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I. SUMMARY 

The ICPP processing schedule included MTR, ETR and other aluminum type 
f u e l s  which were processed through the  TBP headend a t  75 t o  100 percent 
of flowsheet r a t e s  and through the  Hexone second and t h i r d  cycle 
extract ion system a t  up t o  150 percent of flowsheet values achieving an 
over-a l l  recovery of 99.60 percent. S ta in less  s t e e l  (SLR) f u e l  was 
processed through the  dissolut ion and TBP headend ex t rac t ion  system a t  
e s sen t i a l l y  f u l l  flowsheet r a t e  with 99.69 percent recov3ry. Discovery 
t h a t  plutonium a t  a concentration of )1.5,ag/l is  ca r r i ed  i n to  the  waste 
Amsco from the  TBP scrub system has l ed  t o  the  suggested use of a ferrous  
sulfamate contactor-carbon bed absorber system f o r  cleanup of t h i s  stream 
before incineration.  

In carrying out bas ic  s tud ies  on aqueous zirconium processing, 
r e s u l t s  obtained during the  potentiometric t i t r a t i o n  of zirconium-fluoride- 
n i t r i c  ac id  solut ions  with sodium hydroxide were explained by a mechanism 
i n  which the  un t i t r a t ed  zirconium f luor ide  species i s  converted t o  a 
f luozirconate and fur ther  hydrolysis proceeds v ia  a f luozirconate route.  
A modified Zi r f l ex  flowsheet f o r  processing 2.5 percent uranium-zirconium 
a l l oy  f u e l s  is  proposed as  a r e s u l t  of bench scale  dissolut ion s tudies  on 
unir radia ted FWR p l a t e s  which showed t h a t  dissolver solut ions  could be 
s t ab i l i z ed  by adding aluminum n i t r a t e  and n i t r i c  acid, t h a t  higher ammonium 
f luor ide  concentrations increased the  dissolut ion r a t e ,  t h a t  higher 
hydrogen peroxide concentrations lowered the  dissolut ion r a t e  and decreased 
solut ion s t a b i l i t y ,  and t h a t  ammonia removal by bo i l ing  with or without 
a i r  sparging had l i t t l e  e f f e c t  on the  reaction.  Density curves f o r  Z i r f l ex  
solut ions  are  reported. 

F i r s t  t e s t s  of the  p i l o t  p lant  f o r  continuous dissolut ion of zirconium 
type elements have indicated t h a t  the  dissolut ion r a t e  i s  approximately 
four  times as  g rea t  a s  predicted on the  b a s i s  of batch dissolut ion r a t e s  
and comparison with the  r a t e  r a t i o  f o r  batch continuous dissolut ion of 
aluminum which was used t o  e s t ab l i sh  the  dissolver  s ize .  The continuous 
dissolut ion r a t e  f o r  a two percent zirconium-98 percent uranium element was 
approximately proportional  t o  the  acid  feed r a t e  and reached 190 kg/day 
al; a11 acid  feed r a t e  of 36 l i t e r s /hour  (1~2 n i t r i c  acid, 0.30g hydro- 
f luor ic  acid, 0.35M - aluminum n i t r a t e ) .  

Development of new waste treatment methods i s  influenced by waste 
volumes and the associated storage cos t s  involved. A survey of current  
and proposed zirconium f ue 1 processes indicates  highest waste volumes are 
generated by the  Z i r f l ex  and the  o r ig ina l  STR processes, with moderate 
Improvement For the  current ly  modified STR process. An approximate order 
of magnitude reduction i s  indicated f o r  headend treatment with ~ a + +  t o  
precipi  La Le b a r l u m  f luvzlrconate and even greater  reduction i s  promised 
by the  ARC0 process. The pos s ib i l i t y  of separation of a t  l e a s t  98 percent 
of t he  bsse a l loy  components from acidic ,  s t a in l e s s  s t e e l  waste solut ions  
is  indicated by polarographic study which demonstrated t h a t  iron,  chromium 
and nickel  reduction by mercury cathode e lec  t r o ly s i s  can proceed without 
reduction of cesium-137, cerium-144 and strontium-90, as  long as  the  t o t a l  
e l ec t ro ly t e  conocntration i a  maintained a t  o r  abuve 0.02M. Prel lnfnary  
work cjn the  calc inat ion of aqueous zirconium wastes, using calcium oxide 
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a s  a p rec ip i tan t  p r i o r  t o  calc inat ion and s i l i c a  a s  a scavenger i n  the  
ca lc iner ,  indicate  t h a t  re ten t ion  of the  f luor ide  w i l l  be d i f f i c u l t .  
Continued study on removal of cesium-137 from process waste solut ions  
by ammonium phosphomolybdate indicates  t he  AF'M t o  have high a f f i n i t y  f o r  
cesium i n  ac id  so lu t ions  and i n  the  presence of aluminum n i t r a t e ,  and 
t o  have reasonable s t a b i l i t y  i n  mineral acids,  other than hydrofluoric 
acid,  up t o  1 . O N  - acid.  

I n  i den t i f i c a t i on  of ionic  species present i n  process solutions,  
e l e c t r o l y t i c  conductance has been useful  as  an ana ly t i c a l  too l ;  data 
obtained a re  of s ignif icance i.n appl icat ion t o  process problems a s  wel l  
a s  instrumental  ana lys i s  and control .  The Onsager-Fuoss l imi t ing law 
f o r  e l e c t r i c a l  conductance of e l e c t r o l  t e  mixtures has been t e s t e d  by 8 measurements of E l - H C 1  mixtures a t  25 C and, within experimental e r ro r ,  
has been confirmed.. 

Experiments on e l e c t r o l y t i c  d issolut ion of s t a i n l e s s  s t e e l  i n  n i t r i c  
~ i c i d ,  designed t o  study the  quant i ty  of anode sludge formed a s  t h e  
temperature wgs var ied  from 40% t o  ~o'c, the  current  density from 0.4 
t o  1.2 amp/cmd, and t he  a c i d i t y  from lM t o  5M, disclosed t h a t  minimum 
sludge (0.'2 t o  0.5 grams/lOO grams of metal xissolved) was formed a t  t he  
lower temperature and under high current  density-high ac id i ty  or low 
cur ren t  density-low ac id i t y  conditions. Other combinations of these  
var iab les  gave 1 t o  3 grams of sludge per 100 grams of metal dissolved. 
Acidity, or  the  combination of hydrogen ion and n i t r a t e  ion, was the  
only var iab le  a f fec t ing  stoichiometry of the  react ion,  with 1.33 and 
1.45 moles of n i t r i c  ac id  being consumed per equivalent of metal dissolved 
a t  1M and 5M hydrogen ion concentration, respect ively .  Separation of 
s t a i h e s s  s t e e l  cladding from a uranium dioxide core by means of e l ec t ro -  
l y t i c  d issolut ion appears possible a s  a r e s u l t  of data showing uranium 
losses  t o  t he  dissolver  solut ion a s  low a s  0.3 t o  0.4 percent f o r  t en  
minutes contact  a t  13'~. Po t en t i a l  v s  current  density data show t h a t  
s t i r r i n g  t he  e l ec t ro ly t e  so lu t ion  increases Lhe liml-Ling current  density 
by a f ac tv r  of 2.5. 

An extension of t h e  ARC0 process, which employs molten Lead chloride 
a s  a solvent f o r  zirconium-uranium a l loys  followed by.regeneration of 
l ead  chlor ide  from the  lead produced, u t i l i z e s  d i r ec t  chlor inat ion i n  
t h e  dissolver  ve s se l  t o  rechlor inate  l ead  a s  It is formed, ur Lo d i r e c t l y  
ch lor ina te  (by addi t ion of chlorine t o  t he  lead chloride bath)  and rap id ly  
dissolve  a wide va r i e ty  of metals including s t a i n l e s s  steel,chromium, 
niobium, aluminum and zirconium a t  r a t e s  of a t  l e a s t  15 t o  30 rng/cm2/ 
minute. Rela t ively  r ap id  a t t a ck  el iminates many mater ia ls  from consider- 
ation f o r  b s s o l v e r  construction bu t  an a lumi~~t i  cerarulc appeared I;o with- 
s tand t he  dissolut ion medium. 

I n  continued s tud ies  of solvent s t a b i l i t y  i n  the  TBP-HN03-zirconium 
system, it has been shown t h a t  (1).  t he  zirconium-TBP reac t ion  i s  first 
order with respect  t o  zfrconium concentration, (2) .Lhe ha l f ' t ime  f o r  the 
reac t ion  increases a s  t he  zirconium concentration increases, and ( 3 )  the  
ac t iva t ion  energy i s  21.0 k i loca lor ies .  A t  50 '~ t he  half  time of the  
reac t ion  i s  about 15 hours. 
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11. ICPP OPERATIONAL SC mDULE, PERFOPMCE AND PROBLEMS 

A.  ICPP Processing Schedule, J. R .  Bower 

The processing of MTR, ETR and other miscellaneous aluminum f u e l s  
s t a r t e d  l a s t  quarter  was completed t h i s  period with over-a l l  recovery of 
99.60 percent. S ta in less  s t e e l  (SLR) f u e l  was processed through the  
dissolut ion and TBP headend extract ion system.with 99.69 percent recovery. 
This ,headend product was stored, pending completion of zirconium (STR) . 

headend processing which was s t a r t e d  a t  t he  end of the  period. These 
two .materials  (SIX and STR) w i l l  be blended and processed together 
twough the  second and t h i r d  Hexone cycles f o r  f i n a l  cleanup. 

  able 1 shows quant i t i es  of mater ia l  dissolved and the  schedule 
followed i n  ICPP operations during t h i s  quar ter .  

Table 1 

DISSOLUTION SCHEDULE AT ICPP, JANUARY -MARCH, 1960 

Ivi'IB ETR Other 
Keek Elements Elements Aluminum SIR STR 

Ending Kg.U No. Kg.U No. Elements Elements Elements - .  . :, 
. . .  

Jan. 2 
Jan. 

' 

Jan. 16 
Jan,. 23 
Jan. 30 
Feb. 6" 
Feb. 13* 
Feb. 2W 
Feb. 27 
Mar. 5 

- Mar. 12 
"Mar. 19 
Mar. 26 

*Ezcond and t h i r d  cycle   exo one) system operating 

" ~ h r e e  .bari&-l40 runs were completed with no unusual d i f f i c u i t i e s  
or,problems; The product recovery was as  l i s t e d  i n  Table.2. 

Table 2 

BARIUM- 140 PRODUCTION ' AT ICPP, JANUARY -MARCH, 1960 

Run No. Curies percent 'Recwerx 
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El. MTR-ETR and Miscellaneous Aluminum Alloy Fuel Processing, -.-..--.-- ---.. -.--.--. 
J. R.  Bower, Problem Leader; G. J. Raab 

The processing of MDl, ETR and other miscellaneous aluminum fue l s  
s t a r t e d  l a s t  quarter was completed t h i s  period with over-all  recovery 
of 99.60 percent. The flow h e t  f o r  the run was presented in the 
preceding quarterly report .  ? l T  

The mode of operation was different  from previous runs i n  tha t ,  
because of a limited operating crew, the f i r s t  cycle product was held 
up i n  storage banks before being sent in to  the second and t h i r d  cycles. 
The same crew a l t e r r a t e ly  worked the dissolution and f i r s t  cycle system, 
and the second and t h i r d  cycle system as  required. This mode of operation 
resu l ted  i n  two CPM ( f i r s t  cycle) and two second and t h i r d  cycle operating 
periods . 

1. Operating Ubservations 

The first cycle operation resul ted i n  an average processing 
r a t e  equal t o  75 percent of the flowsheet value.. There were periods of 
sa t i s fac tory  100 percent flowsheet operation; however, recycle of 
r a f f ina te  and feed control problems limited the r a t e  a t  other times. 
Column operation was smoother (minimum of column upsets) than when 
processing high s i l i c a  fuels;  the need for  recycle of waste batches 
resu l ted  from e i the r  off-specification feed or pulser troubles. Off- 
specif icat ion feed occasionally resul ted from charging of unirradiated 
damaged ETR elements with the i r r a d i a b d  f u e l  and the resu l t ing  
d i f f i cu l ty  i n  controll ing ca ta lys t  addition and dissolution r a t e  in  the 
e ontinuouo diooolvor . 

It appears desirable t o  schedule f u e l  dissolution t o  avoid 
mixing materials with widely differ ing dissolving character is t ics ,  in 
the in t e res t  of maintaining uniform column feed. 

Second and t h i r d  cycle operations were of quite short duration 
because, a f t e r  get t ing the systems l ined out, it was possible t o  process 
out of f i r s t  cycle product storage a t  r a t e s  equal t o  150 percent of 
f lawsheet. Over-all performance of the run was good. The. was-be loss  
from first  cycle was 0.39 percent and from second and third cycles 0.013 
percent. 

Exact decontamination performance was obscured by the f a c t  t ha t  
the feed varied (a mixture of fuels ,  plus i r radiated and unirradiated 
fue l s )  and the F i r s t  cycle product was stored barore processing tln-ough 
second and t h i r d  cycles. Table 3 presents some typica l  radiochemical 
analyses f o r  the run. The f resh  feed and IDP data represent r e su l t s  
a t  one operating period, and the IIAF, IIBP and IIIBP data represent 
r e s u l t s  a t  another operating period. Thus the r e su l t s  are  not d i rec t ly  
comparable. Operation and decontamination have in  generalbeen so 
sa t i s fac tory  tha t  the taking of a larger  number of samples fo r  purely 
informational purposes has not been f e l t  just i f ied.  
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Table 3 

Tota l  , Total  
Beta Gamma 

'Activity Activity Ruthenium Niobium Zirconium 

~ r e s h  Feed 3 . 2 8 ~ 1 0 ~ 3  2. E!xlo13 4 . 7 7 ~ 1 0 ~ ~  5 . 3 7 ~ 1 0 ' ~  7 . 3 ~ 1 0 ~ ~  

IDP 2.72~1010 4 . 9 4 ~ 1 0 ~ ~  1.30~109 2.87~109 7.76~109 

F i r s t  Cycle DF 1210 432 367 18 94 
' O v e r - ~ l l  DF 2 . 5 6 ~ 1 0 ~  9.60~105 1 . 3 7 ~ 1 0 ~  7 .45~105 4 .32~10  6 

*IIAF c.alculated from a I I A R  sample since the  IIAF ' i s  ' no t  d i r ec t l y  
sampled 

. . 

C. Sta in less  S t ee l  (SIR) Processing, J. R .  Bower, Problem.,Leader; 
,G. J. Raab 

S ta in less  s t e e l  (SIR) f u e l  was processed through dissolut ion and 
f i r s t  cycle'TBP ex t rac t ion  t h i s  quarter  with 99.69 percent recovery 
using the  f lowsheet published i n  the  second preceding quar ter ly  repor t  (2)  
of t h i s  s e r i e s .  The product from the  run was storer! i n  c e l l  B and w i l l  
be combined with STR (zirconium) f u e l  product f o r  processing through the  
Hexone second and t h i r d  cycles.  

The I A  column lo s s  (ex t iac t ion) ,  based on r a f f  inate  discharged t o  
waste, was 0.18 percent. The IB column loss  (scrub),  on a l i k e  ba s i s ,  
was 0.02 yescenl.  The remaining loss  of 0.11 percent was z t t r i bu t ab l e  
t o  t he  I C  'column ( s t r i p ) .  However, had not the  majori ty.  of the  IS\! 
(first solvent recovery mixer s e t t l e r  e f f l uen t )  been recycled the  l o s s  
due t o  the s t r i p  column would have been a t  l e a s t  one percent. 

1. h e r a t i n n  Observations 

The dissulver operation gave d i f f i c u l t y  ea r ly  i n  the  run when 
two batches f a i l e d  t o  i n i t i a t e ,  presumably due t o  n i t r a t e  ion-induced 
passivation.  h-acedu-e revis iun Lv assure draining and r ins ing  of j e t  
and instrument dip  tubes i n  the  dissolver,  t o  el iminate holdover of 
d issolver  acids  froill a preceding batch, apparently solved the  problem. 
The average dissolut ion cycle a f t e r  el imination of t h i s  d i f f i c u l t y  was 
8.5 hours with an average of 9.7 batches between heel  cleanouts. 
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The IA column performed well  except when the pwlser l o s t  i t s  
charge. It was necessary t o  check the pulsers frequently. Two batches 
of r a f f ina t e  were reworked t o  recover approximately 150 grams of uranium, 
or about a s  much uranium as  was discharged t o  waste during the r e s t  of 
the  e n t i r e  run from a l l  sources. 

The I C  column (s t r ipping)  performance was poor during most of 
the  run with the solvent recovery wash ( f i r s t  stage) picking up suf f ic ien t  
uranium t o  require recycling t o  the extract ion chain. After f i ve  days 
of poor recovery a t  a flowsheet r a t i o  of one par t  aqueous t o  four par t s  
organic, the  aqueous flow was ra i sed  t o  give a r a t i o  of one t o  three.  
This f a i l e d  t o  improve the s t r ipping obtained. The solvent i n  the 
system was then changed since the or ig ina l  solvent had been saved from 
a previous s t a in l e s s  s t e e l  run four months e a r l i e r .  -This, likewise, did  
not improve the s t r ipp ing  obtained i n  the  I C  c o l m .  The ammonia 
r n n ~ ~ n t r a t i o n  of the  U S  (SCYUB) stream was ~uulCl t o  be scrmewhat bclow 
the  f lowsheet requirement, possibly resu l t ing  i n  excess acid i n  the MP 
( C  column feed) stream, and adjusLlllent of t h i s  improved the   tripping 
nht.ai.ned although recycle of the  sulvelit wash was s t i l l  rcquircd t o  
recover unstripped uranium. During a l l  of t h i s  period the column pulser 
was the object  of considerable attention, receiving numerous adjustments 
and rechargings, with some indication t h a t  it was not holding i t s  charge 
( a i r  was usually bled off the  system) and thus not imparting suf f ic ien t  
energy t o  the  column. Near the  end of the run operation improved and it 
was possible t o  dispose of a number of batches of solvent wash without 
f i rs t  recovering uranium. 

Decontamination across the f i r s t  cycle tras good. Table 4 shows 
the  decontamination r e s u l t s  f o r  the  run. 

