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PART I. HOMOGENEOUS REACTOR TESP 

1. HRT Operations 

During run 21, which occupied t h e  greater  port ion of t h e  report  period, 
t h e  reactor  operated continuously f o r  105 days and generated approximately 5600 
Mwhr(th). "he major objective of t h e  run w a s  t h e  invest igat ion of f u e l  sta- 
b i l i t y .  The reactor  operated f o r  long periods a t  the design power of 5 Mw with 
none of t h e  usual  indications of i n s t a b i l i t y  while the system pressure was  kept 
a t  1250 psig.  A t  higher pressures i n s t a b i l i t i e s  were encountered a t  5 Mw. The 
amount of excess ac id  i n  the m e l a l s o  affected t h e  i n s t a b i l i t y  threshold. 
was an approximate 1-1M.iJ e levation i n  t h e  p o w e r  threshold when the acid l e v e l  w a s  
increased from an acid-to-sulfate r a t i o  o f  0.25 t o  a r a t i o  of 0.35. 
provement i s  consis tent  with t h e  elevation of t h e  heavy-liquid-phase separation 
temperature with increasing ac id i ty .  

There 

This i m -  

The 02 addi t ion rate was varied but had AO detectable e f f e c t  on reactor  
s t a b i l i t y .  
be i n  t h e  core, it appeared t h a t  suspended so l ids  were not present i n  suf f ic ien t  
quant i ty  t o  be measurable as a r e a c t i v i t y  change, 

I n  an experipent t o  observe e f f e c t s  of suspended so l ids  which m i g h t  

Experiments on i n t e r n a l  recombination indicated spec i f ic  rate constants 
f o r  copper 2.5 times those determined i n  e a r l y  operation of t h e  HRT and i n  out- 
of -p i le  exper-ents . 

R u n  21 ended on January 22, so t h a t  t h e  reason fo r  an abrupt change i n  t h e  
mixing rate of fuel between t h e  core and blanket could be investigated and a 
reactor  steam-system valve could be repaired. 

2. HRT Processing Plant 

The multiclone-hydroclone so l ids  separation system w a s  operated i n  two 
periods f o r  a t o t a l  of 410 h r  i n  run 21. 
3 t o  5 lower than i n  comparable periods i n  run 209 substant ia t ing e a r l i e r  evi-  
dence t h a t  t h e  malfunction which w a s  indicated later i n  run 20 w a s  not corrected 
by replacement of t h e  hydroclone with a spare pr ior  t o  run 21. 
content of t h e  s o l i d s  removed increased s ignif icant ly ,  indicat ing addi t ional  
corrosion of t h e  core tank, amounting t o  1 t o  3 kg through the f i rs t  1200 h r  of 
run 21. 

Solids-removal rates were a f a c t o r  of 

The zirconium 

The xenon poisoning a t  5 Mw, determined by measuring the increased Xe136 
content i n  the off-gas stream due t o  capture of neutrons by Xe135, w a s  0.95%. 
The discrepancy between th i s  f igure  and the expected value of 2$, based on 
ava i lab le  knowledge of iodine behavior i n  the  reactor, has not been resolved. 

iii 
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5 .  IIRT Engineering Development 

The Zircaloy wear r ings of a t e s t  pump .ignited wnile the  pump w a s  being 
operated as a steam-oxygen blower with rubbing contact of t h e  wear r ings.  
Ign i t ion  occurred a f te r  the  pump had been cooled t o  -72°C and t h e  vapor w a s  
e s sen t i a l ly  pure oxygen. Se ts  of t i t an ium wear rings, with no rubbing con- 
tact ,  and stai-nless steel  wear rings, with rubbing contact, were not damaged 
under similar t es t  conditions.  

A universal  periscope manipulator which provides f o r  gear-driven move- 
ments atid smooth ro ta t ion  of various opt jca l  core-inspection devices w a s  de- 
signed, constructed, and tes ted .  A s implif ied shielding assembly w a s  designed 
t o  permit iilany ' ~ T  nzainteiiance operations t o  be performed dry, making it un- 
necessary t o  flood the  reactor  c e l l  with water f o r  shielding. 

A design was completed f o r  a new l i n e  t o  simplify the  return of condensate 
from the f u e l  low-pressure system t o  the blanket dump tsnk i n  t h e  HK'1'. 

A method was proposed f o r  venting t o  the  reactor  c e l l  t he  space between 
the  steam block an? flow-control valves i n  the event of high a c t i v i t y  i n  
reactor  stem. 

W T  Controls and Instrumentation 5 ' -I._.._ .... _._- 

Shop trsLs of a Laub Electrocalor ic  (heat balance) flovmeter revealed tha t  
the f luctuat ions i n  indicated flow rate observed i n  previous operat ional  t es t s  
on the iIRT mockup were dur t o  osc i l la t ions  produced by a large distance- 
ve loc i ty  l a g  which i s  present a t  l o w  flow rat,es. Invest igat ion of t he  Laub 
flowmeter w a s  discontinued, and study of a magnetic flowmeler w a s  begun. 

Radiation tests of a miniature te lev is ion  c m a a  were rcpeated by using 
a nonbroirriiug lens; 9.6 x lo7 r of g a m  radiat ion w a s  accumulated over a 
period of 21~8.5 hr. 
sens i t i v i ty ,  which was compensated by adjustment of the  t a rge t  control .  Tests 
of t he  camera a f te r  decontmliriation showed t h a t  80% of the loss  i n  s e n s i t i v i t y  
w a s  due t o  loss of Vidicon sens i t iv i ty ,  lj$ was due t o  browfling of the lamps 
which provided i l lumination, and only 6% w a s  due t o  lcns  browning. 

The only e f f ec t  of the  i r r ad ia t ion  was a gradual loss  of 

Two Eberline model RM-2 radiat ion monitors were i n s t a l k d  i n  the  7500 Area 
t o  give b e t t e r  coverage of radiat ion hazards t o  pe1,sonncl. 

Revisions were made t o  the  HRT control  system t o  permit o p e n t i o n  of t he  
turbine w i t h  reactor  steam. 

PART I1 . ITACTOR ANALYSIS AND ENGINEERING DEVELOPMEW 

6. Reactor Analvsis 

A two-group, two-dimensional c r i t i c a l i t y  ca lcu la t i  on f o r  cy l indr ica l  
geometry w a s  progrmmed fo r  t h e  IBM-704. The code f ' ac i l i t a tes  t h e  wri t ing of 
programs tha t  u t i l i z e  two-dimensional calculat ions RS subroutines. 
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7. Development of Fuel- and Slurry-System Components 

The s t a t o r  of t he  20-cfm blower w a s  examined and w a s  found t o  have f a i l e d  
by t h e  short  t o  ground of a s t a t o r  s l o t .  
a f t e r  a dosage of 5.4 x 109 rads, which i s  a sa t i s f ac to ry  l i f e  f o r  pump-motor 
insulat ion.  

The i r r ad ia t ion  test  s t a t o r  f a i l e d  

Fai lures  of t h e  third-s tage diaphragm of the  oxygen compressor, f o r  re- 
cycling contaminated gas, are reported. The increased-capacity solut ion feed 
pumps continued Lo perform s a t i s f a c t o r i l y  i n  t h e i r  undwance t e s t .  Trouble- 
free operatlon of diaphragm pumps f o r  slurries was continued. 

A simple slurry feed-tank - feed-pump piping connection was developed and 
demonst rated.  

Sa t i s fac tory  performance of s lu r ry  check valves and letdown chokes con- 
A shutoff valve, u t i l i z i n g  an alumina b a l l  and seat, was developed; t inued. 

i n i t i a l  t e s t s  were qui te  promising. 

Tests  of a 5-in. model of t h e  cy l ind r i ca l  core design, with a swirling 
annular i n l e t ,  indicated t h a t  t he  cool i n l e t  f l u i d  could be maintained i n  con- 
t a c t  with t h e  e n t i r e  core w a l l .  
being constructed -to provide quant i ta t ive  information on veloci ty  d is t r ibu t ion .  

A 2-ft-dia, 6-ft-long model of t h i s  core i s  

Calculations were made of t he  temperature d is t r ibu t ion  i n  a 4- by 12-f t  
In t e rna l  core-wdl  cooling was cyl indr ica l  core with straight-through flaw. 

required t o  maintain the  w a l l  a t  260'C or below f o r  the  temperature-power 
system selected.  

Preliminary t e s t s  were conducted on models of t he  s lu r ry  blanket of a 
cy l ind r i ca l  reactor.  

The preliminary mechanical design of a 380-Mw(thermal) two-region breeder 
reac tor  having a s lu r ry  blanket and solut ion core w a s  completed. 
a 4- by 12-f t  cylinder w i t h  a swir l ing annular i n l e t .  
i n t e rna l ly  cooling the core tank, if  t h a t  becomes necessary, t o  maintain a 
w a l l  temperature of 260°C. 
requlred, according t o  s t r e s s  computations. 

The core i s  
Provision i s  made f o r  

A thermal sh ie ld  f o r  t he  pressure vessel. w a s  not 

8. Development of Reactor Slurry Systems 

Effects  of Tho2 concentration, temperature, and flow rate on the  homo- 
geneity of s l u r r y  flowing i n  a horizontal  3-1/2-in. pipe a r e  being s tudied 
i n  run 21A i n  the  20QA loop. 

Run 3B i n  t he  200B loop, i n  which a mixed U-Th oxide w a s  circulated,  w a s  
in terrupted by t h e  formation of an in t r ac t ab le  plug i n  a long v e r t i c a l  l i n e  
during a shutdown period. 
was completed wLth no addi t ional  caking or  plugging. 

Following mechanical removal of t he  sludge, t he  run 

In order t o  invest igate  furt;her t he  caking and plugging observed with 
mixed U-Th oxlde i n  run 3B, run 4B was i n i t i a t e d  with a pure 1600 '~- f i red  
t h o r i a  believed inunune t o  caking and plugging. 
been encountered aurin:: t he  ea r ly  part of t he  mn. 

Indeed, no d i f f i c u l t i e s  have 

Construction and shakedo-m of a 5OA loop w e r e  completed, and the  f i r s t  
s l u r r y  run has been stal"ced w i t h  a 3.65-11 1600 '~- f i red  tho r i a ,  
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Dilatant charac te r i s t ics  of a number of s l u r r i e s  were invest igated i n  t h e  
The 8% U-Th mixed oxide was found t o  be extremepj d i l a t an t ,  while lahoratory.  

pumped 1600"C-fired tho r i a  had l i t t l e  o r  no dilatancy. 
S a t i  on, 

A t heo re t i ca l  corre-  

w a s  developed f o r  predict ing tbe pressuys requjred t o  blow out plugs, depending 
on geometry acd physical propcrties,  and vas confirmed experimentally, 

Following completion of nm SM-8 i n  the 300-SM system, t h e  high pressure 
system was d i lu ted  t o  less than 0-1 g of 731-U per  l i t e r  and drained. Some 
lna jor  revisions arid improvements a re  being iilade t o  t h e  system. 

9 a rms_;mcr~t-. and Valve Devel?.x- 

As -girt of a program t o  t e s t  and evaluate e lectronic  instrumentation 
system:; f o r  possible  use i n  fukui-e reactor  systems, a P'oxboro model MI62 uni- 
ve r sa l  cont ro l le r  w a s  t es ted .  T e s t  results indicated t h a t  the cont ro l le r  gain 
i s  down j db a t  10 cps with der ivat ive o f f  and t h a t  l i n e  vol.t,age effec.ts and 
long-term conL-L.01 d r i f t  were negl~igible .  
t i o n a l  components of t he  Foxboro electronic  Consotrol instninentat ion systeni 
and on represenGative comgonents of e lectronic  iiistrumeritation sysLems w-nu- 
f actured by t h e  Taylor, Minneapolis -Honeywell, and Swartwout Ins truixent 
Companies. 

F'urther t e s t s  w i l l .  be made on addi- 

Sample C O U ~ U K ~ S  of Coors Procelain Company A1& were t e s t ed  i n  hi&-ternpeT- 
2t~zrr oxygenated water t o  determine the s u i t a b i l i t y  of A1203 f o r  use as a ljner 
mtzLcrial f o r  magnetic flowmeters. Test resu1.i;~ ind ica te  an average corrosion 
rate of 1.3 mpy i n  1 0 0 ° C  oxygenated water and ?. I+  mpy i n  300°C oxygendted water. 
Porosity t e s t s  showed 'chat Lhere w a s  not more than a 0.01% inereas? i n  weiy&t 
a f t e r  being exposcrl i o  water a t  room iernpe.caturp and a t  j00"C. The f e a s i b i l i t y  
of J in ine  a Foxhoro magnetic f l o m e t e r  witln an A l &  slecve i s  being inves t i -  
gated.  

A prototype flush-diaphragm ciifferenti al-pressure ti-ansmitter, which was 
constructed by the  Foxhnro Instrument Company oil a bes t -e f for t  Sasis, w a s  re- 
reived and tes ted.  Test  r e su l t s  indicate  tha t  the  tran:;mittei- w a s  l i nea r  wi-thin 
1/26 of f u l l  scale  when t he  range was set  a t  1.00-0-100 in .  of H7O.  Hystrresis 
was 1% of f u l l  sca le  when ihe t ransmit ter  W&:i mounted i n  the horizontal  posi-  
t i o n  and w a s  negl.i-gibSe i n  Lhe v e r t i c a l  posi t ion.  The z e r o  shif- t  h e  t o  pres- 
sure  was 2% or" fu1.l sca le  at 2000 psia .  
neg1.igibl.e a t  100 C .  

Zero s h i f t  due t o  tempernture w a s  

A Hammel-D,ahl. f l  ushed-bellows, high-pressure slurry cont ro l  valve w a s  
removed from service and inspected fol loving fai.1ure of t he  stem-sealing 
bel'l.ows. Fai lure  of' t he  bellows was at,tributed t o  a n  i n a b i l i t y  t o  keep the  
d i f f e r e n t i a l  pressure across the bell.ows vall. belox 450 psi.  A-t, Line t i m e  of 
f a i l u r e  tile valve had accumulated 4695 h r  of service a t  1600 ps ig  2nd PdO'C. 
Examination of' the  valve t r i m  revealed piLti.ng of the %ircal.oy-2 seat and 
extensive unif'ol-rii erosion i n  the  guide region of the  plug shank. 'Phe Zircaloy- 
2 pLug appeared t o  be i n  good condition. 

Six i so la t ion  valves betwzen the high- a n d  low-pressure systems of tile 
s l u x r l  mockup loop w e r e  removed and leak tes ted.  One valve, which u t i l i z e d  a 
S t e l l i t e  %do. 6 plug and a S t e l l i t e  N o .  12 seat ,  had suffered severe damage 
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i n  t he  plug-seating region. Another valve, which u t i l i z e d  Armco 17-4 PH for 
both plug and sea t ,  exhibited a leak r a t e  of 4 cc/min when w a t e r  was  applied 
under the  valve sea t  for 10 min. 

Three Annin Company spli t-body valves a re  being modified t o  accept a 
standard r ing  gasket between t h e  body sections.  

PART 111. SOLUTIOEf FUELS 

10. Reactions i n  Aqueous Solutions 

In  the  temperature range 79-1l4"C t yp ica l  reactor  f u e l  solut ions were 
found t o  respond t o  the  sudden addi t ion of 
a manner which w a s  consis tent  with a rapid establishment of t he  two equi l ibr ia :  

U O ~  ( so l id )  U O ~  ( i n  solut ion)  

U O ~  ( i n  solut ion)  -+ mf== U O ~  -+ H ~ O ~  

or so l id  uranium peroxide i n  

n- 

t o  give a saturated solut ion of uranium peroxide. 
librium w i t h  solid-phase uranium peroxide, the course of the slower peroxide- 
decomposition react ion w a s  followed, and t h i s  course was a l t e red  by changes 
i n  a c i d i t y  and uranium concentration, as expected. 

Following the  rapid equi- 

The maximum permissible power densi ty  f o r  a homogeneous reac tor  solut ion 
w a s  related t o  the  uranyl. ion concentration, the  acidi ty ,  t h e  UO4 so lubi l i ty ,  
t he  equilibrium constant f o r  the  second eqpilibrium given above, and the  r a t e  
of peroxide decomposition i n  t h e  solut ion by an equation which reduces t o  the  
f o m  

L I 

This equation is kncrtm t o  be strictly va l id  only over t he  range of t h e  experi- 
mental. conditions, although t h e  extrapolation t o  reac tor  operating conditions 
i s  believed t o  be reasonable. 

11. Heterogeneous -___ Equi l ibr ia  i n  Aqueous Systems 

Laboratory experiments t o  determine temperatures of immiscibil i ty fox 
synthet ic  IBT Puels and t h e i r  concentrates w e r e  continued. The temperatures 
of second-liquid-phase formation were obtained fo r  three se r i e s  of solut ions 
and concentrates having mole ra t ios ,  WO$OQ: CuSO4; D2SO4, of 1: 1: 1, 1: 1: 1.5, 
and kk2. These s e r i e s  showed minimum temperatures of 326, 90, and 350°C 
a t  s ix ,  four, and th ree  times, respectively,  the  concentration of solut ions 
i n i t i a l l y  0.025 - M i n  U O S O 4 .  

The heavy-liquid phase from a synthet ic  HRE-2 f u e l  solut ion was  found t o  
redissolve only slowly j u s t  below the immiscibil i ty temperature unless good 
mixing w a s  provided, The  rate of solut ion increased as the  temperature w a s  
lowered un t i l ,  f i na l ly ,  t he  in te r face  disappeared, It w a s  proposed t h a t  t he  
temperature of disappearance of t h e  in te r face  corresponded t o  the  minimal 
immiscibil i ty temperature of t he  multicomponent phase diagram of the  system. 
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Over-all s o l u b i l i t y  data  ai-e presented f o r  t he  system UO~J-CUO-N~O-SO~-H&, 
i t s  D@ mnlog, mid i ts  included four- and three-component system.. 
vious reports,  solubility data at 300°C at a fixed concentration of SO3, t h a t  
is, e i t h e r  a t  0.06 or 0.08 m SOJ, were presented. 
given f o r  s o l u b i l i t i e s  of t c e  so l id  phases 8 s  a fixnetion of So3 concentration 
from 0.01~ t o  0.5 m_. From these  over-al l  data, skeletal diagrams at f ixed SO3 
concentration can be constructed i n  order t o  specify so lub i l i t y  l imi te t ions  f o r  
HBT Rae1 compositions, 

In  pre- 

I n  t h i s  report, t he  data are 

The precise  measurement OP the  pI;r of inteusely radioactive solut ions using 
a glass  electrode i s  d i f f i c u l t  because of rail lation e f f ec t s  on glass. If the 
radioact ive solut ions a ~ e  diluted considerably aid the pH of the diluted solu- 
t i o n  ddeprmined, then perhaps the  e f f ec t  of radfation on the  electrode woula 
be reduced, The pH of d i lu t ions  o f  compositions approximating EFtT fuel solu- 
t i ons  m s  meamre&* These data  showed, t o  a close approxinlation, t h a t  a 
s lnhle  measuremcnl; o f  pE of the  ailuted, synthetic L E 2  fue l  solut ion could be 
relnked Lo the free-acid concentration of t he  undLluted solution; the method 
my be of po ten t i a l  use for determination of f r e e  D$Q, i n  HR fkel compositions. 

A previous obserwition on the e f f ec t  of hybraubic pressure on the  two- 
liquid-phase b o w d s y  temperature indicated t h a t  t h e  temperature-presswe @Q&- 
Picierat my be Lm-ge. In  order t o  es tab l i sh  an order of magnikuds for this 
e f fec t ,  exyloratory experiments were peLYamed on UO$O4 solutitms by seal ing 
a solut ion i n  a platinum tube, pressurizing tlnc tube snd contents En an auto- 
clave, and maintaining the tube above the usual two-liquid phase boundary tan- 
perature.  After  ~ ~ o l i n g  the  tube, rernoving the  pressure, and removing the tube 
from the autoclave, the contents were exmined to es tab l i sh  vhether biquld - 
l iquid inmisc ib i l i ty  had been eliminated, 
greatcs than I.g"C but less thm 8.7"C: per 1000 p s i  f o r  aqyeous UO$04 solutiraris 
approximating 1 i n  concentration. 

Results indicated At/bp values 

The e f f ec t  o f  the  mole ra t io ,  UO3/S03, on immiscibility tenrperatuses of 
0.02, 0.05, and 0.20 rn SO3 solutions was determined. As i n  the  previous stuay 
of  solut ions 0.1 3 inS03,  p lo ts  o f  temperature v s  the mole ratio, U O ~ / S O ~ ,  
gave approximately l i n e a r  re la t ionships  down t o  l a w  r a t io s .  
r a t i o s  the  UO3 canponent w a s  found t u  be soluble i n  the  supe rc r i t i ca l  f l u i d  
as exrpected. 

A t  even lower 

The previous invest igat ion af t he  system u ~ , - = P T & ~ - H ~  from 135 t o  3 0 0 " ~  
and from O.OOO25 t o  5 m - HNO3 wes extended by measurements at 25, 325, and 350°C 
from 0.005 t o  5 rn IUWS. 
mole rati.0, UO$&Cl3, at saturat ion was found t o  decreats:: from 0.6 t o  0.54 at 

Upon increasing the t m p e m t u r e  from 25 t o  350°C, the  

5 "1 mo3 fmm 1.2 t o  0.15 at 0.005 2 mo3. 

In two-liquid-phase cornposltiun s tudies  made by REED, a hcavy seeond- 
l iquid phase w a s  col lected from 0.034 M_ uOfi04, 0.0194 cV.S04, 0.0097 M NiSO4, 

6.52 sulfate ,  and less than 0.01 M acid.  If su l f a t e  equivalent t o  the  niekcl 
i s  subtracted from thc t o t a l  sulfate, the uranium, copper, and remaining SUI- 
f a t e  a re  i n  the  r a t i n  3: 1: 4 i n  tine heavy phase * 

0.0275; B S O 4  i n  D& at 325°C md shorn to be 4.56 U, 1-55 E CU, O.hi3 5 N i ,  

12. 2gLution Corrosion 

The c r i t i c a l  velocity for  cast toyye CD4MCu stdinless steel  w a s  shown bo be 
about the  stme as t h a t  f o r  cas t  type 311.7 s t a in l e s s  s t e e l  i n  0.04 n_UO&04, 0.025 
rn DS04, 0.02 m CuSO4 a t  25O"C. 
si;sinl.ess s t ee i  was 5 t o  10 tps higher than f o r  type 304 or 9 ~ 7  under the same 
condi tioils. 

The c r i t i ca l .  veloci ty  f o r  type 504 -4- O.$ 4% 
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13. Radiation Corrosion -- - 
Batch-type experiments were performed t o  study t h e  sorption of uranium on 

hydrous zirconium oxide from U O S O 4  solut ions at  25OOC. 
yielded qu i t e  reproducible data which indicate  the  dependence of sorption on 
uranium concentration i n  the  range 1 t o  70 g l l i t e r .  These data should serve 
as a base l i n e  f o r  a study of t he  e f f ec t s  of other  var iables  which m y  a f f e c t  
t h e  amount o r  nature of t he  sorption. 

Refined techniques 

14. Engineering --I- and Physical Propert ies  

The rheological cha rac t e r i s t i c s  of two suspensions of spherical  t ho r i a  
p a r t i c l e s  were determined f o r  comparison with e a r l i e r  r e s u l t s  on i r r egu la r ly  
c r y s t a l l i n e  ThO2. 
pared by flame calcination; t he  second contained 17- y-dia "standard slurry" 
spheres r e f i r ed  a t  12O0C. Assuming t h a t  suspensions of spheroids follow the  
cubic re la t ionship  between the  y ie ld  s t r e s s  and t h e  concentratlon observed 
previously with i r r egu la r ly  shaped material, t he  e f f ec t  of p a r t i c l e  d i m e t e r  
w a s  found t o  be independent of p a r t i c l e  shape. On the  other  hand, t h e  y i e ld  
s t r e s s  of suspensions of spheroids may be as low as one-tenth tha t  of sus- 
pensions of i r r egu la r ly  c r y s t a l l i n e  mater ia l  with the  same p a r t i c l e  size, 

One of t he  suspensions consisted of l,I+-p-dia p a r t i c l e s  pre- 

Previously determined laminar heat- t ransfer  coef f ic ien ts  were recorrelated 
using a recent ly  published theo re t i ca l  analysis;  the data  s c a t t e r  w a s  reduced 
t o  half  i ts  previous value. 

The e f f ec t s  of s l u r r y  ve loc i ty  ( 5 ,  10, and X) Q S )  and confining-metal 
surface ( s t a in l e s s  s t ee l ,  nickel,  and copper) on cake formation were inves t i -  
gated in t he  30-w loop a t  r (5"C w i t h  s l u r r i e s  composed of pa r t i c l e s  more 
r e s i s t a n t  t o  degradation than t h e  800"C-calcined Tho2 of earlier stufiies . 
Examination of the  metal surfaces a f t e r  114 hr of c i rcu la t ion  with a Tho2 - 
8% U 0 2  mater ia l  calcined at 10!50"C showed deposits covering most of t he  s t a in -  
less s t e e l  i n  the  intermediate-velocity sect ion and the  nickel. i n  t h e  high- 
ve loc i ty  zone; Lesser and th inner  deposits were seen on t h e  copper i n  a l l  
ve loc i ty  regions. The data appear t o  be reproducible. Circulation f o r  an 
addi t iona l  200 h r  i n  the  cleaned tube resu l ted  only i n  a very t h i n  f i lm i n  
t h e  low-velocity section. 
yieldled a t h i n  deposit  on the  s t a in l e s s  s t e e l  i n  the 5-fps section; no other  
deposi ts  were noted. 
region (all  n icke l  and copper p l a t ing  had been eroded) and about half  of t he  
10-fps sec t ion  (without surface preference) were covered with a very t h i n  
thorium oxide film. 
an t  materials seem t o  follow the  caking behavior of 8OO"~-calcined ThO2,  
ind ica t ing  t h a t  t he  film-forming mechanism is  the same as that previously 
proposed f o r  t he  8@"C-cakined Th02. 

Circulation of a 1600"C-calcined Tho2 f o r  100 h r  

A t  the  end of 300 hr of operation, t he  e n t i r e  20-Tps 

The deposit ion of f i lms by these more degradation-resist-  

15. Slurry I r rad ia t ion  Studies 

A Long-term i r r ad ia t ion  test  of 25-1.1 H o w b y  tho r i a  spheres containing O,5$ 
uranium was  begun. Out-of-pile measurements were made of t he  s o l u b i l i t i e s  of 
hydrogen and oxygen i n  s l u r r i e s .  
thor ia ,  but a t  250°C with s lu r ry  containing 1000 g of Th per kg of &Os the  
apparent s o l u b i l i t y  of oxygen w a s  approximately twice as great a% i n  pure water. 

Hydrogen w a s  not appreciably adsorbed by 
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16. Developncnt of Gas-Recombination Catalysts 
- I _ _ ~  .-I-..-- 

Gas-reconbination r a t e s  suf f ic ien t  t o  inaintain 0.4 and 1.2 w / m l  a t  2 8 0 ~ ~  
and 1.00 ps i  H 2  were obtained with palladium concentrations of 60 and 120 ppm, 
based on thoria ,  respectively.  The ca ta lys t  w a s  added as a suspension of Pd 
on Tho2 t o  a Tho2 - 85 U oxide s lu r ry  con-taining 100 g of Th per kg o f  H20, 
which w a s  pressurized with excess oxygen (200 p s i  a t  '26°C). In t he  absence 
of excess oxygen, the  r a t e  increased. slrnost a f ac to r  of 10. 

Modifications were made t o  the  continuous gas production - recombination 
apparatus t o  miniinize transfer of shrry i n t o  the condenser section. 

17. Sl.ur~-y Corrosion ...._.- 

Corrosion-erosion by D& s l u r r i e s  of experimental flame-calcined Tho,?, Th- 
U oxides, and Th-U-A1 oxides, as indicated by a t tack  ra-tes of type 3l-1'7 s t a in -  
l e s s  steel., titaniwn, Inconel, and Lircaloy-2, was found i n  toro id  screening 
t e s t a  t o  be about t he  same as t h a t  normally shown by sl-urries of Tho2 prepared 
by reg,~l.zr-prod.uction methods. 
aggressive than those of pure 'Tho2 o r  of 6% U/Th - 2% Al./Th preparations i n  an 
oxygen atmosphere. In  -tests using deuterium atmosphere, a t tack  by sl.urries of 
Th-IJ-A1 oxides WAS an average f ac to r  of 2 greater  thaz with sluri-ies of '6h-U 
oxides. 

S lu r r i e s  of 6$ U / T h  oxide were generally more 

I n  a dynamic loop tes t  a t  25OoC, using an  oxygenated s lu r ry  of flame-cal- 
cined mixed oxide ( 3 . $  U/Th, 1.6 Al/Th) a t  a concentration of 450 g of Th per 
kg of H20, a t tack  rgtes o f  s t a in l e s s  s tee ls ,  t i t a n i u m ,  .t;itanium alloys,  Zirea- 
10y-2~ and noble metals were 0.1 mpy or  Less a t  a veloci ty  of 20 f p s .  
fps, a t tack  r a t e s  ranged fi-om 0.2 t o  1.5 mpy. Rates of a l loy  s t e e l s  containing 
2 and YL chromium, carbon s tee l ,  PH 15-7 Mo s h i n l e s s  steel-, Inconel., and INOH- 
8 ranged from I t o  6 mpy at 20 fps, from 1 t o  1.1 mnpy a t  40 fps,  and were l ea s t  
a f fec ted  by changes i n  slimry flow veloci ty .  The aggressiveness of the  flame- 
calcined mater ia l  w a s  approximately ecpa'l. t o  that, of re&ar-production thor ia .  

At 40 

Attack by the s lu r ry  of 2.8$ U/Th oxide w a s  ap-proxiin%-tely a facLor of' 4 
grea ter  -than t h a t  of pure tho r i a  i n  trio loop t e s t s  which were made a t  comparable 
Lest conditions: 
of 2.8% U/Th oxide and of pure Tho2 (average diameters of 2.5 and 2.4 I-.? respec- 
t i v e l y ) .  The 1075"C-calcined Th-U oxide was degraded. (average di.ame'cer, 1.8 p )  
during 340 hr of c i rculat ion.  
degrade, Attack of types 3299 347, 17-7 I?H, 15-7 Mo R3, USS Corex, and Croloy- 
5 s t a i n k s s  steels, Zircaloy-2, titanium, and 'Ti-l3V, 11 C r ,  3 A l  a l loys ranged 
from G.1. .to 1 inpy, wibh the pure Tho? slurry flowing a t  20 fps .  
rates were 0.2 t o  1..4 iupy. 

250°C, -700 g of Th per kg of D$, using oxygenated s l u r r i e s  

The pure thoria,calcined a t  16oo0c, dtd not 

A t  40 fps, 

Metallographic examination o f  a sect ion fron the  suction port of a cas t  
Zircaloy-2 impell-er revealed a moderate increase i n  z frconiun hydride concen- 
t r a t i o n  over the  in t e r io r ,  extending t o  a depth of approximately 20 m i l s .  The 
impeller has  been i n  routine service f o r  2350 h r  i n  oxygenated s l u r r i e s  and 
980 hr i n  hydrogenated sJirrries . 

I r rad ia t ion  of cxperiment ~6s-151, the  f i r s t  t n e  347 s t a in l e s s  s t ee l  
autoclave e\iperiment conbaining s lu r ry  a t  2 8 0 " ~  i n  t he  HB--6 f a c i l i t y  of the 
LTTR, w a s  completed. "he autoclave, charged with an overpressure of oxygen? 
contained sl-ul-ry a t  a concentration of 1100 e; of Th per kg of DS, with 4.8 
wt 3 enriched uraniurn, based on thoriwii, ;la? 0.017 Pd added as a recombination 
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ca ta lys t .  
and 118 h r  in-pi le .  A t  an assumed f lux of 5.6 x 10* neutrons.cm‘2*sec-l i n  
t h e  f i l l y  inser ted  posit ion,  t h e  autoclave generated a fission-power densi ty  
of 7.2 w/ml a t  280°C. 
under i r r a d i a t i o n  between i n t e r n 1  and external autoclave thermocouples rose 
t o  a maximum of 61”c and w a s  41°C at  t h e  end of the experiment, whereas a dif-  
ference of 9°C  w a s  attributed t o  normal radiation-heating e f fec ts .  When t h e  
autoclave w a s  opened, t h e  probable cause of t h i s  e f f e c t  was indicated t o  be an 
accumulation of s l u r r y  found covering t h e  in te rna l  thermocouple i n  t h e  center  
of t h e  pin-rack assembly. A catalyst-performance index of 10 w/ml a t  100 p s i  
D2 was abserved i n  t h e  f i r s t  recombination experiment. Values subsequently 
ranged between 20 and 7.5 w/mb a t  100 psi D2.  
0,2 mpy w a s  observed f o r  the  1375 h r  a t  280°C.  
with increased time, 
radiat ion.  

This  experiment w a s  operated at  temperature f o r  257 h r  out-of-pile 

Over a period of about 200 br, temperature differences 

An over-al l  corrosion rate of 
Incremental rates fell s teadi ly  

A s l i g h t  increase i n  corrosion r a t e  was  observed under ir- 
Specimen data were consis tent  with data based on oxygen consumption. 

High corrosion r a t e s  were observed i n  two out-of-pile Zircaloy-2 autoclave 
experiments containing s l u r r y  a t  a concentration of 1200 g of ‘I% per kg of D& 
with 7.4 wt ’$ enriched uranium, based on thorium, and 0.021 m_ Pd. 
2 and type 54’7 s t a i n l e s s  steel. pins were attacked. 

