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111. TABLE OF ISOTOPES OF THORIUM 

Isotope Half l i f e  Type of Method of Preparation 
Decay 

~h~~~ -0.1 sec a .  ~ a u g h t e r  1.3 min -.U 227 
.:n 

Th224 
-1 sec a Daughter 9.3 min U 

228 

~h~~~ 8 min a -9($ Daughter 58  r u i n  U 229 
EC -16 

226 Daughter 20.8 day U 
230 

Th 30.9 min a .  

Th227 15-17 day . Natural radio.activity; daughter Ac ' .  227..\ . 
( RdAs ) 

Thzz8 1.91 year a Natural radioactivity;  daughter Ac 
228 

( ~ d ~ h )  ( MsTh2 

Th229 7340 year 'a Daughter U 233 

Th230 80,600 year ..a Natural radioactivity;  daughter u 234 

( ~onium) 

Th231 ~ 5 ~ 6 4  hour B - 
(uy) 

. . 
Natural radioactivity;  daughter U 235 

10 
~h~~~ 1.39 x 10 year: a Natural thorium i s  100% Th 232 

Ti233 22.1 min @ - T ~ Z ~ '  + neutrons 

Th234 238 
2 4 . 1  day '8 - l\laturS2'1 r '~ io t ic~l ; lv l ly ;  da~r.gl~=ter U 

For 'more complete information on the radiations of the thorium isotopes 

and for  references t o  or ig ina l  l i t e r a tu re ,  see "Table of Isotopes", D. Strom- 

inger, J. M. Ho.l.lander 'and G. T. Seaborg, Reviews of Modern Physics, 30, 
No.2, Par t  11, Apr i l  1958. 



I V .  REVIEW OF THOSE F-S OF THORIUM CHESIISTRY .OF CHIEF ' 

INTEREm TO RADIOCHEMISTS 

1. Metall ic Thorium 

Thorium metal is  highly  e lec t ropos i t ive  and i t s  preparation i s  a matter 

'of no mean d i f f i cu l t y .  Methods which a r e  used fo r  t h i s  purpose include re -  

duction of thorium oxide with calcium, reduction of  thorium te t rach lor ide  o r  

t e t r a f l uo r ide  o r  t e t rach lor ide  by calcium, magnesium o r  sodium o r  e l ec t ro ly s i s  

of fused s a l t s ,  Thorium metal- has a high melting point  (1750' C)  and i s  

h ighly  reac t ive  i n  t he  molten s t a t e .  The po t en t i a l  of t h e  thorium-thorium (IV) 
1 

couple has been estimated as + 1.90 vo l t s .  A f r e sh  surface of thorium t a r -  

ni-shes rap id ly  i n  air and t he  f i n e l y  divided metal is pyrophoric, The pres- . '  . . 
ence of oxygen and possibly of ni%rogen.and other  l i g h t  element impurit ies 

on t h e  surface of thorium can be a matter of some importance i n  some experi- 

ments i n  nuclear chemistry o r  physics where t h i n  f o i l s  of thorium a re  employed 

as t a rge t s .  

I The react ion of thorium metal with aqueous mineral acids has some features  

of ,great i n t e r e s t  t o  radiochemists, Di lute  hydrofluoric acid, n i t r i c  a.r.iil, 

s u l f u r i c  acid  and concentrated phosphoric acid o r  perchlor ic  acid  at tack.mas- 

~ s ive  thorium metal slowly. Concentrated n i t r i c  acid  renders thorium passive 

but  t h e  addit ion of f luor ide  ion  causes t he  dissolut ion t o  continue. I n  t h e ,  

d i s so lu t ion  of s m a l l  thorium ta rge t s ,  it i s  found t h a t  concentrated BNO ' con- 
3 

t a in ing  0.01 molar (NH ) SiF ( o r  HF) makes a good solvent mixture. The so l -  4 2  6 
vent should be added i n  batches with heating and. s t i r r i n g  i n  between r a the r  

~ than a l l  at once. Hydrochloric acid  a t t acks  thorium vigorously bu t  a mysteri- 

ous black o r  blue-black residue remains on 'completion of t h e  reaction.  A s  

mucg -as 25 percent of Lhe o r ig ina l  metal.may be converted t o  t h e  black . so l id  

by e i t h e r  d i l u t e  o r  concentrated hydrochloric acid. Most o r ' a l l  of t h i s  ress-  

~ due can be dissolved by adding f luor ide  i on  i n  small concentration t o  t h e  

hydrochloric acid.  The black residue ma.y be Tho o r  it may be a hydride Th . Rz 
. . .  . . . . . . ... . .  . . . , .  . 

.. . .  I.. . .  I... . .  \ .... t : .  . . . . .  . .  . . 

1. W. M. Lati'mer, Oxidation .potent ia ls ,  2nd Ed., p. 299, Prentice-Hall,  

New York, 1952. 



2 3 
For a fu r the r  discussion of t h i s  mater ia l  see  Katzin , James and Straumanis , 

4 and Katz and Seaborg . 
Thorium oxide t a r g e t s  can a l so  be dissolved by a mixture of hydrochloric 

ac id  plus  (NB ) SiF6 o r  of n i t r i c  acid  plus  ( N H ~ ) ~ s ~ F ~ .  A good discussion of 4 2 
t h e  f luor ide  ion cata;lyzed d i sso lu t ion  of thorium metal o r  thdrium dioxide i s  

4a given by Schuler, Steahly and Stoughton. 

2. . Soluble S a l t s  of  Thorium 

Since thorium e x i s t s  i11 s o l u t i o ~ ~  as  a comparrativcly smll highly charged 

cation,  it undergoes extensive in te rac t ion  with water and with many anions. 

There i s  one grea t  s impl i f icat ion i n  t h e  aqueous chemistry of thorium i n  t h a t  it 

has only one oxidation s t a t e  and hence oxidation-reduction react ions  do not  

need t o  be considered. 

The water soluble  salts of thorium include t he  n i t r a t e ,  t h e  sulphate, t h e  

chlor ide  and the  perchlorate.  
I 

3. Insoluble S a l t s  of Thorium-Precipitation and Coprecipitat ion Character- 
i s t i c s  of thorium 

The common insoluble  compounds of thorium a re  l i s t e d  i n  Table 1. An 

inspect ion of t h e  t a b l e  suggests a number of  p r ec ip i t a t e s  which may be su i t ab l e  

f o r  t he  removal of t r a c e r  amounts of thorium from solution.  Good descr ipt ions  

of t h e  insoluble  compounds of thorium and t h e i r  use  i n  analysis  a r e  given i n  %he 

general  references l i s t e d  i n  Pa r t  I. 

Thorium hydroxide i s  a highly insoluble  compound forming a gelat inous pre- 

c i p i t a t e  when alkali o r  ammonium hydroxide i s  added t o  an aqueous so lu t ion  of  
+4 Th It i s  not amphoteric. Thorium hydroxide dissolves  i n  aqueous solut ions  

containing ions such a s  c i t r a t e ,  carbonate, o r  su l fo sa l i cy l i c  acid  which 

2,'' L. I. Katzin, " ~ e c e n t  Developments i n  t h e  Chemistry of ~hor ium",  Paper :.' 

71734, Proceedings of t h e  In te rna t iona l  Conference 'on t he  Peaceful  Uses of 
Atomic Energy, Geneva, 1955, 407 (1956) ., 

3. W. J.  James and M.E. Straumarris, Acta. Cryst. & 376 (1956). 

4. J. J. Katz and G. T. Seaborg, pp 33-34,  he Chemistry of t h e  Actinide Ele- 
ments", McGraw H i l l  Book Co., New York, 1957. 

4a. F. W. Schuler, F. Lo Steahly and R.W .,$$oughton, Paper 7.1 i n  Collected 
papers, Production and Separation of U JJ, edi ted by L. I. Katzin, Atomic 
Energy Commission Docment TID-5223, 1952; avai lable  from Office of Techni- 
c a l  Services, Dept. of  Commerce, Washington 25, D. C. P r i ce  $3.25. 



TABLE 1 -INSOLUBLE COMPOUNDEj OF THORIUM 

,Reagent P rec ip i t a t e  So lub i l i t y  i n  So lub i l i t y  i n  
Water other Reagents 

soluble i n . a c i d s ,  
ammonium oxalate, 
a l k a l i  carbonates, 
sodium c i t r a t e ,  e t c .  

ThF4. 4 ~ ~ 0  .very.  5nsoluble ~ 0 l u b l e  i n  ac id  
aluminum n i t r a t e  
solut ion 

K2ThF6 very insoluble 

T ~ ( I o ~ ) ~  very insoluble 
(even , i n  s t rong  ,HNO ) ' .soluble with reagents 

which destroy 10- 
:. ..3 

Th( ~ ~ ~ 4 )  2 6 ~ 2 0  insoluble - i n  water soluble i n  excess 
o r  . i n  d i l u t e  ac id  ammonium or  potassium 

oxala t  e 

' .  
ve ry  'insoluble c;i'i&T01ve&: W i % h  c0I:S.. . 

f fi c ~ l w  - ' ~  3' 
concentrated ' acid 

extremel. insoluble 
1.65x10'~ moles per  
l i t e r  :4  .ON H C 1  

H ~ 0 , 2  + Th(00) 2S01;3H20 .very insoluble soluble i n  s t rong 
' . O . l N  H2S04 mineral .acid 

. - 

- - 
.SO 

3 Th ( so3 ) ZHZb : par t iaLly dissolved i n  
. . excess su lph i te  

. . 

Cr -0. = 
2 7 Th(Cr0.b) : 3 ~ ~ 9  

insoluble ,in...H 0 
;2 

soluble i n  conc.acid 
, , . . 

T ~ ( O H )  ,cro4 HiO C 
:MOOG' . T ~ ( M O O ~ ) ~ ~ H ~ O  insoluble . soluble . in  d i l u t e  

a ,mineral .ac ids^  
: I 

Fe(cN)i4 T ~ F ~ ( c N ) ~  - 4 ~ ~ 0  very insoluble 



complex thorium ion. Tracer amounts of thorium will coprecipitate quantitative- 

ly with a wide.variety of insoluble hydroxides; lanthanum, ferric and zircon- 

ium hydroxide have been used. Since hydroxide carrier precipitates are notori-- 

budy non-specific, they should. be . couvted on ..only, to remove thorium from a 

simple mixture of contaminants or as a group separation to be followed by more 

specific chemical purification steps. In some of the classical studies of the 

uranium series5 uX1(Th234) was separated from uranium by precipitating ferric 

hydroxide and ammonium uranate together and leaching the uranium from the pre- 

cipitate with ammonium carbonate. 

Thorium peroxide forms when hydrogen peroxide is added to a dilyte miner- 

al acid containing thorium. It is highly insoluble. The formula is often 

,given as.Th 0 but recent investigations suggest that anions are.incorporated 
2 7. 

into the solid as integral components. 'l'he preclse sormula of the precipitate 

varies.with the.conditions .of precipitation. ,The physical form is also greatly 
ga : different depending.on,the acidity . :  when precipitated from a neutral solu- 

tion it is gelatinous and contains many coprecipitated anions; when precipitated 

from a slightly basic solution, it is not so gelatinous and has a lower perox- 

ide content; when formed in an acid solution, it is opaque and readily filtered. 

~nsoluble peroxide compounds are rare in the Periodic System so that precipita-' 

tion of thorium peroxide can provide clean s,eparation of.thorium from most other 

elements. Plutonium (IV) 'form,. a peroxide similar to that of thorium (IV) . Other 

(IV) state elements such as cerium (IV) and zirconium ( K r )  also form sikh in- . . 
. . 

soluble peroxides. Uranium (IV) and neptunium (IV) also form insoluble pYeCfp1- 

tates upon the addition of peroxide, but these seem to be of a somewhat differ- 

ent type than those formed by thorium and plutonium . . .  These peroxide precipi-. . - 

. tates are readily dissolved by the addition of reagents such as s~(II), I-, 

' MBOG or c~(N) which can destroy peroxide. For a more complete discussion of 

the peroxide and for references to.the original literature, see Katz and Sea- 
6 

borg . 
- - - - -- - - - - - 

S;t. J. W. Hamaker and C. W. Koch, Paper 7.2 and 7.3 in Atomic Energy.Commission 
report TID-5223 (reference .4a). 

5, '0. Hahn, "Applied Radiochemistry" p34, Cornell University Press, Ithaca, 
New York, 1936. 

6. J. J. Katz and 0. T. Seaborg, ref. cited in General Reference Section I. 
I 



Lanthanum Fluoride as  Carr ier  f o r  Thorium. Thorium w i l l  coprecipi ta te  

quan t i t a t ive ly  with lanthanum prec ip i ta ted  as  t h e  f luor ide  from s t rongly ac id ic  

solut ions .  This i s  a very usefu l  method f o r  t he  separation of small amounts of 

thorium from uranium solut ions ,  The f luor ide  may be converted t o  t h e  hydroxide 

by d i r e c t  m e t a t h e ~ i s ~ w i t h  a l k a l i  hydroxide p e l l e t s  o r  strong alkali solutions,  

o r  it may be dissolved i n  an aluminum n i t r a t e - n i t r i c  acid  solut ion (which 

thoroughly complexes t h e  f luor ide  ion) and then be p rec ip i ta ted  as  t h e  hydroxide. 

The coprecipi ta t ion of r a r e  ea r th  impurit ies - i s ,  of course, complete. Zircon- 

ium and barium i n  t r a c e  concentrations a r e  ca r r ied  but, i f  milligram quant i t i es  

of these  elements a r e  added as "hold-back car r ie r s" ,  no coprecipi ta t ion i s  ob- 

sewed.  Hence coprecipi ta t ion with~lanthanuin f luor ide  serves as  an excel lent  

method of f reeing thorium from t h e  zirconium c a r r i e r  used i n  a previous s tep ,  
e' 

An a l t e rna t e  method would be the  removal of zirconium on an anion exchange 

resinbfrom an 8-10 m o l a r  solut ion of hydrochloric acid. 

Other insoluble  f luor ides  may serve as ca r r i e r s  f o r  t r a c e  amounts of thor-  

ium. 

Zirconium Iodate as  Car r ie r . .  Zirconium i n  a concentration of  0.1. t o  1.0 

mg/ml may be prec ip i ta ted  as 'the iodate  from a s t rongly ac id ic  solut ion t o  

ca r ry  thorium near ly  quan t i t a t ive ly .  The iodate  concentlation i s  not c r i t i c a l .  

Elements which form insoluble  iodates a r e  a l so  coprecipitated,  but  many, such 

as  uranium, a r e  s'eparated. The r a r e  ea r ths  and actinium ' w e  decontaminated i f  

t he  p rec ip i ta t ion  i s  from ti s t rongly ac id ic  s o l u t i o n a n d  the  p r ec ip i t a t e  i s  

washed with an iodate  ,containing solution.  Under conditions of  low a c i d i t y  

and low t o t a l  ion ic  strength,  t he  carrying of these  elements may be qu i te  high, 
7 as  shown f o r  actinium by 'McLane and Peterson . If cerium i s  present it i.s . . : 

necessary t o  reduce C ~ ( I V )  t o  ce(111) with some su i t ab l e  .reducing agent such as  

hydrogen peroxide, before precipi ta t ion.  

The zirconium iodate  may be dissolved i n  n i t r i c  acid  containing su l fu r  

dioxide o r  some .o ther  reducing 'agent, and t h e  zirconium may be reprec ip i ta ted  

as  t h e  hydroxide a f t e r  t he  solut ion i s  boi led t o  remove iodine. 
8 

Hagemann and h i s*  ca-workers applied t h i s  method t o  t h e i r  study of t h e  

7. C. K., McLane and S. Peterson, Paper 19.3 i n   h he Transuranium Elements". ed- 
i t e d  by G. T. Seaborg and J. J. Katz, McGraw H i l l  Book Co., New York, 1949, 

8. F. Hagemann, L.I. .Katzin, M. H. Studier,  G. T. Seaborg and A. Ghiorso, 
Phys. Rev. 79, 435 (1950). 



i sotope ThZ2' i n  t h e  4n + 1 se r i e s .  Their  procedure i s  reproduced i n  Proced- 
9 ure  16 of Section V below. Ballou used it as  a means of subs t i t u t i ng  zircon- 

ium c a r r i e r  f o r  r a r e  ea r th  c a r r i e r  a f t e r  an i n i t i a l  lanthanum f luor ide  precipi -  

t a t i o n .  See Procedure 13 i n  Section V below. 

phosphate Erec ip i ta tes  . Thorium prec ip i ta tes  i n  a va r i e ty  of i l l - de f ined  

forms i n  t h e  presence of phosphorous-containing anions. These compounds a r e  

extremely insoluble i n  water and i n  acid  solut ion,  The hypophosphate i s  p a r t i -  . 
-4 c u l a r l y  i.nsoluble. Even i n  6~ Hcl the  s o l u b i l i t y  i s  only 2 .1  x 10 moles per 

l i t e r .  Other i n s o l ~ b l e  phosphates Such a8 x l ~ ~ c u l l l u l u  pl~usph&.Ct s c s ~ c  uo g u u d  

c a r r i e r s  f o r  the  removal of t r a c e  m;rrwunts of thorium from aqueous solut ion.  

Thorium Oxalate. A widely used method of quan t i t a t ive  analysis  of thorium 

i s  tlie p r cc ip i t a t i on  of thorium o x a l a t . ~  f n l  1 nwed by i gn i t i on  t o  thorium dioxide 
10 

and weighing of t he  dioxide. 

Some complexing agents i n t e r f e r e  with t h e  p rec ip i ta t ion  of thorium oxala te  

by t h e  formation of soluble thorium complexes. Gordon and Shaver repor t  a meth- 

od f o r  t h e  separation of r a r e  ea r th  ions from thorium by prec ip i ta t ion  of phos- 

phate-free r a r e  ea r th  oxala tes  i n  t he  presence of t h e  strong chela t ing agent, 

ethylenediaminetetraacetic acid  (EDTA) , . . 

Organic acids  which form'itater-insoluble compounds with %horium which a r e  
. . 

of poss ible  ana ly t i c a l  o r  radiochemical importance include sebacic, anthrani t ic ,  

phenylarsonic, g a l l i c ,  tannic,  quinaldic  and aspar t i c  acids. 

\ 

4. Complex Ions of Thorium * 

Thc h igh ly  charged i o n ,  has a strong tendency t o  form com- 

p lex  ions with anions which may be present i n  solut ion.  Some.familiari ty with 

t h e  more common of these  complex ions i s  required f o r  a proper understanding of 

t h e  behavior of thorium i n  i on  exchange separations,  i n  t he  ex t rac t ion  of  t ho r i -  

um i n t o  organic solvents and so on. 'Quant i t a t ive  measurements which have been 

made on t he  equilibrium constants for complex ion  formations a r e  summarized i n  

T'able 2. 

9. N. E. Ba1lo.u i n  Plutonium Project  Report, CC-920, Sept. 15, 1943. 

10. L. Gordon and K. J. Shaver, Atomic Energy Commission Report, NYO 3555, 
104 p, Oct. (1952). 



.,,Table .2 , .COME_LEX:-IONS .OF . THORIUM 

( ~ e p r i n t e d  from Katz and Seaborg p .57, reference 5 )  

Complexing Reaction Ionic K Ref - 
Agent Strength erences 



Table 2 (continued) 
. . 

Complexing -Reaction . . . . . , , Ionic K .  :'. Ref 
Agent 

. . . . Strength ..L: .ecences 

C 1  CCOOH 
3 

+4 
Th  +Cl;CCOOH = ~ h ( ~ 1  ,CCOO)+ 3 + ~ +  

3 .  3 
Th+\2cl CCOOH = T h ( ~ 1  C C O O ) ~ ~ + Z H ~ I -  

3 3 

+4 
Th +HF = T ~ F + ~ + H +  

+4 +2 
Th +2HF = ThF + 2 ~ +  
+4 2 

Th +3HF = - T ~ F + + ~ H +  
3 

a. W . C .  Waggener and H.W. Stoughton, J. Phys. Chem. 56,  1-5 (1952). - 
#- b .  R.A. Day Jr. and R.W. Stoughton, J .  Am. Chem. Soc. 72, 5662-66 (1950). - 

c .  E.L. Zebroski, H.W. Al ter ,  and F.K. Heumann, J. Arner. Chem. Soc. 73, 5646-50(1951). - 
d. H.W. Dodgen and G.K. Rollefson, J. Am. Chem. Soc. 71, 2600-7 (1949). - 

I I 

e .  J.  Rydberg, Acta Chem. Scand. - 4, 1503-22 (1950); Arkiv f o r  Kemi 5, 413-23 (1953). - 



A la rge  number .of o ther  complex ions a re  known although not m c h  quant i ta- ,  

t i v e  information i s  avai lable  on the  s t reng th  of t he  complexes. Ions derived 

from -y organic acids such as  c i t r a t e ,  phthalate,  maleate, succinate, malo- 

natk ion and ethyl&nediaminetetraacetic ( ca l l ed  EDTA o r  versene) form a s e r i e s  

of complex 'compounds .or ions with thorium. The soluble EDTA-Complex of thorium 

forms t h e  bas i s  of 'an excel lent  tritr&metri.c' determination .of small  amounts of  

thoriuml1'l2. It i s  o f  g rea t  s ignif icance t o  r ad iocheks t ry  t h a t  thorium forms 

a negatively-charged n i t r a t e  complex i n  n i t r i c  acid  solut ions  g rea te r  than' 3 

molar i n  concen-tration. This i s  discussed f'urther i n  connection with anion 

exchange 'methods. 

I n  connection with complex ion  formation we may mention b r i e f l y  t he  hydroly- 

sts:  of thorium ion. I n  ac id ic  solut ion throughout t h e  e n t i r e  range below pH3 

hydrolysis of Th+4 i s  negl igible .  A t  higher pH values  there,  i s  extensive hydroly- 

sis.. :... Vhere i s  a considerable disagreement i n  t he  'published l i t e r a t u r e  on the  

products of h y d ~ o l y s i s  and a number of mononuclear and polynuclear co-mplexes 

have been postulated.  For i n t e r e s t i ng  experimental s tud ies  and t heo re t i c a l  in -  

t e rp r e t a t i on  of the  hydrolysis of Th+4 see Kraus and ~ o l & b e r ~ l ~  and S i l l e n  1 4 ~ 1 5  

5. Chelate Com$ounds of Thorium . . .  . 

A few 1,3 diketones form chela te  complexes of thorium which a re  read i ly  ex- 

t r a c t a b l e  from .aqueous solut ion i n t o  organic solvents. ,  This f a c t .  forms the  ba- 

s i s  of a widely used method f o r  t h e  radiochemical pur i f i ca t ion  of t r a c e r  thor-  

ium, namely t h e  extract ion i n t o  benzene of t he  thenoyl t r i  fluoroaceime acid  com- 

p l e x o f  thorium which i s  discussed i n  sec t ion  6. Before di.scussing t h i s  speci-  

f i c  system, it w i l l  be worthwhile t o  review b r i e f l y  the  o ther  known complexes 

of t h i s  type which thorium forms. 

11. J. So F r i t z  h d  J. J. Ford, Iowa S t a t e  College Report ISC-304 (1953). 

12. H.H. Willard, A. W. Mosen, R. D. Gardper, Los Alamos S c i e n t i f i c  Laboratory 
Report, LA-1948. 

13. K.A.Kraus and R. W.  Holmberg, J. Phys. Chem. 58, 325, (1954) ; see  a l so  K.A. 
Kraus Hydrolytic Behavior of t h e  Heavy Elements, Paper ~ 1 7 3 1  .Proceedings of 
t h e  In te rna t iona l  Conference on t h e  Peaceful Uses of Atomic Energy, Geneva,, 
1955, 1, 245 (1956) 

14. L.G. ~ i l i 6 n ,  Acta. Chem. Scand. 5 299,  318 (1954). 

15. L. G. sill&, "~o lynuc l ea r  Complexes Formed i n  t h e  Hydrolysis of  Metal, 1ons ", 
p 74, Proceedings of Symposium on Coordination Chemistry, Copenhagen, Aug. 
1953. 



The very s t rong and r a the r  v o l a t i l e  complex of thorium with acetylacetone 

has been knwon f o r  many years. l6 I n  a l , 3  diketone complex of t h i s  type, four 

molecules of the  organic compound reac t  with t he  ion t o  form a neu t r a l  

complex. Thorium acetylacetonate, l i k e  t h e  o ther  metal, acetylacetonates, 

posses a cyc l ic  s t r uc tu r e  with the  metal incoryorated as p a r t  of a six-membered 

ring.  ~ ~ d b e r ~ ' '  has made a par t i cuar ly  ca re fu l  study on t h e  complex f o m t i o n  

between thorium and ecetylacetone m.d of t h e  ex t rac t icn  of the  complex,into 

organic solvents. Other 1 ,3  diketones which form s imi la r  complex. compounds much 

more s t a b l e  toward ac id ic  solut ions  a r e  tr if luoroacetylacetolle,  t h e n o y l t r i f l ~ o r o ~ .  : , 

18-20 
acetylacetone, benzoylacetone and dibenzoyl methane A comprehensive in -  

21  
ve s t i ga t i on  of  th0ri.m che la te  coaplexes was ca r r ied  out  by Dlyrssen . Some of 

h i s  r e s u l t s  a r e  quoted i n  T'able 3 where t he  complexing cons tmt s  of t h e  proton . 

. and thorium complexes of severa l  chela t ing agents a r e  given. 

TI~OI-f ~uui fo1.m complex compounds writ11 a a l i  c y l i  c acid, metlioxybenzoi c acid  
2 2 

and cinnamic acid The thorium-salicylate complex 'extracted. i n t o  methyl 

i sobuty l  ketone has s a l i c y c l i c  acid  assccia ted with it and may have t h e  f o r m l a  

T ~ ( H A )  : H ~ , A .  cow ax^^^' developed a procedure f o r  thorium analysis  based on. t h e  

ex t rac t ion  .of t h e  thorium ~ a l i c y l a t e  complex i n t o  a mixed solvent of chloroform 

and e thy l  .acetate.  

Cupferron (nitrosophenyll?.ydroxylamine) f o m  a complex which can be ex- 

t r a c t e d  i n t o  cholorfosm., T'nori-m forms z; complex with .quinolinol  which i s  so l -  

uble i n  organic solvents.  23 The thorium complex with t he  reagent, t i o r i n ,  i s  
23a, 231, 

widely used i n  a c o l o r i ~ e t . H c  anal-fiical method. - 
16. G. Urbain, Bull .  Soc. Chim. France [3] I& 347, (1896). 

