig.3 seems to
support this point.
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Fig.2 Dependence of the total, closed and open
porosity on the density

As seen in Fig.3(a) and 3(b), elongated pores
whose length are greater than 10 xm are found
frequently. Nearly round pores whose diameter
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(c) (d)

Fig.3 Photograph of pore morphology
(a) Density 10.30g/ em® (b) Density 10.355;/cm3 (c) Density 10.40g/cm® (d) Density 10.455;/cm3
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(a) (b)

(e) (d)

Fig.4 Photograph of grain structure
(a) Density 10.30g/cm> (b) Density 10.35g/cm® (c) Density 10.40g/cm?® (d) Density 10.45g/cm®
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are below 3 #m are also observed. The number of
elongated pores in Fig.3 (b) decreases compared
with those in Fig.3(a). Fig.3(c) and Fig.3(d) show
that elongated pores disappear and most pores
are round and smaller than 3 um. Consequently
the elongated pore should be changed into sever-
al round pores and some pre-existing small pores
should be annihilated as the density increases.
The phenomena that the large and elongated
pore is just pinched off can be confirmed in the
photograph of 3(c) and 3(d).

The pores could be divided into three types:
the round pore whose diameter is less than 3 um,
the elongated pore whose length is greater than
10 #m. Although not seen in Fig.3, the big and
partly round pore lies sporadically in all densities.

Fig.4 shows the grain structure and pore mor-
phology of the specimens. The elongated pore
extending two or three grain sizes lies preferential-
ly on the grain boundary [see Fig.4(a)]. But the
round pores of about 1-3 #m which are present
in all densities are not located preferentially.

The mean grain size of 94m is determined at
the density of 10.45g/cm>, and 8 #m at 10.40g/
cm3, and 7.6 um at 10.35g/cm® and 7.2 4m at
10.30g/cm3.

Distributions of the porosity area versus the
pore size are shown in Fig.5. The porosity area
represents the fraction of pore area relative to
total(pore + matrix) area. Distribution is a mono-
modal and shows its peak on the pore size of 2 to
3 ;;m. The equivalent circle diameter is defined
as the pore size. The pore sizes on which the pore
area have maximum, are not nearly altered at the
density of 10.45, 10.40 and 10.35g/cm®. Howev-
er, that pore size for 10.30g/cm® moved slightly
to large pore size. As the density decreases, the
area that the pore larger than 5 um occupy rises
gradually. The distribution are comparable to
other work[8].

Fig.6 shows the dependence of the shape factor
on the pore size. The shape factor of the small
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pore less than 2 #m could not determined, be-
cause the optical resolution was inadequate.
However, the shape of that pore is shown to be
nearly circular in pore morphology [see Fig.3].
The shape factor becomes small as the pore size
increases. This indicates that the pores become
more and more elongated. There is a tendency
that the pore of lower density shows lower shape
factor when the pores have the same size.
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5. Conclusion

The as-fabricated characteristics of the UO; fuel
have been studied. The open porosity decrease
with the sintered density and finally annihilated on
the density greater than 10.45g/cm>. The reduc-
tion of the open porosity might be expected from
the pore structure that each elongated pore is
pinched off and changed into small and seperated
pores during densification.

The round pore smaller than 3 #m exist in alt
densities. In the low density, the elongated pore
whose length is greater than 104m is also
appear. The elongated pores are located preferen-
tially on the grain boundary but the round pores
are located randomly. The grain sizes are in the
range of 7 to 94m. "

The distribution of pore area versus pore size
shows its maximum on the pore size of 2 to 3 #
m. The related area of large pore increases as the
sintered density decreases. The pore becomes
elongated as the pore size increases to 104m.
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