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REMOVAL OF HAZARDOUS RADIONUCL1DE)S FROM URANIUM ORE AND/OR MILL 
TAILINGS: PROGRESS REPORT FOR THE PERIOD OCTOBER 1, 1978, TO 

SEPTEMBER 30, 1979 

F. M. S c h e i t l i n  
W. D. Bond 

SUMMARY 

S tud ies  made d u r i n g  t h i s  r e p o r t  p e r i o d  emphasized t he  l e a c h i n g  o f  

uranium o r e  and m i l l  t a i l i n g s  t o  remove radium. A  few s c o u t i n g  t e s t s  were 

performed t o  o b t a i n  da ta  on t h e  recove ry  o f  radium, thor ium,  and uranium 

from l each  l i q u o r s  and on t h e  r e c y c l e  o f  l e a c h i n g  agents. N i t r i c  ac i d ,  

hydrochl  o r i  c  a c i  d, e thy lened i  am ine te t raace t i c  a c i d  (EDTA) , and d ie thy lene -  

t r i am inepen taace t i c  a c i d  (DTPA), were eva l  uated as leachants  us1 ng one 
. . 

.sample o f  a  western U.S. o re  and two samples o f  t a i l i n g s  ob ta i ned  f rom 

d i f f e r e n t  uranium m i l  1s t h a t  employ t h e  s u l f u r i c  a c i d  l each  process. 

Leached s o l i d s  w i t h  radium con ten ts  approaching 10. pCi /g  (98% radium 

removal) were ob ta i ned  a f t e r  s i x  stages o f  batch,  c r o s s c u r r e n t  l e a c h i n g  

w i t h  3  M HN03 a t  33% concen t ra t i on  of  s o l i d s  and a temperature o f  60°C. 

Hyd roch lo r i c  ac i d ,  EDTA, and DTPA have n o t  y e t  been t e s t e d  through s i x  

stages o f  c rosscu r ren t  leach ing .  However, on t h e  b a s i s  o f  two-stage t e s t s  

on m i l l  t a i l i n g s ,  0.5 - M EDTA s o l u t i o n s  a t  pH values o f  8.2 t o  11.6 were 

found t o  be more e f f ec t i ve ,  w h i l e  h y d r o c h l o r i c  a c i d  i n  two- o r  th ree-s tage  

t e s t s  was l e s s  e f f e c t i v e ,  than n i t r i c  ac id .  S o l u t i o n s  o f  0.3 - M EDTA (pH, 

4.0) and U.US M UTPA (pH, 4 t o  1U) were i n e f f e c t i v e .  

Essent i  a1 l y  no impo r tan t  d i f f e r e n c e s  were observed I n  the  l each ing  

behav io r  of  o re  and o f  m i l l  t a i l i n g s  d e r i v e d  f r om t h e  same ore.  The r e -  

s idue  remain ing  a f t e r  s i x  stages o f  n i t r i c  a c i d  l e a c h i n g  was r e l a t i v e l y  

i n t r a c t a b l e  t o  radium l e a c h i n g  w i t h  wa te r  o r  a d d i t i o n a l  n i t r i c  a c i d  



l each ing .  I n i t i a l  t e s t s  ind i . ca ted  t h a t  t h e  r e c y c l e  o f  n i t r i c  a c i d  i s  

c h e m i c a l l y  f e a s i b l e  b.y evapo ra t i ng  the  leach  1  i q u o r s  t o  recover  unused 

a c i d  and then t h e r m a l l y  decomposing t he  meta l  s a l t s  t o  recover  consumed 

ac id .  Radium r e c o v e r i e s  o f  99+% by c a r r y i n g  on bar ium s u l f a t e  were shown 

t o  be chem ica l l y  f e a s i b l e  i n  a  s e r i e s  o f  exper iments w i t h  leach  l i q u o r s ,  

b u t  p rocess ing  a p p l i c a t i o n s  would p robab ly  r e q u i r e  methods f o r  bar ium 

r e c y c l  e  and b a r i  um-radi um separa t ion .  Recovery o f  2 3 0 ~ h  and u r a n i  um f rom 

n i t r a t e  leach 1  i q u o r s  by t r i - E - b u t y l  phosphate e x t r a c t i o n  appears promi s- 

i n g  i n  i n i t i a l  t e s t s .  

1. INTRODUCTION 

Present  methods f o r  p rocess ing  u r a n i  um o r e  produce mi 11 t a i  1  i ngs 

which rep resen t  a  p o t e n t i a l  r a d i o l o g i c a l  hazard f o r  thousands o f  years  

and thus  would r e q u i r e  long- te rm s u r v e i  1  lance. ' The r a d i o l o g i c a l  hazard 

230Th 22CiRa, stems f r om t h e  presence o f  t he  uranium decay cha in  members , 

and 210~h, whose decay ha1 f-I i ves  a r e  80,000, 1620, and 19.4 years  

w s p e i l i  ve i y  ( F i g .  I ) .  

Even though impoundment, below-grade b u r i a l ,  and m a i n t a i n i n g  a  good 

cover  on a  long- te rm b a s i s  have been proposed as c o n t r o l  measures ,' t a i l -  

i ngs management methods o f  these types r e q u i r e  pe rpe tua l  s u r v e i  11 ance. 

Eventual  wa te r  i n v a s i o n  o r  l o s s  o f  phys i ca l  i n t e q r i  t,y cou ld  cause problems 

r e l a t i v e  t o  wa te r  p o l  l u t i  on o r  r a d i o a c t i v e  radon gas emiss io r~ .  

One s o l u t i o n  t o  t h e  above-mentioned problems would be t o  f i n d  a  

process ( o r  a  combinat ion o f  processes) s u i t a b l e  f o r  removing t h e  2 2 6 ~ a  

and t h e  2 3 0 ~ h  pa ren t  o f  2 2 6 ~ a  and concen t ra t i ng  them by f a c t o r s  which 

would a1 low t h e  concent ra tes  t o  be s t o r e d  i n  a  manner s i m i l a r  t o  t h a t  



238u 234Th 
B e t a  2 3 4 ~ a  

) 234U 
?2 Alpha .) p .  91  Beta 92 Alpha 

4.5 x 10' yr  24.1 day 1.18 min 2.5 x 105 yr  

226Ra 2;E~n + 218 
l l p h  a 84'0 88 . Alpha Alpha Alpha 

8 .3  x lo4 yr  1,620 yr 3.83 day 3.05min - 

2lbBi 210pb 
Bets 8 3 Beta Alpha 

26.8 min 
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19.7 min 1 .6  x sec 22 yr  

210 2 0 6 ~  
Beta 84" Alpha * es2 

5.0 day 138 day - STABIX 

Fig.  1. Uraniwm-238 decay cha in  - minor  branches n o t  shown. 



used f o r  r e a c t o r  f u e l  wastes. The hea t  loads o f  such concentrates would 

be much l owe r  than  those  o f  r e a c t o r  f u e l  wastes. For  example, i f  a  con- 

c e n t r a t i o n  f a c t o r  o f  1 m i l  l i o n  cou ld  be obta ined,  t he  s140 m i l  l i o n  m e t r i c  

tons  (MT) o f  t a i l i n g s  es t ima ted  t o  be i n  su r f ace  p i l e s  a t  21  o p e r a t i n g  

2  m i l  1s and 22 abandoned s i t e s  i n  January 1979 would produce a  concent ra te  

o f  140 MT o f  s o l i d s  w i t h  2 2 6 ~ a  and 2 3 0 ~ h  con ten ts  o f  s l  mCi/g each. 

The most immediate concern posed by these t a i l i n g s  i n v o i v e s  2 2 6 ~ a  

i t s e l f  o r  i t s  daughte r  2 2 2 ~ n ,  which i s  an a l pha -pa r t i c l e -em i  t t i n g  gas 

w i t h  a 3.8-day h a l f - l i f e .  The "maximum p e r m i s s i b l e  concen t ra t i ons "  o f  

2 2 6 ~ a  and 2 3 0 ~ h  i n  d r i n k i n g  wate r  a re  3.3 and 667 p C i / l i t e r  r e s p e c t i v e l y .  
; .  

'I'he ltsugges;ed" 1 im i  t f o r  2 2 6 ~ a  i n  s o i l  and b u i l d i n g  m a t e r i a l s  i s  20 

p~i/g.3 ~ h e s e  l i m i t s  have been somewhat c o n t r o v e r s i a l  and a re  s t i l l  

b e i n g  debated; never the less ,  the  l i m i t s  of 3.0 p C i / l i t e r  i n  wa te r  and 

20 pC i /g  i n  s o l  i d s  may be cons idered  as goals  f o r  t h e  present .  

Most u r a n i  um ores (0'. 2% IJ3o8) and t i i l  i ngs  have 2 2 6 ~ a  concent ra t ions  

nf 2.800 p ~ i l c ~ ; ~ ' ~  t h e r e f n r e ,  a  r e d ~ i c t i o n  f a c t o r  o f  a t  l e a s t  800/20 = 40 

(97.5% removal ) i s  r e q u i r e d  f o r  t he  s o l  i d s  t b  be be1 ow t h e  20-pCi / g  1  eve1 . 
T a i l i n g s  have e s s e n t i a l l y  t h e  same rad ium con ten t  as t h e  o r i g i n a l  o re  

s i n c e  b o t h  o f  t h e  ma jo r  o r e  p rocess ing  methods - s u l f u r i c  a c i d  and sodium 

carbonate methods - r e s u l t  i n  radium r e p o r t i n g  t o  t he  t a i l  i ngs  s o l  i d s  o r  

ponds.5 N i t r i c  a c i d  l e a c h i n g  o f  o r e  and/or t a i l i n g s  has been shown t o  

have p rom is i ng  p o t e n t i a l  and thus was con t inued  as t he  main t h r u s t  o f  

o u r  work t h i s  year.4 A few s c o u t i n g  t e s t s  us ing  o t h e r  l e a c h a n t s  were 

a l s o  performed. Only a few s c o r i n g  t e s t s  were made t o  o b t a i n  da ta  on 

recove ry  o f  r a d i o n u c l i d e s  f rom t h e  leach  l i q u o r  and on r e c y c l e  o f  t h e  

n i t r i c  ac i d .  



2. EXPERIMENTAL MATERIALS , APPARATUS, -AND PROCEDURES 

Many o f  t h e  procedures used i n  t h i s '  work a re ' adap ta t i ons  o f  methods 

t h a t  have been d'escri bed p r e v i ~ u s l y . ~  However, d e s c r i p t i o n s  of  t h e  

m a t e r i a l s  and methods used a re  i n c l  uded here. 