17. J. Rydberg, Aeta Chem. Scand. 4, 1503-1522 (1950); Arkiv Kemi 2, 517 (1953); 
Arkiv Kemi 8, 113 (1955). 

18. H. Gotte, Z. IYxLur-rorsch, ?b, 149-50 (1948). 

19. We Forsling, Acta Chem. Scando 2, 1133-6 (1943). 

20. L. Sacconi and R. Ercoli ,  Gazz. Chim. i ta l .  79, 731-8, (1949). 

21. D.  Dyrssen, Svenslr. Ke~m.. Tid, -9 68 212, (1953). 

22. B. ~ 8 k - ~ e r n s t r s m ,  Acta Chem. Scand. -) 10 174-05, (1956). 
22a. G. Cowan, Manhattan Project  Report, CC-2771. 

23. T. Moeller and M. V. Rmaniah, J. Am. Chem. Soc, -9 76 2022-4, (1954). 

23a. C,  V. Banks and C.  H. Boyd, k;ial. Chem. 416, (1953). 
23b. P. F, Thomason, M.A. Perry, W. M. Byerly, Anal. Chem. , -) 21 1239, (1949)* 
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2 
TABLE 3 .. THORIUM COMPLMES',OF SOME CHELATPG AGENTS. (~ryssen 4 

Chelating Agent P K ~  114 log :K 
. (note .1) 

, Acetyl .acetone 8.82 -2.85 
\ 

.Thenoyltrifluoroacetone 6.23 . . . +O .04 / 

.l-nitroso-2-naphthol 7.63 -0 -41 

-2-nitroso-l-naphthol 7.24 . .+O .05 

. Tropolone 6.71 .+O .52 

Cupferrun 4.16 +1. 11 
. . 

N-phenylbenzohydroxami c acid 8.15 ' , -0.17 

8 Hydroxy quinoline (oxine) 9 .66 -1.78 . 

5 Methyl .oxine .9.93 -2.. 5 
.. . 

5 Acetyl .oxine .7.75 -1 .o 
7.47 5,T.Dichloro oxine -0 .'22 

Cinnamic acid 4.27 - 

note I K = [m] [H+] [M]~ [m] lrg, where MAn = uncharged complex; 
erg 

[HA. = acid form the chelating agent. 
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6. Extraction of  t he  TTA-Complex of Thorium i n t o  Organic Solvents 

Many of the  chela te  complexes mentioned i n  t he  l a s t  sec t ion  of t h i s  repor t  

a r e  soluble  i n  organic solvents ,  By su i t ab l e  adjustment of reagent concentra- 

t i o n s  and acidi ty ,  thorium can be c leanly  separated from contaminating ions by 

such an extract ion procedure. We s ing le  out  f o r  spec ia l  a t t en t i on  t h e  complex 

formed with a-thenoyltrifluoroacetone, ( ca l led  f o r  convenience, TTA) , which 

has been more widely used i n  radiochemistry than any of  t h e  others .  Some of t he  

reasons f o r  t h i s  a r e  t he  s t a b i l i t y  of t h e  reagent toward ac id ic  solution,  t he  

favorable Keto-en01 equilibrium i n  t he  reagent, the  s t reng th  of t h e  thorium com- 

p l ex  i n  s l i g h t l y  ac id ic  solut ions  and t he  moderate s o l u b i l i t y  of  t he  complex i n  

such solvents as 'benzenej chloroform ketones. 
9 1 1  

~ a g e m a ~ n n ~ ~  s tudied t he  ac id  dependence of t he  extract ion of t r a c e  quan t i t i e s  

of thorium, actinium and o ther  e1ement.s i n t o  an 0,2M sol-lntion of  TTA i n  benzene. 

A t y p i c a l  curve i s  shown i n  f igure  1. The ex'Lraction of thorium i s  e s sen t i a l l y  

quan t i t a t i ve  above pHland drops rap id ly  i n  solut ions  of higher ac id i ty .  The 

ac id  dependence i s  four th  power so t h a t  ra ther  sens i t ive  control  o f  t h e  extrac- 

t i o n  can be made by control  of t he  ac id i ty .  This control  i s  h ighly  u se fu l  s ince  1 
t h o r i h  may e a s i l y  be sepazated from elements of lower ion ic  charge such as  the  

alkali elements, t h e  a lka l ine  ea r ths  and even the  r a r e  ea r th  elements by extrac- 

t i o n  of thorium i n  the  pH range of 1 t o  2.  Elements which ex t rac t  more r ead i l y  1 
than thorium are  l e f t  i n  t he  benzene phase when t he  thorium i s  l a t e r  removed by 

I 
contact  with an aqueous so lu t ion  of  s l i g h t l y  lower pH. The chief  ions which'are 

extracted more s t rongly than thorium i n  solut lons  of  acidi.1;~ g rea te r  than pH1 

a r e  zirconium (IV),  hafnium (IV), plutonium (IV), neptunium(IV), i r on  1x1, and I 

protactinium (v) .  These ions show high p a r t i t i o n  coef f ic ien t s  i n t o  t h e  organic 

phase f o r  solut ions  as  s t rongly ac id ic  as 1 molar o r  greater .  

Fur ther  control  of thorium extract ion can be achieved by changing t h e  con- 

cen t ra t ion  ot' 'YTA or'jby us ing another solvent i n  place uf berlzene. The presence 

of ions  which form s t rong complexes with thori i~m ( see  Table 2 )  i n t e r f e r e s  with 

t h e  ex t rac t ion  o f  thorium; therefore ,  i t i s  be s t  t o  perform the  extract ion from 

24. F, Hagemann, J. h e r .  Chem. Soc. 7 2  768, (1950). 
-9 



Figure 1 - .Ext rac t ion  o f  t r a c e  amounts of  act inium and thortum 

from a  d i l u t e  n i t r i c  ac id  s o l u t i o n  by an equal volume of an 0.25 M - 
s o l u t i o n  o f  TTA i n  benzene a s  a  function of  pH, 



a d i l u t e  n i t r i c  acid, perchlor ic  acid  o r  hydrochloric acid  solut ion.  Most of 

t h e  complex ion formation constants l i s t e d  i n  Table 2 were measured by noting 

t h e  changes i n  t he  e x t r a c t a b i l i t y  of  t he  thorium-TTA complex i n t o  benzene when 

var ious  anions were added t o  t h e  aqueous phase. Hence t he  references quoted i n  

Table 2 can be consulted f o r  very spec i f i c  information on t h e  extract ion of t ho r i -  

um i n  t he  presence of complexing anions. 

TTA ex t rac t ion  of thorium i s  an important s t e p  i n  severa l  of t h e  procedures 

wr i t t en  down i n  Section V below. 

Thorium may be separated from uranium when both are  present iil small con- 

cen t ra t ions  i f  t h e  so lu t ion  contains no great  quant i ty  of neu t r a l  s a l t s ,  but  

t h e  a c i d i t y  must be adjusted careful ly .  Were  a re  betrer methods f u r  ~ltLkll~g 

this pa r t i cu l a r  separation.  The extract ion of t r a c e r  thorium from concentrated 

so lu t ions  of uranium i s  not  s a t i s f ac to ry  becax~se of t h e  formation of insoluble  

uranium complex compounds at t h e  i n t e r f ace  and it i s  necessary t o  renwve t h e  

bulk of t h e  urnaiwn by some preliminary step.  

I n  t he  i so l a t i on  of small amounts of thorium from a complex i n i t i a l  d x t u r e  

of elements TTA ex t rac t ion  provides an excel lent  f i n a l  s tep.  Car r ie r  p r ec ip i t a t e s  

such as  lanthanum f luor ide  and zirconium iodate  may be used t o  remove t h e  bulk 

of t h e  impuri t ies  and t h e  f i n a l  pu r i f i c a t i on  as wel l  as  t he  el imination of t h e  

c a r r i e r  material,  may be effected by a f i n a l  TTA-extraction cycle. 

The s o l u b i l i t y  of  t he  thorium-TTA complex i n  benzene i s  r a the r  small so 

t h a t  l a rge  volumes of so lu t ion  a r e  required t o  handle bulk amounts (gram amounts) 

of  thorium. Some workersz5 repor t  good r e s u l t s  with t h e  reagent, 1-(3,4 dichloro- 

~ h e n ~ l )  - 4,4,5,5,6,6,6 heptafluoro-1,3 hexanldione which forms a thorium complex 

with a considerably higher r s o l u b i l i t y  i n  benzene. Unfortunately, t h i s  reagent 

i s  not avai lable  commercially. With t h i s  reagent 20 grams of thorium can be d i s -  

solved i n  100 m i l l i l e t e r s  of C C l  compared t o  0.3 grams of thorium as  t he  TTA- 4 
complex. 

25,."See R. N .  Osborne i n  Radiochemical - .._ Procedures i n  Use a t  t he  ~ n i v ' e r s i t y  

of Cal i fornia  Radiation Laboratory (~ ive rmore )  , Report uCRL-43'7'7, (1954)) 

See ' a l so  Procedures 5 and 6 i n  Section V below. 
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7. Extraction of Thorium In to  Organic Solvents 

The e x t r a c t a b i l i t y  of thorium from aqueous solutions i n t o  organic solvents 

has been s tudied f o r  dozens of representa t ive  solvents of a l l  types, Most of 

these  s tud ies  have been concerned with hydrochloric acid systems, n i t r i c  acid  

systems o r  mixed n i t r i c  acid  - neut ra l  n i t r a t e  s a l t  systems. A great  dea l  of 

t h e  information on t he  extrzct ion of tllorium, uranium and pJutonium was o r ig i -  

n a l l y  published i n  c l a s s i f i e d  repor ts  of the  Manhattan Project  o r  of t he  Atomic 

Energy Commission o r  o f  t he  governmental laborator ies  of'Canada and Great Britain 

and France. This information i s  now declass i f ied,  but  t he r e  has never been a 

cohrplete systematic coverage of t he  basic  chemistry i n  books and journals readi-  

l y  avai lable  i n  any s c i e n t i f i c  labor8,tory. Solvent extract ion processes have 

been developed f o r  the  recovery of  thorium from monazite sands, f o r  t h e  separa- 

t i o n  of u~~~ from neutron i r r ad i a t ed  thorium, f o r  t he  recovery of the  i r r ad i a t ed  

thorium f o r  reuse, and f o r  other purposes. , I n  t h i s  b r i e f  review, we confine 

our remarks t o  the  chief  solvents and t h e  p r inc ipa l  e f f ec t s  of .experimental 

conditions of t he  laboratory s ca l e  treatment of smal l .o r  t r a c e r  quan t i t i e s  of 

thorium. 

.Ethyl.. .e%her . is .  of ten used t o  pu r i fy  uranium. I f  $he i11eo1.1.s phase i s  

s l i g h t l y  ac ld ic  with n i t r i c  acid  (perhaps .01 t o  .05 ~ o l a r )  and highly  s a l t ed  

with a neu t r a l  n i t r a t e  such as  ammonium, calcium o r  magnesium n i t i a t e ,  then 

uranium i s  r ead i l y  extracted i n t o  e thy l  e ther  leaving n e w l y  a l l  impuri t ies  i n 7  

eluding thorium i n  t h e  aqueous phase, Thorium w i l l  not ex t rac t  i n t o  e thy l  e ther  

unless  the  concentration of acid  and neu t r a l  s a l t s  i n  t he  aqueous phase i s  so 

high t h a t  numerous o ther  impurites would a l so  ex t rac t ,  
I 

Methyl i sobuty l  ketone'  w i l l  ex t rac t  thorium with a d i s t r i bu t i on  coeff i -  

c i en t  as  high as  9 (organic/aqueous) pmvided t h e  n i t r i c  acid  concentration 

of t h e  aqueous phase i s  maintained a t  1M t o  3M and i f ,  i n  addition, a high 

concentration of such strong s a l t i n g  agents as  calcium, magnasium o r  aluminum 

n i t r a t e  i s  maintained. A t  t he  Iowa S t a t e  College i n  . h e s  Iowa, l a rge  quan t i t i es  

of thorium were pur i f i ed  from monazite sands by a process which included a; sol-  

vent ex t rac t ion  separation of  thorium from Yare ea r th  impurit ies 26.  he sol -  

26. F. H. Spedding, A.Kant, J . M .  Wright, J. C. Warf, $ . Powell and A.S. New- 
ton, Paper 8.7 i n  "~ roduc t ion  and Separation of U 3' - Collected paperst1 
edi ted by L.I.  Katzin, Uocument TID-5223, 1952, avai lable  from Office of 
Technical Services, Dept. of Commerce, Washington 25, D. C. $3.25; See a l so  
Paper 8.6 in.same volume. 



vent  was hexone and t he  aqueous phase feed solut ion was 3 Molar i n  calcium n i -  
. 

t r a t e  and 3 Molar i n  n i t r i c  acid. 

Rydberg and B e r n s t r ~ m ~ ~  have s tudied t he  d i s t r i bu t i on  of T ~ ( I v ) ,  U(VI)  , 
P ~ ( I v ) ,  PU(VI), z ~ ( I v ) ,  ca(11); ~a(111) and HNO between methyl i sobutyl  ketone 

3 
and aqueous solut ions  of  n i t r i c  acid  and calcium n i t r a t e  of  liarying composition. 

Figure 2 t,&,en from t h e i r  work shows the' main features  of t he  extract ion of  

t he se  ions.  A 1955 Geneva Conference paper -of ~ r u c e ~ ~ ~  discusses t he  extract ion 

of Yission products i n t o  hexone. 

Pentaet.he.r . : (dibutoxytetraethylene glycol)  w i l l  ex t rac t  tholqlum rl.um 
' 

aqueous n i t r a t e  solut ions  under moderate s a l t i n g  conditions27b. For example,. 

t r a c e r  amou.nts of thorium i n  a. so.luti.on 2M - i n  HlVU an&:~lllvI u r  gl.eaLer. i n  calcium 
3 

n i t r a t e   re removed t o  t h e  extent  of  90 percent o r  more from t h e  aqueous phase 

by an equal volume of Lhis solvent. F i f t y  percent i s  removed from a 2 HNO 
3 

soluti.on and 80 percent from an - 8 M  HNO solut ion by 'an equal volume of solvent. 
3 

I f  t h e  aqueous phase i s  lM i n  mO and saturated wi th  ammonium ni t rake,  t h e  - 3 
ex t rac t ion  i s  quant i ta t ive .  ~ g ~ ~ a r d ~ ~  has reported t h e  use of pentaether i n  

t h e  pu r i f i c a t i on  of  ianium ( ~ h  230) from pitchblende residues. He s t a t e s  t h a t  

90 percent of  t he  thorium' i s  extractea  fr-om a solut ion . 6~ . i n  NH NO and 0.3 M 
4 3 

i n  HJJO i n t o  an equal volume of solvent consis t ing of a mixture of pentaether 
3 

( 2  volumes) and d ie thy le ther  (1 voluue). Under these  c o n d i t i ~ n s  l e s s  than 1 

-percent of yttriwn a;nd t he  r a r e  ear%hs m e  extracted.See a l s o  ana ly t i c a l  me.tlhd 
.of aerney29a 

Mesltyl  oxide [ ( c H ~ ) ~  C = CH-CO-CH~] has been reported t o  be a usefu l  so l -  

vent  f o r  thorium. Levine and ~ r i m a ~ d i ~ '  have used it i n  an ana ly t i c a l  p~ocedure  . 

f o r  t h e  determination, of thorium fn t h o ~ l l u n  0i;es. The orlc cample i s  dccnmpn~ed 

by fusion with a mixture of Na.F -K s 0 Thorium i s  p rec ip i ta ted .  as t h e  oxalate.  
2 2 . 7 '  

27. J. Rydberg'.&nd B. Bernstr8rn9 Acta .Chem. Scanda;nev.ica, 11, 86 (1357). 

27a. F. R i -  Bruce, Paper ~ 1 7 1 9  i n  Volume 7, Proceedings of t h e  In te rna t iona l  
' Conference on the  Peaceful Uses of Atomic Energy, Geneva 1955, United 

Nations, New York, 1956. 

27%. - .  Musser, D. . Pi. Kriiuke. and: :R::: H. "~.mKLlie, 1Jr. , Hepor%j.B-b,;., . . . 386; 223) . Ju ly  19167. 

28. D.  F. Peppard and Co-workers, J. Amer. Chem. Soc., 75, 4576, (1953). 

29. H. Levine and F. S. Grimaldi, Report A ~ ~ ~ - 3 1 8 6 ,  Feb. 1950; See a l so  co l l ec t -  
ed Papers on Methods of Analysis f o r  Thorium and Uranium, Geological Survey 
Bulle-Lin, 1006, 1954. U. S. Gov ' t Printsi.ng Office, Pr ice  $1. 

29a. M.W. Lerner and G . J .  Pe t r e t i c ,  "Separation of Rare Earths from Thorium 
Nit ra te t ' ,  New Brunswick Laboratory Report, NBL-108 August 1955. 



M HNO, 
. _. 

M U  - 16989 

Figure 2 . Solvent extract ion da ta  f o r  methyl i sobutyl  ketone. 

The d i s t r i bu t i on  r a t i o s  'of U, Pu., Th, Z r ,  La and Ca as  .functions 

of the  equilibrium concentration of EINO,, i n  t he  aqueous phase. 
J 

Concentration of C ~ ( N O  ) i s  .3.5 t o  4.0 Molar. Data by Rydberg 
2 7 3 2  

and ~e rns t r8m.  



The oxala te  p r ec ip i t a t e  i s  dissolved i n  n i t r i c  acid  and t h e  so lu t ion  i s  pre- 

pared fo r  solvent ex t rac t ion  by adjust ing t he  HNO concentration t o  1.2 Molar 
3 

and adding aluminum n i t r a t e  t o  2.5 Molar. The so iu t ion  i s  contacted with an 

equal volume of mesityl  oxide which ex t r ac t s  t he  thorium quant i t a t ive ly  and 

separates  it from near ly  a l l  impurit ies including r a r e  ear ths .  Traces of 

r a r e  ea r ths  are  removed from the  solvent by t h r ee  separate washes with a wash 

so lu t ion  containing m0,and A ~ ( N O  ) The thorium i s  s t r ipped from t h e  washed 
3 3 3O 

solvent  with water. Thorium i s  p rec ip i ta ted  as t he  oxala te  and ign i ted  t o  

T ~ o , ,  i n  which fo rn  it i s  weighed. 
I - , .  

H i l l e r  and  arti in" have used mesi t y l  oxide to.:estrac&. .tIiorilw~-nudy~. from 

r a r e  ea r th  f i s s i o n  products i n  a thorium t a r g e t  solut ion.  The thoriiim metal 

was dissol.ved i-n. H C 1  with a small amount of f l u o s i l i c a t e  ion present t o  c l ea r  

up t h e  solution.  'l1he so lu t ion  was sa tu rs led  w i L l i  A ~ ( N O  ) and t h e  thorium Taras 
3 3 

extracted by contacting t he  so lu t ion  with mesityl  oxide. 

Marechal-Cornil and ~ i c c i o t t o ~ ~  used mesityl  oxide f o r  t h e  quan t i t a t ive  

ex t r ac t i cn  of thorium, bismuth and polonium from a mixture of na tu r a l  radio- 

elements present i n  concentrations grams per  c o c a  The solut ion was s a t -  

u ra ted  with A ~ ( N O  ) Radium and lead did  not ex t rac t .  
3 3' 

Tr ibu ty l  Phosphate (TBP) i s  a widely used solvent i n  t h e  i n d u s t r i a l  sca le  

recovery of uranium and thorium from ores,  o r  t h e  purif icsLion of uranium, thor-  

ium o r  plutonium from reac tor  f u e l  elements. Some idea  of t he  scope of i t s  use 

can be obtained by consult ing some general  references on process chemistry. 32 - 34 

The adjustment of aqueous phase composition f o r  t h e  optimum radiochemical 

pu r i f i c a t i on  of thorium depends g r ea t l y  on t he  nature u f  Lllc iupui-i-ties pracocnt , 

The p r inc ipa l  heavy elements o r  f i s s i o n  products which show high e x t r a c t a b i l i t y  
I 

i n t o  TBP a r e  t h e  following: 

30. D. M. H i l l e r  and Do S. MarI2.n Jr., ll~adiochemical Studies on t h e  Photofiss:ion 

of Thorium, "Plnys. Rev. 90, . 581, ( 1953) . 
31. J. Marechal-Cornil and E.  P icc io t to ,  "separation of  Natural Radioelements by 

Mese.ty1 Oxide", mil. Soc. Chim., Belges, 62. 372-82, (1953). 
32. Process Chemistry, Vol 1, edi ted by F; R. Bruce, J. M. Fletcher,  H. H. Hyman 

and J, J. Katz i n  Progress i n  Nuclear Energy, Pergamon Press,  London, 1956. 
33. Proceedings of the  In te rna t iona l  Conference on t he  Peaceful Uses of Atomic 

Energy, Geneva, 1955, Vols 7 and' 9, United Nations, New York, 1956. 

34. Proceedings of  t he  2nd In te rna t iona l  Conference on t he  Peaceful  Uses of Atomic 
Energy, Geneva, 1958, United Nations, New York 195g0 



Table 4 ~ a s i c  References .on t h e  Extraction of Thorium, Other 
Heavy ' ~ l emen t s  and -the Rare Earths i n t o  TBP . 

Tri-n-butyl Phosphate as  an' Extracting Solvent f o r  Inorganic Ni t ra tes .  

I. Zirconium n i t r a t e  
35. K. Alcock, F. C .  Bedford, W. He Hardwick and H.A.C.  McKay, 

J. Inorganic and Nuclear Chem. 4, 100, 1957. 
1 

11. Y t t r i u m  and t he  lower lanthanide n i t r a t e s  
36. D. Scarg i l l ,  K .  Alcock, J. M. Fletcher,  E. Hesford, and H.A,C. 

McKay. J. Inorg. Nucl. Chem. 4, 304, 1957 
- 

111. The plutonium n i t r a t e s  9 

37. G. F. Best, H.A.C, McKay and P.R. Woodgate, J, Inorg. Nucl. 
Chem., 4, 315, 1957 

I V .  Thorium n i t r a t e  
38. E. .Hesford, H.A.C. McKay and D o  Scarg i l l ,  J. Inorg. and Nucl. 

Chem. 5 321, 1957 
Studies of t he  Solvent Extraction Behavior of t h e  Tr ivalent  Rare Earths, 
D. F. Peppard, J. P. Far i ,  Po R. Gray and G o  W. Mason, J. Phys. Chem. 
57 294, (1953) -9 

Extraction of  Lanthanides i n  t r i b u t y l  phosphate - n i t r i c  acid  extract ion 
Systems, Do F. Peppard, W. J. Driscoll ,  R. J. Sironen and S. McCarty, 
J. Inorg. *and Nucl. Chem. 4, 326, ( 1957) 
The Qi i%ribution n f  S n m ~  A r t - i  ni.des and Fiss ion Productc between Tr ibu ty l  
Phosphate and Aqueous Solutions of HNO and c ~ ( N o ~ )  , B. ~ e r n s t r z m ,  and' 
J. Rydberg, Acta Chemica Scandinavica & 1173 (1~157) 
In te r re la t ionsh ips  i n  t he  Solvent Extraction Behavior of Scandium, Thorium 
and Zirconium i n  Certain Tr ibutyl  Phosphate - Mineral Acid Systems, 
D. F. Peppard, G.  W. Mason and J. L. Maier, J. Inorg. and Nucl. Chem. S 
215 (1956) 

The Mutual Separation of Thorium Protactinium and Uranium by Tr ibu ty l  Phos- 
phate Extraction from Hydrochloric Acid, D. F. Peppard, G. W. Mason and 
and M. V. Gergel, J. Tnorg. and Nucl. Chem. 3, 370 (1957) 
Solvent Extraction Chemistry of t h e  Fiss ion Products, Paper ~ 1 7 1 9  by F.R. 
Bruce i n  Vol. 7, Proceedings of t he  In te rna t iona l  Conference on t he  Peace- 
f u l  Uses of Atomic Energy, Geneva 1955, United Nations, New York, 1956. 



thorium (IV) < neptunium (IV)  < plutonium (IV) 

plutonium ( V I )  < neptunium (VI)  < uranium (VI) 

protactinium (v)  

cerium (IV)  hafnium (IV) zirconium (IV) 

r a r e  ea r ths  (111) (considerably l e s s  extractable  than 
above under most conditions). 

M o  (111) 

An excel lent  ove ra l l  view of t he  extract ion of these  elements from hydro- 

ch lor ic  o r  n i t r i c  acid  systems of vGying composition i n t o  arl undiluted o r  

d i l u t ed  TBP solvent phase i s  presented i n  t h e  a r t i c l e s  l i s t e d  i n  Table 4. 

'l'he high e x t r a c t a b i l i t y  of thorium inLu urliiiluted TBP from hydrochloric 

ac id  and n i t r i c  ac id  systems a r e  given i n  f igures  3 and 4. Thorium n i t r a t e  i s  

m1.1,ch more extractable  when most of the  n i t r i c  acid  i n  t h e  aqueous phase i s  re-  

placed by some n i t r a t e  s a l t  such as sodium n i t r a t e ,  calcium n i t r a t e  o r  aluminum 

n i t r a t e .  This i s  dramat ical ly  shown i n  Table 5 where some da ta  taken from a 

publ icat ion of H.A.C. &Kay a r e  presented. The main reason f o r  t h e  di f ference 

i s  t h a t  t h e  neu t ra l  n i t r a t e  s a l t s  a re  not soluble i n  TBP whereas HNO, forms a 
J 

soluble  complex with TBP. 

~ e r n s t r 8 m  and Rydberg41 have studied t h e  e f f e c t  of t h e  replacement of BNO 
3 

w i t l i  calcium n i t r a t e  on t h e  extract ion of thorium 'by undiluted t r i b u t y l  phosp4'b;te. 

An approximate summary of t h e i r  r e s u l t s  i s  given i n  Table 6. Some of the  impor- 

t a n t  separations which can be b d e  Mth. ,such 8 mixture of  " s a l t i ng  agents" i n  the. 

aqueous phase 'are apparent from an inspection of f igure  5. 

