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Developments in fuel fabrication for research reactors

in Brazil

By T. D. de Souza Santos, H. M. Haydt and C. T. de Freitas*

The Divisdo de Metalurgia Nuclear of the Instituto
de Energia AtOmica is presently engaged in the actual
fabrication of the fuel elements for the ARGONAUT
reactor, Instituto de Engenharia Nuclear, Rio de
Janeiro, and for the subcritical assembly known as
“Re-Suco”, Instituto de Energia Atdmica, for lattice
studies.

The fuel elements for-the ARGONAUT reactor
comprise some novel features which will be men-
tioned in a latér section. The “Re-Suco’ assembly
utilizes rather large UO: pellets, which presented
some fabrication difficulties due to their size.

Extensive development work had to be carried out
before the fabrication procedures were properly
worked out. The chief aims were: (a) to determine the
influenice of the main variables on the properties and
behaviour of the cermets and pellets; (b) to establish
the fabrication procedure which would best fit the
existing laboratory facilities; (c) to afford a reasonably
cheap and straightforward fabricating procedure;
(d) to supply the required data from which the metal-
lurgical units could be designed and built under short
notice by local manufacturers; (e) to provide on-the-
job training for the operating staff.

Many difficulties had to be overcome in the earlier
stages of the development work which was started
early in 1962. These difficulties were related mainly to
irregular and erratic behaviour in the roll bonding of
picture-frame sets for the ARGONAUT plates and to
cracks attributed to thermal stresses in the pre-sinter-
ing of the large UOg pellets.

The paper describes the main features of the experi-
mental work done on fabrication of fuel plates con-
taining a cermet of 54.4 9 U3Os of natural isotopic
content and 45.6 9 aluminium powder. Two complete
mock-up fuel elements with a natural isotopic content
were produced and the actual fuel elements with 20 %
enriched U3Osg-Al cermets of the same composition
are being fabricated. The paper describes further the
production of the large UO: pellets for the sub-
critical assembly, and stresses the influence of most
important variables on the properties of those pellets.

ARGONAUT FUEL PLATE FABRICATION
As it was proposed to operate the Instituto de

* Instituto de Energia Atomica Sdo Paulo.

Engenharia Nuclear ARGONAUT reactor at 10 KW
(th), it was considered necessary to provide a totally
clad plate instead of a strip obtained by extrusion,
from which the actual plates could be cut.

Two fabricating alternatives were extensively studied,
namely, roll bonding of picture-frame sets with a thick
cermet inside; and cast cladding the cermet with a
suitable aluminium alloy in a specially designed ingot
mould, following the idea developed by Bergua et al.
[1] at Argonne National Laboratory. Although some
excellent plates were obtained, the rather strict
specification for face cladding thickness did not
encourage the use of the cast cladding alternative.

After a considerable amount of development work
on the roll bonding of picture frame sets a safe and
reliable fabricating procedure has been established
which fully meets the dimensional, physical, structural
and corrosion resistance requirements for the
ARGONAUT fuel assemblies.

Plate specifications

The final plate specifications were as follows:
“meat” composition 54.4 % UsOs (20 % enriched) and
45.6 9, Al powder; UsOg 124.5 g per plate; total Al
216.4 g max. per plate; total weight 340.9 g per plate;
final dimensions of the “meat” 585 to 600 mm long,
68 mm wide and 2.0 mm thick; final plate dimensions
610 mm long, 73 mm wide and 2.40 to 2.44 mm thick.

Production of the compacts

The compacting behaviour of charge mixtures con-
taining various proportions of natural isotopic content
U3Os produced from ammonium diuranate has been
thoroughly investigated by varying the calcining
temperature and time, the grain sizes of the U3Og and
the aluminium powder, the conditioning step, the
charge and die lubrication and the compacting
pressure [2].

The results have shown that strict control of the
temperature and time of the calcining operation was
essential to secure reproducible densities in the com-
pacting operation, which was done in hydraulic
presses in large hardened steel dies.