2 .1  M a t e r i a l s  

The samples o f  uranium o r e  and m i l l  t a i l i n g s  used i n  t he  n l a j o r i t y  

o f  t h i s  work were sandstone types f r om the  western p a r t  o f  t h e  U n i t e d  

States,  and.were des ignated as No. 4 o r e  and t a i l i n g s  by  on and Seeley. 4 

A s i g n i f i c a n t  'amount o f  work has a1 so been 'done w i t h  r e f r a c t o r y  t a i l i n g s  

4 No. 1, which was r e p o r t e d  b y   o on and Seeley t o  be t h e  l e a s t  amenable 

t o  n i t r i c  a c i d  leach ing .  Both o f  t h e  m i l l  t a i l i n g s  samples, Nos. 1 and 4, 

were ob ta i ned  from uranium m i l l s  t h a t  use t he  s u l f u r i c  a c i d  leach  process. 

No work was done us ing  t a i  1 i ngs  from. mi 11s t h a t  employ t h e  carbonate 

leach  process. The analyses f o r  t he  o r e  and t a i l i n g s  samples, as r e p o r t e d  

by Ryon and s e e l e y Y 4  a re  g i ven  i n  Table 1. The samples were ob ta i ned  a i  

fo l lows :  Approx imate ly  100 1b o f  d r y  m a t e r i a l  was blended and . d i v i d e d  by 

q u a r t e r i n g  and r i f f 1  i ng ;  . then 100 g o f  t h e  r e s u l t i n g  p roduc t  was ground 

t o  < I00  mesh (149 pm) and blended t o  p rov ide  1- t o  2-9 p o r t i o n s  f o r  

ana l ys i s .  

Resu l ts  of s i eve  t e s t s  on t h e  r i f f l e d  o re  and t a i l i n g s ,  a long  w i t h  

t he  rad ium con ten t  of each f r a c t i o n ,  a re  g iven  i n  Table 2. The m a t e r i a l s  

were i n i t i a l l y  ground t o  complete ly  pass through the  1180-pm (U.S. mesh 16) 

screen; then  a 25-g sample was added t o  t he  t op  screen, and t h e  assemb.led 

screen nes t  was p laced  on a Ro-Tap s ieve-shaker  f o r  20 min. The t r e n d  

shown i n  Table 2 i s  unmistakable - the  f i n e r  m a t e r i a l  i s  r i c h e r  i n  radium, 



Table 1. . Analyses of uranium ore and mill tailings 

Component 
No. 1 

Tailings 
No. 4 

Ore Tai 1 i ngs 

Analysis, in pCi/g 

2 2 6 ~ a  9 10 768 716 

2 3 0 ~ h  , 32 2 99 1 133 

2 10 395 206 ' 

Analysis, in wt % 

A 1 3.9 5.7 5.2 

soA2- 4.89 n. 38 0.99 

Total 2.6 0.. 9 3 1.1 



Table 2. P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  No. 4 
uranium o r e  and t a i l i n g s  

Screen Tai  1 i ngs  Ore 

2 2 6 ~ a  f r a c t i o n  226 ~ a  
(vm) w t  % (pC i /g )  w t  % (pC i /g )  

a ~ o  m a t e r i a l  was found on 1180-pm screen. 

b ~ o t  determined. 



6 which agrees with the data of Seeley and of Sears e t  a l .  1 

4 Ryon and Seeley had found No. 1 tai l ings to be very refractory, 

presumably due to  the i r  high su l fa te  (4.89%) and organic carbon (0.23%) 

contents. Thus, many of the l a t e r  scouting t e s t s  were conducted with 

t h i s  material since i t  would provide the most s t r ingent  requirements for  

a leaching reagent. 

2 . 2  Apparatus and Analytical Instrumentation 

2 . 2 . 1  Leaching apparatus 

Two different  s e t s  of apparatus were used in the leaching experiments, 

depending on whether the scale of the work was with 100 to 200 g or  5 g 

of so l ids .  The 100- t o  200-9 leaching apparatus, shown in Fig. 2 ,  con- 

s i s t s  0.f 1 - l i t e r  s ta in less  s teel  beakers that  are immersed in a thermo- 

s ta ted  water bath. S t i  r r i  ng i s  provided hy an overhead-mounted s t i r r e r  

whose shaf t  passes through a leflon sleeve i n  the  water-cuuled l i d .  

Cooling of the l i d  was found to be necessary in order l o  prevent excessive 

loss of volume by vaporization, especially fo r  the 'longer (48-hr) leaching 

runs. 

In the smal I-scale scouting t e s t s ,  mixing was accol~iplished via a 
* 

shaker apparatus which was contained in a controlled-temperature water 

bath measuring 25 in .  long x 14 i n .  wide x 16.5 in.  deep. A motor-operat- 

ed shaker and holder germi t ted u p  t o  eight sample2 tn  be leached simul- 

taneously. Samples were contained i n  glass culture tubes (16 mm diam by 

150 mm long) equipped with a p las t ic  screw cap and polyethylene cone 

gaskets. In each t e s t  with th is  apparatus, 5 g of solids was contacted 

* 
Model "Magni-Whirl!' from Blue M Electric Co., Blue Island, 111. 





w i t h  10 ml o f  t he  leachant being evaluated. 

2.2.2 2 2 6 ~ a  count i  ng i ns trunents 

Two gamma counting instruments are used f o r  2 2 6 ~ a  analysis. I n  each, 

the 609-keV gamma ray  from the  214~i decay product o f  2 2 6 ~ a  i s  used f o r  

making ana l y t i ca l  ca lcu la t ions (see Sect. 2.4.1). 

Large (100-9) so l  i d  samples are counted i n  the apparatus shown i n  

Fig. 3, using t h e  procedure deta i led i n  Sect. 2.4.1. This instrument i s  

a 3-in.-diam NaI, wel l - type gamma counter t h a t  has been modif ied t o  accept 
I' a 3- by 1.5-in. closed p l a s t i c  d ish (see Fig. 4). The detector s ignal  i s  

sent t o  a TN-1218 amp1 i f i e r  and a Tracor-Northern mu1 ti channel pulse-height 

analyzer (Model TN-1706) provided w i t h  a TN-1314 display u n i t .  

The other gamna-counti ng sys tern (Searle Analy t i  c, Inc. , automati c 

gamma counting system Model 1185) can be se t  t o  a p a r t i c u l a r  gamma-energy 

window and has the capab i l i t y  o f  automat ical ly  counting up t o  300 samples 

f o r  a chosen counting time. The detector i s  also a 3-in.-diam, wel l - type 

NaI c r ys ta l  . Small samples ( 1  t o  5 g o f  so l  ids)  are counted i n  the 16-mm- 

di am by  125- ( o r  150-)mn-long cu l tu re  tube sample bot t les .  This system 

(Fig. 5) i s  used f o r  the counting o f  sealed samples o f  2 2 6 ~ a ~ 0 4  car r ied  

on BaS04 (see Fig. 4 and Sect. 2.4.1) and o f  the residues from the smal l- 

scale (5-a\ leach t es t s  (Sect. 2.3.3). 

.C - 
-7 
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2.3 Leachi ng Procedures 

Three types o f  leaching tes ts  were ca r r i ed  out  dur ing t h i s  repor t  

period: (1) 100- t o  200-g quan t i t i es  of so l  i ds  (ore o r  t a i l i n g s )  were 

leached w i t h  acids fo r  various times; (2) 100 g of acid-leached residues o r  

t a i l i n g s  were leached w i t h  water; and (3) scouting ,tests were made usi;ng 

5 g o f  so l ids .  
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Fig .  4. Sample c o n t a i n e r s  u sed  f o r  214~i  gamma c o u n t i n g .  



Fig. 5. Searle knalytt c, Inc., Model 1185 automatic g a m  countirig system. 
: ::$ 



2.3.1 Acid leach t e s t s  w i t h  200-9 quantit ies of sol ids  

The procedure used i n  the acid leaching t e s t s  consisted of f ive steps,  

which can be described as follows: 

1. Two 100.0-g samples of ore (or  t a i  1 i ngs) were counted 

separately on the Tracor-Northern instrument to  arrive 

a t  an average 2 2 6 ~ a  analysis, in picocuries per gram. 

2. These two samples plus 400.0 ml of acid of the desired 

stmnqlh werx added t o  a 1 .0- l i te r  s tainless  s teel  leach 

beaker; the l a t t e r  was then placed the water bath 

apparatus (Fig. 2 ) .  

3. The s lur ry  was s t i r r e d  a t  500 rpm for the specified 

time a t  the desired temperature level. 

4. The leached s lur ry  was f i l t e red  using a Whatman No. 42 

f i1  t e r  paper. The f i  1 tered sol i d s  were water-washed 

from the paper i vrtb a beaker and refi 1 tered, dried a t  

100°C in an oven, weighed, and cnunted. 

5 .  Thic p r n c ~ d l l r ~  was 1 1 ~ d  f n r  "33% snlids" ( i  .e.,  200 g 

of so1 ids per 400 m l  of acid). In cases where other 

rat ios  were used, the volume of acid t o  the weight of 

sol ids was appropriately adjusted. In our definition, 

the density of the 1 iquid is always a rb i t r a r i ly  taken 

as 1.0. For example, the above condi tinns a r e  ca1- 

culated as follows: % sol ids = a0 + 400 = x 100 = 33. 

2.3.2 Water leach test procedure 

The pr6cedure used i n  the water leaching t e s t  consisted of four steps,  

which can be described as follows: 



1. A 100-9 sample o f  d r y  s o l i d s  was p u t  i n t o  a  4 - l i t e r  beaker, 

and 3000 ml o f  d i s  t i  11 ed wate r  was added. 

2. The s l u r r y  was s t i r r e d  f o r  t h e  s p e c i f i e d  t ime  a t  a  r a t e  

which gave good suspension o f  the s o l i d s .  

3. A t  t h e  end o f  t he  t e s t  per iod ,  t he  s l u r r y  was c e n t r i f u g e d  

and t he  l i q u i d  decanted through a Whatman No. 42 f i l t e r  

paper. 

4. A 2000-ml volume o f  t h e  f i l t r a t e  was used as a sample f o r  

de te rmin ing  radium con ten t ,  a s  descr ibed  i n  Sect.  2.4.1. 

2.3.3 Scou t ing  t e s t s  us ing  5-9 q u a n t i t i e s  o f  s o l i d s  

s c o u t i n g  t e s t s  w i t h  smal l  q u a n t i t i e s  o f  s o l i d s  were i n i t i a t e d  t o  

p e r m i t  de te rm ina t i on  o f  c o n d i t i o n s  t h a t  would wa r ran t  f u r t h e r  s tudy  on a 

l a r g e r  sca le .  A l l  s o l i d s  used i n  these t e s t s  were passed through a U.S. 16 

s tandard  s i e v e  (1190-pm opening) t o  break up agglomerates p r i o r  t o  

leach ing .  