The viscosity and dcnoity of undiluted TBP makes it. a o m ~ w h ~ . t ,  t ,ri~hlesorne t o  

use. Hence it i s  f requent ly  d i lu ted  t o  a 10 t o  40 volume percent solut ion i n  

some i n e r t  d i luen t  solvent such as  n-butyl ether,  ether,  benzene, carbon t e t r a -  

chloride,  kerosene o r  some i n d u s t r i a l  mixture of hydrocarbons. The d i lu ted  TBP 

ex t r ac t s  thorium with a reduced extract ion coef f ic ien t  but, as  a compensatory 

change, t h e  e x t r a c t a b i l i t y  of  a number of o ther  ions i s  reduced below t h e  point  

where they  w i l l  ex t rac t  t o  an appreciable extent .  

Thorium may be recovered from a TBP phase i n t o  an aqueous phase by back- 

washing t h e  TBP with d i s t i l l e d  water o r  with very d i l u t e  acid. 



M OF HCI 
. .- , 

Figure 3 va r i a t i on  of d i s t r i bu t i on  r a t i o s  ( T B P ~ ~ ~ U ~ O U S )  of  

scandium, thorium and zirconium with aqueous H C 1  concentration . 
42 f o r  ex t rac t ion  i n t o  pure, undiluted TBP. Peppard, Mason and Maier . 



Fi'gure 4 Varia t ion of  d i s t r i b u t i o n  r a t i o s  ( ~ ~ ~ / a q u e o u s )  of , 
. . 

scandium, thortum and zirconium with kqueous RNO concent.rat'ion 
3 4 2 

f o r  ex t rac t ion  ' in to  pure undiluted TBP. Peppard, Mason and Maier . 
- 
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Figure 5 The ' p a r t i t i on  coef f i c ien t s  (orglaq)  of  T ~ ( I V )  and 

. of several  representa t ive  contaminating ions i n t o  undiluted TBP 

as a fbnctiori of..HNO i n  t he  aqueous phase. The aqueous phase 
3 

concentration of C ~ ( N O  ) i s  f ixed a t  3 Molar. The curves f o r  
3 2 

PU(VI) and PU(IV) have been extrapolated assumihg PU(VI) p a r a l l e l s  
4 1 

U(VI) and PU(IV) p a r a l l e l s  T ~ ~ I V ) .  . From ~erns ' t r zm and ~ y d b e r g  . 
1, 



Table 5 Effect of Neutral Sodium Nitrate on the Extraction of Thorium 
from HNO Solution with 1% TBP 

3 

Aqueous Composition ,K.;.:... ( org/aq . ) 
Tn 

HNO 
3 

2 .o 

Abstracted from data of H. . A. . C. McKay presented in 
Process .Chemistry, Progress in .Nuclear Energy, Pergamon 
Press .Ltd. London ,1956. 

Thorium concentration about. 1 gram. per:.:Lbt,er:. ..,. .:; .. . , 



'.. . 
. 

Table 6 ,Effect of Concentration of C~(NO ) in the Aqueous. 
3 2  Phase onlltlif Extractio of Thorium into Undiluted TB? 

(~srnstrom and Rydbergel), 

HNO C~(NO ) 
3 . 2  . 3  

Conc Conc 



-29- uCKL-8703 

Important Note: A l l  of  the  da ta  quoted here f o r  extract ion of thorium by 

t r i b u t y l  phosphate a r e  f o r  a pure solvent p re t rea ted  t o  remove monobutylphos- 

phate and d ibu ty l  phosphate. Most TBP "as received" i s  c o n t q n a t e d  with these  

hydrolysis  products. Since these  compounds have a much s t ronker  a b i l i t y  t o  com- 

p lex  thorium and contaminating impurit ies,  qu i t e  d i f f e r en t  extract ion and p u r i f i -  

ca t ion  behavior i s  obtained when they are  presnt .  Herice it i s  good prac t ice  t o  

p r e t r e a t  TBP by washing it thoroughly with aqueous sodium carbonate and pure . 

Monoalkyl and Uialkyl Phosphates mixed with i n e r t  c a r r i e r  solvcnts show 

phenomenally high ex t rac t ion  coef f ic ien t s  f o r  thorium even from aqueous solut ion 

i n  which t h e  concentrat ian of  acid  and neu t ra l  s a l t s  i s  qu i t e  low, The general  

equations f o r  such solvents a re  

( G O ) W ( O H ) ~  

and (GO)~PO(OH) 

Some spec i f i c  solvents a r e  those i n  which G i s  bu ty l  o r  2-ethyl hexyl o r  o c t y l  

phenyl ttnore spec i f i c a l l y  para  (1,1,3, 3 - te t rmethy lbu ty l )  phenyg. Di lu te  solu- 

t i o n s  of these  ac id ic  e s t e r s  of orthophosphoric acid  i n  toluene a r e  able  t o  

p u l l  t h ( i v ) ,  the  r a r e  ea r th  ions, z ~ ( I v ) ,  N ~ ( I v ) ,  PU(IV),  B ~ ( I V )  m d  many o ther  

ions  i n t o  t h e  organic phase with p a r t i t i o n  ,coefficients ranging up t o  severa l  

thousand. The p a r t i t i o n  coef f ic ien t s  a re  strong furictidz~s:.:: of the  concentrs- 

t i o n  of t h e  ex t rac t ing  agent and of t h e  acid  so there  .Is considerable opportuni- 

t y  t o  manipulate e-qerimental  conditions t o  favor t h e  p r e f e r en t i a l  ex t rac t ion  

of c e r t a in  ions, p a r t i c u l a r l y  such highly extractable  ions ass t h ( 1 ~ ) .  No de- 

t a i l e d  da t a  on t h e  ex t rac t ion  of thorium has been published a1d the re  a re  no 

de t a i l ed  descr ipt ions  5n the  l i t e r a t u r e  on t h e  use of solvents of t h i s  type f o r  

t h e  radiochemical separat ion of thorium. It seams c lear ,  however, t h a t  t h e  

ex t raord inar i ly  high p a r t i t i o n  coef f ic ien t s  f o r  thorium i n  t h e  presence of .these 

. ac id i c  e s t e r s  of orthophosphate w i i l  f ind  many appl icat ions  i n  raciiochemistry. 

Some idea  of  t he  necessary pretreatment of t he  solvent and of t h e  solvent power 

of these  solvent systems can be obtained i n  publications by Peppard and h i s  co- 

workers. 45-47 A paper47 on t he  extract ion of B ~ ( L V )  from rare ear ths  a id  other  

impuri t ies  ind ica tes  t h e  type of separation of t e t r apos i t i ve  and t r i p o s i t i v e  ions 

which can be achieved. Peppard, Moline and Mason47 put ~ m ( 1 1 1 )  and B ~ ( I V )  i n t o  

45. " ~ r a c t i o n a l  Extraction of t he  Lanthanides as  t h e i r  Di-alkyl Orthophosphatesl', 
D.F. Peppard, G. W. Mason, J . L .  Arer .and W. J. Driscol l ,  J.Inorg. Nucl. 
Chem. k, 334, 1957 



an .aqueous so lu t ion  10M i n  HNO and 0.lM i n  KBrO ( t o  maintain t h e  Bk i n  an - 3 - 3 ' 
.oxidized s t a t e )  a d  contacted t he  aqueous phase with an 0.15 M - so lu t ion  of,. 

d i -e thy l  hexyl phosphate i n  n-heptane. The curium remained i n  t h e  aqueous 

phase ( K ~ ,  = 1.4 x 10'~) while t he  berkelium was quan t i t a t ive ly  extracted,  

I n  addit ion t o  t r i b u t y l  phosphate and t h e  mono and d i a lky l  e s t e r s  of 

phosphoric acid, the re  are several  o ther  c lasses  of phosphorous containing 

compounds which have received considerable study as possible extract ing solvents 

f o r  uranium, thorium and o ther  el.ements. Several  of these  compounds have ex- 

t r a c t i n g  power much grea te r  than t h a t  of ..Lkkibutyl phosphate. Some of t h e  

most promising solvents a r e  of  t he  following types, where t he  l e t t e r  R represents 

. an a lky l  groupb 

d ia lky l  phosphine oxides 

Es te r s  of pyrophosphoric acid  

.Other c lasses  of solvents which a r e  very promising f o r  many applications i n  

t he  extract ive 'metal lurgy of t he  heavy elements a r e  t h e  mono - d i  - t r i  - and 

quaternary.alky1 anmines. A number of  repor ts  have been wr i t t en  on these  phos- 

phorous and 'armnine solvents and most of them can be located with t h e  a id  of  

Nuclear Science Abstracts. It i s  premature-to discuss these  solvents i n  any 

d e t a i l  here because very l i t t l e  has been published concerning t h e i r  use i n  the  

' radiochemical separation of  thorium. There i s  no question, however, t h a t  radio- 

, chemists w i l l  f ind  severa l  .of these  new solvents highly useful  t o  them. 

46. " ~ c i d i c  a s t e r s  of Orthophosphoric Acid as  Select ive  Extractants f o r  Metall ic 
Cations - Tracer s tudies" ,  D o  F. Peppard, Go W. Mason, W. J. Drisco l l  and 
R. J. Sironen, J. Inorg, hucl. Chem. 5 276 (1958). 

47. " ~ s p l a t i o n  of Berkelium by Solvent Extraction of t h e  Tetravalent  species", 
D.F. Peppard, S. W. Moline 'md G ;  W. Mason, J. Inorg. Nuclear .Chem. 4, 344, 

(1957.) 



A s  a s ing le  example, t he  solvent tri-n-octylphosphine oxide i s  reviewed 

b r i e f l y  i n  Tables. 7 and 8 . This da ta  i s  taken from an Oak Ridge Report by 
48 

Ross and White . . It can be seen t h a t  thorium i s  very highly extracted i n t o  I 

an 0.1' M - solut ion of  tri-n-octylphosphijne o.xide i n  cyclohexane from, d i l u t e  HC1, 

H C l O  and par t i cu la r ly ,  d i l u t e  RNO It i s  pa r t i cu l a r l y  wel l  extracted when 
4 3 ' 

t h e  aqueous phase i s  1M - i n  HNO and 1M i n  sodium n i t r a t e .  
3 - 

8. Ion Exchange Behavior of Thorium , 

Cation Exchange 

The t e t r apos i t i ve  thorium ion  i s  adsorbed on cat ion exchange res ins  more 

s t rongly  than most o ther  ions.  This f a c t  makes it possible  t o  adsorb thoriupl 

t r a c e r  from a la rge  volume of solut ion onto a small amount of res in .  It makes 

it Seasible t o  separate t h o r l m  frunl  rllusL o'khes ions by washing t hc  rcoin  on .::. 

which t he  thorium i s  adsorbed qu i te  thoroughl$ w i t h . a  mineral ac id  so lu t ion  o r  

some o ther  su i t ab l e  leaching agent t o  remove the  less-strongly-bound ions. 

When both t he  thorium and t h e  unwanted contaminants a r e  present i n  small con- 

cen t ra t ions  the  method i s  pa r t i cu l a r l y  applicable. 

Diamond, S t r e e t  and ~ e a b o r ~ ~ ~  studied t he  adsorption of t r a c e r  ions on t h e  

, . r e s i n  Dowex 50 ( a  copolymer of styrene and d iv iny l  benzene with nucleonic sul -  

fonic  acid  groups as  exchange s i t e s )  and t h e  e lu t ion  of t he  ions with hydrobhlor- 

i c  acid  of varying concent.2ation. A t  a l l  concentrations of H C l ,  thorium (IV) 

w a s  very s t rongly held by t h e  r e s in  and such ions as s ~ ( I I ) ,  L ~ ( I I I ) , C E ( I I I )  

and ~~(111) were liluch more rap id ly  eluted. Thorium (IV) on .Lhe resill is YemIi.:ly 

washed f r e e  of heavy element t e t r apos i t i ve  ions such as N ~ ( I V )  o r  PU(IV) with 

K C 1  6 molar o r  g rea te r  i n  concentration because t he  higher elements i n  t he  t e t r a -  

pos i t i ve  s t a t e  form s t rong complexes with hydrochloric acid. This i s  t r u e  a l so  

of uranyl ion.  

Thorium i s  removed from a cat ion exchange r e s i n  by passing a complexing 

agent through t h e  column of r e s in  t o  reduce t he  e f f ec t i ve  concentration of  f r e e  

48. eo he Use of Tri-n-octylphosphine Oxide i n  t h e  Solvent ~ x t r a c t i o n  of ~ho r f i~ rn  
from Acidic ~ o l u t i o n s " ,  W. J. Ross and J. C. White, Oak Ridge National Lab- 
o ra to ry  Report, ORNL. 2627. 

49. R. M. .Diamond, K. S t ree t :  J r . , - and  G. T. Seaborg, J. Am. Chem. Soc. 76, 
1461, (1954). 



T.ABLE 7 . EXTRACTION OF THORIUM FROM ACID SOLUTION 

INTO TRI-N-OCTYLPHOSPHINE OXIDE [ m o )  

, ~hdrium present. . , 11.3 mg -ThC14, ~ h ( ~ 1 0 ~ ) ~  

TOPO, 0.1 M in cyclohexane, 5 ml 
~quilibration time - 10 minutes 
,Data from Ross and.White, ORNL 2627 

Acid Molarity' Eorg 
Aq . 



- .  . . . . .  . 

TABLE ,8 EXTRACTION, OP THORIUM FROM ACID ;SOLUTION 

PRESENCE OF NITRATE AND CHLORIDE SALTS 

TOPO, 0 . 1  M i n  cyclohexane, 5 m l  
10 minute equil ibrs. t ion 
Data from,Ross and White OR~L-2627 

Aqueous .Composition . EOrg 
A s  

1 M HNO + 2 M NaN03 - - - 1900 
3 

1 M HC1 + .  113. M AlC1 - - 3 
.o .4 

1 M H C 1  .+ 1 M A l C 1  - .  - 3 
11 ' , 

.l M H C I  + 2 M A l C l  - .  - ,.. 3 
,1100 ' 



thorium ions and thus reverse t he  adsorption process. Sui table  complexing'&gents. 

a re  buffered c i t r i c  acid, biuffered l a c t i c .  acid, f luor ide  ion, c'arbonate ion, 

s u l f a t e  ion, oxala te  ion, e tc .  

~ a n e ~ '  separated small amounts of  thorium from 0.15 M uranyl n i t r a t e  solu- - 
t i o n  containing .0. l  M HNO by passing t h e  solut ion through a bed of Amberlite - 3 
1.-1 res in .  The column was thoroughly washed with 0.25 M H2S04 t o  remove al l  - 
t h e  uranium. The thorium was then e luted with 1.25 M NaHSO - 4 - 

~ r ~ s s e n ~ l  separated UX ( ~ h ~ ~ ~ )  from uranium by adsorbing t h e  IIX on blolfat- 
1 1 

it K S  from a 2M H C 1  so lu t ion  of urwiium. The pure UX1 i s  then e luted with 0.5 M - 
I '  oxa l ic .ac id .  The solut ion i s  evaporated t o  dryness and t he  oxa l ic  acid  i s  

sublimed o f f  leaving a ca r r i e r - f r ee  thorium sample. 

Asaro, Stephens and ~ e r l m a n ~ ~  prepared radiochemically pure samples of 

~h~~~ fo r  a and r spectrum s tudies  by adsorbing an impure mixture of ~h~~~ and 

I ' i t s  daughter products .on a shor t  Dowex-50 r e s i n  column (3mm diameter x 3 cm 

height)  from a d i l u t e  n i t r i c  acid  solution.  .The column was jacketed t o  allow 

operation a t  87' C ( t he  temperature of t he  Vapors of bo i l& t r i e thy l ene  glycol) .  

The. radium, lead and bismuth f rac t ions  were e luted with 4M n i t r i c  acid, a f t e r  - 
which t h e  thorfum w~.s st-ripped with ,a 50-volume=~ei;cer~~ sulution o f  l a c t i c  acid  

a t  pH3. One ml of  l a c t i c  acid  suff iced t o  remove t he  Th228 from the  column. 

..The l a c t i c  acid  could be removed by sublimation. The high temperature opera- 

t i o n  was e s s e n t i a l  f o r  t h e  rapid  removal of t h e  thorium.in a s m a l l  volume 'of 

e lu t i ng  solution.  

Procedure 9 i n  Section V of t h i s  repor t  contains addi t ional  comment on t h e  

a d s o ~ p t i o n  .and desorption behavior of thorium on cation exchange res ins .  

Anion Exchange - Hydrochloric Acidsystems 

The remarks on t h e  use of anion exchange res ins  i n  t h e  radiochemical puri-  

f i c a t i on  .of thorium w i l l  be divided i n to  two par ts .  .The f i r s t  'pas t  w i l l  discuss'  

50.. R. Wo Bme, Report CC-3336, Nov. 23, 19$5, 
\ 

51. Do Dryssen, Svensk. Kem. Tidb 62, 153 (1950). 

52. F. Asaro, F. Stephens .Jr,, and I. Perlman, Phys, Rev. 92, 1495 (1953). 



hydrochlor ic .acid  systems i n  which thorium forms no negative complexes and 

.hence i s  not adsorbed by anion exchange res ins .  .Seve ra l . o the r  heavy elements 

and severa l  f i s s i o n  product elements do form negative ions i n  concentrated hy- 

drochlor ic  acid  and can be read i ly  removed from a thorium solut ion by adsorp- 

t i o n  on a .small amount of i on  exchange ' resin.  A number of poss ible  separations 

a r e  r ead i l y  apparent from a consideration of t he  following da t a  on adsorption 

behavior i n  t h e  case of t h e  r e s i n  Dowex-1 ( a  coplymer of styrene and d iv iny l  

benzene with quaternary ammonium f'unctional groups.) 

~ranium(VI ) , neptunium (VI ) and plutonium ('VI j ' r ead i l y  adSorbed 

from hydrochloric acid  solut ions  6 M o r  g rea te r  i n  concentration. Readily - 
desorbed with 0 t o  3 M HC1. - 

Neptunium (v) read i ly  adsorbed above 4 M HCl .  Protactinium (v) - 
readily d s u ~ ~ b e i l  above 8 M IIC1.. - 

Thorium (IV) not adsorbed a t  any H C l  concentra-elon, I V ~ ~ L U K ~ ~ U ~ ( I V )  

adsorbed above 4 M HC1. Plutonium (IV) adsorbed s t rongly above 2.5 M H C 1  . - - 
Plutonium (111) not adsorbed at  any H C 1  concentration. Lanthanide 

r a r e  ear ths  not adsorbed -at any HC1  concentration. Americium and higher 

ac t in ide  elements i n  the  t r i p o s i t l v e  oxidation s t a t e  very s l i g h t l y  adsorbed 

i n  highly concentrated HC1. 

Kraus, Moore and   el son^^ invest igated t h e  anion exchange behavior of thor-  

ium, protactinium m d  uranium i n  hydrochloric acid solut ions  and suggested sev- 

e r a l  a l t e rna t e  procedures f o r  t he  clean separation of these  t h r ee  elements from 

each other .  For example, a mixture of t he  th ree  ions i n  8 M HC1 may be passed - 
throligh a Dowex-1 column t o  adsorb u r a r l i u  wlcl protactinium at t h e  top  of  the  

column. Thorium passes through the  column quanki t a t ive ly ,  The protactinium i s  

r ag id ly  e luted with 3.8 M HC1. The uranium e lu tes  somewhat l a t e r .  Al ternat ively  - 
t h e  protactinium may be e luted with a mixture of 7 M H C 1  plus 0.11 M I-IF leaving - - 
t h e  uranium f i rmly bound t o  t h e  res in .  The presence of f luor ide  ion  causes a 

dramatic decrease In  t he  d i s t r i bu t i on  coef f ic ien t  f o r  protsctiaium wit.holit a f fec t -  

i ng  t h a t  f o r  uranium. After  t h e  protactinium i s  o f f  t he  column t h e  uranium i s  

53. K O  A. Kraus, G. E. Moore, and I?. Nelson, J. h e r o  Chem. Soc, 78, 2692 (1956); 

i b i d  2 4283 (1950) J ' 2900 (1951) ; 77, 1383 (1955) 0 7 ,  
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rap id ly  desorbed with 0.5 M H C l .  - 
Many of t he  f i s s i o n  product elements form adsorbable negatively-charged 

chloride complexes i n  hydrochloric acid. Those which do can be removed from a 

solut ion of thorium by contact of  the  solut ion with a sample of res in .  An 

excel lent  ove ra l l  review of  a l l  elements i n  t h e  periodic system and a good 

bibliography i s  t o  be found i n  t h e  1955 Geneva Conference paper of Kraus and 
54 Nelson . Some important ions which masy be removed from a thorium so lu t ion  by 

Dowex-1 r e s i n  a r e  zirconium(Iv), hafnium(Iv), iron(111), zinc(11), cobalt(11), 

gal J . ~ , I I ~ ( I I I ) ,  mnlybdenum(VI), 'cadmium(11), t i n ( I v ) ,  t i n (11 ) ,  antimony(ll l) ,  

antimony(v), mercury(l l) ,  bismth(111), and p o l o n i u m ( ~ ~ ) .  It i s  noteworthy 

t h a t  thorium appears t o  be t he  only metal l ic  element of t h e  four th  group of 

t h e  Periodic System which cannot be adsorbed by a strong base anion-exchange 

r e s i n  from concentrated hydrochloric acid  solution.  The d i f f e r i ng  behavior of 

thor ium(1~)  and z i rcon ium(1~)  i s  pa r t i cu l a r l y  noteworthy i n  t h i s  connection be- 

cause i n  some radiochemical procedures zirconium iodate  o r  some other  zirconium 

compound i s  used as a c a r r i e r  p r ec ip i t a t e  f o r  thorium. The c a r r i e r  ion  can be 

removed e a s i l y  by placing t he  thorium t r a c e r  and zirconium c a r r i e r  i n  9-12 M - 
H C 1  and removing the  zirconium with anion exchange res in .  

Po i r i e r  and B e a r ~ e ~ ~ ~  of t he  Ba t t e l l e  Memorial I n s t i t u t e  wrote a repor t  

on t he  separation of uranium and thorium with pa r t i cu l a r  reference t o  t he  pro- 

cessing of monazite sands. The s epafation of uranium from thorium i n  carbonate, 

H C 1  and H SO solut ions  by anion exchange res ins  w a s  s tudied i n  some d e t a i l  2 4 
' 

including the  e f f ec t s  of extraneous ions, types of res in ,  e tc .  

Anion Exchange N i t r i c  Acid Sys'tenq 

In  the  second main p a r t  of t he  discussion of t h e  anion exchange' behavior, 

of thorium, we t u rn  t o  a consideration of n i t r i c  acid  systems. A few years ago 

t he  surpr is ing discovery w a s  made55 t h a t  thoriuin forms adsorbable n i t r a t e  com- 

plexes i n  n i t r i c  ac id . so lu t ion  over a wide range of n i t r i c  acid concentration .:. 

with maximum absorption occurring near 7 M  HNO This f a c t  can be made the  ba s i s  - 3' 

54. K. A. Kraus and F. Nelson, Paper ~ 1 8 3 7  i n  Vol. 7 of Proceedings of t he  In t e r -  
nat ional  Conference on t h e  Peaceful Uses of Atomic Energy, Geneva, 1955, United 
Nations, New York, 1956; Single copies of t h i s  paper inay s t i l l  be avai lable  
f o r  & 25 from United Nations Babkstore, New York. 

54a. R.R. P o i r i e r  and -A.E. Be.arse, Ba t t e l l e  Memorial I n s t i t u t e  Report, BMI-242 
August 1950, 71 p. 

55. J ' ~ ,  Danon, J. Amer. Chem. Soc. 5953 (1956). 
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of a number of important radiochemical separations such as the separation of 

thorium from rare earths, from zirconium, from uranium, from actinium and a 

number of. other elements.. 

  anon^^ reports that the absorption of thorium on Dowex-1, &$I divinyl-ben- 

zene 50-100 mesh, expressed as a distribution coefficient D (amount of thorium 

per gram of Q y  resin divided by the amount of thorium per ml of solution), 

increases from D = 300 and decreases slowly t0.D = 210 at 10 M HNO The - 31 
thorium is immediately desorbed from..& Dowex-1 column with dilute HC1. 

Carswell'' investigated the adsorption of ~h~~~ and u2j3 tracer by De- ' 

Acidite FF (nitrate form) from HNO solutions. Some of his values are given 
3 

in Table 9. Using these results Carswell separated a mixture of thorium and 

uranium by adsorbing both on the top of a 2 mm diameter by.8 cm long column of 

De-Acidite FF from a small volume of 6 M HNO and then eluting the uranium slo~qly - 3 
with 4 M - nitric acid. .The s-eparation was not good .at room te~l~erature but  was 

satisfactory at 77'~. The thorium was eluted from the column Jith pure water: 

The number of elements which form negative.complexes with nitrate ion is 

small and a large number of ions such as the alkalis, the ,alkaline earths, the 

rare .earths, etc . can be separated rapidly and cleanly from thorium by adsorb- ' 
ing the thorium on.Dowex-1, Dowex-2 or De-Acidite .FF resin from 6-10 M HNO - 3.. 

Even zirconium canbe separated as it is only wekkly adsorbed. Some combina- 

tions of impurities might best be removed by a two step anipn exchange treat-.:..,,. 

ment based on the differing behavior of thorium and its contaminants in chloride 

systems and secondly in nitrate systems. 

The U . S .  Naval Kadiologicai Uefense M'boratory has published a series o r  

reports 57'58. on the anion exchange behavior of a number of heavy element and 
' /  fission product ions frCm HC1, HNO3, HeSO4 a" HH3PP4 solu$ions. Figure? u pjid '7 

. . . . .: . . . . . . :  . . . 1.. . , 
. I  '4. 

56. D. J. Carswell, J. Inorg. Nucl. Chem. .3, - 384, 1957. 
57. L. R . Bunney, N. E . Ballou, J . Pascual and .S . Foti, "Anion-Exchange Behavior 

of Several Metal.Ions.in HCl, HNO and H2S04  solution^ with Dowex-2", U.S. 
haval Radiological Defense Labora?ory Report, USNRDL-TR-228, May 12, 1958. 

58. E. C. Freiling, J. Pascual and A. A. Delucchi, "Anion Exchange Studies in 
Phosphoric Acid Solutions", USNRDL-TR-231, May 7, 1958. 



