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1. KRT Remote Qxzrations, Mainteriance, and T‘estLng 

A program of major r eac to r  a lbera t ions  an?. repairs was Fni t i a t ed  a f t e r  m n  
21, which was conchded when a second hole farmed i n  t h e  Zircaloy core vessel .  
The program i s  now approx-tely 60$ compl.et;e, 
d i f f u s e r  screens have been removed. froin tine core, plas-tic inpressions of t n e  
Core holes  have been male Lo a i d  i n  pakching them, and several  major pieces of 
reac tor  equipment have been replace? or a l t e red .  

So far, t he  upper f i v e  core 

Too1.s were prepared f o r  cu t t i ng  a smplc of t he  core wall from around the 
second hole, for taper-reaming the c i r c u l a r  opening l e f t  by the  scmpl.e, f o r  
c leaning t h e  core wall,  and for plugging the two liolca. 

H e l i m  leak de tec t ion  was used t o  l-oca’te a crack that; occurred i n  the 
purge l i n e  of the core circulat,i.ng p r i p  during run 21 shutdown. 

Reactor containment-shield penetrat ions are beir,g leak tested t o  erLsure 
tha t  the i n t e g r i t y  of the sh i.eS.d is  naintained.  

2. HRT Processing Plant  

A revlised rriu~~l’cple-3?yierocI_onr: sysjtem vas d-esigned and is  being fabr ica ted  
Tor i n s t a l l a t i o n  p r i o r  t o  the ne% run. 
using more hydroelones (I8 i n s t ~ ~ , d l  of 15) and by using a smaller, more e f f i c i e n t  
s ize;  by u t i l i z i n g  t h e  fu3.3. heml of the circulating pump ( f o r  increased pressure 
drop); and by recycl ing o v e r ~ l o w  from the c e ~ . - ~  co l l ec t ing  hydroclone t o  pre-  
vent l o s s  of s o l i d s  from t ~ a t  un i t .  

The e f f i c i ency  has been ixprowd by 

A garma survey of reac tor  c e l l  piping 180 days a f t e r  shutdown indica tes  
t h a t  about 85$ of %,he insolu-tile f iss ion-product  a c t i v i t y  remained i n  the  hip&- 
pressure system. 
rnulticlone feed chamber. 
3900 r /h r*  
read 1100 r/br following IYXA 13j was on1.y 1-20 r/hr a% t’nis survey. 

The highest reading found. exceeded 6000 r /h r  and was at the 
Piping i n  t h e  high-pressure system rea.& froin 800 to 

‘Tlie, d i r t  t r ap  i n  t he  suct ion l i n e  t o  the fuel.  feed  pump, which 

3 .  IiIiT Component Development 

The ign i t ion  of a t i tanium wear r ing  v h i l e  opemtfng i n  rz punip c i r cu la t ing  
high-pressure oxygen caused t ;  buxa-%hroup$ of“ the  .;ta.lnl.ess s t e e l  dischtwgc 
plpe. 
and p a r t i c u l a r l y  by stopping the pump upon a Ltx~-power s igna l  caxsed by t h e  
presence of gas. 

Such f i r e s  can be zvnided by the  use o f  acl.eqiats wesrr-ring cI.earance, 

A s t r e s s  ana lys i s  of tne KK”1’ core  jndicated that opera t ton  o f  tile core and 
blaidset a t  wi.ll_t?l-y t l i f fe r ing  temperatures ~ ? J . i l l  not cause cxcesslve stresses i n  
t he  core t a 1 1 k *  

i i i  
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Flhw t e s t s ,  coupled wi.th computations of  nu@ J.ea,r heating, indicated t h a t  
t he  HRT i n  reverse Plow w i l l  operate with a maximum core wall temperature of 
300°C, i f  no s c a l e  is deposited.  
t o  be 305°C. 

The maximum i n t e r i o r  temperature i s  expected 

4. KRT Heactor Analysis 

A study was made o-f t h e  c r i t i c a l  conce2tration i n  t h e  KRT a t  260°C, with 
various blanket f u e l  concentrations; hamoilics -method r e s u l t s  and two-group and 
multigroup r e s u l t s  were in good agreement. With blanket-to-core fuel-concen- 
t r a t i o n  r a t i o s  of zero ai id  0.4, t h e  cl-ean-core c r i t i c a l  concentration was 6.9 
and 4.7 g of ~ 2 - 3 5  per l i t e r ,  respect ively.  
i n  t h e  sxstern inzreased t h e  f u e l  concentration about 2%. 
from U23$ t o  U23J with no f u e l  i n  the  blanket decreased t h e  c r i t i c a l  concen- 
t r a t i o n  from 6.9 -to 5.5 g of uranium per l i t e r .  

Rddi'iion of poisons present ly  with- 
Changing t h e  fuel. 

5 .  Heactor Aiial-ysis 

E s t i m a t e s  were made of t h e  core c r i t i c a l  concentration i n  small, cyl indr i -  
c a l  reactors;  the core  region contained UO&04-D&, while t he  blanket region 
consis Led of t h ree  d i s c r e t e  thoria-pel.l.et regions containing 5300 g o f  Th per  
l i t e r ,  separated by D$ regions,  Yith a core diameter of 18 i n .  an& a length 
of 43 in. ,  and with -(.5 i n .  of D& separat ing t h e  core from the f i rs t  t h o r i a -  
p F l l e t  region, t h e  f u e l  concentration a t  290°C f o r  a clean core was  17.4 Q of 
$33 per  l i t e r .  Keeping other  thicknesses Constant, decreasing I;he thickness 
of t h e  first D20 gap from 7.5 -to It i n .  increased the core c r i t i c a l  f u e l  con- 
cent ra t ion  by 40$. Increasing the core length from 4-8 t o  '(2 i n .  decrza-sed t h e  
c r i t i c a l  .fuel concentration about l?$, w h i l e  increasing t h e  core diameter from 
13 t o  21. in .  decreased bile core concentraiion by about 35;:. 

6. Developinerit of 8eactor  Components and Systeiiis 

A c y l i n d r i c a l  core nodel 2 ft i n  diaiieter and 6 f t  long was operated. 
The f i r s t  se t  of entry vanes t e s t e d  promoted bypassing of about half  t he  f h i d  
from inlei;  t o  outlet, s o  that new vanes were designed and fabr ica ted  f o r  t e s t .  

An evaluation was made of two-region t h o r i a  breeders vhich indicated t h a t  
blanke-ts containing s ta t ionary  t h o r i a  p e l l e t s  a r e  qu i t e  promising. D e t a i l  
design was begun of an experirnentel rnodc1. simulxi;j.ng t h e  blanket of a 4O-Mw(th) 
r eac to r .  Lead shot were c i rcu la ted  i n  a simple model, i l l -u s t r a t ing  the  arrange- 
ment proposed f o r  handling blanket Yhoria. 

'The 2002 pump, containing alumina bearings,  continued t o  operate sa-lis- 
f a c t o r i l y .  A test, s t a t o r  appearcd t u  remain i n  a usefu l  condition a f te r  an irra- 
d i a t i o n  dose of 5.43 x 109 rads, itidicatiiig acceptable radiation resis tance.  

The three-s tage oxygen cmpressor  was further instrumented i n  an attempt 
i o  detcr.iiline t h e  cams@ or pei-si stent diaphmgn failures. 
so lu t ion  feed pumps continued t o  p e r f o m  s a t i s f a c t o r i l y .  

Iiicreased-capacity 

The 300-SM system vas charged wit'n slurry, following completion of numer- 
o i x  xodif  i ca t ions  . Charkging w a s  perPc;xied easi ly ,  a.nd improved valves increased 
the  r e l i a b i l i t y  of Yne system as a whole. 
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-4 slurry o:T 1hOO"C-fired tf loria c i r c u l a t l n g  i n  the  200B loop appeared -to 
be foi-ming n s c a l e  on the heat  transfe-r s1.1:rfttee. Its y i e l d  stl-ess a t  eleveted 
temperatures appeared Lo be unexpectedly lot$. 
nonuniformity in -the 203A Loop suggested t'nat (Ill-ute sl.isrries are l e s s  uniform 
than high-coneentration s l u r r i e s .  
re ta ined rodera-tely dil-atnn-t, p rope r t i e s  a f t e r  circula-tion. 

7. Instxument and Valve Developiiei1-t 

A correlat ion derived f o r  s l u r r y  

I n  the  7C.A loop, a 3.65-w t h o r i a  s l u - r y  

After  5540 hr of service i n  a 3O-gpm s l u r r y  loop, Lhe Zircnloy-2 p lug  and 
seat; of 8 fl.iished-bcllovs H3.mzel-Ddil  valve w a s  Pound -to have suffered con- 
s ide rab le  rf.am!ge. The daiiage, however, was not eatastro'phic . 

. 

Life-testing OS 12 t i t , a i i k tu i i  stem-sealing be l lous  ~rras completed ... Avenxge 
l i f e  of -t;be 12 u n i t s  t es ted  was '2lt,l.>p cycles ,  
sul. fate solution a t  ZBO'C, w i t h  2309-psig -pressure applied externally to the 
bellows. 

Tests  were perfurrn.ed 5-n I A T E L K I ~ ~  

(8. Heactions i n  Aqueous Soliitions 

Measurements of t h e  r a t e  G:C peroxide decomposition i n  0.034 uranyl. 
n i t u a t e  sol.irt; ion were mmde t o  e s t a b l i s h  ~&.t?t;her th .e  d.ecoiiipositi_on w;is suf'f i- 
cien'i2.j. rapid. to  p-r-mit, consideration of uranyl.  nitrate s o l i n t i o n  ns a p o t e n t i a l  
r eac to r  Puel. 
s eve ra l  l eve l s  oE excess ncj.d:ity. The  effects  of ~ I I G - ~  catal.ys"is and corrosion- 
product rna-t;cyials T.7el-e estab.bl.ished. 

TesLs  were inade over t h e  temgerature range 40 t o  1.QO"C with  

The resu1.L:; we%? qui.tct similar t o  those previously obLai.ned with s u l f a t e  
artd perchlorate  systems. The teinperature dcpend.ence of t he  decomposi.tion ra te  
w ~ c ;  e s s e n t i a l l y  the s;me 3,s indica-Led by -%he cnl.cula-ted sictivation energy oC 
P5,OOO cal/mol.e. 
-bration. Iron salts were extremely e l f e c t i v e  c:ita,lysts Poi' tihe d.ecuqposition, 
arl:l copper sa1ii;s promoted t1ii.s activity substantial>y. Ext;rspol.ati.on of these 
rc.sults t o  hipher Lcnperatures su~ges'cs that the rates oT peroxirk dcccxnposltioa 

The rate was inversely rel.ated to the  excess-acid concen- 

s h o ~ i l d  pvove adequate 11nile:r. an t i c ipa t ed  r eac to r  cond-i: t 1 *. ons . 
9 .  Heterogeneous Equ t  l i b r i a  in Aqueous System 
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10. Rad j.a t i on Corros i on 

A rocking-zu'ioclave experlmeiit was perf orirlerl til vhich a D20 so lu t ion  
of uranyl  n i t r a t e  (0.032 m> - with Cu(NO3)2 and excess DN03 was exposed i n  
Zircaloy-2 Low-power, lo??-temperature exposures of short  duratioiz were made 
i n  order t o  0btai.n pressure :lata Tro!ii which G D ~  and Kcu (225°C) values could 
be est imate&. 
periods, t he  t o t a l  i r r i d i a t i o n  time being l5lC h r .  
were foll.owed c lose ly  both during and be-tween i r r a d i a t i o n  periods. Analyses 
were mde of tiit: i r r a d i a t e d  solution, Y w  auLclavc r inse,  tile l a rge  a.r.ioun-t of 
prec ip i ta te ,  and the  specimen surfaces .  

Exposure a t  230°C t o  t h e  f u l l  r m c t o ~  power vas rmde i i l  f i v e  
The pressur? and tcnperature  

IQu (225";) w a s  es'ciiaatea t o  Ice 1-600 t o  1700 li .ters/nole-hr, about t h r e e  

The various pcr t inent  pressure and a i i a i j r t i cd  d a t ~  were not com- 
times its ].are- 3s  out-of-pile values found by others .  
l . 3  t o  l.he 
pl.et;ely iiiterconsi s t e n t  but allow an  estiinatcd range of Zircaloy-2 corrosion 
ratm of 6 t o  12 rnpy iiui-ing nosi; of  tile exposure. 'i'lie corrosion r a t e  appeared 
t o  increase during t h e  last  30 h r  of exq?osurc, and ibe f i n a l  rzte was probably 
30 mpy o r  more. From various features of t h e  prossirre data, esti;rmtes of Glf3 
of 2 x 1.0-3 to 2.5 x 
reported values from f i .ss ion-frag.ent  i r r a d i z t i o n s  o r  c ~ ( N o ~ )  
1ieconibin.atioi.i oi" nit rogen nntl oxygen 'vas indicated,  the appizrent rate cor re -  
spon'ling t o  n vapor-phase recoabinetion witi i  CL GNO-- value of 1. t o  3, which 
i s  within t h e  range of vebies f o r  vapor-phase f i x a t i o n  previousl:; rcportci! by 
others .  

G D ~  'hias estima.ted t o  be 

L 

were mde, which ar- 7 t o  70 times larger Litan 
s o l u l i v n .  

3 

1.1. Xnp;ineeri.ng and Physi.ca.7. Propert ies  

Previous s tud ie s  of the  minimmi ve loc i ty  reqiii red t o  t r a n s y r t  fI.occu1at;t.d 
suspfms ions in horizon. ta , l  pipes kavc siiovn tlpio regions of f 1-o:~~ leperding 0 x 1  

the concent,xtiuin. The c r k t i c a l  coiicer;tration €or  t he  t i z n s i k i  on I'i-orT; one t;;,pe 
of flow to t he  o t i i e r  has been shown t o  be :3 :funcLion of clcy;rcc of f l o c c u l e t l o n  
and tube iliaine-Ler. :i3, has also been chscin t h a t  t:ie c r i t i ca l .  conr:r!l;:ti',J.Lion can 
be determined f rom a s>-s m t i c  stixiy of Y l e  h inJcred-uet i l in$ ra-te :.IS r?. func- 
t i on  of container di-ameter and. suspension concenLi-ation. 

P l  i e s t s  have 
nensions even n t  great 3s 2 y l ' ' C .  



in a high-tempe:rn-ture loop to determine tinether t h e  presence o r  Li$04 would 
prevent cake aeposi t ion when Th02 spheres, known -bo be cake foniiers, were 
c i r cu la t ed ,  'The b e s t  ~ m s  more favorab3.e than m y  previous t e s t s  with d i f f  w e n t  
el.ectrol.ytes asd ind ica ted  tho,$ s e l e c t i m  of t h e  proper concentration of Lips04 
m i & t  result ;  in a marked fiecrease i lz  caklng .t;enclency. 

Addition of 50 wt $ noncaking oxide Lo a knuvn caking oxi.tle decreased but  
dit1 not prevent the f o m z t i o n  of deposi ts  i.ii .the loop. 

Coprecipi-tation of 0.05 t o  0.25 inole fua,c't;i.on Z r ,  Al, and Fjb with ttiorium 
followed by ca lc ina t ion  at 800°C increased p a r t i c l e  i n t e g r i t y  g,;reatly over t1ia.t 
observed with oxide!; prepared i n  a similal- manner except Y l a t  meta.1. oxide 
addi t ives  were not  presenit;. 

1.2. 'Thoriwa Oxide I r r ad ia t ions  

Two s e r i e s  o f  thorium oxide powders thnt bad been f i r ed  a t  650, 300, 9OOI 
11.00, and ll;OO"C m a  then i r radia- te i l  1.6 and 22 months i n  an. 1:JJ'H l a t t i c e  posi- 
t i on  were reco-rered f o r  examjmition. TIE 650~ 300, and 9 0 0 " ~ - ~ i r e d  samples in 
both series were .rea anti had s intered i n t o  hard agglomerates; the uoCiOc-I"irea 
saiiplcs were of f-vhite powders; and the  1500° (2-fired samples were blue powders. 
Radiochemica1. analyses of the  l6-u:onth i r r a d i z t e d  oxides .wid f lux monitors 
indj.cated. t h e  neutron f lux  .to have ranged from l.7 to 2-5 x 1.013. The i r m d i -  
atiota produced R mrkea decrease i n  surfnee are8 f o r  -the Love'r-fired mater ia ls ,  
bu t  no change i n  surface are8 was observed :Cor the  1500"C-fired inater ia l .  The 
estimated uiaximim teiriperature o:C a l l  oxides vhile being i r radiated,  vas <300" C e 
Thus t h e  observed e t f e c t  of irr.afi.iation was a s i n t e r i n g  wc-i,:ion comparable t o  
about a 1500°C ca lc ina t ion .  

A heavy-xn-txr s lur ry  of ;Q>-p< 1000°C-fired t hor ia  spheres containing 0.5$ 
n a t u r a l  uraniwn tlmt had h e w  i r radiated.  52 days I n  the C-143 f a c i l i t y  i n  t h e  
LlT'1'R ali temperati-ires from 180 .Lo 280°C vas recovered. 
oP Fore Ynan ha l f  t h e  o r i g i n a l  !;(>lids, was found. a t  t he  t o p  of the  i r rad . ia t ion  
m t o c l m e ,  appaucntly deposited by the  ref1.u.x condi%ions iat;rcdiiced by the 
method used f o r  l;emperatu.re control during i r radiat l .on .) 

A d r i e d  pl.ug, corrpose? 

I r r a d i a t i o n  of a set-tled bed of 0.2-in.-d.ia thoria p e l l e t s  i n  heavy water 
was ini.tiadtcd, i3nd ho-l;-cel.l. techniques f o r  evaluation of i rws l i a t ion  e f f e c t s  
are under deirelopment e 

13. Development; of Gas -Recombination Cat,alysts 

'The s o l  method of preparing the palladium c a t a l y s t  f o r  use i n  the c a t a l y t i c  
reconibinrutiou of hydrogen and c~xygeiz i n  t h o r i a  snd thoria,-urr.wlia s l u r r i e s  gave 
reproctucible a,ci;iv:i.ties and. the highest  specif ic  acti.9 ik i e s  yet; obtained. 'The 
spec i f i c  a c t i v i t y  a,ppcnred also t o  be independent, of the type and concentration 
of s l u r r y  solids. 

Under excess 04xygen, the  cata1ys.i; perfomm'ice index ( C P I )  per  mil.ll.mole of 
palladiwn concentrat ion a t  280°C and 3-00 p s i  hyarogen p0.1-t; ial. pressixse .varied 
from 9 t o  22 w/m.J-. 
orders of iiia@:tixd.e. 
uran?:.um oxide coutaining palladiua indicahed a CI'T about four  t i m e s  hip2ie.r than 
tha t  obtained. oiit-of-pile i . t i  a sLmibar system. 
sonple containing palladiwn obtained f r o m  a loop gaps -recombj.na'iion experiment 
con.r"i-rned qua.l.itntively the firop-off in. a c t i v i t y  v i th  pumping -time observed i n  
t h e  loop run. bu t  &id not  explain the oi-der-of -rr?sgnitude-Lnve:r spec i f i c  nc t ivi -  
t i e s  i n  the loop experiment. 

Under excess hydrogen, the C:PI w a s  increased by seve ra l  
Data, ob-tained in-prile with a slu-cry of :L thorium - a$ 

Laboratory k s t s  wn a shrry 



. . .  
VI11 

14. Slurry Corrosion and Blanket Llaterials T e s t s  

Procedures have been developed f o r  evaluati-ng {;he z'e:I.:~tive durabi1.tt;j of 
experitnental preparatioris of Lhorin pel?ei;s wh.i ci:~ might be s u i t a b l e  f o r  USC i n  
a proposed pebb1.e-bed blankct of a TEZF. Experimental preparations calcined 
from 1000 t o  175ooc, including 0.2-i-n. -dia spheres and r ibt  cyl inders  a:ici 
cyli i idei-s with hemispherical eiids, app-roxiiiisteQ 0.2 in .  i n  diameter a. ~d G .2 i.n. 
i n  lena-th, were corxpared in ai:cel.cral;ed (1.- to  2-hr) tesi;s a-t; room 'Ctwperature 
using spoui;cd beds t o  d-etemir-ie general part,iclF: integri.Ly and a t L r i t i o n  r a t z s .  
S ta t ic  aui;ocl.avc tests and JOO-h.r eqos l i r ec  of packed p e l l e t  beds in. -floving 
DzO at, 260°C i n  1.0O.A pump 3-oops were made t o  evaluate high-tmperature  durn- 
b i l i t y  and p o t e n t i a l  l each -ou t  of addi t ives  (0.3 t o  5;6 C a O  aiid/or A l f i : ~ )  from 
the p e l l e t s .  

Duri nc tile examination of 50 ,li f ferct i t  pcll-tA preparat,ions, ireizht losses 
during exposure i n  D20 (12 t o  200 hr) i n  s t a t i c  autoclaves at 260'2 using 
ambie.nt atmosphere ranged froin 0 .GO1 t o  0.2$/hr. i k t e r i a l s  whic i displayed 
los ses  greaLer than 0.000j'$/hr f a i l e d  dup io s p c ~ l l i n ~ ,  lpnch-out uf addit,iven 
o r  partial d i s in t eg ra t ion .  Sixty-seven per r en t  of  the preparations show4  
losses  below O.OOOj$/hr. 

PeLLetr; wjli.ch showed weighk 1-osses of I.tiss than O.OOOJ$/hr i n  s t a t i c  au.i;o- 
c laves t%isp?.aycd. welght 1.osses during 1.-hr mposiirer, in spout,e?.-bed. t e 5 . t ~  ( 3.0 
p e U e t s ,  0.24 fps  su.Fcrficial velocity,  24 f'ps Jet vel-ocity) a t  room tempera- 
t u r e  of 0.3 t o  30$/hr. 
<O.@h/hr. 

Twenty per  cent of the :imterials showxl low rates, 

'i'wo preparations exposed i n  horizontal  packed beds a t  approxiriatelj, 2 fps  
s u p e r f i c i a l  ve loc i ty  i n  ~ O O A  loop t e s t s  a t  260"~ using 1370 w i t i i  inert-gas 
atmosphere d i s p l a y e d  a t t r i t i o n  i-etes of 0.006 and O.OO&$/hr respec Lively Cluriiq 
3OO-hr  exposui-es. Over 50% of  the a t - t r ik ion  piwilucts were I-etiiined as f i n e s  i n  
t h e  pscked beds, Six per cent of t l : ~  ca1.ci.urn vas from on? of the prepa- 
rations whrich containec! 0.5 i . ~  $ CaO as aridi.tivc. 

In -p i l e  Zircaloy-2 autoclave slurry coi.rosion expcri:aelii; L2L-3.52.; was 
operated sa t i s f : i c to r i ly  at 2 3 0 " ~  under ox 
densi ty  of 20 w/;nl. f o r  a shor-t periorL, wiLh sa'ii:s:fact;or.y rccoi;thi-nat,j.on catxly- 
sis &nd no pronouiiced corrosion e f f e c t s .  
enri.ched.-iira.ni.~ shurry t o  form d.epos its vas S.ndi.cated during both mt -of - p i k  
(673 hr) and in -p i l e  (65 hr) operation, but iio notable deposits vere  €onid  i n  
postmn examination. The experiment vas ter.xinated when ci plug developed in 
the 2O-mil-J : i l  capillaqy ttibing leading t o  t h e  pressure c e l l .  

ti11 atiirosphere ai, a fission power 

Some tend.cncy of the thorria .. 3% 

Z i r c a l o y - 2  spwimens frorn vx - ious  i n-pi 1 5  autor 1 . a ~  experiments w F r c  
examined. 
associated with water corrosion rather than w i t h  atmosphere o r  i r r a d i a t i o n  
e f f e c t s .  

A pichip of 20 t o  110 ppm hydlror;v. w a s  not=&, but appcarad t o  be 

A new coiled-pipe core W ~ R  instal.led in Llie 5-gpm ja-pi le  slurry loop  
which iiiiiiiiiized plug-i.nd.ucfng geocitAries as :re11 as pertnit-'c:i.ng H satis factory 
di.spvsiL ion of corrosiori specimens e In t h e  prototype 3.oop Line insl;ellati.ori of 
a s imi l a r ly  des i gm2i3. core elirni.nated the probl.cm o f  s1iiri.y dep,o:ition previ-  
oiis1.y observed with t h e  a n m l - a r - f  Low corc . 

Sa t i s f ac to ry  operation of t h c  prototype l o o p  for nore thdn 1500 hr xii;h 
a sliii'ry of t h e  t h o r i a  - 1/27; enriched urania proposed f o r  i n - p i l r  US- indi- 
cated t h a t  t h c  present loop desifp. i s  s a t i s f a c t o r y  f o r  in-pile operation. 
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Only m i l d  degrad-sti.csn i n  p a r t i c l e  s i z e  occurred. f o r  th is  periorl, and corrosion 
ra tes  were also l.01~ 

MeasuremenCs of recombination k ine t i c s  and stability of' C h e  pallsdiwi?. 
catal-yst i n  the prot.otype 1oo:p with th ree  s l u r r y  preparations were i n a d z  at 
various cataly-st  levels . The t k i o : u . i n .  - I./% enriched-urania prip;.l,ra~ion to be 
used in -p i l e  gave the  longest re ten t ion  o:? c:atztlyst a c t i v i t y ,  7 ~ ' l I ; h  half" the 
a c t i v  i t y  renE.ining after :Four weeks The catalyst  -s.l.urry combination appears 
t o  be adequate for the proposed in-pi:l.e experiment without und.u.1 y frequent 
addi t ions of i.at;tt;aly:;t. A s a p l i n g  s y s t ~ a  designed t o  remove s l u r r y  samples 
f rorn the  loop while op.-ra-ting in -p i l e  w a s  sa;l;isEac.l;orily t e s t e d  on the proto-type 
1GOP. 

'rhe f L r a t  1.00~ package scheduicd- f o ~  in -p i l e  operation has been constrtic tea 
and i.e under t e s t .  

15 - Thorium Oxide Preperat  ion 

Three 3-1~4 batches of spkteroidal thoria pel l . e t~  o.f -0.2 i u .  diamter,  9.6 
to 3.'7 g/cc aensi ty ,  and. ha?ring good r e s i s t ance  %o a t t r i t i o n  in a spouting bed 
A. ~ l ~ ~ ~ t  <," 

besl; re:;ult;s ~ e r e  obtained from oxalzt,e povder which had  be^ prepared by pre-  
c i p i t a t i o n  under oxalate-def i c i e n t  eonditi.orls and. had then been fire$ Lo (300°C 
f o r  I br. 
hinder  and then f i r e d  -to Y750"C: i n  a i r .  

Four. k i l o g r ~ ~ i i s  o f  ll+50° C-f i :rcit l  Dav:I.son pellets or l u d  d.ensi:ty, s t rength,  

were  prepared f o r  feanibil.il;;y s t u d i e s  f o r  the pebble-bed h1.anlc~.t. The 

~t was presse~j. t o  a green dens i ty  of 4.5 g / c c  wi-t;'n aluminurn stearate 

and. a-ttri.t:ion res i s tance  were densified., strengthened, and hardeiied t o  a satis- 
f ac to ry  degree by s o a k i ~ ~ g  i n  diban (di'utisic 2il.ur:linm~ n i t r a t e  so lu t ion )  and then 
: f i r ing  t o  1750°C. 

The average s i z e  of t h o r i a  microspheres prepared by .the fl.tme deni t ra t ion  
of xethanol nol.ut,j.ons of th025uln n i t r a t e  .tetrahydrate was not changed by 
increasing t h e  s i z e  OP the drople t s  fed to the combustion z m e  o r  by  substi- 
t u t i n g  water f o r  methanol. and ni t rogen f o r  propane-oxygen for atomizing the 
feed so lu t ion .  Decreasing the  ref l -ector  tenipersturc i n  t h e  camblxstj.on zone 
from 1600 t o  900°C dmbled the  average .part1.cLe s ize ,  increasing it Prom 1.p 
b o  2 I* 

Resistance mensurements were  made on Zircaloy-2 2s a Amcl;i-on of Lernpera- 
t u r e  from 1W t o  !.O~O'C, at heat ing and cooling r a t e s  from ';? to 70"~ per  minute. 
T h e  alpha/alpha-pl.us -beta "cerfipernture i s  shifter1 slight.ltljr urx~ard Lo above 827" C 
ai; tlie hi&.e;;t be~i t i t ig  rates; cn cooling, it is depressed t o  735°C f o r  ra-tes of 
2 anil 5 " ~  per xinui,e, '781"~ f o r  10"~ per mj.niri;e, and 760"c ~ o : r  70°C per  minute. 
TWO "biunp:;" appeas i t 1  %he resistance--teinpera2,ure cu-ne t h a t  carirmt be e,upkained 
through the present; knmledge of t'ne phys ica l  :iietaLl.urg~ of Zircnloy-2. One, 
about & in rnacgni-t,u!Ie, occurs between 2550 miti J1.5ooc, and the second. occurs i n  
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tile alpha-plus-beta two-phase f i e l d .  
r a t e  and, t o  some extent, by pr ior  thel-3nal h i s to ry .  I iydropn contcnt i s  not 
t h e  cause. 

Both arr  Ftffsctcd by heating and c o o l j n g  

Transformal; j.mi k ine t i c s  s tud ie s  were s t a r t e d  on the  Zr-15Nb-LCu ternary 
alloy and t h e  ZY-CU and. ZIT-bk> bi-nary a l loys .  Both i s o t h e m s l  and beta-quench 
and reheat t r ans f  o m t i o n s  are being studted. The t e rna ry  a l l o y  behaves s i m i -  
1arl.y t o  t he  parent binary a l l o y  except that, i n  t h e  be.tti-quetich and relieat 
transforma,tlon, g r e s t e r  ailoutlts of omega phase seem t o  be formed during t h e  
heat ing t o  aging temperature. The isotneimal transfolrnation product i s  nodular 
axid grows gi-ain by grain.  Meta1.lographi.c at;chani;s have beer1 developed for t h e  
rcvelat ion of the microstructures of t he  isothermally transformxi %r-Cu spec i- 
mens but no6 l o r  I;he Zr-Mo specimens. 'The isothermal transformation protluc-t for 
the  Zr-Cu system i s  nodu.1.ar and grows from t h e  grain boundary i n t o  t h e  <<rain. 

Twei.,ty-four sets of  p e l l e t s  were fn.brical;cd. tg i tii  vai'ying cornpositions and 
fa,b,bricfit ion techniques f o r  abrasion t e s t i n g  t o  detem?:.ne optijinun manuf actui-ing 
combinations. Techniques adequa'ce f o r  making f lat-ended, cyl.inrlrical. peilet:; 
were found t o  resul.t i n  pressure 1.runin.ztioiis when used i n  making spherical-  
ended p e l l e t s .  

The underwater constricted-arc cu t t i ng  process ut i  l iziny, s p e c i a l  torches 
w e s  applied successful ly  i n  c u t t i n g  t h e  diffuscr scrrens j n i o  s i r i p s  f o r  
removal from t,he IXRT core vessel .  

17. Analyt ical  Chemistry 

Flame-photometric methods were devised f o r  t he  determination of calci.um 
and a l s o  rare-ear th  elements i n  Th02, I n  the  de t emina t ion  of calcium, an 
add i t ive  t o  t'ne Tho2 f o r  t h c  p u q o s e  of increasing i ' is density,  an EJ@104 solu- 
t i o n  of the sample i s  aspirated i n t o  thc  flame, and standard solutions o f  
calcium containlng thorium i n  a concentration approximate1.y t h a t  of Lhe saaple 
a r e  used f o r  cali.brai;ion pui-poses. I n  t he  application of fl.s,m photo1neL.r~ for 
t h e  estimation of rare-earth elemcnks i n  'Y'h0;2, t he  sample i s  dissolved i n  a 
n i t r a t e  medium. 'The thorium i s  then ~ernovecl by an extract ion procedure t o  
preveni; its inlerference.  Mter destruct ion 03 m o n i u m  ace ta t e  i n  the raff i -  
nate, t he  rsre-ear%h e1e:iients are ex tmc ted  an& subsequently deter;nined flame- 
photometrica1.l.y i n  the  0rgani.c plrase * 

A d i r e c t  coulometric t i t r a t i o n  method w a s  appl-ied t o  t he  estimation of 
U(IV) in s l u r r i e s  or w ~ o ~ * u o ~ .  
coe f f i c i en t  of var i a t ion  wss 14. 

 or samples containing I to KI ll~g of U ( I V )  the 

Conductometric t i t r i m e t r y  was used t o  detemiiie free €Ips04 in radioact ive 
uranyl s u l f a t e  fuel solut ions,  
s'cttnilard deviation was l e s s  t'nan 176. 

