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ARSTRACT

The authors descrbe the work done ac the Ovslio de Maalurga Muctssr of the Institoeo de Energa Atbmica
on the technology of full slemants fabrication

The cbrmed resulty o0 antermg UD3 lomilly produced are discusisd 1n ralaton 10 the problemas found m the
charactarBtion of powders of tha oxide The tasts ysed comprss chiefly the BET Fisher and hoth trerdtmasion and
MoAH vy slectron micTosepy methods

Dgtrilt of vhe Nuclasr Cergrmees Frlat Plant of the Imstioute de Enarga Atdmica with relation to the programs
to pe oonkidered tnoneer Tuture are Alae e uded

INTRODUCTION

In the developtient of UQy pellets technolegy aming the fuel alements fabrication for PWR
type power rasctors in the future the Divis®s de Matalurgia Mocliear of the [nstitute de Energia Atomca
has sutematically made experimental studies awmung the characterization of natural UQ; pawders s
corralation with tha properties of the sinterad pallets and the salectan of ther important charactaristics
In the taxture The cheracterization of the UO, powdars produced in the Diviso de Metalurgia Nuelaer
from purified sahts prepered in the Drvisio de Engenharia Guirmica seaks the recessary operational
control and assures growing experience in this especialized technology The elucdation of the texture
aspects In mainly relsted with the tolerances in tha pallets dimension: to be kept up and with the level
of parmissibla rugosmy st thar surfaces

Finally the date baing obtained which constitute & (nCreating experence in tha U0, pellet
fabrication technology can be better evaluated when the results undar rradiation which 2t presant are
n planming phase ere known

As smd befora this task accomplished duting the last eght years 15 orantad toward the
salutich of specde problams of fual alements fabrication aming the accumulation of an adequate
know how for future expansions with basis ir the adaptanon and (0 the changes of tachnology for the
sanding conditions

A numbar of techrical papers recently presented by the authors™2 B 13} 1o ather Congresses
both of mewallurgy end of atormic enemgy has described detadz of the work dom In thiz paper the
authors resurmne the man results abtained and go over the data related to the finisheng charactenistic of
tha pellets and ther taxtures

S

(*) Prosarviad at the 111 froar Armanen Sonfersnce an Metanels Technology August 1417 1972 — Bie de Jamire GB



PROPERTIES OF THE U0Q, POWDERS

MNatural UDy powdsrs ubiized unt'| the present 'n axpermental work have been produces at
tha Divsdo da Metelurgia Nuciear from ammoniuim dranate of hygh purny prepared undsr o ffarent
condmens, by the Dwvigio da Engenhara Quimica Duas to closs ink between tha two Divisions 1t Mag
besn possibla to adjust the precpranon condmons of the seit 'm order 1 essure firmly the desred
charactenistics for the UQ  powders Thes articuiation s assuring appreciable improvements on the
charecteristics of that sab and of the UQ; powdars resultant from the defferent qualmes of 1t 0 ordex
to mest the specdcations which heve been =0t up prograssively

In a nial step tha process of treatment was essentigily based upon the uytihzation of tha 1on
axchangs process Ina uranyl sulphate solunon Although all the charactarishies of the powdars resubtant
fram this procedurs were guite sansfactory this type of ammomium dwranate retaned a certain
ptopartion of on suiphate resulting special characteristics for the powdets not anly for the Sintarsd
pellats but also for tha dispeesion an tha UL O form used i the fual element plates

More recently this process was changed by a solvent extraction method utiliZing squaous
uranyl nitrate soluton

The caleining end reducing varables mainly time temperatura heating and coaling Uima ratas
and twne at & lowar temperatura 0 tha water cooled region of tha hydrogen reduction furnaces
determine topether with the wirinsic propert'es of the uranium salt their physscal and physico-chemical
propertses and as ponsequence ther sinterabhiiry

