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ABSTRACT 

9 

Methods for recovering radium from K-65 residue have been investigated. 
A process  using Versene was developed "and demonstrated on a laboratory 
scale. In this process  K-65 residue i s  leached with Versene solution and 
radium is adsorbed f rom the leach l iquors and purified by the use of cation 
exchange res in .  
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SUMMATION REPORT 

RARE METAL RECOVERY - RESEARCH PROJECT 23E 

JOB 23 ' 

Research  Supervisors:  F. R.  Balcar ,  W .  R .  Pe terson  

Staff: M. Pobereskin,  C. Wamser ,  R .  0. Hill, R. W .  Kupp, M. Papish,  
E. Bernsohn, R. Keeler ,  G. Kline, J .  Onacki, A .  J.  Esposito 

This report  summarizes  work done by Vitro Corporation of America* on 
Research  Pro jec t  23E, R a r e  Metal Recovery. 
Energy Commission Contract AT(30-1)-848, is par t  of Vitro Job 23. 

This work, done under Atomic 

Research  P ro jec t  23E had fo r  its initial objective the scoping of approaches 
to radium recovery other than the c lass ica l  Curie procedure and its modifi- 
cations. This  scoping p rogram was ca r r i ed  out during the period March, 
1950 through September, 1950 at which t ime work on the project was sus -  
pended. 

In May, 1951 the project was reactivated with the objective of developing a 
complete laboratory process  fo r  radium recovery using Versene. 
process  was based on the resu l t s  of the scoping program. 
was substantially reached at the t ime laboratory operations were  terminated 
in November, 195 1. 

This  
This  objective 

* Effective August 3 1, 195 1, the Kellex Corporation became Vitro Corpora-  
tion of America.  

b .  
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SCOPING PROGRAM 

Primary Separation 

The methods investigated for the separation of radium f r o m  K-65 residue 
were a s  follows: 

1 .  Leaching .with H SO at 90% o r  higher concentration, and 
diluting leach liquor to 70% acid to re-precipitate bar ium 
and radium sulfate.. 

2 4  

2 .  Leaching with hot Versene solution to solubilize radium, 
barium, and lead. 

3 .  Heating with ammonium chloride in the presence of a ca t -  
alyst to a final temperature  of 9OO0C, and leaching with 
water. 

I 

4. Fusion with sodium polyphosphates followed by leaching 
with water. 

5. Heating with 8570 phosphoric acid to 7OO0C and dissolving 
the glassy melt  in water. 

Of these methods of bulk separation, the H2S04  leach and the Versene leach 
were most promising f rom a chemical and economic viewpoint. 

Purification 

The methods investigated for converting to  a soluble fo rm the bar ium and 
radium sulfates separated f r o m  K-65 residue by H"SO ,- were a s  follows: 2 4  

1. Fusion with excess c,alcium chloride at  650OC. 

2 .  Heating with ammonium chloride in the presence of a ca t -  
alyst to a final temperature of 900%. 

i 
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3.  Fusion with sodium polyphosphates. 

4.  Heating with 85% phosphoric acid to approximately 
70OoC. 

5. Boiling with e x c e s s  0.15 M Versene solution. 

6. Treatment with e x c e s s  anhydrous liquid HF at 19OC. 

7 .  Treatment with anhydrous gaseous HF at 180-450°C. 

T h e  Versene treatment was the most promising for solubilizing bulk-sepa- 
rated barium and radium sulfates. 
exchange resins were effective for the adsorption of radium f r o m  aqueous 
V e r s e n e  solutions, and that the radium could be enriched by selective 
elution. However, since V e r s e n e  solutions could be obtained f r o m  K-65 
directly,  there appeared to be no advantage in first  separating barium and 
radium sulfates as  such. Accordingly,  the process selected for develop- 
ment was based on the use of V e r s e n e  for leaching K-65 residue, and ion 
exchange resins for r e c o v e r y  and purification of the radium. 

Furthermore,  it was found that cationic 

P R O C E S S  D E V E L O P M E N T  

V e r s e n e  Leach 

After a systematic study of the factors influencing the solubilization of 
radium in K-65 residue, the following conditions were determined to be 
optimum: 

Slurry density 150 g of K-65 to 1 liter aqueous Versene 
V e r  sene concentration 0.15 M 
L e a c h  temperature boiling 
L e a c h  time 1 /2 hour 
PH 8.0 

Two stage leaching of K-65 residue under these conditions gave 85% solu- 
bilization of the radium with little or no si l ica  going into solution. The use 
of higher Versene concentration and higher pH gave better radium r e c o v e r y ,  
but, also dissolved sil ica which interfered with subsequent treatment of the 
leach liquors. . 
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A study of the reactions of radium and barium in Versene solution with 
cation exchange res ins  'indicated that the conditions necessary for  ad- 
sorption, stripping, and selective elution could be obtained by proper  
adjustment of pH. 

Starting with Versene leach liquor in which the barium/radium ratio was 
about 80,000, a single stage of adsorption to saturation at pH 5.8 and s t r ip-  
ping at pH 10 gave a product in which the barium/radium rat io  was about 
5 ,000  to 8,000. 
selective elutipn at pH 5.8 o r  6 .2  gave a product in which the barium/radium 
ratio. was l e s s  than 2. 

Readsorption to partly load another res in  bed followed by 

The volumes of res in  and elutant required appeared to be well within the 
range of commercial  application. Accordingly, these steps were included 
in the laboratory scale p rocess  developed for  radium recovery f r o m  K-65 
r e s idue . 

Versene Recovery 

For  economical operation of the process  it is necessary to recover and r e -  
use the Versene used in leaching. 
efficiency of Versene recovery by precipitation of the f r ee  acid at pH 1.2,  
it was observed that when lead  is present ,  Versene precipitation is in- 
complete and the precipitated Versene is impure. 
removed before precipitation of the Versene. 

In t e s t s  ca r r i ed  out to determine the 

Hence, lead must be 

It was found that the addition of sodium sulfide to an alkaline Versene solution 
containing lead,precipitates lead sulfide and permi ts  recovery of a higher 
purity Versene with better efficiency. However, optimum conditions of pH, 
temperature  and t ime of digestion fo r  lead removal had not been established 
at the time of project termination. 
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Best results obtained with recovered Versene have fallen short of those 
obtained with new materia3 under comparable conditions, (55% radium 
solubilization a s  compared to 65% in a single stage leach). 
there i s  little doubt that if optimum conditions for Versene recovery were 
established, proper adjustment of Versene concentration would give satis  - 
factory leaching. 

However, 
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LABORATORY OPERATIONS 

F o r  this study K-65 residue f rom the MCW refinery waslused as the raw 
material .  The sample used was in  the fo rm of a wet cake containing, as 
major  constituents, si l ica,  barium and lead sulfates and carbonates,  and 
about 1/3 ppm of radium. 
in  the Vitro Laboratory and is given in  Appendix A. 

An analysis of a 55 gal drum sample wac made 

The analytical method used for  radium determination was the method of 
Ames, e t  al, (1)* as modified in  the Vitro Laboratory by Wamser,  Keeler,  
Bernsohn, and Onacki. This method is  presented in Appendix B. 

SCOPING PROGRAM 

The original objective of the present  study was the scoping of new approaches 
to radium recovery.  
the more  promising methods (2) for detailed study and process  develop- 

A fur ther  objective was the selection of one o r  two of 

, ment. 

