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F. M. Scheitl in 
W. D. Bond 

SUMMARY 

Studies made d u r i n g  t h i s  report  period emphasized the leaching o f  

uranium ore and  mill t a i l i ngs  t o  remove radium. 

performed t o  o b t a i n  d a t a  on the r ry  o f  radium, thorium, and 

ch liquors and on the recycle o f  leaching agents. 

A few scou 

hydrochl o r ?  G aci d ,  ethyl en c acid ( E D T A ) ,  

t r i  ami nepentaaceti c acid ( 

sample o f  a western U.S. ore and t w  les o f  t a i l ings  ined from 

different  u r a n i u m  mills t h  

ed as leachants u s i n g  one 

sul furi  c acid leach process 

d solids w i t h  rad ium c roaching 10 pCi /g  ( d i  un1 

removal) were obtained a f t e r  s ix  s t  s o f  batch, crosscurr 

O3 a t  33% concentration of so l ids  and  a temperature o f  6WC. 

Hydrochloric acid,  EDTA, and DTPA have n o t  ye t  been tested t h r o  

s o f  crosscurrent leaching. However, on the basis o f  two- 

pH values of 8.2 t o  1 

or ic  acid in two- o r  three-stage 

on mill t a i l i ngs ,  0 .5  I M EDTA so lu t  

f o u n d  t o  be more e f fec t ive ,  

t e s t s  was less e f fec t ive ,  t h a n  n i t r i c  acid. Solutions o f  0 .3  M 

4.0) and  0.05 l- DTPA (pH, 4 t o  10) were ineffective.  

Essenti a1 l y  no important d i f fe re  re observed i n  the  l e  

a v i o r  o f  ore and o f  mill t a i l ings  de from the same ore. The re- 

sidue remaining a f t e r  s ix  stages of  n 

int ractable  t o  radium leach e r  o r  additional n i t r i c  acid 

cid leaching was r e l a t iv  



2 

leaching, In i t i a l  t e s t s  indicated t h a t  the recycle o f  n i t r i c  acid i s  

chemically feasible by evaporating the leach 1 iquors t o  recover unused 

acid a n d  then thermally decomposing the metal s a l t s  t o  recover consumed 

acid. 

t o  be chemically feasible in a ser ies  o f  experiments with leach l iquors,  

b u t  processi ng appl i cations woul ai p robably  require methods f o r  bar i  urn 

Radium recoveries o f  99'% by carrying on barium sulfate  were shown 

recycl e and  bari um-radi um separation. Recovery of 230Th and urani urn from 

n i t r a t e  leach 1 iqiiors by tri-2-butyl phosphate extraction appears promis- 

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

1. INTRODUCTION 

Present methods f o r  processi ng urani urn ore produce mi 1 1  t a i  1 i ngs 

which represent a potenti a9 r a d i  ologi cal haza rd  f o r  thousands o f  years 

and  thus would require long-term surveillance. '  The radiological hazard 

stems from the presence o f  the uranium decay chain members 230Th, 226Ra, 

and *'OPb, whose decay half-l ives are 80,000, 1620, and 19.4 years 

respectively (Fig. 1) .  

Even t h o u g h  impoundment, bclow-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-term basis have been proposed as control measures,' t a i l -  

i ngs management methods o f  these types require perpetual survei 7 1 ance. 

Eventual water invasion o r  loss o f  physical in tegr i ty  coiild cause problems 

relat ive t o  water pollution o r  radioactive radon gas emission. 

One solution t o  the above-mentioned problems would be t o  f i n d  a 

process ( o r  a combination o f  processes) sui table  fo r  removing the **'R, 

and the 230Th parent o f  226Ra and concentrating them by factors which 

would a l low the concentrates t o  be stored in a manner siniilar t o  t h a t  
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used f o r  reactor fuel wastes. "The heat loads o f  such concentrates would 

be much lower t h a n  those o f  reactor fuel wastes. For example, i f  ;a con- 

cerrtrati on factor o f  1 rrii 11 i on coul d be sbtai  ned ¶ the ~140 mi 7 1 ion nietri c 

tons (MT) o f  t a i l ings  estimated t o  be i n  surface piles a t  2 1  operating 

mills and 22 abandoned s i t e s  in January 1939 would  produce a concentrate 

of 140 MT of solids with 226Ra and 230Th contents o f  ~1 mCi/g  each. 

2 

226Ra The most i tnniedi a t e  concern posed by these t a i  1 ings i nvol ves 

i t s e l f  o r  i t s  daughter '**Rn¶ which i s  an alpha-particle-emie-t; ing gas 

w i t h  a 3.8-day ha l f - l i f e .  The "maximum permissible concentrations" o f  

226Ra and 230Th i n  drinking water are 3 ,3  and 667 pCi/ l i ter  respectively. 

The "suggested" l imi t  for  226Ra in soi l  a n d  building materials i s  20 

~ C i / g . ~  

being debated; nevertheless, the l imits o f  3.0 pCi/ l i ter  i n  water a n d  

These l imits have been somewhat controversial a n d  are s t i l l  

20 pCi/g in sol ids  may be considered as qoals fo r  the present. 

M o s t  uranium ores ( 0 . 2 %  U308) and ta i l ings  have 226Ra concentrations 

o f  GOO p ~ i / g ; " ~  therefore,  a reduction factor  a - ~  a t  l ea s t  ~ O O / Z O  = 40 

(97.5% removal) i s  required f o r  the sol ids  l o  be below the 2 0 - p C i j g  level .  

Tailings have essent ia l ly  the same rad ium content as the origir-la1 ore 

since b o t h  of the major ore processing methods -' su l fur ic  acid and sodium 

carbonate methods - resu l t  in radiiirti reporting t o  the ta i l ings  solids o r  

ponds.5 Nitric acid leaching o f  ore a n d / o r  t a i l ings  has been shown t o  

have promising potential and thus was continued as the main thrust o f  

o u r  work t h i s  year.4 A few scouting tes t s  u s i n g  other leachants were 

a l s o  performed. Only a few scopirig t es t s  were made t o  o b t a i n  d a t a  on 

recovery o f  radionucl ides from the leach 1 i q u o r  and on recycle o f  the 

ni tr-ic acid. 
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2. EXPERIMENTAL MATERIALS, APPARATUS, AND P ~ ~ ~ ~ ~ ~ ~ E ~  

Many o f  the procedures used i n  t h i s  work are adaptations of methods 

t h a t  have been described p r e ~ i o u s l y . ~  However, descriptions o f  the 

materials and methods used are i n c h  

2 . 1  Materials 

The samples o f  uranium ore and mill t a i l ings  used in the majority 

UT th i s  work were sandstone type rom the western p a r t  o f  the !Jns’tcd 

States ,  and were designated as No, 4 ore and  ta i l ings  by Rysn and  Seeley. 

A s igni f icant  amount o f  work has also been done with refractory t a i l i ngs  

. 1, which was reported by Ryon and Seeley t o  be the ’least amenable 

4 

4 

t o  n i t r i c  acid leaching. h o f  the mill t a i l ings  saniples, Nos. 1 and 4 ,  

ere  obtained from uranium mills t h a t  use t h e  su l fur ic  acid leach process. 