The uramum ox'des uthzed m the development of this work were prepared alwaye from
urantum 3alts produced n the IEA by three different condit:ons as fellows ona called UO; type N
prepared tArough tha preqipetanon of aqueous urany! mtrate salution in a gH near seven the U0,
type 5 resuiting from ammonium newtrsbzation at 80°C wm a pH near 7 In gensral these salts are
previously calcined to U0y although this technigue was not followed 10 the case of the UO; type§
which 15 prepared only by hydrogen reduction at a5’ during one howr In the other cases calcining
operation hss been carried out at 580° ¢ for three hours foliowsd by hidrogen reduction at 760°C for
ors hour both n the cases of U0, type N ang of JOD_ type D prepared from cissocated ammona
Thase marked differences of origin and of tieatment deterrnine some progerties too much differsnt for
the LD, powders g5 o will ba shown later

CHARACTERIZATION TESTS OF THE POWDERS OF URANIUM OXIDES
The most utilzed tests ara tha fotlowing

1) Partide denety — The used process 5 wmilar ta be ong devaloped 3t QJak Ridge Natonal
Lagoratory 14" for the determination of the denswy of U, particles The equipment 1s composed
mainly of a 20 mi pycnomatar tharmomater ¢hanging tube and vaculm chamber for the introducthon of
mercury When ;0 s utihzed toluene -5 used cnstead of memury

2} Awverage partwie size — It 15 ubilized the Fusher Sub Sieve Sizer equipment The instrumant
has a devics to press the powder to a certain porosity level whan air 5 introduced The air s supphe 1 by
a small compressor through the sampie The resumtant head loss 13 measured by an weter manometar
This eguipment gives reproducible results in the range of D 2 to BOu

3 0/ Rate — The utihzed process fgr the determinatien of the value of the D/U ratio 15
anglytical amd based Updn the deterrmration of the contents of total U amd hexavalent U respectively

4] Swrface Area — The values of the surface areas of the UD; powdars wsra deterrmined
thtough a CG model 10 egupment a5 shown on figure 1 1t makes essentally use ot the dyname
trethod for adsorption imitially developed by Malsan andg Engeﬁ:sen[“' whers 8 mixture of nitrogsn and



helwm flows steadily through one tsyer of the sample the cormposition of the flowing gas  determined
by meawrements of thermal conducthibilty  being registred the arsas corresponding to adserption and
desgrptan peaks in a integrator recording potentiometer In order to calculate the saturation pressure of
the mitrogen value at around minus 156°C |t was ussd a thermometsr of oxygen saturation pressure
made at the Divisdo de Matalurgia Moclaar with ths equipmant 1t 15 possible 1o register termnperature
variations of lass than 0 05°C i the liquid nrtrogen bath

Figura 1 — Surface area determunation apparatus used for U0, powders

6] X Ray drffraction — In certain cesaa the control Utilizes X ray dffraction data obtaned m 2
Rigaty unit by the powdar methed

8] Opnce microsopy — The sxarmimations are dane with powders dspersed i alcgal on a
glar plata at the metallagraphic microscopy Laitz MM 5 In order to have uniform disparvons thay era
ohtained by ultrasonics during five mmutes

7] Electron microscopy — Different types of powders have been examined under electron
microscope and these examinatwons have besn dorne at the Centro de Microscopis Eletronica of the
Instuio de Fraica Universdade de Sdo Faulo in a electron miroscape Siemens-Elmiskop 1 carben
roplicas prashacdowed with platinum sre used To study the textures of the sintared peflets the Dunisdo
de Metalurgia Muclesr has a Cambridge Stereoscen umit model 5 4 Such apparatus 5 being completed
with aguipment for a2 two channel X rays spectrometer and a converter connected to a microanalysis
recorder

B} Differsntial thermal analysic — The dats of differentusl thermal analysis hava been of graet
utihity 10 characterrze the powders Thasa tests are done st the Dmiséo de Quimica do Insttute de
Pasqunsas Teenolépeas

OETAINED RESULTS

Teble | presents the values of obtained results for the surface areas of tha three types of
powders These values indicate @ satisfactory sinterablity according to the rasults obtained by
Carpanter!1) by one of the suthors!d)



Table |

Surface Area Bulk Densty and OfU Ratio for the
Uranum Cxrtes (After Raduction)

Surface Bulk o
Materml Arsa Denaity Fatio
im? g~ g em~?
U, N 7 144 24
ug, 5 25 151 206
ug, D 18 124 2m

Table |1 shows the resclts of @ typwcal sizing anslysis of the powders as raduced aod 2fter
mulling during 1 and & howrs 1n a cyhndrical mulf 130 mm i diemeter placed on rollers that with spesd
of BScms™' with T2 5 mm diameter steal balls

