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A B S T R A C T  - - - - - - - -  
In the reprocessing of zirconium-containing reactor f'uels by 

hydrofluoric acid dissolution, significantly decreased waste volumes 

and increased column capacities can beeobtained by the headend 

precipitation of the bulk of the fluoride and zirconium. A 

sparingly soluble complex fluozirconate is formed when the dissolver 

solution is treated with sodium formate. Precipitation, evaporation, 

and extraction feed preparation conditions are established for this 

process. Ninety-five to 99 per cent of the zirconium and fluoride is ,- 

separated from the uranium with uranium losses of 0.1 per cent or 

less. Chemicalmaterialbalances, based on experimental data, have 

been developed for two flowsheets. In one flowsheet, sufficient nitric 

acid is added to the combined wash solution and filtrate produced 

during the precipitation step to destroy the formate ion (which 

inhibits uranium extraction) and to prevent post-precipitation during 

the evaporation of these solutions. The other flowsheet calls for 

addition of sufficient nitric acid to destroy the formate ion, but 

not enough to prevent post-precipitation during the concentration 

step. Post-precipitation removes additiona1.zirconium and fluoride, 

but necessitates an additional solids-separation step. 
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I. SUMMARY 

Current Idaho Chemical Processing Plant (ICPP) zirconium fuel 

processing methods, and several new methods under development, 

produce large waste volumes. Removing both zirconium and fluoride 

as a solid, from dissolver product solutions results in smaller waste 
- . -  -volumes;" higher uranium throughputs- through exdractlon equipment, ,ad-- - -- - - - - 

conversion df  a portion of the waste to a solid. Each of these factors 

i s o f  si @.i f i  r.;l,n.r.e in.  t ,he il.esign o f  improved f l  n w s h e e t , ~  f n r  p r n c e s s i n g  

fuels at the ICPP. The addition of sodium' formate to hydrofluoric 

acid-zirconium fuel dissolver product solutions removes- the zirconium 

and fluoride'almost quantitatively from solutions as a precipitate. 

The effective removal of zirconium and fluoride from solution 

requires two moles of sodium formate per mole,of zirconium present. 

It is rapid at temperatures between 23 and 9 5 O ~ ,  and under controlled 
conditions is independent of the concentration of.fluoride in the 

dissolver solution. Aqueous streams involved in the precipitation 

are only slightly corrosive to materials of construction commonly used 

for the chemical processing of uranium. Uranium loss to the pre- 

cipitate is about 0.1 per cent for a zirconium-uraniwn fuel containing 

2.5 per cent uranium when the uranium is in its highest state of 

oxidation and the precipitate is washed adequately. . 

Concentration of the supernatant solution and washes can be 

accomplished with or without the formation of solids, and the 

resultant concentrate can be adjusted to give good uranium extraction 

results when contacted with 100h tributyl phosphate in Amsco. A 

boildown performed on combined filtrates ,and wash solutions made 0.4~ - 
in nitric acid produces a post-precipitate which removes fluoride from 

solution. During such an evaporation, corrosion rates of < 0.04 
mil per month were found for Carpenter-20 in both the liquid and 



vapor phases. Evaporation of combined f i l t r a t e s  and wash solut ions  

made 1.0% i n  n i t r i c  acid  t o  prevent post -precipi ta t ion gives corrosion 

r a t e s  of about 3 mils  per month. Uranium losses  t o  boildown so l ids  a re  

about 0.03 per cent when the  uranium i s  a l l  oxidized and t he  so l i d  washed 

3 times with 0.lM - n i t r i c  acid.  

Two flowsheets a re  presented, d i f f e r i ng  i n  t h e  type of boildown 

used. The flowsheet using a boildown resu l t ing  in format ion  of 

so l ids  removes over 99 per  cent of the  zirconium, loses  approximately 

0 . 1 p e r  cent of t he  uranium, and produces extract ion column feeds 

equal t o  20 per cent of the  dissolver  solut ion volume. The flowsheet 

u t i l i z i n g  sol id-f ree  boildown removes about 95 per  ,cent  of the  

zirconium, loses  about 0 .1  per  cent of t he  uranium, and produces 

extract ion column feed equal t o  36 per  cent of t he  dissolver  solut ion 

volume. 



11. INTRODUCTION 

. . 
Currently, t he  most successful  methods fo r '  processing zirconium.- 

uranium 'a l loy reac to r  f u e l s  involve d i s so lu t ion  with hydrofluoric 

a c id  containing an oxidant. The r e su l t i ng  solut ion i s  adjusted with 

aluminum n i t r a t e  t o  permit uraniqn ex t rac t ion  i n  s t a i n l e s s  s t e e l  

columns, and the  r a f f i n a t e  s tored without f u r t he r  treatment. The 

hydrofluoric ac id  process o r  the  s imi la r  ammonium f luor ide  process 

produces l a rge  volumes of waste requir ing long-term storage. The 

removal of zirconium and f luor ide  as a so l i d  from the  process 

so lu t ions  would convert t he  a l l o y  cons t i tuen t s  of the  waste t o  a non- 

corrosive so l id ,  thus  allowing concentration of the  l i qu id  waste t o  8, 

s m a l l  volume f o r  storage o r  ca lc inat ion.  By removing most of the  

zircon4um and f luor ide  p r i o r  t o  ext ract ion,  t he  amount of t o t a l  waste 

so l i d s  can be reduced, because the  need f o r  l a rge  concentrations of 

aluminum n i t r a t e  t o  complex the  f luor ide  ion i s  eliminated. 

Ex t rac t ion  column feed can a l s o  be concentrated t o  smaller volumes, 

thereby increasing the  uranium throughput of the  ex t rac t ion  columns. 

The addi t ion of sodium formate t o  zirconium-hydrofluoric a c id  

process solut ions  removes g rea te r  than 97 per  cent of the  zirconium 

and f luor ide  a s  a p r ec ip i t a t e .  Uranium lo s s  i s  of the  order of 0 .1  

per  cent provided uranium i s  i n  the  hexavalent s t a t e .  ~ur thermore ,  

t he  volume of f i l t r a t e  and wash solut ions  can be reduced by 

evaporation t o  as l i t t l e  as 20 per cent of the  volume of the  o r i g i n a l  

d i s so lver  solution.  After  removal of so l ids ,  uranium can be 

ex t rac ted  from the  r e su l t i ng  f i l t r a t e  with 10 per cent TBP i n  Amsco. 

This repor t  i s  intended t o  provide su f f i c i en t  information f o r  

t he  se lec t ion  of favorable conditions f o r  removing zirconium and 

f luor ide  from d i sso lver  solut ions  by: p rec ip i t a t i on  with sodium 

formate. I n  addit ion,  favorable condit ions f o r  bo i l ing  down the  

r e s u l t i n g  f i l t r a t e s  and wash solut ions  with o r  without so l ids  

formation, and f o r  ex t rac t ing  uranium from the  r e su l t i ng  media with 

10 p e r  cent  TBP i n  Amsco, a r e  included. Hydrofluoric ac id  d i s so lver ,  

so lu t ions  corresponding t o  t he  ICPP STR process were used because 

considerable information per ta in ing  t o  the  d i s so lu t ion  of zirconium- 



uranium a l l o y  f u e l  i n  hydrofluoric a c i d ' i s  avai lable .  However, much 

of the  da ta  presented i n  t h i s  repor t  can be applied t o  any hydrofluoric 

acid-zirconium f luor ide  process. Two d i f f e r e n t  flowsheets together  

with a b r i e f  supporting descr ip t ion a r e  given i n  the  main body of 

the  repor t .  The information used t o  prepare these  flowsheets was 

obtained from experiments described i n  the  Appendix of t h i s . r e p o r t .  