D u p l i c a t e  5.0-9 p o r t i o n s  o f  o r e  o r  t a i l i n g s  were weighed i n t o  a  

16-mm-diam by 150-mn-long Pyrex c u l t u r e  tube w i t h  threaded top,  and an 

i n i t i a l  gamma count  f o r  radium con ten t  was ob ta ined  by  u s i n g  t h e  Sear le  

automa.l lc coun te r  system. A f t e r  a  10-ml volume o f  t h e  a p p r o p r i a t e  leach  

s o l u t i o n  t o  be used had been added. to  t h e  s o l i d s ,  t h e  threaded cap w i t h  

po l ye thy lene  gasket was screwed on t i g h t l y .  The tubes were then p laced  

i n  t he  shaker ba th  ( e i g h t  can be accommodated s imu l taneous ly )  and shaken 

f o r  a  s p e c i f i e d  t ime  a t  a  s e l e c t e d  temperature.  A t  t h e  end o f  t h e  leach- 

i n g  p e r i o d  t he  sample tubes were removed .. . and then c e n t r i f u g e d ;  t h e  super- 

n a t a n t  was used f o r  l i q u i d  sample analyses. The res idue  was washed w i t h  

wa te r  i n  t h e  tube by  adding 10.0 ml o f  water,  shak ing t o  mix t h e  s o l i d s ,  



and r e c e n t r i f u g i n g .  A f t e r  t h e  wash wa te r  had been drawn o f f  and d i s -  

carded, a " f i n a l  count"  o f  t he  s o l  i d s  was made. Th i s  method was e s p e c i a l l y  

conven ien t  because t h e  s o l i d s  d i d  n o t  have t o  be t r a n s f e r r e d  a f t e r  leach-  

i n g  and washing. The c u l t u r e  tube c o u l d  be i n s e r t e d  i n  t h e  NaI c r y s t a l  

we1 1 o f  t h e  Sea r l e  coun te r  d i r e c t l y .  . 

2.4 . Ana l y t i c . a l  Procedures 

W knowledge of t h e  amounts o f  va r i ous  c ~ n s t i t u e n t s  i s  obv ious l y  

e s s e n t i a l  t o  t h e  i n t e r p r e t a t i o n  o f  t he  r e s u l t s  o f  these  exper iments.  

Methods t h a t  were capable o f  g i v i n g  reasonably  accura te  r e s u l t s  f o r  a 

l a r g e  number o f  samples i n  a reasonable t ime were des i red .  

2.4.1 Ana l ys i s  o f  2 2 6 ~ a  by  - means o f  609-keV gamna coun t i ng  

E v a l u a t i o n  o f  t h e  r e s u l t s  o f  t r i a l  p rocess ing  methods f o r  radium' 

removal f rom uranium o r e  t a i l i n g s  obv ious l y  r e q u i r e s  a method o f  a n a l y s i s  

t h a t  i s r e 1  i a b l e ,  p re fe rab l y  s imple,  reasonably  accurate,  and r a p i d .  

4 7 R.yon and See1 ey  and Yagni k had conc'l uded t h a t  most o f  these requ i r -e~ l~e r~  1s 

were met by  tlab04 carrylng o f  RaS04 and subsuqut.111 ~ u u ~ i t i  ng o f  t he  609-kcV 

gamma emiss ion  from t h e  214~i daughter  o f  2 2 6 ~ a .  The radon emanation 

methodY8 which r e l i e s  on complete e v o l u t i o n  o f  the  222kn daughter,  a lpha 

c o u n t i n g  o f  t h e  gas, and d i r e c t  a lpha coun t i ng  of t h e  2 2 6 ~ a  a f t e r  e l e c t r o -  

deposi  t i  on, has many undesi  r e d  ,aspects and p o s s i b l e  p i  t f a l  1s , espec ia l  l y  

when a 1 arge number o f  samples a re  i nvoJ vecl. , '1"her;e remained, however, 

some u n c e r t a i n t y  as t o  whether n i t r i c  a c i d  would cause undue i n t e r f e r e n c e  

i n  t h e  rad ium c a r r y i n g  on B ~ s o ~ . ~  Sec t i on  3.3.2 addresses t h i s  problem 

i n  g r e a t e r  d e t a i l .  Considerable e f f o r t  was r e q u i r e d  t o  s e t  up and develop 

a r e 1  i a b l e  procedure f o r  ana l yz i ng  t h e  2 2 6 ~ a  con ten ts  i f  n i t r i c  a c i d  



solutions. 

The '14si ac t iv i ty  must be determined under conditions-where i t  can 

be used to  calculate the 2 2 6 ~ a  ac t iv i ty  or  concentration. The most 

desirable situation f o r  this  measurement i s  when secular equilibrium 

exis t s  for  the uranium decay chain (see Fig. l ) ,  where the ac t iv i t i e s  of 

2 2 6 ~ a  and 2 1 4 ~ i  are equal. In the event that  the equi 1 i brium between 

radium and i t s  daughters i s  disturbed, the sample must be sealed to  pre- 

vent escape of 2 2 2 ~ n  and an interval of about 30 days must be allowed for  

reestablishment of equilibrium. However, an estimate of the 2 2 6 ~ a  to 

within ~1 to  2% of i t s  true value can be made a f t e r  4 days i f  two points 

are measured on the 'l4EIi ac t iv i ty  growth curve a t  two different  times, t ,  

where tl > 4 h r  and t2 . 4 days + tl. We found th is  method to be especial- 

.ly useful for liquid samples; de ta i l s . a re  further described l a t e r  in th i s  

section. 

The NaI gamma-ray spectrum of 2 2 6 ~ a  i s  presented in Fig. 6 ,  and an 

actual photograph of one of our samples on the cathode-ray tube display 

uni t  of our multichannel analyzer i s  shown in Fig. 7. The well-resolved 

609-keV gamma-ray peak from 'l46i may be seen a t  the r ight  in each figure. 

The relat ive in tens i t ies  of the gamma rays from 2 2 6 ~ a  are given in Table 

3, which shows tha t  the 609-keV gamma ray i s .  the most abundant and i s  pre- 

sent to the extent of 43% of the disintegrations of 2 2 6 ~ a  a t  equilibrium. 

Solids analysis fo r  2 2 6 ~ a .  As previously s ta ted ,  complete retention 

of the 2 2 2 ~ n  daughter i s  necessary since th i s  guarantees tha t  the subse- 

quent dauqhters are a t  eq~~ i l ih r ium ( in  1 hr or so a t  the ~~lcsst). Both our 

experience and data reported by Ryon and seeley4 indicate tha t  original 

uranium ore or ta i l ings o r  leached ore or ta i l ings do n o t  lose a s igni f i -  
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Fig. 7.  Display of gam-ray spectra of 2 2 6 ~ a  and i t s  daughters on 
cathode - ray tube as obtained from Tracor-Northern counter, 



Table3. Gamna-ray rgiesandrelative 
intensities of 5BbRa daughters 

Energy Relati vc 
Radionucl ide (kev) intensity 



can t  amount o f  2 2 2 ~ n  when temperatures o f  1  ess than ~ 1 5 0 ' C  a re  i nvo l ved .  

.Hence, these types o f  s o l i d s  can be counted immediate ly .  On t he  o t h e r  

hand, RaSOq c a r r i e d  on BaS04 f rom s o l u t i o n  must be sea led  t o  t r a p  2 2 2 ~ n  

because t h e  radium i s  separated f rom i t s  daughters d u r i n g  t h e  p r e c i p i t a - '  

t i o n .  The, sealed sample c o n t a i n e r  f o r  coun t i ng  ~ 1 0 0 - g  s o l  i d .  samples i s  

shown i n  F ig .  3. 

The gamma counters  were c a l i b r a t e d  b.y u s i n g  uranium .standard. samples 

Nos. 102, 103, and 104 c o n t a i n i n g  0.1, 0.05, and 0.01% uranium, sespec- 

t i v e l y ,  ob ta ined  f rom the  New Brunswick Labora to ry  (NBL) . These samples 
1 

con ta ined  p i t chb lende  o re  d ispersed  i n  S i02  i n  r a d i o a c t i v e  e q u i l i b r i u m ,  

and hence cou ld  be a t t e s t e d  t o  c o n t a i n  333, 166.5, and 33.3 pCi of 2 2 6 ~ a  

pe r  gram r e s p e c t i  v e l y  . Samples p r e v i  o u s l y  analyzed by Ryon and S.eeley 4 

and a s tandard 2 2 6 ~ a  s o l u t i o n  f r om the  o r i g i n a l  s t o c k  o f  t h e  l a t e  5 .  C.  

~i nd ( k i n d l y  p rov ided  by F. Seeley)  .were a1 so used f o r  comparison purposes. 

Reasonably good agreement was obta ined.  The c a l i b r a t i o n  f a c t o r  f o r .  t he  

Tracor-Northern. "100-g" geometry was determined t o  be 14.6 ( i  .e. , the  

f a c t o r  t o  conve r t  counts p e r  minute,  cpm, t o  p i  c o c u r i  es was 14.6) .  The 

e f f i = i ency  o f  d e t e c t i o n  o f  the  609-keV gamma o f  2i4~i was 7.2%. Back- 

ground f o r  t he  same channel window s e t t i n g  was q u i t e  s t a b l e  a t  12.56 cpm 

The Sear le  apparatus was s e t  t o  coun t  t h e  604-keV gamma-ray energy 

and c a l i b r a t e d  f o r  bo th  a 1.0-g and a 5.0-9 geometry. The correspondi.ng , . 

c a l i b r a t i o n  f a c t o r s  ob ta ined  were 3.6 and 3.9. Background a t  t he  same 

s e t t i n g  was very  s t a b l e  a t  18.86 cpm ( o  = 0.34 cpm), a  r a t e  which i s  . 

e q u i v a l e n t  t o  68 pCi u s i n g  t he  3.6 f a c t o r .  The e f f i c i e n c i e s  o f  coun t ing  

t h e  609-keV gamma f o r  1-g and f o r  5-9 samples were 29 and 27% r e s p e c t i v e l y .  



The h i g h e r  count ing  e f f i c i e n c i e s  a re  t o  be expected s ince  smal l -vo l  ume 

coun t i ng  " i n  t he  w e l l "  of t h e  NaI c r y s t a l ,  as i s  done i n  t h i s  inst rument ,  

would be expected t o  be more e f f i c i e n t  (27 t o  29%) than count ing  on t o p  o f  

t he  c r y s t a l ,  as i n  t h e  case of the Tracor-Northern setup (7.2% e f f i c i e n c y ) .  

The c a l i b r a t i o n s  discussed above served f o r  both s o l i d  and l i q u i d  sample 

analyses s ince  the  1  i q u i d  samples i nvo l ved  c a r r y i n g  the  r a d i  um on BaS04 and 

coun t i ng  t h e  s o l  i d  BaS04 a t  severa l  t imes a f t e r  sea l ing .  

The sample cou'nt i  ng t ime f o r  t h e  'I racor-Nor thern assembly was 10,000 

o r  20,000 sec. f o r  100-9 samples i n  t h e  range o f  %5UU t o  7UU pCi/g, and a  

60,000 sec count ing  t ime was used t o  determine background. Based on 8 sep- 

a r a t e  de termina t ions  over  a  6-month per iod ,  t h e  average values o f  back- 

ground and i t s  s tandard  d e v i a t i o n  were 12.56 and 0.66 cpm, respec t i ve l y .  

