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The processes  used t o  recover t h e  uranium va lues  from 

r e s idues  generated during t h e  manufacture of fuel c o r e s  

a t  the Nat ional  Lead Company of Ohio are described. 

The var ious  low-grade res idues ,  a f t e r  s u i t a b l e  feed 

prepara t ion ,  are treated In  a hydrometal lurgical  process 

t o  recover  the  uranium values  as uranyl ammonium 

phosphate (UAP). The UAP a f t e r  ca l c ina t ion  t o  uranium 

pyrophosphate i s  re tu rned  t o  the production stream as 

a uranium concentrate .  

High-grade r e s idues ,  including uranium pyrophosphate, 

are converted by an aqueous p r e c i p i t a t i o n  process t o  

hydrated UF4, which I s  dehydrated and used f o r  t h e  

production of uranium metal. 
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. .  
6310 

INTRODUCTION 

A t  t h e  A.E.C. Feed Mater ia l s  Production Center ,  Fernald,  

Ohio, which is operated by the  National h a d  Company of 

Ohio, pu r l f i ed  uranium t r i o x i d e  (UO3)  i s  converted t o  

uranium t e t r a f l u o r i d e  ( U F 4 ) ,  the  UF4 is  reduced t o  massive 

metal, and the  metal I s  f a b r i c a t e d  I n t o  f u e l  co res  f o r  the 

A.E.C.'s plutonium production r e a c t o r s .  

The processes used are shown diagrannnatically i n  Figure 1. 

The incomlng UOs is reduced wi th  d i s soc ia t ed  ammonia 

(N2 + &) In f l u i d  bed reactors t o  uranium dioxide and 

then converted t o  UF4 by r e a c t i o n  wi th  anhydrous hydrogen 

- 

f l u o r i d e  I n  screw reac to r s .  The UP4 i s  blended wi th  f i n e l y  

divided magnesium metal and reduced t o  uranium metal by 

a thermite reac t ion .  The cleaned m s s i v e  piece of uranium 

metal, called a "derby," i s  remelted wi th  uranium metal 

recycled froln var ious  sources and cast i n t o  an ingot .  

This Ingot is rolled i n t o  rods, and the rode are converted 

by a number of machining ope ra t ions  i n t o  f inished fie1 cores.  

Uranium-bearing R s i d u e s  a m  generated i n  each of t h e  pm- 

cess ing  steps J u s t  descr ibed.  All of these re s idues  must 

be processed f o r  uranium recovery either by d i r e c t  re- 

mel t ing  or by hydrometal lurgical  processing t o  a usable  - 

-. 
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chemical form. I n  t h i s  paper w i l l  be descr ibed  t h e  

hydrometal lurgical  process used t o  convert  t h e  low-grade 

r e s idues  t o  a uranyl  ammonium phosphate (UAP) concentrate .  

Also described is  the aqueous p r e c i p i t a t i o n  process  used 

f o r  t h e  conversion of high-grade uranium oxide r e s i d u e s  

and UAP t o  uranium t e t r a f l u o r i d e .  As an i n t r o d u c t i o n ,  

t h e  preparat ion required by t h e  va r ious  r e s idues  w i l l  be 

descr ibed . 
FEED PREPARATION 

The prepmat ion  and processing of r e s idue  materials t o  

UAP and UF4 are c a r r i e d  ou t  i n  t h e  Scrap Recovery P lan t .  

Theae res idues  may be conveniently considered as high- 

and low-grade according t o  t h e  uranium content  and sub- 

sequent handling. 

f o r  hydrometal lurgical  processing a r e  t h e  fol lowing:  

H i &  Grade 

1. 

The maJor c a t e g o r i e s  of material recycled 

Ingot end crops and other  massive metal pieces n o t  

s u i t a b l e  for remelting. 

Chips, tu rn ings ,  and sawdust f r o m  metal f a b r i c a t l o n  

operations. 

2. 

3. Black oxlde (UsO,) from c r u c i b l e  burnout. 

- .  
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L o w  Grade 

1. Magnesium f l u o r i d e  slag from t h e  UF4-Mg reduction 

r eac t ion .  

Sump cakes f r o m  a l l  p l a n t s .  

Dust c o l l e c t o r  res idues  and floor sweepings. 

2. 

3. 

High-Grade Residues 

Massive metal p ieces ,  such a s  ingot end cu t s ,  a r e  processed 

through a hydrochloric ac id  metal d i s s o l v e r .  

chloride s o l u t i o n  f r o m  t h e  metal d i s s o l v e r  is oxidized with 

n i t r i c  a c i d  and u t i l i z e d  d i r e c t l y  I n  the  manufacture of 

U F d  by t h e  aqueous p r e c i p i t a t i o n  process  which w i l l  be 

The uranous 

described later.  

