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The specifications on Fast Breeder Test Reactor (FBTR) fuel pellets have

two apparently contradictory requirements viz. 1. Formation of homogeneous

solid solution between U0 and PuO which can only be achieved by high
2 2

temperature sintering and 2. Density of sintered pellets In the range

cf 92 + 12 T.D. which is normally achieved by low temperature sintering.

Deactivation of starting powders under CO or addition of volatile pore
2

formers to the powders are the two methods which have been developed for

lowering the density of the pellets without reducing the sintering

temperature. Two alternative fabrication routes utilizing these processes for

manufacturing of FBTR pellets are described in this report.

1. INTRODUCTION

For the Indian Fast Breeder Test Reactor (FBTR), a mixed oxide

fuel (MOX) of enriched U0 with 30 wtZ PuO was initially considered as
2 2

the driver fuel. The development work of this fuel was carried in the

Radiometallurgy Division, BARC, with natural U0 and 30 wtZ PuO powder. The
2 2

three major specifications that had to be achieved were: (i) density of

sintered pellets in the rang* of 92 + IX Theoretical Density (T.D.), (li) an

oxygen to metal ratio.of 1.97 + 0.02 and (ill) a complete homogeneous solid



solution between UO and PuO . Fabrication of the pellets meeting all these
2 2

specifications needed considerable development effort in modifying the powder

characteristics, powder mixing, pressing and sintering procedure. For

obtaining good homogeneity in UO and PuO during mixing and for obtaining a

homogeneous solid solution between UO and PuO , a long grinding cum powder

blending operation and a sintering soak of 4 hrs. at 1923 K was found

necessary. But such a treatment resulted in pellet sintered density of over

95% T.D. Two alternative routes that have been developed to fabricate pellets

in the density range of 92 + IX T.D. without reducing the sintering

temperature, have been described in this report.

2. STARTING MATERIALS

All the experimental work mentioned in this report was carried out with

natural UO and PuO powders obtained from Nuclear Fuel Complex (NFC),
2 2

Hyderabad and Fuel Reprocessing Division (FRD), BARC, respectively.

The UO powder was produced through standard Ammonium Diuranate route
2 2

(ADU) and had a surface area of about 3 m /g. This powder generally sinters

to a density of 94% T.D. when sintered at a temperature of 1923 K for 4

hours under (A-H ) gas mixture. The PuO powder was obtained through air

calcination of plutonium oxalate at 823 K and had a surface area of

over 10 m /g.

3. DEVELOPMENT OF FUEL PELLET FABRICATION ROUTE

3.1 Blending of UO and PuO powders

Weighed fractions of UO and PuO were mechanically mixed in a planetary
2 2

ball mill in 500 g batch size. The time required for obtaining a homogeneous

mixture was determined by drawing random samples after certain time intervals
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and chemically analysing then for gross plutonium homogeneity. Also, sintered

pellets fabricated out of powders mixed for different lengths of times were

checked in both longitudinal and radial sections by alpha-autoradiograhy for

presence of any plutonium rich cluster beyond SO pm diameter• A method of

Incremental addition of UO to FuO , and a total grinding cum blending time of
2 2

two hours gave very good Pu-honogeneity in the powder lots and resulted in

sintered pellets free of any Pu-rich clusters.

3.2 Pellet Compaction

To obtain a free flowing feed material suitable for automatic double

acting compaction into pellets of uniform green density, mixing of lubricants

with the powder, precompaction, granulation and selection of granules in a

close size range were very necessary. The effect of precompaction pressure to

final compaction pressure ratio, effect of granule size ranges on the final

quality of pellets etc. have all been described in detail elsewhere [1]. A

precompaction pressure of 75 MPa, granule size in the range 500 pm to 1200 ym,

and a final compaction pressure of 300 MPa were found to give good quality

pellet, free from all defects, after sintering. Zinc behenate at 1 wtZ,

admixed to the powder, eliminated the need for any further die wall

lubrication during pressing of the green pellets.