Sample count ing  t ime f o r  the Sear le  ins t rument  i s  100 min. Three 

b lanks  (background) and th ree  standards a re  counted, a long w i t h  each group 

o f  samples. The r e s u l t s  f o r  the  background averaged 18.86 cpm w i t h  a  s tan-  

dard  d e v i a t i o n  o f  0.34 cpm, based on 17 groups o f  5  samples each measured 

over  a pe r i od  o f  5 months. 

Ana lys is  o f  2 2 6 ~ a  i n  l i q u i d s .  The method used t o  analyze 1  i q u i d s  f o r  

radium invo l ved  the  p r e c i p i t a t i o n  o f  BaS04 t o  c a r r y  the  RaS04. The p r e c i -  

p i  t a t e  was then i s 0 1  a ted,  sealed under p a r a f f i  n t o  r e t a i n  the  gase.ous 222Kn 

daughter,  and counted i n  t h e  Sear le  inst rument .  Since many o f  the l i q u i d s  

conta ined n i t r i c  ac id ,  which has been repo r ted  t o  i n t e r f e r e  i n  radium car-  

r y i n g Y 8  a  spec ia l  s tudy  was necessary t o  ensure good a n a l y t i c a l  r e s u l t s .  

The use o f  BaS04 i n  recovery  processes f o r  radium i s  a l so  discussed i n  

Sect.  3. The steps i n  t h e  procedure are a; f o l l ows :  

1. Take an app rop r i a te  a l i q u o t  o f  sample such t h a t  i t s  

f i n a l  a c i d i t y  a f t e r  d i l u t i o n  t o  a  f i n a l  volume o f  200 



m l  i s  0 .3  - M o r  l e s s  and p i p e t t e  i t  i n t o  a  250-ml beaker. 

2.  Add 20.0 ml o f  0 . 1  M H2S04, b r i n g  t h e  v o l  ume up t o  ~ 1 8 0  

ml , and hea t  t o  b o i l i n g .  

3. Add 20;0 m l  of 0 .1  M Ra(N03)2 s o l u t i o n  from a  b u r e t t e  

w h i l e  s t i r r i n g  (add i , n  1 t o  2-ml p o r t i o n s  ove r  a  %lo-min 

p e r i  od) . 
4. Cont inue h e a t i n g  f o r  approx imate ly  10 min;  l e t  coo l  and 

s tand  ove rn igh t .  

5: Decant o f f  most o f  t h e  l i q u i d ;  remove t h e  s o l i d s  adher ing  

t o  t he  s ides  and t he  bo t tom o f  t he  beaker w i t h  a  rubber  

policeman, and q u a n t i t a t i v e l y  t r a n s f e r  t h e  BaS04 t o  t h e  

coun t i ng  tube. Cen t r i f uge ,  decant, and d i s c a r d  t h e  

supernatant  l i q u i d ,  be ing  c a r e f u l  n o t  t o  unduly  d i s t u r b  

t he  c e n t r i f u g e  cake. Add ~ 1 / 2  i n .  o f  sea sand, pour ~2  

i n .  of me1 t e d  p a r a f f i n  on t o p  t o  seal  i n  t he  Z 2 2 ~ n ,  and 

reco rd  t h e  s e a l i n g  t ime. . 
6. Wai t  a t  l e a s t  .4 h r  a f t e r  sea l i ng ,  and t hen  coun t  us i ng  

t he  Sear1 e  i ns trumen t. Recount a f t e r  an a d d i t i o n a l  

4-day w a i t  and compute an es t ima te  o f  t h e  e q u i l i b r i u m  

va lue o f  214~i ( F i g .  8 ) .  Conf i rm the  e s t i m a t e  w i t h  an 

a d d i t i o n a l  coun t  a f t e r  30 days t o  o b t a i n  t h e  t r u e  e q u i l i -  

b r ium va lue  o f  '14Bi, which equals  t he  2 2 6 ~ a  d i s i n t e g r a -  

t i o n  r a t e .  

F igure  8 g ives  the  equat ions f o r  e s t i m a t i n g  t he  2 2 6 ~ a .  C a l c u l a t i o n s  

a re  conven ien t l y  made us ing  a  programmable c a l c u l a t o r .  The da ta  r e q u i r e d  

a r e  t he  coun t  r a t e s  a t  %4 h r ,  t he  r a t e  a t  l e a s t  4 days a f t e r  t h a t ,  and t he  



COUNTING THE 609-keV GAMMA OF B i - 2 1 4  DAUGHTER AT 
TWO TIMES AFTER SEALING FOR RADON-222 RETENTION 

CRITERIA 

1. TIME T1 MUST BE GREATER THAN 4 hours  (0.17 days)  

2. AT MUST BE GREATER THAN 4 days ( i  .e. T2>4. 17 days)  

C2 - Cle -0.1012 AT 

THEN: C3 = 
( 1  - e -0.1812 nT 1 

WHERE . 
C3 = EQUILIBRIUM COUNT RATE OF 

B i - 2 1 4  = RADIUM-226 
C2 = COUNT RATE OF B i - 2 1 4  AT TIME T2 
C l  = COUNT RATE OF B f - 2 1 4  AT TIME T 1  
AT = TI - T1 

DERIVATION BY R. E. LEUZE 

F i g .  0. Method f o r  e s t i m a t i n g  2 2 6 ~ a  i n  samples n o t  a t  secular 
e q u i l i  b r iu r r~ .  I 



corresponding times a f t e r  seal ing.  These equations were derived by R .  E.  

Leuze, of O R N L ,  who used the Bateman equations9 f o r  describing the quan- 

t i t i e s  of chain members a t  any time and making simplifying assumptions. 

The estimates have given very good agreement with actual  values a t  secu la r  

equilibrium ( i . e . ,  when counts are  made a t  ~ 3 0  days a f t e r  sea l ing) .  

Analysis of  water leach samples f o r  2 2 6 ~ a .  The analys is  of water 

leach samples required a s l i g h t l y  d i f f e r en t  procedure from t h a t  used f o r  

ore  leach samples because of the lower 2 2 6 ~ a  concentrations-.   he f i l t e r e d  

2000-ml samples (Sect .  2.3.2) were made a'cidic by adding 40 ml of concen- 

t r a t ed  HCl . Subsequently, 100 rnl of a 0.0145 M BaCl solut ion (2  mg 

Ba/ml) and 40 ml of concentrated H2S04 were added; then the solut ion was 

heated t o  boi l ing and a1 lowed t o  stand overnight. The BaS04 was separated,  

placed i n to  a counting tube, and counted in the  Sear le  instrument. This 

procedure for. analys is  of radium i n  water i s '  a modification of a standard 

methodlo of radium determination. The  standard method was modified t o  

permit the use of d i r e c t  gamma counting in  place of radon emanation and 

alpha s c i n t i l l a t i o n  counting. 

2.4.2 Ni t r i c  acid and n i t r a t e s  

Ni t r i c  acid sol utions (0 .5  t o  8.0 - F1) were analyzed by t i ' t r a t i ng  

su i t ab le  a l iquots  with sodium hydroxide .using a pH meter f o r  end-point 

detection.  Since 'many of these  solut ions  contained appreciable quan t i t i e s  

. df iron and other  elements , the end point was taken as pH 2.0. The e r r o r  

introduced by this procedure was smal! (of  the  order of 1 t o  3%) ,  depend- 

ing on the i n i t i a l  acid concentration and the d i lu t ion  t h a t  occurred dur- 

ing t i  t r a t i on .  



N i t r a t e s  were analyzed by t a k i n g  s u i t a b l e  a l i q u o t s ,  d i  1  u t i n g  i f  

necessary,  and a n a l y z i n g  t h e  s o l u t i o n  u s i n g  a  s p e c i f i c  i o n  e l e c t r o d e  f o r  

n i t r a t e  (ORION Model 93-07) t oge the r  w i t h  t he  ORION Research Ion-Analyzer ,  

Model 901. Proper  care  must be taken t o  avo id  i n t e r f e r . i n g  i ons  f o r  which 

da ta  a r e  p rov ided  w i t h  t h e  e l ec t rode .  

2.4.3 Uranium and o t h e r  e lementa l  c o n s t i t u e n t s  o f  o re  and t a i l i n g s  leach  
s o l u t i o n s  

Analyses o f  t h e  o r e  samples and t h e  m i l  1  t a i l i n g s  leach  s o l u t i o n s  

were p rov ided  by  t h e  ORNL A n a l y t i c a l  Chemistry D i v i s i o n ;  t he  methods used 

f o r  t h e  va r i ous  c o n s t i t u e n t s  are summarized i n  Table 4. 

3. RESULTS AND DISCUSSION 

The removal o f  hazardous nuc l i des  f rom uranium o re  o r  m i l l  t a i l i n g s  

r e q u i r e s  t h a t  t h e  n u c l i d e s  be s o l  ub i  1 i zed .  Many agents, i n c l u d i n g  n i t r i c  4 '  

and h y d r o c h l o r i  c Z  a c i  ds , sod i  um c h l o r i d e ,  l1 sodi  um n i t r a t e ,  l1 and complex- - 

1 n g  agents Such as e t h y l  enedi ami n e t e t r a a c e t i  c  a c i d  ( EDTA) and d i e t h y l  ene- 

tri ami nepentaace t i c  a c i d  (UTPA) ,6'7 have been t e s t e d  f o r  t h i s  purpose. 

S ince n i t r i c  a c i d  had shown promis ing  r e s u l t s  ,4 i t  was emphasized i n  ou r  

i n i  ti a1 work. A  few t e s t s  were a l s o  performed us ing  HC1, EDTA, and DTPA 
< 

as leachants .  A  few scoping s tud ies  were c a r r i e d  o u t  t o  o b t a i n  ,data on 

t h e  recove ry  of r a d i o n u c l  i des  from 1-each 1 i quo rs  and nn t h e  r gcyc l r l  of  

n i  t t - i ~  ac id.  

3.1 E f f e c t i v e n e s s  o f  N i  tri c  A c i d  as a  Leachant f o r  Radium 

3.1.1 ~ i s s o l k i o n  o f  2 2 6 ~ a  f rom uranium o r e  

Tab le  5 and F ig .  9  show r e s u l t s  ob ta i ned  f o r  uranium o r e  ' leached 



Table 4. Methods used f o r  ana l yz i ng  o r e  and' 
m i l l  t a i l i n g s  leach  s o l u t i o n s  

Const i  t u e n t  Method 
- - .  

U Spectrophotornetr i  c o r  f l  u o r i m e t r i  c 

B a F l  ame photometer 

C a Flame photometer . . 