These experiments involved a study of the, p r ec ip i t a t i on  of zirconium 

and f luor ide  using sodium formate concentration, react ion time, 

temperature, f loccula t ing agents, and dissolver  solut ion composition 

as var iables .  The Appendix a l s o  contains a descr ip t ion of boildown 

and ex t rac t ion  s tudies ,  wash so lu t ion  s tudies ,  and corrosion.  

s tud ies  under .p rec ip i t a t ion  and boildown conditions. 



111. SODIUM FORMATE FLOWSHEETS 
. . 

From the  information obtained i n  t he  s tua ies  described i n  t h e  

Appendix, two ' t en ta t ive  flowsheets were prepared. One flowsheet uses 

condit ions which r e s u l t  i n  t he  el imination of so l ids  during boildown; 

t he  other  flowsheet requires  two f i l t r a t i o n s ,  the.second being 

necessary t o  remove so l i d s  formed during boildown. 

The washed p rec ip i t a t e s  obtained from the  react ion of sodium 

formate.with solut ions  of zirconium and f luor ide  contained about 1.5 

moles of sodium and 5 moles of f luor ide  f o r  each mole of zirconium 

present .  . It was concluded t h a t  the  p r ec ip i t a t e s  contained no'organic 

r ad i ca l  s ince  carbon could not  be detected. It was not possible t o  

analyze f o r  oxygen i n  the 'presence of .the f luor ide;  therefore , there  

, i s  no d i r e c t  measure of the  degree of hydrolysis. The X-ray pa t te rn  

f o r  t he  major c rys ta l l ine .  species present was' s imilar  t o  the pa t te rn  

given by p Na2ZrF6; however, the re  are many poss ible  sodium f luo-  

zirconates,  and.pat terns  were avai lable  f o r  only Na2ZrFb and NaZrF 
5' 

" Thus, these  p r ec ip i t a t e s  could be a sodium fluozirconate o r  a hydrolysis 

product. 

I n  preparing flowsheets, the  following react ion was assumed t o  

take place - when sodium formate w a s  added t o  dissolver  product solution:  

N a  Z r  (OH) F~~ + HCOOH 3 2 

The in so lub i l i t y  of the  hydrolysis  product would dr ive  t he  hydrolysis  

reac t ion  t o  completion. Similar  hydrolysis  react ions  involving sodium 
\ (1)  formate .are mentioned by Blumenthal . 

Boildown and extraction~experirnenLs showed t ha t  uranium could not 

be extracted from boiled-down solut ions  with 10 per cent TBP i'.n Amsco 

when formate ion w a s  present.  When evaporations were done i n  the  

presence of n i t r i c  ac id  (sodium n i t r a t e  could not be subst i tu ted f o r  

n i t r i c  a c id ) ,  uranium w a s  e a s i l y  extracted.  N i t r i c - a c i d  reac t s  with 

t he  formate ion t o  form carbon dioxide, water, and oxides uf' 

ni trogen (2, 3 ,  4) .  The use of n i t r i c  ac id  i n  the  boildown a l s o  



permits concentration of the  solution t o  smaller volumes without 

so l ids  formation. 

A. Flowsheet U t i l i z i ng  Two Solid-Liquid Separations 
' A flowsheet f o r  a headend sodium formate p r ec ip i t a t i on  involving 

a boildown with so l ids  formation i s  shown i n  Figure 1; more de ta i l ed  

stream concentrations a re  shown i n  Table 1. The prec ip i ta t ion  i s  

made a t  60°c using 3.2M - sodium formate a s  the  p rec ip i tan t .  Stream 

volumes could possibly be reduced i f  s l i g h t l y  more concentrated sodium 

formate were used. The s lu r ry  should be ag i ta ted  a t  the  p rec ip i ta t ion  

temperature f o r  about 10 minutes before cooling. I f  f i l t e r s  a r e  used, 

f i l t r a t i o n s  should be made with f ine-porosi ty  f i l t e r s  (about 5 microns). 

The p r ec ip i t a t e  i s  washed with 4 volumes of 0.1M - sodium n i t r a t e ,  each 

equal t o  one-half t he  volume of dissolver  solut ion used. F i l t r a t e  

and wash solutions a r e  combined and su f f i c i en t  n i t r i c  ac id  i s  added 

t o  destroy t he  formate ion but not t o  dissolve residue formed during 

the  evaporation. The combined f i l t r a t e  and wash solut ions  a r e  

boiled down t o  a volume equal t o  20 per cent of the  volume of 

dissolver  solut ion used. Solids a r e  removed by f i l t r a t i o n  o r  

centr i fugat ion and the  residue washed with 3 volumes of 0.1M - n i t r i c  

acid  each equal t o  20 per cent of the  volume of the  boiled-down 

s lurry .  F i l t r a t e  and wash solut ion a r e  kept separate;  the  wash solution 

i s  blended with the  evaporator feed while the  f i l t r a t e  i s  fed t o  the  

extract ion columns a f t e r  aluminum n i t r a t e  and n i t r i c  ac id  have been 

added t o  provide s a l t i n g  s t rength and s t a b i l i t y .  

This chemical mater ia l  balance. flowsheet y ie lds  an extract ion 

feed containing only a small amount of aluminum and e s sen t i a l l y  no 

zirconium o r  f luor ide .  Unwelded coupons of SS 316 ( ex t r a  low carbon), 

Hastelloy F, and Carpenter-20, located i n  vapor and l i qu id  phases, 

gave corrosion r a t e s  of l e s s  than 2.2 mils  per month under flowsheet 

p rec ip i ta t ion  and boildown conditions (see Appendix, sect ions  B-6 

and C-3).  

B. Flowsheet -- - Ut i l i z ing  One Solid-Liquid Separation 

A flowsheet f o r  the .  p rec ip i ta t ion  of zirconium and f luor ide  with 

sodium formate followed by a boildown f r e e  from so l ids  formation i s  shown 
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Table 1 

Material Balance for o9fum Fomate Headend Precipitation Using Two Solid-Liquid Separations 

Wash Soln of 
Evaporator Off - a s  Evap. Solids Extraction 

Feed Adjusted Unwashed Probced (~lended Column Feed Extraction 
Dissol~tion Dissolver Precipitate Adjustment Evaporetor Evaporation During Evaporator With Adjusted Adjustment Column 

Fuel Reagmt Product Precipitant Supernate Precipitate Wash Soln. Solution Feec Solids Ev?.p. Product Evap. ~eed) Solution Feed 
before after 

Flow, use use 

l/batch ' 638 

U / 1.9 Kg 

Zr M_ 93 Kg 

Sn M_ 1.i Kg 

H+ M_ 8.0 

\O F ! !  8.0 
R20.g 0.1 
Cr03M_ 

Na M 
KCO& 

NO; M 
A1 M_ 

202 

Oxides cf . 
lit"0gen 

+ Chromic Acid was added to dissolver product. 