P r imary  Separation 

Sulphuric Acid Leach (3a) (3f) 

Bulk separation of barium-radium sulfates f rom K-65 residue was effected 
by leaching with H2SO4 ( >90%), separation of the insolubles (silica, lead 
sulfate), and dilution of the extract  to 7070 H2SO4 concentration. 
precipitatedBaS04-RaS04 was fi l tered and the fi l trate reserved  for recon- 

The r e -  

*This number and others  appearing in  similar manner in  this report  r e -  
f e r  to the bibliography included in  the Appendix of this report .  
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centration (by evaporation), and recycle.  
by this treatment better than 9570 of the radium in K-65 residue could be 
recovered as co-precipitated barium-radium sulfate. 

The data obtained indicated that 

This method appeared to have definite promise as a means of bulk separation 
of radium and barium f rom K-65 residue. 

Versene'Leach ( 3 ~ )  (3g) 

Solubilization of radium i n  K-65 was effected by leaching with hot 0. 15 M 
Versene previously adjusted to pH 7-8 to minimize uptake of si l ica.  The 
s lu r ry  density w a s  equivalent to 65 g K-65 residue per l i ter  of Versene 
solution, and digestion t ime w a s  about 20 minutes. The radium solubili- 
zed in  a single leach amounts to about 6570 of that present in the original 
K-65 residue. 
procedure for radium determination was established gave high values for 
the amount solubilized. ) 

(Early resul ts  obtained before the improved analytical 

Ammonium Chloride Treatment 

K-65 residue mixed with about 10 t imes its weight of ammonium chloride 
w a s  heated to a final temperature  of 9OO0C in the presence of a platinum 
catalyst (4). About 50-60oJo of the radium was solubilized in a water leach 
of the t reated residue. 
required and the difficulty of obtaining high radium recovery,  this method 
did not m e r i t  further consideration. 

However, due to  the high cost of the chemicals 

Polyphosphate Fusion. (3b) 

Fusion of K-65 residue with sodium polyphosphates, e. g . ,  Na5P3OI0 o r  
Na6P6018,  followed by leaching with water,  solubilized most of the radium 
and barium as complex anions of the type .(BaP3010)= or (Ba2P6018)-. 
The leach liquor, however, contained a difficultly filterable suspension of 
silica. 

- - 
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Phosphoric Acid Fusion (3b) 

Heating K-65 residue with 8570 phosphoric acid to n~ 7OO0C yielded a melt  
which could be leached with boilinglN HC1 and readily filtered to give a 
solution containing barium and radium in cationic forms and saturated 
with lead chloride. However, considerable technical difficulty w a s  an- 
ticipated in carrying out the fusion on a commercial  scale due to corrosion. 

Pur  i f i  cation 

4 

, 
The most promising resul ts  f rom a chemical and economic viewpoint, in 
the pr imary  separation of radium from K-65 residue, were obtained using 
a H2SO4 leach and-a Versene leach, respectively. 
the final product was in  the fo rm of solid radium-barium sulfate which had 
to be solubilized for subsequent treatment. In the latter case ,  the radium, 
barium 
plexes with Ver sene. 

In the former  case,  

and lead f rom K-65 residue were in  solution in the form of com- 

Recovery of Radium f r o m  Bulk Separated Ra-Ba Sulfates 

The resul ts  of experiments to find suitable methods for solubilizing radium- 
barium sulfate a r e  presented below. 
of the resultant solution by, ion exchange a r e  a l so  presented. 

Prel iminary findings in the treatment 

Calcium Chloride Treatment (3c) 

The barium-radium sulfates were heated with an  excess of 
calcium chloride and held at 65OoC for 7 hours (5). 

The reaction product w a s  ground and leached with 8070 methanol - 
2070 water. 
present in  the fi l tered liquor as chlorides. 

About 8570.of the radium and 7570 of the barium were 

I ' .  - . 

I 

j 

I3  
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Ammonium Chloride Treatment (3b) (3c) 

The barium-radium sulfates were heated to 9OO0C with 1 0  t imes 
their weight of ammonium chloride in the presence of platinum 
or palladium catalyst  (4).  About 90% of the barium and radium 
in the bulk-separated sulfates was converted to water -soluble 
chlorides. 

It was shown that the radium (and barium) f r o m  these chloride 
solutions could be quantitatively adsorbed on a cation exchange 
resin such a s  Dowex-50-Na. 
sorbed on Dowex-50-Ba. 

Some radium could be also be ad- 

Polyphosphate Fusion (3b) (3d) (3e) 

F c s i o n  of the barium-radium sulfates with sodium polyphosphates 
( e . ’ g .  Na5P3010 or  Na6P6ol8),  followed by leaching with water,  
solubilized a l l  the barium and radium as  complex anions of the 
type (BdP3010)’  or  ( B a ~ P 6 0 1 8 ) ’ .  The solution d s o  contained 
(so4)=. 

’ B a r i u m  and radium w e r e  not readily adsorbed f r o m  these solu- 
tions b y  anionic resins  since (SO4)= was adsorbed along with the 
barium and radium. P a s s a g e  of such a solution over  IRA-400 
in barium polyphosphate f o r m  resulted in immediate break- 
through of radium. 

Phosphoric A c i d  Fusion (3b) (3d) 

T h e  barium-radium sulfates were heated with 85% phosphoric acid 
to approximately 70OoC. 
acid was transformed into condensed polyphosphoric acids,  e .  g .  
H5P3O10 and €PO3. T h e  resultant g l a s s y  melt  was completely 
water -soluble. 
with HC1 the barium and radium were converted to the cationic 
f o r m  and could be adsorbed on Dowex-50-H. 

Under these conditions the orthophosphoric 

The solutions contained no (SO4)= and on hydrolysis 
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Versene Leach (3b)(3c)(3d)(3g) 

ling w The barium-radium sulfates were ,,eated to bo th an ex- 
ces s  of 0. 15 M Versene solution. Complete solubilization of 
the barium and radium w a s  effected, the solution containing 
the anionic complexes of the metals ,  e.g.  (BaVe)= (6) ( 7 )  (8) 
(9) (10). 

These solutions contained (SO4)= but careful adjustment of the 
pH to the lowest value which did not cause precipitation of 
barium and radium sulfates (of the order  of 6. 2 )  permitted the 
adsorption of barium and radium on cationic res ins  such as 
Dowex-50-Na. 
solutions. 

Dowex-50-Ba also adsorbed radium f rom these 

Liquid HF Treatment (3c)  (3f) (3.2) 

The barium-radium sulfates dissolved completely in 7 .  5 par t s  
by weight of anhydrous HF at its boiling point (19OC). Volatil- 
ization of 80% of the HF f rom this solution resulted in the 
precipitation of the acid fluorides of barium and radium. 
washed crystals  were found to be completely soluble i n  hot, 
dilute HCl containing boric acid. 
tained 83% of the barium and 9770 of the radium present in  
the original sulfates. 

The 

The resultant solution con- 

These. solutions contained barium and radium as the fluobo- 
r a t e s  and their behavior with cationic res ins  w a s  similar to 
that of the solutions containing the chlorides. 

Gaseous HF Treatment (3f) 

The barium-radium sulfates were contacted with anhydrous 
hydrogen fluoride at temperatures  in  the range 180-450OC. 
The reaction products in all cases  were found to be mixtures  

t 
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of barium and radium fluorides., fluosulfonates and sulfates, 
the relative proportions of which were dependent on the tem- 
perature  and conditions of contacting. 

. The fraction of the sulfates converted to the fluorides and 
fluosulfonates could be solubilized by HC1-boric acid and 
water,  respectively. The maximum radium that could thus 
be solubilized w a s  about 65%. 
bulk-separated sulfates w a s  found to interfere with the con- 
version of radium to a soluble fo rm by this method. 