Table 11

Milling Effect on the U0, D for Differents
Cpargtions Times

Weight Retained 7
Typer s Percentage
Screen

Dh 1h 6h
20 M1 04 02
&5 136 B28B B490
100 83 281 248
160 a0 127 613
200 a7 X0 20
- 200 13 21 19

Both the typa N and the typeS UQ, were eanly clossified under -20 mesh Type D powder
hawever after the reduction presented |umps of about 40 mm Miling of this material 10 rubbar lined
crlindrical mille guring G hours did not permit to tmprove substentially 1ts gran size classfcanon
destraying only the large agglomerstes Therefore 10 the case of type O Udy it was necessary 1o
modfy tha milling condimions

Different samples of domastic dranum sa'ts besides the ones of U0, produced Ly the asthors
at the Divislo de Metalurgia Nuclear were taken to sinterabiirty tests i hadrogen at Argonne Natiomal
Laboretory It was then shown that the pellsts produced mat the current L) S specifications for powder
sinterability 1t was recessary consequently 1o establish later on the know how for the sintering UQs in
hydrogen atmosphere in order t0 get high density pellets It s convenent 1o emphasize that this 15 the
utilized procass in all industrial plants for the production of milhons of pellats which gre baing utiiized
in the nucliesr power reactors

The morphology of the powders of UD; D a5 reduced 15 being studied through scanning
electton microscope  The utilized microscope (figure 2] recently installed at the Divisdo de Matalurgia



Muclear =f thea IEA iseptember 18971) has permitted also some morghologic studies of pralimmnar
character for the WO, N and LD, § oxdes [nitially examonations weare dong (0 the cargmime particles
without givinig eny metallic coating at low tensions as 1 to 2 k'Y later tensionz up 1o B kY were used
without devellogpment of excessive ioads at the surface of the samples through the utibzatwn of
ant) static flhuid (Testensl Photowerk Hamburgl At present some sample are being prepared to recewe a
Au Pd film which snakles ong to use tensions up to 30 kY

Figura 2 — Scenmung alectron mwcroscope rmade by Cambrnidge instrument Co model S-4  installed at
Dwisae de Metalurgla nuchesr

The preliminary examinstions ware done with 2000 X for powders of —326 mesh Thay
prasanted the UQ,; D as compact agglomerates formed by round greins with small amount of poras The
L0, S presanted also 100 dense agghomerates but thewr constituent grans were large and surrounded by
2 lot of large pores The UD; N showed also some agglomerates bot presents smaller grans and les
pores than In the two previous cases

Under sinterabil'ty standpoint 1t 15 mportant t0 know tha morpholagie of the particles forming
the apglomerates For ths objective 't 13 important to coat tha powders with metalliz fims which
permits to reach tensrons of the orger of 20 kY with the poseibility of resolutions better than 200A

PRESSING AND PRESINTERING

For the sintering tests of the produced powders compacts of 10 mm diarmeter were prooueed
in 8 double effact cie The applied icad were correspondent to the pressares of 1 and 1 5 tonfem?® the
authors thied to obtan the largest values of dansity without the existence of surface flaws

The powders of types 5 and N needed fraguently a previous operation of pre pressing at highar
presiuras betweenr 16 and 2 6 tonfom® Only through this way 1t was posable to get pellets for such
powders without surface defects and with denuties larger than 4 6 g cm?®

In order to remove progressively the agglomeérate 1t was vsed a pra sintering furnaca 1IN 8
nitrogat atmesphera This furnace has eight zohes of hdependent contral of temperatura and the
pperation reachad 500°C at the hottest zone where the pellets stayed at this tempersture for
A0 minutes

Tabla HI shows the densites data obtaned



Tabie 11}
UQ; Pallats Density (After Pre-Sintering dogl
uo, o d,
powders gem ™} %
N Bih 47 0
s 601 456
D 4 BB 41 &

SINTERING OF THE PELLETS

Two furraces were utiized for tha developmemt of the mntering cperations in a hydrogen
atmosphere The first used (figure 3 had a eylindrical muffle of alummz surrcunded by a molybdenum
waound slectrical resistance Its hottest zone reached 1670°C for 60 om i length The sacond furnace of
Tommann type (figura &) had a graphite muffle reaching 1600°C for BD cm in langth 1n this case the
peallets were surrounded by powdared aluming and placed i graphne boats