The f i n e l y  divided me ta l l i c  r e s i d u e s ,  such a s  ch ips ,  

t u rn ings ,  and sawdust, are processed I n  t h e  high-grade 

feed prepara t ion  system shown In Figure 2. 

c o n s i s t s  of a series of f'urnaces i n  which the me ta l l i c  

particles are burned t o  UsOe. A Rotex screening separates 

the +8 mesh f r a c t i o n  which c o n t a i n s  most of the unoxldlzed 

metal. 

The -8 mesh f r a c t i o n - i s  drummed as  product. 

This system 

This f r a c t i o n  is recyc led  f o r  f u r t h e r  oxidat ion.  

A brief 

' ... 
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desc r ip t ion  of the furnaces  follows: 

1. Oxidation Furnace 

This is a six-hearth rabble-arm type furnace.  

The charge I s  fed a t  the  top and proceeds down 

through the  furnace by being rabbled a l t e r n a t e l y  

t o  the  ou t s ide  and t o  t he  c e n t e r  of the successive 

hearths where it drops through openings t o  the 

next lower hearth. 

gas burners on the second and f o u r t h  hear ths .  

The furnace I s  f i r e d  by three 

2. Box Furnace 

T h i s  furnace c o n s i s t s  of a r e f r ac to ry - l ined  

steel f i re-box,  w i t h  a s ing le  gas burner which 

i s  equipped w i t h  a blower f o r  supplying combustion 

air .  

manually u n t i l  t he  charge i s  e s s e n t i a l l y  a l l  

oxidized. 

i n t o  drums. 

The furnace  i s  fed  i n  ba tches  and rabbled 

The product is  discharged manually 

3. Muffle Furnace 

This I s  a single rabbled hea r th ,  Manhelm-type furnace. 

The f i re -box  I s  a c i r c u l a r  r e f r ac to ry - l ined  steel 

s h e l l  and I s  f i r e d  by a s i n g l e  gas burner. The furnace 

Is fed i n  ba t ches  thmugh an Inconel chute,  t h e  charge 

I s  rabbled dur ing  oxida t ion  by a motor-driven am. 

After oxida t ion  I s  complete t he  charge I s  drumme&.-- 
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Low-Grade Residues 

The p r e p a r a t i o n  of low-grade r e s idues  for subsequent pro- 

c e s s i n g  I s  a more involved process as ind ica t ed  I n  Figure 3.  

Wet materials such as sump cakes are dr ied i n  a ro t a ry  k i l n  

, a t  abou t  1200°F then fed t o  t h e  raw feed hopper. Miscel- 

laneous d ry ,  non-metallic materials are fed d i r e c t l y  t o  

t h e  hopper 

A maJor f r a c t i o n  of t h e  t o t a l  volume of low-grade realdues 

I s  the  MgF2 slag from the  metal  r educ t ion  operat ion.  This 

slag i s  processed through a series of  g r ind ing  and c l a s s i -  

f i c a t i o n  ope ra t ions  which sepa ra t e  a f r a c t i o n  s u i t a b l e  f o r  

r e c y c l e  as  a l i n e r  f o r  f u r t h e r  metal reduct ions .  The 

remainder is proceseed i n  t h e  Scrap Recovery Plant.  &I 

t h e  n a t u r e  o f  t h e  gr inding and c l a s s i f i c a t i o n  opera t ions  

performed on the  slag l i n e r ,  a po r t ion  of  the  MgF2 slag 

c o n t a i n s  a high percentage of free Mg and U metal while 

the  remainder contains  very l i t t l e  free metal. The high 

free m e t a l  f r a c t i o n  is  sent d i r e c t l y  t o  the  Scrap Recovery 

- 

P l a n t  where it is calcined i n  a rabble-arm furnace a t  

1500°F t o  ox id ize  the' free metal t o  oxides ,  then ground 

t o  90s -325 mesh I n  a r i n g - r o l l  m i l l  and f e d  t o  a water 

slurry t ank .  

con ten t  does n o t  r equ i r e  ca l c ina t ion ;  it is ground on a 
The f r a c t i o n  of t he  slag low I n  free metal 

-- 
spare m i l l  I n  t h e  Sampling P l a n t ,  t r anspor t ed  t o  the  Scra>-- 
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Recovery P lan t ,  s l u r r i e d  i n  water i n  a leach t ank ,  and 

pumped t o  t h e  water s l u r r y  tank. 