For 0.05 !4 - Il2S04 solutions, t h e  Telat ivc 
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1.1.1 Qecand Core Hole 

1.1.2 Core -Vessel Appearance 

c a l  sections of sel down to the 

port ion of the 

Fig. 1 . 1 .  Second Hole in H R T  Core Vessel. 
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Fig. 1.2. Chipping Tool ($-in. Diameter) in Second Core. 

were brownish areas  t h a t  coniained mzny s m a l l  p i t s  and interspersed globules 
having t he  appearance of mol -weld sp l a t t e r .  I n  the diffuser-screen area, 
nubbins w e r e  visible where the  upper f i v e  screens w e r e  once attached. 

The shape and s i ze  of the first core hole appeared unc ed since being 
previously observed. The vessel  w a l l  
above it had a b r igh t  etched, metall ic appearance. 

the hole and f o r  a few inches 

1.1.3 Reaning of Core Access Flange 

d with a remoxe d too1,B removing 
excessive weld 1 from t he  . This enlarge i t s  use of the f u l l  
~ - l / S - i n .  -dia opening. 
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1.1.4 Cutting of Diffuser Screens i n t o  S t r i p s  

The upper f i v e  screens w e r e  c u t  i n t o  l-l/Z-in.-wide strips with an under- 
w a t e r  cu t t i ng  torch and m a n i p ~ i L a t o r . ~ ~ 9  
from t h e  w a l l  by corrosion, w e r e  cu t  first, and the s t r i p s  w e r e  removed. The 
t h i r d  screen from the  top w a s  broken loose with a hook, and cu t  next. 
fou r th  and f i f t h  screens ( a l s o  loosened by corrosion) were picked up and cu t  
i n t o  s t r i p s .  

The top  two screens, already separated 

Then the  

Only 24 h r  were spent i n  c u t t i n g  a l l  f i v e  screens.  

1.1.5 Removal of Screen S t r i p s  and Loose Objects from Core 

Ninety-two pieces  of screen were removed from the core with hooks mounted 
a t  the  end of long rods10 while t he  operator viewed the  operation with an 
external  -1 i ght - source t e l  e scope. 

F i f ty - th ree  pieces,  including several  corrosion pins ,  were removed, using 
various combinations of tools12 while viewing through a ‘(/8-in. -dia o p t i c a l  
periscope. A simple grapple operated with a speedometer cable encased i n  a 
f l e x i b l e  metal l ic  sheath w a s  used extensively t o  approach out-of-the-way 
objects .  
imately 10 days. 

The removal of the 145 pieces  of screen w a s  accomplished i n  approx- 

1.1.6 P l a s t i c  Impressions of Core Holes 

M t e r  removing the  screens, impressions of the two holes rrere made t o  
obtain the accurate  dimensional descr ipt ions needed t o  patch them. S a t i s -  
f ac to ry  impressions were made a f t e r  several  attempts. The impressions were 
made with remotely control led thermoplastic plugs,8,13 a separate  t o o l  being 
required f o r  each of t he  two holes.  This operation required four  days. 

The impression of t he  lower hole w a s  r ep l i ca t ed  i n  a “hot“ hood by making 
successive cast ings with rubber and epoxy r e s i n  u n t i l  the  a c t i v i t y  l e v e l  was 
reduced t o  below 2 mr/hr. Replication of the second impression i s  i n  progress.  

1.1.7 Contsinment of Act ivi ty  During Core Alterat ion 

With a core r ad ia t ion  l e v e l  of 105 t o  lo6 r / h r  ( r e f  7)  a f t e r  shutdown and 
t o o l s  contaminated so t h a t  they indicated as high as 100 r / h r  a t  coniact when 
withdrawn from the  core, r ad ia t ion  and contamination control  was a f i r s t -  
p r i o r i t y  consideration i n  a l l  the r eac to r  a l t e r a t i o n s  work. That the control  
has been e f f ec t ive  i s  a t t e s t e d  t o  by the f a c t  t h a t  personnel exposures have been 
well below permissible l e v e l s .  

Disposal of contaminated t o o l s  has become rout ine.  Tools are pu l l ed  i n t o  
a disposable p l a s t i c  containment sheath t h a t  extends below, and thus prevents 
contamination of, the personnel s h i e l d  through which the  core work i s  done. The 
e n t i r e  assembly i s  l i f t e d  i n t o  a p l a s t i c  bag, which i s  sealed remoLely t o  
prevent dusting of  a c t i v i t y  i n t o  the personnel a r ea  (see Fig. 1.3).  
assembly i s  then conveyed from t h e  area f o r  b u r i a l  o r  decontamination. 

The bagged 
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Fig. 1.3. Removal of  Contaminated Tool from HRT Core Vessel. 
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1.2 PFCiPAFATIONS FOR COMPLFTION OF TKF: CORF: FZPAIR 

The fu tu re  core-repair  program includes the  following sequence of 
operat ions:  

1. A sample of t h e  core w a l l  ( fo r  metallographic examination) w i l l  be 
cu t  from around t h e  second hole, c rea t ing  a round hole.  

2. The round hole  will be reamed t o  provide a sea t ing  surface f o r  a 
conica l ly  tapered plug.  

3. The core vessel w i l l  be  cleaned with a wire brush t o  remove sca le .  

4. The lower hole  w i l l  be patched and leak-tested.  

5 .  The upper hole  will be patched and leak-tested.  

6. The system w i l l  be f lushed with water.. 

The tools described below have been designed and t e s t e d  t o  perform 
these  t a sks .  

1 .2 .1  Core-Hole Sample Cutter  

A t o o l  t o  c u t  r e t a i n ,  and recover a sample of t he  core w a l l  ( a t  t he  edge 
of the  second hole)  f o r  metallographic examination w a s  designed, and sub- 
assemblies were t e s t e d  successful ly .  This t o o l  (Fig.  1 . 4 )  u t i l i z e s  a ho le  s a w  
t h a t  i s  fed  i n t o  the  w a l l  by a double-acting hydraul ic  cylirlder and i s  r o t a t e d  
from above by means of a 3/8-in. -dia f l e x i b l e  sha f t .  

1 .2 .2  Core -Hole Reamer 

A reamer assembly w a s  designed t o  cu t  a 60" tapered sea t ing  surface i n t o  
t h e  c i r c l e  l e f t  by the  sample cu t t e r ,  and t e s t i n g  w a s  begun. 
mechanism i s  the  same as t h a t  used i n  the  c u t t e r .  

The dr ive  

1 .2 .3  Core-Wall Cleaning Tool 

Preliminary tests were made of steam-cleaning, g r i t -b l a s t ing ,  argon-arc- 
b l a s t i n g  and wire-brushing as methods of removing zirconia-urania  sca l e s .  
Steam-cleaning alone Tias inef fec t ive ,  although with the  addi t ion  of g r i t  it w a s  
t h e  best method t r i e d .  However, d i sposa l  of steam and g r i t  i n  the  HRT would be 
d i f f i c u l t  and ttme-consuming. A blast of argon ions from a modified weld torch 
removed heavy oxide e f f ec t ive ly ,  bu t  it had a tendency t o  melt a t h i n  surface 
l a y e r  of t he  Zircaloy w a l l .  
and b e s t  method. 

The wire-brush technique w a s  chosen es the simplest  

A high-speed, air-motor-driven wire-brush assembly was designed f o r  
cleaning sca l e  from t h e  in s ide  wall of t h e  core. 
brush both the  spher ica l  and conical  surfaces  of the  core w a l l .  

This t o o l  (Fig.  1 .5)  can 

1.2.4 Patching of t he  Holes 

The t o o l  f o r  patching t h e  lower hole  was described previously.7 A s imi la r  
t o o l  w i l l  be used f o r  patching the  second hole .  
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Fig. 1.4. Core-Mole Sample Cutter. 

END 

Wnereas the f:irst hole is i n  a region of d i r e c t  impingexcnt by ille j e t  .,Then 
the f l u i d  f l o ~ r  i s  from t h e  top of the core d.ovtmard, the second hole i s  i.n a 
:region where urai?iun-beari.rig sol-ids m i  h t  c o l l e c t  i l l  t he  wake of pro iec t ions  
above the  surfac:e? of the core vesncl.lf Therefore it i s  desi.red t o  mount a 
f lu sh  patch uiii-ch wi1.l  create 8 m i n h m  of f l o v  disturbance. 
plug, havj-ng a. 60" included-angle taper, vj.1.1- be placed i.nt,o the hole and 
fastened by means of a Zircaloy togg1.e b o l t .  The Zj.rcal.oy bol-.t, w i l l .  ha-ve a 
Blush, count,crsurik head w i t h  a carbon-s-te::J. hexagcm g;lu.ed. on :v-ith Eas-L~iimi glO 
adhesive. After the bol.'i has been proper1.y to:rq1xed, the  glued bond w:i3.1. be 
softened by hot  water, and the  hexazon rri1.1. be rcmoved, leaving a fl-ush h o l t  
end patch assembly. 
k s s  than 500 cc/rnin at a 1.5 p s i  d i f f e r e n t i a l  w i t h  a l / l i - in .  bolt toryurd t;o 
35 in-lb. 

A f lush  Zirczloy 

A mockup o r  this type of pakch was tested and found -io leak 
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Fig. 1.5. Core-Wall Brush. 
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Concurrent ~ i - t h  the core r epa i r  work, maintenance and a l t , e ra t ions  of o ther  
mizjor p ieces  of r eac to r  equipment have heen i n  progress. 
flooded. an& iind.ensnter proceitures were foIlorTed. Su fficien-t; l igh t -water  con- 
densate bias added t o  U i c :  r eac to r  t o  e s t a b l i s h  i ce  p7.ugs and prevent gross eniry 
of Ylood.i.ng water in to  -Lhe piping and equipment durinx replacement opera-i ions. 

"he reactor shield w a s  

1. 3.1 I n s  t a l l a t i o n  o:F D u a l  Personnel Sh.icl ds and Stan&$ i~pes  

Moddfications were made to the two exis  Ling p::~:sonnel. sh ie lds  (lead) t o  
permit. t h e m  t o  be al.i.g:ned oVer the re::'ective C O T E  and blankel; inlet .  lioles 
simultaneously. 
access  f la t i~es  t o  permit dry  operations i,o be carried oub i n  the  core stid 
blaill.,et, regtons while the cell i.S flooded. with sh. ie ld  r$atiter. An off-gas system 
was at,-tac:bed LCJ the  s-tandp,iper, t o  preveni; spread ~f rad.i.oacti.vc gas f r c i m  t'ne 
r eac to r  vesse l  t o  the high-bay area. 

I. 3.2 

Standpi.pes vere then m;iirited above t h e  core and. blarket 

Al te ra t ions  t o  Permit C o r e  3ackflushing 

Cut;ting of the core d i f fuse r  screens produced .%boui; 112 l i t e r  of metal 
droplcts.'7 
pump ~ L S  :raised and temporary crossover p-ipes were i n s t a l l e d  so  that the de'orj-s 
can be back-flushed from the  core. 'BE s i x t i o n  pili? contains  a haske'i-tme 
s t r a i n e r  t o  c o l l e c t  l;he so l id s .  

I n  order t o  reiiiove t h i s  and &her Loose d.eb.ris, Yne core c i rcu la t i  i i g  

The core durq v.?..lve was removed temporarily,  and n kiai-d-val.ve asscmbly vas 
i n s t a l l e d  with a strainer -to prevent dcbri:; from en!;ering the diiqi -tanks. 

I. 3.3 Equipment Xeplacernents 

(a)  Valves. --'l'ie i r i l . e t  valves (1liCV-136 and -236) t o  both high-pressure 
s3:rnplera wre  replaced, because of excess leak-age 1;liroue;h i'nei-r seais. 

O n e  of the bl-ock valves (EKV-g?6) between the low-pressure systems m s  
replaced, becaiise the -Val v~e stern occasi or-ially s Luck, necessttati-rig higher 
than normal air. losdririgs i n  order to operate the valve. 

T'hc three valves had been i n  use since the r eac to r  m z  bui1 t,. 

(b) Pumps. --Y~KI  t liaphragi p imp  heads were rep.l.aced. Oiie was n Cuel.-f::ed 
head i n  itnich the diaphragm had f a i l e d  e a r l y  i n  ixn 21.. 
necn on1.y about 1150 h r  of se rv ice  a t  t he  time o.f :Pailu.re, w i l l  be cut open -to 
de-ternline the  cause f o r  the liai1.1.ir.e. The second head replaced, from the f u e l -  
p ressur izer  purge purnip, was used. throughout run 21., but the check valves leaked 
excessively d.uri.ng the l a t t e r  part of  -the run.3 
total .  of 9264 hr. 

Tine head, vhieh had. 

?"IC: head ha& opera-Led. f o r  a 

( c )  ~."rultic.lone.--ns an i n i t t a l  step i n  t he  reversal  of Lhe core- 
circulatirig-purrrq! f 1 . o ~  path ( see  Sec . I. 3. a ) ,  the  mul.'i,iple-hydl-oclorie nssemb1:y 
wac re-move& and t r ans fe r r ed  t o  the equipment, s'iorage pool i n  a shielded carrier. 
One :;pot, on the assembly surveyed as high a s  Go00 r/hr at coiila.ct. A m d t i c l o n e  
of revised design w i l l  be i n s t a l l e d  ( s e e  S e e .  2.1). 
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Tihe core saipler  assembly was removed f o r  repsLr of a pinned connection on 
the stem of tile lov-prcssure i s o l a  tion-chamber valve. 
reinntall.ed, t’tw sar~pl.rr connections were made l e a k - t i g h t ,  as indicated by 
helium deiec t i o n  methods. 

j e t e r  the assembly Twas 

1.3 .5  Condensate-Transfer Juqper-Line I n s t a i l a t i o n  

Thriq< opers’cion of the  rcact,or biith f u e l  i n  the blanke-L, fuel. has been 
a b k  ’LO ~ c c ~ u n u l a t e  i n  the blanket dunp tanks through sampl.Liig or valve l.eakagr:. 
This htis necessi ta ted ern>ty-ing the & x i q  tanks i n  batchxr, every days, A ner.7 
linel5 was its-talled so that conclensate which i s  t r a c s f e r r e d  from Lhe core 
systcin i i ; . IL  flow i.nto the bI..anket drimyi tanks. This w i l l  enable t h e  bl.anket feed 
pwq) t o  p u p  cor?ij.rnroual~y from <he dump tanlis. I n  order t o  i n s c a l l  the I.ine i t  
vas necessary t o  rzpl.ace the blanket t r a n s f e r  valve (HCTJ-!i3jk), although <~ t, had. 
no defects .  This valve vas user? i n  another replacement [see See. J..3.3(a)]. 

1.. 3.6 Radiia-Li o~ Containment Experience 

Personnel erqosureo were wel.1~ be!. ow permissib j.e l e v e l s  during a?.; phases of 
the work performed on equipment replacement or a l t e r a t i o n .  The highest si ngie 
exposLrz i n  a 2b-hr period vas 220 mi-. 
10 to 60 mrpnr. 

Vorking backgrounds haw usual ly  been 

Y‘ne r cnc to r  ::hielE has been f i l l e d  w i t h  water (-ZOO,OOO ga1) f o r  approx.- 
imzk’.y 855 of’ the report  period. Only one of tile underhretcr imintensnce 
operations added a q  l a rge  a m o m t  o f  a c t i v i t y  -to tile water. This occurred when 
about ‘TO cur i e s  of pred~ortiinantly (>80$) be ta  t ? m j . i i c r L :  drainad irom the  core 
cj . rc j i2t i -ng p r i p  while I t  was being reposit ioned f o r  the backflushing operation. 
When the  
I.ig3.t-water condensa~ie frorn the p - r n ~  t o  the waste system, but i ~ L  was not ;~i.ioll.y 
e f f e c t i v c .  
10 curies  of a c t i v i t y  t o  the v a t e r .  Since acb iv i ty  i n  liie water 6i.d n a t  &lid 
appreciably -Lo ,lie working background arid. s ince visibi1.i ty h2s been good, 4,here 
hac been no need t o  dispose of and. i-eiiew the shielding m,icr so  f a r  ci?jrj.ne; the  
m a i n  Lensnc e 2eriod. 

i ~ - s  unbolied from i t s  f lanps ,  a scavenging j e t  r/as used t o  pdl 

The rsst oi the  xdei-vater rnixueriance a c t i v i t i e s  added on1.y 

l-.j .7 Future Alterat ions 

3.. 
2 .  core c i r c - d a t i n g  p~vap, 
j .  the  fuel condensate-tsnk biock valve, and 
)I. a c o r e  pressurizer-heaver elernelit. 

pri~m.ary and. sec0nd.a .q  fiio?. recomblners, 

r .4 .1  Loca’cion of DzO Leak 

D n i n g  t,hc 2001-dovn fo l lo-u icg  run 21, a leak developec i n  the piping of  
tern anti. allowed abo-dt )!OO l b  of condensate t o  eszape to  the 
S l l L e l d  :;?xnp:;. Before Lke ir1it.i.a n of Llie yeac tor alterutLoris 
iurn leak-detect ion methods located. the l eak  a t  a crack which had 
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All r eac to r  contai.nment-shi.eld perie-ixa.tions are beirig Leak-tested. vilese 
t?s t s  are rq)<:ated rout inely t o  ensure L h x t  the i-ntegri'iy of t,j-le secondary 
corlta.inriteri i; i s  naintnined. 

IJNICL~SSIIIEO 
0 R N I . - L R - D W C  49258 

FUEL CIRCULATING PUMO 

~ 

I----- ..- --\- / . /-\A/--- 

Fig. 1.6. Location of Crack in Purge Line. 
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Afte r  t h e  early runs i n  which s o l i d s  ranoval  rates with t h e  or igint i1  
single-hydroclone system were fauzd t o  be considerably less than production 
rates froin corrosion, tb.e system was modifled by i n s t a l l a t i o n  i n  t h e  maetor 
cell. ~f 8 unit containing 13 hydroclones.192 Solids  coxlcentI.ttted i n  t h i s  wit 
were then col.lected by t h e  o r i g i n a l  sys-hem and dfssolvc?d in t he  n o m 1  nmnaer. 
Collection rates vere increased, approximately t o  the production rate  i n  run 20, 
xhen cor ros icn  rates were very low. Further  improvements, however, are neceij - 
s a r y  t o  prevent a cont;%nual increase i n  so l ids  inventory i n  the reac tor .  
revised multieloae has been designed and i s  being f ab r i cz t ed  for rep laeemnt  of 
t h e  o r i g i n a l  wit during t h e  pxesent maintenance period. The efficiency of t h e  
system has been lniproved. by: 

A 

1. Reducing the s i z e  of t h e  hydrocl.ones from 0.6 in. t o  0,k in., but 
r e t a in ing  appraxirmtely t h e  same flaw rake by ailding .rive bydroclones, f o r  a 
t o t a l  of eighteen. 
50 t o  lo($ higher  f o r  the siaaller hydroclones. 

The efficiency for p a r t i c l e s  i n  the rarigc of 0.5 t u  1. p is 

2.  Increasing the ava i l ab le  head across the riulticlone from 4.6 f t  t o  
nearly 94 -Et, t h e  fill head of the c i r c u l a t i n g  pulp. 
and retzun l i n e s  o r ig ina t e  on the Legs of -the replacenlent circula.tiiltr; p~xrrp 
instead of at; t h e  flanges across the  heat exchanger. 
for I- I-I particleij are SO$ at 90 ft of ljieadJ but only 3O$ Tor 48 f t .  

The revised system feed 

Hydroclone e f f i c i enc ie s  

3 .  Recycling t h e  cel.1-C hydroclone overflow stream t o  t h e  niulticlone 
underflow rece iver  
a l l y  be t r ans fe r r ed  t o  t h e  processing cel l ,  independent of t h e  eff ic ier lcy of 
the cell-C hydroclone. 

TL‘hus a11 solids collected by t h e  multiclone should eventu- 

4. Rmoving t h e  multiclone underflow rece iver  t o  overflow strewn bypass, 
which prevented a. ccntinued sccumuhtion of solids i n  t h e  ~iru3-ticlone underflov 
pot .  With t h i s  arrangement, the c e l l 4  collection system need be  operated for 
only a short i n t e r v a l  a f t e r  i.l convenient-sized batch of s o l i d s  has been col -  
l ec t ed  in t h e  multiclone underflow pot., 

The piping layou% i s  shown i n  Pig.  2.1. 

2.2 IQCATION OF SOLIDS IN THE REACTOR PII’ING SYSTEM 
BY G r n  SuRV&Y 

An extensive gamma survey of piping ia the reactor sys tem has been in 
progress during t h e  core maintenance period fo l lov ing  man ‘21. 
system w a s  r insed  thoroughpj, i t  i s  assimed t h a t  essentially all t h e  a c t i v i t y  
i s  assoc ia ted  with inso luble  f i s s i o n  proclucts 
.t‘rtat. t hese  inso luble  f i s s i o n  p r o & x t s  are r a t h e r  uriifoi-mly dispersed with 

Since the piping 

and past e-qerience has sliown 

15 
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FQOM CELL-C HYDROCLONE 
10 CELL-C HYVROCLONE LINE 166 

LINE 1093 

L I N E  1 0 9 2  

U N C L A S S I F I E D  
O R N L - L R - D W G  " 8 8 3 8  

Fig. 2.1. Multiclone Installation for Reverse Pump Flow. 

t h e  insoluble  corrosion products. 
when t h e  rea ings were taken, the ac t iv i ty  7 8 s  predominantly from 2 8 5 ,  Xb95, 

In the per iod 80 t o  100 days &f'ter.shutdown, 

ana ~11103~ 1-0 8 . 
Signi f icant  g & ?  reaaiags obtained t o  date are l i s t e d  i n  Table 2.1, 

m i n  circulating-s-ystm piping above t h e  core r a i l 1  be szlrveyerP at a later date .  
The 

.4 pre lh lmry  mtcrial balance ind ica tes  that. about, (@ of t h e  total iiiso1.- 
uble f iss ion-product  ac t iv i t J i  is  i n  the heat exchangers, 1-55 is i n  t h e  r e s t  of 
the high-pressure system, ana a h m ~  15% IS i n  the low-pressure system. 1 3 h j . k  
it m y  be infei-red that the comoaion-pr(~ucduct material  balance is 8pproxhatd.y 
t h e  erne, the  p o s s i b i l i t y  e x i s t s  that  t h e r e  are accmi-ihtions ilf old3 decayed 
s o l i d s  i n  the low-presswe s y s t a  which would not  be detected by t h i s  sunrey. 
One interesting fact w a s  noted i n  connection w i t h  iaatePpreting scale thic'm., -SBeB 

on con*osion specimens inse&ed i n  the system. :[%e activity Level i n  l i n e  101 
(where the eorrosion-specimen assembly was i n s t a l l e d  j u s t  upstrean of the hea t  
exchanger) waB a factor  of 6 less  than the average rcaaings i n  t h e  fixel. circu- 
lating loop. The scale on t h e  SpeChKmS and plplng a t  %his point is  obvlot1s1y 
CsnsPdPrably less than on t h e  majority of the pipj.ng. 

A garnme survey of the  iodine bed revealed s i g n i f i c a n t  a c t i v t t y  a t  the 
bottom of the  bed as expected, but, i n  addi t ion ,  over twice as much a c t i v i t y  
a t  a point  about 4 t o  6 i n .  below the top  of the bed. 
a c t i v i t y  i s  IIT1, since readings seven dRys a l t e r  the  i n i t i a l  reading were 
only abnut 60% as high as the  f i r s t  reading.  

The majori ty  of t h i s  

'&e hottest reading obtained i n  the c e l l  (%IO0 Y / ~ T )  vas a t  the feed 
chamber of the multjcloae. Calculations show t h a t  about 100 g OP so l id s  are 
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Table 2.1. Gc19anzz Act iv i t ies  i n  the  Reactor Sys-t;em 

Activi ty  
Locat ion ( d h d  

- 

Fuel-system piping upstream of heat exchanger goo - 1740 

Fuel.-system piping downstream of heat exchanger 840 - 14k-0 
Blanket system, l i n e  200, i n  v i c in i ty  o f  f ie?.  c i r c .  pump 2400 - 3900 

Fuel-circ.-pump discharge l i n e  18 in. past and under 
thermal sh ie ld  2400 

Blanket dump tank (bottom) 

Fuel durap tank (bottom) 

D i r t  t r a p  i n  fuel-f eed-pump suction l i n e  

lihnltlclone a t  feed chamber %ooo 

In0 - 900 
120 - 240 

120 

E a s t  head, fuel. feed pump 

Fuel feed l i n e  downstream of feed pumps 

Letdown heat exchanger, hot  end 

Letdown heat exchanger, cold end 

2400 

up t o  2100 

1800 - y200 
E, - Goo 

Iodine bed (due t o  8-day 1’3’ as ver i f ied  by readings 
one week apart ) 

360 

Fuel storage tanks; f u e l  charge contained therein 600 

required to ;ive such a reaiiing. 
the d i r t  trap i n  the feed-pmp line read 1100 r , ‘hr ,  a factor ut‘ 40 t o  50 above 
most of the high-pressurp system pipjng. 
of sol ids  existed i n  the djrl, trap a t  that t ime,  h t ,  t?ie present, survey showed 
the trap t o  be essent ia l ly  f ree  of w1 , iv i ty .  

In a previous survey, ~ o ~ l ~ j r ~ g  rim 13,;s 

It was clear t h a t  a large zcriunula-tioc 
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3. HRT COMPONENT DEVELOFMElfl 

I. Spiewak F. N. Peebles 

C .  H. Gabbard 
C .  G.  Lawson 

J. C. Moyers 
M. Richardson 

3.1 CIRCULATING-PUMP TESTS UNDER ADVERSE now CONDITIONS 

As t he  result of two t i tanium impel ler  f i r e s  severa l  months ago i n  the  HRT, 
a s e r i e s  of tests was conducted t o  determine how to  avoid such inc idents  i n  the  

using titanium or zirconium impel lers .  The tes t  of a zirconium 
s reported previously,  as well as the  start  of t h e  t e s t  of a s t a in -  

in ing  t i tanium wear r ings  .l 

During t h e  cool-down from s t e a  gen c i r cu la t ion  at 250°C and 
t i tanium wear r ings  ign 
en pressure.  The r e s u l  
1 impel ler  and s c r o l l  l i n e r .  A sec t ion  of 

na l  loop conditions of 101°C a 

l i n e  w a s  a l s o  i g n i t  
and burned through p ipe  w a l l  as shown i n  Fig.  3.1. 

at a tube f i t t i n g  approximate 

The tests ind ica ted  t t i tanium o r  Zircaloy probably will not i g n i t e  
unless  t h e  surfaces  are r e l a t i v e 1  

r - r ing  c l  
hould not 
ests i s  being wr i t ten .  

UNCL ASS1 FI ED 
PHOTO 35480 

Fig. 3.1. Pipe-Wall Burn-Through of Pump Torture Loop. 

IS 
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3.2 HRT-CORE STRESS ANALYSIS 

An analysis of the stresses that would exist in the HRT core with various 
blanket temperatures down to 100°C was completed. Stresses considered were 
those due to axial differential expansion between the core and the pressure 
vessel, radial temperature gradients in the core wall, and a differential 
pressure of 100 psi between the core and blanket fluids. The maximum calculated 
stress, which occurs at the sphere-to-cone transition, is 7'760 psi. 
pares with a 14,000-psi yield strength at 600"~ obtained fron the original core 
material.3 
stresses and can, therefore, exceed the allowable design stress value to a 
certain extent without serious consequences, the lower limit of the blanket 
operating temperature is not set by core-vessel stresses. 

This com- 

Since the calculated stress is a combination of thermal and pressure 

3.3 RFVERSE FLOW IN TKE HRT CORE 

Calculations were made to estimate the temperature distribution that would 
exist in the HRT with the flow reversed and the screens removed from the 90" 
cone.4 These calculations were based on observations with dye of the flow dis-  
tribution in the low-pressure HRT core model and on measurements of the dilution 
of a salt stream added to the core. In addition, transport lags of fluid 
recirculated from the oJtlet back into the entry jet were ~alculated.~ The con- 
clusion from these calculations and tests are (1) that the core wall may be kept 
to 300°C (or lower) at 5 Mw if the blanket is at 250°C (or less) and no uranium- 
bearing scale is present on the w a l l  and (2) that the maximum f l u i d  temperature 
in the core at the above conditions will be about 305°C. 
temperature mzp of the core. 

Figure 3.2 shows a 

The effects of uranir-bearing deposits were considered along with cooling 
of the core-wall patches. The tenrperature of the core wall is shown in Fig. 3.3 
as a function of scale deposit where the scale contains 10 wt $ uranium. These 
calculations assume that the zirconium oxide remains vhere the corrosion 
occurred. The three curves shown are for the following cases: The upper curve 
is computed on the assumption that both the blanket and the core are pressurized 
so that boiling does not occur. The middle curve is obtained on tie assumption 
that the blanket is pressurized and the core is at 1500 psi. The lowest curve 
is for both the core and the blanket at 1500 psi. 

Measurements of velocity distribution were made at five locations near the 
wall of the HRT model in support of temperature computations. The resulcs are 
summarized in Table 3.1. In all cases the f low was found to have a tangential 
and a meridional component. The minimum peak velocity is 1.53 fps and is just 
above the equator. 

iZ radial velocity estimated at 113 fps or greater exists in the region 
between the central jet and the wall Jet. 

Axial velocity distribution in the central Jet indicates 'ihat the incoming 
stream of 4-50 gpm entrains 172 g p m  in its first 7.75 in. of travel, and 670 gpm 
in the next 9.75 in. Velocity measurements in the lower part of the core show 
that the jet is somewhat unsymmetrical. 
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Fig. 3.2. Steady-State Temperature Distribution for 
Revised HRT at 5-Mw Core Power. 
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'fable 3.1. Wall V e l  oci ty  Measurements i n  32-in. HRT Core Modcl; 
Flow Rate, 450 gTm 

-. -... .-.-_______ 
Peak Meridi o m 1  Distance from Dis tame from Wa 1 I 

Posttion* Velocity V P ~  ocity Wall t o  Ppak to  Zero Mc-ridjonal 
(fPS 1 Cornponcrit ( fps)  Velocity ( i n . )  Componem ( i r i .  ) 

22" li m 24 3.0 0.25 1.3125 

52" 3.3 2.33 0 . 3 i 5  1.8125 

90" I- 88 1-33 0-5 I.. 6875 

133" 1.53 I .08 0.125 1.25 

2.6 5 2.64 1.87 0.125 

*See the sketch below fo r  ident i f ica t ion  of probe posi t ions : 

1. 
2. 

3. 

4. 

5. 

6. 
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A nwrher of ca lcu la t ions  by various nethods wrc: ust-6. to o'otcin the IiXT 
c r i t i c a l  concelitrtittion a t  26C°C as a funct ion OP blanket-to--ccre fuel r a t i o ,  
poison J-evel, ami D20 concen-trat:i.on. 
as a function of blanket-to-core REI. ratio as conpu-i;c.t.cl by l;he harmonic:; method,1 
the i nu l t i gnnp  code GIN,' tmd iW&DA, 

Figure :I. 1 shows the cL-it.i.cd concL?tlti-atj.cJns 

using two-@roup cons tan ts  obtained fi-om GIUV. 

UNCLASSI FlED 
.... ORNL-LR-DWG 48841 .............. I__T___ . 

~ 

@ MUIJ IGROUP ( G N U )  I I 
@] TWO GROUP (USING GNU-CALCIJI.ATEO PROPER-IIES) 

@ H A R M O N  ICs (4-crn EXTRAP0L.ATION) +- ............. 

( W A N D A )  

W I T H  8 - c m  E X ~ 1 ~ t I A P O I A T I O N  , THE I-4ARMONICS 
CURVE COINCIDES W I T H  (9 

I 

-. ............ -- 
0 . 2  0.3 0.4 0.5 0.6 

.- 2.. 
0 0.1 

S L A N K E T  FUEL CONCENTRATION /CORE FUE~.  CONCENTRATION 

Fig. 4.1. Critical Core F r ~ d  Concentration as a Function of Blanket-to-Core Fu-l Ratio in the HRT a t  260°C. 
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Tfie r e s u l t s  obtained by t h e  various methods are i n  good agreement. 
shows t h e  e f f e c t  of core poison level- lugon tire c r i t i c a l  concentration as computed 
by t h e  hamonics  method. 
cen-trd'c,iotis or  nickel, sulf'ur, and copper a t  a poison C r x t i o n  of 8.3 x 10-3; t h i s  
l a t t e r  v d u e  represents  an es t imte  of t h e  present  poison level in t h e  r u e 1  solu- 
t i o n .  

Ihgure 4.2 

Also shown dre t h e  e f r e c t s  of i20$ changes i n  t h e  con- 

I-Kwincxixs-Inethod ca lcu la t ims  were perfulmed to de-teriuine t h e  reduction i n  
t h e  c r i k i c a l  concentrabion associated with t h e  use of U233 i n  place of U"". 
The results a e  given i n  Fig. 4.3, with tine U235 curve Sho\riilg haxmonics-method 
results obtained by Edlund and Wood.* W i i t i n  1J233 fuel-., a s ingle  po in t  a t  280Oc 
was obtained with tile GNU-multigroup method, and i-t ;  was i n  good agreement with 
t h e  harmonics-method results. 
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Fig. 4.2. Effect of Poison Level on Critical Fuel 
Concentration in the l l R T  at 260°C (Harmonics Method). 
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Fig. 4.3. Critical Concentration in  the H R T  as a 
Function of Temperature, with U233 or U235as  the Fuel. 

