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Study on Densification of Uranium Dioxide Fuel Pellets

*
Kazuaki YANAGISAWA, Masaaki UCHIDA, Kiyozumi HAYASHI
: Division of Reactor Safety,Tokai Research Establishment,JAERI

(Received July 18, 1977)

Densification behavior of ATR-type uranium dioxide fuel pellets was

investigated under simulated ATR conditions in OWL-1 loop of JMTR with the average
burnup of 1720 MWd/t.

£ffects of various factors such as initial density,grain size,and pore size
on the densification were studied for six kinds of fuel peliets.

Density change of the peliets was measured by meta-xylene immersion method.
The pellets of lowest initial density densified most by 1.5~2.0%TD but those of

highest one densified Tittle.
Grain diameters of uranium dioxide were about 3~-11 pm. Considable densification

occured in the pellets with small grain diameters less than 5 pm in contrast to
little densification in the pellets with large grains.

Pore diameter and pore size distribution were measured with jmage analyzing
instruments.The pellets with unstable pores together with small grain diameter
densified most and the pellet both with stable pores and with large grain diameter

‘ densified least.
i In out-of-reactor resintering test,the density increase was found to terminate

at 1700 C after 24 hr.

Keywords: Densification, Uranium Dioxide Fuel Pellets, Initial Density,
Grain Size, Pore Size, Pore Size Distribution,ATR-Type, Irradiation.

* power Reactor and Nuclear Fuel Development Corporation { ATR , Head Office )
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FIGURES
Fig. 1 Schematic drawings of the capsule 74LF23A. Each six kind
of U0, pellets were arranged and named from A to F. Rod

No 74 was used for metallographic and No 23 for density

measurement.
Fig. 2 Fuel assemblies after irradiation.

Fig. 3 Fuel Rod after irradiation (Rod No 74)
{(a) Rod No 74, (b) Rod No 23

Fig. & Gamma-scanning for rod No 74.
Fig. 5 Gamma-ray spectrum for the pellet at the center position.
Fig., 6 U0, pellets dismounted from the Rod.
(I) Placed at low linear heat rating (<400 W/em)
(II) High linear heat rating (I 540 W/cm)
Fig. 7 Rod spring after irradiation
Fig. 8 Photomicrograph of the pre-irradiated U0y pellets,
Etched ; H,0,/H,50,=8/1 solution. Magnification of the

picture were in all the same.

Fig. 9 Photomicrograph of the post-irradiated, etched U0z
pellets. Etching solution j H,0,/H,50,=8/1

Fig. 10 Photomicrograph of the pre-irradiated, unetched U0,

pellets.

Fig. 11 Photomicrograph (Cross section) of the irradiated U0,
fuel pellet (Specimen A)
(a) placed at a high linear heat rating (LHR) region

{(b) a low LHR region

Fig. 12 Photomicrograph of the irradiated U0, fuel pellet
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(Specimen B)
(a) a high LHR (b) a low LHR

Photomicrograph of the irradiated U0y fuel pellet
(Specimen C)
(a) a high LHR (b) a low LHR

Photomicrograph of the irradiated UOQ; fuel pellet
(Specimen D)
(a) a high LHR (b) a low LHR

Photomicrograph of the irradiated U0, fuel pellet
(Specimen E)
(a) a high LHR (b) a low LHR

Photomicrograph of the irradiated UO; fuel pellet
(Specimen F)
(a) a high LHR (b) a low LHR

Pore size distribution. In figures, —— ; pre-

irradiated, _._ ; post-irradiated conditions.

Pore size distribution. —_j— pre-irradiated,

—@— pos t-irradiated conditions.

The relation of density between in-reactor and out-

of-reactor resintering test.

Comparison of density change with in-reactor and

cut—-of-reactor resintering test.

The relation between initial grain diameter and

densification.

Pensification was defined as follows; (post-irradiation

density)~-(pre-irradiation density).

The relation between initial pore diameter and

densification. .
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Fig. 23

Fig. 24

Fig. 25

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8
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The relation between initial dengity of each specimens

and density change (densification).

The relation between initial porosity of each specimens

and density change (densification).

Effect of the sub-micron porosity on densification.

TABLES

Specification of the fuel rod and Irradiation conditions.
Impurities ig the U0, pellets.

