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AUTHOR'S NOTE

This report was prepared at the request of the Subcommittee on Radiochem-
1stry of the Committee on Nuclear Science of the National Research Council as

a contrlbutlon to a proposed master file on the radlochemlstry of all the

elements. Any readers of this report who know of published or unpublished
material on the radiochemistry of thorium which should be’included in this re-

port are urged to send it to the author for possible inclusion in a revised

version.
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IIT. TABLE OF ISOTOPES OF THORIUM

Isotope Half life - Type of . Method'of'Preparamion
Decay ‘ '

Th?23 ~0.1 sec o. Daughter 1.3 min U241
Thzzu . ~1 ° sec L« Daughter 9.3 min U228

22 ' . : i
Th22? 8 min - O ~9Uh Daughter 58 win U227

' ‘ EC ~10%
Th226 - 30.9 min a.’ ~ + ° Daughter 20.8 day Uzjo,
rh?2T 18.17 day - a Natural radiosctivity; daughter AcZC s
(RdAc) ' ' ‘

22 , .
Th ‘8 1.91 year o Natural radioactivity; daughter Ac228
(RATH) - , : \ (MSThZ)
Th229 7340 year o Daughter U233
Th230 80,000 year . Natural radioactivity; daughter U23h
(Tonium) - ' :
Thz3l 25,64 hour g~ Natural radiocactivity; daughter U235'
(uy) o
32 1.39 x 10%%eare o Netural thorium is 100% Th>3%
Thz33 22.1 min B=- Thd3z + neutrons
a3k A et , 238
Th k.1 day - PB- Natural radloactlvlily; damghter U -
(le) _ A

For ‘more complete information on the radiations of the thorium isotopes
and for references to original literature, see "Table of Isotopes"”, D. Strom-
inger, J. M. Hollander 'and G. T. Seaborg, Reviews of Modern Physics, 30, .
No.2, Part II, April 1958. '
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IV. REVIEW OF THOSE FEATURES OF THORIUM CHEMISTRY OF CHIEF
INTEREST TO RADIOCHEMISTS

1. Metallic Thorium

4 Thorium metal is highly electropositive and its prepération is a matter
of no mean difficultyo Methods which are used for this purpose include re-
duction of thorium oxide with calcium, reduction of thorium tetrachloride or
tetrafluoride or tetrachloride by calcium, magnesium or 'sodium or electrolysis
of fused salts. Thorium metal has a high melting point (1750° C) and is
highly reactive in the molten state. The potential of the thorium-thorium (IV)
couple has been estimated as + 1,90 volt,s,l A fresh surface of thorium tar-
nishes rapidly in air and the finely divided metal is pyrophoric. The pres-"
ence of oxygen and péésibly Qf nitrogen and other light element impurities
on the surface of thorium can be a matter of some importance in some experi-
‘ments iﬁ nuclear chemistry or physics where thin foils of thorium are employed
as targets. ‘ _

The reaction of thorium metal with aqueous mineral acids has some features
df.great interest to radiochemists, Dilute hydrofluoric acid; nitric acid,
sulfuric acid and concentrated phosphoric acid or perchloric acid attack mas-
sive thorium metal slowly. Concentrated nitric acid renders thorium passive
but the additidn of fluoride ilon causes the dissolution to continue. In the:
dissolution of small thorium targets, it is found thaf concentrated HN03'con-
taining 0.0l molar (NHh)Z SiF6'(or HF) makes a good solvent mixture., The sol-
vent should be ‘added in batches with heating and stirring in between rather
than all at once. Hydrochloric acid attacks thorium vigorously but a mysteri-.
ous black .or blue-black residue remains on completion of the reaction. As
mucﬁ-as 25 percent of %he original metal may be converted to the black solid
by either dilute or coﬁcentrated hydrochloric acid. Most or ‘all of this resi-
dﬁe can be dissolved by adding fluoride ion in smgll concentration to the
hydrochloric acid. The black residue may be ThO or'it may be a hydride Tth.

Sees AT

1. W. M. Latimer, Oxidation Potentials, 2nd Ed., p. 299, Prentice-Hall,
New York, 1952,

~ | o5 006
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For a further discussion of this material see Katzinz, James and Straumanis~,
and Katz and Seaborgh° .

Thorium oxide targets can also be dissolved by a mixture of hydrochlofic
acid plus (NHh)Z SiF¢ or of nitric acid plus (NH4)251F6° A good discussion of
the fluoride ion catalyzed dissolution of thorium metal or thorium dioxide is
given by Schuler, Steahly and Stoughton,ha

2+ -Soluble Salts of Thorium i

Since thorium exists in solution as a comparatively small highly charged
cation, it undergoes extensive interaction with water and with many anions.
There is one great simplification in the agueous chemistry of thorium in that it
has only one oxidation state and hence'oxidatipn-reduction reactions do not
need to be considered. '

The water soluble salts of thorium include the nitrate, the sulphate, the

chloride and the perchlorate.

3. Insoluble Salts of Thorium-Precipitation and Coprecipitation Character—“
istics of thorium

The common insoluble compounds of thorium are listed in Table 1. An
inspection of the table suggests a number of precipitates which may be suitable
for the removal of tracer amounts of thorium from solution. Good descriptions
of the insoluble compounds of thorium and their use in analysis are glven in the
general references listed in Part I. '

Thorium hydroxide is & highly insoluble compound forming a geletinous pre-
cipitate when alkali or ammonium hydroxide is added to an aqueous solution of

Th+h

. It is not amphoteric. Thorium hydroxide dissolves in aqueous solutions

containing ions such as citrate, carbonate, or sulfosalicylic acid which

\

2. L. I. Katzin, "Recent Developments in the Chemistry of Thorium", Paper .
7/73h Proceedings of the International Conference on the Peaceful Uses of
Atomic Energy, Geneva, 1955, T, 407 (1956).

3. W. J. James and M.E. -Straumanis, Acta. Cryst. 9, 376 (1956).

4, J, J. Katz and G, T. Seaborg, pp 33-34, 'The Chemistry of the Actinide Ele-
ments', McGraw Hill Book Co., New York, 1957.

ha, F, W. Schuler, F. L. Steahly and R.W . §foughton, Paper 7.1l in ¢ollected
papers, Production and Separation of U °~, edited by L.I. Katzin, Atomic
Energy Commission Document TID-5223, 1952; available from Office of Techni-
cal Services, Dept, of Commerce, Washington 25, D. C. Price $3.25,

o7
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Solubility in

3

‘Reagent Précipitate Solubility in
.Water .other Reagents
OH™ | Th(OH), very. insolyple soluble in acids,

' S.P. = 10~ ammonium oxalate,
alkali carbonates,
sodium citrate, etc.

F 'ThF), - hHBO very. insoluble goluble in acid
' ' aluminum nitrate
solution
KF + HF K ThF, very insoluble
103’ A »Th(IO3)4 very insoluble 4 .
(even;inﬂstrong-HNQ3) .s0luble with reagents
which destroy IO
C,0,= . Th(C.0, )..6H.0 insoluble in water soluble in excess
274 274’2772 . . . . »
, or .in dilute acid ammonium or potassium
: ' oxalate
FO, = (T (PO, ), very ‘lnsoluble A1 Solves: vt
b Th?HPO“j”H o Q1 FPiculty tnd
. L7272 concentrated acid
Th(HPOH)szPO&ZHZO
‘H,P,O, ThP_O, - 2H,0 extremely insoluble
2276 276 "z 1.65x10°% moles per
liter -4.0N HC1
Hy0, + ,Th(OO)ZSO&3H20 very insoluble soluble in strong
0.1N H.S0 mlneral.aC}@
277k
80~ Th(s0, ), H.0 . partially dissolved in
3 3’2727 ¢ .
~ excess sulphite
Cr207 {;Th(CrQu22j3ﬂéo 1nsoluble‘1n~gzo soluble in éopc;a01d
: ~Th(0H}20roh gzo |
‘MoO; = . ‘Th(MoO,, ) ,4H,0 insoluble soluble in dilute
L L7272 ‘ - R
' . . mineral acids
. : i .
Fe(CN)éh ThFe(CN)6'4H20 very insoluble

o
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complex thorium ion. Tracer amounts of thorium will coprecipitate quantipative—
‘ly with a wide .variety of insoluble hydroxides; lanthanum, ferric and zircon-
-ium hydroxide have been used. Since hydroxide carrier precipitates are notori-
ously non-specific, they should.be .counted on only.to remove fhorium 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 UXi(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”hydrogenAperoxide is added to a dilyte miner-

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

gilven as. Th207

into the solid as.integral components. 'I'he precise formulé of the precipitate

but recent investigations suggest that anions are incorporated

varies with the conditions of precipitation. -The physical form is also greatly
different depending on the acidity5aé 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.
Insoluble peroxide compounds are rare in the Periodic System so that precipita-
tion of thorium peroxide can provide clean separation of .thorium from most other
elements. Plutonium (IV) forms.a peroxide similar to that of thorium (IV). Other
(IV) state elements such as cerium (IV) and zirconium (IV) also form such in- s
soluble peroxides. Uranium (1V) and neptunium (1V) also form insoluble precipi-
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 Sn(II), I—,

B MhOa or Ce(IV) which can destroy peroxide. For a more complete discussion of

the perox1de and for references to.the original llterature, see Katz and Sea-

.borg6.

31 J. W. Hamaker and C. W. Koch, Paper 7.2 and 7.3 in Atomic Energy.Commission
report TID-5223 (reference ha)

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

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

~
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-Lanthanum Flupride as Carrier for Thorium. Thorium will coprecipitate

quantitatively with lanthanum precipitated as the fluoride from strongly acidic
solutions. This is a very useful method for the separation of small amounts of
thorium from uranium solutions. The fluoride may be'converted to the hydrdxide
by direct metathesis.with alkali hydroxide pellets or strong alkalivsolutioﬁs,
or it may be dissolved in an aluminum nitrate-nitric acid solution (which
thoroughly complexes the fluoride ion) and then be precipitated as the hydroxide.
.The coprecipitation of rare earth impurities-is, of course, complete. Zircon-
ium and barium in trace concentrations are carried but, if milligram quantities
of these elements are added as "hold-back carriers”, no coprecipitation is ob-
served. Hence coprecipitation with.lanthanum fluoride serves as an excellent
method of freeing thorium from the zirconium carrier used in a previous step.
An alternate metﬂod would be the removal of zirconium on an anion exchange
resin:from an 8-10 molar solution of hydrochloric acid.

Other insoluble fluorides may serve as carriers for trace amounts of thor-
ium.

Zirconium Iodate as Carrier.  Zirconium in a concentration of 0.1 to 1,0

mg/ml‘may be precipitated as.the iodate from a strongly acidic solution to
carry thorium nearly quantitatively. The iodate concentration is not critical.
Elements which form insoluble iodates are also coprecipitated, but many, such
as uranium, are separated. The rare earths and actinium are decontaminated if
the precipitation is from a strongly acidic solution and the precipitate is
washed with an iodate<cohtaining solution. Under conditions of low acidity
and low total ionic strength, the carrying of these elements may be quite high,
as shown for actinium by McLane and Peterson7. If cerium is preseﬁt it is :
necessary to reduce Ce(IV) to Ce(III) with some suitable reducing agent such'as
hydrogen peroxide, before precipitatibnu

The zirconium iodate may be dissolved in nitric acid containihg sulfur
dioxide or some other reducing agent, and the zirconium may be reprecipitated
as the hydroxide after the solution is boiled to remove iodine.

Hagemann and-his’co~workers8 applied this method to their study of the

7. C. K. McLane and S. Peteréon, Paper 19.3 in "The Transuranium Elements'.ed-
ited by G..T. Seaborg and J.J. Katz, McGraw Hill 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). '

cas  OpD
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isotope Th in the 4n + 1 series. Their procedure is reproduced in Proced-

9 used it as a means ef substituting zircon-
ium carrier for rare earth carrier after an initial lanthanum fluoride precipi-
tation. See Procedure 13 in Sectlon v below. '

Phosphate.Brec;pltates. Thorlum precipitates in a variety of ill-defined

forms in the presence of phosphorous-containing anions. These compounds are

" extremely insoluble in water and in acid solution., The hypophosphate is partis'a

cularly insoluble. Even in 6N Hel the solubility is only 2.1 x lOLF moles per
liter. Other insoluble phosphatés such ag wlreunluw plusph&te scrve wo 5uud
carriers for the removal of trace amounts of thorium from aqueous solution.

Thorium Oxalate, A widely used method of quantitative analysis of thorlum

is the prccipitation of thorium oxalate followed by ignition to thorium dioxide
and weighing of the dioxide.1n

Some complexing agents interfere with the precipitation of thorium oxalate
by the formation of soluble thorium complexes. Gordon and Shaver report a meth-
od for the separation of rare earth ions from thorium by precipitation of phos-
phate-free rare earth oxalates in the presence of the strong chelating agent,
ethylenediaminetetraacetic acid (EDTA). ‘

Organic acids which form wWater-insoluble dompounds with thorium.which'are

of possible analytical or radiochemical importance include sebacic, anthranltlc,

phenylarsonlc, gallic, tannlc, quinaldic and aspartlc acids.
\
4. Complex Ions of Thorium

Thce highly: charged positive ion, Th+u, has a strong tendency to form com-
plex ions with anions which may be present in selution. Some familiarity with
the more common of these complex ions is required for a proper understanding of
the behavior of thorium in ion exchange separations, in the extraction of thori-
um into organic solvents and so on. Quantitative measurements which have been
made on the equilibrium constants for complex ion formations are summarized in

Table 2.

9. N. E, Ballou in Plutonium Project Report, CC-920, Sept. 15, 1943.

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

275 611
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COMPLEX:IONS OF - THORIUM

(Reprinted from Katz and Seaborg p.575‘référenéei5)

Complexing Reaction -Jonic Ref-
Agent . ‘Strength erences
c1” 1 < mheat3 0.5 ° 2.24 ‘a
0.7, 1.78 a
1.0 21.53 a
2.0 1.21 a
k.o 1.70 a
i . 6.0 2.1 a
200 - The1}’ 2.0 0. a
) 0.1k a
6.0 0.55 a
301" = mertt 2.0 0.2 a
k.0 - 0.10 )
; 6.0 0.35 a
~ N -
h bl = ThC1, 4.0 0.018 a
NO, UTh+u+NO§~= Th(NO3)+3 0.5 4.73 o
), ' - 5.97 2.83 c
Th+-+2NO§ = Th(NO3);2 5.97 1.k e
' oo . : +3
~Clo3 Th n+01o3== Th(ClO3) 0.5 1.84 b
‘BrO, .Th+%+BrO§ = Th(BrO3)+3 6.4 b
th* 4 2Br07 = Th(Bro.)T% 0 8. b
73 3’2
o+l +3 _+ ‘ o Ly ae i
C1CH,COOH Th' "+C1CH,COOH = Th(€1CH,C00)"+H 0.5 - 1:33 Sy
g v . +3, 5] :
C1,CHCOOH “Th" "+C1,CHCOOH . = Th(CL,CHCO0) 7+ . 0.5 50T b
~.Th+u+ZClZCHCOOH.¥ATh(ClZGHCOO)£4+2H+ 0.5 12.7
205 012
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Table 2 (continued)

Complexing -Reaction S ' . Ionic K - 7 Ref

Agent S Strength .. erences
Cl3CCOOH ' ;Th+4+013ccQOH = Th(Clgccoo)+3+Hf _ 0.5 8.23 b
Th+52013CCOOH =~Th(ClgcCOO);2+2H+ . 0.5 26.7
IO% Th+4+lo§'= Th(103)+3 0.5 7.6x10% 1
. ) ]
Th"+2103 =.Th(Io3);2 5 6. zx10"
m* 4310, - Th(10,)"t -5 1.0
3 3’3
(HSO,, 'Th+h+Hso; = ThsO) +H' | 2.0 159 c
Th*izﬂsoi = Th(SOu)2+2H+ 2.0 .2850 c
Th+“+2HSO£ = Th(H80)80, )" +H" 2.0 800 ¢
+4 +4 ;
H3P0u ~Th +H3P0u = Th(H3P04) 2.0 78 . c
: Th”ﬁrHsPoLF = Th(HzPOu)+3+H+ 2.0 1500 . ¢
Th+“+2H3PoLL =fTh(H2POhH P04)+3+H+ 2.0 1400 c
+h : 4+ ot ¢
Th™ +2H;P0) = Th(H,PO) ), +2H 2.0 8000 c
HF e - TnEt gt 0.5 5x10° o
m*eznr = ot PezE | 0.5 2.9x107 ¢
Th 4 36F =-ThF§+3H+ 0.5 9.4x10°  a
CH,COCH,COCH, .Th+%+HAcAc - Th(AcAc)3+x 0.00 h.7ixi0l - e
' " 2HAcAe = Th(AcAc) PreH" 0.00  7.34x10%7
<Th+u+3HAcAc = .Th(AcAc) +3H" 0.0l  5.93x10%°
Th hEAcAc =4Th(AcAc)h+4Hf 0.0  5.37x10%7

.a. 4W.C.~Wéggener and ‘R: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. Alter, and F.K. Heumann, J. Amer. Chem. Soc. 73, 5646-50(1951).
H.W. Dodgen and .G.K. Rollefson, J. Am. Chem. Soc. Zi, 2600-7 (19#9).
‘e. :J. Rydberg, Acta Chem. Scend. E,.1503—22 (1950); Arkiv f;r Kemi 5, 413-23 (1953).
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A large number of other complex ions are known although not much quantita-
tive information is available on the strength of the complexes. Tons derived‘
from many organic acids such as citrate, phthalate, maleate, succinate, malo-
nate ion and ethylenediaminetetraacetic (called EDTA or versene) form a series
of complex compounds .or ions with thorium. The soluble EDTA-Complex of thorium
forms the basis of ‘an excellent titrimetric determination of small amounts of
thorlum.ll 12. It is of great significance to radlochemlstry that thorium forms
a negatively-charged nitrate complex in nitric acid solutions greater tﬁan'3
molar in concentration. This is discussed further in connection with anion
exchange methods. .