The presence of lead i n  the 

The solutions of the water -soluble fluosulfonates hydrolyze 
too readily (with resultant precipitation of the sulfates and 
fluorides) to permit  application of ion exchange technique. 
The solutions of the fluorides in  HC1-boric acid behaved like 
solutions of the chlorides. 

Recovery of Radium f rom Versene Leaches of K-65  Residue (3d) 

Tompkins' repor t  (11) on the separation of radium from barium by ion ex- 
change presents  interesting possibilities for use of this technique as a 
substitute for fractional crystallization in  the commercial  .production of 
radium. Accordingly, the application of ion exchange technique to the 
recovery of radium f rom the Versene leach liquor w a s  investigated. 

Reduction of the pH of the Versene leach to the vicinity of 6 .2  can be ef-  
fected without precipitation of barium o r  radium as sulfates. Under these 
conditions the radium and some barium but not much of the lead, i ron,  e t c . ,  
is adsorbed on a cation exchange r e s in  (e. g. Dowex-50-Na). 

Reduction of the pH of the column effluent to 4 . 0  precipitated BaS04. Af- 
t e r  filtration, fur ther  reduction to pH 1. 2 precipitated Versene as the 
f r e e  acid. ' The fate of the lead w a s  not determined. 



KLX- 1222 
Page 17 

Proposed P rocess  

The resul t  of the scoping program indicated that an attractive process  for 
radium recovery f rom K-65 residue mi&& possibly be developed. 
promising procedure for further investigation seemed to be: 

. 
The most  

1. Direct leaching of K-65 residue with hot 0. 15 M Versene 
solution at pH 8 .  . 

2. Separation of radium f rom barium and purification by ion 
exchange. . 

3 .  Versene acid recovery a t  about p H  1.2. 

A l e s s  desirable alternative might consist of the bulk separation of radium 
and barium sulfates, using H2SO4, and subsequent treatment of the result ing 
sulfates with Versene. 

At about the t ime the above conclusions were reached (September, 1950) 
work on the project was suspended. 

PROCESS DEVELOPMENT 

In May, 1951 Project  2 3 E  was reactivated a t  the Vitro Jersey  City Labo- 
ratory.  The objective of the second phase of the project was to develop 
a complete laboratory process  for radium recovery f rom K-65 residue 
using Versene for  leaching, and ion exchange for separation and purifi-  
cation of the radium. 

Detailed resu l t s  of the investigation a r e  presented in  Vitro progress  
reports .  ( 1 2 )  113) .  
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Procedure 

In the determination of the optimum conditions of pH, time of digestion, 
s lurry  density, Versene concentration and sodium to Versene ratio for 
solubilization of radium, K-65 residue was brought in contact with the 
Versene solution under predetermined conditions, after which the slurry  
was filtered rapidly under vacuum. The filtrate and the washed residue 
were analyzed for radium. 
modifications, was used in investigating the effect of K-65 residue p r e -  
treatment, successive  leaches,  and fixed bed leaching. 

The s a m e  general procedure, with appropriate 

Variation of Versene Concentration and Slurry Density 

Wet K-65 residue in portions of 1 0 ,  15  or 30 g were brought in contact for 
1 hour, at about 100°C, with 1 0 0  ml of Versene solution at  concentrations 
varying from 0.05 M to 0 . 7 5  M. 
washed with three 50 ml portions of water,  and the filtrate and residue ana- 
lyzed for radium. 

The slurry  was filtered, the residue 

A t  the 300 g/liter s lurry  density, maximum solubilization 
71%, occurredat  a Versene concentration of 0. 75 M. 
of 100 g/l and 150 g/l, solubilization of 79% and 8470, of the radium r e s -  
pectively,  occurred at  0 . 5 0  M Versene concentration. These data a r e  
shown in F i g :  1 and Table I. 

of the radium, 
A t  slurry densities 

E f f e c t  of Sodium to Versene Ratio 

To determine the effect on radium solubilization of varying the sodium to 
Versene ratio, leaches were carried out at  constant slurry density, V e r -  
sene concentration, temperature and time of digestion, while the sodium 
to Versene ratio was varied. f r o m  2 to 5 m o l s  of sodium per mol of V e r -  
sene by the addition of NaOH to Vereene acid.  The reeulte are given in 
Table 11. Maximum solubilization of the radium, occurred a t  a sodium 
to  Versene ratio of 4. 
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Variation of Digestion Time 

The resul ts  of a s e r i e s  of tests to determine the optimum time of digestion. 
for leaching K-65 residue with Versene a r e  given in Table 111. Maximum 
solubilization of the radium occurred with 1/2 hour digestion, decreasing 
gradually at longer periods.  Evidently, t ime of digestion is  not cr i t ical  in  
the range of 0,. 5 to 6 hours.  However, since the weight of residue increases  
with prolonged digestion, there  must  be re-precipitation of some mater ia l  
which ca r r i e s  radium. 

Effect of pH on Radium Solubilization 
4- 

Using a 150 g/liter s l u r r y  density and a solution of the tetrasodium sal t  of 
Versene, the effect of pH on the solubilization o b  radium f rom K-65 residue 
by Versene was investigated by adding HC1 to a series of leaches to adjust 
the initial pH in the range of 7. 0 to 12.8. 
IV. 
maximum solubilization of radium. However, to avoid simultaneous 
solubilization of si l ica the final pH should not exceed 8. 5 .  
conditions radium solubilization is decreased somewhat, but the overall  
resul ts  a r e  better.  

The resu l t s  are given in Table 
It appears that the final pH should be i n  the. range of 9 to 12 to give 

Under these 

Pre-Treatment  of K-65 Residue 
1 

In a n  attempt to  improve the solubilization of radium, K-65 residue was 
pre- t reated with NaOH and Na2C03. The resul ts  a r e  given in  Table V. 
Pre- t reatment  with NaOH was detrimental; pre-treatment with Na2C03 
gave some improvement, but probably not enough to warrant  the expendi- 
tu re  for the chemical used. 

Successive Leaches with Versene 

Since it is important f rom an  economic viewpoint to obtain maximum 
solubilization of radium, and since at best  80% can be solubilized in  a 

! single stage, successive leaching was investigated. 

-- 
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Radium solubilization over the range 85-9570 w a s  obtained, using 0 . 5  M 
Versene solution in  2 and 3 successive leaches,  a t  various pH's and using 
various periods of digestion for the 2nd and 3rd leaches. However, con- 
siderable si l ica w a s  solubilized under conditions giving 90 to 9570 leaching 
efficiency. This silica precipitates upon pH reduction, carrying con- 
s i der  able radium. 

With 0. 15 M Versene solution, at pH 8, two-stage leaching gives about 
8570 solubilization and little o r  no sil ica is dissolved. 

Fixed Bed Leaching 

Table VI presents  the resu l t s  of a s e r i e s  of preliminary tes t s  in  which 
K-65 residue in  a fixed bed on a 
leached with hot 0. 15 A4 Versene at pH 8. Solubilization proceeded a t  a 
ra ther  slow ra te .  
tained by fixed bed leaching, but the fur ther  development of this method 
would require  study beyond the scope of the present investigation. 

steam-jacketed vacuum f i l ter ,  was 

No doubt fairly complete solubilization could be ob- 

Discus sion 

F r o m  the results obtained, i t  would appear that maximum solubilization 
of radium f rom K-65 residue approximately 9070, may be achieved using 
0 .5  M Versene solution at about 100°C i n  successive leaches at a s lu r ry  
density of 150 g/liter. 
that considerable Si02 was dissolved. This interfered seriously,  since 
pH adjustment of the liquor resulted in  precipitation of si l ica,  which 
ca r r i ed  radium. Pre- t reatment  of the K-65 residue with NaOH, though 
it removed most  of the si l ica,  decreased the subsequent solubilization 
efficiency, while pre- t reatment  with Na2C03, though it did not interfere  
with subsequent solubilization, was inefficient i n  removing SiOz. Under 
the scoping program it had been shown that treatment for 1/2 hour with 
boiling 0. 15 M Versene at pH8 did not dissolve appreciable Si02 f rom 
the K-65 residue. Subsequent tests with successive leaches, using 
boiling 0. 15 M Versene at a s lu r ry  density of 150 g/liter, effected about 
857'0 radium solubilization, with little o r  no Si02 in  solution. Conse- 
quently, these conditions were  selected for bulk separation of radium 
and bar ium f rom K-65 residue in  the laboratory process  under develop- 
ment. 