Table 4 

D E C O N T ~ ~ I O N  RESULTS CIF PRCCESSTJJG S T A M X S S  STEEL (SIR) F_IT& 
I F i r a t  Cycle TPlR System) 
Activity i n  d/(min)(g.U) 

Tota l  Total  
Beta Game 

Activity A o t  iv$tl., Ruthenitdun + lYJ,~hi~m -=.- Zirc o n i m  

Fresh Feed 9 . 1 5 ~ 1 0 ~  3 . 0 5 ~ 1 0 ~  1 . 1 2 ~ 1 0 ~ ~  2.80*10li I.. 49x10~' 

IDP l.02xlo9 1.2 k l o 9  2.35~10 5 . 1 7 ~ 1 0 ~  3 . 2 1 ~ 1 0 ~  

D. Plutonium Contamination. of Solvent, J. R .  Bower, Problem Leader; 
P. M. Kelly 

An experimental program was undertaken t h i s  period t o  determine the 
l e v e l  of plutonium contamination i n  waste Amsco from the  ID scrub column 
of the  TBP system and t o  t e s t  a carbon absorber f o r  cleanup of the  stream. 
Maximum permissible plutonium i n  t h i s  waste stream, which i s  disposed of 
by burning, was recent ly  es tabl ished a s  1.5 fg/1 by the ID0 Health and 
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Safety Division a'fter discovery .of waste Amsco containing up t o  400 
ug/l of plutonium. 

Pr ior  t o  t h i s  discovery waste Amsco had never been analysed f o r  
plutonium; the  routine analyses before t r ans f e r  f o r  d isposal  had been 
f o r  uranium and gross a c t i v i t i e s .  When f i r s t  noted, the. high plutonium 
was believed t o  have r e su l t ed  from the  t r ans f e r  of TBP-Amsco solvent t o  
t he  system during plant  cleanout and a temporary procedure f o r  scrubbing 
t he  Amsco with ferrous  sulfamate solut ion i n  ex i s t ing  equipment was 
developed. The procedure, while c u e ,  was successful  i n  reducing 
plutonium t o  safe  disposal  levels .  f 2y Since, however, routine sampling 
has revealed t h z t  the  waste Amsco stream, when processing aluminum-type 
fue l s ,  normally averages above 1.5 )cJ/l and a permanent cleanup 
procedure must be considered. 

1. Plutonium Dis t r ibut ion Study 

Because so lub i l i t y  considerations indicated t h a t  plutonium 
; should be several  orders of magnitude below 1.5 pg/l i n  the  Amsco stream, 

an invest igat ion.  was made t o  adequately define the.  behavior of plutonium 
i n  the  pr0ces.s. Flowing .stream samples were taken during CPM processing 
(aluminum-type f u e l s )  and plutonium concentrations i n  process streams 
and a mater ia l  balance are  given i n  Table 5. . , .  

Table 5 

PLUTONIUM BALANCE I N  TBP FJRST C Y C U  EXTRACTION SYSTEM 

Stream IAF IAR - - ICR - IDP - IDR - Balance 

~ l u t o n i u m  b / 1 )  442 43.4 10.6 646 9 
Plutonium (percent)  100 10.2 1.9 61.0 0.05 73.1 - 

In  an at-tempt t o  reduce plutonium i n  the  D column, and thence 
i n  the  waste Amsco, ferrous  sulfamate was added t o  t he  I A  feed, the  
fe r rous  ion t o  reduce plutonium t o  the  non-extractable plus I11 valence 
s t a t e  and t he  sulfamate t o  s t a b i l i z e  it i n  t h a t  s t a t e  by removing n i t rgus  
ac id  present i n  t he  feed. With a IA feed concentration of 0.0Ul ferrous  
sulfamate the  plutonium in  t he  I D  column decreased from 61  percent t o  3 
percent of t h a t  i n  the  feed, the  bulk of the  plutonium being diver ted 
t o  the  A column r a f f i n a t e .  Plutonium, however, pe rs i s ted  e s sen t i a l l y  
unchanged i n  concentration i n  the  waste Amsco stream, Microgram 
quant i t i es  of plutonium apparently complex, e i t h e r  a s  a plutonium polymer 
or a mono- or di-butyl  phosphate compound, and ca r ry  through the process 
t o  the  D column organic. 

2. Carbon Absorber Test 

Concurrent with the  ferrous  sulfamate t e s t ,  experimental equip- 
ment was s e t  up t o  determine the  capacity of act ivated carbon f o r  
absorbing plutonium from the  waste Amsco stream. Laboratory scoping 
s tud ies  had indicated t h a t  some of the  plutonium was compounding i n to  a 
species which would not ocrub i n t o  a fe~ruus sulfamate solut ion bu t  which 
would read i ly  absorb on a var ie ty  of surfaces. The a f f i n i t y  of t h i s  
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species  f o r  ac t iva ted  carbon had been es tabl ished,  but  a p lant  scale  t e s t  
was needed t o  obtain absorption capacity. 

For the  experiments, Amsco from the  waste co l l ec t ion  tank was 
r ec i r cu l a t ed  t h r o w h  a 1-inch diameter by 12-inch long carbon bed a t  a 
r a t e  t o  provide a th ree  minute residence time. A capacity of a t  l e a s t  
16,000 p5/f t3  was obtained. This f igure  may be small because break- 
through occurred during c i r cu l a t i on  of a batch of Amsco which had been 
contacted with decontaminating chemicals and contained a large  por t ion 
of r e l a t i v e l y  non-absorbable ionic  plutonium, thus  masking .any add i t iona l  
plutonium absorbed during c i r cu l a t i on  of t h i s  h s c o .  

It i s  apparent from these  experiments t ha t :  

( E )  Addition o f '  f e r rous  siilfamate i n  the  I A  column i s  inadequate 
t o  reduce plutonium i n  the  I D  waste be1017 to lerance.  

(b )  Carbon beds, even i n  conjunction wi th  fe r rous  sulfamate 
addi t ion i n  t he  I A  column, a re  inadequate because of the  
poss ible  presence of ionic  plutonium i n  the  waste Amsco 
stream, espec ia l ly  during decontamination operat ion,  

( c )  f e a s ib l e  plutonium decontamination system f o r  the  waste 
h s c o  s t r e s n  would be a fe r rous  sulfamate contactor t o  remove 
ionic  plutonium followed by a carbon bed t o  remove non-ionic 
plxtonium . 
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111. P-QUXOUS PROCESSING STUDES 

~ e c t i o i  Chiefs:. . H. T. H'ahn, Chemical Research; K. L. Rohde, Process 
Chemistry; J. A. Buckham, Technical Projects  . 

The. ex i s t fng  hydrof luor ic  ac id  dissolut ion process (STR) f o r . .  
uranium-zirconium f u e l s  has severa l  major disadvantages: high spec i f i c  
waste volumes; r e s t r i c t i o n  t o  1 1/2 percent or  lower uranium a l loys  by 
so lub i l i t y ;  i n a b i l i t y  t o  handle oxide fue l s ;  and the  l i be r a t i on  of 
hydrogen i n  the  off -gas. New process approaches involve the  measurement 
of c e r t a i n  bas ic  proper t ies  of zirconium systems and the  appl ica t ion of 
the  data t o  f lowsheet deve-lopment . . Aqueous systems :s tudies  are  
described i n  t h i s  sect ion and the  fused lead chloride process i n  sect ion 
V I I .  

So lub i l i ty  data are necessary i n  the choice of dissolvent  systems 
and f o r  s e t t i ng ' spec i f i c a t i ons  f o r  the  permanent storage of waste 
solut ions  .. Phase s tud ies  on zirconium-nitrate -f luoride . solut ions  have 
been necessary because of lack of l i t e r a t u r e  data.  Knowledge of the  
spec'ies of zirconium i n  solut ion i s  needed t b  give an understanding of 
the  react ions  i n  solut ion and t h e i r  behavior i n  chemical operations i n  
order t o  e s t a b l i s h  optimum flowsheet conditions. A potentiometric 
t i t r a t i o n  by NaOH of the  system: Zr-NO3-F is  described, and the  complex 
e q u i l i b r i a  a re  explained by a  f luozirconate  mechanism. 

The Z i r f l ex  process f o r  zirconium f u e l s  uses 6~ NH4F as  a  d issolvent  
and has been proposed by GE HAP0 and ORNL f o r  t he  zirconium decladding 
of U02 f u e l .  ICPP gtudies have modified the  Zirf  l ex  process t o  
accommodate uranium-zirconium a l loys  i n  t he  2-3 percent uranium range 
where the  o r i g ina l  STR process is  not  applicable.  Oxidants such as  
hydrogen peroxide and ammonium n i t r a t e  a re  added t o  the  dissolvent  t o  
so lub i l i ze  the  uranium. Bench scale  continuous d i s so lu t ion  s tud ies  on 
unir radia ted PWR p l a t e s  show t h a t  so l i d s  formed during d i s s o l ~ t ~ i o n  can 
be  so lub i l i zed  by adding aluminum n i t r a t e  and n i t r i c  acid,  t h a t  higher 
ammonium f luor ide  concentrat ions increase the  d i s so lu t ion  r a t e ,  t h a t  
higher hydrogen peroxide concentrat;fons lower the  dissolut ion r a t e  and 
decrease solut ion s t a b i l i t y ,  and t h a t  ammonia removal by boi l ing,  with 
or  without a i r  sparging, has l i t t l e  e f f e c t  on the  react ion.  From these  
s tud ies  a  flowsheet was proposed f o r  2.5 percent uranium-zirconium a l l oy  
f w l s  f o r  fu r the r  evaluation i n  the  p i l o t  p lant .  

The densi ty  of Z i r f l ex  solut ions  i s  being determined a s  pa r t  of the  
flowsheet development program and r e s u l t s  obtained t o  date a r e  reported.  
These w i l l  be important i n  s e t t i n g  operation flowsheet spec i f i ca t ions  
and i n  development of in - l ine  con t ro l  instrumentation. 

The zirconium p i l o t  p lant  f a c i l i t i e s  have undergone i n i t i a l  t e s t i n g  
and ce r t a i n  def ic iencies  a r e  being corrected.  The d i s so lu t ion  r a t e  f o r  
a  2 percent zirconium-98 percent uranium element i n  a  n i t r i c  acid- 
hydrofluoric acid-aluminum n i t r a t e  solut ion was approximately four times 
a s  great  a s  predicted on the  b a s i s  of ba tch  d i s so lu t ion  r a t e s  and of 
comparison wi th  the  r a t e  r a t i o  f o r  batch - vs continuous d i s so lu t ion  of 
aluminum. 
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A. Aqueous Zirconium Fuel  Processing 

1. Zircorium .-.-..- Phase --.- Studies - Potent iometr i c  Behavior of Zirconium 
i n  Ni t ra te  .and/& Fluoride Systems, E. M. Vander Wall, Problem 
Leader; A. J. Moffat 

Study of t h e  species present i n  zirconium process solut ions  has 
continued. The potentiometric behavior of zirconium-nitrate-f luoride 
so lu t ions  a t  f luor ide  t o  zirconium (F/Zr o le  r a t i o s  l e s s  than 7 can be 

z i rconate  phase re la t ionsh ips .  
i n t e rp re t ed  with t h e  a i d  of recent  work &t ICPP on sodium f luo-  

A t  low #/Zr mole r a t i o s  (which are  achieved during the  t i t r a t i o n  
of zirconium-nitrate-fluoride systems with sodium hydroxide) and a s  t he  
F/Zr mole r a t i o  i successively increased, t he  following equ i l i b r i a  have 
been swaes ted :  ( 3  7 

2n %OF@ + ' ~ ' n  (1) 

A t  r a t i o s  of one (Figure 1 )  approximately 75 percent of t he  
zirconium i s  t i t r a t e d  with base. These data a re  consis tent  with t he  
formation of a zirconium monofluoride. When the  F/Zr mole r a t i o  i s  two, 
only 50 t o  75 percent of the  zirconium i s  t i t r a t e d  with base a t  the  
break in the t i t r a t i o n  curve. 'lohe bases t'b? the inflectlurl  ( ~ l g u t :  1 )  
a r e  given i n  Equations (2) and (3) .  A t  F / Z ~  mole r a t i o s  ranging frum 
t h r ee  t o  s i x  it i s  known t h a t  the  zirconyl d i f luor ide  ( Z ~ O F ~ * ~ H ~ O )  
species  and sodium hexaf luozirconate a re  i n  equilibrium a s  described by 
equation (4) .  I n  t h i s  range (F/Zr, 3 t o  6) p a r t  of the  zirconium is  
present  a s  2NaF0ZrF4 and a s  t he  t i t r a t e d  proceeds, t he  2MaF.ZrF4 i s  
converted t~ ZrOF2*2H$. 

The fu r the r  addi t ion of  OH^ r e s u l t s  i n  the  following sequence of reactions:  
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20 3 0 4 0 50 60 70 80 9 0 100 
m l  of 0.197M NOOH . CPC-S-1308 

Fig. 1 - : Potentiometric T i t r a t i on  of Zirconium-Fluoride-Nitric Acid 
Sol t i ons  a t .  Various F/Zr Mole Ratios (2.0 m l  sample; 0 . 6 1 ~ .  Zr-7.8W 8 - - 
NOg ) 

Equations ( 5 )  and (6) are de2ived f r o  odium fluozirconate 
phase s tud ies  ca r r ied  out i n  t h i s  laboratory. 3 ~t a F/% r a t i o  of 
seven the  general  hydrolysis react ion would l i k e l y  be : 

followed by the  react ion described by equation (6). 

The general  conclusions which can be drawn a t  t h i s  time are  
t h a t  as zirconium-fluoride systems a re  t i t r a t e d  with base,with 
l i be r a t i on  of f luor ide ,  the  un t i t r a t ed  zirconium f luor ide  species i s  
converted t o  a f luozirconate and fu r the r  hydrolysis proceeds v i a  a 
f luozirconate mechanism. 

2 .  Homogeneous' Continuous Dissolution of 2.5 Percent Uranium-Zirconium 
Alloys Using t he  Z i r f  l ex  Process, K. L. Rohde, Problem Leader; 
B. J. Newby and C . E. May 

The homogeneous dissolut ion of uranium-Zircaloy-2 a l loy  i n  ammonium 
f luor ide  solut ion with an added oxidant has been studied i n  a bench scale 
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continuous dissolver. A continuous dissolution f lowsheet i s  presented 
and recommended f o r  p i  l o t  plant tes t ing  . 

Previous batch dissolution work(2) indicated t h a t  e i ther  ammonium 
n i t r a t e  or  hydrogen peroxide might be effect ive oxidants t o  be used i n  

t i o n  with ammonium fluoride fo r  homogeneous dissolutions . Later 
conjfij, work involving dissolution of uranium-Zircaloy-2 alloys i n  ammonium 
fluoride-hydrogen peroxide, pointed out some of the variables t h a t  should 
be scoped i n  a continuous dissolution study. In the  present study 
homogeneous continuous dissolution of the alloys was achieved by the use 
of ammonium .fluoride and e i the r  ammonium n i t r a t e  or hydrogen peroxide 
bu t  the resul t ing dissolver s'olution was unstable a t  room temperature. 

' 

The dissolver solution could be s tab i l ized  by the addition of aluminum 
nikrate  and n i t r i c  acPd while holding the ~ o l u t i o n  a t  a temperature of 
50 C during the, addit.ion.s. 

a . Experimental Equipment and Procedure 

A l l  s tudies were carrlerl oul; i n  the atainlcoo o tee l  oontinuous 
dissolver depicted i n  Figure 2. The v e r t i c a l  portion of the dissolver 
consisted of a 1-1/2 inch (schedule 40) pipe closed a t  the bottom end 
by a pipe cap; the f u e l  chute, feed i n l e t  l ines ,  and dissolves solution 
ou t l e t  l i nes  were constructed of various s izes  of s ta in less  t ~ i n g  as  

3 niii c ~ t e d .  Heat was supplied by 
heating tape wrapped around the 
dissolver between the Lower l iquid  
feed i n l e t  and the dissolver 
solution out let .  A perforated 
s te in lpss  st0ee1. pl.ate located ,just 
abwe the point where the f u e l  chute 
i s  attached t o  the dissolver, kept 
large par bicles within th lower 
portlvn of the dissolver. A piece 
of tygon tubing attached t o  the end 
of the dissolver solution out le t  
was bent upward suf f ic ien t ly  t o  
keep the l iquid  leve l  i n  the 
vc r t ioa l  portion of the dj.ssnlv-r 
above the out let .  This prevented 
di lu t ion  of the dissolver solution 

CIP-I-IIIs i n  the  out le t  with vapor. Liquids 
Ffg. 2 - Laboratory Model of Zirflex were fed  in to  the dissolver by 
Continuous Dissolver means of Sigmamotor pumps. In runs 

involvl11g uir. e;yergine, a i r  wan 
metered in to  the dissolver through a glass  tube located i n  Lhe f u e l  chute 
and extending in to  the v e r t i c a l  portion of the dissolver. During runs 
i n  which vapor was allowed t o  escape from the dissolver without ref  lux 
( the vapor loss being replaced by water addition t o  the dissolver),  and 
during boil-up measurements a t  the end of a run carr ied out under tuba1 
ref lux, the  condenser and thermometer shown i n  Figure 2 were replaced by 
a connecting tube which collected vapor from the dissolver, directing 
it out of the dissolver and downward through a water cooled condenser. 
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A l l .  dissolutions were car r ied  out using 295 m l  of solution, a t  
the boi l ing point of t h a t  solution. About 40 grams (0.37 cubic inches) 
of undissolved, uranium-ZircaJoy-2 a l loy  were present i n  the  dissolver .  
during the run. The 2.5'percent uranium segments used were cut  from 
PWR type f u e l  pla tes  which consisted of Zircaloy-2' cladding and 5.83 . . 

percent by weight normal uranium plus Zircaloy-2 f i l l e r .  Plate  ro l l i ng  
temperature was 1 4 5 0 9  with a preheat time of 75 minutes'and post heat 
.time of 15 minutes. 

. The dissolut ion was considered t o  be a t  equilibrium if the 
zirconium and uranium concentrations (as  indicated by "on the spot" 
colormetric analysis)  of the  dissolver e f f luen t  remained constant f o r '  
3 hours. After dissolver equilibrium had been establishedb dissolver 
e f f luen t  was directed in to  a s e t t l i n g  container held a t  50 C; portions 
of the c l a r i f i ed . e f f luen t  from the upper portion of the  s e t t l i n g  vesse l  
were e i t he r  s tab i l ized  with n i t r i c  ac id  and aluminum n i t r a t e  ( t o  be used 
f o r  zirconium, uranium, and f l m r i n e  analysis)  or, allowed to ,  stand over- 
night f o r  short  'term s t a b i l i t y  studies.  