In connection with complex ion formation we may mention briefly the hydroly-
sis.' of thorium ion. In acidic solution throughout the entire range below pH3
hydrolysis of Th“F is negligible. At higher pH values there is extensive hydroly-~
sis.: There is a considerable disagreement in the published literature on the
products of hydrolysis and a number of mononuclear and polynuclear complexes
have been postulated. For interesting experimental studies and theoretical in-

terpretation of the hydrolysis of Th b see Kraus and Holm'bergl3 and Sillén 14, 15

5. Chelate Compounds of Thorium
A few 1,3 diketones form chelate complexes of thorium which are readily ex-
tractable from aqueous solution into organic‘solvents., This fact. forms the ba-
sis of a widely used method for the radiochemical purification of tracer thor-
ium,'namely the extraction into benzene of the thenoyltrifluoroacetone acid com-
" plex of thorium which is discussed in section 6. Before discussing this speci-
fic system, it Wiil‘be worthwhile to review briefly the other known complexes

of this type which thorium forms.

11. J.S, Fritz and J.J. Ford, Iowa State College Report ISC-304 (1953).

12. H.H. Wlllard A. W. Mosen, R. D. Gardner, Los Alamos Scientific Laboratory
- Report, LA- l9h8

13. K.A.Kraus and R. W. Holmberg, J. Phys. Chem, §§, 325, (l95h); see also K.A.
Kraus Hydrolytic Behavior of the Heavy Elements, Paper P/73l Proceedings of
the International Conference on the Peaceful Uses of Atomic Energy, Geneva,

1955, 7, 245 (1956).
4. L.G. Slllen, Acta. .Chem. Scand. 8, 299, 318 (1954).

15. L.G. Slllen, Polynuclear Complexes Formed in the Hydrolysis of Metal,Ions“,
P T4, Proceedings of Symposium on Coordination Chemistry, Copenhagen, Aug.

1953.

anes
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The very strong and rather volatile complex of thorium with acetylacetone
has been knwon for many Years.l6 In a 1,3 diketone complex of this type, four
molecules of the organic compound react with the '.'L‘h“‘L ion to forﬁ a neutral
. complexo' Thorium acetylacetonate, like the other.metal‘acetylacetonates;
posses a cyclic structure with the metal incorporated as part of a six-membered
vring. Rdeerle has made a particusrly careful study on the complex formation
between thqrium and ecetylacetone and of the extracticn of the complex into

organic solvents. Other l,é diketones which form similar complex-compounds much

more stable toward acidiec solutions are triflucroacetylacetone, thenoyltrifluoro-~ :

acetylacetone, benzoylacetone and digenzoyl m.ethanelg_zo° A comprehensive in-
vestigation ¢f thorium chelate complexes was carried out by DyrssenZl. Somé of
his results are quotea in Table 3 where the complexing constants of the proton -
and thorium complexes of several chelating agents are given. )
Thorium forms complex compdunds with salicylic acid, methoxybenzoic acid
~and cinnamic acidzz° The thorium-saiicylate complex ‘extracted into methyl _
isobutyl ketone has salicyclic acié asscciated with it and may have the formula
Th(HA)h:HZA° Cowan22a developed a procedure for thorium analysis based on the
extraction of the thorium salicylate complex into a mixed solvent of chloroform
and ethyl acetate. )
Cupferron (nitrosophenylhydroxylamine) forms a complex which can be ex-
tracted into cholorform&'zThorium forms & complex with 'quinolinol which is sol-
3

uble in organic solvents. The thorium complex with the reagent, thorin, is

widely used in a colorimetric analyticsl method. o223V
16. G, Urbain, Bull. Soc. Chim. France (3] 15, 347, (1896).

17. J. Rydberg, Acta Chem. Scand. 4, 1503-1522 (1950); Arkiv Kemi 5, 517 (1953);
Arkiv Kemi 8, 113 (1955). :

18. H. Gotte, Z. Nuturforsch, 3b, 149-50 (19L8).
19. W
20. L. Sacconi and R. Ercoli; Gazz. Chim. ital. 79, 731-8, (1949).
D
B

. Forsling, Acta Chem. Scand. 3, 1133-6 (1949). _
. Dyrssen, Svensk. Kem. Tid, 68, 212, (1953).

22. B. HOk-Bernstrom, Acta Chem. Scand. 10, 174-85, (1956).

22a. G. Cowan, Manhattan Project Report, CC-2771l.

23. T. Moeller and M. V. Ramanish, J. Am. Chem. Soc. 76, 2022-%, (1954).
23a. C. V. Banks and C. H. Boyd, Anal. Chem. 25, 416, (1953). '
'23b. P. F. Thomason, M.A. Perry, W. M;AByerly, Anal. Chem. 21, 1239, (1949).
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Chelating Agent PKa. 1/h Tog K
(note 1)
_Acetyl acetone 8.82 -2.85
'Thenoyltrifluoroacetone 6.23 +0.04
1-nitroso-2-naphthol 7.63 -0.41
-2-nitroso-l-naphthol 7.24 +0.05
_Tropolone 6.71 +0.52
Cuplerron .16 $1.11
N-phenylbenzohydroxamic acid 8.15 -0.17
'8 Hydroxy quinoline (oxine) 9.66 -1.78
5 Methyl .oxine 9.93 -2.5
© 5 Acetyl oxine 775 -1.
5,7.Dichloro oxine 747 -0.22
Cinnamic acid h.27

note 1 K.= [MArﬂ_org[H+]n l:M:In [HA].];rg’ where MAn = uncharged cqmplex;

[HA = acid form ©f the chelating agent.

TR
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6. Extraction of the TTA=Complex of Thorium into Organic Solvents

Mény of the chelate compléxés mentibhed in the last section of this report
are soluble in organic solvents. By suitable adjustment of reagent concentré—
tions and acidity, thorium can be clean;y separated from contaminatihg ions by
such an extraction procedure,' We single out for special attention the complex
formed with Q-thenoyltrifluoroacetone, (called for convenience, TTA), which
has béEn more widely used in radiochemistry than any of the others. Some of the
reasons for this-are the stability of the reagent toward acidic solution, the
favorable Keto-enol equilibrium in the reagent, the strength of thé thorium com-
plex in siightly acidic solutions and the moderate snolubility of the complex in
such solvents as‘benzene,'chloroform:and ketones.

HagemannzF studied the acid dependencé of the extraction of trace quantities
of thorium, actinium and other elements into an 0.2M solution of TTA in benzene.
A typical curve is shown in figure 1. The extraction of thorium is essentially
quantitative above pHland drops rapidly in solutions of higher acidify. The
acid dependence is fourth‘power so that rather sensitive control of the exfrac-
tion can be madé by control of the scidity. This control is highly useful since
thoriuﬁ may easily be separated from elements of lower ionic charge such as the
alkali elements, the alkaline earths and even the rare earth elements by extrac-
tion of thorium in the pH range of 1 to 2. Elements which extract more readily
than.}horium are left in the benzene phase when the thorium is later removed by
contact with an aqueous solution of slightly lower pH. The chief ions which'are
extracted more strongly than thorium in solutions of acidity grester than pHL
are zirconium (IV), hafnium (IV), plutonium (IV), neptunium(IV), iron ITI, and
protactinium (V). These ions show high partition coefficients into the organic
phase for solutions as strongly acidic as 1 molar or greater.

Further control of thorium extraction can be achieved by changing the con-
centration of TTA Qr9by using another solvent in place of ﬁenzene. " The presence
of ions which form strong complexes with thorium (see Table 2) interferes with

the extraction of thorium; therefore, it is best to pertform the extraction from

24, F. Hagemann, J. Amer. Chem., Soc. 72, 768, (1950).
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Fiéure i - Extraction of trace amounts of actinium and thorium

from a dilute nitric acid solution by an equal volume of an 0.25 M

solution of TTA in benzene as a function of pH.
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a dilute nitric acid, perchloric acid or>hydrochloric acid solution. Most of

the complex ion formation constants listed in Tablelz were measured by noting

the changes in the extraétability of the thorium-TTA complex into benzene when
various anions were added to the agueous phase. Hence the references quoted in
Tgble 2 can be consulted for very‘specific information on the éextraction of thori-
um in the presence of complexing anions.

TTA extraction of thorium is an important step in several of the procedures
written down in Section V below.

Thorium may be separated from uranium when both‘areypresenﬁ in small con-
centrations if the solution contains no great quantity of neutral salts, But
the acidity must be adjusted carefully. There are bétter methods fur mukliyg
this particular separa‘tion:° The extraction of tracer thorium from concentrated
solutions of uranium is not satisfactory because of the formation of insoluble
uranium complex compounds at the interface and it is necessary to remove the
bulk of the urnaium by some preliminary step. '

In the isolation of small amounts of thorium from a complx initial mixture
of elements TTA extraction provides an excellent final step. Carrier precipitates
such as lanthanum fluoride and zirconium iodate may be used to remove the bulk
‘of the impurities and the final purification as well as the eliminagtion of the
carrier material, may be effected by a final TTA-extraction cycle.

The solubility of the thorium-TTA complex in benzene is rather small so
that large volumes of solution are required to handle bulk ‘amounts (gram amounts)
of thorium. Some workers25 report good results with the reagent, l-(3,h dichloro-
phenyl) - 4,4,5,5,6,6,6 heptafluoro-1,3 hexanldione which forms a thorium complex
with ‘a considerably higher ~solibility in benzene. Unfortunately, this reagent
is not availsble commercially. With this reagent 20 grams of thorium can be dis-
solved in 100 millileters of CClA compared to 0,3 grams of thorium as the TTA-

complex,

25. See R. N. Osborne in Raediochemical Procedures in Use at the University
of California Radiation Laboratory (Livermore), Report UCRL-4377, (1954),

See ‘also Procedures 5 and 6 in Section V below.
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T. Extraction of Thorium Into Organic Solvents _

The extracfability of thorium from aguecus solutions into organic solvents
has been studied for dozens of representative solvents of all types. Most of
these studies have been concerned with hydrochloric acid systems, nitric acid
systems or mixed nitric acid - neutral nitrate salt systems. A great deal of
the information on the extraction of thorium, uranium and plutonium was origi-
nally published in classified reports of the Manhattan Projéct or of the Atomic
Eneréy.Commission or of the governmental laboratories of Canada and Great Britain
and France., This information is now declassified, but there has never been a
cofmplete systemafic coverage of the basic chemistry in books and journals readi-
ly available in any scientific laboratory. Solvent extraction processes have
been developed for ﬁhe recovery of thorium from monazite sands, for the separé—
tion of U233 from neutron irradiated thorium, for the recovery of the irradiated
thorium for reuse, and for other purposes. .In this brief review, we confine
our remarks to the chief solvents and the principal effects of experimental
conditions of the laboratory scale treatment of small or tracer quantities of
thorium. ,

Ethyl. éther is. often used to purify uranium. If the a@ueous phase 1is
slightly acidic with nitric acid (perhaps .0l to .05 Molar) and highly salted
with a neutral nitrste such as ammonium, calcium or magnesium nitfate, then
uranium is readily extracted into ethyl ether leaving nearly all impurities in-
cluding thorium in the agueous phase. Thorium will not extract into ethyl ether
unless the'cdncentratidn of acid and neutrél salts in the aqueous phase is so
hlgh that numerous other 1mpur1tes would also extract.

Methyl isobutyl ketone‘® will extract thorium with a distribution coeffi-

cient as high as 9 (organic/aqueous) provided the nitric acid concentration

of the agueous phase is maintained at 1M to 3M and if, in addition, a high
concentration of such strong salting agents as calcium, magnhasium or aluminum
nitrate is maintained. At the Iowa State College in Ames Iowa, large quantities
of thorium were purified from monazite sands by a process which included & sol-

vent extraction separation of thorium from rare earth impurities 26. The sol-

26. F. H. Speddlng, A, Kant J.M. Wright, J. C. Warf, 55 Powell and A.S. New-
- ton, Paper 8.7 in Proauctlon and Separation of U - Collected Papers"”
edited by L.I. Katzin, Document TID-5223, 1952, available from Office of
.Technical Services, Dept, of Commerce, Washington 25, D, C. $3 25; See also
Paper 8.6 in' same volume.
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vent was hexone and the agqueous phase feed solution was 3 Molar in calcium ni-
trate and 3 Molar in nitric acid. .

Rydberg and BernstrSm’ | have studied the distribution of Th(IV), U(VI),
Pu(1Vv), PU(VI), zr(Iv), Ca(II); La(III) and HNo3 between methyl isobutyl ketone
and aqueous solutions of nitric acid and calcium nitrate of varying composition.
Figure 2 taken from their work shows the main features of the extraction of

27a

these ions. A 1955 Geneva Conference paper of Bruce discusses the extraction

of Tission products into hexone.

Pentaether - - (dibutoxytetraethylene glycol) will extract thorlum Crum

27b

agqueous nitrate solutions under moderate salting conditions . For example,.

tracer amounts of thorium in az solution 2ZM in HNU3 and kM or grealer in caleium

nitrate are removed {0 the extent of 90 pereent or more from the agueous phase
by an equal volume ol Lhis solvent., Fifty percent is removed from a 4M HNO_
= S

solution and 80 percent from an QM HNO_ solution by an egqual volume of solvent.

3 .
If the aqueous phase is 1M in HNO, and saturated with ammonium nitrate, the
extraction is quantitative. PeppardZB has reported the use of pentaether in
230) from pitchblende residues. He states that

and 0.3 M
3 3

in HNO_ into an equal volume of solvent consisting of a mixture of pentaether

the purification of ibnium (Th

90 percent of the thorium is extracted from a solution GM'in NHuNO

(2 volumes) and diethylether (1 volume). Under these conditions less than 1
percent oggyttrlum.and the rare earths are extracted.See also analytical meLhod
of Derner

Mesityl oxide f (CH ) C = CH-CO- CHé} has been reported to be a useful sol-

vent for thorium. Lev1ne and Grimaldi have used it in an analytical procedure

for the determination of thorium in thorlum vres. The orc cample is deecompnsed

by fusion with a mixture of NaF -K Thorium is precipitated- as the oxalate.

28207

27. J. Rydberg .énd B. Bernstrdm, Acta.Chem. Scandanavica, 11, 86 (1957).

27a. F. R, Bruce, Paper P/7l9 in Volume 7, Proceedings of the International
Conference on the Peaceful Uses of Atomic Energy, Geneva 1955, United
Nations, New York, 1956. ‘

27b. Musser, D, Pi Kréu@e»an&ﬁR;:H.“Sﬁéilie,er;, Report: B-k, 380,223, .July 1947.

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

29. H. Levine and F. S. Grimaldi, Report AECD-3186, Feb. 1950; See also collect-
ed Papers on Methods of Analysis for Thorium and Uranium, Geological Survey
Bulletin, 1006, 1954. U.S. Gov't Printing Office, Price §l.

29a. M.W. Lerner and G.J. Petretic, 'Separation of Rare Earths from Thorium
Nitrate", New Brunswick :Laboratory Report, NBL-108 August 1955.
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PARTITION COEFFICIENT

K. =000
Na
0.0001 PR D B
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MU -16989
Figure 2 - Solvent extraction data for methyl isobutyl ketone.

The distribution ratios of U, Pu, Th, Zr, La and Ca as functions

of the equilibrium concentration of HNO3 in the aqueous phase.

Concentration of Ca(NO is 3.5 to 4.0 Molar. Data by Rydberg

)
27 3’z

and Bernétrﬁm,

r)(“{j (:"22
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The oxalate precipitate is dissolved in nitric acid and the soiution is pre-
pared for solvent extraction by adjusting ﬁhe HI\TO3 concentration to 1.2 Molar
and adding aluminum nitrate to 2.5 Molar. The solution is contacted with an
equal volume of mesityl oxide which extracts thg thorium quantitatively and
separates it from nearly'all impuritieskincluding rare earths, Traces of
rare earths are removed from the solvent by three separate washes with a wash
solution containing HNOBand Al(NO3)30 The thorium is stripped from the washed
solvent with water. Thorium is precipitated as the oxalate and ignited to
ThO,, in which form it is weighed.

Hiller and Martin30 have used mesityl oxide torewtradt thomiwmrawdy- from
rare earth fission products in a thorium target solution. "The thorium metal
was dissolved in HCLl with a small amount of fluosilicate ion present to clear
up the solution. ''ne solution was saturaled willh A1(NO_). end the thorium was
extracted'by contacting the solution with mesityl oxide.

31

Marechal-Cornil and Picciotto”” used mesityl oxide for the quantitative
extracticn of thorium, bismuth and polonium from a mixture of natural radio-
elements present in concentrations 10-9 grams per c.c., The solution was sat-
urated with Al(NO3)3. Radium and lead did not extract.

Tributyl Phosphate (TBP) is a widely used solvent in the industrial scale

recovery of uranium and thorium from ores, or the purification of uranium, thor-
ium or plutonium from reactor fuel elements. Some idea of the scope of its use
can be obtained by consulting some general references on process chemistry,32f3h
The adjustment of aqueous phase composition for'the‘optimum radiochemical
purification of thorium depends greatly on the nature of Lhe impurities preocnt.
The principal hesvy elements or fission products which show high extractabilityl

into TBP are the following:

30. D. M. Hiller and D. S. Martén Jr., Radiochemical Studies on the Phototission
of Thorium, "Phys. Rev. 90, 581, (1953).

31. J. Marechal-Cornil and E. Picciotto, 'Separation of Natural Radioelements by
Mesetyl Oxide", Bull. Soc. Chim,, Belges, 62, 372-82, (1953).