Under these conditions, howeverp i t  was found 

. 
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To prepare a feed for  column runs,  a large scale  leach was car r ied  out 
using 0. 15 M Versene at pH 8. 
radium and 0 . 7 7  g of bar ium per  l i t e r ,  representing a barium to radium 
rat io  of about 77 ,000 .  
4. 53 g/liter, and Si02,  0.  088 g/liter. Runs also were car r ied  out 
using various synthetic feed solutions. In preliminary experiments with 
Dowex-50 and IR-120, it was found that these res ins  gave comparable 
performance. In general ,  1 x 100 cm re s in  columns were employed for  
the column runs.  

The leach liquor contained 10.2 pg of 

Other elements i n  the leach liquor were lead, 

Radium Concentration 

To determine the extent to  which radium might be concentrated in the 
leach liquors, a s e r i e s  of laboratory column runs were made with the . 
liquor adjusted to  pH 6. 2 and 5.8,  with concentrated HC1. The flow ra t e  
was approximately 0.75 gal/cu ft/min. 
5-bed volumes, there  was radium breakthrough to the extent of 570 of the 
feed concentration. 
breakthrough was detected. 
pletely stripped with 5-bed volumes of 6M HN03, and a barium to radium 
ratio of 18, 000 was obtained in  this s t r ip  liquor. 
enrichment factor of approximately 4. 

At pH 6.2,  after the passage of 

At pH 5.8, 20-bed volumes were passed before 770 
The column operated at pH 5.8 was com- 

This represents  an  

In a similar column run  at pH 5.8 which was run  to 5070 breakthrough 
and then stripped with 6 M HNO3, the s t r ip  liquor had a barium to radium 
of 9, 700. 
comparison of the resu l t s  obtained at pH 5.8 i s  presented in  the following 

This represents  an  enrichment factor of approximately 8. A 

. table : 
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Throughput Breakthrough Resin Loading 
(Bed Volumes) (%I (Ill? Ra/ml) 

20 7' 0.2 

50 50 0.44 

Feed Volume/ Strip Enrichment 
Str ip  Volume Ba to Ra Ratios Factor  

4 

10 

18,000 

9,700 

4 

8 

In a similar column run which w a s  ca r r i ed  to 5070 breakthrough and stripped 
with 5-bed volumes of 0.15 M Versene a t  pH 10, the barium to radium 
ratio in  the s t r ip  liquor was 9,400. 
to pH 5.8 and passed over a 20-fold smal le r  column to 5070 breakthrough, 
the s t r ip  liquor, 0. 15 M Versene a t  pH 10,  had a barium to radium ratio 
of 1, 7 0 0 .  This represents  an enrichment factor of 6 in  the second cycle, 
o r  an overall  enrichment of 48 in  two cycles of adsorption and stripping 
without any selective elution. 
about 1 0 0 - fold. 

When this s t r ip  liquor w a s  readjusted 

The volume reduction in the two cycles was 

Selective Elution 

Ammonium Citrate and HC1 as Selective Elutants 

A s e r i e s  of laboratory column runs was car r ied  out to determine 
the best  conditions for selective elution when ammonium ci t ra te  
and HC1 were used as elutants. In each run, a synthetic feed 
solution containing 0 .5  g of barium per  l i t e r  (as BaCl2) and Ba 140 
t r a c e r  w a s  adsorbed on the top of a 1 x 100 c m  column of IR-120. 
The selective elutant w a s  then passed over the column to the point 
of barium breakthrough. 
progress  of active ma te r i a l  on the column with a survey m e t e r ,  
but the presence of the daughter La140, and the activity spread 
on the column obscured the resul ts .  

An attempt w a s  made to follow the 
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Runs were made with 4M HC1 a t  flow ra t e s  of 0.4 and 0.05 gal/cu 
ft/min. 
5th-bed volume. 

In both cases  the barium appeared in  the eluate a t  the 

Runs with 0. 5M ammonium ci t ra te  solution at pH 5 a l so  were  
made at  flow rates of 0 .4  and 0. 05 gal/cu ft/min. 
ra te ,  barium appeared in  the 3rd-bed volume; at the slower r a t e ,  
barium appeared in  the 5th-bed volume. 
ammonium ci t ra te  solution at pH 3 .  5 and the slow ra te ,  barium 
appeared a t  the 9th-bed volume. 

At the fas te r  

In another run with the 

In further studies of radium-barium separation by selective 
elution, the above (synthetic feed) runs were duplicated, using as 
feed,process solutions of HNO3 s t r ip  l iquors f rom previous ad-  
sorption runs.  These feed l iquors were obtained in  some cases  
by evaporating the HNO3 s t r i p  Liquor to 30-50 ml and then dilu- 
ting to 1 l i ter ;  in  other cases  the HNO3 s t r ip  liquor was evapor- 
ated to 12 M, cooled, and the B a ( N 0 3 ) ~  crystals  formed were  
separated and dissolved i n  1 l i ter  of water. In all cases ,  the 
resulted solution had a pH of 0. 5 - 1. 0 ,  and re-adsorption oc- 
cu r red  in  the upper six inches of the res in  column. 
the resul ts  duplicated those obtained with the synthetic feed 
solution, but very little separation of radium from barium 
was  found. 

In general ,  

Enrichment factors  were of the order of 2. 5 to  3 .  5. 

Versene as Selective Elutant 

To determine the effectiveness of Versene as a selective elutant, 
a series of laboratory column runs was made in which the feed 
consisted of 0. 15 M Versene solution, at pH 5.8, containing 
177 m g  barium (as BaC12) and radium t racer .  
of this feed were passed over each of these columns at a r a t e  
of approximately 0. 1 gal/cu ft/min. 
eluted with: 

Four-bed volumes 

The columns were then 

(a) 

(b) 

(c) 

0. 15 M Versene, pH 5. 8, at 0. 94.gal/cu ft/min 

0. 15 M Versene, pH 6 .2 ,  at 0.28 gal/cu ft /min 

0. 15 M Versene, pH 6. 2, at 0. 1 gal/cu ft/min 

J 
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In (a), bar ium appeared in the 1st-bed volume, rose  to a peak 
concentration in the 8th-bed volume, and could not be detected 
in the 18th-bed volume. 
through the column at a fairly constant low ra t e  up to the 16th- 
bed volume, in which a significant increase occurred. 
was a l s o  the last portion in which barium appeared, as deter-  
mined by a qualitative test sensitive to 2 ppm.) 

The radium t r a c e r  appeared to leak 

(This 

In (b), bar ium appeared in the 1st-bed volume, rose  to a peak 
concentration in the 3rd-bed volume, and could not be detected 
in the 8th-bed volume. 
t r ace r  occur red  in the 7th-bed volume, which was also the last 
bed volume in which the barium could be detected. 