Observations 

The continuous homogeneous dissolut ion of uranium-Zircalo 
a l loy i n  ammonium fluoride-hydrogen peroxide (or ammonium nitrater-:& 
studied as  a function of l i qu id  feed r a t e ,  ammonium f luor ide  concen- 
t r a t i on ,  oxidant concentration, ammonia removal techniques, l i qu id  feed 

' introduction techniques, and boil-up. ' since .it became, apparent ea r ly  i n  
these s tudies .  t h a t  the  dissolver '  solut ion produced during the dfssolution 
of the  a l loy i n  aiunonium fluoride-hydrogen peroxide (or ammonium nitrate) '  
would be unstable a t  room temperature, methods . for  s t ab i l i z ing  t h i s  
solut icn were investigated. 

(1) Liquid Feed Rate 

Other conditions being' constant, an 'increase i n  l i qu id  feed ' 
r s t e  gives a higher dissolut ion ra te ,  although decreasing the z i r~onium 
conce'ntration of the, dissolver e f f luen t .  This r e s u l t s  i n  .a higher- 
e f f luen t  pH. However, as  shown i n  Table '6, l i qu id  feed r a t e  has l i t t l e  
effect on the percentage of a l loy  uranium dissolved a s  compared with 100 
percent dissolution of zirconium. X-ray examination, of the  so l ids  
separating from the dissolver e f f  iuent a f t e r  aging indicates the  mador 
component t o  be ( N H ~ )  3 Z r ~ 7 .  

(2) Ammonium Fluoride Concentration 

Increas iug .the ammonium f luor ide concentration in ,  the  
dissolver feed stream, under the  conditions summarized i n  Table 7, 
increased the 'diasolutioa rate suf f ic ien t ly  t o  lower the f luor ide - . . 

zirconium mole r a t i o  of the  product t o  a .value which resu l ted  i n  s table  
dissolver e f f luen t  i n  batch dissolut ion work. The f i r s t '  two runs i n  
Table. 7, using the higher ammonium. f luor ide ;concentrations, d id  not come 
t o  equilibrium conditions. due t o  local ized so l id  formation ( fdent i f  i ed  
primakily as  ' ( N H ~ )  ZrF ) within the dissolver. This s o l i d  formation can 
be prevented by a i r  sp  1 rging.' Bigher aa~aniuiu f luor ide feed concentrations 
a l so  resu l ted  .in increased uranium dissolution .. 
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Table 6 

DISSOLUTION OF URANIUM-ZIRC ALOY -2 U O Y  
EFFECT OF LIQUID FEED RATE 

~ o n d i t i o & :  Total  ref lux; Liquid feed composition, 5. lM - %F-0. 0 6 5 ~  - 
H202; Boil-up, 2 ml/min. 

Liauid Completeness Solids 
~ i e d  Dissolution ' Effluent Com os i t ion  , i n  A6'epb) 
Rate Rate v- Z r  U F Zr 2 Dissol. Of urant3 Effluent -- 

Mole 
m i  (cmq(min) - M g/1 -- Ratio percent' g/l 

3.3 .5.6 ' 0.50 0.69 9.9 8.2 58 89 
1.9 2 ..3 0.77 0.88 8.4 7.3 48 98 

(a). Proportional uranium Ussolu t iun-  a s  compared with zirconium 
dissoli.!t.i.nn (100 percent would indicate equivalent uranium t o  
zirconium dissolut ion f o r  96 percent zirconium-2.5 percent uranim 
fuel) , .  

(b) Solids formed on standing overnight. 

Table 7 

DISSOLZprION OF URANIUM-ZIRCALM-2 ALLOY 
EFFECT OF AMMONIUM FLUORIDE ' CONCENTRATION 

Conditions: Total  r e f  lux;  Liquid feed r a t e ,  2.6 ml/min; boil-up, 9.5 ul/ 
min; Oxidant, .0.065M - %02 i n  NHbF 

M (cm2) G i n )  M g/l Ratio  - Percent g / l  

(a )  Calculated from volume of feed and weight of f u e l  dissolved, assuming 
the f u e l  t o  be 96 percent zirconium. Sample not analyzed because of 
excee~ive sol ids .  

(3) Hydrogen Peroxide Concentration 

In the  runs sunrmarized"in Table 8,' increasing the hydrogen 
peroxide concentration i n  the  dissolver feed d id  not markedly increase 

, the  extent of uranium dissolution,  but d id  decrease the dissolution r a t e  
su f f i c i en t ly  t o  prevent s o l i d  format ion within the  dissolver. 
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Table 8 

DISSOLUTION OF URANIUM-ZIRCALOY -2 ALLOY 
EFFECT OF HYDROGEN PEROXIDE CONCENTRATION 

Conditions : Total  re f  lux; Liquid feed r a t e ,  2.6 ml/min; 
Boilup, 5.5 mljmin. 

... 

Completeness Solids 
Liquid Feed 

LC omposition 
Dissolution of Uranium i n  Aged 

.Rate Dissolution Eff luent  -- 
m a y  Mole . "  

. (cm2)]min) - M & Ratio -- . percent ' g/l. 

. . 

(4)  Ammonia Removal Techniques 

I n i t i a l l y  it was thought t h a t  more e f fec t ive  ammonia removal 
during dissolut ion would r e s u l t  i n  more s tab le  dissolver  e f f luen ts .  ' 
Ammonia removal was attempted by allowing vapor produced during a 
dissolut ion t o  escape frl~rn the  dissolver,  unres t r ic ted,  and replacing t he  . _. , 
vapor l o s s  with water. The r e s u l t s  of such a run are  compared- i n  Tab-le , 
9 with a run made under t o t a l  ref lux.  The e f f l uen t  pH ind ica tes  t h a t  - 

1 ,  ammonia removal was not increased by t h i s  technique. However, t he  . t 

dissolut ion r a t e  was decreased, the  f luor ide  t o  zirconium mole r a t i o  > 

was increased, and the  uranium dissolut ion improved. 
,>-. 

An attempt was a l s o  made t o  increase ammonia removal by a i r  
sparging (see Table 9 ) .  The o n l y  apparent e f f e c t  of a i r  sparging was t o  
keep the  solut ion within. the  dissolver s$irr,ed s .uff ic ient ly  t o  prevent 
s o l i d  formation caused b y  l o c a l  action.  

( 5 )  B o i l - u ~  
5 

Boil-up, over the  range shown i n  Table lo, .  had no noticeable 
e f f e c t  on dissolut ions  ca r r ied  out without ref lux.  Water, t o  replace 
the  vapor loss ,  was added t o  the  dissolver  through t he  upper l i qu id  feed 
i n l e t  (see Figure 2) .  Complete uranium dissolut ion was r ea l i z ed  i n  
these  runs. 

In dissolut ions  r~rr l . cd  out under t o t a l  r c f  lux, an i i ~ureuse  
i n  boil-up increased the  dissolut ion r a t e  and decreased t he  f luor ide-  
zirconium mole r a t i o ;  Although no two t o t a l  r e f l ux  dissolut ions  were , 
performed i n  which boil-up was the  only var iable ,  d issolut ion runs were 
made d i f f e r i ng  only i n  boil-up and l i qu id  feed r a t e .  Comparing t he  
r e s u l t s  of the  second run tabula ted i n  Table 7, with the  two s m a r i z e d  
i n  Table 6, leads t o  the  conclusion t h a t  t he  increase i n  boil-tip from 2.0 
t o  5.5 ml/min under t o t a l  r e f l ux  r e su l t ed  i n  a decrease i n  the  f luor ide-  
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zirconium mole r a t i o  and, possibly, a s l ight  increase in  zirconium 
dissolution ra te .  

Table 9 

DISSOLUTION OF URANIUM-ZIRCALOY-2 ALLOY 
EFFECT OF AMMONIA REMOVAL TECHNIQ.W3S 

Conditions: NH4F-%O feed ra te ,  2.6 ml/min; Concentration, 5. 
%F-o. O&M - %02; Boil-up, 5.5 ml/min. 

Ammonia Completeness Solids 
Removal Dissolution of-Uranium in  Aged 

'l'e c hn ique Rute Dissolution Ef Pl.wnt 
%/ Mole 

- .... ..-- (cm2)(tnnn) - M R a t i o  -- percent g/l 

Vapor allowed 3.0 0.57 1.5 9.7 8.4 7 90 89 
L;o escape 
unref luxed, 
loss replaced 
by water 

None, t o t a l  . 4.4 0.57 0.9 8.0.  .7 .3  67 47 ., 
ref  lux 

Total reflux, 4.5 0.63 0.8 7.9 7.4 53 77 
sparging with 
7 ~ /min  09 
~3.r ( a t  14.7 
psi .  and 70%) 

Table 10 

DISSOLUTION OF URANIUM-ZfRC ALOY-2 A U O Y  
EFFECT OF BOIL-UP 

Conditions: Dissolution without reflux, replacing vapor loss with 
water; Liquid feed composition, 5.M - NH~F-0.06% %02; 
Liquid feed ra te ,  2.6 ml/min. 

Completeness Solido 
Diooolution of-uranium i n  Aged 

Boil-up Rate Diooolution Effluent -- 
Mole 

ml/min ( m i )  - M -- Ratio Percent g / l  

6 , . 3.4 0.57 1.6 9.7 8.2' >90 89 
4.5 3.0 0.57 1.5 9.7 8.4 > go 89 ' 
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(6) Dissolver Solution S t a b i l i t y  

Three- d issolut ion experiments were di rected a t  s t a b i l i z a t i o n  
of .a dissolver eff luent  'by achieving a low fluoride-zirconium mole r a t i o .  

' I n  the  f i r s t ' r u n ,  t he  objective was t o  increase t he  zirconium dissolut ion 
r a t e  f a s t e r  than the  f luor ide  feed r a t e  by using a high boil-up and high 
ammonium f luor ide  concentration under t o t a l  ref lux;  t o  r e a l i z e  high 
uranium dissolution,  a 1 .  hydrogen peroxide feed stream was used i n  the  
upper feed l i ne .  A i r  spgrging was used t o  prevent s o l i d  formation and t o  
minimize contact  of t h e '  undissolved a l l oy  with hydrogen peroxide. The 
higher fluoride-zirconium mole r a t i o  ac tua l ly  r ea l i z ed  i n  t h i s  run 
(see. Table 11) was apparently brought about by the  higher hydrogen , 

. . peroxide concentration, decreasing the  zirconium dissolut ion r a t e  even 
; in ,  t he  presence of a i r  sparging. 

. . 

Table 11 

DISSOLZPTIOIi OF URABTIUM-ZIRCW-2 ALKYX 
DISSOL€?l!IONS =ING DISSOLVER EFFUlEWJ! STABILIZATIOB 

Conditions: Total reflux; Boil-up, 5 .5  I U & / ~ I ~ ;  Sparging with 7 1 of a b / a  
(measured a t  14.7 psi8 a t  70 F ) .  

Completenese Solids - .-.. 
Dissolution Effluent Composition of Uranium in Aged 

Liquid Feed Composition and Rate Rate -- Zr U F/Zr & Dissolution Effluent 
Mole 

Upper Stream Lower Stream (c~T{min) A ~ n i o  - Percent g / l  

- IM E20 at  6.  OM m4F a t  4.2 0.58 1.2 9.2 8 . 3  88 79 
oT6 d7min 2 .Gd/min 

Water a t  6.0METE4F-1MHE4BO3 5.8 0.65 1.6 7.6 7.7 >W 
0.6' ml/min a t  3 .6  'ml /mG 

96 

A lower fluoride-zirconium mole r a t i o ,  r e su l t i ng  i n  increased 
ef-rlwn.L s t a b i l i t y ,  was r ea l i z ed  i n  t he  second run. This was accomplished 
by using a lower hydrogen peroxide concentration i n  the  feed stream 
enter ing t he  dissolver  above t h e  a l l oy  and by allowing more contact  time 
between ammonium f luor ide  and t he  a l loy.  Uranium dissolut ion,  however, 
was unsatisfactory.  

Complete uranium dissolut ion and a low fluoride-zirconium 
r a t i o  were achieved i n  the  t h i r d  run, again u t i l i z i n g  two feed  streams; 
t he  lower stream was ammonium fluoride-ammonium n i t r a t e  and. t he  upper 
rjrls was weter. The dissolver. e f f luen t ,  however, was not s table .  

' 

Unsuccessful attempts were made t o  s t a b i l i z e  t h e  solut ion 
overflowing from the  dissolver  by adding n i t r i c  acid,' adding hydrogen 
peroxide, d i lu t ing  with water, and adding water p lus  n i t r i c  acid. 

Successfut 7 f f  luent  s t ab i l i z a t i on  was obtained by following an ORNL 
flowsheet 4 which involved the  addit ion of aluminum n i t r a t e  and n i t r i c  
ac id  whils holding t he  solut ion a t  50 '~  during t he  addit ion.  



IDO-14520 
Page 26 

c. Flowsheet 
/ 

Uti l iz ing  information gained from the s tudies  described, a 
t en t a t ive  flowsheet was prepared f o r  the  continuous dissolution of 2.5 
percent uranium-Zircaloy-2 a l loy  using ammonium fluoride-hydrogen 
peroxide (see Table 12) . The f lowsheet involves dissolut ion without 
ref lux,  and replacement of vapor loss  with water. Such a dissolution 
i s  more trouble-free than dissolut ions  performed under t o t a l  reflux,  
t he  l a t t e r  having higher dissolut ion r a t e s  but involving a i r  sparging 
t o  prevent so l id '  format ion within t he  dissolver.  The dissolver product 
i s  s t ab i l i zed  with aluminum n i t r a t e  and n i t r i c  acid. The amount of s t ab i l i ze r  
solut ion necessary depends upon the quantity of undissolved f i n e s  present 
i n  the  dissolver solution.  The greater  the  quanti ty of f i nes  present, 
t h e  la rger  the volume of s t a b i l i z e r  solut ion u t i l i z e d  i n  dissolving the 
f i n e s  before the s t ab i l i z ing  process begins. An equally e f fec t ive  . 
flowsheet would probably be realized using 5.z a~lilllulliuui fluoride-lM - 
ammonium n i t r a t e  as  t he  dissolving reagent. 

Table 12 

FLOWSHEET FaR THE CONTINUOUS DISSOLUTION (WITHOUT REFLUX) 
OF 2.5 PERCENT URANIUM-ZJRC ALOY -2 ALLOYS 

USING AMMONIUM FLUORIDE -HYDROGEN PEROXIDE 

Fue 1 Df ssol .  Dissol. S tab i l izer  
Charge Product Solution Adjusted 

- Feed 

Rate 
Zr 
u 
N H ~ +  
3+ 
H202 
F' 

( a )  Vapor loss  i s  replaced by addit ion of water i n  a second stream a t  a 
r a t e  of 1.6 d /min .  

(b)  Hydrogen off-gas evolution, 66 cc/min. 

3.  Zir f lex  Solution Densities, E. M. Vander Wall, Problem Leader; 
. . J. L. Teague 

An investigation of the  dens i t i es  of Zirf lex proces8 solutions i s  
underway; determinations w i l l  be made a t  NH4F concentrations ranging 
from O.OM t o  6.0M and NH4N03  concentrations from O.OM t o  1.OM. The 
d e n s i t i e s  w i l l  a i so  be determined f o r  O . q  and 0 . 5 M  - TNH4)2ZrF6 with 
added amounts of NEIJ+F. 
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To date measurements have been ma& on two different  s e t s  of 
solutions : 

(1) 0. lM ( N E b ) 2 ~  t o  which has 
1.040 bee; added increments of = 

E NH4F, u n t i l  soltibil i ty limits x are reached. Figure 3 shows 
E, - the density values obtained 
+ f o r  these solutions. 
t LO20 
V) z w (2) 0 . g  and 0.24M NHj+F contain- 
P ing O.IM, 0.2%, 0.5% and 

1 . 0 ~  NH- NO^.  he density 
1.000 v a l k s  or these solutions 

0.5 1.0 1.5 2.0 
2 

are  shown i n  Figure 4. 
TOTAL FWORlDE (MOLES/Lm) 

CPP-s-1360 Values have been obtained by use 
Fig, 3 - Density of 0 . e  of Qeldts  precision weighing bot t les .  
(NH~)*&F Solution as  a Function The reference v0hllle of these bo t t l e s  
of Total 8 luoride ( a t  25%) i s  checked a f t e r  each unknown sample 

by determining the weight of d i s t i l l e d  
water it w i l l  hold under the experimental condftions. This compensates 
for  any etching, and consequent volume change, tha t  may occur. The 
weighing bo t t l e s  (with sample or water) are equilibrated a t  25.0 2 0.03'~. 
Duplicate samples show a precision of t 0.0002 g/ml. 

Fig.  4 - Don~i ty  of NH4F-lJHQ103 Solutions as  a Function of Added NH4N03 
( a t  25'~) 



4. Continuous Dissolution Pilot Plant, J. A. Buckham, Problem Ieader; 
H. V. Chaniberlain, M. D. Martin, E. D. Howell and C i  R. Ford 

I n i t i a l  testing of the zirconium dissol\rt;ion pilot plant fac i l i t ies  
was performed using aluminum dissolution flowsheets. Mter several 
modifications were made and equipment def iciencies were corrected, two 
preliminary runs were conducted using a 2 percent zirconium-98 percent 
uranium continuous f lowsheet based on batch dissolution data. Several 
further &f iciencies in equipment design were discovered during these 
two runs and are currently being corrected. 

The aluminum dissolution f lowsheet was chosen for i n i t i a l  testing 
because the technology of continuous alumburm dissolution i s  well 
known and it was believed that the equipment could be checked out more 
safely if bydrofluoric acid were not present. Five runs were conducted; 
the feed rate was varied from 5 t o  60 l i t e r s  per hour, covering the 
range for which the pilot  plant was designed. On a l l  ruas, dissolution 
rates were as predicted from past experience. Several deficiencies, such 
as leaks in  f i t t ings and valms, were $hen camacted and a few minor 
modifications were made t o  provide for safer operation of the pizot plant. 