638 1020 2 56 1276 

1.6 1..9 g 

0.015 983 moles 

0.01 

1.5 

0.07 4903 moles 

< 0.003 
0.02 

3.2 0.5 1470 moles 0.1 

3.2 2.0 

0.1 

490 moles 

60 2434 - -- 128 78. 78 15.4 

0.8 .0.6 g 13.8 1.6 

0.02 47 moles < 0.005 0.05 

0 . ~ 4  0.08 
15.7 1.0 0.6 0.1 0.1 13.0 

0.03 235moles c 0.1 0.25 

< 0.w1 < 0.02 

0. ocg 0.15 

0.27 85 moles 4.3 

0.87 
15.7 0.40 5.. 6 0.1 0.1 14.2 

2040 moles 

225 noles 

.24 moles - 

0.39 



i n  Figure 2; more de t a i l ed  information i s  shown i n  Table 2. The 

p r ec ip i t a t i on  i s  i den t i ca l  t o  t h a t  of the  flowsheet described i n  

Table 1, with the  exception t ha t ,  a f t e r  addi t ion of a l l  the  p rec ip i tan t ,  

f loccu la t ing  agent i s  added and t he  r e su l t i ng  s l u r ry  s t i r r e d  at  

p r ec ip i t a t i on  temperature. After  f i l t r a t i o n ,  the  p r ec ip i t a t e  i s  

washed on the  f i l t e r  with four por t ions  of 0.1M n i t r i c  acid,  each - 
wash being equal i n  volume t o  one-half of the  volume of dissolver  

8 

so lu t ion  used. F i l t r a t e  and wash solut ions  a r e  combined and 

su f f i c i en t  n i t r i c  acid  added t o  des t roy the  formate ion and t o  

prevent post -precipi ta t ion during evaporation. The combined f i l t r a t e  

and wash solut ions  a r e  boi led down t o  a volume equal t o  20 per  cent 

of the  volume of d i s so lver  solut ion used; while t h i s  solut ion i s  s t i l l  

a t  an elevated temperature, a volume of 2 . 2 6 ~  aluminum n i t r a t e  i s  - 
added equal t o  80 per cent of the  volume of the  boiled-down solution.  

Addition of aluminum n i t r a t e  s t a b i l i z e s  the  solut ion and adds s a l t i n g  

s t rength.  This f'lowsheet el iminates a second separation s tep a t  the  

e q e n s e  of higher corrosion during boildown, l a rge r  extract ion column 

feed volumes, and higher concentrations of zirconium, f luor ide ,  and 

aluminum i n  the  ex t rac t ion  column feed. Unwelded coupons of ss 316 

(ELC) , Hastelloy F, and Carpenter-20, located i n  both the  vapor and 

l i q u i d  phases, showed corrosion r a t e s  of l e s s  than 2.2 mils/mo 

under flowsheet p r ec ip i t a t i on  conditions and l e s s  than 4.2 mils/mo 

under boildown condit ions (see  Appendix, sect ions  B-6 and C-3).  

IV . CONCLUSIONS 

Precipi ta tes . formed by t he  addi t ion of sodium formate t o  zirconium- 

hydrofluoric acid  dissolver  solut ions  can remove greater  than 99 per 

cent  of t he  zirconium and f luor ide  aE2 so l i d  waste, allowing 

concentration of t he  l i q u i d  waste t o  small volumes f o r  storage. Solution 

volumes a r e  reduced by a s  much a s  80 per  cent. Waste storage costs  
) 

. f o r  the  r a f f i na t e s  from hydrofluoric ac id  zirconium f u e l  reprocessing 

methods, t h a t  e x i s t  o r  have been proposed f o r  use a t  the  Idaho Chemical 

Processing Plant ,  vary from 20 t o  42 per  cent of t he  t o t a l  processing 

cos t s  as t he  production i s  increased from 2 t o  10 Kg of uranium 

per  day(5).  T'hus, a s ign i f ican t  reduction of processing cost  i s  
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Table 2 

blaterial Balance for  Eoacn Foxmate &adend Precipitation Using One Sol-Liquid Separation 

Evapontor 
Feed Adjusted 

Dissolution 3issolver F l o c c u l a t i ~  Precipitate A C j u s t ~ ~ n t  Bvaporator Evaporator 
Feed Product Fuel Reagent Product Prec ip i tmt  0.15 Reageat* S q e r n a t e  Frecipitate Wash Soln. S o l u m n  

Flow, 

l/batch 638 

U g / l l . 9 K g  

Zr f1 93 F;g 

Sn g 1.4Kg 

H+ f! 8.0  

F ! !  8.0 

%O2 !! 0.1 

C*3 M 
N a  b j  

H W  -M ? - 
NO3 ?! 
A1 ' M 

c02 
Oxides of Nitrogen 

OH 

77. wo 253 1276 146 

1.5 1.9 6 

0.015 955 moles 

0.01 

1.3 

0.075 4775 moles 

.c 0.00s 

0.02 

0.55 1432 moles 

1.9 

477 moles 

Off G a s  Extraction 
Produced Column Feed 
During Adjust;ment 
map. solution 

6.8 

2.26 

2042 moles 

l l 5 4  moles 

Extraction 
Column 
Feed 

+ This can 3e 0.15 by weight ;enera1 Mills' Galactas01 CAM, Dow's Sepalar. NP-10, Stein Hall 's  Jaguar, o r  Cyanamid's Aere loc  j5O Reagent. 

Chronic a2id was added t o  nHssolver product. 



possible by using the sodium formate precipitation process in. 

combination with one of these reprocessing methods. 

Since the sodium formate precipitation reaction is complete 

within 5 minutes after precipitant addition, it may also be conveniently 
adapted to continuous zirconium fuel dissolutions. 

All streams involved in the flowsheet of Figure 1 are non-corrosive 

to materials of construction commonly used in the atomic energy industry. 

Thus, the materials that must be used to fabricate a precipitator, 

solid-liquid separation devices, evaporator, and adjustment vessels 

are readily available. An 80 per cent volume reduction can be - 
realized prior to uranium extraction. This flowsheet produces an 

extraction column feed that contains negligible fluoride concentrations 

and appears to be quite stable. Such a stream should be non-corrosive 

to stainless steel extraction columns. The raffinate from the 

extraction column is low in aluminum and  contain^ e~sentially no 

zirconium or fluoride; thus,the solids content of the material to be 

stored is low. 

The flowsheet of Figure 2 eliminates a second solid-liquid 

separation step. However, the construction materials used to 

fabricate the evaporator used in the boildown may be a problem, since 

unwelded coupons gave corrosion rates varying from 2.8 to 4.2 mils/mo 

when subjected to boildown conditions. This chemical material 

balance provides for a 64 per cent volume reduction prior to 
extraction. The flowsheet uses an extraction column feed with a 

higher aluminum-to-fluoride mole ratio than the process being currently 

used at the ICPP or in the flowsheets proposed by Parrett(6) for 

future hydrofluoric acid dissolutions; thus, the stream should be 

non-corrosive to stainless steel extraction columns. The extraction 

column feed appeared to be stable at room temperature. The density 

of the extraction column raffinate is higher than in the other sodium 

f ormate f lowsheet. 

Fluoride and zirconium recovery should not be affected by variation 

in dissolver solution fluoride concentration, provided the fluoride-to- 

zirconium mole ratio is 5 or less; good recoveries at higher mole 



r a t i o s  would require  sodium formate-to-zirconium mole r a t i o s  g rea te r .  

than 2 t o  1. Sodium formate solut ions  of 6~ - might be used a s  a 

p rec ip i tan t ,  which'would decrease many of t he  process stream volumes 

considerably. 

Uranium losses  t o  t he  p r ec ip i t a t e s  from the  sodium formate process 

a r e  comparable t o . t h e  usual  over-a l l  process losses ,  but  a re  somewhat. 

high f o r  a s ing le  s t ep  of an enriched uranium process. Effect ive  

removal from so l i d s  requires  t h a t  the  uranium be i n  i t s  highest s t a t e  

of oxidation; chromic acid  i s  a convenient oxidizing agent. A t  the  

end of four  washes with a wide va r i e ty  of 0 .1M - wash solutions, each 

wash h.aving one-half t h e  volume of the  dissolver  product solution,  

t he  uranium l o s s  t o  t he  sodium p rec ip i t a t e  decreases t o  about 0.1 

per  cent and approaches t he  l i m i t  of ef fect iveness .  Washing so l ids  

(formed during boildown) 3 times with a volume of d i l u t e  n i t r i c  a c i d .  ' 

equal t o  one- f i f th  t he  volume of boiled-dow~l s l u r ry  r e s u l t s  i n  a 

uranium lo s s  of 0.03 per  cent and approaches t he  l i m i t  of effectiveness.  
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V I .  APPENDIX 

A. Experimental Methods and Materials  

1. Zirconium Alloy Fuel Solutions 

The zirconium dissolver  product stock so lu t i on  was prepared 

by dissolving zirconium a l l o y  f u e l  pieces i n  su f f i c i en t  hydrofluoric 

ac id  t o  produce a 5- to- lmole  r a t i o  of f luor ide  t o  zirconium. 