Although a l l  material conta in ing  free metal i s  ca l c ined  

t o  convert  t h e  free metal t o  oxides,  t h e  oxida t ion  I s  not  

complete. The free metal contained I n  t h e  sc rap  has been 

found t o  r e a c t  s lowly wi th  water l iberat ing hydrogen; 

t h e r e f o r e ,  it has  been found necessary t o  v e n t i l a t e  t h e  

water s l u r r y  tank  as shown i n  Figure 3 .  The a i r  f low 

ra te  I s  measured cont inuously,  and any malfunction i n  

t h e  v e n t i l a t i o n  system i s  cor rec ted  promptly. 

concent ra t ion  of t h e  off-gas  stream i s  monitored continuously,  

and t h e  feed conveyor i s  automat ica l ly  turned o f f  any time 

t h e  hydrogen concent ra t ion  i n  t h e  off-gas exceeds l .O$,  

which i s  25% of the  lower explosive l imi t  f o r  hydrogen. 

The hydrogen 

HPDROMETALLURGICAL PFEPARATION OF UAP 

The uranium va lues  I n  t h e  s l u r r y  of 60s Solids I n  water 

r e s u l t i n g  from the feed prepara t ion  c i r c u i t  j u s t  d i scussed  

are recovered as urany l  .ammonium phosphate (UAP). The UAP 

process  was o r i g i n a l l y  described(1) I n  1957 and has been 

ex tens ive ly  modified and improved s i n c e  then. 

. .  



The p resen t  UAP flowsheet is shown schematical ly  i n  

F igure  4.  

t i nuous ly  from t h e  water slurry t ank  t o  t h e  digester.  

Hydrochloric ac id  so lu t ion  (30% HC1 by wt) and Mn02 are 

metered continuously t o  the  tank.  The a c i d  I s  added a t  

t h e  r a t e  requi red  t o  supply t h e  a c i d  consumed by the 

feed and provide a 1.Og excess HC1 I n  the l iquor .  

p r e s e n t ,  t h e  rate of ac id  add i t ion  I s  con t ro l l ed  by 

p e r i o d i c  sampling of t h e  digester l i q u o r ,  t i t r a t i o n  of 

t he  sample for excess ac id  conten t ,  and adjustment of 

t h e  a c i d  flow accordingly. A continuous t i t r a t o r  is  

being i n s t a l l e d  which will con t ro l  the ac id  flow auto- 

mat ica l ly  t o  main ta in  t h e  desired a c i d  excess. 

is added a t  t h e  r a t e  required t o  maintain t h e  oxidat ion 

p o t e n t i a l  of the l i quor  above -650 mv. 

c o n t r o l l e d  a t  present  by per iodic  sampling and manual 

As ind ica ted ,  t h e  feed s l u r r y  i s  pumped con- 

A t  

The Mn02 

This i s  a l s o  

adjustment of the  MnOz addi t ion .  

system I s  a l s o  being i n s t a l l e d  f o r  t h i s  reagent  which 

will c o n t r o l  t h e  MnO2 rate on the basis of a continuous 

An automatic con t ro l  

ox ida t ion  p o t e n t i a l  measurement. 

-. 
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The major chemical r e a c t i o n s  tak ing  p lace  i n  t h e  d i g e s t i o n  

system may be represented by t h e  following equat ions:  

1. 

2. 

U30e + 8 H C 1  + bb02 - 3UOaC12 + bbc12 + 4HzO 

Uo + 8HC1 + 3MnOz 4 U 0 2 C l 2  + 3 M n C l ~  + 4HzO 

3 -  

4.  U C l 4  + u02c12 + mC12 

5. MgO + 2 H C 1  e M g C l a  + H20 

Uo + 4HC1 4 uc14 + 2H2 

6. Mg + 2HC1 e M g C 1 2  + Ha 
7. CaO + 2HC1 - CaC12 + &O 

P l a n t  experience has shown that a s i g n i f i c a n t  quan t i ty  of 

hydrogen i s  released; t h e r e f o r e ,  con t ro l  of the  concentrat ion - 
of hydrogen In  the of f -gas  i s  necessary t o  prevent build-up 

of explosive concentrat ions.  This con t ro l  is  accomplished 

by a i r  ven t i l a t ion .  A w e t  scrubber  system p u l l s  a minlmum 

of 1000 cAn of a i r  through t h e  d iges t ion  tank a t  a l l  times. 

This a i r  flow is monitored continuously,  and any drop below 

1000 cfm is corrected promptly. The hydrogen concentrat ion 

In  the off-gas stream i s  monitored continuously. 

monitoring Instrument turns off t h e  feed s l u r r y  pump any 

time- t h e  hydrogen con2entrritlon exceeds l.@. 

