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I. KEAD-EW ,4ND SOLVENT EXTRACTION PROCESSING 

Development of t he  Sulfex and Darex processes f o r  decladding Consoli- 

dated. Edison f u e l  ( s t a i n l e s s - s t e e l - c l a d  TIO,-UO, p e l l e t s )  was continued. 

Laboratory s tud ie s  showed t h a t  the 2Q-mil- t'n.ick s t a i n l e s s  s t e e l  c ladding 

dissolved i n  t h e  Darex reagent ,  b o i l i n g  5 M HNO,-2 M HC1, i n  1 hr; t he  

off-gas  was a mixture of n i t rogen  oxides and- N O C l  conta in ing  l e s s  than  0.5 

vol $ hydrogen. 

pas s iva t ion  of s t a i n l e s s  s t e e l  was occas iona l ly  encountered. Pass iva t ion  

was r e a d i l y  overcome by increas ing  t h e  H C 1  concent ra t ion  i n  the  reagent t o  

6 M; in t h i s  case the  hydrogen content  i n  t h e  of f -gas  increased t o  about 

2 vo l  $, which i s  s t i l l  below t h e  explosive l i m i t .  Soluble iiranium and 

thorium losses i n  ciecladding of i r r a d i a t e d  prototype f u e l ,  i n  which the 

dens i ty  of t h e  93% Th02-UO2 p e l l e t s  vas only SO t o  35$ of t h e o r e t i c a l ,  

were independent of i r r a d i a t i o n  l e v e l  up t o  5'15 Mwd/ton. 

rim l o s s e s  from in . tac t  and pa;rtly fragmented pe l le . t s  were genera l ly  0.05 
t o  0.5% and 0.03 to 0.26, respec t ive ly ;  losses from highly  fragnented pel- 

l e t s  were as high as 9 and lO$. 

- - 

I n  t i t an ium,  the conta iner  material for t h e  Darex process ,  

- 

U r a n i u m  and tho-  

I n  the  Sulfex decladdirig process f o r  Consolidated Edison fuel, the 

s t a h l e s s  s t e e l  c ladding d isso lved  i n  1 t o  3 hr i n  20@ excess of b o i l i n g  

4 t o  6 M H2S0,; t he  of f -gas  i s  hydrogen. Pass iva t ion  i s  more ser ious  than  

i n  the  Darex process ,  s ince  as l i t t l e  as 0.001 M f3'N03 i n  the s u l f u r i c  ac id  

prod.uced pass iva t ion  f o r  more than 1 hr; however, t r a c e s  of n i t r i c  ac id  

cari be rerriov-ed by r eac t ion  with formic ac id .  Uranium and thorium losses 

were s l i g h t l y  Lower than  i n  t h e  Darex process .  From unfragmentcd proto-  

type fuel ( p e l l e t s  80 t o  85% of t h e o r e t i c a l  dens i ty ,  i r r a d i a t e d  from 0 t o  

445 Mwd./ton) uranium and thorium l o s s e s  var ied  raridonlly from 0.07 t o  0.44% 

and 0.04 t o  0.33$, r e spec t ive ly .  

were as high as 1.$$1. 

- 
- 

When t he  f u e l  p e l l e t s  sha t t e red ,  l o s s e s  

Consolidated Edison ThO,-UO, fuel p e l l e t s  can be d isso lved  i n  e i t h e r  

boiling Thorex d.-issolvent [13 M NN03-0.0C+ M NE$-0 t o  0.1 M Al(N03)3] Gr 

Darex decladding so lu t ion  t h a t  has been s t r ipped  f r e e  of chloride and ad- 

justed. t o  0.04 M NaF, 0 to 0.1 M AI-, and 12 to 13 M €1'. 

- I - 

The ch ief  va r i ab le  - - - 

... 
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i n  Tho,-UO, d i s s o l u t i o n  i n  Thorex d i s so lven t  vas  p e l l e t  dens i ty :  

i t i a l  d.issolving rate tn 29c$ excess d i s so lven t  va r i ed  f r o m  16 mg min-l 

f o r  p e l l e t s  whcise dens i ty  ms 6@ of t h e o r e t i c a l  t o  2 mg rnin-l 

t h e  i n -  

f o r  ma te r i a l  whose dens i ty  w a s  945; of t h e o r e t i c a l .  

l e t s ,  t o t a l  dlssol.ution would r equ i r e  30 t o  50 h r .  

concentrat ion i s  0.07 M; however, 0.34 M i s  used i n  t h e  flowsheet t o  n l n i -  

inize equipment cor ros ion .  The d i s so lve r  so lu t ion  formerly required evap- 

o r a t i o n  u n t i l  t h e  temperature reached 155°C t o  ob ta in  an ac id -de f i c i en t  

solvent; ex t r ac t ion  feed;  unfier t h i s  condi t ion  cor ros ion  i s  severe and og- 

e r a t l o n s  a re  aL?'..fficult. To circumvent t h i s  problem, t h e  so lu t ion  i s  evap- 

ora ted  u n t i l  i t s  temperature reaches only 1.35'c, and t h e  r e s i d u a l  a c i d .  i s  

removed by steam s t r i p p i n g .  The use of ad jus ted  decladding so lu t ion  as 

core d.issolven-i; e l imina te s  u-aniixn and t h0 r i .m  l o s s e s  bu t  produces a high- 

a c t i v i t y - l e v e l  solvent  e x t r a c t i o n  waste that i s  not e a s i l y  volume reduced. 

For reactdr-grade p e l -  

The optimum f l u o r i d e  

- - 

Cyclic Sulfex-Thorex and Uarex-Thorex d isso lv ings ,  i n  which a 10 t o  

2070 oxiae h e e l  was c a r r i e d  over i n t o  subsequent cyc les ,  were found prac- 

t i c a l  with an 8- t o  10-hr core  dLssolut ion t ime.  Thorium and uranium 

l o s s e s  vere  l e s s  than  0.25% i n  a1.l runs. 

i n  Sulfex opera t ion ,  where a 2% h e e l  remalined a f t e r  fou r  runs, coxpared 

wi.th a l@ hee l  af ter  Pour Darex cyc les .  

Heel bui ldup was more pronounced 

The Darex process  f o r  compl.ete d i s s o l u t i o n  of U02-stainless steel 

f u e l s  was demonstrated i n  h o t - c e l l  experlments wi th  Yankee Atomic fuel. ir- 

r a a i a t e d  t o  16,000 mL/ton;  aS.1 opera t iocs  were completely s a t i s f a c t o r y .  

Fuels bonded .crith sodia? o r  NaK cannot be processed by - h e  Dwex process;  

v i o l e n t  vapor-phase r eac t ions  occur between t h e  n i t rogen  oxides and. hy- 

drogen. 

The Zirfl-ex process  f o r  decladding FWi b lanket  elements (U02 p e l l e t s  

c l ad  i.n Zircaloy-2)  was demonstrated wi th  f u e l  Lrradiated up t o  1'750 

blwd/ton. 

d ing  solution increased w;-Lii increas ing  burnup. Hovevei-, l o s s e s  a t  maxirnum 

burnup were only 3.04 and 0.0q0,  r e spec t ive ly .  

decladding r eac t ion  must be removed from .the system t o  avoid formation of 

a Zr02.H20 sludge. 

Uranlurn and plutonium l-ossec t o  tlie 6 - M N H ~ F - ~  N H ~ N O ~  declad.- 

Armenia generated by t h e  
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Uranium-zirconium a l l o y  f u e l s  conta in ing  up t o  105 uranium miy be 

d isso lved  i n  5.4- I M NH4F-0.33 - M NH,+NO,-O.l3 M - H20, (modified Z i r f l e x  proc-  

e s s )  . 
of Ni-o-ne1 by a factor of 3 t o  10 except at t h e  solution-vapor i n t e r f a c e .  

IJranium-zirconium a l l o y s  may a l s o  'oe processed by t h e  Zircex process, which 

i s  based on hydrochlor inat ion of t he  a l l o y  followed by chl .or inat ion of t he  

res idue  w i . t h  CC14. 

of t h e  zirconium i s  vola t i . l i zed ;  i n  t h e  chlorina-ti .on step, t h e  uranium and 

r e s i d u a l  zirccjniwn are converted t o  v o l a t i l e  ch lo r ides  ?and are se-parated 

by f r a c t i o n a l  condensation a t  300°C. Tne fi .na1 uranium ch lo r ide  prodiuct 

may be decontaminated by coriventi.ona1 so lvent  e x t r a c t i o n  processes  o r  by 

f l u o r i n a t i o n .  

The peroxide promotes uranium s o l u b i l i t y  and slurpresses cor ros ion  

I n  the  hydmxhlor ina t ion  s t e p  at 500 t o  600"C, most  

Uranium-3$ molybd.enum alloy i.s d isso lved  i n  b o i l i n g  8 PI KN0310.5 - M - 
E'e(N03)3 t o  y i e l d  a coraj?l.etely stable product so.lutioi?_, conta in ing  1 - M 

uranium, which i s  s u i t a b l e  as a feed  f o r  t h e  Purex so lvent  e x t r a c t i o n  

process .  Tlie d i sadvmtage  of t h i s  method i s  t h e  generat ion of about 1100 

g a l  of fi.rs-t;-cycI.e sol-vent e x t r a c t i o n  waste f o r  each ton  of uranium proc- 

essed.. An a l t e r n a t i v e  aqueous process ,  proposed f o r  U-lC$ No a l loys ,  i n -  

volves d i s s o l u t i o n  of t h e  all-oy i n  b o i l i n g  11 t o  13 M HNO, and scpara-tion 

of t h e  p r e c i p i t a t e d  molybdic oxide by cen t r i fuga t ion .  Tnis process i s  

Pollowed by a low-waste Purex-type solvent  e x t r a c t i o n  procedure bu t  has  

t'ne d.isadvantage t h a t  the molybdenum oxide s o l i d s  occupy approximately 3% 

of t,he o r i g i n a l  so lu t ion  volume and a r e  not  e a s i l y  cent r i fuged  and washed..  

- 

The SRE decladding f a c i l i t y  Ln Cell A of Bui lding 3026 was completed 

and success fu l ly  co ld  t e s t e d  011 un i r r ad ia t ed  SIU f u e l  rods. Tize f a c i l i t y  

w i l l  be used. t o  declad t h e  SRF: Core 1 fue l  as soon as bu i ld ing  changes 

f o r  c ontaimnent a re  c 0mpl.e t ed . 
Experimental t es t s  on t h e  shear ing of s t a i n l e s s - s t e e l - c l a d  UO, f u e l  

bundles both  a t  ORNL m d  under two subcontracts  were c o q l e t e d .  The tes t s  

ind ica t ed  the f e a s i b i l i - t y  of t h e  shear-and-leach approach t o  mechanical 

processing of' f u e l s ,  and a 250-ton shear f o r  h o t - c e l l  use was destgned. and 

i s  now be ing  f ab r i ca t ed .  

blade and u vee or semic i rcu lar  a n v i l  wi th  3 :nils clearance gave t h e  b e s t  

shear ing for subsequent leaching.  The major problems i n  shearing are t o  

A slow-speed. sheaa- (- 5 i n . / s e c )  wi th  a stepped.-V 
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ensure good fe r ru le - fue l  tube separa t ion  and t o  minimize wear and g a l l i n g  

by hard braze p a r t i c l e s .  It i s  an t i c ipa t ed  t h a t  a well-designed shear  w i l l  
be ab le  -Lo make 10,000-50,000 cc ts  between b lade  replacements. 

A new method was developed f o r  processing of uranium-graphite f u e l s .  

The fuel. I s  simultaneously d i s i a t e g r a t e d  and leached wi th  9% n i t r i c  ac id  

a t  e i t h e r  b o i l i n g  o r  room temperature.  

about 9@ of t'ne uranium; recover ies  i n  two leaches were about 99 and 99.5% 

from f u e l s  conta in ing  1.5 and 1.3% uranium, r e spec t ive ly ,  Leaching wi th  

b o i l i n g  ac id  r e s u l t e d  i n  s l i g h t l y  higher  recov-eries.  The fuming n i t r i c  

aci.d inay be recovered f o r  re-use by d i s t i l ~ l a t i o n  of t he  leach  so lu t ions .  

In t e s t s  on d i s i n t e g r a t i o n  of graphi te  f u e l s  wi th  bromine and in t e rha lo -  

gens, bromine, I C l ,  and I B r  caused swel l ing and d i s i n t e g r a t i o n  o f  t h e  f u e l s .  

However, uranium recover ies  i n  leaching  t h e  restdues wi th  b o i l i n g  15.8 M 

KNO, were lower than  those  i n  t h e  fuming n i t r j . c  ac id  process ,  bu t  higher  

t han  those  i n  leaching  a f t e r  mechanical gr inding.  

One 4-hr leach  at; 25°C recovered 

.- 

I n  f u r t h e r  work on t h e  Hermex process  t h e  s o l u b i l i t i e s  of U, Th, h, 

Sm, Nd, and Gd i n  mercury and of Ru, Pd, Z r ,  arid Mo i n  uranium-saturated 

mercury solu-tions were measured from 25 t o  356°C. Ruthenium, was more s o l -  

ubl..e and palladium I.ess soluble  i n  IT-Hg so lu t ion  than  i n  Hg alone. Zr and 

Mo sol.ubi'l.ities i n  IJ-Hg were below t h e  l i m i t s  of det,ecti.on. A phase d i a -  

gram f o r  t h e  U-Hg system w a s  prepared from d a t a  obtained on Hg vapor pres -  

su res  f o r  tile temperature range 254+31"C. A Herrflex flowsheet f o r  UO, f u e l  
w a s  a l s o  developed 3.n which decontamination f a c t o r s  (DF's) from Ru, Cs, 

and Srn of 3 1000, 220, and 75, respec t ive ly ,  were obtained. 

The major development i n  t h e  solveilt e x t r a c t i o n  subprogrtm w a s  t h e  

development o f  a,n ac id - sa l t ed  ac ld -de f i c i en t  Thorex process .  The advan- 

t ages  of  t h i s  over t h e  o ld  aluminum-salted process  are t h e  production of 

a waste t h a t  conta ins  < 0.1  M Al tu-d may be reduced t en fo ld  o r  more i n  

volume, t h e  5 9  decrease i n  pulsed colmm s tage  he ights ,  and t h e  assurance 

t h a t  U and Th l o s s e s  and f i s s i o n  product DF's w i l l  be equal. -to or b e t t e r  

than  those i n  t h e  o l d e r  process .  The new flowsheet can be used f o r  e i t h e r  

a co-decontamination or a p a r t i t i o n i n g  f i r s t  cyc le  f o r  U and Th. 

- 

A.msc.0 washing o f  t he  evaporator feed t o  prevent  caiy-y-over of TBP hy- 

d r o l y s i s  products  produced i n  i n t e r c y c l e  evaporat ion w a s  evaLuated. About 
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9% of t h e  d isso lved  and en t ra ined  TBP w a s  successfu l ly  removed. 

vent recovery t e s t s  wi th  f i l t r a t i o n  a f t e r  carbonate washing, DF's of 200 

from Zr-Nb were o'otained. 

f i l t e r s  with f i n e  (5-p) pores .  

In sol- 

The DF w a s  b e s t  wi th  a CaCO, f i l t e r  a i d  and 

Hot-cell. demonstrations of t h e  Yankee and NMSR Darex-Purex flgwsheet 

Two-cycle DF's were made wi th  f u e l  samples i r r a d i a t e d  t o  16,000 Mwd/ton. 

were 7.4 x lo5 and 1 .2  x lo5 f o r  gross  b e t a  and gamma, respec t ive ly ;  t hese  

a r e  lower than  t h e  an t i c ipa t ed  values ,  and more t es t s  a r e  planned. 

A flowsheet w a s  developed f o r  recovering enriched uranium €rom t h e  

IAEiE-11 f u e l  which conta ins  77 g U(1V) per  l i t e r  i n  96.s H,POL,. 

f o l d  d i l u t i o n  requi red  f o r  c r i t i c a l i t y  c o n t r o l  ( t o  6 g of U per l i t e r )  i s  

s u f f i c i e n t  t o  provide s a t i s f a c t o r y  feed  i f  the  so lu t ion  i s  made 1.6 M i n  

Fe(NO,) ,  t o  ensure complexing of t h e  phosphate. 

The 12- 

- 

Engineering-scale t e s t s  on un i r r ad ia t ed  fuel so lu t ions  were made t o  

determine f looding and mTS values f o r  s ieve  p l a t e s ,  nozzle p l a t e s ,  and 

nozzle-zebra p l a t e s  wi th  t'ne i n t e r f a c e  a t  top  and bottom of t h e  col~m~s. 

Flooding c h a r a c t e r i s t i c s  i n  ex t rac t ion-scrub  columns were b e s t  with nozzle 

p l a t e s ;  t he  scrub sec t ion  w a s  con t ro l l i ng .  Nozzle p l a t e s  were a l s o  l e s s  

sub jec t  t o  upset  by i n t e r f a c e  "crudding" o r  p a r t i c u l a t e  mat ter  i n  t h e  feed.  

Sieve p l a t e s  used i n  e i t h e r  e x t r a c t i o n  o r  s t r i p p i n g  and wi th  the  i n t e r f a c e  

at e i t h e r  t o p  or bottom gave uranium e x t r a c t i o n  HETS values  t h a t  were in-  
dependent of pulse r a t e .  

2 ,  POWER mACTOR FUEL PROCESSING PILOT P M T  

A t o t a l  of 50.6 tons  of n a t u r a l  and depleted i r r a d i a t e d  uranium f u e l  

from t h e  BNL, SR, and HW reac to r s  w a s  processed t o  recover 39.4 kg of plu- 

tonium and 37 tons  of uranium. Spec ia l  programs, such as t h e  processing 

of AML-CP-2 r eac to r  f u e l  and 14TR i r r a d i a t e d  plutonium-aluminuni a l l o y  as- 

semblies (conta in ing  30% 111240 ), were completed. The r a f f i n a t e  from t h e  

INTR plutoniwn-aluminum program w a s  processed t o  demonstrate a scheme aimed 

a t  recovering t h e  r a r e  eartkamcriciurri-curium f r a c t i o n .  

A nonionfc (polymeric) spec ies  of plutonium, inex t r ac t ab le  i n  TBP and 

undetectable  wi th  normal a n a l y t i c a l  methods, w a s  formed i n  t h r e e  batches 

of Savannah River d i s so lve r  so lu t ion ,  which progressed t o  conf i t i ons  of 
2.0 M KN03 t o  0 . 5  M a c i d  def ic iency,  causing s i g n i f i c a n t  deviat ions i n  t h e  - - 

vii 



p lan t  material balances.  Complexing agents  and prolonged d iges t ion  i n  an 

a c i d  environment (>2 M HIi03) were r equ i r ed  t o  reconvert  t h e  plutonium t o  

t h e  ex t r ac t ab le  state.  
- 

Fis s ion  product decontamin3;tlon w a s  improved by opera t ing  t h e  ex t rac-  

t i o n  contac tors  w i t 1 1  t h e  organic phase continuous.  'Two meth0d.s of colur~ul 

i n t e r f a c e  c o n t r o l  w e r e  developed and demonstrated. 

An evaporator explosion on November 20 i n  Cell. 6 of t h e  Hot P i l o t  

P lan t ,  Bui lding 3019, r e s u l t e d  in .  r e l e a s e  of 70 mg of plutoniuxn to non- 

opera t ing  a reas  of Bull-ding 3019 arid of 600 mg t o  nearby s t ree ts  and bui ld-  

ings .  No one w a s  i n j u r e d  as a r e s u - l t  of t h e  explosion and no one rece lved  

a sj_gnii"icant f r a c t i o n  of a l i f e t i m e  body 'ourden of plutonium e i t h e r  a t  t h e  

t i m e  of 'ihe inc iden t  o r  during subsequent cleanup opera t ions .  

s ion  i s  considered due t o  t h e  de f l ag ra t ion  o f  n i t r a t e d  organic compo1und.s i n  

an i n t e r c y c l e  evaporator which w a s  bej.ng decontaminated and involved n i -  

t r a t i o n  by concentrated n i t r i c  a c i d  of 1 4  l i t e r s  of t h e  p ropr i e t a ry  decon- 

taminat ing agent,  Turco 4501. 

The explo- 

I n  t h e  cleanup opera t ion  t h e  contamination w a s  bonded t o  t h e  nearby 

s t r e e t  and bu i ld ing  sur faces  with tar ,  p a i n t ,  roof ing  compound, o r  masonyy 

sealer, as appropr ia te  t o  t h e  sur face .  

p l a n t  s ec t ion  of Bui lding 3019, t h e  Graphit,e Heactor bu i ld ing ,  and the 

road. sou-Lh of these  bui ld ings ,  a l l  areas o f  tlie Laboratory were back i n  

s e r v i c e  by Monday, November 23. Decontamimation of t h e  i n t e r i o r  of Build- 

i n g  3019, exc lus ive  of four  of t h e  seven processing c e l l s ,  w a s  90$ com- 

p l e t e  on August 1, 1960. Decontamination of  t h e  processing c e l l s  i s  being 

delayed. pending i n s t a l l a t i o n  of a temporary seco-ndary containment s t ruc -  

t u r e  and provis ion  OP add i t iona l  ves se l  off-gas capac i ty  I 

With tlie exception of t h e  p i l o t  

3 .  FUSED SALFE'LUORIBE VOLATILITY PROCESS 

The p i l o t  p l a n t  o r i g i n a l l y  designed for- v o l a t i l i t y  processing of fused. 

fluorj.de f u e l  w a s  converted (by add i t ion  of a d i s so lve r  and o ther  equip- 

ment) t o  use wi th  zirconium-containing s o l i d  fueLs. 

I n  t e s t s  on an :CNOR-8 prototype d i s so lve r ,  cor ros ion  w a s  not de t ec t -  

ab le  by Vidigage inspec t ion  a f te r  t e n  hydx-ofluorination runs with Zi rc -  

aloy-2 bars t o t a l i n g  74.5 br of exposme t o  HF-spazged NaF-LiF-ZrF4 melts 

a t  550 t o  650°C.  

... 
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It was observed t h a t  N i ,  C r ,  Sn, and Fe dissolved i n  t h e  molten-sal t  

solvent  as impur i t i e s  were reduced by r eac t ion  with zirconium. P a r t  of t h e  

me ta l l i c  impur i t i e s  deposi ted on t h e  f u e l  specimen being d isso lved  and 

tended t o  re-Lard the  d i s so lu t ion .  

w a s  a l so  en t ra ined  i n  the  of f  -gas, complicating t h e  off-gas  d i sposa l  prob- 

lem. This  problem can be minimized by keeping the  impur i t ies  content  of 

t'ne salt  low. This  can be accumplished by p r e t r e a t i n g  the  molten-sal t  so l -  

vent  wi th  hydrogen and using a mixture of hydrogen and HF as the  r eac t an t  

gas f o r  d i s so lu t ion .  

Some of t h i s  f i n e l y  divided ma te r i a l  

Hydrogen f l u o r i d e  d i s s o l u t i o n - r a t e  d a t a  obtained f o r  a copper-lined. 

d i s so lve r  showed a s n l a l l  e f f e c t  of temperature and a nonl inear  e f f e c t  of 

ZrFQ bulk concent ra t ion  and corroborated the  major dependence of d i s so lu -  

t i o n  r a t e  on t h e  s u p e r f i c i a l  v e l o c i t y  of gas p a s t  f u e l  sur faces .  

Adiabatic d i f f e r e n t i a l  bed s t u d i e s  of t he  UF6 so rp t ion  on NaJ' i n d i -  

ca ted  an i n i t i a l  per iod  when gas-phase d i f f u s i o n  con t ro l l ed  t h e  r a t e ,  f o l -  

lowed by a longer period i n  which solid-phase d i f fus ion  w a s  t h e  c o n t r o l l i n g  

f a c t o r .  

A series of 1 2  labora tory-sca le  t e s t s  on the  Fused Salt-Fluoride Vol- 

a t i l i t y  process  wi th  long-decayed Naut i lus  STR fue l  demonstrated good ura-  

nium recovery and o v e r - a l l  decontamination from- f i s s i o n  product a c t i v i t y  

but  showed t h e  r iecessi ty  f o r  f u r t h e r  work t o  reduce the  amounts of rnolyb- 

denwn, technetium, and neptunium i n  the  UF6 product .  

The f e a s i b j l i t y  of processing stainless-s-beel-  and niobium-containing 

f u l l y  enriched uranium f u e l s  by t h e  Fused Salt-Fluoride V o l a t i l t t y  process 

w a s  suggested by measurernents of acceptable  d i s s o l u t i o n  r a t e s  wi th  KF i n  

fused salt  mixes. 

Tho, dissolved r a p i d l y  without E? i n  Z rF4-bea ing  salt  mixes, by me- 

t a t h e s i s  o r  t h e  formation of t he  soluble  oxyfluorides .  

Tie f e a s i b i l i t y  of gaseous t r m s f e r  of w a s  demonstrated, i n d i -  

c a t i n g  a poss ib l e  method of separa t ing  m6 and PuF, based on t h e i r  r e l a t i v e  

chemical s t a b i l i t i e s .  Work on t h e  MoF,-NaF system proved t h a t  a def i ,ni te  

chemical complex e x i s t s  between these  compounds, and prel iminary vapor 
pressure  data were obtained or1 t h e  equilibrium between gaseous MoF, and 

the s o l i d  complex. 
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4.  MOLTEN-SALT REACTOR FUEL FKOCESSING 

A study of p o t e n t i a l  f u e l  cyc le  c o s t s  as r e l a t e d  t o  conversion r a t i o s  

f o r  var ious  f u e l  processlng r a t e s  i nd ica t ed  t h a t  a t o t a l  Puel cyc le  c o s t  

of N 1 mill./hihr can be achieved, wi-th a minimum at a conversion r a t i o  of 

s l i g h t l y  l ess  than 1.0, assuming t h a t  -the v o l a t i l i t y  process  can be ex- 

tended t o  apply t o  fuel-s decayed only fou r  days. 

v o l a t i l i t y  process  appears t o  be acceptab1.e f o r  uranium recovery from f u e l  

and b lanket  s a l t s  and the  W d i s s o l u t i o n  process  f o r  Li ' l  salt  recove-ry 

f o r  f u e l  neii tron-poison-level con t ro l .  However, much experimental  work 

m u s t  be accomplished before  the v o l a t i l i t y  process  i s  proved t o  he tech-  

n i c a l l y  f e a s i b l e  f o r  molten-sal t -breeder  app l i ca t ion .  ScouLring chemical 

i nves t iga t ions  f o r  a l - te rna t ive  processes  ind ica t ed  t h a t  a so lu t ion  of 5 

mole $ NO, i.n anhydrous 

LiF-BeF2-LF4 fue l ,  t h e  components having s o l u b i l i t i e s  of  about 50,  50, and 

1 g / l i t e r  

ThF4 are inso luble  i n  t h i s  solvent ;  r a r e  e a r t h s  are so luble  t o  t h e  ex ten t  

of < l o y 4  mole $, only,  and T W 4  t o  < 0.01 mole 9. 

Economica1.l.y t h e  f l u o r i d e  

might be used as a solvent  f o r  t h e  whole fused  

High-cross-section r a r e - e % w t h  f i s s i o n  product f l u o r i d e s  and 

5. HOMOGENEOUS REACTOR FUEL PROCESSING 

In 3-n i t i a l  t e s t s  wi th  a 13-unit mul t ip le  hydroclone u n i t ,  s o l i d s  c o l -  

l e c t i o n  r a t e s  averaged 50 t o  l O q 0  h igher  t han  wi th  a s ing le  hydroclone. 

Plugging w a s  e l iminated by r e tu rn ing  -the overflow frrom t h e  c o l l e c t i o n  hy- 

&roclone t o  t h e  mult ic lone r ece ive r .  

Analysis o f  sarnpl-es for 1135 and measurement of hea t  generat ion rates 

on the  low-pressure system iodine t r a p  conf i r m d  prev-ious observat ions t h a t  

80-99$0 of t h e  iod ine  i n  the high-pressure system does not  cont inuously 

c i r c u l a t e  with t h e  f u e l ,  but  i s  r e t a ined ,  probably by adsorpt ion on pipe 

surfaces ,  i n  equi l ibr ium wi th  t h a t  i n  so lu t ion .  This  decreases  t h e  e f f ec -  

t i veness  of t h e  iodine removal system, bi1-L xenon .poLsoning may s t i l l  be 

l imi t ed  t o  acceptably low l e v e l s  by iod.ine removal. The xenon poison f'rac- 

t i o n  a t  5 Ivh w a s  found, by mass spectrographic analyses  of t h e  r eac to r  

off-gas downstream of t h e  charcoa l  beds,  t o  be 0.9$. 
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6. WASTE TREATMENT 

Processes under development t o  prepare wastes f o r  permanent d i sposa l  
would. convert  h i ~ ~ ~ - r a d i o a c t i v i t y - l e ~ e l  wastes t o  s o l i d s  by evaporat ion and 

c a l e  i n a t  ion,  sol.id.ify intermediate  - l e v e l  chemic a1 decladding wsste s with  

lime, sand, and cement , and. decontafiina-tx low-level wastes t o  dischargeable  

l e v e l s  by ion  exchange, Evaporation and c a l c i n a t i o n  t o  900°C of synthe t ic  

h igh- leve l  wastes was s tudied  in 4-i.n.-diay 18-in.-long po t s  and i n  6- and 

g-in.-dia, ?8-in.-long p o t s .  

i n . a l  n i t r a t e  i n  the  feed  w a s  recovered i n  t h e  off-gas  condensate, and t o t a l  

iioncondmsible i n e r t s  i n  the  off-gas amounted t o  cr-fj l i t e r s / l i t e r  of feed,  

depending on the method of operatior_ and the  atmosphere maintained i n  t h e  

system. I n  t h e  l a r g e r  equipment, s o l i d s  depos i t ion  i n  the  pot  took place 

e i t h e r  i n  a radial o r  v e r t i c a l  d i r e c t i o n ,  depending on t h e  method of oper- 

a t i o n .  

I n  the smaller equipment > 9@0 of t h e  o r ig -  

Evaporation and c a l c i n a t i o n  o f  simulated Pixex LWW t o  400°C i n  the  

presence of 3 to 300 ml of TBP per  l i t e r  of waste produced no exothermic 

and/or v i o l e n t  r eac t ion .  

wastes var ied  almost linearly with temperature from 0.210 at 90°F t o  0.311 

Btu hr-l ft-' ("F)- l  a t  1329°F f o r  ca lc ined  Yurex waste and from 0 . U O  at 

92°F t o  1.52 at 1600°F f o r  a ca lc ined  Darex waste. Evaporation c a l -  

c i n a t i o n  of Purex 1WW i n  an NO atmosphere decreased the  ruthenium i n  t h e  

condensate from about 70 t o  0.9-le5$, without add i t ives ,  and t o  l.9--32$, 

with add i t ives .  The  presence of about 2 n l l  of  TBF per  l i t e r  of" waste de- 

creased t h e  mount  of ruthenium i n  the condensate, i n  an air atmosphere, 

froin abollt 70 t o  4-15$,, depending on add i t ives .  Decontamination of an a i r  
stream bear ing  a soluble aerosol  by a packed scrubber w a s  as much as 1000 

t i m e s  more e f f e c t i v e  when s t e m  was presen t  i n  the  vapor phase. 

Measured thermal conduc t iv i t i e s  of ca lc ined  

Fundamental d a t a  on the  phys ica l  ani1 chemical changes t h a t  take  place 

when varioiis components of waste sol.utions a r e  heated during ca l c in ing  a r e  

being obtained by thermogravimetric ana lys i s .  

Based on compressi.on t e s t s ,  s a t i s f a c t o r y  methods have been fourid f o r  

s o l i d i f y i n g  Sulfex and Z i r f l e i . ,  decladding wastes by add i t ion  of C a ( G I € )  *, 
sand, and cement t o  t h e  waste so lu t ions .  

Making -ty-pi.cal ORNL low-le-vel process-water waste 0.01 - M in NaOII, 

f i l t e r i n g  it, and. then passing it through a phenolic c a t i o n  exchange r e s i n  
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bed r e s u l t s  i n  o v e r - a l l  decontamination f a c t o r s  of about 10  f o r  ruthenium 

and cobal.t,  1-00 f o r  r a r e  e a r t h s ,  and 1000 f o r  cesium and s t ront ium. 

r e s i n  can be regenerated with hydrochloric ac id ,  and t h e  regenerant  waste 

evaporated t o  about 1/3000th of t h e  o r i g i n a l  waste-water volume. 

The 

A s tudy of t h e  economics of permanent tank s torage of power-reactor 

fuel. processing wastes i n d i c a t e s  that  s torage  c o s t s  should average 0.05- 

0.23 mill/kwhr ( e l e c t r i c a l ) ;  t h i s  cost does not  r e f l e c t  t h e  hazard.s i n -  

volve& * 

7. FUEL CYCLE DEKELOPMENT 

Experimental s t u d i e s  of s impl i f ied  methods for recyc le  of thoriilm- 

uraniuq-233 f u e l  t o  heterogeneous r e a c t o r s  have ind ica t ed  t h a t  high-densi ty  

oxides can be loaded t o  acceptably dense oxide f u e l  cores  by v ib ra to ry  

compaction i.n-to c ladding tubes .  Compaction o f  arc  -fused thorium oxide and 

mixed thorium-uranium oxides by pneumatic v i b r a t o r s  c o n s i s t e n t l y  gave bulk 

d e n s i t i e s  in s t a i n l e s s  s t e e l  tubes 87% of t h e o r e t i c a l .  

b e s t  wi th  a pneumatic v i b r a t o r  which imparted a sharp impact t o  t h e  tube 

on i t s  upstroke but  no t  on t h e  downstroke. The app l i ca t ion  t o  f u e l  element 

f a b r i c a t i o n  promises t o  provide an economically f e a s i b l e  method of recy-  

c l i n g  ura~iium-233 and thorium -to heterogeneous r e a c t o r s  under sh ie lded  con- 

d i t i o n s .  

Compaction w a s  

8. AMEX I ~ O C E S S  

Uranium was recovered economically from anine e x t r a c t s  as  a high-assay 

product f r e e  o f  sodium, molybdenum, and vanadium by p r e c i p i t a t i n g  ammonium 

uranyl  t r i ca rbona te  from t h e  solvent  phase w i t h -  a uranium-srz-turated mm- 

nium c arbonate-ammonim su1.f a t e  so lu t ion  and c a1.c i.ni.ng the  prec i p i t a t e  . 
Another strlppiiig method, which recovers  uranj-im from amines as a rela- 

t i v e l y  pure concentrated uranyl  n i t r a t e  solii-tion r a t h e r  than as the  usua l  

s o l i d  concentrate ,  was demonstrated successfu l ly  i n  continuous equipment. 

Favorable r e s u l t s  were ob-tained in. solvent  e x t r a c t i o n  recovery o f  

uranim.  f rom r e l a t i v e l y  pure carbonate so lu t ions  with a quaternary ammo- 

nium e x t r a c t a n t ,  bu t  a t tempts  -Lo t reat ;  an actual- feed  l i q u o r  from a Colorado 

Pla teau  ore were unsuccessful owing t o  i n t e r f e rence  frolii inpur j - t ies  i n  t h e  

I.iquor. 
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3. THORIUM REXOVE.RY FROM GRANITIC ROCKS 

I n  s tud ie s  on recovering t2ior.j-um from Canadian uranium-thorium ores, 

an inexpensive method w a s  developed f o r  st i- ipping thorium from Prirnene JM- 

kerosene by contac t ing  the  e x t r a c t  with 2 M TJaC:L-0.5 M Na2S0, so lu t lon  and 

subsequently hea t ing  t h e  s t r i p  so lu t ion  to prec ip i - ta te  t l i O r i i x T I  sul .fate . 
- - 

Studies  were i n i t i a t e d  t o  def ine  me-thods and c o s t s  f o r  recovering 

thorium from g r a n i t i c  rocks i n  tcsnaages adeqyate to s a t i s f y  the long-range 

demands of a nuclear  power system based on the T1?-U233 cycle. 

i na ry  s u l f u r i c  ac id  leaching t e s t s  on .twelve g r a n i t i c  rock samples contain-  

ing 10 t o  90 ppm thorium, recover ies  ranged from 25 t o  SC$. 

consumption was high, ranging from 40 t o  100 l b  per  ton. of g r a n i t e .  Ten- 

t a t i v e  es t imates  ind ica t e  t h a t  thorium might be recoverable from the  more 

e a s i l y  leached, higher  grade g r a n i t e s  a t  c o s t s  below $100 per  pound. 

I n  prelim- 

Sul fu r i c  ac id  

10. GAS-COOIXD REACTOR COOIXNT AND EQTJIIZPE3,NT DECONTAMINATION 

Experimental s t u d t e s  ori f i xed  bed. oxid.ation o f  hydrogen i n  helium 

car r ie r -  gas were c a r r i e d  out i n  a 2-in.-dia CuO bed. t o  provide d-esign d a t a  

f o r  t h e  EGCR gas p u r i f i c a t i o n  system. Tbe r e s u l t s  of these  t e s t s  were cor -  

r e l a t e d  m d  a design equat ion obtained which s p e c i f i e s  t he  required bed 

volume. 

A noncorrosive procedure was developed f o r  decontamiaating t h e  EGCX 

charge and se rv ice  machines which c o n s i s t s  in spraying with hot ,  nonfom-ing 

deteygent so lu t ion  t o  remove water-soluble  f i s s i o n  products and flush off  

p a r t i c l e s .  A peroxide-sodium oxala te  so lu t ion  i s  then  used t o  d isso lve  

r e s i d u a l  U02 and remove adsorbed f i s s i o n  products .  

11. HRP Thoria Blanket Development 

Twenty-four experimental  batches of spec j f ica t ion-grade  Tho2 and 19 

batches of thoriiun-urm-ium oxide were prepared i n  the  new p i l o t  pleat f a -  

c i l i t y .  The particles of the  mixed oxide lacked i n t e g r i t y ,  a.nd i t s  p r e p -  

r a t i o n  was suspended at inidyeax. 

end of FY 1960. 

The plartt  w a s  placed i n  stand--by at t he  

Rounded p a r t i c l e s  of Th-3 mole 9 U conta in ing  1.6 7 w t  9 A120,, 1 to 2 9 

i n  diameter,  were prepared by flame d e n i t r a t i o n .  I n  the 100A 1cmp these  
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gave < 0.1 and l . 3  mpy a t t a c k  r a t e s  and negl.igib1e p a r t i c l e  degradation 

when c i r c u l a t e d  as a slur..ry at 20 and 40 f p s .  Yie ld  s t r e s s e s  f o r  t h e  :;ia- 

t e r i a l  were a f a c t o r  of 2 t o  A lower than  1600°C-fired. oxide prepared from 

thorium oxala.l;:? 

Spher ica l  Thoz p a r t i c l e s ,  0.5-30 p i n  diame-Ler, were prepared by set-  

t h g  1.3-1.5 M Tho2 sols t o  ge1.s iii isopropyl alcohol ,  fol.lowed by aitinonia- 

washing, drying, and ca l c in ing  t D  I O 0 O " C .  

8 g / c c  were obtained, bu t  they  tended to be h o l l o w  and t o  be degraded i n  

je t -abras ion  and t o r o i d  t e s t s .  

- 

Par tTcles  with d e n s i t i e s  up t o  

Three 4-kg batches  of rounded t h o r i a  p e l l e t s  which had good i n t e g r i t y  

and showed < 1 wt $/hr a t t r i t i o n .  l o s s  were prepa.red f a r  s tud ie s  of t h e  rn 
pebble-bed bl.anli;e-t. Porous o r  weak t h o r i a  spheres pressed from ceramic - 
graae powder were strengthened by soaking i n  t h o r i a  sol o r  d ibas ic  aluminum 

ni.t,rate so lu t ion ,  f ol7.owed by  f i r i n g .  Nonspherical t h o r i a  bodies,  2 mm i n  

diane'rer, wi th  high dens i ty  and s t r eng th  were prepared by a gel-bead tech- 

nique. 

A pa l - l ad im c a t a l y s t  f o r  recombination of  r a d i o l y t i c  gases formed. i n  

aqueous t h o r i a  and u ran ia - tho r l a  s l u r r t e s  had a high spec i f i c  a c t i v i t y  i.n 

both out -of -p i le  and  i n - p i l e  t e s t s .  This ac.Livity was not  maintained when 

a 1.a-rge excess of e i t h e r  hydrogen o r  oxygen hias present.  Pump-loop ex- 
periments under oxygen showed an order  of magnitude lowey spec i f i c  a c t i v i -  

t i e s  and an a c t i v i t y  ha l f  l i f e  of several. hund.red hours.  A new appara-bus 

f 01' l abora tory  s tud ie s  w a s  developed i n  wh-ich messixwd amounts of hydrogen 

and oxygen could he i n j e c t e d  a t  temperature into t h e  autoel-ave containing 

the  s lur ry-c  a ta lys t ,  sys tern. 

'The s o l u b i l i t i e s  of hydrogen and oxygen i n  water and j.n aqueous 650°C- 

f i r e d  YnoriuT oxi.de s l u r r i e s  were measured from 27 t o  300°C. 

of t he  t h o r i m  oxide d i d  not  affect ,  t he  hydrogen s o l u b i l i t y  but  resul- ted 

i n  an linerease by as much as  a f a c t o r  of 2 .3  i n  the oxygen s o l u b i l i t y  over 

what would have dissolved i.n t h e  water phase alone. With Ti-eshly prepared 

Tho2 about 2 cc (STP) of oxygen p e r  gran o f  t ho r i im  oxide w a s  i r r e v e r s i b l y  

ad-sorbed a 

The presence 

Thorium oxide powders f i r e d  a t  650, 800, ~00, 1100, and 1500°C were 

i r r a d i a t e d  f o r  16 an? 22 months i n  t h e  LITR at a thermal neutron flux of 

2 x l O S 3  neutyons em-* see-'. A marked decrease i n  surface a r e a  f o r  a l l  
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oxides except t h e  high-firecl oxide ind ica t ed  t h a t  i r r a d i a t i o n  produced 

Bhoir-t the  same s i n t e r i n g  effec-t. as f i r i n g  a t  1500°C & s p i t e  the f a c t  t h a t  

t h e  temperatures of t h e  powders under i m a d i a t i o n  were probably less t han  

300" C . 
1 2 .  SURFACE CHEMISTRY 

As t h e  fir.st s t e p  i n  s-tudying t h e  adsorp t ion  of Tons from so lu t ion  

by Tho2 sur faces ,  s eve ra l  approaches t o  producing a s u i t a b l e  sample of 

Tho, were t r i e d .  Available theory rela-Les such sur face  adsorpticsn meas- 

urements t o  t h e  tendency of s l u r r y  p a r t i c l e s  t o  f l o c c u l a t e  and %hen t o  

cake. 

have no i n t e r n a l  sur face  arid should be i n  a c e r t a i n  s i z e  range. Such pa r -  

t i c l e s  were prepared by the breakdown of mul-t icrystal l ine Tho2 p a r t i c l e s  

(produced by -thermal decomposition of thorium oxa la t e )  by d iges t ion  i n  

w a r m  d i l u t e  ac id .  A sample produced t h i s  way w i l l  be used f o r  t h e  f i r s t  

adsorp t ion  measurements. 

I n  order  t o  i n t e r p r e t  adsorpt ion data, t h e  Tho, p a r t i c l e s  should 

Several tes-ks have been inade t o  determine t h e  behavior of gl.a:;s e l e c -  

t r o d e s  i n  Tho, suspension systems. The r e s u l t s  agree wi th  the  t h e o r e t i c a l  

conten t ion  t h a t  a r e v e r s i b l e  e l ec t rode  g ives  t h e  same reading i n  a sus- 

pension as i n  a supematat i t  i n  chemical eqiiilibriurn wi th  t h e  suspeiision ~ 

The t e s t s  also i n d i c a t e  t h a t  a supernatant  c a n  r e a c t  wi th  t h e  atmosphere 

t o  give a change i n  i t s  pH reading.  

13. TKA_NSWIUM STUDIES 

A so lvent -ex t rac t ion  flowsheet was developed on a labora tory  s c a l e  

f o r  recovering plutonium, tzrriericium, and curi izr  fro-m highly  i r r a d i a t e d  

Pu-AI .  nl.1oy. 

successfully deriionstrated, and r e s u l t s  i nd ica t ed  t h a t  the  americium-curium 

recovery cycle was operable although it w a s  terminated because of mechan- 

i c a l  d i f f i c u l t i e s  before  equi l ibr ium condi t ions  w e r e  reached. 

I n  tlie pilot, p l a n t  -the f i r s t  plutonium recovery cyc le  was 

A process  f o r  separa t ing  a c t i n i d e s  from I.anthmid.es by anion exchange 

based on selec-i;ive ch lor ide  complexiiig was developed and tested.  on a labo- 

r a t o r y  sca l e .  The armericiiun, cur ixn ,  and. i - x e  earths Tirere sorbed on Dowex 

1--1-OX r e s i n  f r o m  a so lu t ion  of 8 M LiN03; t h e  rare ear-Lhs were s e l e c t i v e l y  - 
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e lu t ed  with 1.0 M LiC1,  and t h e  camericium-curj.um wi th  l - M LiC1.. 

r a t o r y  demonstrations t h i s  process  gave great,er t han  99.5% recovery of 

americium t r a c e r ,  conta in ing  no de tec t ab le  amounts of r a r e  e a r t h s .  

I n  labo- - 

Rare e a r t h s  were separated from americium by s e l e c t i v e  e x t r a c t i o n  

i n t o  0 .5  M - mono-2-ethylhexyl orthophosphoric ac id  frorn s l i g h t l y  ac id  10 .- M 

L i C 1 .  G y m  amounts of r a r e  e a r t h s  were ex t r ac t ed  from mil l igram amounts 

of americium i n  a countercurrent  "mi.ni" mixer-se-Ltl-er w i th  7 scrub and 8 
ex t r ac t ion  s tages .  - t r ac t ions  of neodymium, cerium, and lanthanum were 

99.9, 98, and 9C$, respec t ive ly ,  while americium l o s s  by e x t r a c t i o n  w a s  

0.84%. 

system does not appear t o  be f e a s i b l e ;  however, complete separa t ion  from 

a l l  o t h e r  rare e a r t h s  can be rzccomplished. Americium and curj-um were con- 

cen t r a t ed  by e x t r a c t i o n  i n t o  lOC$ TRP from concentrated L i C l  so lu t ion .  

Complete separation of curium and lanthanwn by t h i s  e x t r a c t i o n  

h e r i c i u %  chlor ide  so lu t ion  conta in ing  170 g of americium w a s  suc- 

c e s s f u l l y  converted t o  pure Arn02, which assayed a t  t h e  t h e o r e t i c a l  value 

of 8S.3$ americium. 

A program t o  t e s t  t h e  conpa tab i l i t y  of plutonium and a-mericium oxides 

i n  matrj-xes of aluminuin and beryl l ium w a s  i n i t i a t e d .  Preliminary work i s  

being performed wi th  Ce02. 

Conceptual desi-gn aiid c o s t  es t imates  were completed f o r  t he  Trans- 

uranium Processing F a c i l i t y ;  p resent  p lans  call .  f o r  cons t ruc t ion  t o  begin 

by Septemnber 1961. Equipment design w a s  s t a r t e d .  

lL+. FISSION PRODUCT RECOVERY 

A chemical f lowsheet is proposed f o r  recovery of stron-tium and rare 

e a r t h s  from Furex was-tes. The i r o n  i n  the  waste i s  f i r s t  complexed wi th  

t a r t ra te ,  and. t h e  pi3 i s  ad jus ted  w i t h  c a u s t i c .  Stron-tium and rare e a r t h s  

a re  ex t r ac t ed  by a solvent  comprised of d i (  2-ethylhexyl)  phosphoric acid.- 

t r i b u t y l  phosphate-hsco 125-82, and a r e  s t r ipped  wi th  n i t r i c  acid.. Troc- 

e s s ing  t h e  s t r i p  prod-uct through ad-di t ional  solvent  ex t r ac t ion  cyc le s  

y i e l d s  separa te  concentrated s t ront ium and rare-ear- th  f r a c t i o n s .  

I n  prel iminary t e s t s ,  two so lvents ,  sodium te t raphenyl  boron i n  hexone 

and dinonyl naphthalene su1.f onic ac id  i n  Amsco 1.25-82, have s'nowii a b i l i t y  

t o  extract ,  cesium Tram adjus ted  Piirex waste so lu t ions .  
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Dowex 50W X-8 (20-50 m e s h )  rebirl w a s  u s e d -  t o  recover  separa te  s t ron -  

t i u r n  and rare-ear th  products  from a qynthet ic  Purex waste so lu t ion  on a 

l abo ra to ry  s c a l e .  The so lu t ion  i s  d i l u t e d  by 8 f a c t o r  of 10, and oxa l i c  

acid i s  added p r i o r  to gumping it through a column of t h e  r e s i n .  Strontium 

is separated from rare e a r t h s  by e l u t i n g  wi th  1 M ILNO, and pass ing  t h i s  

product stream through a second r e s i n  column. The rare e a r t h s  a r e  r e -  

covered by e l u t i n g  w i t h  0.5 M monosodium c i t r a t e  (pH 3.5) .  

recovered by e l u t i n g  wi th  I M NaCL and 0.07 M sodium Versenate a t  pH 6.1.  

- 

Strontium i:; - 
- - 

15.  SOLVElNT EXTRACTION TECIECTOLOGY 

Di-%-butyl phenylphosphonate (DSBPP) showed U/Th separati-on f a c t o r s  

about 34 times g r e a t e r  than  those  obtained wi th  TBP. 

uc t  concent ra te ,  represent ing  the  f i n a l  product i n  t h e  Thorex process ,  w a s  

t r e a t e d  wi th  1 M DSBPP i n  Solvesso 100 i n  laboratory-batch countercurrent  

t e s t s ,  g iv ing  complete uranPum recovery and a thorium decontamination €ac- 

t o r  of > 250. 

A n  aqueous TJ2" prod- 

- 

Uranium and thorium complexes of DSBPP w e r e  found t o  be soluble i n  

carbon t e t r a c h l o r i d e .  

complex have not  been f e a s i b l e  i n  o u r  labora tory ,  it has been surmised 

from t h e  uranium and thorium d a t a  t h a t  a DSBPP-CC1, e x t r a c t a n t  i s  a po- 

t e n t i a l  a l t e r n a t e  f o r  f inal  plutonium p u r i f i c a t i o n  cyc le s  where t h e  l e s s  

r ad ia t ion - s t ab le  TBP-CC1, system i s  p resen t ly  used. 

I r r a d i a t i o n  t e s t s  wi th  1 M TBP so lu t ions  i n  a l ipha - t i c  Amsco 1-25-82 

Though s a t u r a t i o n  t e s t s  of t h e  DSBPP-plutonim(1V) 

- 
and aromatic Solvesso 100 show t h e  la t ter  t o  provide r a d i a t i o n  p ro tec t ion  

f o r  t he  TBP reagent .  By measuring t h e  comparative organic a c i d  production 

t h e  TBP-Solvesso so lu t ion  was ~ii;l'e s t a b l e  by a f a c t o r  of 2.5-3 t han  TRP- 

Amsco 125-82. DSBPP-Solvesso 100 i n  siiiiilar t e s t i n g  was more r a d i a t i o n  

s t a b l e  and showed s l i g h t l y  b e t t e r  uraniurwf i s s i o n  product sep.aration than  

TBP-Solvcsso 100 by f a c t o r s  of -1 .5  i n  each case.  

A "n i t r i t e - ace tone"  head-end. t reatment  of t h e  aqueous process. feed 

so lu t ion  i s  t e n t a t i v e l y  suggested as a technique f'or improving zirconium- 

niobium and ruthenium decontamination i n  t h e  Purex eo-decontamination cyc le .  

Resul t s  of countercur ren t  t e s t s  w i t h  TBP m d  DSBPP ind ica t ed  t h a t  th.e de- 

contamination f a c t o r s  were i-mproved by an order of magnitude ~ 
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Systematic study of plutonium e x t r a c t i o n  from n i t r a t e  so lu t ions  con- 

tinued., including measurement of extremely high Pu(rV) e x t r a c t i o n  c o e f f i -  

c i e n t  s with dialkylphosphoric ac id  and usably high c o e f f i c i e n t s  f o r  reduced 

plutonium from s a l t e d  solution wi th  t e r t i a r y  anine. 

development was completed f o r  scavenging of u.raniurn and plutoniium f r o m  

Sulf ex dec ladding wastes . 

Chemical f lowsheet 

Studies on t h e  m i n e  e x t r a c t i o n  of f i ss ion-product  and corrosion-  

product metal  ni.tral;es showed t h a t  Mo(V1)  i s  ex t r ac t ed  i n  d i r e c t  cornpe- 

ti.ti.on wi th  n i t r i c  ac id ,  i t s  e x t r a c t i o n  coeff ic i -ent  with 0.1 __. M amines 

decreas icg  f r m  > 100 at N 0.1 M IOTO, t o  < loe4 at  2-10 M - HNO,. Zirconium 

ex t r ac t ion  c o e f f i c i e n t s  increased wi th  increas ing  n i t r i c  ac id ,  i n  approxi- 

inate accordance t o  -Lhe expression 

wi th  K !z 6 x f o r  t r i l a u r y l m i n e  and Primene JX-T i n  toluene.  Exkrac- 

t i o n  c o e f f i c i e n t s  of aged nitrosylrutheniurn n i t r a - t e  increased wi th  ex t r ac -  

t i o n  contac t  time f o r  severaj. hours.  The coefPic ien t  measured at 24 h r  

isas 0.08 with  0.4 I 14 tr i1aurylamir.e i n  toluene from 2 - M HNO,, and it va r i ed  

direct,l.y with t h e  amine concentrat ion and i-nversely wi th  t h e  a c i d i t y .  Sa- 

rnzrium(II1) e x t r a c t i o n  c o e f f i c i e n t s  were a l l  < 
toluene froin 2-53 M KNO,. 

wi th  0.3 _. M amine i n  

- 
A chemical f lowsheet f o r  te r i ; i a ry  aTitle e x t r a c t i o n  was developed f O r  

recovery of t h e  technetium and neptuni>m tha t  a c c u m l a t e  i n  some uranium 

f l u o r i n a t l o n  p l an t  res idues ,  toge ther  With recovery of t h e  uranium f o r  r e -  

cyc le .  

r?,ents and. separa-tion by consecutive s t r ipp ing ,  g iv ing  good recoverries and. 

relative1.y high mutual. separa t ion .  The chemical. f lowsheet w a s  t e s t e d  

through t h e  s tage of continuous countercurrent  denons t ra t ion  i n  labora tory-  

s ca l e  equipment, using a commercial t e r t r ia ry  amine t o  process  a c t u a l  plan-i; 

feed so lu t ion .  

A s ingle-cycle  ?i+ocess provides coext rac t ion  of t hese  t h r e e  e l e -  

Americium was ex t r ac t ed  >ref  e re -n t ia l ly  -to t h e  Light r a r e  e a r t h s  from 

concentrated l i t h i u c  ch lor ide  solu-Lions by t r ibu ty? .  pnosphate (TBP) , givirig 

t h e  m o s t  promising separa t ion  observed thus  f a r  f o r  the t r ansp lu ton ic s  from 

f i ss ion-product  r a r e  e a r t h s .  A 12-stag:: batit‘n countercurrent  extracti-on 
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with  1 M TBP from 10 M Li.CI.-0.1 N H C l  gave a separatrion f a c t o r  of 310 be- 

tween a a e r i c i . m  and europium. The order  of extract , ion was s i m i h r  wi th  

seve ra l  phosphonates, wi th  s l i g h t l y  l e s s  separi&iorl. Americium w a s  ex- 

t rac ted .  betweeri ceri-uni axid. europium by seve ra l  amines. 

- I - 

TBP-A;nsco 125-82 so lu t ions  were degraded chemically wi th  n i t r i c  ac id  

and r ad io ly t i - ca l ly  by Co60 g a m  i r r a d i a t i o n  i n  order t o  s imulate  used 

ra.diochemica1 process  e x t r a c t a n t s .  The ex ten t  of degradat ion and the  ef- 

f ec t iveness  of so lvent  cleanup were assessed by the  e x t r a c t i o n  and s t r i p -  

p ing  of Zrg5-Nbg5 anti of Ru106. 

knsco 1-25-82 were strong extractants f o r  ~ r ~ 5 - m ~ ~  .but no t  f o r  R U ' - O ~ .  mre 

usua l  a l k a l i n e  washing procedures e f f e c t i v e l y  removed low-molecul~zr-weig~~t  

ac ids  o r i g i n a t i n g  p r imar i ly  from hydrolys is  of  TBP and reduced Zr -Nbg5  

e x t r a c t i o n  by 804%. Zirconium-niobium e x t r a c t a n t s  not  removed by a l k a -  

l i n e  washing (with o r  v i t h o u t  a l k a l i n e  permanganate t rea tment )  were iden- 

t i f i e d  as o r i g i n a t i n g  p r imar i ly  from n i t r a t i o n  of t h e  d i l u e n t ,  and were 

sorbed. by a c t i v a t e d  solids, such as alumina. 

Products or" degradat ion of both TBP and 

Measurerwrhs o f  the s u l f u r i c  ac id  t r a n s f e r r e d  t o  t h e  aqueous phases 

upon e x t r a c t i o n  of' known q u a n t i t i e s  of thorium s u l f a t e  by di-n-decylarnine 

su l fa te -b isu l f  ate mixtures of known b isu l . fa te  conten t  ind-icated an arnine 

:ml.fate: t h o r i ~ m  s u l f a t e  r a t i o  of s l - igh t ly  l ess  than  three f o r  t h e  complex, 

in good agreement with t i le value ind ica t ed  by isotherm p la t eaus .  

r e s u l t s  were i n  conformity wi th  an equi l ibr ium expression for t h e  ex-trac- 

t i o n  which t akes  i n t o  accourit t h e  ef 'fect  of varying su1furi.c a c i d  a c t i v i t y .  

An equil..ibriim cons tan t  for this r eac t ion ,  as well as an independent eval- 

ua t ion  of t h e  composition of t h e  complex, has been obtained from a least- 

squares treatinent of e x t r a c t i m  data from runs a t  varying s u l f u r i c  ac id  

a c t i v i t y  but  at cons tan t  s u l f a t e  ion  concent ra t ion .  A t  cons tan t  coinpo- 

s i t i o n  of the organic phase, bu t  w i t h  varying aqueous s u l f a t e  ion  molar- 

i t i e s ,  the d i s t r i b u t i o n s  were sha-~rn t o  l ead  t o  the  fol lowing va lues  for 

t h e  formation cons tan ts  of t h e  thoriwii tri- and te-t;rasul.fate complexes ~ 

adjusted Lo z e r o  ion ic  s t r eng th  v i a  s ing le -paamete r  Debye-Hcckel i on ic  

- 

These 
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s t r eng th  c o r r e c t  ions  : 

K2.3 = 

Continued examination of solvent  e x t r a c t i o n  systems f o r  anomalous 

e q u i l i b r l a  due t o  violence of a g i t a t i o n  during e q u i l i b r a t i o n ,  o the r  than  

those repor ted  previous1.y f o r  uranium e x t r a c t i o n  by t r ioc ty lamine  s u l f a t e  

an& didecylaniine s u l f a t e  (DDAS), has r e s u l t e d  i n  d e f i n i t e  evidence of such 

behavior ri.n two add i t iona l  systems (thorium e x t r a c t i o n  by DDAS and uranium 

ex t r ac t ion  by 1,3-ethylpentyl-~-ethyloctyla?l ine sulfate) . 
A vapor-pressure apparatus capa'ole of neasurernents t o  wi th in  a few 

microns has been constructed and t e s t e d  f o r  use i n  t h e  determinaLj-on of 

ac t iv i t ,y  c o e f f i c i e n t s  o f  solvent  e x t r a c t i o n  reagents  i n  o r g a i i c  so lvents .  

16. EXTRACTION HEAGENT PERFORMANCE 

The presence of n i t r i c  ac id  had no s i g n i f i c a n t  e f f e c t  on t h e  y i e l d  of 

ac id i c  degradat ion products formed by i r r a d i a t i o n  o f  TBP-fbisco 125-82 so- 

1.utions. The G value f o r  n i - t r i c  ac id  d.ecomposition w a s  'nigh, being i n  

t h e  range 2.5 t o  5.5 in s t ead  of 0.03 'LO 0.2 molecule/100 ev t h a t  could be 

expected under these  condi t ions .  The use of an aromatic d i l u e n t ,  Solvesso- 

100, decreased the  y i e l d  o f  ac id  degradat ion produc-t;s from a, I - M TBP so-  

l u t i o n  t o  abou-t 0.3 molecul.e/lOO ev, which i s  only 30 t o  5C$ g r e a t e r  than 

t h e  amount under simi1a.r condi t ions  from di -see  -buty l  phenylphosphonate, 

t h e  solvent  most r e s i s t a n t  t o  r a d i a t i o n  damage s o  fa r  t e s t e d .  
- 

Solubibi-l.ities of a z i rconiuv  d ibu ty l  phosphate, u ranyl  mono- and d i -  

b u t y l  phosphates, and i r o n (  111) 

1.13 M TBP-hsco  125-82 sol l i t ion ranged. from 4 x M zirconium d i b u t y l  

phosphate i n  wa-Ler t o  0 .7  - M uranyl  d ibu ty l  phosphate i n  t h e  most ac id  or -  

g m i c  phase t e s t e d .  

di'nutyl phosphate i n  ac id  aqueous and 

- - 

Laboratory t e s t s  ind ica ted  t h a t  low-pressure and molecular d i - s t i l l a -  

tion a r e  b o t h  t e c h n i c a l l y  f e a s i b l e  -methods f o r  r epur i fy ing  degraded so- 

l i l t ions  of TBT i n  Anise0 125-82. 
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17. RADIATION EFFECTS ON CATALYSTS 

I n i t i a l  experiments on t h e  e f f e c t s  of r a d i a t i o n  on ca , ta lys t s  showed 

t h a t  Co60 i r r a d i a t i o n  t o  a des? of 1.8 x 
alumina c a t a l y s t  increased i t s  e f f ec t iveness  a s  a c a t a l y s t  f o r  t he  d.ehy- 

drogenation. of inethylcyclohexane at 460OC about 3G. 
MgS04-Na2S0, c a t a l y s t s  f o r  the dehydration of cyclohexanol doubled t h e  

r eac t ion  r a t e  at 290°C when 25.9 ml/g of S 3 5  was incorporated (as Na2S04) 

i n t o  the  c a t a l y s t .  

ergs/g of a promoted chrornia- 

The use of S 3 5  i n  

I r r a d i a t i o n  by Co60 showed no e f f e c t  on t h i s  c a t a l y s t .  

18. ION EXCHRNGE TECILNOLOGY 

Dowex 50W X-1.2 (10G200 mesh) r e s i n  i r r a d i a t e d  t o  12.5 whr/g of d ry  

r e s i n  by sorbed Prn147 was analyzed f o r  r a d i a t i o n  e f f e c t s .  Moisture con- 

t e n t  increased from ,-., 40$0 t o  N ?C$O, corresponding t o  a decrease i n  c ros s -  

l i n k i n g  from 12$ t o  ,-., L+$. The r e s i n  acquired some weak ac id  capac i ty ,  rin 

add i t ion  t o  i t s  s a l t - s p l i t t i n g  capac i ty .  

The r a t e  of uranyl  s u l f a t e  loading on s u l f a t e -  and n i t r a t e - e q i i i l i -  

b ra ted  Dovex 21K anion exchange r e s i n  vas measured by a single-bead tech-  

nique. Tize d a t a  were used t o  c a l c u l a t e  apparent uranium d i f fus ion  coef-  

f i c i e n t s  by consider ing t h e  process  as s i r iq le  d i f f u s i o n  i n t o  a sphere.  

These apparent c o e f f i c i e n t s  appear t o  be near ly  hdependent  of t h e  loading  

so lu t ion  concentrat ion over the range s tudied  but  dependent on t h e  p a r t i c l e  

s i z e  of the  r e s i n  used. The apparent c o e f f i c i e n t s  observed during loading 

on s u l f a t e - e q u i l i b r a t e d  1200-, 960-, ,mci $20-p Dowex 2 1 K  were 1.3 x lo-’?, 
0.76 x 10-7, and 0.49 x 10-7 era2 sec-l, r e spec t ive ly .  Se l f -d i f fus ion  co- 

e f f i c i e n t s  for s u l f a t e  ions  i n  the  r e s i n  were (1.27 .4 0 . 2 5 )  x lo-‘, (0.60 2. 

0.12) x cm’ sec-’ f o r  1200-, 360-, atd 820-p 

r e s i n .  

arid- (0.75 k O . l r 7 )  i< 

A device was designed and. constructed f o r  contac t ing  samples contain-  

ing  seve ra l  beads t o  e l imina te  d a t a  sczb-ter caused by v a r i a t i o n  i n  capac i ty  

of ind iv idua l  beads. The uranium se l f -d i f fus ion  coe f f i c  Tent i n  1.200-iL 

r e s i n  was detennirieci to be 4.4 x em’ sc13c-l. , t h e  apparent uranium d i f -  

fus ion  c o e f f i c i e n t s  observed during n i t r a - t e  and ch lor ide  e l u t i o n  were 1.8 x 
and 2.3% >c ern2 see-‘, r e spec t ive ly .  
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19 .  C H E M I C A L  ENGINEEISNG FCZSEAHCH 

A high-speed e x t r a c t i o n  contac tor  cons i s t ing  of hydroclones stacked 

each above the  o ther  isas developed t o  decyease organic ex t r ac t an t  holdup 

time and radiat ion-induced solvent  degradat ion.  I n  p re l in ina ry  t e s t s  s o l -  

vent contac t  t imes p e r  t h e o r e t i c a l  s tage  were lL'-.50$0 of those i n  conven- 

t i o n a l  contac t ing  equipllent . Stage e f f i c i - enc ie s  were 20-75$. 

Impedance ma'iciiing of a mechanical pu-lser t o  a pulsed column by a 

resonant t r a n s f e r  l i n e  and air  c a v i t y  produced pulse volume:; i n  t h e  column 

3C$ g r e a i e r  than  those produced by t he  same mechanical pu l se r  d i r e c t l y  

coupled t o  the  load .  The sys ten  w a s  mathematically analyzed and i t s  per-  

f ornance predic'ied by e l e c t r l c a l  analog computations. 

The s tead-y-state  t r a n s f e r  of uranyl  n i - t r a t e  across  a quiescen'c i n t e r -  

face  between water and t r i - n - b u t y l  phosphate i n  kerosene w a s  s tudied i n  

an a-ttempt t o  determine t h e  1irnLting r e s i s t ance  t o  mass t r a n s f e r  i n  solvent  

e x t r a c t i o n  opera t ions .  No r e s i s t ance  a t t r i b u t a b l e  t o  t h e  i n t e r f a c e  pe r  se 

w a s  found, even when sur fece-ac t ive  agents  were p re sen t .  

- 

I n  a fundarrental study of -thermal d i f fus ion  separa t ion  of ion ic  spec ies  

i n  l i q u i d s ,  Soret  c o e f f i c l e n t s  of CoSO, and CuS04 were neasured as a func- 

t i o n  of temperature by a nev technique reproducible  t,o l$. 

Transient  pressures  i n  tine v e n t i l a t i n g  system of Building 3019 were 

ca l cu la t ed  as a func t ion  of L i ~ e  i n  response t o  impulse and ramp pressure  

per tuba t ions  i n  a 10,30C-ft3 cell. For an impulse per tuba t ion  of +8.5 i n .  

Ii,O t h e  c e l l  would r e t u r n  t o  atrno e r i c  pressure  i n  1 .5  see ,  A r a q  per-  

t uba t ion  of +3 i n .  H,O pe r  see woiild r a i s e  the steady s ta- te  c e l l  pressure 

from t h e  design value of -1.5 i n .  H,O t o  atmospheric pi-.essure. 

213. CEZMICAL APPLICATIONS OF NUCIEAR EXPLOSIONS 

I n  order  t o  eva lua te  t h e  r eac t ions  of tritium under t h e  condi t ions  

expected from nuclear  explosions contained i-n rock sa1_1;, chemical r eac t ions  

of hydrogen wi.th t h e  i i i lpurit ies foiuiid. i n  rock sa l t  were s tudied.  Calcium 

s u l f a t e  i s  reducad to t h e  s u l f i d e  by hydrogen, whereas magnesiu;n s u l f a t e  

i s  reduced to t he  oxide. The r eac t ions  p-oceed at r e a d i l y  measurable ra tes  

i n  t h e  700-900"C range. 'Fie r a t e  was I-ower by a factor of 1 . 2  t o  1.7 when 

t h e  calcium s u l r a t e  was dissolved i n  1iqiui.d sodium ch1orid.e. 
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Triti.um exchanged betiiieen water and molecular hydrogen f lov ing  over 

c a l c i u n  sx1.fate t o  the extel?t of about 6'$ at  700°C when t h e  r a t i o  of H2:HT0 

vas 20. The degree of i o n i z a t i o n  and enthalpy of argon, hydrogen, .and 

nl.-trogen w e r e  ca l cu la t ed  f o r  temperatures up t o  20,000"K. 

21.. OXYGEN-1'1 SEPARRTION PILOT PLANT 

A p i l o t  p l a n t  f a c i l i - t y  t o  separa te  t h e  natural .  i so topes  of oxygen 

w a s  designed and  i s  now be ing  b u i l t  i n  t h e  deep bay area of Bui lding 4501. 

Tine p l a n t  i s  designed t o  produce about 2 of 9G$ 0l8 and 70 mg of 5% 

O i 7  per  day. 

e r a t ed  by t'ne OEUtI, Chemistry Division; t h e  Chemical Technology Divis ion 

has  a s s i s t e d  i n  p l a n t  equipment design and cons t ruc t ion .  

The process  has  been developed by and t h e  p l a n t  w r i l l  be op- 

22. REACTOR EVALUATION STUDIES 

Fur 1 -mat e r i a1 - s e l e  c t ion  a t  1x1 j. e s i nd i. c at  e d t h a t  t h e  opt  i m u m  f ue 1. c ye 1-e 

c o s t s  c a n  be est imated f o r  any s e t  of condi t ions  according t o  t h e  fol lowing 

e quat ion  : 

op t  irnum c ye l e  c o st  (mills/kwhr ) 

... 

where A, B, C ,  

Yuel = average 

(fa7m-icat ion c o s t ,  $ / f t  of r'uel element)!" 785 
A + -  t c  

$ kdQ (IhdQ)a 

a n d  a are func t ions  of  t h e  f u e l  uranium dens i ty ;  $kdO i n  

over t h e  r e a c t o r  (cal. cm-l sec- l ) ,  wi th  k = fuel thermal 

conduct iv i ty ,  0 = temperature F n  excess  of f u e l  sinrface temperature,  and 

t h e  l i m i t s  of i n t e g r a t i o n  a re  from t h e  sur face  t o  t h e  ceriter of t h e  fuel.. 

The e f f e c t  of d i l u e n t  poisoris i n  optinurn fuel cycle  c o s t s  w a s  also i n v e s t i -  

gated as a func t ion  of f u e l  dens i ty  arid f a b r i c a t i o n  c o s t .  

The major problem i n  t h e  shipxen-t of spent f u e l s  f o r  t h e  c i v i l i a n  

power-reac-Lor complex appears t o  be the  diss ip:zt ion of t h e  f i s s i o n  product 

decay h e a t .  13-elirninary s t u d i e s  ind ica t ed  t h a t  pro'olems a s soc ia t ed  wi th  

c r i t i c a l i t y  and sh ie ld ing  a re  only secondary. 
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23. EIIKOC€LENICAI., ASSISTANCE P R O G W 4  

A s  part, 01 t h e  USAEC ass i s t ance  i n  cons t ruc t ion  of  a fuel- processing 

plant a t  Mol., Belgium, ORNL provid-ed~ -the loan  of one fu l l - t ime  techni-cal  

consul.tant,, short- term v i s i t s  o f  s eve ra l  t e c h n i c a l  consul. tants,  t he  full- 

time assignment of m e  t echnica l  co-ordinator  i n  t he  United S t a t e s ,  and 

t h e  review and exchange of technical. d a t a  p e r t i n e n t  t o  t h e  radiochemical 

processi-ng of  i r r a d i a t e d  fuels. 
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1. 

Processes are being developed f o r  uranium, plutonium, and -t;horium 

r e  c ov e r y  by s o lve n t  ex t  r ac t i on from f i rs t  - ge ne rat ion p ow e r r e  a,c t o r  r" ue 1s 

containing aluminum, s t a i n l e s s  s t e e l ,  and zirconium. Experimental work 

has shown that s t a i n l e s s - s t e e l - c l a d  ThO2-UO2 f u e l s  may be de jacketed by 

e i t h e r  t h e  Sulfex o r  Ijarex process ( S e e  1.1). 

s u i t a b l e  f o r  t h e  complete d i s s o l u t i o n  of s t a i n l e s s  steel-UO2 fuels. Fuels 

containing zirconium may be dissol.ved by t h e  Zircex, Z i r f l ex ,  and Per f lex  

processes (See 1 . 2 ) .  

aqueous process ( S e e  1.3).  

some f u e l  elements, such a:? those containing sodiurn o r  NaK bonding agents ,  

o r  t h e  whole element m a y  be chopped i n t o  s h o r t  sec t ions  and t h e  f e r t i l e  

and f i s s i o n a b l e  material .  s e l e c t i v e l y  leached f r o m  t h e  jacke t ing  ma te r i a l s  

(See lt4). 

The Darex process 5s  a l s o  

Fuels  containing mo1ybde:ium may be dissolved by an 
The jacke ts  may be removed mechanically from 

Development of processes  f o r  second-generation power r eac to r  f u e l s  

was acce le ra t ed .  New methods f o r  processing graphi te-base f u e l s  were 

evolved (See 1.5), and work w a s  s t a r t e d  on b e r y l l i a  and o the r  ceramic and 

cermet fuels. A new labora tory  was provided. f o r  t h e  s a f e  handling of 

beryll ium-containing f u e l s .  FurYner bas i c  da t a  per t inen-t  t o  the  iIermex 

process (See l.G), a low-temperature so lu t ion - re f in ing  pyrometal lurgical  

process f o r  uranium, were rnade. 

The ch ief  solvent  e x t r a c t i o n  development (See 1.7') was a new a c i d  

Thorex flo-dsheet requi r ing  no aluminum, thereby r e s u l t i n g  i n  a rad ioac t lve  

waste ~which can 'oe decreased i n  volume a t  l e a s t  t en fo ld .  S a t i s f a c t o r y  

so lvent  e x t r a c t i o n  of adjus ted  so lu t ions  obtained from d i s so lu t ion  of ir- 

rad ia t ed  samples of a v a r i e t y  of power r e a c t o r  f u e l s  w a s  demonstrated. 

Engineering s tud ie s  (See l. 8) included i n v e s t i g a t i o n  of rnetnods oT 

c r i - t i c a l i t y  c o n t r o l  and of off-gas d i sposa l .  

1. I CHSMICAL PROCESSES FOR S~AINL;ESS-STEEL-CONTAZNING F'TJELS 

'Two processes being developed f o r  recovering uranium and -thorium from 

s t a in l e s s - s t ee l - con ta in ing  f u e l s  a r e  Darex and Sulfex.  The Darex process 
- 

"Oak H i Q e  Session of AEC Fuel Processing Symposim at, Iianford, Oct. 
21 and 22, 1.953, p 206-446, TTD-7583. 
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i s  a t o t a l  d i s s o l u t i o n  process  f o r  uranium al.l.oy and U02 f u e l s  bu t  only 

a d.ecladdiiig process f o r  Th02-UO2 f u e l s ;  Sulfex i s  a decladding process  

f o r  e i t h e r  type or f u e l .  Only Darex i s  app l i cab le  t o  UOz-stainless s t e e l  

cermet f u e l s  (e.g. ,  APPR) .  

appl ied  t o  t h e  Consolidated Edison (CETZI) fuel., s t a i n l e s s - s t e e l - c l a ~ .  ThOz- 

1J02, which appears t o  be t h e  most d i f f i c u l t  f u e l  t o  handle i n  e i t h e r  proc- 
ess. 