Both Zircaloy- 

During continued out-of-pile test  operation of“ a prototype 5-gpn in-p i le  
s l u r r y  loop, over-al l  loop performance has been excellent.  
out-of-pile operation a t  280°C have been accumulated i n  t h e  loop c i rcu la t ing  a 
D@ s l u r r y  of thorium oxide containing 1/2 wt; $ uranium. 
concentration ranged from 200 t o  800 g of Th per kg of D$. 
w a s  observed after -‘TOO h r  o f  operation by deposit ion i n  t h e  loop core sect ion 
where t h e  s l u r r y  flow veloci ty  was only 2 t o  4 0 s .  
a ted  with t h e  par t ic le -s ize  degradation (from 1.9 t o  0.7 p i n  average diameter) 
observed during c i rcu la t ion .  
cated i n  toro id  t e s t s  when t h e  f i r i n g  temperature o f  t h e  thoria. w a s  increased 
from 1225 t o  i 5 O O ” C ,  and a quantity of 1500°C-calcined material. has been pre- 
pared f o r  t e s t i n g  i n  t h i s  loop. 
fabricated of bent piping t o  improve t h e  core f l o w  geometry and increase t h e  
flow veloci ty .  

Some 2500 h r  of 

Circulatj.ng-slurry 
Some loss  of thoria  

This loss may be assaci-  

Improvement i n  p a r t i c l e  i n t e g r i t y  has been indi-  

Also t o  be t e s t e d  i s  a redesigned core sect ion 

Studies of the k ine t ics  of recombination of D2 and 02 a t  280°C were made 
i n  t h e  ioop while c i rcu la t ing  s l u r r y  containing a palladium ca te lys t .  
p a l l a d i m  concentration of 180 rng per l i t e r  of c i rcu la t ing  slurrjr, c a t a l y t i c  
a c t i v i t i e s  ranged from 0.45 ( i n i t i a l l y )  t o  0.25 mole of Dz per l i t e r  per hour 
a t  a reference p a r t i a l  pressure of 100 p s i a  D2 during an operating period of 
240 hr .  
loop experiment 

At a 

Such recombination rates are adequate f o r  t h e  f i r s t  in-p i le  s lurry 

18. Thorium Oxide Preparatjon and Production 

Further tes ts  with t h e  j e t  abrasion tester have confirmed t h a t  it i s  
possible  t o  d i f f e r e n t i a t e  between a material t h a t  i s  e a s i l y  degraded and one 
t h a t  does not s ign i f icant ly  degrade. 
ftetcct m i l d  degradation. 

However, it was not found possible t o  

Mixed. oxides containing 3 a t .  $I uranium prepared by t h e  adsorption method 
can be f i red  t o  1200°C without s ign i f icant  increase i n  c l inker  f o m t i o n  i f  
held a t  1 0 0 0 ° C  f o r  4 h r  before increasing t o  1 2 0 0 ° C .  Mixed oxides containing 
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0.5 and 8$ uranium can be f i r e d  t o  1400°C with similar pretreatment, without 
s ign i f icant  increase i n  c l inkers .  Air-f i r ing caused greater  densif icat ion of 
mixed-oxide powd.ers than hydrogen-firing did.  

I n  the  preparation of thor ia  microspheres by tile method of forming t h o r i a  
s o l s  i n t o  beads i n  isopropyl alcohol, t h e  hi,p)aest densi t ies  were obtained when 
to-t;al water i n  t h e  forming and washing s teps  w a s  17$, but washing on a filter 
caused spheres t o  a&here t o  each other.  

Coprecipltation of aluminum with thorium oxalate by t h e  usual oxalate 
prec ip i ta t ion  technique was unsuccessful.. 

m m e  col lect ion of data for .the study of t h e  e f f e c t s  of fabr icat ion var i -  
ables  on the anisotropy of mechanical prope-hies and s t r a i n  i n  Zircaloy-2 vas 
completed-.. The Last portion of t h e  data i s  being analyzed and a f i n a l  report  
i s  being prepared. A determination of t h e  reproducibi l i ty  of t h e  values f o r  
y ie ld  and tensi.1.e strengths has resul ted i n  a value of 500 psi  for the  accuracy 
of cietemrination of any individual value. A more r e a l i s t i c  value of reproduci- 
bili-ty-, est-iiaattx% from an inspection of a l l  the data determined i n  t h e  study, 
is believed ta he 21200 psi .  Sheet-type t e n s i l e  specimens have shown yield 
streangtths 12,000 p s i  lower and tensile strengths 10,000 p s i  lower than have 
rouzlac1 specimens made from the same material for three l o t s  of material. The 
s t r a i n  and necking behavior of the sheet-type specimens w a s  consistent with 
t h e  e l l i p t i c i t y  o f  cross sect ion found i n  t h e  corresponding round specimens. 

Quenching temperature and quenching-rate s tudies  for  t h e  7,r-l5$ Nb a l l o y  
have shown t h a t  the incubation time at 400°C for omega-phase formation from 
re.t,a.ineli beta  phase i s  increased appreciably by lower quenching temperatures 
and slower quenching rates ,  unless t h e  quenching rate i s  so slow t h a t  appreci- 
ab le  amounts of omega phase a r e  formed during t h e  quench. 

A cont i i iu t ion  of a study of ZIrcaloy-2 hot pressing has shown t h a t  a 
la rge  f l a r e  can be formed i n  t he  w a l l  of a spherical  vessel  with only a small 
amount of t h i a o u t .  T h i s  tend;, t o  confiim t h e  f e a s i b i l i t y  of forming a f u l l -  
sca le  pipe-to-core-vessel t r a n s i t i o n  requiring a minimum of welding. 

20. Analytical Chemistry- 

A noi-iaipeoixs t i t r a t i o n  method w a s  devised for t h e  rapid determination of 
s u l f a t e  i n  solu2;ions containing cations which i n t e r f e r e  i n  conventional me*ihods 
f o r  sulfate. The s u l f a t e  i s  precipi ta ted with barium ace ta tc  i n  an ace t ic  acid 
medium, a f t e r  which excess barium acetate  i s  t i t r a t e d  potentiometrically.  

Free acid j X i  impure solutions of uranyl s u l f a t e  was success-fully t i t r a t e d  
conductornetrically. Iriterferencc of hydrolyzable cations i s  avoided by con- 
veAing Ynein to s l i g h t l y  dissociated f luoride salts o r  complexes. 

An instrument  f o r  measwing Low concentrations of oxygen i n  water was con- 
s t ruc ted  and tested, and vas I n s t a l l e d  ai; t'ne HEY. A reading of 0.035 ppni O2 
i n  the  rcactor steam condensattl. w a s  obtained v i t h  the  reactor  a t  9.4 Mw. 
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1. HRT OPERATIONS 

J. W. H i l l ,  Jr. S. E. B e a l l  P. JY. Haubenreich 
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l,1 R U r n O R  OPERATIONS 

During t h e  report  period, the  reac tor  operated continuously for 83 days 
and generated approximately 4200 Whr( th) ,  bringing the t o t a l  continuous opera- 
t i n g  time i n  run 21 t o  lo5 days and the  t o t a l  heat generation t o  5598 Mwhr. 
Most of t he  time during t h i s  report  period w a s  spent studying t h e  problem of 
f u e l  i n s t a b i l i t y  and means of preventing the  Ins t ab i l i t y .  
of f u e l  s t a b i l i t y ,  t he  reac tor  w a s  operated a t  5 Flw f o r  seven days with none 
of t he  usual  indicat ions of i n s t a b i l i t y  (i.e., loss of temperature o r  power 
disturbances).  
copper a c t i v i t y  as a ca t a lys t  f o r  D2-02 recombination i n  solut ion and (2) a 
study f o r  e f f ec t s  of possible  suspended so l ids  i n  the  core. 

I n  a demonstration 

Experimental time w a s  a l so  devoted t o  (1) determination of 

1.1.1 -_ S t a b i l i t y  Invest igat ions 

(a) Variation of System Pressure.--Studies previously performed and re -  
ported2 have shown t h a t  system pressure had a s t r i k i n g  e f f ec t  on the  s t a b i l i t y  
of t h e  reactor.  
operated a t  5 Mw at 1250 psig, but at  higher pressures i n s t a b i l i t i e s  were 
evident at lower power levels ;  at  1750 ps ig  ( the  highest  pressure investigated),  
t h e  threshold fo r  r e a c t i v i t y  loss  o r  power disturbances w a s  only 1.5 I@. 

There were no indicat ions of i n s t a b i l i t y  when t h e  reactor  

The great  var ia t ion  i n  t h e  f u e l  s t a b i l i t y  with pressure w a s  thought t o  be 
a r e su l t  of t he  re la t ionship  between t h e  solut ion boi l ing  temperature and the  
two-liquid-phase separation point.  ljIl order t o  accumulate data t o  subs tan t ia te  
t h i s  theory, experiments were conducted i n  which t h e  system pressure w a s  varied 
while operating at  a constant power level .  
cont ras t  t o  t he  procedure followed In previous s t a b i l i t y  experiments i n  which 
t h e  power w a s  varied while the  system pressure was held constant.) 

(Holding the  power constant w a s  i n  

The experiments were conducted a t  260Oc a t  power leve ls  of 3.5 and 5.0 Mw 
(excess-acid l e v e l  of 0.30 and 0.32 H S O 4 / S 0 4 ) .  
go as high as 1750 ps ig  before a s igni f icant  Loss of teqperature was apparent. 
However, small power disturbances (<5OO kw) s t a r t ed  occurring a t  1650 psig; 
it w a s  concluded t h a t  16000 psig was the  m a x i m u m  stable pressure a t  3.5 Mw f o r  

A t  3.5 Mw it was possible  t o  

3 
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t h i s  ac id  content. While operating a t  5 Mw, no rapid losses of r eac t iv i ty  were 
found a t  pressures as high as 1450 psig.  
occurred infrequentAy (up t o  one per  hour) a t  1.350 psig and higher pressures; 
s o  i t  was concluded that 1300 psig w a s  tine maximum pressure f o r  s t ab le  operation 
a t  5 P4w and 260°C. 

Small. power disturbances (<300 kw) 

It w a s  found t h a t  t he  pressure could be ra i sed  t o  take the  reactor  i n to  an 
unstable region and then reduced t o  a t t a i n  s t a b i l i t y  again, with no changes I n  
t h e  power l eve l  being necessary. 
re la t ionship  of temperature 8.iId pressure t o  heavy-liquid-phase formation. 

g c r e a s c  i n  Fxcess-Acid Level.--Since the two-liquid-phase fornabion 
temperature wzs affected by the  ac id i ty  of -ti?e or ig ina l  solut ion i n  laboratory 
experiments (see See. ll.l), t he  s t a b i l i t y  of the  reactor  would be expected to 
vary w i t h  acid content. To t e s t  t h i s  i n  the reactor,  t he  mount of excess acid 
i n  the fuel. solut ion was iiicyeased. 

The results were consis tent  with the  known 

(b) 

Sufficient, sulf'u-Pic acid (1'1.3 moles) was added t o  the  fuel solut ion t o  
r a i s e  t h e  excess-acid content; (R$G,/SO*) from 0.25 t o  0.35. A t  t he  higher 
ac id  content Lhe power threshold f o r  f u e l  i n s t a b i l i t y  was el-evated by approxi- 
mately 1 MJ. The r e su l t s  a r e  presented i n  Fig. 1.1. The cor re la t ion  of s t ab le  
power with ac id  l eve l  was d i f f i c u l t  because of t he  wide sca t t e r  (*5$) of the 
data.  ?urther:nore, the  excess a c i d  decreased with time, because of corrosion, 
making it diff i .cul t  t o  get a l l  the  data  needed a t  the  highest  acid levels .  

On several  occasions, temperature increases of 1 t o  3 ° C  were observed 
iLmcdiately a f t e r  ra i s ing  the  power t o  5 IW. Assuming t h a t  the increase 
misht be evidence of f u e l  deposit ion i n  a ni@e.i.-thzn-averap -eact ivi ty  
posit ion,  i; was decided t o  take a se r i e s  of fuel samples 2t times when the  
increase existed.  

The study w a s  in terrupted by a large increase i n  the  concentration of the  
blanket fue l  soliution. 
another hole i n  t h e  core w a l l )  between the  core and blanket, t he  reactor  w a s  
shut, down on January 22 f o r  aii inspection. 

Since t h i s  indicated greater  mixing (possibly through 

( e )  Variation of System Ternperature.--The ef fec t  of t eqwra tu re  was 
explored a t  each pressure investigated.  There was l i t t l e  or no ef fec t  on 

. .- .- 

reac tor  s t s i i i l i ty -  between 240 ana-2.75" C . 
(d)  Increase ......... ... I i n  02 Concentx?t%.--The effec-t of excess oxygen concen- 

t r a t i o n  w a s  explored by increasing the 02 input; to the reactor  :nore than two- 
f o l d .  above the tiopmal. There was no apparent e f fec t  on the  pressure threshold 
f o r  i n s t a b i l i t y  at  5 Mw. 

1.1.2 Study for Suspended Sol-ids 
-__^ - ............... .... 

I n  an experiment t o  determine the  e f f ec t s  of suspended sol ids ,  t he  blanket 
and core c i rcu la t ing  r a t e s  were varied t o  l e s s  than half  the  noma1 flow with- 
ou-'i ariy iiidication t h a t  suspended so l ids  a r e  present i n  quant i t ies  suf f ic ien t  
t o  a f f ec t  reac t iv i ty .  

I. 1.3 Operat i ons  Analysis -__ ....... .__ 

( a )  -. Internal Recornbination. --ELxperi.nents were conducted a t  various tm-. ...................... 
peratures  and pressures t o  nieasure threshold poTiiers €or  bubble letdown. 
r e su l t s  a r c  presented i n  Fig- 1.2- The "predicted" curves a r e  base& Gn a 

The 
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specific rate constant f o r  copper 2.5 times tha t  determined i n  early operation 
of t he  HRT and. i n  out-of-pile edqerirnents. The experimental points on Fig. 1.2 
r e r e  obtxiined by slowly raising the  pover a t  t he  chosen ternperatme and pressure 
un t i l  bubble I.etdcwn w a s  indicated by the  letTom-valve position controller and 
by an increase i n  f u e l  dump-tank pressure. 
recombiner was completely ineffective znd never showed any sipp o f  activity.  

The primary low-pressure ca ta ly t ic  
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These meas-mements indicate  t h a t  t h e  c s b l y t i e  ac.t i.v:ity of t h e  solut ion 
i s  over twice as great as troulit be expected from e a r l i e r  axperbents .  
possib1.e ex@.anatlion is  that t h e  ca ta lys t  a c t i v j t y  i s  nor~nal- and t h e  G value, 
01- radiolyt ic  yrield, on3.y 0.4 of n o m ] - . )  

(Another 

The agreement betweea t h e  predicted and experimental. threshold powers 
indicated t h a t  t h e  solution rate constant varied with tutqerature  and copper 
concentral;Fon as expected and w a s  not affected by power l e v e l  ( radiat ion in-  
t e n s i t y )  . Inc~essed  a c i d i t y  lowered t h e  cata7.ys.i; ac t iv i ty ,  i n  qua l i ta t ive  
agreenent with out-of-pile experiments. 

(b) Analysis . .. ....._..___ of Small  ....._. ~ _-.. Power Oscil lations.  --Further investigations were 

Sensitive, high-speed chart  records 
made i n t o  t h e  character of t h e  s n ? a l l s c i l l a t i o n s  i n  neutron l e v e l  which appear 
whenever t h e  IWl' i s  opera-ted a'c power.3 
of neutron level,  which had been t&ea during mi 20 under a variety of opera- 
Ling conditions, were mislyzed. 

A quant l ta t ive measure of t h e  "roughnesstt of t h e  puver w a s  obtained. by 
taking Amany cntxecutive 0.4-sec interva1.s acid coinput;ing t h e  standard deviation 
of the power. The standa.rd deviation w a s  found t o  increase with t h e  squ.ara of  
t h e  avei*a.gc power, rangtrLg froiii 10 kw ~ t ;  2 Yw t o  about 50 kw a t  5 ?&re 
was no s ignif icant  e f fec t  of pressure on roughness, but standard deviatLons 
at temperatures around 240°C were s l i g h t l y  less than at. 260°C. 

There 
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The frequency spectrum of  the  power osc i l l a t ions  w a s  determined for 
severa l  operating conditions by the  auto-correlation technique, h t  each con- 
d i t i o n  the  s p e c t m  exhibited a s ingle  s t rong resonance. 
quency varied with power level ,  ranging from 0.08 t o  0.13 cps. When the  
reac tor  was operating with a detectable  amount of uranium out of c i rculat ion,  
t h e  pover spectrum resonance broadened and sh i f t ed  t o  lower frequencies. 

The resonant f r e -  

The freqaency spectrum of t h e  power depends on the  s p e c t m  of the  input 

The resonance i n  the  power spectrum is believed t o  be 
noise and the  reactor  t r ans fe r  function, ne i ther  of which can be determined 
separately i n  the  IBT. 
influenced mainly by resonance i n  the  t r a n s f e r  function ra ther  than i n  the  
noise. 

The reactor  t r m s f e r  fumt ion  depends on the  reactor  configuration and 
physical. propert ies  of the  reac tor  materials. 
were calculated from a s e t  of equations describing the  system. In  these 
ecpations, a dens i ty- reac t iv i ty  feedback was  incorporated. It w a s  possible,  
by proper choice of values for t he  compressibil i ty o f  t he  core f lu id ,  t o  
obtain t r a n s f e r  fhnctions with cha rac t e r i s t i c s  very similar t o  t h e  observed 
power spectra ,  The compressibil i ty required t o  obtain s imi l a r i t y  w a s  about 
50 times the  Compressibility of l iquid--or what m i g h t  reasonably be expected 
Eor a f l u i d  containing a small amount of vapor o r  gas. 
compressibil i ty (or  mount of gas) s h i f t s  t he  resonance t o  lower frequencies. 

Transfer functions f o r  the  BET 

Increasing the  

Analysis of t he  power osc i l l a t ions  w i l l  be extended t o  a greater  number 
of cases t o  obtain fu r the r  ins ight  i n t o  the  conditions i n  the  reactor.  

1 1 . 4  Epipment P r o b l E  --__ 
In  general, equipment perfommce has been exceptionally good during the  

period. D i f f i cu l t i e s  encountered s ince run 21 startecl were: 

(a) Eedvater System.--During the  shutdown preceding run 21, the s t roke 
on the  blanket heat exchanger feedwater control  valve (LW-546) was  adjusted 
during rout ine t e s t i n g  of the reactor  steam system. 
October g) ,  i t  was found t h a t  t he  Cv of t h i s  valve l imited the  maximum reac tor  
power l e v e l  t o  <3.5 E4w. 
valve plug and increase the  C, almast threefold.  

Early i n  the  run (on 

Operation was interrupted for one day t o  replace the  

(b) Fuel Feed bp . - -Ea; r ly  i n  the  run (October 22), the  diaphragm of the  
f u e l  feed. e~%p fa i led ,  leaking radioactive l i qu id  i n t o  the  intermediate system 
of the  puap. 
reac tor  operation. 
previously for 19,000 h r  i n  a pump t e s t  r i g )  has been used s ince  t h a t  time 
without d i f f  i cu l ty .  

The damaged head w a s  i so la ted  by i c e  plugs without i n t e m p t i n g  
The second (spare)  pumping bead (which had been operated 

( c )  Core Circuhting-Pump Circu i t .  --Core c i r c u h t i o n  w a s  interrupted fox. 
a few hours on Octo6er 24 by the  burnout of a transformer i n  the  core c i rcu-  
lating-pump e l e c t r i c a l  c i r c u i t .  

(a)  -__ Pressurizer  I?ur-.--Late i n  November the re  was a decrease i n  the  
_ownping r a t e  o€' the diaphragm pwnp tha t  purges the  f u e l  pressurizer .  
clirficu3.ty appesre-l t o  be caused by check-valve leakage and was overcane by 
i n s t a l l i n g  a ras te r -ac t ing  pump &rive uni t .  Since the  dr ive  u n i t  is i n  an 
accessible  area, there  w a s  no interrupt ion i n  reac tor  operation. 

The 



8 

( e )  Leak of Steam Valve.--On January 22, reactor steam w a s  observed t o  
be escaping thz-ough.the packing of a condensate retiirn valve. 
valve i s  R par% of t h e  secondary- containment, it w a s  decided t h a t  the yeactor 
should be shut down t o  permit repair. This coinc-i.dcd w i t h  plans t o  s top 
paver generstion so  t h a t  the change i n  core-to-blanket mixing rate could be 

Since t h i s  

stu(liea 



2. HRT PROCESSING PLANT 

W. D. Burch 0. 0. Yarbro 

2.1 I€YDRXLOm SYSTEM OPERATION IN RUN 21 

The multiple-hydroclone system was operated during the i n i t i a l  86 h r  of 
reactor  run 21  (chemical plant  run 21-21) and removed 81 g of corrosion-product 
so l ids  from t h e  reactor  system. 
f a c t o r  of 5 below t h e  removal rate observed during a cmparable period of run 
20. 
reactor  run a f t e r  accumulated so l ids  were Flushed from t h e  multiclone underflow 
pot. The purpose of run 21-22 w a s  t o  measure t h e  removal r a t e  after t h e  circu- 
l a t i n g  so l ids  concentration had reached nominal equilibrium. The so l ids  re- 
moval. r a t e  of 0.21 g/hr, observed i n  324 h r  of multiclone operation, i s  a 
f a c t o r  of 2.5 t o  3 below t h e  equilibrium r a t e  f o r  t h e  multiclone system Indi- 
cated by runs 20-15 and 20-16 and is  3@ below t h e  equilibrium removal rate 
observed i n  reactor  runs 16 through 18 for the  single-hydroelone system. The 
reduced removal rate i s  a t t r i b u t e d  t o  some unknown malf'unction of t h e  hydroclone 
sys t e m  . 

The so l ids  removal rate (0.95 g/hr) is a 

me chemical plant  w a s  put on-stream (run 21-22) at t h e  9 0 t h  hour of t h e  

The composition of so l ids  removed by the  chemical plant  during run 21 
averaged 5% Z r ,  14% Fe, 4.5% C r ,  and 2.8$ T i .  
rosion-product so l ids  w a s  0.10 and 0.25 i n  runs 20-21 and 21-22, respectively.  
The increased zirconium content of so l ids  removed by t h e  chemical p lan t  indi-  
ca tes  addi t iona l  corrosion of approximately 1 t o  3 kg of zirconium through t h e  
first 1200 h r  of run 21. 

The r a t i o  of uranium t o  cor- 

During t h e  last 1400 h r  of run 21, solids col lected i n  t h e  multiclone were 
not fed continuously t o  t h e  chemical p lan t  but; were allowed t o  reach an equi- 
librium leve l ,  
n o m 1  operation.) After reac tor  operation ceased, t h e  so l ids  remaining i n  the  
multiclone underflow receiver were circulated t o  t h e  chemical p lan t  hydroclone. 
Results of t h e  dissolut ion indicated a removal of 36 g of corrosion products, 
containing 53% Z r .  
was 0.08. 

(A bypass i n  the  multiclone limits t h e  buildup of so l ids  i n  

The r a t i o  of uranium t o  corrosion products i n  t h e  so l ids  

2.2 MEA,SUPEMENT OF xel35 POISON FRACTION 

The xenon poison f rac t ion  w a s  measured d i r e c t l y  i n  one period of operation 
a t  5 Mtr. A f t e r  th ree  days of operation a t  constant parer, a large sample of 
off-gas w a s  routed t o  a spare charcoal bed and, a f t e r  decay of Xe133, t h e  stable 
isotopes were analyzed by mass-spectrographic techniques for the  r a t i o  of Xe136 
t o  Xel$ .  
addi t iona l  Xe136 resu l t ing  from neutron capture by Xel35 could be measured. 

From the knobm d i r e c t  f i s s i o n  y ie ld  of these two isotopes, t h e  

9 
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By use o f  Katcoff's y ie ld  dataY1 t h e  poisonimg vas calculated t o  be 0.96;%, with 
a standard deviation o f  0.05%. 
f ract ion,  which depends on bhe accuracy of t h e  y ie ld  data, m y  be no betber 
than +O.l5$. 

The absohmtc? accuracy o f  the  calculated poison 

T h i s  value compares with an expected poison leve l  of over 2$ base? on in- 
forrmtion which indicated t h a t  lo$ o f  the iodine and. 25$ of the xenon i n  t h e  
reactor  high-pressure system c i rcu la tes  with the fuel. soI.ution.* Attempts t o  
estimate t h e  magnitude of xenon poisoning by observinz t h e  t rans ien t  c r i t i c a l  
temperature following a, period o f  constant hi&-power operation were incon- 
clusive, but appeared not  inconsistent with poisoning o f  1%. 
explanation of the  disci-cpancy appears t o  be t h a t  tile e a r l i e r  estimates of 
iodine holdup i n  t h e  high-pressure system were too  h i e .  

m e  only l o g i c a l  



3. HRT ENGIJ!JXEFCCEG DEVELOPMEW 

I. Spiewak W. R. G a l l  F. N. Peebles M. I. Lundin 

. 

R. B1.mberg E. C. H i s e  P. P. Holz 
C. H. Gabbard J. E. Jones, Jr. 

3.1 CIRCULATING-PUMP TESTS UNDER ADVERSE FLOW CONDITION& 

The pump to r tu re  r i g  was constructed t o  invest igate  the  cause and correc- 
t i o n  of the t i tanium inrpeller f i r e s  which have occurred i n  the  HRT and i n  t e s t  
loops. The Byron-Jackson 50-gpm pump used i n  the loop w a s  f i t t e d  with wear 
rings of titanium, Zircaloy, and s t a in l e s s  s t e e l ,  and pu t  through the following 
t e s t  schedule. 

1. Normal operation with oxygenated water a t  25OoC and 
1000 p s i  

48 hr  

2. Operation with oxygen-saturated water a t  250°C and 48 h r  
1000 psi 

Cavitation run a t  250°C and 577 p s i  (5  t o  10% decrease 
i n  pwnp power) 

Operation with the  loop ha l f - fu l l  of water a t  250°C 
and l25O-psi oxygen pressure 

Operation as an oFje;en blower a t  25OoC and 1-250 p s i  

3 .  48 h r  

4. 48 h r  

5. 

A s e t  of t i tanium wear rings w i t h  0.040-Tn. (0.020 in .  i s  normal) wear-ring 

48 h r  

clearance and no contact w a s  run through the  t e s t  schedule with no damage. 
s e t  of s t a in l e s s  s t e e l  wear r ings  with 0.010-in. clearance and rubbing contact 
w a s  run through p a r t s  1, 4, and 5 with no damage. 

A 

A s e t  of Zircal-oy wear r ings  wi.th 0.010-in. clearance and rubbing contact 
ign i ted  a t  the conclusion of the second run through the  tes t  schedule. Ign i t ion  
occu.rred during the  cool-down cycle a f t e r  completing the  t e s t  schedule. The 
loop had cooled t o  72oC and the  oxygen pressure had dropped t o  ‘797 p s i a  when the 
wear r ings ignited.  Figure 3.1 shows the  f resh  scoring on the Zircaloy wear 
r ings  a f t e r  the f i r s t  run. The same r ings were used i n  the second run with 
s l i g h t l y  heavier contact provided by increased bearing clearance. 
shows the impeller and d i f fuse r  a f t e r  a l l  the Zi.rcaloy and a s izable  quant i ty  of 
s t a in l e s s  s t e e l  had been burned. 

Figure 3.2 

Testifig of t i tanium near r ings with 0.010-in. clearance i s  i n  progress. 

11 
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U NCLASSl FIE D 

Fig. 3.1. Zircaloy Wear Rings Scored During Test  with Rubbing Contact. 
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U NCL ASSIF I €  D 
PHOTO 35237 

3.2.1 

2 3 4 5  

Fig. 3.2. Pump Impeller and Diffuser After Ignition of Zircaloy Wear Rings. 

3.2 REMOTE MAINTENANCE 

Modification of the HRT Core' 

A motion picture was completed showing the detailed operation of each HRT 
core-modification tool, both on a bench and in the core-maintenance mockup. 
Developmental reports and detailed operating procedures for each tool were 
issued. 

A universal periscope manipulator for use with the various optical core- 
inspection devices was designed, constructed, and tested. It provides gear- 
driven elevation and smooth rotation of periscopes in viewing position. 

3.2.2 ~ r y  -Maintenance Facility 

A simplified shielding assembly for use in HRT maintenance was designed in 
cooperation with the Design Section. 
design reported previously,3,4 is a temporary replacement for a roof plug and 
should permit many operations to be performed without flooding the reactor cell 
with water. 

This assembly (see Fig. 3.3) ,  based on a 

The assembly has four basic components: slide, modules, frame, and track. 

1. The slide is 10 ft 10 in. long by 2 ft 8 in. wide and consists of three 
layers of 3-1/2-in.-thick plate for a total thickness of 10-112 in. of steel. 
A circular cutout near one end accommodates an eccentric plug, several of which 
are provided for different tool openings. 
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UNCLASSIFIED 
ORNL-LR-DWG 46005 

wJ -L\ y ECCENTRIC MODULE 

&, y HOLE FOR EXISTING PLUGS 

- 

LIGHT HOLES 

MOTOR DRIVE’ ROLLER ’ \\\ 

Fig. 3.3. HRT Dry-Maintenance Shield. 

2. The modules are addi t ional  short  sect ions of s l i d e  which can be added 
t o  the main s l i d e  t o  allow posit ioning of t o o l  holes i n  t h e  s l i d e  above t h e  
desired work area. 
coordinate-positioning of the  t o o l  holes. 

One module will contain a rotating plug t o  allow two- 

3. The frame i s  a support f o r  the  s l ide .  After it is i n s t a l l e d  over a 
lower roof plug, t h e  s l i d e  i s  removed t o  one side,  the roof plug i s  removed, and 
the  s l i d e  i s  returned t o  pos i t ion  over the opening t o  provide shielding f o r  per- 
sonnel. A three-quarter-horsepower motor - gear-box combination mounted on the 
frame moves the  s l i d e  through a rack and pinion arrangement. The rate of t r a v e l  
i s  about 1.33 fpm. 

4. The t rack  i s  an extension which can be mounted a t  e i t h e r  end of the  
frame and on which t h e  s l i d e  and modules move on r o l l e r  supports. 

A s  many as eleven 150-w l i g h t i n g  f i x t u r e s  may be mounted i n  the plugs pro- 
vided i n  the  s l i d e  and modules f o r  i l lumination of the  work area. The work 
holes a r e  designed t o  accommodate t o o l s  now avai lable .  
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I+ .  HRT DESIGN 

W. 3. G a l l  M. I. Lundin 

C. A.  Burchsted 
J. E. Jones 
3. C. Robertson 

4 + 1 CONTIENSATE FETURN : COFZC-'l?O-BWKET SYSTEM 

Since the formation of a hole i n  the  wall. of the H3T core tank (April 1958)) 
.the blanket region of the reactor  has been kept (3iluted w i t h  a g-lb/min purge 
of condensate which i s  transferred. continuously from the f u e l  condensate tanks 
t o  the blanket feed pu.mp. Unfortunately, any f u e l  solut ion which reaches the 
blanket 6ump tanks by samgling o r  leakage through valves rermins i n  the dump 
tanks and. must be emptied i n  batches every day o r  two. 

A design w a s  prepired f o r  a new l i n e  ( l i ne  1081) i o  d iver t  condensate flow 
from the  present blanket t r ans fe r  valve ( H C V - 4 3 4 )  t o  the top of the  blanket 
dump tariks (see Fig. 4 .1) .  
t inuously from t h y  dump tanks and thus prevent an accu-nulation of f u e l  there .  

It w i l l  permit the blanket feed pumps t o  pump con- 

4.2 RIAiCII LUTES FOR STEAM-SYSTEM BIDCK VALYES 

In -the event of a leak from the  tube s ide  t o  the s h e l l  side of a main heat 
exchanger, radioactive steam could escape the biological  shielding i f  the  t-wo 
s e t s  of steam valves (block and t h r o t t l i n g )  located downstream of the steam 
drums do not shut of€  flow coxpletely.' 
turbine and heat-dump coolers, all close i f  the  radiat ion mon.i.tors detect  
a c t i v i t y  i n  the steam-drim p i t  and i n i t i a t e  a dump of the reactor .  New l i n e s  
(see Fig. 4 .2 )  were aaded t o  bleed the space between the  block and steam-control 
valves. Each l i n e  i s  f i t t e d  w i t h  an air-operated valve which id11 open on 
detection of radiat ion i n  the steam-drum p i t  and, i n  the event of leakage of 
the  nain block valves, w i l l  thus vent the leakage s t e m  t o  the reactor  ce l l .  

These valves, i n  the  l i n e s  t o  the  

1. E. 13. Gift ,  D_etennina-tlon of Maximum Permissible Leakage from the iIRT 
LPt-ocess Steam.-.SXstF., OKI'JL CF-59-1-143 (Jan. 30, 1959). 
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UNCLASSIFIED 
ORNL-LR-DWG 46007 

T D C V  6520 A A N D  B 

FUEL STEAM DRUM 

S T t b M  B L O C K  

Bl..ANKET S i t A M  DRUM 

7 3  C E L L  

F R C M  FUEL HEAT E X C H A N G E R  

C R O L l  3 L A h K E T  HEAT EXChANGER'  

Fig.  4-2. Schematic of Installation o f  Steam-System Bleed Lines.  