Tkre zirconium dissolution program was then started^uslng 2 percent 
zirconium-98 percent uranium alloy. This fuel was selected for i n i t i a l  
study since only small quantities of hydrofluoric acid are required and 
it is canrplexed with alminum nitrate in  the feed. Earlier corrosion 
studies showed that feed mixtures of ni t r ic  acid with ccqplexed fluoride 
should be the least corrosive t o  Carpenter-20 equipment. 

Two runs were made using a feed composition of LaM_ ngtric acid, O.3QM - 
hydrofluoric acid, and 0.35M alwdntm nitrate. The f ujel  bed height was 
six feet  in both runs.  he-fee& rate was l 8  l i t e r s  per hour i n  the first 
run and 36 l f t e r s  per hour in  the second run. It was found that the 
bi&$6ltrt;ion rate was on the order of Pour t h e e  as great arr that prabictail 
'by the uoe 09 6cerl.e-up factors fa- t lm  lator.alury barteh iliaeolution of 
2 percent zirconitan-uraniun fwl  uompared t o  batch and oontiauous 
dissolution of a lwinm fuels. It themf ore apBears that it Is not 
pruBsnt t o  predict eontinuaue dissolution rates for a new system by the 
cdmparison of batch b t a  on th i s  sytem with batch and continuous data 
for a lmm system. Preliminary data indioate +hat far the 2 peraant 
zirconium-98 percent uraniwn fuel, tk continuow dissoltxticln rate is 
approximaitely proportional t o  the acid feed rate. TfLe di8solution rates, 
based on a minim- nuuiber of prodwt analyses, were 95 an8 190 kllogrsnas 
per day for feed rates of and 36 l i t e r s  per hour, resgeetively. 

T h  reeond eirooniw dirrsolution run indirtatsd eewral atliPiLPonal 
equipment ahf iciencies and several modifications which would be neueesary 
t o  insure safety of' operation. During the early gart of tbs second run, 
the canned rotor feed pump becam Inoperative and nitrogen pressure was 
used on the feed tank t o  obtain feed flow during the balanoe of the run. 
On slubsequsnt examination of the pumg it was found that eroelon or 
corrosion of uertaln parts on the pvrmp rotor had ocewred and tbat 
deposits i n  this  area had cawed the rotor t o  freeze. An analysis of 
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t h e ' p a r t s '  s h o w e d ' a l l ' t h ~  niaterial. t o  be carpenter-20;' a t  present the  
ca&e of the  damage i s  not known. since nitr'ogen pressure on the 
feed tank gives smooth feed flow control, since the r e p a h  of the  pump' 
may 'be'. costly,  a.nd since the exact causes 'of the  ,erosion o r  corrosion 
are  not known, it was decided t o  use nitrogen pressure i n  a l i  subsequent 
runs. The feed prebeater was found t o  have a leak between the tube side 
and the s h e l l  side and feed, mixing with the condensed steam, had 
corroded the i ron steam t r aps  and f i t t i n g s  on the condensate l i ne .  This 
leak may have been caused by s t r e s se s  s e t  up e i t he r  when the  vesse l  was 
annealed during fabr ica t ion  or during ac tua l  operation. A new preheater 
of the s h e l l  and c o i l  type is  being fabr icated t o  replace the  o ld  one. 

Several cracks and leaks have occurred i n  and around the welds 
between wrought Carpenter-20 pipe and cas t  Carpenter-20 f i t t i n g s  . The 
majority of these leaks have been found adjacent t o  the  welds i n  the  
ca s t  material. 

5. Evaporation and Mixing of Solutions i n  a Packed Vessel, 
J. A. Buckham, Problem Leader; G. K. Cederberg 

A study of t h e  e f f e c t  of packing on evaporation and air-sparge mixing 
of solutions i n  a vessel  i s  being conducted t o  e v ~ l u a t e  the  f e a s i b i l i t y  
of adding neutron-absorbing packing mater ia l  t o  chemical processing 
equipnkht f o r  c r i t i c a l i t y  control  purposes. 

The f e a s i b i l i t y ' o f  operating a 36-inch diameter ICPP batch 
evaporator, steam jacketed on the s ides  and bottom, when packed with 
Raschig rings,  or other su i tab le  packing, is  being studied. In the  
ICPP t h s s  evaporator is .used f o r  concentrating d i lu t e  solutions of 
enriched .@raniurn which do not meet specifications.  In an unpacked vesse l  
very precise control  of the  t o t a l  uranium content and the uranium 
concentration i n  the vessel  must be maintained t o  prevent the  occurrence 
of a nuclear c r i t i c a l i t y  incident. Packing t h i s  evaporator with a 
c hemically-inert , neutron-absorbing packing such as  boron s t a in l e s s  s t e e l  
Raschig rings,  would grea t ly  reduce the  probabi l i ty  of a nuclear incident. 
An experimental pr'ogram has been undertaken t o  determine sa t i s fac tory  
operating c0ndition.s using such a packing. 

These experiments a re  being performed in.  a 30-inch .diameter vessel  
jackete,d on the s ide  and bottom. Sixteen sample l i nes  have been 
inser ted i n t o  the  vesse l  and are provided with gang-operated quick- 
opening valves t o  provide simultaneous samples a t  four elevations and 
three  radial positions. 

Concentration gradients i n  the  vessel  during evaporation, as  wel l  
a s  r a t e  of mixing of solutions by air-sperging, w i l l  be determined f o r  
the  unpacked vessel  and with the  vessel  packed with 1/2 inch and 1-1/2 
Raschig rings.  The extent of mixing i s  determinedby analyzing 
simultaneous samples f o r  copper (by a colorimetric method using a copper- 
EDTA complex) which is  added as  a concentrated n i t r a t e  solution, through 
the standard sparger d i s t r ibu tor  ring, a t  the  s t a r t  of each t e s t .  
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A statistically-designed 'program is :be ing  followed t o  determine the 
ef fec t  of solution depth, solution density, solution viscosity, sparge 
a i r  rate ,  and s ize  of packing on mixing. R u n s  have been completed on 
the  unpacked vessel; complete mixing i s  obtained i n  1 t o  3 minutes using 
a i r  sparge r a t e s  of from 3 t o  16 scfm. These studies are continuing. 
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IV. NEW W A S l i E  T R E m N T  METHODS 

Section Chiefs: K. L. Rohde, Process ChemisLry; D. W. Rhodes, Waste 
Treatment; J. I. Stevens, Waste Calciner Demonstration 

The long range objective of many of the  process developments a t  ICPP 
i s  improvement i n  nuclear waste management. Reduction i n  waste volumes 
produced i n  the reprocessing of f u e l  and more economic methods of waste 
handling and storage are .specific objectives, which are  stimulated by ' 

doubt as  t o  the f e a s i b i l i t y  of indef ini te  tank .storage of an ever- 
increasing quantity of l iquid,  and the be l ie f  t h a t  waste management i s  
the  major single economic fac tor  i n  nuclear f u e l  processes. 

Three. routes t o  improved waste management a re  being pursued a t  ICPP. 
The reduction of l i qu id  wastes t o  a s o l i d  form, e f fec t ing  a s & s t a n t i a l  
&crease i n  volume of material  t o  be permanently stared,  i s  exemplified 
by process development on the calcinat ion of aluminum fuel wastes and . 

laboratory studies on calcinat ion of other type wastes. The development 
of headend processes which charac te r i s t ica l ly  produce low volumes of waste 
i s  another approach t o  the  problem; i n  the  ARCO process, for example, the  
zirconium i n  a zirconium-beari,ng fuel is vo la t i l i zed  and separated a s  . 
ZBCl4 i n  t he  dissolut ion step.  Zirconium may a l s o  be separated, together 
with f luor ide,  i n  a modified STR headend process by prec ip i ta t ion  a s  . . 

barium fluozirconate. The t h i r d  approach is  directed t o  t he  separation 
of spec i f ic  long-lived f i s s i o n  product from high-level wastes; e.g., the  
f i s s i o n  products from s t a in l e s s  s t e e l  f u e l s  waste may be separa tedby  a 
process involving mercury cathode e l ec t ro lys i s  of t he  s t a in l e s s  s t e e l  
comgomnts, Specific f i s s i o n  products may a l so  be d i r ec t ly  removed, as  
f o r  example, the  adsorption of cesiumby ammonium phosphomolybdate. 

In  order t o  provide a bas i s  f o r  evaluation of possible, headend and 
waste treatment processes, a review of the various aqueous processes f o r  
STR-type fue l s  with respect t o  the waste volume produced i n  each is  
presented i n  t h i s  report .  The STR, modified STR, and Zirf l ex .  processes 
do not d i f f e r  s ignif icant ly  i n  waste volumes. Headend treatment with 
barium, which makes it possible t o  remove zirconium ahd f luor ide as  
i n s u l u b l e  barium fluoziroonate, r e s u l t s  j.n approximately a tenfold 
reduction i n  waste volume; t h i s  i s  one of the most promising of the 
developments presently under way. The ARCO process i s  a lso shown t o  
give a qui te  low waste volume. 

Polerographic curves on Cs-137, ~e-144 end Sr-90 i n  s t a in l e s s  s t e e l  
wastes show t h a t  t he  Fe, C r  and N i  reduction by mercury cathode electro-  
l y s i s  can proceed without reduction of the  th ree  f i s s i o n  products dowrl 
t o  0.02M t o t a l  ions. This would allow a t  l e a s t  98 percent removal of 
base al'ioy components *om the  waste, 

The calcinat ion of ZrF4 wastes leads t o  large volumes of corrosive 
f l w r i d e  condensate. Addition of excess CaO t o  the waste p r io r  t o  
calcination,  in an e f f o r t  t o  r e t a i n  the  f luor ide  i n  a non-volatile form, - -  
was not completely successful. While quant i ta t ive  prec ip i ta t ion  of 
zirconium was obtained, the  f luor ide  was not completely prec ip i ta ted  a s  
calcium f luor ide and calcinat ion of the s lu r ry  would very probably 
re lease  f luor ide . 
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The so lubi l i ty  of ammonium phosphomolybdate i n  various mineral ac ids .  
was measured f o r  use i n  flowsheet studies fo r  the removal of cesium from 
wastes. Solubi l i t ies  range from 2.5 t o  43 a t  25'~. 

A. Waste Volume Comparison of Several Zirconium Processes, K. L. Rohde 
Problem Leader; 0. W. Par re t t  and B. E. Paige 

Several methods have been proposed f o r  the aqueous processing of 
zirconium-uranium fue l s  of the STR or PiJR core type. The f i r s t  phase 
of the improvement of the STR process waste economics, through process 
chemistry, has involved reductions i n  the  specific volume of extraction 
column ra f f ina te  and i n  the proportions of aluminum n i t r a t e  added for  
sa l t ing  strength. The gains possible with such changes are limited and 
have probably been exhausted. Non-corrosive character is t ics  are obtained 
i n  the Zirf lex process fo r  enriched fuc ls  a t  the expense of s ignif icant ly 
increased waste volumes. The potent ial  of the barium fluozirconete 
headend processes f o r  reduction of waste volumes i s  very great but, while 
the r e s u l t s  of the  chemical flowsheet s.tudies have been very favorable, 
the engineering aspects of the l iquid-solid separation have not been 
demonstrated on a s ignif icant  scale.  In Table 13,. comparison is made 
of these processes according t o  the quantities of radioactive waste 
prodwted. 

The original ly  designed STR flowsheet(5) has been oper d success- ?it f u l l y  on a production basis .  The process currently i n  use a t  the 
ICPP employs a more concentrated extraction feed, i. e., 0.6m zirconium 
instead of the 0.55M zirconium previously used; with ,the samg aluminum 
n i t r a t e  sa l t ing  strFng-th used i n  both cases. This resul ted i n  a 20 
percent reduction i n  waste volume and the number of moles of aiminum 
used per fuel '  charge i s  reduced from 1395 t o  1.136. 

Other modified STR f low sheet^(^) have been ver i f ied  dn a laboratory 
scale.  These methods u t i l i z e  a reduced sa l t ing  strength, 0.55M aluminum 
n i t r a t e  instead of the 0.75M previously used. Thi.s reduction Tffers 
increased s t a b i l i t y  and, thzrefore, greater uranium capacity i s  obtained 
with about a 25 percent ra f f ina te  voludne reduction. The quantity of 
aluminum used i s  about 800 moles instead of the 1395 moles used with 
the or iginal ly  designed: f lowsheet, 

. Details of the continucus dissolution work done with the Zirf lex 
process are given i n  t h i s  report  ( ~ e c .  111-B). The waste volumes 
produced by t h i s  method and the quantity of alwninwn used are 28 percent. 
greater  than those experienced with the process as designed. 

The ba~iurn fluozirconate headend precipi ta t ion methods (1)(2)(7)(8!(9) 
have a lso  been ver i f ied  on a laboratory scale. The novel feature i n  
these flowsheets is  the separation of the wastes in to  two levels of 
radioact ivi ty .  .(see Table 13) The so l id  waste produced by the headend 
precipi ta t ion is expected t o  be only moderately radioactive. 
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. Table 13  

WASTE PRODUCTION COMPARISON OF PROCESSES FOR STR-TYPE mTELS 

,,Each flowsheet i s  based upon the  same f u e l  charge, 93 kg of zirconium 
' a l l oy  and 1 .9  kg of uranim.  

Dissolver 
Process Reagent 

Original  design 10M - HF 
STR f lowsheet 

Currently used 10M - HF 
STI? f lowsheet 

Modified STR l O M  - HF 

Zirf  l ex  

Headend precipi,- 12M - RF 
t a t  ion with 
Ba(No312 . 

' Headend precipi-s  7 . 4 ~  - Hl? 
t a t i o n  with BdF2 
and B ~ ( N O ~ ) ~  

ARCO, (with Pb . PC$ 
recovery) 

Moderate Level High. Level 
Sol id  Waste Waste Solutions 

(moles) ( l i t e r s )  

None 1946 

None 1515 

None 1460 

None 2 500 

984 ~r 510 . 

High Level 
Waste . 

(moles) . ' 

Zr A 1  

( a )  .Volume of dry s o l i d  estimated a t  170 l i t e r s .  , ... - 
(b)  Volume of dry ZrClb = 1'70 l i t e r s  based on a density of 1.4. 

B ,  Mercury Cathode Rlectrolys is ,  R.  L. Hickok, Problem Leader; 
K. T. Faler  and D. R .  Anderson 

A polarographic study was i n i t i a t e d  t o  invest igate  the  e lect roreduct ion 
of f i s s i o n  product ions a t  the  dropping mercury cathode. These data  
w i l l  be valuable i n  developing a waste treatment process t o  separate the  
a l l oy  metal ions, iron, n ickel  and chromium from f i s s i o n  products i n  
acidic ,  . ~ t a i n l e s s  steel.  waste  solutions.  

'The i n i t i a l  r e s u l t s  i n d i  ated t h a t  cesium, barium, strontium and 3 yttr ium i n  approximately 10' N ac id  solut ions  underwent electroreduction 
a t  t h e  dropping mercury cathoze above a po t en t i a l  t h a t  was cha rac t e r i s t i c  
f o r  each ion. . The r a t e  of reduction of cerium increased gradually 
beginning a t  about -1.7 .volts .  The reduction mechanisms were shown t o  
be independent'of t he  concentra ion of f i s s i o n  product ions f rom.t racer  3 concentrations ' to  about 1 x. 10' molar, with cerium as  t he  exception. 
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I n  solut ions  of t y p i c a l  waste concentration, the  reduction of 
cesium, cerium and strontium was not detectable even with the  use of 
radioact ive t racers .  

In general, the  i n i t i a l  polarographic data indicated t h a t  t ransfer  
of the  long-lived f i s s i o n  products cesium-137, cerium-144 and strontium-90 
from the  aqueous waste solut ion t o  the  mercury cathode during e l ec t ro lys i s  
can be minimized by operating a t  voltages below approximately -2.0 vo l t s  
vs  - the  saturated calomel electrode and by maintaining the  e lec t ro ly te  
concentration a t  approximately 0.025 or  greater  t o t a l  ion concentration, 
thus  permitting subs tan t ia l  separation of a l loy metal from f i s s i o n  
products . 

Preliminary work on the proper t ies  of a l loy metal-mercury cathode 
mixtures indicated t h a t  knowledge of viscosi ty  w i l l  be impor t~~n t  i n  
handlfng of tlie cathode metal mixture. Exploratory t e s t s  indicated 
t h a t  it would be f ea s ib l e  t o  adapt a forced oacblbation viscometer t o  
t he  measurement of t he  viscosi ty  of the  a l loy metal-mercury mixtures. 

1. Experimental Methods and Equipment 

Current-voltage curves f o r  the  f i s s ion  product ions cesium, 
cerium, ~ t ron t ium,  y t t r i um,  and barium were obtained i n  neut ra l  and i n  
ac id ic  solut ion sing the  mercury drop-washing c e l l  described i n  a 
previous report  ylY and a Leeds and Northrup Type E Electro-Chemograph. 
A s o l u t i  n containing a l loy  metal ions i n  "pol rographic concentrations" r: [5 x 10- M Fe2(s04) 1 x 10-%l NiSOq, 1 x lo-% ~ r ~ ( ~ b q ) ~  and 
5 x , ~ o - ~ M  %SO41 ani'  a so lu t ioz  containing a l loy  metal ions i n  " typical  
waste co~cen t r a t ion"  LO. 1~ Feg(sOq) 0.01.M NiSOq, O.02M crg(sOq) and 
0.55 were used t o  ;Study the 2' ehavior of the  fissTon products 
under an applied po ten t ia l  .. The concentrations of the  f i s s i o n  product 
ions var ied from t r ace r  l eve l  ' to a s  high a s  O,I,M, i n  which case the . . 

measured rad ioac t iv i ty  of the  f i s s ion  products ;as p lo t ted  against 
applied potent ia l .  For intermediate concentrations, i n  the  absence of 
a l l oy  metal ions, the  measured diffusion current was p lo t ted  against  , 

applied potent ia l .  Final ly  the  e f f e c t  of varying the  t o t a l  ion 
concentration of t he  solut ion on the electroreduction of the  f i s s i o n  
product ion was determined. 

' A l l  voltages are  reported as  reduction voltages the saturated 
calomel electrode.  