The ch ief  Darex and Sulfex e f f o r t  has been 

The Darex process  , which i s  app l i cab le  a l s o  t o  aluminurn-containha 

fue l s ,  involves d i s s o l u t i o n  of  s t a i n l e s s  s t e e l ,  uranium, and U02 i n  b o i l -  

ing  5 M HNO3-2 M H C I ,  q u a n t i t a t i v e  d i s t i l l a t i o n  of ch lor ide  from t h e  d i s -  

so lver  s o l u t i o n  a f k r  adjustment t o  10-12 M HNO3, and adjustment of the 

ch lor ide- f ree  d i s t i l l a t i o n  heel. t o  correc-L metal  and HN03 concentrat ions 

f o r  so lvent  ex t r ac t ion .  I n  t h e  Sulfex process ,  .the s t a i n l e s s  s t e e l  c lad-  

ding i s  d isso lved  i n  b o i l i n g  4 t o  6 M H2SO/+ and discarded t o  waste.  The 

undissolved U02 i s  washed f r e e  of residu.al.. s u l f u r i c  a c i d  and d isso lved  i n  

8 t o  l2 E THNO3. Undissolved Y'hOz-UOz from e i t h e r  Darex o r  Sulfex declad- 

ding i s  f i rs t  washed ana then d lsso lved  i n  Thorex d isso lvent  [13 M HN03- 

0.04 - M N a F 4  to 0.1 M - Al(NO3)3]. 
s t a i n l e s s  s tee l -  c ladding s o l u t i o n  may be used t o  d i sso lve  Th02-U0.2 by 

making it 0.04 M i n  F-, 0.1.. M i.:n AI. , and. 1.2 t o  13 M i n  H . 

- .- 
I 

P 

- 
I n  tile Uarex process ,  t h e  ch lor ide- f ree  

+++ t - - - 

Darex Dejacketing of CE'I'R Fue l  

'The 20-mil-thick type 304L s t a i n l e s s  s-Lee1 cladding is disso lved  i n  

1 h r  in b o i l i n g  5 M KN03-2 M H C l  ( r e f  2 ) ;  the off-gas i s  a mixture of n i -  

t rogen,  n i t rogen  oxides,  and. N O C l  containing less than  0.5  v o l  $ hydrogen 

('Table 1.1). 

s i v e  over wide concentrat ion ranges; however, t h e  hydrogen concentra-Lions 

measured f o r  Darex a r e  0utsi.d.e t h e s e  l i m i t s  and no t roub les  a r e  a n t i c i -  

pated.  

I - 

Mixtures of hydrogen, NOC1,  and niti-ogen oxides are explo- 

'L. M. F e r r i s  and A. H. Kibbey, Sulfex-Thorex and Darex-TJnorex Proc- 
e s s e s  f o r  Disso lu t ion  of Consol.i.dated Eaison Power Reactor 23x1: Labora- 
'iosy Development, ORNL-29min  p r e s s ) .  
- 

3K. S.  Warren, Su-rvey of  P o t e n t i a l  Vapor Pinase Explosives i n  Darex 
and Sul fex  Processes,  Om-2937  ( i n  p r e - L T  
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Table 1.1. Composition of Off-Gases When Type 304 S t a i n l e s s  S t e e l  Is 
Dissolved i i i  Boi l ing 5 M - HN03-2 - M €IC1 

F i n a l  so lu t ions  contained 50 g of s t a i n l e s s  s t e e l  per l i t e r  

&Ilount (vo l  $)  Sample 

N 2 0  NO NO2 N O C l  H C 1  C l 2  H2 N2  H 2 0  T o t a l  No. 

1 1.0 1.2 8.3 27.2 1.9 3.1 0.2 44.1 3 90.0 

2 2.0 2.2 12.2 45.6 2.9 4.4 0.2 27.5 3 100.0 

3 3.2 0 . 1  35.5 3 

4 2.3 3.6 16.3 41.9 3.6 2.5 0.2 28.3 3 101.7 

5 2.3 7 .2  20.0 36.7 3.6 2.4 0.4 33.1 3 106.7 

6 1.2 2.5 19.0 24.2 2.4 2.4 0.4 38.1 3 93.2 

7 2.5 0.2 38.0 3 

The hydrogen and n i t rous  oxide contents  of t h e  off-gas from ba tch  

Dare .x  d t s so lu t ions  of type 304.L s t a i n l e s s  s t e e l  were determined for v a r i -  

ous IICl-HN03 mixtures with a total.. i n i t i a l  H 

f i n a l  s t a i n l e s s  s t e e l  concentrat ion w a s  50 g / l i t e r  . 
content  increased  from 0.15 vol $I i n  2 - M H C 1  t o  2.0 v o l  $ i n  6 - M H C 1 .  With 

2 - M HCL, t h e  hydrogen content increassd  t o  a maximum of  0.50 vol $ a t  30 

t o  50% d i s so lu t ion ;  with 6 - M I i C l  t he  content  was constant  i n  t h e  range 

1.5 t o  3.5 v o l  $ during d i s s o l u t i o n .  As t h e  HC1 concentrat ion was i n -  

creased f rom 2 t o  6 M, - t h e  NO content  of t he  off-gas increased from 0.7 

t o  lo$. Complete ana lys i s  (a.t Georgia I n s t i t u t e  of Technology, under 

subcont rac t )  of t h e  gases evolved when type 304 s t a i n l e s s  s t e e l  was d i s -  

solved i n  b o i l i n g  5 - M KNO3-2 - M I ICl  t o  produce a so lu t ion  containing 50 Q 

of s t a i n l e s s  s t e e l  per l i t e r  showed a b i o s t  the same hydrogen and NO con- 
cen t r a t ions  obtained i n  t h e  work at ORNL (Table 1.1). 

showed t he  major components t o  be n i t rogen  ( -4.0 v o l  $), NOCl ( -35 v o l  $), 
and NO2 ( -15 vol 5 ) .  Nitrogen oxides, NOCL, HC1, and ImO3 were deteimined 

by an i n f r a r e d  method, and t h e  o the r  components by more coriventional meth- 

ods. 

+ concentrat ion of 7 - M. The 

The average hydrogen 

This work a l s o  

'Ge0rgi.a I n s t i t u t e  of Technology, f i n a l  r epor t  on subcontract 13'73 e 
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S t a i n l e s s  steel .  i n  contac t  wi th  titami.wn was pass ive ,  occasional ly ,  

t o  b o i l i n g  5 M - HNO3--2 M - H C 1  f o r  per iods up t o  2 hr,  but t h e  pas s iva t ion  

w a s  overcome by increas ing  the I IC l  concentrat ion t o  6 M. - 
Uranium and thorium los ses  t o  Darex decladding so lu t ions  were meas- 

ured under a v a r i e t y  of condi t ions .  Samp1.e~ o f  s t a i n l e s s - s t e e l - c l a d  ThOz- 

U3O8 p e l l e t s  (80 'GO 85% of theo re - t i ca l  d e n s i t y )  i r r a d i a t e d  f o r  0 t o  575 

Mwd/rnrl;ric ton  were d-eclaa and then  exposed -to t h e  b o i l i n g  cladding solu- 

t,i.on f o r  up t o  4 h r .  

fragmented p e l l e t s  were general.1.y 0.05 t o  0.5% and 0.03 -to 0.9'8, respec- 

t i v e l y ,  i r r e s p e c t i v e  o f  i r r a d i a t i o n  level (Tab le  1 . 2 ) .  When tile p e l l e t s  

The uranium and thorium los ses  f o r  i n t a c t  and p a r t l y  

Table 1 . 2 .  Uranium and Thoriiim Lnsses i-n Decladding of Low-Density 
Consolidated Edison Fue l  Specimens with Boi l ing  5 M HNO3-2 M H C l  

I - 
P e l l e t s :  95% Th02-5% ~ 3 0 8 ,  80 t o  85s  of theoret ical .  dens i ty  

Run 
No . 

De c ladding Losses (5) 
T i m e  S r rad ia t ion  Level 

(Nwd/metric ton core )  
U Th (h r  

1" 

2* 

3 
L** 

c 
J 

0 

0 

58 

160 

169 

190 

275 

575 

1.. 

2 

0.5 

0.67 
1- (I 5 
2.67 
3.67 

0.75 
1. '15 
2.75 
3.75 

I 
'4 
1 
4 

0.5 
1.5 
2.5 
3.5 
4.5 

0.23 

0.63 

0.19 

4.9 
4.7 

9.0 

0.05 
0.03 
0.05 
0.05 

2 . 1  
3 " 7 
0.06 
0.15 

0.10 
0.10 
0.22 
0.1-4 
0.17 

8.0 

0.1.0 

0.09 

2 . 3  
5.1 
5 .O 

10 .0 
8.2 

0.03 
0.10 
0 .os 
0.06 

1.1 
2.6 

0.03 
0.06 

0.88 
0.36 
0.18 
0.24 
0.45 

+These experiments conducted a t  B a t t e l l e  Metnorial I n s t i t u t e  wider 
subcontyact 1381; see  r e f  5 .  

**Core p e l l e t s  s h a i t e r e d  i n  then? PWS. 
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were h ighly  fragmented, t h e  uranium and thorium los ses  i.mmediatel.y a f t e r  

decladding were as high as 9 and lo$, r e spec t ive ly .  

g m a  a c t i v i t i e s  dissolved. from a powdered p e l l e t  were 3.0 and 15.l$, r e -  

spec t ive ly ,  a f t e r  decladding. I n  these  t e s t s ,  t h e  decladding o f f - g : ~  was 

,scrubbed with 1 M NaOIi; 0.04$ of  t h e  to ta l .  gross  gtarma and 0.14.'' of the  

gross  b e t a  a c t i v i t y  were absorbed. 

The gross  b e t a  and 

- 

Maximum iiranium and. thorium los ses  f o r  ixiirradia-Led p e l l e t s  (densi ty ,  

94s of t h e o r e t i c a l )  were 0.05 and 0.004$, respec t ive ly ,  f o r  4-hr declad- 

dings,  about an order  of magnitude I-over than  tlnose :Cor t h e  Lo:.~-density 

p e l l e t s  mentioned above. Uranim and thorium losses were unaffected by 

Co60  r a d i a t i o n  a t  an intensi-Ly of  1 w / l i t e r .  I n  tine presence of  atmos- 

pheric  oxygen, however, tine d i s so lu t ion  w a s  acce le ra t ed  s i g n i f i c a n t l y .  

Sulfex Dejacketing of CETR Fuel 

I n  the  Su1.fex process ,  t h e  s t a i n l e s s  s t e e l  cladding i s  remo-ved from 

U02 or  UOz-Th02 f u e l  by d i s so lu t ion  i n  20O$ excess of boil-ing 4 t o  6 M 

HzSOh; t h e  off-gas  i s  hydrogen. Penet ra t ion  of a 20-mil-thick ,jacket 

requi res  1 t o  3 b r .  Passiv-ation of t he  s t a i n l e s s  s t e e l  I s  more seri.c~us 

than  i n  t h e  Darex process .  A s  l i t t l e  as 0.001. M HNO3 i n  t h e  di.sso1velrit 

can cause pas s iva t ion .  Type 304L s t a i n l e s s  s t ee l .  that had been autoclaved. 

a t  300°C f o r  100 hr a t  2000 p s i  w a s  not pass ive  t o  b o i l i n g  6 M Ft2SO4 i n  

t he  complete absence of' HN03J and contac t  of t h e  sample with Ni-o-ne1 did 

not  induce pass iva t ion ,  Traces of HN03 were r e a d i l y  uc.iiioved by r eac t ion  

with formic ac id ;  however, with 0.02 M 3NG3 present  a t en fo ld  excess of 

formic a c i d  d id  not break pass iva t ion  i n  less  than  1. h r .  

I 

- 

- 

- 

Uranium and thorium 1-osses t o  the decladding sol.i.ttion were genera l ly  

Losses f r c m  i n t a c t  CETR f u e l  ($0 to 85$ l ove r  than  i n  t h e  Darex process .  

of  t h e o r e t i c a l  dens i ty )  were independent of i . r rad. ia t ion level 1.q) t o  d45 

Mwd/metric t o n  of co re ,  

ding f o r  t h e  unfragniented. p e l l e t s  were 0.07 to 0.4.4.$ arid 0.04 to 0.33$, 

r e spec t ive ly  (Table 1.3). 

t e l l ?  Memorial I n s t i t u t e .  Idhen -Llie fuel. p e l l e t s  sha t t e red ,  losses were 

Uranium and. thoriwn losses i n  2 t o  3 h r  declad- 

.Experh.ents 1.-3 and 5-8 were conducted. at, B a t -  

5H. A. Ewing,  If. B. B-rugger and D. N. Sunderman, E@11-142'7. 
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Table 1.3. Uranium and Thorium Losscs i n  Decladding of  raw-Density 
ConsolidalLed Edison Fuel  Specimens with Roi l ing  6 - M H2S04 

P e l l e t s  : 95$ Th02--5$ U308, 80 t o  85$ of t h e o r e t i c a l  dens i ty  

De c ladding Losses ($) 
Time RUil I r r a d i a t i o n  Level 

N O .  (&&/metric t o n  co re )  (h r  ) U Th 

6* 

8 

0 

0 

0 

47 
175 

1.95 

200 

3CO 

318 

433 

445 

3 

4 

6 

2 

3 
6 

3 
6 
8 

3 
6 

3 
6 

2 

2 

2 

0.31 

0.35 

0.39 

0.34 

0.12 
0.30 

0.77 
0.69 
l . 8  
0.26 
1.5 

0.21 
1.6 

0.44 

0.32 

0.07 

0.05 

0.03 

0.04 

0.33 

0.07 
0.12 

0 .51  
0.43 
1. .2 

0.12 
0.70 

0.10 
0.81 

0.04 

0.2d 

0.25 

*Core p e l l e t s  s h a t t e r e d  i n  these  runs. 

as high as I...@. 

i r r a d i a t e d  p e l l e t s  whose dens i ty  w a s  94% of t h e o r e t i c a l .  

work, un i r r ad ia t ed  93$-dense CETE fuel. w a s  exposed to boiling decladding 

so lu t ions  i n  both t h e  presence and absence of a 1 -w/ l i t e r  Co60 gama-ra-  

d i a t i o n  f i e l d  to determine t h e  e f f e c t  oi" r a d i a t i o n  on l o s s e s .  The e f f e c t  

of a i r  inleakage was a l s o  determined i n  t h e  c o n t r o l  samples. Af te r  30 h r  

of contact  w i t h  the  decladding s o l u t i o a  w i t h  air  excluded, t h e  uranium 

l o s s  w a s  0.12% f o r  t he  con t ro l  ana 0.18% f o r  t h e  i r r a d i a t e d  sample; cor-  

responding thorium losses were 0.04 and O.OS%, r e spec t ive ly .  The uranium 

l o s s  a t  30 h r  increased f r o m  0.12% With a i r  excluded t o  0.3% with a i r  

present ;  corresponding thorium los ses  were 0.08 and 0.12%, respec-Lively. 

Losses were about an order  of magnitude lower from un- 

A s  i n  t h e  Darex 
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'The s o l u b i l i t y  of s t a i n l e s s  s t e e l  i.n H 2 S 0 4  a t  25°C w a s  determined 

i n  order t o  a i d  j-n eva lua t ing  Sulf ex-decladding-waste c h a r a c t e r i s t i c s .  

The s o l u b i l i t y  decreased witn inc reas ing  H ' concentrat ion,  from 70 g / l i t e r  

a t  8 - N €1.'- t o  40 g/ l i . t ev  a t  10 - N H+ ( ~ i g .  1.1). 

-1- 

80 

70 

L 

+ a; 
.- 
7 
0 

>- 
c, 

t 
4 
m 
3 
J 

60  

..J 
111 
LlJ 

kJ 
(0 in 
w 
1 
f 
a 
cn 50 
F 

40 

UNCLASSIFIED 
ORNL -l.R,DWG 44174A 

-I 

4 5 6 7 8 3 1 1  
ACID CONCENTRATION ( N )  

Fig. 1.1. Solubility of Type 3041 Stainless Steel i n  H,SO, at 25°C. 

'Ti102 -1J02 Dissolut ion 

The Th02-IJ02  fuel p e l l e t s  can be d isso lved  in e i t h e r  b o i l i n g  "horex 

d i s so lven t  [13 M - H.NO3-0.04 M - N:iFi) t o  0.1 M - Al(N03)3] or Darex decladdiag 

so lu t ion  which has been sLripped f r e e  o f  ch lor ide  and ad jus t ed  t o  0.04 M 

NaE;'-O t o  0.1 M - AL+++ and 1-2 t o  13 - M iI+. The optimum f luo r ide  concenLra- 

tion i s  0.07 M, but; 0.04 M F- i s  used as t h e  flowsheet val.uc t o  minimize 

equipment corrosioti .  Aluminum is added to cor~iplex t h e  flu.oric?e i o n  io 

- 

I - 
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f u r t h e r  decrease corrosion;  i n  t i t an ium equipment f o r  Darex, 0.04 M Al””-+ 

i s  s u f f i c i e n t  t o  give adequate pro tec t ion ,  bu.t i n .  Ni-o-ne1 equipment f o r  

Sulfex 0.1 M u+++ i s  necessary.  AS a resu-lt, of t hese  aluminum requi re -  

ments, t h e  Th02-UO2 d i s so lu t ion  r a t e  i s  s.l.ightly lower i.n t h e  Sulfex proc- 

e s s .  

I 

I 

The r a t e  o f  d i s so lu t ion  of Th02-UO2 i n  ‘Thorex d isso lvent  [13 M HNO3- - 
0.04 M N a F 4 . 1  M Al(N03)3] w a s  control led.  c h i e f l y  by p e l l e t  densi-ty, t h e  

h ighes t  r a t e s  b e h g  achieved with low-density ma te r i a l .  The i n i t i a l  (10 

m i n )  d i sso lv ing  r a t e  i n  2OO$ excess of d i sso lvent  va r i ed  from 16 mg min-l 

emw2 f o r  p e l l e t s  whose dens i ty  was 60% of theoretical . .  t o  2 rng min-’ cmW2 

f o r  material. whose dens i ty  w a s  94s of  t h e o r e t i c a l  (Fig.  1 . 2 ) .  

- - 

These data 

UNCLASSI FlED 
ORNL-LR-DWG 4 5 8 1 6 8  

15 

- 
N I 

5 
c 
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z 
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10 

W 
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a 
‘ L 5  

5 
e 
_I 
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0 
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\ l o  
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A 

60 70 80 90 
PELLET DENSITY (% of theoretical) 

Fig. 1.2. Initial Rate of Dissolution of 95% Thorium Oxide-Uranium 
Oxide Pel lets in 200% Excess of Boiling Thorex Dissolvent. The  O/U 
ratio does not appear to be a major variable affecting the dissolution 
rate. 
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i n d i c a t e  a 15-hr d i s s o l u t i o n  pe r iod  f o r  CETR f u e l  SO$ of t h e o r e t i c a l  den- 

s i t y  arid 50 h r  for f u e l  94% of t h e o r e t i c a l  dens i ty .  

s i t y  the  i n i t i a l  d i s s o l u t i o n  rate was independent of U02 content  up t o  
A t  constant  fml. d-en- 

log.  
A s e r i e s  of t e s - t s  was ruri to deterrnine t h e  instantaneous d i s s o l u t i o n  

r a t e s  of 95.6$ Th02-UO2 p e l l e t s  (-95$ of t h e o r e t i c a l  d e n s i t y )  i n  8 t o  18 
M I-LnT034.04- M NaF4.1  M AI.(NO3)3 conta in ing  0.02 t o  1.0 M T h ( N O j ) 4 .  These 

daLa f i t  t h e  empir ica l  equat ion 
I - - - 

 here 13 = d i s s o l u t i o n  r a t e  i n  mg rain-' and 14 i s  the  molar i ty  of the 

thoriwri arid t h e  HlV03. I n  t h e s e  t e s t s ,  14. - M 14303 gave t h e  h ighes t  r a t e s ;  

rates alvays decreased- with inc reas ing  tboriurn concen-trations . 

- 

I n  d i s s o l u t i o n  t e s t s  with i r r a d i a t e d  CETR f'uel samples, the arnoinnts 

of grijss gamma and b e t a  a c t i v i - t y  i n  the off-gas were 0.34 and. 0.91$ oI" t h e  

t o t a l  a c t i v i t y ,  respective1.y; the p r i n c i p a l  gama a c t i v i t i e s  were zi.rco- 

nium, niobium, axd cesium; no apprec iab le  ruthenium was noted.  

T'he product of  CETR fuel d i s s o l u t i o n  contains  1 M Tn(N03)4 a m i  9 M - - 
HN03, and it m u s t  be adJus ted  t o  1.8 M thorium and 0.15 M a c i d  def ic iency  
f o r  so lvent  ex t r ac t ion .  This has  been done by evaporating t h e  so lu t ion  

u n t i l  i t s  temperature reached .155OC, bu t  cor ros ion  of t ne  type 309 SNb 

s t a i n l e s s  steel feed  adjustment equipment i s  severe,  and operational.  con- 

trol i s  d i f f i c u l t .  S a t i s f a c t o r y  feed  w a s  p reparea  by evaporat ing the fuel. 

solu-tion u n t i l  its t empera tme reached l35"C (3.3 M thorium arid 3 M fTN03) 

and then  removing t'ne remaining acid by s t e a m  s t r i p p i n g .  

steam equal  t o  3O$ of t h e  volume 02 .the o r i g i n a l  f u e l  s o l u t i o n  ~~7as required.  

- - 

- - 
h yuanti.ty of 

Darex Cycli.c Tes ts  on CETIi Fuel 

Tests  conducted i n  a I.-in.-dia glass tube  d i s so lve r  showed t h e  f e a s i -  

b i l i t y  of opera t ing  a Darex-Thorex cycle  (Fi.g. 1.3) wi th  about l.0$ niixed- 

oxide heel.. Res .u . l t s  of a four-cycle  run (Table 1.4)  shooed that; t h ~  Th/U 

mole r a t i o  i n  t h e  fuel so lu t ion  remained constant ,  and t h e  uranium l o s s e s  

t o  t h e  dccladdi.ng aoluti-on with a lo$ oxide h e e l  from t h e  previous core 

d i s so lv ing  were about 0.15. I n  fou r  cycles ,  t h e  accuniulzted. h e e l  d i d  riot 

9 
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VNCCASSlFlEO 
ORNL-LR-- D'NG 5 1 ~ 3  

168 g Th A S  T h o 2  
- 3 9  U A S  U 0 2  - ..... FI 70 HN03 

13.3 M H N 0 3  
-~ 

- RAW DECLUDDINC ~ DECLAODINC ~ STAl N L l lS  S STEEL. 
DECLAGDING 

Fig. 1.3. Darex Flowsheet for CETR Fuel. 

sol. UTION 
2.7MH' 
1.6 HCI 

649  SS 

exceed 10$ of the  amount of f u e l  charged p e r  cycle .  Each core d i s so lu t ion  

$01 UTION 0.04h.1 NilF 
CHI. OR I [I c 
REM OVAL 

530 cm3 

period w a s  8 h r .  

f r e e  f luor ide-ca ta lyzed  decladding so lu t ion  as t h e  dissolvent ,  s tandard 

Although t h e  flowsheet (Fig. 1.3) s t i p u l a t e s  chlor ide-  

1 0 8 ~  cn13 

CHLORIDE F-REE 

Thorex reagent was used so  t h a t  t h e  da ta  could be compared with those from 

cyc l i c  Sulfex-Tborex runs. Tne decladding so lu t ion  was metered t o  t h e  

RECYCLE ACID 
f 0.9 M H N 0 

d i s so lve r  and contacted t h e  cladding only once. 

_ _  - 

A l l  t h e  core d isso lvent  

w a s  added i n i t i a l l y  and w a s  r ec i r cu la t ed  around a dissolver-surge tank 

c i r c u i t .  However, a p lan t - sca l e  d isso lver  would be too  s m a l l ,  fol- c r i t i -  

c a l i t y  r?asc)iisI to hold more than a f r a c t i o n  of t h e  d isso lvent  required.  

Sulfex Cyclic Tests  on CETR Fuel  

Semicontinuous engineering-scale equipment (Fig. 1.4) (45 of proposed 

ORNL p i l o t - p l a n t  s c a l e )  w a s  f ab r i ca t ed  f r o m  Ni-o-nel, Carpenter 20 s ta in-  
less s t e e l ,  and g l a s s  and was used t o  evaluate  cyc l i c  operat ion of t he  

Sulfex-Thorex and Sulfex-Purex head-end flowsheets . The dissolTJ-er was ._ 

a Pyrex pipe,  4 i n .  i n  diameter and 19 f t  high. Preliminary runs with 

type 304L s t a i n l e s s  s t ee l  p l a t e  and tubing scrap were followed by rux 
on u i i r r a d i a t e d  simulated CETR (ThOz-UO2) f u e l .  



UNCLASSIFIED 
ORNL-LR-DWG 45362 

ACID- 
[ T A T  FEED I 
tu 

ACID PUMP 

ACID 
F R E- HEATER 

Fig. 1.4. Schematic Diagram of  Semicontinuous Sulfex Equipment. 

I n  t h e  prel-iminary t e s t s  with s t a i n l e s s  s t e e l  and b o i l i n g  4 t o  6 M - 
H2SO4,  foaming w a s  vigorous a t  t h e  aqueous-metal i n t e r f a c e s ,  bu t  t h e  foam 

coll.apsed r e a d i l y  i n  tile space above t h e  r eac t ion  zone. The r eac t ion  

r a t e s  f o r  var ious F/S rabies 

a r e a )  were as foUows:  

(ais solvent  f l o w  r a t e / r e a c t i n g  metal  surface 

Metal Sample 

Type 304 
s t a i n l e s s  
s t e e l  p l a t e  

s t a i n l e  s s 
s t e e l  tub- 
ing, 0.5  i n .  
i.n diameter 

T y p e  304 

4 
6 

4 

Av S t a i n l e s s  
S t e e l  Loading 

F/S iPatio Rate 
( c m / m i n )  (mg Din-’ ) (g / l - i t e r )  

0 . 0 21-0 .04 3 1.453.0 67 
0.014-0.055 0 . ‘15-3 .1 57 

0 .034-0.0 8 1.1-2.25 29 
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The r eac t ion  r a t e ,  p a r t i c u l a r l y  wi th  tubing, va r i ed  markedly from 

tube t o  tube and even in d i f f e r e n t  p a r t s  of a s i n g l e  tube,  a l l  from the 

same melt .  

Measurement o f  t he  hydrogen eTiolution w a s  a s a t i s f a c t o r y  way of de- 

termining t h e  r eac t ion  r a t e  and t h e  r eac t ion  completion. The average 

hydrogen generat ion rate w a s  1.1 t o  1.2 g-moles/g-mole of s t a i n l e s s  s t e e l  

dissolved,  which agrees  w e l l  with t h a t  expected.. Al.though the  in s t an -  

taneous hydrogen evolu t ion  r a t e  f l u c t u a t e d  markedly, t h e  cwnulative r a t e  

was q u i t e  even, The d i s s o l u t i o n  r a t e  decreased throughout t h e  r eac t ion  

and f e l l  r ap id ly  t o  zero a t  completion of t h e  r eac t ion .  

The s t a i n l e s s  s t e e l  d i s s o l u t i o n  product contained 0.2 t o  l.O$ j.n- 

so lubles ,  which. were e a s i l y  a t t r i t e d  by pimping and s t i r r i n g  and could 

be e l imina ted  by cen t r i fuga t ion .  The o r i g i n a l  solids were e s s e n t i a l k j  

a l l  > 1 p i n  s i z e ;  a f t e r  a t t r i t i o n ,  20 t o  SO$ were < l p i n  s i z e .  The 

s o l i d s  were l a r g e l y  composed of s i l i c a  and i r o n  (Fe304) but contained 

-15$ copper, probably from t h e  corrosion of the Mi-o-riel and Carpenter 

20 equipment e 

A simple pneumatic dens i ty  i n d i c a t o r  was t e s t e d  and found i.1.sef.u.1 i n  

determining t h e  bui ldup of fuel.  oxides i n  equipment, which i s  both a c r i t i -  

c a l i t y  and ope ra t iona l  con t ro l  problem. This device permits s a t i s f a c t o r y  

d iscr imina t ion  between liighljl hydrated s i l i c a  and f u e l  oxide presen t .  

I n  a s e r i e s  o f  f o u r  c y c l i c  Sulfeu-Thorex runs, t h e  method of opera- 

t i o n  w a s  similar t o  t h a t  described. above f o r  t h e  Darex-Thorex runs i n  t h e  

1- in . -dia  glass d i s s o l v e r .  'The staialess. steel was pass ive  t o  t h e  b o i l i n g  

4 M H2SO4 i n  t h e  second and t h i r d  runs) but dra in ing  of t n i s  a c i d  and ad- 

mission of f r e s h  a c i d  overcame pass iv- i ty  immediately, presumably by el imi-  

na t ion  of r e s i d u a l  HNO3. 

HCOOH, and d i s s o l u t i o n  s t a r t e d  inmiediately. Decladding t imes va r i ed  from 

3 t o  4 hr;  s t a i n l e s s  s t e e l  sol.u'cion concentrat ions va r i ed  Trom 26 t o  35 

g / l i t e r  (Table 1 . 5 ) .  Uranium and thorium l o s s e s  were l e s s  than  0 .1  and 

0.25$, respec t ive ly ,  i n  each run. Core d i s s o l u t i o n  t imes were approxi- 

mately 10  2ir i n  each run; t h e  core  d isso lvent  w a s  r e c i r c u l a t e d  u n t i l  t h e  

d e n s i t i e s  of t h e  so lu t ions  en te r ing  and leaving  t h e  d i s so lve r  were equal. 

Unl-ike the  case f o r  Darex experirnents, i n  which t h e  h e e l  reniajned f a i r l y  

constant ,  t h e  amount of heel  increased  O v e r  f ou r  cyc les  t o  about 20$ of 

- 

I n  t h e  four th  run, t h e  &SO4 w a s  made 0.1 M i n  - 

13 
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Ta'ble 1.5. Data from Sulfex-Thorex Cyclic Runs i n  4,-in.-dia Engineering-Scale Dissolver 

Th02-TJ02 p e l l e t  densi ty:  
Fuel  charged i n  batches; dissolven5 c l rcu le ted  f o r  both 

90 t o  9549 of t h e o r e t i c a l  

dec ladding and &is so lu t ion  

Decladding Loss Pirial Product Cone. 100 X Ratio 

Rernainicg 
i n  Dissolver 
t o  A;;lomt 
Charged 

($ j Th02-302 ($) ( g / l i t e r )  Dissolutlon of Tho2 -UO 2 

R a t  e 
(mg xin-' ern-' ) Thori.cn Ursni -a  Thor im Uranlm 

Cycle 
Dissolved 9 e e l  S t a in l e s s  

S t e e l  

1st decladding 100 26.9 2.27 0.022 0.017 

1st core d is -  100 89.5 10.5 
solst+' 

2nd cieclad6i.ng 110.5 

2nd core dis- 110.5 91.2 8.8 

3rL decladding 108.8 

3rd core dis- 108. 8 86 14 

s olu t  i on 

s oluz I on 
4th decladding l l 4  

4th core dis- 114 80 20 

Heel cleanout 20 99.2 0.02 

s olu t  i on 

(24 hr) 

35 

33.3 

26 

83 

141 

126 

137 

4.5 

7.6 

6.8 

7.7 

1.9 

1.64 

2.2 

2 .oo 
1.9 

1.70 

2.05 

0.08 0.LO 

0.2 0.02 

0.25 0.04 



t h e  to t a l .  TliO2-UO2 charged pe r  run. A t  t h e  end of t h e  fou r th  run, a 24-hr 

h e e l  cleanout with f r e s h  U s s o l v e n t  w a s  made; only O.02$ of t h e  TkiOz-UOz 

charged over t h e  fou r  runs remained (Table 1 .5) .  

Darex Processing of UOz Fuels 

Garex i s  a t o t a l  d i s so lu t ion  process  f o r  s t a i n l e s s - s t e e l - c l a ~ ~  UOz 

f u e l s  such as those  used i n  -tne Yankee and NSMI r eac to r s  and for UOz-stain- 

l ess  s t e e l  ceime-t fuels of t h e  APPB tyy?. Afte r  t h e  f u e l  i s  dissolved i n  

5 M - IiN03-2 - M €El., t h e  ch lor ide  i s  removed by b o i l i n g  and increas ing  the  

IlNO3 concentrat ion t o  10-12 - M. The ch lor ide- f ree  product i s  ad jus ted  f o r  

so lvent  ex t r ac t ion .  For some fuels cen t r i fuga t ion  i s  necessary t o  remove 

s i l i c e o u s  ma te r i a l s .  

Engineering-scale demonstrations of t h e  flowsheet, repor ted  last 

year ,  were made i n  t i t an ium equipment on un i r r ad ia t ed  NSMK and Yankee 

Atomic prototype f u e l  and on Cr-U-IIL fuel. .  The only flowsheet change re- 

qul red  was a s l i g h t  decrease i n  t h e  mount  of HN03 requi red  f o r  ch lor idc  

removal over APPR condi t ions;  successfu l  ch lor ide  removal t o  < 100 ppm 

w a s  achieved uniformbj. With t h e  Cr-U-IVi f u e l ,  ch lor ide  removal was su f -  

f i c i e n t l y  improved i n  t h e  absence o f  Feii" t o  permit omission of t h e  I-INO3 

recyc le  s t e p .  

Heat t r a n s f e r  c o e f f i c i e n t s  i n  n b o i l i n g  natural-convect ion t i t an ium 

steam-heated loop were : 

Fuel  Solu t ion  &' (OF) U [Btu hr-' ft-2 ("F)-l] 

AI'PK, NSPR, and 22-44 
Yankee 

Cr-U-Ni 30-68 

Wrt t e r 30-68 

170-320 

I n  two Darex tes ts  on WACP Yankee f u e l  samples i r r a d i a t e d  t o  16,100 

and 7500 Mw&/-ton and decayed 150 and 480 da,ys, respec t ivebj ,  d i s so lu t ion  

was complete i n  20 min. I n  tine f i r s t  t e s t ,  ch lor ide  was removed t o  160 

ppm and i n  t h e  second t o  490. Chloride removal was limi-Led by t h e  tme 

%hem. T e c h . h ,  ORiL-2788, Fig. 1.3, p 6. 
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of equipment used. 

boildown overheads w a s  as follows : 

The d i s t r i b u t i o n  of t o t a l  r a d i o a c t i v i t y  i n  tlcle t h r e e  

Rad-ioactivity ( 8  of T o t a l )  

T e s t  1 T e s t  2 

P-Y P 7 Ru B-Y Ru 

Waste a c i d  
cu t  

Mixed a c i d  0.06 

Ni-tric a c i d  0.02 

recyc le  

recyc le  

0.15 0.24 0.004 

0.10 0.02 0.1 

0.01. 0.02 0.4 

Since the re  has been some ques t ion  about t h e  conipkte s o l u b i l i t y  of 

Pu02 i n  t h e  Darex d isso lvent ,  a c a r e f u l  s tudy of t h i s  problem w a s  made 

on t n e  Yankee sample i r r a d i a t e d  t o  16,100 hkdl ton.  

nium a t  discharge w a s  ca l cu la t ed  t o  be .3L+OO g/ton i n  t h e  absence of reso- 

nance neutrons and 4200 g/ton wi th  them p resen t .  Chemical ana lys i s  of  

t h e  d i s so lve r  s o l u t i o n  showed a plutonium content of  3/+30 g/ton, LlO$. 

This r e s u l t ,  p lus  t h e  absence of any observable s o l i d s  i n  the d i s so lve r  

so lu t ion ,  tends t o  confirm t h e  complete s o l u b i l i z a t i o n  of Pu02 i n  5 M 

The mount  of p7-uto- 

- 
HNO3-2 - M H C l .  

The removal of i-nsoluble, h ighly  hydrated (97$ wate r )  s i l i c e o u s  ma-  

ter i .a l  (produced during Darex d i s s o l u t i o n  and ch lor ide  removal) from APPR 

f u e l  s o l u t i o n  by cen t r i fuga t ion  a t  2180 rpm (800g) i n  a lL?-in.-dia bowl 

cen t r i fuge  w a s  evaluated.  Separation, washing, and r e s lu r ry ing  of t h e  

s o l i d s  were a l l  done s a t i s f a c t o r i l y .  Pa r - t i c l e  s i z e ,  assuming a dens i ty  

of  2.2 g/cc, w a s  determined by Stokes’  s e t t l i n g  and neutron a c t i v a t i o n  

ana lys i s  t o  be 90 w t  $ < 10 p and 2 w t  $ < 1 p. Very l i t t l e  a t t r i t i o n  

w a s  produced by pumping and cen t r i fuga t ion .  

- 

Centrifuge cakes up t o  3/8 i n .  i n  th ickness  were e a s i l y  dis lodged and 

mixed wi th  wash water by mechanical braking from 2180 t o  0 r p m  i n  5 see .  

Soluble uranium remaining i n  t h e  cake a f t e r  successive washes followed 

t h e  values p red ic t ed  f-rom simple d i l u ~ i o n - d e c a n t a t i o n  theory .  Losses af ter  
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n washes a r e  represented by 

where n = t o t a l  mmber of washes, Y = weight of uranium, and F = volume 
f r a c t i o n  skimmed. 

Darex I rocess ing  of MaK-Bonded Fuels  

I n  four  t e s t s  t o  dete .mine khe violence of t'ne r eac t ion  between 5 M - 
mO3-2 M I HC1. an.d NaK (o r  sodium) used as a bond i n  PI?DC blanket  arid CPPD 

f u e l ,  only flames were produced. I n  a fifth t e s t ,  an explosion completely 

s h a t t e r e d  t i e  3-i.n.-dia glass-pipe d i s so lve r .  I n  these  t e s t s ,  s t a i n l e s s  

s t e e l  tub ing  (O.&-in.-dia, lo-mil- thick wall) w a s  loaded wit'n 5 cc of 

NaX, and a NaK annulus w a s  produced by i n s e r t i n g  a c l o s e - f i t t i n g  g l a s s  
rod before  t h e  upper tube end.s were sea led .  The rods were then  placed 

beneath 1 f t  of d isso lvent ,  behirid a b l a s t  sh ie ld ,  for t h e  r eac t ion  t o  

t , k e  p lace .  

fuels must be mechanically declad and the  NaK reac ted  w i t 4 1  steam o r  caus- 

t i c  p r i o r  t o  chemical processing.  

It has been decided t h a t  at ORNL all NaK- o r  sodium-bonded 

Darex Corrosion Studies  

Titanium i s  the  cons t ruc t ion  ma te r i a l  s e l ec t ed  f o r  Lhe Darex-Tnorex 
+++ system. 

ppm of ch lor ide ,  t i t a n f u n  w a s  corroded a t  a r a t e  of 8 miI.s/month. The 

add i t ion  of -0.2 M - boron, a c r i t i c a l i t y  poison, decreased cor ros ion  t o  

4 mils/month. AdiEtion of 0 . 1  14 - Alis' or TI?'+ decreased cosrosion t o  0.5 

mil/month, bu t  f u r t h e r  add i t ion  of e i t h e r  meta l  r e s u l t e d  i n  a slLgh% p i t -  

t i n g  a t t a c k  not considered s e r i o u s .  

concen-Lrations t h e  corrosion i n h i b i t i n g  effect of bo ra t e  ion  was negated. 

I n  b o i l i n g  3-3 1.I - i€NOy-O.O~+ M - Na.3' containing 0.004 M - Fe and 100 

A t  appreciable  al.uminm o r  thorium 

I n  boildown t e s t s  of thorium-uranium fuel. so lu t ions  prepared wi th  

t h e  above d isso lvent ,  t i t an ium corros ion  was ser ious  a t  and near the  bot -  

tom of  t h e  condenser al; t o t a l  reflux; however, over 35 boildGWn cycles ,  

In each of which t h e  volume was decreased by a f a c t o r  of 3.3, without r e -  

f lm,  a t t a c k  w~ts neg l ig ib l e  a f t e r  130 hr of exposure. 1.n order  t o  de t e r -  

nrine more exac t ly  t h e  condi t ions of  s eve res t  condenser corrosion,  var ious 

- 
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II1V03-HF mixtures were b o i l e d  a t  t o t a l  r e f l u x .  

cons tan t  HN03 concent ra t ion  ( i n  t h e  range 3 t o  5 M) increased  a t  a rabe 

s l i g h t l y  less than  t h e  logari thm of t h e  f l u o r i d e  ion  concentra-tion i n  t h e  

range 0.003 t o  0.05 M fluoricie.  

( i n  t h e  range 0.003 t o  0.05 M) corrosion w a s  maximu?l  a t  6 M 'HHO3. T'ne 
maxi.rnurn r a t e ,  1.000 mils/monti?, was wit'n 6 M I-TN03-0.05 M HF; t h e  lowest 

was 2.2 rnils/month wi th  15  - M HN03-0.003 - M HF. I n  similar tes ts  w i t h  t y p e  

309 SNb s t a i n l e s s  s t e e l ,  t h e  maximum r a t e  w a s  56 mils/month i n  15  M HNO3- 

0.05 M F-, and t h e  minimum w a s  1 mil/rnonth i n  3 M HNO3-O.005 M HF. 
maximum corrosion r a t e s  t o  be expected froiil t h e  above data as app l i ed  t o  

a c t u a l  Darex boildown condi t ions a r e  < 1 mil/month f o r  t i t an ium at t h e  

s ta r t  of boildown when t h e  condensate i s  6 M HNO3-O.OOl.5 M HI?> and. 4 

mils/month f o r  309 8Nb s t a i n l e s s  s t ee l  during t h e  pe r iod  when t h e  conden- 

s a t e  i s  13.5 M HNO3 and a maximurn of 0.0017 M F-". 

The cor ros ion  rate a t  any 

I 

A t  any constant  f l u o r i d e  concentrat ions - 
- - 

- - 

I 

The - - I 

I - 

- - 
I n  cyc l i c  t es t s  i n  b o i l i n g  t h e  beginning and f i n a l  Darex-Thorex ad- 

j u s t ed  cladding sol-ution, t h e  maximum r a t e  of t i t an ium corrosion over C + l  

cycles  w a s  0.06 mil/month. 

ning s o l u t i o n  and a 4-hr exposure t o  f i n a l  sol-ution. 

Each cyc le  included a 3-hr exposure t o  begin- 

Sulfex Corrosion Tests  

Ni -o-ne lhas  been s e l e c t e d  a,s t h e  m a t e r i a l  of cons t ruc t ion  for t h e  

Sulfex-Thorex process equipment. Typical  cor ros ion  r a t e s  of Ni-o-ne1 i n  

4 and. 6 M - IJ2S0,: were 5.3 and 11.5 m i l s / m o n - t h ;  i n  t h e  presence of 35 g of 
dissol-ved s t a i n l e s s  s t e e l  pe r  I.i.ter t h e  r a t e s  were decreased t o  1 .2  and 

1 . 6  mils/month, r e spec t ive ly .  

One method being evaluated f o r  depassivat ion o f  s t a i n l e s s - s t e e l - c l a d  

f u e l s  i s  i n i t i a t i o n  of t h e  r eac t ion  wi th  b o i l i n g  concentrated s u l f u r i c  

ac id .  

condi t ions,  samples were contacted with b o i l i n g  8, 10, and 1 2  M H2SO4 f o r  

5 min and then d i l u t e d  t o  4 M HzSO,: and b o i l e d  a t  t h e  lower concentrat ion 

f o r  3 h r .  The maximum corros ion  r a t e s  f o r  t he  t h r e e  concentrat ions a f t e r  

seven cyc les  were 3.9, 9.5, and. 131 mil.s/month, r e spec t ive ly .  

H2SO4 Lhe rates were h igher  f o r  welded sec t ions  and f o r  couples with type 

304L s t a i n l e s s  s t e e l  t'nan f o r  pla%e Ni-o-nel; no l o c a l i z e d  cor ros ion  was 

noted.  These t e s t s  i n d i c a t e  t h a t  a b r i e f  exposure t o  8 or 10 M bu t  not  

I n  order  t o  evaluate  t h e  cor ros ion  o f  Ni-o-nel. under a n t i c i p a t e d  

I 

- 

I n  12 M 
I 

- 
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to 12 I M H2SO4 can be t o l e r a t e d .  

being t e s t e d  as a depassivat ing agent .  

4.4 t o  40 mils/month over t h e  range 4 - M lizS04-100 ppm Cl- t o  6 M - lIzSO4- 

Tra.ce ch lor ide  i n  s u l f u r i c  a c i d  is also 

Rates f o r  Mi-o-ne1 va r i ed  from 

1000 pprn c1-. 

The b e s t  Ni-o-nel  hea t  t reatment  prior to welding;, i n  order  t o  mini- 
mize cor ros ioz  i n  Thorex d i s so lve r  so lu t ion ,  i s  at 1.800°C and t h e  worst 

i s  a t  1725°C. AI.1 t e s t  samples heated to temperatures between 1500 and 

1800°C showed some s igns  of l o c a l i z e d  cor ros ion  i n  t h e  hea t -a f fec ted  zone. 

Welds annealed. f o r  1 t o  2 h r  a t  1850 t o  1950°F and queiiched shotred the  

least corros ion .  A labora tory  d i s so lve r  used f o r  25 Sulfex-Thorex cycles  

showed an  ove r -a l l  corrosioii  r a t e  of 2.9 rnils/moath, bu t  l oca l i zed  a t t a c k  

around welds was considerably more severe .  

1.2. PROCESSES FOR ZIRCONIUM-CONTAINIMG FUEL 

Severa l  processes f o r  zirconi~un-containing file1 a r e  being devel.oped 

Z i r f k x ,  an aqueous head-end prccess  proposed by Hanford for a t  ORNL, 

t h e  dzcladding of zirconium-clad U02 f u e l  wi th  NII4F-NH4NO3, has been modi- 

f i e d  a t  OHNL and extended t o  the  complete d i s so lu t ion  of zirconium-clad 

U-Zr and U-Zr-Kb a l l o y  fuels (mcjdified Zi r f lex  p rocesses ) .  Zircex, a 

nonaqueous head-end process, involves ch lo r ina t ion  o r  hydrochlor inat ion 

wi th  C l 2 ,  HC1, o r  CCl4-M2 of a v a r i e t y  of zirconium-containing f u e l s  a t  

300 t o  600°C; zirconium-clad U02 (or  ThOz-IJO2) i s  declad, whereas zirco-  

nium-clad U-Zr o r  U-Zr-m alloys are conipletely reac ted .  The r eac t ion  

with alurniiium was also s tudied .  

Z i r f l e x  Process 

Severa l  s t u d i e s  on deeladdlng of PWK blanket  elements, ZircaLoy-2- 

c l ad  UO;!, were made t o  f u r t h e r  r e f i n e  f l w s h e e t  condi t ions .  

of cyc l i c  decladdings i n  G - M NH4F-1.0 I M MH4.NO3 and core dissolutions i n  

10 - M KN03-0.10 t o  0.15 - M AL(N03)3 ,  t h e  Zircaloy-2 elid pLi~@ disso lved  very 

slowly i n  15  cycles ,  i nd ica t ing  tha- t  an end plug clesnout  would be re- 

q-uired at t h e  end of a s e r i e s  of runs.' AlmLi.nm n i t r a t e  m s  ailtried. t o  

I n  a s e r i e s  

'[J. L. Swanson, Proc.  UN In t e rn .  Con€. Peaceful uses ntomic Energy, 
2nd, Geneva, 1958 17, p 154 (1959). 

c 
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t h e  U02 dissol-vent t o  compl.ex t r a c e s  of f l u o r i d e  c a r r i e d  over from de- 

c ladding.  It was necessary t o  prevent t h e  r e t u r n  o f  NH/+OH from t h e  con- 

denser t o  avoid p r e c i p i t a t i o n  of ZrO~*2H20, and t h e  decladding so lu t ion  

ha,d. t o  be d i l u t e d  t o  about 0 .1  M zirconium wi th  b o i l i n g  water  i n  order  

t o  prevent t h e  gross  p r e c i p i t a t i o n  of (NH4)3ZrF7. 
- 

The uranium l o s s  t o  t h e  decladrling so lu t ion  i n  tests on un i r r ad ia t ed  

saxiples8 was less  than  0.09$ (Table 1 . 6 ) .  

a t e d  PWR blanket  sa.mFle decladdings were i n  t h e  range 0.03 t o  O.U$ and 

independent of i r r a d i a t i o n  l e v e l .  Plutonium los ses  increased  s l i g h t l y  

Uranium los ses  i n  t h r e e  i s r a d i -  

Table 1 .6 .  Uranium and Plutonium Losses i n  Z i r f l e x  Decladding 
o f  P R  Blanket Fuel. Elements 

Deciadding t ime:  about 3 h r  

Soluble Losses ($) 
__I ___I 

H u n  Burnup 

U Pu No. (Mwd/t 011) 

1 0 0.01 

2 

3 

0 

0 

0.08 

0,02 

4 0 0.04 

5 0 0.05 

6 5 80 0.03 0.03 

7 12 70 0.11 0.07 

8 1-7 50 0.34 0.08 

with  i r r ad - i a t ion  level. I n  Lhese t e s t s  t h e  decladding so lu t ions  contained 

2.2-8.3$ of t h e  gross  gmma r ad ia t ion  and. 0.1-0.6$ o f  tine gross  b e t a  rad ia-  

t i o n  i n  t h e  samples. The a c t i v i t y  w a s  mainly due t o  Zr -Nb .  The decladding 

off-gases  contained 0.0001$1 of t h e  gross  gamma a c t i v i t y  i n  t h e  sample, 

p r i n c i p a l l y  due t o  cesiixii. 

Welded specimens of  type 309 SNb s t a i n l e s s  s t e e l ,  Ni-o-nel, and vacu- 

um-melted Hastel loy F were cor ros ion- tes ted  i n  c y c l i c  Z i r f l e x  opera t ion  

8L. M. F e r r i s ,  Z i r f l e x  Process  f o r  PWR Blanket Fuel. 11. Revised - 
Flowsheet, ORnTL-2940 ( i n  p r e s s ) .  
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a l t e r n a t e l y  i n  b o i l i n g  6 - 14 K H p - 1  - M Ml14N03 and. 1.0 - M JXN03-0.1 M - A1(N133)3.  

Corrosion was rnaxirrum i n  t h e  vapor phase and Trras constant  throughou'i Yne 

t e s t  series. i'hximum r a t e s  f o r  t h e  t h r e e  alloys were as Pol.l.o~nis: 

%umber of 
cyc! le s 

All-oy 

309SKb 

N i  - o -ne 1 

flastel ioy F 

18 

23 

5 

Corrosion R a t e  
(mi ls/montli ) 

3 .o 
4 . 6 5 . 1  

3 . 5 5  . 0 
Some weld decay was noted. i n  t h e  Ni-o-ne1 specimens. 

Addition of 0.03 - M H202 tu t h e  decladding reagent decreased cor ros ion  

by f a c t o r s  of 3 t o  10 f o r  a l l  alloys except a t  t h e  i n t e r f a c e  f o r  Ni-o-nel, 

where t h e  r a t e  w a s  1 t o  5 rnils/month. 

f r e sh  decladdirig s o l u t i o n  decreased t h e  Ni-o-ne1 cor ros ion  r a t e  ?iy h a l f ,  

bu t  0.1 to 0.4 M I Z r 4 +  negated t h i s  e f f e c t .  A t  Zr"'. concentrat ions 3 0.4 

2 M 

'The presence of 0.1. - M bora t e  i n  

t h e  rate dec;-eased t o  0 .l-l.2 mil.s/month. 

Modified Zi . r f lex Process 

A modified Zirflex processg  was developed t o  d i sso lve  IJ-Zr a1Loy 

Aiel containing up t o  10% U. 

t o  which suffi-cient 11202 i s  added cont inuously during d i s s o l u t i o n  to pro- 

duce a f i n a l  s o l u t i o n  0.1.3 I M i n  B z O 2 .  

r i d e / U ( V I )  mole r a t i o  m u s t  be 2 80 o r  r eac t ion  ceases .  

98.5% NH3, l$ H2, 0.3$ 02, and. 0.25 N z .  

A1(N03)3 arc added to provide a so lvent  e x t r a c t i o n  feed  containing 0.0075 

M - U, 0.25 M - Zr,  1 M - A1-'-i--t, 2 - 14 F-, and 1. M - HNO3 (Fig. 1 . 5 )  . 

The dissolverit  i s  5.4 - M NH4P-Cl.33 - M NII4XO3 

During d i s s o l u t i o n  t h e  f r ee - f luo -  

The off-gas is 

Afte r  d i s so lu t ion ,  €IN03 and- 

The Zircex process  involves  rea.cti.oa w i t h  gaseous ch lo r ine  o r  c i i l .o~ides  

a t  temperatures of 300 t o  603°C. It has been i n w s t i g a t e d .  RS %a decladding 

'T. A. Gens, Modii'ied Z i r f l e x  Process f o r  Disso lu t lon  01 I-lOjb U - Z r  
- Alloy F'uels i n  Aqiieou:; NI14F'-NH4N03-i120z : 
2905 (Mar. if, 1960).  

1,aborator-y De veloprne n t ,  OINl,- 
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UNCLASSIFIED 
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400 kg 

5 . 4  M NH4 F 

0.33 M N H 4 N 0 3  

4480 l i t e r s  

1 M  H 2 0 2  

2 0 0  l i t e r s  

O F F - G A S  

- 5 0 0 0 m o l e s  N H 3  

15 moles 0, 

50 moles H 

40 riiilles N 2  

DISSOLUTION 
. *I----- 4OS0C,4hr  

1 . 6 M H N 0 3  

4.6M A l ( N 0 3 ) 3  

2 5 0 0  l l t e r s  

I 1 
I 5 0 ° C ,  0.25 hr 
I 

7 % U , 91.5 % Z r ,  1.5 % Sn 

FEED 
0.0075 M U 

0.2544 Z r  
0.003 M S n  
4M AI  
2 M F  

I M H N 0 3  
I M  N H 4  

4000 l i ters 

Fig. 1.5. Modified Z i r f lex Process for Dissolution of 7% Uranium-Zirconium Alloy i n  NH,F- 
H202" 

method f o r  zirconium-clad. iJ02 f u e l s ,  as a t o t a l  r eac t ion  method f o r  z i rco-  

nium-clad U - Z r  

s t e e l - c l a d  U-Mo f u e l  prev ious ly  declad mechanically.  

p l e t e  gas-phase sepa ra t ion  o f  zirconium, niobium, and molybdenum from t h e  

f u e l  m a t e r i a l  i s  e f fec ted ,  thereby avoiding t h e  coriiplicated chemistry en- 

countered i n  aqueous processes  for t hese  f u e l s .  

U-Zr-Nb f u e l  i s  reviewed below; da t a  on U-Mo f u e l  a r e  given i n  Sec L , 3 .  

and U - Z r - I b  a l l o y  f u e l s ,  and a s  a r eac t an t  for s - t a in l e s s -  

A p a r t i a l  o r  com- 

Tlne work on U-Zr  and 

Hydrochlorination of STH f u e l  wi th  I I C 1  a t  500 -to 600°C t o  form vola-  

t i l e  ZrCI.4 and nonvola.ti.1.e Zr32-UO2-UC13 ash, and subsequent ch lo r ina t ion  

of t h e  ash  wi th  C C l 4  vapor a t  t h e  same temperature t o  produce v o l a t i l e  

Z r C l 4  and U C 1 L  ha,s been discussed.  lo' l1 Fur ther  work on the  s i m i l a r  FwLi 

"Chern. 'Tech. Ann. Prog. Rep. Aug.  31, 1959, Om-2788. 

l l T .  A. Cens and R. I,. Jolly, New Laboratory Developments i n  the 
Zircex Process , ORNL-2992 ( i n  press) . 
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seed (6.3$ WZr) has shown t h e  f e a s i b i l i t y  of s epa ra t ing  1;he Z r i ‘ l q  and 

U C l 4  by s e l e c t i v e  condensation of t h e  l a t t e r  a t  3 O O 0 C ,  v i t h  a. m-anr;.um l o s s  

of < O.l ;d , .  The Z r C l r ,  i s  then  desubliraed at ro(jm temperature.  

densed UC14 i s  e i t h e r  d i sso lved  i n  HNO3 and t h e  ch1orid.e removed by Darex 

techniques , o r  r eac t ed  wi th  fluorine a t  m b i e n t  temperature t o  prod-uce 

m6 * 

The con- 

Corrosion t e b t s  on 15 poss ib l e  ma te r i a l s  of  cons t ruc t ion  for a cyc1.j.c 

Zircex opera t ion  alterna-Ling between -the use of HC1. and CC11,-N2 showed 

Ynat t h e  CC14 part of tlne cyc le  was the most cor ros ive  and t h a t  cor ros ion  

r a t e s  al; 400°C were 2 1.0 t imes t h e  cor ros ion  rate a t  400°C. Rates a t  600°C 

for t h e  better mate r i a l s  - Nichrome V, Inconel,  Chloromet-2, and Pyrocermrl 

9608 (a. ceramic) - i n  1-hr  exposure t o  CCle wer:? 5.5, 18, 32, and. 1.0 

m i  1s /month, respec t  ivt2 l y  . 
Perf l e x  Proc e s s Corrosion Studies  

The Perflex p~ocess”~ involves  t h e  dissol-ut ion of zirconium-clad U-Zi- 

a l l o y  f u e l s  i n  IIF-H202 mixtures ,  which i s  a very corrosi.vc reagent .  Has- 

t e l l o y  C was the best of s e v e r a l  a l l o y s  evaluated Fn cor ros ion  tes t s .  In 

zirconium-free 1 M ,T-0.06 ?.I L1202, t h e  cor ros ion  r a t e  was 50 Lo 55 

mils/rmnth, bu t  i n  t h e  presttnce of d i s so lv ing  zirconium the r a t e  decreased 

t o  an  average o f  14  t o  3.8 mFls/nion.th during n ine  d i s s o l u t i o n  cyc les .  

- - 

1.3 PROCESSES FOB UWLT~ZU~YI-MOLYBDENUM FUELS 

The two r e a c t o r  f u e l s  (CPPD and Detroi t -Edison)  contai.ning U-Mo al- 
loys  are c l a d  i n  s t a i n l e s s  s tee l .  and bonded. wi th  sodium o r  NaK. 3ccause 

of t h e  inherent  danger of explosion i n  d i r e c t  d i s so lu t ion  o f  t h e  fuels 

i n  ac ids ,  plans for processing at, ORNL a r e  ’oased on mechanical d-ecladdi.ng 

of t h e  f u . e l s  and r eac t ion  of the NaK wi th  steam o r  c aus t i c  p r i o r  t o  d i s -  

so lu t ion .  

HN03-Fe (NOs)3 soI.uti.on, t he  i r o n  a c t i n g  as a coniplexing agent for molyb- 

denum. Fuels  containing lo$ molybd(-num (CPPD) a r e  d isso lved  i n  11 t o  13 

Uranim-3$ molybdenum al .10~ (Detroit-Xdison) i s  d.isso1ved i n  

lZT. A. Gens and W. E ,  Clark, Laboratory Development OP t he  P e r f l e x  
Process  for Dissolu t ion  o f  U r a n i u m  Alloy 3k1s i n  IPjdrofl-uor.ic Acid-Hydrogen 
Pproxide Solut ions,  ORNL CF-59-11-23 (Nov. 10, 1959). 

23 



M IlrJ03, a n d - t h e  MoO3, which i s  nea r ly  q u a n t i t a t i v e l y  p rec ip i t a t ed ,  i s  re- 

moved by cen t r i fuga t ion .  
- 

Urani.11m-3$ molybd.enum all.oy d isso lves  rapid.1.y i n  b o i l i n g  8 M - fiNO3- 

0.5 M - Ee(N03)3 ( re f  13 )  t o  produce a s- table  dissol .ver  product containing 

I - M uranium, 0.074 M - molybdenuT, 0.5 I_ M Fe 

null i s  s o l u b i l i z e d  through t h e  complexing a c t i o n  of  t he  i r o n .  Tlne product 

sol.ution is s u i t a b l e  as a feed f o r  t he  Purex solvent  e x t r a c t i o n  process  

f o r  uranj.ixn decontamination. However, -the f i r s t - c y c l e  so lvent  e x t r a c t i o n  

waste volumes a r e  high because o f  t h e  low so lubi l . i ty  o f  molybdenum. 

solubil.il;y of molybdenum v s  HN03 and Fe concentrat ions i s  given i n  

F ig .  1 .6 .  By c a r e f u l  adjustment of t h e  a c i d i t y  t o  about 0.5 - M i n  a solu-  

t i o n  containing 0.5 - M i ron ,  t h e  molybdenum can be concentra-ted t o  0.25 M .  - 
Even then  1100 g a l  of waste so lu t ion  w i l l  be generated f o r  each ton of 

urani1.m processed. The only o ther  meaiis of  achieving volume reduct ion 

appears to invclve n e u t r a l i z i n g  t h e  waste, cen t r i fug ing  the  p r e c i p i t a t e d  
Fe(OH)3 from the  so luble  molybdates, red isso lv ing  t h e  i r o n  i n  FLNO3, and 

ad-justing t h e  separa ted  i r o n  and mol.ybdenwn so lu t ions  t o  1 .5  - M Fe 

2 M - molybdenim, r e spec t ive ly .  

i t -+ + , and 3.7 - M H . The molybde- 

The 
+++ 

++++ 
and 

'The d i s s o l u t i o n  o f  U-lO$ Mo f u e l  i n  11 t o  13 M - ,yNO3 produces a Moo3 

p r e c i p i t a t e  equivalent  i n  volume t o  30$ of t h e  d i s so lve r  so lu t ion  volume; 

it absorbs up t o  10% of the  so luble  uranium and pl.uionium. 

t h e  uraniwn and plutonium can he recovered by exhaustive aci.d washing of 

the cen t r i fuge  cake; a l t e r n a t i x e l y ,  t h e  cake can be d isso lved  i n  sodium hy- 

&oxide which also p r e c i p i t a t e s  t h e  uranium and p.1-utonium as hydrous oxides 

which a r e  recentrifuged., d i sso lved  in n i t r i c  ac id ,  ana then  combined with 

t h e  d i s so lve r  product which contains  -260 g of uranium pe r  l i t e r .  The 

flowsheet as appl ied  t o  CPPD fuel.. i s  given i n  F ig .  1 .7 .  

The bulk of 

130ak Ridge SessTon or" .@C E'uue1 Processing S p p G S i U m  a t  Hanford, Oct. 
21 and 22. 1959, D 268, TID-7583. 
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OFF -GAS CORE DISSOLVENT W A  S H 
N H 3  t t  M H N 0 3  1 M H N 0 3  

CEN THIFUGE 

DECLADDING REAGENT 
NoN03  H 2 0  NaOH 

3 6  M 188 M 
460 l i ters 35 7 l i ters 9 9 l i ters 

A I  WASTE 

r.2 M AI 
10 ?M NOOH 
0.6 .%n N o N 0 3  
u LOSS.< 0 1% 
91.7 i liters 

~..... 
PRODUCT SOLUTION 

0 6 3  M U 
0013 M MO 

1333 l i t e rs  
4 M  r +  

5 M NaOH 
275  l i t e rs  

HzMaOq DISSOILUTION 

SOLIDS VOLUME = 154 l i ters 
2 hr. 70°C 

0.83 M NazMOOq 
3.33 RI NaOH 
<0.1% u LOSS 
275 l i ters - 

TO F E E D  ADJUSTMENT 
AND SOLVENT EXTRACT ON 

Fig. 1.7. Dissolut ion of Consumers Public Power Fuel in HNO,. 

l , 4  MECHANICAL PROCESSING 

S t u d i e s  on t h e  mechanica l  d e j a c k e t i n g  of  NaK-bonded f i e l s  and the 

s h e a r i n g  and n i t r i c  a c i d  l e a c h i n g  o f  ox ide  f u e l s  were c a r r i e d  t o  t h e  non- 

r a d j o a c t i v e  p i l o t  pl-ant s t a g e  l a s t  year.’-‘: 

jn C e l l  A of  Bu i ld ing  3026 h a s  now been  completed and s a t i s f a c t o r i l y  co ld-  

t e s t e d .  A 250-ton s h e a r  f o r  c u t t i n g  f u e l  t u b e s  was des igned  and i s  be ing  

f a b r i c a t e d  o u t s i d 2  t h e  Labora to ry .  S e v e r a l  l e a c h e r s  f o r  co re  i n a t e r i a l  v e r e  

des igned  and c o n s t r u c t e d ,  and are be ing  c o l d - t e s t e d .  

The SKF fuE1 dec ladd ing  f a c i l i i y  

SRE Fue l  Decladding 

All equ ipnen t  r e q u i r e d  for t he  demons t r a t ion  of‘ SRE p r o t o t y p e  f u e l  

dec l add ing  on a s c a l e  o f  -200 kg of uraxiwn p e r  clay f o r  t h e  SKE NaK-boad.ed 

Core 1 1”uel 

shown i n  F i g s .  1.16 and 1 .17  of the l a s t  annua l  r e p o r i . 1 4  

(-1000 Mwd/t) was i n s t a l - l e d  and c o l d  t e s t e d .  1 ,ayouts  were 

Major equipment 

’‘:Chem. Tech. Ann. Prog. Rep. Aug. 31, 1959, ORNL-2788, s e c  1 . 5 .  

26 



includes two fii.eI c a r r i e r s  for t r anspor t  of  the fuel from Canoga Park, C a l i -  

fo rn ia ,  t o  ORliL; a multipurpose abrasive wheel. saw f o r  reduct ion of t he  

set-en-rod assernbly t o  ind iv idua l  rods; a spec ia l  wire c u t t e r  for  removing 

the  s p i r a l  wire spacer froin the rods; r o l l  cu t t e r s  f o r  opening the  fuel 

tubes; a primary declad.der fox- removing the  sl.ugs from t he  fuel tube (by 

e i t h e r  hydraul ic  or mechanical pressure), preparing the fuel. slugs f o r  

washing, and. compac-Ling the r e s idua l  tu-bes f o r  discard;  a core slug .dasher; 

a slug canner; and a NaK r eac to r .  

d i n a l  c u t t e r  wheel has a l s o  been provided; t h i s  device r e q l i r e s  the  cu t t i ng  

of the fuel. rod in-to 4-in.  lengths. 

An a u x i l i a r y  decladd.er with a long i tu -  

Tjne fue l  c a r r i e r s  origlrially fabricated.  f o r  t r anspor t ing  PAR loops 

Approval was obtained t o  use were modified t o  carry 1 0  SRE assenblies. 

a l a t t i c e  poisoned with bora1 (boron-aluminiun alloy) f o r  c r i t i c a l . i t y  con- 

t r o l .  T h e  ind iv idua l  aaseiizblies w i l l  be canned p r i o r  i ; ~  shipment, and 

may reach temperatures above 500°F during t r a n s i t  from se l f -hea t ing .  

multipurpose s a w  alignment and. p a r t i c l e  c o l l e c t i o n  system worked well, but 

the hydraul ic  drive g a ~ e  trou'o1.e; this i s  being cor rec ted  by the  vend.or. 

The hydraul ic  wire til-t Ler worked s a t i  sf 'actor i ly  i n  remote operatLon. The 

30"-angle roll. c u t t e r  was t e s t e d  by making 200 c u t s  through 1.0-mil-wall 

s t a i n l e s s  s t e e l  tubing; no chipping o r  s ca r r ing  of t i e  c u t t i n g  edges w a s  

observed. The primary decladder was also used w i t h  on l y  minor d i f f i c u l -  

t i e s ;  the  c o l l e t  mechanism was operated ov?r 1000 t imes and gave no t rouble  

except f o r  a tendency -to stFck a-fter several  days'  id leness .  Hyilraulic 

errpansion of t,kie f u e l  tubes and rernoval. of slugs were s a t i s f a c t o r y  a t  80% 

1950 psig; iuiirradia-Led 0.79-in. -dia Piel. tubes,  wiYh a wal l  th:ickness 

of 1.0 rnil.s, were expanded d i a i i e t r i ca l ly  0.5 m i l  w i t h  800 p s i g  and 365 mils 

with 1950 psig, the tube burs t ing  pressure .  

charged w i t h  a hydraul ic  pressin-e of 100 psig.  

use as a slug ranirod i f  the  iiydrau.lic system fa i l s  operated. niodei-ately well.. 

The tubes,  after expansi.on and s1.11.g removal, were easily f l a t t e n e d  and 

roll-ed i n t o  a c o i l  f o r  aiinimiuri-volume d isposa l .  

?%_e 

The slugs were e a s i l y  d - i s -  

A 1.00-Tn.-l.ong screw f o r  

For prevent ion of N a K  f i r e s  a l l  operati.ons in the  primary decladder 

are conducted beneath mineral  o i l .  The 1.00 ml of NaK i n  each fbe.3- rod is 

poured. fi-om the tube iinder ml~n.eral. c ~ i l ,  separated,  and reac ted ,  under con- 

t r o l l e d  condi.t;ions, with ste~an in a separate  reackor ,  I n  labora tory  tests 
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100 m l  o f  N a K  contaminated with mineral  o i l  was sa fe ly  reac ted  w i t h  steam 

i n  23 min. A t  steam r a t e s  of > 3 ml of water equivalent  per  minute, t h e  

NaK began t o  f l a s h  and burn, bu t  a t  a con t ro l l ab le  r a t e ;  the r eac t ion  w a s  

Less v io l en t  when the NaK w a s  preheated t o  100°C. 
at  a constant  r a t e  of 1-86 liters/mi.n f o r  21  min. 

Hydrogen w a s  evolved 

A f u e l  s lug washer j.s used t o  steam-clean mineral  o i l  and res i&dal  

NaK from the declad s lugs .  The s lugs  are washed i n  a basked t h a t  r o t a t e s  

t o  expose all. uranium surfaces .  The basket  i s  r o t a t e d  by the  stea.m used 

for NaK decomposition; 50 ps ig  of steam i s  requi red  t o  s t a r t  rotatiLon but  

35 ps ig  maintains  i t ,  once e s t ab l i shed .  With 35 psig of stearn f ed  a t  182 
lb /h r ,  basket  rota-Lion was 1750 rpm; steam w a s  condensed i n  the  3.2;’-i’t2 

condenser. 

Twelve cleaned s lugs  from each tube are can-ned i n  an alurninum can 

by a conmercial canner which has operated s a t i s f a c t o r i l y .  The a u x i l i a r y  

decladder operated s a t i s f a c t o r i l y ,  e spec ia l ly  a f t e r  the  plow-type tube 

c u t t e r  w a s  replaced wi.th guide r o l l e r s  and roll c u t t e r s .  

The f a c i l i t y  i s  ready t o  t e s t  with t h e  SRE Core 1 f u e l  elements. This 

w i l l  be s t a r t e d  as soon as the bui ld ing  a l t e r a t i o n s  requi red  f o r  double con- 

tainmen-i; o f  a l l  operat ions are completed i n  the  fa l l -  o f  1-960. 

Fuel Shearing 

Experimental s t u d i e s  on shear ing of mult i tube s t a i n l e s s  s t e e l  f u e l  

assemblies, s t a r t e d  l a s t  year  both Locally and. und.er subcontrac-t , l5 were 

concluded. The r e s u l t s  of t hese  t e s t s  l e d  t o  the  design and f a b r i c a t i o n  

of a 250-Lon shear  f o r  ho t  c e l l  use .  Tne shear,  now being f ab r i ca t ed  by 

Birdsboro Corporation, w i l l  be co ld  - t e s t ed  i n  Ff 1961, and then  i n s t a l l e d  

i n  Cel l  A of Building 3026 i n  FY 1962 f o r  experimental  work on a v a r i e t y  

of f u l l y  i r r a d i a t e d  power r e a c t o r  f u e l  assemblies.  

All cold shear t e s t s  were made on t h e  ORnn;-designed 36-tube Mark 1 

prototype assemblies,  i.n which t h e  f i e 1  rods are  joined with Nicrobrazed 

f e r r u l e s  and f i l l e d  w i t h  s o l i d  proce la in  rods t o  simulate UO2 and. ThO2- 

uo2. The t e s t s  were made t o  determine optimum blade shape, longevi ty ,  

15Subcontracts t o  C lea r ins  Machine Corporation, Chicago, I l l i n o i s ,  
and Birdsboro Corporation, Birdsboro, Pennsylvania. 
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clearance,  wear, ve loc i ty ,  hardness, alloy type, and t h r u s t  requirements, 

and t o  evaluate  production and dislodgement of clad. and core fines. 

t o  hancile braze& ferrules and methods of c o l l e c t i n g  sheared produc-t. vere 

also studied.  The two va r i ab le s  t h a t  required further evaluation a r e  han- 

dling 0 - P  Kanigan brazed f e r u l e s  and means of cu- t t ing the  last 2-4 i n .  of 

t he  tube bundle. Uiider opti.mm condi.tions the  Mark I assembl-ies can be 

sheared at, a thrust of 80 tons; t h i s  Is  i.:n good agreement w i t l  the t h r u s t  

ca lcu la ted  from Xanford c r i t i  c a l  shear  s t r eng th  measiireinents of 9000 p s i  

f o r  porce1ari.n o r  U02 and f ir l,OOO p s i  for .type 3L+7 s t s . i rdess  s t e e l  tubing. 

Extrapo1.a-tion of these da-t;a LO s t a i n l e s s - s t e e l - c l ~ d  U02 or TI102-UO2 f u e l s  

i n d i c a t e s  tha-i; a maxirnutii  thrust of 270 t ons  i s  requi red  for  siiearifig a 

qua r t e r  sect?-on of the f u e l  bundle of' the 8 . S .  "Savannah"; 370 tons  i s  

requi red  t o  shear  the  fli.l .l  N.  S .  "Savannak" biundle . 

Abi l i ty  

The major problems i n  shear ing now appear t o  be breaking of 't'ne 

tube- fer ru le  braszed join-Ls and the shear-blade wear and g a l l i n g  caused 

by fine p a r t i c l e s  of the  hard Nicrobraz alloy. 

f e r r u l e  separa t ion  the  brazed j o i n t  rnust be highly s t ressed;  Y l i s  occurs 

only a f t e r  the  blade and an?iil a r e  closed and the  finel bundle h ighly  d i s -  

t o r t ed ;  the separation. :seems to r e s u l t  mainly from metal t e a r i n g  r a t h e r  

than shearing. 

To obta in  good tube- 

Shear-blade ve loc i ty  was vari-ed from 0.5 t o  4% i p s  i n  cold t e s t s  

with the prototy-pe fuel.  Low blade ve loc i ty  was superior i n  a l l  r e spec t s  

except that  a s l i g h t l y  smaller mount  or" oxide fines w a s  formed. Blade 

wear, gallling, and thrust ,  were a l l  minimrizcxl a t  v e l o c i t i e s  of 0.fi-5 ips.  

A t  48 i p s  wear was excessive a f t e r  only sTx cu t s ,  p r imar i ly  from . lastly 

increased gal.l.i.:ng which -6ripl.ed the t h r u s t  requirements from -40 t o  110 

toris f o r  i.uiferrm.led Mark I assemblies.  Blade-anv-il t ransverse  clearances 

of' I t o  22 m i l s  were tested-; low c learances  :aye best,, although cleara.nces 

up t o  l o  m2.s a,ppear t o  be acceptable .  

where Nicrobraz 2 s  encountered., to rni.n'Lmize blade galling and chl.pplrig. 

When a 'nl.a,de clearance of 22 mils w a s  used i n  shearing 35-mi.I-wall. por- 

ce l a in - f i l l - ed  tubing, excessive wiping of the blades was uo'ced.; large 

clearances cause t e a r i n g  of netal ,  wh.:ich i s  undesii-able, 

p a r t i c u l a r l y  wi- t 'n  Nicrobvaz present ,  are eas i ly  chipped o r  broken I f  kept 

sharp; rounding t o  1/32-in.  radius minimizes  breakage withou-t s l g n i f i c a n t  

Clearances of 1-3 mils a r e  optimum, 

Blade edges, 
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loss of performance o r  e f f i c i ency .  I n  t h e  t e s t s  performed by Clearing 

Machine Corpora t im,  a 3% i-ncrease i.n shear power requirement r e s u l t e d  
from an increase  i n  blade clearance froin 1 t o  10 m i l s ,  arid a 25% increase  

was noted a f t e r  rounding of tlie c u t t i n g  edges t o  1./32-in. rad ius .  I n  one 

t e s t  with new blades  a '7% power increase w a s  noted a f t e r  300 cu-LS. The 

t'nrust requi red  a t  end plug and ferru1.e c u t s  w a s  A0 t o  100% g r e a t e r  than  

a t  o ther  l oca t ions .  O f  -the many blade shapes t e s t e d ,  a stepped V blade 

working aga ins t  a s t r a i g h t  V o r  semic i rcu lar  a n v i l  proved optimum. 

design ensures  minimum t h r u s t  (43% l ess  than  o the r  des igns) ,  minimum wear, 

maximum dislodgement of core,  and b e s t  separa t ion  of cut  'tubes from f e r -  

r u l e s .  

This  

Fli-th t h i s  design a blade l i f e  of 10,000-50,000 c u t s  seeras assured.  