1. 13. Cha.l.k.l.ey -I et al., An IRI+I-7& Code For a Harrmnics Method Applied to Tcro- 
Region Spherical Reactors, ORKL-%8O9 (Xa. 1, 1.960). 

L!. i.1. C. Fdlund and P. 14. Nood, Pnysics of the Homo;;en~?ous Reactor T e s t ;  S t a t i c s ,  
oii1\1~-1.7811 ( A U ~ .  27, 1954 ) * 







P. X. Krtsben 

14. L. Tobias D. R. Vonay 

Estirnaf;es were m a d e  o f  t h e  c r i t i c a l  coneenttration i n  cer ta in  snal.1, 
cyl.indrical reactors conbaini f e ~ i l e  mater ia l  Ijl the blanket region. '1%~ 
rea,c"cor cores consisted of U2'-:D20 solut ions contained i n  a *-in. -thick 
ZircaLoy -bank. 
pebble-bl.,mket regions sep'va-bed f r o m  one another by heavy-~s;t;er layers ;  the 
pebble-blenket regions contained 5300 g of Tin per l i t e r .  'Ihe core flfilel. con- 
corxttration was obtained a.s a flanction of core length, diameter, aid the thick- 
ness of the mker layer between .the core and t h e  first thoriim region. 
core region was assumed t o  c o ~ t n i n  no poisohs, and the blaJlke2; region contained 
no fuel. 
r eac to r  taper3txre  XELS &o"C i n  aI.l cases. 

The core was s u r x w d e d  by R layer of D20 followed by t h e e  

Trine 

'l"he d.bensiom of the  vru.iais regions are given. in Table 5.1. The 

Table 5.1. Dimexisions of Pehbl.e-L3ladkeZ; Redctor Regions 
__.. _- --...- ...--- 

Core di3aeter 

Core lerg'ch 

1/2 in. 

3 in. 

2d ~ m t e r  l ayer  3 in .  

2d ana 3a. blmkets 2 in .  

3d water Sayer 2 in. 

presswe vessel h In.  

EKtrapala-t;ion dis tance 1 ern 

- .I. --- 

27 
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MULTIGROUP 77 4 g/llter 

1 ....... I ...... - - - -  ...... .. I -  ...... 

2 4 6 8 10 0 

THICKNESS OF D 2 0  GAP OUTSIDE CORE ( i n  ) 

Fig. 5.1. Effect of D,O Gap Thickness, Core Dlam- 
eter, and Core Length on Critical Cola Fucl Conccntra- 

tion (Two-Group, One-Dimensional  Calculation; UO,scI,- 
D,O Solution in Core, Thorium Fei le tc  in Three Discrete 
Blanket Wegims; 280°C, No Poisons), 
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Fig. 6.1. Cylindrical Re-entrant Core-Vessel Model 
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Fig. 6.2. Inlet-Vane Assembly of Core Model. 
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UNCLASSIFIED 
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ANNULAR INLET AREA 
TANGENTIAL VELOCITY l f p s  1 

Fig. 6.3. Axial and Tangential Velocity Profiles at Three Elevations of the 2- by 6-ft  Cylindrical 
Core, with 45" Inlet Vanes and a 3950-gpm Flow Rate. 

6.2 THORIA BREEDER lG3ACTORS WITH PELLET BLANKETS 

An evaluation1 w a s  made of two-region t h o r i a  breeders consis t ing of a 
blanket containing t h o r i a  p e l l e t s  i n  annular regions surrounding a cy l ind r i ca l  
core containing uranyl s u l f a t e  f u e l  solut ion.  C r i t i c a l  concentrations,  neutron- 
f l u x  d i s t r ibu t ions ,  core and blanket cooling requirements, chemical processing 
cycles and power cos t s  were determined f o r  400- and 40-Mw(th) reactors .  
Table 6.1 gives a summary of important design data  f o r  these reactors .  
assumption t h a t  s a t i s f a c t o r y  p e l l e t s  can be fabricated,  it w a s  found t h a t  a 
400-Mw(th) r eac to r  with a p e l l e t  blanket w a s  economically more a t t r a c t i v e  than 
the  corresponding r eac to r  with a slurry blanket.  

Figure 6.4 i l l u s t r a t e s  t h e  pel le t -blanket  r eac to r  vessel  f o r  a 40-Mw(th) 

With the 

reactor .  The f u e l  so lu t ion  e n t e r s  a t  the  top of t h e  c y l i n d r i c a l  core "hrough a 
s e t  of annular swirl-producing vanes, flows downward along t h e  core vessel  w a l l ,  
t u rns  a t  the  bottom, and e x i t s  a t  t h e  p o l a r  o u t l e t  pipe a t  the top. The blanket 
t h o r i a  i s  contained i n  concentric annular beds. 
water, which en te r s  a t  t he  bottom of t he  pressure vessel ,  flows upward along 
t he  outside of the core, and then r a d i a l l y  outward through a perforated d i s t r i b -  
u t o r  shroud and the  annular p e l l e t  beds i n  s e r i e s .  
leaves the pressure vessel  through a s ide  o u f l e t  nozzle. 

These beds a r e  cooled by heavy 

The heavy-water coolant 

Thoria i n  t h e  innermost bed vould be  rearranged per iodical ly ,  t o  r e p l a z e  
the  i r r a d i a t i o n  of t he  p e l l e t s ,  by means of water j e t s .  
t h e  blanket and recharging p e l l e t s  t o  the  blanket would be accomplished a l s o  by 
means of water j e t s .  
successful ly  with 1 / 8 - i n .  l e a d  sho,. 

Removal of p e l l e t s  from 

The means f o r  p e l l e t  t r anspor t  i s  based on a concept t e s t e d  

6.2.1 Design of Pellet-Blanket Reactor Vessel 

A general  arrangement layout vas s t a r t e d  f o r  a kO-I&i(th) r eac to r  vessel  
having a '2-ft-dia, 6-ft-long cy l ind r i ca l  core with concentric annular beds of 
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OUTLET CORE INLET ANNULUS 

,TRANSITION JOINT 

CORE DUMP IUNE 

SPIRAL FLOW VANES 

PWR-TYPE CLOSURE 

CORE TANK, 2 f t  ID X 6 f t  I 

Th O2 PELLET BEDS 

PRESSURE VESSEL, 6 - f t  ID X 11b f t  
LONG (HEADS INCLUDED) 

PERFORATED DISTRIBUTOR 

‘DRAIN HOLES 

BLANKET DUMP 

BLANKET I N L t l  ’ 

Fig. 6.4.  40-Mvd Reoctoi wit;) Pellet-Bed Blanket. 
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6.2.2 Deve3.opment of Pellet-Handling Equipment 

Tile equipment diagrammed i n  Fig. 6 .5  was iAsed. t o  demom-traLe the feasibi l -  
i - ty  of c i r cu la t ing ,  removing, arid. chargiiig Lhoria pell .ets i n  a rcac'ior blanket.  
I n  {;he t e s t ,  1/8-in. 1-ead-shot p e l l e t s  were cri.:r.culaterl. successfully by i n t r o -  
diucing imter a t  the jet ai; -&he bottom o f  t he  col.wnn. Wlen -Lhe vater was d7.s- 
charged. a t  t,he top of the -pel.let colmm, through discharge line A, t he  pel.l.ets 
were diseugaged by s e t t l i n g  and ret?rrned 'LO the  p e l l e t  bed. 
discharged at. -the top OS t'ne 1 - i n .  transfer liriz throuph di~scharge line 13, the 
water velocity exceeded t,he p e l l e t  s e t t l i n g  vcl.ocj.-ty a t  al.1. points ,  and. iierice 
p e l l e t s  could be removed P.rom khe c o l u r l .  A flapper-valve a t  the top of -the: 
' irnnsfer line pe-rmiis charging of pel.l.ets -Lo the colwnn through l i n e  B. 

bken the water w a s  

UNCLASSIFIED 
ORNL-LR-- CWG 48847 

DISCHARGE 
LINE B 

PELLET 
FLADPER-VALVE- 

. I  

I ---.l-in. GLASS PIPE . .  

ROTAMETER 

WArEFl  & SUPPLY 

Fig. 6.5.  Glass Model of Single Pellet Channel. 

i?i;tempis to circula'ce 1/4-i.n. steel. shot  i n  t he  t e s t  eqiriprient were not 
completely successful because or occaslonal jammi.ng of Yhe la.rge p e l l e t s  i.n tne  
1-in. t r a n s f e r  3 . 7 . m .  

6.3.1. 2007, i3mp arid Loop 

The 2002 pump, which coni;a-i.ns a, mo to r  similar to t h a t  used i n  i;he KKT c i r -  
cul.ation p i u ~ s ,  but  ~wh:zh contains par is   nom sui. tab1.e f o r  use in c i r cu la t ing  
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t h o r i a  s lEri , ieL,  vas operazed. in higil-terpcrut;ire rraier io  tes i i t s  alumifia 
Joui-n:rl. and. t h r u s t  beari~iigs. 'Ihe pump continued t o  operate c a t  '.::fat Lorily af Ler 
2300 hr . 

6.3.2 S i a i o r  Pr ra t l ia t ion  Test 

I r m d i a t i o n  dsmree t o  moi;or i c s u l - a i i o n  i s  a potential source of pump-motor 
fa i 1.ure ~ 

t o  have L'ai.leU afkx a toLal dosage of 5.43 x 139 rads.  
.i '~ ,cot 3 j i  s t a t o r ,  irradiated i l l  a CoGO sou-ee, was previously rcport-d2 
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s t a r t e d  on March lh.. The concentrdtion was brought t o  approximately 350 g of "ill 
pe r  l i t e r  i n  6 hr ,  w-ith a charge concentration o r  approximately 1000 g or 113. per 
l i t e r ,  

On March 1-5 excessive leak%ge occurred. through the letdown l i n e  and the 
system was shut down f o r  replacemmt of the letaown valves. 
the  valves, it vas found t h a t  the upper valve was n o t  v i s i b l y  &tntaged. 
appeared. t h a t  t h i s  valve had been open while the  system w a s  a-t pressure because 
of iiisuPfici.ent spring loa&= on the a i r  operator. 
conbained similar trim cons is t ing  of a Zircalay plug and 17-5 PH s t a i n l e s s  
s t e e l  seat ,  was severe1.y eroded. 
oxlde t r i m  vas  i n s t a l l e d  i n  the upper posi t ion,  and a plug .valve i?it;'n tungsten 
carbide trin, i n  the lower posi t ion.  
densing surface wa:; added t o  the lo17-pressure system t o  permit smoother pressure 
control .  

On exmina t ion  of 
It 

'l%e lo t ie r  valve, +&ich 

A s  replacements, n ball .  valve with aluminum 

During t h i s  shu-tdown, additlortal  con- 

Tne run  was resimed on March 25 with most of the origiiial solids sti l l  i n  
th? high-pressure system. On March 28, ii was found Lhat -the eondemate l i n e  
t o  thr pump motor was plugged with s lur ry ,  which apparently had been displaced 
i n t o  the  high-pressure condensate recejver as a r e s u l t  of a n  operating error. 
The l i n e  w a s  unplugged i n  place by usirlg 'cne high-pressure purge p q ,  a 
pressure di f fe ren t ia l  oT approximately 3000 p s i  being required Lo break the 
plug; and the  s lux iy  was I'1u:;hed from the  condensate receiver .  

Meanwhile, it w a s  found t h d t  the slurry stored In the dump tank contained 
excessive chlor ide contmLnaxion as a result of a cool ing-mter  leak i n t o  the 
low-pressure bystem through the  packing gland o f  the slurry t r a n s f e r  pump. 
decantatioris removed most of the  chloride,  rediicing the concentration i n  t h e  
supernate rron 30 t o  2 ppm, 

Five 

Slurry chargi.ng t o  Yne high-pressure sysbem vas resumed on Elarch 31, and 
the c i r c u l a t i n g  coneentration in the  high-pressure system was brought; t o  
950 g of Th pe r  l i t e r r  on @ril I, approximately 10 hr of feedilng being requ.ired 
t o  increase the concentration from 350 t o  950 g/ l iLer .  
a t  950 % / l i t e r  u n t i l  A p r i l  8, when -the Loop vas shut down t o  provide cooling 
c o i l s  on the shell s ide  of -bhe high-pressure heat; exellanger; these were needed 
t o  run heat t r a n s f e r  experiments. 
system u n t i l  the  run w a s  rentartea on hpi1 14. Tbe slurry rms resuspended i n  
approximately 30 sec af ter  the  pump war; energized, arid the loop shows no 
indicat ions of plugs i n  any 1ocatio.tl. The nin i s  continuing qui te  s a t i s f a c t o -  
r i l y ,  and measureme.crtx of hea t  exchanger performance a r e  being made. 

S11ux-y was c i r c u l a t e d  

The slurry w a s  l e f t  i n  the high-pressure 

l?ie most important f a c t o r  i n  t h e  success of t h e  present  run, as contrasted 
t o  d i f f i c u l t i e s  experienced i n  preceding runs, i s  the use of aluminum-oxlde- 
trimmed b a l l  valves i r r  the feed line!;. While these valves have c e r t a i n  l i m i t a -  
t i o n s  (they usual ly  I-eak s l i g h t l y ,  -they w i l l  only hold pressure -i.n one 
direc-f;i.on, and they w i l l  not seat sa- t i s fac tor i ly  unless t'nere is  a s u b s t a n t i a l  
pressure d i f f e r e n t i a l ) ,  they are the first  of the valves t r i e d  which seem 
capable of shuttlIg-of f flowing slurry repeatedly.  

6.6.1 200B Loop Operation, xull 4E 

"he 2OOB loop has been i n  continuous operation during the quarter ,  i n  
run k", pumping a 16QO'C-fired 1.8-p-dia t h o r i a  s l u r r y  (DT-12 arid -13) ai; 
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't'hc s lurry heat trancfer c o e l f i c i e n t ;  aype:ired LO be prouor~liorial to inc 
0.8 pover of veloci';y a: 107,: conceritra',io!ls. 
power depeideiirt.e vzs ovc'1' I, suggcc; ti rig tha:, f u l l y  turbulen-L flo:r vas not  
achlcved u n t i l  the v e l o c i t y  v a s  c lose  to l i j  f p c .  
crease of hca', t r a n s f e r  r cc i s i ance  xs:i.'~l? :inc, i r ld ica t i rg  ;;hat a thoria scale 
might be bui ld ing  up. 

.Xt the highcs 1 concerit.ra:Lon ihe 

There vas a s i g n i f i c a n t  i n -  

The cap:li~ai-y - tukmc viscometer :;am~lLei- ~..ia:-: uscd to obLaLr1 rheological con- 

sj.nce at loi,:er ~01ir:e:1- 

stani,;; f o r  various concenLrai-,i o m  of slurry. The values oi yiel~d stress : ~ c ~ t :  
presented i n  Table 6.2 for the high concen t r a t ion  o'ily, 
tra t l o n s  the viscometer s 
stress repor ted  in 'fable 

l e r  indicateci ne@-gible yi-el d stress. 'Yhe yield 
apsears to decrease :iith t ine,  and It: considerably 

Table 6.2. Yield Stress  of 200R Hun 4 3  S;urrj+ 

1-21 2 50 0.0% 0. oa84 45 

i-21 2 j5 0.0855 0.0351 56 

2 -2 i80 0.0850 0.00'(8 13 

2-2 100 0.085 0.00gg 16 
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below tha-t; reported previously :?or higli-'t~?r:~~eratil-re c i . rcda  Lion of p1.J.r'e t h o r i a  
: ; L ~ r i e s . ~  'The value of t he  coeff ic ient ,  of r i g id - i ty  f o r  j-LB s l u r r y  a t  the high 
concentration fourid to be cons tan t  a t  0.015 Lb/ft*sec over t h e  Lernpc.rat1x-e 
raqse 175" t o  a>O"C.  

The vzr ia t ior i  of coef:ficient; of  rigid.j:ty v i Y h  eonccntraLion fo r  t h i s  s lur iy  
W A : ~  i nves t iga t ed  at room temperature i n  R veri;i.cal-ti~bc: visconieter. 
coe f f i c i en t  o f  r i g i d i t y ,  Q , 
by (1 + l@), vhere @ i s  volume f r a c t i o n  so l id s .  
ThOg pe r  l i t e r  vas 0.163 l . b / f L 2 .  

'The 
equnl. t o  the v:lscosiLy of water, p, niultipLj.ed 

The yie2.d stress at 1-000 g of 

6.6.2 ZOOA Loop Operation, Fmn 21A 

Eum 21.8, i n  the 200A loop, vas comp1.eted i n  FebruaFj. %nc primary pirrpose 
of 1,he run  >,xs to irivestiggatc -t,he dropou-t; behavlor of an aqueous Yhor ia  s l u r r y  
i n  a 3-in.  horj.zontal pipe at elevated temperatures and a t  various fl.o?.r raten 
slid coricentratioris. 
II:~.:S used t o  i nd ica t e  concent,:i.ation variations. 'T 

The rel-ative a t  Lenuation of a col.li.nlate% gamiiia-ray beam 

lhr:i.ng the run) a to-tal of 63 siepwi:;e scaris Vere made with diffcrerit 
com.bim.tions o:f 'ihc fo l lowing  va r i ab le s  : 

Temperature, O C  - 2)!0, 260, 280 
Concentra-tilon, g o : ~  ':t1i0;2 per l i t e r  of slurry - 0, 366, 563, 309, 1200 
Linear veloci.ty, QS - 3.2, h.3,  5 .3 ,  6 .3 ,  7.5, 8.5, 9.6, 1.2.8 

A t y p i c a l  set  of observations i s  plotted i n  Fig. 6.6. A s l u r r y  containing 
900 
1.2.8 fps, a noticeable g m d l e n t  a t  -1.5 fps,  arid 3 very strong gradi-en'i a t  
3 .2  fps. Thc: data were fou.nd Lo c o r r e l a t e  w i t h  an emgirical  relationshtp of  the 
t y p e  : 

of T n O z  per  l i t e r  n t  280°C bas virtually uniform concentration at 

n 
1 - =  0 (cvl a - b +  

- 
C 

where 

0 = m c a i i  dcviat ion from average com~entrat ion,  

- 
c = average concentmtion or" s lu r ry ,  

(p = volume fraction OP so l id s ,  

v = veloci ty ,  

The re2.ationshj.p predict,s t h a t  tile concen!;rZtion deviat ions %re more marked a t  
low conczntrnt,l ons. 
s e t - t l i r g  rc2te i n  3 m;iLnnei- such Lllat concenLration d.ev:i.ation:; are more in,xeBed a t  
elevated temperatures. 

The constaiitn charGe wi Yn temperature and/or  shrrry 
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Fig. 6.6. Concentration Gradients in  Tho, Sluiry 
Flowing i n  a Horizontal 3 in. Pipe. 

Tmop 5OA operation w a s  c o n t i n w d  up t o  a t o t a l  of 2300 hr ,  i n  run 5Oi:-i,  
with the  object  of de'wimini.nS how various environments affect bhe dilatailcy of' 
a 1600"C-fired 3.6541. Tho2 slurry.B It was round. by qualStaLive tesi; tilat 
puqp:ing u d c r  52 nt.mosphere f o r  Z7O hr had no effecAd on i;he moderately dilatent 
proLii,erti.es of t h e  slurry. 
nondilatancy had been observed only  i n  1600°C-fired- l o n g - p m p d  slurries, it  Was 
decided t o  add simul-ated corrosion-product Fc (OH)? t o  the c i r c u l a t i n g  s l u r r y  t o  
promote tioridi 1.at:mcy. 
nondi.l.at,ant. 
rat3 o up t o  0.027 was add-cd d.urim; hlgh-teii i~~ra:!i i .~~ op-rzt ion.  
doubling of the ex i s i ing  r a t i o  i n  :he sluri-y. 
p roper t ies  was observed, but  the s l u r r y  retiii-ned t o  i t s  former stake wi. Yi-1. 
f u r t h e r  pumping. 

Si.nce t he  observation bad been m,d.e t h a t  c o q l e t e  

Laboratory t e s i s  had indicgted that % e  ( O H ) 3  alone was 
A quant i ty  of' this addi t ive  su f f i c i e i l i  t o  hrl.ng t,hc Fe-?h welig?lt 

This was a 
A temporary decrease i n  a i l -a tant  
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7 -  INSTRUMENT AND VALVE DEVELOPMEXQT 

A. M. Billings R. L. Moore 

7.1 VALVE TRIM FOR THORJXM OXIDE SLURFE APPLICATIONS 

Upon conversion of 30-gpm loop to a solution tern, the flushed- 
bellows Hammel-Dah1 Val .  was removed from service. Examination of the 
Zircaloy-2 plug and seat revealed no change in appearance from that reported 
earlier.2 
seating region of both plug and seat is considerable, it is not  catastrophic. 

The plug and seat are shown in Fig. 7.1. Although damage t o  the 

A 

A 

A 

UNCLASSIFIED 
PHOTO 35%1 

Fig. 7.1. Plug and Seat from Harnmel-Dah1 Valve No. 220 After Test (Feb. 17, 1960). 

re, low-dif ns > 
-2 appears t Q  be t t t o  

G 

42 
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vas applied externally to the assembly. 
24,139 cycles. 
developed this bellows for a minimum life expectancy of 10,000 cycles under the 
conditions described above. 

Average life of the twelve units was 
The F’ulton Sylphon Division, Robertshaw-Fulton Controls Co., 

1. D. S. Toomb et al., 
Fig. 11.13. 

2. R. L. Moore et al., 

3. D. S .  Toomb et al., 
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8 ,  REACTIONS IN AQ.UEOUS SOLUTIONS 

M. J. Kelly M. D.  S i l v e m n  
G .  14. Watson 

8.1 DECOMPOSITION OF B:XOXIDE IN UHhiTyL NrmWTE SOLUTIONS 

A study was underta,ken t o  determine vhether .tihe &econrposition of  pel-oxide 
i n  uranyl  n i t r a t e  so lu t ions  w a s  s u f f i c i e n t l y  rap id  t o  support considerat ion of 
uranyl  n i t r a t e  solut:lons as p o t e n t i a l  aqueous homogeneous reactca- fue1.s. The 
experimental work vas restric'ced .to uranium concentrat ioas  of 0 .O34 l$ but; both 
H& and DzO were tested as solvertts, and severa l  possible  c a t a l y s t s  and promoti- 
e r a  were s tudied  within t h e  temperature range of  40 t o  1 0 0 ° C .  
were made i n  so lu t ions  containing 0.05 excess HNO3. 

Most s tud ies  

The problems caused by the r ad io ly t i c  production of peroxide i n  r eac to r  
f u e l  solut ions,  t h e  equilibrium between €I202 and uraniwn peroxide, and the  
rei-atively low s o l u b i l i t y  of uranium peroxide have been discussed i n  connection 
with s tud ie s  of t h e  k ine t i c s  of t h e  decomposition of peroxide i n  uranyl  s u l f a t e  
so lu t ions  .% 3 

8.1.1 Experiinental Procedure 

The apparat;us and experimeiital procedure used w e x  those described previ-  
~ u s l y , ~  but with only t h e  cheraical method of annlysis  employed t,o determine 
peroxide concentrations.  The uranyl  n i t r a t e  concentration o f  0.054 w a s  
chosen as being appropriate  f o r  r eac to r  fuel; a concentration of  0.05 M excess 
n i t r  Lc a c i d  was present  i n  a l l  t h e  c a t a l y t i c  decornposition s tud ie s  f o r t h r e e  
reasons: 

1. This a c i d i t y  is appropriate  f a r  reaetior use l.n %he n i t r a t e  system. 

2. A l l  t h e  c a t a l y t i c  species  were so lubi l ized .  

3 .  Convenimt rates were obtained. 

Some experiments WCE performed at lower a c i d i t i e s  i n  the  absence of catalysbs 
t o  t es t  t h e  e f f e c t  of t h i s  variab7.e. 

8.1-2 Results and Discussion 

In a11 previous work t h e  decoraposition of peroxide i n  uranyl solutions w a s  
round t o  be f i r s t - o r d e r  with respect  t o  peroxide; most of t h e  r e s u l t s  o f  t h l s  
s tudy followed t h e  same pat te rn .  

(a) Effect, of Temperatui-e.--Fi@-re 8.1 shows the e f f e c t  of temperature on 
t h e  decomposition r a t e  fo r  various so lu t ions -  11; should be noted tha t :  

1. Energies o f  ac t iva t ion  of 24 t o  25 kcal/mole were ca lcu la ted  f ro~n  t h e  
temperature dependence. These values a r e  i n  agreement with those reported fo r  
t h e  s u l f a t e  system.2, 3 

47 
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2.50 2.60 2.70 2.80 2.90 3.00 3.iO 3.20 

-L r x (o3, O K  

Fig. 8.1. Effect o f  Temperature on Decomposition 
Rate: Nitrate System. 

2 ,  The temperature dependence w a s  e s s e n t i a l l y  unaffected by chsnges i n  
a c i d i t y  o r  t h e  i so topic  composition o f  t'ne solvent .  

3 .  The temperature dependence WILB not, subs'cant ia l - ly  a l tered.  hy t h e  pres - 
enee of small mounts  of i ron  which were, nevertheless,  su f f i c i en t  t o  give 
considerable increases i n  t'ne decomposition r a t e .  This finding, analogous t o  
results i n  t h e  s u l f a t e  system, i s  incons is ten t  with the hypothesis which says 
t h a t  ca t a lys t s  operate  by providing reac t; Lon paths of lower  ac t iva t ion  eciergy 
than a r e  ava i lab le  for t h e  uncatalyzed react ions.  

(b) Ef fec t  of Acidity.--'l'he r e s u l t s  presented in Table 8.1 show -tni.zt t h e  
decomposition rate was I.nversely r e l a t ed  to t h e  ac id  concentration. Studies  

o f  t h e  s u l f a t e  and perchl.orat;e systei;' suggesLed t h a t  the decomposition, i n  
so lu t ion  witinout excess acid,  proceeded largely through UO3 as a consequence 
of t h e  cqui.libriurn 

++ f 
UOz -i- H202 -4 UO4 t ZI 

i 
i 

which i s  displaced Par t o  t he  r i g h t  a t  low a c i d i t i e s .  Wne addi t ion of excess 
acid would obvLously main-tain Yne peroxiile as 11202 ins tead  of UO4, and tine 
deconipositi.on of H202 has been reported5 to be much slower 'ihan t h a t  of U O 4 .  
An analogous inter-preta-tion of these results in the n i t r a t e  system appears 
reasonab1.e 
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Table 8.1. Effec t  of Acid Concentration on the  Rate 
of Peroxide Decomposition - Ni t ra t e  Systmi 

Excess 
I_.. 

Solut ion Solvent Acid 
( E )  

1 

I1 

I11 

D 20 0.02 1. 
0.03 0.62 
0.05 0.37 

0.03 0.25 
0.16 0.  l l b  
0.5 0.058 

0.1 0.40 
0.311- 0.23 

H20 0.016 1 

D20 0.02 1 

( c )  Effect; of Cata lys t s  *--Catalyt ic  s tud ies  wcre undertaken, using copper, 
n icke l ,  chroinim, arid i ron  as t h e  a c t i v e  spec ies ,  The e f f e c t  of each of these 
species  on the  r a t e  of decomposition of peroxide is  shown in Fig. 8.2> where 
caLalyt ic  e f f ec t s  a r e  represented by ak/ko versus concentration. 
k -. ko, or t'ne d i f fe rence  between r a t e s  i n  catalyLed and. uncatalyzed solut ions,  
and C i s  t h e  concentration of c a t a l y s t  i n  p a r t s  per  mi l l ion .  It may be noted 
tha t ,  except f o r  iron, only minor changes i n  r a t e s  were observed. I n  sharp 
con tms t ,  iron, a very powerful c a t a l y s t  for peroxide decomposition, WRS 
approximately a LhousanfLfold more e f fec t ive  than t'ne others .  

Here Ak := 

The ef fec t  of i on ic  i ron  on t h e  rate of decomposition of peroxide, as a 
Values of Ok/C, obtained. f o r  func-Lion of temperature, i s  shown i n  Fig. 8.3. 

th ree  dipferen'c solut ions,  are p l o t t e d  versus l / T .  An ac t iva t ion  energy of 
25,000 cal/mole vas calculaLed, i n  good agreement wit'n values obtained from 
uncatalyzed "pur i f ied"  uranyl. n i tya tn  so lu t ions .  
depenaence of t h e  uncatalyzed and catalyzed solwtions suggests t h a t  t h e  niecha- 
i i i s m  involved i n  t l e  decomposition of peroxide by added ionic  i ron  i s  similar 
to that i n  t h e  absence of a ca t a lys t .  E'ui-thermore, it inighl; be speculated -that 
the decomposition of peroxide i n  uncatalyzed "purif ied" uranyl  salt so lu t ions  
is  caused by small t r a c e s  of iron, probably i n  concentrations <O.Ol ppm. 

The similar temperature 

(a) Effect I of Promotem -__. e --A r eac to r  so lu t ion  w i l l  conk in ,  i n  addi t ion  
t o  copper, measurable quantities of i ron,  nickel, and chromium from t'ne corro- 
s ion  of s t a i n l e s s  s t e e l .  The e f f e c t  of these  mixed species  on t h e  decomposition 
or  peroxide was therefore  s tudied,  

Nickel 'zlld chromiixn w e r e  added, during tlne course of n rate experiment, t o  
a, so lu t ion  containing 0.26 ppm of i ron.  The r e s u l t s  are shown i n  Pig. 8.4; it 
i s  evident t h a t  t h e  addi t ion  of s i zab le  amounts of n i cke l  or chromium had l.itt1.e 
e f f e c t  on t h e  r a t e  of decomposition of peroxide i n  t h e  presence of ion ic  i ron.  

Previous work2 showed t h a t  t h e  addi t ion  o f  cupric  ion t o  uranyl. sulfate 
so lu t ions  containing i ron  led t o  much faster rates of decomposition o f  peroxide. 
Similnr e f f e c t s  were a l so  observed i n  uranyl  n i t r a t e  so lu t ions .  The increased 
rates were much g rea t e r  t'nan could be accounted for by .the product of the r a t e  
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Ni ,  3Zppm 
C r ,  58ppm 

UNCLASSIFIED 
ORNL- L R -  DWG. "7968 

I II - 1-m 

N i  ADDED 

i 
\ I 

1 Fe, 0.26 pprn at s t a r t  

C r  ADDED \ 
a 

Fig. 8.4. Effect of Mixed Catalysts on Peroxide D c -  
composition Rate: Nitrate System. 

constants  obtained from Fig. 8.2. 
ed from t h i s  study: 

The following notewox.thy results wcre obtain-  

1. Promotion increase5 w i t h  inm-easing copper eoncentra't;itln, reaching a 
pla teau  o r  sa%uration value a% about 0.0005 M '2x1- (30  ppiii) * 
m e  shown graphica l ly  i n  Fig. 8.5, where, f o r  fixed I ron  concentrations,  values 
o f  k ( the  decorilposition rate consl;an%) are plol;l;eri aga ins t  the copper concea- 
'cmtion.  

These results 

2. The rate of decomposition was f i r s t  o r d m  (with respect; t o  11202) only 
at low copper concentrations,  beit became more complex at high concentrations e 

3 .  A square-root r e l a t lonsh ip  i s  suggested (Fig. 8.6) when tEie val.ues o f  

Similar  resuJ-ts were obtained by Bohnson and. 
k shown i n  Fig. 8.5 (at inaximiun promotion or  p h t e a , ~ .  level.) are plczt'ce& agains t  
the conce t r a t i o n  of added iron. 
~ o b e r t s o n ~  and in t e rp re t ed  by Baxendale .7 

4. Promotion qqeared to be independent of -teinperature, as shown i n  
~ i g .  8.7. 

5. The promation fact,or', A k/ko, decreased wit11 increasing iron concen'cra- 
t i o n  (Fig. 8.8), 
iiiore concentrated solutions t han  those used i n  the present  workd bel ieve  t h a t  

Bohnson and Kobertson,6 whose s tudies  vere cwnducted in much 
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t h e  promokion f a c t o r  probab1.y decreases t o  a l imi t ing  value of 1. i n  concentrated 
so lu t ions .  