Hydrogen peroxide was added t o  oxidize the  uranium and t o  prevent 

p rec ip i ta t ion  of uranium t e t r a f l uo r ide .  The f u e l  pieces consisted 

of zirconium-uranium a l l oy  meat sect ions  c lad with Zircaloy-2. These 

samples averaged about 3.0 weight per cent uranium. The stock solution 

was 1 . 6 ~  - zirconium, 8 . 0 ~  - f luor ide ,  1 . 6 ~  acid, and contained 3.7 grams - 
of uranium-per l i t e r .  Yo determine how the  ~luoride-t6-ZiYConlUm 

mole r a t i o  of the  dissolver  solutions a f fec ted  t he  sodium formate 

p rec ip i ta t ion ,  solut ions  having a mole r a t i o  greater  than 5 were 

prepared. These.increased mole r a t i o s  were obtained by addit ion of 

concentrated hydrofluoric acid .  

2. Equipment and Procedure 

Prec ip i ta t ions  and boildowns were made i n  polypropylene 

equipment using e i t h e r  a mechanically driven Teflon s t i r r e r  o r  a 

magnetic s t i r r e r  with a Teflon s t i r r i n g  bar.  P rec ip i ta t ions  made 

a t  60°c o r  a t  lower temperatures were ca r r ied  out i n  t a l l  beakers 

without attempting t o  prevent l o s s  due t o  evaporation; those made a t  

a temperature above 60°c were, carr.ied out under t o t a l  ref lux.  Except 

f o r  experiments i n  which zirconium recovery was studied a s  a function 
I 

of s t i r r i n g  time and sodium formate concentration, s l u r r i e s  r e su l t i ng  

from prec ip i tan t  addi t ion (with o r  without the presence of f loccula t ing 

agents)  were allowed t o  s t i r  a t  the  p rec ip i ta t ion  temperature f o r  

one-half hour. . The s lu r ry  was then' cooled t o  room temperature and 

vacuum f i l t e r e d  through a f ine-(4-5.5 microns) porosi ty  s in tered 

g lass  f i l t e r .  

3. Analytical  Methods 

Most of t he  so l ids  were dissolved for  ana ly t i c a l  purposes by 

heating i n  d i l u t e  n i t r i c  acid.  However, a few of the  so l ids  required 

prolonged heating with various combinations of boric,  hydrofluoric, 

n i t r i c ,  su l fu r ic , ' o r  hydrochloric acids  to '  dissolve them. 



The methods t h a t  were used t o  analyze solut ions  o r  so l i d s  

f o r  zirconium, f l u o r i d e , . n i t r a t e ,  uranium, and acid  a r e  reported i n  

"The Manual of Analytical  Methods of the  Control Laboratory a t  the  

Idaho Chemical Proces.sing Plant", IDO-14316, ed i ted  by M. J. 

Shepherd, Jr., and J. E. Rein. 

Total  carbon and hydrogen were analyzed by d i r e c t  combustion. 

Flame photometry M a s  used f o r  a l l  sodium analyses. 

B. P rec ip i ta t ion  of Zirconium and Fluoride with Sodium Formate 

1. Effect  of 'sodium Formate,Concentration 

The e f f ec t  of sodium formate concentration on the  recovery of 

zirconium a f t e r  s t i r r i n g  f o r  one hour a t  room temperature and a t  

elevated temperature under t o t a l  re f lux  i s  shown i n  Figure 3. A 

solut ion of 3.2M - sodium formate was used a s  the  precipi tant .  I n  

addit ion,  the  e f f e c t  of sodium formate-to-zirconium mole r a t i o  i n  

. t h e  range 1 .5  t o  2.0 was determined a t  6 0 ' ~  using a one-half hour 

s t i r r i n g  time. Zirconium recovery over . t h i s  range gradually increased 

from 89.6 per cent a t  the  lower r a t i o  t o  97.4 per cent a t  the  upper 

r a t i o .  These r e s u l t s  indicate  t h a t  a sodium formate-to-zirconium mole 

r a t i o  of two i s  adequate f o r  good zirconium removal from solution.  

The addit ion of p rec ip i tan t  a s  a solut ion more concentrated 
100 

O- ROOM TEMPERATURE 

I 0- TOTAL REFLUX 

I 
I 

than 3.2M - would have the  desi rable  

e f rec t  of decreasing stream volumes. 

Therefore, p rec ip i ta t ions  were made 

using 8 . 0 ~  - sodium formate a s  the  

p rec ip i tan t ;  however, greater  

volumes of wash solut ion were 

necessary t o  remove uranium from 

800 

4 I I I prec ip i t a t e s  formed with 8 . 0 ~  
I 2 3 4 - 

MC~E mno CF ~ D I U M  FORMATE TO ZIRCONIUM than with 3.2M - sodium formate 

Fig. 3. Effect  of Sodium Formate under i den t i ca l  conditions. 
Concentration on Zirconium Recovery Increased wash solution volumes 

.P r ec ip i t a t e  was from a. snl i~t,i on 11egaLw.l Lhe volme decreases 
containing 1 . 6 ~  zr, 8 . 0 ~  F, 1 . 6 ~  
H?, and 3.7 g/i U. 3.2M sodium' rea l ized  by the  use of 8 . 0 ~  - sodium 
formate used a s  the  p rec ip i tan t .  formate solutions.  I n  addit ion,  
Reaction time was 1 hour. 

s l u r r i e s  formed by the  use of 8 . 0 ~  - 
I 



prec ip i t an t  were too th ick  f o r  handling i n  process equipment. The 

use of a p rec ip i tan t  concentration between 3.2 and 8 M  may be feas ib le ;  - 
however, no laboratory data  were obtained i n  t h i s  concentration range. 

2. Effect  ..of Reaction Time 

A t  approprrate time i n t e rva l s  ' during the  react ion between 

3.2M - sodium formkte and uranium-zircaioy dissolver  solution,  a l iquo ts  

- of s l u r ry  were removed, f i l t e r e d ,  and the  f i l t r a t e  analyzed f o r  

zirconium. The sodium formate-to-zirconium mole r a t i o  i n  these  

experiments was 2 t o  1, and two temperatures, room temperature and 

bo i l i ng  temperature with t o t a l  ref lux,  were used.. The prec ip i ta t ion  

react ion was rapid, a s  shown i n  Figure 4; it was complete within 5 
minutes over t he  temperature range studied and was near ly  complete 

in 2 mini it.^^. 

3. Wash Solution Studies 

Water and 0.l.M - solut ions  of 7 d i f f e r en t  reagents were t e s t ed  

f o r  t h e i r  a b i l i t y  t o  remove uranium from p rec ip i t a t e s  formed by the  

sodium formate p rec ip i ta t ion .  P r ec ip i t a t e s  were formed a t  6 0 " ~  from 

untreated stock dissolver  solutions,  from stoc'k dissolver  solutions 

boi led about 10 minutes with 30 per cent hydrogen peroxide added 

immediately before p rec ip i ta t ion ,  and from solut ions  made 0.03M - 
i n  chromic acid  p r io r  t o  p rec ip i ta t ion .  Others were prepared a t  room 

t e ~ e r a t i l r e  or  a t  refluxing 

temperatures from untreated solutions.  