The conditioning step is also of prime importance,
as it determines the ability of the cermet to withstand
the hot and cold rolling operations during the plate
fabrication. The best results are obtained by preparing
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the charge for 24 hours in a 3.5 1 rubber lined jar,
tightly closed, which contained a constant load of
hard rubber balls.

Pressing is done in a 100 mm X 65 mm die at a
compacting pressure of 0.54 ton/cm? to give a 11.4 mm
thick cermet. The dies are fully lubricated with a
solution of stearine in carbon tetrachloride. It has
been found that the presence of even small fissures in
the compact impair the plastic behaviour during the
roll bonding operations. Therefore attention must be
paid at the pressing step to avoid such cracks.

Pre-sintering of the compacts

An important step to ensure plasticity during the
roll bonding operation is the pre-sintering of the
cermet which is done in argon at 580°C, in a multi-
zone electric tubular furnace (Fig. 1).

Slow heating to the sintering temperature and slow
cooling to room temperature is important to avoid
thermal stresses and related cracks. This operation is
done in large rib-bottomed graphite boats of a special
design to avoid distortions during the operation.

The pre-sintering does not alter substantially the
cermet density but improves appreciably its high
temperature plasticity during the hot roll bonding
operation.

Assembly of picture frame components and
roll bonding

The pre-sintered cermets are wrapped in dead soft
annealed 0.10 mm-thick 1100 aluminium foil before
they are hand set into the frame component which is
machined from 1100 11.5-mm thick aluminium alloy
plate. Special precautions are adopted to ensure
complete freedom from surface defects both in the
frame and in the cover sheets which are cut from
2.0 mm-thick 1100 aluminium alloy plate. The frame
is carefully machined to ensure a tight fit of the
wrapped cermet in the opening.

_ Figure 1. Charging the cermets into the continuous electric
sintering furnace under an argon atmosphere

The cermets are 100 x 64 X 11.4 mm and contain 124.5 g
U308 (54.4 %)

A special jig was designed to assemble the frame
with its core insert and the two cover plates in the
proper position before welding under an argon arc
with a tungsten tip. The welding is satisfactory and
metallographic examination did not show any cracks
or entrapped oxide.

Once welded, the assemblies are soaked for 45 min-
utes in a specially designed electric muffle furnace, at a
temperature of 590°C. Strict control of the tempera-
ture, soaking time and location of the assembled set
within the furnace, are necessary to avoid defects
during the hot roll bonding operations.

The hot and cold rolling operations are done in a
Stannat Mann four-high rolling mill. The roll bonding
schedule is as follows: 59 % reduction by hot rolling,
furnace anneal for 20 minutes, 61 %, reduction by hot
rolling, a second furnace anneal, 61 % reduction by
hot rolling and then cooling down to room tempera-
ture for edge and end cutting. The plates are X-rayed
at this stage to check the proper location of the
“meat” so as to ensure the proper final cutting of the
plate once the cold rolling is completed.

&

Cold rolling, finishing and inspection of the
final plates

After annealing for 10 minutes, the cut plates are
finally cold rolled down to the 2.40 to 2.44 mm final
thickness in the rolling mill. Before they are cut to the
final dimensions through a die, the plates are subjected
to X-ray and blister tests, which are done at 590°C for
45 minutes.

The final trimming and punching operations are
done in proper jigs and fixtures to achieve the dimen-
sional tolerances of the assembled fuel elements.
Figure 2 shows two of the assembled fuel elements.

UO, PELLETS FOR THE“RE-SUCO” ASSEMBLY

The sub-critical assembly will contain 217 alumin-
jum alloy tubes loaded with UOg pellets of natural

INSTITUTO ¢

Figure 2. View of two assembled ARGONAUT fuel elements of
17 plates with a cermet *“meat” of 54-4%, U303-45.6% Al
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isotopic content, of 40.0 +0.2 mm diameter and
39.8 40.3 mm height. Mass requirements for the
assembly called for a pellet density of 6.6 4-0.1 g/cmS.
The total length of the aluminium tube is 1269 mm
and the pellets are loaded into the 910 mm upper
section which has a 44.0 --0.2 mm outside diameter
and a 40.5 4 0.2 mm inside diameter. Each tube will
hold 22 pellets of 330.4 g each. The total weight of
UOz will be 1812.4 kg and 5962 pellets will be
required.