32. Process Chemistry, Vol 1, edited by F. R. Bruce, J. M. Fletcher, H. H. Hyman
and J. J. Katz in Progress in Nuclear Energy, Pergamon Press, London, 1956.

33. Proceedings of the International Conference on the Peaceful Uses of Atomic
Energy, Geneva, 1955, Vols 7 and 9, United Nations, New York, 1956.

34. Proceedings of the 2nd International Conference on the Peaceful Uses of Atomic
Energy, Geneva, 1958, United Nations, New York 1959. '

o

3
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Table 4 Basic References on the Extraction of Thorium, Other
’ Heavy Elements and the Rare Earths into TBP

Tri-n-butyl Phosphate as an‘Extracting Solvent for Inorganic Nitrates.

I. Zirconium nitrate
35. K. Alcock, F, C. Bedford, W. H. Hardwick and H.A.C. McKay,
J. Inorganic and Nuclear Chem. 4, 100, 195T7.
/

II. Yttrium and the lower lanthanide nitrates
36. D. Scargill, K. Alcock, J. M. Fletcher, E. Hesford, and H.A.C.
McKay. J. Inorg. Nucl. Chem. 4, 30k, 1957

III. The plutonium nitrates ' ’
37. G. F. Best, H.A.C. McKay and P.R. Woodgate, J. Inorg° Nuel.
Chem., 4, 315, 1957

IV. Thorium nitrate )
38. E. Hesford, H.A.C. McKay and D. Scargill, J. Inorg. and Nucl.
Chéﬁgf&zx321, 1957

39.. Studies of the Solvent Extraction Behavior of the Trivalent Rare Earths,
D. F. Peppard, J. P. Fari, P. R. Gray and G. W. Mason, J. Phys. Chem.
57, 29k, (1953).

4O. Extraction of Lanthanides in tributyl phosphate - nitric acid extraction
Systems,  D. F. Peppard, W. J. Driscoll, R. J. Sironen and S. McCarty,
J. Inorg. and Nucl. Chem. k4, 326, (1957)

 &ie The Distribution af Some Actinides and Fission Products between Tributyl
’ Phosphate ‘and Aqueous Solutions of HNO, and Ca(NO3),, B. Bernstrom-aiid
J. Rydberg, Acta Chemica Scandinavica %1 1173 (1955) :

42, Interrelationships in the Solvent Extraction Behavior of Scandium, Thorium
and Zirconium in Certain Tributyl Phosphate - Mineral Acid Systems, -
D. ¥, Peppard, G. W. Mason and J. L., Maie¥x, J. Inorg° and Nucl., Chem.
215 (1956) ;

43. The Mutual Separation of Thorium Protactinium and Uranium by Tributyl Phos-
phate Extraction from Hydrochloric Acid, D. F. Peppard, G. W. Mason and
and M. V. Gergel, J. Inorg. and Nucl. Chem, 3, 370 (1957)

hhd Solvent Extraction<Chemistry of the Fission Products, Paper P/7l9 by F.R.
Bruce in Vol. 7, Proceedings of the Inteérnational Conference on the Peace-
ful Uses of Atomic Energy, Geneva 1955, United Nations, New York, 1956.

3

Nt



-23- ~ UCRL-8703

thorium (IV) < neptunium (IV) < plutonium (IV)
plutonium (VI) < neptunium (VI) < uranium (VI)
protactinium (V) - o
cerium (IV) hafnium (IV) zirconium (IV)

rare earths (III) (considerably less extractagble than
above under most conditions).

Rulo (III) _

An excellent overall.view of the extraction of these elements from hydro-
chloric or nitric acid systems of vaiyihg‘composition into an undiluted or
diluted TBP solvent rhase is presented in fhe articles listed in Table k.

The high extractaﬁility of thorium into undiluted TBP from hydrochloric
acid and nitric‘&cid systems are given in figures 3 and 4. Thorium nitrate is
muich more extractaﬁle when most of the nitric acid in the aqueoué phase is re-
placed by some nitrate salt such as sodium nitrate, calcium nitrate or aluminum

'nitrate. This is dramatically shown in Table 5 where some data taken from a
publication of H.A.C. McKay are préesented. The main reason for the diffefence
is that the neutral nitrate salts are not soluble in TBP whereas HI\TO3 forms a
soluble complex with TEP.

Bernstrom and Rydberghl have studied.the effect of the replacement of HNO3
with'calcium,nit;ate on the extraction of thoriumlby undiluted tributyl phosphtte.
An ‘approximate summary of their results is given in'Tablé 6. .Some of the impor-
tant sefarations which can be msde with'such a mixture .of "salting agents" in the
‘aqueous phase are apparent from an inspection of figure 5.

The viscoaity and dcncity of undiluted TBP ﬁakés it somewhat trouhlesome to
use. Hence it Is frequently diluted to a 10 to 40 volume percenﬁ solution in
some inert‘dilﬁeht solvent such as n-butyl ether, ether, benzene, carbon tetra-
chloride, kerosene or 'some industrial mixture of hydrocarbons. The diluted TBP
extracts thorium with & reduced extraction coefficient but, as a compensatory
change, the extractability of a number of other ions is reduced below the point
where they'will extract to an appreciable extent,.

Thorium may be recovered from a TBP phase into an aqueous phase by back-

washing the TBP with distilled water or with very dilute sgcid.

205 029
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Figure 3 Variation of distribution ratios (TBP/aqueous) of
scandium, thoriﬁm and zirconium with aqueous HCl concentration

for extraction into pure, undiluted TBP; Peppard, Mason>and Maierhz.
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Figure 4 Variation of distribution ratios (TBP/aQueous) of

scandium, thorium and zirconium with aqueous HNO3 concentration

for extraction into pure undiluted TBP. Peppard, Mason and Maier42
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HNO;

PARTITION COEFFICIENT

La ()

MU-16988

Figure 5 The partition coefficients (org/aq) of Th(IV) and
of several representative contaminating ions into undiluted TBP
as a functidn of..Hl\TO3 in the aqueous phase. The aqueous phase

concentration of Ca(NO is fixed at 3 Molar. The curves for

. 3)2
Pu(VI) and Pu(IV) have been extrapolated assumihg Pu(VI) parallels
U(VI) and Pu(IV) parallels Th{IV).. From Bernstrdm and Rydbergul

~
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Table 5 Effect.of Neutral Sodium Nitrate on the Extraction of. Thorium
* from HNO, Solution with .19% TBP

3

Aqueous Composition ' Ko (org/ag.)
HNO NaNO

3 o 3
2.0 ' 0 . 0.84
0.01 1.99 - 4.0
6.0 0 3.7
1.0 5.0 33

0.1 5.9 . . 200

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

Thorium concentration about. 1l gram.per:liter.

oy
2
D
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Table 6 Effect of Concentration of Ca(NO.). in the Aqueous.
Phase on the Extractiog of Thbriém into Undiluted TBP
(Bernstrom and Rydbergtl)-

Ca(NO3)2 - HNo3 S Kth(TBP/Aq) -
Cone Conc '

0 1-4 M L-20

1M, 1-b M 60-200

2 M 1-b M 310-550

3 M 1-b M 1400

B

ey 6300

ey
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Important Note: All of the data quoted here for extraction of thorium by

tributyl phosphate are for'a pure solvent pretreated to remove monbbutylphos;
phate and dibutyl phosphate. Most TBP “as received” is contaminated with these
hydrolysis products. Since these compounds have a much stronéer gbility to com-
plex thorium and contaminating impurities, quite different extraction and purifi-
cation behavior is obtained when they are presnt.. Hence it is gdod practice to
pretreat TBP by washing it thoroughly with aqueous sodium carbonate and pure
water,

Monoalkyl and Dialkyl Phosphates mixed with inert carrier solvents show

phencmenally high extraction coefficients for thorium even from agueous solution
in which the concentration of acid and neutral salts is quite low. The general
equations for such solvents are
(Go)rpo(oH),,

and (GO),PO(OH)
Some specific solvents are those in which G is butyl or 2-ethyl hexyl or octyl
phenyl [more specifically para (l,l,3,3-tetramethylﬁutyl) phenyi], DiJute solu-
tions of these acidic esters of orthophosphoric acid in toluene are sble to
pull th(IV), the rare earth ions, Zr(IV), Np(IV), Pu(IV), Bk(IV) and many other
ions into the organic phase with partition coefficients ranging up to several
thousand. The partition coefficients are strong functions.: of the concentra-
tion of the extracting agent and of the acid so there 1s considersble opportuni-
ty to manipulate experimental conditions to favor the preferential extraction
of certain ions, particularly such highly extractable ions as th(IV)° No de-
tailed data on the extraction of thorium has been published and there are no -
detailed descriptions in the literature on the use of solvents of this type for
the radiochemical separation of thorium. It seems clear, however, that the
extraordinarily high partition coefficients for thorium in the presence'of.these
- ac¢idic esters of orthophosphate will find many applications in radiochemistry.
Some idea of the necessary pretreatment of the solvent and of the solvent power
of these éolvent syétems can be obtained in publiéatiﬁns by Peppard and his co-

it

workers,hs-h7 A paper ' on the extraction of Bk(IV) from rare earths and other

impurities indicates the type of separation of tetrapdsitive and tripositive ions

which can be achieved. Peppard, Moline and Mason)+7 put Cm(III) and Bk(IV) into

45, "Fractional Extraction of the Lanthanides as their Di-alkyl Orthophosphates”,
D.F. Peppard, G. W. Mason, J.L, Arer and W. J. Driscoll, J.Inorg. Nucl.
Chem. k&, 334, 1957

2cs

031
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3 and 0.1M in ICBrO (to maintain the Bk in an
oxidized state) and contacted the aqueous phase w1th an 0,15 M solution of,
di-ethyl hexyl phosphate in n-heptane. The curium remained in the -agueous .
phase (K = 1.k x 10_3) while the berkelium was quantitatively extracted
(K, = 1900) '
In addltlon to tributyl phosphate and the mono and dlalkyl esters of

phosphoric acid, there are several other classes of phosphorous containing

compounds which have received considerable study as possible extracting solvents
for uranium, thorium and other élements. Several of these compouﬁds have ex-
tracting power mﬁch greater than that of utributyl phosphate. Some of the

most promising solvents are of the following types, where the letter R represents

an alkyl group,

RO 0
\_ A
P dialkyl phosphine oxides
2N
R R
R o
N_A ' ,
P trialkyl phosphine oxides
R// A R

Esters of pyrophosphoric aeid
Other classes of solvents which -are very promising for many applications in
the extractive metallurgy of the heavy elements are the mono - di - tri - and

quaternary-alkyl ammines. A number of reports have been written on these phos-

phorous and ‘ammine solvents and most of them can be located with the aid of
Nuclear Science Abstracts. It is premature to discuss these solvents in any
detail here because Very little has been pu%lished concerning their use in the

radiochemical separation of thorium. There is no question, however, that radio-

. chemists will find several of these new solvents highly useful to them.

\

46, "Acidic Hsters of Orthophosphorlc Acid as Selective Extractants for Metallic
Cations - Tracer Studies" P D. F. Peppard, G. W. Mason, W, J., Driscoll and
R. J. Sironen, J. Inorg. Nucl. Chem. 7, 276 (1958) .-

47. "Isolation of Berkelium by Solvent Extraction of the Tetravalent Species”,
D.F. Peppard, S. W. Moline and G, Wo Mason, J. Inorg. Nuclear Chem. L4, 3kk,

(1957.)
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As a single example, the solvent tri-n-octylphosphine oxide is reviewed

briefly in Tables. 7 and 8 . This data is taken from an‘Oak Ridge Report by

Ross and White'~. It can be seen that thorium is very highly extracted into K
an 0.1 M solution of tri-n-octylphosphine oxide in cyclohexane from'dilﬁte HC1,

HClOu and particularly, dilute HNO3.

the aqueous phase is 1M in HNO, and 1M in sodium nitrate.

3

8. Ion Exchange Behavior of Thorium

It is particularly well extracted when

Cation Exchange

The tetrapositive thorium ion is adsorbed on cation exchange resins more
strongly than most other ions. This fact mekes it possible to adsorb thorium
tracer from a large volume of solution onto a small amount of resimn. Tt makes
it feasible to separate thorium Clrom musl other iowns by washing the rcoin on -
which the thorium is adsorbed quite thoroughly with a mineral acid solution or
some other suitable leaching agent to remove the.less-strongly-bound ions,
When both the thorium and the unwanted contaminants are present in small con-
centrations the method is particularly applicable.

k9

Diamond, Street and Seaborg ~ studied the adsorption of tracer ions on the
resin Dowex 50 (a copolymer of styrene and divinyl benzene with nucleonic sul-
fonic acid groups as exchange sites) and the elution of the ions with hydrochlor-
ic acid of varying concentpation. At all concentrations of HC1,thorium (1v)
was very strongly held by the resin and such ions as Sr(II), La(III),CE(III)
and Ac(III) were much more rapidly eluted. Thorium (IV) on lhe resiu is readily
washed free of heavy element tetrapositive ions such as Np(IV) or Pu(IV) with
HC1l 6 molar or greater in concentration because the higher elements in the tetra-
positive state,fprm strong complexes with hydrochloric -acid. This is true also
of uranyl ion. ,
Thorium is removed from a cation .exchange resin by passing a complexing

agent through the column of resin to reduce the'effective concentration of free

48. "The Use of Tri-n- octylphosphine Oxide in the Solvent Extraction of Thorium
from Acidic Solutions”, W. J. Ross and J. C. White, Osk Ridge National Lab-
oratory Report, ORNL 2627.

49, R. M., Diamond, K. Street.Jr.,.and G. T. Seaborg, J. Am, Chem. Soc. Zé!
1461, (1954).
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_TABLE 7 . EXTRACTION OF THORIUM FROM ACID SOLUTION
,INTo~TRI~N-OCTYLPH0§PH;NE'oXIﬁE (TOPO)
_Thorium present. " ll.3vﬁg,ThClu, Th(C10y,),,
. 11.5.mg Th(No3)LL
TOPO, 0.1 M in cyclohexane, 5 ml -

Equilibration time - 10 minutes
‘Data from Ross and White, ORNL 2627

" Acid Molarity :Ez;?

0.3
0.3
0.h

.HC1 l Q.26 | stou, 1

11 .2

W
2 12 1=
=2 1=

N
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64
28
32
82
26
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=
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TABLE 8 -EXTRACTION OF, THORIUM FROM ACID SOLUTION
. INTO TRI-N-OCTYLPHOSPHINE OXIDE (TOPO) IN.THE
PRESENCE OF NITRATE AND CHLORIDE SALTS

TOPO, 0.1 M in cyclohexane, 5 .ml

10 minute equilibration

Data from Ross and White ORNE-2627 -

Aqueous -Composition g8

' Aq

L M HNO, + 1 M NelNO, 3800
M HNO, + 2 M NaNo, 1900

1 M HNOg + 6 M NaN03 1200
M HCL + 1 M NeCl 1.5

1M HC1 + 2. M NaCl 6.1
M HC1l + 4 M NaCl 107
M HC1 + 1/3.M ALCL, 0.4
M HCL + 1 M ALCL, 11

1MHCL + 2 M AlCL, 1100
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thorium ions and thus reverse the adsorption process. Suitable complexing agents.
are buffered citric acid, buffered lactic acid, fluoride ion, carbonate ion, =

sulfate ion, oxalate ion, etc.

50

Bane separated small amounts of thorium from 0.15 M uranyl nitrate solu-

tion containing 0.1 M HNO, by passing the solution through a bed of Amberlite

3
1R-1 resin. The column was thoroughly washed with 0.25 M stoh to remove .all

the uranium. The thorium was then eluted with 1.25 M NaHSOu-
]'Jr;)’rssen5l-separated'UXl('ThZ3)+

it KS from a 2M HC1 solution of uranium. The pure UXl is then eluted with O,S'M

) from uranium by adsorbing the UX, on Wolfat-

oxalic -acid., The solution is evaporated to dryness and the oxalic acid is

sublimed off leaving a carrier-free thorium sample.