5. HRT CONTROLS AND INSTF3J3ENTATION 

H. L. Moore 

A. M. Billings J. R. Brown 
P. G. Herzdon 

5.1.1. Fuel-Feed Flowmeter 

Shop tests of the Laub Electrocaloric (heat balance) flowmeter revealed 
that the fluctuations in indicated flow rate, observed during operation of this 
instrument in the €ET mockup,’ were inherent characteristics of the instrument 
and were not due to flow pulsation. These fluctuations were determined to be 
oscillations within the feedback loop resulting from a large distance-velocity 
lag which is present at low flow rates. These oscillations could be eliminated 
by increasing the damping of the instrument; however, the instrument would have 
a response time of 3 to 5 min for a range of 0,1 t o  0.5 gpm. 
at low flows could be obtained by redesign of the flow sensing element; however, 
this would involve a reduction in the inside diameter of the pipe and a result- 
ant increase in pressure drop across the element. 

Faster response 

Investigation of the Laub Electrocaloric flowmeter has been discontinued 
because considerable design, development, and testing would be required before 
it could be considered acceptable for use in the measurement of the HRT 
fuel-feed flow, and because magnetic-type flowmeters appear to offer greater 
promise of successful development. 

As reported in Sec. 9.1.2, the feasibility of constructing an aluminum- 
oxide-lined flowmeter for use in Tho2 slurry at 300°c is being investigated. 
This program will be extended to include 100°C, 5OO-psi, u02SO4 applications, 
such as the HRT fuel-feed flow measurement. 

5.1.2 Remote Viewing Equipment 

2 3 were repeated 
by using a Wollensak 1-in. f/2.5 nonbrowning lens. The camera was exposed to 
3.9 x lo5 r/hr of gamma radiation produced by C060 slugs in the canal at the 
ONE Graphite Reactor. The only effect observed was a gradual loss of sensi- 
tivity vhich was compensated by adjustment of the target control. The duration 
of the test +ms 248.5 hr, and the total integrated dosage was 9.6 x 107 r. 
At the end o€ the test t‘ne target control had been advanced to its maximum 
position, and there was slight LOSS in resolution of the picture. 

Radiation tests 09 the Dage 2-in.-dia television camera 
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Inspection of the cnmers, after i.emoval and decontamination, showed that 
the loss of sensitivity was due primnrily to browning of the Vidicon tube and 
the lamp bulbs. Comparison tests of tho lens indicated that the light trans- 
mission of the lens hs?d been reduced by only 6$. 
14% of the loss of sensitivity WRS due to browning of the lamp bulbs which 
supplied illumination for the test pattern. 
tivity was apparently due to loss of Vidicon sensitivity; replacement o f  the 
Vidicori restored the original sensiiivity of the equipment. The loss of Vidicon 
sensitivity is believed to have been caused by browning of the glass on the 
Vidicon face plate, and the tube has been shipped to the Dage Television 
Phctory for study. TITO additional Vidicon tubes have been exposed to lo8 r 
of gemma radiation. 'these tubcc, which irere pretested, will be returned to Dage 
Television for testing. 

Further tests showed that 

The remaining 80s loss in s e n s j -  

5 .%.I Radiation Monitors .......... ____ 

'lko Eberline model. RM-2 radiation monitors were installed in the 7500 &ea 
to give better coverage of the radiation monitoring for personnel ha.zards. One 
ui1i.t is located near the waste evaporator, and the other between the chemistry 
1.nboratory and the reactor steam condenser. There are audible and visual alarms 
in 2ach area. 

5.2.2 ___-.. Steam-SysLem Revision? 

Field revisions were madc to the XRi control systcn to pertnit operation of 
the turbine r r i i f l  reactor steam. This portion of the systeiri had been inoperative 
since the start of one-wgioii operation. 11. new pressure controller was in- 
s t d l i e d ,  and ninor revisions to the electrical control circuitry were made. 
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6. REACTOR ANALYSIS 

P. R. Kasten 

M. L. Tobias T. l3. Fowler 

6.1 TWO-DIMENSIONAL REACTOR CALCULATIONS 

An IBM-704 code (Equipoise) for  the  solut ion of two-group, two-dimensional, 
neutron-diff'usion equations i n  cylindrical. geometry w a s  constructed using FORTRAN. 
I n  i t s  present form, the  code can t r e a t  problems involving a rmximum of 625 mesh 
points (including boundary points) .  Material placement may be completely arbi-  
t r a ry .  
A combination of t h e  "extrapolated Liebmann" method' and the  "Aitken-b2" process2 
i s  used t o  speed convergence. Machine running times and the  required number of  
i t e r a t i o n s  have been equal t o  o r  orten l e s s  than those required by similar pro- 
grams. 
convergence) i n  4.5 min and required Machine times 
axe roughly proportional to the  number of mesh points  used. 
t a t e s  the  writ ing of programs which u t i l i z e  two-dimensional calcul  a t '  ions as 
subroutines. 

l ? e  i t e r a t i v e  procedure used i s  simpler than others  current ly  i n  use. 

A typ ica l  200-point case converged t o  the c r i t i c a l  eigenvalue (pointwise 
sweeps through the  mesh. 

This code Pac i l i -  

REFEREXCES 

1. S .  P. Ftrankel, Mathematical Tables and Other Aids t o  Computation, vul. IV,  
p 65-75, National Research Council, Washington, D. C., 19w. 

2. A. S. Householder, Pr inciples  of Numerical Analysis, p 126-28, McGraw-Hill, 
New York, 1953, 
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7. DEVELOPMF2SI OF FUEL- AND SLURH-SYSTEM COi'WOPLEWS 

I. Spievak F. Pi. Peebl-es 

C .  H. Gabbard C .  G. Lawson 8. R. Payne 
H. A. Barmaford J. C.  Moyers M. Xichardson 
E. C .  Hise R.  P. Wichner 

'(. 1 .1 23-cfm Allis-Cnalmers Blower 

,3 t e s t  t o  malclate the  20-cfm canced-motor blower f o r  pumpiw a stearn-gas 
mixtilre a t  1500 p s i  was terminated by an e l e c t r i c a l  f a i l u r e  of tkie s t a t o r , l  
d f t e r  10,744 h r  of blower operation. 

The blower w a s  disassembl.ed t o  investi.gate the fail-ure. One of t he  s t a t o r  
slots had apparently shorted t o  ground, burning throdgh- tire motor cooling c o i l  
and i n i t i a t i n g  a water leak j ~ n t o  the  s t a to r .  'The cause of the e l e c t r i c a l  shor t  
I s  undetermined. AlthoiLgh t h e  blower i s  repairable ,  the r epa i r  w i l l  not be 
undertaken a t  thi  s time. 

i . l . 2  S ta tor  i r r ad fa t ion  Test I___. 

The insu la t ion- tes t  s t a to r ,  i r r ad ia t ed  ir  a Co60 soi;.rce t o  de%ermj ne the 
1-i.fe expectancy of a typical. canned niotor, Tailed a f t e r  approximately 
5.4 x 109 rads.  
loca t ion  and nature of the fa i l l i re  i s  uncertain. .Arther t p s t s  a r e  planned t o  
d-termjne i f  the faS~lure i s  actual.ly within the  s t a t o r  and i.f Lhe f a i l u r e  was 
caused by leakage sf rnoist,dre in to  the s t a to r .  

Al.tho;lgh the  measured resls tance t o  ground i s  1j0,OOO ohms, the 

It i s  conclded  from the t e s t  t h a t  pump motors i n  agueo'& homogeneous 
reactor  service have the cagdbi l i ty  of st.rvice l i f e  well i n  excess of t en  yzars,  
assuming proper functioning of the  shaf t  seal. 

7 . 2  FEED PUl4PS 

i .2.1 Oxygen Comprcs ;or  ....-...__I_. 

Testicg of a Three-stag- diaphragri cornpres:;or, designed to recycle radio- 
Ycti.ve oxygen, WBS coritiniicd. The licit was shut down a f t e r  a eof,al of '(56 hi' of 
operatiioc, fix t o  a ; i ird-stage d.l'.aphragi f a i lu re .  The faj  I l x c  was caui.ed by 
f r u g n e n t s  of t" ..e a.rlve-line f i l - te r ,  wkich had x q t u r e d .  The filter and ai -  
sphra,m wcrc rep]-aced, and operati.on was rcslned. 'The compressor w a s  again shut  
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down a f t e r  192 hr ,  following another third-s tage diaphragm fa i lu re .  Fai lure  
again occurred a t  a s m 2 l l  dent. A de ta i led  study of possible  correct ive 
measi.ires w i l l  be made p r i o r  t o  the reassembly of the  uni t .  

7.2.2 Increased-Capacity Solution P q s  

Endurance t e s t i n g  of feed-pump heads (10-3/4-ine double diaphragm and 12-in. 
s ingle  diaphragm) w a s  in terrupted due t o  thorium oxide contamination of the t e s t  
loop as a r e s u l t  of a sl.urry s p i l l  from some nearby equipment. The loop w a s  
cleaned and operation resumed. The two heads have now operated f o r  t o t a l s  of 
12,611 and. 7,991 hr ,  respectively.  

7.2.3 Slurry Feed Pump S 

Successful i n j ec t ion  of t ho r i a  s l u r r i e s  i n to  a 1500-psi system over a 
period of 6200 h r  w a s  reported previously.2 Following examination of tne duplex 
diaphragw. pump, the remote-leg head w a s  reassenbled with a new dlaphragm and the 
single-contour head with i t s  or ig ina l  diaphragm. The feed pimps have sirice 
operated €or 1700 h r ,  bri.Lging the  t o t a l  t o  7900 hr .  

A repor t  of slurry feed-pump development w a s  prepared. 3 

'7.3 SLURRY LOW-PRESSURF: SYSTEM 

Punping of s m a l l  flows of s lu r ry  has been d i f f i c u l t  because of the tendency 
t o  so l id s  t o  drop out i n  low-velocity l ines ;  therefore ,  simple low-pressure 

s e t  up t o  t e s t  various methods of coupling the feed tank and the 
pump syster was 

Toe s lu r ry  low-pressure system was operated f i rs t  with a simple incl ined 
b-ft-long pump suction 7 i ne. 
of a t  l e a s t  a spec i f ic  gravi ty of 2.0 and a t  a temperature of llO°C could he 
pumpcd readi ly  from thc  flat-bottom storage tank. 
alone wzs not, providing adequate s lu r ry  suspension i n  the tank, so a tangential  
s t e m  j e t  w a s  added near the  bottom of t'ne tank. 

it w a s  determined t h a t  8000C-fired tho r i a  s lu r ry  

It appeared tha t  heating 

Tne suction l i n e  w a s  then changed t o  what i s  considered the  minimum con- 
venient suction l i n e  for the 3OO-SPI system (see See. 8.3). 
about 2 f t  of pipe incl ined upward from t'ne bottom center  of t he  tank a t  a 45O 
anele out through tne wall, a 5 - f t  cooler section, 1 f t  of f l ex ib l e  pipe, a 
purge connection, a valve, and the suction check-valve yoke, tota1.i ng approxi- 
mately 10 f t  of 1/2-in.  pipe.  
4 f t  above the  bottom of t'ne tank. 
pump s o  coupled t o  a supply tank can empty the tank of a s lu r ry  of spec i f ic  
grasrity of at l e a s t  2.0 a t  temperatures up t o  110~~.  

This cons is t s  of 

The suction check valves a re  plaecd approximately 
Operation of t h i s  u n i t  indicated that, a feed 

Posi t ive suction head was required f o r  the pump t o  function, and was pro- 
vided i n  t h i s  system by heating the s lurry.  Sa t i s fac tory  operation of the 
system required purging the suction l i n e  with condensate beTore and a f t e r  each 
feeding operaLion. 

The flat-bottom tank, which w a s  used because it w a s  avai lable ,  i s  not 
rccommended beczusc of the obvious d i f f i c u l t y  of draining soli ds completcly. 
However, the  suctjon l ir ie w'ciich runs upward from the  bottom of tnc tank and 
out tlnrouglri the  wall w a s  deinoqstratd i n  both f la t -  and conical-bottom tank:, 
t o  be l i t t l e  subject  t o  plugging and eas i ly  cleared when plugged. 
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;1.4 SLiiliRY VALVES 

7.4.1 Check Valves 

A set  of American Lava Rlsimag 614 a l u a i n m  oxide check-valve t r i m  has been 
on test i n  the  s lu r ry  feed-pump t e s t  loop f o r  l ' ( 0 O  hr .  Pump performance gives 
no indicat ion of valve deter iorat ion.  

'[.4-.2 Letdown Chokes 

The 1-lo-ft-long, 0.125-in.--ID r e s t r i c t o r  tube has been i n  service i n  the  
s l u r r y  feed-pump loop f o r  ' (000 hr.  Periodic weighings of one sect ion have shown 
no weight l o s s .  

7.4.3 Shutoff .. _ _  Valves 

A 1 /2- in . ,  normally closed, high-pressure shutoff valve uti l izi-ng Al2O3 
t r i m  vas comtructed and was i-nstalled bctweeii the hieh-  and low-przssx-e 
sys t em of the slurry feed-p7x1p t e s t  loop. It i s  t e s t ed  by opening against  an  
average syst,e.n pressore of' 1200 psi-, re leasing about a l i t o r  of s lur ry .  7 t  
then closes  against  l i t t i e  pressure different ia l .  but  with fiiII.1. pump output flow- 
ing through i t  . 

T'hc t r i m  i s  i f 1  t r ip  form of a ].-in. ball xnd seat of the  type used i n  feed- 
pump chcck valves. The f r ee  bs11 i s  seated by system pressure and unseated by 
the  bellows-sealed operaLor stem t rave l ing  through t he  sea t  openi ng. The val-ve 
has been on t e s t  f o r  l ( O 0  h r  and has been operaied 101 timcn. A conventional 
valve with type l 7 - ' L  PH s t a in l e s s  steel trim f a i l e d  a f i e r  (2 h r  and 20 operations 
i n  the  ident ical  service.  

7.5 HEAT EXCHANGER ms'r FACILITY 

Fa.brication of ihe t e s t  heat  excha:;gc-r--, was coritirizpd a t  Griscom-Runsell 
C ompa riy . 

F(.6.1 Cylindrical  Core with Swirl.ing FLOW ----- 
A method which shows pronise f o r  maintainin2 a core-tank w d l  a t  a tenpera- 

t u r e  near +he core- inlet  terperat(n-e involves tire s t ab i l i z ing  influence of 
swirling motion within a cyl indrical  vessel  t o  keep t'ne cooler f l u i d  flowing 
near tile wa1.l.. 'The f l u i d  i s  introduced through swj.yl-generat,or vanes a t  the  
periphery i n  the top of the vessel ,  flows downward along the wal.l., tu rns  a t  the 
bottom of the vessel ,  and i.s removed through a cen t r a l  ou t l e t  a t  the top. Dye- 
in jec t ion  t e s t s  conducted on a 5-in. - d ~ i a  cy l indr ica l  vessel5 employing t h i s  
pr inc ip le  showed t h a t  a hemispherical- bottom w i l  l j-nduce a bourdary flow t h a t  
hugs the  en t i r e  vessel- w a l l .  The t e s t s  a l so  showed t h a t  there  i s  a r ad ia l ly  
inward flow from the bourdaly-flow s t ~ e a n  t o  the  l n t e r i o r  of the  vessel.. 

A 2-ft-dia., 6-ft-long model of a cy l indr ica l  core vessel  i s  being con- 
s t ruc ted  which will. bn used .to obtain hydrody-naniie data  required t o  ca lcu la te  the 
temperature d is t r ibu t ion  withi.ii the  core. These data  include the  three-  
dimensional ve1oci:t;y d i s t r ibu t ion .  k sketch of t h e  2- by 6 - f t  core model i s  



shown i n  Fig. 7.1. 
down the core w a l l ,  makes a 180° turn, and i s  removed a t  the  top polar  ou t l e t  
pipe. A port ion of Lhe f l u i d  (up t o  10% of the  t o t a l  flow) may be withdraim 
from the bottom bypass i f  ii i s  rcquirrd t o  vent thc forced vortex generated 
along the  vessel  axis .  Tnere a r e  28 probe s t a t ions  a t  which the  velocity and 
flow d i rec t ion  w i l l  be measured. Visual observations w i l l  be made with t u f t s  
of s t r i n s  suspended i n  the vessel.  

The i n l e t  flow, .,+,hich i s  swirled 45O by 40 varies, proceeds 

I f  the flow behavior i s  similar t o  tha t  observed i n  the 5-in. model, it m y  
be possible  t o  operate a cy l indr ica l  core with swirling flow a t  power dens i t ies  
grea te r  than 100 kw/liter without cooling the core w a l l  in te rna l ly .  

7.6.2 Cylindrical  Core with Straight-Through Flow I 

Gal-cula-tions were made t o  estimz-t;e the temperature d i s t r ibu t ion  tha t  would 
e x i s t  i n  a cy l indr ica l  core !-I- f t  i n  diameter by 12 f t  long  operating a t  320 Mw 
(thernml) with a hO°C (104'F) mean temperature r i s e  from i n l e t  t o  out le t .  The 
flow is s t r a igh t  through, and t'ne veloci ty  aiid eddy d i f fus iv i ty  d is t r ibu t ions  
used were those t h a t  would e x i s t  i n  a 4-f t -dia  pipe f a r  downstream Prom the 
entrance. The power d i s t r ibu t ion  was the  same as would ex i s t  with the core con- 
ta ining approxiiilately 2 g of  U233 as U02SO4 per  l i t e r  of @O and surrounded by 
a 2-f t - thick ThO2-D;iO b l ad -e t  having a concentrattori of 1000 g of Th per  l i t e r  
and 3 g of U233 per  kg of Th. 

Figure r(.2 shows the axial  temperature r i s c  across the core as calculated 
f o r  two cases:  c a w  1 includes radjal  diffusion arid a x i a l  convection; case 11 
includes only ax ia l  convection. The wall boundary coridition f o r  both these 
cases i s  zero heat  flow i n t o  the  f l u i d  a t  the wall. The comparison of these 
cases shows t h a t  the  e f f e c t  of diffusion i s  t o  increase the te ,npra ture  rise o€ 
the  ambient f l u i d  near the core wall. a t  the ou t l e t  about 15% above the tempera- 
t u re  r i s e  calculated f o r  the case with no diffusion. 

Figure 7 .3  i s  a p l o t  showing t'ne heat-removal r a t e s  i n  B-tu/ft2.hr required 
t o  es tab l i sh  a w a l l  temperature varying from 250°C (Jh82'F) a t  1,iie i n l e t  t o  
260Oc (500OF) a t  the  out le t .  The heat  i s  conducted across a 1./4-i.n.-thick w a l l  
of Zircaloy and absorbed by va te r  fSowi.ng j ~ n  a coolant channel between the core 
aiid blanket.  Curve I represents the heat f l ux  du.e t o  ganm heatj-ng of the core 
w a l l ,  curve II represents the  heat  f l u x  removed from the  core f iu id ,  and 
curve I11 represents 't,he io ta1  heat flux. Figure 7.4 shows the r ad ia l  tempera- 
t u re  drup across l2ie Zircaloy w a l l  vs iht. distance E.rom tine i n l e t  along the core 
w a l l ;  the  temperatiire drop plo-tted i s  tha t  required t o  maintain the heat  f l u x  
distri.bu-Lion shoim i n  Fig. 7.3. The thermal stress resu l t ing  f r o i n  the maximum 
radial. -temperatiire drop i s  about 5000 ps i .  

Tnese calculat ions suggest t h a t  the straight-through cylindrical-core 
conccpt i s  feas ib le  f o r  a core operating at 100 kwl l i te r  ( t o t a l  power/core 
volume) i f  core-wall coolins i s  provided. 
maintain the core wall a t  less than 260°C (500"l') can be reduced by increasing 
t h e  a x i a l  veloci ty  of the f l u i d s  near the w a l l .  lFdi t ional  calciilaLions will be 
inade t o  invest igate  t h i s  poss ib i l i t y .  

The high cooling r a t e s  required t o  

7.6.3 Slurry Bl.anket Vessel 

Preliminsry t e s t s  of models were car r ied  out t o  es tab l i sh  the feasibil.i .ty 

The blanket i s  t o  be a cy l indr ica l  annulus 
of a bl.ainket-vessel concept for a c i rcu la t ing  s lurry blanket of  a Lwo-region 
38O-Mw (.therlnal) breeder reactor .6  
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2 ft thick by 16 f t  long surrounding a cy l indr ica l  core 4 f t  i n  diameter by 
12 fl; long. The i n l e t  and out?.et s lu r ry  n o z z k s  a r e  concentrl.c arid a t  the  
bottom of the blanket vessel .  Tiie slurry,  a t  a concentration o.f 1000 g of Th 
per  l i t e r  of slurry, flows i n t o  the vessel  al; a r a t e  of 15,000 am. The i n l e t  
s lu r ry  flows through an annular j e t  pump and then through a 6-in.-tiiick regioxi 
witinin the shroud which surrounds the  core vessel. The Zircaloy shroud provides 
f o r  ordered, high-velocity s lu r ry  flow i n  the v i c in i ty  of the core wall, and Yle 
j e t  pump amplifies the  primary s lu r ry  flow by inducing flow f rom the  outer  
reZion of the blanket.  Suf f ic ien t  s lu r ry  recirculat ioi i  i s  expected t o  give a 
t o t a l  i n t e rna l  flow r a t e  of  2-1,/2 t o  3 times the primary s lu r ry  throughput of 
1j,000 a m .  Figure 7.5 shows sciicrmtically t'ne blanket vessel  and flow concept. 
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Several two-dimensional models were b u i l t  and tes ted ,  each incorporating 
The tests were some modification of the jet-pump and shroud configuration, 

qua l i t a t ive  and consisted mainly of locat ing and attempting t o  eliminate s tag-  
nation regions, through the  use of f1.0~ v isua l iza t ion  techniques1 Based OII the 
bes t  design from these models, a geometrically scaled, 25-gpm, three-dimen:;iorlal 
p l a s t i c  model of the 8- by 16-f t  blanket vessel  w a s  constructed. Tests w i l l  be 
car r ied  out t o  de-termine the blanket flow behav:i.or, veloci ty  d is t r ibu t ion ,  arid 
extent of turbulence within the blanket region. 

7.6.4 Reactor-Vessel k s i g n  

Tlie preliminary mechanical design w a s  completed f o r  the  pressure vessel  and 
core f o r  a 380-Mw (thermal) two-reglion breeder reac tor  having a s lu r ry  blanket 
and solut ion core. The general  arrangeruent is shown i n  Fig. '7.6. The 4- by 
12-€t  cy l indr ica l  core i s  surrounded by a 2-f t - thick s lur ry  blanket.  
cooling, which may be necessary t o  maintain the inner core-wal.1. surface below 
approximately 26OoC (500°F), i s  provided by c i~rcula t ing  a cooled stream of l&O 
through an anniil.ar gap be-tween the double core walls. Tne core i s  surrounded 
by a shroud which forms E 6-in.-thick annular passage f o r  the upflowing sluriy. 
The incoming s lur ry ,  by act ing as the  driving f l u i d  through a jet-pump a-rratige- 
ment a t  the botitom of the shroud, induces a f l o w  through the shroud which con- 
s is ts  of two p a r t s  rec i rcu la ted  slurry and one p a r t  i n l e t  s lur ry .  This three-  
fo ld  arrpl i f icat ion of  i n l e t - s lu r ry  flow r a t e  w i l l  a id  i n  maintaining a uniform 
s lu r ry  concentration i n  the blanket vessel.. 

Core-wall 

The core i s  of the  annular- inlet ,  polar-out le t  type w i t h  swirling ?low 
s i m i l a r  t o  t h a t  described i n  Sec. 7.6.1. 
evenly i n  the annular i n l e t  t:y a double-volute d i s t r ibu to r .  The blanket,  a 
modified polar - in le t ,  annular-outlet  type, i s  provided with a single-volute 
discharge co l lec tor  t o  provide an even flow d i s t r ibu t ion  i n  the out1 e t ,  thereby 
r .educi rg  any tendency for channeling. 

The incoming f u e l  i s  d is t r ibu ted  

"he core ta-dk and shroud a r e  replaceable as a u-nit. -4 t r ans i t i on  j o i n t  
-which can be remotely disassembled and reassembled i s  provided a t  the top of the 
core. A s l i p  j o i n t  j.s provided between the s lurry i n l e t  pipe and the ,jet-pump 
nozz1.e t o  pennit  withdrawal of the core tank assembly from tne lower port ion of 
the pressure vessel  arid t o  allow d i f f e r e n t i a l  thermal expansion &..wing oper- 
a-t-iori. Clamp-ring joiri ts  a r e  provided i n  t'ne coo1.ant inlet  l i n e  and the  core 
drain l i n e .  

7.6. j Pressure-Vessel Tnerial  S t ress  

Calculations were made t o  determine the thc?rml s t r e s s  due t o  nuclear 
heating i n  the  pressure-vessel wa.11. It w a s  found. t n a t  a thermal sh ie ld  i s  riot 
required t o  keep the  s t r e s s  below the allowable l i m i t .  Table 7.1 summarizes 
the  r e s u l t s  for pressure vessels having w a l l  -Lhi.cknesses of 5.5 t o  10 in .  

Thermal s t r e s ses  i n  ac tua l  prac t ice  can be reduced subs tan t ia l ly  below those 
cal.cul.ated here by permitt ing some beat l o s s  from the vessel .  

'7.6.6 

The t ab le  indi.cates t h a t  a 6.5-in. or  grea te r  wall thickness i s  acceptable. 

Core Vessel. and Transit ion Jo in t  

Tm two l/h-i.n.-t'nick w a l l s  of  the core vessel  a r e  separated by longi-  
tudinal. o r  s p i r a l  r Lbs which foiiii 1/8-in. - w i d e  coolant passages. 
which a r e  in t eg ra l  w-i-th Yne -inner w a l l  and. bonded t o  the outer w a l l ,  strengthen 
the vessel., maintain the concentr ic i ty ,  and d i r e c t  the  coolant flow. 

'These ribs, 
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Table 7 .1  Summary of Pressure-Vessel Stresses  

- -- - ---- 
Vessel thickness, i n .  5.5 6.5 7.5 8.5 10 

19,640 16,810 ih,'j.30 13,160 11,370 

All.owab1e thermal s t r e s s ,  PSI. .b 10,360 13,1.90 1.5,~3'70 iC,&ro 18,630 

a 
Pressure stress, psi 

Cal-ciilateii thennal s t r e s s  with 
vessel  insulated,  p s i  11,120 12?47O 13,630 14,531 i6,cyl& 

Outside surface cooling .requ j. red 300 0 0 0 0 
t o  :reduce s t r e s s  t o  allotmble 
limit, Btu/f t2-hr  

"In accordance w.i~-th Pa-. UG-27, Scc. VIII, ASbE Boiler and Pressure Vessel Code, 
with a design pressure of 2000 ps i .  

blUlowing pressure s t r e s s  p1.m thermal s t r e s s  t o  equal 1 . 5  times the allowable 
desigii s t r e s s  a s  pem-itted by MbE Boiler and Pressure Vessel Code I n t e q r e -  
t a t i o n  Case 12-(3N, par. (2)(al.loTm.ble design s t r e s s  of 20,000 p s i ,  as Cor 
SA 302, Grade B) .  

Toe ribs, sized and spaced so that  t he  s'cresscs i n  them and i n  thc  s h e 1 . l ~  
near them are r e l a t ive ly  sm21.1, give the vessel. approximately the sane 
s t rength against  collapsing from a n  ex-territzl. pressure as that; of a 5/8-in. - thick 
 soli^ d she l l .  
having a cross  sect ion of 0.125 by 0.1.40 i n .  and spaced loo apart ,  wil.1. with- 
starid a collapsing pressure d i f f e r e n t i a l  of 50 ps i .  The allowable pressure 
dj-fferent ia l  f o r  a 5/8-in. - thick solid-bral.1. vessel  a t  500°F, c,-il.cul.ated u s h g  
ASME Boiler and Pressure Vessel Code-type charts and safety Factors based on 
Zircaloy-2 propert ies ,7  i s  33 p s i .  
increase the strength of the double-wa1.l. vessel. 

T.he z i r c  onium-alloy vessel., c o r i  s t r u e  t ed wi til longi  t i d i  na.l r i b s  

Spiral.irig Lhe r i b s  w i l l  substanti~ally 

The traiisiti on J o i n t  between the C O I ' ~  vessel and the pressure-vessel. head 
u t i l i z e s  two concentric, lairiiriated, cy l indr ica l  gaskets of high-strength 

t h e  annulus between the  cy1.i nd.rica1. gaskets t o  t'ne coolant o u t l e t  iiianifol.d. A 
pressure r ing and loading screws provide tiie gasket seal ing load. The l.oading 
screws a r e  held by a r ing having interrupted lugs around -its circumference which 
in te r lock  with lugs i n  the  pressure-vessel head. 
seal ing surfaces of -the jo in t .  

t : j  . -La i l~-um - . alloy. The core-m.11 cool-ant leaving the core vessel. passes through 

Gold f o i l  i s  u.s& between the 

7.6.7 Core-Wall Coo~.ing 

Axial temperature d is t r ibu t ions  were calculated for tlne inner core-wal.1. 
surface, the fue l  i n  the  4-i.n.-thick annulus adjacent t o  the wall and. Lhrough 
which the inconing fue l  i s  assumed t o  flow, arid tlie in lxrna l  coolant. The 
rc:ciil.ts are shown i n  Fig. 7.7. A coolant f l o w  of 300 gpni, with an  inlkt ,  tem- 
perature  of 183OC (361O~) a n d  with entry a t  ti-le boitom of t h c  core-tank wal.l., 
vas found t o  maintain the fuel-s ide wal.1. temperature equal to or  less  than 
;26l0C ( 5 0 2 O E ' )  and -to give a coolant outl.et temperatiire equ-al t o  the f-023. i n l e t  
tc:mperature of 250°C (h82°F). 
d-iffe:reiice between tine f u e l  i n l e t  and the coo1.ant. o u t l e t  i n  order t o  prevent 
hi.gh t h e m i d  s t r e s ses  i n  the t r ans i t i on  jo in t .  Tile calculat ions considered the  
effect:; of heat t r ans fe r  across the core w a l l ,  tiie r e c i r c d a t i o n  of h o t  fuel- 

It i s  necessary t o  l i m i t  the  temperature 



5 1 0  

490 

470 

450 - 
L L  
I 

111 
E 
3 
$, 430 
(L 
IJJ 
a 
I 
111 

410 

390 

370 

350 

36 

UNCLASSIFIED 
ORNL-LR-DWG 460f4 

AVERAGE F U E L  T E M P E R A T U R E  IN 4 - ln  Ar\lNIII.US A L O N G  

0 

Fig. 7.7. 

WALL 

TEMPERATURE ( F U E  
~~ 

I 

2 0  40 GO 00 100 4 20 440 160 180 2 0 0  
DISTANCE ALONG CORE TANK (In. F R O M  TOP) 

Calculated Temperatures of Fuel, Interior Core \$'all, and Internal Coolant for 380-Mw 
(Thermal) Reactor; Corc w ~ t h  Swirling Re-eqiruni F l o ~ .  

i n t o  the annixlar. reZion from t hP  cen te r  of the core, and the heat generat ion in 
the fuel, core kalls, and coolant. 
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8. DEVELOPI4EHT OF REACTOR SL[JBHY SYSTEE 
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P. H. Harley 

L. F. Parsly 
A. N. Smith 

8.1 CIHCULATII’?G-SLUKHYY EXPER1IVIE)IL”I’S 

The 200A, 200B, and 50A sl.urry loops a r e  operated t o  inves t iga te  the high- 
temperatlire engineering properl;j.es of thor ia  s lu r r i e s ,  and t o  provide a bas l s  
f o r  improving the  specif icat ions ~ o : K *  oxide p:t‘oduction and f o r  slurry-handling 
components. Important cha rac t e r i s t i c s  being s-tudied incl.ude rheology, long-.term 
oxide s t a b i l i t y ,  a t t ack  r a t e  on components, heat  t r ans fe r  coeff ic ients ,  and 
s e t t l i n g .  

8.1.1 200A Loop Operation 

Run 21A, current ly  i n  progyess i n  the 2 0 0 A  loop, was designed t o  inves t i -  
gate  the homogeneity or“ a tho r i a  sllurry flowing i n  a horizontal  3-in. pipe a t  
high teqperature.  
rzy densitometer f o r  continuous indi-cation of s lu r ry  density, aria of various 
samp1.e configurations.  
d-igested mater ia l  having a mean partic1.e s i ze  of 1.7 p. 

Secondary objectives of the  r u n  are t e s t s  of an O’hmart gamma- 

The oxide being c i rcu la ted  i s  an aOOoC-fired, long- 

Indicat ions of inhomogeneity a r e  obtained by measuring the  r e l a t ive  t rans-  
mission, a t  various conditions of ?low,  concentration, and temperature, of a 
col..7.irriated beam of g a m  rays passed horizontal ly  through the loop pipe.  I-. 
use of an elevator,  -the vertical .  pos i t ion  of the beam i s  varied and the pipe i s  
scanned from top t o  bottom. The attenuated-ray in t ens i ty  i s  indicated by a 
decimal s ca l e r  and recorder. This equipment i.s shown i n  Fig. 8.1. I n  mi1 21R, 
a 160-mill icurie C 0 6 0  source i s  used as a gariuna supply, and the elevator  w a s  
ca l ibra ted  t o  permit a reading of the average count r a t e  a t  selected,  repro- 
ducible posi t ions.  

