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« INTRODUCTION

The actual fabrication of the fuel elements for the Argonaut
eactor of the Instituto &@ Bngenharia Wuclear, Ric de Janeiro,Gb, has
een aserited to the Division of Nuclear Metalluwgy of the Instituto de

nergia Atomica. The Division was established early in 1962 with the
cope of carrying out experimental studies in nuclear metallurgy in
eneral and fuel element fabrication particularly under the program of

he Comissic Nacional de Energie Nuclesar.

The Division took full responsability of the complete fabrication

f the Argonaut fuel elements,starting with the required materials (20%

8 :
nresent agreements: aluminum powder imporited from Francegand

nriched ﬁgﬁ powder, ab@aiﬁﬁﬁ from the U,8. Atomic Eunergy Commisslon,

uwnder the

and plates Ffabricated under specifications by & local

)
razilien integrated plant).

Many difficulties had to be overcome in the sarlier stages of the
evelopment work, chiefly those related to irregular and erratic bee

‘haviour in the roll bonding of the picbture frame sets.

The 1 aupaz describes the experimental work carried out with cermets

L]

T 630g of naturs. isotope content and aluminun powder. The development

ork was aimed directly towards the determination of the ?aramaﬁerﬁ from
bwhich the details of the menufacturing procedure vould finally be €5 o
‘°ab}i$h@d§ before the asctual fuel plates were to be produced. L COMe

lete mock-up fuel element with natural isotope content was produc d,both

.-

ne fabrication process and to supply

'ﬂc check every imporitant step in t

?¢he essential experience for accountability problems.



SELECTION OF THE FABRICATION PROCEDURE

The process originally adopted by the Argonne National Laboratory
;) for the production of the Argonaut fuel plates was the extrusion of
‘mixture ot UBOS and aluminum powder, in aluminum containers, with proper
vices to prevent the cladding from flowing into the core naterial at
e trailing end. A lohg'etrip with the desired cross section was e
rdingly obtained, from which .he actuzl plates were cut to proper sigzes,

been found (3) that when oxide was substituted by UC_ there was

:

pprecicole rate of reaciion between UO2 and aluminum.

Suc: tec! nigue could be ezsily fellowed here, in one
> :
A

Pee alw.onum processing mills of the Sao Paulo area.

orocedure has been used for the production of
ates, it does present an inherent inconveniencey; namely
ding &t the ends of the cut plates, as the core is
vhere the long strip was cut.
uner
power operation, the authors decided that a complete cladding would
a4 highlr desirable feature for the IEN Argonaut fuel elements since
‘;Kﬂ (t.mal) power was contemplated. Consequently, this easy ap=-
yach to the fabrication procedure was dropped and two other alfer-
atives were studied, viz.: 1) roll bonding of picture frame sets with
‘thick cermet inside; and 2) cast cladding the cermet with a suitable
uminum alloy into amsspecially designed ingot mold, following the
lcOeasful idea developed by Bergua et al ( )'7 A% “hfubnme Hatiohal
Boratory.
difficulties were found during the earlier stages of the
fferimental work with picture frame sets, chiefly those related - to
;-roper bonding of the compenents during hot rolling operations.
se difficulties were later proven to be associated with faulty fil-
g of the insert space, inadeguate side welding of the assembled set
to retained humidity in the core, which was responsible for large

isters in the final rolling operations.

The feasivility of the cast cladding alternative was also eX-
nsively studied. Although some excellent plates were obtained, in-
uding several ones with only about the half of the desired core

hickness, the rather strict specification for face claddi:g thickness
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peration for the production of UBOB; b) the fineness of the produced

308; ¢) the fineness of the aluminum powder; d) the conditioning oper-
tion, done in large rubber lined jars with hard rubber balls; e)charge

d die lubrification; and f) the die geometry and compaciing pressure.

The first experimental delerminations were made with a die
or the production of 10 mm diameter cylindrical pellets. Once  the
gSential data were obtained, larger rectangular bagsed dies were used
é:.the experimental production of cermets whose largest dimension was
1ése to the desired width of +the core; such pellets were assembled

gewise into the frame and have thus enabled the experimental determi-
nation of the spreading coefficient of the core in the hot rolling oper=
tions. These data were of importance for the design of the final die,

ich is to be used for the actual fuel plate production.

The behaviour of the cermets in the final mock-up plates,
s well as during the further fabrication steps, was the criterion for
etermining the set of conditions in cermet preparation which should be

etter used.

_ The results have shovm ‘that strict control of the calecining
tep, both of terperature and of time, was essential to afford reprodu=
ibility of the compacting step results. It has been found that i
leining under 750°C during 2 hours produced a U308 powder whiqh accountn‘;
for rather severe blister formation in the final annealing operations
the cold rolled plates. An electric muffle furnace was used for the
leining of the ammonium diuranate, loaded into two dishes, each of
1ich with the capacity of 2,5 kg of ammonium diuranate. Once cooled
:e unloadec charge, it was sieved through 200 mesh, the oversized

action being diverted to other studies, -

- Aluminum powder has also been classified in a 100 mesh screen.
yarser aluminum powder has shown the trend of producing non uniform dis-

rsion in the final rolled thin core.