Figure 3 — Hedin furneca used for the smtaring Test at 1625°C with hydrogen atmosphers This furnace
usa & molybdenum rasistor for heating

Figure 4 — Temmann type furnace used for sintering tests at 1625°C under hydrogen The muffle 15
surrcunded by the grapbime tubrular resstor



It wer noted that after 1200°C the LK, pellets sufferad a severa attack (n tha Tammant type
furnace At 1600°C thers war soma Oasaggregatton of tho external layer of the peflets up to 2 mm
desp thi occurenca baing studid now by tha authors could be explained Sue to the formanon of
uranrum carbides on the sinterad pellats and itx later nteractizn with tha hydrogen and the humidity
axisting at tha furnace stmosphera

It 15 to ba noted the graphite resistors of Tammenn furneces s very much affected by the
temparaturs The cumulative experwnce 10 utihzing thesa furneces shows that the rewstors Life increase
from six hours at 1800°C to some ten hours gt 1400°C For thess reasons, this type of furnace 15 used
oniy for operatians requiring temperaturas less than 14GG°C

On the other hend the alumina muffle furnace heatad by malybdenum resistors has shown a
vary offrcient operatien but s W—WRa thermocouple only lasts abowt 2 hours when ther tips are
expoted to the furnace atmosphwre The tsmperatures control has besn made through a optical
pyrom&ter and the W—WHa thermocouples are wsed only for calibranions of the optcal pyromatar

Tha hydrogen flow in this furnace = used to be about 12 1/min which 15 eguivalent to about
D 2 1/min em? of tramsversal sction muffle area

It has been obsarved that flows lexs than O 2 1/mm cm® caused parcisl axidation of the U0, N

The densities of the pellets sintered in this furnece correspond 10 54 3% of the theoreticel
density This velue satisfy the N § North American and Canadign specifications

The pellets prasent a very good surface in tha sintered state Some surfece dafects are
aliminated by 2 centerlgss  grinding

Although the U8 and UC,; O powders gave high density pellsts they should be used for the
sub-crivical assembly or for low power cniticel reectors If these oxides therefore are subimited to a

comminution operetion and pra-compacting under 1 6 tform® prassra they are Likely to provide pellets
writh dansities about 8B% of theoreticel densmes

Table IV prasents UD, pellets densities sintersd at 1626 + 25°C for 4 hours

Tabla 1V

U0y Sintering Peliets Densties {d )

uo., d‘ d,
paveders gom™? 5
| 1033 243
] m1? a2
] 1D Q8 |20

A polished section study of LD, pallets was examned undar a Leitz Orthoplan ceramegraphic
microseope Tha rocrostructurs observad non agreement with the Catadian MET-6Tspecifications

Some other ohsarvations ware made by the scarming electron microscops Sterecscan S5-4
(figure 2]



Figure & shows the external surface of a UQ,; O pallst wathout polishung with 1485 1mes
magrification This pellet presemted sintered density of 1026 gfem? and was obtamed with 20 others
sinterad at 1825°C for 4 hours In the Hedin furnace The hegting rats was about 140°C h™! and tha
catling rate was 300°Ch! The miciograph obtaned by the scanming electron microscope shows a
pgood sintenng and na defacts in grain baundary

Figure 5 — Pellet surfase withoUt polishing sintered at 16257 for 4 hours under hydvogen atmosphars in
tha Hedin furnace made by U0, D powdsr (1466 X} The rmerograph obtained by a scanning
electron microscope shows the parfact sintering and the grain boundanas without flaws

Figure B presents the surfsca of a fractured pellet obtained 1n the sama condiwons above
specrfipd It was made wnth UD; N pawﬁw Chserve the UCI, graln fmenass

Figurs & — Surface exemuration of a fractured pellst ohtamed 1n the same cunmtmn of that pellet of
figure 5 made with UOy; N powder {1208 X} Nate the fine grain texture of this UGy

pallat



PELLETS SURFACE GRINDING

The clearance between the cylindrical surface of pellets and the internal surface of the canting
tubmes 15 50 small that surface grinding by a centerles: machine 15 necessary

