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INTRODUCTION

For more than 20 years, CERCA has been manufacturing MTR fuel plates
and fuel elements. 200.000 fuel plates have thus been produced and irradia-
ted in reactors of 15 countries through the world, including the U.S.A. and
JAPAN.

On the way to the use of LEU in research reactors, we have adapted our
fuel plate fabrication technology and developped new fuels in order to achie-
ve high uranium densities in the meat. These technological developments have
been performed on our own funds.

Aluminide (U Alx), Oxid e (U 0 ) and Silicide ( Si, Si U Si Al)
3 3 3 2 3

fuels have be en successfully developped. Upon completion of he aluminide
and oxide developments, we have intensified our effort on silicide fuels.

After a brief review of the technological results obtained with
U Alx and U 3 08 materials, we shall examine into more detail silicide fuels

results. Then, we shall look at the irradiation status of these various
fuels.

1 U Alx AND U 3 08- : REVIEW OF CERCA TECHNOLOGICAL RESULTS.

The technological development work on U Alx and U 3 0 8 was comple-

ted about one year ago: With these fuels, the following maximum densi-
ties can be achieved on industrial scale

(See table )

- 22 to 23 g U/cm3 with U Alx

- 32. g U/cm3 with U 0
3 

These maximum loadings correspond to about 50% of the volume avai-
lable in the fuel plate core.

Any meat thickness between 0.5 and 1.5 mm can be obtained.
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Homogeneity of uranium distribution stands within the most
severe specifications in application for HEU and dog-boning is either
absent or kept to a low level, perfectly within usual specifications.

For these U Alx and U 3 08fuels, irradiation tests are underway.

(See table 2)

2 CERCA SILICIDE FUEL DEVELOPMENT STATUS

Since aluminide and oxide development completion, we have concentra-
ted our effort on silicide fuels. Three types of sicides have been

studied (Fig. 

- 3 Si2 (which contains 74 W% Si)

- 3 Si Al it 3.5 W% Si and 1.5 W% Al)

- U Si 4 W% Si)
3

Feasibility of full size fuel platesfabrication has been demons-
trated for each of these fuels. For U 3 Si2 the process is ready on

industrial scale. Industrialization of the process is still underway

for U 3 Si Al and U 3 Si.

As for U Alx and U 081 the silicide fuel developments have been

performed in the MTR workshop. The full size fuel plates have been
fabricated by the same people using the same basic equipment as for
current highly enriched productions.

We are going to examine successively the results obtained with

U3 Si 21U3 Si Al and U 3 Si compounds.

2.1. U 3Si Fuel

Plates containing 5.Og U/cm3 as U 3 Si 2 have been successful-

ly fabricated as can be seen on slide 1. This slide shows
micrographs taken in the current part of the meat and in
the dog-bone areas at the core ends. The meat thickness is

.0.51 mm. Dog-boning is low. As it can be seen on the

enlarged view of the core, the fuel grains are well sur-
rounded by the aluminum matrix which is continuous.

Homogeneity of uranium distribution is shown on Figure 2.
The X-ray absorption measurement record has been obtained
by scanning the plate along one line in the longitudinal
direction. The X-ray beam has a diameter of 3 mm, which is
severe since most reactors ask for surface loading toleran-
ces on a 0 mm diameter spot or on a cm2 area.
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In order to avoid missing detailed information about the
homogeneity of uranium distribution, we think better to
use the 3 mm diameter spot instead of 10 mm for our R and D
work, which will not be necessary later for most reactors.
Despite this severe testing, the record stands within the
tolerances of 20% withjout�difficulty.

We are ready to fabricate these plates on industrial scale.

2.2. U3 Si Al fuel

Slide 2 shows micrographs of a plate loaded to 54 g U/cm3
as U 3 Si Al fuel dispersed in aluminum. The meat thickness

is 0.51 mm and there is no dog-boning. The matrix is conti-
nuous.

Slide 3 corresponds to a full size fuel plate loaded to
6.6 g U/cm3. The meat thickness is 0.55 mm and, again, there
is no og-boning problem.

The matrix is at the limit of becoming discontinuous. The
fabrication process of this fuel is very similar to the U 3 Si

process.Uranium densities up to about 66 g/cm3 can be
achieved in satisfactory conditions.

2.3. U3 Si Fuel

Of course, the most promising fuel as far as high uranium
densities are concerned is the U 3 Si compound which has

the highest U content of all the silicide compounds.
Thanks to this fuel, full size fuel plates containing from
5 up to 74 g U/cm3 have been fabricated.

The critical points of the fabrication process have been
solved. Some steps remain to be industrialized but do not
present fundamental difficulties.

Up to 68 - 7 g U/cm3, the fabrication of such plates will
be feasible in normal conditions. However, above that loa-
ding (ie. between 68 7 and 74 g U/cm3) , the meat thickness
becomes less constant as can be seen on slide 4.