By 

Pipe scans a r e  being obtained a t  concentrations of 300, 600, 800, and 
1003 g of Th per  l i t e r  a t  l i n e a r  ve loc i t ies  of 2.’7 t o  12.5 fps  and a t  240, 2‘00, 
and 280°C. 
ment has been cal-ibrated s a t i s f a c t o r i l y  with water. 

The data  w i l l  be analyzed quant i ta t ively a f t e r  the  scanning equip- 

Operati on of the O h r n a r t  gamrna-ray densitoineter appears t o  be sa t i s fac tory .  
Tnis insirument corisis-ts of J. 5-curie Cs137 source and an O h m a r t  nifil-type 
detector  c e l l  coupled w i t h  a Eeckman micromicroanmeter and a Brown recorder. 
The instrument i s  being ca l ibra ted  wiYn reference t o  sample concentratioas 
during the run. 
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Fig. 8.1. Gamma-Ray Attenuation Equipment Used to Determine Slurry concentration in 3-in. Pipe 
During Run 21A. 



8.1.2 200B Loop, Kun 3B 

Run 3, f o r  the purpose of measuring t h e  high-temperature heat, t ransfer  and 
rheological behavior o f  a mixed U-Th oxide containing 8% uranium, vas s t a r t e d  i n  
t h e  2OOB loop during the  previous quarter.2 
cake on the heat  t ransfer  surface, Yne loop was shut down, the  cake was examined, 
and the  loop w a s  then reassembled. Attempts t o  r e s t a r t  the  loop Were a t  f i r s t  
unsuccessful because of the  formation of a dense s e t t l e d  bed which plugged the  
lower port ion of a 16-ft v e r t i c a l  run  of 3-in. pipe (Fig. 8.2). A d i f f e r e n t i a l  
hydraulic pressure of 1600 p s i  w a s  required t o  move the  bed, but  the bed merely 
found a more s tab le  posi t ion.  The plugged port ion of the loop piping was d is -  
mantled, and the  dense bed w a s  physically removed. The density of Lne sludge 
was 3.9 g/cc. 

Following the buildup of a s o f t  

Examination revealed it t o  be d i l a t a n t .  

The loop was reassembled, the s l u r r y  w a s  replaced, and run 33 w a s  continued. 
The heat-transfer-disk data did not indicate  the  presence of a cake or  f i l m  
during the  following 500 hr .  
operation, and the s lur ry  was removed without fur ther  occurrence of plugging. 

The run was termimted a f t e r  a t o t a l  of 1410 h r  of 

It was concluded from the run t h a t  the  mixed oxide containing 8% uranium, 
f i r e d  to 1050°C, was not sa t i s fac tory  from the standpoirlt of  phgging.  
tendency t o  form a f i lm on the  heat- t ransfer  d j s k  was a l s o  undesirable. 

8.1.3 200B Loop, Run 4B 

I t s  

A s  a r e s u l t  of the  caking and plugging experience with the  run-3B SI-urry, 
it w a s  desired t o  demonstrate t h a t  similar misfortunes would not occur with a 
properly prepared pure thoria .  
of 3B except with a 1600~C-fired thor ia  having an average p a r t i c l e  s ize  of 1.7 p. 

Accordingly, run  4B was scheduled a s  a duplicate 

UNCLASSIFIED 
ORNL-LR-OWG 35941A 

,2 in. ,  
SCt iED 160 SCHED 50 SCHED EO 

T R A N S F E R  
METER 

APPROX 2f1, !-- \' 
DENSITY BRIDGE \ 

~ 3 i n .  , 
SCHED 160 

/ S L U R R Y  
' PLUG 

.. ,.. , S C H E D  160 
{VENTU H I 

Fig. 8.2. Flowsheet of the 200B Loop Showing Location of Slurry Plug After Run 38. 
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;Sft,er 190 h r  of slurry c i rcu la t ion  a t  2'(5OC, the  1 . 0 0 ~  was permitted t o  cool 
afid s e t t l e .  No cake had formed 011 the  heat t ransfer  surface.  After several  
days, the s lu r ry  sett led-bed height i~n the  vertical .  3-in. l e g  indicated a 
settl-ed-bed concentration of 2000 g of Tho2 pe r  l i t e r .  
weeks, whi7.e the  heat  meter w a s  being renovated and thc piping w a s  subjected t o  
t ce  vibra-tion which accompanies maintenance work, the  s lu r ry  i n  the 3-in. 
ver t ica l  l e g  flowed i n t o  the horizontal  piping under i t s  own weight. This 
s e t t l e d  bed w a s  quickly resuspended when the  pump was s ta r ted .  

During tioe next two 

F o l l o w i x  t h i s  t e s t ,  tne  loop has been opersted a t  275OC wi:th a concen- 
t r a t i o n  of 820 g of 9302 per  l i t e r ,  and heat  t r ans fe r  coef f ic ien is  and high- 
temperature rheo1ogica.l p roper t ies  are being measixed. 

6.1.4 5 0 ~  LOOP -. 

Construction and shakedown of the  50A loop (Fig. 8 .3)  were completed during 

The loop 
the  quarter .  I n  t h i s  loop, S5-hp Byron-Jackson canned-motor pmp i s  used to 
circuSate f l u i d  through the  3.-1./2-in. sched-80 piping aA about 12 fps .  
enables observation of s lu r ry  behavior with a 1 0 - l i t e r  charge. 

UNCLASSIFIED 
ORNL-LR-DWC 45015 

i 

\ 4 ~n S C d E C  80 _i 1 

Fig. 8.3. 504 Slurry Loop. 
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Run fj0A-1 i s  being made t o  measure the propert ies  of t h i s  sl-urry du.r,irig 
pumping under both oxidi.zing arid red-[icing conditi-ons. 
with a 16OO0C-fired th0ri.a bavi.ng an ave:rage p a r t i c l e  s i ze  of 3.6 p, t o  a book 
concentration of 1000 g of Tho2 per  l i t e r .  
mechanical loop performance was excel lent ,  and an average loop-corrosion r a t e  
of 2.4 mpy w a s  observed. 

Tkie loop w a s  charged 

During the F i r s t  300 hr  of .the mn, 

8.2 PHOPEll'i'IES OF SLURRY SETTLE3 BEDS 

8.2.1 Dilatancy Tests 

A s  a r e s u l t  of the  plug which f o r m 4  i n  the  2OOB-loop piping rolloriing 
operations with U-Th mixed oxide (see See .  8.1.2), laboratory exceri.ments were 
performed t u  inves t iga te  the problem and t o  determine whether there  a r e  mer;hods 
for preventing such occurrences. 

Examtna.t.i.on of the  200B sludge showed t'nat it, had charac te r i s t ics  typ ica l  
of di la tan- t  materials ( i . e . ,  mater-isls which show increased v iscos i ty  as shear 
s t r e s s  i s  increased).  For example, i t  re s i s t ed  the sudden shearing act.i.oi1 of a 
spatula  and appeared t o  dry adjacent t o  a point  where pressure was applLed. A t  
the same time, the  mater ia l  possessed. a yie1.d value high enough t o  prevent flow 
a t  low shear s t r e s s ,  'Plus -the plug mater ia l  could be characteri.zed as a d i l a -  
taxit p l a s t i c .  

I n  suspensions of several  types of mater ia ls  it has been foiund that ,  the 
appearance of dilataiicy ris r e s t r i c t e d  t o  voluie €ractioii so1id.s of 0.38 t o  
0.45, and also, dilatancv appears most pronoiinced when t h e  p a r t i c l e s  a r e  in t'ne 
s i ze  range of 1 . 5  t o  5 pTrefs* 3 ~ ~ ) .  It was possible t o  reproduce the di la ta i i t  
behavior of the 8$ IJ mixed oxide i n  the laboratory by coriceiiLratiilg a simpension 
of the r a t e r i a l  t o  the appropriate high volume fract.j.on sokids. Centrifugation, 
cliemical dispersion and sett l- ing,  and p a r t i a l  drying on daitp b l o t t e r  psper a l l  
produced d.i.l.ataiit p l a s t i c  masses of tiiis slurry of il.erisity 3.9 g / c c .  

The volume f r ac t ion  solids a t  t h i s  derisity can on1.y be estiiilated, siiice the 
p a r t i c l e  densi.ty i s  unknown. However, a reasonab3.e sol-id spec i f ic  gravi ty  of 
'7.5 t o  8.0 would y ie ld  a volume €ract.i.on so l ids  of 0.375 t o  0.40, which i s  i n  
the  range des5.gnated previollsly. 

Samples of 15 s lu r r i e s ,  representing a wide range of types, were concen- 
t r a t e d  by three  methods: centr i fugat ion,  dispersLon, and pa r t i a l  dry ing .  The 
resu l t ing  ult imate concentrations a r c  shown i n  Table 8.1. 
mazerials were examined arid compared. 

The compacted 

it w a s  found t h a t  t w o  types of c l a s s i f i ca t ions  could be made by inser t ing  
a 1/4-in. g lass  rod i n t o  the compacted m a s s  i n  the  centr i fuge cup. 
slddges permitted easj  er  perietratioa of the g lass  rod than others.  
sludges, a f t e r  penetrat ion by the glass rod, r e s i s t ed  the  removal of the glass 
rod more than others .  

Certain 
Certain 

I t  was a l s o  found t h a t  two types of c l a s s i i i ca i ions  could bc made by 
cxami ning the compacted masses on damp b l o t t e r  paper: sorile slurry massccs siiorred 
cbzrac te r ia t i  c dilatancy ( loss  of surface water upon s tressiiig); some s lu r ry  
masses drained water faster than others.  

The tabulat ion of s l u r r i e s  (Table 8.1) includes Yne r e s u l t s  of  the  above 
t e s t ing ,  of necessi ty  qual-i. tat j.ve. Tne following conclusions appear j u s t i  f i e d  : 

1. Dilatancy i s  a very common property of dense -thoria sediments. 
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2. Lack of di la tancy i s  associated with re ten t ion  of water, which may be 
due t o  a hydrophilic p a r t i c l e  surrace or t o  a broad par t ic le -s ize  
d is t r ibu t ion .  

The 8% U mixed oxide, which formed the  plug i n  the 2005 loop, w a s  the  
most d i l a t a n t  material tes ted.  
showed l i t t l e  o r  no dilatancy. 

3. 
Pumped 16000C-fired tho r i a  s l u r r i e s  

8.2.2 Flow of Dilatant  P l a s t i c  Plugs 

The following equation was derived i n  order t o  estimate the  influence of 
geometry on the  res i s tance  t o  fl.ow of d i l a t an t  p l a s t i c  plugs: 

where 1 = c r i t i c a l  pressure d i f f e ren t i a l ;  r y  = y ie ld  value of the plug, 
L = length of plug, I? = diameter of plug, and c = s t a t i c  coef f ic ien t  of 
f r i c t i o n  between the plug a rd  the  pipe w a l l .  

Plugs of the 8$ U mixed-oxide s lu r ry  removed from the  200B loop 
(see See. 8.1.2) were formed i n  1/4-in. tubing a t  a concentration of 3000 g of 
Th@ per  l i t e r .  
13 l b / f t 2  and a coefEicient of f r i c t i o n  of 0.17 were obtained. 

The v a l i d i t y  of t he  equation was demonstrated, and ry  of 

It i s  infer red  from these experiments t h a t  i f  the  plug i n  the 200B loop 
had been of 6 L/D ra ther  than 12, it would have flowed with as l i t t l e  as 
40 p s i  d i f f e ren t i a l ,  ra ther  than the  1600 p s i  observed. 

8.3 300-SM BLANCET-SYSTEM DEVELOPMEPOT 

The 300-SM system i s  a s lurry-circulat ing f a c i l i t y  simulating the s lu r ry  
core o r  blanket system of a 5-Mw reactor .  
high-terrperature mi w i t 2 1  a mixed-oxide s lu r ry  containing 8% U/Th,  w a s  con- 
t inued from the  previous quarter.  4 

Run SM-8, the  i n i t i a l  high-pressure, 

The progran OP establ ishing the  l i m i t s  of good s lu r ry  suspension i n  the 
3O-in.-dia spherical  core vessel  as a function of temperature, flow ra te ,  and 
s lu r ry  conceritration4 was completed with a se r i e s  of measurements. a t  225 t o  3OOoC 
a t  a concentration l eve l  of 800 g of Th-U per  l i t e r .  Suspension w a s  good f o r  
all flow r a t e s  i n  the range 130 t o  380 gpm up t o  300°C. 

A complete vessel  sampling was car r ied  out a t  380 g p m  and 300°C. Point 
concentrations ranged from 91.7 t o  101.6% of the c i rcu la t ing  concentration, and 
analysis  of variance on the  observations indicated t h a t  the differences 
observed were s ign i f i can t  a t  b e t t e r  than the 99% conficlence leve l .  

After completion of Yne circulating-concentration s tudies ,  a d i lu t ion  run 
w a s  car r ied  out i n  which water was pumped up from the low-pressure system and 
s lu r ry  w a s  withdrawn through the letdown system. 
r a t e  of 0.25 gpm, the  concentratlon was reduced from 800 t o  less than 0.1 g of 
'Th-IJ per  l i t e r  i n  4.2 hr .  
d.evel.oped i n  tt gasketed j o i n t  i n  the  upper letdown valve, necessi ta t ing an 
emergency durq. 

By using a water in jec t ion  

Daring the ea r ly  p a r t  of the d i lu t ion  run, a leak 
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Follow?-ng conplekion of run SM-8, the  system w a s  shut dowi t o  incorporate 
some major revis ions and improvements. Alterat ions t o  the high-pressure system 
included instal~l-at ion of a modified pressur izer  i n l e t  (see Fig. 8.4) t o  reduce 
s lu r ry  holdup i n  the  press-urizer and of a gamna-ray transmi-ssion scanner t o  
enah1.e Locating the slurry-water interface,  addi t ion of a heat; exchanger con- 
tai-ning eighteen 3/b-in. -OD by 0.083-in. -wa13. s t r a igh t  tubes betweeii the  
pressurizer  and pressure vessel ,  and changes t o  minirniae the niunber of 
potential-  leaks f r o m  the high-pressure system. The l a t t e r  involved rnpl.ace- 
rnent of tiibe f i t t i n g s  with w l d e d .  j o i n t s  i n  the  sample l i nes ,  renoval. of slurry 
t raps  from instmilent  l i nes ,  repl.acement of two pzcked valves with bell.ows- 
sealed val-ves, and modification ol” several  control  valves b o  use r ing- jo in t  
gaskets instcad of f l a t  gaskets f o r  seat-to-body seal-s. 
valves i so l a t ing  ’che high-pressure system from the  low-pressure systems was 
changed t o  m?tcri-aln t h a t  a r e  more wear r e s i s t an t .  

The t i - i rn  of a l l  system 

The a l t e ra t ions  t o  Lhe low-pressure sysiein included d i r ec t  coupling of the  
s l u r r y  feed pw.p t o  the  s1uri-y tank. This w i l l  el iminate the centr i fugal  pump 
usel. e a r l i e r  t o  supply suction head. 

Mltny components were examined during disassernbly of the  system. The dum 
ch0k.e had 1-ost 1.7 g of st ,ainless s t e e l  and. was s t i l l  i n  good. cond.ition a f t e r  
fo . , r  d.unips. The Inconcl  letdown heat  exchanger coi~l. vas radiographed, and 
indicati-ons of p i t s  up t o  hal-f-way through the tube wall were found ai; the  
i r l e t  end; these were confirmed by v isua l  examinat! on. “ne total-  ac t ive  service 
l i f e  f o r  the letdown heat  exchanger w a s  less thari L O 3  h r .  
s t e e l  replacement was install ed. 

A type 347 stainless 

IJNCL A S S  IF1 ED 
ORNI.. - I-R .--I D W G  4601 6 

Fig. 8.4. 300-SM 1 . 0 0 ~  Modified Slurry Pressurizer Inlet. 
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The lower letdown valve, a Hauueel-Dahl valve w i t h  spline-type metering 
trim, leaked badly due t o  erosion of t he  poppet. The control valves i n  tic 
suct ion l i n e s  from the dmp tank and Tvash-water tank ].caked, but appeared t o  
have been damaged by metal chips ra ther  than by slurry. Tne other block valves 
in the low-pressure s lu r ry  l i n e s  were l eak - t  iglit. 
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A .  14. Bil l ings  D. G. Davis 
H. D.  Wills 

9 . l . l  Electric-Systems Evaluation 

Testing of components of the Foxboro Zlectronic Consotyo1 instrument system 
i s  continuing. 
were pel-formed on n Foxboro model 14/62 universal  cont ro l le r .  
u t i l i z e s  ti-ansistor c i r cu i t ry  and is  avai lable  with proportional, derivative,  
and r e se t  act ions.  Input and output s ignals  are d i r ec t  currents  having a range 
of 10 t o  50 ma. Frequency-response t e s t s  of t‘le cont ro l le r  indicated tha t  the 
control.l.er gain i s  down 3 db a t  10 cps, with der ivat ive of f .  Other t e s t s  in- 
dicated tha t  l ine-voltage e f f ec t s  and long term control  d r i f t s  are negl igible .  

In  addition to the component t e s t s  reported previously,’ tests 
The cont ro l le r  

Additional components of the Foxboro E C I  sysiem, which are on hand or on 
order and a re  scheduled for  t e s t ,  include a model ~ / 6 9 3  EMF-to-current con- 
verler,  R model 63 a1ai.m uni t ,  and a model ~/613~ djfferential-pressuPe 
trmsaiitter . 

Representative component:; of the Taylor Instniment Companies ‘(OO-series 
electronic  sys tem and the IdinneaRolis-RoneyrJell Instrument Company Teleset  
E l e c t m n i k  system were ordered. These components and those of the Swartwout 
instnimznt Company Autronic systems, which a re  on hand, w i l l  be tested t o  obtain 
data  f o r  use i n  the se lec t ion  of instrumentation f o r  fu ture  reactor  systems. 

-- 

3.1.2 Magnetic flow met^ 

A s  pa r t  of a continuing e f f o r t  t o  obtain a reactor-grade magnetic flowmeter 
for use i n  systems having UO2SO4 sol.ution a t  100°C or Tho;, s lu r ry  a t  300°C as 
the process f lu id ,  four coupons of A1203 (Coors Porcelain Company) were tes ted 
i n  high-tenipeyatue oxygenated water with the following r e su l t s :  

46 
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Porosity tests shared not more than a O.OP$ increase in weight after being 
exposed to water at r m m  temperature and at iOo0c. 

These tests are presently be-lng repeated. 
100°C and in flowing Tho2 slurry at 300°C will be 

Foxboro Instrument any is investi ing the feasibility of lining 
their 1-in. magnetic flowmeter with A1203 and of providing an acceptable seal 
for the electrode penetration of the pipe wall. 

Additional tests in UO2SO4 at 
e following the water tests. 

A protot e differential-pressure transmitter of the type described in an 
earlier report T was received and tested. This transmitter, shown in Fig. 9.1, 
was constructed on a best-effort basis by the Foxboro Instrument Company. 

a 

UNCLASSI FlED 
PHOTO 33840 

I 

Fig. 9.1. Flush-Diaphragm Differential-Pressure Transmitter. 
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Test results indicated that the transmitter was linear within 1/2$ of 9-111 
scale and had a hysteresis of 1$ of f u l l  scale 
position. Hysteresis was negligible in the ver position. The zero shift 
due to pressure was 2% of full scale at 2000 psi; zero shift due to temperature 
was negligible at 100OC. 
set at 100-0-100 in. of H20. 

mounted in the horizontal 

During these tests, the range of the instrument was 

The transmitter was accidentally damaged during the elevated-temperature 
tests, and the results of tests above 100°C were inconclusive. The instrument 
is being repaired and after r s are completed, tests will be performed to 

range from 100 to 3OO0C. 
ine the effects of tempe e on zero and span over the temperature 

9.2.1 Hammel-Dahl High-Pressure Slurry Control Valve 

The stem-sealing bellows of the flushed-bellows Hammel-Dahl valve 3,4 
in the 30-gpm loop failed, and the valve was taken apart and inspected. 

line to photograph the valve; however, spection revealed considerable 

Loop 
ing schedules did not permit removal of the valve body from the process 

ing in the seating area. 
ed around the peripheLry of the seat 

The pits 

The tip of the valve plug, shown in Fig. 9.2, exhib d a highly polished 
appearance, with the seating region in good condition. 
region of the plug shank, although rather extensive, appeared uniform. 

Erosion of the guide 

Since a spare stem-sealing bellows was not available for this valve, the 

and the cracked bellows assembly permits use of the 
leaky bellows assembly was re-used. 
between the packing gl 
valve without leakage to the outside. 

Maintaining loop purge-wzter pressure 

u NCLASSI FI ED 
PHOTO 35236 

Fig. 9.2. Plug from Hamrnel-Doh1 Valve No. 220 After l e s t .  
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The stem-sealing bellows involved is made by Flexonics, Incorporated, 
and rated at 450 psig at 5 
inability to keep the differential pressure across the bellows wall below 
450 psi. 

test-loop pressure of 1600 psig at a temperature of 280Oc. 
includes approximately 65 hr with water circulating in the loop. 

%. The failure is believed attributable to an 

At the time of failure the valve had accumulated 4695 hr of service with a 
The service time 

The 4630 hr of slurry service can be broken d a m  as follows: 

Trim Service (hr) Valve-Plug Position 

4180 loOq0 opened 
200 
250 

During test-loop ope ion, slurry concentration was maintained between 400 
d 500 g of Tho2 per kg of %01 TThile flow through the valve varied from 10 to 

The Zircaloy-2 plug and seat used in this valve have performed better than 

gpm, with the pressure drop across the valve varying from 25 to 4 0  psi. 

any materials combination yet tried in this type o f  application, that is, high 
temperature, 1017 differential pressure across the valve. 5 

9.2.2 Inspection of Slurry-Mockup-Loop Valves 

As part of the scheduled modi cations to the 300-SM system, all valves 
isolating the h -pressure system from the low-pressure system plus several 
other more critical valves were removed from the loop for leak testing and 
modification as required, 6 

O f  six isolation valves, two were found leak . HCV-1281, the 1 
letdoT-m valve, with a Stellite No. 6 plug and a Stellite No. 12 seat, was 
found to have a high leak rate and severe damage to the plug 
The plug and seat, after removal, are shown in Fig. 9.3. Le 

UNCLASSIFIED 
PHOTO 35324 
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Fig. 9.3. Plug and Seat from Valve HCV-1281 After Service in Slurry Mockup Loop. 



50 

low-pressure system through HCV-1 1 was prevented by HCV-1271, the 
down valve, i n  which a Zircaloy-2 plug ana an Armco 17-4 PH s t a i n l e s s  
w a s  used. Upon removal, HCV-X?7l, which had been ins ta l led  f o r  t h r  
was leakt ight  f o r  10 min tri th 2000-psig water applied under the  seat. Figure 
9.4 shows e s s e c t i a l l y  no wear on e i t h e r  the Zircaloy-2 plug o r  the Ax-mco 17-4 
PR sea t .  

The other leaky valve, HCV-1141, was one of the three dump valves. 
valve u t i l i z e d  Armco 17-4 PH stainless steel  f o r  both plug and s e a t  and was 
found t o  leak 4 cc/min when 2000-psig water was applied unde r  the valve s e a t  
for 10 min. 

This 

Three of the Annin Company split-body valves used i n  c r i t i c a l  applications 
are being modified t o  accept a standard r ing  gasket between the  body sections.  
These modifications a r e  i l l u s  ted i n  Fig. 9.5. 

U NCL ASS I FIE D 
PHOTO 35326 

A 

Fig. 9.4. Plug and Seat from Valve HCV-1271 After Service in Slurry Mockup Loop. 
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STANDARD ANNIN ACTUATOR 

FLOW 

Fig. 9.5. Modified Annin Split-Body Valve. 
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Trim material for these valves will be as follows: 

Valve No. Function 

HCV-1171 Dump valve Conventional on-off Armco 17-4 PH, 

Seat plug - 
plug fabricated of machined integrally 
Zircaloy-2 with the ring gasket 

HCV-1211 Feed-pump Aluminum oxide ball, Aluminum oxide, 
discharge spring-loaded-closed pressed-fit with 
block type 347 stainless 

steel ring gasket 

HCV-1221 Feed-pump Aluminum oxide ball, Aluminum oxide, 
discharge spring-loaded-closed pressed-fit with 
by pass type 347 stainless 

steel ring gasket 
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10. REACTIOPJIS 7N AQUEOUS SOLUTIONS 

M. J. KeUy 

D. R. Cuneo M. D. Silverman II. H. Stone 
L. 0. Gilpatrick G. M. Watson 

10.1 CONCE=NTKATION OF FEBOXIDE IN URANYL SULFATE: 
soLuTrorJs AT LWCD~ENT PRECIPITATION 

The effects of changes in acidity, uranium concentration, and temperature 
on the concentrations of uranium peroxide in sFmulatted homogeneous reactor fuel. 
solutions were explored by t w o  methods, 
upon an initid addition of excess H202 were determined, while in the second, 
uranium pemxide was added initially. 
already been reported and the results discussed.' 

In the first, the consequences following 

The details of the experiments have 

While the mechanisms of the reactions in this system me not completely 
understood, the folloving set o f  equations is presented for purposes of the 
discussion.2'3 

The notations ( s )  and (d) signify solid ar dissolved species, and the symbols 
r and r_n xepresent the forward and reverse rates of the indicated process. 
S%id uranium peroxide existing under the experiment& conditions is denoted 
as U04.s); no attempt is ma&e to express the number of molecules of mter of 
hydration involved, m d  the question of the fornula or uranium. peroxide 
[UO4( s )  '(HzO), or UO,*II,O,=(H"O)(x-l)] is ignored.* 
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Equations ( I )  and (2) represent reversible processes, while ( 3 )  and. (4 )  
show possible nodes of decomposition which are not necessarily unique; they 
probably occur simultaneously and t o  a varying degree, depending upon concen- 
t ra t ion,  catalysis,  and temperature. Since Yne decomposition reactions a f fec t  
the equilibrium processes, which i n  turn are sources of reactants f o r  the  de- 
canposition steps, it is not possible 51 t h i s  system t o  i so la te  m y  one of the 
listed reactions; the  entire set must be studied shnLl.tmeously. 

Simplification can be attained i n  the numerical treatment of the system 
Involving sol id  uranium peroxide i n  contact with a solution of uranyl ions if 
the reversible processes (1) and (2) can be imde t o  approach eqmLlibrium through 
the proper choice of expe rbmta l  conditions; this can be achieved i f  the rates  
rlJ r-1, r2, md r,p are considerably greater than r3 and r4 combined, If these 
conditions m e  attained, a nearly saturated solution of urtvliwa peroxide w i U  
prevail. i n  the system i n  sp i te  of the decomposition reactions. 
pmxi.rmrbisn this w i l l  fix the  concentration of dissolved uranium peroxide and 
bring about the desired simplification i n  the numerical treatmen%. The t o t a l  
conca-~%ra ion of H 2 0 2 a  solution can then be stated i n  terns of the concentra- 
t i a n  aE H , the solubi l i ty  of" U04, and an equilibriixn quotient Kc, 
ass mi^^ that  K remaLns sensibly constant; during the measurements. Therefore, 
for c ~ ~ l i b r i w m " " o ~ ~ . t i o n s ,  the experimental measurements provide the basis for 
m i v i r i  at  m orCEer of mgnitude f o r  the r a t io  U04(d)/K , mere  U04(d)  is the 
solubi l i ty  of uranium peroxide. 

To a first ap- 

$ 
and of U02 

C 

In the  first m e t h o d  of study, a c e s 6  H20s vas added t o  a solution of known 
acidi ty  i n  a rapidly s t i r red  autoclave at a constant temperature; subsequently, 
f i l t e r e d  samples of solution were removed 8% defjni te  i n t e n d s  and were ana- 
Iywd for total wmium, t o t a l  peroxide, m d  hydrogen ion concentration. The 
t o t d  ixsrybiuni concentration m s  observed t o  pass through a minimurn vdue  immedi- 
ai;ely upon the &&ition of H&; thereaf ter  it increased with t;irae u n t i l  it 
rcachcd. approximately i t s  o r i g i n d  value. 
decreased wiYn time RSter reaching an i n i t i d  xuaxirmrm value, uMle the acidi ty  
rose rapicUy t o  a. maximum valuc and %hen g r d u d l y  f e u  t o  about i ts  i n i t i a l  
value 0 

The total peroxide content g rdud l .y  

The gmend. pattern of a typical. experiment of t h i s  type i s  shown i n  
Pig, 10.1, which illustrates the course of the  reaction after the i n i t i a l  
changes, 
several temperatures. It was noted in experiments of t h i s  type that a rather 
abmpt change in the observed rate of the process took place at  the  same t i m e  
the% the  total. m u m  reached its constant concentration in the experiment. 
Since the  rate of decomposition of' peroxide i n  unmturated u m y l  sulfate solu- 
tions is w e l l  established as first order with respect t o  t o t a l  peroxide, 2r3>5 
it appears reasonable t o  assume that the t o t a l  peroxide concentration at  the 
time .r~hen the discontinuity occurs i n  both e w e s  i s  that which is present as 
the b o t  traces of sol id  uranium peroxide dissolve. Conversely, the peroxide 
concentration thus de t ewned  should appmx-te that which would exist at; the 

Experinents sjmilas t o  that shown in Fig. 10.1. were car r ied  out at 

m k  of incipient preci l i ta t ion f r o m  a solution wimse composition corneSpo6dS 
to that of the l iqu id  phase present at  the observed point of discontinuity. 

In  the second method of study of this system, sol id  urmiim peroxide w a s  
suddenly released i n  a stirx-ed solution containing acid (but no uranium) and 
held at constant t~qcrature. Fil tered samples were %&en and analyzed as in 
Yne pree ip i t a tha  sterdjea The cozlcericratetion af total. w a n i u i  increased very 
*rapidly until it reached the value of the crossover point noted i n  Fig. 10.1; 
subsequentby, the experiments were iden%ica.I.. 
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STOICHIOMETRIC ACID 2.54 x iO-2(H') M/L 
URANIUM 3.31 x 10-2 M I L  i EXPERIMENT NO. 25, 7 9 ° C  

F I N A L  CONCENTRATIONS: 

LA ................ J . I . !  L L  
'0-5 30 80 130 180 230 280 330 380 

TIME ( rn in)  

F i g .  10.1. Concentrations of Total Peroxide and Tota l  Uranium vs  Time in a Typical Experiment. 
Run 25; 79°C. Final concentrations: uranium, 3.31 x mole/liter; stoichiometric acid, 2.54 x 
(H') mole/liter. 

Figure 10.2 illustrates the course of a typical experiment of this type. 

, a similar rapid inltial increase in both uranium and peroxide is observed; 
Why+solid uranium peroxide is added to an acidic solution initially containing 
VO, 
in this case the "cmssover" point is not reached, but concentrations are estab- 
lished which satisfy the equilibrium. 'Phe previous discussion of the significance 
of the peroxide concentration at the point where the uranium concentration reaches 
its final constant value also holds for  this type of experiment. 

"he rapidity of the initial concentration changes in both methods of study 
indicates that the rate of precipitation or dissolution of solid uranium peroxide 
is much faster than the rate of decomposition under the conditions used. 

To establish the mobility of the equilibr&n of Fq. (2), sudden changes were 
made in the solutio$ composition by adding U02 
results of adding If at the crossover point; there was mediate dissolution of 
additional uranium peroxide to reestablish the equilibrium as seen by the e q d  

or H . Figure 10.3 shows the 
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-at zero t ime.  

Fig. 10.2. Rate of Solution of Solid UO, in  Acid Solution. Run 37. 

change in the eoncep&ration of both total uranium and total peroxide. 
shows that when UQ2 
taneous shift in the equilibrium in the expected direction. 
evidence it seems likely t h a t  solutions such 8s these are, indeed, always near 
equll-ibrium a d  that it may be assumed that 

Figure 10.4 
was added to a system there was again axl essentially instan- 

Fmm this experimental 

In order to treat the  data numerically, stoichiometric concentrations were used 
TOP calculation, 

Since 

= UOa(d) + H202, ’( saturation) 
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EQUILISRATION SHIFT UPON ACID ADDITION 
H202 + UO;+ U04 +- 211' 

pH T A K E N  A T  ROOM T E M P E R A T U R E  

'-1- A 
20 2 5  30 35 40 45 50 

TIME ( m i n )  

r -  
Fig. 10.3. Equilibration Shift Upon Acid Addition: H 2 0 ,  + UO,"+UO, + 2W'. pH taken a t  room 

temperature; run 35; 93OC. r - 2  

*ere [H+I and [UO~*I concentrations are measured pamneters f o r  a given solu- 
t ion  apld P i s  the t o t a l  peroxide i n  the solution, 
pemxide i s  h o r n  t o  be about 1 x LO"* M in a solution of uranyl sulfate  wTth 
no EL~CC,BSS acid at 7 % " ~ ;  this stme ~raer of magnitude was assumed i n  making these 
cdculat ions.  

The so lubi l i ty  of uranium 

The first tern i n  Eq. (7) may be neglected i n  most cases, 

m e  a u e  o f  the ratio UO,(d)/K, was c d c o t e d  from the experiment& b t a  
and the eqyi l ibr im expression. 
r a t i o  vU4(d)/Xc for 8u experiments performed is 3.6 x lom2. 
to be independent of tempsmtusc over the intemd 79-114"~. 