The first significznt appearance of radium 

In (c),  bar ium appeared in the 1st-bed volume, rose  to a peak 
concentration in the 3rd-bed volume, and could not be detected 
in the 7th-bed volume. 
t r a c e r  occur red  also in the 7th-bed volume. 

The first significant appearance of radium 

I 

i 

i 
1 
t 

I 

i -  
: 
! 

The resu l t s  of these column runsindicated that barium and radium 
separation could be effected by selective elution with Versene solu- 
tion. Since, in (c)  there was apparently complete separation of 
barium and radium, a column run was car r ied  out under the con- 
ditions used therein, but with a process  solution s t r ip  liquor as 
feed (barium to radium ratio approximately 7, 000). 
run w a s  car r ied  out using 0. 15 M Versene solution at a pH of 
5 .8  as elutant. 
the column with 6M HN03. 

A similar  

In each case the final product was stripped from 

Determination of Product Puri ty  

To determine the purity of the final product, the HNO3 s t r ip  liquor 
w a s  evaporated to  dryness in a platinum crucible, the residue 
treated with concentrated H2S04, which was then diluted to 2M, 
and the turbidity of the resultant solution compared to a standard 
sample prepared under the same conditions. The product f rom 
both column runs showed no turbidity under conditions which gave 
a positive tes t  with 40mg of barium. Upon filtering the H2S04 

. .  

. c  
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solution and igniting and weighing the filter paper in  the same plat- 
inum crucible used in the original treatment,  no increase in weight 
could be detected on an ordinary analytical balance sensitive to 
0. 1 mg. The final product in  both cases  contained l e s s  than 40 pg 
of barium; it contained 16 pg of radium in  the case of the elution 
car r ied  out at pH6.2 and 20 pg  with the elution at pH 5 . 8 .  Conse- 
quently it may be concluded that the barium to radium ratio w a s  
l e s s  thaq 2 . 5  i n  the fo rmer  run and l e s s  than 2 . 0  in  the latter run. 
The elution curve for the run at pH 5 . 8  i s  presented in Fig. 2. 

Preliminary experiments were performed with Ba 140 t r ace r  to 
develop a method for determining barium in unweighable amounts 
of high purity radium produced from radium-barium mixtures 
containing barium t r ace r .  
to that used in  the radium determination presented in  Appendix B. 
The activity w a s  precipitated with BaC12 c a r r i e r  f rom an HC1- 
ether solution. 

The procedure followed w a s  s imilar  

It was found that: 

1. 

2. 

3 .  

Ba140 w a s  separated almost completely f rom La 140 

daughter. Aluminum absorption measurements  indica- 
ted about 97-98% La 140 removal, 

Up to 3 0 ,  000 c/m of beta-gamma activity of the Ba14' 
did not interfere  with alpha counting. 

Standard radium samples up to 5 ,000  alpha c/m proc- 
essed by the above procedure gave about 5 beta-gamma 
counts per 100 alpha counts. This indicates the extent 
to which radium interferes  with Ba 140 counting. 

Although the method w a s  not proved, i t  seems likely that such a 
method could be developed. 

Discussion 

F r o m  the date above it appears  that ion exchange may be used f o r  recovery 
and purification of radium f rom Versene leach liquors. 



' 4462 
KLX- 1222 
Page 26 

The process  envisioned includes three cycles of exchange in which the 
columns a r e  operated to saturation at  pH 5 . 8  and stripped a t  pH 10. 
steps should bring about reduction of solution volume to the point where 
the radium and barium can be adsorbed in  the upper portion of a column. 
Following this,selective elution of barium, using 0. 15 M Versene at pH 
6. 2 as elutant, should leave high purity radium on the column, f rom 
which it can be recovered by stripping. 

These 

Versene Recovery , 

Since commercial  grade Versene is a fairly expensive chemical (about 
$ 0 . 6 2  per  pound), a commercially practicable process requires  some 
cheap method of Versene recovery. 
(15), Versene acid is soluble only to the extent of 0 . 3  g/liter in water a t  
room temperature ,  and is generally prepared by precipitation at pH 1.2. 
The experiments described below were performed to determine whether 
Versene might be recovered from process  leach liquor by precipitation. 

According to the l i terature  (14), 

Versene Acid Precipitation I 

In preliminary experiments with actual leach l iquors,  in which (1) the 
pH w a s  adjusted to 5 . 8  with HC1, (2) the pH was adjusted to 4 .4  with 
H2SO4, (3) the precipitated Bas04  was fi l tered off, and (4) the pH w a s  
adjusted to 1.2 with H2SO4, the recovered Versene acid w a s  generally 
60-70% of the initial amount. Since technical grade Versene w a s  used 
in these experiments,  it was suspected that the low recoveries might be 
due to soluble impurit ies in  the start ing mater ia l .  Accordingly, Ver - 
sene acid was precipitated from water solutions in which technical 
grade Versene and recrystall ized Versene were used as start ing mate- 
rials. The resul ts  of these tes ts  were as follows: 

Versene (grade) Recovered (%) 

T e c h i  c a 1 67 
Recrystallized once 95 
Recrystallized twice 99 
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Since the above resu l t s  indicate that the technical grade contains soluble 
acids, all subsequent experiments on Versene recovery were performed 
with analytical grade Ver sene. 

Effect of Lead on Versene Acid Precipitation 

One hundred ml portions of a water solution of analytical grade Versene 
containing 3. 5 g of P b N 0 3  and 4.38 g of Versene acid were adjusted to 
pH 8 with NaOH. 
added to a second portion and adjusted to give pH 4.4,  then it w a s  t reated 
with H2S, the PbS fi l tered off, and the f i l t ra te  adjusted to pH 1. 2. 
Versene recovery and purity were determined to be as follows: 

HC1 w a s  added to one portion to give pH 1.2.  HC1 was 

~r eatment Versene Recovery (%) Versene Purity (7’) 

None 
H2S 

57 
97 

96. 
99.9  

Apparently, the presence of lead i n  Versene solution inhibits the precipi-  
tation of Versene acid, and the Versene recovered is impure. 

Removal of Lead f rom Leach Liquor 

Acid Medium 

Versene leaches were  car r ied  out at  pH 8 with 0.15 M Ver- 
sene in  the usual manner and the f i l t ra tes  were adjusted, 
first to pH 5. 8 with concentrated HC1, and then to pH 4 . 4  
with concentrated H2SO4, to simulate the sequence of steps 
involved when radium is adsorbed f rom leach liquors 
by ion exchange res ins .  In one case,  the Bas04  was fil- 
tered off and the f i l t ra te  treated with H2S; i n  another case,  
the s lu r ry  containing the BaS04 was treated directly with 
H2S. 
and the f i l t ra te  adjusted to pH 1. 2 with concentrated H2SO4 
to precipitate Versene acid. 

In both cases  the final precipitate was filtered off 

Recovery was about 100’70, but 



I 

Page 28 

the product contained about 15% impurity. The former  pro-  
cedure w a s  repeated and the recovered Versene reconsti-  
tuted and recycled through two additional leach and recovery 
stages. The resu l t s  were as follows: 

Cycle Versene p g  of Ra/g of Residue Ra Solubilized (%) 

1 F r e s h  0.19 60 
2 Recovered once 0 .29  39 
3 Recovered twice 0.59 - -  

Apparently, there is an impurity buildup in  the recovered Ver- 
sene which prevents the solubilization of radium. A qualitative 
spectrographic analysis of the a sh  f rom the Versene acid, r e -  
covered af ter  the 3rd cycle, shows lead to be the principal i m -  
purity. 

Alkaline Medium 

A leach was car r ied  out in  which 5 g of Na2S were added to 
100 m l  of 0. 15 M Versene s lur ry  containing K-65 residue. 
The final pH of the supernatant liquor w a s  9. 9. 