No work was done using ta i l ings  from mills t h a t  employ t h e  carbonate 

leach process. The analyses For the ore and  t a i l ings  samples, as reported 

by Ryon and Seeley,4 

follows: Approximately 100 lb  o f  dry e r i a l  was blended and divided by 

quartering and r i f f l i n g ;  then 100 g o f  the result ing product was g r o u n d  

t o  4 0 0  mesh (149 ym) a n d  blende 

analys i s 

are given in Table  1. The sal-nplcs were o b t a i  

o provide 1- t o  2-9 portions f e r  

Results o f  sieve tests on the r i f f l ed  ore a n d  t a i l i n g s ,  along with 

e radium content o f  each f ract ion,  are given i n  Table 2 .  The 

were i n i t i a l l y  ground t o  completely pass through the 1180-~m (U.S. mesh 16) 

screen; then a 25-g sample was ad  t o  the t o p  screen, and  the a ~ ~ ~ ~ b ~ e ~  

screen nest was placed on a Ro-?a ieve-shaker for 20 min. The trend 

shown in  Table 2 i s  unmistakable - the f ine r  material i s  r icher  i n  radium, 



Tab le  1. Analyses o f  uran-iutn ore and m i l l  t a i l i n g s  

N o *  4 ...............II..̂ ...~ No. 1 
Component T a i  9 i ngs 0 re T a i  1 i ngs 

226Ra 

230Th 

Po 

U 

Ba 

Ca 

N a  

Fe 

A1 

T o t a l  

Analysis ,  i n  p C i / g  

910 768 

322 99 1 

395 206 

A n a l y s i s ,  i n  w t  % 

0.015 0.23 

0 .15  0.091 

2 - 5  1 . 2  

0.40 0.32 

0.70 1.4 

1.4 1.3  

3.9 5.7 

4.89 0 .38  

2.6 0.93  

716 

133 

176 

0.0065 

0.10 

0 .73  

0.20 

1 , 7  

0.87 

5 . 2  

0.99 

1.1 
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Table 2. P a r t i c l e  s ize  d i s t r i b u t i o n  of No. 4 
uranium ore and tailings 

--- Tai 1 i ngs 
226R, 

Or€! 
226R, 

500- 1 180a 53.6 653 38.7 317 

300-500 18.8 424 26.4 65% 

150-300 15.3 613 2 2 , 3  855 

105- 150 5 .O 885 4 .5  1125 

1.9 b 2 .2  1320 

4 .0  1955 4.5 15 

<44 1 .4  2 1.3 2657 

m a t e r i a l  was found 
rmi ned 
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1 which agrees w i t h  the d a t a  o f  Seeley' and o f  Sears e t  a l .  
4 Ryon a n d  Seeley had  found No. 1 ta i l ings t o  be very refractory,  

presulnably due t o  their  high su l fa te  (4 .89%) and  organic carbon (0.23%) 

contents. 

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

Thus, many o f  t h e  l a t e r  scouting t e s t s  were conducted w i t h  

a leaching reagent. 

2 . 2  Apparatus and Analytical 1nst;rumentation 

2 . Z 1  Leaching apparatus 

'Two different  se t s  o f  apparatus were used in the leaching experiments, 

depending on whether t h e  scale of the work was with 100 t o  290 g o r  5 g 

o f  sol ids .  The 100- t o  200-g leaching apparatus, shown s'n F i g .  2 ,  con- 

s i s t s  o f  M i t e r  s ta in less  s teel  beakers t h a t  are immersed in a thermo- 

s ta ted water ba th .  S t i  wing i s  provided by an  overhead-mounted s t i r r e r  

whose s h a f t  passes t h r o u g h  a cTef1~1-1 sleeve in the water-cooled l i d .  

Cooling o f  the l i d  was found t o  be necessary in order t o  prevent excessive 

loss of volume by vaporization, especially for  the longer (48-hr) leaching 

runs. 

In  the  small-scale s c o u t i n g  t e$ t s ,  mixing was accomplished via a 
* 

shaker apparatus which was contained in a control led-temperature water 

b a t h  tieaswing 25 in .  l o n g  x 14 in.  wide x 16.5 i n .  deep. A rnotor-operat- 

ed shaker and  holder permitted u p  t o  eight samples t o  be leached sirnul- 

taneously. 

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

Samples were contained i n  glass culture tubes (16 rnm diam by 

gaskets .  I n  each t e s t  with th i s  apparatus, 5 g o f  sol ids  was contacted 

* 
Model "Magni-Whirl" from Blue M Electr ic  Co. Blue Island, I11 
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with 10 m l  o f  the leachant being evaluated, 

2.2.2 226~a counti ng i nstruments -.._1.._____1 

Two gamma counting instruments are used for  226Ra analysis. In  each, 

the 609-keV gamma ray from the 214Bi decay product o f  226Ra i s  used f o r  

making analytical calculations (see Sect. 2 . 4 . 1 ) .  

Large (100-9) sol id  samples are coinnted in the apparatus shown in 

F i g .  3, using the procedure detailed in Sect. 2 .4 .1 .  T h i s  instrument i s  

a 3-in.-diam NaI, well-type gamma counter t h a t  has been modified t o  accept 

a 3- by 1.5-in. closed p las t ic  dish (see Fig. 4 ) .  The detector signal i s  

sent t o  a TN-1218 amp1 i f i  e r  a n d  a Tracor-Northern mu1 t i  channel p u l  se-hei g h t  

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

The other gama-counting system (Searle Analytic, Inc. ,  automatic 

garnrna counting system Model 1185) can be s e t  t o  a par t icular  gamma-energy 

window and has t h e  capabili ty o f  automatically counting up t o  300 samples 

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

NaI crystal .  Small samples (1 t o  5 g o f  so l ids )  are  counted in the 16-mm- 

diarri by 125-(or 150-)nm-long culture tube sample bot t les .  This system 

(Fig. 5 )  i s  used for  the counting o f  sealed samples o f  226RaS04 carried 

on BaS04 (see Fig. 4 and  Sect. 2 . 4 . 1 )  and o f  the residues from t h e  small- 

sca le  (5 -9 )  leach t e s t s  (Sect. 2 - 3 3 ,  

2 .3  Leaching Procedures 

Three types o f  leaching t e s t s  were carried o u t  during th i s  report 

period: ( I )  100- t o  200-9 quant i t ies  of solids (ore o r  t a i l i ngs )  were 

leached with acids fo r  various tinies; ( 2 )  100 g of acid-leached residues o r  

ta i l ings were leached w i t h  water ;  and ( 3 )  scout ina  t e s t s  were made usi,ng 

5 g o f  so l id s .  
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22.1 Asid leach ~I--........... t e s t s  w i t h  '200-g quantit ies ....-..I-- o f  sol ids  .... 

The  procedure used i n  the a c i d  leaching t e s t s  consisted o f  f ive s teps ,  

which can be described as follows: 

1. Two 1OO.O-g samples o f  orc ( o r  t a i l i ngs )  were counted 

separately on the Tracor-Northern instrument t o  arr ive 

a t  an average 226Ra analysis, i n  picncuries per gram. 

2 .  These two samples plus  400.0 m l  o f  acid o f  the desired 

strength were added t o  a 1 .0 - l i t e r  s ta in less  s teel  leach 

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

apparatus ( F i g .  2). 

The slurry was s t i r r e d  a t  500 rpm f o r  the specifl"ed 

t i m e  a t  the desired temperature level.  

3. 

4 .  The leached s lurry was f i l t e r ed  using a lrlhatman No. 42 

f i l  t e r  paper. The f i  1 tcred sol ids were water-washed 

from the paper into a beaker  and r e f i l  tered,  dried a t  

100°C i n  an oven, weighed, a n d  counted. 