Fe Atomic abso rp t i on  

A 1 Atomic abso rp t i on  

S04 BaS04 o r  c o l o r i m e t r i c  



Table 5; Batch, c rosscu r ren t  l each ing  o f  No. 4  uranium o re  w i t h  3  1 HN03 a t  60°C 

Condi t ions :  33% s o l i d s  concen t ra t i on  and 4-hr  con tac t  t ime 
pe r  stage except where i n d i c a t e d  

--- 
- I n i t i a l  w t  

o f  s o l  i d s  I n i t i a l  2 2 6 ~ a  2 2 6 ~ a  conc. i n  Cumul at i*ve % 
Run No. Stage No. (Cl) conc. (pCi /g)  res idue (pCi /g)  2 2 6 ~ a  leached 

a ~ 6 t  detenni  ned. 

' ' ~ e a c h ~ n ~  o f  a  s l ime  f r a c t i o n  separated f rom t h e  ore.  

'20% s o l  i d s  concent ra t ion .  

d ~ n - s t a g e  leach ing  t ime was 48 h r .  The concen t ra t i on  o f  d i sso l ved  radium as a  f u n c t i o n  
o f  t ime was a l so  dete 'mined i n  R u n  5 and i s  shown i n  T a h l ~  6. 
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Fig.  9. Uranium o r e  leached w i t h  3  fl HN03 a t  30% s o l i d s .  



with 3 - M HN03 for  4 hr and 33% solids concentration ( i . e . ,  200 of solids 

in 400 ml of acid) .  Nitr ic  acid a t  t h i s  strength i s  an effective agent 

fo r  leaching radium, as shown by Ryon and ~ e e l e ~ . ~  Their data obtained 

a t  70°C usi ng 100 t o  200 g of so? ids in each stage are incl uded in .Fig.. 9 

for  comparison purposes. Subsequent scouting-type t e s t s  were performed 

using 5-9 amounts (Fig. l o ) ,  and no s ignif icant  differences were noted. 

The small differences tha t  are observed are probably the resu l t  of vari- 

abi'li ty in the composition of the original samples. nifficul ty was en- 

countered in obtaining representative samples from master blends when 5-9 

amounts were used; however, the use of 100- to  200-9 amounts presented no 

problems. 

The leaching of radium from ore becomes more d i f f i c u l t  as leaching 

proceeds (see Figs. 9 and  10).  A much more refractory residue remains 

a f t e r  the f i r s t  three leaches ( a t  33% s o l i d s ) ,  and very l i t t l e  further 

leaching of radi um occurs a f t e r  abn~lt. t .hp 10-pCi/g level i s  reached. This 

f a c t  may have important consequences with respect to  the environmental 

behavior of ni t r i  c aci d-leached ore residue. As shown i  n Table 5 and 

Fig, 9 ,  two stages of 3 M - n i t r i c  acid leaching remove 4 6 %  of the i n i t i a l  

radium; however, the efficiency of leaching diminishes rapidly thcrcsf tcr .  

This behavior i s  further corroborated by the sco~rting t e s t  data shown in 

b ~ g .  lU, where the radi urn removal becomes negligible at. %?'%((1,15 pCi/g) 

res 1 dua l  radi urn. 

Results of i n i t i a l  studies of the e f fec t  of time on the leaching of 

uranium ore in a single-stage t e s t  indicated that an essent ial ly  constant 

coricentration of  dissolved radi um was attained a f t e r  a1 hr (Table 6 ) .  

This suggests that the radium was being dissolved from sparingly soluble 
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Fig. 10. Scout ing t e s t s  of  ba tch ,  c r o s s c u r r e n t  leaching  of  No. 4 
uranium o r e  with 3 - M HN03 a t  60°C (5 g o f  o r e  shaken with 10 ml o f  a c i d ) .  



Tab le  6. Concent ra t ion  of d i s s o l v e d  radium as a  
f u n c t i o n  o f  t i m e  d u r i n g  t h e  s i ng le - s tage  l each ing  

o f  No. 4  uran ium o r e  i n  3  M HNO3 a t  33% s o l  i d s  
c o n c e n t r a t i o n  aKd 60°C . 

Cond i t i ons :  200 g  o f  o r e  s t i r r e d  w i t h  400 m l  
o f  3  M HN03 

Leach t ime  2 2 6 ~ a  conc. 226 % Raa 
( h r )  ( pCi /ml ) leached 

a ~ h e  pe rcen t  o f  2 2 6 ~ a  leached inc reases  w i t h  t ime,  
a1 though t h e  c o n c e n t r a t i o n  i s  approx imate ly  con- 
s t a n t  because 25-ml samples were taken f o r  2 2 6 ~ a  , 
a n a l y s i s  f rom t h e  400-ml aqueous volume and r e -  
p laced  w i t h  25 ml o f  f r e s h  3  - M HN03 a f t e r  each 
t ime  p e r i o d  i n d i c a t e d .  



compounds (e. g. , a  m i x t u r e  o f  Ba, Ca, and Ra s u l f a t e s ) ,  and t h a t  d i s s o l u -  

ti on c o n t i  nued' u n t i  1  t he  s o l  u t i  on became sa tu ra ted .  The condi ti ons under 

which t he  exper iment was c a r r i e d  ou t ,  however, l e f t  some doubt  as t o  the 

v a 1 , i d i . t ~  o f  t h e  i n d i c a t e d  d i s s o l  u t i o r !  mechanism. Replacement o f  t h e .  leach 

l i q u o r  samples t h a t  were wi thdrawn f o r  2 2 6 ~ a  a n a l y s i s  w i t h  f r e s h  3  M HN03 

was necessary i n  o r d e r  t o  m a i n t a i n  a  cons tan t  volume o f  l i q u i d  thrgughout  

the  exper iment.  Th i s  procedure made i t  necessary t o  d i l u t e '  t h e  concent ra -  

t i o n s  o f  a l l  the  s o l u t i o n  spec ies (excep t  HN03) by a  f a c t o r  o f  1.07. I t  

was poss ib l e ,  a1 though n o t  ve ry  l i k e l y ,  t h a t  d i s s o l u t i o n  r a t e s  were j u s t  

o f  t h e  r i g h t .  magni tude t o  r e t u r n  t h e  radium concen t ra t i on  t o  i t s  o r i g i n a l  

va lue  i n  the  1-hr  t ime i n t e r v a l s  between 1. and 4 h r .  Therefore,  a d d i t i o n -  

a l  exper iments were performed i n  which o n l y  t he  s o l i d s  were removed and no 

a d d i t i o n s  o f  f r e s h  a c i d  were requ i red .  The r a d i  um concen t ra t i on  o f  t he  

s o l  i d s  showed no f u r t h e r  decrease a f t e r  about 1 h r  o f  l each ing  t ime (Table 

7 ) .  . Thus, i t  appears t h a t ' s a t u r a t i o n  of  t he  s o l u t i o n  w i t h  s p a r i n g l y  

s o l u b l e  s a l t s  i s  l i m i  t . ing w i t h  r e g a r d  t o  the  removal o f  rad ium i n  t h e  

f i r s t  two stages o f  l each ing  un less t h e  concen t ra t i on  o f  s o l i d s  i s  de- 

creased s u f f i c i e n t l y .  A f t e r  most o f  t h e  CaS04 and BaS04 have been removed 

i n  t h e  f i r s t  two s tages o f  l each ing  ('5cc Scct .  3.1.2), t he  o p p o r t u n i t y  

f o r  rad ium s a t u r a t i o n  a t  o u r  l each ing  c o n d i t i o n s  i s  no l o n g e r  p resen t .  

3.1.2 D i s s o l u t i o n  o f  ""a from t a i  1  i ngs 

I n i t i a l  s t u d i e s  showed t h a t  3  - M H N ~ ~  a t  60°C was e f f e c t i v e  f o r  leach- 

i n g  No. 4 t a i  1  i ngs ,  whereas 0.5 M HNO1 was n o t  (Tab le  8). F u r t h e r  s tud ies  

were t h e r e f o r e  conducted on Nos. 1 and 4  m i l l  t a i l i n g s  t o  b e t t e r  e s t a b l i s h  

t he  e f f e c t s  o f  HN03 concen t ra t i on  and temperature on radium l e a c h i n g  

(Tables 9 and 10).  I n c r e a s i n g  t he  a c i d  c o n c e n t r a t i o n  o r  i n c r e a s i n g  t he  



Table 7. Concentration of radium in  residual  so l i d s  as a 
function of time during the  s ingle-  s tage  leaching of 

No. 4 uranium ore in 3 M HNO3 a t  33% sol ids 
concentrat ion-and 60°C 

Conditions: 5 g of ore shaken with 10 ml of sol  ids  

2 2 6 ~ a  in sol  ids  \ 

(pCi/g) 
Run Time Ini t i  a1 a 
No. ( h  r )  ore  Residue of 2 Z b ~ a  leached 

%ariabi  1 i ty i n  2 2 6 ~ a  content of  i n i t i a l  ore i s  thought t o  be 
due t o  i n a b i l i t y  ts sb ta in  a r e p r e s e n t a t i v ~  5amp l~  when t.aking 
5-9 amounts of the  or ig inal  ore.  A separate  sample of ore 
was used f o r  each time in terval  t e s ted  f o r  Runs 1 and 2. 



Tab le  8. Batch, c r o s s c u r r e ~ t  l each ing  o f  No. 4  uranium m i l l  t a i l i n g s  a t  33% s o l i d s  concen t ra t i on  
i n  n i t r i c  a c i d  a t  60°C 

Cond i t ions :  200 g  of so l l ids  and 400 ml o f  HN03 and a  4-hr  leach ing  t ime employed pe r  s tage 
except  where i nd i  ca ted  

2 2 6 ~ a  con ten t  i n  s o l  i d s  Leach 1  i q u o r  analysesa 
Run Stage HN03 (PC.~ /g) Cumulative % (mgpl i t e r )  
No. No. (M) I n i  ti a1 F i  na l  Ra leached 13 Ba Ca SO4[- Fe A1 Na 

a ~ y m b o l  -- denotes n.ot d e t e r n i  ned. 

b~ 48-hr leach t ime i n  stage 4. 

'14.3% s o l i d s  ( i ' .e . ,  110 CJ p e r  660 ml of a c i d ) .  



Table 9. E f f e c t s  :o f  n i t r i c  a c i d  and temperature on t h e  l each ing  o f  
rad ium f rom uranium m i l l  t a i l i n g s  i n  s i ng l e - s t age  l each  t e s t s  

Cond i t ions :  5  g  o f  t a i l i n g s  shaken w i t h  10 ml o f  a c i d  f o r  4  h r  

. , - 2 2 6 ~ a  i n  s o l i d s  (pC i /g )  
Type o f  , Temperature HN03 I n i t i a l ,  Cumulat ive % 

s u l f a t e  t a i  1  i ngs ( " c )  (M) t a i  1  i ngs Resi due Ra leached 

No. 4  . ,, , 

No. 4  80 3.6 . 798 228 7  1 
3.6 695 110 84 
2.3 708 335 5  3  
2.3 75 3  375 50 
1.8 745 47 1 37 
1.8 824 544 34 

No. 1 60 8.0' 773 416 4  6 
8.0 82 4  4  35 47 
3.0 80 4  545 32 
3.0 80 1 553 31 
2.0 823 650 2 1 
2 .O 004 620 2 2 

a ~ a r i a b i l i t y  i n  2 2 6 ~ a  con ten t  o f  t he  i n i t i a l  t a i . l i n g s  o f  each t y p e  i s  thought t o  be 
due t o  i n a b i l i t y  t o  o b t a i n  a r e p r e s e n t a t i v e  sample when t a k i n g  5-9 amounts o f  
master  samples. A separate sample of  t a i l i n g s  o f  each t ype  i n d i c a t e d  was used i n  
each t e s t .  