The amount of  po rce l a in  dislodged from 0.5- in .  tubes cu t  t o  1 - in .  

l eng ths  var ied  from 11 .9  t o  22.6% f o r  the  range of  condi t ions i e s t ed .  

Dislodgement w a s  mininlum with a 5 - m i l  blade clearance and good gagging 

of t he  assembly. 

averse;? diameter aad 12-2876 was < 100 p.  

e r a t i o n s  about 5% of a UO2 core would be dis lodged.  

f i n e s  produced were metal  f i n e s ,  of which 18.6% 

t i c l e s  of Bockwell hardness C 51 or g r e a t e r .  

braz f i n e s  were < 3 m i l s  i n  diameter.  

About 85% of the dislodged ceramic was < 3.700 p i a  

Under s i m i l a r  shear ing op- 

About 2.0% of a l l  

w e r e  Nicrobraz par-  

Aboui 0.5% of the  Nicro- 

Based on the  f ind ings  of t he  many t e s t s  made and on tlie l i m i t a t i o n s  

of Cel l  A of Building 3026, c r i t e r i a .  f o r  t he  f u e l  shear now being f a b r i -  

ca ted  are: 

Tonnage 

Stroke 

Number of  s t rokes  

Speed 

Bl ad.e 
Hardne s s 

Clearance 
Wid-th 

Alloy 

Hydraulic; ho r i zon ta l ,  f ab r i ca t ed  
of s t a i n l e s s  steel, with gag 

250 tons  

Variable,  t o  9 i n .  
1 t o  6 per min 

1 t o  2 i p s  

Stepped punch aga ins t  vee a n v i l  
Rockwell C 56-59 
Carpenter 410 
1 t o  3 m i l s  
1 . 5  i n .  

Stepped punch aga ins t  vee a n v i l  
Rockwell C 56-59 
Carpenter 410 
1 t o  3 m i l s  
1 . 5  i n .  
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Le aching 

In s t u d i e s  f o r  app l i ca t ion  t o  core leaching,  the  e f f e c t i v e  surface 

a rea  of unirradj-ate& UO;! pel.l.ets d i sso lv ing  i n  n i t r i c  a c i d  vas determined 

as a f inc t ion  of the  f r a c t i o n  dissolved by measu-ring the  welight loss of 

p a r t i a l l y  dissolved p e l l e t s  over shor t  per iods .  The d a t a  obtained awe 

elupressed by 

i n  which A and W a re  -the area  arid weight of pel - le t s  at, any ti.me, and A0 

and WQ a r e  the  i n i t i a l  s u p e r f i c i a l  a rea  and weight. AfLer. a shor t  dis- 

so lu t ton  time f r e s h  p e l l e t s  become porous ami the effec'i.Ive area i s  -3-5 

t imes the  i n i t i a l  a r ea .  Tfie f i~1- l  po ros i ty  oP a p e l l e t  i s  devel-oped a t  - 35% dissol.i.ii;ion. 

i s  given i n  Fi.g. 1.8. 

a c t u a l  chop-leach s t u d i e s  t o  be performed. with the  shear now 'oeing f a b r i -  

cated; they should not be used. t o  def ine r eac t ion  1-ates, l o s s e s ,  and o ther  

parameters f o r  t'ne chop-l.each approach. 

A pl.ot of the da ta  as expressed i n  the above equat ion 

These da t a  are being developed as background f o r  

Tests were made -to evalua te  the  continuous adjustment of uraniitm leach  

solutiori  for  s01.vent ex t r ac t ion  by conti-nuous evaporat ion of excess n i t r i c  

ac id  and cont;T.nuous d i l u t i o n  witin water.  Evaporation with constant  uraniuni 

concentrat ion i n  the s t i l l  po t  w a s  attempted, but opera t ion  was d i f f i c u l t  

when high ac id  condensate and l o v  Hf/U ratio in t he  miderrfl.ow were required 

(F ig .  1 . 9 ) .  Over-all  ac id  balances checked wi th in  5%. 
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Fig. 1.8. Effective Surface Area of UO, Pellets Dissolving in 
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I. 5 PROCESSES FOR CrRnmTITE-CONTAINING E'UELS 

Chemical development of processes  €or uranium-graphi-Le and uranium- 

thorium-Sraphite f u e l s  has included inves t iga t ion  of  a grind-leach tech-  

nique, and the  use of i n t e r c a l a t i n g  agents  such as brorfl?,ne, interhalogens,  

and fuming n i t r i c  ac id  t o  d i s i n t e g r a t e  the  f i ~ 1 . s  p r i o r  t o  a c i d  leaching.  

Both g raph i t i zed  and ungraphi t ized f u e l s  were s tudied.  

The s tandard gr ind-leach f3.0wsheet16 ,17 inc ludes  mechanical reduct ion 

of the  f u e l  t o  -16 mesh, leac?ling twice with b o i l i n g  15.8 M - HNO3, arid 

washing of t he  graphi te  res idue wi-kh water a f t e r  each leach .  Under t'nese 

condi t ions t h e  recovery of uranium from g raph i t i zed  f u e I s  containing 2 5% 

uranium w a s  99.8%. 

t o  achieve 99% recovery, whri.1.e losses from f u e l  with < 2% uranium were > 1% 
regard less  of t he  f ineness  of  gr inding.  With ungraphitized. f u e l ,  urani.um 

recovery w a s  near ly  independent of uranium content and Fanged from 99.5 t o  

99.9% from the  -10 1-20 mesh Pebble Bed and TREAT fuel. samples t e s t e d  ( 0 . 2  

t o  9$ uranium). 

i n  some cases  the  1-eaching t reatment  d i s i n t e g r a t e d  -10 1-20 mesh f u e l  t o  

-190 mesh, probably as a r e s u l t  of n i t r i c  a c i d  r eac t ion  with t h e  ungrapbi- 

t i z e d  organic b inder .  

Fuel. with 2--4$ uranium had t o  be ground to -200 m e s h  

Leach so lu t ions  from ungraphi t ized f u e l  were dark red,  and 

Recovery of thorium and uranium from f u e l  containing '11102 Oi" ThO2-UO2 

i s  dependent on the  method of' prepara t ion .  For example, leaching with 

15 .8  - M HN03  of ungraphi t ized -10 +20 mesh Pebble Bed r eac to r  f u e l  contalning 

h igh- f i red  coprec ip i ta ted  ThO2-UO2 (0 t o  1% uranium, 6 t o  40% thori.im) re -  

sulted i n  < 2% uranixm and thoriwfi recovery, whereas leaching with Thorex 

d isso lvent  [13 - M HN03-0.04 - M NaF4.l .  M - Al(NO3)3] r e s u l t e d  i n  > 99% uraniux 

and thorium recovery.  With g raph i t i zed  General Atomics HTGR fuel (1.5% 

urani-urn, 7% thorium), i n  whi.ch the  admixed oxides were converted t o  the 

carbides  an& hydrolyzed gradual ly  i n  a i r ,  leaching i n  15 .8  M - HN03 o r  Tnorex 

dissolvel i t  resulted.  i.n recovery of 90% of t h e  uranium and 87% of the  thorium 

from -3.6 +30 mesh samples. With 'Th02-UO;! fuels containing admixed LJOz and 

16M. J. Brr,dJ.ey and L .  M. F e r r i s ,  Recovery of Uranium and Thorium from ____. 

Graphite Fuels. I .  Laboratory Uevelopment of  a Grind-Leach Process,  ORNL- 
2761 (Mar. 17, 1963) .  

1 7 M .  J. Bradley and L. M. F e r r i s ,  Recovery of Uranium and Thorium from 
Graphite Fuel Elenents ,  OWT, CF-60-1-42 (Jan. 19, 1960) .  
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Fig. 1.10. PrQCeS.5 for Disintegrating and Leaching Graphitized 5% Uranium-Graphite Fuels 

with Boi l ing 90% Nitric Acid. 
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t h i c k e r  fue l .  The volumes of ac id  and water used a r e  based so le ly  on t'ne 

soi-ptive capac i ty  o f  t he  g raph i t e .  

re-use,  t he  l each  so lu t ion  (wliich i s  more concentrated than  the  68% azeo- 

t rope )  i s  d i s t i l l e d  pyior  t o  being combined with the wash solut ions;  when 

f u r t h e r  boi.l.domi i s  reqiY.red, t he  conden.sa.i;e i s  routed t o  waste. 

I n  order  t o  recover the  90% ac id  f o r  

When fuming n f t r i c  a c i d  w a s  used f o r  washing, t he  f i r s t - c y c l e  uranium 

recovery w a s  s l i g h t l y  less; however, t h i s  w a s  compensated for i n  t h e  second 

leach ,  because tile a c i d  added to the second cycle was not  d i lu te&;  recovery 

of  9G$ HN03 and f i n a l  reed adju.stmenL are also s impl i f ied .  Uranium re- 

coveries  varied. from 99.95% f o r  graphitized fuel containjhg 13$ uranium 

t o  -999% f o r  f u e l  with 1.5% u r a n i u .  With f u e l  containing 2 2% uranium, 

the  uranium recovery w a s  only 0.2$ h igher  a t  b o i l i n g  than a t  25°C; cor- 

ros ion  at the  lower temperature i s  much l e s s .  

Since ungraphitized. carbon does not form lamellar compounds, the 

fum?.ng n i t r i c  a c i d  process  i.s not necessaril-y appl-i.cable t o  ungraphitizefi  

fuels. Spheres of admixture ungraphi t ized Pebble Bed fbel,  prepared by 

National Carbon and Great Lakes Carbon, disintegra.Led, though at; a slower 

ra te  Lhan graphi t ized  fue l ,  bu t  -4 +8 nesh p ieces  of Si-Sic coated speci-  

mens prepared by Minnesota Mining and. Manufacturing Company d id  not .  

The major chemi.cal. problem with t h e  90% €IN03 flowsheet i s  the pos- 

s5.bl.e formation of n i t r a t e d  organic compounds from t he  graphi te  and from 

organic impur i t ies ,  which m i g h t  r e s u l t  i n  d-etonations. This  i s  current1.y 

being studied.  
The use of Br2, I C l ,  and I B r  as d i s i n t e g r a t i n g  agents  was s tudied a t  

25°C wi-Lh g raph i t t zed  m e 1  specimens i n  both the  i n t a c t  (0.8 x 4 x 4 em) 

and rough ground (-4 +S mesh) condi t ion (Table 1 .7 )  .I9 The interhalogens 

were b e t t e r  d i s i n t e g r a t i n g  agents  than  Rr2, bu-t subsequent leaching  of B r z -  

t r e a t e 5  samples with 15 M HN03 gave super?:or uranium recovery. The f rac-  

t i o n  of a 40-g specimen reciuced by Br2 t o  -20 mesh powder ri.n 4 t o  6 h r  

i-ncreased from O w i t h  el.ectrode graphi te  t o  95% w i t 1 1  a sample containing 

9% urariium. 

by vacium d i s t i l l a t i o n  before leaching or by f r a c t i o n a l  di sti l l .at j .on of 

- 

Bromine and the  Interhalogens are recovered f o r  recycle  e i t h e r  

1 9 M .  J .  Bradley and L.  M. F e r r i s ,  Recovery o f  Uranium from Graphite 
Fuel Elements .  IT:. Dis in tegra t ion  w i t h  Broiriine and Interhalogens,  ORNT, 
CF-60-3-66 (Mar. 18, 1960) .  

36 



r- 
r- 

37 



the  off-gas  during leaching .  

zed during Lreatment T.rj . tk:  Rr2. 

Less than  0.01% of  the uranium w a s  solubili- 

I n  subsequeiit leaching of Br2-treated fuel wi.th 15.8 M FINO3, 77.8% of - 
t he  uraiiiiim w a s  recovered fron. fuel. containing 5 4 %  uranium (Fig. l.11). 

Uranium l o s s e s  increased sharply with f u e l s  contalinirig < 4% urani.im but  

were cons i s t en t ly  lower than gr ind-leach losses. Uranium losses from 

ZCI-treated me1 contai.ni.og 1C and 14% uranium were 15 and 3$, respec- 

tFvely.  

9E 

9 4  

.... .- 
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Fig. 1 .11 .  Effect of Bromine Swelling on the Leaching o f  -4 + 8  
Mesh Samples of Graphitized Fuel  with Two Portions o f  Boiling 15.8 M 
HNO,. 
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1.6 'ilERMEX PROCESS 

I n  t h e  Henflex process  , i r r a d i a t e d  uranium al.l.oys containing > 90$ 
uranium are decontaminated from f i s s i o n  products  by e x t r a c t i o n  wi-Ui bo-iling 

mercury, r e c r y s t a l l i z a t i o n  of ~ ~ g 4  at  ~ ' T ~ C ,  vo la t i l - i za t ion  of tile rniercury 

a t  800°C, and subsequent Fu..sion of t h e  uranium. 'O-'' 

t he  high solu 'oi l i ty  of u r a n i u m  relative to t h a t  of elerrien-t;s t o  be separated 

from it. S o l u b i l i t i e s  p e r t i n e n t  t o  the  process , thermociynmic p r o p e r t i e s  

f o r  t he  uranium-mercu-ry system, and a cor rec ted  phase d.ri.agrm were de te r -  

mined, and a procedure for applLcation Lo 1-iranium oxide fhels was studiyd.  

Tile process  i1t;ilizes 

Tile s o l u b i l i t i e s  0-f u~-ani im and thorium i n  mercury from 25 t o  356°C 

were care  f 'ully and compared wi th  that; of plu-toniun as de- 

termlhed by Roversox and. Leary. *' 1 k e  s o l u b i l i t i e s  of tbe rare e a r t h s ,  

samarium, neodymium, and gad.ol . tnim Tniere aLso de t emined .  Least-s ipare  s 

p l o t s  of the logari t lm of so lub i l i - t y  ( 7 ,  $) aga ins t   ti^ r ec ip roca l  of ab- 

solute temperatiure were made; -tile f i t t e d  equat ions,  with s tandard e r r p r s  

of f i t  arid h e a t s  of solut ion.  cal.culat;ed f-roin them, a re  giyen i n  Tal1l.e 1.8. 

The sol.!~inil.itries of several other f i s s i o n  product metals  i n  111~3rcu.ry 

sa tu ra t ed  w i t b  uranium were a l s o  detei-rn-i.rxd. The s o l u b i l i t y  of mtheniiun 

va r i ed  fr0i-n 1..2 x 

by a f a c t o r  of xpproximztely lo4 than  in urani1uvi-free mercury. 

so1ubi1i ty  i n  the same temperature range vas 2.1 x 
about an order  of magniLude less than  i n  mercury alone. For zirconium and 

molybdenum the so1iJ-bj.liti.es we're below thei.r 1 i r n t - L ~  0-C d e - k c t i o n  by the 

neutron a c t i v a t i o n  method (less than  m5 wt $) . 
a t  the  above concent ra t ions  did. not affec-t, t h e  s o l u b i l i t y  of uranium i n  

mercury. 

w t  5 at  5 0 ' ~  to 1.1. x w-t $ at; 3 5 6 O ~ ,  gi-eater 

Pal.l.a,dium 

t o  2.4 x l o v 4  wi; s, 

Tht? presence of  the nietals 

'OR. E. 

210. c. 
220. c .  

23A. F. 
29, 1957). 

Messing and 0. C.  Dean, SoD.ubiIl.ti.es of  Selected Metals i n  
Mercu-ry: Herrnex Process,  ORNL-2871 (Jur ic  1.!jJ 19601. 

24D. F. Rowcrsox and J ,  A. L e a ~ y ,  ,J, Iaorg .  Q Nuclear Che!n. 9, 1-01-12 - (199) . I 
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Table 1.8.  S o l u b i l i t y  Equations and Hests  of Solu t ion  f o r  Act inides  
and Lanthanides i n  Mercury 

So lub i l i t y  
Constant s * Heat of  Solution** Standard Elecent  (kcal/g-atom) Er ro r  of  F i t  

a b 

Uranium 2.33 1418. 8 6.49 0.01536 

Thorium -0.43 698.5 2.93 0.02046 

P1.utonium 1.44 954 4.33 

Gadolinium 1.84 1222 5.59 0.03539 

Samarium 1. i+l 1.037 4.74 0.07606 

Neodymlum 1.65 1163 5.36 0.1.063 
... l_l_ 

*From s o l u b i l i t y  eqratj-on, l o g  (wt %) = a - b/T, 
laT1 d 1% WL $ - _. **Gal cula ted  from t h e  r e l a t i o n  

d 1 / T  3.303R 

Thermodynamic P rope r t i e s  of Uranium Mercurides 

The equi l ibr ium vapor pressures  of mercury over uranium amal_gams as 

a fhnc t ion  of composition were d e t r m i n e d  f o r  compositions between 50 and 

99 at.$ mercury and f o r  temperatures from 25 t o  4-31°C. 

were ca lcu la ted  molal f r ee  energies ,  en tha lp ies ,  and en t rop ie s  OP forma- 

t i o n  of tile i n t e r m e t a l l i c  compounds ulig;!, UTlg3, and UHgr, ( r e f  25) ( see  

Table 1 . 9 ) .  

From these  da-La 

Since isothermal  vapor pressures  were a s t ep  func t ion  of  composition, 

with sharp d iscont i i iu t ies  a t  t he  i n t e r m e t a l l i c  Compositions, interphase 

s o l u b i l i t i e s  were considered neg l ig lb l e  . 
prepared f o r  t he  uranium-mercury syskrn a t  1 a t m ,  based on the  thermody- 

namic p rope r t i e s  presented.  

A phase diagram (F ig .  1.. 1.2) w a s  

Processing of  Uranium Oxide Rie1.s 

A prel iminary study was made of a procedure f o r  applying the  Hermex 

process  t o  the  decontamination of  uranium oxide furls. Sii i tered U02 p e l l e t s  

251i. C.  Forsberg, Thermodyiiamic P rope r t i e s  of t he  Uranium Mercurides, 
OM,-2885 (Feb. 15,  1 9 6 m  



Table 1.9. Thermodynamic Properties of Uranium Mercurides 

De c ompo s it i on 
Teripe rature U-Hg AFT Function m1 AS P Compourici a t  1 atm ( " c )  (kcal/rnolc ) ( kcal/mole ) ( kcal/mole ) 

mg2 436 -91.66 - .?1.98'1' 0 . 091. 'i 4.987 

uhz3 41.7 -555.47 - 6.31~ 0.556 6.311 

383 

-1.594.13 - 6.11T 0.1594 6.106 

-3777.48 - 2.35T 3.777 2.35 
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Fig.  1.12. Phase Diagram for the Uranium-Mercury System at  1 atrn. 

were reduced 'LO uranium by m a g n e s i i i m  In the presence of  anhydrous Rlagrie S i U l i i  

ch lor ide  at 1000DC, and the  urani.um was extracted.  w i - t h  mercu~y.  

oxide, rare e a r t h  0xid.e s, and nagnc.1 sl.wm oxl de :<ere renoved as ri nsoluble 

dross  by fri . l tra. t ion a-t 356°C. 

25°C and removed b;jr :t?.Ltration, leavj.x1g t k ~ i i  inore so1iibl.e r n z t a l s ,  ces iun  

Strotl t ium 

The umanium, as TJHig4,  was c q s t a l l i z e d .  at; 
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and magnesium, i n  niercury so lu t ion .  The LJflg~ w a s  converted t o  UO;! and 

mercinry by steam a t  200°C. 

moved from the  UO2 by hea t ing  i n  a stream of  hydrogen a t  9OO0C. 

Mercury and o the r  v o l a t i l e  impur i t ies  were re- 

In a l abora tory  t e s t ,  UO;! spiked with ruthenium, cesium, and s a m a r i u m  

w a s  processed; decontaminatlon fact0r.s o f  > 1000 f o r  ruthenium, 220 f o r  

cesiurii, and ?5 for samarium were obtained. Ylelds  f r o n  reduct ion and a 

s ing le  mercury-extraction cycle were as high as 93$ of the  i n i t i a l  uranium 

cha-ded. 

1. ‘7 SOLVgNT EXTRACTION PROCESS DEVELOPMENT 

The purpose of t h i s  subprogram i s  t o  determine tile a p p l i c a b i l i t y  of 

present  solvent  e x t r a c t i o n  processes  t o  the  aqueous n i t r a t e  feeds pre-  

pared by the  Darex, Sulfex,  Z i r f l ex ,  and o the r  head-end processes  and -Lo 

develop new processes  where required.  Paral.l.el. work on r a d i a t i o n  damage 

t o  so lvents  and t h e  eva lua t ion  of  new so lvents  a re  discussed i.n Sees 15 

and 16, respec t ive ly .  The major development l a s t  year  w a s  a new Thorex 

process  f o r  t he  CETR and o the r  thorium-uranium f u e l s  i n  which n i t r i c  

a c i d  i s  used in s t ead  of aluminum as a s a l t i n g  agent .  Subsequent waste 

handling i s  g r e a t l y  s impl i f ied .  High-act ivi ty- level  flowsheet runs and 

co ld  engineering-scale f looding and HETS determina~t ions were made on m0d.i-  

f i e d  Purex processes  f o r  Yankee Atomic and NMSK f u e l .  The e f f e c t s  of 

molybdenum f o r  Lhe Det ro i t  Edison blanket  and CPPD f u e l s  and of  H3PO4 

from LAPRE-I1 on solvent  e x t r a c t i o n  performance were evaluated.  

An Lmproved 1”norex process  w a s  developed for t he  CETR and ot;her 

thori.ixn-uraniu;?l f u e l s  (F ig .  1.13) . The advantages of the new process  

over t he  previous al.u%minum-sal.ted process  a re  (I) t he  s u b s t i t u t i o n  of 

n i t r i c  aci.d f o r  aluminum as a s a l t i n g  agent,  which pe -mi t s  a t en fo ld  

g r e a t e r  volume decrease i n  tlne f i r s t - c y c l e  waste than w a s  formerly feas-  

i b l e ;  ( 2 )  f iss i -on product decontamination f a c t o r s  and thorium and uraniuq 

26A. F. Messing and 0. C .  Dean, Processing of High-Fired Uranium D i -  
oxj.de Fuels by a Reduction-Mercury Extract ion-Oxidat ion Process, ORNL- 
2909 ( J u l y  26, 1960). 
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Fig. 1.13. Acid Thorex F l o w s h e e t  for Consol idated Edison Fue l .  

recover ies  equal t o  or b e t t e r  1;han those obtained wi. tkl  almirlm sa l t ing ;  

and ( 3 )  pulsed-colxmn s tage  heights only 5074 of .those formerly obsex-ved. 

I n  the  Y i m t  cycle ,  the adJus-ted Teed conta ins  265 g of thorium arld 

15 g of uranium per liter, 0.115 M fll+'-+, 0,046 M F-, arld 0.1 14 Nd3S03 

and i s  0.15 2 0.0s M ac id  d e f i c i e n t .  
an& scrubbed with n t t r i c  acFd t o  eo-ext rac t  thorium azld urani.1m in t,he 

f i r s t  column. 

c o l m n  wt.Lh 0.006 M Al(NO,)3 and. the uraniurm stri .pped Ix-om the solvent 

with 0.008 14 Al(N03)3 i n  the  tlllrd colvjlul. 

each processed through a second cycle o f  e x t r a c t i o n  t o  ach:i.eve s u f f i c i e n t  

additional.  cleaiiup t o  ensure tllat the product fission product ac t iv i t - i . es  

- - - 
The reed i s  contacted writ'n 30% T3P - 

The thorium Ts p a r t i t i o n e d  €from uranium :'-n the  second 

I 

Tile thorium and uranium aye - 
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are 5 t he  U 2 3 8  daughter a c t i v i t i e s .  

t'ne new flowsheet wzs discussed i n  See 1.1. 

The feed prepara t ion  procedure f o r  

I n  the  extract5.on c o l m  the  use of an aci~d.-deficient feed maintatns  

the  f i s s i o n  products a s  nonextractable  spec ies .  High d i s t r i b u t i o n  coe f f i -  

c i e n t s  f o r  urar,ium and thorium are provided at t he  feed po in t  by Lhoriurn 

s a l t i n g ,  and near  t'ne bottom of t l i p  c o l ~ m ,  where the  thorium concentra- 

t i o n  i s  low, by n i t r i c  ac id  add i t ion .  The thorium and uranium Losses i n  

f i v e  e x t r a c t i o n  s tages  are < 0.1- and < O.l$, r e spec t ive ly .  

taminat ion i s  obtained with a scrub of 1 M - EIN03; t h e  scrub add i t ion  i s  

s p l i t  t o  prevent n i t r i c  ac id  carryover t o  the  p a r t i t i o n i n g  column. Under 

these  condi t ions decontaminaLion f a c t o r s  (DF's) of lo3 ,  8 x l.03, l o 3 ,  and 

2 x l o 5  were achieved f o r  m t h e n i m ,  zirconium-niobium, protact inium, and 

r a r e  e a r t h s ,  respec t ive ly ,  i n  countercurrent  batch e x t r a c t i o n  tes ts .  

Maximum decon- 

Wi-Lh an improved thorium-uranium p a r t l t i o n i n g  process  i t  i s  poss ib le  

t o  ensure t h a t  < 0.1% of tine uranium i s  l o s t  t o  t he  thorium and < 1% of 
t he  thorium i s  l o s t  t o  t'ne uranium i n  the  pa r t i - t i on ing  column i n  10 t heo re t -  

i c a l  s tages  by minimizing 'che volume and the  ac id  i n  t h e  thor i im s t r i p  and 
by decreasing t h e  vol.ume of scrub. Five s tages  each of scrii'obing and s t r i p -  

ping are used. 

f looding i n  the  scrub sec t ion  of the  p a r t i t i o n i n g  column, which occiirs a t  

750 g a l  f t -2  i1r-l a t  I i n .  ampli-Lude and 50 cpm. 

The flow capac i ty  of t he  new Thorex process  i s  governed. by 

In t he  new 'i'horex process  the  uranium i s  s t r ipped  i n  the  t h i r d  column 

with 0.008 - M Al(N03)3 i n  f i v e  t h e o r e t i c a l  s tages .  

w a s  v e r i f i e d  i n  which the  ura.nf.um product concentrat ion i s  doubled by re- 

f lux ing  and by withdrawal a t  a po in t  between -the p a r t i t i o n i n g  and s t r i p  

c o l m n  s . 

A refliux s t r i p  operat ion 

S tudies  were a l s o  conduc-Led t o  develop a co-ext rac t ion  and s t r ipp ing  

f i r s t  cycle f o r  thorium and uranium fron a 30% TBP e x t r a c t i o n  product i.n 

which t'ne RNO3 concentrat ion v a r i e s  from 0.02 -to 0.2 M. - 
s t r i p p i n g  loss for uranium i s  s e t  a t  0.1% uranium and s t r i p p i n g  with 0.008 - M 

A ~ ( N o ~ ) ~  i s  t o  be tione i n  s i x  s tzges ,  s t r ip - to-organic  r a t i o s  of  1.0 and 1..2 

are required f o r  organic containing 0.02 and 0 .2  M - HN03, r e spec t ive ly .  U r a -  

nium i s  more ex t r ac t ab le  than  thorium and limits t h e  s t r i .pping column OF- 

e ra t  ion .  

If' the  maximum 
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The proposed seconcli Yloriim cycle conaiiioris a r e  s imi l a r  t o  t h e  f i r s t  

except t h a t  t he  thorium feed is s l i g h t l y  ac id  r a t h e r  thao a c i d  d e f i c i e n t .  
I n  labora tory  t e s t s  under these  condi t ions,  DF's of 10, 2000, 200, and 2000 

were obtained for ruthenium, zirconium-niobium, protactinium, and r a r e  

e a r t h s ,  respec t ive ly ;  t he  thorium loss w a s  0.02'6. 
The proposed. second 1Lraniixn cycle i s  based on t he  following flowsheet 

c0nd.i t i o n s  : 

Fee d. 1 volume; 9 g of U pe r  l i t e r ,  1 g of T'k 
p e r  l i t e r ,  3.5 - M HNO, 

Scrub 0.5 volume; 2 - M HN03 

s 01 ve I l t  1..4 volumes; 4% ira-Amsco 
Ex t rac t  i on  s-tage s 6 

Scrub s t ages  4 

Under these  condi t ions the  uranium l o s s  w a s  0.02% and the  DF's for  

mtheniun?, zirconilm-niobium, protactinium, and thorium were 300, 2000, 

400, and 10,  respec t ive ly .  

Second-cycle solvent  e x t r a c t i o n  operat ion has always been compli ca ted  

by the presence of T3P hydro lys is  products  produced i n  in t e rcyc le  evapora- 

t i o n .  These prod1uct;s genera l ly  p r e c i p i t a t e  and decrease decontaainat ion 

€porn zirconium-niobium and protact inium. Washing of the f i r s t - c y c l e  aqueous 

prodiicst p r i o r  t o  evaporat ion with 1/50 volume of Arnsco i n  a 5-stage con- 

t a c t o r  removed 96% of t'ne en t r a ined  and d isso lved  TRP. About 95% of the 

Amsco and 17% of the TBP were recovered from t'ne used Amsco wash by steam 

d i s t i l l a t i o n .  

Darex-U02 Feeds 

Two modified Pinrex runs on i r r a d i a t e d  s t a in l e s s - s t ee l - c l ad .  IJOz Yuel 

so lu t ions  prepared by t h e  Darex process  were made i n  "mi.ni" mixe r - se t t l e r  

solvent  e x t r a c t i o n  eqpipment i n  a hot c e l l .  I n  the second run a second 

cycle of solvent  e x t r a c t i o n  was demonstrated i n  shielded,  batch counter- 

cur ren t  e x t r a c t i o n  equipment. The feed f o r  the  f i r s t  run w a s  a composite 

of a Darex d i s so lve r  so lu t ion  from the  processing of an un i r r ad ia t ed  NMSR 

fuel sample and a Sulfex d i s s o l v e r  so lu t ion  produced from a Yankee f ie1  

sampl-e i r r a d i a t e d  t o  1000 Mwd/ton. 

solved ri.n n i t r i c  acid 5 moiit'ns pre-fliously. The feed contained, i n  counts 

The Yankee file1 sample had been dis- 
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rnin-' rd-', l o 8  gross  beta ,  6 x l o 7  gross  gama,  and 4 x l o 5  plutonium 

alpha.  

gross  be ta ,  gross  gmma, zirconium-niobium, mtheniuii ,  and r a r e  e a r t h s  

were 160, 21, 18, and 1700, respec t ive ly .  The low DF's for a l l  except 

the  r a r e  e a r t h s  a re  a t t r i b u t e d  t o  the  five-mon-th aging of  the a c t i v i t y  i n  

2 - M FiN03; the  poor r a r e  e a r t h  DE' i s  not explained. 

Firs-L-cycle uranium and plutonium l o s s e s  were < 0.01%; DF's f o r  

The feed f o r  the  second run was prepared, using the  reference Darex 

flowsheet, from two WCAP Yankee ~ h e l  samples i r rad ia ted .  t o  16,100 and 7500 

Mwd/ton and decayed 150 and 480 days, respec t ive ly .  The plutonium valence 

was ad jus ted  with NaNO2.  F i r s t -cyc le  uranium and plutonium l o s s e s  were 

< 0.01%. 'nile DF's f o r  gross  be ta ,  gross  garnma, zirconium-ni-obium, ruthe-  

nium gamma, and t o t a l  r a r e  ear-i;h be ta  were 9 x l o 3 ,  5 x 1.02, 5 x lo2, 
8 x l.03, and 1.8 x lo6, respec t ive ly .  The ].ow zirconium-niobium DF i s  

a t t r i b u t e d  t o  the  low sa tu ra t ion  (51%) of  uranium i n  the  so lvent .  

the second cycle the  uranium loss t o  the r a f f i n a t e  and plutonium prod-uct 

w a s  < 0.01%; plutonium l o s s e s  t o  r a f f i n a t e  and uranium product were 0.5 

and 0.4%, respec t ive ly .  The second-cycle uranium DF's f o r  gross  be ta  

and gamma were 81 and 81, respecti-vely; the  plutonium DF's  were 66 and 

6,  respec t ive ly .  

I n  

Over-all  two-cycle DF's f o r  uranium were 7 .4  x l.05 and 1 . 2  x l o 5  
f o r  gross  be t a  and. gamma, respec t ive ly ;  the  corresponding t 'neoret ical  

values a re  3 x 1.06 and 1 .5  x lo7. 

Since t'ne use of ac id-def ic ien t  feed  and the  add i t ion  of n i t r i c  a c i d  

f o r  s a l t i n g  below the  fee& p l a t e  proved so ef-fect ive i n  T'norex t e s t s ,  a 

sj.mi.lar flowsheel; w a s  e s t ab l i shed  and t e s t e d  f o r  Purex. The condi t ions 

were : 

Feed 

Scrub 

Acid S a l t i n g  

Ext rac tan t  

1 volume; 350 g of U per  l i t e r ,  0.02 M - NaHSO,, 

0.7 volume; 1 - M HNO,, 0.004 - M H3PO.4 

1. volume; 1.3 M HNO3; added a t  four th  s tage be- 

3.5 volumes; 30% TEP Amsco 

0.02 N ac id  d e f i c i e n t  - 

- 
low Peed 

Ext rac t ion  s tages  5 

Scrub s tages  8 
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'fie uranium D Y ' s  f o r  ru thcn iwn  and zirconium-niobium were l . 6  x lo4 

and 2.2 x l o 4 ,  respect ively;  plutonium Wac not ex t r ac t ed .  

appears best f o r  use i n  f i n a l  iiraniurn cleanup a f t e r  uranium-plutonium 

p a r t i  tionirig . 

'This flowsheet 

Pulsed ColLutlri F'erformana? Tests 

Engineering-scale pulsed colur~m t e s t s  were made with Rirex flowsheet 

condi t ions  f o r  Yankee A t o m l c  o r  NMSR fael t o  o'nkain comparative perform- 

ances of s ieve ,  nozzle,  and nozzle-zebra p l a t e s  ( a l t e r n a t e  p l a s t i c  arid 

s t a i n l e s z  s t e e l  s ieve p l a t e s )  operated with the  i n t e r f a c e  e i t h e r  a t  t he  

top  o r  bottom of the col.umn over a wide range of pu ls ing  condi t ions.  

dimensional da t a  f o r  the  p l a t e s  and the  flooding and WETS d a t a  obtained a r e  

given i.n Table 1.10. 

The 

In the ext rac t ion-scrub  column the  f looding r a t e s  a re  genera l ly  l i m -  
ri.tcd by tine scrub sect ion;  only with nozzle pla-Les w a s  an organic-con- 

tinuoris dispe?:sioii e a s i l y  rnaintained. With s ieve p l a t e s  and a bottom in -  
t e r f a c e ,  phase in;rersion t o  aqueous-continuous occurred i.n Yne scrub sec t ion  

a t  fiow r a t e s  > 300 g a l  f t -2  hr-'; writh a zebra-car t r idge scrub sec t ion  the  

d i spe r s ion  was aqiieous-contirl~ious i n  the s t a i r i l e s s  s t e e l  s ieve p l a t e s  and 

was a double d i spe r s ion  i n  the p l a s t i c  p l a t e s .  Nozzle p l a t e s  were less 

subjec t  t o  emulsion formation and. i.nterfact3 crudding than e i t h e r  zebra o r  

s ieve p l a t e s  when a d i l u t e  c lay  sl.u.rry was added t o  the  feed .  

I n  s t r i p  colium operat ion the maxiiinun flow c a p a c i t i e s  were somewhat 

g r e a t e r  -t;imn i n  extn-action C O ~ . U ~ S  of equal  d.iameter, and c a p a c i t i e s  were 

hi.gher with the  i n t e r f a c e  a t  the bot-tom of the column. However, f o r  ex- 

t r a c t i o n  and s t r i p p i n g  colurnns or" equal diameter,  t he  s t r i p  colwnn i s  gen- 

e r a l l y  capac i ty- l imi t ing ,  s ince  i r i  nost flowsheets the t o t a l  two-phase 

s t r ipp ing  flow i s  about twice the  t o t a l  ex t rac t ion-scrub  flow r a t e .  

I n  both e x t r a c t i o n  and sS,r-ipping the  HETS values f o r  uranium e x t r a c t i o n  

for sieve plates operated with a bottom intei-f 'ace were unaffec-ted by p d s e  

frequency. I n  t e s t s  with sieve p l a t e s  operated with a top  i n t e r f a c e ,  and 

with nozzle p l a t e s  with the  i .nterface a t  e i ther .  the  'cop o r  bo-ttorr?, HETS 

values decreased with increased pul-se frequency. 

In  o ther  - t e s t s  the  pulsed-co2imm stripping of n i t r i c  a c i d  from so l -  

vent w a s  used t o  siinulrzte the  scrubbing of f i s s i o n  products from t ho r iua ,  
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uraniimi, and plutonium t o  permit eva lua t ion  of t he  l a t t e r  under nonradio- 

a c t i v e  condi t ions.  S tudies  were made over the aqueous/organic flow range 

of 117 t o  1/20; t he  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  d3.lute n i t r i c  a c i d  vs 30$ 

TBP was -0.2. 

t e s t s  (Table 1.10) a re :  

Data for t he  s ieve and nozz,l.e platies used i n  the  previous 

Sieve P l a t e s  Nozzle P l a t e  s 

In t e r f ace  TOP Bottom Top Bottom Bottom 

Ratio,  A/O 117 1/7 1/20 117 1/20 

HETS, ft 1 . 3  5.5 3.0 2.4 4.0 

These d a t a  i n d i c a t e  t h a t  nozzle p l a t e s  a r e  super ior  t o  s ieve  p l a t e s  i n  

ex t rac t ion-scrub  columns where use of a bottom i n t e r f a c e  i s  des i red  t o  

avoid emulsion and crud formation and carryover.  

Uran3.m Molybdenum Rie ls  

I n  order  t o  d e t e m i n e  t h e  a p p l i c a b i l i t y  of the  Purex flowsheet t o  tine 

processing of De t ro i t  Edison blanket (uraniur1--3$ molybdenum) and CPPD 

(uraniun-lO$ molybdenum) f u e l  a l l o y s ,  batch countercurrent  sol-rent ex t rac-  

t i o n  t e s t s  were run on u n i r r a d i a t e d  f b e l  so lu t ions  prepared by the two 

uranium-molybdenwn head-end processes  descr ibed i n  See 1.3. The so lu t ions  
were spiked with plutonium; the  so lu t ion  concentrat ions and r e l a t j v e  vol- 

lune s were : 

U-3% MO w10$ 140 

Feed 100 volumes; 1 .0  M U, 0.074 - M Mo, 1-00 volumes; 0.63 M U, 
0.016 M - KO, 3.2 - Bf 

Solvent 253 v ~ l m e s ;  30% TBP 155 volumes; 30% TEP 

31 volumes; 3 M liNO3 Scrub 

0 . S  - M 2.75 M - ITt 

- 51 volumes; 3 M €IN03 - 

With both types of f'uel solutions, 7 extraction and 5 scrub s tages  were 

used. 'The t e s t s  showed no adverse e f f e c t  o-f molybdenum on e x t r a c t i o n  and 

stage requirements wi th in  normal Purex requirements. N o  molybdenum could 

be de tec ted  a n a l y t i c a l l y  a t  o r  beyond the  fourLh scrub s tage .  
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LAPFX-Ii Fuel 

S tudies  were made a t  Al3C request  t o  es-ia'rjlish a flowsheet and t o  de- 

tei-inine the  f e a s i b i l i t y  of  processing t'ne Los Alamos LAPRE-I1 f u e l  i n  -the 

J m i  hot  c e l l  equipment i n  Building 450'7. 

p e r  l i t e r  i n  96.@ H3P0,; the r eac to r  core contains  7 .27  kg of f u l l y  en- 

r iched U 2 3 5 .  Si.nce the  Irnmi equipment i s  not geometr ical ly  sa fe ,  c r i t i -  

c a l i t y  con t ro l  i s  achieved by 12-fol-d d i l u t i o n  of t he  f u e l  t o  6 g of uranium 

per l i t e r ;  a t  this conceiitra-Lion the  H3P04 i s  1.4 - M .  Secondmy c r i t i c a l i t y  

con t ro l  i s  ackieved by es-tablishine; a bat>cli l i i n l i t  of 300 g of  uranium. The 

so lu t ion  i s  then  made 0.05 ... M " i n  NaNO2 and 1.6 M c i n  Fe(N03)3 t o  ensure con- 

vers ion of' uraniuxc t o  U ( v Z )  and of  Pu t o  h ( I V ) ;  the 1.at ter  al.so provides  

sal . t ing s t r eng th  and ensures  the compl.exing of POL+-- by formation of ferr5.c 

phosphate conplex. Uncomplexed PO4--- blocks uranium 2x t rac t ion  by for -  

mation of unextractab1.e uranium-phosphate complex. 

The f u e l  c o n t a k s  77 e; of  U(IV) 

In batch extract i -on s tud ie s  both 2.5% and 6% TEGJ ex t r ac t ed  uranium 

quan t i t a t ive ly .  The l a t t e r  was chosen f o r  t he  s tandard flowsheet because 

i-t showed g r e a t e r  compat ib i l i ty  w i t h  the  lcrmni equipment. To achieve a ura- 

nium ex-tL-action I-oss of 5 0.01.$, seven t h e o r e t i c a l  s tages  a re  required.  

With a 4 - M HN03 scrub, uranium i n t e r n a l  r e f l u x  i s  only 6%. 

of 0.01 - M HN03, the  uranium s t r ipp ing  l o s s  was 0.03$ i n  4 4  t h e o r e t i c a l  

s tages .  &cause of t h e  cornplexing acti.on of PO/+--- on yU(TV), only 9% 

of t h e  plutonium was ex t r ac t ed ,  scrubbed, and s t r ipped  with tile ura3i.m. 

This represents  about tliree times t h a t  allowab1.e t o  achieve 8 uranium 

product with 33 ppb of pla toniux .  

Wiiii a s t r i p  

Solvent Recoveiy Studies  

F i l t r a t l o n  of used 3C$ TBP a f i e r  carbonate washing was "Tery e f f e c t i v e  

i n  re3ovring actri.vity, which appears to bz p-esent  as a second phase of  

small partlc1.e s i t e  a f t e r  carbonate t reatment .  In tesLs with solvent  con- 

t a i n i n g  8 x l o 4  ganxna counts min-' flu', most of 'which was zii-coniurn-ni~o- 

biun, a f i l t r a t i o n  DF of 200 was achieved by f i l t r a t i o n  iiirough a CaCO3 

bed on  a glass fri.t with 5-p poz-es; without use of  CaC03, the D F  was 1.00. 

Wk;er, a glass f r l t  of  40-p pore s i z e  was used., the  DF was 212 y d t h  CaCO? 

f i l t e r  a'_d and 1.1 without .  :Cn tests with o ther  fr i ts  and f i l t e r  papers 

the  DF was, rin general., i nve r se ly  propor t iona l  t o  pore s i z e .  
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?"ne h i l i  F a c i l i t y  i n  Ce l l  1, Building 4507, w a s  completed. a,nd t e s t e d  

with u n i r r a d i a t e d  f u e l  solubions.  It i s  constructed of Carpenter 20 and 

type 347 s t a i n l e s s  s t e e l ,  and i s  a se-i; of batch d i s so lu t ion ,  feed prepara- 

t i o n ,  and- f i r s t - c y c l e  so lvent -ex t rac t ion  mixe r - se t t l e r  equipment of i n t e r -  

mediate s ca l e  s i z e  (-100 m l / m i n  of' two phases i n  e x t r a c t i o n )  f o r  t he  demon- 

s t r a t i o n  of power r eac to r  R i e l  processing flowsheets at, f u l l  a c t i v i t y  level 

and on a sca le  s u f f i c i e n t l y  l a rge  to permit equi l ibr ium t e s t i n g  of crudding 

problems and o the r  va r i ab le s  d-ifffcu1:t t o  eva lua te  on a small sca l e .  Af te r  

l e a k  t e s t i n g  and c a l i b r a t i o n ,  tine head-end equipment was t e s t e d  s a t i s f a c -  

t o r i l y  on un i r r ad ia t ed  ORR fuel. Operational d i f f i c u l t i e s  experienced 

with the mixe r - se t t l e r s  a r e  being r e c t i f i e d ,  and tes t s  a.re being made on 

e x t r a c t i o n  e f f i c i ency ,  hydraul ics  , and rnechani c a l  perf om-ance . 

I. 8 ENGINEERING STUDIES 

I n  prepara t ion  f o r  t he  desian and cons t ruc t ion  of head-end p i l o t  p l an t  

system-s Tor t he  new head-end processes ,  a number of engineering studies 

were made on c r i t i c a l i t y ,  of f -gas  handling, solids separat ions,  r ad ia t ion  

damage t o  ma te r i a l s ,  and o the r  probl.erns pecu l i a r  t o  radiochemical process- 

ing .  

C r i t i c a l i t y  Stu-dies 

Tne engineering s t u d i e s  on c r i t i c a l i t y  have included both eva lua t ion  

of rnethods t o  prevent  inadver ten t  c r i t , i c a l i t y  and an appra i sa l  o f  t h e  

ser iousness  of acc idents  tha t  would result from an acc identa l  excursion.  

The dissol.vez-s planned f o r  -the Darex, Sulfex, and Z i r f l e x  processes a r e  

t o  be geometr ical ly  o r  near  geometr ical ly  safe; i n  the  l a t t e r  case t he  

addl-t ion of sol.iible neutron poisons to the  dissolver i ts  w i l l  be required.  

Equ.ipment> downstream from .the d i s s o l v e r  w i l l  gene ra l ly  not 'ne geometr ical ly  

safe and %--ill depend on coiicerkration con t ro l ,  use of soluble  poisons, o r  

use of f ixed  poi sons such a s  boron-glass packing t o  prevent  c r i t i c a l i t y  

inc iden t s .  The use of' soluble  compounds of t he  neutYor.1 poisons boron, 

cadmium, and rare ear-t ls  was found corripatlble w i  i;h tne  proposed head-end 
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s y s t e m .  27 The use of  f i xed  poisons,  s p e c i f j c a l l y  boron-glass 3aschig 

r ings ,  has  now been s tudied  and found p r a c t i c a l  froin both the  nuclear  and 

process  s tandpoini .  

r i ngs  containing 6% boron, u ~ ~ ~ ,  
g/l  i t e r  i n  i n f i n i t e  geometry were proved safe .  

t h a t  i n  such a system c r i t i c a l  i t y  cannot be reached a t  any concentrat ion 

o f  prsrtical i n t e r e s t ;  experimental  v e r i f i c a t i o n  of t h i s  f a c t  i s  i n  prog- 

r e s s .  

In  c r i t i r a l i i y  t e s t s  wLth a 25% packed volurne of glass 

and ~ 2 ~ 3 '  concentrat ions of 50 
Calculat ions have shown 

Experiments were performed t o  determj.ne Llie mixicg and. sampling char- 

Draft tubes  a c t z r i s t i c s  of a 32-in.-dia 150-gal t ank  f i l l e d  wi'c'n packihg. 

and sparging ri.ngs were evaluated t o  determine t h e i r  n ix ing  e f f i c i e n c i e s  

compared w i t 2 1  nonpacked tanks.  'The sparge r l n g  iv'as most ei"€'ective; 9% 

hGmOgenei.ty of  t h e  so lu t ion  w a s  achieved in < 4 min a t  an a i r  f l o w  r a t e  

of 0.55 scfin and. i n  8 .5  m i n  a t  0.1-4 sc-fm. 

With regard t o  rmclear incid.ent;s, a s t u d j  o f  sone 1 5  acc identa l  

p rompt-cr i t ica l  excursions i n  aqiieous systems whi.ch have occurred ind i -  

c a t e s  t h a t  such an inc iden t  r e s u l t s  i n  an energy r e l ease  of approximately 

fissLons i.n 5 0.1  see.  If pemanent  s u b c r i t i c a l i t y  i s  not  achieved 

by l o s s  of f u e l  OT moderator i n  t h e  i n i t i a l .  burst, the conf igura t ion  con- 

t i n u e s  'LO pulse .  

over '7 min. Enough tirae e l apses  between pu l ses  t h a t  automatical ly  ac tua ted  

con t ro l  devices  can shut  down the  system a f t e r  the  i n i t i a l  b u r s t .  

In one inc iden t  iz toLal of 4 X lo1' f i s s i o n s  occurred 

It i s  qui te  c e r t a i n  t h a t  i n  such an  accident  no b l a s t  can occlrr and 

t h a t  t h e  ruptur ing  of a well designed vesse l ,  even with a sma1.l vent ,  i s  

very un l ike ly  beca:ise of t h e  long t i n e  over wThich the  energy is re leased .  

'The chi-ef dangers zppear t o  be the exposure of personnel -to neutrons and 

gammes and. t he  c p r ~ a d  ol" activ?' . . ty,  p a r t i c u l a r l y  12, 50 t'3e environment 

through the  vessel off-gas systen!l. The dose fron a s ing le  birrst of 

f i s s i o n s  through varylr:g coiicre'ce th icknesses  i s :  
Concrete Shie ld  Dose a t  Outer Face 

OF S'nield (rex) 
-I- .-- Thickness ( ft ) -- 

520 
2 . 3  
0.19 
3.011: 
0.3012 

27Chern. Tech. Ann. Prog. Rep. Aug. 31, 1959, ORNJJ-27t'8, chap. 1. 
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From t'nis it i s  evldent  t h a t  no danger t o  personnel e x i s t s  f o r  exposure 

through heavy s h i e l d s  but  t h a t  l e t h a l  doses a r e  very l i k e l y  from unshielded 

o r  l i g h t l y  shielded t a i l - e n d  process  equipment. 

If it i.s asslm-ed t h a t  10% of the xenon and kqy-pton and 0.1% of Yne 

bromine and iodine produced in a s e r i e s  of b u r s t s  t o t a l i n g  l o L 8  f i s s i o n s  

pene t ra te  t he  off-gas cleanup systerii, the  rnaximuii dose a t  ground l e v e l  

dO%Tliwind from a 250-ft s tack  would. be about 0.2 rem. The est imated ex- 

posure due t o  p a r t i c u l a t e s  escaping t'ne cleanup system would be about 

5 mrem. In t h e  un l ike ly  event of ves se l  i-up'iure, a c t i v i t y  would a l s o  be 

d ispersed  Prom the  c e l l  off-gas system. Estimated cont r ibu t ions  frorn t h i s  

source from a 250-ft s t ack  would be 0.65 and 0.006 rem f o r  gaseous and 

p a r t i c u l a t e  a c t i v i t y ,  respec t ive ly .  

Off-Cas Treatrrient and D i  sposal 

Two p rob lem assoc ia ted  with .the dissol.iition of power r e a c t o r  fue1.s 

a r e  t'ne removal o r  safe  d i s s i p a t i o n  of K Y * ~  from d i s so lve r  ofS-gas and 

the  handling of t he  l a r g e  qu.anti-ties of  H;! evolved i n  Sulfex decladding 

of s t a i n l e s s  s teel .  f u e l s .  Although of l e s s e r  danger, t h e  removal of NH3 

from Z i r f l e x  decl.ad.d.i-ng of f  -gas must a l s o  be evaluated.  

Several  sys-terns were s tud ied  f o r  the removal of Kr85 from mixed. oPf- 

The most des i r ab le  from cos.1; and safety a.spects uses Freon scrub- gases .  

bing,  which w a s  developed a-t BNZ,. 

f e  r r e d  t o  h igher  ope rat,i.ng tempe r a t u r e  s, be cause l e  s s o f f  -gas conpi-e s sion 

i s  requi red  rin equipment of  th.e same s i z e ,  and because i-are-gas soli.~bi.l.i.ty 

i s  considerably g r e a t e r  a t  t he  lower temperature. 

The use of Freon-12 a t  -120°C i s  pre-  

S tudies  on the  r e l ease  of  K r g 5  wiLEiin the ORNL a rea  shov t h a t  such 

r e l ease ,  based on the  escape of  all. K?85 from a CETEi element over 0 .5  hr, 

would be j n to l e -ab le  from the upset  it would cause t o  i n s t m e n t a t i o n  

throughout t h e  a rea  and very dangerous to pe-~:sotinel. E'urther s t u d i e s  on 

r e l ease  a t  a higher  e l eva t ion  wtt1ii.n t h e  Area and a t  a high poin t  2 miles  

away show t h a t  both these  a l t e r n a t i v e s  a r e  s a t i s f a c t o r y .  Expected dose 

r a t e s  from the  th ree  r e l ease  s i tes  a r e  ta'uuleted below. The 303'3 nLack 

i s  i n  the  cen te r  OP t h e  ORNL area, with H a w  Ridge on the  south edge and 
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Melton Hill two rnll-es south: 

Dose Rate a t  Ground Level (mr/hr) ...ll.lll. 

3039 Stack - H a w  - Ridge ---- Melton H i l l  

l e a k  250 10  1 
Maxirfluri over 1 h r  2.5 0.25 0.31. 
Animal average < 0.05 < 0.35 < 0.05 

Peak r a t e s  at, the  HR'TJ t he  TSF, and the  EGCR were < 10, < 3, and < 0.7 

m r / h r  from a].]. the - e l ease  po in t s .  

Iiyd.rogeri would be con t ro l l ed  i.n t he  Sulfex process  by a n i t rogen  

purge t o  tke  d i s so lve r  before ,  during, and a f t e r  d-ecladding, provi-sion 

o f  a t i g h t  of€-gas system, and the  use oi" inst rumentat ion i n  both the  

eqJ.i.pmen-t t h e  c e l l  to shut down the  reacti .on whenever approach t o  

explosive mixture concentrat ions i s  noted. If a rare-gas  u n i t  were b u t l t ,  

t he  hydrosen would be c a t a l y t i c a l l y  comblned with oxygen before the o f f -  

gases  reached the  rare gas  removal sy-ster;l. If' a rare-gas  u n i t  were ilot 

provided, the  off.-gas wo1j.l.d be d i lu t ed  with a i r  t o  below the  explosive 

l i m l t  arid sen t  t o  a stack. 

Decladding Solu t ion  Ac t iv i ty  

In many of t h z  Darex, Sulfex,  and Z i r f l e x  decladding tes t s  with i r -  

radiaiei i  f u e l  sazplzs ,  the c l a d d i  ng soluiions contained considerably more 

activity than  e.xpected from the fuel-loss da ta .  However, radiocliexical 

deterniination of tk-e n w l i d e s  i n  tl:e solutions and ca lcu la t ions  of the  

exact  amount of i-r-duced a c t i v i t i 2 s  i n  the  cladding i.ndica'ie t h a t  t he  clad-  

d.j.ng so1u';:ion T w i l l  not  conta in  xo re  than  1% of  t'ne ac ' i ivi ty  i n  the f i r s t -  

cycle -yseous raCrLoLnates and the re fo re  w i l l  _rot requi re  cooled s torage 

f a c i l i i i e s .  

The r e s u l t s  o f  'ihese s tut i ies  show t h a t ,  except for Co6', al-1. induced 

a c t i v i t i e s  have half l.?.ves consi&e::ably less than  1 year  a ~ d  a f t e r  6 rmaths' 

deccy will. gzners.te l i t t l e  hea t  i.n comparison with tile I.ong-lived SrgO ani3 

CS~'~. 13 a sol-u.tioii of a fl iel  cladding containing 0.03% cobal t ,  t he  Co60 

. zc t iv i ty  a t  6 months' decay w i l l  amount only t o  0.5$ of the expected gross  

zissioii-nroduct a c t ; v t y .  

as serious as  t h a t  of Co60, tile cladding so lu t ion  hazard i.s cont ro l led  by 

i t s  f ' i s s i o ~  product content .  

-. Since the  j i o l o g i c a l  hazard 07 ~ 1 : ' ~  i s  i o 5  ti.mes 
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Fragmentation of 0xi.de E'uels 

One of the n a i n  comerns  i.n decladding processes  such as Dnrex, Sulfex,  

and Z i r f l e x  ts t h e  r e h a s e  of uranium oxide f i n e s ,  which wil.1. n e c e s s i t a t e  

a d i f f i c u . l t  1ia-uid-sol.ids separation to aVO?:.tl fuel. I.osses. These f i n e s  

also cons t i tu - te  a c r i t i c a l i t y  hazard vi-th some fiiel-s, because of tile in- 

creased chance of t r a n s p o r t  and se-1;i;lik-g of f i n e s  i n  nongeometi9cal.l.y safe 

equipment. 

a 3-iterature survey, 

This problem has been rii-tvestigated both experLmentally and. by 

Data from PWR, rJMSR, and Yankee sou.1'ces have shorn t h a t  -in samples of 

s o l i d  reactor-grade IS02 p e l l e t s  i r r a d i x t e d  t o  25,000 lvltlrd/t,on a t  heat f luxes  

up t o  3..5 x 1.06 Rtir hr-l ft-2 and at  temperstures a'oove t h e  melt ing poinl;, 

p e l l e t s  f r a c t u r e  t o  > l.-mm p a r t i c l e s  except f o r  < 1% f i n e s  r e s u l t i n g  liiostly 

from mechanical a t t r i t i o n .  

behaved s imi l a r ly .  Swaged o r  vibratory-cornpacted f u e l  prepared from 151)- 

800-p U02 was 95% s in te red  during i r r ad - i a t lon ,  and t h i s  f r a c t i o n  also be- 

haved simil .arly t o  the Yeactor'-grad.e p e l l e t s .  T'he remaininp; S$ of  t h e  file1 

remained uns in te red  1x.t  was not a t - t r i t ed  to s i z e s  belor,.; those of  t he  o r i g i -  

nal material. 

fra,gmentation w a s  o n l y  about half as severe.  

i n .  in diameter and t h e  smal.3-est about 1/16. 

Hollow-core p e l l e t s  i r r a d i a t e d  t o  50,000 M.,d/ton 

Thor?:.i*m oxri.de pel.Z.et:t; appeared more r e s i s t a n t  than U02, and 

Average fragr-ents were 3/16 

Based on these data,, c r i t i c a l i t y  c o n t r o l  can. be achi-eved w i t i i  sinip1.e 

sedimentation me-thod.s, and separaLioiis for control of losses and f o r  

accoun tah i l l t y  by cen t r i fuga t ion  al; 100 G. Reinoval o€ s i l i c e o u s  ma te r i a l s  

w i l l  r equ i r e  cen t r i fuga t ion  a t  about 1000 G. 

Radiat ion Damage Studies  

A nirmbei; of p ro t ec t ive  coat ings,  hydraulic f l u i d s ,  lubri.i:ants, plas- 

tics, and wood mater.i.al.s were i r r a d i a t e d  i n  a Co6' soiurce of 2 x 106 r / h r  

i i i tensi-ty t o  t o t a l  doses o f  3 X l o p  r t o  de temi i ie  t h e i r  su i t a ' o i l i t y  f o r  

use i n  var ious PRPP appl. ications.  The hydrau1i.c f l u i d s  an(?. l .u'nricents 

were s tudied  f o Y  use w i t h  the SI33 d.ecladding r-quiprflent, t he  p l a s t i c  3nd. 

wood prodiucts f o r  use as r h e l  shear guides ,  atid.  '(,he pro tec t ive  c o a - t i q s  

28As R. I rv ine  et al. O F X L  CF-60-1-102 ( Jan .  13, 1960). - - ,  
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f o r  use ' n  the  proposed f u e l  s torage canal. Glass-coated s i ee l  was i r -  

r ad ia t ed  t o  a s ses s  i t s  s u i t a b i l i i y  f o r  radiochemical process  se -vice.  

The r e s u l t s  of tlnese t e s t s  a r e  given i n  Tables 1.11 and 1 .12. Since 

none of  t h e  synthe t ic  matprials appear s u i i a b l e  f o r  use as shear  guides,  

a metal of high cobal t  (37%) and ch rom (25%) content ,  "StoodLy No. I," 

w i l l  be used as a gu.i_de f o r  t he  special. s t a i d e s s  s t e e l  shear blade.  

T a ~ k  1.11. Radiati-on Uamaze t o  Formica and Wood Matprials 
from 3 co60 Source a t  an I n t e n s i t y  of 2.0 x l c 6  rpnr  

and a Temperature of 125-157°F 

Ma Le i' i al 

To Lal 
Gamma 

1rrad.i a t i o n  

Hardne s s 
De m e  ase 

($1 ( r )  

Re marks 

. . . . . . . . 

._... ... ..._......_II 

Foimi c a 

Fo rmi c a , 
end g r a i n  "C" 

Rye r te x 

Ilye r t e  x 
No. 2885 

G a::, ke 

h e  r i  c an Brake 1 ok 
No. 508 

Mas oni t e 

2.25 X lo9 29 Surface pohiclery, growth -I$, 

2.25 x l o 9  
turned darker 

1 4  Su r race powde ry , t u  ne d 
darker ,  no d i m e n s i o m l  
c ha r,g e 

2.25 x l o 9  28 Surface poudcry and s l i g h t l y  
bowed, iurned darker ,  ex- 
pa 1ded L$ 

2.25 x l o 9  25 Matei.ia1 c r a c k d ,  expanded 
-5$, surface powdcq- and 

2.25 x l o 9  20 Su rf'ace bowed and powdeq, 
zxpandpd 9$ 

6 . 3  x lo8 4 M a t ?  r i a l  cracked, surface 
bowed, expanded 2$ 

6 . 3  x 10' i-? Matel-ial cracked and 
c'nari-ed, expanded 3% 

2.9 x 138 

b  OW^ d 

6 Mat c r i a1 c racked , c xpa n 11 e d 
-.ZI.Lt$ 
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Table 1.12. Suniiary of I r r a d i a t i o n  Damage Tesss a t  l25-157'F on Coatings, Lubricants and Other Mater ia ls  

Total 
GmTa 
Dose EfZects Xaterial Environment 

( r )  

Protect ive Coatings 
h e r c o a t  1680 over 

Dimetcote No. 3 
h e r e o a c  '74 ove? Fiber- 

g las  
Amrcoa t  No. 66 
menoline 300 
Phenolins 335 
P l a s t i t e  Ti44EC 
kcti-Thane AC-103 

C e i l e r i t e  6400 
Ce?.lerite 64G0 
PniercoaL.-66 
Anercoet 1680 over 

3ii::e t c ote  - 3 
Azti -Tharle HC-100 
PLast i te  7144-HC 

Polyclnd 935-1 DG 

Hydraulic Fluids  and Lubricants 
Kicerctl Oil No. 6 

UCON-Pjdralube-AC 
Iiydroliibe UCOX-150-CP 
Kyvac-20 
Alpna Corp. Tyye A 
2eemol Go. Eo. 3 
Anriox No. 275 
Shel l  Type APL 

&ma01 Co. Type 50 
.&mol co. Type 3fi 

Glass Linirg 
PPmdler  53 over Carbon 

Steel"  
Shear 31aAe Guides 

Formica 

Water 3 109 

'dater 1 .92  x 103 

Xaze r 
Water 
Wsi;er 
'&ate r 
Water 
Water 
Water 
Air 
Air 
A i r  

A i r  
Air 

1.92 x 10' 
1 .92  >: lo9 
1.92 x lo9  
< 5 x 138 
< 5 x 108 
< 5 x 108 

4 x 138 
4 x 108 
3 x l o 9  
3 x 10' 

3 x l o 9  
3 x 139 

A i r  1 x 138 

ki r 
Air 
Ai Î  

A i  r 
A i r  
A i r  
A i r  

A i r  
k ; -  
I1 

1 x 109 
3.4 x io8 
3.4 x 108 

3 x m9 
3 x 109 
3 x 109 
3 x 109 

3 x l o 9  
3 x l o g  

Air aric W;ter 2.25 X lo9 

Cover coat 3 m i l s  thick,  sa t f s fac tory  on metal, 

Failed, a t  3 x l a 9  r only zeal coat damaged, 

Failed, body and scal coat severely damaged, 

p ' i =iLed 
Failed 
Failed 
Failed 
Failed 
Sa t i  sfactory 
S a t i  sfactory 

S a t i  sf ac t 0-7 

use on coccrete unknown 

lmdy coat s t i l l  serviceable 

prime coat i n t a c s  I 

S a t i  sfactory 

L i t t l e  change, changes i n  viscosi ty  - up t o  

Serviceable t o  5 x 10' r 
mlanges color a t  ;O~-IC;' r ,  gels between 1 x l o 5  
I x 10' r gmma i r r a d i a t i o n  

1 and 3.4 x le8 r ,  xizh volme increase of 79% 
7iContain MoSa, good resis tance t o  6 x Lila r ,  

j probably useable t o  1 x lo3 r 
Greases, good t o  6 x l o 8  r ami probably t o  
1 X 10' r , f a i l e d  between 1 X 1c' and 
3 x 10' r 

]Failed a t  6 x 10' ,p 

Satisfacto-ry, :io char>ge i n  s t ress -s t ra in ,  cor- 
rosion or zbrasio:i res is tance 

EksL of 6 mater ia l s  t e s t e d  (see Table 1.11) 

*Room t e n p r a t u r e  . 



2. PO~WER REACTOR FUEL PXOCESSING PILOT myxr 

l'he objec t ive  o f  t h e  Power Keactor Fuel Processing P i l o t  Plant  Pro- 

g r a m  i s  the processing o: experimental q u a n t i t i e s  of power r eac to r  f u e l s  

t o  provide process  demonstration and opera i ing  and economic da ta .  The 

fot-mer Thorex and Meial Recovery P i l o t  P l an t s  make up ihjs complex and 

have been operated both  as one L*nit  and as separa te  u n i t s .  

2.1. FUEL PROCESSING 

A t o t a l  o f  50.6 tons of n a t u r a l  and deple ted  uranium f u e l  i r r a d i a t e d  

at, BM,, SH, and ITW w a s  processed t o  recover 39.1. kg of plctonium and 37 

tons of uranium; the SII and IiW uranium w e r e  discharged t o  waste w i t h  AEC 

approval.  

rece ived  neg l ig ib l e  i r r a d i a t i o n  was recovered. Eight MTR-irradiated. P u - A l  

a l l o y  fue l  assemblies were processed to  recover 563 g of plutonium, con- 

t a i n i n g  30% Pu~~ ' 'O;  t h e  r a f f i n a t e s  from t h e  plutoniurn recovery s tep were 

processed t o  recover a rare-earth-a3aericium-curium f r ac%ion .  

Three t 0 i l S  of ANT, r eac to r  CP-2 n a t u r a l  uranium f u e l  tha t  had 

BNl, Fuel- 

The aliminuni Jacke ts  were codissolved with t h e  core,  and t h e  so lu-  

t i o n  was processed by a Purex Ylowsheet t h a t  included O i l e  codecontami- 

nati.on cycl.e, a p a r t i t i o n i n g  cycle ,  and one ad-dit ional cyc le  f o r  uranium 

and plc;toi?ium. 'The aranium product was evaporated t o  - 400 g/l . l ter  and 

s tored ,  and the plLtonium was concentrated and recovered by sorp t ion  on 

l d l .  < on exchange r e s i n  followed by e l u t i o n  wi th  6 M HNO3. - 
The BTJJ, f.ael program w a s  completed dLring a 93-day per iod  of con-kin- 

LOUS opera t ion  wi th  the  recovery of 18 kg of plutoniim and 37 t o m  of ura- 

nri.inm f r o m  38.2 tons of f u e l  rece ivzd  from tile r eac to r  opera tor .  Measured 

uraniuq and p1utoni;uli l o s s e s  t o t a l e d  1.3 and 0.876, respec t ive ly ;  ma te r i a l  

balknces were 1-01 and 103%. Gross gamma decontaninaLion f a c t o r s  aver- 

aged 3.1  X l o 4  and 1 . 2  x l o6 ,  respec t ive ly ,  f o r  I*ranium and plutoni-um. 

i"he increase  in decontaminatFon by a fac-Lor of 5 i;o 10 previously ob- 

served' when opera t ing  t h e  ex t r ac t ion  columns with the  organic phase con- 

t inuous w a s  confirmed. 

'Chem. 'Tech. Ann. Prog.  Rep. Aug. 31, 1.959, ORNL-2788, p 35. -- 
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SH and. IciJ Fuel 

This i r r a d i a t e d  uranium, which cons i s t ed  of  Lwo l o t s ,  one i r r a d i a t e d  

a t  each si-Le, was dissolved. i.n 8 M HN03 a f t e r  aliminurn-jacket removal wi th  

5.6 M NaO€€-2.5 M HJ!i03. 

and t h e  iiranium was discharged t o  -Lhe chemical waste :system wi th  AZC ap- 

proval .  

- 
T'hi: plutonium wa.s recovered by t h e  f i r ex  process,  - - 

Gross gamma decontamination f a c t o r s  f o r  'ihe plutonium averaged 3.4 x 
Measured plutonium l o s s e s  t o t a l e d  2.776, with a material balance of l o 6 .  

83$; a l a r g e  uncertai-nty. i n  f eed  measurements (t127h) accounted f o r  t h e  low 

balance arid r e f l e c t s  t h e  problems a s soc ia t ed  wi th  the processing of so lu-  
t i o n s  conta in ing  nonionic (polymeric) spec ies  of plutonium t h a t  are iiiex- 

tractab1.e i n  TBP. These spec ies  were formed i n  three batches of d i s so lve r  

so lu t ion ,  which progressed t o  condi t ions  of 0.2 M HBO3 t o  0 .5  M a c i d  def i -  

c iency . Once formed, t h e  polymeric spec ies  r equ i r ed  the ad.diti on of com- 

plexiiig agents  o r  prolonged d iges t ion  i n  an a c i d  environment (>2 M IING3) 

t o  reconvert  t h e  plutonium t o  t h e  ex t r ac t ab le  ( i o n i c )  spec ie s .  Reduction 

wi th  Fe" followed by oxida t ion  wi th  n i t r i t e  w a s  not  e f f e c t i v e  i n  des-troy- 

i n g  t h e  polymeric spec ies .  

- - 

- 

The a n a l y t i c a l  method (TTA e x t r a c t i o n )  normally used i n  determining 

plutonium i n  r ad ioac t ive  so lu t ions  does not  d.etect plutonium i n  the non- 

i o n i c  state.  Tnerefore,  i n  so lu t ions  i l l  which n e u t r a l  o r  acid-def ic ient ;  

condi t ions  had. occurred, t h e  plutoniuri  content  of t h e  f eed  solu.ti.ons was 

not  accu ra t e ly  measured even though 'the so lu t ions  had been subseqinently 

a c i d i f i e d  afid digested. a t  100°C. Consequently, during processing, plu- 

tonium was riot accu ra t e ly  measi.ri-ed 5.n t h e  f e e d  so lu t ion  produced from dis- 

so lu t ions  t o  n e u t r a l  t o  ac id -de f i c i en t  condi t ions  o r  i n  t h e  r s r ' f i na t e s  

produced. dining the processing of such feeds .  'The d i f f i c u l t i e s  i n  measur- 

i n g  t h e  plutoniux content  of Yeed solu-tioiis were f u r t h e r  aggravated by the  

p r e c i p i t a t i o n  of nonionic p1iii;oniu.m f r o m  n e u t r a l  o r  acid-det ' icient solu- 

t i o n  t o  t h e  ex ten t  t h a t  r ep resen ta t ive  samples of such solut,ioris could 

not be o'otained. On occasion i n  smpli-es wii.hdrawn from d i s so lve r  solu- 

t i o n  t h a t  had changed t o  0.00.5 P4 acid deficiency,  50 t o  SO'$ of the plu- 

tonium w a s  found i n  p r e c i p i t a t e s .  I n  o m  extreme case .the ra-Lio of plu-to- 

niurn t,o uranium was f o m d  t o  be 150 g/ton when t h e  s o l i d s - f r e e  supernatants  

- 
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were analyzed i n  t h e  conventional manner (lFEA ext1,action) bu.t w a s  deter-  

mined 'GO be  6300 g/ton when t h e  solids were pu-t i n t o  so lu t ion  by t h e  add.i.- 

t i o n  of t o  the sample p r i o r  t o  a n a l y s i s .  

From -these preliminary sti tdies of t h e  behavior of plutonium i n  s0l.u- 

t i o n s  l e s s  than  0.5  molar i n  IFN03, it i s  conel-uded. t h a t  dj.ssolving condi- 

t i o n s  should be s e t  t o  maintain a minimum oi" -1 - M KN03 i n  t h e  d isso lver  

at al.1 times and t h a t  a l l  d i sso lver  soluti.ons should be examined. f o r  non- 

i o n i c  plutoniim spec ies  p r i o r  t o  processing. 

ANL Fuel 

Yhe CP-2 f u e l  had received only neg l ig ib l e  i r r a d i a t i o n  and had de- 

cayed f o r  >5 years;  so ,  f iss ion-product  a c t i v i t y  w a s  very low. Adequate 

decontamination w a s  obtained i n  processing t h e  f u e l  through only t h e  f i r ex  

pa-ctitioiiirig and second uraniurn cyc les .  

MTR Fuel  

The M!TR assemblies were dissolved i n  6 - M HNO34.05 - M 9g"aiid proc- 

essed f o r  separa t ion  and recovery of plutonium, r a r e  ear ths ,  americium, 

and curium according t o  a t e n t a t i v e ,  two-cycle, t ransuranic  flowsheet 

( Sec 1-3) sixmarized as f o l l o m  : 

Feed (103 vol) -.- Scrub (25 v0.l.) Extractant  (100 v o l )  S t r i p  (100 vol) _II 

IiLv03, 1 . 5  M TRP, 30% iFLUO3, 0.01 - M Al++', 1.25 - M - 
ENO3, 1.2 M 

Hg'", 0.05 - M 

g / l i  i c r  

- 

,Pd+, - 9.4 
The rar ' f inate  was col lec ted ,  adjusted,  and processed i n  the second cycle  

as follows: 

Feed (103 v o l )  Scrub (50 v o l )  Ext rac tan t  (203 v o l )  S t r i p  (133 v o l )  

pH, >0.2 pH,  >1.5 'TBP, 30% HN03, 0.25 I M 

The rare-earth-americium-curium recovery s t e p  w a s  terminated, owing 

t o  a lpak i n  t h e  evaporator,  a f te r  about 35% of  t h e  first-cyc1.e ra f r i r ia te  

was processpd. Although t h e  system was not a t  equi l ibr ium a i  shutdown, 
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analyses  of flowing streams i n d i c a t e d  t h a t  .- 70% of t h e  rare ea r ths ,  m- 

ericium, and clnrium present  i n  t h e  second cyc1.e feed were being ex t rac ted ,  

separa ted  and recovered. 

Measured plutonium losses i n  t h e  f i r s t  cyc le  t o t a l e d  1%; gross gmia  

decontami.nat;ion f a c t o r s  from f i s s i o n  products f o r  t h e  recovered plxi tonim 

averaged 20, bu t  those  f o r  rare e a r t h s  were >lo4.  The plutonium p r o d ~ c - t  

w a s  d i l u t e d  wi th  uranyl  n i t r a t e  sol-ution and f u r t h e r  decontaminated by a 

s tandard  Purex two-cycle flowsheet,  t h e  plutonium be ing  I s o l a t e d  by cati.on 

exchange. Overal l  decontamination f a c t o r s  averaged 1 x lo7. The rare- 

earth-americium-curium f r a c t i o n  w a s  evaporated and s t o r e d  pending develop- 

ment of an mericium-curium sepa ra t ion  process .  

I n  an e f f o r t  t o  improve decoiitznination, t h e  f irst  and second uranium 

cycle e x t r a c t i o n  columns were modified t o  opera te  organic continuous, and 

two types  of i n t e r f ace -con t ro l  systems were tested. 

The LA e x t r a c t i o n  colimn was modified t o  opera te  with an e x t e r n a l  in -  

t e r f a c e  (Fig.  2 .1 ) .  A remote metering -valve ( A )  i n  t h e  column raffina-te 

l i n e  (MW) w a s  se t  at a predetermined opening t o  a l low a l l  t h e  aqueous and 

a s m a l l  f r a c t i o n  of the organic phase Lo T l o w  t o  a phase separa tor .  The 

aqueous phase vas t r a n s f e r r e d  t o  a was te- ra f f ina te  ca tch  tank. The so lvent  

phase (10% of t h e  t o t a l  so lvent  f e d  t o  t h e  column) cascaded t o  a surge 

vesse l ,  from which an au tomat ica l ly  c o n t r o l l e d  pump t r a n s f e r r e d  t h e  l i q u i d  

back i n t o  the contac tor  v i a  t h e  colwnn pulse  l eg .  

w a s  c o n t r o l l e d  by t h e  liquid level i n  the surge tank.  With t h i s  method of 

con t ro l ,  opera t ion  was stable and e x t r a c t i o n  losses remained noi-nial~ I n  

add i t ion  t o  t h e  advantage of increased  decontamination of the product,  t h e  

contac tor  remained less  contaminated even when higher  a c t i v i t y - l e v e l  feeds 

than  previously encountered were processed. Flarit decontamination i s  more 

r a p i d  s ince  most of t h e  r e s i d w l  cori-LzminaLion i n  the conta.ctor i s  l o c a t e d  

i n  the  phase separa tor ,  a s m a l l  p iece  oP equipment. 