5.  This procedure was used .For- "33% sol ids"  ( L e . ,  200 g 

o f  so l id s  per 400 ml o f  ac id)"  In  cases where other 

ra t ios  were used, t h e  volume o f  acid t o  the w e i g h t  o f  

sol ids  was appropriately adjusted. In oiw def ini t ion,  

the density o f  t h e  liqu-ld i s  always a rb i t r a r i l y  taken 

as 1.0.  For example, the above conditions are cal- 

culated as follows: % solids = *0° + 40'ijl x 100 = 33. 

2 , 3 . 2  ... Water . .. .. . . .. leach ts2.t; procedure 

The procedure used i n  t h e  water leaching t e s t  consisted of f o u r  s teps ,  

which can be described as follows: 



1. 

2. 

3 .  

4 ,  
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A 100-g sample o f  d 

and 3000 ml o f  d i s t i  e r  was added. 

The s lurry was s t i r r e d  for  the specified time a t  a r a t e  

which gave good sus 

A t  the end o f  the t e s t  perio 

and the l iquid decante h r o u ~ ~  a Whatrnan No. 42 f l l t e r  

paper. 

A 2000-ml volume o f  l e  for  

determi n-i ng r ad i  urn c described in Sect. 2.4.1.  

was p u t  i n t o  a 4 - l i t e r  b 

e slurry was c 

2.3.3 -- Scouting t e s t s  using 5-9 quant i t ies  o f  solids _I 

S c o u t i n g  t e s t s  with s 

permit determination o f  co 

1 quant i t ies  o f  sol ids  were i n i t i a t e d  t o  

oul d warran t  fur  

. All sol ids  used i n  t t e s t s  were passed t h  

ve (119O-ym openi break u p  agglomerates 

Duplicate 5.0-g porti  l ings were wei 

-di arn b y  150-m-1 ong e w i t h  thread 

i ni t i  a1 a count  for  r ad iu  a s  obtained by using 

unter system. A 10-rnl volume o f  the a 

ution t o  be used had been ad o l i d s ,  the threaded cap 

hylene gasket was sc The tubes were then p 

r b a t h  (e ight  can be ated simul tareo 

c i f ied  time a t  a selected rature.  A t  the 

d the sample tubes were and then centr i  

used for  l iquid s. The residue 

water in the tube by a d d i n  a t e r ,  shaking t o  



and recentrifuging. 

carded, a " f i n a ?  count" o f  the sol ids  was made. This method was especially 

After the wash water had been drawn off and dis- 

convenient because t h e  solids did n o t  have t o  be transferred a f t e r  leach- 

i n g  a n d  washing. The culture tube could be inserted in the NaI crystal  

well o f  the Searle counter direct ly .  

2 . 4  Analytical Procedures 

A knowledge o f  the amounts of various constituents i s  obviously 

essenti a1 t o  the interpretation o f  the s--esul t s  o f  these experiments. 

Methods t h a t  were capable o f  giving reasonably accurate resul ts  for  a 

large number o f  samples in a reasonable time were desired. 

2.4.1 Analysis o f  226Ra &means o f  609-keV g a m a  counting . __I --l_s____ll__--._..-..-."- ." 

Evaluation o f  the resul ts  o f  t r i a l  processing methods for  radium 

removal from uranium ore ta i l ings  obviously requires a method o f  analysis 

t h a t  i s re1 i a b l  e ,  preferably s imple, reasonably accurate and rapi d .  

Ryon and Seeley4 a n d  Yagnik' had concluded t h a t  most o f  these requirements 

were met by BaS04 carrying o f  RaW4 and subsequent counting o f  the 609-keV 

gamma emission from the 214Bi daughter o f  226Ra.  he radon emanation 

which r e l i e s  on complete evolution o f  the 222Rn daughter, alpha 

counting o f  the g a s ,  a n d  d i rec t  alpha counting o f  the 226Ra a f t e r  electro- 

deposition, has many undesired aspects and possible p i t f a l l s ,  especially 

when a large number o f  samples are involved. 

some uncertainty as t o  whether n i t r i c  acid would cause undue interfer-ence 

in the radium carrying on BaS04.* Section 3.3.2 addresses th i s  problerri 

There remained, however, 

in  greater detai l  Considerable e f f o r t  was required t o  s e t  up and develop 

a re l iab le  procedure f o r  analyzing the 226Ra contents o f  n i t r i c  acid 



solutions.  

i ac t iv i ty  must under conditions 

oncentration, The m 22 t o  cal cul ate the 

ua t ion  for  th i  when secular 

the uranium decay 

B1’ are equal. In  

r a  i t s  daughters i s  the sample must be 

pe of 222Rn and an t 30 days must r 

n t  o f  equi 1 i b r i  u an estimate o f  

2% o f  i t s  true 

d on the 214i3i activa” curve a t  two d i  

e t1 > 4 hr and  t2 > 4 f o u n d  th i s  met 

7 for l iquid sarnpl r ther  described 

section. 

T I gamma-ray spec t  i s  presented i n  F 

raph o f  one of the cathode-ray 

u l  tichannel an i n  Fig. 7. The 

ray peak from e seen a t  t h e !  r igh t  i n  ea 

e in tens i t ies  o f  from 226Ra are -in 

haws t h a t  the 609 i s  the mast abun 

sent t o  extent o f  43% of‘ ions of a 

usly s t a t ed ,  conip 

his guarantees t 

rs are a t  equil ( i n  1 hr so a t  the m 
4 a n d  d a t a  reported See1 ey i n d i  cate 

um ore o r  t a i l ings  o r  lea o r  t a i l ings  do not  lose a 
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F i g .  6 .  NaI gamma-ray spec t ra  o f  **%a decay ser ies .  
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Table 3. Gamma-ray 5nergies and re la t ive 
in tens i t ies  o f  26Ra daughtem 

Energy Re1 a t i  ve 
Radionucl i de ( k N  intensi ty  

‘I4Pb 29 5 18 

’14Pb 35 2 35 

214Bi 609 43 

214Bi 1765 17  

214Bi 1120 14 



2 1  

can t  n t  o f  222Rn when l ess  t h a n  %I50 i n  

e types o f  s d immediately. 

carried on B must be seal 

radium i s  s aughters d u r  

sealed sampl nting %100-g 

g. 3, 

mma counters w 

3, and 104 co 

ined f r o m  the Laboratory ( N B L )  . 

respectively. S 

provided by F. also used for 5. 

ood agreemen The calibration 

ern "100-9" mined t o  be 1 

t o  convert counts , t o  picocuries 

f detection Q 

he same chann 

the 609-keV 

ed for  b o t h  a 1 

factors o b t a i n  

s very s tab le  a t  

t t o  68 pCi us ing  . The e f f i c i  

es were 29 and 2 
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The higher counting eff ic iencies  are t o  be expected since small-volume 

counting “ in  the well” o f  the NaI c rys ta l ,  as i s  done in th i s  instrument, 

would be expected t o  be more e f f i c i en t  ( 2 7  to 29%) t h a n  counting on t o p  o f  

the crystal , as in the case o f  the Iracor-Northern setup ( 7 . 2 %  eff ic iency) .  

The calibrations discussed above served f o r  b o t h  sol id  a n d  l iquid sample 

analyses since the liquid samples involved carrying t h e  radium on DaS04 and 

counting the sol id  BaS04 a t  several t imes a f t e r  sealing. 

The sample counting time f o r  the Tracor-Northern assembly was 10,000 

o r  20,000 sec for  100-g samples in t h e  range o f  ~ 5 0 0  t o  900 pCi/g, and  a 

60,000 sec counting time was used t o  determine background. Based on 8 sep- 

arate  determinations over a 6-month period, the average Val ues o f  back- 

ground and i t s  standard deviation were 12.56 a n d  0.66 cpin, respectively. 