2. Results- of '  Polarographic Studies 

Current -voltage curves fo r  the  elements oes j  i.m, b~ r ium,  strontium, 
y t t r i u m  and cerium are  shown i n  Figures 5 through 10. The reduction of 
cesium, barium and strontium (Figures 5, 6 and 7) appeared t o  proceed i n  
a straightforward manner. Reduction of these metals occurred a t  a 
cha rac t e r i s t i c  voltage and was preceded by the red1.1,ction of hydrogen i n  
ac id  solutions.  The reduction of yttrium (Figure 8) resu l ted  i n  two 
polarographic waves; a normal reduction wave, which represented the 
reduction of ~ + 3  t o  Y + ~  s t a r t i n g  a t  -1.75 vol ts ,  and a second wave 
be inning a t  -2.05 vol t s ,  which presumably represented the reduction of 5 Y+ t o  YO. The anomalous height and slope of the Y + ~  t o  YO curve 



Fig, 5 - Polgwoe;l.apbic Reauction 
rrP .. 'Cesittn - i s  Acid ~obtlt ion st 25% 

' .., 
Fig. 6 - Polzaogra~hbc ReWctdon 
of Bari-wm in  An$4 Galutipn 
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suggested that  the reaction was more complicated than a simple electron 
transfer  . 

> - '2 --'..a. - ' 8  I 

$.  ,--.:- ,,'L--,, ' 

The behavior of cerium (Figures 9 and 10) differed markedly 
from tha t  of the other ions. In  netrtral solution (Figure 9) a true 
polographic wave was never obtained, but instead a gradually r is ing 
current -voltage curve was observed, which indicated that  reduct ion was 
occurring a t  a fas te r  ra te  as  the voltage increrrsed. Hydrolysis of 
the cerium sulfate i n  neutral solution very likely was an important 
factor  in roducing this peculiar cerium curve. In  acidic solutions 
(Figure 10 7 a polarographic wave began a t  about -2 volts  (the predicted 
voltage half-wave potential f o r  cerium), but the upper end of tlwt curve 
was masked by a maximum that  was not eliminated by the usual polar- 
ographic techniques of adding suppressors, varying the electrolyte 
content, eto . 

Fipree 313, 12 and 13 shw 

Fig. I1 - Polarsgraphic Reduntion 
of Cesium-13 in  Acidic, Alloy 
Mbtal Ion Bolublon 

L h  ~+educt ion of %racer Q O ~ Q O B ~ X ~ ~  I ~ n s  
of cesium-137, barim-137 and 
cerium-144, respectively i n  acid 
salutions a t  "polarographic 
concentrations" of iron, nickel and 
c h r d w n  ions. The curves for 
cesium and barium carrespond very 
closely t o  the current-voltage curves 
fo r  1 x 10-3 molar concentrations of 
these ions (Figures 5 and 6), indicat- 
ing tha t  the  reduction k h a n i s m  is 
the stam for  tracer concentration6 
as for "m~rcrn" c n n c e n t r ~ t i ~ n s  aad 
tha t  the aUoy metal ion6 do not 
affect  the reaction mechanism. 
~srirrm-144, an the other BanB$ 

Fig. 12 - Polarographie Reduction Fig. 13 - Polarographic Redwtion 
of Barium-1.37 i n  Equilibrium with of ceriw-144 in  Acidic, Allw 
Cesiuen-13 i n  Acidic, Alloy Metal M a 1  Ion Solution 
Ion Solution 



produced a curve i n  ac id  solution similar t o  the  curve btained i n  e neut ra l  solution for  cerium a t  concentration of 1 x 10- M. - The reason 
f o r  t h i s  anomalous behavior is not yet  understood. 

A study of the  reduction of f i s s i o n  products a t  " typical  waste 
concentrations" of a l loy  metals was l imited t o  the range 0 t o  about 
-1.6 vol ts ,  which was below the  half-wave poten t ia l s  f o r  the  f i s s ion  
products. A t  more negative voltages the mercury dropping r a t e  became 
e r r a t i c  and mercury was p a r t i a l l y  re ta ined a t  the  aqueous-carbon 
te t rachlor ide interface so t h a t  accurate measurements were not possible. 
However, s tudies  of the  behavior of cesium and cerium during the reduction 
of iron, nickel  and chromium through the voltage range 0 t o  -1.6 vo l t s  
indicated no measurable quantity of e i t he r  element was co-removed with 
the a l loy metal ions. 

The e f f ec t  of varying the  concentration of su l fur ic  acid, potassium 
su l f a t e  and nickel  su l fa te  on the  reduction r a t e  of cesium and cerium 
was studied a t  -2.3 vo l t s  fo r  cesium and-2.8 vo l t s  f o r  cerium. The 
e f f ec t  of added ions was negligible up t o  about 0.02M t o t a l  ion concen- 
t r a t i on .  Above t h i s  concentration, the  reduction raTe of cesium and 
cerium decreased rapidly with increasing concentration of t o t a l  ions. 

3. Results of Mercury Recovery Studies 

An investigation was i n i t i a t e d  t o  study the viscosity,  s t a b i l i t y  
and methods of decomposition of the alloy-mercury mixture re'sulting from 
the mercury cathode, e l ec t ro lys i s  of s t a in l e s s  s t e e l  wastes. An. e lec t ro-  
l y t i c  c e l l  was constructed using a platinum mesh anode and a magnetically 
s t i r r e d  mercury cathode. Iron, nickel or chromium i n  O.5M su l fur ic  acid  
solution were electrolyzed in to  the mercury phase . to  provTde a cathode . 

of known composition. . . 

Preliminary data indicated t h a t  a high iron-mercury phase was 
s tab le  toward oxidation by a i r  over a period of aeveral  days. The mixture 
separated in to  two phases on centrifugation,  the  l i gh t e r  phase being 
ident ica l  i n  appearance but considerably more viscous than the  heavy 
phase. Knowledge of the  viscosi ty  of the cathode mixtures was considered 
necessary t o  develop a waste treatment process. .&el-lminary attempts t o  
measure viscosi ty  of the mixtures indicated t h a t  viscosi ty  measurements 
.could be made i n  a forced osc i l l a t ion  cap i l la ry  viscometer i n  which the 
a,mplitude of o sc i l l a t i on  of the  cathode mater ia l  was compared simul- 
taneously with the amplitude of o sc i l l a t i on  of clean mercury as  a standard. 
Work is continuing t o  adapt t h i s  method t o  the  measurement of viscosi ty  
of cathode material  a s  a function of a l loy metal concentration. 

C , Calcination of Zirconium Wastes, R. L. Hickok, Problem Leader; 
J. S. Madachy 

Experimental work was i n i t i a t e d  t o  study the chemistry of the 
calcinat ion of waste solutions resu l t ing  from the aqueous processing of 
spent zirconium fuels ,  including precipi ta t ion pr ior  t o  calcination t o  
r e t a i n  the f luor ide i n  the  calcined product. Preliminary r e su l t s ,  using 
a waste solution containing a l l  of the  major chemical consti tuents 



expected t o  be present i n  the  zirconium type waste solutions, indicated 
t h a t  quantitative precipi tat ion of zirconium was achieved by adding 
calcium oxide t o  the waste, but tha t  quantitative precipitation of the 
f luoride was not obtained. Calcination of t h i s  s lur ry  would very l ike ly  
r e s u l t  i n  volatilizat 'ion of the fluoride t h a t  was not precipitated as  
calcium f luoride. 

I n i t i a l  r e su l t s  of laboratory calcination of zirconium f l w r i d e  
solutions,  preliminary t o  the calcination of more complex solutions, 
indicated tha t  complete conversion of zirconium fluoride t o  the oxide 
required about four hours i n  a batch type calcination. Additional 
experiments, using sand i n  the calciner, indicated tha t  only a p a r t i a l  
reaction of the sand with the fluoride, t o  form s i l icon  tetraf luoride,  
occurred. 

Tile preliminary i-osults t o  date Indicate tbt coaglete re tent ion of 
the fluoride in  the calcined so l id  may be d i f f i c u l t  t o  achieve even with 
a pretreatment of the waste. The data a lso  indicated t h a t ' t h e  laboratory 
calciner equipment must be modified 'and t e s t ed  on s a p l e  sulutions u n t i l  
successive experiments demonstrate :;that a reproducible material balance 
of the f luoride i n  the system can be obtained. 

1. Precipitation of Zirconium 

~xperiments were performed t o  study the precipitation by 
calcium oxide of zirconium from synthetic zirconium process waste 
solutions as a pretreatment fo r  calcination. The purpose of the pre- 
treatment was t o  convert the fluoride in  solution t o  calcium fluoride 
oolid, which wnnld. prevent vola t i l iza t ion  of the fluoride during 
calcination. 

The synthetic was Le composition was 0.45M zirconj.im, 0.67~ 
aluminum, U.97M hydrogen Lon, 2 . 6 ~  fluoride and i.84~ n i t r a t e  and-was . 

believed t o  coztain a l l  O f  the ma30r. cheuical c o n o t i ~ w n t s  which wouJ.d, 
be present in  waste solutions resul t  in$ from the aqueous processing 
of zirconium fuels .  

Solid calcium oxide was added t o  the synthetic waste solution, 
and the precipi tate  digested for several houro a t  below boil ine temper- 
atures.  The f i l t e r e d  precipi tate  was then dried and ignited for  various 
time intervals.  The preliminary re su l t s  indicated tha t  zircunlum was 
probably precipitated quantitatively.  Apparen-t;ly, also, a major 
f rac t ion  of the f luoride i n  a synthetic waste solutlon can be precipitated; 
however, .the concentra.Liox~ of flunridc i n  the f i l t r a t e s  vi2.l. have t o  be 
determined 'before the chemistry of the oyotem oan be well ~mderstnod. 

2. Equipment Operation and Development 

A laboratory calclner,  conststing of a closed s ta in less  steel. 
cylinder containing a platinum crucible as  a calcination reaction 
chamber, was designed and fabricated. The calciner was constructed of 
2-inch, schedule 40, s ta in less  s t e e l  pipe, 6-inches. long and was f i t t e d  
with removable s ta in less  s t e e l  plugs. A side arm from the calciner was 
connected t o  a copper absorption tube i n  which glass  wool or similar 



mater ia l  could be inse r ted  t o  reac t  with any evolved hydrogen f luor ide  
t o  convert it t o  s i l i c o n  t e t r a f l uo r ide .  ,The absorption tube was 
connected t o  a scrubber containing 1.Og sodium hydroxide t o  t r a p  t he  
s i l i c o n  t e t r a f  luoride or hydrofluoric acid.  A stream of hot  a i r  was 
drawn through the  e n t i r e  system during operation t o  sweep t he  gaseous 
reac t ion  products through the  co l lec t ion  system. 

Five preliminary ca lc ina t ion  runs were made using a zirconium 
f luor ide  solut ion containing 1 . 6 7 ~  zirconium and 7.8314 f luor ide .  In  
th ree  of the  experiments the  zirconium f luor ide  solut ion was calcined 
i n  a bed of sand, and i n  t he  other two experiments only t h e  zirconium 
f luor ide  solut ion was used. The calc inat ion temperature was 500 t o  
525'~. 

3. Results  of Calcination Experiments 

Evaluation of t he  preliminary calc inat ion runs, based on a .  
comparison of t he  weight of t he  residue i n . t he  crucible  with the  
t h e o r e t i c a l  weight t h a t  would r e s u l t  from vo l a t i l i z a t i on  of the  f luor ide  
a s  s i l i c o n  t e t r a f l uo r ide  and conversion of the  zirconium t o  zirconium 
dioxide, suggests t h a t  the  f luor ide  d id  not v o l a t i l i z e  completely, or may 
have been v o l a t i l i z e d  a s  hydrogen f luor ide  r a the r  than s i l i c o n  t e t r a -  
f luor ide  when sand was used i n  the  calc iner .  The data a l s o  indicate  t h a t  
a t  l e a s t  a four hour residence time i n  t h e  calc iner  was necessary t o  
convert zirconium f luor ide  t o  zirconium dioxide. 

D. Removal of Long-Lived Fiss ion Products from Waste Solutions, 
D. TJ. Rhodes, Problem Leader; M. W. Wilding 

The removal of cesium and other long-lived radioisotopes from process 
waste solut ions  p r io r  t o  ca lc ina t ion  would simplify t he  requirements 
f o r  off-gas cleaning in' a ca lc iner  and reduce t he  requirements f o r  storage t * 

of the  calcined product. Laboratory experiments were perf o rmd .to 
invest igate  f ac to r s  a f fec t ing  the  adsorption by ammonium phosphomolybdate 
(APPI) of cesium from process waste solut ions .  

Tht! laburueLory data indicated that the s o l u b i l i t y  of APM i n  mineral 
ac ids  was i n  t he  order HC1 < HNO < H2SO4 < HI' and thg range of measured 
so lub i l i t y  i n  lN ac id  was 2.5 g /  1 t o  3 4 3 . 0  g / l , a t  25 C .  So lub i l i ty  of 
t he  APM decreasgd by approximately an order of magnitude a s  the  ac id i t y  
decreased from 1.ON - t o  0.U.. - 

4 Distr ibut ion coef f ic ien t s  f o r  cesium-137 were about 1 x .10 i n  n i t r i c  
acid, a l y i u u u  nILr'aLe or ti -.mixture of both. The ' apparent d i s t r i bu t i on  
coef f ic ien t  f o r  cesium-137 increased by a f ac to r  of 1.6 a s  t h e  concen- 
%ra t ion  'of alumiawu n i t ra te '  rlt?creat;ed frum 1. OM t o  0. OM; 'however, 
s u f f i c i e n t  data were not avai lable  t o  e s t a b l i s g  t he  r e lTab i l i t y  of t h i s  
observation. 

The data  obtained during t h i s  repor t  period demonstrated t h a t  APM, 
used a s  an inorganic ion exchange material ,  can remove e s sen t i a l l y  a l l  
o f  the cssilrm from acid  solutions. The presencc of about one molar 
aluminum n i t r a t e ,  a serious competitor f o r  the  exchange s i t e s  on most 
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ion  exchangers, had no i nh ib i t i ng  e f f e c t  on t he  exchange reac t ion  with 
APM. The s o l u b i l i t y .  of s o l i d  APM i n  mineral ac id  solut ions  was low 
enough t o  be t o l e r a t ed  with t he  exception of solut ions  containing 
appreciable amounts of f r e e  HI?. However, most 9rocesses which use HF 
a l s o  use a  chemical cons t i tuen t  t o  reduce t he  f r e e  HI? concentration t o  
a  r e l a t i v e l y  low value.  The pr inc ipa l  problem i n  the  use of APM f o r  
t h e  removal of cesium from waste solut ions  a t  present appears t o  be the  
se r ious  pressure drops r e su l t i ng  from use of t he  f i ne ly  divided mater ia l  
i n  an ion exchange column. Studies a r e  underway t o  invest igate  t h i s  
p r  ob lem . 

1. Experimental Methods 

Laboratory batch equilibrium experiments were performed t o  
inves t iga te  f ac to r s  a f f ec t i ng  the adsorption by ammonium phosphomoiybdate 
(UM) of cesium from process waste solut ions .  Radioactive phosphorus 
(phosphorus-32) was incorporated i n t o  the  APM by dissol.v.itig the  s o l i d  
i n  ammonium hydroxide so lu t ion  containing the  phosphorus t r ace r  and then 
p rec ip i t a t i ng  t he  APM with n i t r i c  acid.  Samples of the  d r ied  prec ip i ta te  
were added t o  various aqueous solut ions  and the  concentration of 
phosphorus-32 i n  t he  equil ibrium solut ion was taken as  a  measure of the  
s o l u b i l i t y  of APM i n  t h a t  pa r t i cu la r  sblution.. 

2. Experimental Results  

The s o l u b i l i t y  of APM i n  solut ions  of various mineral acids i s  
repor ted i n  Table 14. 

Table 14 

SOLUBILITY OF AMMONIUM PHOSPHOMOLYBDA'I% I N  ACID SOLUTIONS AT 25% 

Solribility, grams/liter - - 
Acid Concentrat ion 24 Hr. Contact 120 Hr. Con%act 

N 
. . 
Ni t r i c  

Su l fur ic  

Hydr of buor i c  l . U  
0.1 
0.01 

Hydrochloric 1.0 
0.1 
0.01 
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The data i n  Table 14 indicate  t h a t  the  so lub i l i t y  of APM i n  acid  
solut ions  was excessive only i n  the  case of hydrofluoric ac id  a t  1 .ON 
ac id  or greater .  . I n  process waste solutions,  the  f r e e  hydrofluoric a c i d  
concentration probably would never approach 1 .ON because of the  necessi ty 
f o r  complexing the  f luor ide  p r io r  t o  chemical processing of the  dissolver  
solution.  There was a marked difference i n  the  s o l u b i l i t y  of APM i n  a l l  
of the  acids  a t  1.0 and 0.lN acid  indicat ing t h a t  any modification of the  
process waste t h a t  would decrease the  ac id i t y  below 1.ON - ac id  would be 
bene f i c i a l  f o r  the  adsorption of cesium. 

The r e s u l t s  of equilibrium batch experiments t o  determine the  
e f f e c t  on cesium adsorption of varying t he  concentration of aluminum 
n i t r a t e  and n i t r i c  ac id  are  given i n  Table 15. 

. .  . Table 15 

EFFECT OF NI'I'RIC ACID AND ALUMINUM NITRATE ON THE 
ADSORPTION BY AMMONIUM PHOSPHOMOLYBD~ OF CESIUM AT 2 5 ' ~  

Material  Concentrat ion ' Dis t r ibu t f  on Coefficient ,  Kd - 
. M  - (Units of lo4) 

Aluminum Nit ra te  1.0 
0 . 1  
0.01 

N i t r i c  Acid 

N i t r i c  Acid (e) 
and Aluminum 
Ni t ra te  (var iable)  

The data  ii? Table 15 suggest an increasing. a f f i n i t y  of the  APM 
f o r  cesium with decreasing concentration of aluminum n i t r a t e ;  however, 
su f f i c i en t  data were not avai lable  t o  determine whether o r  not the  
t rends  were val id ,  and the  only f i rm conclusion t h a t  can be drawn from 
the  data a t  present i s  t h a t  adsorption of cesium was high through the  
range of the  concentrations of aluminum n i t r a t e  and n i t r i c  ac id  t h a t  
were investigated.  