Approximately 8.5 g of residue was 

washed with four 12.5-ml a l iquo ts  

of wash so lu t i o r~  . Wash solutions 

t e s t ed  i n  addi t ion t o  water were 
REACTIOII TIME IMINUTEKI 

n i t r i c  acid,  hydrbfluoric acid,  
F ia .  4. Ef fec t  of Reaction Time - 

on Zirconium Recovery formic acid,  sodium formate, sodium 

Prec ip i t a t e  was from a solut ion n i t r a t e ,  sodium f luor ide ,  ammonium 
containing 1 . 6 ~  Z r ,  8. OM - F, n i t r a t e ,  ammonium f luor ide ,  and 
1 . 6 ~  H+,, and 377 g / l  U. 3.% 
sod& formate used a s  the  pre- aluminum n i t r a t e .  Table 3 summarizes 
c ip i t an t .  Sodium formate-to- the  uranium removal and precipita. te 
zirconium mole r a t i o  w a s  2 t o  1. 

dissblutiorl  data per t inen t  t o  



Effect of Various Wash Solutions 
on Uranium Removal and,Precipi tate  Solubi l i ty  

zonditions: Precipi tat ion made from 25 m l  of dissolver soln.; 8.5 g of ppt'. (weight on a dry bas i s )  was washed 4 times with 12.5 m l  of wash s o h .  

Wash S o h .  

' Water 
Water 
0 . g  HN03 
O . g  mo3 
0 . z  mo3 
0 . q  HNo3 
0 . M  HNO 
0 .  lii NaNa 
0 . a  N~NO:  
0 . m  NaNO 
0. a N&-Icd2 
0. If NaHC02 
0.M- NaF 
0.1M NaF 
0 . G  A ~ ( N O ~ ) ~  
0.4, ~ l ( N 0 ~ ) ~  
0 . G  HCO H 
0. HCO$ 
0 . z  HF 
0 . z H F  . 

Treatment of Precipi tat ion Per Cent of Total  Zirconium Conc . 
Dissolver S o h .  Prior  Temperature Uranium Remaining i n  the used 

t o  Precipi tat ion O C i n  Washed Precipi tate  Wash Solution .(M) 

none 
s o h .  made 0.0% i n  C r O  

none 3 

none 
none 

boiled with 1-1/2 ml of %02 
soln. made 0.0% i n  C r O  

none 3 

boiled with 1-i/2 m l  of %02 
s o h .  made 0.03g i n  C r O  

none 3. 
soln. made 0.03M_ i n  C r O  

none 3 
s o h .  made 0.0% i n  C r O  

none 3 

soln. made 0.0% i n  C r O  
none 3 

s o h .  made 0.0% i n  C r O  
none 3 

soln. made 0.03M_ i n  C r O  
3 

room temp. 
6p0c 

room temp. 
60" c 

refluxing temp. 
60°c 

. 60°c 
room temp. 

60°c 
60°c 

room temp. 
60°c 

room temp. 
60" c 

room temp. 
60°c 

room temp. 
60°c 

room temp. 
60°c 



each system. About 20 per cent of the uranium or ig ina l ly . in  the 

dissolver solution was held t igh t ly  by residues formed a t  room 

temperature from untreated solutions and could not be washed off with 

any of the wash solutions. The slow addition of sodium formate 

solution t o  dissolver solutions a% elevated temperatures with s t i r r i n g  

decreased the amount of uranium l o s t  t o  the solid.  When t h i s  technique 

was preceded by oxidizing a l l  of the uranium i n  solution t o  the 

hexavalent s ta te ,  uranium losses were decreased t o  l e s s  than 0.3 
i 

per cent. 

Table 3 points out tha t  the water and acid washes dissolved more 

of the precipi ta te  than did the washes containing sodium,but were not 

much more effect ive for  uranium removal. water, the aluminuu 

n i t r a t e  wash, and the acid washes contained residue immediately 

a f t e r  contact with the precipi ta te ,  while the washes containing 

sodium were s table  for  a t  l e a s t  a day; only a t race of residue was 

found i n  the sodium washes a f t e r  a week. 

Studies were also performed t o  determine the smallest volume of 

wash solution necessary for  effect ive uranium removal from the 

precipi ta tes .  These experiments were done both with and without 

the addition of flocculating agent (6 m l  of 0.1 per cent, General 

Mills '  Galactasol CAM). Precipi ta tes  were formed a t  6 0 " ~  using 

50 m l  of dissolver solution ( 0 . 0 3 ~  - i n  chromic acid) and 50 m l  

of 3.2M - sodium f o m t e  solution. Wash solutions studled were 

0.1.M - solutions of n i t r i c  acid, formic acid, sodium formate, and 

sodium n i t r a t e .  The r e su l t s  of successive washings using n i t r i c  

acid without a flocculating agent as  the wash solution a re  plot ted as  

an equilibrium curve i n  Figure 5. I n  the calculation of the operating 

l ine ,  the t o t a l  welght of precipi ta te  was corrected for  the weight 

of the individual samples removed fo r  analysis. The mount of 

uranium remaining i n  the precipi ta te  a f t e r  one wash was 2.4 per 

cent. A t  the end of four washes, the amount remaining had decreased 

t o  about 0.2 per cent, and washing had approached the l i m i t  of 

effectiveness. Curves obtained with the other wash solutions were 

very similar. Both of the sodium washes resulted i n  about a 2 per cent 



zirconium lo s s  t o  t he  wash 

solut ions  ; t h e  ac id  washes re sul ted 

i n  a zirconium lo s s  two t o  three  

times higher. 

4. Effect  of Temperature and 

Flocculating Agents 

Laboratory experiments were 

performed t o  invest igate  t h e  e f f e c t  

of p rec ip i ta t ion  temperature and 

quant i ty  of f loccu la t ing  agent 

on the  physical  cha rac t e r i s t i c s  of 

the  p r ec ip i t a t e  and the  s t a b i l i t y  - - 

Fig. 5. Uranium Equilibrium Curve 
f o r  Prec ip i ta te  Washing of t he  f i l t r a t e .  The temperature 

range invest igated w a s  from room p rec ip i t a t e  : 16 g prepared from 
50 m l  of STR solution containing temperature t o  re f lux  temperature. 
0.03M C r O  and 3.7 g/l uranium. - 3 Flocculating agents studied were 
Washes: 25 m l  each using 0.1M - 
HNO, at  20°C. potato s tarch,  General Mil ls1  

2 

Prec ip i ta te  Treatment: F i l t e r e d  Galactasol  CAM, Dowls Separan 

and dr ied a t  105'C f o r  analysis .  NP-10, S te in  Ha l l ' s  Jaguar, 

and Cyanamid's Aerofloc 550 Reagent. 

The p r ec ip i t a t e s  formed below 6 0 ' ~  had t o  be formed by adding 

the  sodium formate p rec ip i tan t  rapidly  t o  prevent the  formation of 

t h i ck  3.mpobile s l u r r i e s .  The addi t ion of f loccu la t ing  agents t o  t h i s  

system d id  not prevent post -precipi ta t ion i n  the  f i l t r a t e s  and wash 

solution.  

The prec ip i ta tes  formed a t  or  above 6 0 ' ~  were granular and f a s t  

s e t t l i ng ,  and the  physical  appearance of the  p r ec ip i t a t e  w a s  

independent of the  r a t e  of p rec ip i tan t  addit ion.  The addi t ion of 

40 mg/li ter  of s l u r ry  of a l l  the  f loccu la t ing  agents (with the  

exception of potato s tarch)  produced a f i l t r a t e  f r e e  from residue 

and decreased the  so lub i l i t y  of the  p r ec ip i t a t e  i n  the  wash solutions.  