Table 10. Batch, c ros scu r ren t  leaching of  No. 1 uranium mil l  t a i l i n g s  
a t  33% s o l i d s  concent ra t ion  in  3 M HN03 a t  80°C - 

Conditions: 5 g of s o l i d s  and 10 ml of 3 M HN03 i n  each s t a g e  - . . 

2 2 6 ~ a  content  i n  s o l i d s  (pCi/g)  
Ini  t i a l  Cumulative % 

Run No. Stage No. t a i  1 i ngs Res i due Ra leached 



temperature i nc reased  rad ium removal f rom the  s o l i d s .  The i nc rease  o f  

rad ium l e a c h a b i l i t y  w i t h  i n c r e a s i n g  a c i d  concen t ra t i on  i n  s i ng le - s tage  

t e s t s  i s  expected f rom the  s o l u b i  1  i t y  o f  BaS04 i n  n i t r i c  ac i d ,  as r e p o r t e d  

by Ryon and ~ e e l e y . ~  Format ion o f  t h e  b i s u l f a t e  i o n  (HS04-) and i o n i c  

s t r e n g t h  e f f ec t s  i n c r e a s e  t h e  s o l u b i  1  i t y  o f  s p a r i n g l y  s o l u b l e  s u l f a t e s  

as t h e  n i t r i c  a c i d  c o n c e n t r a t i o n  i s  increased.  I n c r e a s i n g  t h e  temperature 

f r om 60 t o  80°C inc reases  t h e  radium removal by a  f a c t o r  o f  ~ 2 .  However, 

f u r t h e r  s t u d i e s  a r e  needed t o  determine t h e  e f f e c t s  o f  n i t r i c  a c i d  con- 

c e n t r a t i o n  and temperature a f t e r , t h e  s u l f a t e s  have been d isso lved .  

The radium i s  more d l f f i c u l t  t o  leach  f rom No. 1 t a i l i n g s  than  from 

No. 4  t a i  l i n g s ,  which i s  i n  agreement w i t h  Ryon and ~ e e l e ~ . ~  Only ~ 8 6 %  

i s  leached a f t e r  t h r e e  s tages o f  con tac t  w i t h  3  M HN03 a t  80°C w i t h  No. 1 

t a i  1  i ngs (Tab1 e  l o ) ,  whereas ~ 9 8 %  i s  1  eached f rom No. 4  t a i l  i ngs  (Tab le  8 )  

a t  t h e  l owe r  temperature o f  60°C. S tud ies  o f  t h e  e f f e c t  o f  l each ing  t ime  

on rad ium removal ( ~ a b l e s  11 and 12) showed t h a t  e s s e n t i a l l y  no a d d i t i o n a l  

rad ium was leached a f t e r  ~1 h r ,  as was p r e v i o u s l y  observed i n  o r e  leach 

t e s t s .  'I hus, t h e  d i s s o l u t i o n  o f  radium appears t o  be c o n t r o l l e d  by t he  

degree o f  s a t u r a t i o n  o f  t h e  s o l u t i o n  w i t h  s p a r i n g l y  s o l u b l e  c a r r i e r  s a l t s  

f o r  r a d i  urn, such as CaSO,, and BaS04, d u r i n g  t h e  f i r s t  two l e a c h i n q  staqes 
- 9 

where these  compounds a r e  s t i l l  p resen t .  The concentrat i .ons o f  s o l u b l e  

barium, ca lc ium,  and s u l f a t e  were e s s e n t i a l l y  cons tan t  a f t e r  ~ 0 . 5  h r  when 

No. 4  o r e  o r  Nos. 1 and 4  t a i l i n g s  were leached. F igu re  11 shows the  da ta  

f o r  No. 1 m i l l  t a i l i n g s .  Resu l ts  f o r  t h e  No. 4  o r e  and t a i l i n g s  were 

c l o s e l y  s i m i  l a r ,  excep t  t h a t  t he  s a t u r a t i o n  v a l  ues f o r  b a r i  um, ca lc ium,  

and s u l f a t e  were d i f f e r e n t .  

I n  th ree-s tage  l each  t e s t s ,  t h e  r e s u l t s  f o r  No. 4  t a i l i n g s  d i f f e r e d  



Table 11. Concent ra t ion  of d i s s o l v e d  rad ium as a  
f u n c t i o n  o f  t ime  d u r i n g  t h e  s i ng le - s tage  l each ing  

o f  No; 4  uranium m i l l  t a i l i n g s  a t  33% s o l i d s  
concen t ra t i on  i n  3  M HN03 a t  60°C - 

Cond i t ions :  200 g  o f  o r e  s t i r r e d  w i t h  400 ml 
o f  3 .M- HN03 

Leach t ime  2 2 6 ~ a  conc. % -226 
( h r )  - 

Rag 
( P C ~  /m l )  1 eached 

a ~ h e  percen t  o f  *'%a leached inc reases  w i t h  t ime  
a f t e r  1 h r ,  a l though t h e  c o n c e n t r a t i o n  i s  ap- 
p rox ima te l y  cons tan t  because 25-ml samples were 
taken from the  400-ml aqueous volume f o r  2 2 6 ~ a  
a n a l y s i s  and rep laced  w i t h  25 ml o f  f r e s h  3 M - 
HN03 a f t e r  each t ime per i 'od i n d i c a t e d .  



Tab le  12. E f fec t  o f  t ime on t h e  percentage o f  radium leached 
f r om uranium m i l l  t a i l i n g s  i n  a  s i ng le - s tage  leach  
w i t h 3  fi HN03 a t  33% s o l i d s  concen t ra t i on  and 60°C 

Cond i t ions :  5  g  o f .  t a i  1  i ngs  shaken w i  t h  10 m l  o f  a c i d  

" b ~ a  i n  s o l i d s  (pC i /g )  
Type o f  Leach ing  I n i t i a l ,  % 
t a i l i n g s  t ime  ( h r )  t a i  1  i ngs Residue Ra leached 

No. 4  0.25 

0.50 

0.75 

1.0 

2.0 

4.0 

No. 1 

- - 

a ~ a r i a b i l i  tS/ i n  2 2 6 ~ a  c o n t e n t  o f  t he  i n i t i a l  t a i  1  i ngs  o f  each 
type i s  thought t n  h~ :!I.IP t o  i n a b i l i t y  t o  o b t a i r ~  d r*cprcscnta- 
t i v e  sample when t a k i n g  5-9 amounts o f  master samples. A 
separa te  sample o f  t h e  t a i l i n g s  t ype  i n d i c a t e d  was used f o r  
each t ime i n t e r v a l  t es ted .  
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Fig. 11. Concentrations of  calcium, barium, and s u l f a t e  a s  a func-' 
t i o n -  of  time during the  sing1 e-stage leaching of  No. 1 urani um mi 11 t a i  1 - 
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f r o m  those f o r  o r e  o n l y  s l i g h t l y  i n  t h e  f i r s t  s tage (compare Runs 1 and 2 

i n  Tab le  8 w i t h  Runs 1 and 2 i n  Table 5 ) .  This  d i f f e r e n c e  i n  s tage  1 i s  

p robab l y  due t o  t h e  h i g h e r  concen t ra t i on  o f  s u l f a t e  i n  t a i l i n g s  (Tab le  1 ) .  

The b u l k  o f  t h e  s u l f a t e  i s  leached o u t  i n  t h e  f i r s t  stage, and the  two 

m a t e r i a l s  behave about  the  same i n  subsequent l each ing  stages. 

3.2 Release o f  Radium and N i t r a t e  f rom HN03-Leached 
Residues i n t o  Water 

As was p r e v i o u s l y  d iscussed i n  Sect .  1, the  e f f e c t  o f  wa te r  ( s i m u l a t -  

i n g  weather ing,  e t c . )  on o r e  t a i l i n g s  i s  v e r y  i m p o r t a n t  and c o n s t i t u t e s  

one o f  t h e  reasons f o r  these  i n v e s t i g a t i o n s .  The comparison o f  t he  wate r  

l e a c h i n g  o f  a  r e s i d u e  f r om n i t r i c  a c i d  l e a c h i n g  w i t h  water  l e a c h i n g  o f  a  
- 

sample o f  m i l l  t a i l i n g s  generated by a  s u l f u r i c  a c i d  process i s  shown i n  

Tab le  13. The l a r g e  amount o f  n i t r a t e  washed o u t  i n  Run W - 1  was caused by 

an inadequate wash o f  t h e  s t a r t i n g  o r e  res idue ;  subsequent washes show t h a t  

adequate washing i s  p o s s i b l e .  The rad ium r e s u l t s  a re  t h e  most i n t e r e s t i n g  

s i n c e  t hey  show t h a t  n i t r i c  ac id- leached o r e  whose radium con ten t  has been 

decreased t o  ~ 1 0  pCi /g  w i l l  n o t  f u r t h e r  l each  radium apprec iab ly .  I n  con- 

t r a s t ,  r e s u l t s  on t h e  wa te r  l each ing  o f  rad ium f rom s u l f a t e  t a i l i n g s  show 

t h a t  t he  rad ium i s  p resen t  i n  s r e a d i l y  leachab le  form. I n  f u t u r e  s tud ies ,  

w a t e r  l e a c h  t e s t s  w i l l  be c a r r i e d  o u t  on res idues  ob ta i ned  f rom l each ing  

s u l . f a t e  t a i l i n g s  w i t h  n i t r i c  ac id .  A t  t h i s  p o i n t ,  i t  would appear t h a t  t h e  

n i t r i c  a c i d  l e a c h i n q  c o u l d  have advantages over  s u l f u r i c  a c i d  l each ing  

s i n c e  i t  produces t a i l i n g s  l e s s  s u b j e c t  t o  rad ium l each ing  by wafe r .  How- 

ever ,  seve ra l  disadvantages such as h i g h e r  cos ts ,  e t c . ,  would have t o  be 

assessed. 