The conditioning step is also of prime importance.
rst tests done in a polyvinyl jar with hardened steel balls gave er-

tic behaviour in the final roll bonding with the face plates. The

St results were obtained preparing the charge in a 3,5 dm3 rubber lined ﬁ
ar, tightly closed, into which a constant load of rubber balls were put -

together.  Wilkinson (5) has shown the superiority of the results  ob-
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It hau been found that the presence of even small oracks
1.

n the compact would impair the plastic behaviour of the pre-sintered
ermet during roll bonding. Due attention wes paid at the conditioning
bep so thet the charge could be‘p¢c ssed upnder low pressures for not

,Q;ingv its inherent hot plasticity and still reaching the required

-ensity, dictaded by mass requirements of the plate.

xhé experimental results obtained in the course of experi-

tai plate production supplied the vprww‘ ing coeficient of the core
urvng hot and cold rolling, to meet the design specifications of the
nel thin core. With those data it has been possible to design the
nal larég prismatic die, through which the actual 8ingle pellets for

Argonaut plates are being produced.

thi 5C T

An importunt step introduced in the fabrication procedure

: o)
pre-sintering of the compacts, under argon atmosphere at 500°C,
continuous electric tubular furnace. This furnace was designed by

§ Division and built by a local manufacturer.

Slow heating to the sintering temperature and further slow
ooling to room temperature hss been provided to avoid cracks due to
he thermal gradient stresses. The operation is done in le arge rib=-
‘ttomed graphite boats of special design to avoid distortions during
e gperation.

The pre-sintering does not alter substantially the cermet
gﬁsity but improves appreciably its high temperature plasticity during
he roll bonding operation, It is effective also in driving off  the

' ure and volatile constituents left by the lubricant added,
esent, will cause blister formation in the rolling oper-

fter the bonding has been achieved.

; 7. e
The rates of heating and of coolling are of about 600 C/hr
nd 400°C/hr respectively and the charge remains about 60 minutes in
; ; o} - <
he maximum temperature, of 600°C, Final cooling %o roonm temperature,

$Vaffcrded by the long water-cooled chember at the discharge end of
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rmets had the éaméi%bfél mass of U308 re@uired‘fof the actual Argohauf
el plates. The final data obtained from these plates, rolled down
the specified final thickness, supplied the réquired information on

e spreading coeficient for the final design and construction of the

mpacting die which is to be used for the production of the actual fuel

ates. Experimental plates produced with this final die have shown

that in the rolled plates the core width does not present fluctuations

more than 0,1 mm of the expected.
 § 7

The hot and cold rolling operations were done in the Stannail
n four-high rolling mill. It bas been found experimentally that
¢ heavy passes iended to warp the plates unduly; that too light passes
Buld difficult the roll bonding and work harden the stock at a fast
The hot rolling is better accomplished with one light starting
ass followed with fairly heavy passes to assure the complete bonding of

he componentse.

After hot rolling is completed when the plate is 3,5 mm
hick, a light anneal is done in an electric muffle furnace at  the
mperature of 580°C during 20 minutes, after which final cold rolling

own to the final specified thickness is done.

IISPECTION AND PINISHING OF THE MOCK-UP PLATES

After the final cold rolling, the plates are thoroughly
hecked for any cventual defects and the actual rore position is deter-
ined by ausoradiography. With the fabrication procedure previously
escribed, there are no end defects which could impair the performance

the fuel plates in reactor operation.

The final cutting operations by edge and end trimming is
one \carefuily in a Do-All type mechanical saw. A special jig fixture
hias been provided for the finishing of the cut plates into the final
pecified dimensions. The plates are then cleaned first with solvents
for removal of residual lubricating oil, pickled, and then throughly
washed. Jhe plates are subsequently punched for the openings, in a
sﬁecial jig fixture to allow complete recovery of the punched out disks
Gntaining the core, Pinally, each plate is marked with proper final

dentification marks.
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CONCLUSTONS

1., The fabrication of fuel plates completely clad at their
nds for an Argonzut reactor which is expected to operate at the 10 kWt
wer level, was studied extensively, both by cast clzadding and roil

mding of picture frame techniques.

The main difficulty found with cast cladding was the
ss inclusions, which are responsible for localized punctur-
the foce clsdding, only 0435 mm thick.
3. Doll bonding of pi&ture frome sets
minus 325 mesh

&
#

i
o

pre sinvered cermiet of high dengity 50
&

100 nesh aluminum powder, ass production

the quantitative de=

fabrication wveriables the yield, reproducibility

gquality of the plates, a5 well as of the parameters
ign of the dies and of the picture frame 3T
studies, the chargese used were prepared in various

ural isotope content U,0, and aluminum powder,

%8

5. The cmmpactlon of properly conditioned charges was
the obtained results indicate that for the mixtures in
fron 40 to 60% U0ys the censity varies with the pressure
to thie eguation (15 (pg. 6). The density of pellets produced

aluninun and 53 of 20 enriched U 0 to be used “in the

83
£ Fhec actual fuel plates for the reﬁctor, agreed fairly

with the results of the experime

6. The pre sintering of the pellets, done in a continuous
“ectric furnace of local construction, under agssured freedon
Ton blisters in the fabrication steps. The & i1id of - the
icture frame sets was found in the plates cold rolled % inal

iickness (2,5 mm).

ylates was b Mogcﬂenus an

i
ajor irregulur.ties were found by metallographic exanination of

, 2 o)
and corrosion tests at 65 C in

osed unexpected abnornalities.
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AMMORIUM DIURANATE
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- Flowsheet of the fabrication procedure.
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