Sample counting time for  the Searle instrument i s  100 min. Three 

blanks (background) and three standards are counted, a l o n g  with each g roup  

o f  samples. 

d a r d  deviation o f  0.34 cprn, based on 17 groups o f  5 samples each measured 

The resul ts  for  the background averaged 18.86 cprn with a stan- 

over a period o f  5 months, 

Analysis of I...--. **‘Ra in l iquids.  I____D__ ~ The method used t o  analyze l iquids for  

r a d i  urn involved the precipitation of  BaS04 t o  carry the RaS04. The preci- 

p i ta te  was then isolated,  sealed under paraffin t o  retain the gaseous ’*%n 

daughter, and  counted in  the Searle instrument. Since many of t h e  l iquids 

contained n i t r i c  acid, which has been reported t o  interfere  in  radium car- 

rying,* a special study was necessary ts ensure good analytical resu l t s .  

The use o f  BaS04 i n  recovery processes for  radium i s  a l s o  discussed in 

Sect. 3. The s t e p s  in the procedure are as fsllows: 

1. Take an appropriate aliquot o f  sample such t h a t  i t s  

f inal  acidi ty  a f t e r  dilution t o  a f inal  vsluine o f  200 
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ml i s  0 . 3  - M o r  less i t  in to  a 250-ml 

2 .  Add 20.0 ml of  0 .1  M ng  the volume up t o  % 

m l ,  and heat t o  boiling. 

3 .  20.0 ml o f  0.1 M solution f rom a buret t  

while s t i r r i n g  ( a d  r t ions over a i n  

period) . 
4. Continue heating for 10 

stand overnight. 

5 .  n t  o f f  most o f  ; remove 

min; l e t  cool and 

the  sol ids  adhering 

t o  the sides and  t beaker with a 

fer  the BaS04 ceman, and qua 

counting tube. Cen a n d  discard t h  

supernatant 1 i qui d,  b o t  t o  unduly d 

the  centrifuge c o f  sea sand, 

i n .  o f  melted para a1 in the 

record the sealing time. 

6. Wait a t  l eas t  4 hr , a n d  then count ii 

the Searle ins t ru  a f t e r  an addi t io  

4-day w a i t  and comput e of the equi l ib  * 

value o f  *I4Bi ( F i g .  8).  C the estimate w i t h  

additional count r 3  t o  o b t a i n  the t rue ey 

b r ium value of 214 i ch 1s the 226Ra dis 

t i o n  ra te .  

Figure 8 gives the equations fo t i n g  the  226Ra. @a1 

eniently made using a calculator .  The d a t a  

are the count ra tes  a t  %4 l eas t  4 days a f t e r  t h a t ,  and 
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COUNTING THE 609-keV GAMMA OF B i - - 2 1 4  DAUGHTER AT 
TWO TIMES AFTER S E A L I N G  FOR RADON-222 R E T E N T I O N  

C R I T E R I A  
1. T I M E  P1 MUST BE GREATER THAN 4 hours (0.17 days) 

2. AT MUST BE GREATER TI-{AN 4 days ( i  .e .  T2>4. I7 days)  

-0.1812 AT c, - C,e 

WHERE 
C 3  =I E Q U I L I B R I U M  COUNT RATE OF 

C 2  = COUNT RATE OF Bi -214 AT T I M E  T2 
C 1  rz COUNT RATE OF Bi -214 AT T I M E  TI 

81"-214 R A D I U M - 2 2 6  

AT 1. T1 - PI  

D E R I V A T I O N  BY R .  E. L E U Z E  

~ i g .  8. 
e q u i l i b r i u m .  

Method for  e s t i m a t i n g  2 2 6 ~ a  i n  samples n o t  a t  secular 
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i n g  times a f t e r  e equations were der 
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es have given ues 

h samples because 

ample5 (Sect,  2, acidic  by adding 

HC1 e Subsequently 145 y BaGl* s 

0 ml o f  conce re added; then 

boiling and  a l l  might .  The 

into a counting t u  

re f o r  analysis o f  1”s a modifica 

o f  radium deterrn i  ndard  niethsd w 

place of  rad 

alpha s c i n t i l l a t i o n  count  

2. 

Nit r ic  acid sol u t i  on were analyze 

a1 i quots with ing a pH meter 

contained ap t i e s  Since many o f  

n t  was taken as 

i ng t i  t r a t i  on 
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Nitrates were analyzed by t a k i n g  sui table  aliquots,  di lut ing i f  

necessary, a n d  ana lyz ing  the solution using a specjf-k ion electrode for  

n i t r a t e  ( O R I O N  Model 93-97) together w i t h  the O R I O N  Research Ion-Analyzer, 

Model 901. Proper care must. be taken t o  avoid interfer ing ions for  which 

d a t a  are provided with the electrode. 

2 . 4 . 3  ~ Uranium and other ..- elemental constituents I_ o f  ore and  t a i l ings  .__-_1 leach 
solutions 

Analyses o f  the ore sairiples a n d  the mi11 ta i l ings  leach solutions 

were provided by the ORNL Analytical Chemistry Division; the methods used 

f o r  the various constituents are summarized i n  Table 4 .  

3. RESULTS A N D  DISCUSSION 

The removal o f  hazardous nuclides from uranium ore o r  mill t a i l ings  
4 

a n d  complex- 

reyui res t h a t  the nucl ides be sol ubi 1 ized. Many agents,  including n i t r i c  

and hydroch 1 ori c 2  aci ds , sodi urn chl ori de sodi u m  n i  t r a t e  , 

i n g  agents such a s  ethyl enedi ami netetraaceti  c acid ( EDTA) and diethyl ene- 

t r i  aminepentaacetic acid (DTPA) ,s’7 have been tested f o r  th i s  purpose. 

Since n i t r i c  acid had shown promising r e s u l t s Y 4  i t  was eniphasized in o u r  

i n i t i a l  work. A few t e s t s  were also performed using H C I ,  EDTA, and DTPA 

as leachants. A few scoping studies were carried o u t  t o  obtain d a t a  on 

t h e  recovery of radi  onucl ides from 1 each 1 iquors and on the recycle of 

n i t r i c  acid. 

3.1 Effectiveness o f  Nitr ic  Acid as a Leachant for  Radium 

3.1.1 Dissolution o f  226Ra from uranium ore 

Table 5 and Fig. 9 show resul ts  obtained for uranium ore leached 
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Table 4. Met l y m i n g  ore and 
mil 1 1 u t i  ons 

U Spectrophotometric o r  f l  uorimetric 

5a 

Ca 

Fe 

A1 

s04 
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Table 5. Batch, crosscurrent leaching o f  No. 4 uranium ore with 3 HN03 a t  60°C 

Conditions: 33% sol ids  concentration and  4-hr  contact time 
per stage except where indicated 

Ini t i  a1 w t  
of sol i ds Ini t i  a1 226Ra 226Ra conc. in  Cumulative % 

Run No. Stage No. (d conc. ( pCi / g )  resi due ( pCi / g )  226Ra 1 eached 
~ 

1 1 
2 
3 

4 
5 
6 

2 1 
2 
3d 

3b 1 
2 
3 

1 

5 Id 

40 0 
a 

347 
a 

32 5 

a 

200 
183 
175 

100 
a 

83.5 

125 

200 

670 
a 

30.3 

a 
12.5  

a 

650 
222 
32.3 

1419 
a 

224 

615 

650 

a 
30.3 
a 

12.5 
a 
9.25 

222 
32.3 
12.3 

a 
224 

52 

6 3  

113 

a 
95.5 

a 
9 8 . 1  

a 

98.6 

65 .8  
95 .0  
98 .0  

a 
84.2 

96 .3  

89 .8  

82.6 

aNot determined. 
bLeaching o f  a slime fract ion separated from the ore.  
'20% sol ids concentration. 
dIn-stage leaching time was 4 8  hr. The concentration of dissolved radium as a function 

o f  tinie was a l s o  determined in  Run  5 and i s  shown in Table 6.  
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100 
0 