3.3 Sintering of Green Pellets

Green pellets were sintered under (A-H ) gas mixture at various tempera-
2

tures ranging front 1773 K to 1923 K. The H 0/H ratio of the sintering gas was
- 4 - 5 £ 2

maintained between 10 to 10 at the inlet so as to get an 0/M ratio of 1.97

for the sintered pellets. Radial and longitudinal sections of pellets were

checked for any Pu-rlch cluster by alpha autoradiography. The solid solution

formation between U0 and PuO were studied by X-ray diffraction technique in
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terms of Copper K (alpha 1 - alpha 2) resolution of (531) reflection after

adjusting the 0/M of the pellets to 2,000. A resolution parameter of 0.88 as

shown in fig. 1 indicated complete solid solution formation between U0 and

PuO [21. It was observed that (UO -PuO ) solid solution formation was
2 2 2

complete only after sintering at a temperature of 1923 K for 4 hrs.

Unfortunately, this temperature of sintering resulted in a sintered pellet

density of over 95Z T.D. which was far beyond the acceptable limit of FBTR

specification.

To bring down the sintered density of the pellets to 92Z T.D. without

reducing the sintering temperature, two different approaches were tried

(a) Deactlvation of the starting powder by various thermal treatments.

(b) Addition of volatile pore formers to the powder mixture in
regulated quantity.

These are discussed in detail in the next two sections.

4. DKACTIVATION OF POWDER BY THERMAL TREATMENTS

Deactivation means reduction of the sinterability of a powder by reducing

its surface area with some thermal treatment.

Due to the large surface area of PuO , addition of PuO to UO was found
2 2 2

to enhance the sintered density of the powder. Milling of the powders In the

planetary ball mill further increased the surface area. To deactivate the PuO

powder i.e. to reduce the surface area of PuO , the powder was air calcined at

higher temperatures from 1073 K to 1473 K, and then mixed with U0 for the

fabrication of (U0 - 30 wtZ PuO ) pellets. Fig. 2 shows the reduction in
2 2

sintered density of the HOX pellets with PuO calcination temperature. Since
-*-



calcination of PuO powders even at a temperature of 1473 K did not bring down

the sintered density of the MOX pellets below 92.5X T.D., deactivatlon of

physically mixed UO -PuO powders were tried under (A-8Z H ) and CO

atmospheres. Fig. 3 shows the reduction In final sintered density of

pellets with deactivatlon treatments of the MOX powder under (A-H ) and

CO atmosphere. In Table 1 the sintered density values of MOX pellets
2 »

prepared by deactivating the powder mixture in different atmosphere and
temperature are given.

Both from the above table and figures, it is evident that CO deactivation
2

treatment Is much more effective in reducing the final sintered density of the

MOX pellets. The additional deactivatlon effect In CO atmosphere is expected

to be due to increased chemisorptlon of CO on the powder surface which might

block the micropores or surface cracks on the powder or cause some incipient

sintering of the powder under oxidizing atmosphere.

A CO deactivatlon treatment of mixed powder at 1193 K resulted in

MOX pellets with sintered density of 92 ± 0.75Z T.D. when sintered at

1923 K for 4 hours. The UO and PuO were in completely homogeneous solid

solution. The 0/M ratio of the pellets also could be controlled by proper

control of H 0/H ratio in the sintering furnace atmosphere as
2 2

mentioned earlier.

The C02 gas used for deactivation of the nixed powder was first dried by

passing over silica gel and then through molecular sieve towers to a moisture

content of less than 5 vpm. This was necessary to avoid any increase in 0/M

ratio of the powder [3].

Deactivatlon treatment of mixed powder with dry CO resulted in
2

excellent dimensional regularity of sintered pellets. The results were very
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well reproducible. For an average pellet' diameter of 5 mm, the overall

diameter scatter In the entire campaign was within + 0.05 mm. With a little

effort it may be possible to fabricate pellet with such regular dimension

that centreless grinding nay be eliminated.