The extremely small c r y s t a l  s i z e  of t he  ammonium phosphomolybdate 
resu l ted  i n  very low flow r a t e s  when the  s o l i d  was used i n  a packed bed, 
even with f i l l e r  mater ia ls  such a s  asbestos or  vermiculite. An attempt 
was made, therefore,  t o  use the  s o l i d  i n  a f l u id i zed  bed with s t a i n l e s s  
s t e e l  f i l t e r s  a t  e i t h e r  end t o  contain the  so l id .  Preliminary t e s t s  
indicate  t h a t  adequate flow r a t e s  could be obtained with t h i s  system. 
Additional experiments t o  measure the  e f f ic iency  of t he  f l u id i zed  bed 
system fo r  adsorbing ceslum are  planned. 
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E . Waste Calciner Demonstration 

. The progress of the-research, development and demonstration work 
on waste disposal by calcinat ion i s  the subject  of a separate report(22). 
An abstract ,  only, of the  s a l i en t  features  of t h i s  work f o r  the current 
period is presented here. 

1. Laboratory Developmental Program, J. A. Buckham 

The two-foot calc iner  was operated during t h i s  period t o  
determine the  ranges of the  operating variables.  Few operating d i f f i c u l t i e s  
were .encountered, and a run of sixteen days duration yielded data 
indic'ating steady-state operation fo r  the f i r s t  time. Heat t ransfer  data 
showed t h a t  overa l l  heat t r ans fe r  coeff ic ients  (from NaK t o  bed) ranged 
from 35 t o  150 BTU/(~~) ( f t 2 )  (OF). 

A new twelve-inch diameter cabciser, f ncosp~ra t ing  provisions 
f o r  more v e r s a t i l e  operation and control ,  is being constructed. Design 
of an apparatus f o r  high-temperature, post calc inat ion treatment has been 
s t a r t ed .  A capacitance measuring device f o r  remote determination of 
calc ine bulk density and so l ids  flow r a t e  is being developed. 

I n i t i a l  t e s t i n g  of a pa r t i c l e  coating apparatus has begun. 
Batch leaching has been studied and the poss ib i l i t y  of leaching strontium 
and cesium from calcined alumina wastes, i n  a continuous countercurrent 
contactor, i s  being investigated. 

2. Demonstration Fac i l i ty ,  J. I. Stevens 

The Waste Calciner Demonstration Fac i l i t y  was estimated t o  be 
approximately 88 percent complete a t  the end of the reporting period. 
ICPP first cycle extract ion waste tanks were sampled and radiochemical 
analyses a re  i n  progress. One tank was sampled a t  various levels  and 
the  analyses indicate a high degree of chemical homogeneity. Heat 
generation r a t e s  i n  a 300,000 gallon waste storage tank were calculated 
fromtime4emperature .curves and found t o  f a l l  between the l i m i t s  of 
1.27 - + 0.37 BTU/(IU) (gallou) . 
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V . GENERAL TECHNICAL SUPPORT 

' ~ e c t i o n ' c h i e f . :  ' H. T. Hahn, Chemical Research 

A.' A Test of t he  ~ ixed -E lec t ro ly t e  Conductance Theory, E. M. Vander Wall, 
Problem Leader; D. P. Pearson 

The use of e l ec t ro ly t i c  conductance represents  'an important t o o l  
i n  defining the  quant i ta t ive  re la t ionsh ips  between species ex i s t en t  i n  
process .solutions.  These re la t ionsh ips  have significance i n  appl icat ion 
t o  both process problems and instrumental control .  In order t o  analyze 
e l e c t r i c a l  conductance data f o r  solut ions  of hydrolyzable metal s a i t s ,  
correct ion must be made f o r  t h e  conductance. of the  acid  produced by 
hydr'olysis : 

When there  e x i s t  more than two kinds of ions i n  solution,  t he  
mobi l i t i e s  of a l l  'on present are  a l t e red ,  according t o  the  theory of 
onsager and Fuoss. tlo7 In  a  mixture of two 1 : 1 elec t ro ly tes ,  the  

' change i n  equivalent conductance of the  mixture r e l a t i v e  t o  the  ari thmetic 
mean of .the conductances of s ing le  solut ions  of the  const i tuent  e l ec t ro ly t e s  
a t  the  same ionic  s t reng th  can be expressed a s  follows: 

AA --Aebt -&z - 
A - t c i n i  t c ;  4 n i  i s ( / )  . , ,,I 

&. 
/ E c L A - ~  ( ~ i - 1 1  = ~ ~ - 1  (2.1 

C L  4 i  
where AA i s  the  change i n  equivalent conductance due t o  the  mixture ' 

e f f ec t ;  /lobs is  the  observed equivalent conduc-t'ance of t he  mixture; C i  

i s  the  .concentrat ion of the  i t h  e l ec t ro ly t e  and hiis  i t s  equivalent  
conductance a t  the  ionic  s t reng th  (/U) of the  mixture; A* is  the  l imi t ing 

. equivalent conductance of t he  mixture; &* i s  t h e  re laxat ion coef f ic ien t  
i n  the  Debye-Huckel-Onsager l imi t ing  law; and Qi i s  the  "mixture effect." 
coef f ic ien t  of the  i t h  ion which i s  calculable from the  theory. I n  
e f f ec t ,  the  Q; expresses t he  change i n  the  l imi t ing law due , t o  t h e  mixture 
e f f ec t .  

Without considering extended terms i n  the  conductance equation, the  
appl icat ion of equation (1)  is  r e s t r i c t e d  t o  ionic s t rengths  not g rea t ly  
exceeding 0.01.M. The r e l a t i v e  change i n  conductance should be g ree tes t  
when there  ex ig t  ions of the  same sign with g rea t ly  d i f f e r i ng  mobi l i t ies ,  
such as  i n  a mixture containing hydrogen ions and cat ions  of normal 
mobility. To t e s t  t he  theory, a  few measurements of hydrochloric acid- 
potassium chloride mixtures have been made. These are  shown in  Figure 14. 

Eingle e lec t ro ly te  svlut ions  were prepared Yrom de-ionized, d i s t i l l e d  
water and reagent grade hydrochloric ac id  or .fused, r ec rys t a l l i z ed  
potassium chloride . Concentrations were deter  In d  from conductance 
using the  e  ua ion of Lind, Zwolenik and Fuoss and the  data of Owen 
and Sweeton . A l l  sol.utions were 0.01 + 0.001M. Mixtures were prepared 
by weight within 0.01 percent from the  s ingle  solc t ions .  Resistance 
measurements were made with a L e e d ~  and Northrup-JO~ES bisidge a t  
25 - + o.0002~c. 
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0 . 3 0  

good, as  may be seen from Figure 14 
i n  which the so l id  l ine  is calc 

investigated solutions of ionic 
from theory. Only Bray and Hunt 

- strength l e s s  than 0.l.M. Of the 
I investigations of mixt&es of two 
-s a l k a l i  chlorides, only two were made 

tr ngths of O.Ol.M or 
at less .  i0?iS)7177 These buth %dlcal.e 
t h a t  the ohange i n  conductance due 
t o  the "mixture effect"  is  only 
45-65 percent as  great as  predicted 
by theory, althol-ah, tn these cases, 
the  absolute value of the discrepancy 
i s  not large because of the similar 
mobilitiea of the cations. 

00 0.5 10 
With the exception of the lowest 

MOLE FRACTION OF ACID IN ELECTROLYTE po'k't--wl'ich may be preswd 
i n  error-- the limited data reported 

C P P - S - ~ S T ~  here tend t o  confirm the 1;heory for  

Fig. 14 - Mixed' Electrolyte acid-sal t  mixtures. 
Relaxation Effect Coefficient f o r  
El-KC1 Mixtures i n  Water a s  a 
Function of Electrolyte 
C ompositi.nn 

l E l - K ) = l , / ~  = 0.01, ( t h i s  work) 
(ve r t i ca l  l ine  indicates 
known experimental uncertainty 
i n  one data point) 

@ E l - N a C 1 ,  p 5 0.02, r e f .  
+ El-NaCl, p 70.02, 
X 1 -  p = 0.01, ref .  15 

HI= 1-KC 1, p = 0.01, r e f .  14  

A number of investigators have 
studied the mixture e f fec t  previously; 

these, three 
HC1-NaC1 mixtures. 
agreement between the three is not 

(3 
a3 

- 

- 

7 I O/o 
CONDUCTANCE 

4D 
L C H A N G E  
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V I .  EI.JETROLYTIC DISSOLUTION SYSTEMS 

Section Chiefaa: K. L. Rohde, Process Chemistry; R. T. Hahn 
Chemical Research 

W i t h  t h e  advent of many new f u e l  compositions, it has become 
increasingly d i f f i c u l t  t o  apply t o  them the  dissolut ion chemistry of 
ex i s t i ng  processes. Need f o r  a  universal  headend process i s  continually 
becoming more acute. Scoping s tud ies  a t  the  ICPP have shown the  
e l e c t r o l y t i c  d issolut ion method t o  come a s  c lose  t o  handling a l l  f u e l s  
a s  any s ing le  method. The e l e c t r i c a l  po t en t i a l  overcomes t he  pass iv i ty  
of s t a i n l e s s  s t e e l  i n  n i t r i c  ac id  solut.ion6. Zirconium metal  shows p a r t i a l  
s o l u b i l i t y  and p a r t i a l  hydrolysis t o  s o l i d  hydrates i n  aqueous sytems. 
This l a t t e r  problem may be avoided by e l ec t ro ly s i s  i n  non-aqueous El- 
methanol, a  system which opens an e n t i r e l y  new technology i n  f u e l  
recovery. In  aqueous systems with UOg clad' i n  a  metal, it aay be 
possible t o  declad t he  UO;! s ince  the  metal can be dissolved e l ec t ro -  
chemically and t he  oxide by chemical means. 

The aqueous e l e c t r o l y t i c  s tud ies  i n  n i t r i c  ac id  have been extended 
t o  chemical f  l w s h e e t  design. The p a r t i c l e s  of s t a i n l e s s  s t e e l  which 
f a l l  undissolved from the  anode matrix during an e l e c t r o l y t i c  d issolut ion 
could represent a  subs tan t ia l  d issolver  design or solut ion c l a r i f i c a t i o n  
problem. I n  a ,  s t a t i s t i c a l l y  designed (23) dissolut ion experiment. a t  40 
and ~ o O C ,  0.4 and 1.2 amp/ci2 anode current  density and 1 and 5g hydrogen 
ion i n  t he  dissolver  solution,  it was found t h a t  t he  lower temperature 
always .was associated with lower sludge production as  was high current  
density-high ac id i t y  and low current  density-low ac id i ty .  The s to ich i - ,  

, , omt ry  was 1.33 and 1.45 moles of n i t r i c  a c id  consumed per equivalent  of 
metal dissolved a t  1 and - 55 hydrogen ion, respectively.  potent ia l -current  
data show t h a t  s t i r r i n g  gives a  l imi t ing  current  density 2.5 times t he  
value obtained without s t i r r i n g .  

In  order t o  apply e l ec t ro ly t i c  methods t o  decladding, a  study was 
made of the  r a t e  of d issolut ion of uranium dioxide i n  order t o  locate  a  
region where e l ec t ro ly t i c  decladdlng would be f a s t  and chemical a t t a ck  
on uranium dioxide slow. Ea r l i e r  data  on the  dissolut ion of uranium 
dioxide a t  temperatures between 25 and 1 0 0 ~ ~  and a t  a c i d i t i e s  between 
0.3 and 2.OM n i t r i c  ac id  suggested a very strong temperature dependency 
f o r  t he  urazium dioxide dissolut ion r a t e .  Portions of uranium dioxide 
(342 mg of 70-100 mesh) were shaken with synthet ic  dissolver product 
so lu t i on . fo r  10 and 30 minutes a t  0, 13  and 25%. With uranium losses  
t o  t he  solut ion a s  low as  0.3-0.4 percent f o r  10 minutes contact  time 
a t  1 3 O ~ ,  it would appear t h a t  a  headend separation based on t h i s  pr inciple  
might be p rac t ica l .  

- 
A. E lec t ro ly t ic  Dissolution of S ta in less  S t e e l  i n  Ni t r i c  Acid 

. 

1. Flowsheet Studies, K:L. Rohde, Problem Leader; C.  E. May 

Previous s tudies  of e l e c t r o l y t i c  d issolut ion of severa l  types of 
s t a i n l e s s  s t e e l  have shown no systematic var ia t ion  of the  anode sludge 
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y i e l d  a s  a function of t h e  c e l l  operating condit ions or the  dissolver  
so lu t ion  composition. The t o t a l  c e l l  po t en t i a l s  observed have shown 
only qua l i t a t i ve  evidence of concentrat  ion polar izat ion a t  1.5 amp/cm2 
cur ren t  density ( ~ e f .  (l), Sec. V-A). A fu r the r  s e r i e s  of experiments 
was designed t o  explore, primarily,  t he  pos s ib i l i t y  of minimizing t he  
quant i ty  of anode sludge, and secondarily, t o  note the  var ia t ions  i n  c e l l  
p o t e n t i a l  and d i sso lu t ion  stoichiometry. 

a. Experimental Conditions 

A cy l i nd r i ca l  ce ' l l  u t i l i z i n g  nominal one-quarter inch, 304 
s t a i n l e s s  s t e e l  rods f o r  anodes, and t he  i n t e r i o r  surface of a nominal 
three-quarter  inch s t a i n l e s s  pipe f o r  a cathode, was assembled i n  a 
so lu t ion  c i r c u i t  which included the  c e l l ,  a vented condenser, a 
reservoir -heat  exchanger, rotameter and pump. The dissolver  solut ion 
was c i r u l a t e d  downward through the  c e l l  a t  a r a t e  of 1.8 g/(cm2)(sec). 
Reynolds numbers were about TOO and 300 a t  9 0 ' ~  and 40°c, respect ively ,  
ind ica t ing  non-turbulent solut ion flows. Forced c i r cu l a t i on  eliminated 
t he  var ia t ions  i n  ag i t a t i on  caused by convection currents  which were 
experienced previously, which were caused by convection currents .  Anodes 
were changed regular ly  during the  experiments so  t h a t  ac tua l  current  
dens2 l i . e~  of 1.2 t o  1.6 and 0.39 t o  0.55 amp/cm2 were experienced on the  
anode a t  t h e  nominal values of 1.2 and 0.4 amp/cm2. 'The cathode current  
dens i t i e s  were 0.36 and 0.12 amps/cm2, respectively.  As before ( ~ e f .  
( I ) ,  Sec. V-A), t he  experiments were i n i t t a t e d  i n  dissolver  product 
solut ions  of approximately steady s t a t e  composition, with sampling and 
reagent addi t ion ca r r i ed  out t o  maintain the  composition a t  the  steady 
s t a t e  values throughout the  run. The anode sludge from the  dissolver  
accumulated i n  t h e  rese rvo i r  and was recovered from the  dissolver  solution,  
d r i ed  and weighed a f t e r  t h e  d i sso lu t ion  of approximately 2 1  grams of s t e e l .  

h .  Results  

The experimental condit ions and observations .are given i n  
Table 16. Experiments 1 through 8 made up a complete survey of two . 

l eve l s  of t he  var iables ,  current  density,  d issolver  product solut ion 
a c i d i t y  and operating temperature. Experiment 9 was a duplicate of 7, 
and t he  others  were run t o  supplement the  data  from the  designed 
experiuenl; . 

The approximately 10 micron d i m e t e r  p a r t i c l e s  of 
s t a i n l e s s  s t e e l  which f a l l  undissolved rroiu .lhe stainless  o t c c l  anode 
matrix during an e l e c t r o l y t i c  dfssolut iun cuuld represent a subo t sn t i s l  
d issolver  design or solut ion c l a r i f i c a t i o n  problem. The s t a t i s t i c a l  
ana lys i s  of the r e s u l t s  of experiments 1 through 8 of Table 16 shared 
t h a t  t he  e f f e c t s  of temperature and t he  current  density-hydrogen ion 
i n t e r ac t i on  were s i gn i f i c an t  a t  t he  0.01 significance lcvol .  The lower 
temperature cons i s ten t ly  produced l e s s  sludge. High current  density- 
high a c i d i t y  and low current  density-low ac id i t y  a l s o  favored minimuin 
sludge a s  shown i n  Figure 15. -Experiment 10 indicates  . tha t  the  n i t r a t e  
ion, perhaps a s  a measure of ionic s t rength ,  gave a b e t t e r  cor re la t ion  
than hydrogen ion with t h e  amount of anode sludge produced. 
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Table 16 

ETZCTROLYTIC DISSOLUTION OF TYPE 304 STAINIXSS STEEL IN NITRIC ACID 
CONTROL OF ANODE SLUDGE 

Dissolver Product Ub servat  ions 
Conditions Composition Stoichi-  

Current S.S. Anode C e l l  ome t r  y 
Exp. Densit H+ Metals NO< S lu  e Po t en t i a l  moles ac id  

- ?? M & V - -  - moles metal 

C e l l  Po ten t ia l  

The c e l l  po ten t ia l s  were observed, incidenta l ly ,  i n  
these  constant current  experiments. As before,  the  var ia t ion  during the  

experiment was only a few ten ths  vo l t .  , - 
4 0  - The r e s u l t s  of experiments 1 through 

8 were analyzed f o r  t he  e f f e c t  of 
0 w 9 0 °  C 

> A 0 4  omps /cm2  var ia t ion  i n  hydrogen ion and temper- 
0 - on anode 
VI 

A 

a ture  on t he  c e l l  po t en t i a l  a t  high 
3 0  - and low current  dens i t i es ,  separately,  

and the  values f o r  both  current  
dens i t i es  corrlbined. 

A t  t he  higher current  
density, 1.2 amp/cm2, the  e f f e c t  of 

1 2  omps/cmz 

W of hydrogen ion a t  the  0.15 s i g n i f i -  
0 a .  I I I I cance l eve l .  A t  low current  dens i t i e s  

4.0 5 . 0  6.0 7.0 8 . 0  9 . 0  

TOTAL N ITRATE CONCENTRATION - MOLARITY 
nei ther  e f f e c t  was s ign i f ican t  a t  

DISSOLVER PRODUCT SOLUTION l e s s  than the  0.2 significance level .  
CPP-s-,372 The combined data  showed the  e f f e c t s  

Fig.  15 - Anode Sludge Formation of temperature and ac id  a s  s ign i f ican t  
i n  E lec t ro ly t ic  Dissolution-- a t  the  0.16 and 0.2 significance 
Type 304 S.S. dissolving i n  level ,  respect ively .  , 

n i t r i c  ' acid  with s t a i n l e s s  s t e e l  
metal n i t r a t e  present 
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Thus, a t  high current  dens i t i es  only, there  was some 
evidence of concentration po la r iza t ion  as  shown by the  e f f e c t  of hydrogen 
ion (which i s  not here independent of the n i t r a t e  ion).  The mechanical 
ag i t a t i on ,  equivalent t o  a so lu t ion  veloci ty  of about 1.8 g/(cm2) ( sec) ,  
was inadequate t o  prevent t h i s  e f f e c t .  