The average of the etficuletted values o f  the  
This r a t io  appeared 
~h order t o  t e s t  



TOTAL URANIUM 

, 

RUN NO. 36 

TIME ( r n i n )  

Fig. 10.4. Effect  of Addition of U0,"on Equilibrium. Ini t ia l  concentrations doubled by addition. 

the self-consistency of the data, this average value was used to calculate the 
concentration of peroxide st incipient precipitation for a31 the experiments. 
The calculated values w e r e  found to agree satisfaetorily with the experimentall 
data, notwithstanding chmges in envimmentxd conditions in which concentrs- 
tions of u9"8pzim were varied by a factor of 2, stoichiometric H by a factor 
of 4, and the temperature by 35°C. 

The results of the present Invcstigtation can be represented by the fallow- 
ing relstion: 

["I2) x IOp4 M ( 8 )  
'(saturation) [VO,*l 

as a function of the stoichiometric free-acid concentration and the uranyl ion 
concentration (taken as equal to the molarity o f  uranium in solutian). 

An equation for calculating the power  density (V-) of a homogeneous 
reactor at the p o i n t  of incipient precipitation of uranium peroxide is given 

of 1.6 is use&, the inaxilraum allowable power density is given by: 
U: Eq, ( 8 )  i s  introduced into this expression ma a value of G H2 



61 

where W i s  given in watts per cubic centimeter and kobs i s  the ~ b s e r n e d ~ ” ~ ~  
f i rs t -order  rate constant fo r  the decomposition of pemxide expressed i n  min-1. 
Since the reference equation for & (ref.  6) was based on a single assumed 
value for P(satmation), it was s t r i c t l y  valid only for  a solution i n  which 

The most obvious l M t a t i o n  of Eqs. (8) asld ( 9 )  is  the assumption that the 
r a t io  (U04(d))/K, is indeperdent of temperature. 
range investigated, this r a t io  did appear t o  be independent of ternpratu-ce, 
aJithin experhnental variations.  

had tht value. Equation ( 9 )  peWts values of t o  be calcu- 

For the  narrow temperature 

7.. L. 0. Gilpatrick e t  d.., The Concentration of Peroxide i n  Urmyl Sulfate -- 
~ ORNL CF-59-10-121 (Oct, 22, 1959). 

2. M. D. Silverman, G. M. Watson, and PI. F. McWfie, _I Lnd. 3, w. g, 

G, M, Watson, M. D. Silverma, and X. F. McDuffie, Anal. Chem. 28, 1107 

C. Duval, A n a l .  Cheni. Acta 5 337 (19@). 

E38 (1956). 

( 1956 1 
3 .  

- I _ _  

4. --- 
5. L. 0. Gilpatrick and H. F. McDuffie, HFP Qw. Pmg. Rep. Aps. 30 and 

July 31-, 1958, o m - 2 5 6 ~ ,  p 313-316. 

6 ,  J, A. Lane, K. e. MaePhersnn, a d  P. mslm, Fluid Fuel Reactors, p n o ,  
Addison-Wesley, Reading, Mass., 1958. 
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l3-eviou.s determinations of the temperatures of immiscibility fo r  synthetic 
HRT fbels and their concentrates indicated a corre.htion between the minimum 
temperatures at which liquid-liquid immiscibility could exist for solution con- 
centrates and the maximum pressurizer temperature at which operational sta- 
bility could be achieved in the react0r.l-3 The proposal. was made that if the 
pressurizer temperature exceeded the two-liquid-phase boundary minimum temper- 
ature, localized boiling within the reactor core might be sufficient to con- 
centrate the fuel solution by factors o f  5 to 10 and to produce liquid-liquid 
immiscibility with a deleterious effect reactor stability. The effect of 
free D&O4 on the two-liquid-phase boundary temperatures was determined in 
those experiments for a synthetic BBT fuel having a U0&304:CuSO~:NiS04 mole 
ratio of l:O.5:O.25. 

The present investigation was conducted to determine, in the presence o f  
a higher C S O 4  concentration, the effect of sulfuric acid conceatration on the 
temperature of appearance of the heavy liquid phase. 
second-liquid-phase formation in synthetic €ET fuel solutions were obtained 
f o r  concentrates of solutions having UO&304:CuS04: D2S04 molar ratios of 1: 1: 1, 
l:kl.!j, and k k 2 .  
solutions. Data obtained by observing the temperature of  formation of the two 
liquid phases are plotted as functions of the concentration factor in Fig. 11.1. 
The concentration factor is the ratio of the molar concentration of a component 
in the concentrate to the concentration o f  that component in the original 
qolution. 
mately 0.025 Mat - a concentration factor of 1. 

The temperatures o f  

NiS04 has not yet been included as a component in these 

The UO$O4 concentration for each of the three series was approxi- 

The minimum two-liquid-phase temperature for each series of concentrates 
increased as the ratio of acid to other components increased. It is inter- 
esting to note that the minimum point in each series fell close to a constant 
free-acid concentration of 0.15 E, an observation which m y  be helpful in 
predicting niinimurn two-liquid-phase temperatures for Solutions of other 
compositions. 
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Fig. 11.1. The Temperature af the Appearance of the Sscond Liquid Phase of Solutions of UO,SO,, 
CuSQ,, D, SO,, ond D, 0 a s  a Function of Concentration Foctor. 

11.-2 OaSERVATPOrJS OX WTE OF SOLtWION OF HEAVY PHASE 

When t h e  temperature of a synthetic HXT r u e 1  solutiorL contained i n  a 
s i l i c a  tube becomes j u s t  greater  than the  .two-liquid-phase boundary tempera- 
tui*e, t h e  heavy phase i s  immediately produced throughout the bulk of the  solu- 
, ? . .  2.. L L -  n. -... _n .._~~.. -..-l, ; 1 . - - _ 1 . L -  m-. 3.7--- -.. L 1 ~  n ~ . - L - -  ~. ~ ~ i ~ n  in Gene IOI-III 01 very s ~ u a i ~  u r o p ~ e ~ s .  NO aelay i n  ~crie I O K T I L ~ G G ~ O ~  process 
has ever been observed once the immiscibility temperature has been reached. 
A f t e r  f o m t i o n ,  t h e  smn2.l droplets of heavy phase coal.esce t o  produce la rger  
drops which s e t t l e  t o  the  bottom. On cooling t h e  system, the heavy phase does 
not redissolve quickly a t  temperatures jus t  below t h e  immiscibility temperature 
iinless good mixing i s  provided. Qual i ta t ive  laboratory experiments have shown 
t h a t  as the temperature i s  decreased t h e  heavy phme dissolves f a s t e r  i n t o  t h e  
l i g h t  phase. This e f f e c t  w a s  noted both when the solut ion w a s  agi ta ted and 
when it w a s  not; t h e  r a t e  a t  which the  heavy phase dissolved was, of course, 
much greater  under ag i ta t ion .  

By cooling the synthetic f u e l  solut ion without agi ta t ion,  it was possible 
to mairatain a considerable quantity of t h e  heavy phase i n  eontect with t h e  
light phase doxn t o  a temperature of about 270°C. 
t u r e  a qua l i ta t ive  change took place; the interface between t h e  phases disap- 
peared, leaving only a concentration gradient where the in te r face  had been. 
Experiments with U O & 0 4 - H 9  solut ions of various concentrations of UOs?O* 
showed the  same ef fec t ,  but khe temperature o f  disappearance of t h e  interface 
w a s  not so e a s i l y  observed as i n  the  case of the synthetic homogeneous reactor  
fuel solut ion.  

Bowever, a t  t h i s  ternpera- 

The minimum immiscibility tmipersture f o r  t h e  system UO$O4-D& is  2 7 4 ° C  
a t  1 m U O S O 4 .  The minimum temperature f o r  two-liquid-phase f o m t i o n  i n  t h e  
sys tez  formed from C I L S O ~ ~  U O ~ S O B ,  and H$ i s  s3.ightly below 285°C a t  18 
UO&O4 and 3 w t  $ C S 0 4 .  
portions of the  five-component system U03-CuO-NiO-S03-D@. 

$ 
T,ower temperatures should occur in acid-def ic ient  
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11.3 INVESTIGATION OF TIFIE SYSTEM WO3 -6uO-NiO-SO3-X& AT 300°C 

Considerable solubility information has been obtained for the system 
WO~-CUO-N~O-SO~-H~~, its D@ analog, and its i cluded four- and three-component 
systems at 300°C. In past progress reparts,l,'95 solubilities at a fixed SQ3 
concentration, either 0.08 
solubility curves and were presented on orthogonal axes in order to specify 
the concentrations of three of the components. The basic solubility data a 
309°C and a discussion of their significance were given in a recent report. 

or 0.06 m_ SO3, were selected from established 

ti 
These basic data are plotted in Fig. 11.2 through 11.8 and show the sFrrml- 

tarreous solubilities f o r  the metallic oxide components as a function of SO3 
concentration for the five-canpoplent and its included four- and three-component 
systems. 
phases are stated in the figures. It is of interest to note the composition 
regions in which a heavy-liquid phase is a saturating component (Fig. 11.4). 

The saturating solid phases in equilibrium with liquid phase or 

These aver-all solubility data provide the basic information for plotting 
skeletal figures which represent solubility PehtiQnShipS at a fixed SO3 con- 
centration, as shown by the example in Fig. 11.9. This figure, representing 
the  most recent interpretation of the system, shows a region in which unsatu- 
rat& soLu%ion exists, in addition to showing the saturation boundaries for 

sitions and the specified saturating solid phases. Frm figures 
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Fig.  11.2. Molal Concentrations of CuQ, UQ,, NiO, and SO, in Separate ThreeJ.kmponent Systems 
NiO-SO,-H,O at  300°C, Each Saturated with the Specified Solid Phase. 
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Fig. 11.9. S y s t e m  U0,-CuO-NiO-SO,-H,O a t  30OOC (SO, = 0.06 m). 

of t h i s  type aqueous reactor-fuel compositions may be selected which are at  
desired distances from regions of saturation. Moreover, i f  by increasing one 
of t h e  components, (3.g., N i ,  by corrosion) the  solut ion could become saturated, 
t h e  s o l i d  phase which would f i r s t  appear could be determined from t h e  figure.  

11.4 TIIE pH OF SOLJJTIONS COITrAINIW UO$30a, Cu304, NiS04, 
H.&O4, H&, AND D g ;  ITS USE IN TIIE R E T W W T I O N  OF 

FREE ACID I N  HOMOGEXEOUS FUNCTOR FrsELS 

The precise measurement of pH of intensely radioactive homogeneous reactor  
f u e l  solutions by use of glass electrodes is  d i f f i c u l t  because of t h e  d e t r i -  
mental e f fec t  of radiat ion on glass. The glass electrode must; be replaced 
frequently, a procedure which may become d i f f i c u l t ,  since the electrodes and 
part o f  t h e  equipment are used i n  "hot cel ls" .  However, i f  the  intensely radio- 
ac t ive  solut ion were di luted considerably with &&, it  was believed the pH of 
t h e  resu l t ing  solut ion of lowered radioact ivi ty  might perhaps be measured with 
less d i f f icu l ty .  A br ie f  study w a s  made t o  determine the  pH a t  25°C of various 
d i lu t ions  of solutions simulating t h e  HRT f u e l  composition and of s i m i l a r  solu- 
t ions containing varying concentrations of t h e  major f u e l  components. 

Hopes l o r  the  ultimate usefulness of tine method were predicated on t h e  
expectation t h a t  t h e  pH measurements of di luted f u e l  solutions would, t o  a 
close approximaf,ion, give values the  sane as those f o r  su l fur ic  acid a t  t h e  
same concentration as  t h a t  of the  free acid i n  t h e  tes t  solutions, i.e*, t h a t  
t h e  di luted UO&O4, &SO.&, and NiSO4 would have l i t t l e  e f fec t  on t h e  pH of t h e  
d i lu ted  HfiO4.  Moreover, d i lu t ion  by X,$ of solutions i n i t i a l l y  i n  D& would 
convert t h e  measured solutions t o  d i l u t e  Hc4 solutions and s u b s t m t i a l l y  
eliminate any e f fec t  on p H  due t o  D S 0 .  
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The experimental technique w a s  smlar t o  t h a t  uaed f o r  the  determination 
of free n i t r i c  acid in uranyl n i t r a t e  solut ions reported previously.1 
measured pB's f o r  the solut ions d i lu ted  k10, k100, and 1:lOOO a r e  listed i n  
Table 11.1 f o r  reference. 
concentration o f  f r e e  acid present i n  each d i lu t ion .  It is obvious t h a t  t he  
o r ig ina l  expectation w a s  j u s t i f i e d  except f o r  1:lOOO d i lu t ions  o f  solut ions 
which i n i t i a l l y  had low concentrations. 
w i t h  radioact ive solut ions and remote operation may now be desirable ,  

!Pihe 

These values a r e  p lo t ted  i n  Fig. 11,lO vs the  known 

Further development OR t he  method 

Table 11.1 pH of Solutions of UO&04, CuSO4, NiSO4, and 
D$O4 i n  D.& Solution After  Dilution with H.& 

pH (25OC) 
1: 10 1: loo 1: 1000 

Dilution Df l u t ion  Dilution 

Solution A - 0.025 M - UO&04, 0.0125 M - CuSO4, and 0.006 M I NiS04 

A + 0.01 M D&i04 
A + 0.02 E ~ 9 0 4  

A + 0.03 D$04 
A + 0.04 D&O4 
A + 0.05 5i I ~ $ 0 4  

2 -79 
2.48 
2.33 
2.23 
2.13 

3.71 
3.45 
3.24 
3-15 
3-03 

Solution B - 0,025 M - UO&04, 0.025 - M CuSO4, and 0,006 - M NiS04 

B + 0.01 DSO, 
B + 0.02 M D2SOa 
l3 + 0.03 D$O* 
E3 + 0.04 M D s O 4  
B + 0.05 ti D S O 4  

2 .a0 3.76 
2.51 3.38 

3.28 
3.18 

2.35 
2.25 
2.12 3.08 

Solution C - 0.025 U O s 0 4 ,  0.0125 CuS04, and 0.012 g 1?iSQ4 

C + 0.01 M D S O 4  

C + 0.03 G D$O4 
C + 0.04 D&O4 
c + 0.05 g ~ $ 0 4  

C + 0.02 2 D$Oa 
2.78 
2.50 
2.35 
2.25 
2.13 

3.73 
3.45 
3.27 
3.18 
3.05 

4.73 
4.45 

4.15 
4.25 

4.05 

4.65 
4.40 
4.w 
4.18 
4.05 

4.65 
4.47 
4.28 
4.15 
4.92 

Solution D - 0.05 U0&04, 0,0125 CuS04, and 0.006 M - H i s 0 4  

D + 0.01 M D S O 4  
D + 0.02 G ~ $ 0 4  

D + 0.04 D&O4 
D + 0.05 E - DSQ, 

D + 0.03 E D S 0 4  

2.75 
2.52 
2.35 
2.24 
2.10 

3.68 4.53 
3.48 4.40 
3.39 4.28 
3.18 4.17 
3.10 4.06 
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Fig. 11.10. The pH of Dilutions of UO,SO,, CuSO,, NiSO, and D,SO, in D,O Solution, pH vs Free 
D,SQ, (Dilutions with H20). 

A comment was msde previously7 on the possible effect  of  pressure i n  e le-  
vating the temperatwe of appearance of two l iquid phases i n  the system WO3- 
S03-N.&15-El$. 
t i on  was not observed 8% i ts  expected temperature or  even 7 ° C  higher In  EA 

sealed tube which became completely f u l l  (i*e., no vapor phase present) one 
degree below the  expected temperature. 
was t o  establish approximately the order of magnitude of the temperature-pres- 
sure coefficient At/Ap fo r  the Poi.mation o f  the second l iquid phase. 

The procedure according t o  the xeeent suggestions of Morey, 

Briefly, the  appearance of the  second l iquid phase f o r  one solu- 

The purpose of the fallowing experiment 

consisted 
i n  sea l ing  an aqueous solution o f  uO&04 i n  platinum tubing (8 can long, 0.3 
mm i n  internal  diameter) and adding suff ic ient  solution t o  almost fill the  
tube before sealing. 
pressure vessel connected t o  a Sprwgue high-pressure pump. 
w a s  f i l l e d  wit-& water, sealed, and hydraulically pressurized t o  the desired 
pressure. 
above the h o r n  two-liquid-phase boundary temperature for the solution when at  
i t s  sattisrjia;ion vapor pressure. The high pressure was maintained throuehout 
t h i s  operation. After a short time had. elapsed, fiuring which time a heavy- 
l iquid phase, i f  formed, would f a l l  t o  the lower end o f  the  platinum tube, the 
pressure vessel w a s  pulled from the f'umace and cooled rapidly by placing it 
i n  a bucket of ice  water. The high pressure w a s  removed, the vessel was opened, 
the par t ia l ly  collapsed platinum tube was removed, frozen, and cut i n  half; the 
two segments of l iquid were analyzed for  uranium. A comparison of the  analyses 
permitted a detemdmtalon as t o  whether liquid-liquid immiscibility was elimi- 
nated by the applied pressure a t  the sgeei€'ied temperature. 

!l!he f i l l e d  tube w a s  placed i n  a ver t ica l  position i n  a 
me pressure vessel 

It was then placed i n  a heating block and heated t o  a temperature 

Table 11.2 indicates that a hydrwallc pressure of 15,000 ps i  at  512'C 
suppressed the liquid-liquid m i s c i b i l i t y  for a 1,02 M U O S O 4  solution i n  
E@. 
i s  greater tiban 1 . 9 " ~  per lOOO psi .  

The pressure-temperzltwe coefficient A t / A p  f o r  t5is solution apparently 
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Table 11.2. Effect of Pressru-e i n  Elevating the Temperature 
for  the Formation of  Liquid-Liquid Innniscibility 

i n  the System UO,-SO,-H&(D&) 

Expected Two- 
Molarity o f  Liquid Phase Experimental Concentration of 

I n i t i a l  Saturation Hydraulic Tube Segments 
Uranium i n  UO&O4 i n  Temperature at Conditions 

Solution Vapor Pressure Temp. Pressure ( w t  5 )  
( "C)  ("c) (psi)  Upl?el. Lower 

A heavy-liqplid pbase w a s  not eliminated by the  application of 9000 psi of 
pressure t o  a 1.0 
of the contents of the upper and lower contents of t he  platinum tube, it ap- 
peared t h a t  liquid-liquid immiscibility had, however, been reduced considerably. 
Under i t s  satwated-vapor pressure at  3 4 6 " ~  the  heavy-liquid phase would have 
probably crystal l ized upon cooling at 25°C. 
ha19 were s t i l l  l iquid but contained a higher uranium concentration than the  
upper ha l f .  
s i t ion,  therefore, appeared t o  be less than 8 .7"~ per 1OOO psi. 

U O S 0 4  solution i n  D@ at 9 6 ° C .  Upon visual observation 

However, the contents i n  the lower 

The pressure-temperature coefficient f o r  the second solution campo- 

11.6 lWI?EcT OF UO3/SO3 MOLE RATIO 0 
OF 0.02, 0,O5, and 0.20 m SOLUTIONS 

The temperature of separation o f  a second l iquid phase f o r  a ser ies  of 
solutions, each 0.10 m i n  t o t a l  SO4--, i n  which the UO3/SQ=, m l e  ratio varied 
from 0.10 to 1.0 was &ported previously.1 It was shcwn t imt  an approximately 
l inear  curve was obtained when the mole ratio,  UOJ/SO~ was plotted vs the  
separation temperature. The proposition was made tha t  the over-allmole ra t io ,  
UO3 + CuO $. NiO)/SQs, might also show a relationship with temperature which 
would be suff ic ient ly  close t o  l inear  t o  be useful. A t  mole rat ios ,  UO3/SO3, 
below 0.18 f o r  solutions 0.10 m i n  SO3, UO&O4 was observed t o  be soluble: i n  
the supercr i t ical  f l u id  which appeared above approximately 380°C. This prog 
was continued, and data are  now available for three additional ser ies  of 
solutions 

The new data, together with the previous data for  so1ul;ioas 0.10 m i n  
total .  So&--, are plotcard i n  Fig. 11.11, 
approximately l inear .  Furthemore, a t  the  l o w  concentrations of  UO&SQ+ f o r  
each ser ies  of experiments, the component U O S O 4  w a s  found t o  be soluble i n  
the supercr i t ical  fluid. 

The two-liquid-phase Curves &:e 

11.7 TEE SYSTEM UO,-N&c,-Efl AT 2 5 ° C  FROM 125 TO 350°C 

" h e  investigabion of the system UO~-N&Q~-R$ vas continued i n  order t o  
expand the range of study t o  25, 325, and 35d0C. Details concerning ea r l i e r  
studies of t h i s  system from 135 t o  m " C  and from O.OO25 m_ t o  4 m HNO:5 were 
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Fig. 11.1 1. Temperature of Two-Liquid-Phase Formation for the System UO,SO,-H,O. 

presented i n  the  two previous progress reports 
f o r  the study were also presented previously.grl0 

5 The over-al l  motivations 

Solubi l i ty  experiments f o r  t h i s  system were completed a t  325 and 3 5 0 ° C .  
The best experimental data t o  date  a r e  shown i n  Fig. 11.12, which includes 
data previously reported.  
ra t io ,  UO3/NO3, indicated a small discrepancy i n  9 0 0 ° C  data i n  the  concen- 
t r a t i o n  range from 0.05 t o  2.0 m HNO3. 
not show t h i s  discrepancy a r e  given i n  Fig. U.12. 

Plots  of l /T(”K) YS the  logarithm of the  mole 

More recent data a t  300°C which did 

The s o l u b i l i t y  of U03*$$ i n  aqueous solut ions of IIN03 a t  2 5 ° C  w a s  de- 
termined i n  the  following manner. Several  solutions of HITO3 of d i f f e ren t  
concentrations were saturated v i t h  UO3*nJ$ by sea l ing  mixtures of so l id  and 
l i qu id  i n  i n e r t  containers and ro ta t ing  the  containers i n  a 2 5 ° C  constant- 
temperature bath f o r  one t o  two weeks. The ro ta tor  w a s  stopped, t he  so l id  
phases were allowed t o  s e t t l e ,  and the  l i qu id  phases were sampled and analyzed 
by methods described previously. The so l id  phase sa tura t ing  each solut ion w a s  
found t o  be UO3*H@ by x-ray d i f f r ac t ion  ident i f ica t ion .  

The data a t  2 5 ° C  a r e  also included i n  Fig. 11.12. 
3 / ~ ~ 3 ) / d ( B X ( ? ~ )  is  negative, whereas t h i s  value is  pos i t ive  a t  tempera- 

It is  apparent that 

The saturated tu re s  between 150 and 350°C i n  the  same concentmtion range. 
aolutions a t  25°C have pH’s i n  the 4.0 t o  5.0 range, where CO2 could, i f  
present i n  su f f i c i en t  quantity, exer t  a noticeable e f f ec t  on the s o l u b i l i t i e s .  
Since ZPQ precautions were taken t o  remove the COS frm the  2 5 - c ~  a i r  space i n  
each container a f t e r  f i l l i n g  with solut ion but before sealing, it is  possible, 
though unlikely, that GO2 may have affected t he  sa tura t ion  mole r a t i o s  a t  25OC. 
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11.8 1PdO-LIQUID-PIEIASE STUDIES: COMPOSITION* 

The study of  $he formation of two l i q u i d  phases i n  uranyl su l fa te  solu- 
t i o n  vas continued11 by using a t i tanium loop equipped wi th  a titaniuni hydro- 
clone and underflow pot f o r  col lect ing the  heavy phase. 
w a s  modified by welding a 1/4-in. nipple on the  bottom and at taching t a  t h e  
nipple with a Parker f i t t i n g  a 1/4-in. tube 3 in .  long, crimped and welded a t  
one end. The 1/4-in. tube served as t h e  sampler f o r  co l lec t ing  heavy phase 
by merely freezing of f  the  1/4-in. nipple after t h e  heavy phase had s e t t l e d  
i n t o  t h e  tube under t h e  appropriate conditions. 

The underflow pot 

A solution of 0.034 M UOp504, 0.0194 M C S 0 4 ,  0.0097 M NiSO4, and 0.0275 
M D2504 i n  D& (measured Z t  25°C) s i m i l a r  t o  t h e  compositi& of t he  core solu- 
t i o n  i n  HKf run 21, was circulated a t  325°C u n t i l  samples of the  c i rcu la t ing  
s t r e w n  indicated no fur ther  separation of heavy phase ( the  second-liquid-phase 
temperature f o r  t h i s  solution i s  about 320°C). 
and heavj  phases i so la ted  at t h a t  t i m e  are given i n  Table 11.3. Also given 
are t h e  molar ratios of t h e  various consti tuents.  

The compositions of t h e  l i g h t  

Table 11.3. Coinposition of Light and Heavy Phases Formed 
from a Dilute Uranyl Sulfate  Solution at  325°C 

-.._ -_--- 
Light Heavy 

Original Phss e Phase 
( E )  (g) ( E )  

U 
cu 
N i  
so4 
Acid 
u/so* 
cu/so4 
Ni./S04 
Acid/S04 
UICU 
U / N i  

0.09tO 
0.0194 
0.0097 
0.0907 
0.0275 
0 375 
0.214 
0. io7 
0.304 
1.75 
3.52 

0.0315 
0.0183 
0.0084 
0.0864 
0.0265 
0 365 
0.212 
0.0967 
0.307 
1.72 
39‘17 

1+. 56 
1-53 
0.413 
6.52 

0.700 (0.750)* 
0.235 (0.250)* 
0.0634 
0.0 
2.98 

11.0 

<0.01 

Volume heavy phase/volwne l i g h t  phase 0.00062 

*Neglecting sulfate associated with nickel  as NiSO4. 

Of i n t e r e s t  i s  t h e  f a c t  t h a t  t h e  U/Cu r a t i o  i n  t h e  heavy phase was almost 
exactly 3: l .  Furthermore, i f  one subtracts  an amount of s u l f a t e  equivalent t o  
t h e  nickel  from t h e  t o t a l  s u l f a t e  i n  t h e  heavy phase and then takes the  U/SO4 
and Cu/SO4 r a t i o  t o  the  remaining sulfate ,  the  r e s u l t s  a r e  exactly 0.750 and 
0.250, respectively.  Thus, i n  t h i s  case t h e  r a t i o  of U:Cu:SO4 i n  t h e  heavy 
phase w a s  3: 1: 4, with some nickel  s u l f a t e  dissolved o r  dispersed i n  it. 

Unfortunately, t h e  presence of uranium and copper i n  a 3:1 r a t i o  i n  t h e  
heavy l iqu id  phase complicates grea t ly  t h e  attempt bo d i f f e r e n t i a t e  between 

mis sect ion contributed by J. C. Griess, PI. C .  Savage, S. E. Bolt, and 
R.  S. GreeEey, REED. 
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two of the mechanism proposed for the power-dependent loss of uranium in the 
HRT, viz., by formation o f  a second liquid phase or by precipitation of the 
compound 7UO3*CuO (ref. 12). 
uranium l e  interesting and is perhaps due to HSO4" rather than OH- in the ion 
postulated by Marshall et al., 3 u30a(OX)4--. 

The presence of sulfate in a 3: 4 ratio with 
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12. SOLUTION CORi3OSION 

J. C. Griess H. C. Savage 

S .  E. Bolt R. S .  Greeley 

12.1 CRITICAL V X E I T Y  OF TYPE CD4MCu STEEL AND OF TYPE 
304 STAXTJUSS STEEL CONTAINING 0.5% 1'LA"II'JTx.z 

It has been shom previous19 t h a t  type CD414Cu s t e e l  has favorable mechani- 
c a l  and fabricat ion properbies, is  more r e s i s t an t  t o  stress-corrosion cracking, 
gall ing,  and crevice a t tack  ,than type 347 s t a in l e s s  s tee l ,  and i s  as resi-s tant  
t o  corrosion i n  uranyl siiLfate solut ion as type 347. Also, it has been Pound2 
t h z t  the  addition of O.Y$ plBti.num t o  type 304 s t a in l e s s  s t e e l  improves i t s  
corrosion resis tance t o  uranyl su l f a t e  and uranyl n i t r a t e  solutions.  
comosion s tudies  on both these al loys had been conducted eit'ner at  l o w  (10-20 
:fps) o r  at  high (45-70 fps) veloci t ies ,  it was of i n t e r e s t  t o  determine the  
c r i t i c a l  ve loc i ty  of each a ~ o y  r e l a t ive  t o  t h a t  of type s t a in l e s s  s t ee l .  
rltro m s  vere made by using 0.0~h mz U02S04, 0.025 m D&O.+, and 0.02 m CuS04 i n  
D20 at 250°C for 2CO hr .  
were compared with type 347 cas t  and mwught material. 
I- 0.5% P t  coupons made from smought material were compared wiLh type 304 and 
type 347 wrought materials.  
were used. 

Since the 

In the f i r s t ,  CUl!MCu coupons mde  f r o m  cas t  mater ia l  
In .the second, type 304 

In both cases in-pile-loop type coupon holders 

"he cas t  CD4blCu wei@t losses  were e s sen t i a l ly  the same as the cast  type 
347 weipht losses  at  each velocity,  and wcre somewhat grea te r  than the wrought 
type 347 migh t  losses  at 10 t o  3 fps  and somewhat less at  30 t o  70 fps. The 
c r i t i c d .  ve loc i t i e s  appeared t o  be about t he  same f o r  PlJl th ree  rmter ia ls ,  
1.0 t o  20 fps. This value of t he  c r i t i ca l .  ve loc i ty  emnot be considered highly 
r e l i ab le  because of the  large veloci ty  gradient over each coupon and the  short  
duration of the m s .  

The veight losses of the platinum-containing a l loy  at all ve loc i t i e s  vere 
less than those of the type 304 or  347. 
s l i g h t l y  higher, about 15  t o  25 f'ps i n  t h l s  pa r t i cu la r  test. 

The c r i t i c a l  ve loc i ty  was de f in i t e ly  

The CD4MCu and the  type 304 -t 0.5% Pt  should be t e s t ed  fu r the r  i n  r e l a t ion  
t o  ant ic ipated appl icat ions i n  the homogeneous reactor  program. 
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13. W I A T I O N  CORHOSION 

J. C. R,mter G. H. Jenks 
S. E. Bolt S. 3. Tinieeler 

13.7. SUPPORTING REYJiXRCB 

l3.l+l Sorption of U r a n i u m  on Hydrous Z i r c o n i u m  Oxide f r o m  UOpS04 Solutions 

Batch-type experiments similar t o  those of Heston’ were performed t o  study 
fur ther  the  sorption of urrrnium on hydrous zirconium oxide f r o m  UOBS04 solutions 
a t  250°C.  Beston’s technique was refined t o  allow t h e  use of l a r g e r  samplcs of 
solut ion and oxide and. Lo aJ_3-ow t‘ne sep:zr:ttion of t h e  solut ion and oxide wttile 
s t i l l  a t  teiqerature . 

Elwen runs were made i n  which 0.5 g of oxide ‘and 5 m l  of t h e  UO$04 solu.- 
t.ion of i n k r e s t  were sed.ed i n  Pyrex capsules having one end conically tapered. 
The Pyrex. ca.psules were tiren placed i n  wi autoclave vith a s m d l  amount of water 
md heated a t  250°C for speci:f‘:ied lengths of time. While s t i i l l  hot, .I;ize whole 
@.utoclzre vas centrifuged t o  draw t h e  oxide in to  the  r e s t r i c t e d  portion of t h e  
capsule, The capsule was %hen opened and t h e  supernatant vas drawn off  f o r  
Rnalysis. Y’he oxide was sent f o r  su-face-area deteimination ox w a s  used f o r  
x-ray or electron d i f f rac t ion  s tudies  of t h e  changes incurred. An a l l - t i t a n i u m  
eutod.a.ve, which elj.minated t h e  use of Pyrex capsules but retained t h e  fea ture  
of allawi.ng separation n t  terriperatnre, was  used i n  four  other  s i m i l a r  
cxperimeiits . 

Solutions i n  t h e  range of 1 t o  30 g / l i t e r  for uranium and 0.02 m i n  I I ~ S O ~  
were used. In  three  runs, only water w a s  used i n  t h e  capsules with the  oxide; 
i n  one mi, trith the  titanium autoclave, o d y  0.02 m H&04 w a s  used as the  
solution. 
were at tenrperature f o r  1 hr and 6 hr;  one U02S04. i-un was at tc iqxrature  for 

A l l  m s  except th ree  were at; ‘-150°C f o r  4 hi-. “wo of the  water runs 

on ly  1 hY. 

l i esu l t s  showed that immium w a s  sorbed i n  mounts which varied from 35 t o  
115 r q  per gran of oxide Tron solutions havinr; a :rraniuii concentration i n  the  
range of l .5  t o  28.6 g / l t t e ~ .  
earlier wxrk of Beston is given by the liriear p lo ts  of the  data i n  Fig. l3.l. 
The molar r a t i o  of sorbed uranium t o  sorheoed sulfate iTas found t o  be essentj.ally 
constant at  1.25 i- 0.05 for 11- of 13 runs, md the var ia t ion  of the  r a t i o  Prom 
t h i s  value i n  at  %.east one of the other two runs may be attri’outed t o  R ra ther  
snlall analyt7.ca.l. emor. 
l e s s  repmducibl.e dattta, ~ i c h  iiidicated t h a t  m o r e  sul.fat;e tlm uraniiiin w a s  
sorbed, on a molar bas%, 

A comparison of t h e  present results ~ ~ 6 t h  thc  

This is contrary to previous reau3.ts,2 based on much 
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Fig. 13.1. Linear Plot of Data for Sorption of Uranium on Hydrous ZrO, at  25OOC. 