The draw-off punp rate  

The i n t e r f a c e  cont:rol i n  t h e  second-uranium-cycle e x t r a c t i o n  colwlllz 

(1D) w a s  main-tained by a pnewnaticr: c3ifferent ia l -pressure c o n t r o l l e r .  This 
instrunlent de t ec t ed  t h e  d i f f e r e n t i s l - p ~ e s n u r e  s i g n a l  from t h e  l i q u i d - l e v e l  

probes (one i n  each of t he  measuri-rig po t s  attached. t o  the column with small 
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UNCLASSIFIED 
ORNL-LR-DWG 51078 

Ti 

PRESSURE 
R E G U L A T O E  ’ -  

-4 

7 
1 

+ 
1 AW 1.0 
W A S T E  

ORGANIC RECYCLE 1 
.+ 

Fig. 2.1. 1A Column Interface Control System. 

ex te rna l  pipe a-‘i points 10 i.n. apa r t ,  spanning the i n t e r f a c e  pos i t i on  a t  

t h e  bottom of the con tac to r )  and converted it t o  a 3- t o  15-psig-pressure 

a i r  s i g n a l  which operated t h e  col&m r a f f i n a t e  valve (1DW) .  

po ts  were continLously purged wi-til a small stream of f resh  solvent  t o  matn- 

taj.n i d e n t i c a l  so lu t ion  gi-avi.ty i.n each l e g .  

‘The measuring 

The d i f f e ren t i a l -p re s su re  
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transmitter (par t  of t h e  controller) s e k c - L e d  for optimlm operation had -3. 

range from 0 to 5 in. of water. 

w a s  also used in this sysbern to de-Lect a change in the  ove r -a l l  colul-nn 

we i gh-t . 

A 0- to 100-in. transmitter (Fig. 2.2) 

UNCLASSIFIED 
ORNL-LR-DWG 51097 

CONTROLLER - 
0-5-in. 

TRPNSMiTTER -- 

ROTAMETER-. 

L 

t 0's -.- 

1 DF- 

4DX 

FRESH \ 
SOLVENT 

PURGE: 

c ._ 
0 

t 

,---c 

0 - 100 -in. 
T R A NSMl T T E R ---- 

+- ATMOSPHERE 

L 

'hi- MEASURING POTS 

1 FRESH 
SOLVENT 
PURGE 

Fig. 2.2. 1D Column Interface Control System. 
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2.3 INTERCYCLE EVAPOWTOR EXPLOSION, BUILDIiVG 3019 

On November 20, 1959, during a decontamina-Lion program, an zxpl.osion 

occurred i n  c e l l  6 o f  t h e  Hot P i l o t  Plajl t ,  Bui lding 3019 ( r e f  2 ) .  

p los ion  w a s  due Lo t h e  de f l ag ra t lon  of n i t r a t e d  0rgani.c compounds i n  an 

i n t e r c y c l e  evaporator and involved n i t r a t i o n  by concentrated n i t r i c  a c i d  

of 14 ].ita-s of the p ropr i e t a ry  decontaninaling agent,  Turco 1+501.. 

ima-tely 15 g of pl-u-tonium w a s  r e l eased  f r o m  t h e  subce l l  Lhat contained t h e  

evaporator;  about 70 mg was rei-cased from c e l l s  6 and t o  t h e  i n t e r i o r  of 

Building 3019, and about 600 mg was r e l eased  through the c e l l - 6  door and 

deposi ted on nearby s t r e e t s  and bu i ld ing  sur faces .  No personnel were in -  

jured. by t h e  explosion and no one rece ived  a s i g n i f i c a n t  f r a c t i o n  of a 

l i f e t i m e  body burden of plutonium e i t h e r  a t  t h e  time of t h e  inti-den-i o r  

during sub s e quent cleanup oper a t  i ons . 

The ex- 

Approx- 

'31'he sec t ion  of Building 3019 involved contains  t l iz h igh -ac t iv i ty  l e v e l  

so lvent  ex t r ac t ion  equipmen? f o r  t h e  f i r s - t  cyc le  decon-Lamination of power 

r e a c t o r  fu.els a n d  t he  v o l a i i l i t y  process  equipment f o r  recovering uranium 

from Tused s a l t  r e a c t o r  fuels. '  The h igh -ac t iv i ty  l e v e l  analyt ical-  fa- 

c i l i t y  and control- l abo ra to r i e s ,  rin t h e  west por t ion  of t h e  bui ld tng ,  were 

no'i a f f ec t ed .  The so lvent  e x t r a c t i o n  processing of  high1.y i r r a d i a t e d  ura- 

nium had been completed about 1 month preceding t h e  accident  and a decon- 

t arnrinat i on program s t a r t  e d . 
The i n t e r c y c l e  evaporator c o n s i s t s  of a steam s t r i p p e r ,  a vapor sep- 

The uranium- a r a t o r ,  a heat exchanger, and connecting p ip ing  (Fig.  2 . 3 ) .  

plutoni 'm-bearing aqueous stream from t h e  s t r i p p i n g  column flowed by grav- 

i t y  through t h e  steam s t r i p p e r ,  f o r  removal- of  en t r a ined  and d isso lved  

organic phase, t o  t h e  natural-convect ion evaporator loop.  Over-head vapor 

from t h e  evaporator was rout,ed from t h e  vapor separa tor  through t h e  packed 

sec t ion  of the steam s t r i p p e r ,  where it served as t h e  s t r i p p i n g  medium, 

and then  t o  the  condensate-col lect ion system. 

Two days before  t h e  explosion, t h e  evaporator w a s  t reated with b o i l i n g  

'Turco 4501 ( a  p ropr i e t a ry  decontaminaking agent which i s  a s t rongly  bas i c  

'L. J. King, I l i tercycle  Evaporator Explosion, Bui  1 ding 3019, Oak Ridge 
Natioiial Laboratory, ORNL-2989 ( i n  press) . 
2956 ( i n  prepsration-JT 

3F. L. Cul le r ,  et al-. , Summary Report of Hazards Evaluation, ORNL- 
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Fig. 2.3. Schematic of P-15 Evaporator System. 

s o l u t i o n  of t h e  a l k a l i  salts of var ious organic liydroxyacitls, var ious 

amines, sur face  a c t i v e  agents ,  and phenol.), a water r in se ,  ho t  30% HNO,, 

and a w a t e r  rinse. There was no change i n  the r a d i a t i o n  l e v e l s .  The 

evaporator was f lu shed  thl;ou.e;h t h e  manually operated d ra in  valve with 200 

g a l  of  water, 400 l i t e r s  of hot 25% MaOK, and 300 g a l  of w a - t e r .  

t h e r e  was no change i n  t h e  r a d i a t i o n  l e v e l s .  A so lu t ion  of  200 l i t e r s  of 
Turco 4501 p1u.s steam j e t  c l i lut ion was added t o  t h e  evaporator  and b o i l e d  

for. 2 h r .  The evaporator was dra ined  1;brough the rernotely opers-Led produc-t 

o u t l e t  valve because t h e  d r a i . n  valve was l o c a t e d  i n  the  .loo-r/br radi-at ion 

zone. 

Again, 

(This l e f t  a hee l  conta in ing  13.9 l i t e r s  of the organic coriipunds, 
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t h e  subsequent ni t i -a t ion of which provided rue1 f o r  t h e  defl-agration. " )  
The next s t e p  w a s  t h e  add i t ion  of 270 l i t e r s  of 4 M fLDJ0, t o  t h e  evaporator,  

omi t t ing  t h e  normal water f l u s h  and b r ing ing  toge ther  t h e  organic compounds 

and t h e  n i t r i c  a c i d .  The hea t  exchanger steam w a s  tu rned  on, thereby pro- 

vri ding s u f f i c i e n t  heat  to concen-Lrate t h e  n i t r i c  a c i d  and allow coraplete 

reac-lion between the a c i d  and t h e  organic compo.mids. 'The temperature in-  

c reased  throughout t h e  concen-traiion of t h e  n i t r i c  a c i d  u n t i l  t h e  n i t r o  

compound.s, j u s t  formed, igni-ted. and t h e  evaporator exploded a t  10 :58 PM 

on Nov. 20, 1959. 

- 

The necessary and s u f f i c i e n t  requiremen-Ls f o r  t h e  exp3-osri.on were (1) 

t h e  existelice of a d ra in  h e e l  from t h e  Turco 4501 t reatment ,  ( 2 )  t h e  ornis- 

srion of a water r inse  before  tlie add i t ion  of t h e  n i t r i c  acid,  and ( 3 )  t h e  

hea t  suppl ied by the heat  exchanger jacke t  steam. 

Approximately 70 mg of plutoni im w a s  r e l eased  t o  t h e  penthouse, cold- 

so lu t ion  makeup, sampling, and o f f i c e  a reas  of Bui ldtng 3019 v i a  pipe pas- 

sages through. t h e  c e l l  w a l l s .  The contarnination w a s  spread through a con- 

nee-Ling tunnel  t o  t h e  Graphite Reactor Buil_d.ing (3001), which had t o  be  

evacuated.. The door t o  c e l l  6 was thrown open, allowing about 600 mg of 

plu.tonium t o  be r e l eased  t o  nearby s t r e e t s  and bu i ld ing  su r faces .  

Building 3019 obviously w a s  not  designed t o  conta in  t h e  plutonium 

which w a s  re leased  from t h e  evaporator by the explosion. The c e l l  venbi- 

l a t i o n  f i l t e r s  r e t a i n e d  t h e  alpha a c t i v i t y  wi th  a high degree of effli- 

ciency5 but, the  ex is tence  of the c e l l - 6  door, which opened r ead i ly ,  pre- 

c luded confinement of t h e  plu'ioniurfl t o  Bui lding 3019. 

C 1 e 3nu.p 

The alpha a c t i v i t y  on nearby s t r e e t s  and bui ld ings  was "fixed" with 

t a r ,  pa in t ,  roof ing  compound, o r  nasonry s e a l e r ,  as appropr ia te  t o  the 

sur face .  With t h e  exceptiorl of t h e  p i l o t  p l an t  pori ioi i  of Building 3019, 

t h e  Grapiiite Reactor Building, and the road south of t hese  bui ld ings ,  the 

a f f ec t ed  a reas  or" tlie Laboratory were back i n  se rv i ce  by Monday, Nov. 23, 

1959. 

47 d .  Davis, Jr., 'VJ. ?I. Baldwtn, and A .  R. Meservey, Chemistry of  tlie 
_--_ In t e rcyc le  Evapora.'l-mr Inc ident  of November 20, 3.959, ORMVI,-2979 ( i n  p r e s s ) .  

_I 

'M. If. Lloyd, f ladioact ivi ty  Col lected on Building 301.9 O f f - G a s  F i l -  I.x -.I 
ters, OKNL C F - 6 0 - 8 - m z - p r e p a r a t i o n ) .  
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The decontamination of the i n t e r i o r  of Bui lding 3019, exc lus ive  of 

processing c e l l s  4 through ' 7 ,  w a s  90% complete on Aug. 1, 1960. 

were cleaned to noricontamination-zorie o r  t o  pa in t ing  s p e c i f i c a t i o n s  (Table 

2.1), and t h e  sur faces  were r e su r faced  o r  pa in ted .  

Areas 

Table 2 .l. Surface Alpha-Actlvity Spec i f i ca t ions  
f o r  Bui lding 3017 Decontaminati.on 

__ 
Maxlminm Contamination (dis/min per  100 c m 2 )  

.I_____ 

F i n a l  Condition Direct  Reading T r  an s f e r ab 1 e 
I 

Ave 1- age * Maximum Average* Maximum 
-..... 

Clean  30 300 3 30 

Pain t ing  speci-  300 3000 30 300 
f ica%ions  

*A minimurn survey inc ludes  one smear and fou r  probes with a gas- 
purged alpha meter per  square meter of p ro jec t ed  sur face  a rea .  

Cleanup e f f o r t  i n  c e l l s  6 and 7 w a s  s t a r t e d  i n  Apr i l  1960 bu t  w a s  

suspended pending i n s t a l l a t i o n  of a temporary secondary-containment s t ruc -  

t u r e  and provis ion  of additional-  ves se l  off-gas  capac i ty .  These were not  

considered necessary a t  f irst  because, although material balancesh had. 

shown 4.6 i 3.3 kg of p l u t o n i m  missing, i t  was thought t h a t  no plutonium 

would be  i n  t h e  evaporator  because of t he  series of decontaminati.on t reat-  

ments t o  which it had been subjec ted .  However, f l u sh ing  of t h e  evaporator 

wi th  water and wi th  6 M HNO3, bo th  conta in ing  t h e  neutron poison boron as 

a precaut ion  aga ins t  c r i t i c a l i t y ,  removed 9 and 100 g of plutonium, re- 

spec t ive ly .  Cell cleanup w i l l  be res-amed as soon as t h e  new r a d i a t i o n  

s a f e t y  requirements a r e  met. 

- 

6D. A. Gardiner, Measurement of Source and Spec ia l  UJuclear Materials 
i n  the  Power Reactor Fuel  Processing Plant, OHJXL CF-60-3-53 ( f 4 m .  21, 1960). 
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3 .  FUSED SALT-FLUOIIIDE VOWL'IU.YY PROCESS 
I___. 

The Fused. Salt-Fl.uoride V o l a t i l i t y  process  i s  of  considemble i n t e r -  

e s t  i n  t h e  processing o f  uranium f u e l  elements containing t h e  d . i f f i c u l t l y  

so luble  element zirconium. It c o n s i s t s  i.n hyd.rofl.uorinating t h e  f u e l  com- 

ponents t o  f luo r ides  in a molten fI.uorj.de mixture,  f l u o r i n a t i n g  'the UF'4 t o  

the v o l a t i l e  TTFg a:id. sorb<-ng t h e  v o l a t i l i z e d  m6 on NaF beds ( s e e  a l s o  

S e e  4 ) .  

Modifications t o  t h e  V o l a t i l i t y  Pilot Plant, req-uired f o r  processing 

zirconium-u.ranium f u e l  elements a r e  e s s e n t i a l l y  complete. The p r i n c i p a l  

change in t h e  p i l o t  pl-ant 'hias t h e  add i t ion  of an iN01~-8 hydrof luor ina tor ,  

t h e  HF supply, recycle ,  and d i sposa l  equipment. A newly designed. f l u o r i -  

na to r  o f  L n icke l ,  absorbers ,  and a mol ten-sa l t  sampler were a l s o  h s t a l l e d .  

A movable combination Nay absorber  and c oiliplex i b  1.e - rad ioac t  i ve  -produc t s 

'imp was s a t i s f a c t o r y  i n  operabi l - i ty  t e s t s  and wi1.l be j.nstall.ed on the  

fluorinmtor-gas o u t l e t  as an a l t e r n a t i v e  t o  t h e  fixed-bed absorbers .  

P- f u e l  element car r ie r -charger  and more heavi l y  sh ie lded  was te-sa l t  

removal equipnent have been provided, al-ong wi th  an  aqueous KOH scrubber,  

i n  order t o  remove €E and F2 from c e l l  v e n t i l a t i o n  a i r  both i n  normal t r a c e  

amounts and. i.n case of acc iden ta l  r e l e a s e  of l a r g e r  m o u n t s .  A da ta  l o g -  

ge r  i s  being i n s t a l l e d  to determine the f e a s j ~ b i l i t y  of computer processing 

of experimental  da t a  f rorn a batch-  operated high-temperature radiochemical 

p i l o t  p l a n t .  

The fl.o-cisheet f o r  i n i t i a l  operat ion o f  t h e  p l a n t  i s  the same'as that 

previous ly  p r e s m t e d ,  exccpl; t h a t  i n i  Lial and f i n a l  d.issolutri.on tempei-a- 

Lure a r e  650 and 550"C, respec t ive ly ;  t h e  previous fl-owsheet requi red  700 

and. 603°C. 

achieved by s t a r t i n g  with 37.5-37.5-25 mole $ NaF-L,j.F-ZrFL i n s t e a d  of 43-57 

mole $ NaF-LiF. 

lower. temperatures I 

These lower temperatures f o r  t h e  hydrof luor ina t ion  s t e p  were 

Corrosion of t h e  dissol .ver  i s  reduced by opera t ion  a t  

'Chcm. Tech. Ann. Prog.  Rep. Aiig.  31, 1959, OIiNL-2788, Fig. 3.1. -__ 
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3.2 ENGINEERING STUIjIES 

Ten hydrofl.uor.ination experiments, according t o  t h e  flowsheet pub- 

l i s h e d  e a r l i e r Y 2  i n  t h e  INOR-8 prototype of t h e  P i l o t  P lan t  hydrof luor i -  

na to r  demonstrabed s a t i s f a c t o r y  d i s s o l u t i o n  r a t e s ,  of t h e  order  of 0.15 

lb hr-' fte2, ~ i t h  i n i t i a l  and f i n a l  temperatures of 650 and 5OC-55O0C, 

r e spec t ive ly .  

gage in spec t ion  a f t e r  74.5 h r  of KF' exposure a t  550 t o  650°C. 

po in t  a t  t h e  i n t e r f a c e  l e v e l  had corroded a t  a rate of -0.(3(+ mil/hr .  com- 

p l e t e  d i s s o l u t i o n  of Zircaloy-2 elements was a l s o  d.ernons t r a t e d .  

General  cor ros ion  of  t h e  v e s s e l  was not  de t ec t ab le  by Vidi- 

A s i n g l e  

F ine ly  divided m e t a l l i c  p a r t i c l e s ,  thought t o  be the  r e s u l t  of t h e  

reduct ion  of f l uo r ide  impur i t ies  ( f luo r ides  of less a c t i v e  metals such as 

N i ,  Sn, C r y  140, and Fe) ,  a r e  p re sen t  as a resul t  of cor ros ion  of t h e  d i s -  

so lve r  v e s s e l  and d i s s o l u t i o n  of Zircaloy-2.  

t h e  t e n  runs,  as w e l l  as f o r  copper-l ined equipment, i nd ica t ed  t h a t  t h e  

i n i t i a l  r e a c t i o n  t akes  p lace  between rrietal f l u o r i d e  salts and metall-ic 

zirconium and hydrogen. Some of t h e  metals  produced by reduct ion  adhere 

t o  the  sur face  of t h e  zirconium, decreasing t h e  exposed sur face  and thus 

t h e  d i s s o l u t i o n  r a t e .  Some o f  t h e  reduced meta l  i s  d ispersed  i n t o  t h e  

sa l t ,  where it cont inues t o  r e a c t  wi th  TEF. A s  t h e  p a r t i c l e  s i z e  is de- 

creased, some of t h e  m e t a l l i c  p a r t i c l e s  become en t r a ined  i n  t h e  or_"f-gas 

sLream and have been i d e n t i f i e d  i n  t h e  off-gas  system. The remaining 

p a r t i c l e s  a r e  sometimes found d ispersed  through t h e  sal t  m e l t  and some- 

t imes adhering t o  t h e  s t r u c t u r a l  metals  of t h e  d i s so lve r .  I n  t h e  l a t te r  

case they  may p r o t e c t  t'ne base meta l  aga ins t  corrosion,  b u t  tiley increase  

-tine d i f f i c u l t y  of inspec t ing  and. measuring cor ros ion  l o s s e s .  The lover  

d i s s o l u t i o n  temperatures used i n  these  runs should decrease t h e  cor ros ion .  

Additional- hydrof l u o r i n a t  i on s t udi. e s with respec t  t o  c opper - l i n e d  

Observations made during 

equipment ind ica t ed  a smal1. e f f e c t  of temperature and a nonlinear  decrease 

i n  dissol .ut ion r a t e  wi th  inc reas ing  concent ra t ion  of zirconium t e t r a f l u o -  

r i d e  i n  the  molten salt .  The chief  c o n t r o l  f a c t o r  of  d . issolut ion rate as 

w e l l  as v e s s e l  cor ros ion  i s  gas v e l o c i t y .  These data cont r ibu te  t o  t h e  

determining of t h e  absolu te  rate and t h e  d i s so lu t ion  mechanism. 

21bid., - p /+0. 
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The r a t e  o f  sorp t ion  of u F 6  from a UF6-N2 stream on an NaF bed was 
s tudied  by not ing  temper8.tiure changes due t o  hea t  o f  sorp t ion  i n  an ad ia-  

b a t i c  d i f f e r e n t i a l  bed. Resul ts  i n d i c a t e  t h a t  t h e  i n i t i a l -  r a t e  i s  con- 

t r o l l e d  by gas-phase diffusi-on and t h a t  sol id-phase d i f f u s i o n  becomes con- 

t r o l l i n g  as bed. loading increases ;  t h e  i n i t i a l  sorp-Lion r a t e  increases  wi th  

increas ing  concentrat ton of w 6  i n  t h e  gas (UFb"N2) stream and decreases 

wi th  increas ing  bed temperature.  A deep bed and t h e  necessary metering 

equipment f o r  r a t e  s tud ie s  by t h e  so rp t ion  wave technique a r e  i n s t a l l e d  

and t h e  s tud ie s  a r e  i n  progress .  

I n  a test of t h e  movable combinati-on absorber-and-trap un i t ,  1/4-in.  
r i g h t  cylindrri.ca1 p e l l e t s  were t r a n s f e r r e d  with reproducible  r e s u l t s  when 

t h e  bed was fused toge ther  by sorbed mai;ei.ial. The advantages of t h i s  

systeili are e l imina t ion  of  t h e  rad ioac t ive-so l ids  handling problem by drop- 

ping t h e  used NaF d i r e c i l y  i n t o  t h e  f l i io r ina tor ,  v i r t u a l  e l imina t ion  of 

t h e  p o s s i b i l i t y  of plugging t h e  fhror i -nator  off-gas system, and a poss i -  

b i l i t y  of decreased urani.um l o s s  t o  spent  soyber be&. 

The Fused Salt-Fluoride V o l a t i l i t y  proce:;s (F ig .  3.1) w a s  s a t i s f a c -  

t o r i l y  demonstrated in 12 runs with 650-g batches of spent  Nautilus f u e l  

(Zircaloy-2-uranium a l l o y ) .  T h e  f u e l  was d isso lved  by hydrof luor ina t ion  

i n  57-43 mole $I LiF-NaF a t  60G70O"C t o  give a melt  of corxpositi.on 31-24-45 

mole $ LiF-NaF-ZrF4 and c o n t a i n i n g ~ 0 . 4 $  U235  as UE'r,. The melt was f l u o r i -  

nated a t  -500°C t o  v o l a t i l i z e  m 6 y  and t h e  volati l . ized. m 6  w a s  sorbed on 

N a F  a t  100°C. 

a c t i v i t y  i n  the  f luo r ina t ion ,  the desorpt ion and t r a n s f e r  through a second 

NaF bed a t  400°C were c a r r i e d  out i n  the co ld  Iabora-tory. 

t i o n  t e s t s  with spent Nautilus fuel,. t o t a l  d i s so lu t ion  times, average d i s -  

solution r a t e s ,  and HF e f f i c i e n c i e s  va r i ed  g~eatly (Table 3.1).  The fac-  

t o r s  involved have not  been complete1.y evaliiaterl. 

Because of t h e  high decontamination from f i s s i o n  product 

I n  1 2  d isso lu-  

Some o f  t h e  means used t o  increase the  r a t e s  were: (I) prehydriding 

of t h e  f u e l  before  in t roduc t ion  of  t h e  KFJ 

d i s so lve r  sa l t  a t  start,up t o  promote the d i r e c t  gas-phase r eac t ion  ( t h i s  

probably cannot be done i n  t h e  p l an t  because of t h e  p o s s i b i l i t y  of a run- 
away r eac t ion ) ,  (3)  hydrogen syarging o f  t h e  d i s so lve r  sa l t  before  i n t r o -  
duct ion of t h e  fueJ-, and ( 4 )  t h e  use of  e x t r a  H2 w l t b  the  

( 2 )  omission of  p a r t  of t h e  

Although 
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Fig. 3.1. Schematic of Laboratory Process Test  Equipment for the Fused Salt-Fluoride 
Vol ut i I  i ty Process. 

Table 3.1. Typical Dissolution Rates of Nautilus Fuel 

Average 
Di s 6 o l u t  ion 

Rate 
(ml/min ) 1 (5  ) (hr ) (mg m i n - l  

1 820 100 20.1 62 0.17 

3 1130 100 30.3 34 0.30 

10 1200 70 (30 112) 2'7.3 29 0.35 

1 2  1400 100 47.7 16 0.64 

Average €IF Dissolution HF HF 
Time Run Flow Kate Concentration Efficiency 

no d e f i n i t e  conclusions were reached wi th  r e spec t  t o  items 3 and 4,  it is 

be l i eved  that  prehydriding promotes t h e  subsequent hydror luor ina t ion  r e -  

a c t i o n .  Considerable hyd-riding always occurs i n  t h e  course o f  regular  

hydrof luor ina t ion .  Toe use of hydrogen t o  sparge t h e  d i s so lve r  before  

fuel i n t roduc t ion  w a s  'io reduce N i F 2  o r  o the r  f luo r ides ,  causing them t o  

precipi-Late from t h e  salt s o l u t i c n  Lhus prevent ing them f r o m  p l a t i n g  out; 

on the zirconium-uranium f u e l  arid i n h i b i t i n g  t h e  hyd.rofluorination process .  
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Entrainment o r  v o l a t i l i z a t i o n  of uranium i n  the waste HF w a s  less 

than  0.03$. 

Plan t  wi th  uranium l o s s  i n  6hi.s s t ep .  Niobium t r a n s f e r  w a s  h igh  i n  one 

run i n  which t h e  r e a c t i o n  took p lace  i n  t h e  gas phase. 

No d i f f i c u l t y  should. be encountered i n  t h e  V o l a t i l i t y  P i l o t  

Although some d i f f i c u l t y  w a s  encountered a t  times i n  achieving com- 

p l e t e  v o l a t i l i z a t i o n  of uF6 from t h e  process  fused sal t ,  recovery was re- 

peated.1y b e t t e r  than 99.896 o 

a t  500 t han  a t  600°C i n  "cold" labora tory  work, bu t  o the r  f a c t o r s  such as 

conf igura t ion  of equipment and impur i t ies  i n  - t i e  salt  a r e  more importam-t; 

i n  determining t h e  p l a n t  f l u o r i n a t i o n  r a t e .  

The f l u o r i n a t i o n  r a t e  w a s  d e f i n i t e l y  slower 

Over-al l  decontamination f a c t o r s  for s p e c i f i c  f i s s i o n  prod-ucts were 

I n  all except one runl i n  which a valve w a s  nut s a t i s f a c t o r y  (Table 3 . 2 ) .  

operated properly,  t h e  a c t i v i t y  i n  t h e  product uF6 w a s  l ess  thall 10 t imes 

t h e  a c t i v i t y  of  un i r r ad ia t ed  U235. 

Table 3.2. Over-All Decontamination Fac tors  

Decontamination Fac tors  

R u n  8 Run 9 Run 10 Run 11 Run 12 
Ac t i v i  t y ---I___ 

Gr p 
G r  y 

xu y 

Zr y 

c s  Y 
Sr p 

P 

Molybdenum, technetium, neptunium, and chromiurn were ahrays present  

i n  t h e  product uF6 froin t h e  Naut i lus  f u e l  process t e s t s  (Table 3 . 3 ) .  The 

f i rs t  three  a r e  t r a n s f e r r e d  as v o l a t i l e  f l uo r ides ,  with t h e  UTg, through 

tne  Na.F ~ ~ ~ s o r p t i o n - a e s o r - p t i o n  step (first, bed)  and pass unaffected through 

NaF a t  400°C (second bed) .  

s teel .  r eac to r  in which t h e  

a l l e l i s m  between t h e  molybdenum and technetium contents  suggests  similar 

The chromium probably came from t h e  s t a i n l e s s  

w a s  hydrolyzed p r i o r  t o  a n a l y s i s .  The par- 
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Table 3 . 3 .  Impur i t ies  i n  uE’6 Products 

Concentration 
( p p ,  based on uranium) 

C r” Mo NP Tc 

13 un 
No. 

.I 

8 200 10,100 2 60 1020 

10 150 2,200 58 2 GO 

11 80 2,500 310 240 

9 290 5,200 240 470 

12 < 1-00 1,200 290 60 

“Probably from corrosion of the co ld  t r a p  during t h e  hydro lys is  of 
- -- 

t h e  product t o  obta in  a r ep resen ta t ive  aqueous sample. 

behavior of t hese  two elements i n  t h e  process by being only p a r t i a l l y  ab- 

sorbed with TP6 on .the f i r s t  NaI’ bed. 

i s  r e l a t i v e l y  constant ,  i nd ica t ing  t n a t  t h i s  element follows uranium i n  
t h e  process .  I n  none of t h e  UFg products w a s  any plutonium de tec ted  by 

alpha-energy spectrometry.  

The neptunium content  of t h e  product 

The processing of s t a i n l e s s  s t e e l -  and niobium-containing a l l o y  o r  

d i spers ion  f u e l s  by modif icat ion of t he  Fused Salt-Fluori.de V o l a t i l i t y  

process  appears f e a s i b l e  on t h e  b a s i s  of d i s s o l u t i o n  r a t e s .  A choice of 
fused sal t  systems i s  a v a i l a b l e  and i s  being evaluated.  

bium disso lved  a t  r a t e s  of 1.7 and 0 . 7  ng 

spec t ive ly ,  i n  31-24-45 mole $ Li.F-NaF-ZrF4. 

mg 
an HF f l o w  r a t e  of 400 ml/min. 

balances f o r  niobium have thus  far been obtained, bu t  a.s much as 16$ i s  

v o l a t i l i z e d  (as NbF5) with t h e  excess Hl’ used. 

s tee l -conta in ing  f u e l ,  e i t h e r  the  Na,F-ZrFr, and. LiF-NaF-ZrF4 sys-terns o r  

f l i n a k  (42.0-11.5-46.5 mole $ KF-LiF-Ne) may be used, b u t  it i s  suspected 
t h a t  s u i t a b l y  fast  r a t e s  w i l . 1  be obtained only wi th  31-inak o r  with the 

other  systems using a low Zr/alkaJ.i metal r a t i o .  For example, i n  60-40 

mole $ NaF-ZrFq clissol-iition r a t e s  f o r  type 347 s t a i n l e s s  steel were 0.4 

and 1.1 mg 

rates were 9.7, ~ , 5 ,  and 5 . 5  mg 

For example, nio- 

rnin-l a t  500 and 550°C,  re -  

Tile r a t e s  were 1.4 and 3.3 

ruin-’ a t  550 and 65OoC, respec t ive ly ,  i n  50-50 mole $6 N~Y-Z~F’L,  at  

Due t o  analy-Lical problems, poor m a t e r i a l  

I n  t h e  case of s t a i n l e s s -  

min-” a t  600 and 70OoC, respec t ive ly ,  while i n  f l i n a k  the 

min-” a-t temperatures of 550,  COO, 
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and 650"C, r e spec t ive ly .  Copper would probably be  t h e  p re fe r r ed  constr'uc- 

t i o n  m a t e r i a l  f o r  s t a i h l e s s  s t e e l  d i s s o l u t i o n  because copper has a cor-  

ros ion  r a t e  o f  0,0011 mg cm-2 min-" i n  f l i n a k  a t  600°C. 

Thorium oxide f u e l s  d i sso lved  without t he  use of IFF i n  ZrF4-containing 

salts ( e  .g * ,  31-2A-Lk5 mole $ I3.F-NaF-ZrFl+) but not i n  non-ZrF4-bearing 

sal-t, as exemplified. by f l i n a k .  

o r  t h e  r e a c t i o n  represented by 

The r eac t ion  i s  e i t h e r  ordinary metathesis  

Tho2 + ZrF4 - ThOFz + ZrOF2 

with t h e  oxyfluoride being compatible with the fused sal t  system. 

as 1-4 t r t  $a thorium was incgrporated i n t o  fused sal t  i n  one t e s t  a t  650°C. 

Tlne d i s s o l u t i o n  r e a c t i o n  proceeds extremel-y r ap id ly  even i.n t h e  case of 

arc-fused t h o r i a .  

r eac t ion  r a t e s ,  -0.3 mg min-', with IP sparging.  Gas-phase r eac t ions  

of ?IF with  1700°C-fired t h o r i a  gave similar slow r a t e s .  No t e s t s  of cor-  

ros ion  due t o  t h e  in t roduct ion  of oxygen were made. 

A s  much 

Comparable t en t s  wi th  f l i n a k  a t  600-700°C gave slow 

Wheii NaF was contacted wi th  MOF6 a t  100°C t h e r e  w a s  an evolu t ion  of 

a l a r g e  amount of hea t  and a weight increase,  which i n d i c a t e s  t h e  ex is tence  

of an MoF6-NaF complex a t  100°C. The s toichiometry observed ind ica t e s  t h a t  

t h e  formula may be M0F6.3NaFY s i m i l a r  t o  t he  W6-3NaF complex. Prel iminary 

vapor pressure  data, using t h e  t r a n s p i r a t i o n  method i n  t h e  range of -25 t o  

+GO"C, has given t h e  t e n t a t i v e  expression of log  P = 9.9 - (2800/'i'). The 

atmospheric pressure  decomposition temperatu.re according t o  t h i s  expression 

would be 120°C. 

120°C i n  t h e  process  w i . 1 1  therefore  poss ib ly  l e a d  t o  much l e s s  molybdenum 

contamination i n  t h e  product UE'6 while s t i l l  g iv ing  adequate uranium r e -  

cove ry -  . 

mm 

Operation of t h e  f i rs t  NaF absorp t ion  bed a t  g r e a t e r ~ t h a n  

Direc t  f l u o r i n a t i o n  of uranium m e t a l .  conta in ing  p.1utonj.m ind ica t ed  

t h a t  t h e  hexafluorides  of these  elements might, be separable  through m e  

of a d i f f e rence  i n  chemical s t a b i l i t y .  Three co ld- t rap  f r a c t i o n s  co l -  

l e c t e d  i n  t h i s  experiinent contained 69.8, 30.2, and -0% of t h e  t o t a l  ura- 

nium and 0.32, 5'7.3, and 25.2$ of t h e  total plutonium content ,  wi th  only 

b$ of t h e  plutonium remaining i n  t h e  r e a c t o r .  It i s  speculated t h a t  t he  

presence of uranlum meta l  o r  lower f l u o r i d e s  o f  uranium i n  the  e s r l y  p a r t  

of t h e  run prevented formati-on of t h e  v o l a t i l e  Pifl6. 
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4. MOLTEN SALT E A C T O R  FUEL PROCESSING 

The met'nod proposed f o r  processing fused Li7F-BeF,-UE'4 f u e l  i s  f luo-  

r i n a t i o n  of the  UF4 t o  v o l a t i l e  UF6 and separa t ion  of f i s s i o n  products 

from t h e  LiF-EeF2 c a r r i e r  by d i s s o l u t i o n  i n  HF.l 

A study of p o t e n t i a l  f u e l  cycle cost,s and potson frac-Lions for various 

f u e l  processing r a t e s  f o r  a 1000-Mw ( e l e c t r i c a l )  rnol-ten-salt breeder  r eac to r  

i nd ica t ed  a t o t a l  fuel cycle  cos t  (processing,  a l l  inventor ies ,  and l o s s e s )  

s l i g h t l y  >I mil l /kxhr  f o r  a good breeder syTith a 1.0-12 year  doubling time, 

increasi-ng r ap ld ly  with breeding r a t i o .  

mill/kwhr f o r  lower conversion r a t i o s ,  arid appears to be approaching a 

minimum f o r  a conversion r a t i o  somewhat l e s s  than  1. Inventory charges 

and replacement-salt  c o s t s  account f o r  over h a l f  the  n e t  f u e l  cycle cos t .  

Economically, the f luo r ide  v o l a t i l i t y  process  appears e n t i r e l y  adequate 

f o r  uranium recovery from both f u e l  and blanket  salts, and the  EF d i s -  

so lu t ion  process  f o r  L i 7  sa l t  recovery, including replacement of f'uel- 

c a r r i e r  salt on a long cycle ,  appears adequate f o s  f u e l - s a l t  poison con- 

t r o l .  Much development work i s  necessary t o  adapt technologica l ly  t'nese 

processes  t o  the  reqiii.reinents of  t he  mol-ten salt  breeder .  

The cos t  drops t o  wel l  under 1 

The first  requi red  process  app l i ca t ion  w i l l  be f o r  uranixm recovery 

from both f u e l  and blanket  sal.ts i&ich, with fuel salt  replacement, pro- 

vides  adequate processing f o r  a c o n w r t e r  r eac to r .  Decontamination of the  

f 'u-el-carrier sa l t  w i l l  be requi red  only when good breeder r eac to r s  a r e  

b u i l t ,  but  it may o f f e r  some advantage with 1-over-breeding-ratio r e a c t o r s ,  

Thorium recovery and b l anke t - sa l t  decontamination w i l l  be recprired even- 

tua l l j j ,  bu t  not  f o r  decade s .  

Prel iminary labora tory  s t u d i e s  ind ica ted  t h a t  decontaiiinati.on of t he  

total .  f u e l  in one s t ep  may be f e a s i b l e .  A so lu t ion  of 5 mole $ NO2 i n  

anhydrous HF dissolved LIF, &F2, and UF4 with so1ii.bj.l.ities of 50, 50, 

and 1 g / l i t e r ,  respec t ive ly ,  a t  2 5 O C .  Rare-earth solubi l i t i -es  were < 
mole ,$; 'ThF,!+ w a s  inso luble ,  <<0.01 mole $. 
be recycled a f t e r  d i s t i l l i n g  of f  t he  NO2 and IIF. 

The decontaminated fu.el. could. 

'Chem. Tech. ArLn. Prog. Rep. Aug. 31, 1959, Om-2788, see 4. 
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A solvent  containing C l F 3  j.n anhydrous I-IF w a s  not  s a t i s f a c t o r y  be- 

cause, although the  uran-i.um so lubi . l i ty  was s i g n i f i c a n t ,  the  LiF and. EeF2 

s o l u b i l i t i e s  were s1ibstantiall.y lower than i n  H F  so lu t ion .  

Due t o  t emporaq  i n t e r e s t  i n  one-region mol-ten sal t  r eac to r s  using 

f u e l  salts  containi.ng l a r g e  m.oun-Ls of ThF/+, so lvents  f o r  'Thy4 vere b r i e f l y  

inves t iga ted .  Hot aqueous 50 w t  $ NHAF soluti.on d isso lved  'I'hF4 t o  the ex-  

t e n t  of about 50 g / l i t e r ,  but  the  TnF4 s o l u b i l i t y  w a s  grea.tl.y d.ecreased In 

the  presence of o ther  components of t h e  f u e l  sa l t .  A l l  t'ne FEF~ and UF4 

but  only 3-0 

(67-18.5-14-0.5 mole $)  f'uel sa l t .  

t o  the  ex ten t  of only 0 .5  g / l i t e r  i n  hot  aqueous 50% NII4F. 

r i d e  i s  not appreciably soluble  i n  aqueous BeFz so lu t ions  containing up 

t o  0.77 rng of BeF2 per m i l l i l - i t e r .  

t o  15% of the  LiF and ThF4 dissol.ved from a LiF-&F2-ThF4-UFr,+ 

Lithium f l u o r i d e  by i t s e l f  i s  solu'ol-e 

Thorium f luo-  
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5. HOMOGENEOUS EiEACTOR FUEL PROCESSING 

A scheme f o r  processing the  uranyl  s u l f a t e  fuel  of t h e  Homogeneous 

Reactor Test  f o r  removal of inso luble  f i s s i o n  and cor ros ion  products by 

continuous cen t r i fuga t ion  with a mul t ip le  hydroelone system showed promise. 

The o r i g i n a l  ob jec t ive  OP f u e l  processing t o  maintain low nuclear  poison 

l e v e l s  w a s  e a s i l y  achieved with a s ing le  hydroclone. However, the  l a r g e  

inventory of uranium adsorbed, o r  i n  o the r  ways permanently f ixed ,  by the  

cor ros ion  product s ca l e s  s i g n i f i c a n t l y  inc reases  tine uranium inventory and, 

f o r  any p rac t i ca l  power r eac to r ,  in t roduces  an eventual  d i f f i c u l t  recovery 

operat ion.  I n  addi t ion ,  accwniLLation of s ca l e  on the  hea t  exchanger has 

lowered t h e  hea t  t r a n s f e r  c o e f f i c i e n t  about 2 9 ,  which i s  of l i t t l e  con- 

sequence i f  l imi ted  t o  such magnitude but  would be more se r ious  as sca l ing  

continued . 
5.1 HYDROCLONE PERFORMANCE AND CORROSION PRODUCT STUDIES 

Sol ids  RemoTJal i n  R u n s  20 and 21 

S tudies  on increas ing  the  rates of s o l i d s  removal from the  f u e l  by 

faster processing with mult ip le  p a r a l l e l  hydroclone mi-ts were continued. 

I n  previous studies '  with a s ing le  hydroclone, processing the  e n t i r e  f u e l  

volume every 1-2 h r  did not prevent  accumulation of s o l i d s  i n  t'ne r eac to r  

piping system. Competing mechanisms, mainly depos i t ion  o r  sca l ing  of pipe 

surfaces ,  lowered and maintained c i r c u l a t i n g  s o l i d s  concentrat ions around 

10 ppm. 

I n i t i a l  opera t ion  with a 13-uni t  multI.ple hydroclone, o r  multiclone, 

Sol ids  were concentrated i n  .the i n  r e a c t o r  run 20 w a s  repor ted  earlier.' 

mult ic lone,  from which the  underflow stream was routed t o  the o r i g i n a l  

s ing le  hydroclone i n  t h e  processing cell f o r  solids col.l.ecti.on; solids 

c o l l e c t i o n  and removal were followed by d i s so lu t ion  and sampling. 

f i r s t  800 h r  of run 20, removal r a t e s  a-veraged 1.4 g/hr,  dropping from 

5 g/hr  during t h e  f i r s t  50 h r  t o  0.5 g/hr a t  t he  end of 800 h r .  

s ing le  hydroclone i n  run 17 average removal r a t e s  vere 0.85 g/hr i n  a 

s imi l a r  per iod.  I n  the l a s t  800 hr  of  trun 20, s o l i d s  col . lect ion r a t e s  

In the 

With a 

'Chem. Tech. Div. Ann. Prog, Rep. Aug. 31, 1959, ORNL-2788, p 42. 
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averaged <O. 3 g /hr ,  t he  mtnimurn eve r  obtained w i t h  a s ing le  hydroclone. 

Since a1.I previous j-uns had been l e s s  than  1000 h r  i n  length ,  it w a s  d i f -  

f i c u l t  t o  a s c e r t a i n  i f  t he  low removal rat,es were a r e s u l t  of t h e  con- 

Linued decrease with -time or of some rnaLf'uncti.on of t he  system. The single 

c o l l e c t i o n  hydroclone was removed., bu.t visual inspec t ion  i n  a hot  ce1.l 

showed no evidence of damage. 

I 

A new c o l l e c t i o n  hyd.roc1oiie was i -n s t a l l ed  p r i o r  to run 21, but  t'ne 

removal r a t e  was only- 3. g/inr 7.n the f irst  86 hr ,  and this was followed 

-three weeks Later by a period when on ly  0 . 2  s/h:r w a s  removed. 

run tile mul.ticlone was removed and t e s t e d  i n  an underwater ins-tal . l .at ion 

a t  the  reac-tor si-Le. The feed p o r t s  weye found 'io be par.tial1.y plugged, 

which probably decreased the  e f f i c i e n c y  of t he  v n i t  near1.y t o  zero.  Ra- 

d i a t i o n  readings i.ndi.cated t h a t  aboii-L 100 g of s o l i d s  remained in t he  feed  

chamber. Approxi.mately ha l f  these  s o l i d s  were fl-ushed from the u n i t  during 

test,:; made a t  h igher  flow ra- tes  t1ia.n used i n  no-mal operat ion,  but  t h i s  d i d  

not f r e e  the  plugged hydroelones. So1id.s e f f i c i e n c y  tes t s  on the  extremely 

rad ioac t ivz  (> 6000 r /hr )  u n i t  Twere not  p r a c t i c a l .  

A f t e r  t he  

Revised Mu.l.ti.clone Design 

Complete ana lys i s  of t he  mul-ticlone performance ind ica t ed  t h a t  s ig -  

n i f i c a n t  inpr.overnent s coul-d~ be acbieved by increas ing  the  pressure  drop 

across Lhe u n i t  aad by re turn ing  the  overflow froill t h e  col.l-ection liy-dro- 

clone t o  t h e  miulti.cI.one underflow rece ive r .  The p a r t t c l e  s i z e  of  s o l i d s  

col. lected has averagcd less  than 1 1~~ where e f f l c i e n c i e s  are only about 

20%. 

was no-i; reEoved. by the  c o l l e c t i o n  hydroelone and w a s  re turned  -to 'die r eac to r .  

Some add i t iona l  ga in  could be expected by using s1ightl.y smaller  hydroclones 

i n  the mult ic lone assembly. 

i n .  hydroclones w a s  bu i l - t  and. inst,al.l.ed so as t o  u t i l i z e  Uie f u l l  90-f t  

head. of t'ne r e a c t o r  c i r c u l a t i n g  pump i n s t e a d  oi" the 42-f t  head ava i l ab le  

i n  t he  previous ins - ta l la t ior i .  A screen w a s  placed. i n  the  feed stream to 

re:no.ve particles l a r g e r  than 0.030 i n .  i n  an e f f o r t  t o  reduce t'ne possi.- 

bility of again plugging -the feed  por-ts.  

'Yhus a s igni f ican- t  f r a c t i o n  of  s o l i d s  concentrated by the  ii1ulticLone 

There fore I a unlt, incorporating e5 ghteen 0.4- 
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Sol ids  Mater ia l  Balance by Radiation Siirvey 

Measurement of a c t i v i t y  l e v e l s  a t  more than  200 po in t s  i n  the  cell .  

with a Victoreen roentgen r a t e  meter ( m a x i m u m  range 6000 r / h r )  i nd ica t ed  

t h a t  probably more than  85% of t'ne s o l i d s  a re  deposited on high-precc ,ure 
system piping.  This  sca le  appeared f a i r l y  uniform, varrying i n  th ickness  

no more than  a f a c t o r  of 2, with s l i g h t l y  h igher  values  upstream of the  

hea t  exchanger tnan  downstream. The f i e 1  dump tank and sediment t r a p  i n  

the  l i n e  t o  the  f u e l  feed  pump were almost completely f r e e  of so l id s ,  bu t  

an accumulation of s o l i d s ,  es t imated a t  100 g-, had s e t t l e d  out i n  the mult i -  

clone feed  chamber. 

A survey of the  low-pressure system iodine t r a p  76 days a f t e r  shut- 

down showed high a c t i v t t y  a t  the bottom of tlne s i l v e r  mesh bed and a c t i v i t y  

twice as g r e a t  a t  a po in t  near  the  t o p  of t he  bed. Bo th  sources were de- 

caying with an  %day h a l f  l i f e .  Presumably some of the  recombiner p e l l e t s  

had broken and s i f t e d  down t o  t h e  s i l v e r  mesh bed where the  platinum on 

the  p e l l e t s  t rapped iodine t h a t  w a s  not r e t a ined  i n  the  s i l v e r  bed. 

Multiclone Development S tudies  

P a r a l l e l  hydroclone s used i n d u s t r i a l l y  a r e  normally operated with r e l -  

a t i v e l y  high underflow r a t e s  and performance i s  s imi l a r  t o  t'nat obtained 

with s ing le  hydroclones. Recent; s t u d i e s  have shown t h a t  e f f i c i e n c y  i s  a 

d i r e c t  func t ion  of und.erflow r a t e  f o r  p a r a l l e l  hydroclone u n i t s .  A more 

c a r e f u l  i nves t iga t ion  of t h i s  e f f e c t  has  been s t a r t e d  s ince  tinere a re  

d e f i n i t e  advantages 'co operat ing mult ic lones with induced underflow i f  

e f f i c j - enc ie s  remain high. 

I n  engineer ing s t u d i e s  apparent induced underflow r a t i o s  and e f f i -  

c i enc ie s  were measured f o r  the  new HRT multiclone and f o r  a Dorr-Oliver 

TM s tage modified t o  give 32 hydroclones i n  parallel on one induced under- 

flow rece ive r .  T'ne apparent induced underflow r a t i o s  f o r  the  two mult i -  

clone uni-'is were 2.5 t o  5.0 t imes the  experimental  and ca l cu la t ed  values 

f o r  s ing le  hydroclones of t h e  same dimensions. The e f f i c i e n c i e s  f o r  TnOz 

p a r t i c l e s  of abou~t I . .h  p dia, cor rec ted  f o r  the  underflow volume, were 80 

t o  90$ f o r  s ing le  hydroclones with continuous underflow, 50 t o  60$ f o r  the 

multiclone w i t h  5$ of the  feed flow as continuous underflow, and 16 t o  22% 

79 



f o r  i-nduced underflow operati-on of 'ihe mult ic lone.  These r e s u l t s  a r e  be- 

l i e v e d  due t o  unequal flows through. t'ne underflow p o r t s  of the p a r a l l e l  

units, although si-ze c l a s s i f i c a t i - o n  during LIie t e s t s  may have cont r ibu ted  

to t he  apparen-t reduct ion  i n  e f f i c i ency .  

5.2 FISSION PXODUCT STUDBS 

Iodine con t r ibu te s  a s igni f icant ,  f r a c t i o n  of t he  t o t a l  biologi. cal. 

hazard of aqueous homogeneous r e a c t o r  fuel, and. one isotope,  1135, de- 

cays t o  the  neutron poison Xe135. iodine i.s removed, on a l - h r  proces- 

s ing  per iod,  froiri the HRT f u e l  so1iutj.on by v o l a t i l t z a t i o n  ?Tom t h e  l e t -  

down stream and i s  t rapped on a s i lver -p la ted-  mesh bed i n  the  vapor s-bream. 

Reanalysis of da t a  from past rims and ad.d.itional information from run 21 

showed t h a t  only 5 t o  20$ of the  iodine i n  the  r e a c t o r  circula-ties with the  

f u e l .  The remainder i s  held,  presumably by adsorpt ion on the wal.l.s, i n  

equi l ibr ium with t h a t  c i r c u l a t i n g .  This  decreases  t h e  c f fec t j -veness  of 

t h i s  method of xeiion con t ro l .  While t h e r e  i s  evidence -khat t'ne amount of 
i-odine c i r c u l a t i n g  changes Q-ith t i m e ,  the change i s  not l a r g e .  

The e f f e c t  o f  t h e  t e l lu r ium precursor  on saxip1.e r e s u l t s  and t h e i r  i n -  

t e r p r e t a t i o n  w a s  shown t o  be n e z l i g i b l e  by analyzing samples a number of 

t-imes over a per iod  of  se-veral  days.  

red ied  back t o  sampling t h e  remained coiistant, i nd ica t jhg  no gro-w-in of 

'The T133/1131 ac ' i i v i ty  r a t i o  cor- 

from thz  precursor .  n i .s  was expectcd si'.nce t e l lu r ium I s  very 17-31 

inso3.uble and less than  1% c i r c u l a t e s  with the fuel..  

Heat generat ion i n  the  iodine t r a p  w a s  measured careful.3.y over two 

5-day per iods  of constant  power opera t ion .  From the  hea t  generat ion rate 

and from the  t r a n s i e n t  ?mj.J..d.up and decay rates, i L  ~8.8 evident  that; t he re  

w a s  l i t t l e  hea t  contributi .on from the  sho r t - l i vzd  i so topes .  This  i n d i c a t e s  

holdups cons i s t en t  with t h a t  noted above. 

Xe135 P o i s o ~ i  Frac t ton  Mcasuremellts 

Rather complete removal of the  135 chain from the  c i r c u l a t i n g  f u e l ,  

coupled with the  large negat ive temperaLure c o e f f i c i e n t  of r e a c t i v i t y  and 

continuous umniun  t r a n s f e r s  i n  the  system, makes rneasuremeni, of tlne Xe135 
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poi son l e v e l  i n  t h e  BRT by mxmal t r a n s i e n t  r e a c t i v i t y  measurements inac-  

cu ra t e .  A scheme f o r  measurtng the  xenon poisoning was devised, based on 
ana lys i s  of the off-gas  f o r  the  Xe”36/Xe134 r a t i o .  A f t e r  a s u i t a b l e  t i m e  

a t  constant  power, the of€-gas was routed t o  a spare charcoal  bed f o r  48 

h r .  This  gas,  aPter decay of the a c t i v e  i so topes ,  w a s  purged from the  bed 

and w a s  analyzed by m a s s  spectrographic  methods for the  r a t i o  of t‘ne xenon 

i so topes .  The xenon poison f r a c t i o n ,  ca l cu la t ed  from e x i s t i n g  y i e l d  data, 

w a s  0.009 t 0.0005 with t h i s  p rec i s ion  based on s t a t i s t i c a l  v a r i a t i o n  be- 

tween successive sanples. Uncertainty i n  the  prlmary y i e l d  da t a  may i n -  

troduce e r r o r s  as g r e a t  as 0.0015 i n  the  measurement. 

f a c t o r  of 2 lower than  elipected, i nd ica t ing  sornewhat l e s s  iodine holdup, 

t hus  more complete removal, than had been es t imated  from o the r  means. 

This value was a 

5 . 3  WASTE I~ANDLI~JG 

Shield Water 

Decontamination of s h i e l d  water by precipi ta t ion-adsorpt ion techniques 

continued t o  prove adequate for handling t h i s  low-level. l i q u i d  w a s t e  from 

t h e  r e a c t o r .  From J u l y  1959 t o  Ju ly  1960, 1,700,000 ga l  of watez-, contain- 

ing  185 cu r i e s ,  w a s  t r e a t e d .  The t o t a l  a c t i v i t y  released t o  White Oak T,ake 

w a s  2.4 c u r i e s .  The primary t reatment  c o n s i s t s  of  adding soluble  t r isodium 
phosphate t o  p r e c i p i t a t e  calcium, which a c t s  as a scavenger as it s e t t l e s .  

I n  one case, when st;ron”cum was the  chief  a c t i v i t y ,  d i s p e r s a l  of diatoma- 

ceous e a r t h  on the  pond surface was very e f f e c t i v e  a f t e r  l i m i t e d  success 

with t r isodium phosphate. 

Off-Gas 

Operation of the  charcoal  adsorber beds For f i s s i o n  gas r e t e n t i o n  was 

rout ine  with l i L t l e  a t t e n t i o n  required.  I r ieffect iveness  of t he  recombiner 

r e s u l t e d  i n  concentrat jons of deuterium j n  the off-gas ranging from l. t o  

1%. 
t h i s  deuterium content .  A f i r e  w a s  i g n i t e d  i n  one of t h e  beds, presutiably 

due t o  the hea t  of recombination of D2 and 0 2  i n  a fashion s i m i l a r  t o  that 

repor ted  previous ly .2  The f i r e  w a s  de tec ted  immediately by a sharp tempera- 

t u r e  r i s e  and w a s  quenched by stopping ozjgen f l o w  t o  t h a t  bed. No act , ivi ty  

A continuous analyzer  w a s  i n s t a l l e d  on the  e x i t  ~ a s  stream t o  monitor 

21bid., - p 44. 
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w a s  re leased  and gas analyses  subsequently showed a bare ly  de tec tab le  r i s e  

i n  C 0 2  content .  

5.4 EQUIPMENT DECOII’YAMINATION 

“he chromous s u l f a t e  deseal ing method f o r  s t a i n l e s s  s t e e l  i n  the HRT 

w a s  f’urther de-vel.oped. At t he  cos t  of increas ing  descal ing time t o  sev- 
eral  hours,  the  corrosion rate w a s  reduced. t o  less than 0 . 1  m i l  pe r  month 

011 347 s t a i n l e s s  s t e e l ,  Zircaloy-2, and t i tan ium by rnoni-toring the  plI a t  

1.60 k 0.05 and the  temperature a t  85°C while c i r c u l a t i n g  the  solution 

through mossy zinc.  The pH w a s  control.l.ed by continuous add i t ion  of BzS0.4 

as the  zinc w a s  consumed. Although t r i v a l e n t  uranium w a s  an even more ef- 

f e c t i v e  desca ler  than d iva len t  chromium, i L s  i.nstabi1it.y w a s  a severe handi- 

cap t o  its use. 
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6. WASTE TlIUUPENT AND DISPOSPL 

Safe and economic management of wastes from reac to r  : b e l  processing 

i s  e s s e n t i a l  t o  a sound and mature nuclear  power economy. Pyesent methods 

of d i sposa l  do not o f f e r  e i t h e r  the degree o f  permanence requi-red for con- 

tainment of high-level  wastes o r  e f f i c i e n t  means f o r  s u b s t a n t i a l l y  decreas- 

ing  the  quant i ty  of rad io iso topes  re leased  t o  the environment as t i g h t e r  

r e s t r i c t i o n s  a r e  imposed. Processes under development t o  prepare wastes 

f o r  permanent d i sposa l  a r e  : 
wastes t o  s o l i d s  by evaporat ion t o  dryness and ca l c ina t ion  i n  a por tab le  

vesse l ,  o r  "pot," which would serve as the  conta iner  f o r  f i n a l  s torage i n  

s p e c i a l l y  constructed concrete v a u l t s  o r  niined c a v i t i e s  i n  geologic forma- 

t i o n s  such as salt o r  limestone; ( 2 )  converston of intermediate-radioactiv- 

i t y - l e v e l  chemical decladding wastes t o  s o l i d s  by mixing a t  room temperature 

with sand, cement, and l l m e ;  and (3)  decontamination of low-radioactivi-ty- 

level. wastes by ion  exchange with phenolic r e s i n s .  

(1) conversion of h i~h-rad ioac t iv i ty- leve l  

6.1 POT CALCINATION O F  HIGH-FADIOACTIVIT'Y-LETJEL WASTES 

A process  f o r  converting wastes t o  s o l i d s  by pot  c a l c i n a t i o n  has  been 

inves t iga t ed  on both bench an& engineer ing sca l e s  with synthe t ic  wastes a t  

t r a c e r  l e v e l s  of a c t i v i t y  i n  order  t o  obta in  chemical and engineering da ta  

for design of  a p i l o t  p l a n t .  It proiiiises t o  be both simple and v e r s a t i l e ,  

bu t  has  not y e t  been demonstrated wi-th a c t u a l  h igh- rad ioac t i  vity-letrel  

wastes . 
I n  t h i s  process  (Fig. 6.1), waste t h a t  has  been s to red  th ree  o r  more 

yea r s  f o r  decay of shor t -  and inLenrieediate-lived f i s s i o n  products i s  fed  t o  

an evaporator  where the  volume i s  decreased. by f a c t o r s  of  2 t o  4. Tne over- 

heads from the evapora-Lor go t o  an ac id  f r a c t i o n a t i o n  column which produces 

concentrated a c i d  f o r  recycle  t o  the chemical. plank and a very d t l u t e  low- 

r ad ioac t iv i ty - l eve l  waste which can be f u r t h e r  decontami.nated before disposa l  

as  low-level waste. The evaporator  bottoms, lin the  form of a very concen- 

t r a t e d  so lu t ion  o r  s lu r ry ,  go t o  an e l e c t r i c a l l y  hea-Led c y l i n d r i c a l  pot  f o r  

evaporat ion t o  dryness and c a l c i n a t i o n  a t  temperatures of 700-900°C. 

c a l c i n e r  off-gases a r e  f irst  passed through a downdraTt condenser where 

85-95$ of the  n i t rogen  oxides a re  a'osorbed i n  the  condensing water and then  

t o  t h e  a c i d  still. f o r  recovery of the  remainder. The condensate i s  recycled 

The 
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~ 

EVAPORATOR 

3 RECTIFIER 

-4 POT C A i C l N E R - - -  - 
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i 

H20 TO ILOW-LEVEL 
Dl S POS A I. 

1 
RECYCLE 

A C I D  

F GASES 

rtc- CONDENSATE 

-SOLIDS TO P E R M A N E N T  DISPOSAL L--- 

Fig. 5.1. Flowsheet for Converting High-Level Wastes io Solids by Pot Calcination. 

'io the evaporator,  and t h e  gaseous i ne r t s  i.n t h e  system a r e  removed i n  the 
r e f l u x  condenser of t h e  a c i d  r e c t i f i e r ,  f i l k e r e d ,  and then  released. through 

a s t ack .  
l i n e s  wlll be broken and t h e  po t  w i l l  be sealed, removed from t h e  fbrnace, 

and shipped t o  a permanent s torage s i t e .  

When the  pot i s  f i l l e d  with tal-cined s o l i d s ,  connec-Ling process  
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The f e a s i b i - l i t y  of PO-1; c a l c i n a t i o n  i n  terms of t h e  r a t e  of ca l c ina t ion  

and r a t e  of hea t  d i s s i p a t i o n  during s torage has  been establ-ished. 

with Purex waste ind ica t e  t h a t  the  e f f l u e n t  from the processing of 6 tons  

of uranium could be ca lc ined  and contained i n  one pot ,  10 i n .  i n  diameter 

by 6 f t  long.  Aluminum-bearing wastes from processing of 1 kg of U235  i n  

U-A1 alloy f u e l s  could be handled wi-th one pot ,  12 i n .  i n  diameter by 6 f t  

long. Tjze problems of' hea-t d i s s i p a t i o n  during permanent s torage i n  var ious 

na- tural  environments have been reported, '  and the  d l m e t e r s  of -the ca l c ine r  

po t s  f o r  a p r a c t i c a l  case have been l i m i t e d  t o  12-15 i n . ,  which w i l l  permit 

hea t  d i s s i p a t i o n  by n a t u r a l  r a t h e r  than  forced cooling. 

Tests 

Bench-scale equipment f o r  c a l c i n a t i o n  s t u d i e s  cons is ted  of a feed r e s -  

e r v o i r  and pump, a c a l c i n a t i o n  pot  ( 4  i n .  i n  diameter and 18 i n .  Long), a 

5-kw furnace,  and an off-gas  handling system composed of a downdraft con- 

denser,  packed absorber column, polyethylene expansion bag, and gas-recir- 

cu la t ion  pump (Fig .  6 .2) .  I l l u s t r a t i v e  of -the experiments i n  t h i s  equipment 

lJ. J. Perona and M. E .  Whatley, Calcu la t ion  of Temperature Rise i n  
Deeply k r i e d  Radioactive Cylinders,  Om-2812 (Feb. 3, 1960). 

UWLLASSIFIED 
ORNL-LR-DWG 45828RA 

Fig. 6.2. Schematic of Apparatus for Calcining Wastes and Scrubbing Volat i le  Ruthenium 
from Off-Gas. 
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i s  t he  evaporation and. calcinat;ion t o  903°C of  a synthetic Purex l W  con- 

cen t r a t e  (5 .6  M I{-', 6.1 M NO3-, 1.0 M SO&--, 0.6 N €Ja'-, 0 .1  M Al*"-", 0.5 M 
Fe i-f--i, 0.01 M Cr-'..'-'-, c 01 M Ni"-, and 0.002 M Ru i on )  . 
( 1 . 2  moI.es/l?-I;er*, ori-ginal. concentrat ion)  and calcium lijidroxi de ( 0 . 2  

mole / l i t e r ,  origiLial c o x e ~ t ? - z t i o r ; )  were ad.c.eC. -'io t h e  waste 'io reduce sul- 

fate v o l a t i l i t y .  The feed r a t e ,  ad jus ted  t o  be approximately equal  t o  t'ne 

boil.-off r a t e ,  decl.i.ned throughout t he  run, €1-om 100 in?/min i n i t i a l l y  t o  

almost zero a-'i the end o f  tile evaporat:Aon, as the  caii f i l l e d  wit'n so1id.s 

and the  heat,-l;ransfer r a i e  decreased. A volume-reduction f a c t o r  ( v o l m e  

of feed p e r  bu!.k volume of s o l i d  r e s idue )  of  6.4 w a s  obtained. The solid 

residue had an apparent dens5.ty of  1.56 g/ml.> equivalent, to a poros i ty  of  
about @. 
respec t ive ly ,  of the i n i t i a l  weight of t h e  feed .  The condensate and o f f -  

gas  contained 98 a d .  2%, respec t ive ly ,  o f  t h e  ni- ' irate,  and 0.7 and 0.02$, 

r e spec t ive ly ,  of t h e  s u l f a t e  o r i g i n a l l y  presetit i n  t he  was-Le .  The conden- 

s a t e  contained 26$ of t he  rutl1enium origj.nal-1.7 present  i n  t he  feed wlien 

NO W R S  ?lot present  in t h e  evaporator;  with NO added ( N O  w i l l  be producer1 

i n  very a c t i v e  wastes by t he  r a d i a t i o n  decomposition of n i t r a t e )  t he  ruthe-  

nium concentrat ion i n  the  condensate was decreased t o  -1% 0.f t h a t  i n  the 

feed. Approximately 5 l i t e r s  o f  noncondensable off-gas  was co l l ec t ed  i n  

the  expansion bag pe r  l i t e r  of w a s & .  

be pr i r ic ipa l ly  oxygen. I n  simi.l.ar expe r t r en t s  with NO admitted ilixring the  

run, added. wi'bh t h e  t a t e n t  o f  decreasing ruthenium v o l a - t i l l t y ,  the  produc- 

t i o n  of noncondensable off-gas was decreased t o  al.most zero. 

I - - - I - 
SodLixn hydr0xj.d.e 

I - - 

The Condensate, res idue,  and o r - g a s  contained 87, 1 7 ,  and C.5%, 

Analysis of the gas  showed it  t o  

Experiments with synthe t ic  %rex 1Wd wastie an6 concentra-Led Darex 

waste ( 1 . 9  M Ht, 2.9 M Y e f t + ,  0.6 M Cr'++, 0.3 M Ni'+, 0 .3  M AI.+++, 13.9 M 

N03-) were performed i n  6- am1 &-in.-dia  s t a5n lc s s  s t e e l  ves se l s ,  78 Tr t .  

long.  

she1.1 and tube cond.ensers and a bank of o r i f i c e s  and d i f f e ren t~ . a l -p re s su re  

cells f o r  measuring noncondensahle o f f  -gas ra tes .  

- - - _I - - 

The off-gas sys tex  (Fj-g. 6 .3)  consisted. of two 1 S - f t 2  downdraft 

The runs w i t h  Purer, wzste were startec? .with the  ca l c ina t ion  pot par-  

tially f i l l ~ e d  with water i n  order  'io avoici v io l en t  f ' lashhg and entrainmen-i; 

caused when waste sol.uti.on i s  pumped i n t o  a hot ,  dry pot ,  and tile l i q u i d  
l e v e l  w a s  he ld  constant  at, the t o y  of  the  vessel. throughout t h e  feeding 

per iod .  Tqe initial feed rate w a s  60 l i t e r s / h r  and decreascd d u r i n s  t h z  
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Fig. 6.3. Shell-and-Tube Condensers of Off-Gas System. 
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run t o  1 l i t e r / h r  as the  hea t  t r a n s f e r  surface w a s  covered by the  deposi- 

t e d  so l id s .  Af t e r  feeding w a s  stopped, hea t ing  and c a l c i n a t i o n  continued 

f o r  about 7 h r  u n t i l  s o l i d s  temperatures of 7@0-9OO0C were reached. The 

dens i ty  of  the ca lc ined  s o l i d s  w a s  1 . 5  g/cm3 and t h e  NO3- content averaged 

200 ppm. 

condensate as HN03. 

From 85 t o  95% of the  n i t r a t e  i n  the  feed w a s  recovered i n  the  

From depos i t ion  p a t t e r n s  of rad ioac t ive  t r a c e r s  added t o  the  feed and 
the  readings of thermocouples i n  the  c a l c i n a t i o n  vesse l ,  it w a s  e s t ab l i shed  

t h a t  t he  depos i t ion  of s o l i d s  occurred mainly i n  the  r a d i a l  d i r ec t ion ,  with 

l i t t l e  depos i t ion  i n  the  v e r t i c a l  d i r e c t i o n .  The data were adequately rep- 

resented by 

where 

t = time, h r ,  

a = volume of condensate pe r  volume of deposi ted s o l i d ,  

p = dens i ty  of condensate, l b / f t 3 ,  

h = heat  of vapor iza t ion  of condensate, Btu/lb, 

R = r ad ius  of  ves se l ,  f t ,  

k = thermal conduct ivi ty  of deposi ted s o l i d ,  Btu hr-l ft-' f t ,  
AT = d i f f e rence  between temperature of vesse l  w a l l  and temperature of 

bo i l i ng  l i q u i d ,  OF, 

r = dis tance  from a x i s  of ves se l  t o  surface of deposi ted so l id ,  f t .  

Calcinat ions of syn the t i c  Darex waste were performed a t  constant  feed 

r a t e s  ranging from 3 t o  23 l i t e r s / h r .  The dens i ty  o f  the  ca lc ined  s o l i d s  

was 0.8 g/cm3, and the  n i t r a t e  content  w a s  about 300 ppm. I n  con t r a s t  t o  
t h e  Purex runs, s o l i d s  depos i t ion  took place mainly i n  the v e r t i c a l  d i r e c -  

t i o n ,  with l i t t l e  r a d i a l  buildup. A constant  he ight  of l i q u i d  was main- 

t a ined  above the  s o l i d  phase, which moved up the  ves se l  as t h e  he ight  of 

deposi ted s o l i d s  increased.  The following equat ion r e l a t i n g  the  exper i -  

mental va r i ab le s  w a s  derived: 
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where 

U = over -a l l  hea t  t r a n s f e r  c o e f f i c i e n t ,  Btu hr-' fte2 ( V)-l, 
h = height  of  l i q u i d  phase ( c o n s t a n t ) ,  ft, 

h = he igh t  of s o l i d  phase ( v a r i a b l e ) ,  f t .  
L 

S 

Nitrate-Organic Reactions 

Experiments were performed w i t h  simulated Purex 1 W  and var ious amount,s 

of t r ibu t ,y l  phosphate (TBP) t o  determine i f  a buildup of TEE' o r  i t s  degrada- 

t i o n  products during the  evaporat ion of waste could cause an exothermic o r  

even an explosive r eac t ion .  NO v io l en t  r eac t ions  o r  r ap id  r i s e s  i n  pot  

temperature were de tec ted  i n  ba tch  evaporat ions and tal-cinations ko 400°C 

of simulated waste containing 3 t o  300 m l  of TW per  l i t e r .  

The m a l  Conductivity 

Measurements of the  thermal conduct ivi ty  of a calcined Purex waste 

showed v a r i a t i o n s  from 0.210 BLLu hr-l ft-' ( O F ) - '  a t  230°F t o  0.311 a t  

1329'F, while the  thermal conduct ivj ty  of a ca lc ined  D- itrex waste var ied  

from 0.140 Btu hr-' ft-l (OF>-' a t  92'F t o  1 .32  a t  1600'F. 

res idue  had an apparent dens i ty  of 1 .56  g / c c ,  which i s  equivalent  t o  a 

po ros i ty  of about 48%. 

0.591. g/cm3, which i s  equivalent  t o  a poros i ty  of  about 83$. 

The h r e x  

"?ne Darex residue hail an apparent dens i ty  of 

The val-ues of thermal conduct ivi ty  f o r  these  wastes increased almost 

l i n e a r l y  with increas ing  temperature.  This v a r i a t i o n  of Ynermal conduc- 

t i v i t y  with temperature i s  t y p i c a l  of a powder r a t h e r  than  a c e l l u l a r  

ma te r i a l  ( s o l i d  phase continuous, gas phase d i spe r sed ) .  However, the 

ca lc ined  wastes had the  physical appearance of a c e l l u l a r  Inater ia l  r a t h e r  

than a powder. 

Rut'nenium Vola t i - l i ty  

The l i m i t i n g  a c t i v i t y  i n  the  t reatment  of off-gases  from the  evapora- 

t i o n  and ca l c ina t ion  of rad ioac t ive  wastes i s  probably ruthenium, s ince 

it i s  v o l a t i l e  under oxidizing condi t ions even a i  r e l a t i v e l y  low tempera- 

t u r e s .  

ruthenium v o l a t i l i t y ,  batch evaporat j  on6 and ca l c ina t ions  of Purex llzrW 

Since it i s  des i r ab le  t o  have a means of p o s i t i v e l y  con t ro l l i ng  
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concentrate  were performed with a reducing atniosphere i n  the  evaporator- 

c a l c i n e r  ves se l .  A reducing at:nosphere was maintained i n  the  equipxent 

by sweeping NO through I t .  

t i v e s  was evaporated i.n a i r  withoui; an NO sweep, t h e  condensate contained 

about 72$ of  the  feed rutAieniu9. Ttlith tlie NO sweep, o.%-l.5$ of t h e  mi- 

thenium appesred i n  t he  condensate. 'The use of sodiim and ca1ci.m addi- 

t i v e s ,  t o  reduce su.lfate v o l a t i l i t y ,  increased t h e  ru.theni.um i n  t h e  con- 

densate t o  17-32$. The s u b s t i t u t i o n  of magnesium f o r  calcium (mole f o r  

mole) d e c x a s e d  the  ruthenium v o l a t i l i z a t i o n  t o  2-15$, depcnd.ing oil tlne 

amount of sodium. The presence of  about 2 m l  of TBP p e r  1.i.ter of  waste 

decreased t h e  ruthenium vo la t , i l i t y ,  i n  the absence of NO sweep gas, from 

about 70$ to 4-15$, depenaiiig on add i t ives .  

Wen  sirnul-ated Purex 1 W W  contzining no addi-  

O f f - G a s  S tudies  

I n  order  to e?ial.uai;e t h e  e f f ec t iveness  of  the d i s t i l l a t i o n  tower i n  

the  p l a n t  flowshee-t as a scrubber for soluble  aerosols ,  a s e r i e s  of ex- 

periments was nade by passing ar: a i r  stream containing a Ci : (N03)3  aerosol 

with C r 5 1  t r a c e r  through a tower packed. with l / & i n .  Haschig r ings  and 

operat ing a t  t o t a l  r e f lux .  The Cr(N03)? aerosol ,  naving a lower vapor 

pressure  than  the  s t e m  i n  tile vapor phase, ~~oi~1 .d  be expected to  grow 7.n 

s i z e  by d l f f u s i o n  of' H20 i h t o  the  d rop le t s .  S u f f i c i e n t  growth of the  par- 

t i c l e s  i n  a steam atnosphere provided by a r e b o i l e r  i n  the  scrubber system 

shou1.d result i n  a t t enua t ion  of the aerosol  by the  water i n  the scrubber 

tower due t o  i n e r t i a  e f f e c t s  as the  a i r  stream passes  through the  tor tuous  

passages of t he  packing when the  aerosol  w a s  steam-suspended and passed 

t o  -tie scrubber.  Decontamination f a c t o r s  were about 8.8 x lo' f o r  tower 

vapor-phase coxposi t ions of  C.30 t o  0.95 mole f r a c t i o n  of  steam. When 

the  tower vas operate& with the r e b o i l e r  off and no steam i n  the  vapor 

phase en ter ing  the scrubber,  the  decoatamination factor w a s  l e s s  than 1 0  

(Table 6 . 1 ) .  

t he  tower rnias 13 lj- i n  both cases .  

The average volumetric mean d i m e t e r  of t he  aerosol e n t e r i n g  

Thermock!emical. S'iudi e s o f  Waste Coilyonellis 

i%.ndam.ental data on the  phy-sica,l ana chemlca?~ changes of var ious sal ts  

during waste ca1cina:;lon are e s s e n t i a l  f o r  p red ic t ing  the  e f f e c t s  of both 
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Table 6.1.. P a r t i c u l a t e  Attenuat ion i n  a Packed D i s t i l l a t i o n  Tower 

Ac t iv i ty  of A i r  
Vapor Composition (Counts min-l ft,-3) Decontamination 

(Mole Frac t ion  Steam) Factor  
I n  out  

0.30 2.30 x l o 4  2.63 8.7 1.03 

0.4.7 7.24 x l o 3  2.20 3.3 x 10' 
0.64 5.62 x 10' 3.55 1.6 10' 

0 2.3 x l o 4  4.3 103 5.4 

0 2.4. x io4 3.2 x 103 '7.5 

0.95 2.2 l o4  2.57 8.6 x l o 3  

major and minor components during ca l c ina t ion  on the  composition of t'ne off- 

gas, aod the  nature  of  ca lc ined  product.  One metinod of  ob ta jn iag  such in- 

formation i s  the use of thermogravimetric ana lys i s ,  i n  which the  samp2.e i s  

weighed continuoiisly while being heated. The data  obtained from such meas- 

urements on t y p i c a l  components of h igh- rad ioac t iv i ty- leve l  wastes show tine 

temperature a t  which c e r t a i n  chemical changes Lake p lace ,  and i n  many cases  

the composition of t he  r e s u l t i n g  compound can be calculater i  from weight loss 

(Table 6 . 2 ) .  