. TABLE 9 VOLUME DISTRIBUTION COEFFICIENTS FOR ADSORPTION. OF. ~h~~~ .AND u~~~ 
TRACER ON'DE-ACIDITE FF (settling rate 3-1.4 cmjmin) Data from ~arswell5~ 

Molarity .Distribution '..Coefficient 

m03 
Thorium Uranium 



Figure 6 Equilibrium adso rap Lion of thorium and ~ e v e r a l  o ther  

elements by  Duwex-2, 8 percent DVB, 200-400 mesh from n i t r i c  acid. 
57 Data from Bunney, Ballou, Pascual and Fo t i  . 



Figure  7 ~ q u i l i b r i u m  adsorption of  thorium and s e v e r a l  o t h e r  

elements by Dowex-2 from s u l f u r i c  ac id  so lu t ion .  Data from Bunney, 
57 Ballou, Pascual and F o t i  . 
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V. COLLECTION OF DE1!AILED RADIOCHEMICAL 

PFlOCEDURES F(8 THORIUM 

. . 
. . PROCEDURE 1 

Source - W. W. Meinke, report  AECD-2738, pp. 2 6 2 , . ~ u g .  1949 
. .. 

Target material: Tracer Pa separated Time fo r  separation: Several hours 
from 60 in,  bombardment of ionium. 

Type .of bombardment: ( ~ i l k i n g  experiment ) 

Yield: A s  high as 50 percent possilbLe Equipment required: .St i r rers  and TTA 
7 6 Degree of purification: Decontaminate from 10 c/m Pa, 10 c/m U, and lo5 c/m Ac. 

Adyantages: Gives carr ier-free Th, a th in  plate  -for pulse analysis, and good 
pwi f i ca t ion  . . although not speed. 

1- ' ' 

Procedure: ,, 

1. Nf t r i c  acid used throughout. Make .sample 6N acid and .TTA extract  (with 

0,424 TTA i n  benzene) ffve times with .double volume .of TTA, s t i r r i n g  5 min 

.for each extraction. (~emoves. Pa in to  TTA q 0  percent o r  more per pass),  . . . . . 

2. ~ v a ~ o r k t e  t o  dryness . (wash twice wf t h  water and take , these washings also t o  

dryness) a d  take up . in  acid pH 1.0. .TTA extract  with.equa1 volume ( 0 . 2 5 ~  

TTA i n  benzene) s t i r r i n g  15 min. (Th in to  TTA but not U or Ac.) . . 

3. Repeat TTA extraction of s tep  2 with f resh  TTA and combine t h e  extractions. .. 

4.. Wash TTA 'with equal volume of pH 1.0 solution fo r  15 min. (U contamination 
. . 

in to  acid. ) 

5. Wash .TTA with 6~ acid (equal volume ) and 'stir 15 mine ( ~ h  in to  acid. ) 

6. Repeat s teps 2, 3, and 4. ( ~ e ~ e a t  wash as i n  s tep  4 i f  necessary f o r  

fur ther  U purif icat ion.  ) 

7. Plate  out ,the 0.25M TTA on P t  plates  and flame. 

Remarks : 

See curves of Hagemann (JACS 72,. 768 (1950) ) fo r  percekage .of extraction 

in to  TTA vs. pH for  Th and Ac. A t  pH of 1, Th should go in to  the.TTA 

almost completely, .but U should .only go i n  .less. than 10 percentj  perhaps .: . . .. . . . 

as l i t t l e  as 2 percent. Ac wf l l  not go in to  TTA u n t i l  about pH 3 or so, 

and .of course Pa goes i n  up t o  about 6~ .or 8~ acid, . . 

pH conditions f o r  sepmatfng Th from U by TTA extractions are  quite 

c r i t i c s l !  

Equivalent and molecular weight of TTA i s  222 g o  



Source - D.B. Stewart  i n  r e p o r t  AECD-2738, e d i t e d  by.'W.W.. .M:inke. Aug. 1949 

Target  material': ', UO,(NO : ), . ~ H , O  i n  which. Time f o r  separa t ion:  24 h r  
UX has come t o  e6uil?b$iumL 

1 
.Equipment requi red:  40-ml 

. cen t r i fuge  cone 

Yield:  50,000 t o  .10,000 c/m from 20 g UNH 
6 .  . . Degree of p u r i f i c a t i o n :  Factor  of -10 from U 

. Advantages: Good, y i e l d  wi th  small amount of i n e r t  . c a r r i e r .  . ( v e r y  voluminous 
insoluble  p r e c i p i t a t e .  Uranium does not  p r e c i p i t a t e  a t  all:) , . . ,  . . 

,Proccdurc: . .  . 

1. Dissolve 20 g of UO (NO ) .6H20 i n  20 t o  30 m l  of 0 .01  N HNO i n  '40-rnL ' 
2 3 2  

0 3 
cen t r i fuge  cone and warm so lu t ion  t o  about 80 C i n  a hot  water ba th .  Add 

0.5 t o  1 mg of Zr c a r r i e r  a s  n i t r a t e .  

2. Add 5 m l  of a s a t u r a t e d  so lu t ion  of  m-nitrobenzoic a c i d  i n  water and'con- 

t i n u e  warming f o r  about 1 hr .  Let  s tand overnight .  

3 .  Centr ifuge,  decant supernatant ,  and wash Z r  ( C  H NO ~ 0 0 ) ~  twice wi th  6 4  2 
0.01N HNO -I- m-nitrobenzoic ac id .  

3 
Remarks: . 

Sa tu ra ted  so lQt ion  of m-nitrobenzoic a c i d  made up by. d i s so lv ing  400 mg of 

the '  ma te r i a l  i n  100 ml of H 0 .  Heat t o  80 '~ .  Allow t o  s tand svef-a1 hours and 
2 

f i l t e r  t o  remove excess and impur i t ies .  



PROCEDURE 3 

source -.W.W. Meinke,in AECD-2738. Aug. 1949. 
! 

Parent  mater ia l :  Tracer Pa and dau&ters . Time f o r  separa t ion:  -311: hr 
(both Q! and K,) 

Milking experiment Equipme,rrL required:  S-tandard 

Yield: .Only -4.0 t o  50 percent  Th pe:i cycle  

Degree of .pu r i f i ca t ion :  2 t o  3 percen-t..Accarried per  cycle ,  other '  elements 
decontaminated by f a c t o r  of at leas'c 100. 

Advantages: Good procedure i f  Th i s  present  i n  approxima-tely t h e  Sane amount 
. a s  o the r  a c t i v i t i e s .  

Procedure: Pa daughters i n  GN H C 1  a f t e r  milkiag from Pa i n  TTA (procedure . . .  , 

91-1 i n  . ~ ~ ~ ~ - 2 7 3 8 . ) .  

1. To -10-cc daughter so lu t ion ,  add 112 t o  1 mg of ~ r + ~  c a r r i e r  and enough ' . 

+4' 
H PO t o  make -b.M i n  PO-- Cen-trif uge precipi-Late ( c a r r i e s  Th 1.. 3 4- 1; 

2. Add t o  Lhe prscipi-;ate 3 mg of c a r r i e r  and d i l u t e  wi th  1 N  HC1.  Add 

HF, d iges t ,  and cen t r i fuge .  

3 , .  Metathesize the f11lori.d.e precipita.Le to hydroxide 'by adding cone. KOB. 

Centr ifuge.  Wash once w'i'ih allcaline water.  
. . 

4. Dissolve in.HC1 and .r'epeat s-Leps 1 t o  3, reducing amount of La c a r r i e r .  

5.  P l a t e  a s  t h e  Lac1 solu t ion ,  flame, and count. 
3 

Remarks : 

ZP (PO ) p r e c i p i t a t e  qui te  s p e c i f i c  f o r  car ry ing ~ h + ~  from other  elements 
' 

3 4. 4 
i n  t h e  heavy region.  Yield 1-oa-L i.n the  LaF - L ~ ( o R )  precipi-Lation. 

3 3 
Do not  use t h i s  procedure i f  moye purifica-Lion i s  ne'eded than i s  given by 

two cycles ,  s ince  the  Th y i e l d  t r i l l  be .irery low. 

Lac1 . so lu t ion  when evapora:ced's-Licks t o  P t  p i a t e s  much b e t t e r  thap , . the  
3 

p r e c i p i t a t e  encountered i n  t h i s  procedure. 
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PROCEDURE 4 

Solution of Thorium-Metal and Thorium Dioxide 

Source Newton, Hyde, and Meinke i n  r epor t  AECD-2738. 

Thordum metal can be d issolved rap id ly  i n  conc. HC1, b u t  a  cons iderable  

amount of black insoluble  res idue  i s  formed i n  the  process.  I f  a  few drops 

of  (NH ) SiF  so lu t ion  (enough t o  make -0.1 M) a r e  added t o  t h e  HC1 before  
4 2  6 

s o l u t i o n  is  s t a r t e d ,  t h e  b lack res idue  i s  qissolved,  leaving only a  small 

r e s idue  of thorium oxide (< 1 percent )  ' i n  the  c l e a r  so lu t ion .  

Thorium metal can be di ssolved i n  conc. HNO with t h e  addi t ion  of  ( N H ~ ) ~  
3 

S iF  (o r  HF)  t o  0.01M. The metal becomes passive t o  so lu t ion  from time t o  . 6 
time, r equ i r ing  f u r t h e r  add i t ions  of  a c i d  and S ~ F - - .  6 

If t h e  excess HNO, is  evaporated o f f ,  ca re  should be taken n o t  t o  a l low 
J 

t h e  s o l u t i o n  . to  go completely t o  .dryness;.  o r  d i f  f i d u l t y  so lub le  Tho 1 w i l l  ..be 
2  

formed . 
If it is des i red  t o  d issolve  Tho the  HNO ,(NH ) SiF so lu t ion  should be 2, 3 4 .#z  6 

used, and t h e  mixture should be  heated wi th  s t i r r i n g  f o r  seve ra l  hours. Tho2, 

when f i r s t  formed, i s  much more so lub le  than a f t e r  prolonged heat ing.  



PROCEDURE 5 
I r 

Source - .R.  N. Osborne i n  r e p o r t  .UCRL-l+377, e d i t e d  by M. Lindner . Aug. 1954. 
. . 

P u r i f i c a t i o n  : . . 

: ~ h o r i &  i s o l a t e d  .from .:uranium t a r g e t s  showed no eviden,ce of fo re ign  ,alpha , 

p a r t i c l e  groups upon pulse  ana lys i s .  -The complex beta  decay and growth was 

always reproducible and cou ld  be accounted f o r  on t h e  b a s i s  of t h e  i so topes  

known t o  be present .  .This r ep roduc ib i l i ty  suggests a high degree of beta 

p ~ ~ r i t y .  

Yield: . A t  l e a s t  50 percent .  

I Separat ion time: About four  hours. 

1. To .about 20 m l  of the  a c t i v e  so lu t ion  i n  8~ .HNO add an .appropr ia te  
3 ' 

thorium . t r ace r  and about 5 rng lanthanum c a r r i e r .  Add 20 drops 27N.m. 

Centr ifuge p r e c i p i t a t e  and wash once wi th  d i l u t e  HNO -HF. Discard super- 
3 

na tan t  and wash. 
/ 

2. To t h e  p r e c i p i t a t e  add .3 n l l  water, 1 m l  5 % . ~  BO and f i v e  drops c0n.c. 
3 3 

HNO?, i n  t h a t  order .  " 

-I 

3. To . the  r e s u l t a n t  so lu t ion .add  5 ml 3N NaOH. Centr ifuge and wash 

I p r e c i p i t a t e  twice .with 3TJ.NaOH. Discard supernatants .  

)I.. . Add 1 0  ml 1.5M. IINO t o  t he  - p r e c i p i t a t e .  
3 

5. Equ i l ib ra te  t h e  so lu t ibn ,  by vigorous s t i r r i n g ,  with 5 -m l  por t ions  of 

I * 
t henoy l t r i f luorace tone  (TTA) i n  benzene , allowing t e n  .minutes f o r  each 

e q u i l i b r a t i o n .  Discard benzene phases. 

* 
Note: I f  l a r g e  amounts of ~1; '~ '  should be present  i n  the  o r i g i n a l  so lu t ion ,  

I t h e  above pro.cedure might become .awkward because of l a r g e  p r e c i p i t a t e s  

I '  and . t h e  d i f f i c u l t y  i n  e x t r a c t i n g  l a r g e  macro amounts of thorium i n t o  

TTA. I n  t h i s  case,  t h e  use of an a s s o c i a t e d  che la t ing  compound, 

"Dagmar," (1-(3,4-dichloropheny1)-4,4,5,5,6,6,6, heptafluoro-1,3 

hexanedione) i n  place of :TTA i s  p re fe rab le  because of t h e  much 

g rea te r  s o l u b i l i t y  of t h i s  thorium che la te  i n  .benzene. 



6 .  Adjust  aqueous l a y e r  t o  pH 1 . 5  (buf fe r ing  not  necessary)  with NaOH, and 

e q u i l i b r a t e  with 20 m l  TTA so lu t ion  i n  benzene f o r  1 5  minutes. Separate 

. l a y e r s  and d i sca rd  .aqueous phase. Wash benzene l a y e r  with \two 10-ml 

por t ions  of kN0 a t  p ~  '1.5. . ' 
3 

7. E q u i l i b r a t e  benzene so lu t ion  wi th  5  m l  3 N  HNO f o r  1 5  minutes. Separate 
3  

l a y e r s  and d i sca rd  benzene phase. The 3N HNO so lu t ion  w i l l  conta in  
3  

c a r r i e r  - f ree  thorium, unless  ~ h ~ ~ ~  was present  i n  t h e  o r  i g i u a l  s o l ~ t ~ i o n .  



PROCEDURE 6 

Source - unpublished procedure obtained from G.M. Iddings. 

Note. - This procedure was developed . t o  recover grym .amounts of i'onium which 
had been i r r a d i a t e d  i n  .a reacto* t o  produce.pa231 and ~ ~ 3 ~ .  

Dissolve p i l e  i r r a d i a t e d  A 1  s l u g  containing 1 gm ThZ3' i n  6~ NaOH. 

. Centrifuge ,out t h e  Tho Wash prec i p i t B t e  . 
2 ' 

Dissolve the  Tho i n  concentrated. HNO and 0.05 M HF' with bo i l ing .  
2 3 

P r e c i p i t a t e  T ~ ( o H ) ~  with N~OH. '  

( pa 'jl and . u ~ ~ ~  carrg-; .  down wi th  t h e  Th 230 ) 

. Wash .the f l u o r i d e  from the  hydroxide p r e c i p i t a t e  . 
. Dissolve t h e  T h ( 0 ~ ) ~  with conc. HC1.. 

Put  so lu t ion  through.. Dowex-2 anion column. 

(UZ3', and Z r g 5  s t i c k ;  ThZ3O does not s t i c k .  ) 

.wash column .with 1 0  N . HC1. 

Save conc. H C 1  so lu t ion  and  wash containing ThZ3O and f i s s i o n  products f o r  

f u r t h e r  p u r i f i c a t i o n .  
231 E lu te  Pa from anion column wi th  9 N HC1 and 0 .1  N H f .  

(uZ3' and 2rg5 s t i c k  t o  anion r e s i n . )  

Elute  u23' ( toge the r  with zrg5) f r o m  column with 0.5 N HC1.  

T'hZ3O p u r i f i c a t i o n : .  

Add conc. HNO, t o  the  ~h~~~ so lu t ion  and b o i l  t o  destroy t h e  HC1. 
J 

Evaporate j u s t  t o  dryness and red i s so lve  i n  d i s t i l l e d  water.  

Adjust t h e  a c i d i t y  of t h e  so lu t ion  t o  pH 1 with  n i t r i c  ac id .  

Adjust t h e  vol .  so  t h a t  so lu t ion  i s  -0.1 M ThZ3' (1n t h i s  case 44 m l  f o r  t h e  

gm of ~ h ~ ~ ~ .  ) 
iC 

Ext rac t  t h e  Th w i t h  8 0  ml of 0.60 M Dagmar i n  benzene. 15-20 minutes,. 

Add .enough naOH t o  t h e  aqueous phase . t o  b r i n g  t h e  a c i d i t y  t o  pH 1. 

(2.9 m l  of 6 N NaOH f o r  1 gm ~ h ) .  * 
Continue the.Dagmar ex t rac t ion  f o r  15-20 minutes more. . 

Separate phases and .wash organic phase with 0 . 1  Il I.Di02. 

3C 
.- Dagrnar r e f e r s  t o  t h e  f3-diketone reagent  [~l-(3,4-dichlorophenyl)-4,4,~,5,6,6,6 

heptafluoro-1,3 hexanedioqe 1 .. 



Drain o f f  t h e  aqueous wash. 
-230 

Back ex t r ac t  the  gm of.Th from organic phase with 8 N HNO -10 m. 
3 

Repeat back extract ion.  ( ~ a ~ m a r  ex t rac t ion  separates  Th from a l l  f i s s i o n  

products except Zr . Zr was previously separated from '11h230 on the  anion 

r e s i n  column. ) 

Prec ip i t a t e  T ~ ( o H ) ~  with NH40H. 

Wash p r ec ip i t a t e .  

I g n i t e  preci-pitate t o  Tho i n  Pt cruc ib le  with water cooled induction c o i l  i n  
2 

glove 'box. 

Load new Al slug with tkThOp-- ready f o r  p i l e  i r r ad i a t i on .  



-!SO- 

PROCEDURE 7 

'Source : - J . W .  Barnes and H.A. Po t ra tz  i n  :"Collected Radiochemical Procedures", , 

Los Alamos r e p o r t  LA-1721. Jan.  1958. . . .  . 

A.  Determination of ~ o n i ~ u n ( T h  230) i n  Coral Samples 

1. Int roduct ion  

The determination' of ionium (Th 230) i n  co ra l  samples involves c a r r i e r  f r e e  

separa t ion  of t h e  t o t a l  thorium.content  by use of T T ~ [ 4 , 4 , 4 ; t r i f l u o r o  - 1 - 
(2 - th ieny l )  - 1 , 3  - ,butanedione] . Thorium i s  f i n a l l y  adsorbed on a ca t ion  

exchange column and e l u t e d  wi th  oxa l i c  ac id .  It i s  then a-counted and pulse 

analyzed, y i t h  ~h~~~ being employed t o  determine chemical y ie ld .  The chemical 

" ' * y i e l d  i s  50-7076. Duplicate samples may be  run i n  about 6 hours. 

2. Procedure 

Step  1. Transfer  about 2 g. of .coral ,  weighed t o  t h e  nea res t  0 . 1  g., t o  

a 600-m~ beaker. Add ~h~~~ t r a c e r  i n .  known amount (5  -100 c/m) and wash down 

t h e  s ides  of the  beaker with H 0. 
2 

Step  2. With.a speedyvap watch g lass  i n  p lace  on t o p  of t h e  beaker, 

graduakly add 75 ml. of..'conc. HNO dropwise a t  f i r s t  t o  prevent excessive 
3 ' . . 

roaming. Place t h e  .covered beaker on a ho t  p la te  and al low t h e  so lu t ion  to.  

b o i l  u n t i l  t h e  begetable f i b e r s  present  i n  most samples have d i s i n t e g r a t e d  and 

brown .fumes a r e  no longer evolved. .Cool t o  room teqpera ture  and caut ious ly  

add 70% HC104. ( ~ u r i n ~  t h i s  and subsequent s t eps  which involve fuming with 

HC104, t h e  opera tor  \ should wear a f a c e  s h i e l d  and rubber gloves. ) ~ G a ~ o r a t e  

t o  dense white fumes and continue heat ing  f o r  a t  l e a s t  an add i t iona l  5 minutes. 

Cb6l t o  room temperature a n d . d i l u t e  t o  about 200 m l .  wi th  H 01 
2 

Step  3. Add conc. NHIiOH u n t i l  t h e  so lu t ion  i s  j u s t  ac id ,  and then a d j u s t  

t h e  pH t o  2.0-2.5 with t h e  use of 3 M  NH OH and 3M HC104. 
4 . . . . . . 

Step 4. TO a s p e c i a l  separa tory  funnel  ;: : . . , : - .  : :  :.:: a d d t h e  so lu t ion  

from ,Step 3 and 150 ml. of 0.5M .TTA i n  benzene. S t i r  f o r .  a t  l e a s t  1 . 5  hours 

wi th  a vor tex  s t i r r e r  driven , a t  high :speed by means of an . a i r  motor. Permit 

t h e  l a y e r s  t o  separa te ,  draw of f  t h e  aqueous l a y e r ,  and d iscard .  ( ~ o t e  1). 

Step 5. Wash -the benzene l a y e r ,  containing t h e  thorium complexed wi th  TTA, 

f o r  about 30 seconds by s t i r r i n g  wi th  100 ml. of H 0. Discard . the  .washings. 
.2 

.Wash again wi th  50 m l .  of H 0 and d i sca rd  the.washings.  
.2 



Step 6. Ex t rac t  t h e  thorium from t h e  benzene by s t i r r i n g  f o r  3 minutes 

wi th  100 ml. of 3M HC1. 

S tep  7. Transfer  t h e  aqueous phase t o  a baker and evaporate wi th  an a i r  
. - -  

j e t  on a steam b a t h  u n t i l  t h e  volume has been reduced t o  20-30 ml. Transfer  

t h e  s o l u t i o n  t o  a 40-ml. cen t r i fuge  tube and continue evaporation to a volume 

of 1-2 ml. 

S tep  8. Add 1 m l .  of conc. HNO and b o i l  over a flame u n t i l  brown fumes 
3 

a r e  no longer evolved. Cool t o  room temperature, then  add 0.3-0.4 ml. of 70% 

: . ,., HC104, a n d b o i l  t o  t h e  .appearance .of wlli,l;e fui~es. Cool t o  room tempera-. 

t u r e  and d i l u t e  t o  about  3.5 m l .  with H 0. 
2 

,St.pp 9 .  T r ~ r n s f e r  t,h.e s o l u t i o n  -LO t h e  fop  of a Dowex 50 - x 4 ca t ion  

exchange .column .(~o-b,e 2)  and r i n s e  t h e  ceqt r i fuge  tube with 0.5 ml. bf water, 

a dding t h e  r i n s i n g s  t o  t h e  column. (1f  a i r  bubbles a r e  present  i n  . t h e  column, 

they  should be removed by s t i r r i n g  wi th  Pt .wire. ) Force . the  so lu t ion  through . 

t h e  column under 2 pounds of a i r  pressure,  and then wash t h e  column wi th  3 4  

ml. of 3M HC1 under t h e  same pressure .  Discard t h e  f i rs t  e f f l u e c t  and t h e  wash. 

S tep  10.  Pour 2 ml. of O.5M H C 0 onto t h e  column and a l low t h e  so lu t ion  
2 2 4  

t o  run through under atmospheric pressure .  Col lec t  t h e  drops from t h e  column 

on 1" square (1-3 mi l )  Pt p l a t e s ,  which a r e  placed j u s t  f a r  enough below the  

column s o  t h a t  drops separa te  from t h e  t i p  before  h i t t i n g  t h e  p l a t e .  Nine 

drops of  e f f l u e n t  a r e  c o l l e c t e d  on each of four  p l a t e s .  Dry t h e  p l a - ~ e s  under 

a .hea t  lamp; then .flame i n  a n  .open flame. . .  . .  

Step  11. a-count t h e  individual  p l a t e s  and then pulse  analyze those  

p l a t e s  which c a r r y  t h e  a c t i v i t y  (Note 3 ) .  

Notes 

1. The chemical y i e l d  m y  be increased s l i g h t l y  by t ak ing  t h e  aqueous 

l a y e r  through an a d d i t i ~ n a l  ex t rac t ion .  This  was done wi th  some of t h e  samples. 

2. The tubes  which a r e  used t o  ,support t h e  r e s i n  co1umn.s were cons t ructed  

by blowing out  t h e  end of  a 15  ml. cen t r i fuge  tube aqd s e a l i n g  on a l e n g t h  of 

3-4 mm. i . d .  tubing.  

Dowex 5 0 - x b r e s i n  was water-graded and t h e  f r a c t i o n  which s e t t l e d  a t  the  

r a t e  of '  2-5 cm./min. was s e l e c t e d  f o r  use. Thi's was washed sever81 times with 

.cone. H C ~ '  and .then wi th  -H .O. 
2 



To support t h e  r e s i n  .column,:.a l a y e r  of HC1-washed sand about 5 rnm. t h i c k  

i s  placed i n  t h e  t i p  of the.column.tube.  A s l u r r y  of graded,,HCl-washed r e s i n  
, . 

i s  then added by means o f '  a s,yringe p ipe t ,  t h e  r e s i n  s l u r r y  being introduced 

i n t o  t h e  tube near  t h e  bottom so as. t o  e l iminate  a i r  bubbles. The amount of 

s l u r r y  added should be s u f f i c i e n t  t o  produce a column 7-9 cm. i n  length  a f t e r  

s e t t l i n g .  S e t t l i n g  of t h e  r e s i n  may be hastened by a p p l i c a t i o n . o f  up t o  10 

pounds a i r  pressure t o  t h e  top  of the  column. To permit con t ro l ;  t h e  

connection from'ihe a i r  1 i n e . t o  t h e  t o p  of t h e  column i s  made through a 
. . .  

reducing valve. , : ... . .  . :. . . . :... j ,S lurry  l i q u i d  i s  allowed t o  f low through 

t h e  column , u n t i l  t h e  l i q u i d  l e v e l  reaches t h e  t o p  of t h e  r e s i n ;  t h e  stopper i s  
\ 

then;removed from t h e  t o p  o f , t h e  column tube.  A i r  must not  be permit ted t o  

en te r  t h e  r e s i n  ,column. -%-.. If a i r  .does'; en te r ,  t h e  r e s i n  i s  r e s l u r r i e d  t o  

remove a i r  bubbles. The ca t ion  ,column prepared a s  described above i s  washed 

.with 2-3 m l .  of ,3M .HC10 and i s  then. ready f o r  use. 4 
3. Pulse  aqalyses were made .with 100 channel analyzer  operated a t  a 

window s e t t i n g  which placed t h e  ThZz8 peak i n t h e  83-87 channel region.  



,Source - J. W. Barnes and H.A. Po t ra tz  i n  ."Collected '~ad iochemica l  .Procedurest' 
Los Alamos r e p o r t  LA-1721. . Jan. 1958. 