After filtration, the liquor was adjusted to pH 5 . 8  with concen- 
trated HCl, then to pH 4 .4  with concentrated H2S04. Next the 
BaS04 w a s  removed and the pH w a s  adjusted to 1 .2  with con- 
centrated H2SOq. 
pure. 
days occurred after each precipitation. 

The resultant Versene acid w a s  99. 870 
In the above experiment a digestion period of 1 to  2 

In a similar operation, except that the pH of the s lur ry  was 
maintained at about 8 during th'e leaching and the digestion 
period after each precipitation s tep was kept to about 1 hour, 
tkie Versene w a s  recovered and reused in  a second and third 
leaching cycle with the following resul ts  : 
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Cycle Versene p g  of Ra/g of Residue Ra Solubilized (TO) 

1 F r e s h  0.32 30 
2 Recovered once 0.28 31 
3 Recovered twice 0.20 49 

Apparently, either the decreased digestion t imes at  various 
stages left greater  amounts of impurit ies in  the recovered 
Versene o r  the lower pH of the leach, i n  the presence of PbS, 
resulted in low solubilization of radium. 

In another experiment, leaching w a s  car r ied  out in the absemce 
of sulfide and H2S w a s  passed into the fi l tered leach liquor a t  
tu pH 8 with the following resul ts :  

Cycle Versene s g  of Ra/g of Residue Ra Solubilized (TO) 

1 F r e s h  0.21 
2 Recovered once 0.27 
3 Recovered twice 0.50 

Discussion 

62 
55 

7 

The resul ts  of the t e s t s  on Versene recovery a r e  inconclusive. 
appears that removal of lead as PbS under alkaline conditions should 
be effective in giving good recovery and high purity. 
mum conditionsfor recovery and subsequent re -use  of Versene have not 
been established. Laboratory operations were  terminated by the AEC 
before investigation of the factors  invo€ved i n  Versene recovery could 
be completed. 

It 

However, the opti- 

Proposed Radium Recovery Process  

On the basis of the process  development studies, a complete Versene 
process  w a s  established for  the recovery of radium from K-65 residue. 
This process  is outlined below. It should be emphasized that the 
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conditions selected are  probably not optimum. However, they should 
fo rm a satisfactory basis  for the initiation of future pilot studies in a 
system designed to permi t  reasonable procedure modification. 

Versene Leach 

At a s lu r ry  density of 1.25 pounds wet residue per  gallon of leach liquor, 
t r ea t  K-65 residue twice with boiling 0. 15 M Versene solution a t  
pH 8 for one-half hour each in  two successive batch leaches. 
cur ren t  2-stage leach is recommended but has not been tested. ) 

(Counter- 

Ion Exchange - Radium Concentration 

Adjust the fi l tered leach liquor to pH 5 .8  and pass  over res in  IR-12 
at  a flow rate  of 0. 75 gal/cu ft/min. 
be passed to radium breakthrough. 

About 20-bed volumes shouill 

Str ip  with 0. 15 M Versene solution a t  pH 10 and a flow ra te  of 0 . 4  gal/cu 
ft/min. About 5-bed volumes of s t r ip  feed a r e  required.  

Repeat once o r  twice, readsorption of radium a t  pH 5 .8  and stripping 
at  pH 10 to reduce s t r i p  liquor volume so that the radium may be 
adsorbed in the upper portion of a relatively sma l l  diameter column, 
preparatory to selective elution. 

Note: The conventional method of 3-column operation, i n  which two 
columns a r e  operated in  s e r i e s  for adsorption while the third is being 
re'generated, is recommended for  concentration of radium f rom the 
leach liquor. 

Radium Purification 

Selective Elution 
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IR-120 equal to about one-fourth the volume of the feed solu- 
tion, at  a flow rate of 0 . 1  gal/cu ft/min. 

P a s s  fresh 0 .  15 M Versene solution at  pH 6 . 2  over the 
partly loaded column, at  a flow rate of 0. 1 gal/cu ft/min, until 
radium appears in the effluent. 
elutant a r e  required.)  The radium left on the r e s i n  should be 
high in  purity. 

(About 7-bed volumes of 

Strip with 0. 15 M Versene solution at pH 1 0  and a flow rate 
of 0 . 4  gal/cu ft/min. (About 5-bed volumes a r e  required. ) 

.Product Concentration 

Adjust strip liquor to pH 5 . 8  or lower to put radium in cationic 
form, and pass over column of IR-120 a t  a flow rate of 0.75 
gal/cu ft/min to radium breakthrough. 

Strip column with 6-bed volumes of 6 M HNO3 at a flow rate 
of 0 . 4  gal/cu ft/min. 

Evaporate strip liquor to obtain product. 

Versene Recovery 

T r e a t  column effluents with NazS, or perhaps Na2&, in an amount suf- 
ficient to give an excess  over  that required to precipitate lead sulfide, 
and adjust to pH 8.  

After  digestion a t  9OoC, fi lter and adjust the filtrate to pH 4. 5 with 
H2SO4 to precipitate B a S 0 4 . .  

A f t e r  digestion at  9OoC, fi lter and adjust the filtrate to pH 1.  2 with 
H2S04 to precipitate Versene.acid.  

31 



After digestion at room temperature ,  f i l ter  the Versene Acid and r e -  
turn to the leach solution make-up. 

Note: This procedure for the recovery of Versene has  not been fully in- 
vestigated. However, with minor modifications it should give satisfactory 
resul ts .  

Recommendations 

Although it is fel t  that the.process  is read: for piloting, it would app ar 
desirable to investigate a number of i tems mor'e fully in the event that a 
pilot p rogram is initiated. 

Versene Leach 

Demonstration of Batch Countercurrent Leach 

Solubilization of 85% of the radium in K-65 residue was 
. shown in two successive leaches. It remains to be demon- 

s t ra ted that these leaches can be satisfactorily car r ied  out 
count e r cu r  r ently . 

Fixed Bed Leach Under P r e s s u r e  

The resu l t s  of the fixed bed leach tes t s  appear sufficiently 
promising to warrant fur ther  r e sea rch  with a pressure  system. 
Passage  of the leach solution over the bed under p re s su re ,  
ra ther  than under vacuum, should resu l t  in better contact of 
leach solution with the solids. 
could then be used. 
more  efficient leaching. 

Temperatures  higher than 100°C 
Higher temperatures  might very well give 

I. - 

p 
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P r o  duct Purification by Ion Exchange 

A systematic investigation would be desirable to determine optimum 
pH, column length, and flow ra t e  for  selective elution. It should be 
possible to find conditions which would give a satisfactory product in 
a 24 hour cycle. 

P ro  duct P ur  i t  y 

It would be desirable to complete the development*of a Bal*' t r ace r  
method for use  in  determining product purity at a radium to barium 
ratio of 10-20 to 1 in operations on a laboratory scale.  

Versene Recovery 

A systematic investigation of the variables involved in lead removal 
f r o m  column effluents, before Versene acid precipitation, would be 
required to establish a satisfactory procedure for economical opera-  
tion. 