8.1.3 Conclusions 

Kinetic s-t;udies conducted i n  uranyl  n i t r a t e  so lu t ions  have given resu . l t s  
sinilar t o  those previous1.y reported f o r  uranyl  s u l f a t e  so lu t ions  'The r a t e s  
were usual ly  f i r s t  order  with respect t o  peroxide concentration. O f  %he common 
ions expected. bo be sa luble  in a m  aqueous homogeneoii~ r eac to r  system, ~ i 4 . y  i ron 
was an e f f ec t ive  ca t a lys t .  'Ilhe r a t e s  obtained wFt;'n iron-catalyzed so11~LLons 
gave an ac t iva t ion  energy of approxjlnately 25,000 cal/mol.e, p r a c t i c a l l y  the 
s m e  as t h a t  f o r  "purif ied" uncatalyzed iiranyl n i t r a t e  sol.ixtions, indi.ca,ting 
t h a t  t h e  mecha,nism of decomposition i s  probably the sane and lending s t rong 
argument t o  the b e l i e f  t2ia-t rainute amounts of i ron  sre responsible  Poi? t h e  
c a t a l y s t s  i n  "purif ied" soI.ut:i.ons 

Promoter e f f e c t s  were? observed when copper w a s  added t o  iron-containing 
solut ions.  The promotion vas independent of temperature and reached naku:r=ztion 
a t  a copper concentration of 0.0005 z. The rates of decomposition became com- 
plex at  higher  copper concentration. The r a t e  constants  obtained fyom t h e  pro- 
moter s tud ies  var ied w i t h  t h e  square root of the  i ron  concentration (at  constant 
copper concentration),  i n  agreement wi t21  r e s u l t s  obtained elsewhere. 

Extrapolat, Lon of these  r e s u l t s  t o  higlter tempei-atures suggests that per- 
oxide decomposition rates should prove adcqi.iate under an t ic ipa ted  reac tor  
conai t ions.  
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9.1 LIQUD-LIQ[JXD EQUILrrJnIA PN 'THE SY3TEM U O 3  -SO3 --E&, 
lTrs u20 AMLOG, AND SIMIM SYSTEMS COITFAII\TLNG 

CuO AND N i O  COMPOMNYS FROM 300 TO 350°C 

Determinations of t he  equilibrium compositions of Uie heavy- and l ight-  
l i q u i d  phases i n  the system U O J - S O ~ - H ~ O ,  i t s  I320 analog, and sinilar sys t em 
containing C11.0 and H i 0  components were continued. 
experimental techniques and e a r l i e r  r e s u l t s  were reported previous1.y. 

Detailed InCorrmtlon on 

The most recent data,  toge ther  with prevfous results for t h e  th ree  -compo- 
nent system UO3-SO3-H2G and i t 6  1020 analog, a.re shown in Pig. 9.1. Ry p l o t t i n g  
the  sa tu ra t ion  mole r a t io ,  UO3/SO3, aga ins t  t h e  logaritiun oE -the sul.fe-te con- 
centrat ion,  all data  may be shown conveni.ently on t h e  sane f igu re .  Since t h e  
da t a  a r e  not p lo t t ed  on a conventional t r i l i n e a r  s ca l e  and are not expressed 
as mole o r  weight f r ac t ions ,  t h e  l i n e s  connecting compositions of d i l u t e  l i q u i d  
phases with comsnt ra ted  phases a r e  not " t i e "  l i n e s  In  t h e  usua l  sense of the 
word 'Out are r a t h e r  "connecting" l i n e s .  The new da ta  extend t h e  previously 
presented. immiscibi l i ty  curves Lo below 0.1 rn SO3 and, f o r  Lhe heavy-liquid 
phases, t o  concentrations ccntaining an excess of U03 ( i . e . ?  In U03/m_ SO3 >I). 
i n  order  t o  anchor t h e  ends of t h e  l i qu id - l iqu id  curves a.t 308, 325, and 35O"C, 
t h e  in t e r sec t ion  poinix t!iiist be determined In xqhich so l id ,  presumably U03.H&? 
axid two liqu~.lid phases coexis t .  

- 

The extensions of t he  eiirves t o  higher arrd lower sixl.fate concen-trations 
subs t an t i a t e  previous coments on cimparative sa tu ra t ion  inole ra- t ios  i n  H20 and 
D f l  systems. 
saturatj.on mole r a t i o  i n  D f l  sol.utions, whereas i n  heavy-liquid phases. t he re  i s  
cO?ilparatively lib-1;J.e d i f f  ereiice i n  saturatiorl Inole r a t i o  between t h e  t M i J  sys-taris ~ 

In  t h e  l i g h t - l i q u i d  phases the re  i s  a considerable lower ing  of the 

The dis t , r ibut ion o f  CuO, as wel.1 as of N i O ,  i n  t h e  heavy- and ?..i@it-liquid 
phases of the system U03-S03--:120 and i t s  D$ analog, a r e  shorrn i n  Figs .  9.2 t o  
9.4. 
350°C f o r  t h e  inultico~iponent sys-tern U03-Cu0-Ni0-S03 -HpO. Due t u  t'l1e complexity 
OP t h e  systen,  several. factors must be kepi; constant i n  order t o  represent  the  
experhien-tal data  on smooth curves . i n  "iie :five -component system the -teinpora- 
-i;uj:e was tic?..& constant  a t  300°C, thi? i n i t i a l  UOz++ concerxtrrttion r;ra5 kcpt a t  
1.25 14, sild t h e  i n i t i a l  coricontrations of N i O  and CuO w e r e  c i t h e r  2.5 o r  3.5 
w t  7; &ch. 
containiug t h e  2.5 and 3.5 w t  i n i t i a l  concentrations of PfiO and CuO. Tlic: S L ~  

or the saturation mole r a t i o s  a t  constncrt; SO3 concentration Tor c i ther  se-t vas 
found. t o  equal. approxiriately the value for t h e  sa tu ra t ion  mole rakio,  U O ~ / S O ~ ,  
 IT "ihe system U O ~ - S G ~ - H ~ O  no t  containing N ~ O  and/or cuo cot.iporicnts. 

Figure 9.2 shorn t h e  d is t r ibubion  of CuO, TJiO, and U03 coqonct l t s  a t  

SeLs of cor~.i.l.ati curves were drawn f o r  sol-iition coiiipositions 

Figure 9.3 shows tile d i s t r ibu t ion  of u O ~  ant?- CuO components a t  350"~ i n  .the 
four-coriiponent 5 y s - L ~ ~  U03-CuO-SG3-H~O f o r  so lu t ions  i n i t l a l . l y  1 -25  E i n  UO$304 
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0 D,O 
ii,o SOLID- LIQUID 

EQUII IBRIUM 

.6 .7 .8 .9 1.0 1.1 .5 .5 .7 .8 .9 1.0 1.1 .5 .6 . 7  .8 .9 1.0 1.1 
SATURATION MOLE RATIO UO,/SO, 

Fig. 9.1. Two-Liquid-Phose Regions in the System U0,-SO,-H,O(D,O). 
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1-7 '1 r I . 1 - 1 - r  7- 11 .1 7- .-: 

Initial 1.25MllO,SO4 Solutions Contain 10 t o 4 0  Mole Yo Excess H,S@, and 2.5% or  3.5% 
Each of G u S 0 4 n n d  NiS04 

0 2 5 w t %  
x 3.5  w t %  

10 - I 
i 

0 co 
> 
k 1.0 - 

Llne Representing 
Stoic h io met r it U C,SO,-+ 

0 0.1 0 . 2  0 0.1 0.2 0 0.2 0.4 0.6 0.8 4.0 

SATIJRATION MOLE RATIOS 

CUO/S@, NiO/S@, uo3 / so, 

Fig. 9.2. Distribution of NiO, CuO, and UO, Components in Two-Liquid- 
Phase Region (System UO,-LO-NiO-SO,-H,O) at 35OOC. 



57 

I Ini t ial  1.25 M UO,SO, Solutions Contain 5% CuS04 and ‘IO to  45 
Mole % Excess H2S04 

‘ 1  

Stoichiometric U0,S04 
l i n e  Representing i I I , - I  L I ,-LL-- 

0.1 0.2 0.30.3 0.5 0.7 0.9 
c u o /  so3 uo3/so3 

SATURATION MOLE RATIOS 

1 
4.1 

Fig. 9.3. Distr ibut ion of CuO and UO, Components in  
Two-Liquid-Phase Region (System U0,-CuO-s0,-H20) 
at 350°C. 

01; 

?.?.?E& 
Initial 1 25MliO,SO4 Solutions Contain 

2.5 yo N iS0, and 10 to 25 Mole % Fxcess H2S04 

No NiC 
Component 

l i n e  Representing 
Stoichiometric U0,Sg I 

oo,’l A L l  L -L 
0 0 1  0 2  0 7  0 4  06 0 8  

350°C 

l.OYo NiSO, and 25 to a5 Mole % Fxcess H2S04 
Initial 1.25MU0,S04 Solutions Contain 

l i n e  Representing 
Stoichiometric U0,S04-- 

1 I L l u  l 1  I d . - ,  J 
0 0 1  0 2  0 4  0 6  0 8  10 1 2  

N i 0 / S 0 3  uo, / so; 
SArUHATlON MOLE RATIO 

NiO/SO, uo, / so, 

Fig. 9.4. Distr ibut ion of NiO and UO, Components i n  Two-Liquid-Phase 
Region (System UO,-NiO-S,-H,O) at 325 and 35OOC. 
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containing 5 trt $ CuS04  and 10 t o  45 mole $ excess H&O,. Figure 9.4 shows a 
s imi l a r  d i s t r i b u t i o n  of U03 and N i O  components at  325 and 350°C i n  t h e  system 
UOIJ-N~O-SOY-H~O. 
wt  $ N i S O B  f o r  t h e  325°C data  and 1.0 w t  $6 NiSO4 f o r  the  350°C data .  
~ $ 0 ~  varies from 10 t o  45 mole $. 
as in t h e  five-component system, t h e  sumat ion  mole r a t io s ,  (UO3/SO3 .t CuO/SOs) 
or (U03/S03 + NIO/SO3), appear t o  f a l l  on an i r m i s c i b i l i t y  curve f o r  t h e  system 

The i n i t i a l  so lu t ions  are 1.25 M i n  UO,?sOG containing 2.5 
Kxcess 

In t hese  included four-component sysl;em, 

UO3 -SO3 -H& (Fig.  9.1) - 
9.2 SOLID-LIQUID EQUILIBRIA IN TEE S'CS.T!EN 

LJ03 -cu0-SO3 -H20, 300 TO 350°C 

Considerable s o l u b i l i t y  t i o r m a t i o n  has been obtained a t  300°C f o r  so l id -  
l i q u i d  e q u i l i b r i a  i n  t h e  five-component system 1JO3-Cu0-Ni0-SO3 -pI2O and i t s  
include? four-  and th ree  -component systems .2 The experimental procedure con- 
s i s t e d  i n  t h e  determination of s a tu ra t ion  concentrations o f  so l id s  i n  su l f i i r ic  
ac id  so lu t ion  i n  which the m ~ i m u m  nuiber of so l id s  allowable by t h e  phase rule 
vas always present.. I n  t h i s  nmnner, rnonary, binary, and t e rna ry  s o l u b i l i t y  
curves a t  300°C were obtained. as a M e t i o n  o f  sulfru-ic acid concentration. 
The experimental data,  toge ther  with d e t a i l s  of t h e  experimental procedure ana 
discussions,  were presented previously.': 3 Briefly, aqueous s u l f a t e  so lu t ions  
i n  pressure vesse ls  were sa tura ted  a t  300°C with selected. sol.ids. SmpJ-e:; of 
t h e  sa tura ted  so lu t ion  were withdrawn for  analysis ,  and t h e  s o l i d  phases were 
i d e n t i f i e d  by x-ray dif f ract iot i  and chaiiical analyses after subsequent ranoval 
from t h e  pressure vessels .  

Similar  inves t iga t ions  nse being extended t o  5225 and 350°C. The f i i - s t  
system under inves t iga t ion  is  t h e  four-component system UO~-CuO-SO~-HzO I n  which 
t h e  sa tu ra t ing  solid phases a r e  t h e  new m i a ,  C U O * % O ~  (ref 41, anad ant;l.erite, 
3CuO-S0~*2EIfl. The simultaneous s o l u b i l i t i e s  of these  so l id s  i n  s u l f u r i c  ac id  
so lu t ions  are being determined as a funct ion o.f sulfate  concentration. 2-n t h i s  
manner a b inary  curve c ~ n  be ob%ained a t  325 a,ad 350°C and compared d i r e c t l y  
wi th  t h e  binary curve obtained a t  300°C. 

The preliminary so l ib r i l~ i t i e s  a t  325 and 350°C a r e  p lo t ted  i n  P igs .  9.5 
Figure 3.5 and 9.6, which a l s o  include t h e  previous d.ata a t  300°C (ref 2) .  

shows a l i n e a r  p l o t  of t o t a l  s u l f a t e  i n  so lu t ion  versus the  sa%urat ion concen- 
t r a t i o n s  of -t;he two components UOs and CuO. 
representat ion of t h e  data  i n  which i h e  sa-t;u:ration mole r a t io s ,  U03/SO3 and 
CuO/303, a r e  p lo t t ed  aga ins t  t h e  logarithm of t h e  sulfate  concentration. 
is apparent that very l i t t l e  change i n  t h e  simultaneous s o l u b i l i t i e s  o f  C11.0*3LJ0~ 
and. 3CuO*SO3*2&0 occurs a s  t h e  Leniperature is changed from 300 t o  350°C a t  
l e a s t  from 0.02 -to 0.1 m S03. The an t i c ipa t ed  appearance of l i qu id - l iqu id  
immiscibi l i ty  i n  Lhis system at higher  s u l f a t e  concentrations,  however, is  
expected t o  produce a large, negative, temperature coeff ic ier i t  of s o l u b l l i t y  
f o r  t h e  heavy-l.iqui& phase, 

Figure 9.5 shows a d i f f e r e n t  

It 

1. 

2 .  

3 .  

4. 

W. L. Marshall- 5 e,, NW .hog,=-. Oct. 31, l.95P2 0 ~ ~ ~ . , - 2 8 7 9 ,  p 104. 
W .  L. Marshall and J. S. G i l l ,  Inves t iga t ion  of t he  System UO~-CUO-N~O-SO_Z~:  
119 a t  ~ O O " C ,  ORNL CF-53-12-60. 

W .  L. i'hrshall et e., XRP Quar. Pi-og. Rep. Jan. 31, 1960, ORNL-2320, 
p 64-68. 
J. S. G i l l  and W .  L. Ehrshall, The Compound C U O . U O ~ ~  OHNL CF-59-8-95 (1.953). 
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S. J. B a l l  
S. E. B o l t  

H.  J. Davis 
V .  A. DeCarlo 

10.1 IN-PILE SOLUTION ROCKING-AUTOCLAVE TESTS, LITR 

10. l .1 Introduction 

The p o s s i b i l i t y  of using U02( fuel. so lu t ions  i n  aqueous homogeneous 
He poin ts  out t h a t  the  reac tors  has recent ly  been reconsidered by Marshall.' 

n i t r a t e  system shows some advantage over t h e  s u l f a t e  with respect  t o  high- 
temperature s t a b i l i t y  toward two-liquid-phase and solid-phase formation. Di-rect 
experimental informa-Lion regarding the  mdri at  ion decomposition of t h e  n i  'crate 
ion i n  1J02( N03)2 fuel. so lu t ions  was not ava i lab le ,  but  from considerations of 
t h e  da ta  of Boy1.e a.nd MahLman=! f o r  radia-Lion decomposition of Th(N03)4 solu- 
tions, Marshall suggests t h a t  t he  rad ia t ion  decomposition of n i t r a t e  may be 
ne@ i g i b l e  in t he  di.l.ute U02( N03)p  so lu t ions  which would be employed i n  reac tors  

I n  an e f f o r t  t o  obtain experimental information of t h e  n ibra te  s t a b i l i t y  
and of other  f ac to r s  whi.ch a r e  of importance i n  t h e  evaluat ion of a f u e l  solu- 
t ion,  an i n -p i l e  autoclave experiment w i t h  a U02(N03)2 so lu t ion  has been car r ied  
out .  The other  f ac to r s  invest igated were: radial-ytic gas fonnatj.on and copper- 
catalyzed recornbination, and Zircal-oy-2 rad ia t ion  corrosion i n  the  n i - t ra te  
solut ion.  No infomxbion has been reported previously on the  rad ia t ion  corro- 
sion of Zircaloy-2 i n  UOz(N03); ,  so lu t ions .  Recombination of 11, and 02 (ref' 3) 
and D2 and 0, (rei? )-+) catalyzed by copper has been investigated.  out-of-pi le  by 
Kelley e t  a l .  The ac t iva t ion  energy found was similar t o  t h a t  i n  s u l f a t e  
systems. ?"ne K values f o r  l ight-water  n i t r a t e  so lu t ions  were about half  those 
f o r  si.milar sul!&te solut ions.  
another f ac to r  of two. 
r a the r  concentrated 'Th(N03)4 so lu t ions  (-0.3-3 m T ? I ( N O ~ ) ~ ) .  
nenks GN2 w a s  considerably higher t'nan f o r  f a s t  neutrons or g m m  rays, and 
it decreased rap id ly  with decreasing concentration of T T I ( N O ~ ) ~ .  
found; as much as about l@ of t h e  amount of Ne. 
C a ( N 0 3 ) 2  so lu t ions  (0.21 t o  4 M N03-), t o  f i s s i o n  r e c o i l s  arid reported 
C q 2  = O.OOLC  NO^-)^.^ f o r  t;'ne e n t i r e  Concentration range. 
Aoyle and Ma'nlman f o r  n i t r a t e  concentration within the indicated firnits a re  
expressed f a i r l y  wel l  by t h i s  equation as are ,  a,lso, the (+J 

f o r  U02(N03)2 (-1. M )  i n  Los ALamos water bo i l e r s .  
nitrogen with oxygen has been s tudied.  7 J  

r a t i o  of oxygen t o  ni t rogen and with the  addii;ion of water vapor, and a re  con- 
si.derably higher at  elevated. temperatures than at room teinperatiwe . v allies 

-- 
D20 as solvent  reduced the  Kpu by approximately 

As ment;-i.uned, Boyle m d  blahhan report values of GN2 i n  
For f i s s i o n  frag-  

Some N20 was 
Sowden and Tqnde' subjected 

The % values of 

val.ues I-epor-Led" 
Gas-phase recombination of 

2 

n;'".+o2 values increase with the  

GH2 values were a l so  mx.su.rL average be2ng about ha l f  the  twmunt of NO2. 
b y q 3  Sowden and Lynde, and these resulLs w e r e  expressed. by % = 2.0 to  0.8 (NO3 ) . 

2 
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In the present  work, t h e  autoclave and the coupon specimens were nlade of 
%i rcaloy-2. The i n i t i a l  composition of t h e  solut ion,  according t o  analyses 
(Table 10,2), w a s  0.032 m U O z ( N 0 3 ) 9 ,  0.008 m Cu(N03)2, 0.072 m excess DNQ3, 
and 0.17 m NO3- i n  D20, and the autsxlave was about 8576 full a t  t h e  maximum 
exposure temperature of 280Oc. BarLon and Hebert” t e s t ed  the  s t a b i l i t y  of 
t h i s  sol.ution i n  a quartz tube, and it appeared l,o be s t a b l e  t o  327°C. 
exposure t o  f u l l  reac tor  power the  so lu t ion  tempcrature was 280°C. 

During 

Information concerning the  decomppasition of n i t r a t e  and the  corrosion of 
Zircal  oy-2 during i r r a d i a t i o n  WLS sought i n  tile irsual type of pressure measure- 
ments and i n  examinations and analyses of‘ so lu t ion  and saniples following termi- 
nat ion of t he  in -p i l e  exposures a Radiolyt ic  gas format,ion and recombination 
vere also inves t iga ted  through pressure measurements, but  f o r  these  invest  iga- 
tioxts Lhe autoclave was operated at 325°C znd L‘ne r eac to r  at  one- f i f th  of f u l l  
power. Under ttiese coridjtions, t h e  rates of gas f o m t i o n  and recombination 
were slow, and the above €ac tors  could be estimated from the  da t a  f o r  t h e  r a t e  
of pressure change w i t h  L i m e .  

P re t rea tnent  w a s  doTe a t  2S0°C f o r  185 h r .  The exposure t o  fu l l  r eac to r  
power i r r a d i a t i o n  was per€oi-med i n  f i v e  successive periods The f i r s t  tinree 
and the last  were of about 1 day each, and the  four th  period w a s  of about 
2 days dura1,ioii. ‘J’he usual  pr fssure- temp~ra ture  data were obtained. Betwcen 
the i r r a d i a t i o n  periods the  experiment was re t rac ted ,  i n  most cases r r i t h  the  
reac:tor operat ing.  P r i o r  t o  t i l t :  f i r s t  arid t o  t h e  last i r r a d i a t i o n  periods,  
a scri es of‘ rad io ly t ic -gas  buil diq curves irere obtained by shor t  exposures a t  
225OC m d  w i t h  t he  r eac to r  at  20‘: of Y u l l  poTder. 
type ~ i a s  at 235°C. 

The i n i t i a l  exposixre of Lhis 

After compl.etion of the exposure, the autoclave was irilmediat;el.y cooled 
and vented, and a’oout t h ree  weeks later was opened Tor examination. The solu- 
t ion ,  Lhe autoclave r i n s e  water, and. t he  large minoimt of suspended solid 
material were chemically ajnalyzed . The specimens were v i sua l ly  examined, then 
weighed. 
surface sample f o r  a;nalyses Af te r  fur-ther pickl ing,  t w o  sm.ples were mea 
f o r  Z r g 5  a c t i v i t y  ana lys i s  and e s t i r a t i o n  or t h e n a d  neutron flux. 

%e experiment w i l l  be described i n  d e t a i l  elsewhere.” 

Some of thein were defilrmed, and others vere piclded t o  remove a. 

k l imi ted  account; 
i s  given here .  

10.1.2 Kesu3.is 

( a )  Description and General In t e rp re t a t ion  of Pressure ____-_- Xesul-ts.  --( 1) LOW- 
1111-..1.-.114--- 

Power, Low-Temperature Measurements. --7!he s e r i e s  of short-t ime low-power, 225 O C  - 
exposures provided smooth pressure buildup-curves from i h i c h  qu and GD2 values 
could be estimated. 

During t‘ne i n i t i a l .  s e r i e s  of these exposures, small but  s ign i f i can t  in -  
creases i n  pressure pe r s i s t ed  following r e t r ac t ion  wid af ter  s u f f i c i e n t  .tiiiie 

had passcd for  the r a d i o l y t i c  ga,s t o  recombhe, These increases  amounted t o  
k2 p s i  a f t e r  t h e  f i r s t  exposure, which - a s  at 235”C, and 5 and ‘7 p s i  i n  the t w o  
fo l lov ing  exposures a t  225 O C .  ‘Yhe exposure perioa for m o s t  of the measurements 
5~8,s l ess  than 1 h r ,  and the pressure during exposu-re appeared ’LO be l eve l l i ng  
o f f .  
increase i n  pressure dixing exposure was apparent.  

One exposure was con”iiriued f o r  about, 4 hr, and i n  t h i s  a continuing 
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I 

A s  judged from past experience with sulfate solu-tions, these  pressure 
increases  are not f u l l y  explained by f luc tua t ions  and/or uncertaint; ies i n  
pressure measurements, and thus a t  l e a s t  pa r t  of -the increases  i s  ascr ibed 
t o  the  formation of n i t r a t e  decomposition products dui-ing i r r ad ia t ion .  

( 2 )  High-Reactor-Power 2 8 0 " ~  Measurenients --'During each of t h e  f i v e  f u l l -  
power exposure perl.ods, t he  pressure uniierwent changes q u a l i t a t i v e l y  similar 
t o  tinose shown i n  the schemntic diagram, Fig. 10.1, although differences 5.n 
dctsi .1 w e r e  observed., A l s o ,  during tine hour a f t e r  t h e  start of bhe f i r s t  of 
these exposures a rapid. increase i n  pressure of doout 160 p s i  occurred a f t e r  an 
apparent s teady-s ta te  pressure of rad.iol.ytic gas was achieved. The pressure 
increase was followed by a pressure decrease from -the maxi.mum of rzbout 18l-t ps i .  
Following this pressure excursion, tine pressure rose as i l l u s t r a t e d  i n  
Fig. 10.1. 
f i v e  exposures are l i s t e d  i n  Table 10.1.. 
as the  lowest pressure reached after tine i n i t i a l  pressure excursion. 

Pressures  measured a t  -the d i f f e r e n t  po in ts  during each of t h e  
Point B f o r  exposure No.  I w a s  taken 

The values fo r  the  rap id  chances i n  pressure following insertion (A-B) 
and r e t r a c i i o n  (D-E) increased gradual ly  with increasing i r r ad ia t ion  time. 
The pressure incrense (€34) during the  f i r s t  exposure w a s  g rea t e r  than t,l~at i n  
subsecpent exposures. Pressure decreases ('2-D> were not observed during t h e  

UNCLASSI FlED 
ORNL-LR-OWG 48849 

I N T E  R P R E TAT I 0 N : 

A - B  RADIOLYTIC-GAS BUIILDUP 
B-C I N C R E A S E  FROM NIITRATE DECOMPOSIT ION E X C E E D S  

DECREASE DM -ro CORROSION 
C-D CORROSION EFFECT EXCEEDS N I T R A T E  DECOMPOSITION 

D-E RADIOLYTIC-GAS RECOMBINATION 

E - F  RADIOLYTIC-GAS R E C O M B I N A T I O N ,  OXYGEN LOSS SY 
CORROSION 4 N D  N I T R A T E  RECOMBINATION 

F-G N I T R A T E  R E C O M B I N A T I O N  

t 
W 
a 
I3 
Lr) 
07 
111 
[r 
(1. 

I E  
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Table 10 .I. Gas Pressures Observed a t  Various Times During Iiigh-Power mposures 

Exgo ssre 

( 3 -9iwh r Inser t ion  Inser t ion  b l a x i m m  Retraction Retraction Iiietraction Ret Tact ion 

Pressure a t  Points Labeled o:! Fig. 10.1 (ps i  a t  280°C) Xadiolyt i c -Gas 
Pressure 

A t o B  D t o E  

Time Before After Pressure Before After  1-8 hr After  15-20 h r  APter 

LlTR Energy) A B C D E F G 

2-20 10h8 ll46" 1227& 122Ta l08e" 1038" 1047" e 139 

'c5-53 993a 1133" 1155 115'," ( 1010) 9 S C  1110 (145 jd  

03-2-09 93BC iiiiC 1133' 1018 32;c 30OC 769c 17 3 195 

109-134 

20-45 10479 11922 1201" 1193" 135f 1c26" 993" 145 142 
b 

OI 
769" 99GC 1050' 995c 7QF 718' 683c 229 2k7 w 

Pressure 'before m y  i r r a d i a t i o n  ( p r i o r  to the low-power , lo;.:-lexperature i r r ad ia t ion )  : 975' 

(ajbjc)Data correctec for e f fec t  of valve turns so ths;-L each v d u e  i s  on t he  s m e  bas is :  

(a) ccrrection, 24- ps i ;  
(b) ccmectton, I;c p s i ;  
( c )  correction, 72 p s i .  

'e)A-pparen-t value, 117 p s i ;  but  it may be confused with tne  i n i t i a l  pressure->e& phenonenon. 

( t ' i  
'A 'This v d u e  calcula":ei! from a 25 "2 neaswement . 
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f i r s t  8,n.d t h i r d  exposure, probably because of t he  short  i r m d i a t i o n  periods.  
Those observed i n  the other  exposures increased i n  value with increasing -time 
of i r r a d i a t i o n .  
was negl igible  f o r  t'ne f i r s t  exposure, bu t  vas appreciable f o r  the siibsequent 
exposures. 
r e t r ac t ion  was roughly t h e  same i n  each exposure. The pressure sho r t ly  a.rl;er 
r e t r ac t ion ,  E, f o r  the f i r s . t  exposure w a s  g rea t e r  then the i n i t i a l  pressure, A. 
I n  each of' t h e  subsequent exposures, the pressure at  E w a s  less than t h a t  
obseived f o r  t he  p r i o r  exposure. 

The pressure loss  r a t e  P-G s t a r t i n g  EL f e w  hi- a f t e r  ye t r ac t ion  

' k e  -total.. drop i n  pressure E-G during ti,e 15- t o  20-hr period of 

'Yhe general  i n t e rp re t a t ions  of these pressure results based on p r i o r  
experience w i t h  U02S0, solut ions,  $,-,, and Kpu values de-termined from t h e  low- 
power, low-temperature resuJ.-Ls, and %;lie general  consistency of tiie r e s u l t s  a r e  
the fol.lowing I 
following the f i x s t  i n se r t ion  i s  unknown. iiowever, it appears l i k e l y  t,hat t h e  
e f f e c t  i s  r e l a t ed  'io somewhat similar e f r e c t s  observed i n  autoclave experiments 
with U02S04 sol.utions. Some of these prevlous e f f e c t s  have been in t e rp re t ed  i n  
terms of a loss  of copp?r from solut:i.on during the  i n i t i a l  exposu.re, followed 
by a re-soJ-ution of the capper.11 
represent the fomat ton  and recombination of r a d i o l y t i c  gas upon inse r t ion  and 
r e t r ac t ion ,  respect ively.  The pressure bu.Ll.dup following point B was due to the 
f omatj.on of gaseous n i t r a t e  decomposi-tion products 
mum j.n the  pressure w a s  a result of a back react ion of t he  decomposition 
products, a loss  of oxygen pressure due .to corrosion and, probably, a decrease 
i n  the  r a t e  of' n i t r a t e  decomposition as the solut ion becaiic more d i l u t e  i n  
n i t r a k  upon decomposition. 
p r imr r i ly  t o  oxygen l o s s  as a result. of corrosion. 'The pressure a t  point E 
includes tile pressures of excess oxygen and t h a t  of tlie n i t r a t e  decomposition 
products. The l a t te r  pressures were probzb1.y near those which prevailed at the 
-terniinaiion of exposure, although a small amount of recombination may hnve 
occurred. 'The nearly constant rate of pressure loss  from F t o  G may have been 
due e i t h e r  to corrosion xhich continued after r e t r a c t i o n  o r  t o  a recanbination 
of n i t r a t e  decomposition products under t h e  influence of tiie gama-ray f i c l d  
i.n the r e t r ac t ed  posit ion,  or ,  a l t e rna t ive ly ,  t o  both fac tors"  ?'he m p i d  
pres:;uz.e changes E-F after r e t r a c t i o n  and the recom'oination of r ad io ly t i c  gas 
were probably a l s o  a. r e s u l t  of oxygen loss  due t o  corrosion which continued 
a f t e r  r e t r a c t i o n  and reconibination of n i t r a t e  decomposition products - No 
evaluation can be imd.e of tine r e l a t i v e  contr ibut ion of t h e  -two possl-ble 
processes a 

The d.e-t;ailed explanation f o r  the pressure excursions iminediately 

The pressure changes A t o  B and D t o  E 

The oceurre-nce of a imxri- 

Tile decrease in pressure a f t e r  t he  maximuCn was due 

10 .S.3 Results of Exmination and Analyses of Autoclave Contents 

The postirradiat , ion ana l j s e s  o f  the  solution, r inse,  t h e  p a r t  oi t'ne sus- 
peadcd material soliible 5n d i l u t e  HpS04, ti?e part  insolublc  o r  d i f f i c u l t l y  
soluble  i n  d i l u t e  H$304A,, and the specimen surface analyses are l i s t e d  i n  
Table 1.0.2 

The pH and o the r  a n a l y t i c a l  resu.lts f o r  the  solution  re consis tent  vhen 
i t  i s  a.sswlied t h a t  t h e  ni t rogen was presexit as n i t r a t e  ion, and !hey show t h a t  
the peeovered solut ion contained about 3% of t h e  o r i g i n a l  uranium end about 
27$ of thr o r i g i n a l  nitrogen. It i s  assumed thn-t Lhe solut ion was not diluted. 
o r  concentrated and Chat t h e  unrecovered volurne of solut ion was 'I-ost i n  ve r t ing  
o r  handling. 
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The amoimt of ni t rogen found i n  t h e  r i n s e  w3,s g r ea t e r  than that found i n  
Lhe recovered solut ion,  but no p H  or f ree-ac id  data which a r e  required fcr  
va l ida t ing  this r e s u l t  were obtained. 

Appreciable mounts  of uran:j.um were found i n  t h e  suspended material .  'Phe 
6.8 trig found i n  t h e  so1ubI.e pax-1; w a s  probably mostly peroxide, which mazy ha.ve 
formed a f t e r  t h e  i r r a d i a t i o n  and p r i o r  t o  separat ion of s o h t i o n  from t h e  sus- 
pended mater ia l .  The 3.4 mg i n  t he  insoluble  par%, however., amounts t o  about 
2C4 of -the t o t a l  uranium i n  t h e  autoclave.  

The analyses or specimen surfaces showed appreciable  mounts  of Pe, N i ,  
an? U, and considerat ion of these data  and of those f o r  weight losses upon 
defilminz show that, these oxides remained on the  defihned surfaces  t o  the  
extent  of 1.3 mg/cm2. 

Weight losses of two derilmed 7,i)'caloy-2 specimens average 2.4 mg/ctn', 
correspondhg t o  0.14 mils penetrat ion and an average corrosion rate of 9.1 rnpy 
during exposure. However, estimations based on possible  arriounts of oxides r e -  
m i n i n g  on t h e  specirneris a f t e r  defilrning ind ica te  that the  average penet ra t ion  
aad t h e  corrosion rate nay have been 0.21 mils and 13.5 mpy, rcspect ively.  