Ion ba lmces  on the analyses performed on the  supernatants taken from the  
autoclaves a f t e r  each run shomd tlzat there  was a deficiency of cat ions i n  the 
arnount 0-F about 0.01 m i f  it was assumed t h a t  hydrogen and uranyl ions were tile 
only cations present.  Spectrographic analysis  of the oxide has shown t h a t  it 
contains calcium and magnesium as i.mpuritles i n  concentrations of 1000 and 
800 ppm, respectively.  
of a run, they could accounl; f o r  the apparent deficiency of cations.  Sil icon, 
which is  a l s o  present i n  the  concentration of 1000 ppm, i s  probably not soluble 
and would not a f f ec t  the  balance. Certain other  impurit ies i n  the  oxide, some 
of which should a lso  be insoluble, a r e  present i n  such s m a l l  amounts t h a t  they 
should have a negl igible  e f f ec t  on the  :ion balance i f  dissolved. 

I f  these impurit ies were dissolved during the  course 

'i%e oxide surface area (Ciet.emined by gas adsorption) decreased i n  all 
mis frox an ? n i t i d  vd.ue ot 221 mz/g .to values as low as 70 mz/f:. Three m s  
i n  water and. one 17j.th 0.02 m I12S04 as  the  solut ion indicate& t h a t  the surface 
area dropped t o  about 70 .;'/g a f t e r  lt h r  at 250°C and remained a t  tha-t value 
upon heating f o r  ai ad-ditional 2 hr .  !The surface-area determinations of the  
oxide samples a f t e r  the runs with U02S04 indicated a dependence of the area on 
the  uranium concentration. 
centrat ion of about 1.5 g / l j t e r  t o  a maximixn of 122 m2/g at 16 g / l i t e r ,  then 
f e l l  off again t o  35 ni2/g as the  uranium concentration w a s  increased fu r the r  t o  
28.6 g/li.ter. 
uranium sor'ned was evident. 

Final  areas ranged f r o m  72 m*/g a t  a u r a x i u m  con- 

No correla;tj.on between the f i n a l  surface area and the aniount of 
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X-ray d i f f r ac t ion  s tudies  of the  oxide indicate  t h a t  the o r ig ina l  oxide, 
a i r - f i r ed  at  lOO'C, is amorphous, but is  c rys ta l l ized  t o  the  monoclinic form 
during the  course of an experiment. There is d s o  evidence that s m a l l  amounts 
of the  oxide may have crys ta l l ized  i n  the  cubic form. Average diameters of the  
monoclinic c r y s t a l l i t e s  a r e  i n  the  range 60 t o  100 A. No electron d i f f rac t ion  
results a re  avai lable  as yet. 

In general, d l  experimental r e su l t s  were qui te  reproducible and w e l l  
within experimental error .  
were based on the  poss ib i l i t y  of t h e i r  being etched by the  U02S04 solutions.  
The results i n  the t i tanium autoclave m s  indicate  t ha t  comparable r e su l t s  were 
obtained with the  two materials and t h a t  etching of the Pyrex i s  not a compli- 
cat ing f ac to r  i n  these 250 '~  exposures. 

Ea r l i e r  objections t o  the  use of Pyrex capsules 

'l'he r e su l t s  of one run, which was  at room tzmpera-ture f o r  a time comparable 
t o  t'nat used by Heston, indicated grea te r  sorption of uranium than ims indicated 
by h i s  &ta. 
far as could be determined, one explanation f o r  the  difference i n  r e s u l t s  could 
be that the  separation of the  oxide while at  temperature prohibited the  desorp- 
t i o n  of uranium, as may have occurred i n  Heston's work. 
U/S04-- r a t i o  indicates  t h a t  there  may be some re l a t ion  between sorbed uranium 
and sorbed su l fa te .  The f a c t  t h a t  decrease of tile oxide surface area was l e s s  
i n  the presence of U02S04 was unexpected. I n  par t icular ,  it i s  surpr ls ing t o  
note tha t  t;ne area decrease was smallest  at a uranium concentration of about 
16 g/l.ites, an intermediate concentration of tliose studied. 

Since the  oxides used i n  each case were essen t i a l ly  the same, as 

The constancy of the 

It was found t h a t  the uranium sorption data can be represented by an equa- 
t i o n  of the  type UA = kc i n  wliich U i s  the ajiloult of uranium sorbed i n  m i l l i -  
grams per  gram of oxide, c i s  the  sofution concentration i n  minigrams per 
m i J l i l i t e r ,  and k and n a re  constants having the values 30.6 and 0.397, respec- 
t ive ly .  A p lo t  of the data 
based on weighted averages and t h i s  equation i s  shown i n  Fig. 13.2. It is  
in te res t ing  t o  note that t h i s  equat3.on indicates  that the  r a t i o  of the amount 
of uraniuni sorbed f r o m  a kO-g/liter solut ion t o  that sorbed fmm a lO-g/ l i ter  
solut ion i s  about 1.7. Theoretical  considerakions of the in-p i le  loop c o r n -  
sion r e s u l t s  f o r  Zircaloy-2 indicate  that t h i s  r a t i o  should be about 2.0 t o  
best  explain the  difference i n  corrosion r a t e s  i n  the  -1;wo solutions.  These 
two vCdues are a t  least  i n  reasonable agreement. 

n 

This equation is a form of the Freundlich isotherm. 

Most of Lhese data have been accumulated only recently, and further analy- 
sis of them is planned, 
use of the  sorption data as a base l i n e  t o  study the  e f f ec t s  of other  var iables  
(e.g., temperature and addi t ives  t o  the solution, such as acid and copper), 
-,&ich m y  rad ica l ly  change the  amount o r  nature of the sorption. 

However, Ynetr excellent reproducibi l i ty  warrants the  

1. G. H. Jenks e t  d., UP Quar. Pmg. Rep. Oct. 31, 1958, OR%-2654, p 179-183. -- 
2. G. H. Jenks -- e t  al., HRP Quar. Frog. Rep. Oct. 51, 1.959, oEKL-2879, 
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Part IV 

SLURRY FUEIS 





14. ENGINEERING AND PHYSICAL PROTERTIES 

IS. W. Hoffhmn 

C. S. Morgan D. G. Thomas 

14.1 RKEOLOGY OF SUSPENSIONS OF SPHER1CP.L Ti302 PAH’I’ICLES 

The 1.aminar-flow characteristics of two suspensions of spheroidal Tho2 
particles (each of a different _particle size) were mmsixred by using a vis- 
cometer with a tube length of 1_OOO T./D and a diamete of 0.124 in. 
T h C 2  particles, which were prepared by flame calcination,’ had a mean diameter 
of 1.4 p, a logarithmic mean deviation of 1.9, and a particle density greater 
than 8.2 g/cc. The larger particles were “standard slurry“ spheres refired at 
lr00’C; the mean diemiter was 17 p, the logarithmic mean deviation was 1.8, and 
the particle density was 9.1 g/cc. 

The smaller 

Since the amount of material available was insufficient to determine the 
effect of concentration on the yield stress, the cubic relationship previous1.y 
observed2 has been assumed in order to compare the present data with earlier 
results2 for irregular crystalline material. 
Fig. l4.I, witln all the previous da.t;a being represented by the cross-hatched 
area. As can be seen, the effect of particle diameter appears to be the same 
regardless of whether the material i.s spheroidal or irrcgu7.arly crystalline; 
however, the yield stress of suspensions of the spheroi2al material m y  be as 
low as one-tenth the velue for those prepared from irremar crystalline materiHl 
of the same particle size. 

The two sets of data are shown in 

ll+. 2 LLWIN~’~R HEAT-TRANSFER COEFFICIENTS OF NON-NFdTONIAN SUSPENSi(3NS 

The correlation developed’ for laminar heat-transfer coefficients with non- 
Newtonian suspensions used an approximate correction to compensate f o r  the non- 
Newtonian velocity profile. The mean values for the experimental data were found 
to lie about 15% Rbove this semitheoretical line; all the data fell wjthin a 
scatter band of +3O$ around the mean. Recently, a more detailed theoretical 
analysis has been presented by Hirai4 which, when applied to thrse wme data, re- 
s u l t s  in the improved correlation shown in Fig. 111.2. The mean values for the 
data are now observed to be only 11% above those predicted by the Hirai line, and 
the spread of the data has been reduced to +15%. Tne equation given in Fig .  lh”2 
is an approximatioii by Hirai of his exact solution arid agrees closely with this 
exact solutjon for values of the Nusselt moriulus (hd/k) greater than 8. 

85 



86 

UNCLASSIFIED 
ORNL-  L R -  DWG 46020 

I , 1 , 8 1 1  I , # ! I ,  

404 I j.-.l....... J.. + .... i ..... J ....... 
. . . . . . . . . ~~~ ~~ 

1 O3 

0' 

10-' 

t =If e SPHEROIDAL rhoe  

IRREGULARLY CRYSTALLINE Th02,  
CALCINATION TEMPERATURE 650 TO 

to-' too I 

MEAN PARTICLE DIAMETER (,u) 

600°C 

II 

1 o2 

Fig. 14.1. Comparison of Effect of Part ic le Shape on Suspension Yield Stress, 



87 

UNCLASSIFIED 
ORNL-LR-D'NG 44634A 

IO0 , , , I , ,  1 ' 
DlA(in.) L / D  SLURRY DENSITY TY 

Ib/cu fi- Ib/sq f t 
~ - 

.......... .- 
0.318 378 104 0.075 

a 0.318 2 52 104 0.075 
0 0.318 126 104 0.075 
V 1.030 175 104 0.075 
8 1.030 87 104 0.0.75 
E 0.318 378 134 0 .46  

2 V 1.030 175 134 0 . 4 6  

lo-' 

5 

i" 

2 

5 

2 

10 - ~  

rl 
Ib / f t  . sq 

0 0019 
0 0019 
0 0019 
0 0019 
0 0019 
0 0055 
0 0055 

I - 1/3 

102 2 5 do3 2 5 io4 2 5 
DVP 

REYNOLDS NUMBER, N,, 7) 
5 

Fig. 14.2. Laminar Heat-Transfer Characteristics of Tho, Slurries Compared with Theoretical Equation 
of Hirai. 

. 



88 

l 'c .3 THOSIA CAKING STUDIES 

Invest igat ion of the  fac tors  involved. 5.n cake formation during Tho2 s lu r ry  
c i rcu la t ion  w a s  continued with s l u r r i e s  com-msed of pa r t i c l e s  more r e s i s t an t  t o  
degradation than the 800"C-calcined T h G 2  of the e a r l i e r  s tudies .  
used. were (1) Tho2 calcined a t  1.600"C and (2)  921.02 - 8% UO2 calcined a t  1050°C. 
Spi.ewak e t  al.5 have reported tha-t the c i rcu la t ion  of the Icttier composition re- 
sul ted i n  deposj t;.ion of a cake several  microns th ick  on the cooled nickel-plated 
surface of a heat- t ransfer  d i sk  i n  the %OO-gpn loop. 

The two s l u r r i e s  

Tho2 - 8$ U02 was cif-cul.ated i n  the 30-gpm loop t o  determine film o r  cake 
formation as a function of the  s l u r r y  velaci-ty and of the  confining-metal surface.  
Stai.nless s t ee l ,  copper, and nickel surfaces were included i n  each of the veloc- 
i- ty sections of the  multidiameter sample barrel. (MDSR) ; iiominal ve loc i t ies  j.n 
the sections were 5 ,  10, and 20 fps .  Deposits i n  the various regions of the  MDSB 
a:rter 114 h r  of c i rcu la t ion  a t  275°C with a s l u r r y  cont,aining approximately 450 g 
of Th per kg 1120 a r e  shown i n  Fig. l b .3 .  
i n  i;he 10-fps sect ion and on near ly  a l l  of the nickel-pl.ated surlace i n  the 20-fps 
section, the T h O 2 - U O 2  deposits were approximately 1.3 m i 1 . s  'tni.ck. Tliinner, small- 
area deposits were observed on the copper surfaces of all. three sections.  A sec- 
ond c i rcu la t ion  t e s t  with the same mixed-oxide batch exhibited simil.ar behavior, 
although the deposit ion pa t te rn  w a s  somewhat sh i f ted .  I n  contrast  with the data 
f o r  the 800~C-ca1-cined T h O 2 ,  'daring Rlendor treatment of the mixed-oxide batch 
h e f n r e  c i  rculabion d id  not appreciab1.y a l t e r  the deposit ion pattern.6 
ti.ona1. 200 hr of c t rcu la t ion  i n  the cleaned MD5B resulted i n  no fur ther  deposits 
except f o r  a very t h i n  f i lm on the nickel  i n  Lhe 5-13s sect.ion. There were no 
deposi.ts i n  the piimp. 

Gn 6S$ of the  stain]-ess s t e e l  surface 

An addi- 

Circul.ation of 16OO"C-cnlcined Tho2 f o r  100 hr yi-elded a t;hi.n thoria deposit  
on the s t a in l e s s  steel. and coppcr (estimated 0.5-mil thickness) i n  the 10-fps 
section. No deposits were seen on the nickel i n  t'ne internietliate-velocity sec- 
ti.on or  on any surface i n  the 5- or 20-fps sections.  Af t e r  300 hr  of c i rcula-  
t ion ,  the  en t i r e  20-fps sect ion ( a l l  nickel. xnd copper p l a t ing  had been eroded.) 
and about 50$ of the 1.0-fps sect ion (wi-thout surface preference) were covered 
with a very th in  oxide fi lm, The thickness of t h i s  f i lm was estimated t o  be be- 
tween 0.1 and 0.3 m i l .  
e a s i ly  removed by wiping with a sponge. 

The f i lm did not wash away i n  a strea,m of water but wa.s 

Examination of a smll (I i n .  long) water-cooled sect ion i n  the external  
1- in .  pIpjng of the I.oop (13 fps  velocity) showed no detectable e f f ec t  of  cooling 
on oxide deposit ion.  

The deposit ion of f i l r n s  from sl.urries composed of prti .cl .es more r e s i s t an t  
t o  degradation t,han 800"C-cal.cined~ Tho2 seems to follow the caking behavior of 
800°C-calcined thor ia  i n  t h a t  (1) deposits form dur ing  in i t ia l .  c i rculat ion7 (pre- 
simably beca.ii.se f i nes  generated by a t t r i t i o n  of irregular-shaped pa r t i c l e s  a r e  
then m o s t  p l en t i fu l )  and (2) the  parti .cle s i z e  of <ne redi.sp, orsed films i s  
srml.ler than tha t  of the c i rcu le t ing  sl-urry. it i s  probable i5ia.t the fi lm- 
formin< mechanism For these oxides i s  essential1.y the same as t ha t  prowsed fo r  
800°C-calcined ThO2; namely, -the f ine  patl-ticl.es a,re pushed over each other  by 
the f l u i d  shear forcer, in to  posj:t.ions of m.i.nirnmi energy where they a re  held to-  
gether by van der Walls' forces.a 
usua1.l.y been s o f - k r ,  presumably refl-ecting the reduced number of  very small 
partj.cl.es generaLed. 

Films frolii the! higher f i red  oxides have 
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15. SLURRY ~ R R A D ~ I O N  STUDIES 

J. P, McBride N. A.. Krohn 

15.1 SLURRY ~RRADLATLONS m THE ~ r n  

A long-term i r r ad ia t ion  of a s e t t l e d  slurry of tho r i a  spheres containing 
0.5% uranium w a s  begun. 
ammonium uranyl carbonate solut ion on Houdry tho r i a  spheres c l a s s i f i ed  t o  >25~1. 
The spheres were then f i r e d  at 1000°C f o r  4 h r  i n  air. The number of f i n e  par- 
t i c l e s  was decreased by severa l  sedimentation c l a s s i f i ca t ions  i n  water. The 
mater ia l  was  then dr ied  and put i n t o  the  i r r ad ia t ion  test autoclave. After 
-100 h r  in-p i le  a t  1 8 0 ° C  t he  autoclave apparently went dry and w a s  i r r ad ia t ed  
i n  t h i s  condition at  280°C f o r  about th ree  weeks, Then the  i so l a t ion  chamber 
a t  the  top  of the  i r r ad ia t ion  f a c i l i t y  was opened, a l l  accessible  connections 
and valves were tightened, and water w a s  added t o  the  autoclave through the  
pressure-sensing cap i l l a ry  tube. The i r r ad ia t ion  is  continuing. 

The spheres were prepared by adsorbing uranium from 

15.2 GAS S O ~ I L I T Y  IN AQUEOUS SWRRIES 

The s o l u b i l i t i e s  of hydrogen and oxygen gases i n  aqueous s l u r r i e s  con- 
ta in ing  250, 500, and 1000 g of Th per  kg of H& as 65O"C-fired thorium oxide 
(surface area, 32 mz/g) were measured by a method previously described.l The 
r e s u l t s  indicated t h a t  no appreciable amount of hydrogen w a s  adsorbed by the  
thoria ,  t he  observed s o l u b i l i t i e s  of hydrogen f o r  a l l  concentrations of slurry 
being no greater  than that corresponding t o  the  amount soluble i n  the water 
phase alone. A r e l a t i v e l y  large amount of oxygen, however, w a s  adsorbed by 
f r e sh  tho r i a  surfaces i n  an i r r eve r s ib l e  or very slowly reversible  manner. 
Once the  slurry had been pretreated w i t h  oxygen, the so lub i l i t y  of oxygen w a s  
higher than t h a t  i n  water. A t  250°C with a slurry containing 1000 g of Th per  
kg of H@, approximately twice as much oxygen was taken up by the  s lu r ry  as by 
pure water equal i n  volume t o  the  aqueous phase of the  slurry. 

1. H. F. Soard, Solubi l i ty  of Oxygen, Hydrogen, and Iodine i n  Thorium Oxide 
S lur r ies ,  ORNL CF-59-2-97 (Feb. 2, 1959). 

91 



16. DF:VELOPME~ OF GAS-RECOMBINATION CRTALYSTS 

J. P. McBride L. E. Morse 

16.; PALLADIUM AS A CATALYST 

Reaction rates of stoichiometric H?-O2 mixtures were measured a t  280°C i n  
aqueous thorium oxide - 8$ uranium oxide s l -urr ies  (100 g of Th per kg of Ha) 
containing pal1adim-on-TnO2 ca ta lys t  s a d .  pressurized with 02 (200 p s i  a t  26°C). 
Thi.s work i s  a par t  of the  general. program t o  study the propel-ties of t h i s  
recent ly  developed ca ta lys t  suspensiaril and i s  also i n  support of t he  REED LITR 
i n -p i l e  s lu r ry  corrosion s tudies  .,' 

With palladium concentrations of 60 and 120 ppm, based on thoria,  t he  rates 
were equivalent t o  CPI's (ca ta lys t  performance index) of 0.4 a-nd 1.2 w/ml  a t  
280°C and a p a r t i a l  pressure of 1-00 ps i  H2. This i s  a threefold increase i n  
reac-Lion r a t e  where the  ca ta lys t  concentration was doubled a t  constant s lu r ry  
concentration e hi previous work' with a similar ca ta lys t  suspension and the  
same conditions except t h a t  t he  s lu r ry  was pure Tho2 (100 g of Th per kg of 
B ~ O )  and the  palladium concentration w a s  275 ppm, t l i e  r a t e  w a s  equivalent t o  
a CPI of 100 w / m l  at; 280°C and a psFcia.1 pressure of 100 p s i  H2. 

In  the proposed in-p i le  s lu r ry  loop experiment, which w i l l  be car r ied  nut 
a t  a conceniration of 1000 of Th per  l i t e r ,  ihe minimum acceptRble reactjon 
r a t e  a t  280°C would be equivalent t o  a CPP of 12-5 w/mL a t  a parbial. pressure 
of 100 ps i  D2. This r a t e  would be almost a t ta ined  with a palladium concentra- 
t ior ,  of 120 ppmr assuming t,hat the r a t e  var ies  l i nea r ly  w i i h  s l u r ry  concentra- 
t i on .  

Studies were also made of t he  e f fec t  of oxygen ove-rpressure on the  reaction 
r a t e  of -the K2-02 inixtures i n  slui-ries containing 120 ppm of palladium. There 
??as no apprechble  change i n  the  280"~ reaction rate  when t h e  02 overpressure 
(measured at 26°C) was decreased from 200 t o  100 psL. However, i n  the  absence 
of any O2 overpressure, t he  reaction r a t e  increased by  a f ac to r  of almost 10, 
t o  a r a t e  equivalent t o  10.8 w / m l  a t  280°C and a p a r t i a l  pressure of 100 psi  
E2. The increased. r a t e  w a s  preceded by an iiiductj.on period of about 5 min. 

The thori.im oxide - 8$ uranium oxide used i.n these eAxperirnents was pre-  
pared by the adsorption method. 
composition was 31% Th and -($ U; the  surface area w a s  2,5 m2/lp;. 

After calcinat ion a t  1000°C f o r  8 h r  the 
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16.2 DEVELOPMENT OF CONTINUOUS GAS PRODUCTION- 
RECOMBINATION APPARATUS 

Minor changes i n  t h e  recombiner vessel  were made t o  improve t h e  operation 
of t h e  continuous gas production-recombination apparatus .l 
well w a s  removed from t h e  top  plug and inser ted thrcugh t h e  bottom of t h e  ves- 
sel .  
plug end baf‘fle plate and extends i n t o  t h e  slurry mixtui-e is ncw t h e  only tube 
t h a t  exbends through t h e  steam d r a f t  tube. This should decrease the steam ve- 
l o c i t y  and help t o  control  entrainment of solids,  which i s  a major operational 
problem. 
e r a t o r  caused by steam diffusing from t h e  recombiner vessel  and condensing i n  
the  gas t r a n s f e r  l i n e .  

The thermocouple 

The 20-mil-ID, 65-mil-OD gas delivery tube which passes through the  top  

It should a lso eliminate t h e  t h r o t t l i n g  of gas t ransfer  from t h e  gen- 

A four-plate stainless s t e e l  b a f f l e  was fabricated t o  decrease t h e  steam 
veloci ty  i n  t h e  d r a f t  tube s t i l l  fur ther  i f  it should be found necessary. 
su la t ion  of t h e  top  plug of t h e  recombiner vessel  against  heat loss may also be 
used t o  control  boilup of vater t o  the  condenser section. 

In- 

1. J. P. McBride and L. E. Morse, HRP Prog. Rep. Oct. 31, 1959, ORNL-2879, 
P 174-179. 

2. E. L. Compere, H. C. Savage, e t  al., HRP Prog. Rep. Oct.  31, 1959, ORNL-2879, 
p 207-209. 



17. SLUMY CORFiOSTON 

E. I,. Compere H. @. Savage 

J .  M. k k e r  5J. J. Leonard S. A .  Reed 
S. g .  Bolt R.  A .  Lorenz L. Rice 
V. A .  DeCarlo R. E. McDonald A .  J. Shor 
R. R. Gallahcr  A. 3. Olsen L. F. Woo 

1 7.1.1 JntroZ-uc tion 

The development of flame c a k i n a t i o n  of t ho r i a  p a r t i c 1 . e ~  by the Choivic:ai 
Technolom Divis ion has l e d  t o  i n t e r e s t  i n  t h e  c i r c u l a t i o n  propcrt , ies of  such 
materials. 'These more rounded shapes might l e a d  to more durab1.e p a r t i c l e s ,  wi th  
lowered aggressiveness  and improved rheologica l  p rope r t i e s .  A number of small.- 
s c a l e  prepara t ions  were t e s t e d  j.n t o ro ids ,  and good r e s u l t s  1.ed t o  t h e  prepara-  
t i o n  of s u f f i c i e n t  material. f o r  t h e  IOOA-pump-loop t e s t  d i scussed  below. 

C i rcu la t ion  tes ts  on a thor ia -ura i i ia  s l u r r y  r ep resen ta t ive  of a high-power- 
dens i ty  blanket, material f o r  a proposcd experimental  r e a c t o r  qave h igh  corrosior  
rates. A comparison t e s t  on pure t h o r i a  i s  a lso rcportcd.  

The hydriding of Zircal-oy-2 i n  c i r c u l a t i n g - s l u r r y  s e r v i c e  i s of cons iderable  
i n t e r e s t .  Examinatjon of a Zircaloy-2 pump impel le r  after s u b s t a n t i a l  s l u r r y  
se rv ice  under both  hydrogen and oxygen atmospheres i s  repor ted .  

17.1.2 hkalua t ion  .. . ... Tests wi th  S l u r r i e s  l___l_ oi' Flame-Calcined Oxides of - Thorium, 
T'nor ium- Ur9-2m+2 and Thorium - Uran i urn -Ahxriinurli ..__.I 

During t h e  p a s t  year  a test program w a s  conducted i n  cooperat ion wi th  t h e  
Cnemical Technol.ogy Divis ion to evalua te  zxperiniental  t h o r i a  premi-at ions made 
by t h e  f lame-ca lc ina t ion  met1iod.l 
i n  a series of toroid 'iests t o  determine t h e  r e l a t i v e  corrosion-erosion properLies  
and i n t e g r i t y  of t h e  oxides  during c i . rcu la t ion  as aqueous s lurr 'es  a t  2 8 0 ° C .  
The program culminated j.n a 1OOA-loop tes t  of 240 hr du ra t ion  wh.ich was made a t  
250°C with a s l u r r y  of a t e r n a r y  oxide conta in ing  3.2$ U/Th and 1.6% A l / T h .  

Samples of over 20 prepara t ions  were examined 

17.1.3 Toroid Screening Tests 

Mater ia l s  produced by t h e  experirnental f lame-cal.cination method for t o r o i d  
tes ts  were divided i n t o  t h r e e  genera l  ca tegor ies :  
( 2 )  binary  oxides containing nominally 6% 'JjTh, and ( 3 )  t e r n a r y  oxides  conta in ing  

(1) those  of pure Th02, 
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nominally 6% U / T h  and 2$ A l / T h .  
preparations w a s  1500°C. 
f ire-polishing. The apparent mean Stokes' diameters of the preparations ranged 
from 1.1 t o  2.2 ,LL. 

The estimated calcinat ion temperature of t he  
The materials w e r e  spherical. o r  semispherical due t o  

A l l  preparations were c i r cu la t ed  as aqueous ( D  0 )  slurries i n  300-hr t o ro id  
Ezch preparation w a s  c i r cu la t ed  i n  

2 
t e s t s  at 280Oc at  a flow veloci ty  of 26 fps.  
an oxygen atmosphere. Preparations containing uranium w e r e  a l s o  tesLed i n  an 
atmosphere of deuterium, when a s u f f i c i e n t  quant i ty  of sample w a s  avai1ab.bl.e. 
s l u r r y  concentration of 500 g of Th per kg of D20 was used i n  the  majority of 
the t e s t s ,  although because of a l imited amount of maLerial, four  of t he  prep- 
a ra t ions  were t e s t e d  a t  200 g of Th per kg of DpO. Corrosion-pin specimens of 
type 347 stainless steel, Inconel, titaniwn-75A, and Zircaloy-2 were exposed i n  
each tes t .  

A 

The a t t ack  data  were examined by use of r a t i o  analysis2 (Table l.'(.l), which 
permitted separation of t he  e f f e c t s  0.P major variables  i n t o  multLplicative 
f ac to r s .  Tne reference condition was taken as t h e  average f o r  the Th-U oxide 
preparations.  
The r e l a t i v e  a t t a c k  o f  t h e  a l l o y s  under each atmosphere was normal and i n  agree- 
ment with previous experience using Tho2 prepared by other  me-thods. 

A l . 1  a t t a c k  data were no rml i zcd  t o  500 g of Th per kg of D20. 

I n  oxygenated tests of flame-calcined materials, s l u r r i e s  of t h e  7 3 - U  
oxide preparations were generally most aggressive. S t a in l e s s  s t e e l  w a s  at tacked 
a t  approximately the  same r a t e  by s l u r r i e s  of pure Tho2 and Th-U-A1 oxides; how- 
ever, a t t ack  of Zircaloy-2 w a s  mod-erately hisher  i n  tests with the  ternary 
oxides . 

In  tests with deuterium atmospheres, a t t ack  by s l u r r i e s  of the  Th-U-A1 
oxide w a s  an average f a c t o r  of 2 g rea t e r  than with s l u r r i e s  0.C t he  Th-U oxide 
preparations.  No tests with pure t h o r i a  were made with a reducing atmosphere. 

No co r re l a t ion  between a t t ack  rate and p a r t i c l e  s i z e  of the preparations 
was manifested i n  t h e  test s e r i e s .  None of the  preparations was detectably 
degraded. 

17.1.4 Pump-Loop T e s t  with Slurry of Flame-Calcined 'Jk-U-Al Ox- 

Subsequent t o  the  series of t o ro id  tests of flame-calcined oxides, one 
100A-loop test ,  CS-51, was conducted t o  evaluate f u r t h e r  a s l u r r y  of Th-U-A1 
oxide. 
p a r t i c l e  s i z e  of 1 . 3  p a f t e r  c l a s s i f i c a t i o n .  

The batch, 76-82RD, contained 3.2% U-Th and l.6$ Al/Th m d  had. a mean 

The test  loop was charged t o  a s l u r r y  concentration of 452 g of Th per kg 

Pert inent  operating conditions and r e s u l t s  of t he  test  are shown i n  %ztble 
o f  HQO and operated a t  250°1;, using an oxygen atmosphere, f o r  a period of 239.8 
hr.  
17.2. 

During t h e  f i rs t  166 h r  o f  t he  test, at a pipel ine flow veloci ty  of 6.5 fps ,  
the c i r cu la t ing  concentration w a s  i n  excel lent  agreenierit with t h e  chBrged concen- 
t r a t i o n .  However, over t h e  following 24-hr period -37$ (-3 kg)  of t he  solids w a s  
l o s t  from c i r cu la t ion .  No f u r t h e r  l o s s  occurred. I n  t h e  firal 1.4 h r  OS the  
test ,  t he  pipel ine veloci ty  w a s  increased t o  9 fps,  but no change i n  c i r cu la t ing  
concentration was noted. 
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Table 17.2. Surmnary of 100A-Loop Tests with S lur r ies  of 
Thoria, Thoria-Urania, and Th-U-A1 0xid.es 

RW cs-51 m n  ES-14 RW ES-15 
(Th-U-A1 oxides, 
flame calcined) 

( Th-U oxides) (Pure thor ia )  

0 Operating temperature, C 
Slurry c i rcu la t ing  hours 
Atmosphere ( s t d  c c / l i t e r  s l u r r y )  
Range of s lur ry  pH 

Concentrations, g Th/kg D20 
A v g .  inventory ( max. ) 
Avg. c i rcu la t ing  (max. -mine 1 

Batch number 

Surface area, m2/g ( r ~ ~ )  
Crystall i te s ize ,  E 
Mean p a r t i c l e  diameter, 

g U/kg ‘J3-l 

€5 W k g  Th 

ei 

u+4/m, k (+4k) 

Attack rates,  mpy 
b o p  piping ( SS) 

i n i t i a l ,  average 
Impeller ( ~ i r c a l o y - 2 )  

6-7 fps, 

Coupon specimens: 
Velocit ies,  fps  

329 ss 
347 ss 
PH 15-7 Mo 
17-7 PH 
U S S  Corex (18 Cry 24 N i )  
croloy 16/1 
Croloy 914 
Croloy 5 
Croloy 2 
ASTM A285 
Armco I ron 
Incoloy 
Inconel 

pt-$ Ir 
Ti-Bl20-VCA ( 1 3 V J  11 C r y  3 A l )  
Ti-MST G r a d e  I11 
Zircaloy-2 

INOR-8 

453 (457)* 628 (764) 622 (746) 
410 (490-288)* 729 (884-476) 669 (810-454) 

76-82RD MO-67 UP-46 

1.3 1.4 2.1 3.7 o r  Ex- - -  Pre Post Pre Post l’re iJost - -  
- .- 

~ 2 5 0 0  igoo 1200 800 x500 >250o 
1.3 1.2 2.5 1.8 2.4 2.0 

48 32 44 24 
16 16 

1.7, 0.2 24J l-3 29, 3.0 
1.2 50 2.5 

20 40 - -  
0.4 1.6 
0.1 0.9 
1.1 1.1 
0.1 0.7 
0.1 1 . 3  

1.1 1.4 
2.0 2.0 
5.9 3.6 

2.0 4.7 
5.0 11. 

0.1 0.7 

WG 0.8 
WG 0.7 

WG 0.2 

- -  19 38 
0.6 9.0 
1 .6  18. 

0.8 14. 
0.5 7.8 
0.5 8.2 

6.4 7.8 

11. 8.8 

7.6 25. 
13. 25. 
0.2 5.8 

2.6 6.8 

12. 11. 

0.4 12. 

0.5 5.1 
WG 1 .7  

- 19 38 
0.2 zz 
0.2 4.6 

0.2 5.6 
0.1 1.0 
0.1 0.2 

1.1 1.1 

1.7 1.6 

0.8 0.8 

3.1 2.5 

5.5 32. 
1.8 18. 

C O . 1  1.2 
0.2 0.8 
0.1 0.4 
WG <0.1 

- 

* G r a m s  of Th per kg of +O. 
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After hydrocloning s o l i d s  from t h e  loop a t  250°C, t h e  system was cooled t o  
room temperature and r insed  once w i t h  water. When t h e  system w a s  opened f o r  
inspec t ion ,  no depos i t s  were found. 