The prec ip i ta tes  formed a t  re f lux  temperature were granular and 

f a s t  s e t t l i ng ,  the  f i l t r a t e s  were f r ee  of residue, and t he  p r ec ip i t a t e s  

were r e l a t i ve ly  insoluble i n  the  wash solutions.  Flocculating agents 



had no apparent bene f i c i a l  e f f ec t s .  

5 .  Fluoride and Zirconium Concentrations i n  Dissolver Solution 

Since t he  fluoride-to-zirconium mole r a t i o  of d issolver  

so lu t ions  may vary, experiments were performed t o  determine whether 

an increase i n  t h i s  r a t i o  would reduce zirconium and f luor ide  removal. 

Removal w a s  decreased from about 97 t o  91 per  cent a s  t he  f luor ide- to-  

zirconium mole r a t i o  was increased from 5 t o  6 (see Table 4 ) .  
Increasing the  fluoride-to-zirconium mole r a t i o  a l so  resu l ted  i n  a 

p r e c i p i t a t e  with higher fluoride-to-zirconium and sodh- to -z i rcon ium 

mole r a t i o s ,  even though the  sodium forinate concentration was 

constant .  

6. Corrosion 

Tes t s  were performed t o  determine t he  corrosion res is tance 

at  6 0 " ~  of unwelded coupons of SS 316 (ex t ra  low carbon), Carpenter-20, 

Monel, and Hastelloy F, i n  t he  following systems: 

(1) s l u r r i e s  produced by t he  react ion of' zirconium dissolver  

solut ions  ( 0 . 0 3 ~  - i n ,  chromic ac id)  with sodium formate (both with and 

without f loccu la t ing  agents) ,  and (2)  zirconium dissolver  solut ions  

which were 0.03M - i n  chromic acid.  These media a r e  expected t o  bracket 

a l l  conditions occurring during prec ip i ta t ion .  . The expected corrosion 

r a t e s  f o r  precipi ta t ion-vessel  mater ia ls  should be between the  

corrosion r a t e  i n  the  s l u r r y  t o  which a l l  p rec ip i tan t  had been added 

and the  corrosion r a t e  i n  the  .solution p r io r  t o  prec.1pitan-b addit ion.  

Sodium formate w a s  added i n  t h i s  corrosion experiment as an &molar 

so lu t ion  a t  the r a t e  of 2 moles per  mole of zirconium. The f loccula t ing 

agent used was S te in  Ha l l t  s Jaguar a t  a concen,tration of 6 ml of 0.1 

per  cent Jaguar f o r  every 50 m l  of d lssolver  solution. Tests l a s t ed  48 

hours, and coupons of each mate r ia l  were suspended within, a t  the  

surface,  and above the  s l u r ry .  Monel was t e s t ed  i n  a nitrogen 

atmosphere. Table 5 shows t h a t  a l l  of these  mater ia ls  except Monel 

could be considered f o r  t he  construction of a prec ip i ta t ion  vessel .  

C. Roildown and Extraction Studies 

. 1. Boildown with Sol id  Formation, Followed by Extraction 

The volume of solut ion r e su l t i ng  from sodium formate 



Table 4 

Effec t  of Fluoride-to-Zirconium Mole Ratio 

on Sodium Formate Prec ip i t a t ion  

Conditions: Two molzs of sodium formate added per mole of zirconium present;  

p rec ip i t a t ion  temperature = 6 0 ' ~ ;  d issolver  solution composition 

o r i g ina l l y  was 1 . 6 ~  - Z r ,  0.03M - Cr+6,  3.7 g/l U, 8 . 0 ~  - F and 1 . 6 ~  - H+; 

F varied by HF addit ion;  p rec ip i t a te  washed $ times with a 

- 3 the  dissolver  solut ion volume. d u n e  d 0'. 1M NaNO equal t o  11- 

F-to-Zr Mole Prec ip i t a te  Composition fb zr 
Ratio of Dissolver F-to-Zr Mole Ratio . Na-to-Zr Mole Ratio l o s s  t o  

$ F 
l o s s  t o  

Solution F i l t r a t e  F i l t r a t e  



Table 5 

Corrosion During t he 'P rec ip i t a t i on  02 Zirconium and 
- Fluoride with Sodium Formate 

conditions : Temperature = .60°c; 2 moles of sod im f0rmzt.e added per mole of 

zr; d issalver  solution co&osition - 1 . 6 ~  - Zr, 1 . 6 ~  - H', 8~ - F, 

. 0.03M CrO 3.7 g/l U ;  f loccula t ing agent - 6 m l  of 0.15 S te in  - . 3' 
Hal l ' s  Jaguar per 50 m l  of dissolver, solution;  length of t e s t  - 
48 hours. 

Construction Idaterial Corrosiol i n  Slurry  , Corrosion i n  Slu-ry Corrosion i n  Dissolver 
(unwelded) containing Flocculating Without Flocculating Soln. which i s  0 . 0 3  - 

Agent . A s n t  chromic acid  
(mi 1 s /mo ) (mih/mo ) (milslmo) 

l i qu id  in tzrface  vapor l i qu id  interfa,ze vapor l i qu id  in te r face  .vapor. .. 

ss 316 (ELC) 0.03 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 0.79 2.1 1.6 

Monel 2.5 9 .,99 0.18 9.1 4.3 0.42 25s 5.B < 0.03 

Hastelloy F 0.03 13.04 0.02 0.07 0.08 0.07 0.52 0.63 0.32 

Carpenter-20 < 0.03 < 0.03 < 0.03 < C1.03 < 0.03 < 0.03 0.53 0.33 0.24 



prec ip i ta t ion  from dissolver  solut ion followed by evaporatf on of the  

f i l t r a t e s  and washes can be reduced t o  20 per  cent of the  o r ig ina l  

d issolver  solution volume without t he  formation 'of a t h i ck  s lu r ry ;  

a)   oil down Studies 

A few s tudies  were performed t o  determine how boildown 

w a s  a f fec ted  by prec ip i ta t ion  temperatures, f loccu la t ing  agents, 

oxidants, and boildown techniques. Twenty-five m i l l i l i t e r s  of 3.2M - 
sodium formate solut ion was added at  6 0 " ~  o r  bo i l ing  temperature 

t o  25 m l  of d issolver  solut ion which w a s  e i t h e r  0.03 o r  0 . 0 6 ~  - 
i n  chromic acid  o r  had been t r ea t ed  with hydrogen peroxide. The 

prec ip i ta t ions  ca r r ied  out a t  bo i l ing  i n  the  presence of a 

f loccu la t ing  agent contained 40 mg of Jaguar per  l i t e r  of s lu r ry ;  

those ca r r ied  out a t  6 0 ' ~  with a f loccula t ing agent contained 60 mg 

per l i t e r .  The prec ip i ta tes  were f i l t e r e d  and washed 4 times with 

12.5 m l  of 0 . 1 .  - sodium n i t r a t e ,  and the  wash solution and f i l t r a t e  

were combined. The r e su l t i ng  solut ion was boi led down t o  e i t h e r  

4 o r  10 m l ,  and the  resu l t ing  s l u r ry  f i l t e r e d  and washed again. The 

5 m l  of solution used t o  wash the  so l i d  from the  4 m l  of s l u r ry  was 

combined with the  f i l t r a t e  f o r  analysis ;  t h a t  used t o  wash the  so l i d  

from the  1 0  m l  of s l u r ry  was kept separate from i t s  f i l t r a t e  and 

t he  two analyzed separately.  I n  experiments involving hydrogen 

peroxide, the  oxidant was added continually-during boildown and 

also used. i n  the  0 . 1 .  - sodi~un n i t r a t e  wash solutions.  