A fabricational procedure has been established
which ensures good reproducibility of the properties
of the powders and pellets and keeps the investment
and fabricating costs within reasonable limits. Very
extensive preliminary studies were necessary to
determine the influence of the main variables and to
establish the fabricational procedure [3,4].

Calcining

Calcining the ammonium diuranate is done in an
electric muffle furnace at a temperature of 875°C for
3 hours. The uranium salt is loaded into alloyed cast
iron trays which hold 2.5 kg each. There is appreciable
grain coarsening during the calcining.

Reduction

The reduction is carried out under hydrogen in
electric furnaces with two independently controlled
reduction zones and a long water cooled chamber to
allow proper cooling of the reduced powder before
exposure to the atmosphere.

The charge is loaded into graphite boats of special
design which are coupled together to form a train
which is moved along the furnace at scheduled time
intervals. The lower reduction zone is set at 300°C
and the upper at 700°C, the boat remains about one
hour in each zone. The entrance and discharge ends of
the furnace can be isolated from the central part
through the closing of special intermediate doors, the
end spaces can then be purged with argon.

Conditioning

In order to meet the density requirements with the
minimum compacting pressure and with the minimum
pre-sintering time, the charge should be conditioned
with extreme precautions.

Conditioning is done in hard rubber lined steel con-
tainers of 5 1 capacity running at 80 rpm over a large
rack. Twelve containers can operate concurrently. The
reduced UO; load in each container is 3 kg and as
grinding medium 6 kg of hardened steel balls of 12 mm
diameter are used. The total conditioning time is
48 hours.

For a powder obtained by reduction under fixed
conditions, the powder density increases with the
conditioning time tending asymptotically to a well
defined value, which depends upon the speed of
rotation, the UOz and the ball charge. The initial tap
density of the reduced powder is 1.6 g/cm3; this
increases with time to 4.5 g/cm3 after 48 hours. The

container is emptied and the conditioned charge is
passed through a 20 mesh screen to break up the
powder lumps.

The conditioned powder is then hand mixed with
29, camphor dissolved in alcohol. The charge is
spread in an enamelled tray and allowed to dry in an
electric oven set at 50°C. As lubricant, 0.5 %, zinc
stearate is added to the dried charge.

Compacting

Low compacting pressures are used to minimize die
wear and consequently pellet production costs. The
charge per pellet is 337.1 g, weighed on a Mettler scale
in a glove box. After removal of the binder and lubri-
cant, the net weight of the pellet will be 330.4 g. The
expected green density is 6.70 to 6.72 g/cm3.

The die is a double floating-plunger type made of
air hardened alloy steel, which is set into a special
fixture which does not allow height fluctuations of
more than 0.5 mm. The compacting force, exerted
through two hydraulic presses operating at the same
time, can vary from 22 to 28 tons. It has been found
that these fluctuations can be attributed to irregular
driving off of the camphor binder. Under the prescribed
operating conditions, the scatter of the densities ob-
tained is within 0.1 g/cm3, which complies fully with
the specification presented in the beginning of this
section.

Figure 3 shows the influence of the compacting
pressure on the green densities of 40.1 mm pellets
produced from charge mixtures of increasing tap
densities.

Pre-sintering

The pre-sintering is done at a fast rate in a specially
built tubular electric furnace, with eight independently-
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Figure 3. Influence of the compacting pressure on the densities of
as-pressed pellets, for powders conditioned to variable tap
densities



SESSION 2.3 P/485

DE SOUZA SANTOS et al. 29

Figure 4. Charging the graphite boat with 330.4 g UO; pellets
into the continuous electric furnace for pre-sintering under argon

controlled hot zones, under an argon atmosphere. At
the discharge end a long water cooled section allows
proper cooling of the sintered charge in the graphite
boats, thus avoiding skin oxidation of the pellets.