The U/T% and Al/Th r a t i o s  remained constaint a t  0.032 and 0.016, respec- 
t i v e l y ,  diirj-ng t h e  run. A maxir;iuni of 3 ppm of A 1  and 'I ppm of U w a s  detec.ted 
i.n t h e  s l u r r y  supernatali t  I- iquid.  
0.32 ( A  0.04)  during Lhe f i r s t  22.3 h r  and then remained cons tan t .  No appre- 
c i a b l e  changer, occurred i n  t h e  hieaii p a r t i c l e  s i z e ,  sur face  area, o r  c r y s t a l l i t e  
s i z e  or t h e  nixed oxide.  
temperature s-t t l i n g  rate occurred between t h e  -(O-hr and 116-hr satxples. 
of t h e  s l u r r y  decreased from 3.2 t o  6.4 dur ing  t h e  first '(0-hr per iod  and 
reniai.ned essent  1a2.1~- constant  t h e r e a f t e r .  

The U~'.'.' /'XU r a t i o  decreased from 0.48 t o  

A marked increase  (a fac- tor  of -10) i n  t h e  room- 
IYie pH 

Thc y-e- aind t h e  pos t run  y i e l d  stress of tile material. a t  a s l u r r y  denstty 
of 2.26 (1350 g of Tn per kg of ?I 0 )  were computed from pseudo-shear diagram 

These values  are substan- 
tinl.1.y below tliz I .evels for t h o r i a s  produced by fu rnace -ca l c ina t ion  of Lhoriurn 
oxa la t e .  

data3 t o  be 0.02-( and 0.072 l b / f t  2 , respec t ive ly .  

System a t t a c k  rates ve re  q u i t e  lo\? Incremental  rates, inc luding  t h e  
a t t a c k  on the staj.r.l.ess s t e e l  pump s c r o l l  and t h e r m 1  bar r j -e r ,  were 1.7 mpy f o r  
t h e  f i r s t ,  2 hr ,  0.5 mpy during t h e  next a h r  OP c i r c u l a t i o n ,  and cons tan t  
t h e r e a f t e r .  T'nc a t t a c k  rate on t h e  s t a i n l e s s  s tee l  loop p ip ing  was 0.2 mpy. 
The c a s t  Zircaloy-2 impel le r  l o s t  0.5 g, which was equivalent  t o  an a t t a c k  rate 
of 1 . 2  rnpy. 

Coupon-specimen cor ros ion  r a t e s  a t  20 and $0 fps  were q u i t e  low, generally 
agree ini; (a l though I.owei- i n  proport ion t o  s l u r r y  concclntral;.i on) wi th  resu1.-ts 
from run XS-lj (Table  17.2), which was made with  a regular-product ion pure 
t h o r i a .  

1.7.1.5 Loop Tests Comparing Attack by S l u r r i e s  of Th-U Oxide and h r e  'Thoria __. 
. . . . . . . -. . . . .- . . . ... . ._ 

Recent in te i -es t  i n  a two-region breeder  r e a c t o r  which might contai-n 2 t o  47: 
I Ul'Th i n  a c i r c u l a t i n g  s l u r r y  b lanket  

vas made to evalua te  t h e  generz l  p rope r t i e s  and ccr ros ion-eros ion  character-i  s t i e s  
of such R r;.aterial. Sluri-y f o r  t h e  t es t  was preparcd fror:~ expcrlKenta1 ba tch  
Mo- 67 pl-epared by the  Cnexical  Technology Divis ion by adsorp t ion  of uranium 
( 2 .a$ U/ ' lh)  on 6 5 O O C - f i r e d  thoria5 with subsequent ca lk ina t ion  a t  10j5°C arid 
c l a s s i f i c a t i o n  t o  a mean p a r t i c l e  s ize  of 2.5 ll .  

prompted one 100A-loop test  (ES-14) which 

S lur ry  was c i r c u l a t e d  for t h e  i . n i t i a l  l 6 7 - h r  period of t h e  t es t  at a charge 
concent ra t ion  of 498 g oi' Th per  kg of D20. 
i n j e c t e d  i n t o  t h e  loop, which increased t h e  concent ra t ion  t o  7 5 - i  g of Ti? per  kg 

Additional. material w a s  then  

of D20. 

The ind ica t ed  a t t a c k  rate of t h e  s t a i n l e s s  s tee l  sys-tam during t h e  f i r s t  
per iod  of operati.on viis 12 rcTy. After increas ing  t h e  s l u r r y  concent ra t ion ,  
incremental  systern a'i'iack rates f l u c t u a t e d  be-tween 10 and 46 mpy. 
t h e  t e s t  was t c m i n a t e i  a r t e r  173 h r  of c i r c u l a t i o n  a t  t h e  h igher  concentyat ion.  
T'ke a t t a c k  rate of t h e  s t a i n l e s s  s tee l  corfiponents of t h e  system f o r  the t o t a l  
per iod of c i r c u l a t i o n  ( jk0.5 h r )  was 13 rnpy. 

Therefore 

iVhen the  loop  was disessembled, it w a s  found t h a t  t h e  a t t a c k  had occurred 
p r i n c i p a l l y  i n  t h c  c i r c u l a t i n g  pwq: and l oca l i zed  i n  a x a s  of greatesl;  
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turbulence i n  t h e  purflp impeller hub and themial barrier. 
analyses, t h e  a t tack  r a t e  on Yne titanium pump scroll w a s  37 mpy; from weight- 
l o s s  data, t h e  Zircaloy-2 impeller w a s  at tacked a t  a rate of 50 mpy. 

During the  m, the  U/Th r a t i o  remained constant a t  28 g of U per kg of Th .  
The V4/XJ r a t i o  decreased from 0.44 t o  a.2G (-kO.O4) i n  the f i r s t  8 hr of circu- 
l a t i o n  and then rexained e s s e n t i a l l y  constant. Less than 3 ppm of uranium w a s  
found i n  t h e  supernatant l iquid.  
4.9, and t h e  pIi of t h e  supernatant l iqu id  f luctuated without t rend between 4 . 3  
and 6,4. 

Based on chemical 

The pH of the  s lur ry  decreased from 6.9 t o  

The Th-U oxide p a r t i c l e s  degraded From a mean s i z e  of 2.5 t o  1.8 p p  and a 
s l i g h t  decrease i n  the  c r y s t a l l i t e  s i z e  from 1200 t o  800 w w a s  detected. 

A comparison tes t ,  run ES-15, w a s  made with a s lur ry  of pure tnor ia  (regular- 
production) at condjtions approximating a5 closely as possible those o f  rn es-14. 
The tes t  consisted of 168 hr of c i rcu la t ion  a t  a s lur ry  concentration of 541 g 
of Th per kg of D20 followed by 171 hr  of c i rcu la t ion  a t  a concentration of 
‘[yr/ g of Tn per kg of %O. Pertinent data  for  both t e s t s  are shown i n  Wble 
17.2. 

During the  first portion of the  t e s t ,  the  mean 168-hr a t tack  r a t e  of the  
s t a i n l e s s  steel  connponents of t h e  system vas 3 . 3  mpy. 
t r a t i o n  the  mean Yi‘l-hr rate v a s  3.8 nipy. 
ing during the t o t a l  period of c i rcu la t ion  (339.4 hr) was 3.0 ropy, which was a 
fac tor  of about 4 lower than i n  run ES-14 with t h e  m-U oxide s lurry.  
on t h e  titanium scroll w a s  <3 mpy. 
vas equivalent t o  2. j mpy. 
f o r  the corrosion specimens exposed i n  run ES-1.5. 

A t  the  higher concen- 
The over-al l  a t tack  rate of the  pip- 

Attack 
The Zircaloy-2 impeller l o s t  1 .5  g, which 

As shown i n  Table 1’1.2, lower rates were a l s o  noted 

A fur ther  comparison of slurry aggressiveness i n  terms of specimen data 
from t h e  two tests is  presented i n  Table 17.3, which shows f o r  various metals 
the  r e l a t i v e  aggressiveness of the two preparations at  20 and 40 f p s  i n  te rns  of 
t he  r a t i o  of a t tack  r a t e s  ( a f t e r  adjustment by proportion t o  a commoc slurry 
concentration). A t  20 fps the  mean (geometric) r a t i o  was 3.7 and a t  40 fps, 
4.9. 
urania preparation w a s  obtained. 

Thus a consistent indicat ion of increased aggressiveness far the thoria-  

!l%e r e s u l t s  were consistent with previous experience which has shown f,ht 
hipJer a t tack  rates r e s u l t  with slurries whose p a r t i c l e s  a r e  degraded during 
circulat ion.  
material  being calcined a t  too low a t e r n p ~ r a t u r e . ~ , 7 , ~  

The poorer i n t e g r i t y  of the  mixed oxide was possibly due t o  the  

7 7.1.6 Hydridi=of I Zirconj ,csse  Alloys 

Discussions were presented previous1 concerning variables associated with 

It was of 
the  hydriding of zirconium-base a l l o y s g ~  d observed i n  t e s t s  using small, pin- 
type corrosion specimens exposed t o  c i rcu la t ing  s l u r r i e s  i n  toroids .  
i n t e r e s t  t o  examine other zirconium-base mterials which had been exposed t o  
s l u r r i e s  at d i f fe ren t  operating and flow conditions. 
a cas t  Zircaloy-2 impeller which had been i n  routine use i n  one of t‘ne 1OOA 
slui.ry corrosion-test  loops w a s  examined by t h e  Metallurgy Division f o r  evi- 
dence of hydriding, 

Therefore a sect ion from 

The service his tory of t he  impeller is  shown i n  %ble 17.4 
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Table 17.3. Rei-ative Attack by Oxygenated S l u r r i e s  of 
10750C-Calcined Th-U Oxide and 160OoC-Calcined 

Thoria a t  250Oc 

&tes expressed as r a t i o  of a ' i tack by s l u r r y  oE 
Th-2.8$ U oxide t o  a t t a c k  by Tk02 s l u r r y  ( a f t e r  
propor t iona te  adjustment to equal s l u r r y  concen- 
t r a t i o n ) .  

Pa i;er i a l  20 fps 40 fps  

3 3  ss 
347 ss 
uss Corzx ss 
Croloy 16/1 
Cr01.0j. 914 
Croloy 5 
Croloy 2 
A STW-r, 28 5 s tee 1 
Arrnco I ron  
lnconei  
rnor-6 
p'6-59 Ir 
Ti.-M:iT 111 
Zircal.oy-2 

k a n ,  geolnetric 

3.S 
9 .o 
4 .5  
6.0 
6.0 
3.0 
b .9 
3.4 
5.5 
1.. I 
5.6 
2.0 
6.0 
1.0 

3.7 

~- 

3.0 
4 . 1  
2.0 
6.2 

8 . 3  
6.2 
3.9 
4.6 
0.64 
0.96 

55 

11~6 
11 
23 

4 -9 

Table 17.4. Service History or Cast Zircaloy-2 Impel ler  
from l0OA Slu r ry  Corrosion-Test Loop 

Temp e r a t  u re 
( O C )  

Media T e s t  Time 
A-tmosphere ( h r )  

280 H2° Oxygen 3 36 

250 Tho2 s l u r r y  OXyg.;..n 14 52 

200 I$O W S e n  151 

200 Tho2, Th-U oxide s l u r r y  Oxygen 901 

200 %O Hydrogen 169 

200 Tho2, Th-U oxide s l u r r y  Hydrogen 2 
Tota l  hours 3990 
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The vendor's analysis showed the composition of the cast impeller to be: 
1.4% Sn, O.OOg$ C, 0.004% nitrogen, balance zirconium. 

The section for metallographic examination was cut from the outer surface 
of the suction port  of the impeller (see Fig. 17.1). 
surface were a result of normal wear from rubbing adjacent sealing rings in the 
pump scroll. 

Scored groove in the 

Hydride needles were found throughout the specimen but were most concen- 
About 10% by volume of an 

From metallo- 
trated near the scored circumferential surface. 
inner dendritic constituent containing 6ome hydride was noted. 
graphic consideration the hydrogen in the circumferential region was estimated 
as about 350 - 400 ppm. A gradient in hydride concentration was observed over 
about 40 mils toward the axis. 
estimated 1 - 3 volume percent inner dendritic constituent which also contained 
zirconium hydride. 
metallographically as 150 pprn, which is greater than that normally expected in 

Interior portions were fairly constant at an 

The average hydrogen content of this region was estimated 

U NC LASS! F I E D  
T 18586 

Fig. 17.1. Cast Zircaloy-2 Pump Impeller Showing Locat ion from Which a Section Was Removed for 
Examination for Evidence of Hydriding. 
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Zircaloy-2. 
9 0  ppm by chemical ana lys i s .  
hydrogen content of t he  Zircaloy-2. 

The average hydrogen content, over t he  115 m i l  th ick specimen, m s  
No information i s  avai lable  as t o  t h e  o r i g i n a l  

After r epa i r ,  the  impeller w i l l  be used i n  subsequent loop runs i n  hydro- 
gen atmospheres t o  determine the  e f f e c t  on hydride penetration. 

1-(.2 IN-PILE AUTOCLAVE SLURRY COWiOSION STUDIES 

17.2.1 Introduction 

The f i r s t  type 347 s t a i n l e s s  steel autoclave containing thoria-urania 
slurry a t  280Oc vas i r r ad ia t ed ,  with fission-power dens i t i e s  of -7.2 w/ml  being 
maintained. Evidence of s l u r r y  deposit ion on the i n t e r n a l  thermowell w a s  
developed during the  1118 in -p i l e  hours of the experiment. Measurements of t he  
recombination a c t i v i t y  of t he  palladium ca ta lys t  were made, and corrosion rates 
during the  course of the  run were estimated from oxygen consumption. Post i r ra-  
d i a t ion  examination of the autoclave contents w a s  made. 

An unusual a t t ack  on corrosion specimens occurred during the out-of-pile 
pretreatment periods of two autoclave s l u r r y  experiments, which were consequently 
terminated. The invest igat ion of t h e  a t t ack  is  reported. 

17.2.2 I r r a d i a t i o n  of S ta in l e s s  S tee l  Autoclave Containing Tnoria-Urania Slurry 

I r r ad ia t ion  of' t he  f i r s t  type 347 s t a i n l e s s  steel autoclave containing 
thoria-urania a t  28O0C i n  the  HB-6 f a c i l i t y  of t he  LITR w a s  completed. Experi- 
ment ~6s-151s contained thoria-urania s l u r r y  a t  a concentration of 1100 g of Th 
per kg of D20 v i t h  4.0 trt $ enriched uranium, based on thorium, and 0.017 
added as a recombination ca t a lys t .  The autoclave, charged with an overpressure 
of oxygen, was operated out-of-pile for 257 h r  and in -p i l e  f o r  1118 h r  a t  28OOC. 
Yith the  exception of b r i e f  periods t o  perform recombination experiments, t he  
autoclave was operated a t  a l l  times i n  t h e  f u l l y  in se r t ed  posi t ion with the  LITR 
a t  3 Thr reactor  power. The maximum fission-power densi ty  achieved a t  280OC w a s  
7.2 w / m l  with the autoclave i n  the f u l l y  in se r t ed  posi t ion of t h e  HB-6 f a c i l i t y  
assuiiiing a neutron f l u x  of 5.6 x d2, as obtained from neutron ac t iva t ion  of 
Zircaloy-2 specimens i n  the  previous experiment, L6Z-laS.12 
measurements a t  25'C were made during periodic r eac to r  shutdowns i n  order t o  
follow the  consumption of oxygen and thereby tne  generalized corrosion of the 
autoclave. 
264 h r  a t  temperature. 

Pd 

Pressure 

I r r a d i a t i o n  of t he  autoclave i n  t h e  r e t r ac t ed  posi t ion began after 

Abnormal Temperature Behavior.--After 7 hr rocking a t  temperature under 
i r r a d i a t i o n  i n  the  r e t r ac t ed  posi t ion,  t he  experiment w a s  i n se r t ed  t o  the  posi- 
t i o n  of maximum neutron f lux.  Because temperature control  of t h e  autoclave a t  
28OoC was based on a thermocouple i n  a thermowell i n  t he  center  of t h e  squ i r r e l -  
cage pin-specimen rack, the added radiat ion heating changed the  ternperature d is -  
t r i bu t ion ,  and some cooling of t he  autoclave walls was required. The e x t e r i o r  
autoclave-wall thermocouple reading thereby f e l l  t o  271OC. 

A s  shown i n  Fig. 17.2, over t he  subsequent period of 208 h r  t h e  temperature 
of the e x t e r i o r  autoclaTje v a l l  f e l l  s t ead i ly ,  accompanied by a steady drop i n  
autoclave pressure.  During t h i s  time, the  control  thermocouple w a s  maintained 
a t  28OoC. 
'been observed. It w a s  concluded t h a t  t he  control-thermocouple temperature was 

A t  temperature-hour 480, a t o t a l  decrease i n  pressure of 520 p s i  had 
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substantially higher under radiation than the true slurry temperature. During 
a reactor shutdown, this effect was not observed. 
slurry temperature at 28OoC, control was shifted to the exterior autoclave-wall 
thermocouple which was set at 271°C. 
originally, and the thermocouples in the interior thermowell registered a rise 
to 332OC. 
temperature-hour 13'75, the temperature slowly decreased to 3 l 2 O C .  
the rocking frequency from 19 to 36 cpm did not affect the temperature differ- 
ential. 

at 200°C and that at 2 5 O C  indicated a normal volume of liquid (slurry) in the 
autoclave. 

In order to maintain the 

Pressure rose to a level near that observed 

Throughout the remainder of the experiment, which terminated at 
Increasing 

At the termination of the experiment, the relationship between the pressure 

17.2.3 Postirradiation Examination 

When the autoclave was dismantled 52 days later, slurry that was apparently 
moist was observed on the pin rack; but no liquid could be poured from the auto- 
clave. 
interior of the autoclave, which then appeared to be covered with an ordinary 
corrosion film. It is possible that water was lost through the crimped capillary 
during the 52-day cooling period. 

though the assembly was rinsed by immersion in distilled water several times. 
Figure 17.3 shows the pin-rack assembly after rinsing. 

Some particles (small lumps) of solids were later dislodged from the 

Most of the s lur ry  accumulation remained on the pin-rack assembly, even 

The accumulation dried 

UNCLASSIF IED 
PHOTO 49254 

Fig. 17.3. Middle Section of P i n  Rack After Irradiation of Experiment L6S-151S. 
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. 

under the heat of photographic lamps, developing into rosin-appearing material 
which cracked and popped off the assembly. 
picked up with remotely manipulated tongs. 

The particles were not crushed when 

It should be noted here that the same thoria-urania preparation was used 
in a number of previous in-pile experiments (L6Z-126SJ -127S, and -129s) without 
indication of similar accumulations. 

Specimen-corrosion results are discussed in Sec. 17.2.6. Postrun physical 
and chemical characterization of the slurry has not been completed. 

17.2.4 Catalyst Activity and Gas Production 

Recombination experiments, in which the autoclave was inserted into or 
retracted from the high-flux region of the HB-6 beam hole, with observation of 
the ensuing pressure changes, were performed to measure the activity of the 
0.017 mPd catalyst and the pressure of equilibrium radiolytic gas. 
results of these experiments are presented in Fig. 17.2. 
radiolytic gas is expressed in terms of the catalyst performance index, which 
is related to the catalyst activity and gas production rate by the following 
expression: 

The 
The equilibrium 

ower density, w/ml) - - 
( Pequil Dd'OO) 

Catalyst perfonnance index = b' 
- - {catalyst activity, moles Dp/liter-hr at 100 psi ~ 3 1  . 

0.38 G& 

Upon the first insertion experiment, the generation of lo7 psi radiolytic 
gas, (72  psi %), was observed. 
at 2moC for the fully inserted position of the autoclave, a catalyst perform- 
ance index of 10 w/ml at 100 psi D2 vas obtained. 
ing temperature differential between internal- and external-autoclave thermo- 
couples, no reliable measures of catalyst activity were obtained. 
ature control was based on external autoclave-wall temperature, a number of 
measurements were obtained, ranging between 7.5 and 20 v / m l  at 100 psi I+, as 
shown in Fig. 17.2. 

Eased on a fission-power density of 7.2 w/ml 

During the period of increas- 

After temper- 

17.2.5 Correlation of Time and Radiation Effects on the Corrosion of Type 347 
Stainless Steel 

' 3JI4  by Corrosion in experiment ~6S-151S was followed in the usual manner 
the consumption of owgen as measured at 25OC during periodic reactor shutdowns. 
The incremental corrosion rate and the average fission-power density for each 
irradiation period are presented in Fig. 17.4. 
heated out-of-pile to 28OoC, a rapid corrosion rate was observed which decreased 
substantially as the autoclave was maintained at 28OoC in the 257-hr out-of-pile 
period. 
small increase in the corrosion rate. T'e fission-power-density level was main- 
tained, and the corrosion rate decreased steadily to less than 0.1 mpy at the 
end of the experiment. 

When the autoclave was first 

Initial exposure of the autoclave to reactor irradiation resulted in a 

A correlation of the effect of time and radiation on generalized corrosion 
The data were fitted by the following in the experiment is shown in Fig. 17.4. 

equation, obtained by successive approximations: 

31 + 13 x (power density, w/ml) 
hr at temperature Instantaneous corrosion rate, mpy = 
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It v i11  be noted t h a t  both the corrosion rate and t h e  e f f e c t  of pover 
density on the  corrosion rate a r e  no-t great .  
over-al l  corrosion rate w a s  0.24 inpy. 

%sed on 1375 kr a t  28OoC, the  

17.2.6 Pin-Specimen Corrosion i n  Experiment LGS-151S 

A coinparison of t he  autoclave generalized corrosion as measured by oxygen 
cons~unption i n  experiment ~6s-151s and t h e  corrosion of the pin specimens as 
measured by weight changes i s  shown i n  Table 17.5. The corrosion of the  
type 347 s t a i n l e s s  s t e e l  p i n  specimens indicated f a i r l y  good agreement with the 
owgen data.  
t'nan that of the type 34'1 s t a i n l e s s  s t e e l  specimen, while t he  corrosion of t he  
titanirn-75A specimen appeared t o  be lower. 

The corrosion o€ t h e  Zircaloy-2 pin specimen appeared t o  be hi&er 

Table 17.5. Padiation Corrosion of Pin Specimens: Experiment. ~6s-,i51.s 

238OoC, 1100 g of 'L? per kg of DpO, 4.8 w t  $ U/Th, 0.01'7 m Pd, 
Excess Op Type 347 S ta in l e s s  S tee l  Autoclave 

_I__-_._ - I- 

Hours a t  temperature , pre i r r ad ia t ion  (257 hr out-of-pile) 264 

To-tal hours a t  temperature 1375 

Hours i r r ad ia t ed  1028 

Effective f r a c t i o n  of f u l l  i r r a d i a t i o n  time , 
fully inser ted rlux o .96 

Ass~uiied neutron i"li:x, ( j LI t ke  f u l l y  in se r t ed  posi t ion)  5.6 x iox2 

7.2 

6.9 

0 
1k.xirnu-q power density,  w/ml a t  280 C 

Average power density -rrhilc i r r ad ia t ed ,  w / m l  a t  28OoC 

Autoclavz generalized corrosion r a t e ,  pin. 

0d.t - of -p i IC 

Total 

** Pin-specimen coriaosion, pin. 

Type s t a i n l e s s  steel 

Z?' rcaloy-2 

Titaniurn-7(:A 

19 
38 

* Flux as determined by neutron ac t iva t ion  of t he  Zircaloy-2 pin specimen 
i s  not ye t  available;  present ly  using value obtained from sxperiment 
L6Z-12gS. 

+E Corrosion of type 3117 s t a i n l e s s  steel  pin specimen based on weight loss; 
that of Zircaloy-2 and titanium-75A based on weight gain. 
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17.2.7 Out-of-Pile - Corrosio_n_-isAutoclave Epnriments 

During p re i r r ad ia t ion  t e s t i n g  a t  28O0C, unusually high r a t e s  of oxygen 
cons~unpt ion occurred i n  two Zircaloy-autoclave slurry experiments containing a 
new t h o r i a  - enriched urania (8.0 $ U/Th) preparation and a new palladium ca ta lys t  
preparation ( i n  Tho2 suspension). 
i n  260 hr; and experiment ~ 6 z - 1 5 0 ~ ~ ~  which continued 602 hr,  l o s t  1-570 pmoles. 
In  each case t h e  most rapid l o s s  occurred duririg the  f i r s t  th ree  days. 

bperirnent Y6Z-15OS l o s t  1270 ymoles of oxygen 

The autoclaves were subsequently opened f o r  e m i n a t i o n  without haviqq been 
i r r ad ia t ed .  Severe corrosion of several  pin specimens of Z~rca loy -2  and type 
347 s t a i n l e s s  steel. was found, but the titanium pins were not attacked. Meta’l.- 
lography15 indicated t h a t  the Zircaloy-2 suffered local ized intergranular  a t t ack  , 
i n  one case dis integrat ing one sect ion of a pin.  The s t a i n l e s s  s t e e l  was attacked 
by a severe p i t t i n g  characterized by overlapping c r a t e r s .  

Chemical ana lys i s  of t he  pins  did not show abnormal compositions. Analysis 
of the thoria-urania and the D20 d id  not detect  s ign i f i can t  mounts  of F-, CI-, 
or NO3 . 
of F- wzs 3C ppm and NO - w a s  184 pptn, but the material w a s  d i lu t ed  approxima.te3.y 
1 : l 6  b;. the other  materials used i n  the  preparation of  t he  autoclave s lu r ry .  

- 
I n  t h e  o r i g i n a l  preparation of palladium ca ta lys t  the concentration 

3 

A t h i r d  autoclave experiment, Y6Z-150SB, w a s  loaded with the same thoria-  
urania preparation but witln a new ca ta lys t  preparation Twhich, af te . r  oxygen and 
hydrogen treatments a t  45OoC, contained 90 ppm F- and 50 ppm NO--. 
t i o n  was diluted 1:27 i n  use .  
280°C due t o  mechanical breakage of the cap i l l a ry  tubing. 
corrosion wds found. Therefore, Zircaloy-2 and s t a i n l e s s  s t e e l  pin specimens €rom 
the  same and similar batches of metal were then subjected t o  several  small-scale 
s t a t i c  autoclave tes-Ls t o  l ea rn  the  e f f e c t s  of the thoria-uranla,  palladium 
ca ta lys t ,  B20, and added F- on the a t t ack ,  

Localized surface a t t ack  was observed on Zircaloy-2 pins i n  tests with added 
F- up t o  100 ppm, but .no intergranular  a t t ack  w a s  detected. 
s t a i n l e s s  s t e e l  pin were corroded i n  a test w i - t h  thoria-urania s lu r ry  duplicating 
the o r i g i n a l  conditions. Other than these cases, none nearly as severe as those 
observed i n  experiments Y6Z-150S and Y ~ Z - ~ ~ O S A ,  no noteworthy a t t ack  w a s  found. 

This prepara- 

No evidence of unusual 
The experiment w a s  terminated afler 20’7 h r  a t  

Ends of a type 347 

No de f in i t i ve  conclusion has been reached as t o  the  cause of t h e  o r ig ina l  
a t tack.  Attack on both Zircaloy and s t a i n l e s s  steel implied chemical a t t ack  by 
the sl.u.rry. inasmuch as both slurry and ca t a lys t  preparations involved so l i a s ,  
it i s  possible t h a t  unknovn impurit ies,  concentrated i n  a few grains,  were s u f f i -  
c i en t  t o  contaminate a system as small. as the  4 ml contained i n  the autoclaves. 

17.3 IN-PILE SLURSY LOOP 

17.3.1 Introduction 

Test operation of a prototype 5-irpm i n -p i l e  s l u r r y  loop w a s  continued during 
the quarter.  
operation; m n  4, s t i l l  i n  progress, has accumulated more than 1500 hr of s lu r ry  
c i r cu la t ing  t i m e  t o  date .  For both runs, t h e  loop was charged with a D20 s lu r ry  
of thorium oxide from batch IYT-18, containing -l/2 w t  $ uranium; a loop rain-  
stream temperature of B o O C  was maintained during slurwry c i r cu la t ion ,  System 

Ruri J7 previously describoed,16 vas terminated a f t e r  945 h r  of 
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overpressure was obtained by operating the loop pressurizer  a t  295OC.  
su r i ze r  and pump bearing region were maintained e s s e n t i a l l y  f r e e  of s lu r ry  by 
u t i l i z i n g  the tho r i a - f r ee  f i l t r a t e  from a sintered-metal f i l t e r , 1 6  mounted i n  the  
main stream of the  loop, as the  pressurizer  fced and pump purge. 

Tne pres- 

In addi t ion t o  evaluation of the loop performance with regard t o  s l u r r y  
c i r cu la t ion ,  t e s t s  have been ca r r i ed  out  t o  determine the effect iveness  and sta- 
b i l i t y  of a palladium ca ta lys t  proposed for use i n  recombining radi0lyti.c gas 
(I& + l / 2  4) produced during r eac to r  i r r ad ia t ion .  

17.3.2 Slurry Circulation 

Slurry w a s  c i rculated a t  a rate of -5 Rprn, which gave a vel.ocity of -8.5 fps 
i n  t h e  3/8-in. sched-!r-0 main loop piping and -2 f p s  i n  the core section,r( which 
is  enlarged t o  expose an appreciable f r a c t i o n  of the s1uri-y t o  t h e  highest neutron 
f lux.  

During run 3 t he  sluriy concentration ranged between 250 and. 500 g of Th per 
kg of D20, and f o r  the f i r s t  6 0  h r  of operation the concentration of c i r cu la t ing  
s h r r y  obtained Tram s l u r r y  samples w a s  i n  good. agreeKent with khat obtained from 
inventory calcula-tions. 
c i r cu la t ing  stream vas indica-ted by s lu r ry  samples, and radiographs of Line loop 
core section showed t'nat t h o r i a  had been deposited i n  the  low-velocity core 
sect ion.  

For t h e  remainder of the run, loss  of t h o r i a  from the 

T a r t i c l e - s i z e  determinations on m - t e r i a l  removed per iodical ly  from the loop 
i-iiilicated t h a t  punping degraded the tho r i a .  The i n i t i a l  mean p a r t i c l e  s i z e  of 
1.9 pdecrensed t o  1.1 paf t e r  600 h r  of operation i n  run 3 ,  as shown i n  Fig. lT(.5. 
Also shown i n  Fig. 17.5 is  a comparison of the circul.ating concentration, based 
on inventory, with t h a t  obtained from loop smiples. 

For run 4, which followed, the s l u r r y  veloci ty  i n  t n e  core sect ion w a s  
increased t o  4 fps by i n s t a l l i n g  f i l l e r  pieces t o  reduce the  cross-section31 
flow area of' t h e  c0L.e. The concentration of c i r cu la t ing  s l u r r y  was maintained 
i n  agreenient with inventory during t h e  i n i t i a l  .(SO h r  of operation, but as i n  

3 ,  a p a r t i a l  loss OF t h o r i a  w a s  then noted from sample analyses, and again 
radiographs revealed a deposit  of t h o r i a  i n  t h e  core section. Dcgradation of i n e  
t h o r i a  p a r t i c l e s  w a s  a l s o  observed. The i n i t i a l  mean s i z e  decrzased from 1.9 t o  
0.7 p during 690 h r  of operation, as shown i n  Pig. 17.6, which a l s o  givcs a com- 
parison of c i rculat ing-slurry concentration as based on inventory calculat ions and 
sample analyses. 

In  a n  e f f o r t  t o  eliminate deposit ion of thoria  i n  the core section, a core 
consis t ing of bent piping (1/2-in. sched-40) f o r  increased veloci ty  (-. 5 f p s )  and 
improved flow geometry i s  planned f o r  fu tu re  test runs. Improvement i n  p a r t i c l e  
i n t e g r i t y  has been indicated i n  to ro id  tests when t he  f i r i n g  temperature of the  
thoria  was increased from 1225 t o  1500°C, andl a quant i ty  of 1500'C-recalcined 
thoria-urania from batch m-18 has been prepared for t e s t i n g  i n  t h i s  loop. 

17.3.3 Catalyst, Addi-tions 

In  order t o  evaluate t h e  effect iveness  ar id  long-term s t a b i l i t y  of a 
p a l l a d i m  ca.talyst proposed for  recombination of r ad io ly t i c  gas i n  thorium oxide 
s l u r r i e s ,  seven batchwise addikions o f  t h e  c a t a l y s t  were made t o  the c i r cu la t ing  
s l u r r y  during run 1 1 .  A t  each c a t a l y s t  concentration l eve l ,  measurements of tne 
rate of recornbination or" D2 and O2 i n  the loop were made by in j ec t ing  deuteriurd 
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Fig. 17.5. Particle-Size Degradation and Circulating Thoria Concentration, Loop L-2-265, Run 3. 

cas i n t o  the loop in which an oxygen atmosphere i s  maintained. 
have r e su l t ed  i n  a catalyst. concentration of ~100 pprn palladium, based on s lurry.  
%ne pal l  adiuni rernaii?ed associated with the s l u r r y  under present loop operating 
conditions, according t o  chemical analyses o f  s l u r r y  samples removed per iodical ly  
from the  loop. 

These addi t ions 

Results obtained fron, measureiiients of tne recombination rate are discussed 
i n  Sec. 17.3.6. 

17.3.)~ F i l t e r  Performance 

The sintered-metal ( type 347 s t a i n l e s s  s t e e l )  f i l t e r  which provides a tho r i a -  
f r e e  feed t o  the  pressurizer  and a purge stream t o  the  pump bearing region has 
perfornied s a t i s f a c t o r i l y  for the  ~ 2 5 0 0  h r  of loop operation with t h o r i a  slurry 
i n  runs 3 and 4. 
i n  i n t e r n a l  diarrieter (14 in.* inside surface a r e a ) ,  w i t h  a mean pore diameter of 

The f i l t e r  i s  i n  the form of a cylinder,  12  i n .  long and 3/8 i n .  