F i g ,  9. Uranium 
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with 3 - M I.1N03 for  4 h r  and 33% sol ids  concentration ( i  . e . ,  200 g of solids 

in 400 m l  o f  acid) .  Nitric acid a t  th i s  strength i s  an effective agent 

for leaching radium: as shown by Ryon and S ~ e l e y . ~  Their d a t a  obtained 

a t  70°C using 100 t o  200 g o f  sol ids  in each s t age  are included in F i g .  9 

f o r  compari son purposes. Subsequent scouting- type t e s t s  were performed 

usinq 5-g amounts ( F i g .  l o ) ,  a n d  no signif icant  differences were rioted. 

The small differences t h a t  are observed are p robab ly  the resu l t  of vari- 

ahili t y  in the composition o f  the original samples. D i  f f i c u l t y  was en- 

cow1 tered i n obtai n i  ng representati ve sarnpl es from master b l  ends when 5-g 

amounts were used; however, the use o f  100- t o  200-g aniounts presented no 

problems. 

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

proceeds (see Fig(;. 9 a n d  1 0 ) .  A much more refractory residue remains 

a f t e r  the f i r s t  three leaches ( a t  33% sol -ids), a n d  very l i t t l e  further 

leaching o f  radium occiirs a f t e r  a b o u t  the IO-pCi/g level i s  reached. This 

fac t  may have impor t an t .  conwquences w i t h  respect: t o  the Pnvi ronriiental 

behavior o f  n i t r i c  acid-leached ore residue. As shown i n  able 5 a n d  

F i g ,  9 ,  two stages of 3 __ M n i t r i c  acid leaching remove ~96% o f  the i n i t i a l  

radium; however, the efficiency o f  leaching diminishes r a p  d ly  thereaf ter .  

This behavior i s  further. corroborated by the scouting t e s t  d a t a  shown i n  

F i g .  10, where the radium removal becomes negligible a t  ~ 2 %  ($15 pCi/g) 

residual radium. 

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

uranium ore i n  a single-stage t e s t  indicated t h a t  an essent ia l ly  constant 

concentration o f  dissolved radiuin was attained a f t e r  ~1 hr (Table 6 ) .  

This s u g g s t s  t h a t  the rad ium was being d i so lved  from sparingly soluble 
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Fig.  10. Scou t ing  t e s  scurren t 1 each 
u r a n i  w i t h  3 - M HN03 a re shaken w i t h  
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Table 6. Concentrat ion o f  d i s s o l v e d  radium as a 
f u n c t i o n  o f  t i t i e  dirring the s i n g l e s t a g e  l e a c h i n g  

o f  No. 4 uranium ore i n  3 M HNO3 a t  33% solids 
c o n c e n t r a t i o n  am$ 60°C 

Condit ions:  200 g o f  ore s t i r r e d  w i t h  4-08 m l  

0.5 227 54.5 

1.0 2 32 58.9 

1.5 227 63.3 

2.0 213 67.4. 

2 .5  223  71.7 

3.0 224 76.0 

3.5 2 19 80.2 

4.0 218 84.4 

48.0 217 84.4 
__l____..___._.._..l__ ______ .__ * I_____.___.__I__ ~ 

a ~ h e  percent o f  “%a 1 cached ncreases w i t h  t ime  
a1 though the  c o n c e n t r a t i o n  s’s approximately con- 
s t a n t  because 25-rnl sarnples were t aken  f o r  226Ra 
a n a l y s i s  from the 400-ml aqueous volume and re- 
placed w i t h  25 rnl o f  fresh 3 __.... M HN03 a f t e r  each 
t i m e  p e r i o d  i n d i c a t e d .  
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so 
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c ien t ly .  A f  

s t  two s tages  o f  

tu ra t ian  a t  ions  i s  no 1 

3.1.2 

not (Tab le  8) .  Fu 

e conducted on i l l  t a i l i ngs  t o  

erature on radi 

9 and IO). Increa en t ra t ion  o r  1" 
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Table 7. Concentration o f  radium in residual sol ids  as a 
function of time during the single-stage leaching o f  

No. 4 uranium ore in 3 M HN03 a t  33% sol ids  
concentrationand 60°C 

Conditions: 5 g o f  ore shaken with 10 ml o f  sol ids  

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

226Ra in sol ids  
-_.______ ( PCi 1 g ) _ _ _ I _ o _ _  

Run Ti me Ini t i  a1 a Cumulative % 
No. 0-4 ore Res i due o f  226Ra leached 

1 0.25 835 322 61 

0.50 800 434 43 

0.75 772 400 48 

1.0 92 1 36 7 49 

2 "  0 754 382 49 

2 

3.0 7 36 36 2 5 1  

0.25 876 541 38 

0.50 854 4 80 44 

1.0 79 8 450 44 

2.0 80 I 433 46 

4.0 80 8 485 40 
-_.---A ..-.- ...--.- 

'Variability in  226Ra content s f  i n i t i a l  ore i s  t h o u g h t  t o  be 
due t o  i nabi l i  t y  t o  obtain a representative sample when taking 
5-9 amounts of the original ore. 
was used f o r  each time interval tested f o r  Runs  1 and 2 .  

A separate sampk o f  ore 
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Table 9. Effects of n i t r i c  acid and temperature on the leaching of 
radium from uranium mill t a i l i n g s  in single-stage leach t e s t s  

Conditions: 5 g o f  t a i l i n g s  shaken with 10 1111 o f  acid f o r  4 h r  

__ll____l____ . I__ -_---- ............. ........ 

226Ra in so l id s  (pCi/g).- 
Type of Temperature HN03 Ini t i a l a  Cumulative % 

t a i  1 i ngs Residue Ra leached 
_II__..-_ ............. ___________ - 

( " C )  ( E) 
..... __ _______ . 
sul f a t e  t a i  1 i ngs 

No. 4 

No. 4 

No. 1 

60 8 . 3  
8 . 3  
3.6 
3.6 
3.6 
3.6 
2 . 3  
2 .3  
1.8 
1.8 

796 
846 
850 
887 
754 
996 
855 
708 
76 1 
698 

186 
3 16 
505 
543 
39 1 
577 
558 
449 
529 
468 

77 
63 
41 
39 
48 
42 
35 
37 
30 
33 

80 3.6 79 8 228 71 
3.6 695 110 84 
2 , 3  708 335 53 
2.3 75 3 375 50 
1.8 745 471 37 
1.8 824 544 34 

60 8.0 773 416 46 
8.0 82 4 4 35 47 
3.0 804 545 32 
3.0 80 1 553 31 
2.0 823 650 2 1  
2 .o 804 628 22 