52

Asaro, Stephens and Perlman

228

Th for & and y spectrum studies by adsorbing an impure mixture :of Th

prepared radiochemically pure samples of
' 228 and
its daughter products on a short Dowex-50 resin column (3mm diameter x 3 ¢cm
height) from a dilute nitric acid solution. .The column was jacketed to allow
operation at 87° ¢ (the temperature of the vapors of boiling triethylene.glycol-)°
The radium, lead and bismth fractions were eluted with 4M nitric acid, after
which the thorium was stripped with & 50-voiumc=perueuL solution ot lactic acid
at pH3. One ml of lactic acid_sufficed to remove the Th228 from the column.
-The lactic acid could be removed by sublimation. The high teﬁperature opera-
tion was essential for the rapid removal of the thorium'in a small volume of
eluting solution. ' ‘
Procedure G in Secfion V of this report contains additional comment on the
"~ adsorption and desorptiop behavior of thorium on cation exghange resins,

Anion Exchange - Hydrochloric Acid Systems

The remarks on the use of anion exchange resins in the radiochemical puri-

fication of thorium will be divided into two parts. .The first part will discuss

'50.. R, W, Bane, Report CC~3336, Nov. 23, 1945,
51. D, Dryssen, Svensk. Kem. Tid. 62, 153 (1950). .
52. F. Asaro, F., Stephens Jr., and I. Perlman, Phys. Rev. 92, 1495 (1953).
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hydrochloric acid systems in which thorium forms no negative complexes and

hence is not adsorbed by anion exchange resins. .Several .other heavy elements

and several fission product elements do form negative ions in concentrated hy-

drochloric acid and can be readily removed from & thorium solution by adsorp-
tion on a small amount of ion exchange resin. A number of possible separations
are readily apparent from a consideration of the following dsta oh'adsorption
behavior in the case of the resin Dowex-1 (a coplymer of styrene and divinyl
benzene with quaternary ammonium functional groups.) | o
Uranium(VI), neptunium (VI) and plutonium (VI) readily adsorbed
from hydrochloric acid solutions 6 M or greater in concentration. Readily
desorbed with O to 3 M HC1.
Neptunium (V) readily adsorbed above 4 M HCl. Protactinium (V)
readily adsorbed above 8 M HCL. ' " o
Thorium (IV) not adsorbed at any HCUL concentration. Nepluuluw(IV)
adsorbed above 4 M HCl., Plutonium (IV) adsorbed strongly gbove 2,5 M HC1 .
Plutonium (III) not adsorbed at any HC1 concentration, Lanthanide
rare earths not adsorbed -at any HC1 concentration. Americium and highef
actinide elements in the tripositive oxidation state very slightly adsorbed
in highly concentrated HC1. '
Kraus, Moore and Nelson53 investigated the anion exchange behavior of thor-
ium, protactinium snd uranium in hydrochloric acid solutions and suggested sev-
eral alternate pfocedures for the clean separation of these three elements from
each other. TFor example, a mixtufe of the fhree ions in 8 M HC1 may be passed
through a Dowex-1 column to adsorb ufanium.and protactiniuim et the top of the
colum. Thorium passes through the column quantitatively. The protactinium is
rapidly eluted with 3.8 M HC1l. The uranium elutes somewhat later. Alternatively
thé protactinium may be eluted with -a mixture of 7 M HCL plus 0.11 M'HF leaving
the uranium fi;mly bound to the resin. The presence of fluoride ion causes a
dramatic decrease in the distribution coefficient for protactinium without affect-

ing that for uranium. After the protactinium is off the column the uranium is

53. K. A. Kraus, G. E. Moore, and F. Nelson, J. Amer. Chem. Soc. 78, 2692 (19%6);
ibid 72, 4283 (1950); 73, 2900 (1951); 77, 1383 (1955).
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rapidly desorbed with 0,5 M HCL, ‘ '

Many of the fission product elemgnts;form adsorbable negatively-charged
chloride complexes in hydrochloric acid. Those which do can be removed from a
solution of thorium by contact of the solution with a sample of resin.. An
excellent overall review of all elements in the periodic system and a good
bibliography is to be found in the 1955 Geneva Conference paper of Kraus ‘and

54

Nelson Some important ions which may be removed from a thorium solution:by
Dowex-1 resin are zirconium(IV), hafnium({IV), irdn(III), zine(II), cobalt(II),
gallium(III), molybdenum(VI), cadmium(II), tin(IV), tin(II), antimony(III),
antimony(V), mercury(II), bismuth(III), and polonium(IV). It is noteworthy
that thorium appears to be the only metallic element of the fourth group of
the Periodic System which cannot be adsorbed by a strong_base'anion-éxchange.

" resin from concentrated hydrochloric acid solution. The differing behavior of
thorium(TV) and zirconium(IV) is particularly noteworthy in this connection be-
cause in some radiochemical procedures zirconium iodate or some other zirconium
compound 1is used‘as a carrier precipitate for thorium. The carrier ion can be
removed easily by placing the thorium tracer and zirconium carrier in 9-12 M-
HC1 and remov1ng the zirconium with anion exchange resin.

Sha

P01r1er and Bearse of the Battelle Memorial Institute wrote a report- .
on the separation of uranium‘and thorium with particular reference to the'pro-
cessing of monazite sands, The s eparation of uranium from thorium in carbohaﬁé,
HC1l and H SOM solutions by anion exchange resins was studied in ‘some detail ‘

including the effects of extraneous ions, types of re51n, ete.

Anion Exchange Nitric Acid Systems
In the second main part of the discussion of the anion exchange‘béhavior,
of thorium, we turn to a consideration of nitric acid systems. A few years ago

25

the surprising discovery was made that thorium forms adsorbable nitrate com-
plexes in nitric acid solution over a wide range of nitric acid concentration -

with maximum absorption occurring near 7M HNO_,. This fact can be made the basis

3

54, K. A. Kraus and F. Nelson, Paper'P/837 in Vol. 7 of Proceedings of the Inter-
national Conference on the Peaceful Uses of Atomic Energy, Geneva, 1955, United
Nations, New York, 1956; Single copies of this paper may still be available
forA 25 from United Nations Babkstore, New York.

54a. R.H. Poirier and A,E. Bearse, Battelle Memorial Institute Report, BMI- 22
August 1950, T1 p.

' 55. J. Danon, J. Amer. Chem, Soc. 78, 5953 (1956).

<05 038
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of a number of .important radiochemical separations such as the separétion of
thorium from rare earths, from zirconium, from uranium,Afroﬁ actinium and a
number of other elements. .

25

Danon”” reports that the absorption of thorium on.Dowex-1l, & divinyl-ben-
zene 50-100 mesh, expressed as a'diétribution coefficient D (amount of thorium
per gram of dry resin divided by the amount of thorium per ml of solution),

increases from D = 300 and decreases slowly to.-D = 210 at 10 M HNO The

‘thorium is immediately desorbed from?é Dowex-1 column with dilute gCl.
Carswell56 invesﬁigated the adsorption of Th230 and U233 tracer by Dé-'.
Acidite FF (nitraﬁe form) from HNO3 solutions. Some .of his values are giVen
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 slowly

.with L M nitric acid. -The separation was no%vgood.at room iemperature but was
satisfactory at 77007 The thorium was eluted from the column with 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-l, Dowex-2 or De-Acidite FF resin from 6-10 M HNO3

Even zirconium can be separated as it is only weakly adsorbed. Some combiné-»
tions of impurities might best be removed by a two step anipn exchange treat;yw_
ment based on the differing behavior of thorium and its contaminants in chloride
systems and secondly in nitrate systems. ' 4

The U.Sé Naval rRadiological Defense |aboratory has published a series of
2755

reports . on the anion exchange behavior of a number of heavy element and

fission product ions from-HCLl, HNO

37 1,50, and H.PQ, solutions. Figures 6 and 7

56. D. J. Carswell, J. Inorg. Nucl. Chem..3, 38%, 1957.

57. L. R. Bunney, N. E. Ballou, J. Pascual and S. Fotl, "Anlon-Exchange Behavior
of Several Metal JTons.in HCl, HNO, and HZSO Solutions with Dowex-2", U.S.
Ndval 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.

.
Rte

205 (29
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233

.TABLE § ‘VOLUME DISTRIBUTION COEFFICIENTS .FOR ADSORPTION.OF.Th23O AND U56

. TRACER ON“DE-ACIDITE FF (settling rate 3-1.4 cm/min) .Data from Carswell

‘Molarity -Distribution .Coefficient
HNO3 Thorium Uranium
2 2.1 0.7
o 20 2.6
6 140 5.5
o 8 - 200 5.5
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Equilibrium adsorption of thorium end several other

elements by Dowex-2, & percent DVB, 200-400 mesh from nitric acid.

Dats from Bunney, Ballou, Pascual and Foti

5T



-40- UCRL-8703

10,0004
-0
...‘6
& A
1000
&
\e

100

Kg
ATTTT
B

/

o
T ||||||;T

I

T TTTTTT
-

’\, R
0.1 Lottt e Jg AT 1 L1l
0.1 10 10 100
N H,SO,
Figure 7 Bquilibrium adsorption of thorium and several other

elements by Dowex-2 from sulfuric acid soluticn. Data from Bunney,

o7

Ballou, Pascual and Foti”'.

>
@)
=
e
ev)

3




Y1 : - UCRL-8703

summarizing results for HNO3 and HéSOu systems make it possible to devise a
number ‘of separations. WNote the peculiar shape of the adsorption curve for
-thorium in HBSOh. ' A

Danon5 describes the separation of trgcer'amounts and milligram amounts

of thorium (IV) from'tfipositiVe rare earth ions using Dowex-l and nitric acid

systems.

59. J. Danon, J. Inorg. Nuclear Chem. 5, 237 (1958).
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V. COLLECTION OF DETAILED RADIOCHEMICAL
PROCEDURES F(R THORIUM

PROCEDURE 1
Source - W, W, Meinke, report AECD-2738, pp. 262. Aug. 1949 -

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

Type .of bombardment: (Milking experiment) ) :
Yield: As high as 50 percent possibile Equipment required: Stirrers and TTA
Degree of purification: Decontaminate from 107 c/m Pa, 106‘c/m U, and 107 c/m Ac,

'Advantages Gives carrier-free Th, a thin plate for pulse analysis, and good
puriflcation although not speed.

Procedure . :

1. Nitric acid used throughout. Make .sample 6N acid and TTA extract (with
O.4M TTA inAbenzene) five times with double volume of TTA, stirring 5 min
for each extraction (Removes. Pa into TTA ~70 percent or more per pass). 4

2. Evaporate to dryness .(wash twice with water and take these washings also to
dryness) &nd take up-in acid pH 1.0, TTA extract with equal volume (0O.25M

. TTA in benzene) stirring 15 min., (Th into TTA but not U or Ae.)

3. Repeat TTA extraction of step 2 with fresh TTA and combine .the extractions,

}, Wash TTA with equal volume of pH 1.0 solution for 15 min, (U cohtamination :

~ into acid.) : -

5. Wash TTA with 6N acid (equal volume) aud'stir 15 min, (Th into acid,)

6. Repeat steps 2, 3, and 4. (Repeat wash as in step h if necessary for
further U purification.)

T. Plate out the 0,25M TTA on Pt pletes end flame.

Remarks:

See curves of Hagemann (JACS I_, 768 (1950) ) for percentage of extraction
into TTA vs, pH for Th and Ac, At pH of 1, Th should go into the TTA
almost completely,<but U should only go in less than 10 percent; perhaps
as little as 2 percent. Ac will not go into TTA until about pH 3 .or so,
and of course Pa goes in up to about 6N or 8N acid.
pH conditions for separating Th from U by TTA extractions are quite
criticalt? '

Equivalent and molecular weight of TTA is 222 g,

2“5 O

M
.
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PROCEDURE 2
Source - D.B.,Stewart in report AECD-2738, edited by W.W. Méinke. Aug. 1949
Target material: UO (NO ) .6H_O in which Time for separation: 24 hr.
UX, has. come to eﬁull§br1um :

Equipment required: L4O-ml
. cgntrifuge cone .
Yield: 50,000 to 10,000 c/m from 20 g UNH
Degree of purification: Factor of ~10 from U

Advantages: Good yield with small amount of inert carrier. (Very volumlnous
insoluble precipitate. Uranium does not precipitate at all. ) L

3)g-6H,0 in 20 o 30 ml of 0.01 N HNO, in bO-mr -

centrifuge cone and warm solutlon to about 80 C in a hot water bath. Add

1. Dissolve 20 g of UO (NO

0.5 to 1 mg of Zr carrier as nitrate. \
2. Add 5 ml of a saturated solution of m-nitrobenzoic acid in water and’ con-
tinue warming for about 1 hr. Let.stand overnight.
3.- Centrifuge, decant supernatant, and wash.Zr (C6H COO)h twice with
0.01N HNO, + m-nitrobenzoic acid.
Remarks: 7
Saturated solution of m-nitrobenzoic acid made up by.dissoiving 400 mé‘of
the material in 100 ml of HZO' Heat to 8OOC. Allow to stand sveral hours and

filter to remove excess and impurities.
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PROCEDURE 3

Source --W.W. Meinke in report AECD-2738. Aug. 1949.

4

" Parent material: Tracer Pa and daughters .. Time for separation: ~3/L4 hr

(both @ and K

. Milking experiment , Equipment required: Standard

Yield: .Only ~LO to 50 percent Th per cycle

Degree of purification: 2 to 3 percent -Accarried per cycle, other elements
decontaminated by factor of at least 100.

Advantages: Good procedure if Th is present in approximately the Same amount
‘as other activities.

Procedure: Pa daughters in 6N HCl after milking from Pa in TTA (procedure .

91-1 in AECD-2738). 4
1. To ~10-cc daughter solution, add 1/2 to 1 mg of‘—Zr+LL carrier and enough
H3POM to make ~LM in POL—. Centrifuge precipitate (carries Th+u)f
2. Add to the precipitate.3 ng of La+3 carrier and dilute with 1N HCl. Add
' HF, digest, and centrifuge.
3.. Metathesize the fluoride precipitate tn hydroxide by adding conc. KOH.
Centrifuge. Wash once with alkaline water. '
4. Dissolve in HC1l and_repeat steps 1 to 3, reducing amount of La carrier;
5. Plate as. the LaCl3 solution, flame, and count.
Remarks:
Zr3(POu)ﬁ precipitate quite specific for carrying'Th+h from other elements
in the heavy region. Yield lost in the LaF3-La(OH) precipitation.
Do not use this procedure 1f more purification is needed than is given by
two cycles, since the Th yield will be wvery low. ]
LaCl }solution when evaporated'sticks to Pt piates much better than the

3

precipitate encountered in this procedure.

o PR

FALI
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PROCEDURE. 4
‘Solution of Thorium.Metal and Thorium Dioxide

. Source Newton, Hyde, and Meinke in report AECD-2738.

.Thorium metal can be dissolved rapidly in conc. HC1l, but a considerabiei
amount of black insoluble residue is formed in the process. If a fewudropg, .
of . (NH4)281F6 solution (enough to make ~0.1 M) are added to the HCl.befofev .
solution is started, the black residue is dissolved, leaving only a small
- residue. of thorium oxide (< 1 percent)'in the cléar solution.

-Thorium metal can be dissolved in conc. HNO3 with the addition of (NHM)
ASiF (or HF) to 0.01M. 'The metal becomes passive to solution trom time t6 -
tim .requiring further additions of acid and SlF6 .

'If the excess HNO3 is evaporated off, care should .be taken not to allow
the solution to go completely to .dryness;. or difficulty soluble ThOé will -be
formed. .

If it is desired to dissolve ThO,, the HNO (NHh)281F solution should be
used, and the mlxture should be heated with stlrrlng for several hOULu°'_Th02,

when first formed, is much more soluble than after prolonged heatlng.,
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PROCEDURE 5

. N , ‘ .
Source - -R.N. Osborne in report UCRL-4377, edited by M. Lindner. Aug. 195k.

Purification: o
‘Thorium isolated from-uranium targets showed no.eVidence of foréﬁgh aipha.

particle groupé upon pulse analysis. -The complex beta décay and growth was ‘

alwéys reproducible and_could be accounted for on the basis of the isotobes
known to be present. -This reproducibility suggests a high degree of beta
purity. '

Yield: At least 50 percent.

Separation time: About four hours;

1. Tovabout 20 ml .of the active solution in 8N.HNO3, add an appropriate
thorium tracer and about 5 mg lanthanum carrier. Add 20 drops 27N HF.
Centrifuge precipitate and wash once with Qilute ﬁNO3—HF. Discard super-
natant and wash. , _

2. To the precipitate add 3 mi waéér, 1 m 5%.H3BO3 and five drops conc.
HNO3, in that order.

3. To .the resultant solution add 5 ml 3N NaOH. Centrifuge and wash
precipitate twice with 3N NaOH. Discard supernatants..

h. Add lO‘ml l.SM}HNO3 to the -precipitate. '

5. Equilibrate the solution, by vigorous stirring, with 5-ml portions of
thenoyltrifluoracetone (TTA) in benzene*, allowing ten minutes for each

equilibration. Discard benzene phases.

* 232
‘Note: If large amounts of Th

should be present in the original solution,
the above procedure might become awkward because of large precipitates
and .the difficulty in extracting large macro amouhts'of thorium into
TTA. In this case, the use of an associated chelating compound,
"Dagmar," (l-(3,h-dichlorophenyl)—h,4,5,5,6,6;6, heptafluoro-1,3
hexanedione) in place of .TTA is preferable because of the much

greater solubility of this thorium chelate in benzene.

o2
s
3}
o~
1o
0o}



.BEquilibrate benzene solution with 5 ml 3N HNO

ccarrier-free thorium, unless ‘Th "

TERE=G07Sy

.-*._.)4.7..

Adjust aqueous layer to pH 1.5 (buffering not necessary) with NaOH, and

equilibrate with 20 ml TTA solution in .benzene for 15 minutes. Separate

layers and discard .aqueous phase. Wash benzene layer with two 10-ml

portions of 'HNO3 at pH-1.5...""-

for 15 minutes. . Separate

3

layers and discard benzene phase, The 3N.HNO3.solution,will contain

232

was present in_the original solution.
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PROCEDURE 6

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

Note. - This procedure was developed to recover grqm‘amounts of ionium which
had been irradiated in a reactor to produce»Pa33l and:U232.

Dissolve pile irradiated Al slué>containing 1 gm»Th230 in 6N NaOH.
A,Centrifuge,ouf,the ThOz. Wash precipitate. ' ‘

Dissolve the ThO2 in concegtrated HNO3 and 0.05 M HF yith boiling.
Precipitate Th(OH)u with NaOH.

(Pa231 and.U232 carry - down with the Thz3o.)

Wash the fluoride from the hydroxide precipitate.

Dissolve~the Th(OH)u with conec. HCL.

Put solution through.Dowex-2Z anion column.

(UP32) Pa®3l ) and Zr”? stick; ThSC
Wash column with 10 N HCL.

does not stick.)

230

Save conc. HC1l solution and wash containing Th and fission products for
further purification.
Elute Pa23l,from,anign column with 9 N HC1 and 0.1 N Hf.
(U232.andHZr95 stick to anion resin.)
Elute U932 (together with Zr””) from column with 0.5 N HCL.
Th23o purification:
Add conc. H]\TO3 to the Th23o solution and boil to destroy the HCL.

Evaporate just to dryness and redissolve in distilled water.