Determination. o,f Ionium . in  :Old F i s s ion  .Product Material .  

1. Int roduct ion  

The method described f u r  -I;& determination .of ionium .(Th "O) i n  $ora l  

samples (procedure 7) i s  not  s a t i s f a c t o r y  f o r  f i s s i o n  product so lu t ions  inas-  

much .as t h e  plutonium present  i n  t h e  l a t t e r  comes through t h e  separa t ion  

procedure and se r ious ly  i n t e r e f e r e s  i n  pulse analyses.  To overcome t h i s  

d i f f i c u l t y j  plutonium i s  removed on .an .anion exchange c o l u m  f r u m  .collcenl'rated 

hydrochloric  a c i d  medium immediately before  thorium i s  absorbed on t h e  ca t ion  

2. Procedure 

Step  1. Tu an l i q u o t  of the  ssmplc i n  a 150-ml. be.aker add ~h~~~ t r a c e r  
, 

i n  known amount (5-100 c/m) and then . b o i l  t o  white fumes. Di lu te  t o  40 ml. 

wi th  H .O. 2 
S tep  2. Repeat .S teps  3-7 of Procedure 7 except c u t  down ,amounts of a l l  

r eagen t s  by a . f a c t o r  of f i v e .  ' 

Step  3. Add 0.3-0.4 d. of 70% HC1O4 and b o i l  t o  t h e  appearance of white 

fumes. Cool t h  room temperature and d i l u t e  t o  about 4 ml. with SuluLion A. 

( s o l u t i o n  A c o n s i s t s  of conc. HNO, mixed wi th  conc. H C 1  i n  t h e  r a t i o  of 0 . 1  
J 

. m l .  HNO t o  1 5  ml . :of  H C ~ . )  
3 

.Step 4. Transfer  t h e  s o l u t i o n  , t o  t h e  t o p  of a 5 .cm x 2 mm. Dowex .A1x2 

anion exclmnge column ( ~ o t e  1) and r i n s e  t h e  cen t r i fuge  tube wi th  about 0 .5  

m l .  of Solut ion  A, adding t h e  r i n s i n g s  t o  t h e  column. (observe t h e  usual  pre-  

c a ~ . ~ t i o n s  t o  avoid in t roduct ion  of  a i r  bubbles. ) Force the  . so lu t ion  through 

t h e  column under 1-2 pounds of a i r  pressure  and c o l l e c t  the  ' e f f luen t  i n  a 

40-ml. t e s t  tube.  Rinse t h e  column ,with 3 ml. of So1ution.A under t h e  same 

pressure  and c o l l e c t  t h e  e f f l u e n t  i n  t h e  same t e s t  tube .  Pu i s  r e t a i n e d  .on 

. the  c o l u m  .and :Lhol.ium .,comes through i n  the  f f l u e n t .  

.S tep  5. The e f f l u e n t  i s  evaporated with an . a i r  j e t  t o  about 1 m l .  on .a 

steam .bath.  



. -34.- 

Step 6. Add .l .ml.. of :conc HNO . and b o i l  over a .flame u n t i l  .brown .fumes 
3 

a r e  n o l o n g e r  evolved. Cool t o  room temperature and add 1 ml. of 70% of HC104. 

. B o i l  u n t i l  white ,fumes appear, t h e n , c o o l  t o  room.temperature, and d i l u t e  with 

HiO t o  about 3.5 m l .  . 

, . ' S t e p  7. Repeat s t eps  9, 10,  and .ll of Procedure 7. 

Notes 

1. ' The anion exchange column i s  prepared . i n  , e s s e n t i a l l y  t h e  same manner 
. . 

a s  t h e  ca t ion  column ( see  Note 2, F'rocedurk 7 ) .  The r e s i n  used i s  a 0.5-2 
' 

cmlmin. f r a c t i o n  : o f .  Dowex A1-x2. The . r e s in  . i s  prepared f o r  use by washing 
t .. 

,with,  ~ o l u t  ion A .  
,-_I 

I 



. . PROCEDURE 9 

.Source - J . W .  Barnes i n  "Collected Radiochemical-Procedures", 
Los Alamos repor t  LA-1721. Jan. 1958. 

Tracer  Methods f o r  Analysis  of Thorium Isotopes 

1. Int roduct ion  

The p r i n c i p a l  p u r i f i c a t i o n  s t e p  i n  Cracer work wi th  thorium isotopes  

depends on t h e  f a c t  t h a t  t h e  r e l a t i v e l y  small,  highly charged thorium ion i s  

more t i g h t l y  bound t o  a c a t i o n  exchange r e s i n  such a s  Dowex 50-X4 than the  ions  

of  most o the r  elements. Thorium i s  adsorbed on t h e  r e s i n  bed and washed wi th  

d i l u t e  hydrochloric  a c i d  so lu t ions  to '  remove most impur i t ies ;  then it i s  

e l u t e d  from the  column i n  a .very narrQw band with oxal ic  ac id .  Since thorium 

oxa la te  i s  insoluble ,  macro q u a n t i t i e s  cannot be  e lu ted  from the  c o l m  i n  

t h i s  way. The Dowex 50-X4 r e s i n  wi th  4% .d iv iny l  benzene i n  t h e  o r i g i n a l  poly- 

s ty rene  bead i s  more s a t i s f a c t o r y  f o r  t h i s  separa t ion  than any of t h e  o t h e r  

cross-l inkages.  Dowex 50-X2 does not  adsorb thorium s t rong ly  enough under t h e  

experimental condi t ions  t o  be described; t h e  higher cross-l inkages i n  Dowex 

50-X8 o r  -xl2 do not  a l low impur i t i e s  t o  be removed a t  a reasonable r a t e ,  and 

a l s o  cause so  much t a i l i n g  i n  the  e l u t i o n  t h a t  t h e  thorium i s  not concentrated 

i n  t h e  small volume des i red .  I n  -Lracer work wi th  thorium, it i s  wel l  t o  avoid 

s o l u t i o n s  conta in ing n i t r a t e ,  f l w r i d e ,  s u l f a t e ,  o r  phosphate, s ince  t h e s e  cause - 
considerable l o s s e s  i n  e i t h e r  anion exchange o r  c a t i o n  exchange column s teps .  

In  t h e  a n a l y s i s  f o r  any thorium isotope  i n . a  so lu t ion  c o n t a i n i n g o r g a n i c  
/ - -  

matter  such a s  incompletely decomposed f i l t e r  paper, it i s  deemed necessary 

a s  a f i r s t  s tep ,  a f t e r  t h e  add i t ion  of a s u i t a b l e  t r a c e r ,  t o  b o i l  t o  dense 

fumes wi th  pe rch lo r i c  ac id .  Even though thorium has only t h e  one s t a b l e  valence 

s t a t e  i n  so lu t ion ,  t h e r e  i s  very s t rong  evidence f o r  l ack  of  exchange between 
/ 

added t r a c e r  and t h e  radio isotope  a l r eady  i n  _tde s o l u t i o n  when a hydroxide pre-  

c i p i t a t i o n  is  performed without the  fuming~ahead of it. Whether t h i s  apparent  . 
l a c k  of complete exchange r e s u l t s  from complexing of thorium by organic mole- 

c u l e s  t h a t  survived t h e  i n i t i a l  s o l u t i o n  of t h e  sample i n  n i t r i c  and pe rch lo r i c  

ac ids ,  o r  from t h e  exis tence  of thorium i n  t h e  so lu t ion  as  some polymeric ion, 

i s  probably d i f f i c u l t  t o  determine. Routine fuming of t h i s  type of  sample has 



markedly impro,ved . the  precision.  .of t h e  ana lys i s .  If t h e  . ana lys i s  i s  performed 

-on so lu t ions  conta in ing macro amounts of'. calcium, two p r e c i p i t a t i o n s  o l  thorium 

on some c a r r i e r  hydroxide .such a s  i ron  o r  a . r a r e  e a r t h  . w i l l  r e s u l t  i n  ,a much 

.cleaner p l a t e .  Since most of t h e  analyses .were done on s o l u t i n n s  conta in ing a 

very l a r g e  exc.ess of f i s s i o n  p r o d u c t s ,  ( sec t ion  5 ~ ) ,  .two Dowex 50-X4 columns 
, 

were used. 

.Some of the  zirconium and probably a few o the r  unknown contaminants. a r e  :; . . 
eliminated by adsorbing them from concentrated hydrochloric  a c i d  ,solut ion.  .on .a 

r k l a t i v e l y  high cross- l inked,  strong-base .anion exchange . r e s i n  such a s  Dowex 

-1 -X8  .or - n o .  Two of these  c o l m s  a r e  used, one a f t e r  t h e  o ther ,  if .  one of 

.the. be ta-emit t ing  ,thorium isotopes  i s  ,being separated.. If an a lpha  -emit t ing 

thorium i s  .being pur i f i ed ,  one of t h e  anion 'columns may wel l  be s u f f i c i e n t ,  

and i f  t h e  sample .contains, f i s s i o n  products which a r e  severa l  days o l d . a q d  

excessive amounts of plutonium and neptunium a r e  not  present ,  t h e  two c a t i o n .  

columns provide s u f f i c i e n t  .decontamination. 

Tracer  amounts of  thorium' can .be separate,d .from uranium i n  q u a n t i t i e s  up,:, 

t o  .about a gram ,with .one Dowex .5O-X& .column. Amounts of uranium up t o  about 

1 0  grams can be adsorbed on a 150- t o  200-ml bed of Dowex 1 - ~ 8  from concen- 

t r a t e d  hydrochloric  ac id ,  leaving thorium i n t h e  e f f l u e n t .  A c a r r i e r - f r e e  

source of ~h~~~ was prepared from 2 kg of o ra l loy  by doing s e v e r a l  e t h e r  

ex t rac t ions ;  . then ,fi.nally . . a .cat ion column was employed t o  concenkrate t h e  

a c t i v i t y  i n  .l t o  2 .drops of oxa l i c  a c i d  ( s e c t i o n  . 5 ~ ) .  

Sect ion .5B describes t h e . a p p l i c a t i o n  of t h e  p r i n c i p l e s  of .separat ion 

noted above t o  t h e  s p e c i f i c  a n a l y s i s  of thorium i n  c o r a l  o r  l imestone samples, 

a s  developed by W.M. Sacket t .  

2. Resins 

Anion e x c h a g e  r e s i n  AG 1 -X8 ,  100-200 mesh, s to red  i n  conc. HC1. 

(AG r e s i n s  a r e  a n a l y t i c a l  grade Dowex mate r i a l s  supplied by t h e  Bio-Rad 

Laboratories ,  800 Delaware, Berkeley, Ca l i fo rn ia  . ) 
,Cation exchange r e s i n  AG 50-X4, 50-100 mesh 

Cation exchange r e s i n  AG 5,O-X4, 100-200 mesh. 



Both of the  ca t ion  r e s i n s  a r e  s to red  i n  3 M  HC1. It may not  be necessary 

t o  do.any f u r t h e r  p u r i f i c a t i o n  on t h e  r e s i n s  i f  they a r e  obtained from Bio-Rad 

Labora tor ies .  However, it may be wel l  t o  t r e a t  t h e  r e s i n s  a s  fol lows.  Place 

a quan t i ty  of t h e  r e s i n  i n  a l a r g e  f r i t t e d  d i sk  funnel  of medium o r  coarse 

poros i ty .  (1n this Laboratory, we use a 12-cm f r i t t e d  d isk  funnel  sea led  t o  a 

foot- long piece of g l a s s  tubing so t h a t  much l a r g e r  q u a n t i t i e s  of r e s i n  can be  

handled. ) ,The t rea tments  described below a r e  speeded considerably by dra in ing 

rcagcnts  i n t o  a l a r g e  ( 2  t o  11.8) suct ion  f l a s k  connected t o  vaci111.m t o  al low more 

complete removal of a reagent  before  t h e  next  one i s  added. It i s  h e l p y b  wheli 

adding a reagent  t o  t h e  p r t i a l l y  d r i ed  r e s i n  t o  s t i r  it up wi th  a heavy 

pal-celaio spatu la ,  thcn  l c t  it s c t t l c  and flow by g r a v i t y  awhile to prnlnne t . h ~  

t reatment time be fo re  suct ion  i s  app l i ed  and t h e  reagent  removed. The success- 

i v e  resents used f o r  t r e a t i n g  t h e  r e s i n  a r e :  An organic solvent ,  such a s  

acetone,  o r  alcohol ,  which removes short-chain organic polymers not  f i rmly  

anchored i n  t h e  r e s i n  matrix; water t o  r i n s e  out  t h e  organic so lvent ;  conc. 

HC1, conta in ing about 1 ml of 2M NaBrO, per  100 IIL, t o  d i s so lve  extraneous 
J 

inorganic matter .  This  i s  removed wi th  water o r  d i l u t e  HC1 i n  an amount equal 

t o  1 0  t o  20 times t h e  volume of r e s i n  being p u r i f i e d .  The r e s i n  can be washed 

wi th  3M NH OH and then wi th  water a t  t h i s  point ,  b u t  it probably i s  not  
4 

necessary.  It should now be  washed wi th  5 t o  1 0  t imes il;s own volume of 

whatever s o l u t i o n  it is  t o  be  s t o r e d  i n .  If t h e r e  a r e  f i n e  p a r t i c l e s  t h a t  a r e  

undes i rable ,  they can b e  removed by running d i s l i l l e d  water upward through t h e  

f r i t t e d  d i sk  a t  such a r a t e  t h a t  they w i l l  f l o a t  over t h e  top ,  leaving t h e  

bulk of t h e  r e s i n  i n  t h e  tube.  

3. . Equipment 

P i p e t s ,  Normax 
.*. ' 

Pipe t s ,  t r a n s f e r  

50-ml and 125-ml Erlenmeyer f l a s k s  

Centr ifuge tubes:  40-ml s h o r t  and long t ape r ;  and 90-ml 

Tes t  tube  block 

S t i . r r ing  rods  

Tweezers 

. '> 
* <. 

c: C\ r 
P , , . . P  @SY 
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' Centrifuge 

Pt dishes 

Heat lamp 

Pt p l a t e s :  .1" or  1-314 t o  2" i n  diameter 

Water b a t h  

-Fisher burner 

Manifold s i t h  .as many o u t l e t s  a s  t h e  number of samples t o  be run . a t  one time 

.Resin columns - .4 p e r  sample.:. t h r e e '  t h a t  a r e  0.6 cm i . d .  and 7 cm height ,  

and one t h a t  is  0.35 cm i. do  and 7 cm height .  

The g l a s s  conta iner  f o r  t h e  column of . r e s i n  is  most conveniently made 
-. 

by s e a l i n g a  p iece  o f . t h e  proper s i z e  of tubing, i n  t h i s  case e i t h e r  0.6 cm 

i . d .  by 7 cm o r  0.35 cm i . d .  by 7 cm, t o  t h e  bottom of a  tapered  15-a l  cen- 

t r i f u g e  tube.  . I f  g l a s s  wool i s  %o be  used' a s  a  support f o r  t h e  . r e s in ,  t h e  

s i z e  of t h e  opening i n  t h e  t i p  a t  t h e  bot tom.of . the .  column i s  not  very c r i t i c a l ,  

from about 0.3 , t o  .2 mm being s a t i s f a c t o r y .  Th.e h o l e  , s i z e  f o r  a  sand support 

should no t  be  much l a r g e r  than 0.3 $0 0.5 m ,  and it i s  b e s t  t o  put  a  .li?.yer of 
i 

coarse sand i n  f i r s t ,  and. then cover t h i s  w i t h . a  la,yer of f i n e r  ma te r i a l  t o  

guaran.tee t h a t  t h e  .column w i l l  not  b e  p a r t  of t h e  e f f l u e n t .  The sand should  

be  bo i l ed  .and .leached wi th  HC1, o r  b e t t e r ,  be made .from g lass .  

The choice .between sand .and g l a s s  wool ads a column support  i s  mostly a  

matter  of personal  preference.  A g l a s s  .wool column plug i s  made .by c u t t i n g  

o f f  a  s h o r t  p iece  of f i b e r ,  wet t ing  it, r o l l i n g  it i n t o  a b a l l ,  and pushing 

t h i s  t o  t h e  bottom of t h e  column with a rod. 

Pressure  r egu la to r  

The pressure  of a i r  used i n  pushing so lu t ions  through columns i s  

regula ted  by a diaphragm reducing valve with a s c a l e  reading from zero t o  

100 l b  and t h e  f i r s t  mark a t  about 4 t o  5 l b .  

4. Prepara t ion  and Standardiza t ion  of Tracers  and the  

Calcula t ions  Involved i n  t h e i r  Use 

I n  analyses  f o r  t h e  be ta  e m i t t e r s  ~h~~~ and 'I'h234j ~h~~~ i s  t h e  b e s t  

t r a c e r  s ince  no daughters grow i n t o  it wi th in  a time t h a t  could a f f e c t  t h e  

a n a l y s i s .  It i s  des i rab le  t o  use around 10,000 c/m of Th230 t r a c e r .  It i s  

wel l  t o  have on hand severa l  sitandards made with t h e  amount of t r a c e r  being 



used i n  t h e  a n a l y s i s j  then  t h e  chemica.1 y i e l d  i s  determined by a r a t i o  of 

sample-to-stan&rd counted very c l o s e  together ,  t h u s  e l iminat ing  any small 

e r r o r  due t o  change ic  response of t h e . a l p h a  counter .  

The b e t a  coun t ing  e f f i c i e n c i e s  f o r  ThZ31 and ~h~~~ a r e  determined by 
,230 

mixing a known. amount of Th t r a c e r  wi th  a known .quanti ty of t h e  appropriate 

uranium parent ,  e i t h e r  u~~~ o r  UZ3'* Af ter  a pe rch lo r i c  a c i d  fuming. t o  

guarantee exchange and e l imina te  t h e  n i t r a t e  t h a t  i s  probably present ,  t h e  
-I 

s o l u t i o n  i s  d i l u t e d  t o  2 t o  3M i n  H ion concentrat ion and an AG 50-X4 column 

s t e p  performed a s  i n  t h e  l a s t  s t e p  of t h e  f i s s i o n  product decontamination 

( s t e p  91, with t h e  one exception t h a t  a drop o r  two of 0.5M NaBrO i s  added 
3 

t o  t h c  i n i t i a l  s o l u t i o n  and to the was11 to i l lsure t l m t  t h e  uraniuln w i l l  be 

p resen t  .as U(VI). U(VI) behaves t h e  same a s  T ~ ( I V )  oh t h i s  column and w i l l  

l e a d  t o  enough deposi t  on t h e  p l a t e  t o  cause e r r o r s  i n  t h e  alpha counting. 

The d i r e c t i o n s  f o r  ob ta in ing  l a r g e  q u a n t i t i e s  of ~h~~~ o r  Th234 f o r  use a s  

t r a c e r s  a r e  given under Sect ion  5 C .  
231 228 

T h e b e s t t r a c e r t o  u s e i n a n a l y s i s f o r T h  i s T h  , a s  Yreefrom 

ThZa9 a s  poss ib le .  Since and Thaa8 a r e  both  alpha emi t t e r s ,  t h e  f i n a l  

p l a t e  i s  pulse-analyzed t o  g e t  the  r a t i o  of t h e  two. The alpha energy of 

ThZZ9 ( a s  compared t o  t h a t  of T h  228) i s  s o  much c l o s e r  t o  t h a t  of ~h~~~ t h a t  
229 is 

t a i l  co r rec t ions  a r e  much l a r g e r  and more sub,iect t o  e r r o r  when 'l'h 

p resen t  i n  t h e  ~h ' ' ~  t r s c e r .  This t r a c e r  i s  made by t h e  ((d,2n) r eac t ion  on 
Th232. 

It i s  poss ib le  t o  s tandardize  a so lu t ion  o f .  'ThZ2' by allowing i t  t o  

decay u n t i l  a l l  i t s  daughters a r e  a t  equil ibrium, then alpha counting it 

and sub t rac t ing  t h e  con t r ibu t ion  of  t h e  r e s t  of t h e  decay chain. It is, 

however, quickerfandtmore re l i ab le .+ to  mix accurately-measured q u a n t i t i e s  
.> 

of ~h~~~ and a &own ThZ30 so lu t ion ,  fume wi th  HC104, and then separa te  

from daughter a c t i v i t i e s  wi th  an AG 50-X4 column a s  i n  Step  9 of t h e  r egu la r  
\ 

f i s s i o n  product -pu?ification. The r e s u l t a n t  p l a t e  i s  pulse-analyzed t o  ge t  

t h e  r a t i o  of  Th 
2 ~ 8 ' ; , ~ ~  ,Th 230 'which, when mul t ip l i ed  by t h e  alpha count of 

228 
'I'ha30, gives t h e  c o r r e c t  alpha count r a t e  f o r  Th . If t h i s  t r a c e r  is  t o  be  

used f o r  an . ipprec iable  l e n g t h  of time, a decay cor rec t ion  f o r  i t s  1.9 year  



h a l f - l i f e  . w i l l  have t o  <be q d e .  .There i s  another. ca r rec t ion  t o  be made i n  

pulse  analyses involving ~ h ~ ~ ~ .  The energy from 4.6% of t h e  alphas of t h e  

~a~~~ daughter  of .T.haZ8 coincider .  wi th  t h e  alpha peak of ThZZ8. The time of 

l a s t  separa t ion  of t h e  daughter i s  noted. This  i s  t h e  time when t h e  . l a s t  . H C 1  

,wash .comes o f f  t h e  1ast.AG 50-X4 column. 

This parent-daughter r e h t i o n s h i p  f a l l s  into,  t h e  c l a s s i f i c a t i o n  .of t r a n -  

s  i e n t  equil ibrium, where .the .equat.i.on of r ad ioac t ive  decay i s  s impl i f i ed  t o  

t h e  following: 

'- where t h e  subsc r ip t  2 r e f e r s  t o  .RaZz4 and 1 r e f e r s  t o  ~ h ~ ~ ~ .  NO 1 is constant  
0 f o r . t h e  times iqvolved, so it i s  convenient t o  make up a p l o t  of N /N agains t  

2 1 
time using the  above equation. . The elap,sed time from t h e  end of t h e  H C l  .wash 

on .the l a s t  ca t ion  exchange column t o  t h e  midpoint of t h e  pulse  a n a l y s i s  i s  
0 

noted .on . t h e  :curve, t h e  f r a c t i o n  ..N /N read  from t h e  gra ph, mul t ip l i ed  by 
2 1 9-0 

0.046, .and sub t rac ted  from t h e  counts uqder t h e  ~ h ~ ~ "  peak. 
228 

To g e t  t h e  counting r a t e  of .Tha30 i n  a  sample with Th t r a c e r ,  t h e  - 
228 

, r a t i o  of t h e  ~ h ~ ~ ~ / ~ h  peaks i s  mul t ip l i ed  by t h e  alpha ,counting r a t e  of ' ,  

~h~~~ a s  obtained above. 

5A. Procedure f o r  Thorium Isotopes i n  a  Solut ion  of Fiss ion  Products 

S tep  1. Pipet  t h e  t r a c e r  i n t o  an Erlenmeyer f l a s k  of t h e  proper s i ze ;  

use a 50-ml f l a s k  when t h e  volume of sample p lus  t r a c e r  i s  l e s s  than 1 0  t o  15  

ml; a 125-Erlenmeyer f o r  12  t o  50 ml. P ipe t  t h e  sample i n t o  t h e  f l a s k ,  using 

a c lean  p i p e t  f o r  each sample so  t h a t  t-he so lu t ion  w i l l  not become contaminated 

with t h e  t r a c e r .  Add a few drops of Fe c a r r i e r  ( c a r r i e r  so lu t ion  1 0  mg i r o n  

per  ml) and about 1 ml of conc. HC104. Evaporate t o  dense white fumes and con- 

t i n u e  hea t ing  f o r  a t  l e a s t  2 minutes a f t e r  t h e i r  f i rs t  appearance. This 

evaporat ion i s  most r ap id ly  done over a  F i she r  burner,  b u t  i f  t h e r e  i s  no 

hurry it may be  done using an a i r  j e t  and e i t h e r  a  ho t  p l a t e  o r  an o i l  ba th .  

Cool and add 1 0  t o  1 5  ml of H 0 and t r a n s f e r  t o  a  shor t - taper  40-ml cen t r i fuge  
2 

tube.  There may be a f ine -g ra ined- res idue  of SiO i n  t h e  Erlenmeyer, b u t  
2 

thorium l o s s  a t  t h i s  point  i s  not  very g r e a t .  



Step  2. Add an excess of conc. NIIl OH, mix well ,  cen t r i fuge ,  and d iscard  
4 

t h e  supernate.  

S tep  3. Dissolve t h e  p r e c i p i t a t e  from Step  2 i n  1 ml of 3M HC1  and d i l u t e  

wi th  H 0 t o  ha l f  t h e  volume of t h e  tube .  Add conc. NH OH t o  p r e c i p i t a t e  t h e  
2 4 

hydroxide, cen t r i fuge ,  and d i sca rd  t h e  supernate.  

S tep  4. Dissolve t h e  p r e c i p i t a t e  from Step  3 i n  about 5 ml of 3 M  HC1.  

If t h e r e  i s  a very heavy p r e c i p i t a t e  of F ~ ( O H )  it may be necessary t o  add 
3 ' 

more 3M HC1 t o  ob ta in  complete so lu t ion .  Again ignorc a small  r e s idue  of SiO 
2'  

Prepare a column 0 . 6  cm i n  diameter and about 7 cm i n  he ight  f i l l e d  wi th  

AG 50-X4, 50-100 mesh r e s i n .  Pour t h e  HC1 so lu t ion  onto t h e  t o p  of t h e  r e s i n  

and a l low t o  run through by gravity. Was11 the  c o l u ~ r l  wi 'b l i  1 0  1111 011 3 M  H C 1  a11d 

d i sca rd  bo th  t h e  wash and t h e  f i r s t  e f f l u e n t .  Put a 50-ml Erlenmeyer contain-  

i n g  1 ml each of  conc. HC10 and HNO under t h e  column and add 3.5 ml of 0.5M 
4 3 

H C 0 t o  t h e  t o p  and al low t h i s  t o  pass  through by g rav i ty .  
2 2 4  

Step 5. Evapqrate t h e  s o l u t i o n  from S tep  4 t o  dense white fumes and con- 

t i n u e  hea t ing  f o r  about a minute. 