80 3.0 798 437 45 
3.0 805 438 46 

............ ______I ~~ ......... ...-___.... ... _l__l_ ______I 

Variabi 1 i t y  in  226Ra content of the i n i t i a l  t a i  1 ings o f  each type i s  t h o u g h t  t o  be 
due t o  i n a b i l i t y  t o  obtain a representative sample when taking 5-g amounts o f  
master samples. 
each t e s t  

a 

A separate sample o f  t a i l i n g s  of each type indicated was used i n  
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e 10. Batch, c rosscur  No. 1 uranium m i 1 1  t 
3 M HN03 a t  80°C 

ml o f  3 M -- HN03 i n  each s 

a t  33% solids 

Conditions:  5 g o f  sol i  

--_-- -I. --*--- ___I_-- 

Run  No. Stage No. Residue 

1 1 79 8 437 45 

2 437 

3 223 

223 

106 

72 

87 

2 1 80 5 438 46 

2 438 197 76 

3 19 7 112 86 
-.-. - c . c c I I I I -  -- 
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temperature increased radi um removal From the sol ids.  The i ncrease o f  

radium leachabili ty w i t h  increasing acid concentration i n  single-stage 

t e s t s  i s  expected From the so lubi l i ty  o f  BaS04 in n i t r i c  acid,  as reported 

by Ryon and  Seeley.4 Formation of the bisulfate  ion (HSQ4-) a n d  ionic 

strength effects  i ncreaw the sol ubi 1 i t y  of sparingly sol uble sulfates  

as the n i t r i c  acid concentration i s  increased, Increasing the temperature 

from 60 t o  80°C increases the radium removal by a factor  of ~ 2 ,  However, 

fur ther  studies are needed t o  detennine the effects  of n i t r i c  acid con- 

centration a n d  temperature a f t e r  the sul fa tes  have been dissolved. 

The radium i s  more d i f f i c u l t  t o  leach from No. 1 tai l ings t h a n  from 

No. 4 tai l i  rigs, which i s  in agreement with Ryon and S e e l e ~ . ~  

i s  leached a f t e r  three stages of contact with 3 M HN03 a t  80°C w i t h  No. 1 

ta i l ings  (Table l o ) ,  whereas ~ 9 8 %  i s  leached from No. 4 t a i l ings  ( T a b l e  8) 

a t  the lower temperature of 6 O O C .  

on radium removal (Tables 11 and  1 2 )  showed t h a t  essent ia l ly  no additional 

radiurii was leached a f t e r  ~1 hr, a s  was previously observed in ore leach 

t e s t s .  T h u s ,  the dissolution of radium appears t o  $e controlled by the 

degree o f  saturation of the solution w i t h  sparingly soluble car r ie r  s a l t s  

for  radium, such as CaSQ4 and BaS04, d u r i n g  the f1’rst two leaching stages 

where these compounds are  s t i l l  present. ‘The concentrations of soluble 

barium, calcium, and su l fa te  were essent ia l ly  constant a f t e r  ~ 0 . 5  hr when 

No. 4 ore o r  Nos. 1 and  4 t a i l ings  were leached. Figure 11. shows the d a t a  

for  No, 1 mi l l  t a i l ings .  Results fo r  the No. 4 ore and ta i l ings  were 

closely s imilar ,  except t h a t  t h e  saturation values f o r  barium, calcium, 

a n d  su l fa te  were different .  

Only %86% 

Studies of the e f fec t  of  leaching time 

In  three-stage leach t e s t s ,  the resul ts  for  No. 4 t a i l i n g s  differed 
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Table 11. C 
func t ion  o f  

o f  No. 4 urani 
con 

Conditions:  2 s t irred w i t h  400 ml 

Leach time 

0.25 94 32 

0.50 105 40 

1.0 155 6 2  

1.5 150 63 

2.0 140 61  

2.5 150 62 

3.0 140 65 

3.5 140 66 

4.0 145 67 

48.0 140 68 
"-- 

I 
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Table 1 2 .  Effect o f  time on the percentage o f  radium leached 
from uranium mill t a i l ings  in a single-stage leach 
with 3 - M HN03 a t  33% solids concentration and 60°C 

Conditions: 5 g o f  t a i l ings  shaken with 10 m l  o f  acid 

..I.._.... . . .. . . . . . . . . . . _. . ._. . . .. . . 

226Ra in sol ids (-pCi /g.).- 
Type o f  Leaching Ini t i  a1 a % 
t a i l ings  time (hr) ta i l ings  Residue Ra leached 

No. 4 0 .25  765 473 38 

0.50 809 475 41 

0.75 79 4 46 0 42 

1 .0  86 3 563 35 

2.0 8 38 49 2 41 

4.0 82 2 404 51 

No. 1 0.25  812 526 35 

0.50 828 569 31 

0 . 9 5  80 I 518 35 

1.6 814 537 34 

2.0 850 5 35 37 

4.0 814 518 36 
____I_-- - -- .I. .. .._ - -___---- 

aVariabil i ty in 2 2 6 i a  content o f  t tw i n i t i a l  t a i l ings  o f  each 
type i s  thought  t o  be due t o  inabi l i ty  t o  obtain a representa- 
t ive sample when taking 5-g amounts o f  master samples. 
separate sample o f  t h e  t a i l ings  type indicated was used f o r  
each time interval tested.  

A 
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from those f o r  ore only s l igh t ly  in the f i r s t  stage (compare Runs 1 and 2 

i n  Table 8 w i t h  Runs 1 and 2 in Table 5 ) .  This difference in stage 1 i s  

probably due t o  the higher concentration of su l fa te  in ta i l ings  (Table 1 ) .  

The b u l k  o f  the su l f a t e  i s  leached O L J ~  in the f i r s t  s tage,  and the two 

materials behave a b o u t  the same in subsequent leaching stages. 

3.2 Release o f  Radium a n d  Nitrate from HN03-Leached 
Residues into Water 

As was previously discussed in Sect. 1, the e f fec t  o f  water (simulat- 

ing weathering, e t c . )  on ore ta i l ings  i s  very iniportant  and consti tutes 

one of the reasons f o r  these investigations. The comparison o f  the water 

leaching o f  a residue from n i t r i c  acid leaching with water leaching o f  a 

sample o f  mi11 t a i l ings  generated by a su l fur ic  acid process i s  shown i n  

Table 13. The large amount o f  n i t r a t e  washed o u t  in Run W - 1  was caused by 

an  inadequate wash o f  the s ta r t ing  ore residue; subsequent washes show t h a t  

adequate washing -is possible. The radium resul ts  are the most interest ing 

since they show t h a t  n i t r i c  acid-leached ore whose radium content has been 

decreased t o  4 0  p C i / g  will n o t  further leach radiriin appreciably. In  con- 

t r a s t ,  resu l t s  on the water leaching o f  radium from su l fa te  ta i l ings  show 

t h a t  the radium i s  present in a readily leachable fonn. 

water leach t e s t s  will be carried o u t  on residues obtained from leaching 

su l fa te  ta i l ings  with n i t y a k  acid. 

n i t r i c  acid leaching could have advantages over sulfur ic  acid leaching 

In  fmture s tudies ,  

A t  t h i s  point, -it would appear t h a t  the 

since i t  produces ta i l ings  less  subject t o  radium leaching by water. 

ever, several disadvantages such as higher costs,  e t c . ,  would have t o  be 

assessed. 