8 P *  
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Fig. 17.6. Particle-Size Degradution and Circulating Thoria Concentrotion, Loop L.-2-265, R u n  4. 

I n i t i a l l y ,  t h e  f i l t r a t e  flowed a t  22 cc/sec. Ilowever, a f t e r  l1cO h r  of 
operation t h i s  r a t e  had decreased t o  7 cc/sec and has rcrnained a t  3 t o  7 cc/sec 
for more than 2000 hr.  
c i r cu la t ing  s lu r ry  concentrations varying from 200 t o  800 g of Th per k p  of %O 
with a pressure drop across che f i l t c r  of -50 f t  of HpO. 
tile unpumped t h o r i a  was 1.9 p, which w a s  reduced t o  0.7 p during c i r cu la t ion  
( r e f e r  t o  Figs. 17.5 and 17.6). 

Operating conditions were 280°@ i n  t he  loop main scream, 

The p a r t i c l e  s i z e  of 

17.3.5 ..- Over-A11 Loop Corrosion 

The corrosion-erosion of t he  type 311-7 s t a i n l e s s  steel  loop and sintered- 
metal f i l t e r  for t h e  1500 hr of operation of run 4 resul ted i n  removal of 4 g 
of s t a i n l e s s  s t e e l ,  based on the  oxygen consimed, which w a s  i n  agreement, with 
tha t  calculated from t h e  soluble chromiwn associated with the  s lu r ry .  However, 
t he  amount of stainless s t e e l  a t t a c k  calculated from i ron  pickup by the  circu- 
l a t i n g  s l u r r y  was only 2 g. 
i ron  oxide produced by corrosion of t he  sintered-metal f i l t e r  being retained. i n  
the P i l t e r  matrix. 

This difference may have r e su l t ed  from the  insoluble 

The corrosion-erosion rate of loop surfaces exposed t o  c i r cu la t ing  s lurry,  
based on the above i ron  pickup, was 0.2 mpy. I n  any event, t h e  quantiLy of 
s t a i n l e s s  s t e e l  removed from the loop and sintered-metal f i l t e r  surface was 
small and indicated t h a t  t he re  w a s  no serious corrosion-erosion. 

17.3.6 Catalys2;s Studies 

T h  a c t i v i t y  and sLabi l i ty  of p l l a d i u r n  catalyst, f o r  the recombination of 
r ad io ly t i c  gas i n  an in -p i l e  slurry loop were studied i n  a s e r i e s  of t e s t s  per- 
formec? in conjunction with the  out-of-pile development m s  on the  prototype 
loop, described above. 
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An estimate of t he  c a t a l y t i c  a c t i v i t y  required f o r  t he  f irst  in -p i l e  s l u r r y  
loop was made. 
a circulat ing-slurry volume of 0.7 l i t e r  was estimated, assuming operation a t  
2&OC with a 500 g of Th per kg of D20 s lurry,  0.5% U/Th, 93% enriched, 
G -0.6, with the  given loop geometry i n  beam hole HB-2 a t  an LITR power ot 
3%. A t  a ca t a lys t  a c t i v i t y  of  0.22 mole of D2 per l i ter-hr a t  100 p s i  D2, 
a D2 pressure of 35 p s i  i n  the 295OC pressurizer  gas space would be developed 
a t  equilibrium. For the  spec i f i c  loop geometry and operating conditions of 
the  prototype, a corresponding pressure-decay half l i f e  of about 18 min m s  
estimated f o r  t r ans i en t  experiments i n  which no gas was generated or  contin- 
uously inJ  ected 

A radiolytic-gas generation r a t e  of 0.06 mole of D2 per hour i n  

Tests were made a t  a main-stream temperature of  2 8 0 0 ~ ~  using t h o r i a  - 0.5% 
urania from batch m-18 a5 described i n  Secs. l7 . j .2  and 17.3.3. 
pressures during the  recombination tests varied between 50 and 200 p s i .  

Excess O2 

Recombination r a t e s  fo r  uncatalyzed s lu r ry  were f i rs t  determined. Sub- 
seqmntly,  several  d i f f e ren t  incremental addi t ions of palladiim were made t o  the  
loop, and t h e  c a t a l y t i c  a c t i v i t y  w a s  observed by su i t ab le  experrirnents f o r  a 
number of days a f t e r  each addition. The experiments consisted of the rapid 
in j ec t ion  of a quantity of D2 gas i n t o  t h e  pressurizer  vapor space while t he  loop 
operated with oxygenated s l u r r y  a t  280°c, followed by observatio of the ra-Le and 
mtuier of  pressure decay. 
bination k ine t i c s  would be control l ing a t  pressurizer  flow r a t e s  of 3 cc/sec,  and 
such rates were naintained i n  the experiments. 
first order with respect t o  "radiolyt ic  gas" i n  a l l  cases, after a short  induc- 

Previous ca l cu la t l  ons have indicated'' t h a t  recom- 

Pressure decay w a s  round t o  be 

t i o n  period a t t r i b u t e d  
fastest r a t e s  observed 

Figure 17.7 shows 
t r a t i o n s  as a function 
decreased with time a t  
addi t ion t o  a level. of 

t o  d i s t r i b u t i o n  of injected D2 within the system. l k e  
were characterized by pressure half  l i v e s  of about 10 mln. 

ca t a lys t  a c t i v i t i e s  observed a t  various palladium concen- 
of time a f t e r  ca t a lys t  loading. 
a l l  ca t a lys t  l eve l s  st~~.il.ied. With the  f i n a l  ca t a lys t  
l['? mg of palladium per l i t e r  of c i r cu la t ing  slurry, a 

The c a t a l y t i c  a c t i v i t y  

ca t a lys t  a c t i v i t y  of 0.45 mole D2 per l i t e r - h r  a t  100 p s i  
values below 0.22 mole D2 per l i t e r - h r  were not indicated u n t i l  about 240 hr 
a f t e r  addition. 

vas obtained, and 

It w a s  concluded t h a t  palladiuin-catalyst a c t i v i t i e s  suf f ' icient f o r  operati-on 
of t he  first in -p i l e  slurry loop were demonstrated. 
ca t a lys t  m y  be required for extended in -p i l e  operating periods. 
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IWEL MANUFACTURE: AND PROCESSING 





0. C. Dean 

A. T. Kleinsteuber K. B. McCorkle C. E. Schill ing 

1 8 . ~ 1  Jet Abrasion Testing, 

From previous work with -the j e t  abrasion tester, '  i t  was concluded tha t  
by observing the t h e  required f o r  a jet of Tho2 slurry t o  penetrate a metal 
fo i l ,  the tendency of the thoria  particles t o  degrade could be determined. 
Further t e s t s  hgve confirmed tha t  it is possible t o  different ia te  between a 
material tha t  is  easi ly  degraded and one tha% daes no% signif icant ly  degrade. 
Bowever, it w a s  not found possible t o  detect mild degradation (a change i n  
pa r t i c l e  s ize  of less tinan a factor  OP 2). 

It was also expected that. a marked effect  of par t ic le  shape on abrasive- 
ness could be demonstra%ed with the  j e t  abrasion t e s t e r .  T h i s  was not the 
case. A small reduction of abrasiveness could be detected f o r  Xoudry spheres 
and. flame-calcined materials, but 'chis effect  w a s  insigaificant compared with 
the  effect  of' f i r i n g  tmpel*atiu-e of an oxide made from oxah te  precipitated 
thorium. 

Additional experiments a re  i n  progress t o  define more clear ly  what prop- 
e r t i e s  of an  oxlde can be measured with the j e t  abrasion t e s t e r ,  

18.1.2 Studies of Thoria-UPa& 

t o  abrade surfaces b d 1 y  i n  loop and toroid t e s t s .  Sone formed plugs i n  ver t i -  
cal sections. Experiments were starbed t o  detemeLne the effect  of increased 
f i r i n g  temperature on degradation and abrzrsion tendencies of %be adsorbed 
mixed oxides prepared by the P i lo t  Plant. The following or ig ina l  povders 
were obtalned from the P i lo t  Plant9 a l l  prepared by the adsorption o f  uranyl 
ammonium carboilste from solution on%o a 6 ~ o 0 c - f i ~ e d  oxalate-precipitakea thoria 
and f i red for  4 hr: 3$ urania), 
fired at 1100°C and then c lass i f ied  and dried a t  650°C; ~ 0 - 7 6  t 8% wanis) ,  
f i r ed  a t  lO5O"C and then classif ied end dried a t  650°C; MO-75 (0.5$ uremia), 
f i r e d  a% 1050°C arnd then c lass i f ied  and refired at, 1 2 2 5 O C  f o r  4. br. 

s lur r ies  containing 0.5 ana 3 mole $ urania were shorn t~ be degraiea and 

MO-81 (3$ urania), f i red  at 650°C; MO-75 

The program consisted of f i r i n g  a t  XOOO, UOO, 1200, and IkOO"C those 
powders not having reached tha t  temperature previously. 
Tired makerials were t o  be fur ther  Tired at the higher levels t o  determine the 

Samples of the 1000"@- 

117 



118 

variat ion i n  e f f e c t s  of slw and fast approach t o  maximum temperature. 
tests were applied t o  each sample. 
sion and par t ic le-s ize  tes t ing .  The results of t h e  cl inker  tests are shown i n  
Tab1.e 18.1. 

Clinker 
Only t h e  i n i t i a l  powders received jet  abra- 

Table 18.1. Clinker Formation i n  Thoria-Uranin Powders 
( A l l  f i r i n g s  conducted i n  oxyacetylene furnace, 4 hr) 

Fir ing Temp, Percentage CLi&era i n  Samples 

("c) MO-81 MO-75 MI-76 MQ-69 ~0-81-1000b 

1000 10.4 lo. 4c 
1050 9*5c 

1200 18.8 6.4 9.8 3.7' 8.5 
1100 13.1 l.0a2c 15.9 

1400 25.0 14.4 0.8 7.0 16.4 

?Percentage of powder having p a r t i c l e s  >10 p. , according t o  a 

bM0-81 powder previously fired to 6 5 0 " ~  then r e f i r e d  a t  1OOO"C. 

sedimentation procedure. 

C Original test powders, as received. 

A l l  or ig ina l  powders except MO-69 and MO-81 contained about 1 6  clinkers;  
therefore  t h e  r e s u l t s  were evaluated on t h e  basis  of the increase i n  percentage 
of clinker.  The 140-81. (3$ urania) powde-~, i n i t i a l l y  f i r e d  t o  only 650"C, c o d a  
not  be rapidly f ired t o  tmpera tures  higher than 1100°C without an excessive 
increase i n  cl-inker content. However, i f  held at intermediate 1000°C for  
4 hr, it could be f i re& t o  1200°C without extreme c l inker  formation. 
i n i t i a l  f i r i n g  t o  1050°C f o r  4 hs, the  M0-76 (8% UQ2) powder was fired t o  
1400°C without; a s igni f icant  increase i n  c l inker  content. 
was f i red t o  1200"~  and MQ-69 (0.5$ U O ~ )  t o  l40~)"c  without a s igni f icant  
increase 

A f t e r  

&IO-75 ($ urania) 

I n  s tudies  on t h e  e f fec t  of f i r i n g  atmospheres on t h e  p a r t i c l e  dens i t ies  
of adsorption-prepared mixed-oxide powders containing 3 and 5 mole $ uraraia, 
a i r  f i r i n g  was found t o  exer t  a greater densifying e f fec t  than hydrogen f i r i n g .  

18.2,~ Preparation of Thoria Microspheres 

The study of the  preparation of t h o r i a  microspheres of approximately 3-p 
diameter by a gel-forming technique was continued, 
sol. i s  prepared by careful neutral izat ion o r  deni t ra t ion of 2 M_ 'I'h(EJ03)4 solu- 
t i o n e 2  
simultaneously throu& an o r i f i c e .  
f o r  s o l s  f o n d  by neutral izat ion is controlled by t h e  f i n a l  optimum water 
content of t h e  mixture. 
of the  two phases during spraying. 
and when formed from ammonia-neutralized sols contain about 50 w?t 
n i t r a t e ,  it is necessary t o  leach the monium n i t r a t e  out o f  the bead and 

I n  t h i s  technique, a t h o r i a  

G e l  beads are formed by pumping so l  and isopropyl alcohol - water 
The optimum alcohol - water t o  s o l  r a t i o  

Bead s i z e  is  controlled by t h e  r e l a t i v e  flow rates 
Since the  newly formed beads are p las t ic ,  

ammonium 
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i n t o  the isopropyl alcohol - water phase before drying and f i r i n g  the residual 
so l id  bead, i n  order t o  avoid forming porous beads. 

The highest bead densit ies (9-10) were obtained when the water content of 
the  system i n  the forming s tep w a s  l'7$ and when the beads were washed repeat- 
edly w i t h  isopropyl alcohol containing decreasing mounts of water. 
water content of 22-235, the beads sof%en and Lhen disperse i n  the isopropyl 
alcohol. 
than 13, the w a l l s  of the  beads tend t o  be th in  and hard (eggshell), which 
retards outward diffusion of ammonium n i t r a t e  and promotes porosity. 
these beads were washed on the fi l ter ,  they tended t o  become deformed and 
s t i c k  t o  each other when dried and f i red.  
alcohol, hexamethylene t e ~ ~ i n e ,  o r  c i t r i c  acid i n  the f i n a l  wash hardened 
the beads but a l so  decreased dlensities, 
tetramine solution exhibited slight py'ophoricity a t  250 t o  W " C ,  indicating 
tha t  n i t r a t e  s t i l l  remained. It is thought that continuous washing 'with iS0-  

propyl alcohol containing 15$1 water, i n  a fluidized bed of the beads, and re- 
cycling of part of the wash liquor may give high densit ies without, the agj3l.m- 
erat ion difficulties experienced when washing on the f i l ter .  

18.2.2 

With a 

For 2- t o  3 q  beads, i f  the water concentration i s  deereased t o  less 

When 

The use of concentrated isopropyl 

Those washed w i t h  hexamethylene 

Preparation 09 Thoria-Alumina, by Coprecipitation 

The presence of small percentages of a1Cnn;taa i n  thoria  may decrease the 
An attempt was made t o  prepre  thoria  con- yield stress of thoria  slurries. 

ta ining % a1wKLr.m by coprecipitatiora of the oxalates from thorium-aluminum 
n i t r a t e  solutions with various ra t ios  of oxalic acid from lo$ deficient t o  
35$ excess. 
thorium, 

Qnly 6 t o  loqb of the ini'sial alIJminurn precipitated w i t h  the  

I n  another exgeriment an alurninm oxalate - oxalic acid solution (0.618 
Th(MO3)4 with oxalates i n  16 M, oxalic acid, 0.0585 

deficient,  stoicll imetric,  and lC$ excess quantit ies.  
the aluminurn w a s  precipitated w i t h  the t h o r i m  oxalates, producing 650"~- 
calcined oxides containing a.a, 0.80, m a  0,23 ~ $ a l w n i n w ~  

A l )  w a s  added t o  0.7 
Eleven, 47, and 1 

The above stoichiometric precipitations were repeated, a d  the pSr of the 
s lur ry  w a s  adjusted t o  3.0-3.4 wi t& ammonium hydroxide before f i l t e r ing .  
per  cent of the  d . w i n m  w a s  precipitated with the  thoria  when aluminurn W w  
added t o  the oxalic acid, and 1*5$ when it w a s  added t o  the n i t ra te .  
concluded that aluminum cannot be quantitatively caprecipitated with 
i n  the  oxalic acid system. 

Faur 

ltt was 

18.3.1 Flame Denitration 

Studies of the  preparation of thoria  par t ic les  by the flame denitration 
of solutions of thorium n i t r a t e  i n  methanol were continued. Approximately 
30 lb of thoria-uranfa, prepalged t o  gisre spherical  particles of U/Tn = 6.08 
ana containing 2.5 w t  $ ~ 1 9 ~  (ref 3), was e lass i f iea  t o  remove lisrge par t ic les  
(>lo-+ diameter) and was submitted t o  REED for  tests. 
indicate that the material has desirable character is t ics  (see Sec. 17.1). 

Preliminary resu l t s  

One run was mae with a mixture containing 40 raole tboriurn n i t r a t e  and 
60 mole $ beryllim n i t r a t e  i n  methanol. 
having a melting point near 2LW"C. 

This  should produce an oxide mixture 
A photomicrograph (Fig. 18.1) of the 
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Fig. 18.2. Typical Flame-Calcination Product Containing Thoria Plus an Additive. See Table 18.3 for 
data. 



122 

0 

UNCLASSIFIED 
P EM-2619- 1 

t 

L Y ;  1500°C 2u,ooox 
m . *  y 

k . d  

R U N  88: UOX f 2 . 9 %  AiZQ, 

Fig. 18.3. Typical Flame-Calcination Product Containing Urania Plus an Additive. See Table 18.3 for 
data. 
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Table 18.2. Flame Calcination of Uranium and Thorium Oxides 
with Additives 

Slurry Powder 
Reflector Surface Mean Yield Bulk 

Area, Dia. Stress* Density 
( " C )  m g) b) ( lb/ft2) ( g / c c )  

( 2/ 
Temp. Composition(wt $) 

Run Th U A 1  si 

84 85.83 0.80 1200 1.5 1.2 ~ 0 . 0 2  4.56 

86 78.38 2.12 1500 6.2 1.2 ~ 0 . 0 2  2.26 
87 82.52 0.42 1500 6.1 1.0 ~ o . 1  2.10 

82.97 o.go 1500 8.5 0.6 >o.i 2.18 
1.9 1.2 <0.02 3.46 

89 

85 87 - 31 0.51 1200 4.0 1.0 c0.02 2.47 

88 78.66 2.88 1500 7.4 0.6 >o.i 1.93 

90 72.55 12.2 0.94 1500 

*Measured at a slurry density of 2.0. 
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19 e 1 ZPRCALOY -2 FABRICATION STUDY 

The anisotropy of mechanical properties of Zircaloy-2 p l a t e  m d  sheet is 
known t o  be a function of t h e  preferred or ientat ion and of t;bc mechanical 
f i b e r i n g  which occurs during fabricat ion. l  
t h e  various fabricat ion procedures and t o  dekermine the  e f fec ts  of specif ic  
fabr ica t ion  variables on t h e  f i n a l  state of t h i s  anisotropy. 
mental procedures, var iables  stwdied, experimental d a t a ,  and a number of con- 
c h s  ions have been reported previous lye 2-5 

A study i s  i n  progress t o  evaluate 

The airis, experi- 

A series of specimens from two scheduler, have been brokea t o  determine the  
reproducibi l i ty  of t h e  experimental. determinations o f  t e n s i l e  propert ies  and k 
values. For each set of s i x  specimens from each major sheet d i rec t ion  f o r  t h e  
-two schedules, all. the  t e n s i l e  and yield strengths f e l l  withlzr a band 500 p s i  
wide, the  l i m i t  of accuracy f o r  reading t h e  individual values from t h e  recorded 
load-elongatjon curves. An examination of %he values determined f o r  a l l  the  
specimens i n  t h e  e n t i r e  study indicates  t h a t  a more reasonable v a h e  f o r  t h e  
accuracy of 
p a r t i c u l a r  test  is  +l200 ps i .  
+0.015 or Less f o r  a range o:F k values from 0.115 t o  0.885. 

individual determination o f  yie ld  and t e n s i l e  strengths for t h e  
The mean e r r o r  I n  t h e  k values was found t o  be 

St ra in-s t ra in  da ta  for all the t e n s i l e  specimens pulled a t  150 and 3 0 0 " ~  
have been calculated and are undergoing analysis.  
the room-temperature data aye apparent. 

No s t r i k i n g  differences f r o m  

Careful. examination of the t e n s i l e -  and yield-strength b t a  f o j ~  those 
schedules f o r  vh:i.ch specimens were taken every 22.5' from t h e  r o l l i n g  d i rec t ion  
t o  t h e  t ransverse d i rec t ion  has shown t h a t  f o r  most of t h e  schedules, t h e  d i -  
rect ions f o r  maxirrium and minimum y i e l d  and t e n s i l e  strengths are not i n  the 
r o l l i n g  and transverse direct ions.  The same i s  t r u e  f o r  elongation atid re- 
duction-of -area. values. For several  schedules tne anisotropic axes f o r  yield 
s t rengths  are a t  45 t o  90" t o  those fol- t h e  t e n s i l e  strengkhs. 
of such observations can be made a t  present. 

No e.qlasation 

Sheet-type t e n s i l e  cptjciinens have been nmchined and broken for th ree  
schedules f o r  which s t ra in-s t ra in  and tensi  le-property data  were avai lable  f o r  
round specimens. The y ie ld  s t i -enshs  fop t h e  s h e e t - t n e  specimens were 
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consis tent ly  12,000 psi lower and t h e  tensile strengths were consis tent ly  
10,000 psi lower than f o r  t h e  corresponding round specimens for a l l  specimen 
a x i s  direct ions and fabricat ion schedules. 
the  sheet-type specimens w a s  consistent with t h e  e l l i p t i c i t y  of cross sect ion 
produced i n  t h e  corresponding round specimens. No s t r a i n - s t r a i n  data can be 
obtained from t h e  sheet-type specimens because of t h e  roughened surface con- 
d i t i o n  and s t r a i n  pa t te rn  (more thinning of t h e  specimen along t h e  center l i n e  
than along the  edges) produced i n  t h e  fractured specimens. 

The s t r a i n  and necking behavior of 

The col lect ion of da ta  f o r  t h e  fabricat ion study is  complete, and t h e  
f i n d  port ion of data is  being examined. A f ina l  report  i s  i n  preparation. 

19.2 ZIRCONIUM ALLOY DEVELOPMENT 

Zirconiwn-base al loys containing niobium and copper have shown considerable 
promise for t h e  development of a more corrosion-resistant a l l o y  t o  replace 
Zircaloy-2 as the  core-tank material f o r  aqueous homogeneous reactors.  
i n f o m t i o n  necessary for  the  development of these al loys is  being procured by 
basic  physical  metallurgical s tudies  and in-p i le  corrosion tests.  

The 

Considerable data have been obtained and reported4' on t h e  beta-quench 
and reheat transformations. 
Nb a l l o y  ( f o r  the  determination of differences due t o  a new l o t  of iodide z i r -  
conium-base melting stock) revealed several  discrepancies i n  t h e  time required 
f o r  t h e  formation of t h e  f i r s t  omega phase i n  the  retained be ta  phase. Incu- 
bation times as long as 3 h r  were found f o r  react ion at  400"C, instead of t h e  
2 t o  6 min previously found. A s e r i e s  of quenching-rate experiments w a s  per- 
formed t o  determine t h e  e f fec ts  o f  quenching r a t e  and quenching temperature on 
t h e  incubation time a t  400°C f o r  t h e  formation of omega phase. 
iodide zirconium of t h e  same reported analyses were used f o r  base-melting 
stock. 
water, o i l ,  and air. Other specimens were quenched from di f fe ren t  beta  t e m -  
peratures after soaking at  900°C. 
analyzed. However, it has been established t h a t  t h e  fastest quenching rates 
and highest  quenching temperatures le@ t o  e a r l i e s t  formstion of omega phase. 
The slowest quenching r a t e s  and lowest quenching temperatures result i n  t h e  
longest incubation times, provided t h a t  no appreciable amounts of omega phase 
have been formed during the  quench. The variat ion i n  
niobium contents (small) has been found t o  be i n  t h e  wrong direct ion t o  explain 
t h e  behavior observed. 

Recent reruns of some of t h e  tests with t h e  Z r - l 5 $  

Two l o t s  of 

Specimens from four  ingots were quenched from 900°C i n  cold water, hot 

Not a l l  t h e  data have been col lected o r  

The study i s  continuing. 

As par t  of t h e  e f f o r t  t o  develop techniques f o r  forming core vessels and 
piping of Zircaloy-2, a study w a s  conducted t o  determine t h e  amenability of 
t h i s  material t o  hot pressing. 
strate t h e  f e a s i b i l i t y  of forming a t r a n s i t i o n  between a pipe and a spherical  
vessel  t h a t  would require a minimum of welding. 

The spec i f ic  purpose of t h e  study was  t o  demon- 

A p a i r  of carbon s t e e l  dies (see Fig. 19.1) was used t o  press pipes and 
hemispheres preheated w i t h  an oxyacetylene torch t o  1200 t o  1400°F. 
were e a s i l y  formed, and 

The pipes 
he w a l l  thinout was 35$ of t h a t  calculated f o r  a, 

simple s t re tching model. z 
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0 R N L -- LR- 0 W G  4 6 0 26 

S W E L L  
;/////k------- D I E 

Fig. 19.1. Pressed Zircoloy-2 Shell in Dies. 

A 0.226-in.-thick shell., preheated t o  1200 to l!cOO"?', w a s  thinned by only 
1% when formed to a shape with a 68% increase i n  hole diameter. 
metral change would require about 5 6  thinvut based on a simple s t re tch ing  
model. The reduced thinout w a s  compensated Tor by a decrease in t h e  meridional 
dimension of t h e  deformed area. Before pressing, t h e  djluension A-B i n  Fig. 19.1 
was 2.0 in.; after pressing, A-C was 1.9 i n ,  No completely sa t i s fac tory  
mechanism has been devised t o  explain th i s  phenomenon, Ynough .it is probably 
re la ted  t o  t h e  preferred or ientat ion of Zircaloy-2, Since the  w a l l  thickness 
of t h e  vessel  must be maintained Ghroughout the t rans i t ion ,  t h e  anount of th in-  
out should be s-nall. 

This dia- 

This work f'urther substant ia tes  the  be l ie f  that a fu l l - s ize  t rans i t ion  
could be made by t h i s  simple process and would require only a modest development 
prograi. 
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20. ANaEYTICAL CjlEMISTRY 

e ~ 1 rnl -- 

0. Menis II. P. House 

G. Goldstein 
D. Le Manning 

20.1 D m m N A T I O N  OF TUl'AL SULFATE IN 
SObWIONS OF UEiANYL SULFATE 

A nonaqueous t i t r i m e t r i c  method w a s  devised f o r  the  rapid determination of 
s u l f a t e  i n  solut ions containing cations,  such as IJO,++, Few, and Zrc4, which 
i n t e r f e r e  i n  conventional methods f o r  sulfate. l 'he sul-fate is  precipi ta ted i n  
an  ace t ic  acid medium by the aiidition of a known amount (excess) of barium ace- 
t a t e ,  a€'ter which t h e  excess reagent i s  t i t r a t e &  potentiometrically w i t h  a 
s t rong acid, such as perchloric acid. 
ace ta te  i s  a moderately strong base i n  an ace t ic  acid medium. 
curves fo r  several s u l f a t e  salts are shown i n  FiLa 20-1. 

This  t i t r a t i o n  i s  possible because barium 
Typical t j t r a t i o n  

Fig. 20.1. Titration Curves in the Determination of Sulfate in Various Salts. 

133 
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No interference is  encountered with UO2++, Cut+, Fet*, Zr+4, or, i n  
general, tri- o r  te t ravalent  cations, whereas su l fa tes  o f  mi- or  divalent 
cations, such as Na', K?", o r  Caf+, which form strongly basic acetates,  i n t e r -  
fe re .  Some n i t ra te ,  phosphate, and f luoride salts may be tolerated,  while 
others interfere ,  depending on the  associated cation. Free HNOJ or H C 1  i n t e r -  
f e r e  and are t o  be avoided; HF and H3P04 do not in te r fe re .  

The method w a s  applied spec i f ica l ly  t o  t h e  determination of t o t a l  sulfate 
i n  solutions simulating homogeneous reactor  fuels which contain uranyl and 
copper sulfa,te, su l fur ic  acid, and corrosion pmducts of s t a i n l e s s  s t e e l  as 
minor coniponenbs. By rep l ica te  t i t r a t i o n s  of samples o f  t h i s  type, t h e  coef- 
f i c i e n t  of variabion w a s  found t o  be less than 1%. 
agreeiient with t h e  known s u l f a t e  content o f  synthetic samples and with values 
obtained previously by a conventional method. 

The r e s u l t s  were i n  good 

Free acid i n  impure uranyl s u l f a t e  solutions under tes t  as simulated f u e l s  
f o r  t h e  homogeneous reactor  cannot be t i t r a t e &  by conventional means because of 
t h e  interference of uranyl a d  other eas i ly  hydrolyzable cations. For t h i s  
pu-rpose, a modification of a conductometric method suggested by Pepkowitz, 
Sabol, and Dutinal- was successfully u t i l i zed .  
t i t r a t e d  w i t h  NaOH a f t e r  t h e  addition of MaF t o  form s l i g h t l y  dissociated 
f luoride salts (or  complexes 1 with uranyl and. other  hydrolyzable cations. 
Excess NaF over t h a t  required t o  reac t  with t h e  hydrolyzable ions should be 
avoided s ince it reac ts  with H&O* t o  form weakly ionized EFF, which obscures 
the end point.  By t h e  use of electrodes of large surface area, the  end point 
can be readi ly  established wLth R conventional conductance bridge. 

The H$04 is  conductometrically 

The precision of the  method was evaluated by t i t r a t i n g  a s e r i e s  of syn- 
t h e t i c  homogeneous reactor  f u e l  solutions which contained 0.04 meq of H250.+, 
and. also (as su l fa tes )  U, 6 mg/ufi; cu, 0.8 mg/d; and w i ,  0.4 mg/ml. 
coeff ic ient  of var ia t ion f o r  H$O, vas found to be better than 1%. 
is  e a s i l y  adaptable t o  operations involving remote control.  

The 
The method 

20.3 DISSOLVED-OXYGEN ~ L Y Z ~ *  

J. M. TFJright of t h e  Advanced Development Chemistry Section of B e t L i s  Atomic 
Power Division, Westinghouse Elec t r ic  Corporation, has developed an instrument 
f o r  the determination of low concentrations of oxygen i n  water which promises 
t o  be of use to t he  IIRI?.* 
t ions  f o r  t h e  analyzer t o  ORNL) and a uni t  w a s  constructed acd tes ted,  and w a s  
i n s t a l l e d  a t  t h e  W. 

M r .  Wright kindly sent working drawings and instruc-  

The analyzer works on t h e  pr inciple  t h a t  thallium metal w i l l  r eac t  w i t h  
oxygen i n  water, but  not w i t h  water alone, t o  form soluble and ionized thal- 
lium hydroxide. 
passing over t h a l l i m i m c t a l  can be relatcd quant i ta t ively to t he  dissolved 
oxygen. A mixed-bed ion. exchange column t s  incorporated i n  the  u n i t  before 
the firs% conductivity c e l l  i n  order t o  remove ionized species present i n  the  

Measurement of t h e  conductivity o f  t h e  w a t e r  before and a f t e r  

_I I_.._..- ~ _ _  
q h i s  ;&tion contributed by J. C. Griess, E. C. Savage, S. E. Bolt, 

R. S, Creeley, and P. D. Neimann of t h e  Solution Corrosion Section, REED. 
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water, and a similar column is incorporated after t h e  second conductivjty c e l l  
t o  remove the  thall ium hydroxide from t h e  water before disposal.  

The analyzer was calibrated,  as di.rected, on air-saturated water and 
t e s t e d  on t h e  letdown stream from 1OOA-loop D c i rcu la t ing  water at  '200'6 and 
500 p s i  (stem plus hydraulic pressure).  
letdown stream caused by adding oxygen or oxygen scavengers, sucli as hydrazine 
OP sodium s u l f i t e ,  t o  t h e  loop were indicated quickly by t h e  analyzer; oxygen 
concentrations calculated from t h e  analyzer conductivity readings were i n  
agreement with concentrations determined by chemical analysis on w a t e ~  samples 
t &en sirnultaneonsly e 

Changes i n  oxygen content of t h e  

The analyzer was also tes ted a t  the ElRT on t h e  laboratory dist,iI.led watei. 
and on OXNL plant -s tem condensate. Then the .analyzer was i n s t a l l e d  to  take 
reactor-steam condensate, and measurements were made with t h e  reactor a t  3.4 
and 4.0 M w ,  (During t h i s  period, excess hydrazine w a s  added t o  the  b o i l e r  
feed w a t e r ,  as has been t h e  pract ice  at  t h e  €ET.) Simultaneous w a t e r  samples 
were tnkeri f o r  chemical analysis o€ t h e  dissolved oxygen by t h e  Winkler 
methode3 'Table 20.1 gives t h e  r e s u l t s  ai? the measurements at t h e  IEtT. It i s  
f e l t  t h a t  the agreement between t h e  analyzer values and the  Winkler values is  
reasonable. T'he EtnalyAer readings on reactor-steam condensate were par t icu lar ly  
va1uabl.e s ince some doubt; had been c a s t  on the v a l i d i t y  of t h e  Winkler method 
by var ia t ions i n  the  r e s u l t s  depending on t h e  time of adding the  reagents.& 
It is not believed t h a t  tine difference between the  values obtained with t h e  
analyzer during power operation a t  3.4 and 4.0 M i  i s  indicat ive of a real 
t rend i n  oxygen concentration 

The nnalyLer i s  easy i o  use and gives rapid, accurate values O F  dissolved- 
oxygen concentration. 
and automatic recording of the oxygen leve l ,  

It could a l s o  be conveniently s e t  up t o  gjve continuous 

Table 20.1, Comparison of Results Obtained with the 
Oxygen Analyzer and the  WinkleT Method of Analysis 

02 Cancentration (ppm) 
Condition Winkler 

k b o i a t o r y  d i s t i l l e d  w a t e ~  0.92 0.79 

X - 1 0  steam condensate 0.019 0.00 

mT stmm condensate 
Reactor a t  3.4 Mw 0.035 0.048 
Reactor ab 4.0 bfw 0.019 - 
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