S tep  6. Transfer  t h e  so lu t ion  t o  a 40-ml long-taper cen t r i fuge  tube and 

r i n s e  t h e  contents  of t h e  f l a s k  i n t o  it wi th  2 m l  of conc. HC1. Add 2 t o  3 

drops of O.5M NaBrO and s a t u r a t e  wi th  HC1 gas while t h e  tube  i s  surrounded 
3 

by water a t  room temperature. Prepare a wash so lu t ion  by adding a few drsgs 

of NaBrO t o  conc. HC1 and s a t u r a t e  it a t  t h e  same time. 
3 

S tep  7. Prepare two columns f o r  each -sample. The diameter of  each colunlu 

i s . 0 r 6  cfi-%nd each i s  f i l l e d  t o  a he ight  of about 7 crn w i t h  AG 1 - X 8  o r  AG 1-X10, 

100-200 mesh r e s i n .  Add t h e  so lu t ion  from Step  6 t o  t h e  t o p  of one of t h e  

columns and c o l l e c t  t h e  e f f l u e n t  i n  a dry cen t r i fuge  tube.  Rinse t h e  o r i g i n a l  

tube and column wi th  about 1 . 0  t o  1 . 5  ml of t h e  wash so lu t ion  prepared i n  Step  

6. Combinc $%his wash with t h e  e f f l u e n t  and pass  through t h e  second column. 
$ 

Rinse t h i s  " in  t h e  same manner a s  t h e  f i r s t  and c o l l e c t  t h e  combined e f f l u e n t s  

i n  a 50-ml ~ r l k n m e ~ e r .  It may be  des i rab le  t o  use very l i g h t  a i r  pressure  t o  

push t h e  so lu t ion  through t h e s e  .two columns. 

S tepPp 8. ~ v & ~ c & a t e  t h e  s o l u t i o n  from . ,Step . 7 t i  2 t o  3 ml a n d  add 1 m l  o f  
U) ' .  

conc .  WO and 0.5 ml of  conc . HClO4, and cont inue  h e a t i n g ,  u n t i l  dense white 
3 

fumes have been evolved f o r  about a minute. Cool and add 2 m l  of water.  ., . 



. S t e p . 9 .  Prepare a column.0.35 cm by a b o u t . 7  cm f i l l e d  with 100-200 mesh 

.$. AG .50-X4 . res in .  Pour t h e  so lu t ion  .from..Step 8 on t h e  . top  of t h e  column ,and :. 

f o r c e  it .through wi th  l i g h t  pressure  ( 2  t o  3 l b )  . Wash t h e  column wi th  .4.5 
I 

& . o f  6M H C 1  and d iscard  t h i s  wash and t h e  first e f f luen t . .  Add 0 .3  t o  0 . 4  

ml .of 0.5M .H C .O and push down .the column wi th  .very s l i g h t  pressure .  Make 
.2 2 4 

su re  t h a t  th.e leading edge of  t h e  o x a l i c  a c i d  band does n o t  ge t  t o  t h e  bottom 

..of t h e  r e s i n . a n d  ge t  d i sca rded .wi th . the  o t h e r . e f f l u e n t .  Add 0 .7  ml of  O.5M 

.H C .O t o  t h e  t o p  o f .  t h e  .column .and c o l l e c t  . the sample on .a 5-ml .Pt p l a t e .  
,2 2 4 
It' it i s  f o r  alpha counting only, use a 1-314" t o  2" diameter p l a t e .  I f  b e t a  

,counting .is t o  be performed a l s o ,  t h e  sample i s  c o l l e c t e d  on .a 1" diameter 

p l a t e .  The sample's a r e  d r i ed  .uuifier heaJc..lamps and a r e  l e f t  . t h e r e  u n t i l  most 

o f ' . t h e  H C 0 i s  sublimed. Tnen they a r e  .heated . to  r ed ,  hea t  i n  .a flame. 
2 2 4  

5B. Thorium Pro,cedure f o r  Coral o r  Limestone Samples 

S tep  1. Dissolve 100 t o  125 g of c o r a l  ( accura te ly  weighed) i n  250 ml of 

conc. HNO and make up t o  500 aal with  H20. This gives a  so lu t ion  conta in ing 
3 

about 0.2 g of c o r a l  per 'ml .  

S tep  2. Add a 50 m l  a l i q u o t  of t h e  well-mixed so lu t ion  t o  a  90-ml cen- 

t r i f u g e  tube together  wi th  1 m l  of Th234 ( s e e  Sect ion  5 ~ )  t r a c e r  so lu t ion  and 

1 m l  .of 'Fe c a r r i e r .  . S t i r  and hea t  i n  hot  water b a t h  f o r  an hour; then cool  

(Note 1). 

Step  3. Add .cone. NH .OH slowly wi th  s t i r r i n g  . u n t i l  F ~ ( O H )  prec ip i . ta tes  
4 , 3  

and then cen t r i fuge  f o r  5 minutes (Note 2 ) .  

S tep  4. Decant and d issolve  t h e  p r e c i p i t a t e  i n  5 ml of cone. HNO?, 
J 

d i l u t e  with H20, and again p r e c i p i t a t e  F e ( 0 ~ )  w i t h  conc. NH40H. 
3 

S tep  5. ,Centr i fuge ,  d tcant ,  and .d issolve  t h e  p r e c i p i t a t e  i n  5 ml of  

cone . HNO and with H .O wash t h e  s o l u t i o n  i n t o  a P t  d ish .  ~ d d  1 0  m l  of cone . 
3 ' 2 

H C l O  and 5 m l  of conc, KF. 
4 
Step  6. Take t o  fumes of HClO t h r e e  times, washing t h e  s i d e s  of t h e  d i s h  

4 
with .water a f t e r  each fuming ( ~ o t e  3 ) .  

.: ,Step 7. Di lu te  t h e  H C l O  so lu t ion  . t o  about 25 ml wi th  H. .O. 
4  2 

S t e p  8. The f i r s t  column ( 4  x 150 am with  40-ml r e s e r v o i r )  i s  f i l l e d  with 

an ..AG 50-Xk, 200-400 mesh resin-water  mixture and packed . to  about 120 mm. Wash 



t h e  r e s i n  wi th  3M H C l O  and add t h e  so lu t ion  from S tep  7. Allow t o  f low a t  
4  

atmospheric pressure  o r  a d j u s t  t h e  pressure  t o  give a  flow of about one drop 

every 30 see .  

S tep  9. When t h e  so lu t ion  reaches t h e  r e s i n ,  add 3 M  H C 1  a c i d  i n  severa l  

1-ml por t ions ,  washing down t h e  s ides  of t h e  column. Continue u n t i l  t h e  f e r r i c  

ch lo r ide  co lo r  disappears.  

g t e p  lo_.  lute thc . Th wi th  O .  >M H,C,U ( Z  t o  y m l ) ,  CaTfWing the e i f l ~ e i l l ~  
L L 4 

i n  .a cen t r i fuge  tube.  Add t o  t h e  H C 0 .  so lu t ion  5  ml of conc. HNO and 5 ml 
2 2 k  3  

of conc. H C l O  and t ake  t o  f'umes of HC104 t h r e e  t imes,  washing t h e  beaker duwu 
4  

wi th  H20 a f t e r  each fuming ( ~ o t e  3 ) .  

S tep  11. Add the  so lu t ion ,  di luted.  w i t h  H,.O t o  12  m l ,  t o  t h e  second 
L 

column (2  x  150 mm with a  15-lul r e s e r v o i r )  packed t o  a  l e n g t h  of 120 mm with 

t h e  same r e s i n  and t r e a t e d  .as i n  Step 8. Adjust t h e  flow r a t e  a s  i n  Step  8 

a l s o .  

S tep  12 .  When the  s o l u t i o n  reaches t h e  l e v e l  of t h e  r e s i n ,  wash with 

f i v e  1 - m l  po r t ions  of 3M HC1, r i n s i n g  t h e  s ides  of t h e  cen t r i fuge  tube wi th  

each por t ion .  

S tep  13. E lu te  t h e  T h w i t h  0.5M H2C2U4, c o l l e c t i n g  t h e  f i r s t  t e n  drops 

of .H,C,O a c i d  e f f luen t  on .a P t  p l a t e .   h he . f i r s t  few drops which a r e  .HC1 a r e  
L L 4  

no t  c o l l e c t e d . )  Evaporate t o  dryness under a  heat  lamp, and flame. 

S tep  14.  Count t o  determine t h e  y i e l d  and pulse-analyze t h e  a l p h i  

r a d i a t i o n  ( ~ o t c c  11 and ,5) .  

Addit ional  Reagents and'Equipment f o r  t h i s  s e c t i o n . a r e :  

Dowex 50-X4, 200-400 mesh 

. Resin ..columns - . 4  x 150 mm wi th  a  40-ml r e s e r v o i r  

2  x  150 mm wi th  a  15-ml r e s e r v o i r  

Notes 

1. The phosphate, ch lo r ide ,  and o ther  impur i t ies  i n  t h e  c o r a l  and t h e  

h igh a c i d  concentra t ion  seem t o  t ake  t h e  thorium i n t o  a  completely exchangeable 

form. 

2. Large q u a n t i t i e s  of phosphate inc rease  [ ~ a  (PO ) ] i s  p r e c i p i t a t e d  
3 4 2  

along wi th  F ~ ( O H )  and l e a d  t o  a  decrease i n  y i e l d  due t o  t h e  formation of 
3 

phosphate complexes of thorium. 



- 
.3. The so lu t ion  i s  fumed t h r e e  times t o  be sure  no f l u o r i d e  o r  oxala te  

i s  . the re  t o  i n t e r f e r e  . in  separation. 

4. The i so top ic  thorium .composition i s  ca lcu la ted  from t h e  growth and 

decay of .alpha . a c t i v i t y .  
. . 

5. .The ,y ie ld  . for  t h i s  procedure -var ies  from 5 0  t o  90%. 

5C. I s o l a t i o n  of Thorium Decay Products from - -. 

Large Quant i t ies  of Uranium Parent  

23 5  ~h~~~ i s  i s o l a t e d  from a  so lu t ion  of o ra l loy ,  approximately 93.5% U , 
and ~h~~~ i s  obtained from normal uranium and t h e  T?2231 present  allowed t o  

decay. For p repara t ion .o f  t r a c e r  u s i n g , e i t h e r  of t h e s e  thorium isotopes,  t h e  

. f i n a l  s t e p  i s  an AG 50-X4 ca t ion-  exchange column a s  i n  . the determination .of 

counting e f f i c i e n c y  of ~h~~~ O.r ~h~~~ under S e c t i o n  4, except t h a t  t h e  f i n a l  

oxa l i c  a c i d  e f f l u e n t  i s  fumed nea r ly  t o  dryness w i t h 1  ml each of conc. HNO 
3  

and HC104. I f  an amount of uranium u.p t o  about a  gram is  s u f f i c i e n t  t o  supply 

t h e  amount of t r ace r ,needed ,  the.AG 50-X4 column can be  used a s  in ;  S e c t i o n ' k ,  

except - t h a t  . the  f i n a l  oxa l i c  a c i d  e f f l u e n t  i s  fumed near ly  t o  dryness with 1 

ml each of  conc. FINO and HC104. If an amount .of uranium up t o  about a  gram. , 

3 
.is s u f f i c i e n t  t o  supply the.amount of t r a c e r  needed, t h e  AG 50-X4 column can 

be  used a s  i n  Sect ion  4. Sources of 'I'h2? o r  Th234 can be milked from a  ,,cow1. 

of t h e  appropr ia te  uranium isotope  adsorbed on an AG 1 - ~ 8  column. The'uranium 

i s  dissolved i n  .conc. HC1, and ,some ox id iz ing ,agen t - such  a s  bromate ion o r  bro- 

mine .water o r  chlor ine  gas is  u s e d . t o  oxidize  the ,  uranium t o  U(VI ) .  The 

so lu t ion  i s  then s a t u r a t e d  with HC1 gas a t  'room %emperatwe and adsorbed on 

an. .AG 1 -x8 .column . 
For 1 0  g  of uranium .a c o l u m n . a b u t  25 mrn i n  diameter and.holding 150 t o  

200 m l  .of r e s i n  bed .is s a t i s f a c t o r y .  .The r e s i n  i s  pre-washed wi th  conc. HC1 

containing about .0.5 m l  of ZM NaBrO per  100 ml of ac id .  The uranium so lu t ion  
3 

i s  passed through t h e  .column ,and then .re-cycled two o r  t h r e e  .times t o  g e t  more 

of it adsorbed. Then t h e  c o 1 u m n . i ~  washed with about twi,ce t h e  r e s i n  bed 

volume of conc. K C 1  containing a  ' drop o r  two of t h e  bromate so lu t ion .  Af ter  

. a  s u i t a b l e  growth -time f o r  t h e  thorium daughter, t h e  column i s  t r e a t e d  with 

.conc. HCl.as above. The solu t ion  i s  evaporated t o  a  small volume, fumed w i t h .  

1 m l  each of conc. HNO and .HClO and t r e a t e d  with an ..AG 50-X4 column .as i n  
3 4  



-65- 

Secti.on 4. A ~h~~~ source reading over 1 roentgen was prepared from 2 kg o f  

o r a l l o y  a s  fol lows:  t h e  uranium metal was d issolved i n  an excess of conc. 

HNO and . t h i s  s o l u t i o n  was'evaporated u n t i l  t h e  temperature became .constant 
3 

. a t  about ,118'. 

This  i s  the  b o i l i n g  point  of U O ~ ( N O  ) . 6 ~ ~ 0 .  This so lu t ion  f reezes  a t  
0 3 2 

about  60 , so  it can be cooled t o  70 t o  800 and t h e  molten hexahydrate poured 

i n t o  a 5 - l i t e r  separa tory  funnel  conta in ing about 3 t o . 4  l i t e r s  of d i e t h y l  

e t h e r  t h a t  is  being r a p i d l y  s t i r r e d  s i t h  an .a i r -d r iven  s t i r r e r .  This  must 

be  done i n  a good hood wi th  explosion-proot' t ' ix tures ,  OY out or  aoors.  As 

long  a s  t h e  molten hexahydrate i s  added i n  a slow stream t o  t h e  e t h e r  wi th  . .  

good c t i r r i n g ,  t h e  opera t ion  i s  p e r f e c t l y  sa fe  and t.he e t . 1 ~ ~ '  l o s s e s  a r e  not  $00 

l a r g e ,  s ince  the  vapor pressure  of t h e  e the r  decreases rapldLy a S  The uranium 

i s  d issolved.  It i s  a . f a r  more r a p i d . a n d . e a s i e r  operat ion to. add t h e  molten 

hexahydrate than .it i s '  t o  c r y s t a l l i z e  it .and add t h e  . c r y s t a l s .  The f i n a l  

s o l u t i o n  i n  e t h e r  from t h e  2 kg of o ra l loy  should have a volume of about 4 

l i t e r s .  An aqueous l a y e r  of about 600 m l  i s  withdrawn. The e t h e r  s o l u t i o n  i s  

scrubbed wi th  t h r e e  3-ml ,por t ions  of 'H,O t o  insure  complete removal of any, 2 

L 

thorium t h a t  might be  present .  ~h~~~ i s  allowed t o  grow f o r  1 t o  2 days and 

then i s  removed .with t h r e e  3-m l  por t ions  of H,O. This  aqueous l a y e r  i s  shaken: 
L 

with. .two 200-ml por t ions  of ether t o  remove more of Lhe uranium. The 

r e s i d u a l  water l a y e r  i s  f i rs t  evaporated .on .a steam ba th  t o  remove e t h e r ,  then  

fumed wi th  1 m l  each of c0n.c. HNO and H C ~ O $  and t h e  AG 5 0 - ~ 4  column used a s  i n  
3 

.Se'ction 4 except t h a t  t h e  column dimensions a r e  0 .2  .cm x 5 cm. The bulk of t h e  

~ h ' ~ ' c a . n  be followed down t h e  column wi th  a beta-gamma survey meter and over 

80% of it i s  usual ly  concentrated i n  2 t o  3 drops. The oxa l i c  a c i d  e f f l u e n t  

i s  placed i n  small drops on .a 1U-mL R w i p  about 1 . 5  In  lung a ~ l d  LLe w i ~ : t :  

g radual ly  .heated t o  r e d  hea t  by app1ying.a cu r ren t ,  con t ro l l ed  by a Variac.  

I n  t h i s  way the  oxa l i c  a c i d  i s  compl&tely v o l a t i l i z e d ,  l eav ing  a near ly  mass- 

f r e e  depos i t  of ~ h ~ ~ ~ .  The e t h e r  'cow' of uranium can be  kept  over a sever.&%-- 

week per iod  f o r  t h e  p repara t ion  of a number of sanples.  



PROCEDURE 1 0  

Source - .R. J. .Prestwood i n . . " ~ o l l e c t e d  Radiochemi,cal Procedures" 
Los Alamos.Report LA-1721. Jan. 1958 

I. Int roduct ion  

' I n  the  separa t ion  of thorium.from l a r g e  amounts,of f i s s i o n  products 
1 5  

(10 f i s s i o n s  o r  more), four  p r i n c i p a l  decontamiqatioo s t eps  a r e  employed: 

(1) ~ ( 1 0 ~ ) ~  p r e c i p i t a t i o n  g i v e s  sepamtion.  from t h e  r a r e  ea r ths .  
-I 

( 2 )  T ~ ( C  0 j p r e c i p i t a t i o n  e f f e c t s  separa t ion  from zirconium. 
.2 4 2 

(3  ) Ion .exchange .from a concentrated . (g rea te r  than 1 2 ~ )  hydrochloric  ac'id 

so lu t ion  on .a Dowex A-l'.anion r e s i n  r e s u l t s  i n  . the adsorption .of 

zirconium, i ron ,  neptunium, plutonium .(vI) , and uranium ..(vI ) , t h e  

.thorium passing through t h e  column. 

( 4 )  Extraktion of .thorium from an  .aluminum . n i t r a t e  - n i t r i c  a c i d  . so lu t ion  

by means of mesi ty i  oxide ((CH ) C = -CH .- . C  - CH ) gives exce l l en t  
3 2  \I 3 

0 
decontamination from t h e  ' a l k a l i  and. a l k a l i n e  e a r t h  metal ions 

( inc luding radium), lanthanum, and cerium. This e x t r a c t  ion i s  

i n e f f  ect'ive f0.r t h e  separa t ion  of thorium from .zorconium, plutonium 

.(vI), and uranium (vI), and g ives  only poor decontamination from 

neptunium. 

Thorium is  f i n a l l y  p r e c i p i t a t e d  a s  t h e  o x a l a t e  and i g n i t e d  t o  t h e  dioxide,  

i n  which form it i s  mounted and weighed. The y i e l d  i s  70 t o  80%~ and quadrup- 

l i c a t e  analyses can be c a r r i e d  out  i n  approximately 8 hours. 

Th c a r r i e r :  1 0  mg Th/ml (see.  prepara t ion  and s tandardiza t ion  of c a r r i e r ) .  

Bi  c a r r i e r :  1 0  mg ~ i / m l  (added. a s  B ~ ( N O  ) a 5H20 i n  d i l u t e  HNO ) . . . . . 
3 3 3 

L a  c a r r i e r :  1 0  mg ~ a / m l  (added a s  L ~ ( N O  ) - 6 ~ ~ 0  i n  H20) . . .  
3 .3 . . . . .. ~. 

. Zr c a r r i e r :  1 0  mg.Zr/ml (,added a s  p u r i f i e d  .ZrOC12.8H20 iu ~ ~ 0 ) .  , . .  . . .  . .- . 

HC1: conc. . . ' C 

HNO,: conc. 

H2SO4: conc . 
FINO3: 6M 



HIO,: 1 M  ( c a r e f u l l y  f i l t e r e d ) .  
J .  

H2C204: sa tu ra ted  s o l u t i o n  . ( c a r e f u l l y  f i l t e r e d )  . 
c . .  . . 

. . . .  NH OH:. conc. 4 
HC1: gas.  

H2S: gas.  

SOZ: gas. 

2.4M A 1  (NO ) i n  1.2M HNO ( c a r e f u l l y  f i l t e r e d )  . 
3 3 3 

KC10 s o l i d .  
3 : 

Mc Lllauul : a b s u l u  Le . 
Mesityl  oxide: Eastman White Label.  

3. Equipment 

Steam b a t h  

Drying : oven 

I g n i t i o n  furnace' (900') 
. . 

Block f o r  holding cen t r i fuge  tubes 

Forceps 
. . . . .  Mounting  plate^ . . . . . . . . .  . . . . . . . . .  

G r o ~ n d - a f f  Hirsch funnele . . . .  . . . . .  . . :  . . 

. F i l t e r  chi.mneys 

Transfer  p i p e t s  , . . . . . . . . .  

. . . .. . .  , . Manifold for 'column pressure  , ' . . . . . . . . . . . . . . . . .  _ - . /  

60-rd. separa tory  funnels  (one per  sample) 

40-nil con ica l  s h o r t  t a p e r  cen t r i fuge  tubes : Pyrex 8320 ( four  per  sample) 

40-nil con ica l  long t a p e r  cen t r i fuge  tubes:  Pyrex 8140 (one per  sample) 
0 

2", GO r u ~ i n e l s  

S t i r r i n g  rods (5  mm g l a s s  rod)  

S t i r r i n g  rods  ( 4  rum g l a s s  rod - hooked end) 

10-ml hypodermic syr inges  . . .  

Porce la in  ,c rucib les :  Coors 000 (one each pe r  s tandardiza t ion  and sample). 

No. 42 Whatman f i l t e r  c i r c l e s :  15/16" diameter 

No. 50 Whatman f i l t e r  c i r c l e s :  15/16" diameter - weighed 

No. 40 Whatman f i l t e r  paper ( 9  cm) 



,No. 42.Wlaataan f i l t e r  paper (9 cm) 

Ion .exchange column 

.3" x  5 mm ..tubing a t tached .to .bottom of 15  m l  cen t r i fuge  tube  . , ,  :: 

. . . . 
.... . .. . <  . . 

4 cm .of D0wex.A-1 .anion . res in ,  16 cross - l ink  (about 200 mesh). 

The r e s i n  .is supplied by Bio-Rad Labora tor ies ,  800 Delaware, Berkeley, 
. . 

, C a l i f o r n i a .  The r e s i n  .is Stored, .as  a  s l u r r y  i n  .water. To prepare t h e  

ion  .exchange column, plug t h e  bottom w i t h  g l a s s  wool, then  add t h e  r e s i n  

s l u r r y  from ,a t r a n s f e r  p ipe t .  Allow t h e  . r e s i n . t o  s e t t l e  and withdraw 

.excess r e s i n  and liquLd. ' It i s  important . t h a t  . t h e  r e s i n  .be .added a l l  a t  

once, and n o t ' b y  s e v e r a l  add i t ions  of s l u r r y ,  t o  avoid "channeling" down 

t h e  column. 

4. Prepara-tion rand Standardiza t ion  of .Car r i e r  . 

If t h e  p u r i t y  of t h e  thorium i s  known, the  metal may be  weighed out  

d i r e c t l y  a s  a  primary standard. It is  d issolved on .a steam ba th  i n  ,a small  

excess of concentrated.HN0 i n  a  P t  dish,  with per iodic  add i t ions .  of small 
3 

amounts o f  0.1M HI?. I f  thorium n i t r a t e  i s  used a s  c a r r i e r ,  it i s  dissolved i n  

.about 0.001M .HNO and f i l t e r e d .  To. a  10.00 ml a l i q u o t  ( f o u r  s tandardiza t ions  
3 

a r e  usual ly  c a r r i e d  o u t )  of t h e  c a r r i e r ,  1 0  drops of conc. H C 1  a r e  added and 

t h e  so lu t ion  . i s  b o i l e d  over a  Fisher  burner.  Four m l  of s t au ra ted  'H .C 0  a r e  
2 2 4  

then added .and t h e  . so lu t ion  i s  bo i l ed  f o r  2  min. The thorium oxala te  pre-  

c i p i t a t e  i s  f i l t e r e d  through No. 42 :whatman f i l t e r  paper (9 cm) i n  a  a", 60' 

funnel  and washed wi th  about 1 percent  H C 0  s o l u t i o n  ( t h e  sa tu ra ted  , so lu t ion  
2 2 4  

i s  d i l u t e d  1 t o  . lo ) .  The p r e c i p i t a t e  i s  t r a n s f e r r e d  t o  a  t a r e d  porcela in  
0 

c ruc ib le  . ( ~ o o r s  000) and i s  c a r e f u l l y  i g n i t e d  a t  900 f o r  1 hour. The c a r r i e r  

i s  weighed a s  ,Tho2. 

Step 1. I n t o  a  .40-ml s h o r t  . taper cent r i fuge-  tube,  p ipe t  2.0 m l  .of 

s tandard ,Th c a r r i e r ;  add t h e  f i s s i o n  product so lu t ion  and 5 drops of La . 

c a r r i e r .  P r e c i p i t a t e  T ~ ( . o H )  by means of  an excess of conc. NH OH, c e n t r i -  
4  4 

.fuge, and d iscard  t h e  supernate,  



Step  2. To the  p r e c i p i t a t e  add 8 m l  of conc. HNO 1 5  ml of H20, and 7 
3 ' 

m l  of 1M HI0 Centr ifuge t h e  ~ ~ ( 1 0 ~ ) ~  p r e c i p i t a t e  and d i sca rd  t h e  supernate.  
3 ' 

Wash t h e  p r e E i p i t a t e  wi th  15  ml of a  so lu t ion  vhich i s  4M.in HNO and 0.25M i n  
3 

HI0 Centr ifuge .and d i sca rd  t h e  supernate.  
3 ' 

S t e p  3_. To t h e  p r e c i p i t a t e  add 1 ml of conc. HC1 and 5  drops of Zr hold- 

back c a r r i e r .  Heat wi th  s t i r r i n g  over an open flame u n t i l  . the p r e c i p i t a t e  I 
d i s ~ o l v c s  and the so lu t ion  bo i l s .  Ui lu te  t o  5 ml and bubble I n  S O  gas u n t i l  

2  I 
t h e  s o l u t i o n  becomes e s s e n t i a l l y  c o l o r l e s s .  Ui lu te  to 1 U  W and b o i l  

s o l u t i o n  i s  water white.  Add 4 ml of . sa tura ted  H C 0  so lu t ion  and continue 
2  2  4  . . 

b o i l i n g  f o r  about 1 min. Centrifuge the oxalate precigi t .at ,e  a.nd d i s c a r d  .the 

supernate .  