IS 25s of the lower explos ive  l i m i t  f o r  hydrogen-air 

The 

(This value 

mixtures ) 

-. 
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The m a t e r i a l  flow r a t e s  t o  t h e  d i g e s t i o n  system a r e  set 

so the average hold time i n  t h e  digester is  approximately 

6.0 hours.  

190OP. 

g r e a t e r  than 9&. 

The temperature i s  maintained a t  13O0F.to 

Under these condi t ions  d i g e s t i o n  e f f i c i e n c y  is  

The digested s l u r r y  is pumped continuously from the bottom 

of t h e  d i g e s t i o n  tank by a diaphragm pump t o  a f i l t e r  feed 

tank. 

r o t a r y  vacuum precoat  drum f i l t e r .  

are separated from t he  uranium-bearing l i q u o r  and washed 

The d iges t ed  s l u r r y  is fed f r o m  t h i s  tank t o  a 

The i n s o l u b l e  tailings 

on t h i s  f i l t e r .  The uranium content  of the  t a i l i n g 8  

normally averages about 0.07s ( spec l f  i c a t i o n  limit : 0 . 1s) 
g i v i n g  an ove r -a l l  recovery e f f i c i e n c y  f o r  d i g e s t i o n  and 

f i l t r a t i o n  of about 99%. 

The f i l t r a t e  conta in ing  approximately 30 g/1 uranium is 

discharged into a surge tank froan which It I s  Wiithdrawn t o  

a continuous, UAP p r e c i p i k t o r .  

S u f f i c i e n t  phosphoric a c i d  i s added  t 0  a a l n t a l n  a PO4:U 

r a t i o  of 0.6:1 by weight ;  - and the pH l a  brought up t o  

In  the p r e c i p i t a t o r ,  

1,5 With aqueoua-emmonia. 

automatical ly  by a c o n t r o l  system c o n s i s t i n g  of a con- 

t inuous uranium analyzer  and a flowmeter on t h e  uranium 

% P04:U P a t i o  I S  maintained 

- - --  .- ----.--I - 

-. 
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feed stream and a flowmeter and an automatic control valve 

on the phosphoric acid feed stream. The mass uranium flow 

ie determined from the feed liquor flow and uranium analysis; 

and the phosphoric flow is set to deliver 0.6 of the 

uraniuPl flow In  phosphate. 

automatically set to maintain the pH at 1.5. 

The aqueous ammonia flow is 

Precipitation of the uranium at the relatively low pH of 

1.5 results In separation of most of the lapurlties from 

the uranium. A typlcal analysis of the digest liquor 

feed to UAP precipitation is as follows: 

U - 2 4 d l  Pe - 1.3 g/l 

H+ - 0.91N - Mg - 10 g/l 

C1 - 125 g/l Mn - 4.1 g/l 

F - 4.6 g/l Ca - 12 g/l 

The concentration of the ftaJor contsEaiaant8 given above 

rnay vary over a cmi.dereble -xwge, rrnd a h o r  quantities 

of almost all-elents -etay be present. FFom this type of 

feed a UAP product-ireecrylag 5% to 60s  upduzium, and about 

25s phosphate is produced. 

of uranyl ammonium phoaphate l a  62.2s uranium and 24.8$ 

phosphate. -=feet  it can N-eeen that the UAP product 

The stoichiometric composition 

-. 

- .  
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of  t h e  material being made up of co-prec ip i ta ted  metal 

phosphates and f i l t e r  a id .  Analysis o f  a t y p i c a l  UAP 

product i s  as follows: 

Wet Chemical ($) 

u - 57.5 
~ 0 4  - 24.8 
F - 0.5 

Spectrochemical (pp m 1 
A l  - 
BI - 
Ca - 
C d  - 
C r  - 
c u -  
Fe - 
M g -  

400 MII - 650 
(20 
160 

300 
3000 V 
1600 

MO - 
N i  - 
Sn - 150 
Pb - 80 

Comparison of contaminant concent ra t ions  i n  t h e  feed and 

UAP product  shows the  process  provides  a good sepa ra t ion  

from most contaminants. The only impuri ty  which may be 

p resen t  I n  apprec iab le  q u a n t i t i e s  i n  t he  feed t h a t  does 

not  have a s a t i s f a c t o r y  deccontamlnation f a c t o r  i s  f e r r i c  

I ron .  

with the uranium. However, ' if t h e  i r o n  is reduced t o  t h e  

f e r rous  s ta te  by a d j u s t i n g  t h e  oxida t ion  p o t e n t i a l  t o  

It i s  co-prec ip i ta ted  e s s e n t i a l l y  q u a n t i t a t i v e l y  

-300 mv wi th  a reducing agent  such a s  sodium t h i o s u l f a t e ,  

i r o n  co -p rec ip i t a t ion  is  minimized. 