6.2 SOLIDIFICATION OF INTEBGDIATE-ACTIVITY-L!&VEL WASTES 

it has been proposed that decladding wastes be converted, by mixing 

with add i t ives  a t  room temperature,  t o  dry s o l i d s  s u i t a b l e  f o r  u.ltimat;e 

storage. 

prepared i n  t h i s  manner from SulTex and Z i r f l e x  decladding wastes. 

Eased on compression t e s t s ,  solids of good d u r a b i l i t y  can be 

The solFds produced from Sulfex decladding waste had the  following 

composition ( p a r t s  by weight) : 

0.24; cement, 0.55. Af te r  27 days' curing,  the compression t e s t  on -the 

briquette w a s  3000 psi, tine dens i ty  w a s  1.33 g/crn3, and t h e  volume increase 

of the s o l i d  over t he  o r i g i n a l  l i q u i d  w a s  457%. 

decladding waste, 1.0; C a ( O H ) 2 ,  0.26; sand, 

The s o l i d  produced from Z i r f l e x  decladding waste had the  foil-owing 

composition ( p a r t s  by weight):  

0.26; cement, 0.90. The waste so lu t ion  w a s  heated with Ca(OII);! t o  dr ive  

decladding waste, 1.0; C a ( O H ) * ,  0.06; sand, 
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Tab1 e 6 . 2 .  Themogravinletric Analysis of Various Waste Components 

Sub s tance ‘Temperature Weight 
Heated ( “ c )  Loss ($) Ind ie s t ion  

300 

500 

800 

5 00 

i+0c-’i00 

20C-250 

675950 

63C-975 

5 0C-1 000 

1009 

350 

475 

850 
1175 

203--600 
650-950 

400-600 
800 

5 00-75 0 
950 

1000 

2oc-1.1 0c 

1100 

1050 

80 

86 

23 

25 

50 

100 

81 
0 

100 

130 

62 
100 

42 
71 

i.6 
86 

ill 
T i l  

0 

2c 

6 ‘1 

0 

Fe203 formed 

A1203 formed 

%’e2 ( S O 4 )  3 formed 
Fe203 fo,med 

L moles of  H2O l o s t  
NiO formed 

SrO formec!. 

Deco:nposed; oxide sublimed 

Cr203 forned 

Stab le  a t  1000°C 

Decomposes 

Decomnose s 

N a 2 0  formed 
Oxide sub J.ime d 

F e S 0 4  formed 
Fez03 formed 

A 1 2  ( S O L + )  3 I’omed 
.kL203 formed 

NiS04 formed 
NiO fornrd  

Stzble a t  1000°C 

Cas04 fojmed ( s t a b l e  at. 
1.1.0O0C) 

MgO f o I.T;-L~ d 

Stable  -to 135C”C 

off LXH~ and reduce ‘ihe volume before  ad.dir?g sand and cercent. A 7-day-cured 

bri-que-tte coll-apsed under a pressure of 4200 psi. Its dens i ty  was 3..85 

gjcm’, and the  volume decrease of‘ the solid op-ei- the o r i g i n a l  l i q u i d  was 

23%. 

Mari-time Reactor Maste Disposal. 

Inves t iga t ion  of a procedure f o r  the d - i s p o s a l  of i ienineral izer  r e s i n s  

by mixing w i t h  cement t o  fowl concrete blocks or’ low leac’nabi l i ty  has been 
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completed.2 

i n s  were s tudied.  

while t he  r e s i n s  f ixed  i n  concrete showed a much decreased r a t e  of ac-Livity 

d i spe r s ion .  For f i x a t i o n  of nuclear-reac-Lor demineral izer  r e s i n  i n  con- 

c r e t e ,  a mixture of two p a r t s  of Por t land  cement, one p a r t  of r e s i n ,  and 

one p a r t  of water vas opttmui. A coiicref;e block prepared i i i  t h i s  mannel- 

l o s t  only 0.4L+$ of -the gross  ga-ma a c t i v i t y  after 2540 h r  of  contac t  with 

simulated sea water. 

w i l l  occiir. 

The r e s u l t s  of sea d i sposa l  of both t r e a t e d  and un t r ea t ed  r e s -  

The u-ntreated r e s i n s  were r ap id ly  elixLed by sea water, 

Tne da ta  i n d i c a t e  that, l i t t l e  o r  no f u r t h e r  leaching  

6.3 IOM EXCHANGE TA%ATMEI\JT OF LOW-RADIOACTIVITY-IXVEL WASTES 

A flowsheet w a s  demonstrated, on a l abora to ry  scale, for decont,mi- 

mating l a r g e  volunies of 1-ow-radioactivity-level process-wa-ter wastes (Fig.  

6.4). 

t ior i  no-t very di-ff‘erent from tzp rvater but conta in  more than the  m a x i m u m  

permissible concent ra t ion  of rad io iso topes  Tor u n r e s t r i c t e d  discharge t o  

t‘ne environment. 

1 2  (making it about 0.01 M i.n NaOH, for rn0s.t waters), c l a r i f y i n g  it; to re- 

move solids, and passing it through a bed of phenolic ca-t;ion exchange r e s i n .  

The wastes considered. i n  the  s t u d i e s  have a macrochemical conposi- 

The proces;: c o n s i s t s  i n  ad jus t ing  the water t o  about pH 

- 

WiYn t y p i c a l  OlQL low-raaFoact ivi ty- level  waste water, most of .the 

ca lc i im and magnesium i n  the water  p r e c i p i t a t e  when the  water i s  made 

alkaline , car ry ing  down h-itln them suspended s o l i d s  arid a s u b s t a n t i a l  

f r a c t i o n  of the r a d i o a c t i v i t y .  

cesium, about 5% of the s t r o n t i . m ,  about ‘7% of the ruthenium and cabal-t, 

and about 90”j o r  t he  r a r e  e a r t h s .  

of the o r i g i n a l  waste volume, arid t h e  f i l t e r e d  sol-ids have a volume about 

0.1% of  t he  or i -g ina l  waste volume and arL even smaller volwiiz a f t e r  d iy ing .  

The i o n  exchange step removes p a r t  of t he  r e s l d m l  ru-Lheniim and coba l t ,  

most of t he  residual- r a r e  ear- ths ,  and nea r ly  a l l  t h e  rena in ing  cesii-un and 

strontium. For 1500 vol.mes passed through 1 volunie of  phenol ic  I-esin on 
a three-day loading cycle,  tine over-a1.l process decontamination f a c t o r s  

were 10 f o r  ruthenium arid coba l t ,  100 f o r  r a r e  e a r t h s ,  and 1.000 f o r  cesium 

and strontium. 

F i l t r a t i o n  then  removes about 10% of the  

The s e t t l e d  s o l i d s  volume i s  about 1% 

2R. R. Hol comb, Maritime Reactor WasLe Disposal Studjes:  S o l i d i f i -  
c a t i o n  of Ion-Exchange Resik with Por t land  Cement f o r  Radi o a c t i  ve WasLe 
Disposal, 0 ~ 1 ~ ~ ~ 2 8 9 9  ( i n  p r e s s ) .  
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UNCLASSIFIED 
ORNL-LA-DWG 51487 

15CC 2000 BED VOLS 
OF OQNL PROCESS 
WhTER W A S T E  

i 07-1 I BED VOLS 
5 0 ° & N o 0 ' i  SDLUTION 

-I__p__- 
METERED lh 
WITH WASTE 

RECYCLED FIRST bz BEG VOL rO BED VOLS RECYCLED 
OVERHEADS, 

_..___ 

EVAPORATOR 

HI G i! - L E  V EL  
WASTE STORAGE 

FILTER 

L. .... 1 
1 J HOLD-UP TANK 

' 0 .0 jM NaOH 

(1-2 hr TO ALLOW 

PRECIPITATION 1 

-. 

C O M P I - E ~ E  1' (7'. 
PUM? 

PER hr 
20-28 BED VCLS 

3ECONTA.M N A T E D  EFFLUENTS,  

TO W H I T E  O A K  CREEK 
<O 2 ORIGINAL S r ,  C s . C e  ACTIVITY 

Fig. 6.4. Ion Exchange Process for the Treatment o f  ORNL Low-Level Process-Water 
Waste, Three-dny sorption cycle, 8-hr regeneration cycle. 

Duollte C - 3 ,  a phenolic-sdlfonic r e s i n ,  and Duoli te  CS-10G; a phenolic- 

carbox2Fl.i.c r e s in ,  were abo;lt equa l ly  effect i -ve for cesium removal i n  t he  

loading cyc le ,  

styrene-sul-fonate res ins  (Dowzx 50) for the polyvalent  rad io iso topes  but 

a r e  r ~ c l ?  more e i f z c t l  ve f o r  cesj-wn s ince the phenoI.5.c group, rionized ody 

at hi.gh pH, I s  iinusually selective .?or cesium Ln the presence of s o d i m  

and o ther  ca-Lions. 

nnoved fron Diioll te C - 3  by upflow regenera t io3  wlth 13 v o h m e s  of  5 M - H C 1  

i.n r,' h r .  

YCI. need be iiscd si.nce it I s  a weak-acid resin. I n  e i t h e r  case, t he  10 

volurnes of regenerar,t was'ce can 32 evaporated by a f a c t o r  of  2C, t o  give 

a volwm reductiop- fac'ior from originel. waste wzter t o  concentrated regen- 

e r a n t  waste of about ?oOCi. The cond-ensate from the i-egenerant waste evapo- 

ratiar- can be reGsed as regenerant af-Lei- butting up t o  o r i g i n a l  s t r eng th  

w i x h  f r e sh  ac id .  The use o-f s c l f u r i c  ac ld  as regenerant i s  probably n o t  

Both a r e  a l s o  about as e f f e c t i v e  as the standard poljr- 

More t&n 99.9% of t'ne ces iux  and strontium can be re- 

EezeTeration of  Duolite CS-100 i s  the same except t h a t  only 1 _-- M 
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des i r ab le  because of the p o s s i b i l i t y  of Cas04 p r e c i p i t a t i o n  i n  the  r e s i n  

bed during regenera t ion  and because volme reduct ion f a c t o r s  on evaporat ion 

would be smaller. Hegeneration wi-th 5 M €IN03 i s  precluded s ince  it vigor-  

ously a t t a c k s  phenol ic  r e s ins ;  d i l u t e  n i t r i c  ac id  might be used t o  regen- 

erate the  CS-100 resin u.nder c a r e f u l l y  control.led conii.itions, but  l a rge  

volume changes between ‘ihe ac id  and a 1 k a l i . i ~  forms of this r e s i n  may lead 

t o  engirieering pro’ol-ems .. 

- 

6.1+ ECONOMICS OF PEMmT:NT STORAGE OF L I Q U I D  WASTES IN T-4NICS 

The choice of  d i sposa l  methods t o  be adopted by a nuclear  power 

i n d u s t i y  will depend on t h e  allowable hazards  invol-ved and assoc ia t ed  

economics .3 Althou.gh t h e  c o s t s  of t ank  s torage have been computed and 

analyzed f o r  cur ren t  product ion wastes, they have been based on only 

s ing le  tank  l i f e t i m e s  and repor-bed i n  ternis of c o s t  p e r  u n i t  volunie of 

tankage for government-owned i n s t a l l a t i o n s  * R study of the economics 

of permanent tank s torage  of  power r eac to r  fuel. processing wastes i n -  

d i c a t e s  t h a t  t he  s torage  c o s t s  should average from 0.05 t o  0.23  mill/kwhr 

of e l e c t r i c i t y  produced (Table 6 . 3 ) .  

considered exorb i tan t ;  however, they do not  r e f l e c t  the hazards  of t11i.s 

practLce t h a t  might be considered j -ntolerable  , 

Such c o s t s  cannot i n  themselves be 

Two cases  were considered in t h i s  study. Case 1 assuned t h a t  t he  

waste-s-Lorage system was owned and. operated by 8, chemi.cal. coiiipaiiy with- 

out Government guarantees  o r  subs i a i za t ion .  Under these  circumstances, 

a 35$ annual r e t u r n  on t h e  investment w a s  considered appropr ia te .  Case 

2 assumed Government-type f inancing.  

r e s u l t e d  i n  about a 3.6$ r e t u r n  a f t e r  t axes  and. expenses, which is near  

t h e  cu r ren t  cos t  of money t o  the Government. In both cases  the  s torage 

o f  chemical dccladding wastes r e s u l t e d  i n  a. s i g n i f i c a n t  con t r ibu t ion  t o  

the  total cos t s .  They ranged from 4% of the total. for -‘iiie thoriiun con- 

v e r t e r s  to as much a s  83% for t he  zirconium-clad UO2 cooverters ;  t h i s  i s  

a clear-cut i1icenti .x for development of mechanical decladding methods. 

Here, a 10% r e t u r n  on the  investment 

3R. McICinney, Report of t he  Panel on the  Impact of t he  Peaceful  Uses 
of Atomic Energy t o  t h e  J o i n t  Committee on At,omic Energy 2, p 117-1.8, 
U.S.G.P.O., 1956 ( s e c r e t ) .  - 
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7. FUEL C Y C U  DEVEMPMEWI 

Fuel  prepara t ion  and fabr icakion  procedures adaptable  t o  opera-Lion 

behind sh ie ld ing  are needeci for recyc l ing  of i r r a d i a t e d  Th-U"' fuels be- 

cause of the presence of U232 and Th228 decay chains i n  recycled ma te r i a l s  

Procedures now used i n  producing heterogeneous r eac to r  fuel elements con- 

t a i n  many s t e p s  and as a resu.l t  are c o s t l y .  I n i t i a l  experimental  s t u d i e s  

were d i r e c t e d  a t  d.eveloping s implif ied.  procedures for f a b r i c a t i n g  thorium 

oxide, uranium oxide, o r  mixed oxides i n t o  high-densi ty  metal-clad f u e l  

elements.  Vibratory compaction of  oxide p a r t i c l e s  i n t o  cladding tubes was 

s e l e c t e d  as a promising f a b r i c a t i o n  procedure, which has been reported' 

f o r  U02 bu t  not, t e s t e d  f o r  Th02, 

7.1 FABRICATION OF FUEL EI;EMEIV'rS 

Effects of Equipment, Mater ia ls ,  and Procedures 

O f  the s e v e r a l  types of pneumatic v i b r a t o r s  t e s t ed ,  t h e  h ighes t  com- 

pacted d e n s i t i e s  were produced by the  NAVCO "Bin Hopper" (1-1/4-Ln .-dia 

model) wi th  t h e  p i s t o n  impacting d i r e c t l y  aga ins t  t h e  housing a t  one end 

and air-cushioned a t  t h e  o ther ,  giving a modified sawtooth wave form. A 

2-in.-dia v ib ra to r ,  a i r -cushioned a t  both ends of t h e  p i s t o n  housing, gave 

compacted d e n s i t i e s  -1 g/cm3 lower than  t h e  single-cushioned v i b r a t o r .  The 

pneumatic v i b r a t o r s  were mounted beneath a spring-suspended base p l a t e  

which a l s o  h e l d  t h e  tube t o  be v ib ra t ed  (Fig.  7.1). 
i n  t h e  l - l /&in . -d i a  v i b r a t o r  changed t h e  downward impact t o  upward with 

respec t  t o  t h e  v i b r a t i n g  tube and produced a bulk  dens i ty  0.2 t o  0.3 g/cm3 

g r e a t e r  than  t h a t  obtained when t h e  p i s t o n  de l ivered  a downward impact. 

Inve r t ing  the  p i s t o n  

The tube t o  be v ib ra t ed  w a s  v e r t i c a l l y  mounted i n  t h e  tubing f i t t i n g  

of a Swagelok tubing-to-pipe connector screved i n t o  t h e  spring-suspended 

base p l a t e .  

holder  whtcii r i g i d l y  supported the  e n t i r e  tube length .  Using the  Swagelok 

connection which fas tened  only the  bottom end of t h e  tube,  acce le ra t ion  

measurements, taken from a v e l o c i t y  pickup mounted on t h e  top  ( f r e e  end) 

of a 2 - f t  tube, were 1.5 t o  3 times those  obtained from a s i m i l a r  tube 

Or ig ina l ly  t h e  tubes were secured t o  t h e  base p l a t e  by a 

'Hanford Monthly Reports, e.g. ,  Hw-61575, Aug. 17, 1959; HW-63936, 
Feb. 10, 1960. 
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Fig. 7.1. Vibration Test Geometry.  

clamped along i t s  e n t i r e  l eng th .  

in t h e  tube,  v ib ra to ry  compacted oxide d e n s i t i e s  were 0.3 t o  0 .5  g/cm3 

g r e a t e r .  

With t h e  h ipber  e f fec t i .ve  acce le ra t ion  

Tne major i ty  of t h e  v ib ra to ry  compaction runs were made i n  3/8-j.n.- 

d i a  s t a i n l e s s  s t e e l  tubes,  2 f t  long w i i ; h  35-mil w a l l s .  

of mixed oxide powder, b idk  d e n s i i i e s  were up t o  89$ of -iheo‘retical  with 

pneumatic vibration (Table 7 . 1 ) .  
obtained f o r  (350 g of mixed 0xid.e i n  a sirni-l-ar tube 8 f t  long. 

With 200-g batches 

A bulk dens i ty  877; of t h e o r e t i c a l  was 

Using an e l ec t ron ic  v i b r a t o r  with a s i n e  wave input ,  Hauth obtained 

bulk UOz d e n s i t i e s  9&91$ of theore t ica l -  i n  Zircaloy-2 at Hunts- 

vil.I.e, Alabama, and Savannah ii iver,  South Cal-olina, a t tempts  t o  achieve 

Hauth ‘s r e s u l t s  with mixed u ran ia - tho r i a  i n  s ta inless  s t e e l  tubes were 

gene ra l ly  unsuccessfid, bulk d e n s i t i e s  obtained a t  Savannah River being 

0.5  t o  0.6 g/cm3 less than  those repor ted  by Hauth. 

s i t y  of mixed oxide powders compacted i n  Lucj-te tubing at ORNL by pneu.- 

matic v i b r a t i o n  was 81% of t h e o r e t i c a l .  

‘Cine m a x i m u m  buLk den- 

The r e s u l t s  might i-ndicate a 

2J. J. Hauth e t  aL., Ceramic Fuels Developnient Operation of til? Han- 
--J ford Works HW-642m T o  be publ i sned) .  
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Table 7.1. E f fec t s  of Equipment. and Mater ia ls  on the  
Vibrated Bulk Density 

S h n d a r  d c ondi t i ons 
Vibra tor :  RH, l -1/4- in .  s i n g l e  impacting 

Tube holder :  Swagelok f i t t i n g  ( see  F i g .  7.1) 
Tube : 2-f t - long,  3/8- in . -dia  s t a i n l e s s  s t e e l  

tubing, 35-mil w a l l  
Oxide powder: Arc-fused Th02-UO2 (3.4 w t  % 

U02); 58 xt $ -10 +16 mesh, 15 w t  $ -I70 
+lo0 mesh, and 27 w t  -200 mesh; 10.1 
g/cm’ dens i ty  

p i s t o n  wi th  impact on t h e  upward s t roke  

Vibrated Bulk Density 

($ of t h e o r e t i c a l )  
Paraneter  Varied from Standard Conditions 

None (s tandard condi t ions ) 
Vibrator :  BH, 1-1/4-in.  (p i s ton  impact on 

Vibrator :  BH, 2- in .  (p i s ton  air-cushioned 

Tube holder :  

Tube : 8-ft-long, 3/8-in.-dia s t a i n l e s s  

Tube: 8-f t - long,  3/8-in.-dia aluminum 

Tube: 6-f t - long,  3/4-in.-dia Zircaloy-2 

Tube: 2-ft-long, 3/%in.-dia  Lucite tubing 

Oxide powder: arc-fused Tho2 

Oxide powder: hydro-thermally d e n i t r a t e d  

Oxide powder : hydro - thermally d e n i t r a t  ed 

t i e  downward s t r o k e )  

a t  both ends of housing) 

e n t i r e  length  

s t e e l  

tube r i g i d l y  supported i t s  

tubing 

tub ing  

Tho2 

ThC2-UO2 (5 .0  w t  $ U02) 

89 

86 

79 

84 

87 

86 

84 

81 

87 
87 

85 

r e l a t i o n  between the  v ib ra t ed  bulk oxide dens i ty  and the mechanical. 

p rope r t i e s  of the  tub ing  ma te r i a l ,  although such a conclusion would be 

d i f f i c u l t  t o  explaln.  

Four ty-pes of oxide powders were pneumatically v ib ra t ed  t o  bu1.k den- 

s i t i e s  > 8>$ of t h e o r e t i c a l  ( T E b l c  ‘7 .1 ) .  The oxide powders f o r  compaction 
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vera  crushed and blended from t h r e e  s i z e  f r a c t i o n s  of t he  following ap- 

proxi-mate propori ions and s i z e s  : 58 wt $ (-10 +16 mesh), 15 w t  $- (-70 

+.lo0 mesh), and 27 w t  $ (-203 mesh). 

be dependent on many va r i ab le s ,  bu t  t h e  g r e a t e s t  s i n g l e  e f f e c t  w a s  increased 

compacted d e n s i t i e s  as t h e  coarse- to- f ine  diameter r a t i o  increased .  The 

r a t e  of dens i ty  i-ncrease became i n s i g n i f i c a n t  as t he  d.j.s;meter r a t i o  was 

increased t o  wi th in  a range of 30 t o  50. 

Ogtj.mm powder packing w a s  found t o  

The mos-t s a t i s f a c t o r y  procedure f o r  fi . l l i .ng t h e  tubes was t o  pour t h e  

blended oxide powders through a fuinel- with the  pneuma-Lie v i b r a t o r  running 

at; deci-eased speed. A t  t h e  end of t h e  loading operat ion,  t h e  oxide w a s  

compacted t o  -482; of t h e o r e t i c a l  dens i ty .  

> 85$ of t h e o r e t i c a l  a f te r .  3 5  min of conLinuous pneumatic vibra'iion wi th  

t h e  maximum ava i l ab le  a i r  pressure  of 85 p s i g ,  Blending t h e  d i f f e r e n t  

powder s i z e  frac'cions p r i o r  t o  f i l l i n g  t h e  tube would be  expected t o  be  a 

necessary s t e p  i.n t h e  loading procedure; however, a bulk dens i ty  84% of 

t h e o r e t i c a l  wa.s obtained by v i b r a t i n g  fused ThOZ-UOz with no premixing of 

t he  t'nree f r a c t i o n s  . 

Bulk densi.ti.es 'nTere usua l ly  

Ef fec t s  of Vibrat ion Charac t e r i s t i c s  

The most s i g n i f i c a n t  c h a r a c t e r i s t i c  of t h e  vibrat i -on from pneumatic 

v i b r a t o r s  w a s  the tube a c c e k r a t i o n ,  which was between 80 and 150 G witin 

t h e  NAVCO 1-1/4-in.-dia v i -bra tor .  Accelera-tiori was measured a t  t h e  f r e e  

end of a v i b r a t i n g  tube by a velocity- pickup, The tube v i b r a t i o n  p:rocIuced 

by t h e  1-1/4-in.-dia vibra-Lor when air-cushioned a t  one end showed betwcen 

15- and 20-mils verLica l  Clspl-acement and sh0r.t per5od.s o f  high acce lera-  

t i o n s .  Air-cushioning t h e  p i s t o n  a t  both ends gave a s i n e  wave d isp lace-  

ment curve and. poorer  conpaction. 

Puls ing the  v ib ra t ing  frequency of t h e  tube between 0 and 80 cps d id  

not  incrcase  the bulk oxi.de densi ty ,  and most of t h e  pneumatic compac'cion 

s tud ie s  were made a t  a frequency o f  ?,5-$0 cps.  The h ighes t  frequency a t -  
t a i n a b l e  wi th  s tandard  corrmercial pneiuii.atic v i b r a t o r s  i s  200 cps . With 

an el-ectronic  v ib ra to r ,  Hauth2 achieved bulk urania  d e n s i t i e s  between 90 

and 91% of t h e o r e t i c a l  by puls ing  the vih:ration frequency between 50 and 

2000 cps;  w i t h  t hese  h igher  f requencies  the  r e s u l t s  were o'otained a t  an 

armature acce le ra t ion  of approximately 10 G b!i.th t h e  e l e c t r o n i c  v i .bmtor  
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a t  Savannah River and arc- fused  ThO2-UO2, puls ing  the  frequency of v ibra-  

t i o n  between 50 and 2003 cps i n  fou r  runs gave bulk powder d e n s i t i e s  b e -  

tween 84 and 85% of t h e o r e t i c a l .  

saw-tooth wave input  s i g n a l  r e s u l t e d  i n  a bulk  dens i ty  8?$ of t h e o r e t i c a l .  

I n  the  Bin Hopper i - l / & i n . - d i a  v i b r a t o r  runs t h e  2-f t - long stainless 

s t e e l  tube and oxide powder weighed approximately 0.8 Lb, and. t h e  v i b r a t o r  

housing p lus  mounting p l a t e  weighed 12 l b .  

t h e  tubes p lus  the  oxide powder would become a s i g n i f i c a n t  p a r t  of the 

v i b r a t i n g  load; however, I-arger v i b r a t o r s  ar? availa.b.1:: f o r  l e s s  than  $100. 
A t y p i c a l  3 - in . -d ia  v i b r a t o r  de l ive r ing  a fo rce  of 21,000 lb at  an ai.r 

pressure  of 40 p i g  ( the  frequency i s  55 cps a t  t h i s  a i r  p res su re )  should 

be capable of de l ive r ing  an acce le ra t ion  of 100 G t o  a v i b r a t i n g  load, 

tubes p lus  oxide, of I40 l b .  

A f i f t h  run at Savannah River with a 

W i - t h  mul t ip le  tube buxdles, 

7.2 M E A S ~ I \ S r  OF DENSITIES AND POROSITIES OF FUEL .?4ATEl?IALS 

P l o t s  of pore volume vs nominal pore diameter (Fig.  7.2) a r e  useful 

i n  s e l e c t i n g  powders t h a t  w i l l  compact well.. For example, powders t h a t  

show e s s e n t i a l l y  110 voidage wi th in  the  p a r t i c l e s  (curves D and E )  a r e  of 

i n t e r e s t  i n  v ib ra to ry  compaction. Powders wi~tli an appreciable  volume of  

voids of  : 1 p i n  diameter would not dens i fy  we l l  by v ib ra to ry  compaction 

(cwve A ) .  Where curves become e s s e n t i a l l y  ho r i zon ta l  a t  higher  void d i -  

ameters (curves A and P), l i n e a r  ex- t rapolat ion t o  zero pore diameter gives  

dens i ty  values  agreeing well with experimental  t a p  d e n s i t i e s .  Tie birnodal 

na ture  of curve B and known p a r t i c l e  size (1.7 p) suggest t h a t  t h i s  powder 

i s  br idged t o  weak agglomerates of roughly .two s i z e  c l a s ses  (3 and 1.5 p) 

and "6ne i n f l e c t i o n  a t  0.5 p shows f i n e  po ros i ty  wit'nin t h e  p a r t i c l e s .  A 

sharp increase  i n  void .volume f o r  some p a r t i c u l a r  pore s i z e  followed by 

r ap id  l eve l ing  of t he  curve f o r  l a r g e r  s i z e s  ind ica t e s  uniformity i n  par- 

t i c l e  s i z e .  The shapes of c u r v e s  13, C, and E suggest i n f l e c t i o n s  beyond 

t h e  range of t h e  apparatus .  

The curves i n  F ig .  7.2 were made by mercury p o r o s i l ~ i e t r y , ~  which pro- 

vides  f o r  any s o l i d  m a s s  a d i r e c t  experimental  measure o f  volume f o r  any 

3L. C .  Drake and II. L. R i t t e r ,  "Pore Size Di s t r ibu t ion  i n  Porous Ma- 
t e r i a l , "  Anal.. Chem. - 17, 782 (1954). - 
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B A S I S :  i c c  OF OXIDE OF T H E O R E T I C A L  D E N S I T Y ,  10.03 g / c c  

A T H O R I A ,  OXALATE p p t ,  6 5 0 ° C  F I R E 0  
€3 THORIA ,  O X A L A T E  p p t ,  46OO0C F I R E D  
C T H O R I A ,  S P H E R I C A L  AGGREGATES, O X A L A T E  p p t ,  1600 F I R E D  
0 T H O R I A  G E L  BEADS,  4 0 0 0 ° C  F I R E D  
E T H O R I A ,  CRUSHED,  A R C - F U S E D  

I ~ ................ ..I------- 

I 

O 4 2 3 4 5 
N O L I N A L  PORE D I A M E T E R  ( p )  

Fig. 7.2. Pore Volume a s  a Function of Pore Diameter for 'Thoria Powders. 

pore s i z e  i n  i t s  p ressure  range. For fuel. materials, t he  measurement of 

ulI;ima.te p a r t i c l e  dens i ty  by mercury porosimetry i s  much more r e l i a b l e  

than by conventional pycnometric methods. The s i z e  of pore f i l l e d  by mer- 

cury i s  a func t ion  o f  pressure  only, s ince  mercury has an  e s s e n t i a l l y  con- 

stant. nonwetting charac te r  f o r  t h e  material  being t e s t e d .  The s i z e  of 

pore f i l l e d  by toluene o r  o the r  conventional pycnometri-c f l u i d  i s  dependent 

on contact  angle, which i n  t u r n  i s  a func t ion  of i n t e r f a c i a l  t ens ion  and 

may vary with different .  ma te r i a l s .  
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8. A_W PROCESS 

I n  t h e  h e x  process ,  t h e  p r i n c i p l e s  of anion r e s i n  exchange a r c  ap- 

p l i e d  on a l i q u i d - l i q u i d  b a s i s .  

through choice of reagent s t r u c t u r e  and d i luen t  type i s  combined with t h e  

inherent  advantages of l i q u i d - l i q u i d  techniques.  The amines, dissolved 

i n  hydrocarbon d i luen t s ,  f i r s t  r e a c t  (during e x t r a c t i o n  from a c i d i c  l i q -  

ou r s )  t o  form alkyl-ammonium sal ts .  Subsequent e x t r a c t i o n  of metal  o r  o ther  

ions follows c l o s e l y  t h e  p a t t e r n  f o r  so rp t ion  with weak-base anion exchange 

r e s i n s  and i s  assumed t o  occur by a mechanism analogous t o  anion exchange. 

The h e x  process  w a s  o r i g i n a l l y  designed f o r  recovering uranium from ore 

leach l iquors , '  bu t  has been shown t o  be u s e f u l  f o r  thorium, vanadium, 

molybdenum, and r a r e  e a r t h s  a l s o .  A t  p resent  one Canadian, s ix  American, 

and two Aust ra l ian  m i l l s  a r e  using t h e  h e x  process f o r  uranium recovery, 

and a d d i t i o n a l  m i l l s  a r e  being considered i n  the  United S ta t e s ,  France, 

Spain, and Sweden. 

'The v ide  range of c o n t r o l  obtainable  

8.1 UHANIUM F3COVERY 

Carbonate and N i t r a t e  S t r ipp ing  Studies  

An economical. process was success fu l ly  demonstrated i n  bench-scale 

equipment f o r  s t r i p p i n g  uranium from amines with ammonium carbonate solu-  

t i o n .  By recyc l ing  the  s t r i p  so lu t ion  t o  allow buildup of t h e  concentra- 

t i o n  of ammonium s u l f a t e  (formed i n  t h e  s t r i p p i n g  react i .ons)  t o  1.-2 M, t h e  

s o l u b i l i t y  of uranium i n  t h e  aqueous phase was l i m i t e d  t o  < 3 g / l i t e r  and 

amnionium uranyl  t r i ca rbona te  (AUT ) p r e c i p i t a t e d  i n  t h e  s t r i p p i n g  systein. 

The AUT, which s e t t l e d  and f i l t e r e d  rap id ly ,  vas read i ly  converted t o  U308 

by c a l c i n a t i o n  at, 500°C. 

high assay (> 988 u308) product, v i r t u a l l y  f r e e  of sodium, molybdenum, and 

vanadium, which should be h ighly  amenable t o  t h e  d i r e c t  reduction-hydro- 

f luo r ina t ion - f luo r ina t ion  process f o r  producing uF6. 

Tile process has t;he advantage of producing a 

Operat ional  f e a s i b i l i t y  of a n i t r a t e  s t r i p p i n g  method. which produces 

a r e l a t i v e l y  pure concentrated uranyl  n i t r a t e  so lu t ion  in s t ead  of t h e  con- 

ven t iona l  solid uranium product was demonstrated i n  bench-scale continuous 

'K. B . Brown and- C . F . Coleman, Progr.  i n  Nuclear Energy, Ser .  I11 
- 2, 3 (1958). - 
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t e s t s  (Fi.g. 8 .1) .  Uranium-loaded t e r t i a r y  amLne (Amberlite XE-204) w a s  

contacted with 2 . 5  M calcium n i t r a t e  s o l u t i o n  to  p r e c i p i t a t e  s u l f a t e  and. 

convert  t h e  uranium i n  the  solvent  t o  an am.ine ni t ra te-uranyl  n i t r a t e  com- 

plex.  The uraiiiirm was s t r i p p e d  with 0.2 M n i t r i c  a c i d  and n i t r a t e  w a s  r e -  

covered from t h e  amine for recyc le  by contxct  with a lime s l u r r y .  The 

u.raiiy1. n i t r a t e  product so lu t ion  could be shipped d i r e c t l y  t o  t h e  r e f i n e r y  

o r  be used as a convenien'i s t a r t i n g  po in t  f o r  prepara t ion  of pure U 0 3  o r  

UO;! a t  the  m i l l .  si-te. 

- 

___ 

- 
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ORNL- LR- D W G  5! 080 

STRIPPING STRIPPING ~ REGENERATION 
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H20 
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TO REFINERY 
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TO 
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c t i Y D R A T E D  L l M i  

FILTER 'r' 
- t 
I - 2.5 M C O ( N O ~ ) ~  

p H - l l  H N 0 3 +  
Ca ( NOj) 

WASTE 
SOLIDS 

Fig. 8.1. Stripping Uranium from Tertiary Amines by the High Nitrate-Water Stripping 
Method. 

Uranium Iiecovery from Carbonate Solut ions 

A f lowshee t  f o r  recovering uraniurn from syn the t i c  carbonate l i quor s  

by e x t r a c t i o n  with a quaternary ammonium compound (Aliquat 336) i n  kero- 

sene-tr idecanol  and p r e c i p i t a t i o n  of u r s n i . i i m  d i r e c t l y  from the solvent  

with 0.5 - M NazC03-1- - M NaOH s o l u t i o n  w a s  demonstrated successfu l ly .  

ever, app l i ca t ion  of the flowsheeb t o  an actiual leach 3-iqu.or from a western 

uranium m i l l .  gave poor r e s u l t s  owing t o  i n t e r f e rence  of r e l a t i v e l y  l a r g e  

quanti.t,i.es of vamadfum, molybdenum, s u l f a t e ,  ch lor ide ,  and organic mat te r  e 

How- 
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It w a s  concluded t h a t  so lvent  extractLon i s  not competit ive with t h e  pre-  

c i p i t a t i o n  process c u r r e n t l y  used i n  m i l l s  employing Yne carbonate leach 

c i r c u i t .  

8.2 THORIUM RECOVERY 

Owing t o  the  l a rge  v a r i a t i o n s  i n  t h e  r e l a t i v e  ex t r ac t ion  power of 

thorium and uranium by amines of d i f f e r e n t  types and s t ruc tu re ,  t he  h e x  

process can be used. f o r  separa te  recovery of t hese  two elements Prom su l -  

f a t e  so lu t ions  i n  which they coex i s t .  

f o r  t h e  t reatment  of Canadian Blind River ore  leach  l i quor s  and monazite 

s u l f u r i c  a c i d  d iges t  l i q u o r s .  

Flowsheets have been described2 

Amine S o l u b i l i t y  

Fur ther  measurements of the s o l u b i l i t y  l o s s  of  Primene JM ( a  homolo- 

gous mixture of primary amines) t o  aqueous so lu t ions  showed a continuous 

decrease i n  t h e  l o s s  r a t e  even a f t e r  t h e  solvent  had been contacted with 

2000 volumes of aqueous phase. From these  s tud ie s ,  t'ne average loss r a t e  

i s  known t o  be much lower than  ind ica t ed  i n  e a r l i e r  measurements. Conse- 

quent ly ,  Primene J M  can be appl ied  t o  treatmerit of l i quor s  more d i l u t e  i n  

thorium than  had previous ly  been considered economically p rac t i cab le .  

2D. J. Crouse, Jr., and K. E.  Brown, Ind. Eng. Chem. - 51, 1461 - (1959). 
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9. THORIUM Rl3COVEJiy FROM GRANITIC IiOCKS 

Although thorium and uranium are r e l a t i v e l y  abundant elements, the  

reserves  of  high grade o res  a re  extremely l imited;  t he re fo re  tile g r e a t e s t  

po r t ion  of these  e l ezen t s  a r e  found i n  very low grade, subcomerc ia l  de- 

p o s i t s .  T t  i s  apparent that,, i n  t he  long-range fu.ture, f u e l  suppli.es f o r  

the production of nuclenr power w i l l .  depend complete1.y on these  low-grade 

sources.  

m e n t  c o s t s  can be an importan-i; f a c t o r  i n  yeactor-program planning. 

A s  a consequence, information on t h e i r  ex-tent and probable t r e a t -  

As a r e s u l t  of  conside-ra’ole previ-ous work on low-grade uranium o res  

such as shales nnc‘l phosphates, f a i r l y  dependable inforination a l ready  e x i s t s  

on reserves  and. probable t reatment  c o s t s  of  some of  these  ma te r i a l s .  Equi- 

vadeni; information i-s no-L ava i lab le ,  however, on low-grade thorium ores.  
For th i s  reason s tud ie s  ’nave r ecen t ly  been i n i t i a t e d  on the  processing of 

g r a n t t i c  rocks ,  which a r e  the  major and most probable fu tu re  low-grade 

source o f  thorium. These stu.d-ies a r e  an extension of prel iminary t e s t s  

on 5gneO;ls rocks repor ted  previously by Brown and Sri.l.verl of  the  Ca l i fo rn ia  

I n s t i t u t e  of Technol-o,gy. 

9.1 SAMPLE COLLECTION A i i  SOURCE EVALUATION 

Ti?relve samples of  grani.tic rock ranging from 10 t o  95 ppm i n  thorium 

concentrat ion have been obtained from the  USGS and Rice I n s t i t u t e .  Owing 

t o  the  I-arge varia’iions i n  mrinerali zation t h a t  e x i s t  i.n g r a n i t i c  rock, these  

few samples do not give a goo& s t a t i s t i c a l  r ep resen ta t ion  o f  a l l  rocks t h a t  

might be avxil_a.ble l o r  processing.  It i s  encouraging t o  note ,  however, t h a t  

some of t he  samples contained thorium at concentrat ions considerably h igher  

than  iliz average of 1 2  pp~!! f o r  igneous rocks i n  the  e a r t h ’ s  crusi,. A t  pres- 
en t ,  Rice Ins-Litute (under subcontract)  i s c o l l e c t i n g  add i t iona l  samples 

i n  the  f i e l d  and w i l l  conduct s u f f i c i e n t  sampl.ing of  some formations -to 
permrit a rough es t imate  of  tho r iun i  reserves .  

‘H. Srown and L. T. Si lve r ,  Proc .  In t e rn .  Conf. Peaceful Uses L4tomic 
Energy, Geneva, 1955, I 8, 1.29 (l95g. - 
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9.2 LAB3R.UORY PROCESSING STUDIES 

I n  prel iminary su l f i i r i c  ac id  leaching t e s t s ,  thorium recover ies  Yrom 

Tne difyer'ences i n  r e -  the  twelve g r a n i t e  samples ranged from 25 t o  80%. 

coveries  were apparent ly  due t o  v a r i a t i o n  i n  minera l iza t ion .  Detai.led min- 

e r a l o g i c a l  stuclies of t he  g ran i t e  samples a r e  cu r ren t ly  being mad.e a t  Rlce 

I n s t i t u t e  f o r  cornel-ation wi.th .the leaching r e s u l t s .  Consuniption of su l -  

fiJ.ri.c a c i d  during leaching was high, ranging from 4.0 t o  100 l b / t o n  of gran- 

i t e .  

by Brown and Silver.' 

treatment with Separan 2610. 

This  compares with a consumption of li+ lb of , z I ~ S 0 4  per  Lon reported 

F i l t r a t i o n  of' t he  leached pulp w a s  rap id  a f t e r  

9 . 3  COST STUDIES 

Deta i led  cos t  analyses  of g ran i t e  processing have been s t a r t e d  i.n 

cooperation w i t h  A. H .  Ross and Associates  of Toronto, Csnada. Eased on 

analogies  i n  the  copper indus t ry ,  d i r e c t  c o s t s  €or gra:ii.te mining have 

been est imated a t  45# per  ton.  

await development of' f u r t h e r  data. Rough prel iminary es t imates  suggest 

t h a t  the  thorium cos t  w i l l  be very high, perhaps as high as $400-500 per  

pound, from average grade r e f r a c t o r y  g r a n i t e s  containing 1.2 ppm Th and 

y i e ld ing  an ove r -a l l  recovery o f  only 20$. More acceptable  cos t s ,  f o r  

example, <$lo0 per  pound, may be a t t a i n a b l e  from more e a s i l y  leached, 

higher-grade g r a n i t e s .  These es t imates ,  however, a r e  h ighly  ten-ta-Live 

and could change s i g n i f i c a n t l y  as f u r t h e r ,  more r e l i a b l e  information be- 

comes ava i l ab le .  

Cost analyses  of  o the r  process  operat ions 
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Experimental s t u . d . k s  are i n  p-i'ogre:;~ on sys tens  f o r  removal of chemi- 

c a l  impuri- t ies  Tram coo1.an.f; gases  and d.econtamination of  equipment t h a t  has  

been exposed t o  coolant  gases containing r a d i o a c t i v i t y  re leased  from  el 

elemen-Ls. Thy., work has d. iyect  app l i ca t ion  t o  gas-cooled resc'Lors. 

'The anticipated.  nonradi.oacti.ve ?;aseous contaminants i n  a heliwn cool- 

an.t  f o r  a gas  cooled r e a c t o r  which w i l l  have t o  be maini;ai.ned a t  3. vel-y low 

level are CO, Hzj COz,  1120, and t r a c e  a m o u n t s  c).? iiy&rocar'oons. .Lt i s  plai1- 

ned t o  remove these con-tsmimants by oxidizi1i.b the CO, H2, and hydrocarbons 

t o  H20 and CO2 and removing the  CO;, and H20 by a sorp t ion  process .  A t e s t  

f a c i l i - t y  has  been compl.ete(3. for- eval.uati.on of the oxida t ion  and sorp t ion  

s t eps  (F ig .  10 .1 ) .  

c a t i o n  u n i t  opera-Lions which fulfill t he  requirements Tor pi>ri?'i .cation of 

-the helium coolarit i n  tile EGCK. The desT.gr[ el-iter5.a f o r  t h i s  system are: 

- 

The immediate experlriiextal goa l  i s  to ~ v z ~ . I . L z , ~  p u r i y i -  

H e  

CO 

H2 

C02 

N2 

Desired Operating 
Concentmiion Impure Gas 

(vol $) (vel $) 

95.1 

2 . 3  

2.3 

0 .2  

0 . 1  

< 0.1 -- 

< - 0.1 - 
n i l  

< - 3.1 - 
H20 and f i s s i o n  products t r a c e  brace 

More advanced gas-cooled reac iors  will pfobably have s t r i c t e r  pur i iy  r e -  

quirements. 

I n  1 2  experimental  runs, CuO proved io be ar e x c e l l e n t  oxi di zinp, agent 

f o r  hydrogen. The b e s t s  were m a r k  i n  a ?-:'n.-dLa oxid izer  a i  300 ys ia  with 

bed temperatures of 396 t o  SLI-OOC, t o t a l  ga.: flow ra;,>? of 1 2 . 0  an& 67.0 

l iLers/min (STP) , and i n l e  1, hydrogen conceotrati o ~ s  of 0-66 t o  3.50 vol  $, 
Reagent grade CuO wire 0.011 in. i n  diameier averaging 0.03L i n .  i n  length  

w a s  used. Conversion of  HZ to HZO raiigeil from 56.7 t o  > 99.9%. 
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The r e s u l t i n g  design equat ion foi- a f ixed  bed oxid izer  i s  

The r e  

3 V = volume of CuO bed necessary t o  achieve dzsign spec i f i ca t ions ,  cm 

E' = t o t a l  feed r a t e  of gas t o  r eac to r ,  g moles rflh-', 

yo = mole f r a c t i o n  of hydrogen i n  en te r ing  ga.s, 

y = mole f r a c t i o n  of hydrogen i n  ox id i ze r  off-gas ,  

Kl = o v e r a l l  r eac t ion  ra.te constant ,  which i s  a func t ion  of tempera- 
t u r e  and mass flow r a t e  of gas ,  g uoles cm-' min--'. atrn-l, 

n = t o t a l  pressure of sys-tern, a t m ,  

8 = opera t ing  t i m e  without regenerakion of  bed, i n i n ,  

p = dens i ty  of CuO i n  bed, g moles cmm3. 

The f irst  term on the  rj-ght i n  t h e  design equat ion i s  t'ne volume of CuO 

Qed necessary t o  achieve the  desi-red hydrogen concentrat lon i n  the  oxid izer  

off-gas and t h e  second t e r m  i s  t'ne volume of bed necessary f o r  operatLon of 

time 8 wit'nout regenerat ion.  

I. 

The CuO oxidizer '  w i l l  be t e s t e d  f o r  use as an oxidizing agent f o r  Co 

and combinations of  H2  and CO. These t e s t s  wi.3.3. include some extended 

tes t s  i.n deep beds wi-th a l t e r n a t e  dep le t ion  and regenerati-on t o  t e s t  t h e  

f e a s i b i l i t y  of long-term operat7.on. A platinum c a t a l y s t  f o r  oxidizing 

w i t h  0 2  w i l l  a l s o  be evalua-ted. The f i r s t  sorp t ion  process  t o  be t e s t e d  

wi.11 be co-sorption of I f20  and C02 on molecular s ieves .  

10.2 DECONTAMINATION OF EQUIPMENT 

Devel.opment o f  s a t i s f a c t o r y  decontamination methods has  been d i r e c t e d  

i n i t j - a l l y  t o  the  charge and serv ice  machines of the  EGCR, which w i l l .  be 

t o o  l a r g e  f o r  f i l l i n g  w i t l i  s o lu t ions  and must be decontamina-Led by spraying 

techni.q*es. The machines mzy be expected t o  become contaminated e i t h e r  by 

contac t  with the  r eac to r  cool-ant o r  from broken f u e l  el-ements. Since they  

are constructed of m i l d  s t e e l  and conta in  p rec i s ion  p a r t s ,  the procedure 

must be noncorrosive t o  t h i s  mater ia? .  
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The procedure developed f o r  removing water-soluble and v o l a t i l e  f is-  

s ion  products  and UO2 dus t  c o n s i s t s  i n  spraying with hot  nonfoarning de- 

tergen-1; so lu t ion  t o  d isso lve ,  f o r  example, cesium and iodine and t o  f l u s h  

away some o f  t'ne U02. I f  UO2 sti l l .  remains, as ind ica t ed  by a broad spec- 

t r u r n  of f i s s i o n  products  when scanned by the  remote probe of a s c i n t i l l a t i o n  

y spectrometer, t h e  machines w i l l  then  be sprayed with a peroxide-sodium 

oxalate  so lu t ion  t o  d isso lve  the  U02. I n  experimental  vork, cesium and 

iodine deposi ted on mild s t e e l  from aqueous sol.utions were removed by hot  

water o r  stem1 by f a c t o r s  of 5000 f o r  iodine and 250 f o r  cesium. Ul t ra f ine  

UOz dus t ,  l i k e  t'nat expected t o  be blown i n t o  the  machines by the  helium, 

w a s  only about 5 9  removed by de tergents  but  w a s  d i sso lved  i n  a few seconds 

by the  peroxide so lu t ion ,  with decontamination f a c t o r s  from neut ron- i r rad i -  

a t ed  U02 of 1-00 t o  1000. 

The sodiim oxalate-peroxide so lu t ion  i s  the  most a t t r a c t i v e  reagent  

t e s t e d  t o  da t e .  

f i s s i o n  products.  This reagent has  a useful.  l i f e  of a t  l e a s t  20 min a t  

95'C, as cont ras ted  with 0.75 min f o r  carbonateperoxide  s tudied  e a r l i e r .  

It both d i s so lves  massive UOz r ap id ly  and removes adsorbed 

. .. 

... 
Tellurium, ruthenium, and cerium deposi ted on s t e e l  from carbonate 

so lu t ion  and baked t o  t h e  oxide were removed by a steam spray containing 

1 9  Turco 4518, a p ropr i e t a ry  compound containing i n h i b i t e d  oxa l i c  acid,  

by f a c t o r s  of 155 (10 min b o i l i n g ) ,  65 (10 min, 75OC), and 1 .5  x 104 (20 

m i x  b o i l i n g ) .  

4000 and 360, r e spec t ive ly ,  i n  30 min bo i l ing .  h t h e n i i m  and cerium de- 

pos i t ed  oa s t e e l  from aqueous so lu t ions  and s t rongly  heated i n  a i r ,  were 

removed by f a c t o r s  of only 5 (30 min bo i l ing )  and 125 (20 min b o i l i n g ) .  

If ruthenium and cerium a r e  not  adequately decontaminated by i n h i b i t e d  

oxalic acid. i n  Yne charge and se rv ice  machines, decontamination can be 

increased  by f a c t o r s  of 50 t o  100 by pretreatment; with a l k a l i n e  peman- 

ganate at l0OoC and then  r e - t r ea t ing  with t h e  oxa l i c  ac id .  

Y t t r i u m  and bariurn-lanthanum were removed by f a c t o r s  of 
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11. HFS THORIA BiA3\TKET DEL%LOPMENT 

oen r e -  The prepara t ion  of t h o r i a  b lanket  ma te r i a l  f o r  t h e  H W  has bL 

ported. i.n t h e  m P  Quarter ly  Progress r e p o r t s .  

ment f o r  prepara t ion  of t h o r i a  and tho r i a -u ran ia  powders vas moved to a 

new s i t e  s p e c i a l l y  b u i l t  f o r  thorium oxide prepara t ion  and placed i n  oper- 

a t i o n  i n  July 1959. 

are discussed i n  d e t a i l  i n  a s p e c i a l  report1 and i n  the  HRP Quar t e r ly  r e -  

p o r t  s. 2-4 

The p i lo t -p l an t - sca l e  equip- 

The layout  of eqiLipment and the  methods of prepara t ion  

Twenty-four experimental  ba-Lches of Tho2 and 1 9  of thorium-uranium 

oxide conta in ing  0 .5 ,  3.0, and 8.0 T& % U, N 150 l b  pe r  batch,  were pre-  

pared during t h e  year .  The mean p a r t i c l e  s i z e  requested covered t h e  range 

< 1 t o  10  p, and t h e  ma te r i a l  prepared had. an a c t u a l  range of 1 t o  7.9 1.1. 

The f t r i n g  temperature requested f o r  var ious  oxid.es ranged from 650 to 

1600°C. Spec i f i ca t ions  f o r  - t ho r i a  were met wi th  few exceptions; however, 

the  nixed oxides were not  s a t i s f a c t o r y  due t o  t h e  l ack  of i n t e g r i t y  of the 

---- _jy  .,... par - t i c l e s .  
1 ..--. mixed-oxide prepara t ion  was suspended i n  December 1959. A l l  opera t ions  

Since l abora to ry  t e s t s  have not determined the  reason f o r  - th i s ,  

were suspended on June 17, 1960, and the p l a n t  placed i n  stand-by s t a t u s .  

11.1 OXIDE rXF,PARATION DEVEMPMENT 

F l a r e  Denitra-Lion 

Studies  on the  prepara t ion  of t h o r i a  p a r t i c l e s  by flame d e n i t r a t i o n  

of a lkohol  so lu t ions  of thorium n i t r a t e  were completed. Approximately 30 

l b  of  t h o r i a - m a n i a  prepared t o  give sphe r i ca l  p a r t i c l e s  wi-th a U / T h  mole 

r a t i o  of  0.03 and conta in ing  1.6 w t  $ U203 were s i z e - c l a s s i f i e d  t o  remove 

p a r t i c l e s  > 10 p i n  diameter and c i r c u l a t e d  as a n  aqueous s l u r r y  i n  a 10OA 

'K. 0 .  Johnsson and R. X. Winget, Pi l -ot  P lan t  Prepara t ion  of Thoriirm 
and Thorium-Uranium Oxi-des, OIUVL-2853 ( k c .  8 ,  1959). 

2R. H. Winge-t, ILRP Quar. Prog. Rep. O c t .  31, 1959, OWL-2879, p 231- 

3 0 .  C .  Dean -- e t  al., H F P  Quar. Prog. Rep. Jan. 31, 1960, ORNL-2920, 

'+O. C. Dean _I- e t  a l , ,  HRP Quar. Prog. Rep. Apr. 30, 1960, ORNL-2947, 

233/k. 

0 117-123. 

p 113-117. 
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loop. 

e ros ion  a t t a c k  r a t e s ,  5 0.1 mpy, a t  20 fps  and 0.2 t o  1.3 mpy a t  40 f p s  

along wi th  l i t t l e  p a r t i c l e  degradation. 

mean diameter ma te r i a l  ex t rapola ted  t o  1350 g of Th per  kg of 1120 were 

0.027 l b / f t 2  przrun and 0.072 l b / f t 2  postrun.  

The r e s u l t s 5  at 250°C and an oxygen atmosphere show low corrosion-  

The y i e l d  s t r e s s e s  of t h i s  1.3-11 

Rounded oxide p a b i c l e s  of 1 t o  3 ,u d i a  were a l so  prepared by addi t ion  

of 3.5 w t  % b e r y l l i a  o r  of 0.5 t o  5.0 w t  $ alumina or s i l i c a  t o  methanol 

so lu t ions  01" T~(No,)~ o r  uranium-thorium n i t r a t e  up t o  8 mole $ uranium, 

followed by flame deni t ra tLon.  

Subs t i t u t ion  of Th(S04)2 f o r  Th(N0,)4 and/or H20 f o r  CH,OH i n  the  feed  

so lu t ion  and of N2 for O2-C3H8 as t h e  atomizing gas, as we l l  as increas ing  

the  s i z e  of feed so lu t ion  d r o p l e t s  t o  the  flame from 30 to 150 p J  f a i l e d  

t o  give the des i red  oxide average-par t ic le -s ize  increase  of from 2 t o  10 K. 

Reduction of t h e  temperature of t h e  burner r e f l e c t o r  from 1600 t o  1000°C 

and doubling t h e  mole concentrat ion of metal  n i t r a t e s  i n  t h e  feed  increased 

t h e  mean p a r t i c l e  s i z e  from 2 t o  2.9 p. 

Microspheres Preparat ion by G e l  Technique 

Spher ica l  thorium oxj-de p a r t i c l e s  i n  t h e  s i z e  range 0.5 t o  30 p were 

prepared by s e t t i n g  a t h o r i a  s o l  t o  g e l  spheres by spraying the s o l  and 

an isopropyl  alcohol-water mixture simultaneously through an o r i f i c e ,  f o l -  

lowed by slow drying and c a l c i n a t i o n  t o  1000°C. 

dens i ty  of 6.8 g/cm3, and a n i t rogen  surface a r e a  of 0.68 m2/g. 

f i n a l  c a l c i n a t i o n  temperature w a s  increased t o  16GO"C, t h e  d e n s i t y  was i n -  

creased t o  ,-., 8.3 g/cc, bu t  t he  spheres tended t o  agglomerate. This method 

w a s  developed i n  an e fTor t  t o  siinpli€y the  Houdry g e l  technique,6 i n  which 

s o l s  were prepared by pep t i za t ion  of Lammonia-precipitated t h o r i a  wi th  tho-  

r ium n i t r a t e  t o  give a Th/N03 weight r a t i o  of 4. and then  were set by co- 

spraying with 1 M hexamethylenetetramine i n t o  a mineral  oil-kerosene form- 
ing  ba th .  

A t y p i c a l  product had a 

Kien t h e  

- 

The use of 10% isopropyl  a lcohol  f o r  forming and washing r e s u l t e d  i n  

a hollow "egg s h e l l "  s t r u c t u r e .  Increas ing  t h e  water  content  of t h e  system 

5E. L. Compere -- e t  a l . ,  HRP Quar. Prog. Rep. Jan.  31, 1960, ORNL-2920, 
p 94-99. 

6Houdry Process Corporation F i n a l  Report on Subcontract 904 Under 
W-7405 eng-26 (Dee. 30, 1958). 
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to > 23$ caused d i spe r s ion  of t h e  beads. Since the solubl.l.ity of ammonium 

n i t r a t e  i n  isopropyl  alcohol. increases  e i g h t f o l d  as t h e  water i s  increased 

t o  1.5$, a sa tu ra t ed  wash so lu t ion  (17%) gave t h e  b e s t  r e s u l t s .  

w a s  followed by slow drying -Lo 250°C and then  c a l c i n a t i o n  a t  1000°C. 

m a x i m i m  dens i ty ,  8 g/cm3, was obtained by fir-i.ng a t  1000°C. 

of r e s i d u a l  ammonium n i t r a t e  w a s  t h e  probable cause f o r  po ros i ty .  Bead 

prepara t ion  i s  descrj-bea i n  greaker d e t a i l  i.n q u a r t e r l y  r epor t s .  7 *  

Washing 

The 

Decomposi.ti.on 

1 1 . 2  PIIEPA!&YL'ION OF THORIA P E U T S  FOR KLI PEBBLE-RED BllUKET STUDIES 

An aqueous homogeneous r eac to r  wi th  a pebhle-bed blanket  has  been pro- 

posed, and prel iminary s t u d i e s  of i t s  f e a s i b i l i t y  a r e  being made. 

r o i d a l  t h o r i a  pel l -e ts ,  0.13 .to 0.25 i n .  i n  diameter,  a s  r e s i s t an t ,  as pos- 

s i b l e  -to a t t r i t i o n  by flowing 280°C water and hydraul ic  t r anspor t  and -to 

degradation by i r r a d i a t i o n  and thermal cyc l ing ,  a r e  required i n  approxi- 

mately 5-kg batches f o r  t hese  s tud ie s .  Certain add i t ives  f o r  s t rengthening  

o r  enhancing r e s i s t a n c e  t o  att;rri.tion are permissible  i f  they  do not  compete 

imduly wi th  thorium f o r  neutrons,  pronote cor ros ion  of Zj-rcaloy o r  s- ta in-  

k s s  s t e e l  o r  a r e  not  leached excess ive ly  from t h e  pebbles and deposi ted 

on sur faces  a t  temperatures d i f f e r e n t  f rom t h e  p e l l e t s .  

Sphe- 

A t e n t a t i v e  spouting-bed a t t i 5 t i o n  t e s t g  s i - m i l a r  t o  one developed and 

used by manufacturers of petroleum-cracking c a t a l y s t s  appears t o  approxi- 

mate a t t r i t i o n  condi t ions  .to which pellets w i l l  be exposed i n  t h e  r eac to r .  

Only p e l l e t s  whose minimum hourly weight l o s s  i n  t h i s  t e s t  i s  less ths.n 

0.5% are of i n t e r e s t .  

r a t i o n  of  t he  above p e l l e t s  a r e  press forming and s i n t e r i n g  of t h o r i a  pow- 

de r s  and forming and f i r i n g  of t h o r i a  gel. beads,  

Two general  methods being inves t iga t ed  f o r  prepa- 

Press-Forming and S in te r ing  of Thorium Powd-ers 

Thoria powder i s  t r e a t e d  w i t h  bindecs,  such a s  po1.yalcohols and/or 

d i e  Piibricants,  f o r  example, kerosene o r  s t e a r a t e  soaps, and i s  then  gran- 

ulated by press ing  and s iev ing .  Frorn t h i s ,  powder p e l l e t s  a r e  formed by 

7R. L. Pcarson ana A ,  T. Kl-einsteuber, KK? Quay. Pros .  Rep. Oct. 31, 

80. C .  Dean and A. 'T.  Kleinstcuber ,  'rF1IP Quat-. Prog. Kep. Jan.  31, 

9E. L. Compere e i  a l . ,  ILRP Qiiar. Prog. Kep. Apr. I- 30, 1960, OTirJL-294'7, 

1959, OKNL-2873, p 22'7-232. 

II 

1960, _I.-- ORNL-2920, p 117-123. 

_ _  
p 91-96. 
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pres s ing  i n  a Stokes model E: automatic t a b l e t  p ress  f i t t e d  wi th  a d i e  

having a s l i g h t  t a p e r  and b a l l - f a c e  punches, and t'nen t h e  p e l l e t s  a r e  den- 

s i f i e d  and strengthened by c a l c i n a t i o n  a t  1600 t o  1750°C. 

w a s  negot ia ted  wi th  the Davison Chemical Company for t he  fabricat i .on of 

5 kg of s t rong,  a t t r i t i o n - r e s i s t a r l t ,  sphe r i ca l  p e l l e t s  by t h e  b e s t  t ech-  

niques known t o  them. E f f o r t s  t o  prepare s p e c i f i c a t i o n  t h o r i a  spheres a r e  

a l s o  being made by t h e  Ceramics Sec t ion  of t h e  Metallurgy Division a t  ORNL 

and by the  Chemical Technology Division. 

A subcontract 

The Davison product,  as del ivered ,  w a s  composed of  nea r ly  pe r fec t  

sphe r i ca l  p e l l e t s ,  bu t  t'ney were w e a k ,  of low dens i ty ,  and had low r e s i s -  

tance t o  a t t r i t l o n  (Table 11.1). 

t r a t e ,  1.7 M ammonia-neutralized t h o r i a  sol, or  5 - M d ibas ic  alwfllnum n i -  

t r a t e  so lu t ion  and r c f i r i n g  t o  1750°C increased the  dens i ty  and decreased 

a t t r i t i o n  losses. The e f f e c t s  of tncreas ing  t h e  f i r i n g  temperature were 

Soaking of batches i n  2 - M thorium n i -  

- 

Table 11.1. Fabr i ca t ion  Conditions and P rope r t i e s  of Davison 
Thoria Spheres 

Formed from ceramic-grade oxa la te -prec ip i ta ted  powder i n  a Stokes 
model E automatic t a b l e t  p r e s s .  
O.S$ kerosene 

Binder- lubricant ,  1% PVA p lus  

F i n a l  F i r i n g  Bulk A t  -t ri t ion 

( " C )  ( g/cm3 1 ( w t  $/'Tir) 

Test Batch 
No. Additive Temperature Density Loss 

P-45 None 145 0 5.05 21.5 

P-L+6 None 1750 6.01- 6 -4 

P-48 Diban* 1750 7.42 0.8 

P-49 Thoria sol** 1200 5.61 24.3 

P-50 Thoria sol 1.750 6.74 1 .8  

P-51 2 - M Th(NO,), 1200 5.48 15.7 

P-52 2 - €4 Th(NO,), 1750 6.62 3 .s 
-~~ - 

*Dibasic aluminmi n i t r a t e  so lu t ion ,  5 M; NO,/A.l molar r a t i o ,  1 .2 .  
**Ilmmonia-neutraIized t o  iW,/Th mole r a t i o  of 3; 1.7 M thorium. - 
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s i m j . l a r .  'The dibaj i - t reated ba tch  w a s  of s u f f i c i e n t  i n t e r e s t  t o  be dup l i -  

ca ted  i n  a 4-kg ba tch  f o r  f u r t h e r  t e s t i n g .  

The most s i g n i f i c a n t  va r i ab lc s  i n  rnaximizing s t r eng th  and dens i ty  

while rninim.Lzing a t t r i t i o n  l o s s  and cracking viere: method of powder prep- 

arat <.on, granula t ion  p re  ssui-e s , add i t ive  s, green dens i ty ,  and ca1.c in-ation 

temperatures.  Conventional techniques t h a t  gave good r e s u l t s  for cy l in -  

d r i c a l  pelle-Ls produced spheres t h a t  had wexkneuses a t  the junctioil  of 

hemispheres which, i i i  a s ignif lcai i t ,  percentage of pel.l.e.ts r e s u l t e d  in 

cracks.  Pohdei-s t h a t  gave spheres of hi-ghesl; i n t eg r i ty -  and dens i ty  and 

lowest a t t r i t i o n  l o s s  were those prepared by oxa la te  p r e c i p i t a t i o n ,  without 

d iges t ion ,  under condi t ions  t h a t  gave maximum p a r t i c l e  s i z e  spread, f o l -  

lowed by 1 t o  4 h r  ca l c ina t ion  a t  800 t o  1000°C. Biends of low-temperature 

and high-temgerature ca lc ined  powders showed some advantage f o r  spheres,  

nrobably because s t rong  granules  a r e  needed f o r  making dens i ty  adjustments 

when pressed i n  a. sphe r i ca l  d i e ,  while y i e ld ing  p a r t i c l e s  a r e  needed t o  

achieve t h e  cLose packing necessary f o r  optimum s i n t e r i n g .  

I n  the use of an automatic t a b l e t  p ress ,  it i s  important t h a t  t he  

powder flow uniformly i n t o  t h e  d i e .  Granules a r e  prepared from t h e  powder 

by- t rea t i -ng  wtth a b inder ,  pressing, and s iev ing  through a 20-mesh U.S.  

Standard s ieve  a 

l u t i o n  and l$ Carbowax i n  water were the  most e f f e c t i v e  o f  t h e  binder-die  

lub r i can t s  (Table 11 .2)  . Optimum granula t ion  pressure  f o r  binder-doped 

and d r i ed  powders was dependent on the  pref  i r i n g  texiperature of powders 

and was 1-,500 t o  15,000 p s i  for powders f i r e d  -to 650 t o  I O 0 0 " C .  

f lowing powders had more than  7576 p a r t i c l e s  g r e a t e r  t,han 100 mesh, 

Alwriinim s t e a r a t e  (4% by weight) i n  isopropyl  a lcohol  so- 

The bes t  

I n  press-forming peJ_l..e'i,s With t h e  a.i;u-tomatic t a b l e t  p ress ,  t he  optimum 

compaction pressure  w a s  indicated. by t h e  green dens i ty  of  the pel.l.ets. Die 

pressures  were ad jus ted  t o  glve green s t r eng th  suf f ic ien- t  f o r  hand.l.i.ng. 

Overpressing resul-ted i n  cracki.ng durii.~.g f i r i n g *  

f o r  powders p r e f i r e d  t o  650 t o  800OC were A . 5  t o  4.9 g/cm3, and f o r  pow- 

d e r s  fired t o  800 t o  1300°C green d e n s i t i e s  were 5.0 t o  5.6 g/cm3. 

Optimum green d e n s i t i e s  

P e l l e t s  were strengthened, dens i f i ed ,  and increased 5.n ati ;r i t i .on re- 

s i s t ance  by cal.cina'cion i n  a i r .  

powder prepara t ions ,  ca l c ina t ions  were conducted at 1300OC f o r  20 h r ,  at 

I n  experiments w i th  p e l l e t s  from t h r e e  



Table 11 .2 .  Fabricat ion Conditions and Propert ies  of Thoria Pe l l e t s  

Powder: oxalate-precipitated,  ceramic grade 
Calcination conditions: 4 h r  a t  175OOC 

Batch De EC r i p t  ion of 
No. Powders Used 

1 Fired tit 800°C fo r  

2 A blend: 8% f i r e d  

1 hr 

at 800°C f o r  1 hr ,  
and 2 q 0  f i r e d  a t  
800°C f o r  4 h r  

at 650°C f o r  4 hr,  
and 7% f i r e d  a t  
1000°C f o r  1 h r  

4 Fired a t  800°C f o r  
2 hr 

5 A blend: 3@ Tired 
a t  650°C f o r  4 hr ,  
and 7C% f i r e d  a t  
95OOC f o r  2 h r  

3 A blend: 3% f i red  

Binder- 
Lubricant 

Bulk Density 
( ) 

A s  AS 
Pressed Fi red  

U l t  irnate 
A t  t, r i  t I.on 

Loss 
( w t  4 /hr ) 

AL s t e a a t e ,  4.5 9.7 0.25 
5$* 

Al s t ea ra t e ,  4.8 9.7 0.60 
5% 

Al s teara te ,  5.8 9.6 0.43 

5% 

Al s teara te ,  9.5 0.21 

Carbowax, 8.65; 0.31 
4$ 

1% ** 

*Aluminum s teara te ,  3.4% aluminum, prepared by react ion of aluminum 
chloride and 5 9  excess s t ea r i c  acid i n  isopropyl alcohol.  
salt w a s  dissolved i n  isopropyl alcohol t o  t'ne extents  shown i n  the  ta'ole 
( 4  o r  5$). 

The piirif ied 

**The Carbowax w a s  dissolved i n  water. 

1600°C f o r  6 hr ,  and a t  1750°C f o r  4 h r .  

h r  heatups and 8-hr cooldowns were allowed. 

h igher  temperatures,  dens i f i ca t ion  was increased  and a t t r i t i o n  r a t e s  were 
decreased by increased c a l c i n a t i o n  temperature (Table 11.3). Both Al,O, 

and C a O  add i t ives ,  up t o  1.0 wt; $, gave increased dens i ty ,  s t r eng th ,  and 

a t t r i t i o n  r e s i s t ance .  

I n  all cases ,  approximately 4- 

Even with  shor t e r  t imes a t  

I n  another  c a l c i n a t i o n  s tudy f o r  temperatures 1450°C 

o r  less, and t h e  p e l l e t s  being granulated w i t h  aluminum s t e a r a t e ,  t he  

g r e a t e s t  dens iP ica t ion  (9.37 g/cm3) was obtained wi th  a 7576 N2-25$ CO at- 

mosphere. 
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Table 11.3. Effects of Calxination Conditions on Densi.ty and At t r i t i on  
Resistance of Spherical. Tho, Pe l l e t s  Prepared. from Three Powders 

Powders : c e r m i c  grade, oxalate -prec i p  i t ated Tho 

Powdr r 
Bulk At t r it ion 

("C), (g/cm3) (wt $/hr)  

Calcination 
Temperature 

and. Time 
Binder Density Loss 

Single  : 800" c -f i r ed  4% A1 s teara te  1300, 20 h r  8.7 3 -3  

Blend.: 2C$ 800°C-fi~ed l$ Carbowax i n  1300, 20 h r  7.4 3.3 

i n  isopropyl 1600, 6 hr 9.5 1.6 
alc  oh01 1750, 4. hr 9.5 0.8 

8C$ 950°C-fi.red water 1600, 6 h r  8.1 2.6 

Blend: 30$ 800°C-fired l$ Carbowax i n  1300, 20 hr 7.2. 2.8 
7070 350°C-fired water 1600, 6 hr. 8 . 2  2.3 

1750, 4 h r  8.9 2.3 

1750, 4 hr 8,? 1,6 

G e l  Sphere Technique 

The tnaniif a c t u r e r s  of s i l i c  a-al-umina petroleum-cracking c a t a l y s t s  have 

developed an economical si l ica . -o . l i~ . ina-gel  bead forming technique which 

c o n s i s t s  of forming spherLcaL dropl..ets of a f a s t  s e t t i n g  sol. 3.n a n  o i l  

ba th ,  I"o1lowed by  drying and fir-ing, 

formed by t h i s  technique by the  Houdry Process Corporation. 

s i t y  of  beads of 3-  t o  1.0-1.1 s i z e  ca lc ined  t o  1000°C was 9.9 g/c.i ' .  

Process Corporation has agreed t o  produce 5 kg of bead.s of 0.125-0.25 i n .  

diameter by this technique. 

'Thorj-a spheres of 3 t o  40 p were a l s o  

The bulk den- 

Houdry 

3-1. 3 E;VALUATION OF THORIA .QD THORIA-URANIA POWDER PREPAR.ATIONS 
FOR BLANLCF,T SLURRIES 

Jet  Abrasion Test ing 

Previous t e s t i n g  wi'ih t h e  j e t  abrasion tester' ' showed. it, -Lo be ca- 

pable of de t ec t ing  the  'cenCency of  t h o r i a  or Lhoria-urania p a r t i c l e s  t o  be 

degraded when a slurry- containing them was impinged on a metal  Toi l .  Fur- 

'iher tes-tine; showed tha t ,  while l;?~ t e s t  d i s t i ngu i shes  readi.1.y between a 

''J, P. b1cSrrid.e et al., HRP War. Prog. Rep. J u l y  31, 1957, OWL-2379, 
I .- - 

p 150-151. 
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r e a d i l y  degraded ( l o v - f i r e d )  oxide and one of high i n t e g r i t y  ( i . e ,  , 1600°C- 
f i r e d  Tho2), it cannot de t ec t  s m a l l  ( less ttian a f a c t o r  of 2)  changes i n  

p a r t i c l e  s i ze .  There w a s  no c l e a r  evidence t h a t  d i f f e r m c c  i n  p a r t i c l e  

shape a f f ec t ed  the  abrasiveness  of t he  powder. 

Degradation and Clinker  Formation i n  Thorium-Uranium Oxides 

S l u r r i e s  conta in ing  t h o r i a  p l u s  0.5 and 3 mole 5 uran ia  i n  which the  

powders had been f i r e d  t o  temperatures of 1325 and lloo°C, r e spec t ive ly ,  

were degraded severe ly  i n  loop and t o r o i d  t e s t s .  Some of these  s l u r r i e s  

formed d i la tan t ,  plugs i n  v e r t i c a l  sec t ions .  I n  j e t  abrasion t e s t s  of mixed 

oxides prepared by adsorpt ion of UO, on ThO, containing 0 . 5  mole $ urania  

f i r e d  a t  1225"C, 3 mole % u r m i a  f i r e d  a t  l l O O Q C ,  mid 8 rmle $J uran ia  f i r e d  

a t  1050"C, p a s t i c l e s  were degraded by a fac-Lor of 2 or  more. 

t a i n i n g  0.5 and 8 mole $ uran ia  could be ca lc ined  at lckOO°C witlzout c l ink -  

e r ing  i f  p r e f i r e d  a t  1000°C f o r  4 h r .  

c l i n k e r s  when c a l e  Tried above 1200°C. 

t o  only 650°C and- hea t ing  d i r e c t l y  a t  1100°C o r  higher  caused excessive 

cl inkerir ig  i n  powders of all compositions. 

f o r  4 h r ,  then  a t  higher  temperatures,  decreased c l i n k e r  formation. 

Oxides con- 

An oxide containing 3% uran ia  gave 

Calcining of powders previously f i r e d  

P r e f i r i n g  of powders a t  1000°C 

Prope r t i e s  of Thorium-Uranium Oxidesll  

S tudies  were made of p rope r t i e s  of thorium-uraxium oxides,  prepared 

by depos i t ion  of uranium oxide on preformed tho r i a ,12  containing mole f r a c -  

t i o n s  of' uranium varying from 0.0054 t o  0.044 and f i r e d  i n  a i r  o r  hydrogen 

at  1100°C f o r  4 t o  24 hr .  LattTce dimensions were ca l cu la t ed  f o r  t hese  

oxides from x- ray  d i f f r a c t i o n  d a t a  and compared v i t h  those ca l cu la t ed  from 

Vegard' s f o r  s o l i d  solutlons having cubic s t ruc tu res ,  using l a t t i c e  

dimensions 5.5973 A f o r  pure TinO, and 5.4691 A f o r  pure U0,.l4 The mixed 

oxides  fired i n  hydrogen deviated more i n  l a t t i c e  cons tan ts  from Vegard's 

'IO. C .  Dean and C .  E. Sch i l l i ng ,  HHP Quar. Prog. Rep. Oct. 31, 1959, 
01WL-2879, p 220-225. 

12J. P. McBri.de e t  a l . ,  HRP Qua?. Prog. Rep. Oct. 31, 1958, ORNL-2654, 

l 3 L .  Vegard, Z. Physik - 5, 17 (1921). 
"R. E. Rundle 

-- 
p 202-214. 