Waw- 
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i t r i c  a c i d - l e a c h e d  o r  
t h  w a t e r  a t  25°C 

Conditions: 100 g o f  i t e r s  o f  W20 p e r  s tage  

c 

-___lll.l__l_-IcII HN0:j res i duea ._ ..... I.LII_III 
Ra i n  

Leaching i i ds 
Run No. S t a g e  No. t ime ( h r )  
. . - -lll_ . . 

o r e  r e s i d u e s  

w- 1 1 18 9.25 2 3 . 8  c 160 

2 24 8.5 <1.0 C C 

3 120 8 * 5  3.0 5 . 3  <% 

w- 2 1 24 

2 120 

8.5 C 1 . 0  3.9 2 

8.5 3.0 4.0 <2 

b U r a n i  um m i  11 t a i  1 i ngs 

TW- 1 1 16 654 590 4.6 C 

2 24 C 229 6.0 c, 

3 120 c 16 19 4.5 C 

___ 

'FF~~III sample o f  NO. 4 uranium ore. 
f No. 4 t a i l i n g s ,  which was o b t a  d from a m i l l  u s i n g  t h e  sulfur ic  a c i d  

'Not determined.  
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3.3 Recovery o f  Radianucl ides and Nitr ic  Acid Values f r o m  
Leach Liquors 

Since 23"Ph arid '*'Ra a r e  the  most c r i t i c a l  uranium decay chain snem-- 

hers from the standpoint o f  a long-range haza rd  potent ia l ,  an acceptable 

method for  the i r  removal from leach liquors may be desired. Three possi- 

ble methods for  removing 226Ra are being studied: (1) solvent extraction, 

( 2 )  ion exchange, and ( 3 )  carrying on BaSO4- The l a s t  method was also 

needed t o  ensure proper analyti cal procedures for  radi urn analysis frorn 

n i t r a t e  solutions.  Only a few scoping t e s t s  have been performed on these 

methods t o  date. 

3.3.1 Solvent e x t ~ g c t i a n  with ....... ̂ ..I tri-n-butyl ~ x__cI__ phosphate ( 'TBP)  

Tri-n-butyl _. phosphate (TBP) i s  known -to extract  b o t h  uranium and 

thorium, b u t  not  radium," from n i t r i c  acid. However, there were some 

questions i n  the cases where sulfates  were involved and such small weights 

s~ materials mg o f  2 3 " ~ ~ 1  per MP o f  0.1% uranium ore)  were being 

extracted, Table 14 shows the resul ts  o f  a batch, crosscurrent extrac- 

tion t e s t  for the extraction o f  thorium a n d  uranium Prom a n i t r a t e  leach 

liquor into a 30 vol % TBP--11-dodecane I__ organic phase. 

The  resul t s  indicate a good yield when uranium and thorium are  ex- 

tracted by 30% TBP l"n abou t  fou r  t o  f ive stages w i t h  a reasonable organic/ 

aqueous r a t i o  ( e .  9. 2/1). E v a p o r a t i n g  the leach solution t o  obtain a 

more concentrated sol ut-a'on could be used t o  further enhance the extraction. 

However, such an evaporation process may n o t  be desirable u n t i l  the radium 

has been removed Worn the aqueous phase, A 1  'chough methods for  separating 

the uranium and thop.aiurn from the TRP extract  have n o t  yet  been invest i -  

g a t e d ,  the ttrarierm can probably be stripped away froni uranium into 6 - M H C 1 .  
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T h o r i u m  does n o t  form a chloride complex, as i s  the case with erraniuni in  

G - M H C l ;  thus, this s t r ipp ing  s t e p  i s  known t o  work well i n  uranium-thorium 

separation processes t h a t  u t i l i z e  amine ex t r ac t an t s .  1 2 3 1 3  Simi 1 a r  extrac- 

t i o n  experiments with t a i l i n g s  leach s o l u t i o n  will  be performed in which 

possible s u l f a t e  in te r fe rence  will  need pa r t i cu la r  a t t en t ion .  

3.3.2 Carrying 1 ~ .  o f  radium on Bas04 p rec ip i t a t e s  ....... _._ -..- II__ 

Radium has been concentrated by carrying on BaS04 since the discovery 

o f  the element. l4 This ea r ly  processing method included concentration o f  

radium by carrying on BaS04, conversion t o  carbonate, and dissolution in 

hydrochloric acid.  O u r  i n t e r e s t s  i n  these experiments have usually i n -  

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 t e  i o n  i n t e r f e re s  i n  radium carrying by BaS04 b u t  does 

n o t  give d e t a i l s  or conditions. 

8 

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

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

from 0.5 t o  10.0 rnM - and the n i t r i c  acid concentration was varied from 0 . 1  

t o  2 .5  I_r M. The r e s u l t s  are shown i n  Table 15 and Fig. 12 .  I t  i s  apparent 

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

cent ra t ion  i s  0.1 t o  1 .0  - M .  The y i e ld  o f  r a d i u m  ca r r i ed  decreases rapidly 

a t  higher acid concentrations or bar ium concentrations t h a t  are 4 0  mM. 

Further i nforrnation w i  11 be needed t o  determi ne whether t hese  resul t s  a re  

applicable t o  processing leach so lu t ions ;  however, they were d i r e c t l y  

usable for  our ana ly t ica l  needs. Processi ng appl ica t ions  w i  11 probably 

require t h a t  methods be devel oped f o r  recycl i ng t h e  b a r ?  urii; hence radi um- 

barium separation methods would a l so  be required, 
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Tab le  15. E f f e c t s  o f  b a r '  i t r i c  ac id  conc 
ni on BaS04 

Conditions:  Total su l fa te  conc. = 10 mM I 

Barium concent ra t ion ,  mM - 0.5 1.0 2.5 5 * 0  10.0 

Radi urn p r e c i p i t a t e d ,  % 

70.0 69.0 92.5 98.7 4.00 

0.3 - M HN03 62.7 76.6 89.1 98. 

1.0 - M HN03 6 75.0 83.9 93.0 ~ 1 0 0  

2.5 _. M HN03 -.I.. 1.0 48.3 $5.3 98 
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1 1 

F i g .  1 2 .  Carrying o f  radium on BaS04 as a func t ion  o f  barimm con- 
c e n t r a t i o n  i n  0 . 1  t o  1.0 !- HN03 s o l u t i o n s .  



49 

sol utian 
_1_1___( 

i n  the processing o f  leach solutions 

e and/or  t o  concen . A single cation 

o m  a 0 .5  M HNO - 

Dowex 50-X8 cat  mesh, i n  t h e  

was placed i n  a 2 long glass col 

e was 200 m l  and 

nd  eff luent  cornp n in Table 16, I t  

a  low r a t e  o f  $ 0 . 5  m l  cm-* min-l. 

t h a t  cation exchange wil l  r m and uranium from 0 .5  M 

minum, which are  

the re fore compe~te gher concen t ra  t i  ons 

e s i t e s  more strongly. Co required for  furtbie 

steps will be studied t o  deternii her cation exchange ca 

vantageously f o r  the separat m a n d  u ran ium f 

a9 umi num,  and  cal ci urn. 

nolcl and Crouse15 have stu d radium removal from uranium mill 

l6’I7 w i t h  various inorganic ion exchangers, including barytes 

( a  mineral form o f  bar ium sul b u t  obtained poor resu l t s  w i  

3.3.4 

I f  n i t r i c  acid were t o  be us 

t o  be recycled for  economic a s  well as environmental reasons. The bulk 

of the n i t r i c  acid value can b ed by simple evaporation, b u t  an 

od i s  necessary t o  d the n i t r a t e  s a l t s .  A l e  

t o p  t e s t  was done t o  see wh r a t i o n  and s u b  

metal s a l t  residues m i g h t  l e .  The proce 
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Table 16. Compositions o f  feed and eff luent  
solutions for  t h e  treatment o f  a t i i t ra te  

leach l iquor by c a t i o n  exchange 

Conditions: 200 m l  of feed solution and 
75 m l  o f  resin;  flow ra t e ,  
~ 0 . 5  m l  cm-2 rtiin-1 

Cons t i  tuent 
(mg/li t e r )b  Feeda Effluent 

Ra, pCi /1 i t e r  

U 

Ca 

Ba 

Fe 

A1 

Na 

SO4*- 

5 300 

23 

1450 

4 . 2  

1900 

327 

41  

9450 

0.50 

50 

0.2 

0.5 

<o. 1 

c0.01 

c0.01 

11 

8760 

0.50 

’Feed was a n i t r i c  acid leach liquor obtained from 
leaching No. 4 uranium mill t a i l ings  w i t h  0 . 5  p1 
HN03. 

specified otherwise. 



slowly d r i p  a 3 - M HNQ3 ore leach solution from a burette into a Pyrex 

ker heated t o  300°C (by l e )  until enough solids had be 

collected fo r  analysis. C s showed t h a t  

tent o f  these solids was 16.7%. 