18 necessary  t o  provrde UAP s u i t a b l y  pure f o r  l a t e r  

processing and a l s o ,  when processing materials conta in ing  

high concen t r a t ions  of i r o n ,  t o  p reven t  formation 

of a s l i m y ,  ge l a t inous  UAP t h a t  is  d i f f i c u l t  t o  

This reduct ion  s t e p  

-- .- - 
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f i l t e r ,  wash, and ca lc ine .  

manually t o  main ta in  t h e  -300 IIIV p o t e n t i a l ,  but an automatic 

system is  being I n s t a l l e d  t o  meter a so lu t ion  i n t o  t h e  

f i l t ra te  surge tank in response t o  a s i g n a l  from an oxlda- 

t i o n  p o t e n t i a l  meter i n s t a l l e d  i n  t h e  tank. 

The reducing agent is now added 

After p r e c i p i t a t i o n ,  t h e  UAP s l u r r y  i s  col lec ted  and fed 

t o  a rotary vacuum precoat  f i l t e r .  The UAP is separated 

f r o m  t h e  waste l i q u o r  and washed wi th  water on t h i s  filter. 

The UAP o r d i n a r i l y  forms a dry-appearing cake t h a t  can be 

easily f i l tered.  

of 25 t o  30 ga l lons  pe r  hour per  square  foot .  The uranium 

content  of the  waste f i l t r a t e  I s  less than 0.05 g/l ,  which 

r e p r e s e n t s  a loss of approximately 0.25 of the uranium fed 

t o  the process.  

F i l t r a t i o n  rates are usual ly  I n  the range 

The UAP cake from the  f i l t e r  I s  packaged i n t o  drums and 

t r anspor t ed  t o  the  c a l c i n a t i o n  furnace  where it i s  roasted 

a t  1200'F t o  1400'F f o r  8 period of 2 t o  3 hours. 

roasting d r i v e s  off t he  ammonia f r o m  t h e  UAP and converts 

This 

It mainly t o  a uranyl pyrophosphate, (U&)2P2&. (A amall 

percentage of the uranium i s  reduced by the NHs i n  t h e  

furnace  atmosphere t o  a u r a n o u ~  form.) 

1s carried o u t  i n  a 6-hearth rabble-arm type Axmace. 

The ca lc ina t ion  

-. 
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The furnace is  equipped with burners which may be either 

gas o r  o i l  f i red.  An automatic temperature cont ro l  system 

I s  ava i l ab le .  

The ca lc ina t ion  a l s o  se rves  t o  reduce v o l a t i l e  contaminant 

l e v e l s  i n  t he  material. 

f r o m  about 0.5s t o  about O . l $  

t h a t  has  a r i s e n  pe r iod ica l ly  i s  conversion of excessive 

q u a n t i t i e s  of uranium t o  an ac id  in so lub le  form. This 

can occur If t h e  f’urnace temperature becomes t o o  high; 

The f l u o r i d e  content  is  reduced 

An opera t iona l  problem 

b u t  it a l s o  can occur a t  normal opera t ing  temperatures 

i f  t h e  i r o n  content  of the UAP cake i s  high.  

is one of t he  reasons f o r  t h e  Iron reduct ion step described 

This problem - 

above . 
PRODUCTION OF UF4 BY AQUEOUS PRECIPITATION. 

During t h e  summer of 1962, a new f a c i l i t y  began operation 

for the  production of UF4 hydrate  by a n  aqueous prec lp l -  

t a t i o n  technique knoun a8 the Winlo process.  

Process was developed a t  the A.E.C. Rsw Xate r i a l a  Develop- 

ment Iabora tory ,  Vincheeter, Massachusetts, operated by 

The Winlo 

the  National Lead Company (2 ,3,4)  . 
and reduced t o  p rac t i ce  a t  t h e  National h a d  Company of 

Ohio(5,6) . 
The process was’ refined 

- -- I- . - _ _  _ _ _ _  - --- 
- 

-. 
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The Winlo flowsheet i s  shown schematically i n  Figure 5. 