, 

3 3 
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TABLE I 

EFFECT OF VERSENE CONCENTRATION AND SLURRY D E N S I T Y  
ON S O L U B I L I Z A T I O N  O F  RADIUM FROM K-65 RESIDUE 

pg of Ra/g of K-65 Residue: 
Duration of Leach: 1 hour 
Temperature of Leach: Boiling 

0.32 

Ra Concentration 
Residual Solids Ra 

Ver sene Fi 1 t r ate Residue (g/lOO g of K-65 Solubil- 
Concentration (M) pH ( g/ml) (/.g/fd Res i due ) ized (%I 

Slurry Density of 100 g/liter of Added Solution 

0.05* 11.1 0 . 3 5 ~ 1 0 - ~  0.54 56 6* 
0.15 11.3 2.1 ~ 1 0 ' ~  0.19 48 72 
0.30 11.7 2.5 ~ 1 0 ' ~  0.13 49 80 
0.50 12.3 2 . 4 ~ 1 0 - ~  0.14 38 84 
0.75 12.9 2. S X ~ O - ' ~  0.23 43 69; 

Slurry Density of 150 g/liter of Added Solution 

0.05 11.0 0 . 4 3 ~ 1 0 - ~  0.66. 60 
0.15 ' 11.1 0 . 7 4 ~ 1 0 - ~  0.24 53 60 
0.30 11.3 2 . 8 ~ 1 0 - ~  0.20 53 67 

- ,* 

0.50 11.7 3 . 5 ~ 1 0 ' ~  0.13 53 79 
0.75 12.1 3 . 5 ~ 1 0 ' ~  0.13 53 79 

Slurry Density of 300 g/liter of Added Solution 

0.05 11.0 0.02x10-8 0.6, 
0 .15  11.2 1.1x10-8 0.47 60 15 

0.50 11.5 -- 0.19 53 69 
0.75 11.6. 5 . 1 ~ 1 0 ' ~  0.20 46 71  

63 -,* 

0.30 11.2 0.2x10-8 0.29 56 49 

' These data are not included in Fig. 1. ' 

34 I\ - 
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TABLE I I 

EFFECT OF SODIUM TO VERSENE R A T I O  ON S O L U B I L I Z A T I O N  
O F  RADIUM FROM K-65 RESIDUE WITH VERSENE 

pg of Ra/g of K-65 Residue: 
Slurry Density: 150 g/liter of 

Versene Concentration: 0.50 M 
Duration of Leach 1 hour 
Temperature of Leach: hi ling 

0.32 

added solution 

Na 
(Mol/Mol Vers ene ) 

Ra Concentration 
Residual Solids 

Fi 1 t ra te Residue (g/lOO g of K-65 
PH (g/ml) (%/d Res i due) - 

5.9 0.38~10'~ 0.56. 61 

i. 5 2.1x10-8 0.29 42 

10.5 3.4~10-~ 0.19 37 

11.9 1.9x10-8 0.48 51 

Ra 
Solubil- 
ized (76) 

63 

79 

23 



KLX-1222 
Page 36 4412 

T A B L E  I I I 

EFFECT OF D I G E S T I O N  T I M E  ON . S O L U B I L I Z A T I O N  OF RADIUM 
FROM K-65 RESIDUE WITH VERSENE 

p g  of Ra/g of K-65 Residue: 
Slurry Density: 150 g/liter of 

Versene Concentratian: 0.50 M 

0.32 

added solution 

hi ling Temp era t u r e : 

Digest ion 
Time (hr) PH - 

0 . 5  11.0 

3 10.8 

6. 10.9 

Ra Concentration 

Fi 1 tra te Residue 
+ 

( w g / g )  - ( g/ml) 

3. 0.16. 

3 . 4 ~ 1 0 - ~  0.16. 

3.3x10-8 0.16. 

Ra Residual Solids 
(g/1OO g of K-65 Solubil- 

Res i due ) ized (X I  

49 7 5  

'59 7 1  

64 69 



P a g e  37 

TABLE I V  

Z A T I O N  
H VERSENE 

EFFECT O F  pH ON THE SOLUBIL  
O F  RADIUM FROM K-65 RESIDUE W I  

pg of Ra/g of K-65: 
Slurry Density: 

Versene Concentration: 
Temperature of Leach: 
Duration of Leach: 

0.32 
1.50 g/liter of 

0.5 M 
Boiling 
1 hour 

added solution 

Ra Concentration 
Ra 

So lubi 1 - 
ized (%) 

Residual Solids 
(g/1OO g of (K65 

Residue ) 
Filtrate Residue 

( g/ml) LfidfL Final - .Ini t i a1 

2. 5 ~ 1 0 - ~  0.25 52 62 7.0 8.5 

8.1 9.1 

9.0 10.2 

3.2x10-8 0.12 77 59 

80 3.6~10-~ 0.11 

3.7 x ~ O - ~  0.16 

4.ox10-8 0.15 

58 

71 59 10.2 10.9 

77 49 12.8 12.0' 
4 
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Pre-Treatment 

T A B L E  V 

EFFECT OF PRE-,TREATMENT OF K-65 RESIDUE 
UPON S O L U B I L I Z A T I O N  OF RADIUM WITH VERSENE 

Slurry Density: 150 g/liter of 
added solution 

% Ra Solubilized 

None 
- 

Boiling 20% NaOH for 3 hr 

Boiling 20% Ka2m3 fo.r 10 'hr 

0.15 M Versene 0.50 M Versene 

60 79 

78 

65 

82 



T A B L E  V I  

S O L U B I L I Z A T I O N  OF RADIUM 

FROM A F I X E D  BED O F  K-65 WITH VERSENE 

Bed- Diameter: 3 . 2 5 "  
Versene Concentration: 0: 15 M 
Temperature of Leach: 90' C 
Leach Solution pH: 8 

0.15 K Versene Passed 
. (  d/g) 

27 

17 

14 

KLX- 
Page 

1222 
39 

\ 

Ra Solubilized (%) 

7 9  

66 

58 

\ 
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APPENDIX A 

ANALYSIS O F  K-65  RESIDUE 

Loss at 1 1  ooc 

Further  Loss at 400°C 

SiOZ 

BaSO4 

P b S 0 4  

Na2S04 

P b C 0 3  

NaZC03 

'3'8 

R 2 0 3  

Moo3 

R a  

Other m e t a l s  pos i t ive ly  identified 

70 . - 
3 1 . 8  

3 . 4  

3 6 . 4  

7 . 7  

1 .4  

0 . 1 3  

1 1 . 0  

0 . 9 2  

0 . 2 5  

3 . 5 4  

1 .  13 

0 .000030  
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APPENDIX B 

DETERMINATION OF RADIUM I N  RESIDUES 

Dissolution of the Sample in Condensed Phosphoric Acids 

SUMMARY 

A method was developed fo r  the determination of radium in residues con- 
taining sil ica,  bar ium and lead sulfates, and other oxides and sulfates. 
The sample is heated in a platinum vessel  with orthophosphoric and hydro- 
fiuoric acids. On continued heating, silica, excess  HF,  and sulfate a r e  
evolved and the resultant c lear  viscous melt  is completely soluble in 
water. 
tion by the s tandard bar ium chloride c a r r i e r  precipitation procedure.  

Radium may be determined in an appropriate aliquot of this solu- 

PRIOR ART 

The most accurate  method for  radium assay  is the emanation technique, 
in which the radon generated by the radium is separated,  collected and 
measured. However, a much more  rapid method for  radium, one which 
is suitable for much p r a c t i c d  work, is based on the co-precipitation of 
radium on bar ium chloride c a r r i e r  followed by alpha counting. * 

Application of this rapid radiometric method requires  the radium in solu- 
tion, and common pract ice  in the preparation of samples of gangues (which 
may contain silica, bar ium and lead sulfates and other oxides and sulfates) 
usually involves either: 

f 

\ 

"Rapid Radiometric Assay for  Radium and Application to Uranium Ore 
P rocess  Solutionst1, Pape r  22.70, p. 1700-16 in "The Transuranium 
Elements", Part It, I V - l 4 B ,  McGraw-Hill Book Company, Inc., New 
York, 1949. 