Adjust the acidity of the solution to pH 1 with nitric acid.
Adjust the‘vol. so that solution is ~0.1 M Th230 (In this case 4L ml for the
- gm of Th23o.)
Extract .the Th.wi€h.8o ml of 0.60 M Dagmar* in benzeneAlS-ZO minutes.
Add enough naCOH to'the agueous phase -to bring the acidity to pH'l.
(2.9 ml of 6 N NaOH for 1 gm Th). '
Continue the~Dagmar* extraction for 15-20 minutes more.

Separate phases and wash organic phase with 0.1 N HNO3.

¥ , , :
~Dagmar refers to the B-diketone reagent,El-(3,h-dichlorophenyl)-h,h,5,5,6,6,6
heptafluoro-1,3 hexanedione:l.



Zhg-

-Drain off. the aqueous wash.

.Back extract the*gm.of,‘TH2

3 trom organic phase with 8 N.INO, ~10 m.

3

_Repeat back extraction. (Dagmgr extraction separates Th from all fission

230

products except.Zr. .Zr was previously separated from ‘I'h on the anion
resin column. )

Precipitate.t[fh(OH)4 With‘NH&OH.

Wash precipitate. :

Ignite precipitate tolThOz in Pt crucible with water codled induction‘coil_;ﬂ

glove box.

-Lead new Al slug with theThOZ—— ready for pile irradiation.

o
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PROCEDURE 7

‘Sourcé:- J.W. Barnes and H.A. Potratz in "Collected Radiochemical Procedures",
Los Alamos report LA-1721. Jan. 1958. :

A. Determination of Ionium(Th23O) in Coral.Samples

1. Introduction

The determination of ionium (Th23o) in coral samples involves carrier free
separation of the total thorium content by use of TTA[L4,k4, k4, trifluoro - 1 -
(Z-thienyl) - 1,3 - butanedione]. Thorium is finally adsorbed on a cation
exchange column and eluted with oxalic acid. It is then.a-countéd and pulse
analyzed, with Th228 being employed to determine chemical yield. The chemical

yield is 50-70%. Duplicate samples may be run in about 6 hours.
2. Procedure

Step 1. Transfer about 2 g. of coral, weighed to the nearest 0.1 g., to
a 600-mL beaker. Add Th°Z 28 tracer in known amount (5-100.c/m) and wash down
the sides of the beaker with HZO. |

Step 2. With-a speedyvap watch glass in place on top of the beaker,
gradually add 75 ml. of:’conc. HNO3, dropwise at first to prevent excessive N
foaming. Place the .covered beaker on a hot plate and allow the solution to
boil until the begetable fibers present in most samples have disintegrated and
brnwn'fumes are no longer evolved. Cool to room temperature and cautiously

add T0% HCth (During this and subsequent steps which involve fuming with

,HCth, the operator‘should wear a face shield and rubber gloves.) Evaporate

to dense white fumes and continue heatlng for at least an additional 5 minutes.
Cobol to room temperature and dilute to about 200 ml. with HZO;

Step 3. Add conc. NHlOH until the solution is just acid, and then adJust
the pH to 2.0-2.5 with the use of 3M NHuOH and 3M HCth o

Step 4. To a special separatory fummel # .. ' .. ":*. % i add the solution
from Step 3 and 150 ml. of 0.5M TTA in benzene. Stir for.at least 1.5 hours
with a vortex stirrer driven at high speed by means of an air motor. Pérndt_
the layers to separate, draw off the aqueous layer, and discard. (Note 1).

Step 5. Wash the benzene layer, containing the thorium complexed with TTA,

for about 30 seconds by stirring with 100 ml. of H20° Discard .the washings.

Wash again with 50 ml. of H20 and discard the.washings.

[3¥]
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Stegh6. Extract the thorium from the benzene by stirring for 3 minutes
with 100 ml. of 3M HCL. . .

Spqg 7. Transfer the aqueous phase to a<baker and evaporate with an air
Jjet 6n a steam bath until the volume has been reduced to 20-30 ml. Transfer
the solution to a 4O-ml. centrifuge tube and continpe.eVaporation.to a volume
of 1-2 ml, |

Step 8. .Add 1 ml. of conc. HNO3 and boil over a flame until brown fumes
are no longer evolved. Cool to room temperature, then add 0.3-0.4 ml. of T0%

HClOu, and.boil to the .appearance of white fumes. Cool to room tempera-

ture and dilute to about 3.5 ml, w1th H O

Step 9. Transfer the solution 1o tbe top of a Dowex 50 - x h cation

exchange‘column.(ﬂote 2) and rinse the centrifuge tube with 0.5 ml. of water,

.adding the rinsings to the column. (If air bubbles are present in.thevcolumn,

they should be removed by stirring with Pt wire.) Force the solution through

the column under 2 pounds of air pressure, and then wash the columm with Qely

ml. of 3M HCl under the same pressure. Discard the first effluent and the wash.

Step 10. Pour 2 ml. of 0.5M HZCZOh onto the column and allow the solution

to run through under atmospheric pressure. Collect the drops from the column

on 1" square (1-3 mil) Pt plates, which are placed just far enough below the

column so that drops separate from the tip before hitting the plate. Nine: =
drops of effluent are collected on each of four plates. Dry the plates under
a ‘heat lamp; then flame in an open flame.

Step 11. a@-count the individual plates and then pulse analyze those
plates which carry the activity (Note 3).

Notes

1. The chemical yield may be increased slightly by taking the agueous
layer through an additipnal extraction. This was done with some of the samples.

2. The tﬁbes which are used to support the resin colums were constructed

' by blowing out the end of a 15 ml. centrifuge tube and sealing on a length .of

=
Fye

3-4 mm. i.d. tubing.
Dowex 50-xkU resin was water-graded and the fraction which settled at the
rate of 2-5 cm,/min° was selected for use., This was washed several times with

conc. HC1 and then with .HZ-O.

€53
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To support the resin column, a layer of HCl—wéshed sand about 5 mm. thick
is placed in the tip of the column, tube. A slurry of graded, HCl-washed resin
is then added by means of'aﬂgyfinge pipet, the resin slurry being introduced
into the tube near the bottom so as to eliminate air bubbles. The amount of
slurry added should be sufficient to produce a column 7-9 cm. in length after
settling. Settling of thé resin may be hastened by application .of up to 10
pouﬁds air pressure‘to the top of the ecolumn. To permit preséure control, the
connection from the air line to the top of the column is made through a
reducing valve. - ..... % . -.., Slurry liquid is allowed to flow through
the co%umn gntil the 1iquid level reaches the top of the resin; the stopper is
then removed from the top of the column tube. Air must not be permitted to
enter the resin column. .. If air -does. enter, the resin is reslurried to
remové air bubbles. The cation column prepared as described above is washed
with 2-3 ml. of,3M4HCth

3. Pulse analyses were made with 100 channel analyzer operated at a

window setting which placed the Th228 peak in the 83-87 channel region.

and is then - -ready for use.
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.PROCEDURE 8

Source - J.W. Barnes and H.A. Potratz in "Collected Radiochemical Procedures"
Los Alamos report LA-1721. Jan. 1958.

Determination.of Ionium .in 013 Fission Product Material.

1l. Introduction

The method described for the determination .of ionium (ThZSO) in coral
samples (Procedure 7) is not satisfactory for fission product solutions inas-
much as the plutonium present in the latter comes through the separation
procedure and seriously intereferésﬂinupulse analysés. 'To overcome this
difficulty, plutconium is removed .on an anion exchange eblumn from pducenfrated
hydrochloric acid medium'immediately before thorium is absorbed on the cation

column.

2. Procedure

Step 1. To aa ligquot of the samplc in a 150-ml. beaker agdd Th228 tracer

in known amount (5-100 c¢/m) and then boil to white fumes. Dilute to 40 ml.
with H0. ' |

Step 2. Repeat Steps 3-7 of Procedure 7 except cut down amounts of all
reagents by a factor of five. -

Step 3. AQd 0.3-0.4 ml. of 70%.HCth andAboil to the appearance of white
fumes. Cool to room temperature and dilute to about -4 ml. with Solution A.
(Solution A consists of conc. HNO3 mixed with conc. HC1l in the ratio of 0.1
ml. HNO; to 15 ml.'of HC1.) ,

.Step 4. Transfer the solution to the top of a 5 cm x 2 mm. Dowex Alx2
anion exchange column .(Note 1) and rinse the centrifuge tube with about 0.5
ml. of Solution A, adding the rinsings to the column. (Observe the usual pre-
cautions to avoid introduction of air bubbles.) Force the solution through
the column under 1-2 pounds of air pressure and collect the eftluent in a
4O-ml. test tube. Rinse the column with 3 ml. of Soiution.A under the same
pressure and collect the effluent in the same test tube. Pu is retained on
the column and .thorium comes through in the effluent.

.Step 5. The effluent is evaporated with an air jet to about 1 ml; on a
steam bath.

205 (39
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.Step 6. Add.1 ml. of.eonci HN03~and boil over a flame until brown fumes
are no - longer evolvedr Ceol to rOon.temperature and add 1 ml. of 70% of HCth.
.Boil until white fumes appear, then cool to room temperature, and dilute with
-H 0 to about 3.5 ml.

"Step 7. Repeat steps 9, 10, and 11 of Procedure 7.

Notes

1. The anion exchange column is prepared - -in essentially the same manner
as the cation column (See Note 2, Procedure 7). The resin used is a O. 5 -2
cm/min. fraction of Dowex Al-x2. The resin.is prepared for use by washing

with Soldtion A.

o~
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FROCEDURE 9

Source - .J.W. Barnes in."Collected Radiochemical -Procedures”,
‘Los Alamos report LA-1721.. Jan. 1958.

Tracer Methods for Analysis of Thorium Isotopes '

1. Introduction

The principal purification step in tracer work with thorium isotépes
depends on the fact that the relatively small, highly charged thorium ion is
more tightly bound to a cation exchange resin such as Dowex 50-X4 than the. ions
of most other elements. .Thorium is‘adsorbedAon‘the resin bed and washed with
dilute hydrochloric acid solutions tQ.remove most impurities; then it is
eluted from the column in a very narrow band with oxalic acid. Since thorium
oxalate is insoluble, macro gquantities cannot be eluted from the column in
this way. The Dowex 50-Xk4 resin with 4% .divinyl benzene in the original poly-
styrene bead is more satisfactory for this separation than any of the other
cross-linkages. . Dowex 507X2 does not adsorb thorium strongly enough under the
experimental conditions to be described; the higher cross-linkages in .Dowex
50-X8 or -X12 do not allow impurities to be removed at a reasonable rate, and
also cause so much tailing in the elution that the thorium .is not concentrated
in the small volume desired. In tracer work with thorium, it is well to avoid
solutions containing nitrate, fluoride, sulfate, or phosphate, since these cause
considerable losses in either anion exchange or cation excharige column steps.

"In the analysis for_gny thorium isotope in a solution containing organic
matter such as incoéplé%ély decomposed filter paper, it is deemed necessary
as a first step, after the addition of a suitable tracer, to boil to dense
fumes with perchloric acid. Even though thorium has only the one stable valence
state in solution, there is very strong evidence for lack of exchange between
added tracer and the radioisotope already in tﬁé éolution when a hydroiide~pre-
cipitation is performed without the fumingsdhead of it. Whether this apparent
lack of complete exchange results from.pd;plexing,of'thoriumAby orgénic mole-
cules that survived the initial solution of the sample in nitric'aﬁd perchloric
acids, or from the existence of thorium in the solution as some polyméric ion,

is probably difficult to determine. Routine fuming of this type of sample»has
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markedly improved the precisionnof the analysis. If the .analysis is performed
‘on solutions containing macro amounts of' calcium, two precipitations of  thorium
on some carrier hydroxide such as iron or a rare earth will result in a much
cleaner plate. Since most of the analyses were done on solutions containing a
very large excess of fission products, (Section 5A), two Dowex 50-X4 columns
were used. . ' -

.Some of the zirconium and probably a few other unknown contaminantg«are -
eliminated by adsorbing them from concentrated hydrochloric acid solution on a
relatively high cross-linked, strong-base anion exchange resin such as Dowex
1-X8 or -XlO! Two of these columns are used, one after the other, if one of
the beta-emitting thorium isotopes is being separated. If an alpha-emitting
thorium is being purified, one of the anion'columns may well be sufficient,
and if the sémple,contains_fission products which are several days old .and
excessive amounts of plutonium and neptunium are not present, thé two cation’
columns provide sufficient decontamination.

Tracer amownts of thorium can be separated from uranium.in gquantities up.
to about a gram MithAone Dowex 50-X4 column. Amounts of uranium up to about
‘10 grams can be adsorbed on a 150- to 200-ml bed .of Dowex 1-X8 from concen-
trated hydrochloric acid, leaving thorium inthe effluent. A carrier-free
source of'ATh231 was preparéd.from,z kg of oralloy by doing several ether
extractions;_thenAfinally a cation colum was employed to concentrate the
activity in 1 to 2.drops of oxalic acid (Section 5C).

Section 5B .describes the .application of the principles of separation
noted .above to the specific analysis of thorium in coral or limestone samples,

as developed by-W.M. Sackett.

2. Resins
Anion excham ge resin AG 1-X8, 100-200 mesh, stored in cone. HCL.
(AG resins are analytical grade Dowex materials supplied by the Bio-Rad
Laboratories, 800-Delaware, Berkeley,‘Caliernia.)
,Cation exchange resin AG 50-Xk4; 50-100 mesh
.Cation exchange resin.AG 50-X4, 100-200 mesh.

S8
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Both of the cation,resins are stored in 3M HCl. It may not be necessary
to .do .any further purification on the resins if they are -obtained from Bio-Rad
Laboratories. However, it may be well to treat the resins as follows. -Place
.a quantity of the .resin .in a large fritted.disk funnel of medium or coarsé
porosity. (In this Laboratory, we use a l2-cm fritted disk funnel sealed to a
foot-long piece .of glass tubing so that much larger quantities of resin can be
handled.) The treatments described below are speeded considerably by draining
reagents into a large (2 to '4) suction flask comnected to vaciuum to allow more
complete removal of a reagent before the next one is added. 1t is helpfﬁl when
adding a reagent to the partially driéd resin to stir it up with a heavy
porcelain spatula, then let it sccttle and flow by gravity awhile to prolong the
treatment time before suction is applied and the reagent removed. ‘'l'he sSucc¢esss:
ive réagbnts used for .treating the resin are: . An organic solvent, such as
acetone, or alcohol, which removes short-chain organic polymers not firmly
anchored in the resin matrix; water to rinse out .the organic solvent; conc.
HC1l, containing about 1 ml of 2M NaBrO per 100 ml, to .dissolve extraneous
inorganic matter. .This is removed w1th water or dilute HCl in an amount eqpal
to 10 to 20 times the volume of resin being purified. The resin can be washed
with 3M'NHuOH and then with water at this point, but it probably is not
necessary. It should now be washed with 5 to 10 times its own volume of
whatever solution it is to be stored in. - If there are fine particles.ﬁhat are
undesirable, they can be removed by rumning distilled .water upward through the
fritted disk at such a rate that they will float over the top, leaving the
bulk of the resin in the tube.

3. . Equipment
Pipets, Normax
Pipets, transfer
50-ml and 125-ml .Erlenmeyer flasks
Centrifuge tubes: 40-ml short and long taper; and 90-ml
. Test tube block
Stirring rods
-Syringes, 10 ml

Tweezers
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‘Centrifuge
.Pt dishes
Heat lamp .
Pt plates: .1" or 1-3/4 to 2" in diameter
Water bath

Fisher burner
Manifold with as many outlets as the number of samples to be run at one time
Resin columms - 4 per éample; three that are 0.6 cm i.d. and 7 cm height,
and one that i$ 0.35 cm i.d. and 7 cm height.
The glass container for the column of resin is most conveniently made
by sealing a piece of the proper size of tubing, in this case either 0.6 cm
i.d. by 7 cm or 0.35 cm.i.d. by 7 cm, to the bottom of a tapered 15-ml cen-

trifuge tube. If glass wool is to be used as a support for the resin, the

size of the opening in the tip at the bottom of the column is not very critical,

from about 0.3 to .2 mm béing satisfactory. The hole size for a sand support

should not be much larger thanm 0.3 to 0.5 mm, and it is best to put a layer of

coarse sand in first, and then cover this with .a layer of finer materiasl to
guarantee that the colum will not be part of the effluent. The sand should
be boiled and -leached with HCl, or better, be made from glass.

The choice between sand .and glass wool gs a colum support is mostly a
matter of personal preference. A glass wool column plug is made by cutting
off a short piece of fiber, wetting it, rdlling it into a ball, and pushing
this to the bottom of the column with a rod.

Pressure regulator

The pressure of air used in pushing solutions through columns is
regulated by a diaphragm reducing valve with a scale reading from zero to

100 1b and the first mark at about 4 to 5 1b.

4., Preparation and Standardization of Tracers and the

Calculations Involved in their Use

In analyses for the .beta emittersTh231 and.Tthu, 'I‘hz30 is the best

tracer since no daughters grow into it within a.time that could .affect the

analysis. It is désirable to use around l0,000,c/m of Thzao,tracer. It is

well to have on hand several standards made with the amount .of .tracer being
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used . in the analysis; then the chemical yield is determined by a ratio of
sample-to-standard:counted.very close together, thus eliminating any small
error due to change in response of ﬁhe.alpha counter. _

The beta counting efficiencies for Th231 and Th23u are determined by
mixing a known amount of Th23o tracer with a known gquantity of the appfopriate

235 or U238

uranium parent, either.U . ~-After a perchloric acid fuming to

guarantee exchange and eliminate the nitrate that is probably pre'se,nt’1 the
solution is diluted to 2 to 3M in H& ion concentration and an AG 50-X4 column
step performed as in the last step of the fission product decontamination

(Step 9), with the one exception that a drop or two of.O.SM.N_aBrO3 is added

to thc initial solution and to the wash to insure that the uranium will be
present as U(VI). U(VI) behaves the same as Th(IV) on this column and will
lead to enough deposit on the plate to cause errors in the alpha counting.