As i nd ica t ed ,  the  feed t o  t h e  system may cons i s t  of any 

combination of t h e  fol lowing three sources: the black 

oxide produced i n  t h e  high-grade feed preparat ion system, 

the UAP produced i n  t h e  UAP system and uranous ch lor ide  

l i q u o r  produced i n  the metal d i s so lve r .  The proportion 

of the  d i f fe ren t  components making up the  feed depends 

on wbether normal o r  s l i g h t l y  enriched uranium i s  being 

processed. 

, 

The Winlo dlges t lon  of s o l i d  feed i s  conducted I n  batches. 

First ,  t h e  estireated requirement of hydrochloric ac id  and 

n i t r i c  a c i d  (as  oxidant)  i s  pumped i n t o  t h e  digester. 

the  s o l i d  feed is added by a screw feede r  a t  the maximum 

rate cons i s t en t  with low foaming i n  the digester and main- 

tenance of a hydrogen concentrat ion of  1.M o r  less i n  the 

Then, 

off-gas stream. The hydrogen concentration is monitored 

continuously,  and the feeder is  automatical ly  turned o f f  

any time the concentPation exceeds loo$. 

3.0 hours 16 allewedat a temperature of approximately 

1 6 0 ~ ~ .  The batch ls'sampled during the leach cycle  and 

checked f o r  ac id  concentrat ion and oxidat ion po ten t i a l .  

If these analyses  i n d i c a t e  t h e  desired a c i d  excess of 

A leach time of 

1 . 2 N  and oxidation p o t e n t i a l  of -650 mv has not  been 
--L -- _- . - 

- : 
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a t t a i n e d ,  adjustment i s  made by adding hydrochlor ic  o r  
n i t r i c  a c i d  as required.  

t o  the Winlo d iges t ion  I s  ad jus t ed  t o  produce a digest  

l i q u o r  assaying  about 225 g/l uranium. 

The proport ion of feed and ac id  

The completed digest  batch I s  pumped t o  a r o t a r y  vacuum 

precoat f i l t e r  where the in so lub le  solids are separated 

from t h e  d iges t  l i q u o r  and washed w i t h  a volume of water 

equal  t o  12s t o  15s of t h e  l i q u o r  volume. 

volume of r e s idue  i s  recycled t o  t h e  UAP system for 

further processing t o  recover the remaining uranium. 

The f i l t r a t e ,  d i l u t e d  t o  about  200 g/l uranium and 1.ON - 
HCl by the f i l t e r  wash, is pumped t o  a surge tank t o  

await t r a n s f e r  t o  UF4 p r e c i p i t a t i o n .  

The small 

The UF4 p r e c i p i t a t i o n  operat ion i s  c a r r i e d  out  i n  either 

of two i d e n t i c a l  p r e c i p i t a t i o n  t anks  (one i s  shown I n  

Figure 5). 

cone bottom. 

rubber.  

also covered by rubber, and Karbate heat exchangers. 

dloxide i s  introduced through a sparge l i n e  which extends 

down nea r  t h e  bottom of the tank. 

These tanka are c y l i n d r i c a l  with a truncated- 

They az?e cons t ruc ted  of steel and l i n e d  w i t h  

The p r e c i p i t a t i o n  tank8 are provided with a g i t a t o r s ,  

Sulfur 

The off-gas i s  vented 

t o  a c a u s t i c  scrubber.  
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The p r e c i p i t a t i o n  cyc le  is i n i t i a t e d  by adding a c i d  f i l t r a t e  

from t h e  surge t ank  t o  a specified l e v e l .  The concentrat ion 

of uranium i n  t he  l i q u o r  is determined by analyzing a sample 

on a gamma absorptometer instrument.  From t h i s  concentrat ion 

and volume and the  concentrat ion of aqueous HF ava i l ab le ,  

the  requi red  volume of aqueous HF is determined tha t  w i l l  

supply the s to ich iometr ic  requirements plus  a t  least  a 

12 t o  15 g/l excess of €IF. 

l a  raised t o  40 g/l H3 t o  minimize phosphate contamination 

of the  product.) 

p r e c i p i t a t o r .  

t o  produce a cupr ic  i on  concentrat ion of about 5 g/l. 

The batch is heated by steam i n  the  Karbate hea t  exchangers 

t o  about  190OF. The a g i t a t o r  is  turned on, and SOa is  

sparged i n t o  t h e  batch a t  a r a t e  ca l cu la t ed  t o  provide 

the s to ich iometr ic  requirement f o r  r eac t ion  p lus  a 50s 

excess over a 4-hour period. 

l a  detenained by w i t h d r a w i n g  a sample near the end of the 

(When processing UAP, t he  excess 

This quant i ty  of HF is pumped t o  the  

S u f f i c i e n t  C u s 0 4 . 5 H ~ O  i s  added t o  the batch 

Completion of t he  r eac t ion  

4-hour period and checking t h e  uranium concentraldon by 

a "spot" test .  This i s  a simple c o l o r  comparison test 

performed i n  the  p l a n t  by t h e  operator .  Uranium concentrat ion 

of the  l i q u o r  is  reduced t o  0.2 g/1 a t  t h e  end of t he  

r e a c t i o n ,  which is  the s o l u b i l i t y  of UF4 In t h e  l i q u o r  

under  the cond i t ions  in the p r e c i p i t a t o r .  