5. USE OF VOLATILE POKE FORMERS

An alternative route for the fabrication of (UO -30 wtZ FuO ) pellets with
2 2

volatile pore formers has also been developed. The fabrication of controlled

density and controlled porosity pellets had earlier been successfully tried

with UO [4]. The work was extended for the fabrication of FBTR pellets also.

Required quantity of polyvinyl alchohol (PVA) in the size range 30

to 70 pm was blended with the mixed powder and then the normal route of

pellet fabrication by cold compaction and sintering was followed with an

Intermediate slow heating period in the temperature range of 623 K to 823 K to

remove the volatile pore former. With proper control of the amount of pore

former, density of pellets could be controlled very closely to 9ZX T.D. Fig. 4

shews the decrease in density of pellets with weight fraction of the pore

formers added.

6. D I S C U S S I O N

Both deactivation of the physically mixed powders of VO and 30 wtX PuO
2 2

or addition of volatile pore formers with the powders, have been found to be

suitable for producing good sintered MOX pellets for FBTR. The atmosphere,

temperature and time of deactivation of the powders are the three important

parameters affecting the final sintered density of the pellets. Out of the

various atmospheres studied, deactivation in CO has been found to be most
2

effective in the sense that sane reduction of final pellet sintered density
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could be obtained at a much lower deactlvatlon temperature. The remarkable

dimensional regularity of the sintered pellets that have been obtained by CO

deactivation of powders may be because of lower moisture content in the

powders after deactivation or due to the higher green density of pellets that

is obtained using deactivated powders compared to the green density of pellets

compacted from as received powders.

The main advantage of fabricating pellet with volatile pore formers Is

that no additional step is introduced in the fabrication flow sheet. But this

method is not as versatile as deactivation method due to the fact that

deactivation method can be applied even for making commercial Fast Breeder

pellets with density In the range of 85% T.D., whereas the pore former

addition method has not been round to be suitable for making such low density

pellets. The amount of pore former to be added for making 85% T.D. pellets Is

In the order of 3-4 wtZ and with such high percentage of pore former, the

quality of pellets are found to be very poor. Moreover, additional problems

like complete evaporation of the pore former from the pellet, trapping of the

evaporated pore former outside the furnace, etc. have to be carefully looked

into. Hr-'ever, for producing 923! T.D. MOX pellets this method appears to be

more pro., ing. The two alternative flow sheets are shown in figure 5.

7. C O N C L U S I O N S

Two alternative routes, both suitable for fabrication of pellets with FBTR

specification, have been developed. Though deactivation of powder with CO

seems to be a more versatile method, due to the increase in the number of

steps in the fuel fabrication flow sheet addition of about 1 wtZ PVA as

volatile pore former for the fabrication of FBTR pellets of 92% T.D. is

prefered as no extra steps are involved in this. Both routes produce pellets

of excellent quality.
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FIG 5
TWO ALTERNATIVE FABRICATION FLOW SHEETS FOR MOX FUEL
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Sr.
No.

1

2

3

4

5

6

7

8

Effect of

Atmosphere
of powder
thermal
treatment

As milled
for 2 hrs.

A + 8 v/o H2

A + 8 v/o H2

A + 8 v/o H2

CO2

CO2

CO2

C02

thermal treatment of powders

Temperature
of thermal
treatment
of powder

—

1173

1273

1473

973

1123

1193

1248

Surface area
of powder
(m2/g)

5.45

-

-

-

3.84

2.26

1. 13

-

TABLE 1

on sintered density of (UO?-30 wt%

Mean sintered Mean diameter
density and of sintered
maximum scatter pellet and

<*

95

95

94.5

94

95

94

92

89.5

T.D.)

1.10

1.00

1.00

0.50

1.00

0.60

0.75

0. 50

maximum scatter
(mm)

4.28 0.07

4. 24 0. 04

4.24 0. 04

4. 24 0. 02

4. 30 0. 07

4. 34 0. 07

4.38 0.05

4. 40 0. 05

PuO2) pellets

Densification
parameter
S.D. - G.D,
T.D. - G.D.

0.895

0.895

0.880

0.867

0.894

0.868

0.81u

0.790