- 
e t  al., J. Ani. Chem. Soc. 70, 9!%104 (1948); !DIx:- -- 

1608. 
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l a w  than  d i d  those fi-recl. i n  a i r ,  and the  devia t ion  increased wi th  increas-  

i ng  urani:.m content  ~ Surface a-ea decreased more and c r y s t a l l i t e  s i z e  i.n- 

creased more i n  a l l  thorium-uranium oxides when f i r e d  i n  a i r  than  when 

fired i n  hyd-rogen. Excess oxygen appears t o  promote sirkei-ing a t  t h e  lower 

( l l O O ° C )  temperature.  A s  t h e  uranium content  of the a i r - f i r e d  samples in -  

creased from 0,0054 t o  O . @ U  mole f r a c t i o n ,  t h e  O/U r a t i o  decreased from 

U 0 2 . 6 7  t o  UO,. ,, which ind ica t e s  t h a t  t h e  capacit,y of t h e  cubic  thorium- 

uranium oxide l a t t i c e  for i n t e r s t i t i a l  oxygen i s  l i m i t e d .  For oxides f i r e d  

i n  air ,  the  f r a c t i o n  of uranium removed by leaching  wi th  8 N HNO, decreased. 

with increas ing  uranium content  and w a s  d i r e c t l y  propor t iona l  t o  the sur- 

face a r e a  of t h e  mixed oxide.  Oxides f i r e d  i n  hydrogen showed a lower 

spec i f i c  1.eaching e f f e c t  . 

I 

11.4 GAS-~%COM13INATION CATALYST DEVELOPWNT 

FurLher s tud ie s  were c a r r i e d  out on t h e  catal-yt ic  combina-1;ion o€ hy- 
drogen o r  deu te r iua  and oxygen i n  aque0u.s r e a c t o r  s l u r r i e s  containing a 

sol-prepared palladium-Shoria c a t a l y s t .  l5 The sol.. method of preparing t h e  

palladium c a t a l y s t ,  descr ibed below, has given t h e  most ac t ive  catialyst  

y e t  prepared and appears reproducible  . Reasonable agreement vas obtained 

between out -of -p i le  and i n - p i l e  test,s, b u t  a l l  experiments showed t h a t  

there  were l i d t s  of hydrogen or  oxygen overpressure o r  H 2 / 0 2  r a t i o  ulider 

which c a t a l y t i c  a c t i v i t y  w a s  maintained. A s l u r r y  s a ~ p l e  from a pumping- 

loop  gas-recombination experiment, showed a lower s p e c i f i c  a c t i v i t y  than  

d id  an u.upiunped s. lurry,  and conf inned q u a l i t a t i v e l y  t h e  dec?.i.ne i n  a c t i v i t y  

observed i.n t h e  loop. 

s tud ie s  was developed i n  whi.ch measured. q u a n t i t i e s  of hydrogen and oxygen 

could be in j ec t ed  a t  texpera ture  i n t o  t h e  autoclave containing tile s l u r r y  

ea-Lalyst sys-tern, s implifying and improving t h e  experimen-tal proced-ure , 

A new apparatus  €or ca r ry ing  out  t h e  1abora;tory 

Pall-a~d-ium Cata lys t  Development 

The s o l  prepara t ion  method consisted of r e f lux ing  a 650'C-fircd tho-  

rilm oxide i n  an aqueous so lu t ion  of palladium n i t r a t e  [0.5 g of Pd(N0,)2 

t o  10 g of Tho;!] t o  forrn a sol., and then  reducing t h e  sol with hydrogen. 

1 5 j  . P. McBride and L. E .  Morse, HRP Quar. Prog, Rep. Apr. 30, 1960, - 
ORNL-29L7, P 87-9d. 
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Treatrflent with hydrogen ( o r  deuterium f o r  heavy water prepara t ions)  r e -  

duced the  palladium, destroyed the  bulk of the  n i t r a t e  ion,  and f loccu la t ed  

the  sol. The c a t a l y s t  p repara t ion  was a f loccu la t ed ,  s low-se t t l ing  sus- 

pension, an a l iquo t  of which was added t o  t h e  s l u r r y  under t e s t .  Prepa- 

r a t i o n s  were made i n  both ordinary w a t e r  (P-23) and heavy srater (P-28 A 

and P-28 B-C) .  

The sol-prepared c a t a l y s t  w a s  a c t i v e  i n  both t h o r i a  and tho r i a -u ran ia  

The d a t a  were usua l ly  evaluated i n  terms o f  a c a t -  s l u r r i e s  (Table 11.4) .  

a l y s t  performance index, CPI, which r e l a t e s  c a t a l y t i c  a c t i v i t y  (moies of 

D2 per  l i t e r  per h r )  t o  

p a r t i a l  p ressure  of 100 

w/ml = 

r eac to r  power dens i ty  (w/ml )  a t  an equi l ibr ium 

p s i  r a d i o l y t i c  D2: 

moles of D, per l i t e r  per  h r  
( 0 . % 8 ) ( G D Y  2 ' 

where G i s  Line G value f o r  D2 production, 0.7. 
k? 

Out-of-pile experiments wi th  s l u r r i e s  of 1600"C-fired t h o r i a ,  1000°C- 

f i r e d  Th-@ U and Th-16$ U oxide, and where the  B,/O, r a t i o  of t h e  p a r t i a l  

p ressure  w a s  5 2, gave CPI ' s  from 8 t o  19  w/ml per mill i iuolal  Pd concen- 

t r a t i o n  at 280°C and a deuterium p a r t i a l  p ressure  of 100 p s i  (Table ll.4).'5 

With s l i g h t  excesses of H2 over t he  s toichiometr ic  H2 i- 1/2 O2 i n  t he  gas 

phase, spec i f i c  c a t a l y t i c  a c t i v i t i e s  were 30 t o  40 t imes higher .  I n  an 

i n - p i l e  t e s t  wi th  a s l u r r y  of t h e  TIi--@ U oxide under excess 02, CPI's of 

20 t o  30 w/ml per  mi l l imola l  Pd. concentrat ion were observed. l6  I n  a s i m -  
i lar i n - p i l e  t e s t  wi th  Th-16$ U oxide a CPI of only 0.3 w/ml  w a s  obtained, 

a t  var iance with d a t a  obtained wi th  t h e  same oxide o u t - 0 f - p i 1 e . l ~  

t h e  l i m i t s  of hydrogen o r  oxygen overpressure or  pretreatment  o r  t he  B2/02 

r a t i o s  under which c a t a l y t i c  a c t i v i t y  i s  maintained have not been explored. 

There are i nd ica t ions  t h a t  some l i m i t a t i o n s  e x i s t ,  and t h a t  a c t i v i t y  i s  

not iiiaintained where a. l a rge  excess  of e i t h e r  oxygen or hydrogen i s  pres-  

e n t .  

present ;  i n  the  T??--16$ U oxide t e s t ,  650 p s i  O 2  w a s  useii.. 

However, 

I n  t h e  TIP@ U oxide i n - p i l e  t e s t ,  540 psi excess O 2  at 280OC was 

16:i'n-pile t e s t s  conducted by E .  L. Compere and L. F.  Woo of t h e  Ke- 

1'7E. L. Compere and L. F. Woo, HRP Quar. Prog. Rep. J u l y  31, 1960 
a c t o r  Fxperimental Engineering Divis ion.  

( t o  lie publ i shed) .  
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The order  of -the recombination r e a c t i o n  wi th  respec t  t o  Rz or  0, has  

not  been obtained.. Iiand.om ove r -a l l  apparent; reaTtion o rde r s  of from 0 t o  

2, based on t o t a l  gas pressure  i n  excess  of steam, have been observed. 

E f f e c t  of S l u r r y  Concentration 

A s e r i e s  of 40 experiments w a s  c a r r i e d  out  i n  Tnihich the P-28A c a t a l y s t  

p repara t ion  was f i rs t  added. t o  a s l u r r y  of lGOO°C-fired oxide (100 g o f  Th 

per  kg H,O) a{; a concent ra t ion  of 117 ppm of Pd, based on thorium; t h e  ea-L- 

a l y t i c  a c t i v i t y  was measured, and then  t h o r i a  w a s  added t o  t h e  suspension 

i n  100-g-Th-per-kg-H20 s t e p s  and t h e  a c t i v i t y  again measured. l5 

the t h o r i a  conten t  t o  500 g of Th pe r  kg of ii,O wi thout  adding any xriore 

pa.l.l.adium d i d  not  s i g n i f i c a n t l y  change the s p e c i f i c  a c t i v i t y  of t h e  c a t -  

a l y s t  a t  e i t h e r  250 o r  28OoC, t h e   TO r e a c t i o n  tempera-tures investigated. .  
Duplicat ing t h e  f i n a l  condi t ions  (500 g of Th pe r  kg of H20; 2.3.4 pprri Pd, 

based on Ti?) i n  a separa te  experiment r e s u l t e d  i n  only a 4% increase  i n  

s p e c i f i c  a c t i v i t y .  Hence it appears t h a t  t h e  sol-prepared c a t a l y s t  s spe- 

c i f i c  a c t i v i t y  i s  e s s e n t i a l l y  independent of Tho, s l u r r y  concent ra t ion .  

Increas ing  

E f f e c t  of Pumping 

The S l u r r y  Corrosion Group of t h e  Reactor Experimental Engineering 

Dlvi-sion has  carried.  out gas-recombination t e s t s  i n  a pump loop at 280°C 

and 200 p s i  excess  O2 pressure  wi th  a Th-0.5$ u r a n i u m  oxide s l u r r y  COR- 

ta ini .ng t h e  sol-prepared c a t a l y s t  .I5 Spec i f i c  a c t i v i t i e s  i n  t h e  loop ap- 

peared t o  be 10 t o  20 t i m e s  l ove r  than  those obtained i n  l abora to ry  t e s t s  

i n  autoclaves and, i n  rzddi-tion, t h e  s p e c i f i c  a c t i v i t y  dropped wi th  t ime, 

wi th  a seve ra l  hundred hour h a l f l i f e .  Laboratory t e s t s  on a dup l i ca t e  of 

t h e  o r i g i n a l  charge and a loop sample confirmed t h e  dec l ine  i n  ac-Livity. 

No explanat ion has  been found for eit'iler t h e  unusual ly  low s p e c i f i c  ac-  

t i v i t i e s  observed i n  t h e  loop o r  the  dec l ine  i n  a c t i v i t y .  

1 8  Gas-Inject ion Apparatus for Cata lys t  Stiiilies 

An apparatus  t h a t  permi.ts t'ne i n j e c t i o n  of measured q u a n t i t i e s  of hy- 

drogen and oxygen i n t o  an autoclave conl;ari.ning s l u r r y  at r e a c t i o n  temper- 

ature vas developed for use i n  the  c a t a l y s t  development work. The arrange-  

ment of t h e  apparatus  permits ,  vi-Lhout dismantl ing Lhe autoclave,  removal 

''J. P. McBride and I,. E.  Morse, HRP Qiiar. Prog. Bep. Oct. 31, 1957, 
O€WL-2879, p 1'75. 
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from t he  s l u r r y  of water t h a t  had been added as a r e s u l t  of t h e  H2-0, r e -  

ac t ion .  Addition of t he  gases a t  teriperature e l imina tes  t h e  explosioi? 

hazard encountered when gases a r e  charged a t  room temperature and heated 

t o  rea.cti.on temperature,  and it a l s o  permits  b e t t e r  con t ro l  over t h e  i n i -  

t i a l  condi t ions of t h e  combination reac-tion. 

11.5 HYDROGEN AJ!E OXYGEN SOTJJEXLITY I N  A&UEOUS SLURRIES1 

The so l i rb i l i t y  of hydrogen and oxygen vas measured i n  water and i n  

Tho2 s l u r r i e s  coiitainir,g 250, 500, and 1.000 g of Th per  kg of H20, a t  tern- 

pe ra tu re s  from 27 t o  300°C. The Thoz w a s  f i r e d  a t  650°C and had a surface 

a r e a  o f  32 m2/g .  

used. Good agreement w a s  obtained w i - t h  l i t e r a t u r e  d a t a  on s o l u b i l i t i e s  

Hydrogen and oxygen overpressures  up t o  700 p s i  were 

i n  water. The so lub i l i . t y  of hydrogen i n  the  s l u r r y  appeared t o  be no 

g rea t e r  than  could be accounted f o r  by t h e  s o l u b i l i t y  of hydrogen i n  t h e  

l i q u i d  phase of t h e  s l u r r y  alone.  S l u r r i e s  of f r e s h l y  prepared Thoz i n  

water ad-sorbed up t o  2.0 em3 (STP) of oxygen pe r  gram of ThO, i.n an i r -  

reversible manner. Af te r  t h e  i n i t i a l  exposure t o  oxygen, t h e  apparent 

s o l u b i l i t y  o f  oxygen i n  t he  s l u r r y  at 250°C was 1.2 to 2.3 t imes as great, 

as the  sol.ubj.lity i n  water,  increas ing  wi th  s l u r r y  concentrat ion.  However, 

with a ].ow-surface-area oxid.e, such as -tiia"i recoinmended f o r  r eac to r  use, 

Lhis increased s o l u b i l i t y  can probably be neglec ted ,  

The s o l u b i l i t i e s  were determined by loading a known quant i ty  of water 

o r  s l u r r y  i n t o  an autocl.ave ar,d a&ni.-t-t;ing a measured iiurfl'oer of moles  of 

gas at room tefrperature.  The gas s o l u b i l i t y  w a s  ca l cu la t ed  from t h e  pres -  

sure and voluye d a t a  ob-tained st var ious  temperatures,  us ing  tile pe r f ec t -  

gas law. 

11.6 THORIA POWDER IRRADIATIONS2 

Radiati-on s t a b i l i t y  i s  a necessary conditi.on f o r  t h e  successfu l  use 

of oxide sl .u.rries i n  aqueous homogeneous reac'cors No g r o s s  i r r a d i a t i o n  

I9J. P. McBride arid N .  A .  Krohii, HRP Q u a .  Prog. Rep. Jan. 31, 1960, 
ORNL-2920, p 91. 

2oJ. P. McBride and N.  A. Krohn, HRP Quar. Prog. Rep, Apr, 30, 1960, 
ORNL-2947, p 91. 
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e f f e c t  on s l u r r y  behavior has been observed, bu t  radiat ion-induced s in -  

t e r i n g  observed i n  dry t h o r i a  powders and a poss ib le  s i m i l a r  e f f e c t  i n  ;a 

s e t t l e d  s l u r r y  bed could inf luence t h e  choi.ce of oxide t o  be used i n  a 

r eac to r  s l u r r y .  

Thoria powders f i r e d  at 650, 800, 900, 1100, and 1500°C were i r r a d i -  

a t ed  i n  aluminum capsules  f o r  16 and 22 months i n  a l a t t i c e  p o s i t i o n  of 

t h e  Low I n t e n s i t y  Test Reactor (LLTR) a t  a f l u  of 2 x 
see-l .  

and the  p a r t i c l e s  had agglomerated i n t o  ha-d,  glossy clirilrers (Fig.  11.1). 

The 1100 and 1500°C-fired oxides were powders of off-whil;e and blue c o l -  

o ra t ion  (F ig .  11 .2) .  Specifi-c sur face  a reas  f o r  all- oxides except t he  

1500°C-f i.red samples were roarkedly decreased by the  i r r ad - i a t ion  (Table 

11.5) desp i t e  t he  f a c t  t h a t  the  est imated rnaxim1-m temperature of t he  pow- 

de r s  during i r r a d i a t i o n  w a s  below 300°C. The decrease i n  sur face  a rea  f o r  

a l l  except t he  h igh - f i r ed  oxides suggests t h a t  i r r a d i a t i o n  produced about 

t he  same s i n t e r i n g  e f f e c t  as f i r i n g  of an oxide a t  1500°C. 

neutrons crfl--2 

Af te r  i r r a d i a t i o n  the  6 5 0 ,  800, and 900°C-fired oxides were red,  

The powders were canned i n  1/2- in .  -OD, 1 /4- in .  -ID aluminum capsules  

about 2.5 i n .  long. They were i - r r ad ia t ed  i n  s m h  a way t h a t  -the r eac to r  

cool ing water flowed over t h e  outs ide  of the capsules .  Cobalt and ti-ta- 

n i m  flux monitors were included i n  the  capsules .  

Table 11.5. LITR Thoria Fowder I r r ad ia t ions  

Therma1 f l u x :  N 2 x 1013 neutrons onm2 see-' 
Fas t  flux (- 5 M e V ) :  
Estimated maximum temperature: 300" C 

.--1 .- 1.5 x l o3  neutrons cme2 sec 

Oxide Specific Surface Area ( m 2 / g )  
F i r ing  Description of 

Temp Be f o r  e After 16 Months After 22 Months I r rad ia ted  Oxide 
( " C )  I r r ad ia t ion  of I r r ad ia t ion  of I r r ad ia t ion  

450 28.4 1.0 

800 15.2 0.5 
900 '7.9 0.5 
1100 3.3 1.9 

1500 0.8 0.8 

0.5 Red c l inkers  

Red cl inker  E 0.5 

0.5 Red c l inkers  
0.5 O f f  -white powder 
0.8 Blue powd.er 
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Fig. 11.1. Thorium Oxide Powder, 650°C Fired, After 16 Months Irradiation in the L I T R .  
Flux, 2.5 x 1013 neutrons ernm2 see-’.  
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Fig. 11.2. Thorium Oxide Powder, 15OOOC Fired, After 16 Months Irradiation in the LITR. 
Flux, 1.7 x 1013 neutrons cm-’ sec-l. 
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11.7 THORIA SPRAY COATING 

A 40-kw plasma j e t  w a s  i n s t a l l e d  and used i n  prel iminary inves t iga-  

t i o n s  of t he  f e a s i b i l i t y  and poss ib l e  advantages of spray coa t ing  Tho2 

breeder-blanket p e l l e t s  with t h i n  l a y e r s  of metals and ceramics. Adherent 

coa t ings  of A1203, n i cke l  and chromium have been obtained. 

of t he  n i c k e l  and chromium coat ings  t h e r e  appews t o  be a b e n e f i c i a l  e f f e c t  

i n  admixing 5 t o  1% hydrogen i n  t h e  argon t h a t  i s  normally used as t h e  

plasma gas.  

t h e  reducing hydrogen environment. 

I n  t h e  cases  

The coa t ings  are s i g n i f i c a n t l y  more adherent when sprayed from 
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12. SUiWACE CHEMISTRY 

A n  ob jec t ive  of t h e  Surface Chemistry Program i s  the prepara t ion  of 

a Tho2 sample s u i t a b l e  f o r  s tudying t h e  equi l ibr ium between a Tho2 sur face  

and an aqueous so lu t ion .  It i s  commonly thought t h a t  a mobile l a y e r  of 

ions  i s  o f t e n  formed near  t h e  sur face  as a r e s u l t  of t h i s  equi l ibr ium. If 

t he  ion  concent ra t ion  of t h i s  l a y e r  i s  determined a s  a func t ion  of solu- 
t i o n  concentrat ion,  i on ic  valence,  and temperature,  t he  surface p o t e n t i a l  

can be ca l cu la t ed  by Gouy-Chapman theory' and used t o  estimate2 t'ne pepLi- 

zat ioi i  s tate of a suspension as a func t ion  of temperature,  p a r t i c l e  ra- 

dius ,  valence of counter  ion,  e l e c t r o l y t e  concentrat ion,  and su-spension 

concent ra t ion .  

An i d e a l  m a t e r i a l  f o r  su r f ace  adsorp t ion  should be s o l i d  p a r t i c l e s  

of t h e  order  of 1000 A i n  diameter.  The p a r t i c l e s  should be s o l i d  s o  t h a t  

a l l  t h e  adsorp t ion  measured i s  on t h e  e x t e r n a l  sur face ,  s ince  adsorp t ion  

i n  f i s s u r e s  presumably can be iiiuch more complicated.  They :hou ld .  be  s m a l l  

enough to o f f e r  a s i g n i f i c a n t  amount of sur face  f o r  study, bu t  they  shou-ld 

be appreciably la rgey  than  t h e  e f f e c t i v e  th ickness  of t h e  mobile l a y e r  t o  

permit t h e  necessary assumption of a f l a t  mobile l a y e r .  

12 .I PREPARATION OF TI102 FOR S W A C E  ADSOWTION WASUlmmS 

Degradation of ThOZ from Thorium. Oxalate 

The most success fu l  method fourid f o r  prepar ing  s o l i d  Tho;! p a r t i c l e s  

w a s  t o  s epa ra t e  t h e  c r y s t a l l i t e s  i n  Tho;! p a r t i c l e s  produced by t h e  thermal  

decomposition of thorium oxa la t e .  I n  earlier experiments3 a T'nO2 sample 

produced by Ti r ing  bhorium oxala te  a t  a temperature of 650°C broke up i n t o  

smaller p a r t i c l e s  when l e f t  i n  contac t  wi th  d i l u t e  n i t r i c  a c i d  f o r  s e v e r a l  

days, t h e  decrease i n  s i z e  being evidenced by an apprec iab ly  decreased 
s e t t l i n g  rate. Apparently, ti?? d i l u t e  a c i d  d isso lves  the br idges  holding 

'J. Th. G .  Overbt-ek, i n  Col lo id  Science, vol K, p 12&30, ed.  by 

2F. I€.  Sweeton, Calcu la t ion  of' Suspension Pept iza t ion ,  ORNL-2791 

3F. Ii. Sdeeton, KRP Quar. Prog. Rep. Apr. 30 and Ju ly  20, 1958, 

H. 3 .  Kruyt, E l sev ie r ,  New York, 1952. 

( M a r .  16, 1960). 

ORNL-2561, p 31-9. 
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t h e  c r y s t a l l i t e s  of one p a r t i c l e  together. .  A s i zed  'l'hO2 sample f o r  ad- 

sorp t ion  s tud ie s  was prepared by ciigesti iig ThOz t h a t  had been fired a t  

1000"C, and had average partic1.e d i m e t e r s  of l.04 A, wi th  0.01 M HN03 f o r  

several. days a t  a temperature beI..ow 109°C. 

c l a s s i f i e d  by sevzn cycles  of c e n t r i f u g a l  sedimentation-resuspension t o  

reiiiove p a r t i c l e s  s e t t l i n g  slower than spheres 2003 A i n  diariie-ter. The 

remainder was put  througn seven similar sed.imentstioiis timed for complete 

s e t t l i n g  of pai-tiel-es equivalent  t o  3003-A spheres o r  l a r g e r .  The f ina l .  

product (8  g )  had an e f f e c t i v e  size range of 2000 t o  3000 A.  

r a t i o n  LhaL had been f i r e d  a t  1600°C and had c r y s t a l l i t e s  > 2500 A i n  di.- 

ameter was not  broken up by t h i s  n i t r i c  a c i d  t reatment .  

- 
The d-igested m a t e r i a l  w a s  

A Tho2 prepa- 

Thorium Peroxi de I n t  errriediat e 

A suggested method4 for forming l a rge  c r y s t a l l i t e s  of ThOz invol-ves 

the forination of c r y s t a l s  of thorium peroxide, then  aecolnposing them t o  

'Y31.02. 

about 400 A, than  d ~ i d .  t he  hornsgeneous p r e c i p i t a t i o n  or t h e  ion exchanger 

methods ( s e e  below), bu t  reduct ion of t h e  peroxid.e t o  Tho2 vas ilot at- 

tempted s ince  t h e  thorium oxala te  method (see preceding paragraphs ) being 

stiiciied. sirnultan.eously had been found promising. 

I n  exploratory Les tl;, t he  peroxide me-tho& gave l a r g e r  c r y s t a l l i t e s ,  

The peroxide pi-oced.ure w a s  t o  mix so lu t ions  of 'Th ( N O 3 ) 4  of concen- 

t r a t i o n  varying between 0.03 ana 0.5 N and containing enough n i t r i c  ac:i.d. 

t o  give pH readings 'ae.twcen 0.0 and 1.0. 

tween 0.02 and. 2.0 M i n  concentration. 

a t  temperatures of 25 and. 60°C. 

determined by x-ray l i n e  broadenlng va r i ed  .from 50 t o  403 A .  

diffrac-Lion paitc.rn of one product changed when t h e  sample was allowed t o  

dry i n  a i r  at room temperzture.  

- 
Tne H202 so lu t ions  va r i ed  be- 

Tne experiments were c a r r i e d  oui; - 

The average c i y s i a l l i t e  diameters, as 

The x-ray 

P r e c i p i t a t i o n  with Ion Exchanger 

The use of  ion  exchangers f o r  t h e  p r e c i p i t a t i o n  of  Tho2 from Th(NO3)4 

sol_utioizs gave ma te r i a l s  about 100 A i n  ciame'cor i n s t ead  o f  ill? des i r ed  

"Gordon, SaIctsky, and iLTil.l.ard, P r e c i p j ~ t a t i o n  from Homogeneoas So- -- -.-. I_ 

---J l u t i o n  Niley, New York, 19%. 
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1000 A. 

j u s t  s a t u r a t e d  wi-th respec t  t o  the p r e c t p i t a t i o n  of T h O 2 ,  and then  an  ion  

exchaiiger tha-t  had been ad jus t ed  t o  be i n  equi l ibr ium wri.th a s o l u t i o n  

s l i g h t l y  more al-kaline 'vas added. 'The theory  w a s  t h a t  t h e  ion  exchanger 

should make t h e  Th(NOs)4 so lu t ion  more a l k a l i n e  and the re fo re  supersatu-  

r a t e d  wi tn  respec t  t o  'Tho2 but  no t  enough supersa tura ted  t o  form nuc le i  

of ThO2, al lowing t h e  slow formation of a few re l a t i . ve ly  l a rge  c r y s t a l l i t e s  

from a few s m a l l  seed c r y s t a l l i t e s .  

uc t s  were p a r t i c l e s  no l a r g e r  than 100 A, and ?Ais method w a s  abandoned. 

Tne pH of a ' T h ( N 0 3 ) 4  sol i l t ion was ad jus t ed  un t i l  t h e  so lu t ion  was 

'IJnder t h e  cond.itions used, t h e  prod- 

Homogeneous P r e c i p i t a t i o n  

The Tho2 c r y s t a l l i t e s  formed by t h e  homogeneous reac-tion of Th (NO3 )I, 

wi th  t h e  decomposition products  of m e a  ('Table 12.1) clumped toge the r  t o  

fomi s p h e r i c a l  aggregates  (Fig.  12 .1) .  It appeared impossible t o  cause 

t h e  c r y s t a l l i t e s  t o  grow t o  t h e  desired.  d i ,meter  of an appreciable  f r a c -  

t i o n  of a micron when i n  t h i s  clumped s t a t e .  The technique of homogeneous 

p r e c i p i t a t i o n ,  developed f o r  use i n  chemical ana lys i s4  involves  t h e  reac-  

t i o n  of two chemicals i n  one so lu t ion ,  one of t h e  chemicals being l i b e r -  

a t e d  wi th in  t n e  homogeneous s o l u t i o n  r a t h e r  thaG being added as R separa te  

phase.  This method appears to o f f e r  t h e  p o s s i b i l i t y  of growing sizabl-e 

c r y s t a l l i t e s ,  s ince  slowly p r e c i p i t a t i n g  m a t e r i a l  should depos i t  on crys-  

t a l l i t e s  of the s'me material  i.f such c r y s t a l l i t e s  a r e  p re sen t .  Urea, 

t h e  commonly used reagent  f o r  p r e c i p i t a t i n g  m e t a l l i c  oxides i n  aqueous 

so lu t ions ,  hydrolyzes near  t h e  b o i l i n g  po in t ,  l i b e r a t i n g  mmoni.a which 

decreases t h e  a c i d i t y  of t h e  so lu t ion .  

12.2 USE OF TKE GLASS ELECTRODE I N  ,MEASCII<ING p1-I OF SLURi3IES 

Some workers with t h o r i a  s l u r r i e s  have obtained da ta  ind ica t ing  t h a t  

the p o s i t i o n  of a g l a s s  e lec t rode  i n  a s e t t l e d  s l u r r y  appreciably a f f e c t s  

i.ts reading, bu t  t h i s  should. not  be so  j.f t h e  supernatant  and settled. bed 

a r e  i n  chemical equi l ibr ium and i f  t h e  g l a s s  e l ec t rode  i.s r e v e r s i b l e .  The 

r e s u l t s  of t h r e e  t e s t s  i nd ica t ed  t h a t  absorp t ion  of  atmospheric carbon 

dioxide a f f ec t ed  t h e  pll of s l u r r i e s  , presvrnably by changing t h e  equ i l ib -  

r i u m  between the  supernatant  and t h e  s e - t t l e d  bed. No s i g n i f i c a n t  depend- 

ence of t he  g l a s s  e l ec t rode  reading on i t s  p o s i t i o n  i n  a s e t t l e d  s l _ u r y  

p ro tec t ed  from atmospheric contamination w a s  found. 
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Table 12 .l. Summary of Homogeneous Precipi- ta t ion RLXE 

kngsh  Saturat ing Sol ik ion  C r y s t a l l i t e  Size (A)  TEr t ic le  Size (A) p H  of SusPension Test O f  _ _  
No. Test Urea fix0 3 By X-Xay By lv2 By S e t t l i n g  By Electron 

(Lr) ( m o l e )  ( m o l e )  - oH Max Min Diffract ion Adsorption Rate Microscopy 

1 1.7 20 0 3.4 * 6.2 47 

2 3 7.5 0 3.4 2.6 6.9 59 

4 15 7.5 3.8 2.5 2.55 2.47 3.5 90 

5 11 7.5 3.9 2.4 2.5 2.40 2.62 62 

* * x 

* * 3: 

75 600 800 

66 * 500 

t 

*Not determined. 



Fig. 12.1. Aggregated Tho, Formed by Homogeneous Precipitation. 
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'The f i r s t  t e s t  (see F ig .  1.2.2 f o r  diagram of appara-Lus used) w a s  rnade 

w i t h .  a 500-g / l i t e r  t h o r i a  suspension, t h e  supernatant  of which had an  hi- 

t ial-  pIi of 6.7. The slurlry w a s  suspended thoroughly and then  t h e  ind i -  

ca t ed  pH of tile t op  e lec t rode  vs t h a t  of  t h e  bottom was followed f o r  67 
h r .  During t h i s  time, t h e  two el-ectrodes gave readings d i f f e r i n g  by 0.01 

PYREX 
TUBE --+ 

j 1 -GLASS ELECTRODE 

' RUBBER STOPPER 

ONE-DRCPGLASS ' ' 
ELECTRODE ->LU2 

FIRST TEST 

RU3BER STOPPER 

SWERNATAUT- 

SFTTI-ED Sl.UR9Y' 

SECOND TEST THIRD TEST 

Fig. 12.2. Cells Used to Compare Glass  Electrodes. 

t o  0.06. 

t a c t  with the l i q u i d  sur face .  The measured diyfereiice i n  pH over t h e  next 

19  h r  remained i n  the  same range. N i t r i c  acid w a s  then  added, br inging  

t h e  PI? of .the supernatant  down t o  2.8. With t h e  c e l l  aga in  sea l ed  t h e  

measiired d-ifference i n  pH var i ed  between 0.00 and 0.06 over t h e  next 28 

h r .  It was concluded t h a t  the  glass el.ecti.od.es were not s i g n i f i c a n t l y  

affectecl  i n  t h i s  case by whether t h e  s l u r r y  was i n  a suspended o r  a se t t led .  

state, o r  by whether o r  not  t h e  c e l l  w a s  open t o  t h e  a i r .  

A second t e s t  w a s  made wi th  a c l e a r  supernakant i n  t h e  second cell 

and a d i f f e r e n t  s e t  o f  g las s  e l ec t rodes .  The pH of t'ne supernatant  w a s  

9.0. For an hour a f t e r  t h e  c e l l  w a s  sealed. t h e  measured pH di f fe rence  w a s  

0.02 o r  less .  Then one s i d e  of t he  cell was opeiied t o  adm5.t a i r .  During 

t h e  next 5 h r  t h e  measured pH of the  open si.de reI.ativz t o  tha-i; of t he  

o the r  gradual ly  dropped 0.5 u n i t ;  a t  23 h r  it had dropped 1 .7  u n i t s .  A f t e r  

r e sea l ing  t h e  c e l l  and remixing t h e  so lu t ion ,  t h e  d i f fe rence  i n  pIi w a s  

0.07. This  t e s t  showed t h a t  t h e  pH of a supernatant  can be  lowered ap- 

preci.ably by prolonged contact. w i t h  the sir .  

Then t h e  seal  a t  t h e  top  w a s  broken s o  t h a t  a i r  could make con- 
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The t h i r d  t e s t  was made on a 115-g / l i t e r  t h o r i a  suspension having a 

pH of 9.0. T'ne e lec t rodes  of t h e  previous t e s t  were used. The measured 

d i f fe rence  i n  pH of t h e  top  e lec t rode  r e l a t i v e  t o  t h e  bottom was +0.03, 

s i x  days l a t e r .  When the ground j o i n t  was opened t o  l e t  ou ts ide  air con- 

t a c t  t h e  sample, t h e  pH a t  t h e  top s t a r t e d  dropping and read 4.3, 7 h r  

l a t e r .  I n  t h e  following two days t h i s  reading var ied  between -0.5 axid 

-1.0. Af te r  s ea l ing  and remixing, t h e  reading became 0.00 t o  0.04. This 

t es t  was another  example i n  which t h e  glass e lec t rodes  were not s i g a i f i -  

can t ly  a f f e c t e d  by t h e  s e t t l i n g  of t h e  s l u r r y  and, l ikewise,  another ex- 

ample i n  which atmospheric contamination d id  a f f e c t  t h e  p H  reading. 
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13. THRNSWILIM STUDIES 

The piirpose of t h e  Transuranim Studies  Program i s  t o  develop sepa- 

r a t i o n  processes  f o r  the transuranium elements, pri-marily those  produced 

by long-term i r radTat lon  of P u ' ~ ~ .  Chemical process development w a s  ca r -  

r i e d  out on a labora tory  sca l e ,  design work f o r  the Transuranium Process- 

i n g  F a c i l i t y  was continued, equipment design f o r  t h e  Transu raz im Facj.lii;y 

w a s  inri-tiated., and i r r a d i a t i o n  of  t he  i n i t i a l .  1.0 kg of Pu-A1 a3.loy w a s  

s t a r t e d  a-L Savannah R?'.ver. 

Transplutonium elements up t o  C f 2 5 2  can be produced by long-term neu- 

t r o n  i r r a d i a t i o n  of Pu239 (F ig .  1..3.1_). Becau.se of t h e  l a r g e  amount of 

UNCLASSIFIED 
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Fig. 13.1. Flowsheet for Transuranium Element Production. 

hea t  generated during f i s s i o n ,  t h e  i n i t i a l  i r r a d i a t i o n  m u s t  be c a r r i e d  

out  at moderate neutron f luxes  u n t i l  a l l  t h e  f i s s i o n a b l e  pl.ixtonium (Pu239 

and Pu2/+l)  i s  consimed. 

this  i.ni.tial i - r r ad ia t ion  can then  be i r r a d i a t e d  at t he  h ighes t  neutron 

Plux ava i l ab le  f o r  rapi-d formation of t h e  h igher  i so topes .  

e s s ing  i.s required a f te r  each i r r a d i a t i o n .  

The P u 2 4 2 ,  americium, and curium fomied during 

Chemical proc- 

A flowsheet has been developed for processing t1i.e Pu-AI a l l o y  a f t e r  

This process  separa tes  Pu242, ameri- t h e  f irst  i r r a d i a t i o n  ( F i g ,  1.3.2) I 

cium, and cur-1.m f rom t h e  major neutron poisons and gross i .mpurit ies.  
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Fig. 13.2. Flowsheet for Processing Highly Irradiated Plutonium. 
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13.1 PLUTONIUM-242 AND AMERICIUM-CURIUM rnCOVERY CYCI8S 

R.E. EXTRKTION 

MONO-2- EIHYLHEXYL- 
PHOSPHOSIC ACID 

EXTRACTION FROM 
LiCl SOLUTION 

The Building 3019 p i l o t  p l a n t  processed e1.gh-L i r r a d i a t e d  plutoniwn 

f u e l  rod assemblies, using approximate condi t ions proposed f o r  f i r s t - c y c l e  

plutonium recovery and for t h e  americim-curi . lm recovery cyc le .  

t i o n s  f o r  these solvent  ex t r ac t ion  runs a r e  descr ibed i.n See 1.7. 
Condi- 

Plutonium recovery w a s  successfu l ly  demonstrated with a decontzmina- 

t i o n  f a c t o r  from r a re -ea r th  b e t a  activi-Ly of 2.2 x l o 4 .  
t he  aqueous r a f f i n a t e  f o r  americium, curiilza, and r a r e  e a r t h s  was i n t e r -  

rupted due t o  mechanical d i f f i c u l t i e s ,  and ana3.ytical r e s id  ts  indica-Le 

t h a t  equi l ibr ium condi t ions f o r  t h e  process did not obta in .  

flowing streamsamples show t h a t  r a r e  earti? extractl ion increased from 0.04 

t o  36% after 6 h r  of operation; this ind ica t e s  t h a t  cond.iti.ons necessary 

for a successfu l  ex t r ac t ion  were not  fe,r from being achieved. HLitheiiFLun 

w a s  q u a n t i t a t i v e l y  ex t r ac t ed  with t‘ne product,  and cherni.ca1 development 

s t u d i e s  a r e  planned t o  overcome t h i s  d i f f i c u l t y .  

Processing of 

Analysis of 

F i f t e en 1 it e r s of t h i  s ame r i. c iura- cur  i 1x1 - ?*&a re  - e a r t h  e xt r a,c t, ion product , 
which contains  Crn2&’ t o  t he  ex ten t  of about 8 x l o 8  counts rnin-’ IIII-‘, has 

___ 
FABRICATION A m - C m  O%IDE 
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been saved t o  provide feed f o r  ac t in ide- lan tbanide  separa t ion  processes  a-'i 

h igh rad?'.a.tion l e v e l s .  

l3.2 ANION EXCHANGE SEPARATION OF ACTINIDES AND TANTI1ANIDES 

The separa t ion  of merici . im and curium from r a r e  e a r t h s  by anion ex- 

change based on se lec- t ive  chl.oride complexing w a s  developed and t e s t e d  on 

a labora tory  s c a l e ,  us ing  t r a c e r  amounts of hZ4' and Cm"t2 w i t i i  macro 

mounts  of mixed rare e a r t h s  (Fig. 1.3.3). The product 

( 0 )  SORPTION 
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A m - C m  TRACER 

pH 10 

6 ml cm-' inin- ' 
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__ .......... 

l.... 

DOWEX 4-10 X 
100- 200 M E S H  

1 

( b )  W4SH 

.-..... ~ _ _ _ ~ ~  ..... ~. 

5 COLUPdN VOLUMES [ 8 M :NOi 1 
- I ..... 

80°C 

..... 

Fe, Ni ,AND Cr 

( c )  R A R F  E 4 R T i i  E l - U T I O N  

6 COLiJMN VOLUMES 
IO M L l C l  1 

.... ~ .... _ _ ~ ~  ~ ... 

I 
2 ml ~ r n - ~  min-' 

- I .... 

8 0°C 

I 

UNCLASSIFIC3 
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~ ..... ~ _ _ _ _ ~  .... 

1. 

8 0°C 

Fig. 13.3. Anion Exchange Flowsheat h r  Separating Am and Crn firom Rare Earths. 

of t h e  americium and curium, w i t h  no i'are earths de tec t ab le  by oxa la te  

p r e c i p i t a t i o n .  'This represents  a deconiani nat ion f a c t o r  from r a r e  earths 

of > 100. R u n s  a t  high a c t i v i t y  l e v e l s  ai.e planned t o  de te rn ine  the  mag- 

n i tude  of tile r a re -ea r th  decontamination f a c i o r s  t h a t  can be obtained.  I n  

the  sorption cycle ,  8 I M LiNO, ,  at, pH 1.0, containing 5 g of r a r e  e a r t h s  

per  l i t e r  aad t r a c e r  americium and ciirim i s  passed through a colurm of 



Dowex 1 - l C I X  r e s i n  a t  30°C. Washing a t  80°C with 8 M LiN03 removes weakly 

sorbed mate r i a l s  such as i ron ,  chromium, and n i cke l .  P r a c t i c a l l y  a l l  t h e  

r a r e  e a r t h s  a r e  then  e l u t e d  a t  80°C with 10  M LiC1, and americj.ura and cu- 

rim are  completely removed by e l u t i n g  a t  8 0 ° C  with 1 M LiC1. 

- 

I 

I 

T h i s  anion exchange procedure, based on data of Marcus and Nelson,l  

i s  a modif icat ion of t h a t  used. a t  t h e  University- of Ca l i fo rn ia  Rndiati-on 

Laboratory2 and a t  Arg;ome National  Labore.tory . 
ence i s  t h a t  so rp t ion  onto Yle anion resin i s  from lit‘ntum n i t r a t e  i n s t ead  

of 1l.t’niu-m chloriae soluLion. 

from solvent  e x t r a c t i o n  processes C r W  be r ead i ly  ad jus ted  t o  feed  condi- 

t ions ,  ( 2 )  feed with lower r a r e - e a r t h  concentra-tions can be used because 

of t h e  higher  d t s t r i b u t i o n  c o e f f i c i e n t s  from n i t r a t e  solutions, and (3) 
moderate ainoimts of impuri.ti.es i n  the  feed do not i n t e r f e r e .  

The  p r i n c i p a l  d i f f e r -  

I ts  advantages are : ( I )  n i t r a t e  solut iol is  

Contamin.ant:; i n  t he  feed can valy considerably without a f f e c t i n g  t h e  

separa t ion  of americium and curium from r a r e  e a r t h s .  

1 g 01’ i ron ,  1 g of chromium, and 1 g of n i cke l  pe r  l i t e r  were s a t i s f a c -  

tori.1-y processed, prod-ucing products coniple t e l y  f r e e  of‘ these  contaminants ~ 

Alumi.nim i n  t h e  feed d id  riot i n t e r f e r e .  

1 _I M Al(N03)3 were successfifi ,  and prelimi.nax-- data ind ica t e  that i t ;  is  

poss ib le  t o  completely replace the  l i t h ium wi th  al.iminm. 

Feeds containing 

Separat ions f r o m  6 M LiNOs anc? - 

Varia t ion  of LiN03 con(3ent;ratiori between 8 and 10 M i n  t h e  feed. arid - 

of flow rates between 2 and 6 ml min-’ cmm2 bad only a s l i g h t  e f f e c t  on 

sorp t ion .  The pH must be kept below 2.0 t o  prevent i r o n  p r e c i p l t a t i o n ,  

bu t  high ac id  concentrat ion prevents  so rp t ion  of a c t i n i d e s  aid. l an thanides .  

Feed with a c i d  concentrat ions a:; high as 0.2 M w a s  s a t i s f a c t o r y .  
I 

For the s e l e c t i v e  elintton of r a r e  ea r ths ,  a L i C l  concentrat ion of 

1-0 M w a s  more e f f e c t i v e  -tham 1.1. M, and  a flow r a t e  of 2 rril min-’ 

m u c ~ l  more effec-t;i.ve than  G IKL mi-n-’ emw2. 

Colimn l e n g t h  i s  impor-tank. When a resin column L i n .  i.n diameter 

and 20 c m  long vas used, product f r e e  of r a r e  e a r t h s  con-tained only 88% 

7rras - 

‘Y. T.la1-eus end F. Nelson, J. Phys. Cheni.  63, 77 (1959). 
1 

2G. H. Higgins and W .  W. T .  Crane, ?r.oc. UN In t e rn .  Conf. Peaceful 
I Jses  Atomic E n e - r . ~ ~ ,  2nd, Geneva, 1358 - -  17, 245 (1959). - 

3P. R.  Fj.el.dE, A-rgonne Na-tional Laboratory, personal  communication. 
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of  t h e  amerlciwn. Miti? a 40-em-long colurm, 'ihe product f r e e  of r a r e  

e a r t h s  contained 99.9% o f  'ihe americium. 

por t an t .  Res>?_ts were best  with t h e  smalilest r e s i n .  Permutit  S K  o r  Dowex 

2 1 K  r e s i n  i s  more s t a b l e  t o  r ad ia t ion  than llowex l ~ ,  but scout ing Lests 

wi.th 20- t o  60-mesh samples of  these  i .esins d i d  not give sa t i s fac tory-  re -  

s u l t s ;  however, I n  a s lng le  scout ing run with Dowex 21K (5P100  mesh) the  

decontamination f a c t o r  of t h e  r a r e  e a r t h s  from curium w a s  150, and cu.riurii 

recovery w a s  99.?$. 

tml ' .nation f a c t o r s  from r a r e  e a r t h s .  

Resin partliclle s i z e  i s  a l s o  i m -  

Finer-mesh resins should produce even h igher  decon- 

A flowsheet f o r  separa t ing  anericium f r o m  r a r e  za:-.ths by r a r e  e a r t h  

e x t r a c t i o n  i n t o  rnono-2-et~-i~-l.hexyi orthophosphorj.c acid. (M-2EHPA) was de- 

veloped and L e s t e d  on a labora tory  scale. 

0.5 M BCl  conta in ing  up t o  2.5 y of yare e a r t h s  per  ] . i ter  and t r a c e r  ameri- 

cium. The scrub i.s 10 M T , i C l - l . O  M ..- Xl, and. the  so l~vent  ?'-s 0.5 - M M-2EHPA 

i n  xylene.  Feed:scrub:solvent flow ratios are l : l : 3 .  Calculat ions based 

on d i s t r i b u t i o n - c o e f f i c i e n t  da t a  ind ica t e  that 8 scrub and 1C e x t r a c ~ t i o n  

s tages  will give > 99.9% xnerici-AT recovery, coiltainiizg 2% of t h e  l..anthanum 

and < 0.19 of Llie o the r  Ian.tha.nidec.. In experixerLtal. runs i n  a h b o r a t o r y  

m i x e r - s e t t l e r  wi th  7 scrxb and 8 ex t r ac t ion  s tages  used t o  v e r i f y  Lhis 

flowsheet,  ex t r ac t ions  of' neod-piurn, ceriim, and lan'ihanum were 99.9, 98, 

and 90$, respec t ive ly ,  and americium l o s s  w a s  0.3 /~$ .  Careful. c o n t r o l  of 

flow ra- tes ,  ac id  concentrat ions,  and opera t ing  c h a r a c t e r i s t i c s  of contac- 

t o r s  wa.5 necessary.  'T'heoretica1.ly the  1anthair.m can be completely sepa- 

r a t e d  a l s o ,  but  such cl.osc con t ro l  of condi t ions 5 s  required that t h i s  

separa t ion  would probably not  be f e a s i b l e .  

The feed solution i s  13 - M LiC1- 

- 

Americium and cwcium were concentrated a f t e r  ilie r a r e  - e a r t h  ex t rac-  

t t o n  cycle by ex t r ac t ion  i n t o  130% TBP from an aqueous phase ad jus ted  t o  
conta in  10 M LiC1-0.1 - M HC1 a.ad 0.5 - M L i N O ? .  

f o r  americium and curium were of the  ord.ec- of 1 C O O  foi- this system. 

DistributioiT c o e f f i c i e n t s  - 

Process variabl-es t h a t  were inves t iga t ed  include (1) a c i d i t y  of the 

10  - M LiCl., ( 2 )  r a re -ea r th  concentrat ion,  (3 )  M - 2 K F P f l  concentrat ion i n  
xylene d i l u e n t  , and ( 4 )  xylene vs hydrocarbon diliien-t . The addi-Lion of 

ac id  t o  10 - M L i e 1  depressed the distribu-Lion c o e f f i c i e n t s  and s2.ightly 
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increased  t h e  sepa r s t ion  f a c t o r s  between americium-curium and t h e  l an tha -  

n i d e s ( F i g .  13.4). Regulating t h e  a c i d  concentrat ion i n  10 - M LiC1  i s  the re -  

f o r e  a convenient way t o  a d j u s t  condi t ions  i n  mul t i s tage  e x t r a c t i o n  con- 

t a c t o r s  s o  t h a t  t h e  Lanthanide e x t r a c t i o n  f a c t o r  i s  always g r e a t e r  than  

0 0 . 2  0.4 0.6 0.8 1 . 0  1 . 2  

HCI  ( N )  

Fig. 13.4. Distribution Coefficients Between 10 hf L i C l  Containing 
Various Amounts of Free Acid and 0.5 hl Mono-2-ethylhexyl Phosphoric 
Acid in Xylene Diluent. 

1 and the  americium and curium e x t r a c t i o n  f a c t o r s  a re  less  than  1. Ac- 

t i n i d e  and 1anLhanide distribution c o e f f i c i e n t s  decreased wi th  increased  

so lvent  loading.  Increas ing  t h e  r a r e - e a r t h  concent ra t ion  from t r a c e r  

amounts t o  1 g / l i t e r  decreased the d i s t r i b u t i o n  c o e f f i c i e n t s  about, 15$, 

and w i t h  5 g of r a r e  e a r t h s  pe r  l i t e r  i n  t'ne feed, d i s t r i b u t i o n  c o e f f i c i -  

e n t s  w e r e  only about h a l f  t h e  valixe f o r  t r a c e r  concent ra t ions .  The rate 

of decrease appears t o  be t h e  same €or americium and the lanthanides;  

hence, separatj on f a c t o r s  do not  change with so lven t  loading.  
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Actinide and 3.anthanide d i s t r i b u t i o n  c o e f f i c i e n t s  between 10 M L i C 1 -  
c 

0.05 M H C l  and M-2EWA i n  xylene di-l-uent were d i r e c t l y  propor t iona l  t o  

t h e  M-2EHPA concentratioii .  Scoutsing s tud ie s  were made i.n order  t o  de t e r -  

mine the f e a s i b i l i t y  of us ing  s t r a igh t - cha in  hydrocarbons as  di- luents  

i n s t ead  of c y c l i c  aromatic compounds. When M-2EHPA w a s  di . luted with kero- 

sene o r  n-heptane i - L  gave dis.i;ri-biition c o e f f i c i e n t s  30 t o  50$ gi-eater 

t haa  when d i l u t e d  with toluene o r  xylene.  However, when hydrocarbon d l -  

l u e n t s  were used i n  contac t  w i t h  so lu t ions  o f  hi.& a c i d i t y ,  a second or-  

ga.n.i.c phase formed. Thi.s d id  not occur when c y c l i c  aromatic d i l u e n t s  

were used. 

___ 

- 

13.4- OXIDE PREPAKATION 

The conversion of americium and curiula t o  Am02 and Cmz03 i s  a neces- 

sa ry  s t e p  f o r  a:ner:'~cium-curiurn r e a c t o r  t a r g e t  f a b r i c a t i o n .  Experience 

i n  Am02 prepamti-on was pi-ovided by t h e  necessrity of convert ing americium 

chlor ide  soluti.on containing 173 g of' xileri.cium t o  americium dioxide.  

The process cons is ted  i n  n e u t r a l i z i n g  -the ac id  t o  0 .1  - M followed by 

t h e  add i t ion  of oxal.ic ac id  t o  IC@ excess oxa la te .  

p r e z i p i t a t e d  and was allowed t o  di.gest a t  30°C for 1 hi:, and was then 

f i l t e r e d ,  washed with water, arid allowed t o  a i r -d ry .  The p a r t i a l l y  dry 

oxa la te  was t r a n s f e r r e d  'IO a platinum boat  and ca lc ined  i n  temperature 

i.ncremeiits up t o  800°C. Most of' the conversion r e s u l t e d  j.11 pure RmO;!, 

which assayed at t h e  t h e o r e t i c a l  val.ixe of 88.3$ americium pe r  gram of 

oxide.  Americium l o s s e s  f o r  the process ,  which were primarri.iy due t o  

oxa la te  solubili i ;Y, were 3.1% of -the t o t a l  americium processed. 

was made t o  c o n t r o l  or measure t h e  p a r t i c l e  s i z e  of t he  Am02.  

Americium oxala te  

No e f f o r t  

13.5 TARGET FABRICATION 

A program t o  t e s t  the  compat ib i l i ty  of plutonium  and^ americium oxides 

i n  matrixes of aluminum, beryl l ium, and aluminum-beryllium mixtures i s  

under xi.y. Przlimlnary work is being done w i t h  Ce02. To da te  t h e r e  has 

been 110 therml te  r eac t lon  between CeOz and aluminmi 3u.ring 200 hr of t h e r -  

m a l  cyc l ing  a-'i temperatures as  high as 400°C. 

t o  2$. 

and americium oxides.  

P e l l e t  growth has been 1 

Equipmen% i s  being s e t  up f o r  making s i m i l a r  t e s t s  with plutonium 
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13.6 TRQJSURANIUM PROCESSING FACILITY AND EQUIPmNT 

Design work f o r  an add i t ion  t o  t h e  I s o l a t i o n  Building, which w i l l  
provide l a b o r a t o r i e s  f o r  work wi th  a lpha-ac t ive  ma te r i a l s  ana cel ls  for 

work wi th  alpha-,  gama-, and neutron-act ive materials, vas continued. 

The Ca ta ly t i c  Construct ion Co. of Philadel:piiia, Pa. ,  was s e l e c t e d  as the 

a rch i t ec t - eng inee r .  They have prepared conceptual designs and c o s t  e s t i -  

mates -for s e v e r a l  concepts i n  order  t o  a r r i v e  a t  an optimum design. 

e n t  pl-ans c a l l  f o r  cons t ruc t ion  t o  begin by September 1961, with comple- 

t i o n  scheduled f o r  early 1963. 

Pres-  

Equipment design Tor the  Transuranium F a c i l i t y  was s t a r t e d .  Design 

work f o r  a c e l l  mockup was complebed and cons t ruc t ion  i s  i n  progress .  
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FISSION PRODUCT RFXOVERY 

“he objec t ive  o:P t h i s  program i.s -Yhe development of processes  f o r  

recovering megacurie q u a n t i t i e s  of f i s s i o n  producLs froril r eac to r - fue l  

processing wastes. It i s  expected tha-L large q u a n t i t i e s  of these  e l e -  

ments may be required i n  the  fu-Lure f o r  j.ndustrial. app l i ca t ions .  Re1.a- 

trively s m a l l  amounts of  these elements have been recovered i n  the past, 

pr inc j -pa l ly  by batch p r e c i p i t a t l o n  techniques.  It i s  poss ib le  t h a t  s o l -  

vent e x t r a c t i o n  and ion  exchange may o f f e r  b e t t e r  methods f o r  commercial 

appl ica t ion .  

14 .1  B’s SOLWWI EXTRACTION 

Strontium and. Rare Ea. r t h s  

Rased on labora tory-sca le  t e s t s  with sirnulated so lu t ions ,  a poss lb le  

process has been proposed (Fig.  1-4.1) f o r  recovery of stroritiwn and r a r e  

e a r t h s  from f i r e x  1W by e x t r a c t i n g  with a solveiit contnlaing di(2-e-i;‘nyl- 

hexy1)phosphoric ac id  (D2ENPA) , sodium di ( 2-e tliyl.hexy~)phosp’iinte ( N a D Z H P ) ,  

and t r ibutylphosphate  (TBP) i n  h s c o  125-82. ’-’ To prevent subseqient pre- 

c i p i t a t i o n ,  the  copj.ous quant i ty  of i roi l  i n  t‘ne lTdW i s  i n i t i a l l y  complexed. 

with t a r t r a t e ,  and the  PIE i s  ad jus ted  t o  6 writh sodium hydroxide. 

f i r s t  cycle,  3 99% of  t‘ne strontium and > 95% of the rare e a r t h s  a r e  ex- 

trac-Led along with minor amounts of j.ron and o ther  fissri.on products.  Stron- 

t i u m ,  r a r e  e a r t h s ,  and sodium (from the Nd2EIP) are s t r ipped  from Yne so l -  
vent w i t h  2 _. M 1W03. 

f a c t o r  i s  > 1.4 x lo3, and decontamination Tac-bors from Ru, Zr-Nb, and Cs 

a re  24, 9, and 26, respec t ive ly .  I n  the  second. cycle ,  the  s t r i p  solution 

from cycle 1 i s  ad jus ted  t o  p9 2 and tile r a r e  ear- ths  a re  separated froin 

s t ront ium by extraet i r ig  i n t o  the  D ~ H P n - . N a D ~ ~ ~ ~ ~ ’ ~ ~ - . ~ ~ s c o  solvent ,  scrub- 

bing wit‘n 1.2 - M NaNOs, and s t r ipp ing  with 2 - M IIMO3. 

from the  second cycle i s  ad jus ted  t o  p H  6, and s t ront ium -is ex- t rac t rd  j.n 

I n  the 

Through thi .s  p a r t  of the  process,  the  j.ron separa-Lion 

The aqueous raff i - f ia t9  

’Chem. Tech. Div., Chem. .P. Dev. Sec. .sJ-.Monthly Prog. I.._. Zep., Sept.  --.- 1959 7 

*Chem. Tech. Div., C‘nem. _-.- Dev. Sec. .-. C, . Man-thly Pro$. . _... Rep, Oct. 1959 ---J 

OFWL CF-59-9-85. 

ORNL CF-59-10-101. 
3Chem. Tech. Di.v., Chem. Dev. See. s.2--Prog. Xep. Feb.-Mar. 1960, ORIU, .-.... -. a_ 

CF-60-3-136. 
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ORNL-LR-DWC 51002 
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PIJREX I W W  ....... 
4 h1 lit 
14 g/l l ter No+ 
2 8  g/ l i ter  Fe 
0.4 M A I * + +  
0.04 M Cr, N L  U, PO;-- 

0.2 M SI 
0 4 7  g/lttsr Se 
0.6 g/liler Zr-Nb (ppt l  

js' CYCLE: STRONTIUM AND RARE-EARTH CO-DECONTAMINATION 
1 M s0,- 

NOTE: DPOKEN LINES CENO-lE ORGANIC STREAMS; 
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A l ~ l .  CYCLFS 
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0 4 4  g i l i l e r  I: R.E. 

(ZAWE FOR ALL CYCLES) - 
0.3 M DZEHPA 
(0.24 i.4 D2ihFA; 
0.09 f.4 NoD2EHPl 
0.15 M TBP IN 

AMSCO 125-82 

EXTRACTION 
...... 

\ 
\ 
\ 
\ 

..... 

~ - - - + S O L V E M T  RECOVERY I 
1.3 hf HNO3 
0.14 g / l , l ? r  Sr 
4 . I  g/liter Z R. f 
0.003-0.01 g/lltrr Fe 
0.004 M TARTRATE EXTAACTlOPd \ 

.......... 
EXTRACTANT 

__ .......... 
2 7  g/liter I: R E.  
5 0.06 g/liter No+ 

........ ~ ~ _ _ _  
........ 

d 

3 r d  CYCLE : STRONTIUM RECOVEHY 

N o O i i  TO p!4 5.5 ? 0 5 ;  0 005 M TARTRATE 
3 r d  CYCLE FEED __ __ 

3 4 - 4 2  g i l ' le r  No+ 
0 1 g /liter Sr 
TRACE, RARE EARThS 
0.003-OO1 g/liler Fe 
O W 4  M TARTRATE 
pH 5.5f 0.5 

.... __ ...... 4th CYCLE: STRONTIUM RECOVERY 
FXTRKTANT 1- 

NaOH 1.0 DH 5.5 5 0.5 

............... 

30- 40 g / l i t i r  Ma+ 

.......... 
EXTRACTANT 

i!Il WASTE 

\ 
...... 

............. 
12 g l l l t e r  sr 
2.2 g/liter No+ 

\ 

1.4 8.4 H N O j  

Fig. 14.1. Fission Product Recovery Flowsheet for Strontium and Rare Earths. 
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a t h i r d  cycle by solvent  of -the same composition and s t r ipped  with 2 M 

KNO3. In. the fourtln cycl-e, the  s t r i p  so lu t ion  from cycle 3 is again ad- 

j u s t ed  t,o pH 6 and t'ne s t ront ium re -ex t r ac t ed  and subsequently s t r ipped  

with 2 - M 'HNO,. 

- 

The rare-ear th-product  so lu t ion  from cycle 2 contains  -27 g of to ta l .  

r a r e  e a r t h s  pe r  l i t e r  and-0.06 g of sodium per  l i t e r ,  represent tng  a r a re -  

e a r t h  concentrat ion f a c t o r  of  about 20. The over-a.11 separati.on f a c t o r s  

from strontium and sodium are  about 2.5 x lo/' and 4,5 x l o 3 ,  respec t ive ly .  

The strontium-product so lu t ion  froin 'ihe fourt'n cyc1.e contains  -12 g of 

strontium and -2 g of sodium per  l i t e r ,  represent ing  a s t ront ium concentra- 

t i o n  f a c t o r  o f  about 70. The over -a l l  separat ion f a c t o r s  from r a r e  e a r t h s  

and sodium a re  about 2.5 x l o 3  and 6 x l o 2 ,  respec t ive ly .  Bo-th the s t ron-  

t i u m  and rare-eart'n produc-Ls a re  i n  n i - t r a t e  so lu t ion  and are read.ily m e -  

nable t o  add i t iona l  p u r i f i c a t i o n  trea~tnient . 
C e  sj u m  

Two so lvents ,  out of a number t e s t e d ,  have shown a b i l i t y  t o  e x t r a c t  

cesium from Pv.rex IWW so lu t ions .  

hexone, cesium d i s t r i b u t i o n  c o e f f i c i e n t s  of 30-35 were obtained from Purex 

waste ad jus ted  i;o pH 5 w T t h  NaOH and containing t a r t r a t e  t o  prevent pre-  

c i p i t a t i o n  of i r o n .  Thus fai-, however, no acceptable way has  been found 

t o  s t r i p  cesium from t h i s  solvent without converting the  sodi.um tetrapiieiiyl  

boron t o  a form which i s  i n e f f e c t i v e  f o r  reuse.  With dinonyl nephthalene 

su1foiiJ.c acid. in Amsco 125-82, the  e x t r a c t i o n  of cesrium from the  adjusted. 

Purex waste was comparatively weak; the d is t r ibu t j .on  c o e f f i c i e n t s  ranged 

from 0.3 t o  0.4. 

ever ,  i f  fu ture  t e s t s  show a very hi.& s e l e c t i v i t y  for cesium over o the r  

components of -the waste. 

Wi-Lh 0,5 M sodium tetrap'neiiyl boron i n  
_I 

Process app l i ca t ion  o f  t h i s  reagent may be poss ib le ,  how- 

14.2 BY I O N  EXCHANGE R E S I N  

The quantity- of f i s s i o n  products p o t e n t i a l l y  recoverable from f i r e x  

process waste i s  ca lcu la ted  t o  be about 91 gram-equivalents ( sc t l -ve  plus 

i n a c t i v e )  per  metr ic  t on  of uranium f o r  a high-burnup (7620 Mwd pe r  metr ic  

ton  of urani.um) react,oi-. An ion  exchange scheme was developed f o r  recover- 
-- - 

4Ciiem. Tech. Div., Chem. Dev. See. C, Prog. Rep. Ap.-May 1960, OliTsi, 
CF-60-5-114. 
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i ng  separa-tely the  rad-iosiotope s f o r  which. t he re  i s  a cur ren t  sizah1.e de- 

mand, namely, Sr9' and. the r a r e  e a r t h s  Ce 144 and l%~''~. 

concentrate (IIJW; see re f  5) 2s diluted by a f a c t o r  of 10 and made 0.124 ,M 
in oxalic a c i d  t o  complex i r o n  and alwmimm p r i o r  t o  pumpivlg it through a 

coluinri OS hydrogen-forin D o ~ x  5OW X-8 (20-50 mesh) r e s i n .  F i f t y  per cent  

of the st ront ium ( t r a c e r  S r R 5 )  breaks through a f t e r  about 22 resin vol-wnes 

of feed. 

- tee tab le  a f t e r  67 r e s i n  volumes of feed have passed through. The st ront ium 

i s  e lu t ed  wi th  1 M EN03 and theri sorbed on. a. second resin co11u11l1, which i s  

th ree  times the  volume of the  f'irst eolixnn (Fig.  14.2). 

The Purex waste 

- 

About 1C$ r a re -ea r th  ( t r a c e r  C e  -i- Prl") break.through i s  de- 

I_ 

&cause of the d i f -  

5Synthet ic  1 W W  composition: 6.1 M NO3--, 1.0 M SO4---., 4.6 M I T f ,  0*6 M - 
Na+, 0.5 M Fe+++, 0.1 M Ut++, 0.01 M ??rffS-, 0.01. % Ni'+, 0.01- IJO2+-+, 
p lus  stabye e1eaient;s e&ival.ent to 3715 g o f  g r o s s f i s s i o n  proGcts  per 
l i t e r ,  and radi-oactive t r a c e r s .  

1 VOI-, 0.1 hr 

(' ti$ WASH 
r 

66 VOI.. 6 2 h r  

MADE 0.124 M IN OXALIC ACID 

1 VOL 
DOWFX 5 0 W  

X-8 RFSIN 

1 VOL, 0 1 hr "' H20 WASH 
- - 

UNCLASSI FI EO 
GHtuL--CR-.DWG 41083 

8 
(3 2 2  VOL 
I_Ic 

2ARE-EARTH PRODUCT, -3070 OF RE 
< 19- CF S i  

1 

Sr PIIOUUCT, 80% OF Sr 
41% OF RE 

3 VOL 
DCWCX 50W 

X - 8  RESIN 

I' 
12 VOL 

W A S T E  - 10% OF Sr - !070 OF RE 

IC 

j @ 

8 5 VOL, 0.5 hr 
1 M NaCI  

-91 VOL - @a@@ W A S T E  -90% S r  

Fig. 14.2 Proposed Flowsheet far the Recovery of  Rare Earths and Strontium from 1WW Purex 
Waste. 
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ference i n  the d i s t r i b u t i o n  c o e f f i c i e n t  ( D C  = 22, DCm = > 67) i t  i s  pos- 

s1bl.e t o  t r a n s f e r  p r a c t i c a l l y  a l l  t he  strontium to -the second column, l eav-  

ing  the  rare ear-@is sorbed on the  o r i g i n a l  column. The strontium i s  recov- 

e red  by ad jus t ing  the  column pH with 5 r e s i n  volumes of 1 M N a C l  and then  
e l u t i n g  with 0.07 - M sodium Versenate (pH 6.1). 

frorii the f i r s t  colwnri wi t 'n  0.5 - M monosodium c i t r a t e  ( p H  3 . 5 ) .  

Sr  

- 
The r a r e  e a r t h s  a re  e l u t e d  
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1 5  * S13LWEDT EXTRACTION TECHNOLOGY 

New solvent  ex t rac t ion  agents and so lvent  extrac-Lion chemistry per- 

t ineli t  t o  t he  general  AEC program are being developed.. 

i.s a u n i t  opera t ion  of considerable  importance afid uti l . i . ty,  parti.cularPj 

in remote-control opera t ions .  Hotsever, t h e  technology used thus  Par has 

been l in i i ted  t o  a ma l l  group of sol-vents which a r e  use fu l  over a narrow 

range of aqueous corqos i t ions  - Wider app l i ca t ion  o:f solvent  ex t r ac t ion  

should  be poss ib le  through a wider clioj.ce of solvent  e x t r a c t i o n  reagents .  

I n  the  ORNL r a w  1naterial.s program (see  Sees 8 and 9 )  a number of new so l -  

vents  hatre been developed a n d  a ' ~  eoilvnercially used f o r  ex t r ac t ing  uranium. 

an? o ther  metals ffroril a c i d  ore-leach I.i.quors. Some of t he  so lvents  ex- 

tract uranium by c a t i o n  o r  an.iton exclzmge, offer in .g  a new technology that 

uses t h e  principles o f  ion  exchange on a liquid-liquid basis, with  t h e  

inherent  engineering sdvantages of liquid-l5yiii.d systems. Other so lvents  

e x t r a c t  a l a r g e  nixher of metals from a wide v a r i e t y  of d i f f e r e n t  aqueous 

c ompo s j. t Js ons , wri.th. c ons i derab7.e c o n t r  01. of ex t  rac t ion  pr opert  i e  B b eing 

poss ib l e  through choice of reagent  s t r u c t u r e .  

Solvent ex t r ac t ion  

15 .1  URANIUM- THORIUM SEPAXATION 

Comparisons' of di-sec-butyL - pheiiylphosphonate (DSBPP) with tri-n- - 
butyl phosphate (TBP) as a u.rani1.m process e x t r a c t a n t  i nd ica t ed  advantages 

f o r  DSBPP of higher. rarJjat ion s t a b i l i t y ,  s t ronger  uranium and plutonium 

extrae-tion, and b c t k r  se l ec t iv i . t y .  Uranium separa t ion  from thorium with 

LSl3PP i s  3 & f o l d  t h a t  w i t h  TBP. ComparTs0.n of 1 M DSBPP i n  xylene vs l M 
TBP in M-sco e x t r a c t i o n  from an aqueous phase of 4 M IiN03, 0.002 M U, and 

0.002 I4 Th showed r e spec t ive  uranim. Eg's of 60 and 36, thor i im Eg's of 

0.26 an? 3.4, and/or uranium separatj-on f a c t o r s  from thorium o f  370 and 11. 

I - 
I L 

..+. 

In contimi.i.ng work, ICEUPP was inves t iga t ed  as t h e  e x t r a c t m t  f o r  a 

f i n a l  U"' pu.r i f lcat iorr  cye le  i n  t h e  TTiorEix process. 

uct concentrate  i ~ h i c h  would represent  the Peed t o  such a cyc le  would prob- 
ab ly  be a 1 M KIT03 so lu t ion  cclntai.ning about 1.50 g of ui-ai-iium and 1.0 of 
thorium per lit,e:r. With such 8 feed, an acpeous scrub so lu t ion  of 1.0 M 

Pa aqueous TJ233 prod- 

- 
- 
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HN03, an organic ex t r ac t an t  o f  1 I M DSRPP i n  Solvesso 100, and F/S/O flow 

r a t i o s  of 1 .O/O. 5/1.6, a t e n t a t i v e  e x t r a c i i o n  cycl. e w a s  demonstrated i n  

l abora to ry  ba tch  countercurrent  tes ts .  Uranium recovery w a s  complete and 

decontamination f a c t o r s  from thorium w e r e  > 250.  

1 5 . 2  URAL\I1LTM-PLIJTONIUM EXTRACTION 

Uranium- Plutoniim Separat ion and Dee ontaminat i on  

The DSBPP complexes of U 0 2 ( N 0 3 ) 2  and Th(NO3)& have been found' t o  be 

incompletely so luble  i n  Am.sco 125-82, bu t  so luble  i n  commercial arom.atic 

dil-uents, f o r  example, Solvesso 1-00, Solvesso 150, and ~ see-butyl benzene, 

and i n  C C 1 4 .  

DSBPP-CCl4 might be  a use fu l  extractant;  in f i n a l  pluton5.m p u r i f i c a t i o n  

cyc les  where t h e  less  r ad ia t ion - s t ab le  TBP-CCl& ex t r ac t an t  i s  now used. 

I n  f i s s i o n  product e x t r a c t i o n  and decontamination studLes,  TBP di- 

l u t e d  wi th  t h e  aromatic Solvesso 100 gave higher  uranium e x t r a c t i o n  a.nd 

uranium-fission p o d u c t  separa t ion  f a c t o r s  than when dj_Suted with -the 

a l i p h a t i c  h s c o  125-82 (Table 1 5  .I). The ex-tractant  DSBPPSoLvesso 100 

w a s  only s l igh- t ly  b e t t e r  than TBP-Sol.vesso 100 with respec t  t o  uranium- 

f i s s i o n  product (U/FP) separa t ion .  

e x t r a c t a n t s  over 'iBFhscJo 125-82 were iiiaximum at approximately 0.7 M 

reagen-t concentrat ion.  

From t h e  uranium and thorium da ta  i.t w a s  predic'ied. that; 

Separat ive advantages of t hese  t w o  

- 

A "n i t r i te -ace tone"  d tges t ion  head-end. t reatment  of a syn-the.tic aque- 

ous h r e x  process f eed  so lu t ion  increased  t h e  decontzmination f a c t o r s  i n  

the  subsequent; exf , ract ion cyc le  by an order  oi" nagniiude ('Table 15.2) .  The 

tkreatment cons i s t ed  i n  ad jus t ing  t h e  M 2 - M U O 2 ( N O 3 ) 2  d i sso lver  so lu t ion  t o  

0.3 - M HNO3 deficiency and 0.05 - M N a N 0 2  and d iges t ing  at room temperature 

f o r  > 1 hr .  This so lu t ion  w a s  then  ad jus t ed  t o  0 . 3  M HN03, 1 vol '$ ace- 
tone was added, and t h e  mixtiire was diges ted  at 90°C f o r  > 1 h r  and f i n a l l y  

ad jus t ed  t o  t h e  s p e c i f i e d  aqueous f eed  composition. 

- 

Plutonium Ext rac t ion  Coeff ic ien ts  

I n  continued systematic study cf plutonium e x t r a c t i o n  from a c i d  n i -  

t r a t e  so lu t ions ,  extremely high Pu(1V) e x t r a c t i o n  c o e f f i c i e n t s  were meas -  

ured with d i a l e l p h o s p h o r i c  ac ids ,  and usable  ex t r ac t ions  from some reduced 
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Table 15 .l. Dis t r ibu t ion  Coeff ic ien ts  i n  TBP-Amsco, 
TBP-Solvesso 100, and DSBPP-Solvesso 100 

Aqueous phase: 3 N Hz\T03, 10.1 g TJ per  l i t e r ,  10 Q Yn per  l i t e r ,  
FP-spi ke 

Organic phase: DSBPP at  varying concentrat ions i n  Solvesso 100, 
o/a  = l . 0  

Element 

Reagent 

D i  st r i b u t  i on Coe f f i e  i en t  s , o/a  

0.698 M TBP-hsco 11.8 0.0108 0.0072 

0.707 M TE3PSolvesso 15.8 0.0026 0.0022 

0.712 I M DSBFPSolvesso 21.4 0.0023 0.0023 

- 
- 

1.37 M TBP-Amsco - 21.0 0.0471 0.0190 

1.37 - M TBPSolvesso 29.6 0.0173 0.0122 

1.33 - M DSBPP-Solvesso 39.4 0 .(I238 0.0122 

Separat ion Factors  

0.698 M 1’BFAmsco 

0.707 M TBl?-Solvesso 

0.712 M DSBPPSolvesso 

I. 37 M TE@--Arasco 

1.3’7 M TRPSolvesso 

1.33 M DSBPP-Solvesso 

- 
- 
- 
- 
- 
- 

1090 1635 

5980 7310 

9460 9340 

446 1105 

1710 2420 

1650 3230 

0.0074 

0.0021. 

0.0015 

0.0220 

0.0130 

0.0110 

1590 

7900 

14300 

954 

2280 

3530 

so lu t ions  were found wi.th t e r t i a r y  amines. Ehphasis was on di-n-butyl and. 

ai-sec-butylphenyl I_ phosphona-tes (DNnPP and DSBPP), two reagents  which show 

p o t e n t i a l  advantages over ‘IBP i n  Thorex- and Purex-type processes .  

- 

The log-log p l o t s  of t h e  plutoniwn e x t r a c t i o n  c o e f f i c i e n t  vs n i t r i c  

a c i d  concentrat ion f o r  DNBPP, DSBPF, and ‘1BP gave near ly  s t ra ight ;  l i n e s ,  

which were c l o s e l y  p a r a l l e l ,  from N 2 M €€NO3 down Lo at; l e a s t  0.4 M HIT03, 

with s lopes c l o s e  t o  2.5 (Fig.  15.1). The c o e f f i c i e n t s  with DSBPP were 

c lose  t o  those with TBP, while those wi th  DNBPP were a f a c t o r  of 1 .5  

h igher .  These curves a r e  s t eepe r  and s t r a i g h t e r  than those given by TBP 

- - 
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Tai31-e 15.2. Effec t  of N i t  rite-Acetone Aqueous Feed 
Treatment Procedures on FLssion Product Ext rac t ion  and Deconiminat ion 

Coimtemurrent ex'iraction wi th  1. - M TBP o r  1. - M DSBPP i n  Solvesso 100 

Aqueous feed: 

Aqueous scrub: 

127 g U per  l i t e r ,  2 - I? HN03, 0.005 _. M 
NaN02, FP spike 

2 - N ,YN03, F/S/O = 1/0.75/4.75 

1 M DSBPP - 1 M TBP - 
CountercLrrent 

Stage Un t r e a t  e d Treated Unt r z a t  e d 'l'r e a i e d 
Feed Feed Feed Feed 

Z r 9  5--Nb95 Ex-traction Fac iors 

6S 4.3 1.73 1.2  

2s 0.12 0 .or, 0.092 

1E 0.012. 0.0005 0.011 

5E 0.018 0.001.9 0.012 

(Over-al.1 DF r s) (1130 ) (11,900) (566) 

Ku Extrac t ion  Fac tors  

6 3  2.05 1.48 0.965 

2s 0.3L3 0 .OL7 0.189 

1E 0.0173 0.0008 0.0067 

5F: 0.177 0.0009 0.125 

(Over-all DF 1 s ) (640) (W,OOO ) (it80 ) 

0.85 

0.012 

0.0004 

0.0026 

(23,400) 

1.18 

0.032 

0.001 

0.0074 

(I1,OOO ) 

e x t r a c t i o n  da ta  from t h e  l i t e r a t u r e ,  

t o  agreement a t  - '1 - M KN03 b u t  lo we^ by a f a c t o r  of N 5 a t  0.2. _. M BN03. 'The 

reason f o r  t h i s  discrepancy has not  been found. 

i i-ac t i on wi th  di rec  'i - e x t r a c t i o n  e qui l i b  rat i ons r u l e  d oilt t h e  po s s i b  i L i  ty 

t ha t  the new values  might have been erroneously l o w  because of nonequi- 

l ib r ium formation of inex t r ac t ab le  hydro ly t ic  plutonium species ,  a t  least ;  

a t  a.ci.d.ities down t o  0.4 M RN03. A'c the  same 'Giiiie, t h e  1ite:r.ature data2 

a r e  well supported by i n t e r n a l  agreement of macro and t r a c e  extra.ctions.  

wi th  extrac. t ion c o e f f i c i e n t s  c lose  

Comparison of .back-ex- 

- 

2 G .  F. Best ,  H. A.  C .  McKay, and 1. R .  Woodga'ie, J. Lnorg. Nuclear 
Chem. 4 ,  315 (1957).  - __- I 
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O V A  Pu l N l T l 4 L L Y  I N  4QlJEOUS 
O V A  Pu I N I T I 4 L I - Y  I N  O R G A N I C  

A D N B P P  
V D S B P P  
0 T B P  1 

i !  