A summary of the  uranium removed from prec ip i ta tes ,  the  f luor ide  

and zirconium removed from f i l t r a t e s ,  the  s o l i d s  produced during 

boildown, a s  well a s  o ther  information obtained during these 

boildown experiments, i s  shown on Table 6. Chromic ac id  w a s  much 

more e f f i c i e n t  than hydrogen peroxide i n  keeping uranium i n  the  

hexavalent s t a t e ;  no di f ference could be discerned between the  

e f f ic iency  of the  two chromic ac id  concentrations used. None 

of the  other  var iables  studied had any appreciable e f f e c t  on the  

bo ildown . 
d 

b) Wash Solution Studies 

Studies were performed t o  determine the  smallest  volume 



Table 6 

Bcildown Characteristics of F i l t r a t e s  and 0 . z  Sodium Nitrate Wash 
Solutions Froduced During Sodium Formate Precipitat1c.n 

Conditions: Precipitate iras fsrmed by adding 25 ml of 3.2M sodium f o m t e  so1u;ionto 25 ml of 
dissolver so lu t im;  8.5 gm of sodium formate precipitate xas washed four times with 
12.5 m l  of 0 . g  ~ d i u m  ni t ra te .  

Ana:ysis of Process Strsuns 
Analysis of Process Streans a f t e r  Boildown 

F i l t r a t e  . ~ 

Oxidant Preeipi- before Boildown and 
, Conc. i n  ta t ion  F i l t r a t e  h s h  S o h .  Solids ~ i l t ' r a t z  Wash Soln. . Wash Soh .  

Boildown Dissolver Tempera; $ of t o fa l ' u  . Zr A Zr wt i n  of t o t a l  Zr F fl Zr Zr F H' $ zr 
Techniques Solution ture l o s t  t o  ppt (M) (M)  (M) g U $st t o  solid ((M ' (M) (M) (M) ' , IM) (M) (M) Removed 

60'C 
60'C 
boiling 
boiling 
boiling 
boiling 
60°c 
60"c 
bo5ling 

A) 52 ml of 0.1M.NaNO and 25 m l  of f i l t r a t e  was boiled d m  t o  10 ml, the result ing residue was f i l t e r e l  and .washed 4 times with l..5 ml .of 0 . z  NaN03; the 
l a t t e r  wash ~ o l u t i 3 n  and f i l t r a t e  were kept separate,. 

B) 52 m l  of 0.M NaNO and 25 ml of f i l t r a t e  vas boiled down t o  4 ml, the result ing residue was f i l t e r e d  and wa-d 4 times with 1.5 ml of 0 . g  NaN03; the 
l a t t e r  wash ~ o l u t i 3 n  and f i l t r a t e  xere zombined. 

C )  25 ml of dissolver-solution was boiled 10 nixutes with 1-112 m l  of 30 per cent %02 prior t o  scdium f3rmate ~ r e c i p i t a t i o n ;  2 ml of 30 per cent H202 was added 
a l i t t l e  a t  a tiple during the boil~lown; 0 . x  NaNO wash solutions were made 2.@ i n  %02 before usin& 

3 

D) No flocculating agent present. 

E) Precipitation carried ou; i n  the presence of 40 mg of Jagua? per l i t e r  of slurry. 

F') Precipitation carried out in the presence of 60 mg of Ja@a:- per l i t e r  of slurry. 



of O . N  - n i t r i c  acid  o r  sodium n i t r a t e  necessary f o r  e f f ec t i ve  

uranium removal from t h e . s o l i d s  which separated out during boildown. 

The so l ids  f o r  t he  washing experiments were formed by adding, a t  60°c, 

50 m l  of 3.2M - sodium formate t o  an equal  volume of dissolver  solution,  

0.03M - i n  chromic acid.  The resu l t ing  s l u r ry  was s t i r r e d  f o r  one-half 

hour, the  p r ec ip i t a t e  f i l t e r e d  and washed with four 2.5-ml a l iquo ts  of 

0 .W - sodium n i t r a t e .  Four and s ix- tenths  m i l l i l i t e r s  of 1 5 . v  - 
n i t r i c  acid  was added t o  the  combined f i l t r a t e  and wash solution,  and 

t he  resu l t ing  solut ion was boi led down t o  10 m l  and f i l t e r e d .  The 

0.7 g of residue separating out during evaporation was washed various 

times with f r e sh  2-ml a l iquo ts  of wash solution.  The r e s u l t s  of uranium 

analysis  of the  l i qu id  and so l i d  phases were p lo t ted  a s  equilibrium 

curves s imilar  t o  t h a t  shown i n  Figure 5. A t  the  end of three  

washes, the  uranium l o s t  t o  t he  so l ids  decreased t o  about 0.03 and 

0 .1  per cent when O . N  - n i t r i c  acid  and sodium n i t r a t e  were used, 

respectively,  and the  washing approached the  l i m i t  of ef fect iveness  

a s  shown by equilibrium curves. A zirconium l o s s  of 0 .1  and 0.4 

per cent t o  the  wash solution (due t o  the  s o l u b i l i t y  of the  so l i d )  

occurred when the  so l ids  were washed 3 times with 2 m l  of 0.1.M - 
sodium n i t r a t e  o r  n i t r i c  acid,  respectively.  One-tenth molar n i - t r i c  ac id  

i s  the  more e f f ec t i ve  wash f o r  removing uranium from the  sol ids .  

Since the  used wash solution can be kept separate from the  f i l t r a t e  

and added t o  successive combined f i l t r a t e s  and wash solutions 

p r io r  t o  boildown, the  somewhat greater  s o l u b i l i t y  of residue i n  

n i t r i c  a c i d . i s  not of great  importance. 

c )  Solution Adjustment P r io r  t o  Extraction 

Several s tudies  were performed t o  determine the  amount 

of n i t r i c  ac id  i n  the  boildown which would lead t o  low f luor ide  and 

zirconium supernate concentrations and a l so  t o  uranium d i s t r i bu t i on  

coef f ic ien t s  greater  than 10 when t he  f i l t r a t e  was contacted with 10 

per  cent TBP i n  Amsco. I n  these  experiments, t he  preparation of the  

so l i d  containing zirconium and f luor ide  and the washing of the  r e su l t i ng  

p r ec ip i t a t e  was i den t i ca l  t o  t h a t  described f o r  t h e  wash solution 

s tudies  of p a r t  VI-R-3 .  The wash solut ions  and f i l t r a t e s  were 

combined, variouc amounts of J.5.7M - n i t r i c  ac id  were added, the 



r e s u l t i n g  solution boi led down t o  a volume equal t o  20 per  cent 

of the  dissolver  solut ion volume, and the  s l u r ry  f i l t e r e d .  Some 

of these  f i l t r a t e s  were extracted with no fu r ther  treatment. I n  

some cases, n i t r i c  ac id  and aluminum n i t r a t e  o r  zluminum n i t r a t e  alone 

. . were.added p r io r  t o  TBP extract ion.  

As shown i n  Table 7, the  addit ion of 72 millimoles of n i t r i c  

a c id  t o  100 m l  of wash solut ion plus  80 m l  of f i l t r a t e  p r i o r  t o  

boildown r e s u l t s  i n  a so lu t ion  t ha t ,  when evaporated t o  the  appropriate 

volume and f i l t e r e d ,  y i e ld s  a f i l t r a t e ]  containing almost no zirconium 

and f luor ide  ions and from which uranium can be e f f ec t i ve ly  extracted 

with TBP. However, addi t ion of varying amounts of aluminum n i t r a t e  

o r  aluminum n i t r a t e  and n i t r i c  acid  i s  required t o  s ta 'b i l ize  t he  

solut ion.  The e f f e c t  of these  addi t ions  i s  shown i n  Table 7; 

4.5 millimoles of aluminum n i t r a t e  o r  0.45 millimole of aluminum 

n i t r a t e  and 16 millimoles of n i t r i c  acid  s t a b i l i z e s  the  solut ion and 

provides good ex t rac t ion  charac te r i s t i cs .  The combination of aluminum 

n i t r a t e  and n i t r i c  acid  i s  preferable,  s ince it adds l e s s  non-volati le 

mate r ia l  t o  the  system. 
2. Boildown Without Sol id  Formation, Followed by Extraction 

During t h e  boildown experiments described i n  Table 7, it 

was observed t h a t  t he  allowable concentration f ac to r  before the  onset 

of so l i d s  formation increased with increasing n i t r i c  ac id  addit ion.  