Figure 4 shows the charging entrance to the furnace
and the adjustable-speed feeder which pushes the first
graphite boat. The usual feed rate is 60 cm/h. The
present maximum temperature is 400°C in the central
part of the furnace, which is about 60 cm long.
During this fairly fast pre-sintering the binder and
lubricant are completely driven off.

The final pellet density is 6.6 =+0.1 g/cm3. The
diameter is 40.05 +0.05 mm and the height is 39.8
40.3 mm. The reproducibility of these properties is
very good and regular routine tests on the compaction
of the conditioned charge are carried out.

Assembly of the pre-sintered pellets in the
Al-alloy tubes

The pellets have a shiny appearance and are free

from cracks or folds. As they are insufficiently hard to
withstand further loading into the aluminium alloy
tubes which form the fuel assemblies, they are wrapped
in 0.05-mm aluminium foil and the bundles are then
lowered into the aluminium tubes. The final assembly
is then argon arc welded in a rotary jig to ensure good
uniformity of the welded seams.

CONCLUSIONS

The procedure for the fabrication of fully clad fuel
plates for ARGONAUT reactor containing a ‘“‘meat”
of 54.4% U3Og and 45.6 % aluminium powder has
been described.

The pressing of the conditioned Us0g-Al powder
mixture and the pre-sintering of the cermets are done
in equipment which has been designed and built
locally. Good reproducibility of the fuel properties is
obtained.

An extensive investigation has been conducted on
the influence of the important variables on the
properties of large (40.1 mm diameter and 39.8 mm
height) and heavy (330.4 g) UOs* pellets for a sub-
critical assembly.

The accurate control of the characteristics of the
powder produced from nuclear grade ammonium
diuranate, allows for a simple fabrication procedure
based on pressing under low pressure with a floating-
plunger die and fast pre-sintering under argon in a
continuous eight zone furnace of local construction.
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A/485 Brésil

Fabrication du combustible des réacteurs
de recherche brésiliens

par T. D. de Souza Santos et al.

Les auteurs décrivent la mise au point de la
fabrication des éléments combustibles du réacteur
ARGONAUT de I'Instituto de Engenharia Nuclear,
Rio de Janeiro, et du Re-Suco, un assemblage sous-
critique utilisant des pastilles de UO3 de 40,1 mm, de
I’Instituto de Energia Atomica.

Dans les deux cas, on a choisi le procédé de fabrica-
tion de fagcon & pouvoir utiliser un équipement
susceptible d’étre construit rapidement par I’industrie
locale.

Avant d’entreprendre la fabrication des plaques

combustibles du réacteur, on a fait de nombreuses v

études expérimentales avec des cermets contenant
54,49 de UsOg a teneur isotopique naturelle et
45,6 %, de poudre d’aluminium. Avec U3Og en poudre
ayant la méme taille de grain que I'oxyde enrichi a
209%, on a pu définir correctement les variables
essentielles du procédé de fabrication. Aprés avoir
étudié le procédé de gainage par coulée, on a mis au
point le procédé de liaison par laminage des cadres
contenant le cermet, préalablement fritté sous argon.
On a réalis¢ deux éléments combustibles fictifs a
uranium naturel pour contrdler la reproductibilité des
résultats avant d’entreprendre la fabrication des
plaques combustibles réelles.

Les cadres sont congus de fagon 4 assurer un gainage
complet, y compris les extrémités des plaques, pour
I’ame mince. Chaque élément combustible comprend
17 plaques de 2,42 mm d’épaisseur, 73,0 mm de largeur
et 610 mm de longueur, avec un gainage sur les faces
de 0,30 mm d’épaisseur. Chaque plaque contient
21,0 g de 235U. Le travail expérimental a essentielle-
ment compris: la préparation de la charge; le com-
pactage sous différentes pressions dans des moules de
géométries différentes; le frittage sous argon; I’assem-
blage des composants du cadre; le laminage a4 chaud
des ensembles soudés, et les opération de laminage 4
froid pour amener les plaques aux spécifications
dimensionnelles et physiques.