Effect of the irradiation on the density of pellets,
Pre-and post-irradiation grain size(*).

Effect of irradiation on porosity and pore diameter.
Effect of irradiation on sub-micron porosity.

Change in density during out-of-reactor resintering

tests (Geometrical and Water-immersion method).
0/U ratio by two different procedure.

Effect of the pre-irradiation theoretical density

on densification.

Table 10 Effect of the pre-irradiation grain size on

densification,.

Table 11 Effect of the pre-irradiation pore size on

densification.
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Table 1 Specification of the fuel rod and Irradiation conditions.

(1) Fuel Pellet

Material : Uranium Dioxide (UQ»)

Enrichment | : 1.8 w/o

End Form : ‘  Dished at both ends with chanfer
Dimensions : 14,40 mm diameter

18.0 mm  height
Density : Three sort of species

(92.5, 95, 97 %TD)

(2) Cladding

Material : Zircaloy-2
Dimensions _ : 16.40 mm 0.D.

0.80 mm thickness

{3} Fuel Rod Design

Total length ot 848 mm
Fuel length : 698 mm
Gap size of pellet-cladding: 0.30 mm

(4) Irradiation Conditions

Linear Heat Rating i max. 540 W/em

average 400 W/cm

Irradiation Cycle : 3 cycles

Burn Up : max. 2320 MWd/t (200 GJ/g)
average 1720 MWwd/t (150 GJ/g)

Fuel total powef level : 60 kW

Electric conductance : 0.3 ul/cm

bissolved oXygen : 33 ppb

PH : 7.0

Clad inlet pressure : 9.2 MPa

Total inlet flowing water : 44 kg/min

Fuel outlet temperature : 285 °C

Fuel inlet temperature : 269 °C

Clad outlet temperature 272 °C

Clad inlet temperature : 256 °C
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Table 2 Impurities in the UO; pellets.

(ppm)
Element Specification Type of pellet

A B C D E ¥
Fe 2200 180 175 180 175 170 175
Mg =100 16 14 16 14 15 10
Mo < 50 2 3 2 2 3 2
N 2200 38 32 28 33 38 28
Ni £ 70 8 8 9 7 8 7
Pb <100 1.2 1.4 1.2 1.4 1.2 1.2
Si £200 18 20 19 20 25 24
Volatile 260 ul/g 14 11 12 8 12 17
impurities
Dy+Eu+Gd+Son - 0.2 0.2 0.2 0.2 0.2 0.2

—-12 -
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Table 10 Effect of the pre-irradiation grain size on

densification.
Sample ¥ b
Grain size : (um) 4.6 9.4
Density : (%TD) 95,22 95.60
Pore size : (um) 11.1 16.2
Pore size distribution : unstable metastable
Densification (%ID) 2.0 > 0.4
Table 11 Effecf of the pre-irradiation pore size on
densification.
Sample ' : D E
Pore size ¢ (um) 16.2 25.7
Pore distribution : metastable stable
Density : (%TD) 95.60 95.85
Crain size ¢ (um) 9.4 10.9
Densification : (XID) 0.4 > 0.2
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(1)

(11)

Fig. 6 U0, pellets dismounted from the Rod.
(I) Placed at low linear heat rating (<400 W/cm)
(II) High linear heat rating (I 540 W/em)
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Fig. 7 Rod spring after irradiation
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Fig. 8

JAERI-M 7210

Photomicrograph of the pre-irradiated UQ, pellets.

Etched ; Hy0,/H,S0,=8/1 solution. Magnification of the

picture were in all the same.
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Fig. 9 Photomicrograph of the post—irradiated, etched U0y

pellets. Etching solution j H,0,/H,50,=8/1




i
v
i
v

i
!'
|
!
i
1
|

JAERI-M 7210

Fig. 10 Photomicrograph of the pre-irradiated, unetched UO,

pellets.
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Density change (Resintered)

JAERI-M 7210

Qb
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BO

Density change

%TD

Fig. 19 The relation of density between in-reactor and out-

of-reactor resintering test.
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Fig. 20 Comparison of density change with in-reactor and

out-of-reactor resintering test.
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Fig. 23 The relation between initial density of each specimens

and density change (densification).
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Fig. 24 The relation between initial porosity of each specimens

and density change (densification).
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