0.4 4 40 
€QUI L I Et? IU M H NO3 CONCENTRATION ( M )  

Fig. 15.1. Plutoniurn(lV1 Extraction from Nitric 
Acid Solution by 1 Di-72-butyl phenyl Phosphonate ,  
Di-scc-butylphenyl Phosphonate ,  and Tributyl 
Phosphate .  Xy lene  di Iuent. 

Surpris ingly,  with both  T23P and phosphonates, back-extract ion data agreed 

c lose ly  wi th  d i r e c t  ex t r ac t ions  a t  aqueous a c i d i t i e s  S 0.4 M, bu t  pluto-  

niwn r e t e n t i o n  w a s  considerable  i n  back e x t m c t i o n s  a t  a c i d i t i e s  below 

0.4 M but  s t i l l  above t h e  a c i d i t i e s  where plutonium polynierization would 

be expected. 

- 

- 

Plutonium(1V) i s  ex t r ac t ed  from d i 1 u . t ~  n i t r i c  a c i d  so lu t ions  much 

more s-trongly by di (2-ethylhexy1)phosphoric a c i d  (D2EBPA) than by e i t h e r  

m i n e s  o r  phosphine oxides, f o r  example, Eg(Pu) R2 5000 with 0.01 M D2EHPA 

from 0.3 M HN03. A s  expected f o r  ca t ion  exchange, t h e  ex t r ac t ion  coef f i -  

c. ients decreased with increas ing  a c i d i t y  over  most of the range (0.3 t o  

10 M IDTO,), b u t  i n  c l o s e r  inverse  proport ion t o  t h e  s y ~ ~ a r e  than t o  t h e  

- 
- 

- 
3A. Brunstad, Ind. Eng. Chem. 51., 38 (1959). - - 
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fou r th  power, which would be expected f o r  exchange of 

d i t j ~ o n  of sodium n i - t r a t e  had l i ’c t le  eyfec t .  

varri ed with tile squaxe of t h e  uncomplexed D2EIGA concentrat ion (Fig.  15 .2 )  , 
calcul_ated 011 t h e  b a s i s  of four  D2EHPA’s complexed per  plutonium. 

Hf f o r  h4+. Ad& 

‘?he extra,ction coe f f i c i en t  

Since 

U N C L A S S I F I E D  
O R N L - L R - D W G  53085 

1 0 - 5  1 0 - ~  0-3  4 0 - 2  40-’ 

UNCOMPLEXED DZEHPA CONCENTRATION ( M )  

Fig. 15.2. Variation of Pu(IV) Extraction Coeffi- 
cient from Ni t r i c  Acid Solutions by Di(2-ethyl- 
hexy1)phosphoric Acid with Change in  Extractant 
Concentration. Amsco 125-82 diluent; 10 mg of 
Pu per l i ter in aqueous in i t ia l ly .  

D2EHPA i s  dimeric i n  hydrocarbon so lu t ion ,  t hese  resul- ts  suggest t h a t  t h e  

ex t r ac t ion  r eac t ion  i s  

i M++ i~ 2 ( E X )  2 S MXi+Hz + 211 ..... .... 
++ ++ 

where X represents  t h e  dialkylphosphate anion and M 

o r  possib1.y FV(N0, ) 2i+, e t c  . 
formul-ations U 0 2 X 4 H z  , Fe (0H)X4H2, and T h X 8 H 4 .  Pl.utonim(V1) ex t r ac t ion  

c o e f f i c i e n t s  with D2EHPA were lower than  uU(J.V) c o e f f i c i e n t s  by severa.1 

i s  proba’ol-y PuO , 
This i s  anal.ogous t o  the previously proposed4 

‘C. A. Blake e t  a].., Proc. U . N .  I n t e r n .  Conf. Peaceful U s e s  Atolraic 
Energy, 2nd, C-enevaYl38 I_ I 2 m i l - - - -  
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orders  of magriitude, for example, - 10 with 0 . 1  M D2EI-IPA from 4 M KN03. 

They were s l i g h t l y  lower than U(VI) c o e f f i c i e n t s  and f a i r l y  c lose ly  par- 

a l l e l  t o  them, inc luding  impairment on add i t ion  of a lcohol  and synergistFc 

- - 

enhancement on a.ddLtion of phosphine ox2d.e t o  t h e  hydrocarbon d i luent  . 
Phitoniuni(II1) e x t r a c t i o n  wi th  D2ElIPA i s  s t i l l  lower, bu t  could not be 

measured accura te ly  because of va r i a t ions  a t t r i b u t e d  t o  enhariced oxidat ion 

t o  ( I V ) ,  i n  s p i t e  of  t h e  use of holding reductan ts  and an inert atmosphere 

(see below). 

While the  e x t r a c t i o n  of PU(II1) f r o m  n i t r i c  acid solutions was low 

wi th  a l l  c l a s s e s  of amines, t e r t i a r y  amines gave high ex t r ac t ion  c o e f f i -  

c i e n t s  f o r  reduced plutoni1il-n from aluminum n i t r a t e  solist ions a t  low acid- 

i t y  (Fig.  15.3).  This i s  of i n t e r e s t  f o r ,  as an example, the simultaneous 

e x t r a c t i o n  of plutonium wi th  neptimiurn, which must be reftwed t o  ( I V )  f o r  

b e s t  ex t r ac t ion .  It w a s  not  e s t ab l i shed  whether t h e  mZ(II1) was ex t r ac t ed  

as such or was oxidized t o  t h e  more ex t r ac t ab le  P u ( I V )  before  or during 

t r a n s f e r .  If t r a n s f e r r e d  as Ri(III), it  appeared t o  be r ap id ly  oxidized 

UNCLASSIFIED 
OHNL-LR-DVIIG 51086 

0.01 0. I 
AQUEOUS HN03 ZONCENTRATION ( M I  

Fig. 15.3. Extraction of Pu( l l l )  by Tertiary 
Amines from Nitr ic  Acid Solutions With and With- 
out Aluminum Nitrate Salting. 
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a f t e r  ex t r ac t ion  ( I n  spj-tc- o f  t h e  i .ner t  atmosphere), si.nce a 2 - M HNO3-0.1 
fi1 N:I2SO?H scrub removed only a small. amourit. - 

Scavenging Prom Sulfex Decladding Wastes 

Laboi-etory- s ca l e  pi-oc e s  s development on solver,t ex t r ac t ion  methods 

to recover plutoniun a-nri uraTLS.Im l o s t  50 s . i l fu r i c  a c i d  s t a i n l e s s  sCeel 

c l aad ing  s o h t i i o r - s  was completed. 

pU(II.1) or  ( I V )  by 0.1.-0.3 - M primary am!.ne i n  hydrocarbor,-alcohol d i luen t  

z-ppeared promising, and chemical flowsbeess were demonstrated in l abora-  

toi-y-scale coctinuous countercurrent  ex t r ac t ion .  Ex-craction of U ( V I )  with 

a dialkylphosphoric a c i d  appeared p r o m i s i r g  when plutorliwn recovery i s  not 

needed. Recovery i s  also chemically f e a s i b l e  by extrackion of U(V1) and 

F u ( 1 V )  wi th  an N-benzyl secondary alkyl ar&i.ne or a t r ia lkylphosphine ox- 

i d e .  %ne amine e x t r a c t s  are s t r i p p e d  wi th  ni-kri.c ac id ,  giving a sul.fa'ce- 

nitrate product so lu t ion .  'The organophosphorus extI*actancs permit elirni- 

na t ion  o f  t h e  sulf'ete b u t  r equ i r e  sod5-m carbonate for s t r i p p i n g .  

Consecu+i::e extraction of r r ( ITJ) and 

15.3 METAL NITXA'I'E EXTMCTTONS BY AMINES6 

A s.iudy i s  i n  progress orL the a.mine ex t r ac t ion  c h a r a c t e r i s t i c s  of a 

range of f iss ion-product  and corrosion-product metals of interest i n  ra- 

diochemical n j - t r a t e  s y s t e m .  The s tudy is d i rec t ed  pr imar i ly  toward t h e  

dFscr ip t ive  chemistry 07 tile ex t r ac t ions  -. t he  magni Lu6.e of t he  ex t r ac t ion  

c o e f f i c i e n t s  an6 t h e i r  dependences on some of the major va r i ab le s .  Moll.yi:- 

denm, zi-conium, rutheniwr,, and sarzarilua have been exzmj~ned i l =  n i t r i c  a c i d  

and. in a c i d i f i e d  sodium n i t r a t e  solutions, using a s t r a igh t - cha in  quater- 

nary , s t r a i g h t  -c hain t el-t i a r y  , h i  gh1-y b ram he d s ec onciary , sl-i ght l y  branc he d 

secondary, and highly branched primary amine [ r e spec t ive ly ,  Aliquat 336, 

Lr i l au ry  lamine , b i s ( 1- i s obu;yl- 3 , 5 - dine'ilijil hexyl ) a r z i  ile , d l  t ri de c ylarnine , 
and Pri::ierc JM-TI. 

^___ 

5 ~ .  E .  Horner ami C .  F. Coleman, Recovc-ry of Uralr'Lurn and Plutomivn 

'Work done by the  Departnent of rJLlclea,r Engineering, ;*ET, undzr sub- 

from Sul fu r i c  Acid .- Decladding .__ ~ G ~ u ~ i o u s , ,  OKdL-2G30 ( N o v .  ii, 1959) .  

con t r ac t  . 
__I. 
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Molybdenum(VI) 

inrere of t h e  order  of 100 and bighe:- a t  n i t r i c  a c i d  concentrat ions below 

0 . 1  M, dropping r ap id ly  t o  N IO-: at  2-8 M H N O ~  and t o  < 10-5 at 10 M 

HNO3. 

near  low4. 

e x t r a c t e d  as rnoljbdate i n  f i r e c t  competit ion with n i t r i c  ac id ,  iv i th  extrac- 

t i o n  of a n i t r a t e  complex becomj-ng ba re ly  d iscernable  a t  - 6 M HNO,. 

f e rences  between e x t r a c t i o n  coef f l . c ien ts  with t h e  d i f f e r e n t  amines were 

small ri.n comparison wi th  t h e i r  v a r i a t i o n  with a c i d i t y .  

e x t r a c t i o n  coe f f i c i e i i t s  Prom 0 . 1  M HNO3 increased  wi th  increas ing  rnolybde- 

nun concent ra t ion .  A t  h igh rnolybderlum concent ra t ions  t h e  molybdenurn/miine 

mole r a t i o  rose r ap id ly  t o  1/1 and then more gradual ly  t o  N 2/1. Both t h e s e  

observat ions i n d i c a t e  considerable  pol-ymerization of t h e  molybdenum. 

e x t r a c t i o n  c o e f f i c i e n t s  with 0 .I M mi.nes i n  toluene - 

- - - 
They w e r e  appreciably higher  a t  6 M than at 2 or 8 M xTJ03, 'out stil.1 - 

Apparently, over most of the a c i d i t y  r m g e ,  t h e  molybdenum w a s  

Dif- 
I 

A t  low loading, t h e  

- 

Zirconium (ref 8) e x t r a c t i o n  c o e f f i c i e n t x  were very low Prom dilute 

n i t r i c  acid. They increased  r a p i d l y  with increas ing  n i t r i c  a c i d  concen- 

t r a t i o n ,  i n  propor t ion  t o  about t h e  f o u r t h  power, h u t  s t i l l  were only 

cv 0.01 from 10 M EN03 with 0.3  M aniine. 

were r a t h e r  well summarized by 

The r e s u l t s  over t h e  e n t i r e  range - - 

with  K aro-und 6 x f o r  t r i laurylami.ne and for Primene JM-T, arid around 

2 x For Aliquat  336, i n  to luene  d i l u e n t .  The ex t r ac t ion  c o e f f i c i e n t s  

were s l i g h t l y  higher  when t h e  dilueiit w a s  Amnco Odorless Solvent contain- 

i n g  lC-20$ decanol. 

Ruthenium (ref 9 )  e x t r a c t i o n  c o e f f i c i e n t s  rose r ap id ly  wi th  contac t  

t i m e ,  f o r  example, from 0.03 a t  0.5 h r  t o  0.05 a t  1 hr,  0.08 at 24 hr, 

7A.rnm0nium molybdate d isso lved  i n  t h e  desired n i t r i c  a c i d  o r  n i t r i c  

BZirconyl n i t r a t e  dissolved. i n  8 M m03, refluxed 15 hr, and then 
ac id-sodium n i t r a t e  so lu t ion .  

ad jus t ed  t o  the  des i r ed  n i t r a t e  concent ra t ion .  
t h e  same after aging f o r  several .  months (8 14 HN03) as when fresh. 

sodiim peroxide,  d l s so lu t ion ,  p r e c i p i t a t i o n  of Ru02 with metliano:l, redis- 
s o l u t i o n  i n  ref luxir ig  8 M lINO3, t reatment  w i t h -  n i t rogen  oxides ,  and drying 
t o  s o l i d  under vacuum at-room temperature.  The  soluL-ions were prepared by 
d isso lv ing  t h i s  s o l i d  i n  t h e  des i r ed  n i t r a t e  so lu t ion  f o r  u.se ei-bher i m -  
mediately o r  a f t e r  aging. 

Ext rac t ion  1-esults wm-e 
- 

gNitrosylruthenium n i t r a t e  prepared by fus ing  ruthenium metal i n  
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and 0.1. a t  4 days i n  ex-braction wi th  0.4 .- M t r i lanrylarnine i n  toluene from 

(aged) 2 I M €€NO3 so lu t ion .  

c i e n t s  were d i r e c t l y  p:roportional t o  -Gie amine concentrat ion and inverse ly  

propor t iona l  'io t he  n i t r i c  a c i d  concentrat ion.  It has not y e t  been deter-  

mined whether t h e  ex t r ac t ed  ruthenium has any tendency t o  r e s i s t  rernoval 

by scrubbing from t h e  amines, as it does from TBP. 

A s  measured a t  21+ h r ,  t h e  ex t r ac t ion  coe f f i -  

Ext rac t ion  c o s f f j c i e n t s  f o r  s a m a r i u m  ( r e f  lo), takzn as a representa-  

ti.ve t r i v a l e n t  r a r e - e a r t h  ion,  were a l l  below N lom4 with 0.3 - M amines i n  

toluene.  There was no obvious systematic  change with e i t h e r  n i t r i c  a c i d  

concentrat ion (2-9 M )  o r  amine c l a s s .  - 
The r e s u l t s  so far from t h i s  program suggest -t;iiat rui;henium i s  more 

lrikely than  zirconium o r  r a r e  earths to be -tile f i r s t  l i m i t a t i o n  reached 

i n  m i n g  amine ex t r ac t ion  f o r  high decontamination o f ,  for example, p1.u- 

toi1i.m. Work i s  cont inuing on f u r t h e r  ex t rac  Lion vari-ables and on exten- 

s ion  t o  ni.obiwn, cerium, and s t a i n l e s s  s t e e l  metals .  

An important p o t e n t i a l  source of technetium and nept~~niurn  i s  uraniixn 

f l u o r i n a t i o n  p l an t  residiues . l i l  rou-tlne opera t ion  these  a r c  processed. f o r  

recovery and recyc le  of t h e  uranium, and technetium and ne-ptLinim, when 

present ,  a r c  d:i.ssolved. along w i t h  t h e  u r a n i m  i n .  t h e  aci~dif i -ed aluminufi 

n i t r a t e  l e a c h .  A TBP extract ior i  process f o r  t h e  recovery of bo th  uranium 

and neptun-ium has been develope6.." Thus, any process des igmd  for tech- 

n e t i u m  recovery should be  compatible with or  s a % i s f a c t o r i l y  rep lace  ex- 

i s t i n g  uranium and neptunlwn p-ocesses .  

TBP ex t r ec t ion ,  and separa te  vs co-recovery, a s inglz-cyc le  process w a s  de- 

s igned f o r  coextrac' i ion by t e r t i a r y  a m i  ne of x ' a i i i ux ,  neptunium, and tech- 

netium, and separai;ion by consec;lt.ri.ve s t r i p p i n g  (Fig. 15.4). 

After i nves t iga t ion  of amine vs 

Technctium Exbraction Coeff ic ien ts  

Techne-tium(VI1) i s  ex t r ac t ed  by amines from ac icEf ied  n i t r a t e  solu- 

t i o n  by anion exchange i n  d i r e c t  cornpetition with ni"ii*i.c a d d  (Fig.  1 5 . 5 ) .  
Ips _^____ 

"Solutions prepared from Lindsay Chemical 99.9% samarium oxide. 
'IChern. ~ Tech. Ann. Prog. Rep. Aug. 31., 1958, ORNL-2576, p G I .  
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OHNL-LR UNCLASSIFIED -OWG 4YIHtAR 

FEED REDUCTANT ' M  CO.lM 0.5 47 4M 

RECYCLE 
..... STRIPPED 

- 20 g U/liter 

L... 

RAFFINATE U NP NITRATE TC 
P R 0 DUCT PRODUCT Dl SCARD PRODUCT 

Fig. 15.4. Technetium-Neptunium-Uranium Recovery Process. 
Circled numbers indicate flow ratios. 

UNCLASSIFIED 
ORNL-LR-DWG ...................... 5101 

A 0.17 
0 0.02 

...... 

40-2 40-1 400 io' i 0 2  
TOTAL NITRATE CONCENTRATION ( M )  

Fig. 15.5. Technetium Extraction by Tertiary 
Amines from Nitrate Solutions. 

The ext ra i* t ion  c o e f f i c i e n t s  are d i r e c t l y  propor t iona l  t o  the c~fl inc con- 

cen t r a t ion ,  and oiir results with 0.3 M t -e i iaurylmine i . ~  Amsco 125-82 

agree w e l l  wi th  t h e  0.01 M t r i i s o o c t y l a n i n e  da ta ,  mul t ip l ied  by 30, of 

Boyd and Larson.12 

near ly  as much as t h e  equivalent  amount OS nitric oocid. 

- 
- 

Aluminum nitrate impaired the  technetium ex t r ac t ion  

Addition of an 

12G. E. Boyd and Q. V. Larson, "SoLverlt Ext rac t ion  or" Heptavalent 
Teclinetium," J. Phys. Chern. Gc+,  p 989-96 (1.960). - 

I 
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a lcohol  ( t o  prevent third-phase forinatioti and improve the phys ica l  per- 

formance) lowered. t h e  ex t r ac t ion  coe f f i c i en t s ,  f o r  example, - 50$ wj t h  

5-10$ t r i decano l .  

duc tan t )  impaired technetium ex t r ac t ion .  

Neither f l u o r i d e  nor f e r rous  sulfamate (neptunium re-  

Chemic a1 Flows hee t 

A f eed  so lu t ion  of - 3 I M t o t a l  n i t r a t e ,  of which a f a i r l y  siaall p a r t  

(- 0.5 - M )  i s  n i t r i c  acid,  permits  u se fu l ly  high e x t r a c t i o n  c o e f f i c i e n t s  

f o r  bo th  technetium a d  uranium wi th  0.3 - M t e r t i a r y  amine and a s t i l l  

higher  c o e f f i c i e n t  f o r  ncptuni7m(lV) ( s e e  ref 13) .  'l'his composition can 

be  obtained from a t y p i c a l  l each  so lu t ion  (Table 15 .3 )  by simple d i l u t i o n .  

Since uranium i s  t h e  only e x t r a c t a b k  component a t  a major concentrat ion,  

I 3 B .  Weaver and 1). E .  Horner, "Dis t r ibu t ion  Behavior of Neptunium 
and Plutonium Be-cween Acid Solutions and Some Organjc Reagents," J. Chem. 
Eng. Data, 2-, p 260-65 (1960). - 

Table 15.3. Typical Feed Composition 

P lan t  solution No. 1 

Speci f ic  g rav i ty :  1 .A  
Gross 5: 
Gross y :  

- l.05 counts rnin-' mnl-l, lo$ geometry 
N l o4  counts min-I nil-', 25% e f f i c i ency  

Amount Pr  e s e n t  
Const i tuent  

M - J u l i t e r  

Tc 

NP 
U 

Ih 

Al 

SS metals  

0.0% 

0.06 

40 

1 

50 

5 

H+ 

NO 3 

F- 

SOL 

I 

-- 

0.74 

6 

0.3 

< 0.003 
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Table 15 .it. OperaLing Coydi t i  ons €or Cor,tinuoJs Countercurrer t  
T e s t  wi til P3.ant Feed 

Fl..owsheet: see F ig .  15 .4 

24 - s t acge mixer - s e ti; 1.e r b ark 

~- ~ . . -  _____. 
Step Volune Stage St r earn Stream Stage 

Mo . (nd /h r )  No. 

C o ex t  r ac t i on 

U partj.tior,i.ng 

lip par t i i i ioc ing  

NO3 removal 

Tc s t r i p p i n g  

- 

1 

1 

7 

13 

19 

23 

24 

30'3 

- 15 
23c 

1 Raf f ina t e  

150 6 U product 

50 li Np prodLct 

1 6 C  20 NO3 d i s c a r d  - 

St at  i z  e 2L+ 'Tc product 

24 StrLpped 
so lvent  t o  
r ecyc le  

a A t  the  f l o w  r a t i o  s e t  f o r  the  des i r ed  uraiilum lm.ding, tile recyc led  
amine reqKired more a c i d  than  was avai.la-ble from "the feed .  
a c i d  w2s added~ t o  tile r a f l i n a t e  stage i n  pi-efe;-ence t o  t h e  feed .  

The add i t iona l  

b. Plant  solG.ticn No. 1 (see  Table 1 5 . 3 )  nad.e 0.1 - M irA fe r rous  s u l f m a t e  

Dir ing  2 pari; of t h i s  I-iJn, 1% :&02 was added i;o the 0.35 ..- M HN03 ne%- 

and a;lliJted t o  twice i t s  o r ip i . na l  ~ o l - ~ u n e .  
c 

tunlLx s-crip solutlon. 

eliminaieil by asding 5 ppnl of Tfi-ctawet, 1 2  t o  t h e  c . 5  - P.1 ISHAOH. 

t h e  scz t le r  back t o  t h e  rnixer ill s t age  2Lk. Afte r  process ing  of 8.3 l i t e r s  
of th-e adJi;sted feed, N 80$ of  t h e  s o d i ~ m  hydroxide had been neuti-al-ized and 
the  techcet ium concentration had reached 1.8'1 g / l j . t e r .  

'A tendency toward emuls i f i ca t ion  i n  t h c  nitra1,e rernoval s e c t i o n  was 

e The techne'iiurn s t - i p  soii;,ticn, 160 m l ,  w a s  recyc led  cont inuously f rom 
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Table 15.5. D i s t r ibu t ion  of IJranium, NPptiiiiiunl, and Technetium 

TC rip U 

R a f  f inate  < 0.9 < 0.lb 0.003 

U product 2 6 104 

Np product 0 . 1  95 0.05 

NO3 discard 0.3 0.3 0 .GO% - 

'TC product 10A < O.lb,c < 0.001 

a No-t adju-sted f o r  material.. balances,  which Idere 107, 103, and 1045, 
respec t ive ly ,  for technetium, neptuniuni, arid urani1m. 

bgelov analytica.1 limits. 
C L e s s  than  0.1% of t h e  neptunium repor t ed  t o  t h e  technetium product 

wheli  11202 was used i n  t h e  neptunium s t r i p  so lu t ion ,  arid N 1% wheii H202 
was not  used. 

The iurarLium w a s  e f f e c t i v e l y  s t r i p p e d  wi th  1 M fi?TOl, i n  s i x  s tages ,  - 
ca r ry ing  with it 1% of t h e  technetium and 6$ of t h e  neptui-iiixr? (Table 15 .5) .  

A h igher  n i t r i c  a c i d  concent ra t ion  i n  t h e  urwiiwn s t r i p  so lu t ion  would have 

decreased this  neptunium Leakage, bu t  a t  the cos-t of increased  techneti-uri 

leakage arid irfipa?i.red uranium s t r tpp ing .  Moreover, t h i s  neptunium should 

not be l o s t ,  but recyc led  thmiugli t he  f l u o r i n a t i o n  p l a n t  with the uranium. 

The neptunium w a s  s t r i pped  moderately w e l l  wi th  0.05 M IDNO3 and, alter- 

nat ive ly ,  very e f f i c i e n t l y  wi.t'n 0.05 M HN03 p lus  1% I1202. The tecl-Lnetlum 

was effec-Lively s t r i p p e d  wi'ih a s r ! i a l l  excess of  e i t h e r  sodium o r  at1ui10rl i~1.r~ 

hydroxide I The technetium w a s  e f f e c t i v e l y  s t r i p p e d  wi th  a small excess  of 

e i t h e r  sodium o r  aIuIlOti_FULi1 h.2-droxj.de . 
hence t h e  atta.i.na'ole technetium prod.iic t conceiitrat ion, was improved by 

pri.or f r a c t i o n a l  s t r i p p i n g  oi - 808 of tile nj . t ,rate from the e x t r a c t ;  9O-95$ 

recovery for t h e  0rgani.c i n  the s t r i p  cyc le  appeared f e a s i b l e .  

- 
- 

?'he t e c h n e t i ~ ~ ~ i / n i t r a t ; e  r a t i o ,  and. 

The ur-tiniini ;orodu.ct stream (Table 1 5 . 4 )  i s  sui- table  f o r  evaporation, 

clen-i.tration, and recyc le  t o  t,he Kl.u~oriiiation p l a n t .  T'ne iieptuniuni produ~ct 

stream, < 0 .1  - M HN03, i s  s u i t a b l e  Cor cvaporat ion and final.  p u r i f i c a t i o n  
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_'able 15.6.  Product Solution Analyses 

L l V  I iy e Arnoirn t Conc exit r a t i o n  Ac-' - '  

Product ( g i l i t e r )  ) (counts min-' T L - - ~  ) 

TC NP u Th EX03 Na!\!03 NaOY Gross B Gross 7 

Tc e 1.87 0.007 0.0c2 3.2 3.gd 3 X l o 6  104 

s p c . m 1  3.09 0.0& 1.2 0.05 1 .5  x 104 5 x 1.0~ 

UC 0.001 0.002 29 C.6 1 5 x io3 4 x 1.0~ 

~ ~~ 

a. 

bproduct f r a c t i o n  co11mLed far last 12 hr of ruz .  

Product Traction ccl1ec;ed aI",er 1 6 t h  hr of  58-5- run. 

c Product coliect ,z& f o r  e c t i - e  run. 

%aOiI rerflaizing unconsumed a t  a r b i t r a r y  termination of t e s t .  

e ~ e t a  counts a; - IC$ geometry, gamrra counts a t  - 25$ zff ic iency.  

In plant oper- 
a t ior -  c s s e r t i a l l y  corn;pl.ete cons ium~t i~~n  o l  the NaGH vou1.d be expecled. 

by amine ex t rac t ion14 o r  o ther  means. i t s  major contaminarL i s  thorium. 

The technetium prGdljCt stream conta ins  - 2 g/lj.ter (- 5 g / l i t e r  probably 

a-'itai-nable) as per techneta te ,  wel l  separaLed from contaminants, i n  - 4 - M 
s o d i m  or zmmoniurn r i i t r a t c  so lu t ion .  

15.5 SEPRiIATION OF TRANSPLUTONIUM E U E N T S  FROM TANTHANONS 

The exzrac t ion  of axiericiwn and. some of t h e  lanthanons by seve ra l  

amines and neukral organophosphorus compounds was st;ldied i n  3. search f o r  

new methods of separati-ng t h e  t r anspkd ton im e l m e n t s  from fission procluct 

rare earths. The lanthanons were represented  by Ce144 and which 

bracke t  almost t h e  whole 5 s s l o n  product lanthanon range. Some data  were 

obtai-ned w i t h  Nd14ii ,  Fm14*, LU'~'~', a id  Ygl. 

The most promising separa t ion  observed thus far is ex t r ac t ion  w i t h  

t r i b u t y l  phosphate (TBP) from sl.i.ghtljr acid, hizhly concentrate6 l i t i l i u m  

ch lo r ide  s o l u t i o n .  Separat ions w i t ' r _  diamyl amylpiiosphonate (IIAAP) and 

dibutyl. butylphosphomte (DBBP) were s l i g h t l y  less Yavorahle, and t h e  re -  

sults with dibGtyl  phenylphosphate (IIBPP) were var i ab le .  The ani-nes 15 

1 4 C h e m .  Tech. Ann. Prog. -._ Rep. Aug. 31., 1958, OIiNL-25r76, p 106. 

1 5 R  primary amine, Primene JM-'J!, 0.4 M, from d i l u t e  s u l f u r i c  acid., 
0.3 M t r l l aury lamine  from 8 M LiNO3--0.l M ??NO3, 0 . 1  M te t ra-n-heptyl-  - 
axrnozium from 8 M LiN03-0.1 E HMO3 and ln - M LiCL-o.oi - M H C I .  - - 
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tested w e r e  not  s u i t a b l e  f o r  t h i s  separa t ion  s ince  they  all extracted.  am- 

er ic ium w i t h  f a c t o r s  between those of cerium and europium (Fig.  15.7) .  
Single-s tage e x t r a c t i o n  c o e f f i c i e n t s  f o r  ~ e ~ ~ ~ ,  ~ u l 5 ~ ,  and ~ m _ ~ 4 ' -  by 

I M TBP i n  Amsco 125-82 f r o m  9.9 - M LiCl-O.1 - M H C 1  were 0.20, 0.38, and. 

1.35, r e spec t ive ly .  A 1.2-stage b a t c h  countercurrent  separation of amer- 

icium from europium showed, a f t e r  125 cyc les ,  98% of the l'ilnZc1 l eav ing  

the system i n  t h e  organic stream and 87% of the 

ous. 

t o r .  There were v a r i a t i o n s  in c o e f f i c i e n t s  i n  d i f f e r e n t  p a r t s  of t h e  

cascade. A s t i l l  more favorable  separa-Lion 02 the heavier  t r ansp lu ton ic s  

from the f i s s i o n  product lanthanons would be  expected. 

- 

leavi.ng in t h e  aque- 

The ove r -a l l  separa t ion  €actor  of 310 was 0 .2  of t h e  p red ic t ed  fac-  

UNCLASSIFIED 
ORNL- LR-DWG 51089 

--+e-- 

Ge Pm Eu Lu 

R A R E -  EARTH ELEMENT 

Organic Aqueous 

(1) Tributyl phosphate 10 N LiCI-0.1 N HCI 
(2) Dibutyl butylphosphonote 10 N LiCI-0.1 N HCI 
(3) Diomyl arnylphosphonate 10 N LiCI-0.1 N HCI 
(4) Dibutyl phenylphosphonate 10 N LiCI-0.1 N HCI 
(5) Tetra h spt y I ammon i urn 
(6) Tetraheptyl ammon i urn 8 N LiN03-0.1 N HN03 
(7) Tri I auryl amine 8 N LiNO3-O.1 N HN03 

10 N LiCI-0.01 N HCl 

Fig. 15.7, Relative Extractabilities of Rare Earths in Comparison 
with Americium. 
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Single-s tage e x t r a c t i o n s  of europium and y t t r ium were near ly  equal .  

Jhtet ium w a s  ex- t racted p r e f e r e n t i a l l y  t o  europium by a f a c t o r  of a t  least 

20, i n d i c a t i n g  an imnusual case of g rea t e r  d i f fe rences  between successive 

elements i n  t h e  heavier  p a r t  of t h e  lan thanide  se-r ies khan i n  t h e  l i g h t e r  

p a r t .  

15.6 EXTRACTION PFLXFORMANCE AND CLEANLTP OF DEGRADED 
PROCESS EXTRACTAXTS 

TBP-Amsco 125-82 so lu t ions  were degraded chemicaI.3-y with n i t r i c  acid 

and r a d i o l y t i c a l l y  by Co60 gamna i r r a d i a t i o n  as a f i r s t  approximation -to 

t h e  degradation encountered j.n radiochemical processing.  The ex ten t  of 

degradation and t h e  e f f ec t iveness  of so lvent  cleanup t reatments  were 

a s s e s s e d b y  measuring t h e  e x t r a c t i o n  and s t r i p p i n g  of Zr"-Nb95 and of 

HULO . 
zr9 5 - ~  Extrac t ion  

The e x t r a c t i o n  c o e f f i c i e n t s  f o r  zirconium and niobj.Lm f r o m  2 M n i t r i c  
i__ 

acrid wikh 1 I M TBP i n  Anisco 125-82 ( E g Z r  = 0.04, EENb = 0.009) increased  

r ap id ly  with degradation, t y p i c a l  examples be ing  a 25-fold increase  after 

t reatment  o f  a 1 M TBP so lu t lon  f o r  4 hr wi th  2 M HN03 a t  107"C, 01- sub- 

jetting it t o  N 1.00 whr/li-ter of Co60 gamma i r r a d i a t i o n ,  and a hundredfold 

increase  when t h e  TBP-Amseo so lu t ion  contained 0.25 M TUO, during irradi- 

at,lon. Such f a c t o r s  var ied  widely wi th  t h e  source and pretreatment  of both 

d i l u e n t  and TBP. 

- - 

- 

E x t r m t i o n  was pr imar i ly  by degradation products so luble  i n  d i l u t e  

a l k a l i n e  scrub soh i t ions  ( e . g ,  , 0.2 M Na2C03), presuma,bly low-molecular- 

weight ac ids  such as dibutylphosphoric formed by hydrolysis  of ?TBP. Such 

scrubbing decreased subsequent Zr95-Nb95  ex t r ac t ion  by 80-90%. 

not removed by a l k a l i n e  scrub so lu t ions ,  f o r  example, polymeric compounds 

and nri-trated diluent, molecules, ex- t racted much l e s s  Zr95-Nb95 but  he ld  

that  s m a l l  amount s o  s t rongly  t h a t  even concentrated ac ids  f a i l e d  t o  s t r i p  

i t .  

- 

Products 

Ext rac t ion  Bu1 0 6  

The response of Rul' extrac"iion ( a s  t h e  n i t r a t e  n i  trosylruthenium 

complexes) t o  v a r i a t i o n s  i n  t h e  t reatment  of t h e  so lvent  was iested i n  R 
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manner similar t o  t h a t  used f o r  Zr95-1\n395. 

t i o n  p rope r t i e s  of f r e s h  TRP i n  f r e s h  Amsco (E: = 0.08 froin 2 M HNO3 with 

1 M TBP) were not s i g n i f i c a n t l y  a l t e r e d  by chemical degradation of t he  

d i luen t ,  by simulated d-egradation of t h e  TBP (add i t ion  of i t s  p r i n c i p a l  

hydrolysis  product) ,  o r  by i r r ad j - a t ion  of t h e  complete so lvent .  Only 

when t h e  Ru106 was extrac-Led in-to degraded solvent  and then aged f o r  sev- 

e r a l  days d id  simple scru-bbing with a c i d  o r  a l k a l i n e  so lu t ions  f a i l  t o  

remove it completely. 

I n  con t r a s t ,  t h e  Rulo6 extrac-  

- 
- 

Solvent Cleanup 

Solvent cleanup methods involving a combination of a l k a l i n e  and a c i d  

washes (sometimes i n  conjunct ion wi th  a l k a l i n e  permanganate) e f f e c t i v e l y  

removed t h e  acid-  and radiat ion-degradat ion products of t h e  ext,ractant bu t  

not, a l l  t h e  degradation products of t he  i i i luent .  The proport ion of t h e  

l a t t e r  increased  with degradation. Since d i f f e r e n t  d i luen t s  are i n  use a t  

d i f f e r e n t  processing s i t e s ,  and each can vary from ba tch  t o  batch,  t h e r e  

i s  wide v a r i a t i o n  i n  the  degree OP degradation of t he  t o t a l  solvent  t h a t  

can be t o l e r a t e d  before  s p e c i a l  cleanup methods a r e  requi red .  The most 

e f f e c t i v e  cleanup s tud ied  was by so rp t ion  on a c t i v a t e d  alumina, although 

t h e  q u a n t i t i e s  requi red  may be excessive f o r  p l an t  use .  

Compounds kmown t o  conta in  n i t rogen  were i s o l a t e d  from degraded Amsco 
125-82 and showed chemical and ex t r ac t ion  p rope r t i e s  similar t o  those of 

t h e  degraded d i luen t  . Synthet ic  nitrGhydrocal*bons, demonstrating t h e  same 

p rope r t i e s ,  have been used as prototypes f o r  t h e  cons t i t uen t s  of degraded 

d i luen t ,  and cleanup inves t iga t ions  have been d i r e c t e d  toward explo i ta -  

t i o n  of t h e i r  known chemical p rope r t i e s ,  f o r  example, conversion by salt 

formation o r  by f u r t h e r  degradation t o  forms t h a t  a r e  so luble  i n  l i q u i d  

scru’o so lu t ions ,  thus e l imina t ing  t h e  need f o r  t h e  l i q u i d - s o l i d  contac t  

and separa t ion .  Treatment with low-molecular-weight amines such as eth-  

anolamine has been promising. 
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15  .'I SOLVENT EXTRACTION EQIJILIBRIA 

Amine Ext rac t ion  oil" Thorium Su l fa t e  

I n  a d e t a i l e d  study of t h e  ex-t ract ion of thorium suLLfate from ac id i -  

f i e d  s u l f a t e  aqueous so lu t ions  by di-n-decylamine s u l f a t e  i n  benzene, dis- 

t r i b u t i o r ,  d a t a  obtaalirxd under xhree s p e c i f i c  s e t s  of experinieatal condi- 

t i o n s  permit ted evaluation of (1) t h e  composition of t h e  organic-thorium 

complex, (2) an equi~ . j .b r im constant  f o r  the over -a l l  e x t r a c t i o n  reac t ion ,  

and (3) Debye-HEckel co r rec t ed  formation cons tan ts  f o r  t h e  thorium tr i-  

and t e t r a s u l f a t e  conpl.exes i n  the  aqueous phase. 

- 

The f i r s t  of t hese  r e s u l t s  w a s  obtained on t h e  b a s i s  of t h e  same as- 

sumptiom nade i n  t h e  corresponc?.ing uranium s tudies ;  l6  that, i s ,  t h e  amine 

sulfate--metal s u l f a t e  cornplex contains  no b i s u l f a t e ,  and t h e  presence of 

t h e  complex does not  a l t e r  t h e  equi l ibr ium be-tween t h e  aqueous s u l f u r i c  

a c i d  and t h e  s u l f a t e - b i s u l f a t e  r a t i o  i n  t h e  uncpmnplexed ,anine salt, spec ies .  

The eqiJil.ibrium f o r  the e x t r a c t i o n  of thorium s u l f a t e  by t h e  di-n-decy.l- 

amine sui-fate-bisul.fate mixture can be  w r i t t e n  
- 

where 

t h e  eqLivalent f r a c t i o n  of b i s u l f a t e  p re sen t .  

For each mole of thorium ext rac ted ,  t h i s  equatioii p r e d i c t s  t h e  t r ans -  

fe r  of nx/2  moles of s u l f u r i c  a c i d  back i l i to  t h e  aqueous phase- 

i s  known from a c i d  ex t r ac t ions  i n  t h e  absence of thorium, c a r e f u l  measure- 

ments of t h e  a c i d i t y  changes accompanying t h e  t r a n s f e r  of known amounts of 

thorium permit c a l c u l a t i o n  of n, the number of equiva len ts  of amine per 

mole of thorium i n  t h e  complex. The r e s u l t s  obtained on ex t r ac t ing  con- 

s t a n t  amounts of thorium at  varying s u l f u r i c  a c i d  and organic b i s u l f a t e  

Since x 

l 6 K .  A .  Allen, J. Am. Cheni. SOC. 80, 4133 (1958); W. J. McDowell and - - 
C .  F.  Raes, Jr., J. Phys. Chern. - 62, 777 (1958). 

-I_ 
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l e v e l s  by both the  usual vigorous a g i t a t i o n  and the  new quiescent- inter-  

face17 techniques are shown i n  Table 15.7. These n values  a r e  i n  good 

agreement w i t h  those obtained from t h e  isotherm plateaus, and t h e i r  in-  

t e r n a l  consis tency ind ica t e s  that this equi l ibr ium i s  not  markedly af- 

f e c t e d  by violence of a g i t a t i o n  durrng e q u i l i b r a t i o n .  

Ext rac t ion  data taken a t  constant  aqueous s u l f a t e  i on  concentrat ion 

but  with varying s u l f u r i c  a c i d  a c t i v i t y  a r e  shown i n  Table 15.8. From 

an equilibrium-constant expression f o r  the r eac t ion  shown i n  Eq. 1, by 

making reasonable s u b s t i t u t i o n s  f o r  the a c t i v i t i e s  of the various species ,  

1 7 K .  A .  Allen and $7. J. McDowell, J. Phys. Chem. 64,  877 (1960). - - 

Table 15.7.  Amine Sulfate-Thorium Su l fa t e  Complex Composition 
According t o  Acid-Transfer Measurements 

Vigorous Agi ta t ion  Gentle Agi ta t ion  

X n X 

0.229 0.0121 5.28 0.180 0.0096 5.33 

0.309 0.0166 5.37 0.228 0.0117 5.13 

0 3Lt8 0.0195 5.60 0.311 0.0157 5.05 

0.384 0.0211 - 5.49 0.350 0.01'38 5 .&6 

0.416 0.0222 5.34 0.382 0.0210 5.53 

Table 15.8. Thorium Ext rac t ion  Coeff ic ien t  as a Function 
of Sul fur ic  Acid Concentration a t  Cons-tant Total-Sulfate-Ion Kolar i ty  

0.315 0.035 0.0570 3 26 
0.323 0.057 0.0600 

0.328 0.082 0.0629 

240 

144 

0.330 0.110 0.0656 95 

0.343 0.11+7 0.068(+ 6'7 

0.351 0.189 0.0703 47 
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t he  following equation may be der ived:  

y + a x - k + n z  , ( 2  1 
where x i s  t h e  equivalent  f r a c t i o n  of uncomplexed amine i n  t h e  b i s u l f a t e  

form; y i s  t h e  logari thm of the  thorium ex t r ac t ion  c o e f f i c i e n t  E; z i s  

one-half t h e  logari thm of t h e  equivalent  f r a c t i o n  of uncomplexed amine i.n 

t h e  normal s u l f a t e  form; and a, k, and n a r e  cons tan ts  represent ing,  re- 

spec t ive ly ,  t h e  amine su l fa te -b isu l fa te  equi l ibr ium, t h e  eqii i l ibrium con- 

s t a n t  f o r  t h e  o v e r - a l l  r eac t ion  (Eq. l), and t h e  number of equiva len ts  of 

amine s u l f a t e  per  mole of thorium i n  t h e  compl.ex. 

squares ana lys i s  of t h e  da t a  i n  Table 15.8 gave a = 1.3, k = 2, and n = 7. 
O f  t hese  t h r e e  numbers, t h e  only one subjec t  t o  comparison with o ther  

eva lua t ions  i s  n; t h e  agreement here  i s  considered remarka’ole, i n  v - i ew of 

t h e  involved series of deductions necessary i n  g e t t i n g  from Eq .  1 t o  Eq. 2 .  

A sirnultaneous leas-L- 

A t  constant  composition of t h e  organic pliase ( i . e . ,  constant  amine 

molar i ty ,  constant; organic thorium concentrat ioh,  and constant  s u l f u r i c  

a c i d  a c t i v i t y )  bu t  wi th  varrious amounts of aqueous s u l f a t e  i o n  concen- 

t r a t i o n ,  t h e  equi l ibr ium aqueous thorium mola r i t i e s  shown i n  F ig .  15.8 
were obtained. 

t h e  ion ic - s t r eng th  e f f e c t s  (using 2 as a f i x e d  d is tance  term) and then 

a t t r i b u t i n g  t h e  remaining devia t ions  from i d e a l i t y  t o  inononuclear thorium 

s u l f a t e  complexes, it i s  poss ib l e  t o  obta in  t h e  following values f o r  t h e  

formation cons tan ts  of t hese  complexes ( see  F ig .  15 .8 ) :  

On making single-parameter Debye-Hiickel co r rec t ions  f o r  

Both these  cons tan ts  are f o r  zero ion ic  s t r eng th ,  as a r e s u l t  of t h e  

Debye-HiJckel co r rec t ions .  

evidence appeared for t h e  presence of t h e  spec ies  ThLi- or  ThSOA“, and 

back ca l cu la t ions  f r o m  cons tan ts  r epor t ed  elsevhere f o r  t h e  lower com- 

plexes18 ind ica t ed  t h a t  t he  p o s i t i v e l y  charged spec ies  should be negl i -  

g jh l c  at, t h e  present  s u l f a t e  l e v e l s .  

Under t h e  present  experimental  condi t ions  no 

“E. L. Zebroski, H. 7 , .  Al te r ,  and F. K. Heumann, J. Am. Chem. Soc. 
73,  564-6 (1951); A. J. Zielen,  i b i d . ,  81, 5022 (1959). 

1 70 

- -  L 
I -- 



.... 
I 

------- 
I 

! 
-- ....... 

....... .- ........ 