L’assemblage sous-critique Re-suco contient 271 élé-
ments combustibles, 1100 tubes en alliage d’alu-
minium de 44 mm de diamétre extérieur, 40,5 mm de
diameétre intérieur, 1269 mm de longueur totale,

_chacun contenant 22 pastilles de 40,1 mm de diamétre
et pesant 330,4 g. La charge totale nécessite 5962 pas-
tilles pesant 1812,4 kg.

La fabrication des pastilles est partie de diuranate
d’ammonium de pureté nucléaire, produit par 'IEA.
Le procédé de fabrication a été étudié de fagon a
minimiser la cofit de ’opération. Grice au contrdle
précis des opérations de calcination, de réduction et de

conditionnement, on a obtenu une charge facile a
compacter, permettant la production de pastilles a la
densité voulue de 6,6 -+0,1 g/cm3 avec une pression de
compactage de 1,9 t/cm? seulement; ces pastilles sont
ensuite frittées sous argon dans un four de frittage
continu & huit zones, a chauffage électrique. La repro-
ductibilité des dimensions et de la densité des pastilles
frittées a été excellente.

A/486 bBpasunus

Paspa6oTtku B 06n1aCcTH H3roToBNEHHSA
TOMAWBA ANA HCCNEeAOBaTENbCHHX pe-
akTtopoB B bpasunuu

T. A. ne Cysa Cantoc et al.

ABTOpBI OINCEHIBAIOT 3KCIEPUMEHTAJbHEIE JCCIe-
J0BaHMA ¥ Pa3paboTKH 10 M3rOTOBICHHIO TeTLIO-
BBIAEJAIOIINX 3JIeMEeHTOB VIS peakropa
ARGONAUT MWactutyra sAnEpHON TeXHHKU B
Pro-ne-Haneiipo u nogkpurmueckoii cGoprn RE-
SUCO, cogepsxameii TaGieTkn u3 ABYOKHCH ypa-
Ha auaMerpoMm 40,1 mm, UHCcTHTYTA aToMHOI 3Hep-
rum.

B o6Geunx paspaborkax BbIOp MeTOma M3TOTOBJe-
HHUA TeIUIOBBIJENAIONIAX JJIEMEHTOB ONpeeaancs
¢ Yy4eToM HCIOJIb30BaHUA 0G0PYROBaHMSA, KOTOpOe
Morsio 661 GBITH M3TOTOBJIEHO 332 KOPOTKMH CpOK
MECTHBIME HIPe[IIPUATUAMMU.

ITepex Tem Kak HavaTh CepUiiHOE NPOM3BOACTBO
TOILIMBHBIX IIACTHH 1A pearktopa ARGONAUT,
ObLTH TIPOBEIeHbI OOUINPHbIE YKCIIEPHMEHTAJbHbIE
UCCIeX0BaHMA Ha KepMerax, copepsamux 54,4%
U3Og (u3 mpuponsoro ypauna) u 45,6 amomuame-
Boro mopomrka. Memonssys mopomor UzOg ¢ Tem
7Ke pPa3MepoM 3epeH, UYTO M pazMep 3epeH OKUCH ¢
20-nponentHbiM oboramenuem (mo U?®), momuo
ObLTO 1IPAaBMIBHO OlpeeiuTh Hanbonee BajKHBIe
ocobeHnocTH Metosa usrotosaenus. Ilocme 3aBep-
1IeHUd MCCIEMOBAHMA IPOLUECCA OYEXJOBKH TB3-
JIOB JIUTHEeM NPOU3BOAMIOCH N3YUYEHHEe METOJa Coe-
JUHEHHA KepMeTa ¢ OGOJOYKON IyTeM IIPOKaTKIL
paMoOYHBIX COOPOK, HAIONHEHHBIX KePMeTOM, KOTo-
pBIl IIpe/IBADUTENBHO CHEKAJCA B Cpeje aproHa.