Table 13. Batch, c r o s s c u r r e n t  l e a c h i n g  o f  n i t r i c  ac id - leached  o r e  res idues  
and o f  uranium m i l l  t a i l i n g s  w i t h  wa te r  a t  25°C 

Cond i t ions :  100 g o f  s o l i d s  and 3 l i t e r s  o f  H20 p e r  s tage  
( i  .e., 3% s o l  i d s  c o n c e n t r a t i o n )  

Leaching i n i t i a l s o l i d s  Leach 1 i q u o r  analyses 
Run No. Stage No. t ime ( h r )  ( ~ c i / g )  R a ( p C i / l i t e r )  pH NO;(ppnl) 

N i t r i c  ac id - leached  o r e  res idues  

- b Uran i  um mi 11 t a i  1  i ngs 

TW- 1 1 16 654 590 4.6 c 

3 120 c 16 19 4.5 c 

a ~ r o m  sample o f  No. 4  uranium ore .  

b ~ r o m  sample o f  No. 4 t a i l i n g s ,  which was o b t a i n e d  f rom a m i l l  u s i n g  t h e  s u l f u r i c  a c i d  
l e a c h  process. 

' ~ o t  determined. 



3.3 Recovery o f  Radionucl i d e s  and N i t r i c  ,Ac id  Values f rom 
Leach L iquo rs  

Since 2 3 0 ~ h a n d  2 2 6 ~ a  a re  t h e  most c r i t i c a l  uranium decay cha in  mem- 

bers   from the  s t a n d p o i n t  o f  a  long-range hazard p o t e n t i a l ,  an acceptable 

method . f o r  t h e i r  removal f rom leach  l i q u o r s  may be des i red .  Three poss i -  

b l e  methods f o r  removing 2 2 6 ~ a  a r e  be ing  s tud ied :  ( 1 )  s o l v e n t  e x t r a c t i o n ,  

( 2 )  i o n  exchange, and ( 3 )  c a r r y i n g  on BaS04. The l a s t  method was a l s o  

needed t o  ensure p rope r  a n a l y t i c a l  procedures f o r  r a d i  um a n a l y s i s  f rom 

n i t r a t e  s o l u t i o n s .  Only a few scop ing  t e s t s  have been performed on these 

methods t o  da te .  

3.3.1 So l ven t  e x t r a c t i o n  w i t h  t r i - n - b u t y l  phosphate (TBP) 

T r i - n - b u t y l  - phosphate (TBP) i s  known t o  e x t r a c t  bo th  uranium and 

thor ium,  b u t  n o t  radiumYi2 f rom n i t r i c  ac i d .  However, t h e r e  were some 

ques t i ons  i n  t h e  cases where s u l f a t e s  were i n v o l v e d  and such smal l  weights  

o f  m a t e r i a l s  (1.51 mg o f  2 3 0 ~ h  p e r  MT o f  0.11 uranium o r e )  were be ing  

e x t r a c t e d .  Table 14 shows the  r e s u l t s  o f  a  batch, c r o s s c u r r e n t  e x t r a c -  

t i o n  t e s t  f o r  t h e  e x t r a c t i o n  o f  t ho r i um and uranium f rom a  n i t r a t e  leach  

l i q u o r  i n t o  a  30 v o l  % TBP--E-dodecane o r g a n i c  phase. 

The r e s u l t s  i n d i c a t e  a  good y i e l d  when uranium and t ho r i um a r e  ex- 

t r a c t e d  by  30% TBP i n  abou t  four  t o  f i v e  s tages w i t h  a  reasonable o rgan i c /  

aqueous r a t i o  (e.g., 2 /1) .  Evaporat ing t he  l each  s o l u t i o n  t o  o b t a i n  a  

more concent ra ted  s o l u t i o n  cou ld  be used t o  f u r t h e r  enhance the, e x t r a c t i o n .  

However, such an evapo ra t i on  process may n o t  be d e s i r a b l e  u n t i l  t he  rad ium 

has been removed from the  aqueous phase. A1 though methods f o r  sepa ra t i ng  

t h e  uranium and t ho r i um f rom the  TBP e x t r a c t  have n o t  y e t  been i n v e s t i -  

gated, t h e  t h o r i  urn can p robab ly  be s t r i p p e d  away f rom u ran i  um i n t o  6  M HC1. - 



Table 14. Batch, c rosscur ren t  e x t r a c t i o n  o f  uranium and 2 3 0 ~ h  from a 
n i t r a t e  leach l i q u o r  w i th '  30% TBP 

Leach l i q u o r a  composit ion: 2.5 M HNO3, 1430 mg U / l i t e r ,  
- .  and 572 pCi 230~h/ml  

Solvent  composit ion: 30% TBP--70% - n-dodecane 

Stage Phase r a t i o ,  Urani um (mg/l i t e r )  - Thorium (pCi/ml ) 
No. - O/A Organic Aqueous " ! Organic Aqueous "1 

a ~ b t a i n e d  f rom a 3 - M HN03 l each  o f  No. 4 uranium ore. 



Thorium does not  form a chloride complex, as i s  the case with urani urn in  

6 M HC1; thus, t h i s  s t r i pp ing  s t ep  i s  known to  work well in uranium-thorium 

separation processes t h a t  u t i l i z e  amine ex t rac tan t s .  l2 l3 ~ i m i  1 a r  extrac- 

t i on  experiments wi t h  t a i  1 i  ngs 1 each sol ution wi l l  be performed in which 

poss ible  s u l f a t e  in te r fe rence  wil l  need par t i cu la r  a t t en t ion .  

3.3.2 Carrying of radium on Bas04 prec ip i t a tes  

Radium has been concentrated by carrying on BaS04 s ince  the discovery 

of the element. I h i s  e a r l y  processing method incl  uded concentration of 

radi um by carrying on BaS04, conversion t o  carbonate, and dissolut ion in 

hydrochloric ac id .  O u r  i n t e r e s t s  i n  these experiments have usual ly  in- 

8 volved n i t r a t e  so lu t ions  and/or n i t r i c  acid.  S i l l  and Williams have 

reported t h a t  n i ' t r a te  ion in te r fe res  in radium carrying by BaS04 b u t  does 

not  give d e t a i l s  o r  condit ions.  

A s e r i e s  of  experiments was performed using the procedure previously 

described in Sect. 2.3.1, except t h a t  the barium concentration was varied 

from 0.5 to  10.0 m! and the  n i t r i c  acid concentration was varied from 0.1  

t o  2.5 - M. The r e su l t s  a r e  shown in  Table 15 and Fig. 12 .  I t  i s  apparent . 

t h a t  a barium concentration of 10 mM - i s  needed when the n i t r i c  acid con- - 

cen t ra t ion  i s  0.1 t o  1.0 - M. The y ie ld  of radium car r i ed  decreases rapidly 

a t  higher acid concentrations o r  barium concentrations t ha t  a r e  <10 mM. - 

Further information wi l l .  be needed t o  determine whether these r e su l t s  a re  

appl i  cab1 e to  processing 1 each sol uti ons; however, they were d i r ec t l y  

usable f o r  our analyt ica l  needs. Processing appl ica t ions  wi 11 probably 

require  t ha t  methods be developed f o r  recycling the barium; hence radium- 

bari urn separat ion methods would a1 so be required. 



Table 15. E f fec t s  of barium and n i t r i c  ac id  concent ra t ions  
on t h e  ca r ry ing  of radium on BaS04 

Condit ions:  Total s u l f a t e  conc. = 10 mM - 

Barium concen t r a t ion ,  m! 0 .5  1 .0  2 .5  5.0 10.0 

Radi um p r e c i p i t a t e d ,  % 
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Fig .  12. Ca r ry ing  o t  r a d i  urn on tlaSU4 as a  f u n c t i o n  o f  bar ium con- 

c e n t r a t i o n  i n  0 .1  t o  1.0 1 HN03 so lu t i ons .  



3.3.3 Ca t i on  exchange o f  n i  t r i c  a c i d  l each  s o l  u t i o n  

I o n  exchange i s  another  o p t i o n  i n  ,.the p rocess ing  o f  leach  s o l u t i o n s  

t o  separate and/or t o  concen t ra te  radium. A  s i n g l e  c a t i o n  exchange r u n  

has been made t o  t e s t  f o r  rad ium removal from a  0.5 - M HN03 t a i l i n g s  leach  

s o l u t i o n .  Dowex 50-X8 c a t i o n  r e s i n ,  100-200 mesh, i n  t h e  hydrogen fo rm 

(75 ml ) was p laced  i n  a  20-mm-diam by 25-cm-long g lass  column. The t o t a l  

feed volume was 200 m l  and was loaded a t  a  f low r a t e  o f  $0.5 ml cm-2 m in - l .  

The feed and e f f l  ueri t colr~pos i ti ons a r e  shown i n  Tab1 e 16. I t  i s  apparent 

t h a t  c a t i o n  exchange w i l l  remove radium and uranium from 0.5 - M HN03; how- 

ever ,  i t  a l s o  removes ca lc ium,  i r o n ,  and aluminum, which a r e  p resen t  i n  

much h i g h e r  concen t ra t i ons  than rad ium and t h e r e f o r e  compe~te f o r  c a t i o n  

exchange s i t e s  more s t r o n g l y .  Cond i t ions  r e q u i r e d  f o r  f u r t h e r  p rocess ing  

s teps w i l l  be s t u d i e d  t o  determine whether c a t i o n  exchange can be used 

advantageously f o r  t he  sepa ra t i on  o f  rad ium and uranium f rom i r o n ,  

a1 uminum, and c a l c i  urn. 

A rno ld  and crouse15 have s t u d i e d  r a d i  um removal f rom uranium m i l  1  

e f f l u e n t s  16' l7 w i t h  var ious  i n o r g a n i c  i o n  exchangers, i n c l u d i n g  ba ry tes  

(a  m inera l  form o f  bar ium s u l f a t e ) ,  b u t  ob ta ined  poor  r e s u l t s  w i t h  a c i d i c  

sn111t i  nns. 

3.3.4 Recovery o f  n i t r i c  a c i d  values v i a  evapora t ion  and i g n i t i o n  

I f  n i  tri c  a c i d  were t o  be used i n  ve ry  1  arge amounts, i t  would have . 

t o  be r e c y c l e d  f o r  economic as w e l l  as env i ronmenta l  reasons. The b u l k  

n f  t h e  n i t r i c  a c i d  V ~ ~ I J F !  can he rec la imed by s imp le  evaporat ion,  b u t  an 

i g n i t i o n  method i s  necessary t o  decompose the  n i t r a t e  s a l t s .  A  s imp le  

bench-top t e s t  was done t o  see whether evapo ra t i on  and subsequent i g n i t i o n  

o f  t h e  meta l  s a l t  res idues  migh t  be app l i cab le .  The procedure was t o  



Table 16. Compositions o f  feed and e f f l u e n t  
s o l u t i o n s  f o r .  the  t reatment  o f  a  n i t r a t e  

leach l i q u o r  by c a t i o n  exchange 

Cond i t ions :  200 m l  o f  feed s o l u t i o n  and 
75 m l  o f  r e s i n ;  f l o w  r a t e ,  
~ 0 . 5  m l  cm-2 min-1 

I- 
Cons ti t u e n t  
(mg/l i t ~ r ) b  Feed a  E f f  1 wnt .  