For the two projects beng develloped at the Dwisio de Metalurgia Muclear the following lirmits
have been 581

2} maximum surface rugosity 2

bl maximum diameter deviation O 41 mm
There ara alsn sarme athar requirements on the surface fimshing af the paller basis
The sintered pellets are ground 10 three centerless grinders  locally built

The wvalue: ohtaned are refarred to 2 single centerless grinder although when 1 experimantal
production the thrae ones will be usad

The grinding operation was made by verbical introduction baceuse of the small number of test
pellets With a single pass the mean pellet diemeter of 830 008 mm was reduced to
B202 + D006 mm These peHets were made by UQ; N powder and have presented 510 kgfem® of
Knoop herdness (Test with 100 g oad} The mean gram siza wes 15 7 microns

The arinding opetation Ik ptesent Pilot Plant aperation will be carried out with three machines
In serwas thus avoiding severa passas which would caute sutface craks Experiences made in order to
varify the nfluence of the severity of a pass on the surface cracks showed that reductions abeut 04 mm
may cause these cracks whach could be observed with a 5 3 magnifying glass

The surface roughness of the ground pellets has besn studied with scanning lectran
mucroseope making comparieon between the electriczl signals emitted from tha ground erface and the
anes emitted from a Kroop indentation These first resuits showed that roughness s less then two
microns  The fgure ¥ shows tha pellet surface fractured by Knoop mdenter penetration (1083 x of
magnificaticn} This picture obteined by scannng alectron microscope makes evident the (Mrineic graat
brittigness of UQs 5 in comparisan with the other two kinds of powders U0, D and UD; N

- - - _— T,

R & . N
Figure 7 — Fractured pallet by knoop indentar penetration {1083 X) cbianed by scarming electron

micrastopy This microgragh shows the UQ; -5 mherant brittlenes
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CONCLUSIONS

1) The Divisdc de Metalurgia Nuclear has been perforrmed extensive studies on the influance of
soma LO, powders properties on the menufactute of sintersd UD,; natural pellets at 1625°C under
hydrogen atmosphere UQ, pellat fabricstion within specifisd danuity  surface quaiy and dimensicral
raproductivity ara the objetives of these studies

2} The manufactured powders show wida differences in their charsctanstics as reflected by the
values of particle density particles averape size O/U rate surface srea and texture chserved by optical
microscopy and scanning elsctron mucrascope and 0 soma casas by examinaion by X Ray dhfractign
and thermo diffarencial analysis

3) Tha sintering tasts made with typeN UD; powdsrs at 1625°C for 4 hours have given
avarage densites of 10332 gfem® This value 15 squivalent e 94 3% of UO, theorsucal density The
pellets densrty manufactured undet tha same conditions with types S and D powders were 10 17 and
1008 pfemn? respactively whieh corraspond 1o 92 8 and 92 08 of UD, theoreticel density

4] The mam results ohtaned by scannng alactron microscops powder SxamInalons were
peesentad Thesa results showed large structursl differenceas among those powdars

6 The prasinterad paliets bhehavicur during sintsring operstione at 1B26°C for 4 hours In
hydrogen atmosphers proved that the type N UQ, powder was the best, dua 1 the density valuss and
surface qualtty obtainad

B) The ceramographic study of L0, pallets wes done wih a Lenz Qrthoplan mucroscops The
LDy pallets satisfied the spacifications used

RESUMO

s autores destrevemn O trabalhc realizsda ne Dhvisko de Metalurpsa Nuclesr do Institute de Energa Andmice
na teenologu de fabriceclio de afamantor combumt B

Ca resultados abodos na simtarzacio de UO: produzidos no prdpro Instituto Yo dacutidos com relacio eod
problamas ancaniredoy na camcterizachio dos poa detss dxin Oa anumios upedos compreandem principalments o de
BET o da Fishar & 0f b trrossonia alatrdmes da vamrsdure @ de tramuemosslio

Tambim slo inciurdos detrihed da Unna Prlota ge Cerdmice Nuclesr do (mthtrto de Energis Anbmica
misgicnedal cOm oI proaamss a Wrem dessnvolvdos am futgro prixims
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