The neutron flux during fuJ.1. reac tor  power and tiurine insert,ion corresponded 
Lo a ca lcu la ted  so lu t ion  powcr dens i ty  o f  2.6 w/rnl, based oil t he  coinposition of 
t h e  o r i g i n a l  solut ion.  

1-0.1.){ Derived. Values for Glqa, G N ~ ~ - ,  Kcu, and Gn,; ZircaLoy-2 
Corrosion Ratcs; N i t r a t e  Decomposition lhrring 

Ra4iati  on E q o s u ~  

In using t h e  pressure data -LO cal-culate t h e  various factors of interes- t ,  
i t  is assumed that t h e  n i t r a t e  d.ecompmition products were comprised enti .raly 
of Na and 02 i n  H. molar r a t i o  of 2 5 .  A s  rfl:tn.ti.oned previously, t h e  work of 
o ther  investTgators xbows 'ihat i s  t h e  major product of the decomposition, 
al-t;hoi,lrgh small aniounts of ni-trogen oxides also have been found. It i s  a l so  
nsoimcd that the s o l u b i l i t y  of nitrogen ana oxygen i n  t h e  U02(N03);! so lu t ion  
a r c  t h e  s3me as t h a t  f o r  oxygevr i n  UO&jo4 solii-tions of similar concentrat ions,  
Couiprisons of pressure da t a  obtained a t  25 "C and at the  ekva te t !  temperatures 
i n  t h i s  experirfle:n.t ind ica te  t h a t  t h i s  is  a reasonable assumption. P"L i s  a l s o  
assumed t h a t  deut,eri.uiil s o l u b i l i t i e s  are the  s,mie as those employed i n  U02S04 
sol.iitions. No estimate of' the v a l i d i t y  of t h i s  assumption f o r  D2 i s  avai.l.ah1.e. 

(a) Kcu and G ~ ~ . - - V a l u e s  f o r  these f ac to r s  ca lcu la ted  from ihe r e s u l t s  
oP 225'C KZE%LF@%EXS aye shown i n  Table 1.0.3. The r e s u l t s  of t he  messurernerits 
made during inserbion are considered more near ly  va.lrid Y n m  those obtained 
during r e t r ac t ion  because or ihe p o s s i b i l i t y  t h a t  tile rates of recombination 
during r e t r ac t ion  arc p a r t l y  cont ro l led  by diffusion processes.  'The r e s u l t s  
of the high-temperature exposures are not su i t ab le  for accurate evaluat ion of 
G D ~  and Kcu, 'out t h e  pressuyes observed du.t'-i.ng t he  i n i t i a l  exposures are j.n 
rough agreement with -those predicted Y r o m  the  resuJ:ts obtained a t  l o w  
teuiperature . 

i n  Table I"?(-. 
of pressure r t s e  during t h e  i n i t i a l  high-ternyerahxe e x p s u r e  should be regarded 
as a minimum Val-ue. Sm.e l o s s  of' pressure d71e t o  corrosion arid 1.0 reconhination 
of n i t r a t e  decomposition products may have been taking place during the  r i s e  

(b) GN --VaI-ues f o r  ~ p j  est imated r rm va,ri.ous pressure da ta  a re  l i s t e d  
2 

I'i should be noted tha t  t h c  val.iie calcu.la'cecl from the  rate 
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Table 10.3. Values Cor % s;nd Eased on 
2 

Low-PorJer Fxposures at  225 "C 

Basis 

Values from Data Obtaiiled a t  Beginning of I r r ad ia t ion  

Pressure buildup data 

Hecombinat ion  data 

1600 
1600 
Y(O0 
1790 

1200 
1100 

Values rron D a t a  Obtained M t e r  109 iir of I r r ad ia t ion  

Pressure buildup da ta  800 
800 

I .4 

0.7 
0 -3 

0.9 
0.9 

2e comb iriat ion da ta  500 0.6 

Table 10.4. Estimates of (+ 
a2 

G 
N2 

(rnolecu.les/LOG ev) 
Exposure Time 

(3-khqhr LITH Energy) 

LOM Power, 225OC, 235°C Data 

Incremental increases  in 
apparent equilibrium 
re t r ac t ed  prep- aaures 

2.5 x loe2 
2 x 
3 x 10-3 

Low Power, 2 2 5 O C  Data 

Approxixate l i n e a r  pressure 
increase a f t e r  apparent 
r ad i  o l  yt i c  112 - 02 equi 1 i b  r i m  

1 x 1.0-2 

High Power, Inserted D a t a  

Rate of pressure buildup after 
apparent. radiolytic H2-02 

0-0.3 
0 .3  -0.7 
o .7-1 

2 

equilibrium 
3 x lo-" 5 
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i n  pressure.  A l s o ,  during the loif-temperature exposure, some recombination 
m y  have occurred. 
attempted. 
subsequent t o  t h e  f F r s t  at  high temperature were less than t h a t  f o r  the  f'irst. 
No attempt vas &e t o  evalu.at,e c.r\r2 values from these subsequent exposure da ta .  

mated i E  Tt+ assumed t h a t  the  formation or a s teady-s ta te  pressure during the 
first high-temperature exposixe resu l ted  primarily f rorn the  recombination of 
n i t r a t e  decomposi-Lion products. 
3 x lom3, estimated Prom .the i n i t i a l  pressure r i s e ,  t h e  gas-phase recombination 
required t o  f o m  a stepady state a t  Lhe esti.tmted gamma ray ard fast neutron 
fluxes preva i l ing  i n  t h e  insex.ti.on pos i t ion  can be estiinated t o  be t n a t  which 
corresponds t o  a CNo,- of l t o  3 .  The t r u e  cN0 - values  a r e  probably somewhat 
lower tnan  the va.lue t1ni.s obtained., s ince some &crease i.n n i t ra - te  decomposi- 
t i o n  rate iroii2.d be expected as tine n i t r a t e  concentration i n  so lu t ion  decreased 
due .to decomposiLion. 
limy have increased as the  time of i r r a d i a t i o n  exposure increased. 

No correct ions f o r  these possible  pressure lo s ses  were 
Rates o f  pressure increase following in se r t ions  during t h e  exposures 

( c )  GNO -.--Rou& valu-es f o r  t h e  r a t e  o f  recombination of N2 can be esti-  

For t h i s  exposure i n  which t h e  % vas 
'2 

Also,  t he  rate oP loss  o f  oxygen as a r e s u l t  of corrosion 

(d) %ircalox-2 Corrosion Rates and N i t r a t e  Decomposition as a Flmction o:F I 
~ i m e  w r i n g  ~aciiai3on bposures;: - L i m i t s  for tG' rates of Zircaloy-2 corrosion 
a t  d.iffe&a times during the radiation exposure c m  be roughly e s t i m t e d  from 
the  ~ates of pressure decreases obseived during d i f f e ren t  exposures, the  t o t a l  
Zircaloy-2 corrosion indicated by the  :.rei@; losses of de:Pi.kned specimens, the  
possible presence of F'e20s and. other  oxides on the  defilmed specimens and. other  
simfaces, and t h e  t o t a l  amount of nitrate decomposition as shown by the an i lyses  
of the  r i n d  solution. 

1___-.____ 

The pi-ob&LLe minirmun r a t e s  oC oxygen consimption as a funct ion of t i m e  
during rad ia t ion  cXp0sui-e are t'nose represented by l i n e  A of j'ig. 10.2. The 
da ta  points  lipon which tine l i ne  i s  based  AT^ tnose ca lcu la ted  from the  r a t e s  of 
pressure- loss  mencurenents during t h e  f i n a l  port ions of thc high-temperature 
exposures 

The estimated inaximum oxyzen consumption r a t e s  i l l u s t r a t e d  by 1.ine B of 
Fig. 10.2 were selected such tha t  t h e  area undei- t he  curve corresponds t o  the 
t o t a l  Zircaloy-2 corrosion which occurred i f  the maly-tical r e s u l t s  f o r  the 
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amounts of E'e203 and o ther  oxides on t h e  coupon surfaces  are considered cor rec t  
and tha-t those specimen surfaces  were representa t ive  of o ther  surfaces  i n  t h e  
autoclave.  The a rea  under t h i s  curve also includes the  amoimt of oxygen consumed 
i n  corroding t h e  s ta i -n less  steel c a p i l l a r y  i n  the  amount indicated by t h e  n icke l  
found i n  so lu t ion  and on the  Zircaloy-2 surfaces .  
high rates of pressure loss during the  two f i n a l  exposures were considered as 
probably more n e m l y  representa t ive  of the  actual. oxygen-loss r a t e s  than t h e  
o ther ,  lower-rate,  po in ts .  Therefore, a l l  the r a t e  a?-justments were appl ied 
to t h e  f l r s t  100 h r  of i r r a d i a t i o n .  

The poin ts  represent ing t h e  

B y  graphica l  in tegra t ion  of Yhe curves i n  Fig.  10.2, r a x i m i x n  and minimum 
values f o r  the  volumes of excess oxygen i n  Yfle autoclave can be estimated t o  
give ?,hose illustsated by curves A and B i n  Fig. 10.3. The d i f fe rence  between 
t h e  values i l l u s t r a t e d  by EA given one of these  curves and those f o r  t he  t o t a l  
volumes of excess oxygen p lus  n i t r a t e  decomposition products i.n t'ne system 
(I.ine C )  y i e lds  the  m a x i m u m  and minimnwn values fo r  t h e  voluneo of the gaseous 
decomposition products, which are i l l u s t r a t e d  by curves B '  and A ' ,  r espec t ive ly  

If it i s  assumed t h a t  t h e  minimm rate l i n e  A i n  Fig.  10.2 represents  
rates of oxygen consumption i n  Zircnloy-2 corrosion, the  rate Tor this material. 
during the f i r s t  90 h r  of r ad ia t ion  m s  about 6 mpy. 
Lhc f i n a l  exposure vas about 3 O  q y .  The average corrosion r a t e  w a s  about 
10 mpy, a. value i n  near  agreement w i - t h  t h a t  cstiiriated frola the  weight loss  of 
def ilmed specimens 

The rate at t h e  end of 
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The corresponding curve A '  i n  Fig. 10.3 .for t he  rflinhum volumes of gaseous 
ni t rnLe decomposition products shows t h a t  t he  vol.umes increased rap id ly  t o  about 
10 tm 12 cc ( 2 3  t o  25$ dzcomposi-tAon) during the  i n i t i a l  exposures and then 
remained near ly  constant u n t i l  t h e  f i n a l  exposure, d w l n g  which the  volume of 
decomposition products increased t o  about 20 cc (47$  decomposition). 
noted Ynat the indicated amount of gaseous decomposition products a t  t h e  end 
of t h e  c.jrperirtieizt i s  i n  fair  agreement, with that indicated by the  analyLicaltl.. 
results f o r  the total amount of ni t rogen i n  the  so lu t ion  and r in se .  
r e s u l t s  showed about 27$ of t h e  o r i g i n a l  ni t rogen t o  be i n  the so3-ution and 
28$ i n  the r inse .  A d i screpmcy i n  t h e  intery:t.etal;ion of tlne f i n a l  two r a t e  
val.ues i n  Fig.  10.2 i s  apparent in this treatment of Yne data .  The treatment 
i nd ica t e s  t h a t  t h e  pressure of n i t r a t e  decoiiiposition products was inereasing 
a t  the  time the  t o t a l  pressure i n  the  system during exposure vas increasing; 
therefore ,  the  rates of oxygen coilsumption may have been g rea t e r  than those 
ca lcu la ted  frox tine rate of pressure decrease,  

It rnay be 

These 

The proper correlat; ion of these f a c t s  i s  not apparent. It i s  possi'ole 
that the oxygen-consumption rates were g rea t e r  than those employe&. It is a l s o  
possible  that t h e  rates did  not :i.ucrease regulayly with exposure time i n  t h i s  
region and that Lhe high rates occurred only during t h e  time I;hat Yne observed. 
pressures were decreasing rapidly.  Other t reatments  of the  da ta  Lo include 
these  poss ib i l i - t i e s  do not appear worthwhile i.n view of o t h m  appreciable un- 
c e r t a i n t i e s  i n  the results. 

'Yne estimated nl;uc:i.inm rates of oxygen cornsumption due t o  corrosion, 
il-3.usl;ra.ted i n  l i n e  B, Fig. 10.2, corresponds t o  a Zircaloy-2 comosion r a t e  
of about 12 iiipy during t h e  100 h r  of rad ia t ion  when it  i s  assumed t h a t  t h e  s t e e l  
corrosion rate remained constant throughout t he  134 h r  of exposure. 
i n  Fig. 10.3, i1lustraI; ing t h e  estimated m x i m l u i x  amun t s  of gaseous n i t r a t e  
decomposition product;s, shows a rapid rise to about 12  cc during the  i n i t i a l  
exposures and then a slower but  steady increase during subsequent exposures t o  
B value of about 48 cc. T h i s  voluime i s  s l i g h t l y  more than t h a t  which would. be 
produced by lo@$ decomposition of t he  n i t r a t e  i n  so lu t ion .  Again Lhe i n t e r -  
pre-tiition of t h e  f i n a l  two r a t e  po in ts  i n  Fig. 10.2 is  i n  question because the  
indicated pressures  of  n i t r a t e  decomposition productx were increasing a t  the  
t i m e s  t he  pressul'es were d e c r e a s h g  and, again, attempts t o  resolve these 
discrepancies  by o ther  treatments do not  appeal- worthwhile because of over-al.1. 
uncer ta in t ies  i n  th.e resul'is. 

Curve B' 

The true amounts of corrosi.tni and of gaseous decomposition prodlxts  pmb- 
ably  f a l l  be%ween the  limits i n d k a t e d  i n  Figs, 10.2 axlll 10.3, wit'n t h e  excep- 
t i o n  t h a t  during t ; ? ~  Pin& 30 h r  of exposure, oxygen consumption rates greater 
than those indicated i n  Fig. 10.2 m y  have occurred. 

10.1-5 Surnmary and Discussion 

Although appreciable uncer ta in ty  exists i n  the interpretaLion of some of 
the  results obt,nined i n  t h i s  experiment, the f a c t o r s  comprising the object ives  
of t he  experiment w e r e  evaluated., bu t  with l imi ted  accuracy. 

A l l  t he  results are consis tent  .with the occurrence of nitra-Le decomposi- 
tion during radi.ation exposure. The r e s u l t s  of pressure measurements during 
t h e  ini . t ia1 225 t o  235°C exposures and during t h e  i . n i t i a l  28oOc exposure provide 
evidence t'mt t h e  i n i t i a l  n i t r a t x  decomposition n ' c e  w a s  g rea t e r  than -that pre- 
d ic ted  hy the repi-rted r e s u l t s  of So.*rden and L>ndej mentioned i n  t h e  introduct ion,  
by f a c h r s  or from about 7 t o  70. A back reac t ion  of the n i t r a t e  d.ecompositioii 
proc-lucts is indicated by t h e  results of t h e  f i r s t  280°C r ad ia t ion  exposure. . 
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The G N O ~ -  value of about 1 t o  3 f o r  gas-phase recombination, esttmated f ~ o m  
-these r e s u l t s  by assuming that NO3- is  the  sole product of recoinbination, i s  
within t h e  range of values  ~ ~ h i c h  have been reportea by others. :Et; should be 
not,ed, however, t h a t  t h e  condi t ions of pressure, temperature, ana gas phase 
composition i n  t h i s  experiment d i f f e r  from those eraployed i n  the  otiner reported 
s tudies ,  and th.e r;fJo,- f o r  t h i s  present  experiment, cannot be accura te ly  pre- 
d i c t ed  .Yrorn t h e  other  s tud ies .  

The in i t ia l  Kcu values  (225°C) are about t h ree  t imes as l a rge  as those 
found. out-of-pi.le by K e 3 . l ~  -- e t  as.." 
rwnt with ti?e value of about 1.5 Toiuid f o r  ni t ra t%-soLutions by o ther  workers. 
??le apparent decreases i n  K,-.u .and k2 tnroughout tAe exposure can be ascr ibed 
t o  a loss of uranixm and copper from so lu t ion .  

The i n i - t i a l  GD,? value of 1.3 i s  near  agree- 

The %i.rcaloy-2 corrosion rates during t h e  i n i t i a l  100 hr of rad ia t ion  at 
280°C Were probab1.y i n  t h e  r,aqe 6 t o  3.2 mpy. 
range would. be expect;& for uranyl sulfate soliit:lons of similar conccntra-t.his. 
Duri-ng the f i n a l  34 hr ,  the  rate vas g r e a t e r  than 12 mpy and was probably as 
high as 30 o r  more. The large amount of sorbed urmium (0.16 mg/cm2) ind ica tes  
t h a t  8 high e f f ec t ive  powe~  dens i ty  prevai led in t h e  system and proba1il.y 
accounts for t h e  high rate near  t h e  end of exposure. 

A corrosion rate i n  t h e  smie 
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11. ENGINEEKCNC: - AKD PHYSICAL PROPEETIES 

H. W, Hoffman 

C .  S. Morgan D. G. Thomas 

11.1 SUUSFENSION TRANSPORT STUDIES 

Previous s tud ies  * of t h e  minimum ve loc i ty  required -to t ranspor t  a f l o c -  
cu la ted  suspension i n  hor izonta l  pipes have shown two regions of flow, depend- 
ing  on t h e  concentration. I n  t h e  first region, t h e  suspension i s  s u f f i c i e n t l y  
concentrated t o  be i n  t h e  compaction zone and hence has an extremely S ~ Q W  set;- 
t l i n g  rate. 
a r e  i n  t h e  h indered-se t t l ing  region and s e t t l e  10 t o  100 times f a s t e r  than 
slurries which are i n  compaction. 
t h e  c r i t i c a l  concentrat ion separa t ing  the two flow regions, alLhough it was 
c l e a r  f ram the data presented that; t h e  c r i t i c a l  concentration increased w i t h  
tube dlameter . 

The second region i s  observed with more d i l u t e  suspensions which 

An unresolved problem w a s  the  definit i-on o f  

I n  order  t o  obtain addi-Lional evidence on t h e  e f f e c t  of tube diarneter an? 
concentrat ion on t h e  onset of compaction, a s e r i e s  of hindered.-settling s tud ie s  
were made (Fig.  11.1.) . 
s e t t l i n g  rate is  independent of tube dimneter, decreasing regular ly  as Lhe con- 
cen t r a t ion  is increased. However, f o r  any given tube diameter, t he re  i s  a. 
c e r t a i n  c r i t i c a l  concentrat ion beyond which t h e  s e t t l i n g  r a t e  decreases sharply 
to a value l / l O  .to 1/50 of t h a t  expected if t he re  were no wall e f f e c t .  The 
decrease i n  s e t t l i n g  r a t e  i s  due t o  t h e  suspension being i n  compaction and, as 
shown by t h e  family of curves on Pig.  11.1, the re  is a regular  increase of t h e  
c r i t i c a l  concentra-t:lon with tube diameter. The c r i t i c a l  concen-tiration i s  a l s o  
a -function of the  degree of f loccula t ion ,  and hence t h e  diarneter-concent~at ion 
re.lation must be  determined for each parblicir7.ar suspension. 

For s u f f i c i e n t l y  d i l u t e  concentrations,  the hindered- 

The compaction concentration determined from hindered-sehtling measiirements 
is compared with t;he compaction. concentration from minimum-transport s tud ies  i n  
Fig.  11.2. The good agreement observed ind ica tes  t h a t  c r i t i c a l  concentrations 
determined fi-om a simple s e r i e s  of h indered-se t t l ing  tests c m  be used t o  det,er- 
mine t h e  range of a p p l i c a b i l i t y  of minjmum-transport r e l a t i o n s  developed f o r  
t h e  compaction region. 

Previous st irdies2 have ind ica ted  t h a t  minimum-transport da ta  f o r  a d i l u t e  
suspension can be cor re la ted  by an  ax-pression of t h e  fonn: 

Among Lbe poss ib le  mechanisms, two appenrea t o  be suscept ib le  t o  analysl s ,  
provided t h a t  condi t ions were r e s t r i c t e d  t o  include only those pai’ticlee tr i th 
diameters smaller than the  thickness  of t h e  I ~ m i n a r  sublayer and which sett led 
according t u  Stokes l a w  e ‘The two hypotheses were t h a t  t h e  minhnxn-transport 
condi t ion for p a r t i c l e s  r ez t ing  on the bottom of t h e  pipe occurs: 
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4 ,  VOLUME FRUC-rION SOLIDS 

IO+ 0 c 
F i g .  1 1 . 1 .  tiindered-Settling Rote as a Functiorl o f  Suspension Concentration for Flocculated Tho, 

Suspension (Series I), Showing Effect of Container Diameter on Onset of Compaction. 

(1) vhen the li.ft force due to t h e  veloci ty  gradient is equal to the  

( 2 )  

grav i t a t iona l  f o r c e ,  or 

when the tus^bulecl.I;-velocity fluctuations at, a distance 02 one 
par t ic le  dinme.t;or from t he  wall equals the terminal s e t t l i n g  
velocity e 

Jksumptious hp1ici.L i.il the first hmot'lresis are: 

Y u.* 
3 - t  K U 

(1) - -- - '  = y  = - >  u++$$. V 
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CGMP4CTION CONCENTRATION CROM MINIMUM TRANSPORT 

STUDIES, VOLUME FRACTION S0I.IDS 

Fig. 11.2. Comparison of  Compaction Co~lcentrations 
Determined from Hindered-Settling and from Minimum- 
Transport Studies. 

( 2 )  

( 3 )  

t h e  1 . iE t  coef€ ic ien t  i s  equal t o  t h e  drag  coef f ic ien t ,  

tize r a t i o  of l i f t  force  t o  g rav i t a t iona l  force  i s  unity a t  
t h e  minimuil-transport condition. 

The second assumption i s  supported by data taken by Fage and reca lcu la ted  b y  

Fig. 11 e 3a, compared with t h e  data previously reported. 
The l i n e  calcul,zted on t h e  basis of these assumptions i s  shorn i n  

AssumpLions impl i c i t  i n  t h e  second hypothesis are: 

(1) Turbulent f l uc tua t ions  extend through the classi .ca1 laminar 
sublayer, becoming zero only a t  t n e  pipe w a l l .  

The expression :For t h e  decay of t h e  f luc tua t ions  i n  t h e  
p r o x h i t y  of  t h e  wa l l  i s  t h a t  derived by Deissler" i n  h i s  
ana lys i s  of imss transfer a t  high Schmidt numbers. 

( 2 )  

The f i r s t  assurnptioa is  supported by e,uperirnental obnervntions5'6 and has been 
used successfu l ly  i n  i n t e rp re t a t ion  of heat'? and rnass-transfer data .  
ca lcu la ted  on t h e  bas i s  of .these assumptions i s  shown i n  Fig. ll..yo, compared. 
with t h e  data previously reporbed. A s  can be seen, t he re  I s  l i t t l e  to choose 
between t h e  agreement of t h e  data  w i t h  bhe two different;  lines- 

The l i n e  
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Fig. 11.3. Minimum-Transport Correlation for Flocculated Suspensions. 

11.2 THORIA CAK1j.G STUDIES 

11.2.1 T h o r i a  Dispersing AgenLs 

The addi t ion or  dispersing agents t o  flocculated TI102 suspensions produces 
many des i rab le  e f f ec t s ,  1-anglng from virt ;wl. ly eliminating: t he  non-Newtonian 
flow cha rac t e r i s t i c s  t o  possibly prevent,ing the formation of cakes on loop sur- 
faces .  However, most e l ec t ro ly t e s  e i t h e r  decompose or  ~ . Q W  t he i r  e f fec t lveness  
a t  e levated temperatures. 

During a series of screening t e s t s ,  it was observed t h a t  t h o r i a  s lur ry ,  

The d ispers ing  effect was 
Since no o ther  electrolyte t h a t  

contained i n  a qual-tz Lube, was rmintaincd at6 a dispersed suspension fo r  more 
than two weeks at 250°C a f t e r  addi t ion  of Li&304. 
marked over a wide Li@04 concentration range. 
had been t e s t e d  i n  t h i s  series had e-xhibited a s t rong  dispers ing capncit;y, i t  
w a s  desirable t o  tes t  thc  effect iveness  of L ip704  i n  preveating caking i n  a 
high-temperzture loop ten%. 
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The cake prevention test was made i n  the 3O-gprn loop using Tho2 spheres, 
muterial wh.ich had caked. i n  a l l  previous t e s t s  even i n  the presence of such 
e l e c t r o l y t e s  as chromic acid, s u l f u r i c  acid,  o r  sodium a3mninate.3 The Tho2 
concentrat ion w a s  about 400 g of "Ti.1 per  kg o:P H&, and the  c i r cu la t ion  tempera- 
-Lure vas  250°C. 
This was inc:reased t o  3CO0 ppm a f t e r  50 h r  c i r cu la t ion  and .to 7000 p p i  af-ter 
170 hr. A f t e r  c i r cu la t ion  w a s  complete, t he re  was no cake i n  the  Impeller 
vanes o r  weep holes  although such deposi ts  had always occurreil i n  p r i o r  spher- 
c i r c u l a t i o n  :tuns e 

sec t ions )  had no deposi ts  in.  the 20- or  l.O-fps sec t ions .  
m i l ) ,  sort, Th02 film covering t h e  e n t i r e  5 - f p s  sect ion.  
deposited i n  two layers ,  Ync? upper of which peeled of f  i n  some places  on drying, 
suggesting t h a t  oxide deposi t ion occurred af ter  add i t iona l  Lip504 w a s  added t o  
the  loop. It i s  bel ieved t h a t  t h i s  represents  d e f i n i t e  t"vi(?.encc -tin& addi t ion  
of L i s 0 4  t o  a high-temperature c i r cu la t ing - tho r i a  loop i n h i b i t s  cake formation. 
However, t h e  o p t i r w  concer1t;ration of electroly-ke and t h e  exact mechaniam 
responsible  f o r  cake inh ib i t i on  arc ye t  t o  be determined., 
addi t ion  or L:i.&O4 t o  Tho2 a t  room temperature gives very- hj.& z e t a  poten t ia l s ,  
with values III, t o  -135 mv as determined by microelectrophoretic measurements 10 
Both t h e  h i& zeta p o t e n t i a l  and t h e  apparen-t effect iveness  i n  reducing cake 
formation may r e s u l t  froiil adsorption of SO4- on t h e  p a r t i c l e  surface with 
highly hydrated 1.i' ions fo.nning a s t rong counter-ion layer .  

The i n i t i a l  T.,i~504 concentrat ion w a s  2000 pprn based on ICb02. 

The r au l t i d ime te r  sampl-e b a r r e l  ( th ree  d i f f e ren t  ve loc i ty  
There was t h i n  (<l 

The f i l m  had been 

It i s  knmrn that; 

11.2.2 Concentration o f  Srnttll Tho2 Pai-ticles 
Required f o r  Cake Formation 

1°C i s  bel.d.eved t h a t  Tho2 cake formation occurs when I- .to 3-micron parti- 
cles degrade, produsing f i n e  fragments which rnay be deposited on container  sur- 
faces  as a hard cake. The quant i ty  o r  concentration of  Pine f r a g m n t s  required 
t o  produce cake forrimtion i s  n o t  known. 
l a t i n g  tnoriir spheres di-luted with 1600"~ -calcined Tho;?. These spheres provide 
fragments f o r  cake formation, while t h e  1600"~ oxide does not fanil cakes. 
Circulat ion of s l u r r y  containing 50 wt '$ of each 0xid.e type resu l ted  i n  reduced 
cake f o m a t i o n  compared t o  t h a t  normally occurring during sphere circuL3,zt;ion. 
There were TI02 f i lms  on impel ler  faces  and i n  t h e  multidiacnet.er sannple ba r re l ,  
bu t  almost no cake w a s  i n  i;m2,el.l.er vanes o r  weep holes. 
s u b s t a n t i a l  quanti-ty of noncaki~ig oxide apparently did. not serve as an a l t e rna -  
t:ive s i t e  f o r  fine-fragment deposit ion,  it, may have acted. as a scrubbing agent, 
removing deposi-ts from tlne most turbulent regions of t h e  system. 

A q u a l i t a t i v e  t e a t  w a s  nlad.e by c i rcu-  

Thus, al.l;hough t h e  

11.2.3 Propert ies  of Th02 Contairii.ng a Coprecipitaterl Oxide 

Studies  o:P s lur ry  caking phenomena have denonstrated t h e  importaneft of 
park ic le  integri:ty i n  the  prevenkion of mking.  
c l e  in tegr iby  of pure Tho2 i s  by ca lc ina t ion  a t  a temperature 1600°C. ')An 
a l t e r n a t  i ve  procedure for acliev.lng integrity-,  with t h e  added advmi;age. .o'f a 
lower ca lc ina t ion  temperature, is  by incorporat ing a suitab1.e metal1.i.c oxide 
i n  t h e  thorium compound t o  be calcined.  
f erent  metals, thoriurn hydroxide o r  oxalabe was coprec ip i ta ted  with Si ,  -41, Pb, 
Zr, o r  Mg and then calcined s tepxise  t o  800°C. 
mined a f t e r  Waring blendor treatment of 1 h r  a d  10 mln, using the Cake 
Resuspension Fadex ( C R I )  procedure previously described. 
procedure y i e lds  an empir ical  number, va,.rying from 0 t o  1.0, which is  invei-sely 
propor t iona l  t o  parb ic le  i n k g r i t y .  ) The r e s u l t s  f o r  Tho2 with addi t ives  o f  
Al, yb, and S i ,  pmpared by copre@ipitat , ion as t h e  hydroxide, are: 

One method of achieviag par t i -  

I n  order  t o  study t h e  e f f e c t  of d i f -  

Pax-Lic1.e -j_ntepji ty was detey- 

(Brief ly ,  t h e  CH'i 
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Additive , 
Mole Fract ion 

None 

si, 0.1. 

Pb, 0.1 

Al, 0.1 

CRJ. 

6 

4.6 

- 

2 

1 

The results f o r  Tho2 with %r addi t ive,  prepared by coprec ip i ta t ion  as the  oxa- 
la te  and. followed by d iges t ion  f o r  4 hr, are: 

Z r O 2 ,  
Mole Fract ion CKI - 

0 4 
0.05 1 

0.05 (calcined a t  ~OOOOC) 0 

0.1 0.5 

0.25 0 

Results with Mg,O addi t ion  were very unfavora,ble ~nrith respect  t o  p a r t i c l e  
i n t e g r i t y  . 

A CHI  of 2 o r  l e s s  gives qua l i t a t ive  eT*.idence of' high p a r t i c l e  inbegri ty ,  
and on t h i s  basis it i s  apparent t h a t  oxide addi t ives  o f  A l ,  Pb, and Zr may 
produce increased p a r t i c l e  i n t e g r i t y  a1:t;hough -there are in su f f i c i en t  data  t o  
spec i fy  the exact  concentration and ca lc ina t ion  scherlule required.  
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12. THORIUM OXIDE IRRADIATIONS 

J. P. McBride 
0. 0. Yarbro 

Work on t h e  efTect of r eac to r  i r r a d i a t i o n  on t h e  proper t ies  of thorium 
oxide continued, with the recovery f o r  e m i n a t i o n  of two s e r i e s  of  t h o r i a  
powders i r r ad ia t ed  i n  aluminum capsules i n  a l a t t i c e  pos i t ion  i n  t h e  L.nR; t h e  
recovery of a s l u r r y  of >25-)1 Houdry spheres i r r ad ia t ed  i n  a s e t t l e d  condi t ion 
i n  t h e  LLTR (C-43) ;  and t h e  stax-t of t h e  i r r a d i a t i o n  at  250°C of a s e t t l e d  bed 
of t h o r i a  p e l l e t s ,  0.196-in. diameter, under D& i n  the C-1.13 f a c i l i t y .  

During the month of February, 1958, persormel of t he  Sol id  State Division 
i n i t i a t e d  t h e  i r r a d i a t i o n  o f  two s e r i e s  o f  thoria  powders (C and D )  i n  aluminum 
capsules i n  the  C-52 l a t t i c e  pos t t i on  of the L n R .  
from 650°C-fired D-16 thorium oxide by r e f i r ing  them i n  pl&irlum c:rucibles for 
24 hr a% 650, 800, 900, 1100, .and ls00"C. 
nat ion a f t e r  having been i r r ad ia t ed  16 months ( s e r i e s  D >  and 21 months (series 
C ) .  
s~mpl.es i n  both s e r i e s  were red, and t h e  part;icles had agglomerated i n t o  hay&, 
glossy clinkers (Fig. 12.1.). The U_OO°C- and 1500°C-fired oxides were powders 
of off-white and blue colorat ions,  respec t ive ly  (Fig.  12.2) e Speci f ic  surface 
areas for all. s e ~ i e s  D samples ( s e r i e s  C smples have not yet  been measured) 
except t h e  1500°C-f i r e d  material were markedly decreased by i2ie L r r a d h t i o n  
(Table 12.1)> desp i t e  t h e  f a c t  t h a t  t h e  estimated maxirnijric temperature of t h e  
pox~Iers during irradiation, based 0x1 calcul.ations assuming 25$ t h e o r e t i c a l  

& n s i t y  f o r  t h e  powders, was less then 300°C. 