000018 
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The uranium is  p r e c i p i t a t e d  f r o m  t h e  hot  so lu t ion  as 

UF4.3/4H20. 

uranium ( I V )  d i r ec t ly  bu t  does reduce t h e  cupric  ion t o  

a 

The SO2 w i l l  not  reduce the uranium ( V I )  t o  

cuprous. 

the  hexavalent t o  the t e t r a v a l e n t  fonn, and is, i n  t u rn ,  

oxidized back t o  t h e  cupr ic  state. The uranium pre- 

cipi ta tes  as Up4 as rapidly as i t  i s  reduced t o  t h e  tetra- 

v a l e n t  state, s i n c e  an excess of f l u o r i d e  is  always present  

i n  the so lu t ion .  

The cuprous ion  then  reduce8 the  uranium fmrn 

The rate  of formation of Up4 i s  cont ro l led  

by the  s o l u b i l i t y  of SO2 i n  t h e  hot  so lu t ion .  Since t h i s  

s o l u b i l i t y  va lue  is  low, the rate of t he  reac t ion  forming 

UF4 i s  slow; and a dense, c r y s t a l l i n e ,  e a s i l y  f i l terable 

UF4 is  formed, compared with the f l u f f y  ge la t inous  product 

u sua l ly  a s soc ia t ed  with aqueous p r e c i p i t a t i o n  of UF4. 

The following equat ions  represent  the p e r t i n e n t  reac t ions  

I n  the  p r e c i p i t a t i o n  process.  

After the p r e c i p i t a t i o n  r eac t ion  i s  complate, the  uF4 

s l u r r y  I s  fi l tered on a ro t a ry  ho r i zon ta l  vacuum f i l t e r ,  

l oca t ed  d i r e c t l y  under the p r e c i p i t a t o r s .  The s l u r r y  is  

fed by g rav i ty  from t h e  p r e c i p i t a t o r s  t o  t h e  f i l t e r ,  t he  
- 

.- ~ -- - _  
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l i q u o r  i s  separated, the UF4 cake i s  washed i n  water and 

discharged from t h e  r o t a t i n g  f i l t e r  pan t o  t h e  d r y e r s  by 

a sc ro l l - type  unloader. The f i l t e r  I s  hooded and vented 

t o  prevent  escape of obnoxious fumes and I s  covered by 

rubber on a l l  parts i n  c o n t a c t  wi th  process l i q u o r .  

F i l t r a t i o n  ra te  of t h e  UF4 slurry averages 100 t o  150 

g a l l o n s  p e r  hour per  square f o o t .  

t o  a continuous n e u t r a l i z e r  where t h e  pH is raised t o  

9.0 by a d d i t i o n  of lime slurry. 

The f i l t r a t e  I s  pumped 

The neu t r a l i zed  waste 

i s  pumped t o  a s e t t l i n g  p i t .  

the  f i l t e r  discharges by g r a v i t y  t o  a dryer for removal 

of free moisture.  

i n  series of Ho lo f l i t e  conveyors. Steam I s  suppl ied  both 

t o  the  screws and t o  jackets on t h e  casings.  A sweep of 

The wet UFl-3/4Hz0 cake from 

- 
The dryer I s  composed of two s e c t i o n s  

a i r  is  pu l l ed  through the  d r y e r s  by a water scrubber  

countercur ren t  t o  the f low of  UF4.~ E s s e n t i a l l y  a l l  t h e  

free moisture is removed I n  t h e  dryer, and the  dr ied product 

I s  discharged to an i n c l i n e d  screw conveyor which carr ies  

it t o  a surge  hopper. From t he  surge hopper it is packaged 

I n t o  mobile hoppers for' t r a n s f e r  t o  t h e  Green Salt P lan t  

f o r  dehydrat Ion 

Since t h e  heart of t h e  Winlo process  is  the p r e c i p i t a t i o n  

s tep ,  t h e  major va r i ab le s  of t h i s  s t e p  w i l l  now be b r i e f l y  

discussed.  It has been found i n  both l abora tory  t e s t i n g  

- : 

. 
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and p l a n t  opera t ion  t h a t  t h e  major v a r i a b l e s  a f f e c t i n g  the  

c h a r a c t e r  of t h e  product  formed are t h e  o p e r a t i n g  temperature 

i n  t h e  p r e c i p i t a t o r  and t h e  concent ra t ion  o f  c e r t a i n  impur i t ies .  