231 or Th23u

The directions for obtaining large guantities of Th for use as

tracers are glven under Section . SC

The best tracer to use in analysis for Th 231 is Th ?8, as free from

THZ 9 as possible. Since Th 230 an}d’.[,‘h2 28 are both alpha emitters, the final

plate is pulse—ahalyzed to get the ratio of the two. The alpha energy of

‘Th 29 (as compared to that of. Th228) is so much closer to that of Th230 that
tail corrections are much larger and more subject to error when Th 729 is
228

present in the Th tracer. This tracer is made by the (d,2n) reaction on
Th

L.JL.

232 232 _ B 232 @ 228
90Th (a, Zn) Pa T 524 92U 76§T> 90Th )

It is possible to standardize a solution,of.ThZZB‘by allowing it to

decay until all its daughters are at equilibrium, then alpha counting it
and subtracting the contribution .of the rest of the decay chain. It is,

however, qpickergandamore reliable to mix accurately-measured guantities

Eal

of Th228 and a knbﬁn Th23o solutioﬁ, fume with HCth, and then separate

from daughter act1v1t1es with an AG 50-X4 column as in Step 9 of the regular
fission product purlflcatlon .The resultant plate is pulse-analyzed .to get
the ratio of Th228 230 ‘which, when multiplied by the alpha count.of
Th23 5 glves the correct . alpha count rate for Th228. If this tracer is to.be

used for an_appre01able length of time, a decay correction for its 1.9 year

20 (61
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half-l1ife will have to be made. .There is another correction to be made in
pulse analyses 1nvolv1ng Th228. The energy from L. 6% of the alphas of the
Ra 22k .daughter of Th 8,c01ncides with the alpha peak of Th228. The time of

last separation of the daughter is noted. This is the time when the last -HCl

wash comes off the last AG 50-XL4 column. -
This parent daughter relationship falls into the classification .of tran—

sient equilibrium, where~the.equatlon of radioactive decay is simplified to

the following:

o
No A -\t
171 1
N,(t) = 575=(e 7))
‘ 2 1
where the subscript 2 refers to‘Ra221L and 1 refers to Th228. Ni is constant

for the times involved, so it 1s convenient to make up a plot of NZ/NE against
time using the above equation. . The elapsed time from the end of the HCl .wash
on the last cation exchange column to the midpoint of the pulse analysis is
noted on the .curve, the fraction N /N read from the graph, multiplied by

0.046, and subtracted from the counts under the Th228 peak.

To get the counting rate of.Th230
.ratio of the Th23O/Th228 peaks is multiplied by the alpha_coﬁnting rate of |
228 ' ~ .

Th ~ as obtaiﬁed above.

2
in a sample with Th 28 tracer, the

S5A. .Procedure for Thorium Isotopes in a Solution of Fission Products

Step 1. Pibet the tracerAinto an-Erlenmeyer flask of the proper size;
use a 50-ml flask when the volume of sample plus tracer is less than 10 to 15
ml; a 125-Erlenmeyer for 12 .to 50 ml. Pipet the sample into the flask, using
a clean pipet for each sample so that the solution will ﬁot become contaminated
with the tracer. Add a few drops of .Fe carrier (carrier solution 10 mg iron
per m%) and about 1 ml.of conc. HClOu. Evaporate to dense white fumes and. con-
tinue heating for at least 2 minutes after their first appearance. This
evaporation is most rapidly done over a Fisher burner, but if there is no
hurry it may-be done using an air -jet and either a hot plate or an oil bath.
Cool and add 10 to 15 ml of HZ
tube. There may be a fine-grained .residue of:SiO2 in the Erlenmeyer, but

0 and.transfer to & short-taper 4O-ml centrifuge

thorium .loss at this point is not very great.

p)
™
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Step 2. Add an.excess of cdge hOH mix well centrifuge, and discard
the supernate. ' -
Step 3. Dissolvefthe~precipitate from Step 2 in 1 ml of 3M HC1 and dilute

with HZO to half the volume of the tube. Add conc..NH

AOH tc precipitate the

hydroxide, centrifuge, and discard the supernate.

A Step 4. Dissolve the precipitate from Step 3 in about 5 ml of 3M ﬁCl.
If there is a very heavy precipitete of.Fe(OH)B, it may be neceSeary’td add
more 3M HC1l to obtain complete solution. Again ignore a small residue of SiOZ{
Prepare a colum 0.6 cm in diameter and about 77 cm in height filled with

AG 50-X4, 50-100 mesh resin. .Pour the HCl solution onto the top of the resin

.and allow to run through by gravity. Wash the columm witlh 10 wl of 3M HCI aad

discard .both the wash and the first effluent. Put a 50-ml.Erlenmeyer contain-
ing 1 ml each of conc. HCth anlel\TO3 under the column and add 3.5 ml of 0.5M

.H-Czoh to the top and allow this to pass through by gravity.

. Step 5. Evaporate .the solution from Step 4 to dense white fumes and con-
tinue heating for about a minute.

Step 6. Transfer the solution to .a 4O-ml long-taper centrifuge tube aﬁd
rinse the contents of the flask into it with 2 ml of conc. HCl. Add 2 to 3
drops of 0.5M I\IaB,rO3 and saturate with HC1l gas while the tube is surrounded
by water at room temperature. Prepare a wash solution by adding a few drops
of NaBrO3 to conc. HCl and saturate it at the same time.

Step 7. Prepare two columns for each sample. The diameter of each colunn

is:0.6 cfi and each is filled to a height of about 7 cm with AG 1-X8 or-AG 1-X10,

100-200 mesh resin. Add the solution from Step 6 to the top of one of the
columns and .collect the effluent in a dry centrifuge tube. Rinse the original

tube and column with about 1.0 to 1.5 ml of the wash solution prepared in Step

( is wash with the effluent and pass through the second colum.
Rinse this 1n\€he same manner as the first and collect the combined effluents
in a 50-ml Erlenmeyer. It may be desirable to use very light air pressure to
push the solution through these -two .columns.

Steg 8. Evaporate the solution from Step 7 to 2 to 3 ml and add 1 .ml of

‘conc. HNO and 0.5 ml of conc. HCLOh, and continue heating until dense white

3.

fumes have been evolved for about a minute. Cool and add .2 ml of water.
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.Step 9. Prepare a column 0.35 cm by about .7 c¢m filled with'lOO-ZOO mesh
AG 50-X4 resin. Pour the solution from Step 8 on the -top of the column and
force it through with light pressure (2 to 3 lb) Wash the column with 4.5
ml of 6M HC1l and discard this wash and the first effluent Add 0.3 to 0.4
ml of 0.5M H2 2Ou and push down the column w1th very slight pressure. Make
sure that the leading edge of the oxalic acid band does not get to the bottom
of the resin and get discarded with.the other .effluent. Add 0.7 ml of 0.5M
H, C2 n to the top of.the.eolﬁmn,and collect .the eample on a 5-ml Pt plate.
It it is for alpha counting only, use a 1-3/L" to 2" diameter plate. If beta
.counting is to be performed also, the sample is collected on a 1" diameter
plate. The samplés are dried wnder heat.lamps and are left there until most

of . the H C2 L is sublimed. Then they are heated to red heat in a flamé.

5B. Thorium.Procedure for Coral or Limestone Samples

Step 1. Dissolve 100 to 125 g of coral (accurately weighed) in 250 ml of
conc. HI\TO3 and make up to 500 ml with HZO' This gives a‘solution containing
about 0.2 g of coral per ml.

Step 2. .Adad a‘SO ml aliquot of the well-mixed solution to a 90-ml cen-

_ trifuge tube together with 1 ml of 'I'h23)+
1 ml of Fe carrier. . Stir and heat in hot water bath for an hour; then cool
(Note 1).

Step 3. Add‘conc.,NHaoH slowly with stirring until Fe(OH)3 precipitates

(see Section 5C) tracer solution and

and then centrifuge for 5 minutes (Note 2). _

Step 4. Decant and dissolve the precipitate in 5 ml of conc. HNO3,
dilute with H20, and again precipitate Fe(OH)3 with conec, NHMOH.

. Step 5. Centrifuge, decant, and dissolve the precipitate in 5 ml of
conc. HNOB’ and,with.HZO wash the solution into a Pt dish. édé 10 ml of conc.
u‘and 5 ml of conc. HF. » .
Step 6. Take to fumes of HClOu three times, washing the sides of the dish
with water after each fuming (Note 3).

Step 7. Dilutevthe'HClOu solution to about 25 ml with H 0.

. Step 8. The first column (4 x 150 mm with 40- ml(reservolr) is filled with
~an .AG 50-Xk, 200-400 mesh resin-water mixture and packed to about 120 mm. Wash

hfn g
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the resin.with 3M HClOu~and.add the selu%ion-from;Step 7. Allow to flow at
atmospheric pressure or adjust the pressure to give a flow of about one drop
every 30 sec. | .

Step 9. When the solution reaches the resin, add 3M HCl.acid in several
1-ml portions, washing down the sides of the column. .Continue until the ferric
chloride color disappears. _

Step_ 10. Elute the Th with 0. SM B0, (2 to 3”mi), catehing the efflueuy
in a centrifuge tube. Add to the H C2 B solution 5 ml of conc. HI\TO3 and 5 ml
of conc. HClOu,and take to fumes oi,HLlOu three times, washing the beaker down

with H,0 after each fuming (Note 3).

Step 11. Add the solution, diluted with H 0 to 12 ml, to the second

column - (2 x 150 mm with . a 15-ml reservoir) packed to a length of l°O mm with
" the same resin and treated as in Step 8. Adjust the flow rate as in Step 8

also.

Step 12. When the solution reaches the level of the resin, wash with
five 1-ml portions of 3M HCl, rinsing the sides of the centrifuge tube with
each portion.

Step 13. Elute the Th .with 0.5M HZCZOM’ collecting the first ten drops
ofiHZCEO acid effluent on .a Pt plate. (The first few drops which are HCl are
not collected.) Evaporate to dryness under a heat lamp, and flame. )

Step 1k. Cound:,Thzy+

radiation (Notcc U and 5).

10 determine the yield and pulse-analyze the alpha

Additional Reagents and Equipment for this section .are:
Dowex 50-Xk4, 200-400 mesh '
"Resin colums - b x 150 mm with a LO-ml reservoir

2 x 150 mm with a 15-ml reservoir

.Notes

1. The phosphate, chloride, and other 1mpur1t1es in the coral and the
high acid concentration seem to take the thorium into a completely exchangeable
form.

2. Large quantities of phoéphate increase [Ca .Poh)z] is precipitated

3

along with-Fe(OH)3 and lead to a deérease in yield due to the formation of

phosphate complexes of thorium.

rﬁ L

1%
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. 3. The solution is fumed three times to be sure no fluoride or oxalate
is -there to interfere -in separation.
4, The isotopic thorium composition is calculated from the growth and
decay of .alpha activity. ‘
5. .The yield for this procedure varies from 50 to 90%.

5C. Isolation of Thorium Decay Products from

Large -Quantities of Uranium Parent

Th23l is isolated from a soclution of oralloy, approximately 93.5%.U235,
and Th23J+ is obtained from normal uranium and the 123t

present allowed to
decay. For preparation .of tracer using either of these thorium isotopes, the
final step is an AG 50-X4 cation'exchange column as in the determination .of
231 or mn®3% under Section k4, except that the Final

oxalic acid effluent is fumed nearly to dryness with 1 ml each of conc. HNO

counting efficiency of Th
A 3
-and HCth. If an amount of uranium up to about a gram is sufficient to supply
the amount of tracer needed, the AG 50-X4 colum can be used as in: Section .k,
except that -the final oxalic acid effluent is fumed nearly to dryness with 1
ml each of conc. HNO3‘apd HCiOuo
is sufficient to supply the .amount of tracer needed, the AG 50-X4 column can

be used as in Section 4. Sources of Th23.l or Th23h

If an amount .of uranium up to about a gram
can be milked from a ‘cow’'
of the appropriate uranium isotope adsorbed on an AG 1-X8 column. The uranium
is dissolved in conc. HCl, and some oxidizing. agent -such as bromate ion or bro-
mine water or chlorine gas is used to oxidize the uranium to U(VI). The
solution is then saturated with HCl gas at room temperature and adsorbed on
an AG 1-X8 column.

For 10 g of uranium a column about 25 mm in diameter and'holding 150 to
200 ml of resin bed is satisfactory. .The resin is pre-washed with conc. HC1
containing about 0.5 ml of 2M _NéBrO3 per 100 ml of acid. The uranium solution
is passed through the column and then re-cycled two or three times to get more
of it adsorbed. Then the column is washed with about twice the resin bed
volume of conc. HCl containing a drop or two of the bromate solution. After
a suitable growth time for the thorium daughter, the column ié treated with
.conc. HCl as above. The solution is evaporated to a small volume, fumed with .

1 ml each of conc. HNO3 and HCth and treated with an .AG 50-X4 colum as in
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‘Section k. A Th231 source reéding over 1 roentgen was prepared from_é kg of

oralloy as follows: the uranium metal was dissolved in an excess of conc.

HNO? and this solution was evaporated until the temperature became constant

at about .118°.

This is the boiling'point oftUOZ(NO3)2 . 6H20. This solution freezes at
about 600, so it can be cooled to 70 to 80° and the molten hexahydrate poured
into a 5-liter separatory funnel containing about 3 to.ﬁ liters'of diethyl
ether that is being rapidly stirred with an air-driven stirrer. This mﬁst

be done inga good hood with explosion-proof tixtures, or out or 4doors. As
long as the molten hexahydrate is added in a slow stream to the ether with
good ctirring, the operation is perfectly safe and the eflrr losses are not too
large, since the vapof pressure of' the ether decreases rapidly as$ the uranium

is dissolved. It is a far more rapid.and easier operation to add the molten

_hexahydraté than it is to crystallize it and add the .crystals. The final

solution in ether from the 2 .kg of oralloy should have a volume of about U
liters. An .aqueous layer of about 600 ml is withdrawn. The ether solution ié
scrubbed with three 3-ml portions of H:.O to insure complete removal of any
thorium that might be present. Th231 is allowed to grow for 1 to 2 days-and
then is removed with three 3-ml portions of H20° This aqueous layer is shaken
with two 200-ml portions of ether to remove more of bthe uranium. The

residual water layer is first evaporated .on a steém bath to remove ether, then

fumed with 1 ml each of conc. HNO3 and HCth and the AG 50-X4 column used as in

Section L4 excepf that the column dimensions are 0.2 cm x 5 cm. The bulk of the

Th23l-can be followed down the column with a beta-gamma survey meter and over
80% of it is usually concentrated in 2 to 3 drops. The»oxélic acid effluent
is placed in small drops on a lU-ml Pt wire about 1.5 in long and lhe wire
gfadually-heated to red heat by applying a current, controlled by a Variac.
In this way the oxalic acid is complétely volatilized, leaving a nearly mass-
231. The ether 'cow' of uranium can be kept over a severail-

week period for the preparation of a number of sanples.
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PROCEDURE 10

Source - R.J. Prestwood in."Collected Radiochemical Procedures"
Los Alamos ‘Report LA-1721. Jan. 1958

1. Introduction

In the separation of thorium from large amounts of fission products

15

(10 fissions or more), four principal decontamination steps are employed:

(1) Th(I10 )h precipitation gives separation from the rare earths.

(2) Th(C ) precipitation effects separation from zirconium.

(3) 1Iom exchange from a concentrated (greater than 12M) hydrochloric acid
solutlon on a Dowex A-1 anion resin results in the adsorption .of
zirconium, iron, neptunium, plutonium (VI), and uranium (VI), the
.thorium passing through the column,

(h) Extraction of thorium from an aluminum nitrate - nitric acid solution

= CH P.g - CH3) gives excellent

]
decontamination from the alksli and.alkaline earth metal ions

by means of mesityl oxide ((CH3)2 C

(including radium), lanthanum, and cerium. This extraction is
ineffective for the separation of thoriumefrom zorconium, plutonium
(VI), and uranium (VI), and gives only poor decontamination from
neptunium. ' _
Thorium is finally precipitated as the oxalate and ignited to the dioxide,
in .which form it is mounted and weighed. The yield is_?O‘to 80%, and quadrup-

licate analyses can be carried out in approximately 8 hours.

2. .Reagents

Th carrier: 10 mg Th/ml (See preparation and standardization of carrier).
Bi carrier: 10 mg Bi/ml (added as Bi(NO )3 5H,0 in dilute HNOB)

La carrier: 10 mg La/ml (added as La(NO ) 6H O in H O) ‘

.Zr carrier: 10 mg Zr/ml (added as purliled ZrOCl 8H O in H. O)

HCl: conc.

HNO3: conc.,
HZSOM conc.
HNo3° 6M -

803

068
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-HIO3: 1M (carefully filtered).

HZCZOhi saturated solution . (carefully filtered).
NHAOH:' conc. - - .

HCl: gas.
HZS: gas.
SOZ: gas.

2.4M Al.(NOB)
KClO3; solid
Me Llianoul @ absuluLe.'

Mesityl oxide:  Eastman White Label.

_in 1.2M HNOJ‘(carefully filtered).

J
.

