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INTRODUCTION

and control proceduves of the various sieps of the fabrication proce

Since the bagivning of its activity in Cirene Program, the CNEN
has developed rescarches and works in the field of fucl clement

o

ranufacturing for the 40 MWe Cirene Proioiype,

This work was started and carriced out in the CNEN Tuel Fabri-

cation and Control Laberatory of the Salugria Center,

Tite work was ainied ai developing and settling the manufacturing

“at designing, installing and commissioning of the pilei plant and,

finally, at labricating the first charge for the Prototype Reactor,

Now the program has very much procecded and, in fact on the
basis of the fuel technology specifically do\-dop‘_r} a pilot plant has
cen st up having the capability of 25 ton/year of L!Oz in assembiced

bandles,

-
A first produciion run for a period of hundred days will be dore in

the next months ir ovder to setile c’:owu' the complete fabrication and

control procodurc; morcover elements prodvced in this first run,

will be sclected al randem for jrradiation tcsis.

rom these c;\'p:‘rimonts it is expected the final confirmation of ilic

uitability of the prnpo‘Qd fucl design and manuiacture procedure; it

£S

s

is also expecied ithe confirmation of the data obtained {rom the pirei.ous

3 A

irradiation test performed in the two Circne operating coaditions ¢

<y

of the Essor - Ispra ~ Euralom Reactor and Avogadro - So,R,I.N. -

Salugpis Reactor as well as in the two heavy water reactors - Halde

BHVY R (Norway) ad Arcsta 8 1IW (Swadan),
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2. PROCESS DEVELOPMENT

The Cirene fuel consists of 18 Zircaloy-2 rods assembled into 2

1
'

hondle by measns of two end grids ¢ ¢ 273, The bundle is characicriz

by an outer ring of twelve rode, snd inner ring of s3ix rods; on the
rods eye attached 72 spacers; on those of the ovter ring ere zlso
attached 306 bearing pads, in order to* adapi the bundle 1o the pressuic

tube,

—

The single rods, whose total lenght is 407 mm arc filled wiih dished

natnrsl U O? pellets whose individeal dimensions are:

- diasetior 16,80 £ 0,01 mw

- lenght 24 ;mm
- 0.

~ dish : dept 1,2 mm + 0,01
-0

-~ shoulder : widih 0,45 4 0,50 mm

T the figure 1 a 1ypical bundle is showed.,
The Cirene Program fucl developmer:t and fabrication started in
Salugeia in the sccond half of 1966,

This activity was schoduled in five jtams: survey of the fabrication
techniques 1o Lo knowr ;) selection of that techuiques 1o be direcily
devclopéd or to be acquiraed throuvgh one or more foreign know'~how ;
development ¢f the various techniques in order 1o settle dovrn the
precedure for cach siop of the fubrication process (including the
fabrication of {est sections for oat and in pile experiment<); desian
and installing of the pilot plant; eparation of the plant, .

In cffect all the necescary techniques were developed in Saluagia,
excaept for the spacers atltachment, whose equipments and know ~how
were supplied by Canadian General Eleclric Unroughout ALECL,
copare area e moin eflort was devoted to devalop a sinpls,
ceonomic and peproducible proced ore, suitallde for the fobrication of

Tl Civene o flods,




Researclics were in particular pecformed in order to avoid some

stracture ancmalies due 10 the unususl size of the pellets and defecis
in the soundness of the pellets due to the dimensions and close tolorae..

ces of the dishing shoulder, .

The developed procedire is characterized hy a severe accepteace
criteria of tho 'UOz powder and by a pellets fabrication prccess in
- wvich the main attention is devoied to the uniformity of the distribuiios

of the forces during ithe compacting operation, - ;

The develoned procedure foreseos the following steps: pracon.puciin:

appropriate granulating, dry-mix with lubricant, pressing.

Thke carnimprocedure was developad taking in to account particu-

larly the unusigl ratio hetween the outside diameter and ihe wall
thickness of tlie tubes (20 : 0,53 wm) and the design criteria of th
eloments that cllows enly a very little residual content of moisture in
the pellets.
In the ascoiubling area ive junction iechniques beiween eadplugs
and grids were developed: TIG welding and projection welding,
The second cie was adopted,
Ace fary as the autoclaving operation is coveerned, two different
procodures were selected: the first one consisis of the rods passivation

fellowed by asscinblbimga these rods with the we pickled grids; by

L‘..

the sccond ene cen be porformed the passivation of the whole assciztle
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FABRICATION PROCESS

On the basis of the developping work as summarized above, vas

cestabliched the following flow -sheet of the pilot plant:

Ceramic seciion -

- Incondirg of UO? powder and characterization,

- Precompacting in the range of 0,8 3 1 ionn / square centimeter,

- Grunuvlation in the range of 15;0 T 860 rijcrons,

- Mixing with dry lubricant (zinc stearate O,._'ri;'é).