Accordingly, some experiments were done t o  study boildown conditions 

leading t o  s tab le  evaporator products from which no so l ids  formed. 

P rec ip i t a t i on  conditions were a s  summarized i n  Table 7; 11.4 m l  

of 15.W - n i t r i c  a c id  was added t o  t he  supernate before boildown. 

Varying amounts of aluminum n i t r a t e  were a l so  added, e i t h e r  before 

The smallest s t ab le  -concentrate volumes occurred .when the  addi t ion 

of aluminum n i t r a t e  was made a f t e r  evaporation and when a f loccu la t ing  

agent ( ~ a g u a r )  was used during the  p rec ip i ta t ion .  I n  experiments 

using'O.lM - n i t r i c  ac id  as .  wash solution,  s l i g h t l y  smaller stabi1ize.d 

volumes could be obtained than when 0.lM - s-odium n i t r a t e  was used under 

t he  same conditions. Optimum r e s u l t s  were obtained f o r  an evaporator 



Table 7 

Wash 
Soln. 
5 

Conditions: 

M ~ S  of 1 5 . ~  
HNO &dded p r i o r  

t 2  boildown 

2.8 
4.1 

Boildown and Extraction Character is t ics  of F i l t r a t e s  Produced During Sodiun Formate 
Precipi ta t ion Followed by a 0 . g  Ni t r i c  Acid o r  Sodium Nitra te  Waeh 

Prec ip i t a te  was formed by adding 50 m l  of 3.$ sodium formate solut ion t o  50 ml of dissolver  
solution ( 0 . 0 3 ~  i n  chromic acid) with s t i r r i n g  f o r  112 hour a t  6 0 ' ~ ;  16 @pl of sodium formate 
p rec ip i t a te  was washed 4 times with 25 m l  of O . g  RaNO HNO was added tca the  combined 80 m l  
.of f i l t r a t e  and 100 m l  of wash solution and the result?.Lg soaution boiled down t o  10 ml. 

Reagents added t o  10 m l  
of boildown product 

none 
none 
0.2 ml of 2.2613 A ~ ( N o ~ ) ~  
none 
none . 
none 
none 
none 
0.2 m l  of 2.26M Al(N0 ) 
0.05 rm of 2 . 2 6 ~  u(N3J3 
1 ml of 2.26M A i ( ~ 0 ~ ) ~  
2 ml of 2'.26Z M(NO ) 
3 ml of 2.26Z A ~ ( N o ~ ) ~  
4 m l  of 2 . 2 q  A ~ ( N o : ) ~  
0.2 m l  of 2 . 2 6  A l ( ~ o 7 ~  

1 m l  15.7M m 0  
0.2 m l  of 2 7 2 6 ~  h ( ~ 0 ~ ) ~  

2 ml 1 5 . F  HN03 

Analysis of Boildown 
Product After 

Reagent Addition 
Zr H+ F- Na+ 

48-hour 
s t a b i l i t y  

of bc.ildown 
prcduct 

unstable 
unstable 
unstable 
unstable 
unstable 
unstable 
unstable 
unstable 
s t ab le  
unstable 
unstable 
s table  
s table  
s table  

s table  

s table  

Extraction of 
boildowp product 

with l@$ TBP 
i n  Amsw 

U i n  U i n  
Aqueous Organic E 2 

(g / l )  (l311) 
a 



feed composed of the following: 80 nil of f i l t r a t e  containing a. 

f locculat ing agent; 100 m l  of 0.1M - n i t r i c  acid washes; and l i . 4  r n l  

of 15.m - n i t r i c  acid. After concentration of such a solution t o  10 

m l ,  the  addition of 8 m l  of 2 . 2 6 ~  - .  aluminum n i t r a t e  before cooling 

produces an extraction feed of the following composition: 

0.25M - Z r ,  1.OM - F, 2.2M - H?, 3.M - ~ a + ,  1.OM - ~ l + 3 ,  and 8 g/l U. 

Such a solution i s  s table  f o r  a t  l e a s t  two weeks, and a uranium extraction 

coeff ic ient  of 27 was achieved when it was contacted with an equal 

volume of 10 per cent TBP i n  Amsco. This method of boildown avoids 

any sol ids  formation.during the evaporation .step, but resu l t s  i n  a 

greater  extraction volume and higher concentra-tions of aluminum, 

fluoride,  and zirconium i n  the extraction reed. 

3. Corrosion 

The corrosion resistance of unwelded couporls of SS 31b 

(extra  low carbon), Carpenter-20, and Hastelloy F was tes ted  during 

concentration. Evaporations were approxima-t;ely 48 hours i n  duration, 

and coupons were immersed within the media and suspended above the 

media. I n  one ser ies  of boildowns, 13.8 m l  of 15.7M - n i t r i c  acid was 

added t o  240 m l  of f i l t r a t e  plus 300 m l  of 0. IM - sodium n i t r a t e  

(prepared a s  described i n  Table 7, using three times the volumes), 

and the resul t ing solution boiled down t o  48 ml. I n  the other ser ies ,  

34.2 m l  of 1 5 . p  - n i t r i c  acid was added t o  258 m l  of f i l t r a t e  

containing 18 m l  of 0.1 per cent Jaguar plus 300 m l  of O.IM - n i t r i c  

acid wash solution, and the resul t ing solution boiled down t o  48 ml. 

Coupons tested i n  the former evaporations showed no discer-nible 

corrosion; those tested i n  the l a t t e r  system (immersed within the 

media) showed corrosion r a t e s  varying from 2.8 t o  4.2 m i l s  per month 

( see Table 8) . 



Table 8 

Corrosion During the  Boildown of F i l t r a t e s  and Wash Solutions Formed .from 
the  Precipi ta t ion of Zirconium and Fluoride with Sodium Formate 

Construction Material  ' Boildown Length of Boildown Corrosion 
(unwelded) Descri3tion (h r s )  mils/mo 

Liquid Vapor 

S ta in less  S t ee l  3 1 6 ( ~ ~ ~ )  A 

S ta in less  S t e e l  3 1 6 ( ~ ~ ~ )  B 

Hastelloy F A 

Hastelloy F B 

Carpenter -20 A 

Carpenter -20 B 

A. 240 m l  of f i l t r a t e  (prepared by adding 150 m l  of 3.2M - sodium formate a t  60°c t o  150 ml 

of dissolver solution - 0.03M - i n  C r O  ) plus 300 m l  of 0.1M NaNO used t o  wash t he  3 - 3 
prec ip i ta te  plus 13.8 m l  of 15.m HNO boiled down t o  48 ml. - 3 

B. 258 m l  of f i l t r a t e  (prepared by adding 150 m l  of 3.2M - sodium fonnate a t  6 0 ' ~  t o  150 ml of 

d issolver  solution ( 0 . 0 3 ~  - i n  C r O  ) i n  the  presence of 18 ml of 0.1 per cent ~ a g u a r )  
3 

plus 300 m l  of 0.lM HNO used t o  wash the  p rec ip i ta te  plus 34.2 ml of l5.m m0 - 3 - 3 
boiled down t o  48 m l .  