S tep  4. To t h e  p r e c i p i t a t e  add 1 ml of conc. HNO and about 100 mg of 
3 

s o l i d  KC10 Heat caut ious ly  t o  b o i l i n g  t o  destroy oxa la te .  Di lu te  t o  15 m l  
3 ' 

and p r e c i p i t a t e  T ~ ( O H )  by means of an excess of conc. NH40H. Centr ifuge and 
4  

d i sca rd  the  supernate.  

S t e p  5. Add 1 0  drops of conc. H C 1  t o  t h e  p r e c i p i t a t e  and bubble i n  HCL . 

gas through a t r a n s f e r  p i p e t  u n t i l  t h e  so lu t ion  i s  sa tu ra ted .  With t h e  a i d  of 

a  hypode*mic syringe and t h e  same p ipe t ,  t r a n s f e r  t h e  so lu t ion . (which  has  a  

volume of approximately 1 ml) onto a  Dowex A - 1  anion r e s i n  (10% c r o s s - l i n k )  - ' 

. . . .  . , . . . . 
column ,," ' : - .. . ' . . . : ( ~ c f o r c  ucc, t h e  r e s i n  ,column i s  t r ea t . ed  wi th  'a:'. 

wash s o l u i i d n  made up by adding 1 drop of copc. HNO (Note 1) t o  20 ml of conc: 
3 

H C 1  and s a t u r a t i n g  with HC1 gas a t  room temperature.)  .By means of a i r  
. . p r e s s u r e . .  . . .  . .., . ' .  . :.. . , fo rce  t h e  sample s o l u t i o n  through t h e  column iii 

approximately 3 min, b u t  do not  a l low t h e  meniscus t o  go below t h e  top  of t h e  

r e s i n .  The e f f l u e n t  i s  c o l l e c t e d  i n  a  40-ml s h o r t  t a p e r  cen t r i fuge  tube.  Add 

1 m l  of t h e  r e s i n  wash s o l u t i o n  t o  t h e  o r i g i n a l  cen t r i fuge  tube and t r a n s f e r '  

t h e  washings by means of the  same p i p e t  onto t h e  column. The washings a r e  

forced through, . the column i n . t h e  same manner a s  t h e  sample so lu t ion ,  and a r e  I 
c o l l e c t e d  along with t h e  sample so lu t ion .  This wash may be repeated.  

S tep  6. Di lu te  t h e  c o l l e c t e d  sample p lus  washes t o  approximately 25 m l  

and make t h e  so lu t ion  bas ic  wi th  conc. NH40H. Centrifuge t h e  T ~ ( O H )  4  p r e c i p i -  

t a t e  and d i sca rd  t h e  supernate.  

S tep  7. Dissolve t h e  p r e c i p i t a t e  wi th  6 drops of 6M Use 1 0  ml of 
3 ' 

2.4M Al(N0 ) - 1 . 4 M  HNO mixture ( h e r e a f t e r  c a l l e d  t h e  e x t r a c t i o n  mixture ) t o  
3 3 

\ 
3 
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t r a n s f e r  t h e  sample so lu t ion  t o  a  60-ml separatqry funnel .  Add 1 0  ml of 

1 ' .  mesi ty l  oxide t o  t h e  separatory funnel ,  shake f o r  15-20 see, and.d iscard  t h e  ~ water ( lower)  Tayer . Wash t h e  mesi ty l  oxide - l a y e r  twice with 5-ml por t ions  of 

~ , ex t rac t ion  mixture, d iscarding each washing. Back-extract the  thorium wi th  -two 

5-ml washes of d i s t i l l e d  H 0, c o l l e c t i n g  both  -HiO l a y e r s  i n  a  40-ml s h o r t  taper  2  
. cen t r i fuge  tube.  Di lu te  t o  15  m l  and a d d 8  f d o f  ronc.  KNO and 7 m l  'of 1 M  HI0 

3 3 . .. 
( ~ o t e  2) .  Centr ifuge t h e  Th(10,) p r e c i p i t a t e  and..wash a s  i n  Step  2. . ,  

3 . 4  
S tep  8. Repeat .Steps 3, 4, 5, and 6. 

Step 9 .  To t h e  Th(0~) p r e c i p i t a t e ,  add 5  drops i f  Bi ca r r i e r .  and 1 0  4  
drops of conc. H'SO Di lu te  t o  1 0  .ml ,and s a t u r a t e  the  so lu t ion  wi th  H2S. 

2  4' 
0 

F i l t e r  t h o u g h a  No. 40 Whatman f i l t e r  paper (9  .em) i n  . a  .2", 60 funnel ,  

c o l l e c t i n g  t h e  f i l t r a t e  i n  a  40-ml s h o r t  t ape r  cen t r i fuge  tube.  Wash t h e  pre-  

c i p i t a t  e  with .a 'small amount of water. and combine t h e  wash with t h e  f i l t r a t e ;  

d iscard  the 'precipi ta- t ie . .  Make t h e  f i l t r a t e  bas ic  with conc. NH40H, cen t r i fuge ,  

and .d iscard  t h e  supernate.  

.S tep  10; Repeat ,Step 7. 
Step  11. Repeat .S tep  3, b u t  do not  add..= holdback c a r r i e r  and do not  

cent r i fuge  . the  axa la te  p r e c i p i t a t e .  

Step 12.  F i l t e r  the ho t  so lu t ion  conta in ing t h e  oxala te  p r e c i p i t a t e  on.to 

a  15/16" No. 42 .Whatman . f i l t e r  c i r c l e ,  using .a ground-Hirsch funnel  and f i l t e r  

chimney ( see  i l l u s t r a t i o n  2 ) .  Wash the  p r e c i p i t a t e  with 1% H2C204 so lu t ion .  

Transfer  t h e  f i l t e r  paper by means of forceps  t o  a ,Coors 000 porcela in  c ruc ib le  
0 

and i g n i t e  f o r  15-20 min .a t  900 . 
Step  13 .  Transfer  t h e  .Tho t o  a  ,dry 40-ml long t ape r  cen t r i fuge  .tube. 

2  - 
 h his i s  r e a d i l y  done by holding t h e  edge .of t h e  c ruc ib le  wi th  forceps  and 

dumping t h e  contents  i n t o  the  cen t r i fuge  tube.  L i t t l e  o r  no Tho2 adheres t o  

the  c r u c i b l e . )  Grind t h e  ThO w i t h . a  5 mm f i r e  polished g lass  s t i r r i n g  rod; 
2  

a-dd 1 m l  of absolute  methanol and continue grinding u n t i l  t h e  s o l i d .  i s '  very 

f i n e .  Add an a d d i t i o n a l  1 0  m l  of methanol and suspend t h e  s o l i d  by yigorous 

swir l ing .  . Transfer  onto a  t a r e d  No. 50 Whatman f i l t e r  c i r c l e  (15/16" diameter)  

i n  t h e  r egu la r  f i l t e r  chimney se tup . .  Apply suct ion  u n t i l  t h e  methanol has  
0 

passed through t h e  f i l t e r  c t r c l e .  Remove t h e  c i r c l e ,  dry i n  .an oven . a t  115  
f o r  1 0  min, p lace  i n . t h e  balance case f o r  20 min, and.weigh. Mount t h e  sample 

on..two-sided Scotch tape  which . . i s  s t u c k  t o  an  A 1  p l a t e .  Cover t h e  sample with 
2 . '  Nylon . f i lm (1 .5  mg/cm ) . 
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Notes 

1. The purpose of t h e  HNO,, i s  t o  maintain .an .oxidizing medium: on t h e  
' -1 

r e s i n  . t o  prevent reduct ion  of PU(VI) .  

2. A t  t h i s  p o i n t  t h e  so lu t ion  w i l l  be  somewhat colored a s  a . r e s u l t  of 

oxidat ion  of d issolved mesi ty l  oxide. This ,  however, does not  a f f e c t  t h e  

r e s u l t s .  

6. ~-Cuu~lLll lg ~r TI1 
, . 

Whenever Th f3 a c t i v i t i e s  such z s  i so topes  231, 233, alid 234 a r e  counted 
93 9 

and ThuJu i s  used a s  c a r r i e r ,  oce i s  faced wi th  tke  prulrleiu of t h e  gro-rkh of @ 
3'33 

a c t i v i t i e s  from t h e  c a r r i e r .  Examination of t h e  decay chain of  ~ h ~ ~ "  shows - 
t h a t  t h e  amount of  @ ' , a c t i v i t y  depends upon t h e  quant i ty  of 'Thz2' present .  In 

t h e  chain t h e  longes t  l i v e d  parent  of ThZz8 ( h a l f - l i f e  1.9 y )  i s  ~ a " ~ ,  t h e  

h a l f  -1 i f  e of which i s  6.7 y. Thus, the  amount of ThZz8 p resen t  i n  ThZ3' depends 

upon t h e  t ime of separa t ion  of I?aZz8. The B emi t t e r s  succeeding ThZZ8 grow i n  - 

224. 
. e s s e n t i a l l y  wi th  t h e  h a l f - l i f e  of Ra ,which is  3.64 d. 'l'herefore, t h e  p 
a c t i v i t y  t h a t  one observes from n a t u r a l  Th which has had a l l  of i t s  decay 

products  chemically removed grows i n  with a 3.64 d h a l f - l i f e .  One mg of 

n a t u r a l  Th i n  equi l ibr ium wi th  i t s  -decay products has 494 dislntegr.a~Lions per  

minute of p ac-Livfty! Since one does not  usual ly  know .Lhe lrJsL~:~~.y L - J ~  k l ~ e  Th 
i 

used a s  c a r r t e r ,  t h e  most convenient way t o  c o r r e c t  f o r  these  counts i s  t h e  

fol lowing:  . . 

P i p e t  ou t  a s  much c a r r i e r  so lu t ion  a s  w i l l  g ive approximately t h e  same 
weight a s  a t r u e  sample would when c a r r i e d  through t h e  whole separa t ion  
procedure. PerformBteps  9 through 1 3  of t h e  procedure. Note t h e  time 
of the  l a s t  mesi ty l  oxide wash of S tep  10.  Af ter  t h e  sample i s  mounted, 
count it every few hours over a per iod  of seve ra l  days. It i s  convenient 
t o  use t h e  time of t h e  l a s t  mesi ty l  oxide wash a s  t . I n  t h i s  zanner, one 

0 can c o r r e c t  f o r  t h e  growLh of b e t a s  from t h e  c a r r i e r .  

The r a t h e r  d i f f i c u l t  because of i t s  weak f3 r a d i a t i o n s  

L0.302 (k4%), 0.216 (11%)) 0,094 (45$)].  This i so tope  has n ine  y-rays ranging 

i n  ener"gy from 0.022 t o  0.230 Mev. Since t h e  e f f i c i e n c y  of y-counting, even 

wi th  1 i n .  NaI c r y s t a l s ,  i s  qu i t e  low, one usual ly  counts  t h e  bet,as. This means 

t h a t  extreme ca re  must be taken t o  insure  uniform th ickness  of samples. ~h~~~ 

and ~h~~~ do not  p resen t  such d i f f i c u l t y .  The former has a 1 .23  Mev f3 and decays 



t o  which ..hs a  0 .530 Mev p. T h e  l a t t e r ,  although it has weak rad ia t ions ,  . . 

decays i n t o  Pa234 (1 .175 m)  ,which has a  v e r y  s t rong  p. 

7. . Absolute p-Counting of Some Th .Isotopes 

The re la t i an 'be tween  counts and d i s i n t e g r a t i o n s  f o r ' t h o r i u m  isotopes  of - - 
238 mass numbers 231, 233, and 23'4 c a n  be  dbtained from . u ~ ~ ~ ,  N ~ ~ ~ ~ ,  . and .,U , 

r e spec t ive ly .  If a weighed quant i ty  of u ~ ~ ~ .  o r  U238 i s  taken, Th c a r r i e r  added, 

and -a chemical separation:.of Th made, one'.caii c a l c u l a t e  i n  .each case t h e  number 

of .'Th d i s i n t e g r a t i o n s  present .  By counting t h e  .sample and cor rec t ing  f o r  decay 

f romt ime  of separa t ion ,  one has a . d i r e c t  r e l a t i o n s h i p  between,counts and d i s -  

. in tegra t ions .  .The se l f -absorpt ion  of t h e  sample can be t a k e n . i n t o  account by 

the  use of th i . s  technique on s e v e r a l  d i f f e r e n t  weights o.f Th c a r r i e r  wi th  

i d e n t i c a l  s p e c i f i c  a c t i v i t y .  . For example, one adds' 100 mg ,of Th . c a r r i e r  t o  .a 

weighed amount of e i t h e r  u~~~ o r  u ~ ~ ~ ,  mixes t h e  so lu t ion  thoroughly, t a k e s  

. severa l  . a l i q u o t s  of d . i f ferent  Sizes,  and separa tes  t h e  thorium. I n  t h i s  way, one 

can plot .a ,curve o f  sample weight - vs d i s in tegra t ionc .  

I n  t h e  case  of ~h~~~ t h e  s i t u a t i o n  i s  somewhat d i f f e r e n t .  The decay 

product of t h i s  i so tope  i s  which i s  a l s o  t h e  immediate decay product 
237 of ~ p ~ ~ ~ .  . By separa t ing  from a  known weight  of  Np . and counting t h e  

former, one h a s  a  d i r e c t  r e l a t i o n s h i p  f o r  of counts - vs d i s i n t e g r a t i o n s .  

For a  sample of . ~ h ~ 3 ~  one t a k e s  two known. a l i q u o t s ,  d i f f e r i n g  by a  f a c t o r  of . ,. 

about 1000 i n  a c t i v i t y .   h he r a t i o  of t o  ~h~~~ ha l f  - l i v e s  if 1693.5. ) ' 

233 
.Theweaker a l i q u o t  i s c o u n t e d f o r T h  immedia te1yuponsepara t ion.of  Pa ... 
The s t ronger  one i s  permit ted t o  decay u n t i l  it i s  a l l  a n d  i s  t h e n  

counted. . From the  previous (Np 237) c a l i b r a t i o n  one then can f i n d  t h e  d i s i n -  

t e g r a t i o n s  of f o r  t h i s  sample. '  he sample is  correc ted: . for  decay back t o  - 

t h e  time t h e  weaker sample was counted f o r  ~ h ~ ~ ~ ,  thus  obta in ing t h e  number of . 

I . '  
atom of t h e  l a t t e r  when t h e  a l i q u o t  c o r r k c t i o n . i s  made. 

' 



.. . . . 
. . ' .  . PROCEDURE 11 

, . .. . . . . . .  
Source - G.A. Cowan i n  ."Collected Radiochemical Procedures" 

Los Alamos .Report LA-1721. Jan. 1958 

prepara t ion  of  C a r r i e r - F r e e  U X  ( ~ h ~ ~ ~ )  . Tracer 
1 

1. Int roduct ion  
, . 

I n  t h e  separa t ion  of UX1(~h234) from uranium, t h e  l a t t e r ,  o r i g i n a l l y  

p resen t  i n  the  form of U O ~ ( N O  ) i s  converted t o  a so luble  uranyl  carbonate 
3 2' 

complex by means of ammonium carbonate so lu t ion .  Then a t  pH 8.0-8.5 t h e  cup- 

f e r r a t e  of i s  made and separa ted  r'rom t h e  uranium by extraction 111-tu 

chloroform. The UX i s  back-extracted i n t o  d i l u t e  n i t r i c  a c i d  conta in ing 
1 

bromine which serves  t o  decompose t h e  UX cupfe r ra te ,  t h u s  allowing e x t r a c t i o n  
1 

of a l l  t h e  organic ma te r i a l  and excess bromine i n t o  t h e  chloroform phase. 

. . 
2. Reagents 

UO, (No3 ) : 1 g. ~ 1 1 0  m l .  ( ~ d d e d  a s  U 0 o r  UO (NO ) . ~ H ~ O  i n  d i l u t e  HNO ) . 
3 8 2 3 2  3 

HNO 3 M  
3 : 

("4)2~03 : sa tu ra ted  aqueous s o l u t i o n  

Br2 water: s a t u r a t e d  so lu t ion  

Cupferron: 6% aqueous so lu t ion  ( f r e s h l y  prepared and kept  i n  r e f r i g e r a t o r )  

,Chloroform: c . p . 
Hydrion paper ( s h o r t  range) 

3. Equipment 
. . 

250-ml. beakers ( 2  pe r  sample) 

250-ml. sepa ra to r  funnels  (3  per  sample) 

.Volumetric f l a s k :  appropr ia te  s i z e  (1 per sample) . 
Pipe t s :  a s so r t ed  s i z e s  

1" cover g lasses  

Heat Lamp 



4. Procedure 

Step 1. Pipe t  1 0  m l .  of UO (NO ) '  s 0 9 t i o n  i n t o  a ,250 ml. beaker and 
2 3 2  

t r e a t  with sa tu ra ted  .(NH ) CO soLution and .H 0 u n t i l  t h e  yellow prec ip2 ta te  
h . 2  3 2 

which f i r s t  fa rms dissolves .  Suf f  i c  l e n t  (NH4O2~0? i s  added t o  make t h e  f i n a l  

pH of t h e  so lu t ion  .8.0-8.5 ( ~ o t e  1.). 

Step 2. Transfer  t h e  . so lu t ion  t o  a  250-ml. separa tory  funnel ,  a d  add 

1-2 ml. .of 6% aqueous cupPerron reagent  and 1 0  ml. of  chloroform. '.Shake -well 

and  t r a n s f e r  t h e  chloroform l a y e r  conta in ing t,he . - T  a c lean  separatory 

funnel .  Repeat .  t h e  . chloro.form ex t rac t ion  .and combine t h e  e x t r a c t s .  

S tep  3. Wash t h e  chloroform e x t r a c t s  with .20 m l .  of H .O t o  which has been 2 
added 1 .ml. of cupferron reagent  .and s u f f i c i e n t  . (NH ) CO so lu t ion  ' , to  make the,, 

4  2 3 
pH 8.0-8.5. Transfer  t h e  chloroform phase t o  ,a c lean  ~ e p a r a t 0 . r ~  funnel.  

S tep  4. To t h e  .chloroform phase add -10 ml. of 3M HNO and a few m l .  of 
3 

sa tu ra ted  .Br water and shake. Disca rd . the  chloroform phase and wash t h e  
2 

aqueous phase twice with chlbroform, d iscarding t h e  .washings. . Transfer  t o  .a . . 

250-ml. beaker and b o i l  f o r  a  minute t o  .remove - t h e  l a s t  , t r aces  of .chloroform. + 

Transfer  t h e  so lu t ion  t o  a  volumetric f l a s k  of t h e  appropr ia te  s i z e  .and make. 

up t o  volume .with H .O. 
.2 . :. 

Step  5. P ipe t  a l i q u o t s  of so lu t ion  t o  1" cover g lasses  and evaporate 

to .d ryness  under a  heat  lamp. Count. 

Notes 

1. A pH.of 8.0-8.5.appears t o  be t h e  optimum.for t h e  prepara t ion  and 

.ext rac t ion  of t h e  .UX cupfe r ra te ,  al though .a pH i n  . the range 7-8.5 i s  s u i t a b l e .  
.1 



PROCEDURE 1 2  

Precip4ta t ion '  procedure f o r  t h e  Preparaticn of Thorium Free- of i t s  

Dis in te .ga t ' ion  .products.  N.E. Ballou .eta ab. Pa.per 225 i n  "Radiochemical 

. Studies ;  : The F i s s ion  .Products1' edi ted. .by.  C .  D. Coryell  .and N.' Sugarman, 

McGraw-Hill Book-Co., Inc.  New York, 1951. 

"To a  so lu t ion  of approximately 400 g  of T ~ ( N O  ) .4H20 one gram each of 
3 4  

barium and l e a d  ( a s  t h e  n i t r a t e s )  was added and p r e c i p i t a t e d  with an exac t ly  

equivalent  quant i ty  of H SO This opera t ion  which removes t h e  radium isotopes 
2  4' 

MsTh and ThX and t h e  l e a d  i so tope  ThB, was repeated;  a f t e r  t h e  barium and lead 
1 

p r e c i p i t a t e s  were f i l t e r e d  and discar?ed, 1 gram of lanthanum -(as t h e  n i t r a t e )  

was added t o  the  f i l t r a t e .  About 3 l i t e r s  of conc. (NII ) CO so lu t ion  was added; 
4 2  3 

t h i s  p r e c i p i t a t e d  t h e  lanthanum and converted t h e  .-L 

thorium i n t o  a  so lub le  carbonate complex. Lanthanum was p r e c i p i t a t e d  from t h e  

s o l u t i o n  twice more by adding one gram por t ions  of  lanthanum. These g r e c i p i -  

t a t e s ,  which remove t h e  actinum isotope  MsTh (whose chemistry i s  qu i t e  s imi lar  
2 

t o  t h a t  of lanthanum), were separa ted  from the  so lu t ion  by cen t r i fuga t ion .  

The p u r i f i e d  thorium was then p r e c i p i t a t e d  'as t h e  -bas ic  carbonate, ThOCO . xH 0,  
3 2  

by t h e  add i t ion  of about 700 m l  of conc. HNO and was f i l t e r e d  and dr ied ."  
3 



PROCEDURE 13  

Zirconium.Iodate a s  a . C a r r i e r  f o r  the.Remova1 of .Tracer-Thorium from . . .  

,Rare .Earths. N. E. Ballou. Paper 292 i n  ."Radiochemical S tudies  : The .Fission 

.Products" .edi ted  by.C.D. Coryell  and N. Sugarman, McGraw-Hill Book Co., Inc .  

New York, 1951. Pro,cedure o r i g i n a l l y  formulated i n  1943. 

The s t a r t i n g  s o l u t i o n c o n t a i n s  a  mixture of t h e  f i s s i o n  products of 

uranium and severa l  milligrams of r a re -ea r th  c a r r i e r s  including ~erium(1.11). 

A mixed , r a r e  e a r t h  f l u o r i d e  p r . e . c ip i t a t e ' i s  formed by t h e  add i t ion  .of 4M HF t o  

a  2M HNO, so lu t ion  .of t h e  a c t i v i t i e s .  Tracer  thorium coprecipitates.T.he f l u o -  
J 

r i d e  p r e c i p i t a t e  i s  d issolved i n  conc.. HNO sa tu ra ted  H BO KC'I'!O i s  added 
3  3  3'- 3 

.and- the  solu t ion  i s  heated t o  oxidize cerium t o  ce.riurn(IV). Add 20 ml. 0.35M 

HI0 t o  p r e c i p i t a t e  ~ e ( 1 0  ) (which coprec ip i t a t e s  thorium). Dissolve t h e  
3 3 4 

~ e ( 1 0  ) i n  conc. HT!lO plus  one drop of 30 percent  H 0  Add 5  milligrams of 
3  4 3  2 2' 

lanthanum c a r r i e r  and 2  grams of KC10 and r e p r e c i p i t a t e  ~ e ( 1 0  ) Dissolve 
3 3 4' 

t h e  p r e c i p i t a t e  i n  5 m l  of conc. HNO plus  1 drop of 30 percent  H202. Add 5 
3 

~ u i l l i g a m s  of zirconium c a r r i e r  and 20 ml of 0.35M HI0 cool i n  i c e  and 
3 ' 

cen t r i fuge  t o  remove t h e  p r e c i p i t a t e  of Zr (10 ) Thorium t r a c e r  coprec ip i t a t e  s 
3 4' 

quan t i t a t ive ly .  Cerium ( a t  t h i s  point  i n  t h e  I11 s t a t e )  i s  decontaminated by 

a  f a c t o r  of 200. For a d d i t i o n a l  decontamination t h e  ~ r ( 1 0  ) can be d issolved 
3 4 

i n  a  mixture of hydrochloric  a c i d  and s u l f u r  dioxide and t h e  zirconium 

r e p r e c i p i t a t e d  with Na WO 
2 4' 



Source - L. Winsberg and .J. A.  S e i l e r  .... :Paper... 0 9  'in. : "Radiochemical Studies : 

.'The Fiss ion . .  Products" edite'd by C . D. Coryell  and N. , Sugarman, McGraw-Hill Book 

Co. ,  Inc.  New.York, 1959. Or ig inal  r e p o r t  w r i t t e n  in.1943.  

1. 1ntrodi;id:tZon 

The o lde r  procedure f o r  t h e  determination o f  .Th234(U<) a c t i v i t y  i n  

f i s s i o n  p a t e r i a l  depended on t h e  separa t ion  o f  ~h~~~ with t h e  r a r e - e a r t h  

f r a c t i o n  and on a  l a t e r  removal with thorium c a r r i e r .  The procedure 

descr ibed he re  i s  much improved and shortened. 

Thorium i s  used a s  a  c a r r i e r  f o r  i t s  i so tope  .UX Thorium.iodate, together  
1 ' 

with  zkrconium a c t i v i t y ,  p r e c i p i t a t e s  from a  conc. HNO so lu t ion  on t h e  add i t ion  
3  

of  HI0 b u t  the  o the r  f i s s i o n  products,  including t h e  t r i v a l e n t  r a r e  e a r t h s  
3' 

(cerium i s  present  i n  t h e  reduced s t a t e ) ,  remain i n  so lu t ion .  Thorium i s  then 

. p r e c i p i t a t e d  a s  t h e  oxa la te  from a  so lu t ion  ,conta in ing z.3rconium holdb.ack 

c a r r i e r .  Zirconium remains i n  s o l u t i o n . a s  t h e  so luble  oxala te  complex. The 

thorium .oxalate'  i s  i g n i t e d  t o  t h e  oxide, mounted, and counted f o r  UX a c t i v i t y .  
1 

2. Procedure 

S tep  1. To an appropr ia te  amount of uranyl  n i t r a t e . i n a  50-ml cen t r i fuge  

tube,  add a  known amount o f  thorium c a r r i e r  (about 20 mg) and 1 0  1% each of 

cerium(111), lanthanum, and y t t r ium c a r r i e r s  ( ~ o t e ) .  Add 8 m l  of conc. HNO,, 
J 

warm on a  steam bath ,  and s t i r  20 m l  of 0.35M HIO, i n t o  t h e  so lu t ion .  Record 
J * 

t h e  time of p r e c i p i t a t i o n .  The mixture i s  cooled i n  an i c e  ba th  wi th  s t i r r i n g .  