Ra, p c i j i i t e r  

U 

a ~ e e d  was a  n i t r i c  a c i d  leach 1 i q u o r  ob ta ined f rom 
l ~ a r h i n g  Nn. 4 ~rraninm m i l l  t a i f i n g z  w i t h  0 . 5  - M 
HNO,. 

J 

bunless s p e c i f i e d  otherwise. 



s l o w l y  d r i p  a  3  1 HN03 o re  l e a c h  s o l u t i o n  f rom a  b u r e t t e  i n t o  a  Pyrex 

beaker heated t o  300.OC (by  a  h e a t i n g  mant le)  u n t i l  enough s o l i d s  had been 

c o l l e c t e d  f o r  ana l ys i s .  Chemical a n a l y s i s  showed t h a t  t h e  n i t r a t e  con- 

. t e n t  o f  these s o l i d s  was 16.7%. 

I n  t h e  subsequent thermograv imet r i c  ana l ys i s ,  these s o l i d s  were re -  

heated t o  600°C i n  a i r .  As shown i n  F i g .  13, ~ 2 0 %  we igh t  l o s s  occur red  

on h e a t i n g  t o  600°C and t he  n i t r a t e  con ten t  decreased from 16.7% t o  0.5%. 

The we igh t  1  oss observed on thermogravi  m e t r i  c  a n a l y s i s  i s  g r e a t e r  than 

t h a t  due t o  t he  decrease i n  n i t r a t e  con ten t  (26% vs 16%). The d i f f e r e n c e  

i s  probably  due t o  t he  l o s s  of  sorbed H20 s i n c e  no p a r t i c u l a r  ca re  was 

taken w i t h -  r ega rd  t o  atmospheric p r o t e c t i o n  i n  t he  hand1 i n g  and s to rage  

o f  the  i n i t i a l  n i  t r a t e - b e a r i n g  s o l  i d s .  The n i t r o g e n  ox ide  gases r e s u l t i n g  

from the  i g n i t i o n  s t e p  cou ld  be convqr ted  t o  n i t r i c  a c i d  by abso rp t i on  

methods. Counce has s t u d i e d  t h e  abso rp t i on  o f  n i t r o g e n  ox ide  vapors 

t o  r ecove r  n i t r i c  ac id .  

3.4 E f f ec t i veness  o f  Hydroch.1oric A c i d  
and Che la t i ng  Agents as Leachants 

Some sma.l'l-scale s c o u t i n g  exper iments were c a r r i e d  o u t  u s i n g  so lu -  

t i o n s  of HC1, EDTA, and DTPA (Tables 17-20). I n i t i a l  t e s t s  showed t h a t  

2  t o  6 1 HC1 o r . 0 . 5  - M EDTA s o l u t i o n s  o f  pH 8.2 and 11.6 were e f f e c t i v e  

leachants  f o r  removing r a d i  um f rom No. 1 uranium t a i l i n g s  a t  80°C and 33% 

c o n c e n t r a t i o n ' o f  s o l  i ds .  However, 2  t o  6  - M HC1 was n o t  q u i t e  as e f f e c t i v e  

as 3  - M HN03 (see Table l o ) ,  w h i l e  0.5 1 EDTA s o l u t i o n s  i n  t h e  pH range 

8.2 t o  11.6 were more e f f e c t i v e  on t h e  bas i s  of  two-stage leach  t e s t s .  

F u r t h e r  t e s t s  a re  needed t o  b e t t e r  eva lua te  these  l each ing  s o l u t i o n s  w i t h  

r ega rd  t o  t h e i r  u t i l i t y  a t  va r ious  concen t ra t i ons  o f  i n i t i a l  reagent ,  
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F i g .  13. Weight loss  o f  n i  t rate-bearing s a l t s  obtained from n i t r i c  
acic leach 1 iquors as a f ~ n c t i a n  of igni t ion t em~era tu re .  



Table 17. Ef fect  of h y d r o c h l o r i c  a c i d  concen t ra t i on  on t h e  
batch,  c rosscu r ren t  l e a c h i n g  o f  rad ium f rom No. 1 

uranium m i l l  t a i l i n g s  a t  33% s o l i d s  
concen t ra t i on  and 80°C 

Cond i t ions :  5 g  o f  s o l i d s  shaken w i t h  10 m l  o f  
l each  s o l u t i o n  i n  each s tage f o r  
4 h r  

2 2 6 ~ a  i n  s o l  i d s  
HC1 ( p ~ i / g )  Cumulat ive 
conc. Run Stage I n i  ti a1 % Ra 
(1) No. No. s o l  i d s  Resi due 1  eached 



Table 18. E f f e c t  o f  pH on t h e  c r o s s c u r r e n t  l each ing  of  
rad ium f rom No. 1 uranium m i l l  t a i l i n g s  w i t h  

0.5 M EDTA a t  33% s o l i d s  
c o n c e n t r a t i o n  and 80°C 

Cond i t ions :  5 g o f  s o l i d s  shaken w i t h  10 ml o f  ' leach 
s o l u t i o n  i n  each s tage f o r  4  h r  

2 2 6 ~ a  i n  so1,ids 
pH o f  (pC i /g )  Cumul a t i  ve 
' l each  a Run Stage I n i t i a l  % Ra 

s o l u t i o n  No. No. s o l  i d s  Res i due 1  eached 

a ~ h e  pH was a d j u s t e d  t o  correspond t o  s o l u t i o n s  of sodium 
s a l  t s  hav i  ng t he  f o l  l o w i  ng mole r a t i  os o f  sod i  um t o  
ami nopolycarboxy l  i c a c i d :  

@! Na/ EDTA 

b~~~~ was used i n  0.33 M concen t ra t i ons  because t he  reagent  
was n o t  s o l u b l e  a t  0.5-kJ concen t ra t i ons  a t  pH = 6.4. 



Table 19. E f f e c t  o f  pH on t h e  c rosscu r ren t  l e a c h i n g  
o f  radium f rom No. 1 uranium m i l l  t a i l i n g s  w i t h  

0.05 - M DTPA a t .  33% s o l i d s  concen t ra t i on  and 80°C 

Cond i t ions :  5 g  o f  s o l i d s  shaken w i t h  10 m l  
o f  leach  s o l u t i o n  i n  each stage 
f o r  4  h r  

2 2 6 ~ a  i n  s o l  i d s  
( pCi/g) . -- Cumulat ive 

Run Stage I n i  ti a1 % Ra 
pHa No. No. s o l  i d s  Residue 1 eached 

- - -- -~ - - - -- --p-ppp 

a The pH was ad jus ted  t o  correspond t o  s n l u t i n n s  n f  sot-ii~.m s a l t s  
hav ing  the  f o l  1  owi ng r a t i o s  o f  sod i  um t o  ami nopolycarboxy l  i c 
ac id :  

pH Na/DTPA r a t i o  
4.0 2 
6.4 3 
9.5 4 



Tab le  20. Comparison o f  severa l  leachants  f o r  
t h e i r  e f f e c t i v e n e s s  o f  2 2 6 ~ a  removal f rom 
No. 1 uranium m i l l  t a i l i n g s  a t  33% s o l i d s  

c o n c e n t r a t i o n  and 80°C 

Leach i ng 
% L L u ~ a  leached 

Stage Stage Stage 
agent 1 2 3 

3 - M HN03 4 6 7 4 8 7 

3 - M I-IC1 3 6 5 7 6 5 

6 - M HC1 39 48 5 9 

0.5 - M EDTA, pH = 11.6 7 9 88 a 

0,s - M EDTA, pH = 8.2 4 3 85 a 

0.05 - M DTPA, pH = 4-9.5 16 18 a 

a. 
Nnt determined. 



the r a t i o s  o f  leach ing  s o l u t i o n  t o  s o l i d s  used i n  leaching,  and the 

optimum number o f  leach ing  stages. Also, t a i  1  i ngs samples from d i f f e r e n t  

, sources need t o  be tested. A t  the cond i t ions  and the p a r t i c u l a r  t a i l i n g s  

sample employed t o  date, r a d i  um leach ing  i s  n e a r l y  independent of HC1 

concent ra t ion  over the range 2 t o  6  - M. L i t t l e  d i f f e r e n c e  was observed 

between the  e f fec t i veness  of 2 and 3  - M HC1; however, when the concentra- 

t i o n  was increased t o  6 pl HCl, i t  was decreased by about 5 t o  10% (Table 

17). 

4. TENTATIVE CONCLUSIONS AND FUTURE PLANS 

A r e l i a b l e  procedure has been developed f o r  the ana lys is  o f  2 2 6 ~ a  

i n  n i t r i c  a c i d  leach so lu t i ons  o f  uranium ore and t a i l i n g s .  

N i t r i c  a c i d  i s  an e f f e c t i v e  leachant  o f  radium f rom uranium o re  o r  

t a i l i n g s ,  and the res idue produced by n i t r i c  a c i d  leach ing  i s  r e f r a c t o r y  

w i t h  respect  t o  f u r t h e r  radium leach ing  by water. No important  d i f f e r -  

ences were observed i n  the leach ing  behavior  o f  o re  and m i l l  t a i l i n g s  

der ived f rom the same ore. I n i t i a l  r e s u l t s  show t h a t  thor ium and uranium 

can be ex t rac ted  from leach so lu t i ons  by TBP and t h a t  radium can be car- 

r i e d  on BaS04 w i t h  good y i e l d  from n i t r a t e  s o l u t i o n s  under the  proper  con- 

d i t i o n s  o r  can be loaded onto c a t i o n  exchange r e s i n .  

Future work should i nc lude  s tud ies  o f  the leach ing  o f  thor ium and 

uran i  um us ing  n i t r i c  o r  hyr i rnchlar i  c  ac ids  and t h e i r  subsequent recovery 

hy so l ven t  e x t r a c t i o n  and i o n  exchange methods. 

Scout ing t e s t s  w i t h  complexing agents such as EDTA and DTPA a t  d i f -  

f e r e n t  pH cond i t ions  and w i t h  HCI and HN03 w i l l  be expanded t o  i nc lude  a  

l a r g e r  v a r i e t y  o f  o re  and m i  11 t a i l i n g s  samples. Recycle o f  n i t r i c  a c i d  



and o t h e r  p rom is i ng  agents w i l l  be i n v e s t i g a t e d  i n  g r e a t e r  d e t a i l .  

E v e n t u a l l y  , we expec t  t o  develog a t e c h n i c a l  l y  f e a s i b l e  f lowsheet ,  based 

on e s t a b l i s h e d  technology,  t o  i s o l a t e  and concent ra te  2 3 0 ~ h  and 2 2 6 ~ a  

f r om t h e  huge b u l k  of m i l l  t a i l i n g s .  The f l owshee t  f o r  removing t h e  long-  

1  i v e d  rad ionuc l  i des  must a1 so be compat ib le  w i t h  the  main-1 i n e  process 

t h a t  i s  used t o  r ecove r  uranium f rom the  o r i g i n a l  o re .  
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