IIBa 1oJHBIX NOMOGHBIX TEIJIOBBIZEIHIOMIX
dJIeMeHTa U3 IIPHPOHOTO ypaHa ObLIM M3TOTOBJeE-
HBI JIJIf TIPOBEPKH BOCIIPOM3BOJHMMOCTH DPe3yJbTa-
TOB, lIepe)| TeM KaK HayaTh CePUAHOE HPOU3BOACT-
BO TOILNIMBHBIX IJIACTWH.

Pamounsie cGopkn 6ol CKOHCTPYMPOBAHEL €
TaKHM pacyeToM, 4YTOOBI 00eCHeYUTh IOJHYIO
OYEXJOBKY, BKJIOYas KOHIBI TOIIMBHBIX ILTACTHH
¢ OKOHYATEJNBHO JIe(OPMUPOBAHHLIM TOHKHM Cep-
AevyHHKOM. Hamuplii TennoBBIIe Aol DIeMeHT
coctouT w3 17 miactun roimmHON 2,42 MM, HIn-
punoit 73,0 mm u gaunoir 610 mm. Tommuna oGo-
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JAOYKM B TWIOCKOii 4aCTHM TJIACTHUHBI COCTaBIfeT
0,30 my. Kaskmam mnaactusa copepssutr 21,0 2
U5, JxcnepuMenTalbHag pabora BRIOYajka cle-
JIyIOLIMe OCHOBHBIE OllepallMM: U3roTOBJEHHE CMe-
CH OKHCH ypaHa M MOPOILIKA alIOMUHMA; TPECCOB-
Ka 3Toil cMecH 1I0f{ PA3JUYHBIMM JABJICHUSIMH B
mTaMmax pasiuvHoil (OpPMEI; IpefBapUTEIbHOE
ClIeKaHue CIIPEeCCOBAHHOI cMeCH IIOPOIIKOB B Cpe-
ne aproma; Cc6OPKY KOMIOHEHTOB IIpeccyeMoii
PaMKH; TOPAYYI0 HPOKATKY COOPaHHBIX H 3aBapeH-
HBIX PaMOYHBIX CGOPOK M OKOHYATEIBHYIO XOJOM-
HYI0 NPOKATKY AJA NOBelleHHA TOIUIMBHBIX ILIA-
CTHH 0 HY/KHEIX PasMepoB X ((M3UYECKUX CIIeIU-
duranui.

Monxpuruueckas cGopra RE-SUCO comepsnr
271 TemnoBsimesnsiomux sneMentos, 1100 Tpy6 us
AMIOMHHHEBOTO CIIaBa HAPYKHBIM JAMAaMeTPOM
44 mm, BEyTpeHHUM auamerpoM 40,5 mm m obmeit
miuHoit 1269 mm. Kaskaplii  TenIoBBIAENAIONIMIT
aleMeHT cojepuT 22 TabNeTKH HaMeTpPOM
40,1 mm u Becom 330,4 2. O6man 3arpyska cocras-
ager 5962 tabmeror u Becut 18124 ke.

Jluypanat aMMOHUS AJEPHOIl YUCTOTHI, IPUTO-
ToBJeHHbIt VIHCTHTYTOM aTOMHOIl BHeprum, Obll
MCXOHBIM MaTepHaJoM JJis M3roToBJIeHHA Talie-
tok. IIpomecc H3roToBIEeHNA ITHX TabIETOK 6bl
TIHATENBHO MCCIET0BAH, YTOOBI CBECTH K MUHHMY-
My BKCILTyaTamoHHBEIe pacxofel. Bmaropaps Tou-
HOMY KOHTPOJIO 32 OIEPAalUAMH TNPOKATUBAHMA,
BOCCTAHOBIEHHA UM JOBEJEHNA MaTepHaja Ji0o HYK-
HBIX “XapaKTePUCTHK Obla [OCTUTHYTA BBICOKAS
CTelleHb IPECCOBKH IOPOLIKA, KoTopas obeciedn-
BaeT IIPOM3BOACTBO TabGieTok TpebyeMoil MIOTHO-
ern 6,6 + 0,1 2/cu® npn c:REMaIOIEM IABIEHUMN
toabko 1,9 7/cxM?. ITu TabieTku Aanee GBICTPO Clre-
KaJOTCH B cpeje aproHa B BOCHMHU3OHHOI HeIpe-
PHIBHO J(HCTBYIOINEIH 11eYH ¢ DIEKTPUUCCKHM Ha-
rpesoM. Bociipon3BoguMocTh pasMepoB ¥ ILIOT-
HOCTM CUCUEeHHBIX TaOJeToK ObLIa HalljeHa O4YeHb
xoporueii.