3. Equipment
Steam bath
Fisher burner
Dryding : oven
Ignition furnace (9000)'
Block for holding centrifuge tubes
Forceps S ‘ ’
Mounting platéé o :
Grownd=-cff Hirsch funnele
Filter chimmeys
Transfer pipets
Manifold for columm pressure =~ : ... 0o,
.60-ml separatory funnels (one per sample)
‘40-ml conical short taper centrifuge tubes: Pyrex 8320 (four per sample )
hd-mlAconical long taper centrifuge tubes: Pyrex 8140 (one per sample)
2", 60° Cunnels
Stirring rods (5 mm glass rod)
Stirring rods (4 mm glass rod - hooked end)
10-ml hypodermic syringes’
Porcelain crucibles: Coors 000 (one each per standardization and sample)
No. 42 Whatman filter circles: 15/16" diametef
No. 50 Whatmen filter circles: 15/16" diameter - weighed
No. 40 Whatman filter paper (9 cm)

v

205 rgqg
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No. 42 Whatman filter paper (9 cm)

Jon exchange column

3" x 5 mm tubing attached to ‘bottom of 15 ml centrifuge tube.© .

4 cm of Dowex-A-1 anion resin, 10% cross-link (about 200 mesh).

The resin .is supplied by Bio-Rad Laboratories, 800 Delaware, Berkeley,
.California. .The resin is stored as a slurry in water. To prepare the
ion.éxchange column, plug the bottom with glass wool, then add the resin
slurry from a transfer pipét° Allow the.reéin.to settle and withdraw
.ex¢ess resin and liquid. It is important that the resin be added all at
once, and not by several additions of slurry, to avoid "channeling" down

the column.

b, Preparation;andVStandardizatioﬁ of Carrier

If the purity of the thorium is known, the metal may be weighed out
directly as a primary standard. It is dissolved on a steam bath in a small

excess of concentrated HNO_ in a Pt dish, with periodic additions of small

amounts of 0.1M HF. If thgrium nitrate is used as carrier, it is dissolved in
.about O.OOlM‘HNO3 and filtered. ToAé 10.00 ml aliquot (four standardizations
are usually carried out) of the carrier, 10 drops of conc. HCl are added and
the solution is boiled over a Fisher burner. Four ml of staurated'HZCZOhlarg
then added .and the_solution is boiled for 2 min. The thorium oxalate pre- _
cipitate is filtered through No. 42 Whatman filter. paper (9 cm) in a 2", 60°
funnel and washed with aBout 1 percent HZCZOh solution (the saturated solution
is diluted 1 to 10). The precipitate is transferred to a tared porcelain
crucible -(Coors 000) and is carefuliy ignited at 900O for 1 hour. The carrier

is weighed aS‘ThOZ.

5. Procedure

Step 1. Into a .40-ml short taper centrifuge tube, pipet 2.0 ml of
standard Th carrier; add the fission produet solution and 5 drops of La
carrier. Precipitate Th(OH)h.by means of an excess of conc. NHuOH, centri-

fuge, and discard the supernate,
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Step 2. To the precipitate add 8 ml of conc. 03, 15 ml of H O, and 7
ml of 1M HIO Centrifuge the Th(IO ),4 pre01p1tate and discard the supernate

3"
Wash the precipitate with 15 ml of a solutlon which is 4M in HNO. and 0.25M in

HIO3. Centrlfuge_and discard the supernate. . ]
Step 3. To the precipitate add 1 ml of conc. HC1l and 5 drops of Zr hold-
back carrier. Heat with stirring over an open flame until the precipitate
dissolves and the solution boils. Dilute to 5 ml and bubble 1n_t502 gas until
the solutionAbecomes essentialiy colorless. Dilute to 1U mL and boll until the

solution is water white. Add L ml of saturated H C solution and cohtinue

boiling for about 1 min. Centrifuge the oxalate pr§03p1+a+9 and ﬁwqrard ThP
supernate.

Step 4, To the precipitate add.l ml of conc. HNO3 and about 100 mg of
solid KC10,. Heat cautiously to boiling to destroy oxalate. Dilute to 15 ml
and precipitate Th(OH)h by means of an excess of conc. NHMOH. Centrifuge and
discard the supernate. )

Step 5. Add 10 drops of conc. HCl to the precipitate and bubble in HCL
gas through & transfer pipet until the solution is saturated. With the aid of-
a hypodetmic syringe and the same pipet, transfer the solution .(which has a
volume of approximately 1 ml) onto a Dowex A-1 anion resin (10% cross- -link)
columm "7 . % i [(Beforc ucc, the resin column is treated with ®’
wash solutidn made up by adding 1 drop of conc. HNO3 (Note 1) to 20 ml of comnc.
HCl and saturating with HCl gas at room temperature.) .By means of air
pressure- - .. . v ..., force the sample solution through the column in
.approximately 3 min, but do not allow the meniScus'to go below the top of the
resin. The effluent is collected in a 40-ml short taper centrifuge tube. Add
1 ml of the resin wash solution to the original centrifuge tube and transfer’
the washings by means 5f the same pipet onto the column. The washings are
forced thrdugh.the column in ‘the same manner asvthe sample solution, and are
collected along with the éample solution. This wash may be repeated.

Step 6. Dilute the collected sample plus washes to approximately 25 ml
and make the solution basic with conc.,NHhOH. Centrifuge thefTh(OH)u precipi-
tate and discard the supernate

Step 7. Dissolve the precipitate with 6 drops of 6M HNO Use 10 ml of

3

2.4M Al(NO3)3 - 1.4 HNO3 mixture (hereafter called the extraction mixture) to

b}

€Han
L
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transfer the saﬁple solution to a 60-ml separatory fumnel. Add lOAml of
mesityl.o%ide to the séparatory funnel, shake for 15-20 sec, and .discard the
water (lower) layer. Wash the mesityl oxide~iayér twice with 5-ml portions of
extraction mixture, discarding each washing. Back-extract the thorium with two
.5-ml washes of distilledAHBO, collecting both-HZO layers in a . 40-ml short taper

centrifuge tube. Dilute to 15 ml and add 8iiof conc, HNO_, and 7 ml‘of.lM_HIO

3 3

(Note 2). Centrifuge the Th(IO3)u precipitate and .wash as in Step 2.

Step 8. Repeat :Steps 3, 4, 5, and 6.

Step 9. To the Th(OH)u precipitate, add 5 drops if Bi carrier- and 10
drops of conc. HéSOh. Dilute to 10 ml and saturate the solution with HZS'
Filter through a No. 40 Whatman filter paper (9 cm) in g .2", 60° funnel,
collectiﬁg the filtrate in a LO-ml short taper centrifuge tube. Wash the pre-
cipitate with,a'smg;l amount of water and combine the wash with the filtrate; |
discard the precipitate. Make the filtrate basic with conc. NHhOH, centrifuge,
and discard the supernate.

.S5tep 10. Repeat Step 7.

Step 11. Repeat Step 3, but do not add.-Zr holdback carrier and do not
centrifuge the oxalate precipitate.

. Step lé. Filter the hot solution containing the oxalate precipitate onto
a 15/16™ No. 42 Whatman filter circle, using a ground-Hirsch funnel and filter
chimney (seg illustration 2). Wash the precipitate with 1% H,C,0) solution.
Transfer the filter paper by means of forceps to a.Coors 000 porcelain crucible
and ignite for 15-20 min at 900°. \

Step 13. Transfer the.ThO2 to a Sﬁl 4O-ml long taper centrifuge tube.
(This is readily done by holding the edge .of the crucible with forceps and
dumping the contents into the centrifuge tube. Little or no Thoz.adheres to
the crucible.) Grind the ThO2 with.a 5 mm fire polished glass stirring rod;
add 1 ml of absolute methanol and continue grinding until the solid. is very
fine. AAdd an additional 10 ml of methanol and suspend the solid by vigorous
swirling. . Transfer onto a tared No. 50 Whatman filter circle (15/16" diameter)
in the regular filter chimney setup. Apply suction until the methanol has
passed through the filter circle. Remove the circle,.dry in .an oven at 1150
for 10 min, place in .the balance case for 20 min, and weigh. Mount the sample

on ‘two-sided Scotch tape which is stuck to an Al plate. Cover the sample with

Nylon film (1.5 mg/cmz).

25 72
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Notes

1. The purpose of the HNOé is to maintain,an,oxidizing mediuﬁ=on the
resin to prevent reduction of Pu(VI).

2. At this point'the solution will be somewhat colored as a .result of
oxidation of dissolved mesityl oxide. This, however, does not affect the

results.

6. p-Couulloyg uf Th

~ Whenever Th B‘activities such as isotopes 231, 233, and_23h ére coqnted
and Th233 is used as carrier, one is taced with the problem of ﬁhe growth of £ .
activities from the carrier. Examination of the decay chain of Th232 shows
that the amount of Biaétivity depends upon the quantity of ’I‘h228 present. In
the chain the ILongest lived barent of Th228 (half-life 1.9 y) is R3228, the
half-life of which is 6.7 y. Thus, the amount of Th228‘preéent in Th232 debends
upon the time of separatidnAofARa228. The B emitters succeeding Th228 grow in
essentially with the half-life of Razzn,which is 3.64 4. Therefore, the B
activity that one Qfserves from natural_Th which has had all of its decay
products chemically removed grows in with a 3.6L4 4 half-life. One mg of
natural Th in equil;briuﬁ with its decay products has 49L disintegralions per :
minute of B'activity} Since one does not usuélly know the.hlsLory of the Th.
used as carrier, the most convenient way to correct for these counts is the
following:

Pipet out as much carrier solution as will give approximately the same
weight as a true sample would when carried through the whole separation
procedure. Perform Steps 9 through 13 of the procedure. Note the time
of the last mesityl oxide wash of Step 10. After the sample is mounted,
count it every few hours over a period of several days. It is convenient

to use the time of the last mesityl oxide wash as t .. In this manner, one
can correct for the growth of betas from the carrier.
231

The .counting of Th
[0.302 (L4%), 0.216 (11%), 0.094 (45%)]. This isotope has nine y-rays ranging

in energy from 0.022 to 0.230 Mev. Since the efficiency of Y—countihg, even

is rather difficult because of its weak P radiations

with 1 in. Nal crystals, is quite low, one usually counts the hetas. This méans

2
that extreme care must be taken to insure uniform thickness of samples. Th 33

and Th23h»do not present such difficulty. The former has a 1.23 Mev f and decays
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.to.Pa'233 which has a.0.530 Mev B. . The latter, although it has weak radiations,
decays into Pa (l 175 m) which has a .very strong B.

7. - Absolute B-Counting of Some Th Isotopes

Thé relation between counts and d1s1ntegrat10ns for thorium isotopes of

mass numbers 231, 233, and 23h .can be obtained from U235 Np 37,. 238
235 238
corU

respectively. If a .weighed quantity of U ‘is taken, Th carrier added,

and .a chemical separatien.of Th made, one .cah calculate in each case the number
of .Th d1s1ntegrat10ns present. By countlng the sample and correctlng for decay
from time of separation, one has a.direct relationship between counts and dis-
integrations. .The seif-absorption of the sample cen be taken.into account by
the use of this technique on several different weights of Th carrier with
identical specific activity. For example, one adds 100 mg of Th carrier to a

235 238

weighed amount of either U or U™”", mixes the solution thoroughly, takes

.several aliguots of different_Sizes, and separates the thorium. In this way, one
can plot a curve of sample weight vs disintegrationes. ’

In the case of Th233 the‘situatidn‘is somevwhat different. The decay

233

2.

product of this isotope is Pa
233

which is also the immediate decay product

237

from a known weight of Np _and counting the

233

of Np237. .By separating Pa
former, one has a direct relationship for Pa of counts vs dis1ntegrations.
For a sample ofiTh233 one takes two known aliquots, .differing by a factor of
about 1000 in activity. (The ratio of Pa’33.to Th°>> half-lives if 1693.5.)
:The weaker aliquot is counted fer Th233 immediately upon separation of Pa..

233

.The stronger one is permitted to decay until it is all.Pa .and is then
counted. . From the previous (Np 37) callbratlon one then can find the disin-
tegrations of Pa £33 for this sample. The sample is corrected for decay back to
the time the weaker sample was counted for Th 33, thus obtalnlng the number of
atoms of the latter when the aliquot correctlon is made
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'+ PROCEDURE 11

Source - G.A. Cowan iﬁi“Collected Radiochemical Procedures"

In the separation of X, (Th

Los Alamos Report LA-1721. Jan. 1958
234

Preparation of;Carrier-Free.UXi(Th ) Tracer

1. Introduction

234

) from uranium, the latter, originally

present in the form .of UOZ(NO3)2, is converted to a soluble uranyl carbonate

complex by means of ammonium carbonate solution. Then at pH 8.0-8.5 the ¢up- .

ferrate of UX1 is made and separated trom the uranium. by extraction intu

chloroform.

The UX is back-extracted into dilute nitric acid contalnlng )

bromine Wthh serves to decompose the UX cupferrate, thus allowing extractlon

of all the organlc material .and excess bromlne into the chloroform phase.

0 :
UOZ(N 3)2,
HNO3: 3M
(NHu)zco3;
,Brz water:
Cupferron:

.Chloroform:

2. Reagents

1 g. U/10 ml. .(Added as U_O

30g OF UOZ(NO3)2.6HZO in dilute-HNOa).

“saturated .aqueous solution
.saturated solution

“6% aqueous solution (freshly prepared and kept in refrigerator)

c.p.

Hydrion paper (short range)

3. Eguipment'

250-ml. beakers (2 per sample)

250-ml. separator funﬁels (3 per sample)

Volumetric flask: appropriate size (1 per sample)

Pipets: assorted sizes

1" cover glasses

~ Heat lamp
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4. Procedure

3)2
solution and‘Hzo until the yellow precipitate

Step 1. Pipet 10 ml. of UOz(NO solution into a .250 ml. begker and
treat with saturated -(NHH) 2003
which first forms dissolves. Sufficient (NHMOZCO3 is added to make the final
PpH of the solution 8.0-8.5 (Note 1.). )

Step 2. Transfer the solution to a 250-ml. separatory funnel, and add
1-2 ml. of 6% aqueous cupférron reagent and 10 ml. of chloroform. . Shake well
and transfer the chloroform layer containing'the ﬁXl to a clean separatory
funnel. Repeat.the chloroform extraction and combine the extracts.

Steﬁ 3. Wash the chloroform extracts with 20 ml. of H20 to whicﬁ has béen'
added 1 ml. of cupferron reagent .and sufficient-(NHu)ZCO3 solution .to make the
pH 8.0-8.5. Transfer the chloroform phase to a clean separatory funnel.

_Step h.A To the chloroform phase add 10 ml. of 3M HNO3 and a few ml. of

saturated.Brz.water and ;hake. Discard the chloroform phase and wash the
aqueous phase twice with chloroform, discarding the washings. . Transfer to a
250-ml. besker and boil for a minute to.remove the lést;traces of chloroform.
Transfer the solution‘fo a volumetric flask of the éppropriate size .and make.
up to Volume,with H20° _ -
.Step 5. Pipet aliquots of solution to 1" cover glasses and evaporate

to .dryness under a heat lamp. Count.

Notes .

1. A pH of 8.0-8.5 .appears to be the optimum for the preparation and
extraction of thelUX‘l cupferrate,.although a pH in the range 7-8.5 is suitable.
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PROCEDURE 12

PrecipitatiOn‘Pfééedure for the Preparatim of Thorium Free of its
Disintegration Products. N.E. Ballou et al. Paper 225 in "Radiochemiéal
.Studies;:The Fission Products" edited by C.D. Coryell and N. Sugarman,
McGraw-Hill Book-Co., Inc. New York, 1951.

"To a solution of approximately 400 g of .Th(NO. )h 4H,0 one gram each of
barium and lead (as the nltrates) was added and pre01p1tated with an exactlv r
equivalent guantity of.H2 L This operatlon which removes the radlumjlsotopes
MsThlAand}ThX gnd the l¢ad isotope .ThB, was repeated; after the barium .and lead
precipitates were filtered and discarded, 1 gram of’lanthhnum'(as the nitrate)
was added to the filtrate. About j liters of conc. (NIIM)2 solution was ad@ed;
this precipitated the lanthanum and converted .the ... . . - Lol
thorium into a soluble carbonate complex. Lanfhanum was precipitated.ffom the
solution twice more by adding oné gram portions of ianthanum. These precipi— '
tates, which remove the actinum isotope. MsTh (whose chemistry is quite similér
to that of lanthanum) were separated from the solution by centrifugation.

The purlfled thorium was then pre01p1tated as the basic carbonate, ThObO3 CxH O

2
by the addition of about 700 ml of conc. HNO3 and was filtered and dried."

Aos  OT7
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PROCEDURE 13

Zirconium Iodate as a Carrier for the Removal of.Tracer Thorium from
Rare Earths. N.E. Ballou. Paper 292 in ."Radiochemical Studieé;_fhe.Fission
Products"  edited by .C.D. Coryell and N. Sugarman, McGraw-Hill Book Co., Inc.
New York, 1951. Procedure originally formulated in 1943,

The starting solution contains a mixture of the fission products of
uraﬁium,and several milligrams of rare-earth carriers including Cerium(III).
-A mixed rare earth fluoride precipitate‘is formed by the addition .of 4M HF to
a 2M HNO_, solution .of the activities. Tracer thorium coprecipitates.The fluo-

3 .
ride precipitate is dissolved in conc. HNOj saturated H_BO_. KCI0_, is added

and -the solutlon is heated to oxidize cerium to cerlum(%V)3 Add 20 ml 0.35M
,H103 td precipitate Ce(IO )LL (vhich coprecipitates thorium). Dissolve the

Ce(IO3))1L in conec. Hl\IO3
lanthanum carrier and 2 grams of KClO3 and reprec1p1tate Ce(IO3)h. Dlsso;ver

the precipitate in 5 ml of conc. HNO3'plus 1 drop of 30 percent,Hz.O2° Add 5

plus one drop of 30 percent H O Add 5 milligrams of

milligrams of zirconium carrier and 20 ml of 0.35M HIO3, cool in ice .and
centrifuge to remove the precipitate of Zr(IO3) Thorium tracer coprecipitates
quantltatlvely Cerium (at this point in the III state) is decontaminated by

a factor of 200. For additipnal.decontaminatibn the .Zr(I0 can be dissolved

3

in a mixture of hydrochloric acid and sulfur dioxide and the zirconium

reprecipitated with NaZHPOh'
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PROCEDURE" 14
Source - L. Winsberg and .J. A. Seiler..:Paper-309 in :"Radiochemical Studies:

.The Fission. Products" edited by C.D. Coryell and N. Sugarman, McGraw-Hill Book
Co., Inc. New York, 1959. Original report written in 1943.