- Compicling at pressure of 4 tonn/square centimeter,

- Sintering in hidrogen at 1700°C,

- Grinding,

- Ulirasonic clecaning,

- Pre-drying (residual moisture content ranging between 15 and
25 ppin).

~ Contred of density and dimensions, spot chek for structure and

Tor somme chemical characteristics,

- toclion

P

- Incesning Zy-2 tubes, visual inspection, dimensienal measureinents,
ultrasonic defect control, spot clieck on mechanical propertics
and clomical composition,

~ Incowing Zy-2 rads, inspection and control as above and finally
machining of end plugs.

- Cut to lenght of the tubes,

« Afiaching of the spacers and pads by borylium brazing,

~ Wealding of the fiyst endplug, X Réiy ad elium leak detection,
metallegraphic apot check.,

o Lopyival of 'UO? pellats from ceramic section,

-
J
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= Preparation of pellets stack on spaecisl trays,

- Charging of ihe irays in a vacuwn oven connected with the sccond
cndplug welding chambeor, ‘

- Dryingovernialit of the pellets stacks at 275°C under a 107
Hemm vacuuia, After this operation tlic residusl moisture content
in the UO,) pelteis is less than.5 ppm.

- Rewote chorging of the tubes (prc_‘.-mu.,ly ultrasonic cleancd and

dric d) with UO, pellets, This siep is operaied also under vacuurs

2

- Iniroduction of extra purce elium in ihe welding chamber.
A by-pass on the elium line allewed the control of the residual
content in the elium gas of mojisture snd oxigen by mean of cleciro--
chewmical measurements

- Fercing of the second ond plug in the tube,

- Welding of the sccond ond plug, X Ray and leak detection, metalle -

.erzphic spot chock, distructive contrel of the moisuire content

incide the ruds (one rod Lefore and onc red after every imbrication
Lacht),

- Pickling and auteclaving {of 72 houis at 400°C and 10 atmospheres),

o>

~ Inceming of the Zy-2 zheot, mechanical and chaemical conterol,

Fabrication of the end grids,

t

- Surfoce, weipht, Jenght and stirighitiicss conirol of the possived rods,

Lathing of the flat surfuce of the end plugs in order to machine

¥

a sort of "tingle” for the projection welding operation,

~ fissembling of tha components of the bundle in one appropriate
firtore,

~ Resistence projection welding of the grids 1o cachend plug flat
suriuce,

« Dimensjions! control,




4. PTILOT PLANT .

for yecar of UO)

couinuous,

.
This capability scems 1o be cohercit with onc of the main
of this program, that is the attainment of such a fabrication

(direct and indircct) to be extirapelaied on indusirial scale,

continous electronic facility for the avtomatic control of the

dimoensions and density,

T the canning secgion are operating the facilitics for the

equipment, punchin

<>

induvciicn furnace for brazing), two T1G welder for the first

equipment for N..Rays and leak deteclion conirol,

of the rods, scveral fixtures for asscwbling the components

fins1l control of the bundle,

In ithe ceramic cection of the planiarc installed two mechas

equipment (mechanical, optical, electronic) for dimensional mcasuremeits

bundle, one resistence proicction welder and one cquipmont for the

The pilot plun have been designed for 1the capability of 25 toin
., in assembled bundles: one shift of cight hours cvery

working day, vinlass the sinforing furnace whose operaiion js

aims

(ozls

ical

presses, facilities for granulating and 1rixing, one four zones
continuous sintering furnoce (another three zone furnace is installed
as reserve), hwo centerless grinding machines working in series,

onc ultrasonic cleancr, one vacuum oven for the predrjing and

peliets

atiache~
ment of the spacers to the tubes by Lerillium brazing (meta1lizing

press, fixiures and posizioner tuck welders,

and

the cocond eudplup, facilitics for pickling and auioclaving and

The assembiine section is censtituted by two spacial lathes .

of the !




: The control sectionis equipped with the appropriate facilities fo

the accepiance conirol of UO2 powder, Zy-2 tubes, reds and
scheets and for al the spot check (mainly metallographic and

chiemica®) that are specified 1o be done during the fabrication,

-
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