A temperature of 190°F t o  195°F has been selected as the  

optimum. 

the UF4 hydra te  progress ive ly  retains more water u n t i l  a 

UFIm2.5 HzO product i s  formed a t  ambient temperature .  

the product becomes progress ive ly  less dense,  forms a sllmy 

cake upon f i l t r a t i o n ,  and has gene ra l ly  less  desirable 

c h a r a c t e r i s t i c s  f o r  both t h e  Winlo process  and l a t e r  

dehydration and metal reduct ion.  Therefore ,  it i s  desirable - 
t o  keep the  temperature h i g h .  

increases appreciably above t h e  lgO°F t o  195°F range, t he  

s o l u b i l i t y  of SOa drops  80 d r a s t i c a l l y  t h a t  a p r a c t i c a l  

r e a c t i o n  ra te  is  n o t  maintained, and SO2 consumption is  

As t h e  temperature i s  decreased from t h i s  va lue ,  

Also,  

However, when t h e  temperature 

g r e a t l y  increased.  Therefore,  t h e  c o n t r o l  of t h e  opera t ing  

temperature very c l o s e  t o  the optimum is  e s s e n t i a l  f o r  

s a t i s f a c t o r y  opera t ion .  

The o t h e r  major f a c t o r  besides low p r e c i p i t a t i o n  tempemture 

which adversely a f f e c t s  t h e  phys ica l  p r o p e r t i e s  of the product 

l a  t h e  presence of any appreciable concen t r a t ion  of alkali 

or a l k a l i n e  earth metals i n  t he  p r e c i p i t a t o r  feed so lu t ion .  

lhese metal Ions  form inso luble  double f l u o r i d e  sa l t s  w i t h  
- 

- -- - -  - -- 
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t h e  uranium and cause the  formation of a very f i n e  p r e c i p i t a t e  

which i s  d i f f i c u l t  t o  f i l t e r  ana wash and which y i e l d s  8 Up, 

product of s i g n i f i c a n t l y  lower d e n s i t y  a f te r  drying and 

dehydration. 

Decontamination of metal  Impur i t i e s  o t h e r  than a l k a l i  and 

a l k a l i n e  earths during p r e c i p i t a t i o n  has  been found t o  be 

good, so a reasonable  concent ra t ion  of these metals can be 

t o l e r a t e d  i n  t h e  p r e c i p i t a t o r  feed stream without exceeding 

t h e  s p e c i f i c a t i o n s  f o r  metal grade U F 4  i n  t h e  product.  

It has been found i n  p l an t  p r a c t i c e  t h a t  a g i t a t i o n  i n  t h e  

p r e c i p i t a t o r  I s  very important.  Proper d i spe r s ion  of t h e  
- 

gaseous SO2 by the  a g i t a t o r  i s  e s s e n t i a l  f o r  e f f i c i e n t  u se  

of SOa. 

keep i n  suspension; hence, good a g i t a t i o n  i s  necessary t o  

maintain the homogeneous slurry required f o r  good f i l t r a t i o n  

opera t ion .  

The UF4 p r e c i p i t a t e  is ve ry  dense and d i f f i c u l t  t o  

A copper concentrat ion of about  5.0 g/l is e s s e n t i a l  t o  

maintain the maximwn rate of r e a c t i o n .  Higher copper con- 

c e n t r a t i o n  doe8 n o t  i nc rease  t h e  rate; the re fo re ,  it is  probable 

t ha t  the  concentrat ion of 5.0 g/l is s u f f i c i e n t  t o  accommodate 

a l l  t h e  SO2 so lub le  i n  t h e  l i q u o r  under t h e  r e a c t i o n  condi t ions .  

H i g h  concent ra t ions  of free a c i d ,  sulfate ,  and phosphate 

reduce the r e a c t i o n  r a t e ,  probably because of a n  adverse  
- 

. A  --- -- - -- - 

effect  on SO2 s o l u b i l i t y .  
-: 
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CONCLUSION 

The combined UAP-Wlnlo process  has demonstrated its  a b i l i t y  

to make metal-grade UF4 from the combination of low and 

high-grade residue mater ia l s  generated during the processing 

of uranium oxide to f i n i s h e d  uranium metal c o r e s .  

. 003023 
3181328 
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