This slide presents micrographs taken in the current part
of the meat for loadings of 68 and 74 g U/cm3. The meat
containing the higher loading exhibits greater thickness
variations than the one containing 68 g U/cm3. At the
higher loading, the fuel grains occupy more than 50% of the
meat volume. As far as fabrication yield and reproducibility

are concerned, we think that the reliability of the process
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above 68 - 7 g U/cm3 will not be as good as below this
loading.

Nevertheless, at 74 g U/cm3, dog-boning remains within ac-
ceptable limits as can be seen on slide 5. The ondulated
aspect of the core is confirmed by the X-ray homogeneity
record (Fig. 3 which, as already explained, has been per-
formed with a 3 mm diameter scanning spot. Homogeneity of
uranium distribution is still standing within acceptable
range.

From what has been previously seen, U 3 Si fuel allows higher

uranium densities in the meat than U 3 Si Al. Therefore,

U3 Si Al would be worthy mainly in the case its irradiation

behaviour would be better than the one of U 3 Si.

3 CERCA IRRADIATION PROGRAM STATUS

The various types of fuels previously mentioned are being or
will be tested under irradiation. These tests are conducted on
full size elements and full size plates.

3.1. U Alx irradiation

In the middle of October, the U Alx irradiation status
was as indicated in table 2 In this table it is
worth pointing out the following elements 

- The 45% enriched element named SAHU 001, loaded to
2.2 g /Icm3 has been successfully irradiated to an

average burn up of more than 50% in the SILOE ractor
core. This element which has the highest loading
ever irradiated in a full size element containing
U Alx is presently under post irradiation examination
at the SACLAY nuclear center near.PARIS. More details
about this irradiation are given in the paper presen-
ted by Mr, MERCHIE from the French CEA.

- The first of the three medium enriched elements
delivered to the ORR, with a loading of 1.7g U/cm3,
has completed its core lifetime at an average burn-
up of 72%.

- The third of these three elements, which has been
intentionally fabricated with dog-boning outside
specifications, has already reached an average burn-
up greater than 40%. This element corresponds to an
attempt to enlarge fuel specifications for the future
and consequently to a step towards cost reduction.

- The low enriched elements containing thick plates
loaded to 20 g U/cm3 and irradiated in the HFR PETTEN
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had reached respective average burn-ups of 48% and
44% by the mid October.

- The 20 lw enriched fuel elements delivered to the
FORD NUCLEAR REACTOR are participating to the full
core experiment.

Up to now, all the U Alx fuel elements of this table
that have been put in core have satisfactorily under-
gone irradiation. This confirms the good behaviour
of this fuel even at much higher loadings than in
current HEU fabrications.

3.2. U 308 irradiation

As can be seen in table 3 CERCA irradiation program

for U 3 08 was originally including tests in the SILOE

and HFR PETTEN reactors. Since the development of sili-
cide fuel progressed more quickly than previously ex-
pected and the first irradiation test results on ANL
miniplates were encouraging, it was decided to post-
pone these U 3 08 irradiationsin order to test silicide

fuels sooner. This is why two fuel elements only have
been kept in the program, as a back-up solution in case
silicide fuel irradiation would not be successful. These
two elements loaded to 32 g /cm3 of LEU have been fa-
bricated and delivered to the ORR. Their irradiation
should begin by the end of this year.

3.3. Silicide fuels irradiation

Table 4 presents the silidice irradiation program status.

3.3.1. U3 Si2

Two full size fuel elements are presently under
fabrication for the ORR. The fuel plates have
been manufactured. They contain 48 g/cm3 of LEU.
These two elements will be delivered by the end
of this year and start irradiation in February 83.

3.3.2. U3 Si

As far as U 3 Si fuel is concerned, irradiation has

started in the SILOE reactor. Since the Safety
Commission had required that four plates be tested
prior to irradiation of a complete element, a
special fuel element containing four removable
full size fuel plates was designed. Two fuel pla-
tes contained 5.5 g U/cm3 and the two others
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6.0 g U/cm3 as LEU U3 Si dispersion. This special
fuel element was put in the SILOE reactor core in
June 1982. At the present time this element is
undergoing its fourth irradiation cycle. The ave-
rage burn-up is about 20%.

At the end of the fourth cycle, the fabrication of
a complete fuel element (with 23 plates) will be
decided.

Other U3 Si fuel elements will be fabricated for

the HFR PETTEN and also BR 2 (Belgium)reactors
with U densities between and 6 g/cm3 for the
HFR PETTEN and 71 g/cm3 for the BR 2 Belgium.

CONCLUSION

As a conclusion table summarizes the present situation.
CERCA is in position to provide on industrial scale

U Alx, U3 08 and U3 Si2 fuels with uranium densities up

to 5 g/cm3. New equipment has been installated in our
MTR workshop in ROMANS for this purpose. For densities
between and 74 g U/cm3, pilot technology is available.
Development is carried out towards industrialization of
U3Si fuel production.