Chemical Stoichiometry 

The mean values of the  acid  consumption per mole of 
metal dissolved a t  each of t h e  two leve l s  of the  var iables ,  current  
densi ty ,  temperature, n i t r a t e  ion and hydrogen ion were examined f o r  
s i gn i f i c an t  d i f ference.  The significance l eve l s  i n  the  "t" t e s t  were 
)>O. 1, >0 .1 ,7O. l  and 0.03 respect ively .  This is  regarded a s  f i rm 
evidence t h a t  t he  stoichiometry does not vary with current  density 
between 0.36 and 0.12 amp/cm2 on the  cathode, and t h a t  va r ia t ion  with 
temperature. i s  unl ikely  between 40 and 90'~. The var ia t ion  of 
stoichiometry wi th  t he  hydrogen ion concentration of the  dissolver  
so lu t ion  appears t o  be s i gn i f i c an t  and more pronounced than the  r e l a t i on -  
s h i p  between the stoichfotnetry and the  t o t a l  n i t r a t e  cuncentration. The 
two var iab les  of n i t r a t e  and hydrogen ion were so c losely  associated i n  
t he  design of t he  experiment t h a t  t h e i r  .ef fects  are 'not c l ea r ly  separated 
by these  r e s u l t s  and analysis .  The be s t  stoichiometry values are  1.33 
and 1.45 moles of n i t r i c  ac id  consumed per equivalent of metal i n  the  
dissolver  product a t  1 and 5 M  hydrogen ion and 4.6 and 8 . 6 ~  n i t r a t e ,  
respect ively .  This correspo&s t o  a calcula ted off-gas prTmarily of 
n i t r i c  oxide or mixtures of n i t r i c  oxide and nitrogen dioxide. Ammonium 
analyses of the  d.issolver products showed l e s s  than 0.015 equivalents 
of ammonium ion produced per equivalent of s t a in l e s s  s t e e l  dissolved. 
Nitrous acid,  i f  produced a s  a reduction product, would be -1;itrated a s  
ac id  i n  the  ana ly t i c a l  method used, yielding a stoichiometry of 1.00 
s ince  no hydrogen ion would be l o s t  i n  the  react ion.  It i s  concluded 
t h a t  ne i ther  ammonium ion nor n i t rous  acid  a re  important f i n a l  products 
of' the  n i t r i c  a c id  reduction under the  Operatfng and chemical cvndl t ior~s  
t e s t e d  here.  

2. Headend Separation of Clad from Uranium Dioxide Cores, 
K. L. Rcrhde, Problem Learler; C .  E .  May 

One of t h e  more i n t e r e s t i ng  general  aspects of the  e l e c t r o l y t i c  
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 lad  uranium dioxide fue l s ,  such 
a s  APPR? is  t h a t  the  s t a l n l e s s  s t e e l  d issolut ion proceeds by an e l ec t ro -  
chemical process and the  uranium oxide dissolut ion by a chemical process. 
Although the  electrochemical process i s  not t o t a i l y  independent of the 
chemical parameters, it was f e l t  t h a t  possibly su f f i c i en t  difference i n  
t h e  r e l a t i v e  dissolut ion of the  two components could be brought about by 
adjustment of a c id i t y  and temperature i n  the  dissolver  t o  produce a 
usable headend separation of the  uranium and cladding material .  

Ea r l i e r  data  on the  d i sso lu t ion  of uranium dioxide a t  temperatures 
between 25 and 10oOc, and a t  a c i d i t i e s  between 0 .3  and 2.OM, suggested a 
very strong temperature dependency f o r  the uranium dioxide-dissolution 
r a t e  ( ~ e f .  ( 1 ) )  Sec. V-A).  The current  data extending down t o  O'C and 
t o  0.2M n i t r i c  ac id  ver i fy  t h i s  dependency and seem t o  indicate  an 
a c c e p t ~ b l y  low order of uranium lo s s  t o  the  decladding waste. 
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Experimental Conditions *.* 
. .  . 

Portions of uranium dioxide (342 mg of 70-1.00 mesh) were 
shaken wi th  syn the t i c  d issolver  product so lu t ion  i n  flowsheet proport ions 
f o r  10 and 30 minute perio2-s a t  0, 1 3  and 2 5 O ~ .  The so lu t ion  contained 
approximately 69 g/l of iron,  .chromium and n i c k e l  a s  n i t r a t e s  i n  18-8 
s t a i n l e s s  s t e e l  proport ions.  After contact ing,  the  supernate was 
analyzed f o r  uranium, with r e s u l t s  a s  described i n  Table 17. 

Table 17 

DISSOLUTION OF URANIW OXIDE AT LOW TEMPERATURES 

342 mg of U02 shaken with 50 m l  of e l e c t r o l y t i c  
d issolver  product so lu t ion  (69g ss/l  a s  n i t r a t e s )  

con tac t  Time (min) 10 30 
N i t r i c  Acid Conc. (M_) 0.2 0.5 0.2 0.5 

Tem~erature  Uranium Oxide Dissolved 

b . Conclusions 

wi th  uranium losses  a s  low a s  0.3-0:4 percent  f o r  10 minutes 
contact  time a t '  13 '~)  it would appear t h a t  a  headend separa t ion based on 
t h i s  p r inc ip le  might be p r a c t i c a l .  A s  i n  most such flowsheets, ' a 
f i l t r a t i o n  or cen t r i fuga t ion  i s  involved. In., t h i s  p a r t i c u l a r  case 
se$aration would be r e l a t i v e l y  simple; t h e  presence of a  small  amount of 
supernate i n  t h e  uranium stream would not be object ionable ' since only 
one anion, n i t r a t e ,  i s  involved, and the  s a l t s  w i l l  cont r ibute  t o  t h e  : 

t o t a l  s a l t i n g  s t reng th  . f o r  ur'anium. 

If other anions were involved t h e  undissolved U02 would have 
t o  b e .  washed f r e e  of t h e  foreign'  anion, o r  t h e  subsequent flowsheet 
designed t o  t o l e r a t e  it. With only NO3- present ,  the re  i s  no need f o r  
washing t h e  s o l i d  i n  the  cent r i fuge;  indeed t h e  flowsheet provides f o r  
s lu r ry ing  out t h e  s o l i d  U02 i n  a small  volume of t h e  supernate. 

3. Potential-Current  Relat ionships,  J. R.  Aylward, Problem Leader 

' 

~ n ' s u p p o r t  of the  aqueous e l e c t r o l y t i c  d i s so lu t ion  program, t h e  
potent ia l -current  densi ty  curves f o r  a  type 304 s t a i n l e s s  s t e e l  cathode 
were measured i n  ' a  simulated d i s so lve r  so lu t ion  containing 49 g/l of - 
Fe+3, 7.0 g/l of ~ i + ~ ,  13 g/l of Cr+3, lN and 5N NO . Measurements 
were made with and without s t i r r i n g  a t  bEth 55% slid 8doc. 
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The curves qbtained, a s  shown 
i n  Figure .16, represent the  average 
of a t  l e a s t  two runs. S t i r r i n g  
increased the  l imi t ing  current  
density by a f ac to r  of approximately 

n - 2.5, while temperature appeared t o  
0 .0  - have l i t t l e  or no e f f e c t  on the  

I- z - 
w 

ove ra l l  curve. 
I- 

WITH STIRRING -0.4 - 
- 

-0.8 - 
; 

10-5 10-4 10-3 10-2 lo-' lo0 
CURRENT DENSITY ( omps/cm2) 

CPP-S-I373 

~ t g .  16 - potential--Current 
Density Curves f o r  a Type 304 
Sta in l e s s  SLeel CtrLhode i n  
Simulated Ni t ra te  Dissolver 
Solution a t  80°c 

B . Elec t ro ly t i c  -Dissolution i n  El-Methanol, J. R .  Aylward, Problem 
Leader; E. 14. Whitener 

The invest igat ion of a method su i tab le  f o r  separating uranium and 
zircqnium i n  HC 1-methanol d issolver  solut ions  was continued. It has 
been determined t h a t  uranium(IV), as  wel l  a s  zirconium, would be 
p r ec ip i t a t ed  by an alcoholic oxalic ac id  solution.  However, uranium(~1)  
i s  not p rec ip i ta ted  and a l l  work has been ca r r i ed  out on uranium(~1)  
solut ions .  The oxidation of' u r a r i i ~ ( I V )  t o  u r . t i ~ l l u u ~ ( ~ ~ )  was achievcd by 
adding 30 weight percent of hydrogen peroxide t u  the HC1-methanol sy~ tem.  
However, the  presence of water, IrlCroduCcd By the uddil;ioa of l~ydxsgen 
peroxide, i n t e r f e r r ed  with complete zirconium prec ip i ta t ion .  The 
cha rac t e r i s t i c s  o f '  t he  zirconium oxalate p rec ip i ta ted  from various 
so lu t ion  compositions a re  being studied.  

The r a t e  of the  reackion of oxalic ac id  with the  zir;ccrnium species 
i n  K1.-methanol solut ions  is being s tudied by potentiometric t i t r a t i o n  
nethods using a Ag, AgC1  electrode and oxalic acid  a s  the  t i t r a n t .  t his 
method depends on the  fac t .  t h a t  the  chloride bonded t o  the  zirconium is  
displaced by the  oxalate ion, causing an increase i n  the  f r e e  chlorfde 
ion concentration In s u l u l i o i : ~  w l ~ i c l ~  i s  monftorcd ac a yultlrllial chaagt 
by t he  Ag, AgC1 elect rode.  If t h i s  po t en t i a l  change I s  meas~u-erl as a 
funct ion of time, f o r  a given arnoi.int, of oxalate added, the  reac t ion  r a t e  
can be calcula ted.  This procedure w i l l  a l s o  allow one t o  determine the 
average number of chlorine atoms per zirconium species i n  solut ion by 
observing .the point  a t  lfhich the  fu r the r  addit ion of oxalic ac id  lias no 
e f f e c t  on the po t en t i a l  of t he  Ag, AgCl e lect rode.  
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VII. THE ARCO PROCESS--DISSOLUTION OF FUEL ALLOYS I N  MOLTEN CHLORIDES 

Section Chief?: H. T. Hehn, ~ h e m i c a 1 ' ~ e s e a r c h  

The ARCO process emp o molten lead chloride as  a dissolvent f o r  tl87 zirconium-uranium a l loys  . The product s a l t  contains t h e  uranium 
(pr incipal ly  uranium t r i ch lo r ide )  , together with excess lead chloride 
and the  a lka l i ,  a lkal ine  e a r t h  and r a r e  e a r t h  f i s s i o n  products. 
Zirconium i s  removed during dissolut ion a s  the  v o l a t i l e  zirconium 
te t rachlor ide .  Lead chloride may be regenerated by dissolut ion i n  
n i t r i c  ac id  and prec ip i ta t ion  with hydrochloric acid.  Certain n icke l  
a l loy  container mater ia ls  have demonstrated r e l a t i v e l y  good res i s tance  
t o  corrosion (3-8 mils/month) i n  the  lead-lead chloride system. 

Current research has been concerned with d i r ec t  chlor inat ion a s  an 
a l t e rna t i ve  t o  the  previously proposed method of lead chloride regener- 
a t ion.  An extension of t h i s  t o  the  ARCO process u t i l i z e s  chlorination,  
by addit ion of CQ t o  the  lead chloride,  and has been shown t o  dissolve,  
rapidly,  s t a i n l e s s  s t e e l ,  chromium, niobium and many other metals used 
a s  f u e l  components. Work has continued i n  the  areas  of flowsheet 
def ini t ion,  phase diagram s tud ies  and .corrosion. 

A. Chlorination of Lead, E. M. Vander Wall, Problem Leader; D. L. Bauer 

The pr inc ipa l  chemical cost  of t he  ARCO process i s  ' that  of. lead 
chloride.  It i s  possible t o  reconvert t he  lead r e su l t i ng  from the  
process i n t o  lead chloride by dissolut ion of t e lead i n  ni t r ' ic  ac id  
followed by metathesis with hydrochloric acid.  vl) An a l t e r n a t i v e  t o  
t h i s  procedw'e i s ' t h e  d i r ec t  chlor inat ion of lead a t  temperatures g rea te r  
than 5 0 0 ~ ~ .  Chlorination i s  advantageous since it i s  a one s t e p  process 
i n  which t he  lead chloride can be d i r e c t l y  returned t o  the  dissolver  
without intermediate aqueous pur i f i ca t ion  steps.  A l og i ca l  extension 
i s  t o  rechlor inate  t h e  lead a s  it i s  formed i n  the  dissolver,  thus 
reducing the  number of process vessels  and mater ia l  t r ans f e r s  t o  be , 

made . 
Several experiments were performed i n  con junction with t h i s  d i r ec t  

chlor inat ion of lead. The apparatus used was fabr ica ted  from Pyrex 
glass .  The chlorine was i n i t i a l l y  passed through a g lass  c o i l  which 
served a s  a pre-heater, then i n t o  a v e r t i c a l  tube which contained a 
s in te red  g lass  f r i t  (medium porosity,  20 mm diameter). This served a s  a 
support f o r  a column of molten lead a s  wel l  a s  a means of dispersing the  
chlorine.  Both the  chlorine flow raLe and t he  lead column height were 
var ied i n  these experiments, t he  r e s u l t s  of which a re  given i n  Table 18. 

Two addi t ional  qua l i t a t ive  experiments were performed t o  obtain 
information on the  r a t e  of chlor inat ion of lead using t h i s  technique. 
I n  one experiment a 30 mm g la s s  f r i t  and 5.6 mm t h i ck  lead layer  were 
used and i n  t he  other a 20 mm g lass  f r i t  and a 5 .1  mm layer  of molten 
lead., Since these  l ayers  are  r e l a t i v e l y  th in ,  it was assumed, a s  . an . 

approxhat ion,  t h a t  the  area ,nP the 3.ead. sinface which was t o  be 
chlor inated was equal  t o  the  area of the  g lass  f r i t .  On t h i s  bas i s ,  the 
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CHLORINATION OF LEAD AT 5.20'~ 

Chlorination 
Period 
(min. ) 

( ~ i a m e t e r  of lead column = 21.8 mm) 

Lead Column C l = ,  Flow 
Eate Dissolved 'm 

12 
Uti l i za t ion  comments 

(percent ) 

76 
13  reached 

red heat 
64 
64 
50 reached. 

red heaL 
99 

ch lor ina t ion  r a t e  using the  30 turn disc  was 30 mg ~ b / ( c m ) ~ ( m i n ) ,  while 
t h a t  using the  20 m disc  was 41 rng/(cm)2(min). These r a t e s  are  
comparable t o  t he  average r a t e s  achieved over' extended periods ul: Lillie 

when lead is  solved i n  n i t r i c  acid, 43 mg ~ b / ( c m ) ~ ( m i n )  f o r  a 90 
minute period 

It i s  evident from the  data  i n  Table 18 t h a t  both the  chlorine flow 
r a t e  and the  thickness of t he  lead layer a f f ec t  the  ove ra l l  diss01utiOn 
r a t e .  An adequate conversion r a t e  can be achieved with r e l a t i v e l y  low 
chlor ine  t'low r a t e s .  fb excessive f l u w  I - a ~ t !  car1 cause aii ui~desiroble 
heating of the system; however, it appears feas ib le  t o  u t i l i z e  the  
chlor ine  c m p l e t e l y  on one pass, and allow the  heat of reac t ion  t o  
m a i n t a i q t h e  temperature of the  system, by choosing the  proper thickness 
of t he  Lead layer and a reasonable chlorine fluw r a t e .  

B. Direct  Chlorination of Metals i n  Molten Leed Chloride, 
E .  M. Vander Wall, B-oblem Leader; D. L. Bauer 

Attempts have been made t o  e s t a b l i s h  a dissoiut ion system which can 
be used e f f ec t i ve ly  f o r  both  zirconium and s t a in l e s s  s t e e l  nuclear f ue l s .  
One possible dissolut ion agent po t en t i a l1  c pable of dissolving bokh i Q types of f u e l  i s  chlor ine .  Previous worlr 19 indicated t h a t  type 347 
s t a i n l e s s  s t e e l  and zirconium reac t  read i ly  with chlorine a t  elevated 
temperatures; however, the  react ion between chlorine and a zirconium- 
uranium a l loy  proceeded only  a t  considerably higher temperatures and 
l e f t  appreciable residue . 

In tahe ARC0 process, t he  molten lead chloride r eac t s  read i ly  with 
zirconium-uranium and Zircaloy-uranium a l loys  a t  500'~) but  
wi th  347 s t a i n l e s s  s t e e l  is  very slow, 0.0087 ng / (~ rn )~ (min ) .  
enhance the  dissolut ion r a t e  of 347 s t a i n l e s s  s t e e l ,  gaseous chlorine 
was bubbled through molten lead chloride a t  530'~. This d issolut ion was 
very successful, achieving a r a t e  of approximately 30 mg/(cm)2 (min) , 
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probably qs a r e s u l t  of so, lubil izing a passivating lead f i lm o n t h e  
s t a in l e s s  s t e e l .  

. . . , . . 
The apparatus used fo r  these experiments was s imilar  t o  t h a t  employed 

f o r  the  chlor inat ion of molten lead.. A g lass  c o i l  served a s  preheater 
f o r  the  chlorine and a v e r t i c a l  tube.wi th  a 20 mm s in te red  g lass  f , r i t  
was, used t o  support t he  molten lead chloride.  The amount of lead chloride 
used as  the  solvent i n  each run was 13.2 grams. Samples of several  metals 
which . a re  e i t h e r  poss.ible cladding materials, f o r  nuclear f u e l s  or po t en t i a l  
construction mater ia ls  f o r  chemical processing equipment were t e s t ed .  
The data obtained a re  given i n  Table 19. The f r ee  energies of 
a t  8 0 0 ' ~  are a l so  given; f o r  comparison, the  f r e e  energy of formation a t  
800°K . fo r  lead chloride is  -29.0 kcal/gram atom of chlorine .. 

- . Table -19  . . . . 

. . 