1. Introduction

The older procedure for the determination.of,Th23h(UXl) activity in

23L

fission material depended on the separation of Th with the rare-earth
fraction and on a later removal with thorium carrier. The procedure
described here is much improved and shortened. A

Thorium is used as a carrier for its isotope4UXl. .Thorium.iodate, together
with zirconium activity, precipitates from a .conc. HNO3 solution on the addition
.of HIO3’

(cerium .is present in the reducedAstate), remain in solution. Thorium is then

but the other fission products, including the trivalent rare earths

precipitated as the oxalate from a solution containing zirconium holdback
carrier. Zdrconium remains in solution as the soluble oxalate complex. The

thorium oxalate is ignited to the oxide, mounted, and counted for UXl activity.

2. Procedure

Step 1. To an appropriate amount of uranyl nitrate.in a 50-ml centrifuge
tube, add a known amount of thorium carrier (about 20 mg) and 10 mg each of
cerium(III), lanthanum, and yttrium carriers (Note). Add 8 ml of conc. HN03,
warm on a steam baﬁh, and stir 20 ml of 0.35M HIO3 into the solution. Recon
the time of precipitation. The mixture is cooled in an ice bath with stirring.

The Th(IO )h precipitate (contalnlng UX; and zirconium activity) is
centrlfuged and washed twice with 2- to 10- ml portions of a mixture of L4 ml
of cqgc. HI\IO3 and 10 ml of 0.35M HIO3

Step 2. The Th(IO )u precipitate is dissolved.in 5 ml of conc. HCl, and
10 mg each of cerium(III), lanthanum, and yttrium carriers and 10 to 15 ml of
Héovare added. The centrifuge tube is placed in an ice bath,‘and,SO2 is passed
in to Teduce the IQ; to I” and to maintain the cerium in the Ce(III) state.

The solution should be clear after treatment with SO2 for several minutes. The

solution is' made.alkaline-~¥With COnct;NHﬁOH;ﬁand an excess is added.  The
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‘hydroxides are centrifuged and washed twice with H20 to which.a sma;l amount of
JNHﬁOH_has been. added. _ .

Step 3. The hydroxides are.dissolved.in.B ml. of conc. HNO3,:and‘an_iodatg
separation is carried out as describéd in step 1. The Th(IO3)h so obtained is

dissolved in 5 ml of conc. HCl, the IO

; is destroyed with SO,, and the thorium
.is precipitated as the hydroxide, as described in step 2.

Step L. The washed thorium (UXl) hydroxide, which still contains zirconium
activity, is dissolved in 6N .HCl; 10 mg of zirconium carrier is added (Note);
and the solution is diluted to 10 ml. Ten milliliters of hot saturated oxalic
"acid_solutionAis.added to the hot solution with stirring. The Th(Cz-Ou)2 pre-
cipitate is centrifuged wnd washed twice with & 1 percent oxalic acid solution.
One gram of'KClO3'and 3 ml of conc. HNO3 ‘
carefully for a few minutes until gas evolution ceases. The solution is

diluted to 10 to 15 ml, and.Th(OH)u is precipitated with conc. NH&OH and washed

are édded, and the solution is heated

twice'with-HéO to which a small. amount of NHhOH has been added.

Step 5. The hydroxide is dissolved in 6N HCl, 10 mg of zirgonium carrier
is added, and the solution is diluted to 10 ml and heated in a steam bath.
.Ten milliliters of hot saturated oxalic acid solution is édded,to»the hot
solution with stirring. The.Th(CZ-O):L)2 precipitate is centrifuged and washed
twice with a 1 percent oxslic acid solution. The precipitate is then
suspended in 20 ml of HZO containing 0.5 ml of 6N HC1l and a small -amount of
macerated filter paper. The-Th(C204)§ precipitate is collected on an ashless
filter paper in a small Hirsch funnel. The paper and the precipitate are
transferred to a crﬁcible, the precipitate is ignited to ThOz, aﬁd a WEighed

sample of the oxide is mounted for counting.

Note

The carriers are prepared as slightly acidic solutions of the nitrates.

3. .Discussion

This'method was -tested by analyzing both unirrédiafed and neutron-
irrqdiated.uranyl nitrate for UXi. The two analyses gave identical activities.
and.absorption,curyes; this indicated that UXl is obtained radiochemically
pure by the above procedure. In the analysis of solutions of high fission activity

it may be necessary to repeat.the thorium iodate and thorium oxalate precipitation

several times.
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PROCEDURE 15
234

-Determination.of 'Th (UXl) Activity in the Presence of Uranium and Fission

-Products. N.E. Ballou .and D.N. Hume. Paper 310 in "Radiochemical Studies: The

‘Th(I0

Fission Products" edited by C.D. Coryell and N..Sugarman, McGraw-Hill Book Co.,
Inc., New York, 1951. It .is based on report.CN-1312 dated May 15, 1945.

1. 'Introduction
A\

The precipitation of thorium with - HF and KF (probably as KZThF6) removes

'Ifh23h (ﬁXl) from uranium and the fission products except the rare earths, zirco-
nium,.ahd.the alkaline earths. The addition of zirconium holdback carrier
markedly reduces the .coprecipitation of zirconium. .Large amounts of UOZ+ cause
some U02F2 to come down with the fluoride precipitate; this is readily removed
by washing the precipitate with 6M HF.

The golution of the thorium precipitate is accomplished by warming with
HI\IO3 and«EBBO_. .The precipitation of Th(OH>4 removes the alkaline-earth con-
tamination. .Additional decontamination from all the fission products except
zirconium and niobium (columbium) is brought about by the precipitation of
3)h from a LM HNO3 solution. The precipitation of thorium with oxalic acid
serves as an additional separation from zirconium and nicbium and alsc converts

the thorium to a.weighable.form.

2. Procedure

Step 1. To 5 ml or less of uranium and fission-product sample in a ‘
lusteroid tube, add 1 mi of conc. HNO3, 20 mg of standard thorium carrier, and
10 mg of zircgg;umfhﬁ‘dback carrier. .Dilute to 20 ml and add 3 ml of conc. HF .

-and 3 ml of“6M KF. Centrifuge, and wash with 5 to 10 ml of 6M HF.

23

Step 2. .Q;ssolve the precipitate with 2 ml of 6 percent H3BO3‘and 2 ml of
-
conc. HNoggéNote l). Dilute to.about 15 ml, add 5 mg of barium holdback carrier,
and . pfecipitate with 3 to 4 ml of conc. NH&OH. Centrifuge, and wash with 20 mil-

A 0.
of H,

Step 3. -Add 8 ml of conc. HNO3, 10 drops of 3 percent HZO
0.35M HIO

X and 20 ml of

3 to the precipitate. .Cool, and let the Th(IO3)lL precipitate stand

s 081
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for 5 min  (Note 2). Centfifuge,.and.wash thélprecipitate with 10 ml of a
mixture of 3M. HNo3 and 0.03M.HIO | ' .
Step ). Dissolve the. Th(I0 )4 precipitate by the addition of 2 ml of conc.
. HC1l, dilute to about 20 ml, and pass 1n,802,unt11 the solutlon becomes color-
less. .Add 5 ml of conc. NHhOH_and centrifuge.
Step 5. Dissolve the hydroxide precipitate in 8 ml of conc. HNO3, and add
5 mg of Ce(III) carrier, 0.5 ml of 3 percent H 02, and .20 ml of .0.35M HTOj
Cool, and let the Th(IO )h precipitate stand for 5 min. Centrlfuge, and wash
. with 10 ml of 0.035M HIO3. .Add 2 ml of conc. HCl to the precipitate, dilute to
20 ml, and pass‘SO2 into thevsolutlon.untll,lt is colorless. Precipitate
:Th(OH)u by the addition of 5 ml of'conc. NHMOH, and centrifuge and wash the
precipitate with gbout 20 ml of H 0. ‘

‘ 'Steg_6. -Dissolve the pre01p1tate in 1 ml of.6N HC1, add 15 ml of HZO
heat the solution to boiling, and add 15 ml of sat. H,C 50 y+ Cool the Th(Cé h)z
precipitate in an ice bath for 10 min, and filter it on a.weighed.filter-paper
disk. Wash with alcohol and ether and use the same technique for drying and
weighing as in the rare-earth procedures (Note 3). Count without excessive

.delay (Note k).

Notes

1. Additiqnal,53B03 and HI\IO3 may be neéessary if much lanthanum was
present in the original sample. ’ ‘

2. Hydrogen peroxide reduces cerium to the Ce(III) state, in which it is
not'Precipitated from strongly acid solut%ons by IQé.

3. The precipitate is weighed as Th(CZOh)Z'SHZO’ The carrier must be
standardized in the same manner.

4. The thorium precipitate should not be allowed to stand very iong
before the activity measurements are made, since the B-active disintegrétion
‘products of thorium contribute an increasingly larger fraction of the total

+  ‘activity with time.
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3. Discussion '

The procedure has been tested by using carrier-free tracers of cerium,
yttrium, ruthenium, strontium, zirconium, and tellurium. . The final thorium
oxalate’precipitate was contaminated to the extent of Q.O6 percent of the

gross added tracer activity.

1
1

29
-
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PROCEDURE 16

229 233

-Isolation of.Th and its decay pfoducts by means
of coprecipitation on Zr(IO ) and extraction with TTA._.Source'- Hagemann and

co-workers, Phys. Rev. 19, 435 (1950).

from a mixture of U

.One- to two-tenths of a milligram.of zirconium nitrate and sufficient
~iodic acid solution to give a final iodate concentration .of 0.05M were added

233 ip 0.1N pitric acid. . The preéipitated _

per milliliter of solution of U
_zirconium iodate was washed by centrifugstion, dissolved in sulfur dioxide=-
water, heated to remove liberated iodime, diluted, and the zirconium ‘
reprecipitated with iodic acid. Four to five of these cycles served to de-
.contaminate completely from uranium, radium, and most of the actinium. Bismuth
and lead activities were removed-by one or two lead sulfide by-product |
precipitates. | ‘ '

In order to prepare samoies sufficiently free from carrier for alpha-
particle range measuremerts in the pulse analyzer, and to remove any traces'of
actinium activity, the following procedure was used. .The thorium isotopes were
co~-precipitated from the final zirconium icdate solution with lanthanum fluoride
carrier (0.1-0.2 mg/ml), the fluoride precipitate was metathesized to hydroxide
with concentrated potassium hydroxide ard the hydroxide dissolved in 0.05M |
" nitric acid. Separation of the thorium .activity from the lanthanum .carrier was
accomplished by extraction with a solution of 0.15M thenoyl trifluoracetone
(TTA) in benzene. The change from zirconium to lanthanum carrier was‘peQessary
since the former extracts into TTA solution under the conditions used; whereas
the latter does ‘not° In some cases, TTA extraction of the thorium isotopes was
made directly from the uranium solution. The TTA benzene solution was in either
case evaporated directly onAthe counting plate or reextracted with 8N nitric
acid and the latter solution evaporated. Ignition of the resulting plates left .

.an essentially weightless film of the thorium activity.
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PROCEDURE 17

" Measurement of thorium isotopes in sea water. Source -.F.F. Koczy, E.
Picciotto, G. Poulaert, and.S. Wilgain, Geochim. et Cosmochim Acta 11, 103-29
(1957); see also Nature 171, 742 (1953). o

_Abstract

In order to study the geochemistry of thorium isotopes in the hydrosphere,
232 230
Th™-",

particularly in the ocean, a method has been worked out by which Th 5

1Th228, and Th227
of sea-water, from 23.0 Q%:J to 3h°97_-%;u salinity, were collected in November
1953, in the Skagerak and the Gullmarfjord (Sweden). Thorium was isolated by

the following procedure: Jjust after collection, the samples were brought to pH

23k

2 and a given amount of Th (UXl) was added as tracer. Thorium was first
precipitated with Fe(OH)3 as carrier. Further purification was obtained by ion-
exchange column chromatography followed by solvent extraction; the final
fraction was obtained as the citric complex, a form suitable to incorporation

in the photographic emulsion. The total yield varied from i to 23% according

to the sample, as determined by the p activity of the tracer. The various Th .

isotopes were measured through their @ activity, using nuclear photographic emul-

sions, more precisely the déuble-emulsion technique.  RdTh and RdAc both generate
fivéQbranched stars; more than 90% of these originated from RdTh, as indicated
by the length of the tracks: while To and Th only yield single tracks of ;
'range 18.8 pu and 15 p respectively in the emulsion. Most sampleslshowed a much
lower activity than expected; this did not make it possible to discriminate .
betwgen.Io and-Th through the range distribution of their tfacks, thus we could

only ascertain upper limits of Io and Th concentrations.

"'j} e N
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can be determined separately. Eight samples of 20 to 40 liters:
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. PROCEDURE .18
Preparation of UX absolute B-counting standards. Source - T.B. Novey,
.D.W. Engelkemeir, and -P.W. Levy. Paper 9, pp. 114-121 in "Radiochemical

Studies: The Fission Products" edited by C.D. Coryell and N..Sugarman,
McGraw—Hill,Book»Co., Inc, 19513 report originally written inﬁl945.

UX Standard. Pure'U3

a solution of sufficiently high concentration so that aliquots to give a

08 more than 3 yr old was dissolved in acid to make

desired activity were large .enough to permit accurate pipetting. The-uraniﬁm
concentration chosen was h.mg/ml. Fifteen milliliters of'thisvsolution then
gave an activity of about 9,000 counts pef minute (c/m) at the highest
geometry factor used.

The urahium_was precipitated from this volume with base, and ‘the pre-
cipitate was dissolved in 1 ml of acid solution and transferred to a 3-ml
lusteroid test tube. This transfer caused no detectable loss. Lanthanum
carrier (0.25 mg) was added and precipitaled with KF, The precipitate was
centrifuged out and washed twice with water. The supernatants were collected

and tested for UX loss by LaF_ separation. The activity loss here was usually

3
1 to 2 percent.

The first LaF precipitate was slurried with 10 pl of water, transferred

to a sheet of O.Z-iil aluminum weighing 1.4 mg/cmz, and evaporated to:dryness
with an infrared lamp. The lusteroid tube and the transfer pipet wefe rinsed
out with several 25-ul water washes, which were added to the rest of the
precipitate-and dried. - A drop of dilute.Zapon lacquer was evaporated on top
of the precipitate. 'The.lusteroid.wés then aéhed, mounted; and counted. One
to two percent of the fotal activity usually remained in £his residue. '

The source then consisted of about 0.5 mg of precipitate on an area of'
O.h-cmg mounted on thin aluminum. This sheet Was attached with Scotch tape’
bver a 1-in. hole in an aluminum card of conventional size, 2-1/2 by 3-1/4 by ..
‘1/32 in. TFour ,standards were made this way; the total activity of ény one

standard corrected for the fwo losses varied from the average by no more than

0.8 percent.
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Source - G.R. Choppin and.T. Sikkeland

Scheme for the ‘Separation of the -Elements Francium Through Uranium.

"The separation is accomplished by three ion exchange column elutibns, the

first two utilizing Dowex-1 and the third, Dowex-50.

Reagents

1 M NH,HF,, 0.5 M HF, 0.1 M HC1, 9 M HC1, 0.1 M HC1-0.1 M HF, 9 M HC1-1 M HF,
8 M ANO.,, 4 M HNO,, and 1 M HNO,. ' | -

Procedure

1. Prepare the first anion resin column by passing the solutionAof‘NHi;HF2
through it to convert the resin to the fluoride form. A glass column which has
been coated with paraffin before addition of resin.is used. The resin bed in ‘
all threé4columns 3mm x 5 cm. This of course is governed by the amount of : -
material to be sorbed; A flow rate of 1.5 minutes per drop is used.
(a) Load the sample in 1-2 drops of 0.1 M HCL.
(b) Begin elution with 0.5 M HF. Fr elutioncoccurs immediately
(first column volume). | ,
(¢) After 4 or 5 colum wvolumcoc, elute with 9 M HE1. Ra,.Ac, and Th;
elute in next few column volumes.
(d) The third eluting solution is 9 M HC1l-1 M HF which elutes Pa
immediately.
(e) Finally U is removed by elution with 0.1 M HC1-0.1 M HF.
2. The second anion resin column is prepared by washing with 8 M HNO_.: -

3
(a) The Ra, Ac, Th fraction is loaded and eluted with 8 M HNO_ for

several column volumes. Ra and Ac elute immediately. )
(b) 1M Hl\TO3 is used as eluant to remove Th.
3. The cation resin column is prepared by passage of h M'HNO3.
. (a) The Ra, Ac fraction is loaded and elution begun with L M HNO

3"

Ra is eluted.

2
&

15, (87
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(b) .After elution of Ra, 8 M HNO3 is used to bring off Ac.

Discussion

From the characteristics of the elution peaks from the fluoride columns;

it seems more likely that negative fluoride complexes are sorbing rather thén

that insoluble fluorides gre precipitating in the resin. The, behavior of Ra is

surprising as formation .of a negative complex seems rather unlikely and Ran is

not particularly insoluble. It has been suggested that Ra may be coprecipitat-

~ing with Can which is much more insoluble.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privatcly owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor  prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