The commercial availability of these fuels depends on
their qualification by post irradiation examination. It
can be seen that aluminide fuel will be commercially
available in 1983, oxide fuel in 1984. As far as silicide
fuels are concerned, their availability will depend on
the number of teststo be performed and the burn-up levels
required by the Safety Commissions to consider the fuel
qualified. These requirements may be different from one
reactor to the other. This is why the corresponding dates
stretch from 1985 to 1988.

The last transparent (Fig.4 shows that the goal of
technological development has been reached. Densities
above 7 gU/cm3 have been achieved.

Assuming silicide fuels reprocessing does not present
major difficulties, it remains to be checked that the
irradiation behaviour of full size plates and elements
is satisfactory at the highest loadings Irradiation
testing of these fuels is underway on full size plates
up to densities of 6 g U/cm3.
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TABLE UALR AND U308 TECHNOLOGICAL RESULTS

U Alx U3 08

U. Density up to 22 to 23 up to 32
(g/cm3)

Meat thickness 0. t 1.5 0.5 to 1.5
(mm)

C. E. R. C. A. UALX IRRADIATION PROGRAM STATUS OCTOB 82

U
REACTOR DENSITY ENRICHMENT NR OF ELT. MEAT THICK. IRRADIATION AVERAGE

START END BURN-UP
(glcm3) (t) (mm)

OSIRIS 1.7 93 A FEW 0.51 1972 1973 5815.PLATES

SILOE 2.2 45 1 0.51 FEB. 1981 NOV. 1981 50.4

I JULY 1981 COM[ILETED OCT. 82 72
0 R R 1.7 45 1 0.51 NOV. 1981 COMPLETED APR, 82 56

1 APRIL 1982 IRRADIATION IS > 40
GOING ON

HFR PEVEN 2.0 20 1 1.32 JAN. 1982 COMPLETED 48
1 GOING ON 44

2.0 1
0 R R 20 1.50 NOT STARTED YET

2.3 1

FNR DETROIT 1.8 21 20 0.76 DEC, 1981 imuimoN is
GOING ON
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IABLE 3 U 3 IRRADIATION TESTS OCTOBER 1982

BEGINNING OF AVERAGEREACTOR DENSITY ENRICHMENT NR OF ELT, MEAT THICK IRRADIATION END OF BURN-UP
(g/cm3) M (mm) IRRADIATION M

OSIRIS 1.6 93 A FEW 0.51 1972 1973 58.5
PLATES

3.2 20 2 0.76 END 1982 ELEMENTS DELIVERED
TO .R.R.

SILOE 3.2 20 POSPONED IN ORDER TO IRRADIATE U3SI FIRST

11FR ETIEN 3.2 20

OCTOBER 1982
TABLE 4 U3 St IRRADIATION PROGRAM

AVERAGE
U. ENRICHMENT NR OF ELTS MEAT THICK. BEGINNING BURN-upREACTOR DENSITY

(g/cm3) (mm) IRRADIATION

SILOE 5.5 20 2 PLATES 0.51 JUNE 1982 20
6.0 2 PLATES

SILOE 5 - 6 20 1 0.51 1983

0 R R 4.8 20 2 0.51 BEG. 1983

HFR PETTEN 5 - 6 20 UNDER CONSIDERATION

BR2 ML 7.1 20 UNDER CONSIDERATION
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TABLE 5- NOV. 82
- FUEL DEVELOPMENT AT CERCA

FAB. TECHNOLOGY P.ItE. COMMERCIALLY
FUEL AVAILABLE

INDUSTRIAL PILOT RESULTS
(AFTER PIE)

U ALX up To 22 1983 1983

U3 08 3.2 1984 1984

U3 S12 5.0 1985 1988 1985 989

U3 SiAL UP To 66

1985 - 1988 1985 - 1988

U3 S 7.4

FIG. 

SILICIDE COMPOUNDS STUDIED AT ERCA

U3 SI 4 W St

U3 Si AL 3.5 w Z Si 1.5 W AL

U3 S12 7.4 W Si

AL POWDER

Si
HEAT SILICIDE CORE

U MELTING CRUSHING PRESSING
TREATING GRINDING POWDE COMPACT

ALI
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X-Ray Absorption Scanning with 3mm dia. spot

+ 2 0

2 0 0/.
400 loo Soo 400 500

5.09 U Ice meat thickness:0.51mm

U3S'2
Fig .2

X-Ray Absorption SEanning with. 3mm diameter spot

+ 2 0 /o

0 r"n
0 400 100 300 400 goo goo

Z4 U/cm5 meat thickness: 0.55 mm

u3si
Fig. 3
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FIG. C.E.R.C.A. TECHNOLOGICAL DEVELOPMENT RESULTS

GOAL

3 5 7 g U/cm3

DEV. RESULTS (TECHNOLOGICAL)

2.2
U.ALx 12.3

U308 -3.2

5.0
U3S'2

U3SiAL 6.6

U3S' 7.4
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