The powders were prepixed 

The s o l i d s  were recovered f o r  exami- 

The 650, 800, and 900"C-fired Ser ies  C samples are now being examined. 

The povders were canned i t 1  al.urainuili capu7.es, about; 2-1/2 in .  long and of 

The capsules contained 
1/2-in. OD and 1/4-in. ID. 
cooling va2;er flowed over tile outs ide of the  capsules. 
cobalt; and t i tanium flux monttors a 

lfhey were i r r ad ia t ed  i n  such a way t h a t  t h e  reac tor  

The only contaminmt found i n  t h e  oxides a f te r  i r r a d i a t i o n  w a s  a1.wn:i.tm.a 
(100 t o  5000 pprfl), most of which probably came from powder tho,% dropped. i n t o  
the  oxides during t h e  grinding required t o  open t h e  capsu.l.ei;. The marked de- 
crease  in surface a.reas with a11 except t h e  hi&-f i r e d  oxides suggests th& t h e  
1.rx'aCILatiOu prodirced much t h e  same effect, as f i r i n g  an oxide t o  about Sg00"C. 
The results of dens i ty  meas~r~einents of t h e  i r r a d i a t e d  oxides were erratic, and. 
the measuring technique w i l l  have t o  be modified. Measurmlen-Ls of average 
p a r t i c l e  s i z e s  w i l l  be md.e on a l l  t h e  i r r ad ia t ed  saiiiples as kime and raaiabion 
].eve1 permit. 

A n  aqueous s l u r r y  w i t h  5 g o f  >25-11s Houdry spbcrm containing 0.5s na tu ra l  
uranium was irradi&d. f o r  52 aays i n  a s e t t l e d  condit3cm a t  a thermal neutron 
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UNCLASSIFIED 
PHOTO 49530 

Fig. 12.1. 650OC-Fired Tho, Powder Irradiated 16 Months in the LITR; Maximum Temperature 300OC. 
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Fig. 12.2. 1500OC-Fired Tho, Powder Irradiated 16 Months in the LITR; Maximum Temperature 300OC. 



Table 12.1. Thoria-Powder I r radiat ions i n  LITR 

I r radiat ion time : 489 days 
Maximum temperature: <328 

Neutron Flux 
Thermal 

Average 
Oxide 

233* ,2333~ s r 8 ~  Go Fa$&, -5.0 rgv Surface Area (m 2/g) Description of 
Firing 
Temp. Pa 
( " c )  Th Th Th C O ~ ~ ( ~ , ~ ) C O  T i  (n,p)Sc Before A f t e r  I r radiated Oxide 

650 
800 

900 

1100 

1500 

10 
x10 

2.5 

2.1 

2.2 

1.9 

1.7 

13 x10 

1.8 

3 x10 

1.6 2a .4 1.0 Red clinkers 

1.3 15.2 <O.5 Red cl inkers  

1.6 7.9 < 0.5 Red cl inkers  

1.4 3.3 1.9 Off -white 
powder 

0.8 0.8 Blue powder 

*Flux based on neutron capture o r  f i s s i o n  y i e ld  as related t o  t o t a l  thorium present. 
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f lux  of -2 x 1013 i n  hole C - 4 3  of the LITR. l  
s t e e l  autoclave equipped w i t h  mild-steel  cooling f i n s  t o  increase the  e f f ic ien-  
cy of the a i r  cooling used i n  C - 4 3  t o  control  temperatures. 
en t ly  l o s t  from the  autoclave a f t e r  only four days' i r radiat ion,  and the auto- 
clave temperature increased from 180 t o  28OOC. 
addi t ional  21 days' i r radiat ion,  reducing the  temperature from 280 t o  2 3 0 ° C .  
The autoclave temperature continued t o  r i s e  slowly under the  ordinary conditions 
of cooling, probably because of increased f i s s ion  heating, and a t  the  end of the  
experiment t he  lowest temperature that  could be maintained under ordinary con- 
d i t ions  of temperature control  w a s  2 7 O o C .  

When the  autoclave was  opened, a dr ied plug of yellow so l id  containing more 
than half the  or ig ina l  mater ia l  was  found a t  the  top. T h i s  so l id  was apparently 
deposited as a r e su l t  of the  refluxing introduced by air  cooling: 
down over the top  o f  the  bomb, and the  top i s  the coolest  posit ion.  
mately 1.3 m l  of s lu r ry  w a s  drained from the  autoclave a f t e r  the  plug w a s  broken 
away. 
chemical, and physical analyses. 

The container w a s  a s t a in l e s s  

Water w a s  appar- 

More water w a s  added a f t e r  an 

air flows 
Approxi- 

Portions of the s lu r ry  and plug have been submitted for chemical, r a t io -  

12.3 IRRADIATIONS OF THORIA PELTXI'S 

I r rad ia t ion  under D$I a t  2 5 0 ° C  of a s e t t l e d  bed of 50 tho r i a  pe l l e t s  0.196 
in. i n  diameter w a s  i n i t i a t e d  i n  the  C - 4 3  f a c i l i t y  i n  the  LITR. 
were prepared by t r ea t ing  the  Davison-prepared p e l l e t s  ( 1 4 5 0 ° C  f i r e d )  w i t h  d i -  
basic  aluminum n i t r a t e  solution and r e f i r i n g  a t  1750°C (see See. 15.1.2). 
c e l l  equipment t o  measure p e l l e t  wear i n  a spouting-bed t e s t  and the crushing 
s t rength of t he  i r rad ia ted  pe l l e t s  i s  being developed. 

The pe l l e t s  

Hot- 

REFERENCE 

1. J. P. McBride and N. A .  Krohn, EIRP Quar. Prog. Rep. Jan. 31, 1960, OFUVL-2920, 
P 91. 



13. DEVELOPMN'P OF GAS-LE3C0M31iVAT'101\J CATATJYSTS 

J. P. McBride L. E. Morse 

Further s-tixj.ies were ca r r i ed  out on -;he cabal-ytic cornbinati on of hydrogen 
(or deuterium) and oxygen by t h o r i a  and thoria-urania s7.uriqlies contain?. ng a 
"sol-prepared" palladiiim-'ilioria c a t a l y s t .  
pal.ladium ca ta lys t ,  described below, has given the  most ar_'iii-ve palladium 
catal-yst and appea:i's Lo be reprod-ucible. Speci f':i.c a c t i v i t y  of' 1,he sol-prepared 
c a t a l y s t  seems t o  bc iritlttperident of t;iic type and conceiitxation of s l u r r y  s o l i d s  
Laboratory teats of the catal-yst i n  thoria-urania  sli.irri.ec being used in-p:ile 
radiat ion-corrosi  on s tud ie s  i.nt3icated t h a t  rile a c t i v i t y  'was more than adequate 
f o r  use i n  these systems. Tests ori a sliurry sample from a punip-loop gas- 
recombination study showed a ?.ewer spec i f i c  act,i.v:ity than i s  obtai ned with un- 
pumped~ s l u r r i e s  and confirmed qua1.i Latively the d-rop-off i n  cat,a?.y i i c  a c t i v i t y  
observed. d u r i r g  t he  loop 1"Uil. The decl.i.ne i n  ac t iv i iy -  during pumping i jas 
coincident wiih a slurry-so7.i.d degradaTion process. 

The sol method of  preparing the 

'The sol preparat ion method consisted i n  refluxing a 650°C-fired thorium 
oxide i n  an aqueous so lu t ion  of palladium n i t i r a t e  (0.5 g of Pd(NO3)a to 
1.0 g of ThOZ) to form a so? aiid. -then reducing the s o l  wi th  hydrogen. 
with hydrogen (or deuterium f o r  heavy-water preparat ions)  reduced the  pslladium., 
destroyed the  bulk. or" t he  ni t rake,  aiid flocculated the  sol. The ca t a lys t  
preparat ion was a f locculated,  s low-set t l ing suspension, an a l iquo t  of whi ch w a s  
ad.ded t o  the  s l u r r y  under t e s i .  Preparations were made i n  botli ordinary water 
(F-23) and heavy v a t e r  (P-28 A am% P-28 B-C) .  

'I'1-eat,mcnt, 

The .rate data  showed reproducibl-e acti~vities o r  the  c a t a l y s t  i n  t;he cases 
where the  s1.un-y was p re t r ea t ed  with oxygen (Table 1 3 . 1 ) .  
t h o r l a  and thoria-urania  systems. Assuming an average blanket power l e v e l  of 
about 10 kw/l i ter ,  s l u r r i e s  containing o n l y  a few hundred ppm of pallsdivrn 
should have s u f f i c i e n t  a c t i v i t y  t o  keep ihe radiolyt ic-gas  p a r t i a l  pressure 
beLow l5O p s i  a t  280"c even untier an excess-oxygen overpressure. Included i n  
Table 1-3.1 are data obtained fri)m an i n - p i l e  cl.urry experimeni with a 
thorl~uni - 8$ enriched-uranium oxide a t  a power level- of  20 w / m l ,  which showed 
a speciTij.c catalys- t  a c t i v i t y  about four  times g rea t e r  than t h a t  observed i n  
ou t  -of -pil.e s tud ie s .  Pretreatment or" Yne olurry-cata,lyst  system with hydrogen 
or m i n t a i n i n g  an excess-hydrogen overpressure resulted. i n  an increase i n  
spec i f i c  ac-r;ivity- of many orders of rmgnitu.de. 'The limits of hydrogen or 
oxygeii overpressure o r  Q / O z  ratios under which c a t a l y t i c  a c t i v  i. ty i s  maintained 
have not been explored, but  prelrim.inar;i infoi-ination suggests thar, some 
li i i i i tat ions may e x i s t .  

Tt, was ac t ive  i n  boLh 

lhe ordcr of tne recombiriation reacLiori lias not y ~ t  been establ ished.  
Apparent over-all r eac t ion  orders of 0 t o  2 based on tota! gas pressure i n  
excess of steam hate  been observed. An e f f o r i  is under way to  drterrnin? the 
order of r eac t ion  w i t h  respect  i o  hydrogen 2nd oxygen p a r t i a l  pressures  by 
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Catslys"; : sol-pre2ared 
Temperssure : 230" c 

P-23 

P-28 R 

2-28 A 

2-28 A 

P-28 A 

?-a8 k 

P-28 A 

P-28 B-C 

100 1600 

100 1600 

500 1600 

100 1000 (Th - 
85 L oxide)b 

69.2 1000 (Th - 
>6$ I. oxide)b 

275 

117 

23 .s 

59.3 

11s. 6 

170 

59.3 

133 

0.00024 

0. 000LO 

0.00010 

0.0000~ 

0.00310 

0.000l~ 

0.30055 

0.00038 02 

25 11-60 

0.23 9 

- 50 -2000 

0.11 9 

0.34 1 3  

3.59 16 

5.5 40 

0.b2 22 

react ion r z i e  a t  3.021 Pd and pH2 = LOO p s i  - 
%xalyst PerTonnance isdex = 

b'l"r.ori~m - 8$ urar,iun oxide and :harim - 167; uranium oxides are eq&vaiel;t t o  U / T h  mole r a t i o s  of 0.08 and 0.16, 

CSee See. 14.2.2 OP this report. 

, where 0.6 i s  the G value l o r  gss 
p r o d w t i o a .  (0.38) (0.6) 

respcc t i ve ly  . 
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deteriilining iirie i n i  t i a l  r eac t ion  r a t e  with various H ~ / O Z  rai,ios iindcr various 
over-a3 1 gas pressures .  

13.2 MFECT 01 bLURRY C0IU'CEI;ITRt'UlON ON CAl'rALYTIC ACTJVTCTY 

A s e r i e s  of experiments w a s  c a r r i e d  out i n  which the  P-'28 A c a t a l y s t  
prcparati.on was fi.r:,t added to a s?.urry (1.00 g of Th per  kg of H 2 0 )  of 1600"~- 
f i r e d  oxide a t  a concentrati.oir of 12.7 ppm of pallad?.im, based. on thorium. The 
catalytic act i .vi ty  was measured, and then the  thoria concentration w a s  charged 
i n  incre.rnents of 100 e; of 'i% per  kg of HzO and the a c t i v i i y  again measured. 
increasing the t h o r i a  content t o  500 g OP Yh per  kg of HzO without, adding any 
more pa1.1.adium d i d  riot s ignif icant1 y change Lhe s p e c i f i c  acti-vi'iy of the 
c a t a l y s t  a t  e i t h e r  250 o r  280°C, tile two r eac t ion  temperatures invest igated 
(rTabl.c 1.3.2). 

The water produced during recornbinat ion t e s t s  ai; any one concen'craii oil w a s  
removed p r i o r  Lo the  addi t ion of fresh t ho r i a .  I n i t i a l l y  and a f t e r  each t h o r i a  
addi t ion,  the suspension vas heated. a t  280°C for at I.eact 21$ h r  -urtder oxygen 

'L'ablc 13 .2 .  Effect  of Thoria Concentration on CaLalyst Act ivi ty  

S lu r ry  Palbadlm No. Apparent CPI , * 
Concentration Cone ent  rat i on of i n i t i a l  Heaction PH =loo p s i  
( g  llh/kp; H z O )  (ppm P d / ' l k ) ( m  - x 10-4) ExpLs. :Ia/Oz Kat,ios Order f x q / m l )  

I_ I-_... -- . 

Reaction Tempera Lure, 2 50" c 

100 117 1.1 3 0.56 - 0.64 0-1 0.3 - 1.2 

2 00 58.5 1 .I. 3 0.52 - 0.53 0 0.4 - 1.2 

300 39.0 1 . I 3 0.56 - 0.62 1 0.2 - 0.3 

400 29.25 1.1 J L  0.14-o - 0.50 1. 0.2 - 0.3 
500 23.4 1.1. 4 0.33 - 0.1~0 0.5-1 0.2 - 0.5 

Reaction Temperature, 280°C 

100 1.1 7 1.1 3 0.61. - 0.64 0-2 0.3 - 0.9 

2 00 58.5 1.1 3 0.60 - 0.62 0-1 0. ( - 1..4 

300 39.0 1 .I 3 0.57 - 0.63 1 - 1 . 5  0.3 - 0.5 

400 29.25 1.1 5 0.25 - 0.59 1 - r . 5  0.5 - 1 . 2  

500 23.4 1.1. 5 0.29 - 0.34 1-1.5 0.8 - 1..3 

r eac t ion  r a t e s  i n  m o l k s  B / l i t e r . h r  a t  b { z = l O O  p s i  
i3 - CaLalyst perfonnance index = - .x- 

7 

(0.38 ) (0.6 ) 
where 0.6 i s  the C- value f o r  gas production. 
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(200 psi a t  room temperati-ire) p r i o r  t o  i t s  use i n  recombinatiori Tests. 
oxygen over stoichiometric H2 + l / Z  02 was maintained i n  a l l  experiments. 

Xxcess 

Over-all r eac t ion  orders, ba,sed on t o t a l  gas  pressure i n  excess of steam., 
were from 0 i o  2, bui; the majoriiy of react ions showed a fi-rst;-ord.er dependenze. 
O f  2'7 experiments, 1 5  showed f i r s t - o r d e r  dependence; nine, zero order; three,  
1. j order; and one, second order. Twelve of t he  react ions measured were pre-  
ceded by an i n i t i a l .  reacti-on, too  fas t  t o  lneabure, whhich consumed p a : ~ ~ L  of Uic 
gas mi xt,ii:re . 

Further experiments are planned i n  which the t h o r i a  concentration w i l l  be 
held constaiit and the  pall-adiuni concentrati  on j ncreased i n  successive ste-ps. 
Some insight should be gained as t o  whether or not the concentrati on of the 
slur-ry t o  which the palladium ts adaed. i.s an important, vari8b7.e i n  the  util.j.za.- 
t i o n  of  the c a t a l y s t .  

13.3 P ~ U ~ I U M  CATALYSIS IN THORIA-UWN~A SLURRIES 

Work on gar, recornhimtion i n  'il1ori.a-urani.a s l -urr ies  (Tab3.e 1.3 .I ) w3z 
carrLed ouk primari ly  i n  suppor-i; of the 3.n-pi1.e sll-urry-corrosion s tud ie s  of the 
REED corrosion section. The same tiioriiim-uranium oxide preparzt ions containin3 
enriched uranium used or planned for use i n  the i n - p i l e  work were used. 'The 
thorium-uranium oxides contaiiied IJ/irh molar rat'ios of 0.08 and 0.1.6. 
experiments were run a:f ter  pl'etreatiiierit of' i;he sl.urx.ies with oxygen (800 p s i  a t  
room t e m p e r ~ t u m ~ )  a t  280°C f o r  60 hr. 
oxyii;en a t  room temperst,ure was added t o  the  r eac t ion  autoclave p r i o r  t o  heating 
the system t o  280"c f o r  t he  recombination experiments. 
quan t i t i e s  of hydrogen and oxygen vere then added a t  temperature, and the 
reaciiion vas  Followcd by notirig the decrease i n  gas pressure with t i . m e .  

The 

An i n i t i a l -  overpressure of ZOO p s i  of 

Stoichiometric 

Comparison of the data  obtained with the  thorium - 8% uranium oxide i n -  
p i l e  (Sec. 11+.2.2) and out-of-pi le  (Table 13.1) i nd ica t e s  'char, t he  spec i f i c  
a c t i v i t y  obtained i n - p i l e  vas about four  times g rea t e r  than t h a t  obtained out- 
o f - p i l e .  No impou-taiicx 5.s ai,isched t,o -'this d.ifi?t:rerice because tiie out-of-pile 
experiments were ca r r i ed  out  a t  about one-tenth the s l u r r y  concentration used 
ii-i the i n - p i l e  work, and tlie comparison i s  based on a l i n e a r  extrapolaxion of 
recomLination a c t i v i t y  with s l u r r y  concentration. 

The sLurry corrosion group of REXU has ca r r i ed  out  gas-recoirbinati on i e s i s  
i n  a mockiip of am i n - p i l e  slur-ry loop, using a tliorium - 0.576 uranj.w:i oxj(ii-3 

(SCC.  111.3.10). 
a c t i v i t i e s  i n  tile loop were 3.0 -Lo 20 times lower than those i n  t h s  laboratory 
t e s t s  i n  autoclaves.  
coinctderit wiiii sl.urry degradation. 

i n  g e n e r d ,  f o r  s i m i l a r  s l u r r i e s ,  tIie specj-fic catal-yst  

I n  addition, the ai : t ivi ty  dropped of f  with pumping time, 

X sample of a slurry used i n  the mockup (1000°C-fired thorium - 0.57; 
uraiiiwii oxide; 1800 ppm Pit bascd on thorium, showed a CPI of -1 w/ml a t  280°C 
and PH? = 100 y s i  (G = 0.6) 'in a laboratory t e s t .  
or iginal  charge Gave a CPI of >3O %r/ml ,  c o n f i r m i ~ g  q u a l i i a i i v e l y  thar. the 
catal>+ic a c t i v i t y  d i d  decrease i n  t h e  loop  run. 
f o u r u l  I"or e i t h c r  t he  unusually low spec i f i c  a c t i v i t i e s  observed i n  the loop or 
tlie drop-ofL" i n  a c t i v i t y .  
ancies  i s  under way.  

A synthet ic  mixture of t he  

As ye t  no expplanaiion has been 

A laboratory e f f o r t  t o  i nves t iga t e  these discrep- 
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14 .1 .  I Introduction; Laboratory and 100A Loop 
Tests of Experimental Thoria P e l l e t s  

The use cf i h o r i a  p e l l e t s  as a possible  blanket u a t e r i a l  i n  a two-rcgion 
brceder reac tor  w a s  invest igated at ORNL i n  1954-54 i n  R series of prcljmiriary 
tests using L"1uidized bcdz of Th+ cyliitders and wnshers.l Recent renewed 
iLIieresL i n  a pellet blanket ( s e c  See. 6.2) has st imulated a rrore comprehensive 
inves t iga i ion  of methods f o r  preparing s u i t a b l e  thoria  compacts and or develop- 
iaeni of tests For c s t i u a t i n g  t h e  a t t r i t l o n  of t h e  p e l l e t s  under simulated reac tor  
conditions.  

I n  one proposed ~ ~ 0 O - I . h s  breedcr reaptor  ( k c .  6.P), t n e  blanket ..could con- 
t a i n  approximately 2( metric tori; of t h o r i a  p e l l e t s .  If t he  p c l l e t s  wre at t r i t -  
ed a t  the r a L t 2  of 0.000jr- wt $/hr as a r e s u l t  of' pe r iod ic  a g t a t i o n  of t h e  beds, 
t h -ma l  rz tchet jng,  etc. , approximately 100 g / ~ b  of f i n e  matcrial woiild r e s u l t .  
11' p e l l e t s  are movec: only a few t i n e s  during t h e  course Qf i h e i r  exposure, l o s s e s  
due t o  p e l l e t  a t t r i t L o n  incident  t o  rnoveicent from one reac tor  region t o  m o t h e r  
are probaSly momentarily n igher  bu i  are llludi lcss frequent .  
involve f l u i d i z a t i o n ,  jet-pumping, o r  othcr  schcnies. 

Such movemenr, ,liay 

The s i z e  d i s t r i b u t i o n  and chemical behavior of t h e  degradation products are 
OP considerable i n t e r e s t  i n  studying t h e i r  d i spos i t ion .  1rlhil.e i n  t h e  reac tor  
system, thc nature  ex ten t ,  and local- i ty  ol" t h e i r  accurnihation will be important , 
potent la l  Iy involving hot spots ,  reduced heat; transfer, maintenance problems, 
e t c .  
and because o€ p o t e n t i a l  processing advantages- 

Hemoval procedures are also of' i n t m e s t ,  both t o  avoid. tile above problems 

Effor t s  during t h e  pas t  quarter  have been concerned with the develop:iient of 
tei3t.S appropriate  f o r  the charac-teriza-Lion of p e l l e t  preparations,  and the  exam- 
ina-tion of experiiiiental preparat ions from seveyal sources. 
experiinental pel l-et preparat ions have been tes-bed. The majority of  t hc  prepara- 
t i o n s  werz fabr ica ted  j.n thz Chemical Technology Division. Several. samples were 
a l s o  prepared by t h e  Ccrniaics G~oup of the Metallurgy Division. Five samples 
obtained a t  various times were f'rcm outs ide vendors: two from k v i s o n  C'nemical 
Coqmny, two frcim tile American 1.ava Corporation, and one from Norton Company. 
The experimental p e l l e t s ,  which were calcincd i n  t h e  ra.i?ga 1000 t o  1750°C, 
included 0.2-in.  -bia spheres a.nd. ri ght cylind-ers a n d  cyl inders  with hemj.spherica1 
end.s, appyoximately 0.2 i n .  diame-ter bu:- 0.2 i n .  i n  I.ength. &ta i l s  of p e l l e t  
f ab r  icat lon are discussed i.n Set .  15.1.1. Major fabr ica t ion  var iab les  includ-ed 

Approximately 50 
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p e l k i ;  densi ty ,  calcinat ion temperature, i n i t i a l  thoria calciiiat;i.on temperature 
and p a r t i c l e  s i z e ,  add i t ives  ( CaO, A1203), pressing pressures, d i e  lubricants ,  
and. binde.r:; . 

A simmary of major preparation var iables  and r e s u l t s  or the  evaluabion tests 
i s  presented i n  Table 14.1. 

Early preparations usual ly  consisted of one to f i v e  p e l l e t s ,  whi.ch were 
exposed i n  s t a t i c  autoclave tests of  JJ t o  350 hi- duration i n  p3u.1-e water. a t  
260°C. The 
effect on the preparations was evaluatxd. i'rom weight changes, dimensional changes, 
d.i.-rferences i n  general. appearance as obselved with an optical. microscope and by 
chemical a n a Q s i s  of t he  supernatant l iqu id  f o r  leaxhable add i t ives  orig.inal1.y 
i n  the samples. 

This test served t o  reveal  suscept ibi l iLy t o  leachinf;  e f f e c t s .  

When 25 or niore pelletis were avaiIsb3.:,, 3 portion of  them w a s  a l s o  subjected 
tu 2 b h r  rocking-autoclave tests i n  260°C water, using the same postrun exacina- 
t i o n s .  
autoclave tests served t o  inidicake s u s c e p t i b i l i t y  i o  a t t r i t i o n  duc to p e l l e t  
agi-tatioii  as xcl l  as k a c h i n g  i n  high-temperat?ire Tirater. LOW valu-s 011 this tech 
would be expected t o  imply sa t i s f ac to ry  inand.ling qi ia l l t ies  f o r  reactor  exposure. 

The 2 . 5 - l i t e r  autoclave w a s  rocked ?&lo a t  9 cycles/min. Rocking- 

Suffictent, quant,j -Lies of' two preparations were ava i l ab le  for exposure i n  
IOOA loop <est:; conduc te~  a t  ZOOC iisinLg %7%0 ana nitrogen overpressure. 
vere cont;iz.ined i n  cylind-rical  holders 1 i n .  i n  i n s ide  diameter, T,ihi.ch werc 
in se r t ed  i n  the  t e s t  loop  as packed s t a t i c  beds pl-aced i.n a horizontal  pos i t i on  
or as free-moving f lu id i zed  "pulsat ing '  beds placed i n  a v e r t i c a l  posi t ion.  
Superf i c i a l  v e l o c i t i e s  through t h e  beds vere 2 and. 0.2 fps ,  respect ively.  
0d.j.c samples werz withdrawn from the t e s t  loop and subrriiL-i;ed. for chemical anal-  
yses.  Q,uality of t he  p e l l e t s  w a s  det;ermined. as n o t e d  ctbove. 

P e l l e t s  

Pc3ri.- 

A s  prepars,tion techniques improved and higher qua l i t y  pe l le t s  were mdeJ 
autoclave tests alone were not s u f f i c i e n t  t o  dist:i.ti,gui.sh s l i g h t  differences 
b e t w e n  smal.1 l o t s  of pel.1.e-'i preparations.  
t he  spc.,iii;ed-hPd* tpchnique b r a s  rmphyed. 
1-hr exposures a.t room temperature using 1.0 pe1.l.et.s i n  a bed w&n the  super- 
ficial 7.iquj.d ve loc i ty  w a s  0.2 fps and the  j e t  ve loc i ty  b r a s  24 f'ps. 
t he  p e l l e L s  WES d-eten~ined. a f t e r  each 1-hr  exposure by measuring k?ei.ght l o s s  an.6 
d,imcns ional changes and by microscopic examf.nation. 

Theref ore an accelerated l;es-i; us ing  
The niethod consts Led of consecutive 

Oual i ' iy  of 

Fluidized-bed a.nd. b a l l - m i l l  tes ts  at morn tenipc:rature vere run i n  on-. case 
where s u f f i c i e n t  pel le- ts  were aval.lab.le. 
( - ( b l c  g ) ,  which formed an 8-i.n. se?;tl.ed bed i n  a 2-in. Pyrex pipe, were f lu id- ized .  
a t  0.7 f p s  supori ' icial  veloci-ty r e su l t i ng  i n  a bed expansion uf 40 to ?O$. Four 
silccessive 2-hr t e s t s  .were made. 

I n  t h e  fluidized-bed tes t ,  1.500 pel-lets 

In the balJ--niLI.l t e s t ,  1.0 pell.cts and 250 fill or HpO were placed i n  a 3.-(5- 

I'mLicle s i z e  OZ a t t r i t e d  mtsrial from t h i s  t e s t  corresponded 
i n .  -dia '750-rnl rubber-lined b a l l  m i l l  rota,t,ed a t  155 rpm, f o r  ej ght successive 
3.-hr exposures. 
t o  the  sim of thoria-powder pari;icl.er, used. Ln the  preparatiol? of  the pellet:;. 

111.. 1.3 Pel12 t Q u a l i  by 

!.leighL-l.oss r a t e s  ranged widely in s t a t i c  auboclave t e s t s ,  froin 0.2$/hr t o  
A few preparations O.OOOl$/hr, as p r e p r a t i o n  procedures advanced (Table 1.4. I). 
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displ-ayed weight gains.  
0.0003$/lnr general.ly had f a i l e d  due to spa l l i ng ,  I.ea.ch-out of addi t ives ,  o r  par- 
tial. o r  complete d i s in t eg ra t ion .  
be1.o~ 0.0003$/hr. Pellets  which gained weight Curing exposure were usually ('lis- 
colored, and some suffercd dimensional changes - Such changes appesrr:d. t o  bo the 
resu3.t of' high- temperature water react ions v i t n  add i t ives  ( e .  e . ,  CaO) o r  irnpuri- 
ti .es present i n  the p e l l e t s  as a r e s u l t  of f ab r i ca t ion  var iables .  

b a t e r i a l s  which displayed weight l o s ses  ;;:,eater than 

Or' lt'[ batches t e s t e d ,  jl showed :might lcsses 

At t r i t i . on  r a t e s  i n  rockin,T-autoclave tests a t  2a°C ranged from 0.05 to 
l.7$/b.r based on 24-hr weight-loss data. 
rater, less than O.l$/hr. 

Of 12 preparations t e s t e d ,  5 Cisplayed 

The spouted-bed test  vias a rapid screening t e s t  indicat ing s u s c e p t i b i l i t y  
t o  a t t r i t i o n  due t o  agita. t ion.  
exposure tirnes on various preparations.  
r a t e s  of l$/hr or less.  
were Frequent ly  a f a c t o r  of 3 t o  II lover  than the i . n i t i a l  l-hi- ra'x, but  s .hse-  
quently appeared t o  become r e l a t i v e l y  steady i n  value. 
p e l l e t  surfaces becorning ruunded and smoother. 

Rates ranged froin 30$/hr t o  O.3$/hr,. af ter  various 
O f  12 preparations t e s t e d ,  half displayad 

After  ten consecutive I.-hr exposures, a t t r i t i o n  ral;es 

This ~jas a- t t r ibuted t o  

A f e w  preparations were ca r r i ed  -i;hrough 25 or more consecutive 1-hr t e s t s .  

Linear i ty  a f  t;er the T i  rst  few 
Da-La from these a r e  shown i n  Fig. 111.1 i.n which t h e  3 .ogari th~ of weight (as 
pcrcentege of original.) i s  p lo t t ed  against  Lime. 
hours implies a consl;ant-percen-i;age weigii-t-loss rate. A number of characteriza- 
t i o n  t e s t s  of a recent preparation (batch 1'-39) were made. Tne material  consisted 

UNCLASSIFIED 
ORNL- LR-DWG 4 8 8 5 5  

I I I 

P - 39 .- 2 
P- 39-4 

C Y L I N D E R  C Y L - H E M I S  C Y L - H E M I S  

P - 2 7  9. 67 

S H A P E  

Y o  "IrO3" 0.4 0.3 

C A L C I N .  TEMPERATURE, " C  ( 7 5 0  1750 
DENSITY, g / c c  8.90 9.71 

' 4 D D E D  A S  A I  S T E A R A T E  FOR DIE LLIJRRICANT 

0 5 10 15 20  25 3 0  
TIME I N  S P O U T E D - B E D  T E S T  ( h r )  

Fig. 14.1. Pellet Weight L o s s  in Extended T e s t s  in Spouted Bed. 
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of 0.2-in. cyl inders  with hernispherical ends, prepared from pure t h o r i a  with t h e  

r i c a n t  . A€ter ing,  t h e  mater w a s  f i red  a t  1750 C t o  a densi ty  (& 
sicin) of 9.7. ts  by var ious t procedures were : 

ion of 59 aluniinuim s t  te (equivalent  t o  0.5% A l g 0 3  i n  t h e  p e l l e t )  a s  lub- 

OC 
Rocking autoclave,  2?6ooc 
Fluidized bed, 25OC 
 all mill, 25% 
Spouted bed, 25°C 

( see  Fig. 14.1) O.O$/hr ( steady) 

of p e l l e t  shape were of i n t e r e s t ,  as bot  
f a c t u r e  an 11% q u a l i t i e s  were involved. I n i t i a l  p r  

s i z e  from 0.1  to  0.2 i n .  i n  height and d i  

iques of mnu-  

i:ith hemi spher ica l  e 
near ly  spherica 
f ab r i ca t ed  by c 
and e j e c t i n g  p l  

generally along p l  of lamination, and som g and w a l l i n g  were 
observed. This ba tch  was used i n  the f i r s t  1 

of t h e  preparat  
es of cy l inders  were laminated (see 

Some cyl inders  u i t h  hemispheri'cal ends had str planes along t h e  bound- 
Localized erosion occurred aries between t h e  cy l ind r i ca l  body and domed ends. . 14.3. Several preparat ions which appeared 

t o  contain numerous pores and micro- 
cracks (F ig .  14.4) when nd polished using conventional 
meta l lurg ica l  techniques.  es  occurred with such preparat ions 

s i n  both s t a t i c -  and rocking-a 

P e l l e t  dens i ty  appeared t o  be a f a c t o r  wit ' f l  p e l l e t s  of l u w e r  densi ty .  
s e r j e s  (given i n  Table 1i i . l )  i n  which p e l l e t s  of densi ty  5.0 were treated with 
Th( OH)& sol, )2,  and recalcined,  resu l ted  i n  p e l l e t s  OP 
varied densi ty  r i t i o n  rate diminished exponentially i n  t h i s  
series from jO$Jhr t o  ~$/b. 