43 
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1. Prel iminary leaching with hot ammonium acetate (to effect the 
removal of some of the lead sulfate), followed by HF-HzSO4 
treatment fo r  s i l ica  removal., fusion of the ignited residue 
with Na2C03,  extraction of the melt  with water and the separa-  
tion of the barium-radium-lead carbonates.  The thoroughly 
washed carbonates a r e  dissolved in dilute HC1 and an aliquot 
portion of the solution is taken for  analysis. 

2. Ignition of the sample with an excess  of zinc dust (effecting 
sulfate removal by volatilization) , followed by leaching with 
dilute acid, t reatment  of the insolub1.e~ with HF and disso- 
lution of the residue in acid.* An aliquot of the combined 
solutions is taken for  analysis. 

VITRO METHOD 

The method devised was developed to facilitate the preparation of such gangue 
and residue samples  for  analysis by the rapid radiometric procedure,  and . 

has the advantage that, in one operation, silica, excess  HF, and sulfate a r e  
volatilized and the resultant mater ia l  is completely water -soluble. 

Reagents 

85% orthophosphoric acid, reagent grade 
4870 hydrofluoric acid, reagent grade 
HC1 - ether solution- 6 volumes of 12N HC1 and 

1.5 M barium chloride solution 
1 volume of diethyl e ther  

Procedure  

Up to 0 . 5  of the sample is accurately weighed and t ransfer red  to a 30 ml 
platinum crucible. 
3-5 ml of 4870 hydrofluoric acid a r e  added, and the crucible heated gradually 

Appro’ximately 10 ml of 8570 orthophosphoric acid and 

* “An Emanation Method fo r  Radium Analysis”, Pape r  16.7,  p. 1206-1225 
in “The Transuranium Elements f t ,  Part II, IV- 14B, McGraw-Hill Book 
Company, Inc., New York,  1949. 

4 4  C’ 
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so that gentle boiling of the contents is maintained. When silica.and most 
of the excess HF has been volatilized (volume of the residual charge about 
7 ml ), the mixture is gradually brought to a dull r e d  heat and maintained 
at this temperature  for  15-30 minutes,  o r  until a c lear  viscous, fuming 
liquid is obtained. 
water and the solution diluted to some convenient volume (i. e., so  that 
1 ml will contain to g rams  of Ra). 

The cooled glassy melt  i s  dissolved in about 50 ml of 

A 1 ml aliquot of this solution is t ransferred to a 15 ml graduated centrifuge 
tube. 
In the event that the aliquot taken for  analysis contains more than a few 
mil l igrams of barium, proportionately l e s s  1.5 M BaC12 should be added. 
Seven ml of cold (00) 6:l HC1-ether is added, the mixture s t i r red ,  and the 
p r  ecipitat ed barium- radium chlorides (monohydr ates) handled as descr ibed 
in "Rapid Radiometric Assay for  Radium and Application to Uranium Ore  
P rocess  Solutions. I t *  

About 0.05 ml of 1.5 M BaC12 is added (equivalent to about 10 mg Ba). 

The alpha activity of the mixture may conveniently be determined in a parallel 
plate counter, o r  a methane-argon proportional counter,  o r  the more  newly 
developed scintillation counter 

Discussion 

The glassy melts  obtained f r o m  the t reatment  described above a r e  soluble in 
water,  and the resultant solutions presumably contain the Ra,  Ba,  P b  etc. 

> in the f o r m  of anionic complexes, e .g . ,  (BazP6018)' o r  (BdP3010)~ .  ** Thus, 

* Paper  2 2 . 7 0 ,  p.  1700-16 in "The Transuranium Elementsll, P a r t  U, Iv - 
14B, McGraw-Hill Book Company, Inc, New York, 1949. 

** D. Yost and H. Russell  !'Systematic Inorganic Chemistry", p. 221,  
Prent ice  Hall, Inc. 1944. 
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the Ba in such solutions is found to be masked against precipitation by 
sulfate. 
formed by the progressive dehydration of the orthophosphoric acid which 
yields condensed phosphoric acids.  * 

The polyphosphoric acid salts of these metals a r e  undoubtedly 

Fur the r ,  those condensed phosphoric acids which a r e  formed at temperatures  
in the range of the boiling point of sulfuric acid probably initiate the displace- 
ment and eventual volatilization of the sulfate, e. g.: 

2 HP03 + B&04 + Ba(P03)2 + H2S04T 

Although the radium i s  present  in the prepared solution largely a s  an anionic 
polyphosphate complex, it was not found necessary to decompose these com- 
plexes pr ior  to the precipitation of the radium as its chloride (as for example 
by boiling the solution to rehydrate all the phosphates to the ortho form). 
Presumably,  in the presence of a 6-fold excess of 12N HC1, all the radium 
is cationically available. 

Results Obtained 

The- rapid radiometric assay of radium is de-ribed a s  being sensitive to 
d i s . 1  

min)  and capable of 3-1070 accuracy. 
tion of radium f r o m  all other O( -emitting substances accompanying it in 
nature,  hence this phase of the determination involves no interferences.  

g rams  Ra (the specific alpha acitvity of Ra is 2.165 x 
The method fur ther  affords separa-  

The method herein described comprises  a rapid preparation of cer ta in  
samples for  the radiometric assay  and was found capable of quantitative 
solution of the radium in a var ie ty  of mater ia ls .  
( f rom standard solutions prepared by diluting the contents of Bureau of 
Standards radium ampoules) added to various samples and ca r r i ed  through 
the entire procedure were recovered to wi;Xn 10%. 

Known amounts of radium 

4 R. Bell, Ind. Eng. Chem. 40, 1464 (1948). 
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Since the geometry and influence of sell"-absorbtion and back-scattering 
a r e  dependent on the type of counting instrument and planchet used, the 
counting ra tes  of samples were related to radium content by means of a 
factor determined under the same cciiditions f o r  known amounts of radium. 

Typical resul ts  obtained a r e  summarized in the table on the following page. 
, 

Although hot polyphosphoric acids a r e  highly corrosive,  no difficulty with 
platinum ware was experienced. Over 200 HF-H3P04 fusions were ef- 
fected during the project without injury t.o any of the platinum ware. It 
is recommended, however, that residues containing both orgainc mat te r  
and lead sulfate, be pretreated with HN03-HzS04 before the addition of 
HE and H3P04. 

The method appears  to give consistent resul ts .  
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RECOVERY OF ADDED RADIUM - HF-H3P04 DISSOLUTION 

FOLLOWED BY BaCl2*H20 CARRIER PRECIPITATION 

Sample 

Residue 1 
Residue 1 
Residue 2 
Residue 2 
Residue 3 
Residue 3 
Residue 4 
Residue 4 
Residue 5 
Residue 5 
Residue 6 
Residue 6 . 

RECOVERY OF ADDED RADIUM - HF-H3P04 DISSOLUTION 

FOLLOWED BY BaCl2*H20 CARRIER PRECIPITATION 

Increased 
Activity Due to 
Added Radium 
(counts/min) 

322 

300 

297 

301 

o( 
Radium Added* Counting Rate 

(g x 10-10) (counts /min) 

None 
5 

None 
5 

None 
5 

None, 
5 

None 
5 

None 
5 

41 1 
733 
322 
622 
378 

* '  675 
563 
864 
309 
613 
150 
489 

Average 

Increased 
Activity Due to 
Added Radium 
(counts/min) 

322 

300 

297 

I 301 

3 04 

339 

3 1 0 r  13 

* Standard radium samples  of 5 'x 10-l' g r a m s  processed by the same 
procedure in the absence of foreign mater ia l  gave 302 counts/min. 

48 
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