RATES OF DISSOLUTION OF METALS I N  C +-PbC l2 AT 530 '~  . . , 

. 'Free Energy of Formation 
(M + 1/2 C + = MC 1)  

Metal C12. Flow Rate Dissolution Rate k ~ a l / ~ r a m  atom of Chlorine 

. . mg/min mg/(~m)~( , in)  . .~ roduc t  ' A F ~ ~ ~ ~ o ~  - 

Aluminum 800 34 
c hr omium 3 3 19 C r C Q  ( s -35 2 

crc13(s)  -29 7 

c opper 33 8.67 c ~ c . Q ( ~ )  . -24.0  

~ 0 1 d  33 0.067 AUCI.(S) . . :. + 1.8 
Magnesium 3 3 15 M@;C%(S) -61.2 

Molybdenum' 33 0.097 ~ a l ~ ( d  - 8.4 
. ",. 

800 0.061 Molybdenum . ,  

33 c. 193 Monel ' . . . . 
Mone 1 800 3.08 

liickel 

Nickel 

Niob fun 3 3 b.69 Jncl5(g)  -E.8 

Niobium " 800 14.60 

S i lver  3 3 0.533 A@;CI(~) -20.3 

S i lver  800 2.31' 

347 S ta in less  
S t e e l  33 4.37 

347 Ctainless . " , J . . ,  . .  . , .  .. : 
S t e e l  800 29.87 



IDO-14520 
Page 54 

The flow r a t e  of 800 mg/min of chlorine was used t o  determine what 
one might expect a s  a maximum possible r a t e  of d issolut ion of t he  rdetals 
a t  these  temperatures. From the  data, it i s  apparent t h a t  aluminum, 
chromium, copper, lead, magnesium, Monel, niobium and 347-stainless 
s t e e l  dissolve qu i te  rap id ly  i n  these mixtures. Previous data have 
es tab l i shed  t h a t  lead chlor ide  alone dissolves zirconium and Zircaloy 
very rapidly .  The r a t e s  reported f o r  chromium and magnesium are  based 
on t he  i n i t i a l  area  and t o t a l  weight, s ince the  samples were completely 
dissolved.  The sample of aluminum a l s o  dissolved completely when the  
high chlorine flow r a t e  was used. Therefore, the  r a t e s  reported i n  
these  instances are  the  lower l i m i t s  of t he  dissolut ion r a t e .  

The other metals t e s t e d  dissolved too read i ly  t o  serve as  su i tab le  
container mater ia ls  unless otherwise protected.  However, a d isc  of 
Coors Type AD-99 Alumina Ceramic was immersed i n  molten lead chloride 
through which waE passing 50 mg of chlorine per minute f o r  f i v e  hours. 
The sample exhibi ted no apparent surface a t t ack  and gained 5 mg during 
t h i s  period. The weight gain may have been due t o  incomplete removal 
of l ead  chloride from the  surface. 

C .  Flowsheet k p e c t ~ ,  K. T. Hahn 

Replacement of the  ac id  lead recovery s teps  by d i r ec t  chlor inat ion 
s impl i f i es  the flowsheet aspects of the  ARC0 process. The number of 

241.3 kg. Zr 
5.0 kg. U 
3.7 ,kg. 8n. 

U 

D- FILTER 8.1 kg  SnCle ----- -617 kg ZrCh (441 Ilt a t  50% e Oe 
I c Zr  Oo 

INITIAL CHARGE (TO WASTE 
1 5 4 4 k g  PbCle s 

0 

FEED 
ADJ 

4 
SOLVENT 

I 

382 kg Cle 
EXTRACTION 

(TO WASTE) 

CPP-S - 1374 

Fig .  17 - ARC0 Process Flowsheet--5 kg/day plant  with lead recovery by 
chlor inat ion 



operations and t r an s f e r s ,  and the  amount of equipment, a r e  considerably 
reduced. Corr.osion data  f o r  the  chlorine-lead-lead chlor ide  system are  

, not yet  available.  However, the re  would seen1 t o  be no need f o r  a 
separate lead chlor inat ion un i t  unless the  presence of a s a l t  such as  
uranium chloride aggravates corrosion. 

. I n  s i t u  chlor inat ion i n  the  dissolver  would then require a balance 
of the  chlor ine  and f u e l  f eed  r a t e s .  The l ead  chloride would function 
only as  a means of heat  and product removal. .A chemical flowsheet based 
upon t h i s  concept, and designed t o  process a two percent uranium-zirconium 
al loy,  i s  presented i n  Figure 17. Although corrosion nay be an t ic ipa ted  
t o  be g rea te r  with t he  presence of chlorine,  modifications such a s  the  
controlled,  local ized admission of chlor ine  w i l l  be examined. 

D. Corrosion i n  Molten Lead-Lead Chloride, N. D. S to l i ca ,  Problem 
Leader; G. S. Adams 

Additional specimens of Hastelloy C ,  Inconel X and Incoloy 804 were 
immersed i n  molten lead and lead c h l o r i  f o r  18 days a t  528'~. The 

given i n  Table 20. 
h) procedure has been described previously . The corrosion r a t e s  are  

Table 20 

THE CORROSION OF SELECTED ALLOYS I N  THE LEAD-LEAD CHLORIDE SYSTEM 

(18 days, 528%) 

Alloy Weld Sta tus  Rite, ~ i l s /Mon th  

Inconel X 
Inc oloy -804 
Inc oloy -834 
Hastelloy C 

~ n w e  lde d 
Unwe lde d 
Ee lde d 
Uri~.re lde d 
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.VIII. SMAU PLANT TECHNOLOGY 

Section Chiefs: H. Schneider, Small Plant+'rojects; H. T. Hahn, 
Chemical Research . . 

A study has been made of the  technical and.economic f eas ib i l i t y  of a 
small scale'reprocessing plant suitable fo r  location a t  the Dresden 
reactor  s i t e  and capable of handling the f u e l  load from the single 
reactor exis t ing a t  t h a t  s i t e .  

, . 

The application of small plant technology t o  most of the fue ls  from- 
c i v i l i a n  power reactors  requires a knowledge of process chemistry under 
high f u e l  burnups. I r radiat ions of 10,000 t o  30,000 MWD/ton are  
ant ic igated within the next few years and essent ial ly  no data ex i s t  un 
solvent s t a b i l i t y  or f i s s ion  product behavior undler these conditions. 
Although the problem is general t o  c iv i l i an  power f u e l  processing, it 
w i l l  be necessary t o  obtain ear ly data fo r  application t o  the Dresden 
case of the small plant program. 

Dif f icu l t ies  have been encountered a t  the ICPP i n  t h e  processing . - 
of highly enriched uranium fue l s  of high burnup. These problems 
revolved around the f i s s ion  product zirconium i n  the dissolver solution 
and i ts reactions with t r i b u t y l  phosphate. This problem has been under 
investigation fo r  over a year and is being broadened t o  include the 
c i v i l i a n  power fuels .  

Present r e su l t s  on the TBP-HN03-Zr reaction i n  the organic phase 
show (1)  tha t  the zirconium-TBP reaction i s  f i r s t  order with respect 
t o  zirconium, (2) the half time fo r  the reaction increases as the 
zirconium concentration increases and (3 )  t ha t  the activation energy i s  
21.0 kcals. A t  50 '~  the half time of the reaction is about 15 hours 
and of considerable process significance since it contributes 
s&s tan t i a l ly  t o  TBP decomposition as  compared with the n i t r i c  acid 
catalyzed decomposition. 

A. Conceptual Design and Analysis of a Dresden Reprocessing Plant, 
H. Scbneider, Problem Leader 

A study has been made of the technical and economic f e a s i b i l i t y  of 
a small scale reprocessing plant sui table  f o r  location a t  the Dresiien 
reactor  s i t e  and capable of handling the f u e l  load frou the single 
reactor  exis t ing a t  t h a t  31 e. A progress report  on t h i s  project, which 

22 j  i s  published separately, ( concludes t h a t  the ins ta l la t ion  and operation 
of such a plant i s  technically feasible,  describes the design of a 
conceptual plant, assesses the associated hazards, presents cost data, 
and discusses development requirements. 

The design of the plant i s  based on a concept originally developed 
by the Phi l l ips  Petroleum Company, AED, f o r  application t o  remote 
package power reactors  or foreign t e s t  reactors.  Principal design 
considerations include: (a) limited extension of exis t ing technology; 
(b ) minimization of plant investment through compact design and maximm 



use of ex i s t ing  reactor  f a c i l i t i e s ;  (c)' minimization of manpower through 
extensive use of automatic controls;  (d)  emphasis on sa fe ty  and . . 

minimization. of hazards; . . .  . , 

The ac tua l  process involves disassembly OF-fuel elements i n t o  !. . 

individiml f u e l  pins, by use of an underwater saw, f 011017ed by 'chopping 
'of the  pins  t o  expose the  uranium dioxide pe l l e t s .  The p e l l e t s  .are. then 
dissolved i n  n i t r i c  acid, leaving the  cladding segments t o  be removed 
mechanically while t h e  uranium-and plutonium are  decontaminated and 
par t i t ioped  i n  a Purex solvent ex t rac t ion  process. 

The main process equipment is  housed i n  a single,  underground, concrete 
c e l l  with groups of equipment being mounted, a s  funct ional  un i t s ,  so  a s  

: t o  be separately removable by l i f t i n g  sections.  of t h e  t op  sh i e ld  plug. 
Sampling, analyt ical ,  .product preparation and waste handling f a c i l i t z e s '  

' are provided. 

. . .  
. . : . .  

Preliminary analysis  of information presented supports t h e  conclusion 
t h a t  su f f i c i en t  safeguards can be incorporated i n t o  the  reprocessing p lan t  
design t o  r e s u l t  i n  minimum hazard t o  s i t e  personnel and t h e .  general  i 

public,! and t o  insure t h a t  operation of t he  parer p lant  would not be - .  
jeopardized. 

B. Process ~evelo~merit- '-solvent S t a b i l i t y  Studies, E. M. Vander Wall, 
- Problem Leader; A. J. Moffat . . 

The TBP-Zirconium Tet ran i t ra te  Reaction. . . . . 

. . The presence of zirconium i n  process solut ions  (from, al loys,  
high burnup, or .both)  and i t s  e f f e c t  upon t r i b u t y l  phosphate suggested 
t h a t  a b e t t e r  understanding of t he  t r i b u t y l  phosphate-zirconium react ions  
would 'be desirable.. , .  

Extracted zircooium[Zr(~0~)~*2~~~\(21) has been found t o  reac t  
with t r i b u t y l  phosphate (TBP) t o  produce h r e l a t i v e l y  insoluble 
Zr ( ~ 0 ~ ) ~  ( D B P ) ~  by the  following reaction:  119 

This react ion i s  being s tudied f o r  the  purpose of determining 
r a t e s ,  mechanisms and ac t iva t ion  energy. A s  a continuation of t h i s  study, 
severa l  experiments involving the  TBP-zirconium reac t ion  were completed 
a t  50 '~  and one experiment was completed a t  60'~. The conditions f o r  
these  experiments a re  summarized i n  Table 21. 

The r ~ a c t i o n  was f o l l o ~ c d  by determining Lhe ~ a L e  u ormation 
of n-butyl n i t r a t e  (by means of gas-l iquid chromatography). f lf ~ n i t i a l  
zirconium and n i t r i c  acid  concentrations i n  the organic phase were 
determined by t i t r a t i o n  of a l iquo ts  of the  organic phase with sodium 
hydroxide, i n  the  presence of and i n  the  absence of sodium f l u o r i d e . ( l )  
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Table 2 1  

EXPERlMENTAL CONDITIONS FOR TBP-ZIRC ONIUM REACTIONS 

z r ( n ) ,  M m037 I4 Temp. OC Refer t o  Figure 

Pi.glres 18, 19 and 20 depict  t he  net  r a t e  of formation of n-butyl 
n i t r a t e  a t  three.zirconium concentrations and two temperatures. I n  order 

TIME, DAYS t o  i so l a t e  the  zirconium-TBP react ion 
1 A 12 16 Prnm the mO3-FP reaction,  the  

experiments were followed f o r  severa l  
days and the  l i nca r  port ion of t he  
curve (e.g., from 3-20 days i n  
Figure 18, due t o  the  HNO -TBP 
react ion)  was e x t ~ a y a l a t e  2 back t o  
ze ro  'tiille t o  dctcrmine the  tot81 
amount of n-butyl n i t r a t e  produced 
by the  z.irconium-TBP react ion.  This 
extrapolated n-butyl n i t r a t e  concen- 
t ra t i 'on  (designated a s  a )  was then , 

used t o  determine the  (a - x) values 
which are  p lo t ted  i n  ~i&e-21. The 

CPP-S-1575 n-butyl n i t r a t e  concenLral;ion a t  some 
Fig. 18 - Formation of n-Butyl time, t, i s  d e ~ i g n a t e d  as  x. The 
Nitra te-- in  0.05gM ~ r - 1 . 9 6 ~  .,.. HNO?, c o n t r i ~ u t i o n  of t he  ac id  rFaction t o  
IIBP s o l u t i v r ~  at ~ P c  - - x is wS.'t';hta the eexperhental e r r o r ,  

V I I I I 1 
8 16 24 31 

TIME, IrOl Iff 

Fig.  19 - Formation of n-Butyl 
Ni t ra te-- in  0 . 2 8 8 ~  Zr-0 .196~ - m03, 
TBP so lu t ion  a t  58 '~  

I I I I I 
20 30 

TIME, HOWS 
4 0  

CPP-S-I377 

Fig. 20 - Formation of n-Butyl 
Nitrate--in 0.085fi1 - Zr-0. lglM - FINO3, 
TBP solution.  



+ 0.28" Zr of  &*C 

I 

o 0.085y Zr ol 60-C 
n 0.085M f r  at  50°C 

0 0.084 M Zr at 50' C 

I 0.059M Zr ot 50' C 

10 20 30 
TIME, HOURS 

CPP-5-1378 

. . 

: Figure 2 1  ind ica tes  ( a )  t h a t  
t h e  zirconium-TBP reac t ion  i s  f i rs t  
order wi th  respect  t o  t h e  zirconium 
concentrat ion and (b)  t h a t  t h e .  time 
f o r  one-half of t h e  zirconium t o  
r e a c t  (t1/2) increases  a s  t h e  
zirconium concentrat ion increases  
(see  a l s o  Table 22). -The data  
presented permit ca lcu la t ion  of the  
a c t i v a t i o n  energy f o r  t h e r e a c t i o n '  
a s  approximately 21.0 kcal .  The 
reason f o r  t h e  v a r i a t i o n  of t1/2 
with the  zirconium concentrat ion 
 a able 22) may.be ' due t o  t h e  .' 
decreased a v a i l a b i l i t y  of TBP, since,  
a s  the  zirconium molari ty i s  
increased, more of t h e  otherwise . 
f r e e  or ava i l ab le  TBP would be 
t i e d  up i n  the  Z ~ ( N O ~ ) ~ * ~ T B P  complex. 

Fig.  2 1  - Plo t  Indicat ing F i r s t  
Order Relat ionship Between I n i t i a l  
Zirconium Concentration end Rate 
of Formation of n-Duty1 Ni t ra te  

Table 22 

Z r  14 - t1/2 (hrs) Temp. OC 



IDO-14520 
Page 60 

I X .  REFERENCES 

1. Barer, J. R. ,  Idaho Chemical Processing Plant  Technical Progress 
Report, October-December, 1959, DO-14512 

2. Stevenson, C . E., Technical Progress Report f o r  July Through 
. 

Septeniber , 1959, Idaho Chemical Processing Plant, DO-14509 

3. Moffat, A. J., Zirconium Fluoride Phase Studies, 11. Sodium 
Fluozirconate Phase Relationships, DO-14499, December 31, 1959 

4. Gens, T. A., ModifieL -,,. 
Percent 1.l-7r Allov Fuels : 

1 z i r f l e x  Process f o r  Di.ssolution of 1-10 
- - - - - -- . _ - in Aq,ueous MII~,F-NH~NOq-HpOp: ..,as--. ~ a b o r a t o r ~  - 
Develqxment, ORNL-2905, March 18, 1960' 

5. C l a s s i f i ed  Design Manual 

6 .  P h i l l i p s  Petroleum Co. C la s s i f i ed  Report 

7 .  P h i l l i p s  Petroleum Co. Report i n  Preparation 

8. Stevenson, C .  E.,  Technical Progress Report r u r  January Through 
March, 1959, Idaho Chemical Processing Plant ,  IDO-14471, August 
27, 1959 

9. Stevenson, C .  E., Technical Progress Report f o r  Apri l  Through 
June, 1959, Idaho Chemical Processing Plant ,  IDO-14494, March 22, 
1 gho 

Onsager, L. and R .  M. Fuoss, J. Phys. Chem., s, 2689 (1932) 
. . - . . . . . . . 

Lllld, J. E., J. J. Zwolenik and R.  M. li'uoss, J. Am. Chem. Suc., 81, 
1557 (1959) 

Owen, B. B. and F. H. Sweeton, J. Am. Chem. Sot., 6 3 7  2811 (1341) 

Bray, W. C. and F. L. Hunt, J. Am. Chem. SOC., 33, 781 (1911) 

Bennewitz, K., C .  Wagner and K. Kuchler, Physik. Z, 2, 4237 ( 1 9 9 )  

Longsworth, L. G., J. Am. Chem. Soc., 52, 1897 (1930) 

E2rIcgor, K. A. and PI. ICil.p~.t.riclr, L T *  Am. Chem.--_Sot. , 2, 1.878 (1937) 

Kell,  G. S. and A. R .  Gordon, J. Am. Chem. Soc., & 3207 (1959) 

Rahn, R. T. and E. M. Vander Wall, S a l t  Phase Chlorination of 
Reactor Fuels. I. Dissolution of Zirconium Alloys i n  Lead Chloride, 
DO-14478, (1959) 



IDO-1452~ 
Page 61 

19. Householder, A. S., Mathematics Panel Quarterly Progress Report f o r  
the Period Ending October 31, 1951, aRNL-1141, February 8, 1952 

20. Glassner, A., Thermochemical Properties of the Oxides, Fluorides 
and Chlorides t o  25005(, ANL-5750, 1957 

21. Hudswell, F, and J. M. Hutcheon, Methods of Separation of Zirconium 
From Hafnium and Their Technological Implications, AERE Harwell. 
(1955). U. N. Conference on Peaceful Uses of Atomic Energy (1955), 
V O ~ .  8, 563, paper p. 409 

22. ' To be Reported 



Sd1111Hd

'

i

i

1, -"

i