The 

UNCL4SSIFIELl 
PHOTO 48977 

0 1 3 I N C H  

Fig. 14.2. Photograph of P-12 Tho, Pellets Showing Laminations Resulting from Improper Pressing 
Condi t ion s. 
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UNCLASSIFIED 
PHOTO 4351 

NEW PELLETS 

FROM SPOUTED BED 

, 
FROM ROCKING AUTOCLAVE 

Fig. 14.3. Photograph of P-37 Pel lets Showing Areas of Localized Attrition as a Result of Stress 
Planes. 

14.1.4 b o p  Tests 

t 
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Fig. 14.4. Photomicrographs Showing Microcracks and Pores in Tho, Pellets. 



horizontal bed was 1.3 i'ps, and a velocity of 0.2 fps was maintained through the 
pulsating fluidized bed. 
observe that there was constant movement of' the pellets in the vertical bed. 

A television x-ray unit was used periodicnlly to 

During the 288-hr test at 2!6OoC, the attrition rate in the horizontal bed 
Seventy-seven per was O.O08$/hr. 

cent of the material lost froin cylinders in the horizontal bed remained as fines 
within the bed. No fines remained in the pulsating bed. 

In the pulsating bed the rate vas O.O@/hr. 

Approximately *(% of the calcium was leached from the pellets. Although a 
total of 26 g of Tho2 and 0.2 g OP Ca were released frorn the beds, only trace 
quantities (see Fig. 14.5) of the materials were detected in the circulating 
$0. 
material was recovered by a circulating rinse of the loop using 5% nitric acid 
at 2 0 0 O C .  

The bulk of the attrition products vas deposited in the loop piping. The 

50 100 150 200 250 300 0 
CIRCULATION TIME ( h r )  

Fig. 14.5. Concentration of Thorium and Calcium in Circulating D,O During 1OOA Loop Test with Tho, 
Pellets Containing 0.5% COO. 

14.2 IN-PILE AUTOCLAVE SLURRY CORROSION STUDIES 

14.2.1 Introduction 

The Zircaloy-2 autoclave slurry corrosion experiment discussed below 
resulted in achieving the highest fission power density yet developed in s l u r r y  
systems, estimated to be 20 w / m l .  
slight and catalytic recombination satisfactory. 
minated earlier than planned because slurry plugging of the 20-mil-ID capillary 
connecting tubing prevented obtaining further sensitive pressure readings. The 
thoria - 8% enriched-urania slurry had given out-of-pile evidence of a tendency 
to €orm deposits, and there was some evidence oi' similar behavior in-pile. 

&.ring the short in-pile period, corrosion was 
HoxJever, the experiment was ter- 

Interest in the hydriding of Zircaloy-2 prompted the examination of in-pile 
autoclave corrosion specimens exposed in various experiments to radiolytic gas 
and oxygen or deuterium atmospheres. 
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14.2.2 Exposure o f  In-Pile Experiment; L5Z-1525 

Operation. -- In-pi le  Zircaloy-2 autoclave experiment L5Z-l52S vas loaded with 
thoria-urania  s l u r r y  a t  a concentration of 1080 Q Th per kg of B20, with 7.9 w t  $ 
eririched iirariiuni with respect t o  thorium, and 0.0006 E Pd added as a recombination 
c a t a l y s t .  A t  an assumed flux i n  LiTR beam 1101~3 HR-5 o f  3. x 1013 neutrons/cm2.sec, 
t he  i ' ission power densi ty  i n  the  autoclave i n  t h e  fu- l ly  inserted.  posi t ion was 
20 w/ml at, ~&Pc .  
and i n - p i l e  f o r  65 hr ,  of which 1+2 h r  was i r r a d i a t i o n  time. 

sync exyerizent was operated a t  280% out-of-pi le  f o r  G ( j  hr ,  

A <;O-psi overshoot during the  i n i t i a l  heatup out-of-pi le  t o  280OC l ed .  t o  
examination 02 the  loca t ion  of t he  s l u r r y  i n  the autocl.ave a t  teinperature by 
gamma-ray radiography. This revealed that a tenacious s l u r r y  plug t ias formed i n  
the lower end of the autoclave when it was heated up t o  28OoC i n  one s t ep  with- 
o u t  rocking. It was furt;her shown t h a t  t h e  s l u r r y  remained suspend.ed when t h e  
autoclave was heated i.n floc s t eps ,  each followed by 5 min of rocking (36 cycles/ 
min r a t h e r  t h a n  19). 

After i n s e r t i o n  into LITH beam hole HB-5, t h e  autoclave vas irradiated 17 hr 
(ovemiglit)  i n  tine fully r e t r a c t e d  yositrion (flux, 3% or  1 x 1013 neutrons/cme-sec) 
before being moved i n t o  the fully i n se r t ed  posi t ion.  After 5 hi- of smooth opera- 
t i o n  i n  t h i s  positi.on, t h e  temperature ind ica t ion  of t he  i n t e r n a l  therrmcouple 
rose from 280 t o  alniost joO°C, and t h e  experiment w a s  r e t r ac t ed .  A deposit.ion 
of t h o r i a  - enriched-urania s l u r r y  around the  therinowell vas suspected. The 
followi,ng day, during a r eac to r  shutdown, the autoclave was cool& -t,o 25%; and 
slosr response or t he  Saldwin pressure cell. t o  t he  pressme changes involved 
implied a part . ia1 plug i n  t h e  20-mil-ID c a p i l l a r y  connecting tubing. 
i n s e r t i o n  a t  2 t : 0 " ~ ,  duri.ng subsequent r eac to r  operation, t o  a f l u x  o : ~  15% of 
f u l l y  in se r t ed  f l u x  confirmed t h i s ,  although no u n u s m l  temperature e.ffects asso- 
c ia t ed  T w i t 1 1  t h e  therxowell were observed. The experiiiient was tel-lilitiated af t;er 
pressure readings were obtained a t  25OC.  

A b r i e f  

Catalxst Performance. --From two of t he  th ree  step-wise i n s e r t i o n  experiments I 
~ __________.- 

t o t a l  radiolyti-c-gas pressures of 220 and 140 p s i  i n  t he  f u l l y  in se r t ed  pos i t i on  
were estiuiated. 
ance indices of 14 and 21. w/ml per 1.00 poi. &> respect ively,  r e su l t ed .  Tne d i s -  
p a r i t y  of' t h e  -two values might be a result ;  of wide teriiperature o s c i l l a t r o n s  
t h a t  'die autoclave experienced on i n s e r t i o n  due .Lo t he  l a rge  s h i f t s  i n  load of 
t h e  heater-cooler.  

Based on a rission g o m r  densi ty  of 20 w / m l ,  c a t a l y s t  perform- 

Postrun Observations.--When the  autoclave w a s  d i s m n t l e d ,  no loss of U20 
from the  autoclave during the  high-temperature operation was indicated by s l u r r y  
sarnples recovered. Also, no s i g n i f i c a n t  deposi ts  of s l u r r y  were observed around 
the thermowell of t h e  autoclave,  al.tiiough z deposit ion of s l u r r y  had. been sug- 
gested by the  rap'id rise i n  ten:perature of the i.nterria1 thermocouple during the  
f u l l y  in se r t ed  irrndia-tion. However, a l i g h t ,  chalky coaLing o f  s l i x r y  wits 
observed on tAe veld a t  the base of t h e  thermowell, which extended approximte1.y 
one-fourth the  length of  the therlliowell down rrom the weld. region, irrd.icating that; 
deposit ion of slv.rry around. the themowell  may have been an ephemerzl occurrence. 

14.2.3 Corrosion .in Wperirnent L5Z-152S 
Time and Radintrion Effect  on Generalized Corrosion. --Gencral.ized corrosion - .... -__ ---I - 

i n  Zircaloy-2 autoclave experiment I,5Z-.L~Z"S w a s  followed i n  the usual  way from the 
decrease i n  oxygen pressure as  determined f r o m  gas me8.sureiiient during r eac to r  
shutdowns a t  25oC (refs 3 and I + ) ,  and t h e  r e s u l t s  from t h i s  experimenl; are pre- 
sented i n  Fig. 14.6. Wiri.ng t h e  i n i t i a l  25 h r  of p re - i r r ad ia t ion  operation, a 
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UNCLASSIFIED 

ORNL-LR-DWG 48857 
~~ - -  

OUT OF PILE 1 IN PILE 
q..... . . . . . . . . . . . . . . . . . I 

I 1 1 
I 

EXPERIMEN I L S J  -452s / 1080 g Th PER kg  1320 4 
7.9 w t  % ENRICHED IJ /Th  
0.0006 I ? ?  ?d 

EXCESS 0 2  
2 8 0 ° C  

20 w / m l  MAX FISSION POWER DENSITY 
3 w / m l  AVG FISSION POWER DEIGSITY 

~ 

1 

0 100 200 300 400 500 6 00 700 800 
TIME AT TEMPFRAlUHt  ( h r )  

FirJ. 14.6. Radiation Corrosion of Ziicirloy-7 Atiioclave by Thoria-Urmia Slurry 

f a i r l y  rapid. d-ecrease i n  oxygen prcssiirc cquiiial.enL to a corrosion oi' 1 9 V  in. 
was observed. Thi.s inj LiLal consumption Oi' oxygen m y  have been due, in p a r t ,  i o  
an o x i d a t i o n  of uraniunl in t h e  s1ui-i.y. TherenI'+.er.: til::: corrcision appeared t c  bp 
l i n e a r  wi-t;h t irne, w l i h  tile averngc coi. iusion ra te  observcd bej.ng () . I+  mpy. iuo 
appreciabln response to  irradkt,i.ori cii1r.i ng t he  shoi-t  i i i - j J i l c  pcr.i.oa w a s  i ndicaieil . 
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Table 11t.2. Radiation Corrosion of Coupon Specimens 
in LrcaLcy-2 Autoclave Experiment L5Z-l52S 

Temperature, OC 

Concentration of slurry, Q Tn per kg 4 0  
Wt. $ enriched U, ni ih respect t o  Th 
i h w c n t r a t i o n  of‘ c a t a l y s t ,  o f  Pd 
Atmosphere: 
Type of autocl-aw 

2.80 
1080 
‘9.9 
0.0006 
Excess % 
zr-2 

HGUI-S at temperature out-of - p i l e  673 
Tota l  hours a t  teripersture 730 
Hours i r r a d i a t e d  42 
Effect ive f r a c t i u n  of Cull i r r s d i a t i o n  

Assumed fliix, neutrons/cn?. see 

Maximum power dcnsi t y ,  w / n  1, at 280°C 
Ay5ragc power density uinilc i r r a d i a t e d ,  w/inl ,  at %Ooc 

tirnc, f u l l y  insertcrj f l u x  0.151 

( i n  t,hc f u l l y  in se r t ed  pos i t i on )  1 x 1013 
20 

3 

nutoclave grneralized co r-rusion,“ 1-1 i n .  
Out-oi-’-pile 
Total 

Coupon-specinen corrosion, CL i n .  
(Based on weight loss) 
~irca2.0~7-2’ 
Type j j t ’ /  SS 
Titaniurn- ‘/5A 

j1 
54 

13, 1‘7 
28 
29 

“&.sed on oxygen measurements. 
bIn a number of experiments Zircaloy-2 has been observed t o  @.in i n  weight a.s i? 
r e s u l t  of i n - p i l e  exposure. Consecpently, tile above Zircaloy-2 figure..; repre- 
sent  t he  least amount, or“ corrosi.on t h a t  could have occurred. 

change 111 pickup of hydro&en by the p in  specimens as a resu l t  of j n -p i l e  cxpo- 
sure or atamsphere is  notrd,  but exposure t o  high-temperature w a t e r  quite gener- 
a l l y  r e su l t ed  in a wall uptake  (20 to 110 ppm). 

1.4. 3.1 Introduct ion 

T e s t  results obtained f : roI i l  operation o f  a prototype 5-gpm i n - p i l e  loop 
ind ica t z  t h a t  t h e  loop is now capable of circulating thorium oxidk s l u r r i e s  a t  
temperatures a t  least t o  2c8O0C. 
sec t ion  m.s replaced wi th  a coil.zd-pipe core design which e l imina-Led slurry 
deposit ion of  thoria previously observed i n  the core rzg ion .  A slurry sampling 
system which wi.ll allow samples of t h e  slurry to be Yernovcd. f m m  thc I.oop during 
i n - p i l e  opemtion : m s  designed and sati.s.;actorrily tentmi i n  a aockup facility. 

ihxring the past  i-ep(>ri; p w i o d  the loop cor2 

Operation of the loop) wi th  a thorium oxide s l u r r y  conCaining 1/2 w t  $ 
enriched iim,niun>, rdiich i s  .the x a t e r i s l  propi.>se? fur use in -p i l e ,  and. measure- 
men-ts of the reccmbinatf.on k i n e t i c s  and stabili-tjr of a ~allacii.urii c a t a l y s t  diiri.ng 



102 

i.?
 

2 

\3 

0
 

tn 
'0

 
r- 

-1 r- 8
 N
 

0
 

ir. 

0
 

o\ 
m

 



103 

t h i s  riln ind ica t e  Lhat t'nz loop i s  s a t i s f a c t o r y  for i n - p i l e  operation wi.th this 
s l u r r y .  

Based on these  tes t  r e s u l t s  as weli as ~i iure  than 4000 h r  out-of-pi le  1.00~ 
operation which have been accuiiiulated during the in-p i l e  sl-urry loop development 
program, an in-p i le  1 .00~ has been T'abricatrci and i s  now being t e s t e 6  out-of-pi le  ~ 

14.5.2 Slur ry  Circulat ion 

Followin(g run 4, previously reported,  the ve loc i ty  i n  the ccire sectiori wiis 

increased from Ik t o  6 Tps by inco:ryorat,ing ci coil.ed-pipe core sec t ion  (described 
below) i n  .tile loop. 
4 ( ~ ~ - 1 8  wsi l / 2  w t  $ u r m i u i ~ )  except it was yet i red t o  15000~ ( i ~ o n  12250~) i n  
an attempt t o  reduce or elimina-Le the pait.icl.c-sizc degradation which occurred 
d u r h g  pu~~ip ing  i n  runs 3 ami 4. 
iind.erwent even 1~101.e de;rtrada.i ior, than t h e  s l u r r y  previously ti:r,ted. 
p a r t i c l e  size had. dec:r*eased from 1.7 Lo 0.5611 after 650 h~ of operation at 280°C, 
with s l u r r y  concentrations ranging f'ron 1 ~ 5 0  t o  900 g of' Th per kg of D20. 
ever, durjng rim 5 no t h o r i a  dc;posLtion occirrred i n  the core sect ion 3 s  previously 
observed, ' and t h e  cri.:~.cu,lating-slurry concentrat Lon as determined froo ssmples 
removed frorn t h e  loop vas i n  good agreement w i t h  t h a t  c.zl.cula2;cd from t h e  thoria 
inven-tory . 

Po? iwi 5 the t h o r i a  x e d  was of t h e  sair~e batch as for run 

Ilowever, durin,? run 5 tine refired M?-18 -thoria 
The mean 

How- 

Run l j  b r a s  terminated a f k r  o'(0 h r  because of pi.mp overheat i.ng . 
Tk pu113p was repla.ced, and f o r  run 6 the loop was charged. w i t h  thoriurn oxide, 

batch W-22, containing l/2 w t  $ enriched uraniim, which i s  the  material proposed. 
f o r  use i n  t h e  first in-pi.le loop experiment. After 700 hs of circul.ation a t  
2dO(JC, ti1i.s thor'ia bas imde.rgoiie nuch less p r % i ~ l ~ - s i z e  degradation than ot,her 
s lu r r i e s  previously tested. i n  t h i s  loop. The rriean p a r t i c l e  size has decreased 
from 1.9 t o  1.6~ . 
rena.ind inore stab1.e than i n  o the r  T'UL~S, as discusse(3 i n  Sec. 14.3.10. 

The a c t i v i t y  of t he  pa.ll.ad.j.um recombination c a t a l y s t  has also 

The loop was i n i t i a l l y  charged with s u f f i c i e n t  s l u r r y  t o  give a circula- t i  ng 
concentration of 1):OO g of Th per kg of 90; slurry samples reiwved duiring t b r  
run, which arc replaced v i t h  %0,. have reduced t h i s  to '(00 g of Tit per lcg o f  DzO. 
Analy-sets of these satnipl.es indieate Ltiat 2-11 t h o r i a  in. 'ihe loop i s  i n  c?Lrculation. 
Periodic rtidiag-aphi.c zxan~-inati.on of the core sec t ion  shows t h a t  there i.s no 
u O r i c 2  deposited t h e r e .  L:  

'The core sect ion vhich had been used through run 4 i s  siin.i.I.ar t o  that  of .- ? 

the  ORli i n - p i l e  sol.ui;iorl loop. 
allowed s e t t l i n g  and re:;ul.-tant l o s s  of t h o r i a  from t h e  c i i*cula t ing  stream. 

'Th-i.s core geonietry and f l o w  rate ( 2  'io J+ Fps) 

Foll.owing run  4, the core was .repl!.aced with one f ab r i ca t ed  from 1/2--i11. 
sched.-l+O p.ipe as  shown i n  F.i.g. lh.'(. This typt. o f  core Tm,s designed t o  improve 
core geometry for f l u i d  f l o w  and t o  increase the  - C ~ O W  veloci ty  LO- 6 f p s  t,o 
preveiit slurry s e t t l i n g .  Tne particiuler Coilf iguration used 7m.s t he  r e s u l t  of 
seve ra l  considex'a.i;.iorts: (1) t o  provide s u f f i c i e n t  volw;ie (500 c c )  to expose an  
apprecjahle f r ac t ion  (35$) of the  s.lirrry t o  rn~x.imiim neutron f l u x 7  ( 2 )  t o  provide 
space f o r  corrosion t e s t  specimens, an<. ( 3 )  t.0 f i t  within t h e  diinensions of  the 
ex i s t ing  loop-container j a c k e t .  

A mockup of the coiled-pipe core secLion was .i.nstzlled i n  tha prok~tiype 
loo;: p:(*riot- 'GO run 5,  srttl.  no deposi.t,i.on 0.F s l u r r y  i n  t h i s  core has occwred i n  
1-r>:1re than L5CO hr of s1ur.i.j. opere t ion .  
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, CORROSION-SPECIMEN HOLDERS 
h 

\J CORROSION-SP~CIMEN HOLDERS 

Fig. 14.7. Coiled-Pipe Core for the In-Pi le Slurry Loop. 

14.3.4 Corrosion ‘rest Specimens 

ion test specimens o f  Zircaloy-2, type %’[ stainless steel, titaniw 
tanium l l O A T  are incorporated in the coiled-pipe core section. 
re in the form of flat plate coupons 5/8 in. x 1/4 in. x 1/16 in. 

These 

thick, and eight test cou 
of 4t specimens). 

are located in each of the s i x  holders (a total 

14.3.5 Circulating mLip 

t 

more than 
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14.3.6 Slurry F i l t e r  

The sintered-metal  f i l t e r  of 8-cl mean pore diameter used t o  provide tho r i a -  
free f i l t ra te  f o r  t he  p re s su r i ze r  feed and pump purge continues t o  perform satis- 
f a c t o r i l y  af ' ter  more than 4200 h r  of operation with thorium oxide s l u r r i e s  a t  
concentrations t o  1400 g of Th per  kg of D20 and a t  temperatures t o  28OoC. 

14.3. '( Over-All Loop Corrosion 

Over-all loop corrosion r a t e s  f o r  runs 4: 5, and 6 i n  t h e  prototype in -p i l e  
More than 2100 h r  of s l u r r y  operation w a s  accumu- loop, ~-2-26s, have been low. 

l a t e d  i n  these  t h r e e  runs. 
oxygen atmosphere, a t  a flow r a t e  o f - 8  f p s  i n  t h e  main loop stream, and with 
t h o r i a  concentrations of from 450 t o  1400 g of Th per kg of +O. 
corrosion w a s  calculated from analyses of chromium content of the s l u r r y  and 
from oxygen consumed, and the  following ove r -a l l  loop s t a i n l e s s  steel corrosion 
rates (based on t h e  s u p e r f i c i a l  loop a r e a  contacted by c i r c u l a t i n g  s l u r r y )  were 
obtained. The low corrosion rate was q u a l i t a t i v e l y  confirmed by v i s u a l  inspec- 
t i o n  or t he  pump impeller and housing following run 5 .  

All runs w e r e  a t  a loop temperature of 28ooc, i n  an 

S ta in l e s s  steel  

Run 
Number 

Corrosion Rate ( m d  
-_I___ 

Thoria 
Concentration Time Chromium Oxygen 

i n  S lu r ry  Consumed 0 --______- 
IC 5 50-800 1500 0.5 0.4 

5 4 50-900 870 0.6 0.7 

6 -(OO - 1400 700 0.1 0.3 

14.. 3 .  b Sampling System 

A sampling system designed t o  remove s l u r r y  s a i ~ p l e s  from t h e  loop while 
operat ing i n - p i l e  has been f ab r i ca t ea  and t e s t e d  i n  conjunction with out-of-pile 
operation of loop L-2-26s. This system cons i s t s  of a sample tank interconnected 
with t h e  loop through valves and c a p i l l a r y  tubing. 
removing l5-ml sarnples of s l u r r y  from t h e  loop main stream. The quant i ty  removed 
i s  replaced with @O i n  order t o  maintain a constant l+O inventory i n  the loop. 

The sampler i s  capable of 

The sampling system izas performed q u i t e  s a t i s f a c t o r i l y  i n  removing 2 1  s l u r r y  
samples from loop  L-2-26S, and t h e  t h o r i a  concentration of these samples has not 
deviated more than lO$ i'rorn t h a t  calculated f'rorn t h e  loop inventory of  t n o r i a  
and %O. There has been no incidence of plugging of any of t h e  sampler valves 
01 l i n e s  t o  date. 

14.3.9 In-Pi le  Slurry-Loop Package 

The first s l u r r y  loop, L-2-2j'S, scheduled f o r  i n - p i l e  operation has been 
f ab r i ca t ed  and i s  now undergoing out-of-pile t e s t s .  The loop i s  designed for 
operation t o  j000~ and 2000 p i a , ;  it contains an Oiaa 5-gpm canned-rotor pump 
v i t n  aluminum oxide bearings and journal  bushings, a type 547 s t a i n l e s s  s t e e l  
s in t e red -ne ta l  f i l t e r ,  a coiled-pipe core sec t ion  (Fig. l i i .  ?() , pressurizer ,  and 
a heater .  Figure 14.8 i s  a drawing of t he  loop, which a l s o  snows the  loop- 
container jacke-t and beam-hole l i n e r .  The s in t e red -ae t a l  l ' i l ter  provides a 
tho r i a - f r ee  f i l t r a t e  which is  used as a p res su r i ze r  I'eed stream and a 2ump- 
bearing purge. 
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IZ?ne loop contaj ns corrosion test  specimens of Zircaloy-2, typc 347 s t a i n -  
less steel, titanium 45 A ,  and  t i tanium l1OAT i n  the  core and j n  t he  pump d i s -  
charge l i n e .  
are: 

For the pump output of 5.5 a n i ,  th5 sl.iirry flow rates i n  t h e  loop 
1.00~ piping, 9 fps; core, 5.8 fps; corrosion specimen holclers, 8 and 22 fps. 

14.3.10 Catalysis  Studies 

The study of the a c t i v i t y  and sta‘bi-lity of palladium catal .ysts f o r  t he  
recombinaLlon of radl.olytic gas i n  an i n - p i l e  slurry loop continued i n  a series 
of tes%s made with each of three d i f f e ren t  slurry preparations.  These Td?ere 
performed i r r  conjimctl on with the  out-of-pile development rims 1 n the  prototype 
loop .9 

The first; series of tests, i n  loop r?m L-2-%6S-h., rnade with a slurry pre- 
pared from batch DT-18 t h o r i a  - 0.5% mania  ( 3-25OoC-calcined), have been d.es- 
cribedTO previously i n  p a r t  Additional data are presented here i n  graphical 
f om, together with data from ~ ’ u m  invol.vlng two add i t iona l  thoria-u.ranj.a prep- 
a r a t ions :  batxh DT-18, r e f i r e d  8t 1.500°C, uxed i n  loop rim I,-2-26-5; and batch 
UP-22, used i n  loop run b2-26-6, which w a s  prepared i n  a manner- ideii1;i.ca.l. t o  
m-18, f i r e d  a t  12sO°C,  but  cont,aini.ng highly enriched. uraniwn. Bat;& m-22 i s  
t o  be used i n  the actual.  i n -p i l e  t e s t .  

The procedure’]. f o r  measuring the  c a t a l y t i c  a c t i v i t y  consisted of the i-apid 
i n j e c t i o n  of a qlJantity of U, gap i n t o  the pressurizer  vapor s,uace while Lhc 1 .00~  
operated w i t h .  oxygenated s l u r r y  a t  280“~, followed by observation of t h e  rate and 
rcanner of pressure decay. 

The gross recombination rate var ied with t h e  c a t a l y s t  load.j.ng. 1’0 coL*rcci; 
f o r  var i a t ions  i n  p a l l a d i u m  concentration during the course OS a  nu^, due t o  
sampling of the  constant-volume system, -the behavior of  .t;ire c a t a l y s t  was e,xpressed 
as speciric c a t a l y t i c  ac t iv i - ty  . 
rate of recombination i n  moles of % per  hour, at 3.00 p s i  partial pressure of 
D2, per  grarn of palladium i n  khe loop. 
e f f e c t  on i n - p i l e  radiolyt ic-gas  equilibrium pressure,  s ince  as s o l i d s  are 
removed from the loop, gas generation and recombination T w i l l  vary in t he  same 
proportion. 

Specif ic  c a t a l y t i c  a c t i v i t y  w a s  det’incd as the  

This i s  a good m i i t  for describing the 

The c a t a l y s t  a c t i v i t y  varied with palladium circulat ior l  time. hhta for the 

T h i s  m:: most rapid 
various I I ~ S  are p l o t t e d  i n  Fig. 14.9. 
i n  c a t a l y s t  a c t i v i t y  occurred as c i r cu la t ion  w a s  continued. 
i n  rim I,-2-26s-5 iising t he  1500°C-calcined tho r i a .  
t h a t  t h i s  ruq also showed rapid degradation i n  p a r t i c l e  s i z e  ( s e e  S e c .  14.3.2)- 
Batch DT-22, t o  be used in -p i l2>  shotred i n  run L-2-26s-6 t h e  highest; s -&ab i l i t y  
o f  all, reqiuiring over 600 kp t o  lose  half  i t s  activit ;y.  
generation rate f o r  the i n - p i l e  experiment 7,ms estimated1=! as 0.06 t o  0.08 moles 
oP D2 per  hour. It has been concluded. t h a t  sufficient;  a c t i v i t y  may be achieved 
and inaintained. by the palladium c a t a l y s t  to  permit t he  i n - p i l e  experiment t o  be 
operated w i  l;hout requir ing ui4uly frequent supplemental addi t ions of ca t a lys t .  
About 1 Q of palladium w i l l  be loaded i n i t i a l l y .  

It may be seen b h a t  a general. decl ine 

It i s  perha,ps sjignificant 

The radiolytic-gas 

1. I. Spiewak and J. A. Hafford, Abrasion Test of Thoria P e l l e t s  ORNL -_..___...___I I_ ..... ~ -7  
CF-54-3-44 (EiTCh 9, 1954). 

2 .  Max Leva, E’ lu id izz tgE,  p la-178, McGraw-II i .11,  New York, 1959. 
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UNCLASSIFIEU 
ORN L-LR-DWG 48859 

____..... ___ .... ..... 
I 

RELATIVE CATALYST 
CONCENTRA'IION 

-- I -. . . . _. 

SERIES LOOP RUN PREPARATION (mg Pd / g  T h )  ~- 

280"  c 1 L - 2 - 2 6 5 - 4  DT-18(NAI.U)-4350"C 1 4A 
2 1--2-265-5 DT-I8(NAT. U)-!500"C 0 15 
3 L -2 -265-5  DT-fH(NAT. U)-1500°C 0 a6 

L-2-265-6  Di-22(ENR.U)-125QoC 0 63 

J ......... __ 

!- 
-~ I I I 

i 
i 

I 

-1- 
-.-.-.../_I__- 

- 1  

\1 

0 io0 200 300 no0 500 600 700 
TIME AFTER CATALr'ST INJECTION ( h r )  

Fig. 14.3. Effect  of Circulation on Palladium iiecombination-Catnlyst Activity in Slurry In-Pile Loop 
Mo ckup. 
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8 .  H. C. Savage, Sintered Alumina its EL Pump Bearing and Journal fiterial, ------ ____. 
ORNL CE’-57--11-1~(1Tjov. 26, 1957). 

9. E .  L. Compere g .  , ;+EPJ!?g. Rep. for Periods Ending Ju~--y. 31 and 
,- Oct.  31,-l.LZ7 om-287% p 205. 

E. L. Compere I- et - al., -%-.guar. Prog. Rep. Jag. 31, 1960, ORK-320, 1.0. 
p 108. 

11. m., p 111. 

-.-.---f___L-. Oct ” 31 1959, om-2879, p 208-2m. 
1-2. E .  L. Compere et al., E z r o g .  R ~ f o r  Yeriods &ding J u l y  31 an3 









0. C. Dean r .  A. Haas 

c. c. :Haws A. T .  Kleinsteuber 
K. 0. Johnssoii J. 14. Sniilw 

F o r  t h e  pebb1~r: -bed. b I-anket, t h o r i a  spheres 0 20 t o  0.25 i n .  i.n d ia~meter arid 
of s u f f i c i e n t  Sti*ei?&rth t o  resist ,  a t t r i t i o n  und-cr r eac to r  conditions are requ?'.red. 
Various oxalabe powders, binders and lubricants ,  granulation and pressing t , e c b  
ni.ques;, an& f i r i n g  ternpe ~ H ~ I X C S  vere invest igated f o ~ "  rnaking small batches of 
rounded thoria pel.l.ets tliat would [neet the above requireiiients . A l u r i i i x m i  ai" tho- 
r i u x  n i t r a t e  eiirii.tives w e r e  deveiopxl for s trmthenirig and.  densify irig weak 
pell.ct,r, of l o w  densi-ty. 

1>. 1.1 Pi-eparntion of 'l'noria Spheres f o r  t he  Pebble Bla-nk:et 

Five-kil.opani bai;ch:?s o f  pel.1.eLs are  desired. f o ~  ini.t.ia7. fc.r,si.biLi.ty . A t e n t a t i v e  spouting-bed t e s t  t o  determine rerzistsnce t o  a t t r i t i o n  
n estal~l,is?ied (See. 14-1). A f t e r  exposure of t e n  t e s t  pellets i n  t h i s  

test apparatun f o r  2 t o  5 hr, a somewhat uniform houi-ly weight l o s s  is estab- 
ned. 'To be of i n t e r e s t ,  pell.ets should u n i f o m l y  lo se  l e s s  than l$, and 
fr~ab1.y less i>nan 0.5$ of i;iieir o r ~ g i n i j , ~ .  wei&it;. 



Table 15.1. Fabricstion Conditions and Properties of Sone Thoria Sphere Prepsratlons 
Foxxed I'rom Oxslete-Precipitated Thoria Powders i n  a Stokes Nodel E A-o.tomazic Tablet  Press 

Pellet Additive Final  Spouting Bed 
LOSS ( w t  $/hr) 

KO. Powder Lu3ricant Before Firing T e q .  ( " C j  A s  Pressez is Fired I n i t i a l  Final  
Batch Binder- t o  P e l l e t  F i r ing  - Densit ( / cc) 

a 

7-35 

P-36 

?-39 

P-45 

P-46 

P - L ~  

2-49 

P-50 

P-5; 

P-52 

Blend, 30$ X-83, 70% 3-78, 5% ~1 stearate' 
( 3 4  k l j  

(3.4% Al) 

5$ A1 s t e a r a t e  

Pired 1000°C, 1 hi* 

LO-33 P-1 5% AI s t ea ra t e  

Blend, 80$ M-38 P-1 and 
20% Lo-38 P-2 (3.49l A1) 

Davison, ceramic grade, $ PVA' i n  :cero- 
800" C-fired sene 

Davison, ceranic grade, 1% PVA i n  kero- 
000" C -fire& 5 ene 

Davison, ceramic grade, i$ P L ~  i n  kero- 
BOG" C-fired sece 

Davison, c e r m i c  grade, 1% Pvtz i n  kero- 
60@'C-firea sene 

Dsvison, ceramic grade, 1% PVA i n  kero- 
80O0C-fired s e'n2 

Devison, c e r m i c  g a d e ,  l$ PVA i n  kero- 
800" c -fi-ril& sene 

Davison, ceramic grade, 1% NII i n  icero- 
800" C - f i red sene 

Xone 

None 

X02.e 

None 

None 

Diban' 

Thoria sole 

Thoria s o l  

2 M_ Th(w3j4 

2 I4 Th(XO3)4 

9.64 

9.6: 

9-70 

5.05 

6.01 

7.42 

5.51 

6.74 

5.48 

6.62 

2.1 

1.2 

2.9 

3c.2 

10.6 

1.2 

25.5 

3.5 

15: 

6.6 

3.43 

0.25 

0.60 

21.5 

6.4 

0.83 d 

d 

P 

24.3 

1.3 

15 -7 

3.5 

See Ta-ble 15.2 f o r  properties of powder. a 

bA1vxi.r;.m s t ea ra t e  prepared by tbe  react ion of alwaimm chlor ide w i t 3  lo@$ excess s t e a r i c  ac id  
i n  isopropyl alcokol, followed by tra%er p rec ip i t a t lon  and Tas'nicg 20 reinove BC1. 