: A/485 Brasil
Progresos realizados en la fabricacion
de elementos combustibles para reactores
de investigaciones en el Brasil

por T. D. de Souza Santos et al.

Los autores describen los estudios experimentales de
desarrollo realizados para la fabricacién de los ele-
mentos combustibles del reactor ARGONAUTA del
Instituto de Engenharia Nuclear, Rio de Janeiro, y para
el Re-Suco, un conjunto subcritico dotado de pastillas
de UO3 de 40,1 mm, para estudios de reticulados en el
Instituto de Energia Atomica.

En ambos desarrollos, la seleccion del proceso de
fabricaciéon fue examinada criticamente a fin de
utilizar el equipo que podia ser construido por fabri-
cantes locales.

Se realizaron estudios experimentales con cermets
con 54,49, de UsOs natural y 45,6 9%, de polvo de
aluminio. Las variables principales del proceso de
fabricacion pudieron ser determinadas utilizando polvo
de UsOg natural con la misma granulometria del polvo
enriquecido a 20 %, antes que fuese iniciada la pro-
duccion de las chapas para el reactor. El procedimiento
evoluciond hasta el proceso de soldadura por lamina-
cién de los conjuntos de moldura conteniendo el
cermet, previamente sinterizado bajo argén. Se fabri-
caron dos modelos completos de elementos combus-
tibles con uranio natural para comprobar la fidelidad de
los resultados antes de comenzar a producir las placas
de combustible.

Los conjuntos de moldura fueron proyectados a fin
de garantir revestimiento continuo y perfecto del
nucleo delgado deformado, inclusive las extremidades
de las chapas. Cada elemento combustible comprende
17 placas de 610 mm de longitud, de 2,42 mm de
espesor por 73,0 mm de ancho y con un revestimiento
en las caras de 0,30 mm de espesor. Cada chapa con-
tiene 21,0 g de 235U. El trabajo experimental consistio
principalmente de: preparacién de la carga; com-
pactacién a presion y geometria de matriz variables;
presinterizacién de los compactados bajo argén;
montaje de los componentes; laminacién en caliente
de los conjuntos soldados y las operaciones finales de
laminacién en frio para obtener las chapas dentro de
las especificaciones.

El conjunto subcritico Re-Suco contiene 271 ele-
mentos en tubos de aleacién 1100, con 44,0 mm de
didmetro externo, 40,5 mm de didmetro interno,
longitud total de 1269 mm, cada uno de ellos con 22 pas-
tillas de 40,1 mm de didmetro y 330,4 g de masa. La
carga total necesita de 5962 pastillas que pesan
1812,4 kg.

El material de partida para la produccion de las
pastillas fue diuranato de amonio de pureza nuclear

_producido en el IEA. El proceso de fabricacion fue

estudiado completamente, con miras a reducir al
minimo los costos de fabricacion. A través del control
preciso de las etapas de calcinacion, de reduccién y de
acondicionamiento, se consiguié obtener mezcla de
gran compactibilidad, a partir de la cual pudieron ser
producidas las pastillas con las densidades deseadas de
6,6 +0,1 g/cm3, a presiones de compactacion de
solamente 1,9 t/cm?; esas pastillas fueron seguida-
mente sinterizadas bajo argén en un horno eléctrico
continuo dotado de 8 zonas de calentamiento, a alta
velocidad. Fue excellente la reproductibilidad de
dimensiones y la densidad de las pastillas sinterizadas.