In the subsequent t h  r f c  analysis, these solids w 

t o  600°C in a i r .  3 ,  ~ ~ 2 0 %  weigh 

t i n g  t o  600°C and the n ontent decreased f r o m  

t loss observed on t vimetric analysis i s  g 

the decrease in n i t  ent (20% vs 16%). T 

l y  due t o  the lo  ince no parti 

ion in the hand1 egard t o  atmo 

i a l  nitrate-bea nitrogen oxide g 

ignition step cou o n i t r i c  acid by p t i o n  

ption o f  nitro e vapors 18,19 has unce 

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

3.4 Effecti venes ochloric Acid 
and Che s leachants 

small-scale scouting e 

tioras o f  HC1, EDTA, and  DTPA (Ta 

t s  were carried o u t  using solu- 

HC1 o r  0 .5  M EDT 

1 u r a n i u m  tail ings a t  

as 3 I M HNQ3 (see Table 10) , 
8.2 t o  11.6 were more eff  

Further tes ts  are needed 

A solutions in t h  

e i r  u t i l i t y  a t  various 
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Table 17. E f f e c t  i d  c o n c e n t r a t  
batch,  C ~ O S S C  rad ium f rom 

w a n t  um 33% s o l i d s  
80°C 

ken w i t h  10 m l  Condi ti ons : 
each s tage  f o r  

4 hr 

-.. 

Run 
No. 

2 "0  1 1 80 7 527 35 
2 527 459 43 
3 459 258 68 

1 A  1 812 528 35 

3 44 1 271 67 
2 528 4 4  46 

3.0 2 

6, Q 

2A 

3 

1 778 490 37 
2 490 329 58 

3 329 277 64 

1 800 528 34 
2 528 356 55 
3 356 274 66 

1 524 36 
2 436 47 
3 3 46 511 

3A I 80 4 473 41 
2 473 396 49 
3 396 329 59 

.-- -_I_-___ 
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Table 18. E f f e c t  o f  pH on t h e  crosscurrent leaching o f  
radium from No. 1 uraniuni mi11 ta i l ings  with 

0.5 M EDTA a t  33% sol ids  
conFentrati0r-i a n d  80°C 

Conditions: 5 g o f  sol ids shaken w-e' t h  10 ml o f  l e a c h  
solution i n  each stage for. 4 hr 

pH o f  ~ - -  (PCi /d  __- Cumul  a t i  vc 
leach - Run Staqe In i t i a l  % Ra - 

sol uti ond N O "  No. sol ids Residue 1 eached 

11.6 1 1 
2 

1 A  1 
2 

8.2 2 1 
2 

2A 1 
2 

6 .4  3b 1 
2 

3A 1 
2 

88 2 
1'79 

829 
169 

822 
46 5 

824 
46 8 

814 
649 

854 
693 

179 
94 

169 
98 

46 5 
131 

46 8 
125 

649 
471 

693 
437 

78 
88 

80 
88 

43 
84 

43 
85 

20 

42 

19 
38 

aThe ptl was adjusted t o  correspond t o  solutions of sodium 
s a l t s  h a v i n g  the following mole ra t ios  o f  sodium t o  
ami nopolycarboxyl i c aci d :  

pw Na/EDTA 

6 . 4  2 
8.2 3 

11.6 4 
bEDTA was used i n  0 .33  M concentrations because the reagent 
was n o t  soluble at. 0.5-m - concentrations a t  p~ = 6.4. 
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Table 19. E f fec t  osscurrent leaching 
o f  radium from i l l  t a i l i n g s  w i  

0.05 M DTPA a t  e n t r a t i o n  and 80°C - 

Conditions:  5 g aken w i t h  10 ml 
i n  each s t age  

-__I___ .- 

Run Stage 
pl-la No I No. 

4.0 1 1 80 5 678 16 
2 678 668 17 

1 A  1 811 678 16 
2 678 644 2 1  

6 .4  

9 . 5  

2 1 8 10 6 85 15 
2 6 85 665 18 

2A 1 836 6 85 18 
2 685 674 19 

3 1 824 696 16 
2 696 672 18 

3A 1 830 70 1 16 
2 70 3 681 18 

adjusted t o  co o lu t ions  o f  sod1 
following ra  ami nopol ycarb 

pH 
4.0 2 
6 . 4  3 
9.5 4 
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Table 20. Comparison o f  several leachants for  
t / ” le i  r e f f e c t i v e n e s s  o f  * * h a  reinoval from 
No. 1 uranium mill  tailings a t  33% solids 

c o n c e n t r a t i o n  and  80°C 

I_ --.. _.. ~ . . ~ ~  ___ll---l____..--” 

% 226Ra leached 
~ --..- --.-. 

Leaching Stage Stage s t a g e -  
agent 1 2 3 

3 - M I-1N03 

3 - M tlC1 

46 74 87 

36 57 65 

6 M HC1 39 48 59 - 

0.5 M EDTA, pH = 11.6 79 88 a 

0.5 M EDTA, pH =: 8.2 43 85 a 

0.05 M DTPA, pH .” 4-9.5 16 18 a 

aNot determined. 
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used i n  leachi 

t a i l  i ngs sarrip 

t o  be tested. A t  the ons and the p a r  

i s  nearly i n d e  

on over the r a  1.1’ t t l  e d i  f f e r e n c  

; however, w h  

t o  6 __I M HC1, i t  was decreased by abo t i o n  was increased 

17).  

A re1 i able  procedure ed for  the ani4 

c i d  leach solu ore  and t a i l i n  

a c i d  i s  an e f f e c  o f  radium from 

ta i l ings,  and the residue p ro  

w i t h  respect t o  further r a d i  by water. No i i  

ences  were observed in the 1 a v i s r  o f  ore an 

d f r o m  the Same o r e ,  ults  show t h a t  t 

acted from le  BP and t h a t  car- 

with good y sol ut ions und con- 

d i t i o n s  o r  can be loaded anta ca t ion  exchange resin. 

e work should  i 

uranium u s i n g  n i t r i c  o r  h 

o f  the leaching 

extraction and 

ng  t e s t s  with corn such as EDTA 

ondi t i  ons and will be expan 

1 atpger e t y  o f  are and  mill t z l i  samples. Rec n f  nitra’c ac 
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and other promising agents will be investigated in greater de t a i l .  

Eventually, we expect t o  develop a technically feasible flowsheet, based 

on established technology, t o  i so la te  and concentrate 230Th and 

from the huge bulk o f  mill t a i l i ngs .  

lived radionuclides must also be compatible with the main-line process 

2 X R ,  

T h e  flowsheet for  removing the long- 

t h a t  i s  used t o  recover uranium from the original ore. 
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