C Polyvinyi alcohol. 

'Dibasic akjzinun n i t r s t e  solution, 5 

e ~ ~ ~ ~ o n i a - n e u t r a l i z e d  t o  XH&h = 3/1; 1.7 rS; thorium. 

aluainum N O , / A ~  r a t i o  = 1.2. 

. 
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Table 15.2* Proper t ies  of Thoriixn Oxide Po7vdei-s Used i n  
Preparat ion of Thoria Pellets 

Size 
F i r ing  Surface Crystal-  Averagc Percentage D i s t r i -  

Powder 'I'enip. T i m  Area l i t c  Size P a r t i c l e  of P a r t i e l m  but ion 

No.  ( " C )  ( h r )  (rn2/g) (8) Size (PI >10 p ( a,> 

O f - 8 3  650 4 24*9 132 0.9 0.08 1.36 
UL'-78-650 650 4 21.5 135 6.3 35.4 1.28 
NL'-78 -1400 1400 IC 0.69 2500 7.9 10 1.31 
LO-38 P - l  800 4 21.2 1-46 .o 20 d*> 
LO-38 P-2 800 4 16.9 196 7.2 39 -2.5 

R e l i c  weakness appears t o  be important because it sets the l i m i t s  of pres- 
sirig pressures  usable.  The LO-38 P-1 powder had r e l a t i v e l y  weak r e l i c s  whiclri 
broke down at; pressures  grea-ter than 8000 p s i  and permitted c lose  packing f o r  
good s i n t e r i n g  couditi0n.s. 
c y l i n d r i c a l  pell.el;s, where pressing pressures  were uniform over t h e  cross  
section of t h e  punch faces .  
bile f o m t i o n  of spherical .  pe l l e t s ,  o r  were higher than 1.200 psi ,  planes of 
s l i p  developecl wliicln led t o  formation of laminar cracks,  The cracks i n  spher i -  
cal. p e l l e t s  Lnvariabbly appeared a t  t h e  junct ion o f  t h e  hemisphere wihh %he 
cyJ.indrica1 sect ion.  When lii&er-strength powders were pressed (P-35, Tab 
1-5.1), grea te r  pressures  were required t o  f o m  s t rong  green p e l l e t s .  A blend. 
of s t rong  and weak powdei-s (UT-83 w i t l n  UT-'-(8-1400) showed. mlxii inum cracking i n  
sphe r i ca l  pell.et:$ 
p rec ip i t a t ion  resul.f;ed i n  a powder with the c h a r a c t e r i s t i c s  of m-78. 
-t;hought; t h a t  n i t r a t e  occlude3 on LO-38 P-1 powder p r i o r  t o  f i r i n g  wan  inportant  
i n  furnishing i t s  special- p roper t ies .  

Tt; was probably near ly  i d e a l  for t h e  production of 

jJhen press ing  pressures were not uniform, as :&th 

An attempt t o  reproduce LO-38 P-1 povdes. by c o q l e t e  oxalate  
It i s  

Granulation of tine powder p r io r  t o  pressing is e s s e n t i a l  i n  developing 
t h e  good f lotr  p roper t ies  necessary t o  uniform f i l l i n g  of the d i e  and imiform 
dens i ty  of t he  green p e l l e t .  The procedure involves appl.ying uniformly a small 
percetl-i;agc of binder  and/or lubr icant  t o  the  powder, pressing, l i g h t  g.r:i.nclinig, 
and s iev ing  e The convent,innal binders, polyvinyl  a lcohol  (PYA) and caybowax, 
were used with o r  without, kerosene as a d i e  lubricant,. S t ea r i c  acid,  thorium 
stewate, and aluminum s t e a r a t e  were a l s o  used. Aluminum s t e a r a t e  gave tne  
b e s t  r e s u l t s  with powders having weak rnfic st;-ruc'cures. Tbc presence of a lurn i -  
nixn a.gpeared t o  strengthen and v i t r i f y  t h e  Fi.r.ed p e l l e t s .  It i s  known khat; 
aIilmi.na and t h o r i a  form a l i q u i d  a t  1750°C, which is a l i k e l y  reason f o r  'die, 

s t rengthening e f f e c t  . 
The aluninwn s t e a r a t e  WRS prepared by d isso lv ing  aluminum chlor ide and 

100% excess of s t e a r i c  ac id  i n  anhyd-rous isopropyl  a lcohol  and then a,d.ding 
water t o  p r e c i p i t a t e  it. Ifater-washing removed chlorid.e, and the vacuum-driea 
residue was redissol.ved i n  isopropyl  alcohol. f o r  appl ica t ion  t o  t h e  t h o r i a  
powcler e Five weiglht percent aluminum stearat;e i n  s u f f i c i e n t  isopropyl Rlcohol 
t o  we-t the whole powder mass was added t o  t h e  Lhoria, and the  mixkure was 
-i;horoughly- s t i r r e d .  
90°C. 
a 20 mesh s ieve  three t imes.  
w a s  ready t o  press i n  t h e  Stokes automatic press .  The aliiount of aluminim .i.n 
t h e  aJ-urni-nurn s- tearate  w a s  3.4 WL $, and appl ica t ion  of a 5% so lu t ion  added. 

The isopropyl alcohol. was evaporated u.ndcr vacuum at 30- 
The powder was pressed a t  less than 8000 p s i  and then screened through 

ATtei, being roll-ed. f o r  a few minutes, t h e  powder 
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0.17 w t  $ aluminum t o  the  thorium. 
t r i ed .  bu t  with less s a t i s f a c t o r y  r e s u l t s .  

Srna1.lEi.r amo.runts of al-ixrninum s t e a r a t e  were 

I n  order t o  f ind  reasons f o r  t h e  exis tence of preferred planes of  weakness 
i n  spher ica l ly  pressed t h o r i a  p e l l e t s  vhich l ed  t o  cracked f i r e d  pe l l e t s ,  t h e  
granulati.on s t e p  w a s  s tudied b r i e f l y .  Powders tha-t had poor flow proper t ies  
produced. weak p e l l e t s  most l i k e l y  t o  contain cracks.  RritJ.gitig would occur, 
preventing uniform f i l l i n g  of the d ie ,  and t h e  f i r e d  pel. lets had la rge  voids. 
\?hen polyvinyl alcohol,  s t e a r i c  acid,  o r  s t e a r a t e  soap binders were used i n  
granulation, powders flowed poorly i f  20% of the  granules were below 80- t o  
100-mesh I J  .S . Sieve s i z e .  

I n  an a l t e r n a t i v e  granulat ion technique, oxa1.ate powders f i r e d  t o  650°C 
were t r e a t e d  with 2 M - thorium n i t r a t e  so lu t ion  or 2 K and 16 M n i t r i c  ac id  t o  
disperse  the r e l i c s .  
l i g h t l y .  
This granulated pmder  was pressed t o  s t rong p e l l e t s  having high denniLie:; 
(5 .8 t o  6.6 g/cc), which then were f i r e d  a t  1750°C t o  s t rong  p e l l e t s  having 
densi'cies of 8.3 t o  8.5 g / c c .  
not  yet  avai lable ,  but  t h e  p e l l e t s  r e s i s t e d  breakage and. chipping .in a b o t t l e  
shake t e s t .  
well for a l l  oxalate  powders fired.  belov 800°C. 

The -resul t ing sols were dr ied  at 100 to-1.65"~ and ground 
When f i r e d  t o  temperatures above 470"C, hard gI*iznules were produced. 

Quan t i t a t ive  data on a t t r i t i o n  res i s tance  a r e  

This  metlnod of granulat ion has t h e  advantage of working equal ly  

15.1.2 Davison Thoria Spheres 

Five kilograms of t ho r i a  spheres vere  prepared by t h e  Davison Chemical 
Company and del ivered f o r  evaluation. 
grade tho r i a  prepared from Iow-tei~erature-precipitateil  thorium oxalate  which 
was  then f i r e d  t o  800°C. 
w i t h  0.576 kerosene. ,The p e l l e t s  were formed by extremely l i g h t  pressing i n  a 
Stokes spher ica l  ba l l - face  d i e  modified by Davlison and vere  then f i r e d  t o  l45O"C. 
'ihese p e l l e t s  were chalky arid weak (Table 15.1, I?-45). 
t o  l75O"C, t he  dens i ty  and s t rength  were g rea t ly  improved, but  they  were s t i l l  
t oo  weak t o  be of use f o r  t h e  pebble bl.nnket. 
under vacuum with thorium n i t r a t e  so lu t ion  or t ho r i a  s o l  o r  5 pI dibasic  aluminum 
n i t r a t e  (diban) so lu t ion  followed by drying and r e f i r i n g  t o  1750°C increaszd 
both densi ty  and a t t r i t i o n  res i s tance .  The diban treatnien1; gav-e the  most s i g -  
n i f  i can t  lmprovement (Table 15.1, Y - h 8 ) .  Ref i r i n g  t o  orily 1200°C d id  not give 
a s ign i f i can t  improvement f o r  any treaLment. When the diban treatment wim 
appl ied t o  cracked p e l l e t s  from the  P--39 preparation, seine increase i n  pel.let 
st,rezigth was a l so  noted. 

The pellets were rmde from a ceramic- 

The povcier w a s  granulated, with I-'$ PVA and SubricaLed 

When a sample was f i r e d  

F i l l i n g  the  pores of -Line pel.l.ets 

15. I. 3 P e l l e t  -Pir ing Studies  

Data were obtained on the e f fec t s  of f i r i n g  tirne and tmnperature on the  
dens i ty  of Tho;, p e l l e t s .  
b l e  of producing temperatures up t o  1500°C. 
al.uminun st;earate binder  vere inade f o r  t h e  tests.  
pel-lets average 4.62 g/cc and ranged from 14-55 t o  lc.70 g / c c .  
l'Z(0, 1400, and 1500°C weye made i n  an argon atmosphere. The maximum dens i ty  
obtained for Line 1270°C f i r i n g  was 3.3b g/cc a f t e r  23 h r  of f i r i n g  (Fig.  15 .1 ) .  
Melting of t he  platinum crucj-bbl-es during the l5OO"C f i r i n g  m y  have r e su l t ed  i n  
inaccurate  &ita, a3 the  Tired p e l l e t s  'were of poor qua l i t y .  P e l l e t s  taken out 
a t  lj-V7O"L' while br inging the  furnace uy bo temperature had a densiky of 9.0 
g / c c .  
noi; increase 

The f i r i n g s  were made i n  R 2500-rbr Globar f-urnace capa- 

The green dens i t i e s  of 32 
Approximately 600 pei l -e ts  with 5$ 

Three f i r i n g s  a t  

I n  4 more hours of f i r i ng ,  2 of which were a t  l.500°C, t he  densit;y d id  
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Fig. 15.1. Pel le t  Density vs  Firing T i m e  in Argon 
Atmosphere. 

Present emphasis i s  on Lhe pr.e.pau.ation of spherical .  f lame-calcined t2nori.s 
p a r t i c l e s  w i t h  a. niean diameter of 5 t o  3 P. 
beryll-ia t he  c n t i r e  ca lc ina t ion  system w a s  cleaned and. t h e  r e f l m t o r  
replaced t o  cliini,na.t,c a.ny poss ib le  spread of beryl.l-j.uin contaminati.on. 
of var iab les  a f f ec t ing  particle s i z e  has been iinderi;&en. 

Af t e r  comple.t;.ion of t he  tho r i a -  

A study 

Since most of t h e  oxid~e -that iias been prepared thus f a r  froin -the d.r j j .ng 
and calcining of the alcohol-snl.iii;ioii droplets has had a iiieati p a r t i c l e  dianeter  
of 1,O p9 it was assuzned that tiie torches used were producine; l i q u i d  drople t s  
of' 5 to 10 p d..i.;-imet;er. 'i'his estiniate was based (XI. the coneelitration of t h e  
feed so lu t ion  and t h e  assumption of droplei; i.ilf;eg:rity through t h e  f i r i n g  pro- 
cess .  Increasing t h e  s i z e  of d.ropl.ai;s Ped t o  t h e  cornbustioil zorLt3 from 50 p 
(coli-taining s a ~ i ,  cqii.ivaLcnt t o  a s o l i d  of 12 p dia) t o  150 p (containing sa l t  
equivalent to 5 j  p d i a )  had no signLficaint ef€'ec-L upon prod.7.li.ct p a r t i c l e  s i ze .  
It; i.s thou&t that explosive subdivision of droplets occ-urs within -the flame 
znd t h a t  zbove soiiie cri-t ical  s i z e  t h e  droplets a r e  mechanically iinstt3ble i n  
t h e  flam. 'Thus, fi.na.l p a r t i c l k  s i z e  may only be related Lo d.ropl-et, s i z e  up 
t o  some c r i t i c a l  va,lue. 

A reduct j on of maxiinurii ref l e e  Lor t eriperat,ure f Tori 1600 t o  900" C doubled 
t h e  p a r t i c l e  s ize ,  f r o i n  1.0 p t o  ue Subs t i tu t ion  o f  water f'or CnnthanoJ. a s  
tiie feed  solvent  and nit rogen for propane-oxygen as iiie aLorfitAjrig F,SS ha4. no 
s ign i f i can t  e f fec t  on p a r t i c l e  s i ze .  









'7. rfi. ;<e:;ley, JI- . P . TJ . Ri.ttenh.ouse 
W. 2 .  Tzonard 2 .  J, .  Stephenson 

C .  H. Wodtke 
M .  T,. Picklesiner  A. J .  Taylor 

Resistance r a e ~ ~ , i i . r e n ~ n t s  were made on Zireal-oy-2 at temperatures ranging from 
100 to 1050°C during contiiiuous heat ing and c3ol.ing cycl.r:s a t  nomiiiaL rates of 
5, and IOOC per minute. F.ka.surernerrts were a l s o  nadc a t  t h e  mxirmm obtainable 
rates of  heat ing and cool ing> approximately '(0°C per minute, a%; a temperature c)f 
800OC.  
any temperature b e t w e n  200 and. '18O3c by henting and cool ine;  rates of 2, 5, or 10'1: 
per riiriute. 
5, or  S.O°C per minute, and svfilcwhat Fester tlxin 830°C et the ina.ximxjin r a t e  of 
beating. 
a t  311 r a k s ,  b u t  t he  change i n  r e s i s t ance  w i t h  temperature a t  t h i s  temperature 
is  too grad.1m.l. t o  perm?;?; a more accurate detenninatiori OS the phase 'oow-Ld.ary a t  
tiiis t i m e .  
-io vary too greaL1.y with p r i o r  thermal- h i s t o r y  and vi . ih  soaking t i m e  at 1.050°C t o  
rr,port a t  Lhe present t ins .  '['he alpha/Rlpha-plus - b e t s  terqei-atu-re found. on cool- 
ing wac; st rongly a f f ec t ed  by t h e  cooling r a t e ,  b e h g  1785 4 l0C foy rate:; of 2 and 
5OC per minuti-, ,781 i- 1.'C f o r  l.O°C .per minute, and 7 6 0 O C  f 3OC for the  maximum 
cooling r a t e  obtaixnble, approximately 7OoC per minute. 

The resistance o f  Zircaloy-2 (and thus the resisti.vi.i;y) vas unaffected a t  

The alphalalpha-pl-us-beta temperature was 827 1 l°C on heat ing a t  2, 

The beta/alpha.-plus-beta texiyerature vas approximately 980°C o1i heating 

be"ca/;ll~Dha-plu.s-beta. temperature de-termined on coo1itlg W H S  found 

TEro deviat ions of tile resi stance-temperature m r v e  from that; expectc? were 
o b s e ~ v d .  In  the temperatu.rc range .from 250 t o  450"C, t he  resi .stsnce -temperature 
cii.~vc is  abrupt ly  aboiit 2$ higher than i.t should be i f  the C U P J ~ G  above and below 
t h i s  temperatwe range are extrapol.a.ted t o  meet. The t e m p r a t w e  I.inits of t h i s  
deviat ion arc sh i f t ed  by varisz-t5 ons i n  heat ing and. cooling r a t e s ,  by heating OF 
cooIing, and somewlia-1; by p r i o r  thermal h i s to ry .  Also, a ffbumFff i n  the r e s i s t ance -  
temper2"ture curve occurs  i n  the region of the tvo-phase f i e l d  (alpha-plus-beta 
nhase s ) , srnrying ir; magni.t!xde, Leinperaturz range, ant3 temperature l i r n i - b s  with 
heztirig 01- cool.ing cycle, heat ing and cooling rate:;, and prior thermal. history. 
Neither observation can be expl.ai.ned by the  present knowledge of t;he physical  
metalI.urgy of Zircaloy-2 ~ It i s  d e r i n i t e l y  kxiimn t h a t  hydrogen &id  not  cause 
e i t h e r  o f  t h e  "bumps" observed, for the speci.mm tias vacuum-aruealed t o  a content 
of l e s s  than 5 ppm H p .  

Cal.ihratioii rcsisl ; ivj . ty equipment has been built which vi11 pern f t  -!,he 
c onve I* s i o n  3 i' t h e  -?-e si s t am e - -i; zmpe i~ "  at i*J-e a- re s i st an c c - t ime data t o  re G ?1 D t i v i t y 
da t e  so tAi:it d i f f e r e n t  specinlens, alloys, or  heat treatments cart be compreci on '3. 

relative b a s i s .  'i'he calibrati .on ecyiipment i s  noiLr being t e s t e d .  
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16.2 ZIRCONIUM-ALLOY DEV%LOPMENT 

Zi-rconium-base all.oys contai.ning niobium and copper have shown promise i n  
the  development of a more cor ros ion- res i s tan t  a l l o y  t o  replace Zi.rcaloy-2 as t h e  
core -tank mater ia l  f o r  aqueous homogeneous reac tors .  Tne in:iormation necessa.ry 
f o r  the development of these  all-oys i s  being procured by bas ic  physical  m e  Lallur- 
g i c a l  s tud ies  and. i n -p i l e  corrosion tests. 
and reported1, on the  beta-quench and reheat  -transformati.ons . 

'Transformation k ine t i c s  and morphological s tud ies  of  the  7z-15Nb-lCu 

Considerable data have bzen obtained. 

system have been i n  pragress du r ing  the  pas t  quarter .  
reheat and t rue  isot'nermzl transformations are being s tudied.  It has been 
esbablished t h a t  t h e  transformation sequence occurring on reheat ing the  
quenched be ta  s t ruc tu res  is  e s s e n t i a l l y  t h a t  of t h e  Zr-l5Nb binary a l loy ,  but 
t h e  shape of the  %TT curve so  f a r  de.termined is  not s i r n i l a r .  Apparently, 
appreciably more ornega phase i s  formed. i n  the  t e rna ry  a l l o y  during the  time 
required t o  heat t o  the  aging temperature, causing much higher hardnesses i n  the  
e a r l y  s tage of t he  transformation sequence. 
s i m i l a r  t o  t h a t  of  the parent binary on isothermal transformations a t  temperatures 
tit and above 400OC, there  being no appreciable hardness increase on transforma-ti on. 
The .transforma-tion product appears i n  the  microstructure as a nodule which gyows 
gra in  by Gaia, each gra in  added transforming t o  a ce r t a in  stage of completion 
before a neighboring gra in  s t a r t s  t o  transform. 

Both beta-quench and 

The behavior of  the  te rnary  all-oy i s  

Transformation k ine t i c s  and morphological s tud ies  of binary a l loys  of Yne 
7 ; r - C ~  and Zr-Mo systems have been s t a r t e d .  
isothermal t r a n s f o r m t i o n s  a r e  being s tudied.  Specimens o f  bo%h a l l o y  systems 
have been aged o r  traasformed f o r  times of l/&, 1/2, and I h r  a t  temperatures of 
400, 500, 600, and. 700°C. Hardness data have been obtained, bu t  t he  da ta  m e  
inconclusive.  
%ne development of su i t ab le  rneta.Slographie pol i shes  and etchants  has been 
diffl.c:ult, but  some success f o r  t he  %-Cu specinens has shown a nodular tra.ns- 
formation product occurring i n  t'ne gra in  bourdarles and growing i n t o  the  grains  
f ~ r  those specimens isotherrnally transrormed. No transformat; ion product has yet  
been del ineated fo r  those specimens which have been quenched and aged. 

Both beta-quench and. reheat  and 

Further  s tud ies  a t  both shor te r  and longer times a re  being made. 

16.3 Tho2 PELI;ET FABRTCATTON 

A s  pa r t  of the  general  program to produce sound, abrasfon-resis tant ,  ' I O 2  
p e l l e t s  f o r  iuse as r eac to r  blanket material ,  am e f f o r t  w a s  mde  t o  study the  
var iab les  comected. rriih f ab r i ca t ing  round-ended p e l l e t s  from D-40 Tho2 powder . 

using powder addi t ions of 0.5 v t  $ CaO and 2 vt 5 Carbowax. However, when t'nis 
powder was used for f ab r i ca t ing  round-ended pel.l.ets, s t r e s s e s  were generated by 
the  upper punch which caused laminations a t  the  t r a n s i t i o n  of t he  round end and 
the  cy l ind r i ca l  sec t ion .  This lamination condition was i.mproved by changing the  
d i e  desi,gn and by reducing Yne forming pressure;  however, when the pressure WBS 

reduced s u f f i c i e n t l y  t o  e l iminate  laminations t;he s in te red  densi ty  was lowered 
excessively . 

Plat-ended p e l l e t s  were readi.ly produced with d e n s i t i e s  of 9.3 g/cm3, by 

An attempt t o  e l iminate  lami-nations was made by ca lc in ing  the  powder in 
order t o  reduce el .as t ic  springback of the  pellet; mater ia l  when pressure vas 
released i n  the  pressing operat ion.  
as possible,  the  mater ia l  vas  balJ.-mil.led after ca lc ina t ion .  

1x1 ordc-r t o  r e t a i n  as hi@ a s i n t e r a b i l i t y  
The tendency t o  
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laminate was greatly reduced when t h e  calcined powders were used; however, it 
:ras necessary t u  control for.ming pressures .  Even powdeps calcinzi l  R O  high as 
1425OC e x h i b i t 4  laminat, ions when the  forming pressure was sufficimk.ly high. 

Pe1.l.e-ts with a v a r i e t y  of composition and f ab r i ca t ion  veriab1.es have been 
submitted f o r  t e s t i n g  t o  determine the combination of rna.nufacturitig conditions 
t h a t  wi1.3- r e s u l t  i n  i n a x i n i u m  abrasion r e s i s t ance .  Both flat-ended and spherical.- 
ended pel.1.ets were made from materials calcined a t  three d i f f e r e n t  temperatures, 
One s e t  of these contalned 0.5 w t  $ Can t o  check the  e f f e c t  of s intered dens?-ty, 
while another vas pure Tho2. Half .the above specimens were pretumbled t o  remove 
e a s i l y  abraded pro  j ec t ions ;  t he  dupl.icate specimens vere submitted without r o l l i n g .  
I n  a2.17 24 sets of pellets were produccd w i t h .  va.ryi.ng conditions.  

16.11 L~NI.)ERIJ?A~TER ARC-CUTTING OF TIEACTOR SCREENS 

The underwater constr ic ted-arc  cu t t i ng  p r o c c ~ s ~ ~ ’ ~  u t i l i z i n g  a special t o rch  
WRS appl-ied successful ly  i n  cut,t,inp; f i ve  diff”user screens into s t r i p s  f o r  removal 
f rom the  HRT core v e s s e l  (see Sec. 1.1.4). 

2. IvI. L. Picklesimer - e t  - al., Met. Div. 1-11 Ann. Frog. Rep. Sept. 1959, OFNL-2839, 
p 113-14. 

3 .  G .  bl .  Adamson e t  .-I a1., E Qrar .  h o g .  Reg. A p r .  30, 1959, ORNL-2743, p 180. 

14. G .  M. Adanson -- e t  nl., Met. Div. Ann. Prog. Rep. Oct. 1959, om~-2839, p 1.31.- 
35. 
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14. E ,  Z i t t e l  

I n  tho  preparation. of high-density Tho2 for use i n  packed and f l u i d i z r d  
beds of thernial-breeder reactors ,  calcium may be added in t en t iona l ly  OY" inad- 
v e r t e n t l y  and must be de-temineil. To provii'cz n sLxple, yet  adequate, :ize-thor.i 
for t h i s  dcterninat ion,  Plajlie-~liotoinetric methods were i n v e s t i m t e d  even Lhough 
Lhoriwn i s  known to rcpress 'die radiant, i n t e n s i t y  of ca7.ciu.m. A s  a consequence, 
i:t vas establ.ished t h a t  t h e  extent t o  vhich Lhorium i n t e r f e r e s  i s  strong1.y i n -  
fJ-inenced by t h e  med.iu-n i n  which the ThOz i s  dissolved. I n  IIC1.04 solut ions,  the 
suppressing e f f e c t  of t'noriura on tire i - a d i m t  i n t e n s i t y  of calcium a t  423 ix1.1 i s  
s t r ik inf : ly  l e s s  than i n  eitlner an E J O J  o r  HCl so11..~tion. !.Then 0.01 ac id ic  
so lu t ions  contairiing 10 Ug of Ca and. LO m g  of Th per ml were aspirated., -t'k l o s s  
i n  1-ndia.n.t, i n t e n s i t y  of -t;hc: calcium i n  IMG3, H G I J  and €IC104 so lu t ions  wo,s 60, , respect ively.  For t h e  fl~-~e-pho.ic,me-tric determination of tal-cium 
i n  tile presence o-f l a rge  amoinnts of t'noriun, therefore ,  IiCL04 so lu t ions  of the 
Tho2 a r e  u t i l i z e d ,  and ca l ib ra t ion  curves a r e  es tab l i shed  with calciwn standards 
which contain approximately t l e  same anoimnt of thoriimi as the unknom in an 
X C I C 4  inedium e 

Previous studies '  have revealed tha t  flame phoLoinetry can be applied t o  
the e s t i m i i o a  of a number of rstre-earth elements i n  mixtures thereof .  A 
f u r t h e r  investigation wz,s marle t o  extend. t2ie use of flame photoinetrj. to t h e  
dpteu-iination of rare-ea-rth elements i n  s o l x t  i om of thoriuin s i lmla t ing  chose 
anticipa'ced upon d isso lu t ion  0 7  7'h0.$JOX s l u r r i e s  01" so l ids ,  f'ollovinp, ?,h:>j Y 
use i n  t2icmml-brredcr reac tors .  

!Po avoi.rJ. int;erference, l e q e  quanti-t;.j.es of thorium nust be removed pr  i o r  t o  
rnaking the rad ian t  - i n t ens i ty  measurements. Although t h e  conventional reagent, 
t'nenoyltrifluoroaccttoue, i s  u t i l i z e d  i n  the ext rac t ion  of t'nori1xn, a s ign i f i can t  
modification o f  t he  extraction procedure has been devised trhereby g r m  quanti-  
Lies r a t h e r  than a few rfiiJ-l-5.grams of thorluiii can be removed. rap id ly  5.n a s ing le  
ex t rac t ion .  The ac id i c  (nlt ir ic,  hydrochloric, o r  perchlor ic )  so lu t ion  of t h o r i -  
um i s  adjusted to pH 1.5 with an amnonium ace ta t e  - acnt:ic a c i 6  buf fer  of  pH 
a f t e r  trhich the  +,ho?cium i s  e.xt:r.ac ted with thexioyltrif luoroacebone i n  cbl.oro-fonn. 
A s  t h e  pH decreases, due t o  the  reac t ion  of' thoriwn with thenoyl t r i f~ .uoroace-  
'cone, add i t iona l  a.ce.tate bufi"e:r. r a the r  thari rm3 or NI-IbOH is added contAuously 
t o  r e s to re  t h e  $1 t o  1.5. Coinpletion of t h e  ex t rac t ion  5,s indicated when no 
furtiler decrease i n  pIi is  noted. 

127 



128 

By t h i s  mei;iiod., two ex t rac t ions  with 40-rnl poi-iiol~s of the chela-be soh- 
t i o n  su f f i ce  t o  ~ C C I O V F  2 g of thorium -f:r*cxn a n i t r a t e  sol.uCEori. 
t h e  opera-t:i :xi requires  mly a few minutes, and no difficuI.t,y i s  encountere& f r u r n  
p rec ip i t a t e  formation., By cornparison, about, 3 hr was required t o  remove 1 g of 
thorium by R contl~iuous ex t rac t ion  method, u t i l i z i n g  N U 3  gas t o  neii-i;rali.ze the 
ac id  fomed, an.& precautions W e r e  necessary t o  avoid dirI7ic7.L.t.y duo t o  prec ip i -  
t a t c  formation.:! 

rFurthermore, 

Af t e r  removal of t he  thorium, t h e  a.mcnon.Lurn ace t a t e  i n  i;he aqueous phasc i s  
destroyed by heat ing I t  vLt11 aqua regia .  
and t h e  rare-ear-i.h elements a r e  extracted with 0.1 M thenoyl t r i f  I-iIomacetone i r z  
hexone (1C-methyl-2-"peTltanoae); after which they  a r e  d.e-i;ermbned f lame-photome-t- 
r ieal . ly i n  Lhe organic e.r;tme-t;. 

The  so lu t ion  i s  then adjusted to pH 5, 
e- 

In the  evaluatioti of slurries of '13102 which con'win oxides of ura,iiiuin for 

T h i s  
use i n  themal-breed.er reactors ,  it i s  necessary t o  dc tomlne  U(IV) and U(V1) 
tznd a l s o  chariges i n  t h e  U(:CV)/U(VI)  r a t i o  u.nder varying -test; concli-tions. 
can '03 accoxplished by t h e  ind-irect coulometric method previously described,]. 
iC t he  s m ~ l e  doen not contain a significauyt amount o? e a s i l y  reduced impuri t ies .  

To circumvent d i f f i c u l t i e s  encoumtered i n  the appl ica t ion  of {;his i .ndirect  
rnetiiod, espec ia l ly  im t h e  ana lys i s  of i q u r e  smpl.es, an :i.uvestigr+tion wan made 
of a d i r e c t  cou1omeLr:i.c oxidation procedu re f o r  t i t r a t i n g  t h e  U( IV) . 
consequence of t l i s  invest igat ion,  it W ~ L R  es tab l i shed  t h a t  LIie U( I V )  can he 
titratrtted cou.lometrlcally by oxidizing it t o  U(VI), u t i l i z i n g  EI p l t ~ t - i ~ i ~ m  anode 
a-t 8 potential .  of - + l . i C  v versus an Ag/AgCl electrode.  
from I t o  10 nig of U(IV) i n  3 E I I ~ P O ~ . ,  t h e  coefficient;  o : ~  var i a t ion  i s  I$. R 
correc t ion  must bc appl ied foia t h e  decomposition of water, which occui-s to some 
extcnt, a t  the high poten'iial u t i l i z e d  i n  this coulometric oxidation. Chrorni-- 
u m ( I 1 I )  does not i n t e r f e r e  s ince it i s  not nxidi.zed a t  t h e  pi ;cnt i .a l  used, but  
Pe(I1)  must be preoxidized a-t, a p o t e n t i a l  of +O.lk v t o  prevent, i t s  in te r fe rencc .  

As E?? 

For sampl-es containinC; 

A conductometric method f o r  t h e  titmA;j.on of Tree ac id  i n  impure i.i~anyl 
s u l f a t e  s o h L  icjris3 has been applied t o  t h e  rla-Leimiiiation of f r e e  II2SO4 i n  radio- 
ac t ive  Xi3.P fiieI..s a t  t he  H i ~ ~ - R a ~ i . a t i o n - L e v c l  Analyt ical  Fac i l i t y .  The f r e e  
acid i s  t i t r a t e d  conductorfletTically in a 1;iethnnol. m.edi.ixr:i by remote c o ~ t r o l  wi.th 
NaOH as t h e  titraat. 
stanaard dovriai;iou i s  less tham 3%. 

For Fi&;34 so lu t ions  o r  t he  order o f  0.05 E, t h e  re lat iv-e  
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