- ............ ~ 

~~~ 

A 
, /  //’ 
...... ....... 

............ .- 

---- 

J 
0.8 4.0 4.2 

Fig. 15.8. Total  Aqueous Thorium as a Function of Sulfate Ion 
Molari ty at  Constant Thorium Sulfate Ac t iv i t y  and Constant Sulfuric 
Ac id  Activi ty. The sol id l ine was computed from the formation con- 
stants K,, = 6 and K,, = 0.005 for the thorium tr i -  and tetrasulfate 
complexes. The areas separated by dashed l ines indicate the relat ive 
quanti t ies o f  Th(SO,),” and Th(SO,),*’ at the various sulfate ion 
levels. 

0.2 0 4  0.6 0 

SULFATE ION CONCENTRATION (MI 

Anomalous Equilibria i n  Solvent Ext rac t ion  Systems 

In the di-a-decylamine s u l f a t e  and t r i -a-octylamine s u l f a t e  (TOM) 

e x t r a c t i o n  systems, t h e  uranium d i s t r i b u t i o n - c o e f f i c i e n t  dependence on 
orgaEic reagent  co rcen t r a t ion  has been found t o  b e  anomalously a€fec ted  

by t h e  method of eq iu i l ib ra t ion . lB 

In cont inued search for anomalous eqluilibl-ia i n  systems o the r  thall 

t hese  two, the ex t r ac t ion -coe f f i c i  ent dependence on reagent  concentrat ion 
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by vigoroils and by gent le  e q u ~ i l i b r a t i o n  w a s  determined f o r  s eve ra l  o ther  

reagefits . B o t h  - i h o r i m  ex t r ac t ion  by di-n-decylamine - s u l f a t e  (DDAS) and 

u-raiiium ex t r ac t ion  by 1,3-ethylpentyl-4-etlnyloctylaamine s u l f a t e  (EPOS) 

showed d e f i n i t e  evidence of anomalous behavior .  I n  -ihe former, severe  

sca'iter of t h e  experimental  po in ts  precluded i n t e r p r e t a t i o n  of t h e  s lopes,  

bu- t  the di f fe rences  between t h e  r e s u l t s  of t h e  two methods of equ i l ib ra -  

t i o n  were cons i s t en t  and reproducible  (Fig.  1 5 . 9 ) .  The l a t t e r  system was 

Fig. 15.9. Extraction of Thorium from (a) 0.005M 
H,SO, and ( b )  0.005 M H2SQ,-0.995 M N a 2 S 0 ,  
by DDAS in Benzene with Vigorous (Open Points) 
and Gentle  (Solid Points) Equilibration. 

the  f i r s t  so  f a r  examined which has s h u m  anomalous behavior over t h e  en- 

t i r e  concentrat ion range of I n t e r e s t .  Whereas i n  t h e  case of 'TOAS the 

r e s u l t s  from t h e  two e q u i l i b r a t i o n s  coincided at l o w  concentra-Lions, while  

w i t h  DDAS t h e r e  w a s  agreemen-i at higher  concentrat ions,  it i s  apparent 

according t o  F ig .  15.10 t h a t  i n  t h e  case of EPOS, si.nce t h e  l i n e s  c ross ,  

t h e  d i s p a r i t i e s  between t h e  two methods continue t o  become even more pro- 

nounced a t  b o t h  ends of the Concentration range. 

Anomalous so lveni  ex t r ac t ion  equilibria due t o  vigorous a g i t a t i o n  

during e q u i l i b r a t i o n  a r e  apparent ly  110% widespread. However, i t  has been 

172 



UNCLASSIFIED 
ORNL-LR-DWG 54094 

5000 

2000 

500 

200 
0.005 0.01 0-02 0.05 0.i 0.2 0.4 

CONCENTRATION OF EPOS ( M )  

Fig. 15.10. Extraction of Uranium from 0.005 iM H,SO, by EPOS in 
Benzene with Vigorous (0) and Gentle (A) Equilibration. 

d e f i n i t e l y  e s t ab l i shed  i n  a s u f f i c i e n t  number of cases t h a t  any ex t r ac t an t  

system must be considered t o  possess t h i s  p o t e n t i a l  anomalous behavior po- 

t e n t i a l  unti l  proved otherwise.  

A c t i v i t i e s  i n  Solvent Ext rac t ion  Systems 

I n  i n t e r p r e t i n g  t h e  e q u i l i b r a t i o n  behavior of t he  organonitrogen and. 

organophosphoriis ex t rac ta r i t s ,  it has become increas ingly  apparent t h a t  

se r ious  l i m i t a t i o n s  a r e  imposed by a l a c k  of accura te ly  determined ac t iv -  

i t y  c o e f f i c i e n t s  f o r  the  organic s o l u t e s .  

ob ta in ing  accura te  vapor pressure da ta  has two magnetica1l.y s t i r r e d  f l a s k s ,  

one f o r  solvent  and t h e  o the r  f o r  so lu t ion ,  connected t o  a s p e c i a l  U-tube 

mercury manometer. 

metal .  

only metal  and g l a s s .  

device: a s t a i n l e s s  s t e e l  po in te r  i s  dr iven down i n t o  one a r m  by a metr ic  

micromeber opera t ing  through a s t a i n l e s s  s t e e l  bellows. The point  of con- 

t a c t  w i t h  t h e  mercury i s  observed wi th  a low-power. b inocular  microscope. 

h apparatus cons t ruc ted  for 

The valves  and most of t h e  a s soc ia t ed  tubing a r e  o f  

Except f o r  four  Teflon O-rings, t he  vapors con~e i n  contac t  with 

A s p e c i a l  f e a t u r e  of t h e  manometer i s  the  reading 

A p rac t i ced  operator  can e a s i l y  obta in  a s e r i e s  of readings whose average 
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deviat ion from t h e  mean i s  1 p o r  less .  Thus, s ince  the t o t a l  pressure 

d i f fe rence  i s  twice t h e  change on one s i d e  of t h e  U-tube, t h e  ove r -a l l  e r -  

r o r  i n  t h e  pressure i s  about +2 p. The two arms of t h e  manometer a r e  of 

1 - i n .  -ID prec i s ion  bore tubing, which provides a p lanar  reading sur face  

and ensures t h a t  twice t h e  change on one s i d e  w i l l  be t h e  t r u e  t o t a l  pres- 

sui-e d i f fe rence .  

Operation of t h e  apparatus with 99 mole % n-hexane i n  both rece ivers ,  

and  using t h e  usual  outgassing s t e p s  ( s e v e r a l  puinpd.owns a t  -77"C, followed 

by room-temperature expansions i n t o  a 2 - l i t e r  bu lb ) ,  gave d i f fe rences  var- 

ying by t e n s  of microns, fa r  g rea t e r  than t h e  manometer read-ing e r r o r .  

This w a s  a t t r i b u t e d  t o  t h e  presence of small amouvlts of vo lab i l e  impuri- 

t i e s  (e .g . ,  pentane, heptane) i n  t h e  solvent  which were only paztial1.y and 

unequally removed during t h e  outgassing. A procedure consistring of sev- 

e r a l  such pumpdowns, followed by seve ra l  d i s t i l - l a t i o n s  back and f o r t h  of 

about ha l f  the solvent  i n  each f l a s k ,  and then, omi t t ing  the  co ld  pump- 

downs, s e v e r a l  room-temperature expansions i n t o  t h e  evacuated 2-li-Ler 

bulb,  gave neg l ig ib l e  vapor pressure d i f fe rences  between t h e  t w o  f l a s k s .  

I 
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16 . J3XTRAC9~'ION REAGENI1' PE3'ORMAliCE 

During t h e  processing of spent  nuc lear  f u e l s  by so lvent  ex t r ac t ion ,  

r a d i a t i o n  causes p a r t i a l  decomposition of bo th  e x t r a c t a n t  and d.ilueut t o  

products t h a t  hsve var ious del-eterious e f f e c t s .  T r i b u t y l  phosphate (TBP) 

i s  p a r t i a l l y  d.ecoriiposed by a c i d  dealkylation'  and r ad ia t ion2  t o ,  among 

o the r  products ,  d i -  and monobuLy1 phosphoric ac ids .  These ac ids  form corn- 

pounds wi.th uranium, plutonium, thori im,  and €issi.on produet ca t ions  which 

affect t h e  degree o f  recovery of va.luab1.e ma te r i a l s ,  change decontmina-  

t i o n  f a c t o r s , 2 ' 3  and rnight r e s u l t  i n  p r e c i p i t a t i o n  of s o l i d s  i n  ex t r ac t ion  

colutims. 

under s imulated process  condi t ions  and on methods f o r  recovering solvent  

f o r  re-use . 

Fur ther  experiments were made on t h e  products of 1'BP hydro lys is  

16.1 RADIATIOL! 13AM4C;E TO SOLVEIrFS 

T r i b u t y l  Phosphate-Amsco 125-82 Systems It 

Previous s tud ie s5  of the r a d i o l y s i s  of TBP, which were conducted p r i -  

mar i ly  i n  t h e  anhydrous s t a t e ,  were extend-ed t o  water -sa tura ted  systems 

and t o  systems containing . n i t r i c  ac id .  Water-saturated systems, contain-  

i n g  0 t o  LOO$ TBP i n  lzliisco, were i r r a d i a t e d  t o  330-4QO w h r / l i t e r  and sub- 

sequent ly  analyzed f o r  a c i d  degradat ion products;  i n  addi t ion ,  tlie gas 

formation r a t e  was measured. 

the  y i e l d  of d i b u t y l  plus monobutyl phosphoric ac ids ,  G (HDBP -t- H2MBP), 

A t  concentrat ions of TBP below -250 g / l i t e r ,  

'L. L. Burger, I $  m e  1 Decomposi Lion Reactions of T r i b u t y l  Phosphate 
and I t s  Uiluents  and Their  E f f e c t  on Uranium Recovery Prcxesses,  I '  chap. 
7 - 5  i n  Process Chcmi-stry (ed. by P'. K, Bruce e t  al..), Pergarnon Press ,  
New York, 1958. 

-- 
'T. Rigg and W .  Wild, "Radtation E f f e c t s  in Solvent Ext rac t ion  Proc- 

esse:;," chap. 7-6 i n  Process Chemistry (ed.  by F .  €3. Bruce e-t al..), Per- 
gmon Press ,  New ?fork, 1958. 

K. Dukes, The Formation and E f f e c t s  of  Dibutyl  Phosphate i n  Sol- 
vent  Ext rac t ion ,  UP-250 (Novenber 1'357). 

por t ed  by R .  M. Wagner and R .  E'arrand, '%adia.tion StabiZi. ty of Organic 
Liquids,  ' I  Stanford  Research 1nsti t i . i te Seiiliarin. Rep. 6 on Subcontract 1081 
(Jan. 5 ,  1.960). 

-- 

'Work per€omed a t  Stanford Research I n s t i t u t e  under subcontract ;  re- 

5Chern.  Tech. Ann. Prog. Rep. A%. 31, 1953, See 18, ORNL-2'i3S. 

6G = molecules of  product forrned pf?r 100 ev of i r r a d i a t i o n .  

175 



probably i s  somewhat g r e a t e r  i n  the  water -sa tura ted  than  i n  the anhydrous 

system. 

t r u e  (Fig.  16 .1) .  

satura t2d .  TRP vs 2 .3  f o r  anhydrous TBP i s  i n  yual iLat ive agreement w i t h  

t h e  r e s u l t s  summarized by Sigg and Wild.2 

tnese  s t u d i e s  were i n  the range 2.2 S G(gas)  5 1 . 8  f o r  both systems. 

A t  h igher  concentratj-ons of TBP j.-n t h c  d.il.uent, t h e  reverse  i s  

The lower value of G(HDEP -I H2MBP) = 1 . 5  f o r  t h e  water- 

k'i.e?_ds of gases formed during 

Variables s tud ied  included (1.) temperature, t h e  soluti .ons being heated 

t o  70-80°C i n  two  experiments b i t  a t  25-35°C i n  a l l  o thers ,  

exposure from 1+5 t o  it18 w h r / l i t e r ,  
( 2 )  r a d i a t i o n  

( 3 )  t h e  concentrat ion of ni.Lric a c i d .  
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with  which t k s e  so lu t ions  were contacted p r i o r  t o  i r r a d i a t i o n  of t h e  o r -  
ganic phase, 0.3 t o  7 2 HNO3, and ( 4 )  TBP concent ra t ion  i n  t h e  i n i t i a l  

TBP-Amsco so lu t ion ,  from 0.376 t o  1.505 M TBP o r  13.15 t o  47.65 w t  $. 
a constant  dose of 

c reas ing  t h e  temperature from 25 t o  80°C had l i t t l e  e f f e c t  on t h e  produc- 

t i o n  of d i -  and monobutyl phosphoric ac ids  (Fig.  16.1).  

w a s  a considerable  inc rease  i n  d i s c o l o r a t i o n  of t h e  s o l u t i o n  a t  80°C over 

t h a t  observed a t  25*C, and t h e  n i t r i c  a c i d  i n  tine so lu t ions  was completely 

destroyed a L  t h e  h igher  temperatures.  

A t  - 
ev/g, corresponding t o  300 t o  400 whr / l i t e r ,  i n -  

However, t h e r e  

A series of so lu t ions  of -1 M TUP i n  Amsco w a s  contac ted  wi th  equal - 
volumes of 0.3 t o  7 N HNO3 and then  i r r a d i a t e d  t o  l e v e l s  of 45 t o  418 

w h r / l i t e r .  

destroyed.  

molecules K N 0 3  destroyed pe r  100 ev of  energy absorbed by t h e  so lu t ion .  

N i t r i c  a c i d  cont r ibu ted  only 1 t o  6$ t o  t h e  t o t a l  e l e c t r o n  dens i ty  of 

t hese  so lu t ions ,  i n  which case  values  of  G(-&TO3) i n  t h e  range 0.03 t o  

0.2 might have been expected. 

n i t r i c  a c i d  serves as an energy s ink  o r  t h a t  it i s  decomposed by a very 

e f f i c i e n t  chain mechanism. 

- 
I n  about h a l f  of t h e s e  experiments t h e  HNO3 was cornp1ete.Ly 

The value of G(-HNO3) i s  probably i n  t h e  range 2.5 t o  5.5 

The l a r g e r  experimental  values  suggest t h a t  

Other Ex-Lractants arid D i h e n t s  

Many ac id i c ,  bas i c ,  and n e u t r a l  e;rtractaii ts  have been inves t iga t ed5  

f o r  p o t e n t i a l  use i n  r e a c t o r  f u e l  processing opera t ions .  

- sec-butylphenylphosphonate (DSSPP) has a radio1yt;ic y i e l d  of nioncjbaaic 

ac id ,  G(mono acid), of about 0 . 5 ,  con t ra s t ed  with a value of "2.1 for 

TBP. Since DSBPP also has c e r t a i n  a t t r a c t i v e  features with respec% t o  

sepa ra t ion  of elements, i t s  r a d i a t i o n  s t a b i l i t y  was s tud ied  i n  more de- 

t a i l .  The aromatic d i luen t  Solvesso-100 was used i n  some tests because 

aromatic diluen-ts are necessary t o  achieve s u f f i c i e n t  organic phase so lu-  

b i l i t i e s  of uranium-organophosphorus complexes. 

Of t hese ,  d i -  

Compaxative s tudies  wi th  nominal l-Mev e l e c t r o n  and Co6' gamma r a d i -  

a t i o n  showed appreciably lower values of G(acid)  f o r  1 M DSBPP in h s c o  

125-82 o r  Solvesso-100 t h a i  f o r  1 14 TBP i n  A_rr?sco (Table 1 6 . 1 ) .  

ference vas l a r g e l y  el iminated when TBP was used i n  Solvesso d i l u e n t .  

I 

The d i f -  - 
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Table 16.1. Acids Produced i n  TBP and DSBPP Systems by I r r a d i a t i o n  

G (rnolecules/l.Oo e v )  
nose 

(whr / l i t  e r  ) Mono D i  Total I r r a d i a t e d  Mater ia l  

Acid Acid Acid 
-.... .. .___ 

I r r a d i a t i o n  by 1-Mev Electrons 

1 M TBP-hsco - 
1 M DSBPP-~SCO - 

-400" 0.87 0.11 

-400-E 0.27 

1 M TBPSolvesso-100 -400" 0.30 0.04 

1 M DSBPP-Solvesso-1-00 -400* 0.23 
400 0.1.9 
13 5 0.46 
45 0.58 

- 
- 

I r r a d i a t i o n  by Co60 Gamma 

1 M TBP-knsco - 259 
86 
29 
10 

1 M TRP-Solvesso-100 237 
79 
26 
9 

1 M DSRPP-Solvesso-100 205 
68 
2 3 
8 

- 

- 

0.72 
0.81 
0 .?6 
0 .?O 

0.33 
0.29 
0.30 
0.30 

0.24 
0.27 
0.29 
0.18 

-ETine dose was 1.08 X lo2*  ev/g, which corresponds to about 400 
whr/li-t;er. 

The aromatic d i luen t  a c t s  as a p r o t e c t i v e  agent f o r  TBP during a c i d  fo r -  

mation. 

systems i s  i n  some doubt. 

Stanford Research Inst i tu"ie ,  t h e  a c i d  y i e l d  increased  with decreasing 

dose.  

formation was found a t  ORNL t o  be approximately constant  a t  0.2 t o  0.3 

molecuLe/100 ev. 

but  t he  same e f f e c t  of dose shown j.n Table 16.1 ( i r r a d i a t i o n  by 1 - M e V  

The e f f e c t  of t o t a l  dose on a c i d  formed i n  DSBPP-Solvesso-100 

With t h e  nominal. I_-Mev e l ec t ron  source used a t  

I n  the  range -8 t o  -200 w h r / l i t e r  (Co6' g a m a )  the  y i e l d  of ac id  

The o r i g i n  of t hese  d i f f e rences  i s  not  known a t  present ,  
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e lec t rons ;  see r e f  7)  w a s  a l s o  observed wi th  sol-utions of 1 M DSBW i n  

SoLvesso-100 i r r a d i a t e d  after con tac t  w i t h  equal  volumes of 0.3 o r  1 M 
- 

- 
KNO, . 

16.2 SOLVIILITIES OF DI- AND MONOBUTYL PHOSPHATES 
I N  PROCESS SOLUTIONS 

F - a t h e r  infomiat ion on these  b u t y l  phosphates i s  being obtained by 

measurement of t h e i r  s o l u b i l i t i e s  i n  var ious  aqueous and TBP-hilsco 12-5-82 

so lu t ions .  

pure conipomds by r eac t ing  aqueous so lu t ions  of metal  n i t r a t e s  wi.th aque- 

ous so lu t ions  of t h e  sodium sal ts  of t h e  ac ids  and subsequently washing 

the p r e c i p i t a t e s .  Compounds s o  prepared include a zirconium d-ibuttyl phos- 

phate ,  

d i b u t y l  phosphate, and i r o n ( I I 1 )  monobutyl phosphate. 

being determined sepa ra t e ly  i n  aqueous solut i .ons of B N O 3  and UO2 (N03)~ 

and t h e  1.1-3 M - TBP so lu t ions  i n  Amsco 125-82 t h a t  a r e  i n  e y u i l i b r i i m  wi th  

t h e  aqueous so lu t ions .  

S o l u b i l i t i e s  (Fj-g. 16.2) of  t h e  compounds sLudied t o  da t e  va r i ed  from 

4 X lom6 I M zirconium d-ibutyl  phosphateg i n  water t o  about 0.7 M - uranyl  di- 

b u t y l  phosphate i n  t h e  L.13 - M TBP-Amsco so lu t ion  i n  equi l ibr iur i  with ay-u-e- 

GUS 3 - M ICNO3. Uranyl d i b u t y l  and monobutyl phosphates and zirconium d i -  

b u t y l  phosphate were a l l  more solubl-e i n  t h e  organic than  i n  t h e  aqueous 

phases .  

by being difficul. . t  t o  s t r i p  back iri-Lo an aqueous phase, while  t h e  z i rco-  

nium compound w i l l  show undesirable  e x t r a c t a b i l i t y  i n t o  the organic phase 

r a t h e r  t han  r epor t ing  t o  the e x t r a c t i o n - c o l m i  r s f f i n a t e .  

Severa l  d i b u t y l  o r  monobutyl phosphat2s were prepared a s  near ly  

uranyl dt-hutyl phosphate, u rany l  monobutyl phosphate, i r o n  (111 ) 
S o l u b i l i t i e s  are 

T h e  f i rs t  two w i l l .  t he re fo re  a f f e c t  t h e  so lvent  ex t r ac t ion  process 

S o l u b i l i t i e s  of t h e  i r o n  (111) d i b u t y l  phosphate i n  t h e  organic phases 

were b e l m  the l i m i t  of de tec t ion ,  1 X M, bu t  ranged from < 1 X - 

72. H. Towle and R. S. Parrand, "Zadiation S t a b i l i t y  of Organic Liq- 
uids, " Stanford Besearch I n s t i t u t e  Serniann. Rex). 7 on Subcontract 1081 
(June 15, 1'360). 

'%ark perfornizd at; G a .  I n s t .  of Tech. under subcontract ;  repor ted  
by F. S i c i l i o ,  T .  H .  Goodgame, and B. Wilkins, Jr., D i s t i l l a t i o n a l  Pur i -  
f i c a t i o n  of I r r a d i a t e d  T r i b u t y l  Phcsphate i n  Kerosene-Type Ci luent ,  f i n a l  
r e p o r t  on subcontract  1374 (Jan. 31, 1960). 

'W, Davis, Jr., and !I. ii. Carmichael, S o l u b i l i t y  of  Zirconium Dibutyl 
Pnusphate i n  Solvent Extrac t ion  Solut ions,  ORNL-285'1 (Jan. 6 ,  1960). 
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Fig. 16.2, Solubilities of Fission Product Complexes with TBP 
Degradation Products i n  Aqueous and Organic Phases. Basis: aqueous 
HNO, in equilibrium with 30% YBP in Amsco; phases studied separately. 

M i n  water  t o  -4 X 

amount of d ibu ty l  phosphoric a c i d  produced. by acid. dealkyl-ation of TBP i n  

an  ex t r ac t ion  column w i l . 1  be  s u f f i c i e n t  t o  i n i t i a t e  prec i -p i ta t ion  of t h i s  

i r o n  compownd if tne i ron  concentrat ion exceeds 50 t o  100 ppm. 

- M i n  3.2 _. M HNO3. These da t a  suggest thak t h e  - 

16.3 PURIFICAPION OF UEGRADED SOIX3IW BY DISTIL.MTION 

I n  prel iminary labora tory  t e s t s  botin low-pressure and. molecular d i s -  

t i .I l .at ion appeared s u i t a b l e  for pur i fy ing  solutions of TBP i n  Amsco 125-82 

t h a t  had been degraded by radiaLion 01" by use i n  t h e  Building 301.9 (Pixex)  
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p i l o t  p l a n t ,  

i n  Amsco so lu t ion  t o  Co60 gamma r a d i a t i o n  t o  a level of ~120 whr / l i t e r  

and simultaneously a g i t a t i n g  it wi th  an aqueous so lu t ion  containing 1.3 M - 
U ( V 1 )  and 1.84 M - HNO3, which represents  a composite of feed and scrub 

streams of a Purex process descr ibed by I r i s h  and Reas." 

s t r i p p e d  from t h e  organic phase with 0.01 - M i3N03 and then  e i t h e r  d i s t i l l e d  

or s t r i p p e d  f u r t h e r  with aqueous sodium carbonate so lu t ion  and then d i s -  

t i l l e d .  

ex t r ac t ed  and could be s t r i p p e d  of ruthenium, uranium, o r  zirconium. 

The r a d i a t i o n  degradat ion was produced by exposing 3@ TBP 

Uranium w a s  

D i s t i l l a t e  f r a c t i o n s  were t e s t e d  f o r  t h e  degree t o  which they 

hw-Pressure D i s t i l l a t i o n  of I r r a d i a t e d  30$ TBF i n  h s c o  125-LQ8 

Nearly a l l  of more than  50 f r a c t i o n s  of Amsco and TBP taken during 

column d i s t i l l a t i o n  a t  20 t o  50 mm Hg of radiation-degraded solvent  showed 

ex t r ac t ion ,  scrubbing, and s t r i p p i n g  p rope r t i e s  similar t o  those of simi- 

l a r l y  d i s t i l l e d  as-received m a t e r i a l s  with respec t  t o  ruthenium and ma- 
nium t r a c e r s .  However, i n  order  t o  d i s t i l l  degraded solvent  i n  a f r a c -  

t i o n a t i n g  column it was f i rs t  necessary t o  separa te  t h e  s o l u t i o n  i n t o  j t s  

two major components, Amsco and TBP, by a rap id  v o l a t i l i z a t i o n  process 

a t* .5  mm Hg. 

t h e  d i l u e n t  were converted t o  a b lack  residue;  with t h i s  s t e p  t h e  %BP frac- 

t i o n  s t a r t e d  t o  decompose only a f t e r  about 80$ of it had been d i s t i l l e d .  

Considerably smaller  l o s ses  woul.l_i be expected i n  l a rge r - sca l e  opera t ions .  

Without t h i s  prel iminary s t ep  most of t h e  TBP and some of 

Af t e r  t h e  degraded so lu t ion  had been separa ted  i n t o  i t s  two major 

f r ac t ions ,  each w a s  d i s t i l l e d  a t  20 t o  50 rnm Hg  i n  a column o f - 4 2  Yneo- 

r e t i c a l  p l a t e s  from which 7 t o  24 f r a c t i o n s  were withdrawn. Each f r ac -  

t i o n  w a s  used t o  make a so lu t ion  of 30% TBP, by adding as-received TBP t o  

f r a c t i o n s  from tbie Amsco d i s t i l l a t i o n  o r  by adding as-received Amsco t o  

TBP f r a c t i o n s .  These so lu t ions  were used i n  e i t h e r  ex t rac t ion-scrub  o r  

e x t r a c t i o n - s t r i p  s t u d i e s  t o  determine how e f f e c t i v e l y  ex t r ac t ed  rutheni-wn 

or uranium could be removed by scrubbing, with 4 M - HN03, o r  by s t r ipp ing ,  

wi th  0.01 M - HNO3. 
t r a c e r  q u a n t i t i e s  of Ru-Rh.lo6 and U 2 3 3 .  

''E. R. I r i s h  and W .  H. Reaa, 
Method f o r  I r r a d i a t e d  Uranium,!' Book 1, Session 1 i n  Symposium on t h e  Re- 
processing of I r r a d i a t e d  Fuels ,  Brussels ,  Belgium, May 20-25, 1957, TID- 
7534. 

Aqueous so lu t ions  used i n  t h e  e x t r a c t i o n  s t ep  contained 

The aqueous so lu t ions  used i n  

"The Purex Process-A Solvent Extraction 
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ext rac t ion-scrub  s t u d i e s  a l s o  contained 4.86 M HNO3, w h i l e  those  used i n  

e x t r a c t i o n - s t r i p  s t u d i e s  contained 4.47 - M HNO3. 
__. 

Mo 1.ecular D i s t i l l a t i o n  

Mol.ecular d i s t i l l a t i o n  of 3% TBP-Amsco so lu t ions  degraded by Co60 

gamma rad.i.atrioa o r  by use i n  t h e  Bull.di.ng 3019 p i l o t  plant produced d i l -  

uent  and TBP f r a c t i o n s  t ha t  were equal  o r  super ior  t o  as-received ma-  

t e r i a l s  with respec t  t o  ex t r ac t ion - s t r ipp ing  t e s t s  wi th  zirconium t r a c e r ,  

I n  each case the  d i luen t  f r a c t i o n  w a s  removed wi th  a pot  temperature 

5 35 'C,  while  TBP f r a c t i o n s  were taken wi th  t h e  pot  temperature i 7OoC, 

corresponding t o  a pressure  of S 0.2 mm Bg. 

sample about 99% recovery of d i l u e n t  and TBP as c l e a r  l i q u i d s  w a s  achieved; 

t h e  r e s i d u a l l $ ,  of orange-red color ,  w a s  found by i n f r a r e d  ana lys i s  t o  
conta in  l a r g e  q u a n t i t i e s  of n i - t ro  compounds. Tests  wi tn  d i s t i l l a t e s  from 

badly degraded p i l o t - p l a n t  so lvent  with respect '  t o  zirconium-niobium ex- 

t r a c t i o n  and s t r i p p i n g  may be summarized as fol lows:  

very s i m i l a r  t o  as-received h s c o  125-82; 

as m a t e r i a l  t h a t  w a s  equal  or super ior  t o  as-received TBP. 

From t h e  radiation-degraded 

(1) t h e  d i luen t  w a s  

( 2 )  SO$ of t h e  'L'BP was recovered 
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17. RADIATION EFFECTS ON CATALYSTS 

Work vas i n i t i a t e d  on a s tudy of t h e  e f f e c t s  of p r e i r r a d i a t i o n  and 

I n i t i a l  work w a s  on IQSOL+- of  incorporated radioisotopes on c a t a l y s t s .  

Na2SO4 and promoted Crz03-A1203 c a t a l y s t s .  A nea r ly  twofold increase  i n  

t h e  r a t e  of dehydration of cyclohexanol t o  cyclohexene a t  400°C i n  t h e  

presence of the MgS04-Na2S04 c a t a l y s t  w a s  observed when 25.9 mc of S 3 5  per  

gram w a s  incorporated i n  t h e  c a t a l y s t  p repara t ion .  No increase  i n  t h e  

r a t e  of dehydration w a s  observed when t h e  c a t a l y s t  w a s  p r e i r r a d i a t e d  i n  

a i r  with C O ~ ~  r a d i a t i o n  a t  a dose r a t e  of 5.9 X lo8 ergs  g-' hr-' to an 

i n t e g r a t e d  dose of lo1' ergs/g.  The r a t e  of dehydrogenation of methyl- 

cyclohexam t o  toluene a t  460°C increased  30$ when t h e  promoted C r z O 3 -  

A1203 c a t a l y s t  w a s  p r e i r r a d i a t e d  i n  a i r  at a r a t e  of 5.5 X LO8 e rgs  g-l 

hr-' t o  an i n t e g r a t e d  dose of 1.8 X lo1' ergs/g.  Dehydrogenation experi-  

ments c a r r i e d  out wi th  c a t a l y s t  containing up t o  168 mc of Fm147 per gram 

were inconclusive wi th  regard t o  t h e  e f f e c t  of incorporated rad io iso topes .  

17.1. DEHYDENTION OF CYCLO€BXANOL ON &&SOL+-N~~SC)L+ CATALYSTS 

'The a l coho l  cyclohexanol may be dehydrated t o  cyclohexene at 300-425°C 

over an MgS01,-Na;!S04 c a t a l y s t .  

amounts of  r ad ioac t ive  S35, as N a ~ S ~ ~ 0 4 ,  are incorporated i n t o  t h e  ca t a -  

l y s t ,  large changes i n  c a t a l y t i c  ac tFv i ty  occur. 

increased  t h e  percentage conversion of t h e  a lcohol  90$, while t h e  presence 

of 105.2 mc/g increased it l8Og. 
t raoydinary  e f f e c t  and t o  extend i t s  inves t iga t ion  i f  v e r i f i e d .  

It hac been r e p o r t e d l P 2  t h a t  when s m a l l  

For example, 9.2 mc/g 

Work w a s  i n i t i a t e d  t o  v e r i f y  t h i s  ex- 

The r e s u l t s  of i n i t i a l  experiments indi-cate t h a t  om f r e s h  c a t a l y s t  

sur faces  t h e r e  i s  no d i f f e rence  i n  t h e  a c t i v i t y  of t h e  rad ioac t ive  and 

nonradioact ive c a t a l y s t s ,  bu t  t h a t  when aged by use a t  400-410"C f o r  3 4  
h r ,  t h e  rad ioac t ive  c a t a l y s t  i s  inore a c t i v e  by a f a c t o r  of 2 a t  390°C. 

Arrhenius p l o t s  made by t r e a t i n g  the  percentage conversion as a r a t e  con- 

s t a t  ( t h i s  i s  j u s t i f i a b l e  s ince  the conversions were a11 < 2 q )  showed 

'A. A. Balandine e t  a l . ,  Doklady Nauk SSSH 121, 495 (1958). - -- 
2A. A. Balandine e t  al . ,  Paper No. 68, Second I n t e r n a t i o n a l  Confer- -- 

erice on Cata lys i s ,  P a r i s ,  J u l y  1960. 
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apparent a c t i v a t i o n  energ ies  of -25.7 ? 1.5 and -32.8 k 1 .9  kcal/mole f o r  

t h e  aged rad ioac t ive  and aged nonradioact ive ca t a lysbs ,  r e spec t ive ly .  

Co6' i r r a d i a t i o n  of t h e  norlradioactive c a t a l y s t  a t  5.9 X lo8 ergs  

g-' hr-' t o  a t o t a l  dose of LO1' ergs/g had no apparent e f f e c t  on t h e  con- 

vers ion .  

The MgSO4-Na2SO4 c a t a l j s t s  were prepared by mixing so lu t ions  of  the  

chemica1.I-y pure salts ,  evaporating slowly t o  dryness, and hea t ing  t h e  re -  

sult.ing cake overnight a t  4 - l O " C .  The cake w a s  ground and s ieved,  and t h e  

30-40 mesh f r a c t i o n  was used i n .  most of t h e  experiments. The r ad ioac t ive  

c a t a l y s t  was prepared similarly, b u t  a small amount of Na2S3504 sol.iition 

w a s  added pri.or t o  t h e  evaporat ion.  P rope r t i e s  of t h e  c a t a l y s t  a r e  given 

i n  Table 17.1. 

Table 17.1. P rope r t i e s  of MgS04-Na2S04 Catalysts 

Spec i f 7. c Surf ace Amount (P 1 
Cata lys t  Ac tivi-Ly Area 

( d g )  (m2/g) Mg N a  Sol+ 

Nonradioactive 0 3.1 18.64 1.55 76.9 

Radi-oactive 25.9 3.3 18.48 1.51 75 .? 

The a c t i v i t y  of t h e  c a t a l y s t s  w a s  determined i n  a flow r e a c t o r  using 

0.1.500 g of c a t a l y s t  and a cyclohexanol feed  r a t e  of 0.31 m l / m i n .  

'The r eac t ion  tube w a s  mounted i n  an i n c l i n e d  furnace tube,  wi th  a 

heated s e c t i o n  of  g l a s s  beads serv ing  as a, vapor izer .  The products  were 

condensed and coll.ected i n  a graduated r ece ive r .  The percentage conversion 

of t h e  a lcohol  t o  cyclohexene was determined by r e f r a c t i v e  index measure- 

ments and by determination of t h e  bromine number (ASTM metiiod D1158-57'r) * 

17.2 DEHYDROGENATION OF MBTHYICYC Lo- ON I'ROMOTEB 
CIBOMT.A-ALIJMINA CATALYSTS 

Methylcyclohexane may be dehydrogenated t o  to luene  (methylbenzene) 

a t  34G55OoC on a promoted Cr203-&41203 c a t a l y s t .  

on ti?c e f f e c t  on bhis and s i m i l a r  dehydrogenation reac t ions  of c a t a l y s t  

Work has been repor ted  
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prepara t ion  and composition va r i a t ions3 '  and on t h e  e f f e c t  of promotors. 5 

No work on t h e  e f f e c t  of i r r a d i a t i o n  of t h e  c a t a l y s t  has been repor ted .  

Inves t iga t ion  of t h e  e f f e c t  on t h i s  r eac t ion  of Co6' gamma i r r a d i a t i o n  

of t h e  c a t a l y s t  was i n i t i a t e d .  Prel iminary inves t iga t ion  w a s  made of t h e  

e f f e c t  of adding Fm147 t o  t a e  c a t a l y s t  p repara t ion .  

Batches of c a t a l y s t  were i r r a d i a t e d  i n  a i r  i n  a Co6' gamma-ray source 

a t  a dose r a t e  of 5.5 X lo8 ergs  g-' hr-I t o  t o t a l  doses of 1.25 X 10'' 

and 1.81 X 10'l ergs/g. 

a t e d  c a t a l y s t  a c t i v i t y  w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of  t he  

c o n t r o l  over t h e  temperature range 44C-485"C. 

W i c  a c t i v i t y  enhancement mounted t o  346 a t  485°C.  

vat ion  energy i s  4 3 . 7  2 8.7 kcal/rnole f o r  both i r r a d i a t e d  c a t a l y s t  and 

con t ro l ,  t o  wi th in  experimental  accuracy. 

A t  t h e  Lower dose, an Arrhenius p l o t  of i r radi-  

A t  t he  higher  dose, ca ta-  

The apparent a c t i -  

Tle  r e s u l t s  of rnethylcyclohexane dehydrogenation experiments with 

c a t a l y s t  containing up t o  168 me of Rn147 per  gram were Inconclusive.  Fur- 

t h e r  work along these  l i n e s  i s  planned. 

Cata lys t s  containing %9$ chromium and about l$ each of cerium and 

potassium promotors were prepared by impregnating washed and i g n i t e d  A1203 

success ive ly  with aqueous so lu t ions  containi-ng C r O 3  and Ce ( N O 3 ) 3  plus K N O 3 .  

The impregnated alumina was a i r - d r i e d  a f t e r  both impregnations. Heating 

t h e  a i r - d r i e d  c a t a l y s t  i n  air a t  500°C f o r  4.5 h r  d e n i t r a t e d  and d r i ed  it 
t o  about a 13$ weight l o s s ,  measured a f t e r  air  e q u i l i b r a t i o n .  
i n  hydrogen a t  500°C f o r  4 h r  r e s u l t e d  i n  another  about 1% weight loss, 

measured as before .  Typical  c a t a l y s t  p rope r t i e s  a r e  : 

Reduction 

P a r t i c l e  diameter 0.84-1.19 DIIQ 

Surface a rea  69 m2/g 

Chromium %.7?$ 
Cerium 0.98% 
Potassium 1.09% 

'17. C .  Archibald and B .  S. Greensfelder,  Ind. and Eng. Chem. 37, 356 

4A. H. Rubinstein e t  a l . ,  Paper No. 100, Second I n t e r n a t i o n a l  Confer- 

T 

(1945 ) . 
ence on Cata lys i s ,  Pa r i s ,  Ju ly  1960. 

%. S. Greensfelder,  R .  C .  Archibald, and D.  L. Ful.Ler, Chm. Eng. 
Prog. 43, 561 (1947). 
_I_- - 
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A s  wi th  t h e  MgSO4-Na2S04 c a t a l y s t ,  c a t a l y t i c  a c t i v i t y -  was determined 

i n  a f l o w  reactor..  

d e n s i t i e s  were about 0.89 g / c c .  

r eac t ion  tube wa.s a 1-em-ID quarbz tdbe noun-Led ver t ica l . ly  i n  a tube fur- 

nace and fiI.l.ed wi th  g l a s s  beads both before  and a f t e r  t h e  c a t a l y s t  bed. 

The ex ten t  of r eac t ion  w a s  det,ermined continuously by hydrogen-volume m e a s -  

urement, using a wet test meter.  'The nonvoI.atile r eac t an t  c o q o s i - t i o n  w a s  

followed by period7.c sampling and gas chromatographic a n a l y s i s .  Decoinpo- 

s iLion of organic compounds and. renultan'c c a t a l y s t  caking and sur face  area 

diminutj-on made i t  des i r ab le  t o  use in i t ia l . .  r e a c t i o n  rates as a measure 

o f  c a t a l y s t  a c t i v i t y ,  and t o  use a given c a t a l y s t  smpl-e only once. 

Ca ta lys t  weights va r i ed  from 1.16 t o  1.40 g. Bulk 

The feed  r a t e  w a s  1.55 mmoles/min. The 

186 



18. ION EXCHANGE TECHNOLOGY 

The Ion Exchange Technology Program has included work on p rope r t i e s  

o f  r e s i n s  and k i n e t i c s  of ion  exchange r eac t ions ,  and app l i ca t ions  t o  

s p e c i f i c  p rob lem,  for exanple, waste ckisposal (See 

recovery by both s o l i d  and l i q u i d  ion exchange processes  (See 14 ) .  
6 )  and f i s s i o n  product 

1e.l RADIATION DAMAGE TO I O N  EXCHANGE RESIN 

For irradiated Dowex 50 r e s i n ,  bo th  Higgins and IJedemeyerl have re-  

por ted  a 10-20$ capac i ty  loss per whr of energy absorbed per  dry gram of 

r e s i n .  However, r e s i n  which had been exposed t o  a ca l cu la t ed  dose of 12.5 
whr per  dry gram was found t o  have r e t a i n e d  most of i t s  s a l t - s p l i t t i n g  ca- 

pac i ty .  

d i c t ed  a complete loss  i n  r e s i n  capac i ty .  The i r r a d i a t e d  Dowex SOW X-12 

(lOc)-200 mesh) r e s i n  was analyzed f o r  moisture,  capaci ty ,  and s u l f u r  con- 

tent, and t h e  r e s u l t s  compared with r e s u l t s  of similar analyses  obtained 

f o r  u n i r r a d i a t e d  r e s i n .  Moisture content  values ,  as deternined by conven- 

t i o n a l  oven-drying, were not  c l o s e l y  reproducible;  however, t he  increase  

noted i n  the  i r r a d i a t e d  r e s i n  from about 40 t o  about 70% moisture corre-  

sponds roughly t o  a decrease i n  c ros s l ink ing  from 1 2  t o  about 4$. 

This i s  s i g n i f i c a n t  i n  t h a t  t h e  publ ished data would have pre- 

Capacity determinations,  made by adding excess N a C l  and t i t r a t i n g  

with 1 M NaOH t o  pH 7, i nd ica t ed  t h a t  the r e s i n  had, i n  addi t ion  t o  re- 
t a i n i n g  - i t s  s a t - s p l i t t i n g  capac i ty ,  acquired some weak a c i d  capac i ty .  Typ- 

i c a l  of prel iminary results obtained were 4.8r+ meq per  gram or" dry r e s i n  

t o t a l  capac i ty  for t he  new r e s i n  and 4.68 meq per  gram of s a l t - s p l i t t i n g  

capac i ty  and 5.02 rneq per gram of t o t a l  capac i ty  f o r  the i r r a d i a t e d  r e s i n .  

New r e s i n  snsip1.e~ could be t i t r a t e d  t o  very sharp end poin ts ,  bu t  a steady- 

s t a t e  end poin t  w a s  d i f f i c u l t  t o  reach with  i r r a d i a t e d  r e s i n .  

I 

'!%e i r r a t J i a t ed  r e s i n  analyzed had been used by t h e  Isotopes Division 

for obta in ing  pure 

was ca l cu la t ed  on the basis of a t o t a l  energy dose of 2780 w h r  t o  a r e s i n  

The dose of - 12.5 whr per  grtun of dry- r e s i n  

'(4. W .  Parker, I. X. Higgins, and J. T. Roberts, i n  Ion Exchange 
Technology (ed. by F. C. Nachod and J. Schubert) ,  p 144, Academic Press, 
New York, 1956. 
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bed volume of 530 ml. Because of a l i m i t e d  knowledge of t h e  previous h i s -  

to ry  G f  t h e  r e s i n ,  t h e  r e s i n  bed volume and t h e  corresponding rad iac ion  

dosage f i g u r e s  should be  considered es t imates  only.  

Determination of s u l f u r  i n  r e s i n  samples by the Paar method w a s  t o  

be  used as a check on t h e  s a l i - s p l i t t j n g  capac i ty  as determined by t i t r a -  

t ion ,  iiiat i s ,  t he  concentrat ion of a c t i v e  su l fonic  a r i d  groups on t h e  

r e s i n .  Resul t s  have not  been reproducible  due t o  incomplete combustion of 

the r e s b  samples. 

1.8.2 KINETICS OF URANYL SULFATE ANION E X C W G E  

i n  an e f f o r t  t o  ob ta in  a b e t t e r  unders-tanding of i on  exchange process 

and column behavior,  uranyl  s u l f a t e  anion exchange wi th  Dowex 21K, a s t rong  

base r e s i n ,  i s  bei.ng s tud ied  i n  d e t a i l .  Rate s tud ie s  made by a single-bead 

Lechnique have shown t h e  r a t e s  of exchange can be descr ibed reasonably we l l  

by apparent uranium d i f fus ion  c o e f f i c i e n t s  measured f o r  t h e  p a r t i c u l a r  i on  

exchange s t e p  s tud ied  (F igs .  18.1 and 1 8 . 2 ) .  The stud-ies w e r e  made with a 

single-bead technique which Tnvolved contac t ing  ind iv idua l  beads with a 

r ap id ly  s t i r r e d  b a t h  of e l e c t r o l y t e  so lu t ion  and determining t h e  uranium 

gained Or l o s t  by counting t h e  beads i n  a gamma spectrometer f o r  t h e  0.2- 

Mev gaima emission from 1J235 .  

t h e  curves predi-cted by Fick d i f fus ion  i.nto a sphere; however, t h e  d i f fu-  

s ion  c o e f f i c i e n t  observed i s  determined by a l l  t h e  ions  invol-ved i n  t h e  

process,  not  j u s t  a uraniu-m ion.  The poorest  f i t  of t he  da ta  occurred with 

samples having a shor t  contac t  time with t h e  so lu t ion .  Although counter- 

d i f fus ion  of two o r  more ions should not be  expected t o  fol low exac t ly  the  

curves p red ic t ed  by a coristant apparent-diffusion c o e f f i c i e n t ,  the devia- 

- t ion a t  low loadings i s  be l i eved  t o  a r i s e  l a r g e l y  because of changes i n  t h e  

r e s i n  diameter with loading and t h e  f a c t  t h a t  t h e  f r a c t i o n  of equi l ibr ium 

loading i s  based on dri.ameters measured a t  var ious loadings .  Attempts are 

being made t o  detei*mine Lhe v a r i a t i o n  of r e s i n  diameter with uranium load- 

ing  and confirm i f  t h i s  effec-L w i l l  adequately predic-t  t he  deviat ions i n  

the  loading curve.  

The r e s u l t s  a r e  descrlibed reasonably well by 

For the  same r e s i n  si .ze,  t h e  apparent uranium d i f fus ion  c o e f f i c i e n t  

f o r  uranyl  i on  loading on n i t r a t e - e q u i l i b r a t e d  Dower, 2 1 K  w a s  g r e a t e r  than  
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Fig. 18.1. The Rate  of Uranium Sorption on Sulfate-Equilibrated 1200-p Dowex 21K from a 
0.004 M Uranyl Sulfate Solution 0.024 M. in  Total Sulfate. 

f o r  su l f a t e -equ i l ib ra t ed  (Table 18.1). 

counter -d i f fus ion  of d i f f e r e n t  i ons .  These values  were r e l a t i v e l y  inde- 

pendent of t he  loading solutions concentrat ion,  bu t  g r e a t l y  dependent on 

r e s i n  s i z e .  The s u l f a t e  s e l f - d i f f u s i o n  c o e f f i c i e n t  v a r i e d  s i m i l a r l y  with 

r e s i n  s i z e ,  i nd ica t ing  t h a t  t h e  d i f fus ive  p rope r t i e s  of the  r e s i n  vary 

wi th  the  p a r t i c l e  s i z e .  The single-bead technique w a s  used i n  t h i s  study, 

with S35 as the  t r a c e r  and counted with e i t h e r  a l i q u i d  s c i n t i l l a n t  o r  a 

thin-wal led G-M counter .  Beads were e q u i l i b r a t e d  wi th  a "spiked" 1 M 

Na2S04 so lu t ion ,  and t h e  r a t e  of e l u t i o n  of a c t i v i t y  from the  r e s i n  by an 

i d e n t i c a l  "cold" so lu t ion  w a s  determined. 

The t a b l e  shows the  e f f e c t s  of 

I 
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Fig. 18.2. The Rate o f  Uranium Sorption on Nitrate-Equilibrated 1200-11 Dowex 21K from a 
0.005 M Uranyl Sulfate Solution 0.025 M in Total Sulfate. 

Table 18.1. Comparison of Diffusion Coeff ic ien ts  

Diffusion Coeff ic ien t  ( ern2 /sec ) 
-. . ..._...... .-.. Resin 

Size,  
i-1 

Apparent Diffusion 
Su l f a t e  

On S u E a t e -  On Ni t ra te -  Self - D i  f f u s i  on 
Equi l ibra ted  Resin Equi l ibra ted  Resin 

1200 

960 

820 

1.5 x 10-7 

0.9 x 10-7 

0.9 x 10-7 

(1.27 * 0.25) x 

(0.60 t 0.18) x 

(0.75 i: 0.17) x low6 
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The single-bead tecimiqu-e coii.ld not  be used t o  s-tudy iiranyl s u l f a t e  

s e l f - d i f f u s i o n  o r  e l u t i o n  by n i t r a t e  and c ldo r ide  so lu t ions  because var ia -  

t i o n s  i n  the  capac i ty  OP t he  ind iv idua l  beads caused considerable  u.ncer- 

t a b t i e s  i n  the  r e s u l t s .  To overcome these  d i f f i c u l t i e s ,  a resin-solu-Lion 

contac tor  .was designed t o  contac t  a r e s i n  sample of s eve ra l  beads (Fig.  
18.3). 
i d l y  removable r e s i n  holder l oca t ed  at the  pimp o u t l e t .  

This device is e s s e n t i a l l y  a sil’omerged c e n t r i f u g a l  pump w i t h  a rap- 

Tlne so lu t ion  flaw 
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Fig. 18.3. Submerged Pump Contactor. 

rate past t h e  r e s i n  sample i s  measured by an o r i f i c e  j u s t  downstream from 

t h e  samples. 

s e l f -d i f fus ion  r a t e s  has gi.ven consid.erable improvement i n  t h e  data s c a t t e r  

(Figs. 18.4 and 18.5) .  The uranyl  s u l f a t e  s e l f - d i f f u s i o n  c o e f f i c i e n t  i s  

approximately 4.42 x 

11 cm/sec, i n d i c a t i n g  that  under those condi t ions film resfstance i s  negli- 

gi.bl.e. The apparent uranium d i f fus ion  c o e f f i c i e n t s  observed during n i t r a t e  

and chlor ide  e l u t i o n  f r o m  1200-y Dower, 2 1 K  a r e  1.8 x and 2.38 x 
cm2/sec, r e spec t ive ly .  

The use of t h i s  device t o  measure uranyl  s u l f a t e  e l u t i o n  and 

cm2/sec a t  all sol i l t ion flow r a t e s  g rea t e r  than  

* 
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Fig. 18.4. Uranium Self-Diffusion from 1200-p Dowex 21K with a Solution F low Rape of 
15.6 cm/sec, 

Prom these  r a t e  data ,  attempts a r e  being made t o  get a more complete 

understanding of t h e  uranyl  sul.fate anion exchange processes e 

code has been w r i t t e n  and i s  being "deb1.lgged" which will attempt t o  p r e d i c t  

t he  observed apparent u-ranium d i f rus ion  c o e f f i c i e n t s  from se l f -d i f fus ion  

measurements. 

A machine 
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1 9. CKEWCAL ENGINEEKING F3SEAFXH 

Che:r,i.cal engineer ing r e  search has been concerned pr imar i ly  with a 

solvent  e x t r a c t i o n  contac tor  made u? of hydroclones stacked each above t h e  

o the r ,  which has a high e f f i c i e n c y  and low organic holdup per  s tage  and 

thus  decreased racl.i.ation darnage t o  solvent  i n  l i q u i d - l i q u i d  ex t rac  Lions; 

t h e  cha rac t e r i s - t i c  s of a resonant steam pu l se r ,  which cou1.d be used -Lo 

pul-se an e x t r a c t i o n  colwnr;; and. t he  mechanism of t r a n s f e r  of uranyl  i on  

across  a water-TRP i n t e r f a c e  j.n l i q u i d - l i q u i d  ex t r ac t ion .  

19.1 STACKED-KYDROCLONS COUT'ACTOR 

A f ive-s tage  3/4-in.  -d i a  stacked-hydroclone contac tor  (F ig .  19.1) with  

t h e  kerosene (Supersol o r  Amsco)-0.08 .- M HNO, 'oenzoic ac id  system showed 

countercurrent  c a p a c i t i e s  f o r  both phases of 1.0-2.2 l i l e r s /min .  Sol-vent 

r e t e n t i o n  time pe r  mechanical s tage w a s  2.5-19 'see wi th  Supersol and 5-10 

see with  Amsco, over t h e  region of normal opera t ion .  Comparab1.e t imes in 

a pulsed colurrm contac tor ,  f o r  example, are 3 M O  see.  Stage e f f i c i e n c i e s  

wi th  Supersol were 20-75; incomplete d a t a  wi th  Amsco showed colflparable e f -  

f j -c ienc ies  over a range of aqueous t o  organic flow r a t e s  from 9.23 t o  4.75, 

Mechanically and hydrau l i ca l ly  the  stacked c lones  a r e  capable of opera t ion  

w i t h  f l o w  r a t i o s  (A/O)  as high as 300. 

I n  t h i s  contactor  t he  s tage  recycle  pumps handle mostly aqueous and 

cause a forced vortex i n  t h e  assoc ia ted  s tage (Fig., 1 9 . 2 ) .  The l i g h t  phase 

concentrates  j.n a c e n t r a l  dispersed core .  The s tage  recyc le  flow, of it- 

s e l f ,  produces no i n t e r s t a g e  flow. The countercurren-t  i n t e r s t a g e  f l o w ,  

which represents  throughput, i s  d r i v e c  by t h e  induced underflow e f f e c t ;  

t h a t  i s ,  t h e r e  i s  a r e l a t i v e  low-pressure a rea ,  which induces solvent; i n  

t he  cen te r ,  and a r e l a t i v e  high-pressure a rea ,  which expels  aqueous a t  t h e  

wall. of t he  underflow p o r t .  

When no provis ion  was made at the  bottom o u t l e t  of t h e  apparatus f o r  

coalescence ( a  simple pipe connection approximately ecpal. to t h e  hydroclone 

underflow diane-ker w a s  used)  t h e  Pmsco system showed &L??> entrairmeiit  of' 

sol.vent with t h e  aqueous phase, ciepending on the  rlow r a t e s ;  t he  Supersol 

system showed neg l ig ib l e  entrainment over t h e  regi.on studied. However, 
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Speed Contactor. 

t h e  provis ion  of one clone po l i sh ing  s tage  below t h e  organic feed  po in t  

decreased Amsco entrainment by an order  of magnitude. 

s tages  below t h e  organic f eedpo in t , en t r a inmen t  w a s  neg l ig ib l e  over t h e  

operable range of t h e  device.  

With f o u r  po l i sh ing  

19.2 IMPEDANCE MATCHING OF A PISTON PULSER TO A PULSED COLUMN 
BY A RFSONANT TRANSFER LINE AND A I R  CAVITY 

A s tudy of t h e  c h a r a c t e r i s t i c s  of t h e  t r a n s f e r  l i n e  and vapor c a v i t y  

of t h e  resonant  steam p u l s e r  w a s  made wi th  a p i s t o n  pump t o  provide a pulse  

of known wave form. Unexpected advantages i n  pulse  volume and pressure  
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smoothing accrue when t h e  t r a n s f e r  l i n e  and air  cav i ty  a re  1;uned and used 

as an impedance matching network t o  couple a low-resis tance I-ligh-volume 

load (column) to a high-pressure lo%r-volurne d.river ( p u n ~ ~ ) .  

s ign i f icance  of t h e  tuned network f o r  a mechanical pu l se r  i s  t h a t  -tile s i z e  

of t‘ne pulser requi red  would be decreased about 30$ <and diaphragm l i f e  

shou.ld be extended by the cushioning ei‘fect of t he  a i r  cavi.ty. P l o t s  of 
t h e  r a t i o  of pulse volume t o  p i s t o n  displacement vs pu-lse frequency show 

30 t o  706 enhancement of pulse volume and a decrease i n  resonan-t freqgency 

wi th  increased air  volume (capaci:tstnce) f o r  a hydraul ic  r e s i s t ance  typical.  

of a s ieve  p l a t e  c a r t r i d g e .  A i  1ov r e s i s t a n c e  a su’o’nari;mnic mode of os- 

c i l l a t i o n  e x i s t s  where the  pu l se r  rnakes t w o  s t rokes  f o r  each pulse  i n  t h e  

column. 

The p r a c t i c a l  

The mathematical desc r ip t ion  o f  the system w a s  a.pproxima.t,ed by w r i t i n g  

t h e  d i f f e r e n t i a l  equat ions f o r  the system and rounding off f r a c t i o n a l  

powers of f l u i d  ve loc i ty .  This system of equat ions when solved wi th  an 

analog computer pred ic ted  the  enhanced- pulse  voliu!ie md the su’oina:rmonic? 

mode t h a t  were observed experirnental.1.y. 

19,3 TRUSFER OF UIUNYL ION ACROSS A WKPER-TBP INTERFACE 

The s teady-s ta te  t r a n s f e r  o f  uranyl  n i t r a t e  acrL‘c)ss a. quiescent i n t e r -  

face  between water and. tri-n-butyl phosphate i.n kerosene WRS studied i n  

an atterflpl; t o  e luc ida te  the mechanism of t r m s f e r  i r i  solvent ex t r ac t ion  

opera t ions ,  

phys ica l  processes  of eddy and molecular dii‘fusitsn. Deviation from equi.- 

l i b r i m  values of the  concentrat ions at the  in.t;erface was smaller -than the 

s e n s i t i v i t y  of t h e  experiment. This means t h a t  t he  eqiiivalenl; r e s i s t ance  

of t h e  i n t e r f a c e  i s  less  than that o f  20 1-1 of organic solvent ,  t he  e s t i -  

niated l i m i t  of d e t e c t a b i l i t y .  

crn2 see-‘, the heterogeneous rate con-stant i s  greiz-ter than  5 x LOaL cm 

seeR1. 

t h e  homogeneou-s rake constant  i s  g r e a t e r  thm 1.000 see-’; t i m t  i s ,  tile r e -  

zc t ion  7.70uld have a half‘ time much less than  1 i i i s ~ c .  

- 

It was concluded .that uranium t r a n s f e r  i s  coi i t rol led by the 

Assiming a moI.ecular d . i f fus iv i ty  o f  lom6 

If we assume t h a t  t h e  r eac t ion  occurs wi th in  50 A of t h e  in t e r f ace ,  

The experiment was repeated with a surface a c t i v e  agent (1.0 ppiii of 

Tide)  i n  the  solutions. N o  increase  i n  in t e r f ac i . a l  resis-t;anrlc:: t o  mass 
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t ransfer  was observed. This supports  t h e  observat ion of o the r  experi- 

menters that t h e  reciuction i n  m a a s  t rms fe r  t o  f a l l i n g  drops wPieri a surface 

a c t i v e  agent, i s  added i s  due t o  change i.n ' the hydroc:i;ynamic p r o p e r t i e s  of 
t h e  system r a t h e r  t han  t o  formation of an impermeable membrane st the in -  
*'QT"fa<-.p L.... < , - ,  The e f f e c t  of a su.rface a c t i v e  agent may be t o  reduce t h e  i n -  

t e r f a c e  tur'oulence caused. by concent ra t ion  and temperature g rad ien t s  along 

t h e  i n t e r f a c e  i t s e l f ;  it i s  known t h a t  s ixface  ac.tLve agents  increase  t h e  

two-dimensi.onal v i s c o s i t y  of t h e  i n t e r f a c e ,  t h u s  powerfully h inder ing  the 

beneficial .  d i s t o r t i o n s  of t h e  in-terphase 'ooundary . 
The s t eady- s t a t e  p r o f i l e  and consequent molecular flux were es t ab l i shed  

i n  a 2-mm sqiarr c ross  sec t ion  ver t ica l .  colum o f  l i q u i d  contained in a 

s p e c i a l l y  designed cel.1.. The bottom of t h e  column was mintai .ned at sat- 

u m a t i o n  by the presence of a slowly d i s so lv ing  c r y s t a l  of u ranyl  n i t r a t e .  

The aqueous-organic i n t e r f a c e  was about halfway up t h e  L2-rmm-lony column, 

in a plane normal t o  t,he column. The organic phase was a 3% so lu t ion  of 

TRP in Ainsco. 

s e n t i a l l y  zero by pumping f r e s h  organic across  the top of t h e  column. 

tographic  photornetry of concent ra t ion  p r o f i l e s  i n  both  phases permi-1; t ed  

psi-nt  analyses  up t o  wi th in  100 p of t h e  i n t e r f a c e .  

s-tead.y-sta-te p r o f i l e  t o  the j-nterface showed t h e  - h o  phases t o  have the 

:same 1concentration ~ a t i . 0  ELS that obt led by ba tch  equi l - ibra t ion .  

The uranyl  concent ra t ion  a t  the  t o p  was maintained a t  e s -  

Pho- 

Extrapol.xt.t;ion of t h e  

Tl1errn:zl. d i f f u s i o n  of e l e c t r o l y t e s  i s  being s tudied  t o  advance the 

bas i c  understardin.g of t h i s  relatively- new chemical engineer ing u n i t  op- 
eyzkion"' An improved c e l l  f o r  measuring Sore t  c o e f f i c i e n t s  wi th  an ac-  

curacy of I.$ cons t ruc ted .  Tlie Sorc t  c o e f f i c i e n t s  of CuSO, and CoS04 

were determined i n  t h e  improved c e l l  and r e l a t e d  t o  temperature by the  

fol lowing empir ica l  dimensional equat ions:  

CT = 2.00 x 10-3 + 0.110 x 10-3 t , CuSO4 

'By Universi ty  of  Tennessee, under subcontract .  



where o- i s  the  Sore t  c o e f f i c i e n t ,  i n  reciprocal-  degrees cent igrade,  and -t; 

i s  temperature i n  degrees cent igrade .  Tize Soret c o e f f i c i e n t  r e l a t e s  t h e  

concent ra t ion  gradien t  o f  t h e  ioiiic spec ies  t o  the temperature grad ien t .  

The ho r i zon ta l  membrane t h e r m 1  d i f f u s i o n  i.olutim descr ibed i n  OBNL- 

2788 was run a t  f i n i t e  r e f l u x  r a t i o s  i n  prelirninary experiments with the  

f ollowiny, results : 

Cold Side Separat ion Reflux IITU, CUSO4 HTU, Cos04 Flow Rate Fac tor  
CU/CO ( niL,hnr ) Rat io  ( f t )  (ft  ) 

2.1 2.0 0.67 0.77 1.05 

3.1 8.6 1.16 1.. 37 1.05 

Studies  of Soret  c o e f f i c i e n t s  and. ~01.~11~1 HTU's a re  being extended t o  

the U02-S04-H,0 systern and t o  t h e  Zr-m system. 

19.5 TRANSIENT €UGXDONSE OF THE CELL VENTILATION SYSTEM 
IN BUILDIlVG 3019 TO IMPULSE ANE RAMP P.RESSuRE PERTUIIBATLONS 

A s  an ad - junc t  t o  the  redesign of  t h e  v e n t l l a t i n g  systems of several. 

c e l l s  and bui ld ings  in which experimentation and processing o f  rad ioac t ive  

ma te r i a l s  a r e  c a r r i e d  oul; by the Chemical Technology Divis ion,  the t r a n -  

s i e n t  behavior of the  newly designed v e n t i l a t i n g  systems (F ig .  19.3) i s  

being analyzed. 

which a bu i ld ing  o r  c e l l  would reiliain a-t a pressure above a-Lixospheric a f t e r  

Spec i f i ca l ly  of i n t e r e s t  i s  the lengt'n of  time during 

an impulse pressure  increase ,  as r r i i & t  be causeti by an explosion, and a f t e r  

a ramp pressure increase ,  as might be causzd by t h e  breakage of a gas cy l -  

inder .  

O f  the  seven c e l l s  i n  t h e  bui ld ing ,  two a r e  used f o r  t h e  V o l a t i l i t y  

Process P i l o t  Plant and five f o r  the Power Reactor Fuel  Processing Pi1.ot 

Plant. The pressu.re pe r tu rba t ions  were assumed t o  occur i n  m e  or" t he  

PRFP c e l l s .  

tunnel ,  and one FilFP cell, which was assurfled t o  have i t s  t o p  rerrioved a t  

the  t h e  of  t he  ii1c:i.d-ent, can be handled. i n  the ca lcu la t ions  as a s ing le  

The f l o w  from t h e  V o l a t i l i t y  Process c e l l s  1A arid 2, t he  pipe 

stream because each of these  strfams i s  wi th in  0 .1  -to 0.2 i n .  H 2 0  of at- 
mospheric pressure  and e n t e r s  the off-gas Iiearier through R s ing le  o r i f i c e  
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UNCLASSIFIED 
ORNL-LR-  DWG 5(488 

VOLATILITY C E L L S  I A  AND 2, PIPE 
TUNNEL, AND OPEN PRFP C E L L  

- 
* -  
- 

I. l o t i n  
9600 c f m  

IN WHICH 
PE RT U R 8 AT I ON 

T A K E  PLACF 
R 

1000 c f m  

\ 

\AEROSOLVE -85  
FILTER 

1 

AIRMAT FILTERS 

( ; i LT12440  t t 3  
HOUSE P j  

..... 

’ TOM AT i CALLY 
CONTROLLED VALVE 

URlF lCES 
30,000 f i 3  ‘\ 

‘AEROSOLVE -85 
FILTERS 

Fig. 19.3. Schematic of Cell Ventilation System in Bui lding 3019. 

o r  mnfiual valve.  

e r a t i n g  normally, were t r e a t e d  as a s ing le  unit since they have an ?&en- 

t i c a l  s c t  of resis-tar-ces and capaci tances  j.n para l le l .  

of tile Aerosolve-85 f i l t e r s  i.n th.e iiil.et l i n e s  t o  Lhe cells were neg l ig ib l e  

compared. t o  the r e s i s t a n c e s  of the manual- va lves .  

S i m i l a r l y ,  t h e  PRFP cel.l.s, which vere assumed t o  be op- 

The r e s i s t a n c e s  

Equating accui:iuIati.on r s t e  t o  the d i f f e rence  of inpllt a n d .  output rate 

f o r  each capacitance gave the  follo.ciing s e t  of simultaneous equat ions:  

EL ci t  = 0.545 - 2.52JI;;;----; , (1) 
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2 = 511(P3 - Pi+) - 1.06.7,/F3 , ( 5 )  

f i  - P.j 11.8 - 2.05 f i  

The more Tmportant assumptions were: 

work ( j u s t i f i e d  by pressure  drop ca lcu la t i .ons) ,  ( 2 )  no capaci tance e f f e c t  

assoc ia ted  with P, due t o  t h e  small. volume of about 20 f t 3 ,  and (3) no 

change i n  t h e  r e s i s t a n c e  of t h e  automatic c o n t r o l  valve loca ted  a t  t h e  

blower i n l e t .  The t h i r d  assumption was necessary because t h e  c o n t r o l  valve 

had not  been designed; however, it appears t o  ha,ve been a good assumption 

i n  t h e  l i g h t  of t h e  r e s u l t s  of t h e  c a l c u l a t i o n s ,  showing t h a t  t h e  p e r t u r -  

ba t ions  had neg l ig ib l e  e f f e c t  on t h e  po r t ion  of t h e  system from t h e  o f f -  

gas header t o  t h e  s t ack .  * 

(1) no pressure  d.rop i n  t h e  duct  

Since t h e  s e t  of si.mul.taneous equat ions included seve ra l  nonl inear  

d i f f e r e n t i a l  equat ions,  so lu t ions  were obtained on an  analog computer, 

us ing  t h e  c i r c u i t ,  diagram i n  F ig .  19.4. Switch F - l  w a s  used t o  determine 

t h e  e f f e c t  of  t h e  check valve i n  t h . e  i n l e t  t o  t h e  cell.  i n  which t h e  per -  

t u rba t ions  took p l ace .  Switch F-2 and potent iometer  1 9  were used t o  i n -  

t roduce t h e  ramp pe r tu rba t ions .  The automatic switching c i r c u i t  a t  t h e  

bottom of t h e  diagram w a s  used t o  simulat'e t h e  check valve between P6 and 

t h e  off-gas header.  

For an impulse r i s e  t o  8.5 i n .  H20 above atrrospheric pressure ,  1 . 3  

sec rzrould be requi red  f o r  t h e  c e l l  t o  r e t u r n  to atmospheric pressure ,  as- 
suming t h a t  t h e  check valve i n  the  i n l e t  l i n e  d i d  not  s e a t ,  and 1 .5  sec 

if t h e  check valve d i d  seal; (Table 1 9 . 1 ) .  

pu lse  r ise to 4.25 i n .  H20 were 0.9 and 1.0 sec.  

pe r tu rba t ion )  or" 3 i n .  of H20 per  sec increased  the  s t eady- s t a t e  c e l l  p res -  

sure from t h e  design value of -1.5 i n ,  H20 t o  a tnospheric  pressure .  Ramp 

inputs  of 7 and. 10 i n .  of' li20 per  sec r a i s e d  t h e  c e l l  p ressure  to L+.O in. 

H,O i n  3.8 and 1 .6  sec,  r e spec t ive ly .  

Corresponding times f o r  an i m -  

A constant. input  (ramp 

The recovery o f  t h i s  system from t h e  pe r tu rba t ions  s tud ied  appears 

t o  be reasonably rap id .  
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Table 19.1. Time C e l l  Is Above Atmospheric Pressure Following 
Various Pressure Perturbations 

Length o f  Time C e l l  

Atmospheric ( sec)  
Nature of Pertiurbation Pre s swe Above come n t  s 

Impulse r i s e  t o  +8.5 i n .  

Impulse r i s e  t o  4.5 i n .  

Impulse r i s e  t o  4.25 i n .  

Impu1se r i s e  to  44.25 i n .  

H2O 

H 2 0  

H2O 

li, 0 

R a n p  i n p t  of 10  in .  H20 
per sec f o r  3.8 sec 

R m p  input of 10 in. H20 
per  sec f o r  2 . 2  sec 

limp input o f  10 i n .  H 2 0  
per see f o r  1..1 sec 

Ramp input of 7 i n .  H20 
per sec f o r  3.4 see 

Rmp input of 7 i n .  E20 
per see for 2 .3  sec 

Ramp input of 7 i n .  H,O 
per  see for 1 .0  sec 

1.3 

1.5 

0.9 

1.0 

4.9 

3.1 

1.6 

3.8  

2.7 

I. .1 

_ _  

Inlet, t o  cell operi 

I n l e t  t o  c e l l  closed 

I n l e t  open 

I n l e t  closed 

M a x i m u r n  pre :j sure t8.0 i n .  

Maximum pre s :sure -tS . 0 i r !  . 
M a x  i.mim pre ssul'e +4.0 i n .  

H20; inLet open 

1120; inlet ,  open 

H20; i n l e t  open 
Maxirnm pressure +4.0 i n .  

Maxirnum pressure +3.0 i n .  

Maximum pre s m r e  +2,0 i n .  

1120; i n l e t  open 

1120; i n l e t  open 

HzO; i n l e t  open 

19.6 I N S T H W N T A T I O N  

A s e n s i t i v e  method for continuous gas d e n s i t y  ineasurement u s i n g  ab- 

sorp t ion  of T c g 7  monoenergetic b e t a  rays w a s  d-evrised. 

011 t h e  h ighly  sensit ive response of T c g 7  be t a -my  absorpt ion to absorber 

t h i ckness  i n  a range of p r a c t i c a l  u t i l i t y .  

tivity as well as nea r - l i nea r  absorpt ion as a func t ion  of absorber thick- 

ness  is from about 5 t o  less t han  0.5 mg/cm2. 

t i o n s  are t o  process control -where R varri-nble mixture o f  two gases of 
different rnolecul<w weights a t  known tenpera ture  and pressure  i s  t o  be 

monitored, and t o  gas temperature measurement of gases  of known pressure  

and composition, 

The method. i s  based 

The range o f  highes t  sensi- 

Obvious poss ib l e  appl ica-  
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20. CHEMICAL AFPLICATIONS OF NUCLFAR EXPLOSIONS 

The purpose of t h i s  program i s  t o  study t h e  chemical r eac t ions  of 

i so topes  produced by nuclear  explosions.  

c l e a r  explosions are considered f o r  t h i s  purpose, where a i r  contamination 

i s  el iminated and t h e  hazard of ground water contamination i s  minimum.la2 

The type of containment m e d i u m  w i l l  govern t h e  d i s p e r s a l  and chemical 

s t a t e s  of t h e  i so topes  produced. 

b e s t  medium in which t o  produce i so topes  and power. 

r i t i e s  i n  rock s a l t  a r e  s u l f a t e s  which e x i s t  as anhydri'ie (CaSO4) and 

p o l y h a l i t e  (K2S04*M.gS0~-2CaS04-2H20). 

Only completely contained nu- 

Rock sa l t  i s  gene ra l ly  considered t h e  

The principal.  i m p -  

The chemical r eac t ions  of hydrogen under t h e  condi t ions  expected from 

nuclear  explosions were s tud ied .  Hydrogen w a s  chosen s ince  it i s  a con- 

venient  reference po in t  f o r  oxidat ion-reduct ion r eac t ions ,  and i t s  i s o t o p i c  

exchange i s  easy t o  measure. 

of tritium from t r i t i a t e d  water t o  molecular hydrogen i n  t h e  presence o f  

CaSO4, t h e  r eac t ions  of hydrogen w i t h  Cas04 and MgSO4, and eva lua t ion  of 

t h e  exploding-wire technique as a method f o r  s tudying r eac t ions  a-'Y t h e  

temperature of nuclear  explosions.  

These s t u d i e s  included Lhe exchange r eac t ion  

20.1 HYD3OGEN ISOTOPIC EXCHANGE 

Studies  o r  t h e  i s o t o p i c  exchange of tritium between t r i t i a t e d  water 

(as steam) and molecular hydrogen passing over calcium s u l f a t e  showed 0.19, 

5.[+, and 8.5% exchange a t  iernperatures of 380, 600, and 70O0C, r e spec t ive ly ,  

a f t e r  40 min. 

mol-e/rnin. 

t r i t i a t e d  water was 2.74 mc/niole. 

The flow r a t r s  of 8 2  and H 2 0  were 9 x lom3 and 4.5 X lo-' 

The quan t i ty  of CaS04 w a s  2.8 g and t h e  s p e c i f i c  ac ' i ivi ty  of t he  

20.2 REDUCTION OF CaSOt, AND MgSO4 BY B2 

Calcium s u l f a t e  i s  reduced t o  CaS by hydrogen. 'The redueti-on pro- 

ceeded r e a d i l y  i n  t h e  800-900"C range.  A-t 8og°C, the reduct ion rate w a s  

'G. W .  Johnson and C .  E .  Vio le t ,  PhenomenoloLy of Contained Nuclear 

2G. H. Higgins, Evaluation of the Ground Water Contamination Hazard 
Explosions, UCRL-5124 Rev. I (December 1958) .  

frorn Underground Nuclear Explosions, UCliL-5538 (Ap-r . 8, 1959) .  
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0.6 g of Cas04 per  l i t e r  of H2 per  h r .  

1 . 2  t o  1.7 when CaSO,: wzs disso lved  i n  molten N a C 1 .  Nagnesim s u l f a t e  was 

reduced .bo MgO r a t h e r  than  MgS. 

700°C, at  a rate of 1.1 g OP CaSOl+ pe r  l i t e r  of H2 per  hr .  

reduct ion  products wer? H20, H2S, and S .  The s o l i d  reduct ion  products of 

bo th  r eac t ions  were determined by d i r e c t  weight loss ,  x-ray d i f f r a c t i o n  

analyses ,  and cinemrical ana lyses .  

The ra te  decreased by a f a c t o r  of 

The reduct ion  proceeded r e a d i l y  above 

The gaseous 

A study of the r a t e  of  reduc-Lion o f  CaS04 under fl.ow condi t ions  using 

a recording therniogra.l/imetric_rimetric balance indicated t h a t  t h e  r.eac-t;ion was con- 

t r o l l e d  by bed d l f fus ion .  

apparent ly  independent o f  hy-droge?? pressure  i n  the 20&61N nxn range . 
Under s t a t i c  condiLions, tlie reduct ion  ra te  i s  

20.3 WIRE EXPLOSIONS 

Uranium w i r e  explosions by condenser discharge were i n v e s t i g a t e d  as 

a means f o r  simulatling nuc lear  explosions conLained i n  rock salt. A T - t e r  

explosion of t h e  wire, microscopic examination of t h e  sal t  showed melt ing 

on t h e  edges of  only a f e w  sa l t  c r y s t a l s ,  al though temperatures produ.ced 

by t h e  wire  were >lO"K. 

Temperatures were e s t h a t e d  Pram t h e  a v a i l a b l e  energy of the con- 

denser bank and t h e  maximum. s i z e  of the f i r e b a l l .  Calcu la t ions  of the 

average teniperature of the exploding wire from t h e  ava i l ab le  energy of the 

condenser discharge,  mass of urmi-wn w i r e ,  and appropri .ate hea t  capac i ty  

data gave 5 x 1040K,assv;lning no ionizat ion.  of uranium and uniform dissi- 

pa t ion  of energy i n  tlie wire. The r a t e  of f i r e b a l l  growth w a s  also used 

t o  c a l c u l a t e  t h e  temperature.  The es t imated  average r ad ius  of t h e  f i r e -  

b a l l  was 5 cm a t  1 psec. If coni.plete ion iza t io i i  of t h e  uranium i s  as- 

sumed, t h e  c a l c u l a t e d  temperature was 1.1 x 1 0 4 0 K .  

undoubted3.y occurred, the  t r u e  temperature must have been be-tween i;hese 

values and it i s  reasonable t o  assinme a fi .reball  temperature or" 1-5 x 

Since some ionizati .on 

1040~. 

The phys ica l  damage t o  conipacLed salt  from exploding v i r e s  wi th in  

the sa l t  dzpended on -the s t r e n g t h  and rigid.Lty of the material used t o  

encase t h e  salt. T'ne salt speciinens u x e d  were s o l i d  cy l inde r s  (1-in. dia 

arid 1.5- in .  l e n g t h ) ,  85% of t h e o r e t i c a l  d.eusli t j . .  In t imate  contac t  between 
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t h e  wlre and sal t  i n t e r f a c e  w a s  obtained by press ing  the sa l t  i n t o  cy l in-  

ders  around the w i r e  at 10,000 t o  12,000 p s i .  

wi.tii sa l t  cy l inders  having 110 encasement an.& wi th  cy l inde r s  encased i n  

Luci te  and i n  s t a i n l e s s  s t e e l .  The g r e a t e s t  damage and radial d i s t r ibu -  

t i o n  of t h e  w i r e  were w i t h  no encasement, and t h e  l e a s t  damage w a s  wi th  

encasement i n  s t a i n l e s s  s t e e l .  Unencased samples were completely sha t -  

t e r e d  a t  20 cal/cm Length of w i r e  and Lucite-encased samples a t  40 cal/cm, 

S ta in less -s tee l -encased  samples were not  completely s h a t t e r e d  ai; t h e  maxi- 

m i m  e n e r a  t e s t e d  (80 cal/cm), and t h e  radial d i s t r i b u t i o n  of t h e  exploded 

wire  w a s  independent of explosion energy above 30 cal/cm. Microscopic ex- 

amination showed a very small amount of melted sa l t .  

could be  s tud ied  s ince  a l l  t h e  energy f o r  r a i s i n g  t h e  temperature werit i n t o  

t h e  wire and very l i t t l e  in.t;o the  sa l t .  

Explosions were conducted 

No chemical e f f e c t s  

Measurement, of t h e  sound i n t e n s i t y  from explod-ing wires  i n  a i r  gave 

shock energy values  which va r i ed  by a f a c t o r  of 3 .  I n  -three dupl ica te  ex- 

periments the measured sound i n t e n s i t i e s  were 129, 130, and 134 db a t  an 

explosion energy of 22 cal./cm l eng th  of wire.  

responds t o  an energy of 1.0~ pw/cm2. 

An i n t e n s i t y  of 133 db cor- 

20 I 4 TLASMR- JET CIBMISTRY 

'The degree o€ ion iza t ion  and enthalpy f o r  temperatures up t o  20,000"K 

Studies  are under way were ca l cu la t ed  f o r  argon, hydrogen, and n i t r ~ g e n . ~  

f o r  temperature measurement from t h e  broadening of t he  hydrogen BsLrner 

l i n e s  by t h e  tec 'mique of D i ~ k e r m a n . ~  

'W. D. Bond, Calculated Thermal Ion iza t ion  and Enthalpy of Hydrogen, 
Nitrogen, and Argon i n  t h e  298-20,000"K Range, ORNL CF-60-1-96, Rev. I 
(June 2, 1960) .  

a Plasma.," in Conference on Extremely Hjgh Temperatures, Wiley, New York, 
1958. 

4P. Di ckerman, "The Determination or t h e  Equilibrium Temperature of 
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21. OXYGEN-17 SEPARATION PILOT PLAI'TT 

Assistance i s  being given the Chemistry Divis ion i n  the design1 and 

The f a c i l i t y  i s  desi.gned to produce cons t ruc t ion  of an Oi7 p i l o t  plant;. 

about 2 g of 98s 0"* alid 70 mg of 50% U r 7  per  day. 

nie i n i t i a l  separa t ion  of the ]wavier  oxygen i so topes  from o " ~  w i l l  

be made i n  a water system i n  a six-colimn -tapered d i s - t i l l . a t i on  cascade. 

Packed coluinns wil.1 be used, with colwna diameters mngiag  from 5 .3  t o  0.5 

i n .  
j acke t ,  i n  which water will be a t  the  same temperature as t he  column, t o  

provide near ly  ad iaba t i c  condi t ions.  The cascade w i l l  be operated a t  o r  

near  atmospheric pressure  and at, essential-1.y the same ternperature through- 

oiit t he  e n t i r e  six-column s e t .  

Each column w i l l  be provided with a eons.tant temperature hot  water 

A s ide  stream from the d i s t i l l a t i o n  cascade w i l l  be e l ec t ro lyzed .  'Tke 

oxygen obtained, containing abou-t 4% Oi7, w i l l  be fed t o  a five-colurm ther -  

mal d i f f u s i o n  cascade. Here it wil.1. be separated. i n t o  two f r ac t ions ,  one 

consis- t ing mainly of 016 and Oi7 and the  other consistring mairlly of Oi7 and 

OL8.  

where the  Oi7 w i l l  be separated from the  o the r  ?.sotope. 

Each o:C t hese  f r a c t i o n s  w i l l  be fed t o  jPo~.r-colwr~ difTu:l;i.on cascades, 

Each thermal d i f fbs ion  column consis-Ls of a 30-ft length of water-jack- 

e t e d  copper pipe about 0.5 i n .  i n  diameter with a hot  platinum wire down the 
center .  The wire must be p r e c i s e l y  mr-Lica3., alssolutely straright,  and ex- 

a c t l y  i n  -the cen te r  of  the pipe and tlie pipe w a l l s  must be p r e c i s e l y  ~ e r -  

t i c a l  o r  convection cu r ren t s  w i l l  be s e t  up tlnat s C L l  destroy the  separa t ion  

g rad ien t .  The column:; w i l l  be operated a t  o r  near  atmospheric pressure .  

The equi l ibr ium t l m e  o f  the  d.istilla-LI.on cascade w i l l  be about 18 

months; equi l ibr ium time of t he  t h e m a 1  dijffuslion cascade w i l l .  be about two 

months. 

&cause these  a l ready  long eguili.briwn t imes  would be lenghtened s t i l l .  

f'urtlner by any shut,dowa, consid-erable e f f o r t  has been d i r e c t e d  t o  ensure 

u.ninteerrupted ,operation. 

from the p l a n t  systems a r e  being provided t o  t.lim-i.aate any necess i ty  f o r  

shu t t ing  down because of temporary interrupt,i.on of  these service;<.  A diesel. 

A cooling water system and a steam system separate  

'Oak Rl.dge rJationa1. Laboratory Sta tus  and Progrre ss  Report , Februaiy 
- 1960, OLRNL-2922, p 26; O a k  RLdge  L\ln-Li.or?_al Laborxtory Status nnd Progress 
Report, Apri l  1960, Om-294.5, p 22. 
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generator  i s  being provided f o r  emergency e l e c t r i c a l  s e rv i ce .  

supply of  ins’irunient a i r  i s  provided. 

An emergency 

The design, procurement , f ab r i ca t ion ,  and i n s t a l l a t i o n  of  the water 

d i s t i l l a t i o n  cascade i s  complete. The design, procurement, and f ab r i ca t ion  

of the thermal diff’usion cascade i s  complete, and i n s t a l l a t i o n  i s  80$ com- 

p l e t e .  
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22. IGACTOR EVALUATION STUDIES 

XucI.ear and- economic optimizat ion calcu1ation.s made f o r  a pressur ized-  
water r e a c t o r  have been used t o  corrcl.a$e the  e f f e c t  of fuel. mate r i a l  pa.- 

rameters with fuel cycle cos t .  Th?se co r re l a t ions  can serve as u guide 

to p r e d i c t  vhLch of the m a ~ y  possible uranium fuel mate r i a l s  may sho+w 

economic promise. 

The nuckas calcu1.at.i.ons ar-e based on a pressui.ized-wate:~ r eac to r  

having t b e  same core size, thermal eff:i.ciency, and cladding as the Yankee 

Atomic Reactor.' 

fuel enrichment, fuel de!i.r;ity, dil.u.ent poi.son, and jTv.el geoii~tr-y,  using 

an IB4-W+ code2 based on a spati-aL1.y uniform flux model i n  which the f l u x  
changes over the core life. 

Core r e a c t i v i t y  lives were ca lcu la t ed  as a f'unction of' 

Figu.re 22.1 shows thi? resi!l ts of the  c:a,lculatri.ons a f t e r  t h e  : h e 1  

cycle c o s t s  have been optimfzed for eprichment and file1 geonietry; re -  

aeLivity l i f e  w a s  assmed t o  be the only l i m i t  t o  f l ~ l  life. The efTect, 

oC {;he uranj'.um dens i ty  i n  the  fue l  material  on op-tLinum fue l  cycle cos t s ,  

u s h g  a l i m i t e d  cladding heat traiisfev rate (87,000 GLu hr-' ftW2 , average) 
and varia'ole f ab r i ca t ion  cosl~s,  i s  shown i n  Fig. 22. la .  The cladding hea t -  

t r a n s f e r  1 i r n . i - t  requires that t h e  lotier-density fuels which o p t i m i z e  at a 

larger d.-i.aine Ler have a higher ailoifable I kd8 ~ 

v i t y  i s  repyesented by k; 0 is t'ne temperature i n  excess  of the f u e l  sur- 

face teslipeI-ati*re; the 1.imi:Ls of i n t e g r a t i o n  aye P1-om {;he surface t o  -tile 

center of the fl~.el; kd@ Ts propor-i;ional t o  the heal; release r a t e  pe r  u n i t  

length oI' fue l  el.emeiit.3 

t i e s . )  

of i7iel densi'cy and fabrica-Li.os cost i s  shown in. P-ig. 22.lb. A c o r r e l a t i o n  

(7I"ne fuel. thermal coadincti- 

71he I i m l t i n g  value i s  a firnetion o r  f u . c l  proper- 

~ i i e  ef-~ec-i; o . ~  %lie J 1xc1.3 l i m i t ,  on opt imm ~ u e ~ .  c o s t s  as a mnct ion 

'Nuelear Power Plant Data, vol. I, I Power Zeactors 1.953, American 
_cIc --- 

Socizty of Mechan.ic:al EngineeTs, McGraw-FJi.ll, New York (1359) . 
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Fig. 22.1. Optimum Fuel Cycle Costs in o Pressurized-Water Reactor. 

of the  data h a s  been made s o  t h a t  the optimum fuel cycle cost can be estj.- 

mated f o r  any s e t  of condi t ions,  as T O ~ ~ O W S :  

optimum cycle cos t ,  mjlls/kwhr 

0 . 7 8 5  ( fabr i -ca t ion  I cos t ,  $ / f t  of f u e l  element) 
-t- c - B - A +  - 

1 kde ( 1 kdO)a 

where A, 13, C ,  and CY a re  funct ions of the  f u e l  uranium dens i ty  (Fig. 22.2),  

and kd3 i n  f u e l  = average over r eac to r  ( ea1  cm-l see-’). 

The e f f e c i  of d i l u e n t  poisons up t o  2 barns  p e r  uranium atom on op t i -  

m u i i  f u e l  cycle cos t s  war;  a l s o  inves t iga t ed  as a func t ion  of  f u e l  dens i ty  

and f a b r i c a t i o n  cost, with f u e l  cladding hea t  t r a n s f e r  l i m i t i n g .  The in -  

crease i n  cyc1.e c o s t s  w a s  found t o  be propor t iona l  t o  the poison per ura-  

nium a ton  at, a constant  dens l ty  and f a b r i c a t i o n  c o s t .  The increase  ii? opti- 

mum cycle cos t  per  barn per uranium atom vs ihe f u e l  uraniun dens i ty  is 

shown i n  Fi-g. 22.3. The f a b r i c a t i o n  cosk is used again  as a parameter. 
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Fig. 22.2. Constants for Optimum Fuel Cycle Cost Correlation, 
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Fig. 22.3. Effect of Di luent Poison on Opt imum Fuel Cycle Costs. 
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An example of t he  use of t he  c o r r e l a t i o n s  t o  cornpare the economics of  

a l t e r n a t i v e  f'uel elemznt ma te r i a l s  with UO;! i s  p r e w n t e d  i n  Fable 22.1.  T t  

js un l ike ly  t h a t  UN or USi3 would be competit ive with-  UO2 i n  a r eac to r  with 

an 87,000 Btu hr-I ft-2 heat, t r a n s f e r  1.imiL; however, USi3 might be conpet i -  

tive i f  frill advantage could be taken of i t s  h igher  allowable I kdQ by i n -  

c reas ing  t h e  cladding h e a t - t r a n s f e r  r a t e .  

22.2 COST AND HAZARDS OF TFUYNSPORTING SFENT. FUELS 

Shipment of the highly i r r a d i a t e d  P u e l s  from a c i v i l i a n  power corilplex 

poses s i g n i f i c a n t  problems of r a d i a t i o n  hazards and hea t  removal- during 

shipment and t h e i r  e f f e c t s  on shipping cos t s .  

a f f e c t  c a r r i e r  design and the economics of  the f u e l  cyc le .  

These problems d i r e c t l y  

A study i s  i n  progress  on shipments of rad ioac t ive  f u e l  elements from 

the  r eac to r  opera tor  t o  l;he processing s i tes .  Cr i t i ca l . i t y  and sh ie ld ing  

problems have been s tudied,  but  do not  appear t o  present  the d i f f i c u l t i e s  

t h a t  hea t  d i s s i p a t i o n  does. Shipments a re  covered by f ede ra l ,  s t a t e ,  and 

l o c a l  regul-ations which enlphasize problems associat ,ed with carr j -er  de sign, 

publ ic  sa fe ty ,  and t r a n s p o r t a t i o n  economics. Ca r r i e r s  must be drs tgned t o  

give adequate r a d i a t i o n  sh ie ld ing ,  t o  conta in  r a d i o a c t i v i t y  under acc ident  

conditi.ons, and t o  conform with governmental r egu la t ions  and economic fea-  

s i b i l i t y .  

None of t he  ma te r i a l  shipped, which inc ludes  f u e l  elements, b u i l t - i n  

poisons,  and the  cask cons t ruc t ion  materials, should be allowed t o  approach 

c l o s e r  than  180°F t o  t h e i r  mel t ing po in t s .  Since,  j.n 'che case of  a se r ious  

acciden-L, j.t i s  extremely d i f f i c i i l t  Lo guarantee t h e  containment i n t e g r i t y  

o f  any internal .  cool.ants, i.t should be assumed i n  designs t h a t  t he  damaged 

c a r r i e r  w i l l  be dry and a i r  f i l l e d .  

The surface temperature of  t h e  c a r r i e r  ( o r  b a r r i e r  around. tlne c a r r i e r ,  

i f  one i.s used) sh0ul.d remain under 180°F. 

surface temperature of  t he  c a r r i e r  may be allowed t o  go h igher  than  180"E' 

but  should be kept below 440°F i f  a l e a d  c a r r i e r  i s  used (180°F below the  

meltiilg poi-nt of l e a d ) .  

If a b a r r i e r  i s  used, then  the 

The t h e m a l  conductivi-ty of  l e a d  decreases  a.bout 5@ a s  i t  melts ,  

which would probably ensure comple-'ce melting orice it s t a r t e d ,  and i.t ex- 

pands 3.6$ of the so1.j.d volume, which would almost c e r t a i n l y  rupture  the  
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Table 22.1. Comparison of Altercative Fuel Materials t o  U02 

Case 1 
Cladding Heat Transfer Case 2 

I? Limiting (87,000 I kdo Limiting 
u Poi son B-tu hr-' ft-2, 

Optimum Cycle Cost C amp ound Dens i ty Average ) kd6 Limit, (barns/U atom) 
(g/cm3) Based on -1O$ at $20/ft 

O p t i z m  Cjrcle cost of Maximur Fabr i ca t ioc  Cost 
a+, $20/~t Fabrication ( c a l  cE-1 sec-1) (nillslkwhr ) 

c o s t  (rnillsjkwhr) 

4.14 1.45 4.14 UQ 2 9.66 C.. 0084 

USi 3 6.02 0.39 

'lim 13.5 1.9 

4.21 

4.81 

4.5 

2.5 

3.57 

4.25 



c a r r i e r  and allow l o s s  of shiel-ding. 

high terilperatui-es 'LO be encountered d-urine; shipment, i.t may be necessary 

t o  consider  s t e e l ,  i.ron, o r  uranium f o r  sh ie ld ing  rnat,erial.. 

Therefore,  i.f it i s  poss ib le  f o r  

An example of Ynz con t ro l l i ng  nature  of hea t  removal i s shown i n  Pig.  

Average Consolidated Edison f u e l  elements were considered ( s ince  22.4. 
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Fig. 22.4. Allowable Fuel Elements Shipped v s  Carrier Surface 
Carrier, 34 in. ID; maximum number of fuel elements, 12; Temperature. 

ambient air temperature, 109'F; shielding, 7 in. of lead. 

Ynis  fuel  i s  a t  present  more h ighly  i r r a d i a t e d  than  any proposed f o r  ship- 

ment),  each-of  which had a decay hea t  generat ion r a t e  of 1.1.,400 Btu/hr 

a f t e r  4 months' decay. 

from t he  unfinned sur face .  

face temperature et, 180°F, one element may be shipped a f k r  four  months' 

All. heai; w a s  removed by convection and r a d i a t i o n  

I f  i ~ t  i s  necessary t o  keep the  c a r r i e r  sur- 
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decay o r  t h ree  a f t e r  12  months' decay. The r a d i a t i o n  l e v e l  a t  t h e  c a r r i e r  

surface through '3 i n .  of l ead  sh ie ld ing  for t he  former case was ca lcu la t ed  

t o  'oe 1 4  m r / h r  and f o r  the l a t t e r ,  7 m r / h r .  

22.3 MISCELLAKEOUS IB~l-70~+ CODES 

Several codes which p e r t a i n  t o  many d i f f e r e n t  phases of a c t i v i t y  of 

t he  Chemical Technology Divis ion have been completed, o r  a r e  being writ- 

ten ,  f o r  t h e  IliM-'704 ( o r  7090) . These codes a re  descr ibed below. 

1. . 

2 .  

3. 

4. 

5. 

6 .  

7 . 

25-Th Reactor System. 
i so topic  concentrat ion f o r  wel~l-modera,ted t 1 i 0 r i u - m - U ~ ~ ~  -fueled reactors. 

Deternines r e a c t i v i t y  l i f e t i m e s  and discharge 

(Compieted) e 

Pu-Tii Reactor System. Same as 1 except for %ii-plutoni.m fileled re- 
a c t o r s .  (Completed). 

Spec ia l  Plutonium Code. Calculate  discharged i so top ic  composition f o r  
i r r a d i a t i o n  of  uranium i n  e i t h e r  mixed Ikel or seed and blanket re- 
a c t o r s .  ( ~ o m p l - e ~ e d ) .  

Leak Tight;. Code tor use i n  cal.cula-ting the  downwind hazard following 
an explosive -type acc ident  i n  a processing c e l l .  Corle considers  bui ld-  
ing  design, sayety f ea tu res ,  and atmospheric parameters. ( I n  "debug- 
ging" s t age )  . 
Specia l  Thori132n. Code. S imi la r  t o  3 exeep-t thorium i s  subs t i . tu ted  for 
$ 3 8 .  
r a d i a t i o n  chains a r e  considered. 

Snielding Calculat ions.  Code designed t o  determine the  required s h i e l d  
t'nickness f o r  any of 1 0  source geometries and 11 s h i e l d  ma te r i a l s .  A s  
macy as 1 2  gamma e n e r g j  groups can be considered. (Code has been ap- 
proximately one-tLhird completed) . 
TRUFIZ. Specia l  code f o r  c a l c u l a t i o n  buildup o-f fission products and 
transuranium elements, using the  IBM-7090. 

Computational p a r t  i s  rnucyi more extensive s ince many- more ir- 
( I n  "debugging" s t a g e ) .  

Since f 'uture power r eac to r  fixels w i l l  be subjected t o  very high burn- 

ups, the  f i s s i o n  product spectrum wli.11 d i f f e r  considerab1.y from t1ia.t of 

pure U23'. 

produced. 

l e v e l s  i n  i r r a d i a t e d  f u e l  have been based on pure U235 and/or constant  f l u x  
operat ion.  In t h i s  study, a f l e x i b l e  program i s  proposed which w t l l  al low 

any combination of i so topes ,  any e f f e c t i v e  r eac to r  c ross  sec t ion  for a l l  

i so topes ,  and any combination of oiutputs. I n  addi t ion ,  a l l  conceikrat ions 

w i l l  be corqmted f o r  constan-t pover operat ion.  

Large concentrat ions of the transuranium iso topes  will a l s o  be 

PrewLous calculations of f i s s i o n  pror3uct and transuraniurn isotope 
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The input-output information used i n  t h i s  program w i l l  be more complex 

than  that, g iven by Blomeke and. Todd,': due t o  cons idera i ion  of other fis- 

sionable  i so topes  i n  t h e  same system. Since t h i s  i s  the  case,  the  ca lcu la-  

tional. methods f o r  f i s s i o n  products and the  number of chains  used by t'ne 

ahove-mentioned au thors  will be simpl.j.fied i n  order  t o  l i i m i t  the  t o t a l  

generated. output .  i n  t he  proposed program, except f o r  spec ia l  cases ,  only 

f i s s i o n  products  having h a l f  l . ives g r e a t e r  than  one day, y i e l d s  g r e a t e r  

than  O.Ol$, and/or c ros s  secti-ons g r e a t e r  than  1 barn ( f o r  poison consider- 

a t i o n s )  w i l l .  be considered. Also, decay per iods  of less than  one day w i l l  

nol; be considered. (Development of mathematical models has  j u s t  begun. 

No p a r t  of t h i s  problem has been coded.) 

4 J .  0 .  Bloriieke and M a r y  E. Todd, Uranium-235 Fission Product Pro- 
duct ion a s  a F'unci;ion of  'Thermal Neutron Flux, I r G d i a t i  on Time, and D e -  
cay Time, ORKL-2127 (Aug. 19, 1957). 
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2 3 .  EUROCHEMIC ASSISTANCE P R O G M  

The USAEC is a s s i s t i n g  i n  t h e  cons t ruc t ion  of a 13~1 processing pl-ant 

a t  Mol, Belgium. 

time loan  of one t echn ica l  consul tan t ,  short-term visits  of  several. tech- 

n i c a l  consul tan ts ,  the  fu l l - t ime assignment of one t echn ica l  eo-ordi na-Lor 

i n  t h e  United S t a t e s ,  arid the review and exchange of t echn ica l  data per- 

t i n e n t  t o  the  radiochernical processing of i r rad i -a ted  fuels .  A-pproxi.m.a-tely 

1050 USAZC-originated documents, including 30 s p e c i a l l y  prepared for Euro- 

chemic, and 600 drawings and i-t;ems o f  mi scell-aneous information have been 

trarisrriitted t o  Eurochemic s b c e  the program began. 

ORNL's con t r ibu t ion  t o  the  program cons is ted  of the TU1.l.- 

The fou r th  prelriminary design and the  cost estiriiate (Projec- t  I V )  wi th in  

the  budget framework spec i f i ed  through 1963 ($21.77 x lo6) were completed. 

The design capaci ty  i s  350 kg of n a t u r a l  uranlurfl pe r  day or 250 kg of up t o  

5$ enriched iiranium pe r  &ay . Bead-end processes  being consiciered a r e  Si-dfex 

f o r  s t a i n l e s s - s t e e l - c l a d  i'uels, Z i r f l e x  for  Zircal.oy-claci. fuels,  di.lute sul-  
f u r i c  a c i d  f o r  magnesium-clad fireIs, and sodi1.m hydroxide f o r  aluninum-cl.ad 

fue1.s. The solven-L e x t r a c t i o n  system w i l l  cons i s t  of  a co-deeontaminatlon 

cycle and a second uraniun. cycle .  The second pl.utoliiimi cycle and anion ex- 

change t a i l - e n d  s t e p  ha-ve been el iminated,  with an amine ex-Lraction cycle 

being considered as a replacenlent. 

Plan-t layout  and auxj- l iary e guipment de s ign  are i n  the  prel iminary 

s tage .  The a u s t e r i t y  program has resul ted i.n canbining t;he ana' ly-t ical  

l abora tory  f o r  the p lan t  wi.Lh the research  aualy-Lical. Ialmratory . Two or 

poss ib ly  t'nree heavi ly  shiel.derl radi.oactli-ve c e l l s  w i l l  be used SOi- sample 

recei.pt ,  s torage,  d i l u t i o n ,  and. h igh-ac t iv i ty  a n a l y t i c a l  work. Samples 

will be taken and t r anspor t ed  by a rnodifi.ed ORNL Thorex sampling system. 

Negotiations a r e  under way with the St. Gohian company o:f France on 

the  engineer ing cont rac t  berms Tor the  main pl.ant. The f i r s t  phase w i l l .  

probably be a 6-mont;h preproJect; stud.y by St. Cabian, whj-c'ri w i l l  be a de- 

t a i l e d  pre l imina iy  pro  j e c t  proposal .  Presumably, it w i l l  incl-ude engineer- 

ing f'l-owsheets, process  and labora tory  Sui ld ing  layouts ,  prel iminary speci-  

f i c a t i o n s ,  a i d  a cos t  es t imate .  The preproject  i s  t o  be pre:par-ed EO .the 

d e t a i l e d  design work may be sp l . i t  i n t o  th ree  t o  f i v e  part ,s  to perrnit com- 

panies  from differen-L count r ies  -to part i .c ipate  i.n the  work. Two &her 
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major engineering groups may a l s o  p a r t i c i p a t e .  

Spanrish group f o r  the design of the  research  I .aboratoiy and a Belgian com- 

pany f o r  the  waste d isposa l  system design. 

One may be the  Swiss-Danish- 

The Eurochemic c h a r t e r  has  been r a t i f i e d  by al.1 p a r t i c i p a t i n g  count r ies  

except 2-taly and Sweden. Spain has  joined the  organizat ion,  br inging the 

t o t a l  p a r t i c i p a t i n g  count r ies  t o  13. The company was formally organized i n  
Ju ly  1.959, with E .  Svenke o f  Sweden as Chairman and B. Gol.dschmi.dt of  France 

as Vice-chairman of the Board of Direc tors .  E .  Pohland. o f  Germany w a s  a’- 

poLnted General Manager o f  t he  company. Seven people assoc ia ted  with Euro- 

chemic vis i - ted four U M C  si tes  during a three-week t o u r  i n  Octobei-. 1959. 

Process engineering and chemistry werz discussed along w i t h  assoc ia ted  

f i e l d s  of health physics,  c r i t i c a l i t y ,  a n a l y t i c a l  work, and bui ld ing  de- 

s ign .  
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24 .  PUBLICATIONS AND ORAL PHESErJTATIONS 

POWER EWACTOR FUEL PROCESSING 

Blanco, R. E., L. M. Ferris, 5. R. Flanary, F. G. Ki-tts, E. H. Rainey, 
and J. T. Xoberts, "Chemical Processing of Power and Research Reae- 
tor Fuels at Oak Ridge National. Laboratory, 'I TID-7583 (CF 59-12-79). 

in Nitric Acid Solutions, I '  ORNL-2824 (Nov. 13, 1939). 

ratory Development, 

Sulfex and Darex P r o c e ~ ~ ~ , P s  ,315- . 
2822 (Jan. 14, 1960). 

Process for the Dissolution of Consolidated Edison Power Reactor Fuel," 
ORNE2714 (Oct. 16, 1959). 

2785 (Nov. 6, 1959). 

sented at the American Nuclear Society Meeting, Washington, D.C. 

11- Clark, W. E., and S .  Peterson, Electro1.yti.c Disintegration of Zircaloy-2 

Ferris, L. M., "Process €or Cissolution of Borax IV Reactor Fuel: Lalbo- 

Ferris, L. M., "Decladding of Consolidated Edison Power Reactor Fuel by 
Cyclic Dissolution Experiments, 'I ORNL- 

Ferris, L. M., and A. II. Kibbey, "Laboratory Development of the Sulfex 

ORNL-2821 (Jan. 19, 1960). 

Gens, T. A., "Sulfex Process: Depassivation of Stainless Steel," ORNL 

Gena, T. A., "New Developments in Uranium Alloy Fuel Reprocessing," pre- 

NOV. 4-6, 1959 (CF 59-10-102). 
Gens, T. A., and F. G. Baird, "Modified Zirflex Process for Dilution of 

Zirconium- and Niobium-Bearing Nuclear Fuels in Aqueous Fluoride So- 
lutions : 

Gens, T. A., %Modified ZirfLex Process f o r  Dissolution of l-lO$ U-Zr Alloy 
hboratory Development, 'I ORNL-2905 

Laboratory Development, '' ORNL-2713 (Dee. 8, 1959). 

Fuels in Aqueous N B L , , F - N ~ T ~ N O ~ - H ~ O ~  : 
(March 4, 1960). 

Goellei-, H. E., "Fuel Processing Facilities at ORNL, It TID-7583 (CF 59-12- 

Holmes, J, M., "'Power Reactor Fuel Aqueous Processing at ORNL, presented 
at the Tennessee Academy of Sciences Meeting, Nashville, Tenn., Dee. 

7 0 ) .  

11, 1959 (CF 59-11-51). 

Horner, I). E., and C. F. Coleman, "Recovery of Uranium and Plutonium from 
Sulfuric Acid Decladding Solutions, I' ORNL-2830 (Nov. 11, 1959). 

Imine, A. R., "Special Problems in Chemical Processing at ORNL, I' TID-1583 
(CF 59-12-70). 

MeDuffee, W. T., "Accountability of Special Nuclear Material at Oak Ridge 
National hboratory, I'  TID-7583 (CF 59-12-70). 

Ul.lmann, J. W., "Reactor Fue l  Element Types , I' Third Conference on Ana- 
lytical Cliernis-try, Gatlinburg, Tennessee, Oct. 26-28, 1960 (CF 59- 
9-73). 
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