The ~ h ( 1 0  ) p r e c i p i t a t e  (conta in ing UX1 and zirconium a c t i v i t y )  i s  
3 4  

cen t r i fuged  and washed twice with 2-' t o  10-ml por t ions  of a  mixture of 4  m l  

of conc. HNO and 10  ml of 0.35M HI0 
3 3 ' 

Step  2. The ~ h ( 1 0  ) p r e c i p i t a t e  i s  d issolved i n  5  m l  of conc. HC1, and 
3 4  

1 0  mg each of cerium(111), lanthanum, and y t t r ium c a r r i e r s  and 1 0  t o  15  ml of 

H-0  a r e  added. The .cent r i fuge  tube i s  placed i n  an i c e  ba th ,  and.SO i s  passed 
2  2 

i n  . to"reduce t h e  10- t o  I- and t o  maintain , the .cerium i n  t h e  ~ e ( 1 1 1 )  s t a t e .  . 
. 3  

The s o l u t i o n  should-be c l e a r  a f t e r  t rea tment  .with SO f o r  seve ra l  minutes; The 2 
s o l u t i o n  .ri's. m8de':;alBaline-.-~-t;h konc . : : : . .~~ ' ;~~ , . ' : and  an .excess i s  added. . The 4 



.hydroxides a r e  .centr ifuged and .washed twice- .with H 0  t o  whi'ch..a small amount of 
2  

-NH OH has been added. 
4  * 

Step  3. Tine hydroxides a r e  dissolved i n  8 ml of conc. , and an iodate 
3 

separa t ion  is  c a r r i e d  out  a s  described i n  s t e p  1. The ~ h ( 1 0  ) so obtained i s  
3 4  

d issolved i n  5 ml of conc. HC1, t he  10' i s  destroyed with SO2, and t h e  thorium 
3 

i s  p r e c i p i t a t e d  a s  t h e  hydroxide, a s  described i n  s t e p  2. 

S tep  4. . The .wa.shed t h o r i d  (UX ) hydroxide, which s t i l l  conta ins  zirconium 
1 

, a c t i v i t y ,  i s  d issolved i n  6N :HC1; 1 0  mg of zirconium c a r r i e r  i s  added ( ~ o t e ) ;  

and t h e  so lu t ion  i s  d i l u t e d  t o  1 0  ml. Ten . m i l l i l i t e r s  of ho t  sa tu ra ted  oxalic  

a c i d  s o l u t i o n  . i s  added t o  t h e  ho t  so lu t ion  wi th  s t i r r i n g .  . The T ~ ( c  .O ) pre-  
2 4 2  

c i p i t a t e  i s  cent r i fuged and washed twice wi th  a  1 percent  oxa l i c  z c i d  so lu t ion .  

One gram of KC10 and 3 ml of conc. HNO a r e  added, and the  so lu t ion  i s  heated 
3 3 

c a r e f u l l y  f o r  a  few minutes u n t i l  gas evolut ion ceases.  The s o l u t i o n  i s  

d i l u t e d  t o  1 0  .to 15.  m l ,  and .T~(oH)  i s  p r e c i p i t a t e d  wi th  conc. NH OH and washed 
4  4 

tw ice 'wi th  .H .O t o  which a  small. amount of NH OH has been ,added. 
2  4 

Step  5. The hydroxide i s  d issolved i n  6N HC1, 1 0  mg of zirconium c a r r i e r  

i s  added, and the  so lu t ion  i s  d i l u t e d  t o  1 0  m l  and heated i n  a  steam bath.  

.Ten m i l l i l i t e r s  of ho t  s a t u r a t e d  oxa l i c  a c i d  so lu t ion  i s  added . t o  . the  hot  ,' 

so lu t ion  wi th  s t i r r i n g .  The. T ~ ( C  .6 ': ) p r e c i p i t a t e  i s  cent r i fuged and .washed 
2  )+ 2  

twice .with a  1 percent  oxa l i c  a c i d  , so lu t ion .  The p r e c i p i t a t e  i s  then 

suspended i n  2 0  ml of H20 conta in ing 0 .5  ml of 6~ H C 1  and a  small ,amount of  

macerated f i l t e r  paper. The T ~ ( c  0  )r p r e c i p i t a t e  i s  c o l l e c t e d  on ,an .ashless 
2 4 2  

f i l t e r  paper i n  a  smal l 'Hirsch  funnel .  The paper and t h e  p r e c i p i t a t e  a r e  

t r a n s f e r r e d t o  a c ruc ib le ,  t h e  p r e c i p i t a t e  is  i g n i t e d  t o  ThoZ, and a  weighed 
: ,  

sarnple of t h e  oxide i s  mounted . f o r  counting. 

Note - 
The , c a r r i e r s  a r e  prepared a s  s l i g h t l y  a c i d i c  so lu t ions  of the  n i t r a t e s .  

This  method was . t e s t e d  by an.alyzing. both  un i r rad ia ted  and neutron- - ..... 

i r r a d i a t e d  u r a n y l  n i t r a t e  f o r  5 The two analyses gave i d e n t i c a l  a c t i v i t i e s  

and .absorption ,curve s; t h i s  ind ica ted  . tha t  UX is  obtained radiochemically 1 
pure by t h e  .above procedure. I n  , the  a n a l y s i s  of so lu t ions  of high, f i s s i o n  . a c t i v i t y  

it my be necessary t o  r.epeat . t h e  thorium .iodate and thorium .oxalate p r e c i p i t a t i o n  

s e v e r a l  t imes. 
2 6: 5 080. . 



.~e terminat iod: .~of  :Tha34(u'X ) Act iv i ty  i n  t h e  Presence of Uranium and Fiss ion  
1 

.-l?rodu.cts. N.E. Ballou .and 'D-.N. Hume. Paper 9 0  i n  "Radiochemical .Studies: The 

F i s s ion  .Products" e d i t e d  by C . D. Coryell  and .N. . Sugarman, , McGraw-Hill .Book .Co. , 
Inc . ,  New.York, 1951. I t . i s  based on report.CN-1312 dated May 15, 1945. 

1. Int roduct ion  
1 

The p r e c i p i t a t i o n  of thorium with HF and KF (probably a s  K Th3 ) removes 
2  6 

~h~~~ ( ~ q )  from uranium and t h e  f i s s i o n  products except t h e  r a r e  e a r t h s ,  z i r co -  

nium, and t h e  a l k a l i n e  e a r t h s .  The add i t ion  of  zirconium holdback c a r r i e r  

markedly reduces t h e  c o p r e c i p i t a t i o n  of zirconium. L a r g e  amounts of UO" cause 
2  

some UO F  t o  come'down w i t h  t h e  f l u o r i d e  p r e c i p i t a t e ; , t h i s  i s  r e a d i l y  removed 
2  2  

by washing t h e  p r e c i p i t a t e  .with -6M HF. 

The Ablution of the  thorium p r e c i p i t a t e  i s  accomplished by warming with 

HNO and ..H, BO . The p r e c i p i t a t i o n  of  T ~ ( O H )  removes t h e  a l k a l i n e - e a r t h  con- 
3 .3 3' 4  

tamination.  .Addi t ional  decontamination.from a l l  t h e  f i s s i o n  products except 

zirconium and niobium (columbium) i s  bl?ought ,about by t h e  p r e c i p i t a t i o n  of 

~ h ( 1 0  ) from a, 4M HNO so lu t ion .  The p r e c i p i t a t i o n  of thorium with. oxal ic  ac'id 
3 4  3 

serves a s  an a d d i t i o n a l  separa t ion  .from .zirconium and niobium .and a l s o  convert's 

t h e  thorium t o  a  .weighable form. 

2. Procedure 

S tep  1. To 5 ml o r  l e s s  of uranium.and. f i ss ion-product  sample i n  .a . 

l u s t e r o i d  tube, add 1 rql .of .conc.  HNO,, 20 mg of s tandard thorium c a r r i e r ,  and 
3 

1 0  mg of z i r c o n i u m c h ~ k a c k  c a r r i e r .  . D i l u t e  t o  20 m l  and a d d  3 m l  of conc. HF = r 
, . a n d  3 m l  ofJ6M ~ F . / C e n t r i f u g e ,  and wash with 5 t o  1 0  m l  of 6~ HF. 

/ Step 2. .?i.ssolve t h e  p r e c i p i t a t e .  wi th  2  m l  of 6 percent  H BO and 2  ml o f .  
3 3 

conc. HNO H( '~o te  1). Dilu te  t o  .about 1 5  m l ,  add 5 mg of barium holdback c a r r i e r ,  
/3 . . and p r e c i p i t a t e  with 3 t o  4  ml.of  coqc. NH.OH. Centr ifuge,  and wash with 20 ml .  

/' , . 4 

Step  3. . Add 8 m l  .of conc. HNO 1 0  drops of 3 percent  H .O and 20 1111 of 
3 ' 2  2' 

0.35M HI0 t o  t h e  p rec ip i t a . t e .  Cool, and l e t  t h e  ~ h ( 1 0 .  ) p r e c i p i t a t e  s tand 
3 3 4 



f o r  5 min (Note 2) .  Centr ifuge,  and wash t h e  p r e c i p i t a t e  wi th  1 0  m l  of a  

mixture of 3 M  HNO and 0.03M HI0 
3 3 ' 

Step 4. Dissolve t h e  Th(10 ) p r e c i p i t a t e  by t h e  add i t ion  df 2  ml of conc. 
3  4  

HC1, d i l u t e  t o  about 20 ml, and pass i n  SO u n t i l  t h e  so lu t ion  becomes color-  
2 

l e s s .  Add 5  ml of conc. NH OH and cen t r i fuge .  
4  

Step  5. Dissolve t h e  hydroxide p r e c i p i t a t e  i n  8 ml of conc. HNO,, and add 
-1 

5  mg of ~ e ( 1 1 1 )  c a r r i e r ,  0.5 m l  of 3 percent  H20Z, 8n.d 2 0  m l  of .0.35M 810- 
3 

Cool, and l e t  t h e  Th(10 : ) p r e c i p i t a t e  s tand . f o r  '5 min. cent r i fuge ,  and wa'sh 
. 3 4  

. w i t h 1 0  & . o f  0.g35M.HIO .Add 2  ml o f . c o n c . . H C l t o  t h e  p r e c i p i t a t e ,  d i l u t e  t o  
3 ' 

20 m l ,  and pass 'SO2 i n t o  t h e  so lu t ion  . u n t i l i t  i s  co lo r l e s s .  Pr 'ec ip i ta te  

: T ~ . ( o H ) ~  b y  t h e  add i t ion  of 5  ml of coqc .  NH OH, and cen t r i fuge  and wash t h e  
4  

p r e c i p i t a t e  .with about 20 ml .of H . O .  
2  

' , Step 6. . Dissolve t h e  p r e c i p i t a t e  i n  1 ml o f  6N HC1, add 15  ml o f  HZOJ 

hea t  t h e  so lu t ion  t o  bo i l ing ,  and add 1 5  ml o f  s a t .  HZCZ04. Cool t h e  T ~ ( c ~ o ~ ) ~  

p r e c i p i t a t e  i n  .an i c e  .ba th  f o r  1 0  min, and f i l t e r  it o,n .a .weighed. f i l t e r - p a p e r  

disk.  Wash with a lcohol  a n d . e t h e r ,  and use t h e  same technique f o r  drying and 

.weighing a s  i n  t h e  r a re -ea r th  procedures (Note .3) .  Count .without excessive , 

.delay ( ~ o t e  4) .  

Notes 

1. A d d i t i a n a l H  BO and HNO may be necessary if much 1anthanum.was 
.3 3  3 

present  i n  . the o r i g i n a l  sample. 

2. Hydrogen peroxide. reduces cerium t o  t h e  ,C~(II I )  s t a t e ,  i n  whdch it is  

not' p r e c i p i t a t e d  from s t rong ly  ac id  so lu t ions  by 10- 
.3' 

3. The p r e c i p i t a t e  is  weighed a s  T ~ ( c  0 ) .5H 0. The c a r r i e r  must be  
2 4 2  .2 

.s tandardized i n  t h e  same manner. 

4. . The thorium p r e c i p i t a t e  should n0.t be allowed t o  s tand very long 

before  t h e  a c t i v i t y  m.easuremeqts a r e  q d e ,  s ince  t h e  p-act ive d i s i n t e g r a t i o n  

products of  thor ium.contr ibute  an increas ingly  l a r g e r  f r a c t i o n  of t h e  t o t a l  

t. 
. I 

; ,. a c t i v i t y  . with  time. 



3. Discussion ' 

The procedure has been t e s t e d  by using c a r r i e r - f r e e  t r a c e r s  of cerium, 

y t t r ium,  ruthenium, strontium, zirconium, and te l lur ium.  The f i n a l  thorium 

oxa la te  p r e c i p i t a t e  was contaminated t o  t h e  ex ten t  of 0.06 percent  of t h e  

gross  added t r a c e r  a c t i v i t y .  
\ 



PROCEDURE 16 

-isolation of f r o m a  mixture of U233' and i t s  decay pioducts  by means 

of coprec ip i t a t ion  on Zr(10 ) arid ex t rac t ion  .with TTA.. Source - Hagemann and 
3 4 

co-workers, Phys. Rev. 2, 435 (1950). 

One- t o  two-teqths of a rn i l~ lg ram.of  zirconium n i t r a t e  and s u f f k i e n t  

iod ic  a c i d  so lu t ion  t o  give a f i n a l  ioda te  concentrat ion .of 0.05M were added 

Eer m i l l i l i t e r  of  sol-ution o f  . u ~ ~ ~  i n  n i t r i c  a c i d .  . The p r e c i p i t a t e d  

zirconium ioda te  was wtished by c e ~ t r i f u g ~ t i o n ,  d issolved i n  s u l f u r  dioxide- 

'we..ter, heated +Jo remove l i b e r a t e d  iodine,  diluted.,  a ~ d  t h e  zirconium 

r e p r e c i p i t a t e d  w i t h  iod ic  ac id .  Four t o  f i v e  of these  .cycles served t o  de- 

.contaminate completely from uranium, radium, and most of the .ac t in ium.  Bismuth 

and l e a d  a c t i v i t i e s  were removed by one o r  two l e a d  s u l f i d e .  by-product 

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

I n  order  t o  prepare saa2:&s s u f f i c i e n t l y  f r e e  .Prom c a r r i e r  f o r  alpha- 

p a r t i c l e  .range measurements i n  t h e  pulse  analyzer ,  and t o  remove any t r a c e s  'of , 

actinium a c t i v i t y ,  t h e  fol lowing procedure was used. The thorium isotopes  were 

co-prec ip i ta ted  from t h e  f i n a l  zil'oonium iodate  s o l u t i o n  .with l a n t k n u m  f l u o r i d e  . 
c a r r i e r  (0.1-0.2 mg/mi), t h e  f luor ide  p r e c i p i t a t e  was metathesized . to  .hydroxide 

.with concentrated. .potassium hyd.roxide acd t h e  hydroxide dissolvec? i n  O.O5M 

n i t r i c  ac id .  Separat ion .of t h e  thorilun .actl.vi-ty f rom, the  lanthanum . c a r r i e r  was 

accomplished by e x t r a c t i o n  wi th  a , so lu t ion  of 0.15M thenoyl  t r i f l u o r a c e t o n e  

(TTA) i n  .benzene. The .change from .zirconium t o  lantlianum c a r r i e r  was . .  nec,essary . 
I 

s ince  t h e  former e x t r a c t s  i n t o  TTA so lu t ion  under t h e  condi t ions  used, whereas 

t h e  l a t t e r  does no t ,  I n  some cases,  TT'U ex t rac t ion  of t h e  thorium isotopes  was 

made d i r e c t l y  from t h e  u r a n i m  so lu t ion .  The TTA benzene so lu t ion  was i n  e i t h e r  

case  evaporated d i r e c t l y  on t h e  counting p l a t e  o r  r eex t rac ted  wi th  8N n i t r i c  

a c i d  and t h e  . l a t t e r  so lu t ion  .evaporated. I g n i t i o n  .of t h e  r e s u l t i n g  , p l a t e s  l e f t  

,an . e s s e n t i a l l y  weightless f i l m  .of t h e  thorium a c t i v i t y .  



' Measurement of thorium isotopes  i n  sea water.  Source - .  F.F. Koczy, E. 

P i c c i o t t o ,  G: Poulaer t ,  and.S.  Wilgain, Geochim. et.Cosmochim Acta - 11, 103-29 

(1957); see  .a lso  Nature - 171, 742 (1953). 

Abstract  

In  order  t o  study t h e  geochemistry of thorium isotopes i n  t h e  hydrosphere, 

p a r t i c u l a r l y  i n  t h e  ocean, a method has been worked out  by which ~ h ~ ~ ~ >  ~h~~~~ 

'I'haZ8, and ~h~~~ can be  determined separa te ly .  Eight samples of 20 t o  40 l i t e r s  

of sea-water ,  from 23.0 :.$: ..i t o  34.97 . F-:.J s a l i n i t y ,  were ' co l l ec ted  Tn November 

1953, i n  t h e  Skagerak and t h e  Gullmarf jord    wede en). Thorium was 5,solated by . 

t h e  fol lowing procedure: j u s t  a f t e r  c o l l e c t i o n ,  t h e  samples were brought t o  pH 

2 and a given amount of Th234 ( u x ~ )  was added a s  t r a c e r .  Thorium was f i r s t  

p r e c i p i t a t e d  w i t h  F ~ ( O H )  a s  c a r r i e r .  Fur ther  p u r i f i c a t i o n  was obtained by ion-  
3 

exchange c o l u m  chromatography followed by solvent  ex t rac t ion ;  t h e  f i n a l  

f r a c t i o n  was obtained as the  c i t r i c  complex, a form s u i t a b l e  t o  incorporat ion 

i n  the 'photographic emulsion. The t o t a l  y i e l d  va r i ed  from i t o  23% according 

t o  t h e  sample, a s  determined by t h e  f3 a c t i v i t y  of t h e  t r a c e r .  The various Th 

iso topes  were measured through t h e i r  Cx a c t i v i t y ,  using nuclear  photographic emul- 

s ions ,  more p rec i se ly  t h e  double-emulsion technique. RdTh and RdAc both  generate 

five-branched s t a r s ;  more than 90% of these  o r ig ina ted  from RdTh, ss ind ica ted  

by t h e  l e n g t h  of t h e  t r acks :  while 10 and Th only y i e l d  s i n g l e  t r a c k s  of 

range 18.8 p and 15  p r e spec t ive ly  i n  t h e  emulsion. Most samples showed a nuch 

lower a c t i v i t y  than expected; t h i s  d id  not  make it poss ib le  t o  d iscr iminate  

between 10 and Th through t h e  range d i s t r i b u t i o n  of t h e i r  t r acks ,  thus  we could 

only a s c e r t a i n  upper l i m i t s  of 10 and Th concentrat ions.  



. PROCEDURE .18 ' 

,Preparat ion of.  UX absolute  @-counting ' s tandards .  Source - T.B. Novey, 

D.W. Engelkemeir, and P.W. Levy. Paper 9, pp. 11.4-121 i n  "Radiochemical 

S tudies  : .The Fiss ion  .Products1' e d i t e d  by. C .D. Coryell  and N. . Sugarman, 

~ c ~ r a w - B i l l  .Book .Co., Inc  . 1951; . r epor t  o r i g i n a l l y  wr i t t en  i n  ,1945. 

UX Standard. Pure U 0  more than ,3 y r  o l d  .was d issolved i n  .acid t o  make. 
3 8 

a  so lu t ion  of suf f i c i e n t o G . h i g h  coqcen t ra t ion  s o  t l d t  a l i q u o t s  t o  g ive  a  

des i red  a c t i v i . 6 ~  were l a r g e  eo.ough t o  permit accura te  p i p e t t i n g .  The .uranium 

concentra t ion  chosen was 4  mg/ml. F i f t e e n  m i l l i l i t e r s  of t h i s  so lu t ion  then 
8 

gave an a c t i v i t y  of about 9,000 counts per  minute (elm) a t  t h e  h ighes t  

i geometry f a c t o r  used. 

The uranium.was p r e c i p i t a t e d  from t h i s  volume wi th  base, and 'the pre-  

c i p i t a t e  was dissolved i n  1 ml of a c i d  s o l u t i o n  and t r a n s f e r r e d  t o  a  3-ml 

l u s t e r o i d  t e s t  tube.  This  t r a n s f e r  caused no detec table  l o s s .  Laqtlanum 

carr ier  (0 .25  me) was added and ,precipi taLed with ICF. The p r e c i p i t a t e  .was 

cent r i fuged out  and washed .twice wi th  water.  The supernatants  were ' co l l ec ted  

and t e s t e d  . fo r  UX l o s s  by LaF separa t ion .  The a c t i v i t y  l o s s  here  was usual ly  
3 

1 t o  2  percent ,  ;, 
j 

The f i rs t  LaF p r e c i p i t a t e  was s l u r r i e d  with 1 0  p1 of water, t r a n s f e r r e d  
3 2  

t o  a  sheet  of 0.2-mil aluminum weighing 1 . 4  mg/cm , and evaporated to .  dryness 

I with  a n  . in f ra red  lamp. The l u s t e r o i d  . tube  and t h e  t r a n s f e r  p i p e t  were r insed  

out  with severa l  25-111 water washes, which were ad'ded .to t h e  r e s t  of t h e  

p r e c i p i t a t e  and dr ied .  - A  drop of dilute..Zapon .lacquer was evaporated on t o p  

of t h e  p r e c i p i t a t e .  , The l u s t e r o i d  . w a s  the11 ashed, mounted, and counted. One 

t o  two percent  of t h e  t o t a l  a c t i v i t y  usual ly  remained i n  t h i s  res idue .  

The source t h e n , c o n s i s t e d  of about 0.5 mg.of p r e c i p i t a t e  on a n . a r e a  of 
2  

0 .4  .cm mounted on , t h i n  .aluminum. This  sheet  Ftas a t t ached  wi th  Scotch t ape '  

over a  l - i n .  hole  i n  .an .aLuminum card  of conventional s i z e ,  2-112 by 3-114 by 

.1/32 in .   our ,s tandards were made t h i s  way; t h e  t o t a l  a c t i v i t y  of any one 

s tandard  correct,ed f o r  t h e  3wo l o s s e s  va r i ed  f rom. the  average by no more than 

'.0.8 percent .  



PROCEDURE 19 

Source - G.R. Choppin and T. Sikkeland 

Scheme f o r  the .Separa t ion  of t h e  Elements Francium Through Uranium. 

'The separa t ion  i s  accomplished by t h r e e  ion exchange column e l u t i o n s ,  t h e  

f i r s t  two u t i l i z i n g  Dowex-1 and t h e  t h i r d ,  Dowex-50. 

Reagents 
- .  

1 MNH4HFZ, 0.5 M HF, 0 . 1 M  HC1, 9 M HC1, 0 .1  M H C 1 - O . 1 M  HZ', 9 M HC1-1  M HF, 

8 MHNO..,  4 M H N O  and 1 M H N O  
3 3 .' 3 ' 

Procedure 

1. Prepare t h e  f i r s t  anion r e s i n  column by passing t h e  so lu t ion  .of.NX"HF 4 2 
through it t o  convert  t h e  resin t o  t h e  f l u o r i d e  f ~ r m .  A g l a s s  column ,which has 

been c o a t e d  with p a r a f f i n  .'before add i t ion  .of ~Vesin.  i s  used. The r e ~ i n  bed i n  

a l l  t h r e e  .columns 3 mrn x 5 cm. This  of course i s  governed by the  amount of : . 

mate r i a l  t o  be  sorbed. A flvw r a t e  of 1 . 5  minutes per  drop i s  used. 

( a )  Load t h e  sample i n  1-2 drops of 0 . 1  M HC1. 

( b )  Begin e l u t i o n  with 0.5 M HF'. Fr  elution1 occurs immediately 

( f i r s t  column volume ) . 
(c  ) After 4 or 5 column volumco, e l u t e  wi th  9 M HCJ . Ra, Ac, a~bd Th, 

e l u t e  i n  next  few column volumes. 

( d )  The t h i r d  e l u t i n g  so lu t ion  i s  9 M H C 1 - 1  M.KF which e l u t e s  Pa 

immediately . 
( e )  F i n a l l y  U i s  removed 'by elutTon .wi th  0 . 1  M HC1-0.1 M KF. 

2. The second anion r e s i n  column i s  prepared by washing wi th  8 M HNO, .::, ., 
3 

( a )  The Ra, Ac, Th f r a c t i o n  is  loaded and e l u t e d  wi th  8 M HNO f o r  
3 

severa l  column volumes. Ra and Ac e l u t e  immediately. 

( b )  1 .M HNO, i s  used a s  e luan t  t o  remove .Th. 
3 

3. The ca t ion  r e s i n  column' i s  prepared by passage of 4 M. HNO 
3 ' 

( a )  The Ra, Ac f r a c t i o n  . i s  loaded aqd .e lu t ion  begun wi th  4 .M HNO 3 ' 
Ra i s  e lu ted .  



( b ) . ~ f t e r  e l u t i o n  of .Ra,  8 M HNO i s  used t o  b r ing  off .Ac.  
3 

Discussion 

From t h e  . c h a r a c t e r i s t i c s  o f .  t h e  e lu t ion .peaks  from t h e  f luor ide  columns, 
. . 

it seems more l i k e l y  that; negative f l u o r i d e  .complexes a r e  sorbing r a t h e r  than , ' 

. t h a t  ins'oluble f l u o r i d e s  a r e  p r e c i p i t a t i n g  . in  t h e  r e s i n .  The, behavior of Ra i s  

su rp r i s ing  a s  formation .of a  negative complex seems r a t h e r  unl ike ly  and RaF is 
2 

no t  p a r t i c u l a r l y  insoluble.  It has been suggested t h a t  Ra may be coprecipit,at,- 

i ng  with CaF which i s  much more insoluble .  
2 



T h i s  r e p o r t  was p r e p a r e d  a s  an a c c o u n t  o f  Government 
s p o n s o r e d  work.  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  any  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A .  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t . ,  o r  t h a t  t h e  u s e  o f  any i n f o r m a t i o n ,  appa -  
r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v o t c l y  owned r i g h t s ;  o r  

E. Assumes any l i a b i l i t i e s  wi- th r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  above ,  " p e r s o n  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any employee o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  s u c h  c o n t r a c t o r - p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commission,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  




