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SUMMARY

Solvent extraction behavior of more than sixty chemical elements was

studied in the following solvent extraction systems:

5% TIOA xylene - H280y,

0.1% TIOA xylene — H2SOy,

10% Amberlite LA-1 xylene - HpSO,,

0.1% Amberlite LA-1 xylene - Hgsf)’ R

10% Primene JM-T xylene ~ H230),

0.1% Primene JM-T xylene - H280j,

TIOA xylene -~ O.1N Hp30y,

Amberlite LA-1 xylene - O0.1N H2S50y,

Primene JM-T xylene - 0.1N H5S50,,

The results obtained are arranged according to the sequence of the

periodic system.

The alkali and alkaline earth metal ions are not extractable. The

tervalent ions are generally extractable into Primene JM-T, but not into
Amberlite IA-l and tri-iso-octylamine. In most cases, the actinide
elements are highly extracted with the high molecular alkylamines used.

The extractability of amines studied increases in the order tertia-

ry <secondary < primary in a sulfuric acid system.
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1. INTRODUCTION -

Since the acid-binding property of high-molecular-weight amines was
~ reported in 1948Ll), the long chain alkylamines have been widely studied

and reported in numerous papers2$,’ The ‘extraction of uranium in:particu—
lar has been minutely studied using a number''of alkyl. and aromatic amines
diluted with various diluents. “Most of these published studies were
carried out holding in view such practical purposes as processing of
uranium ore sulfate liquors or the decladding fuel solutions, and while
thé published reports usually give the extraction isotherm, data on acid
and solvent dependence are rarely reported. To fill this ‘gap, this work
covers the inorganic solvent extraction behavior of about sixty chemical
elements, systematically investigated with the aid of radioactive tracer
techniques in order to obtain a series of acid and solvent dependernce
curves.

As organic extractant, Primene JM-T, Amberlite LA-l and tri-iso-
octylamine were selected from the primary, secondary and tertiary amines
in this study. The same alkylamines have already been studied in nitric
and hydrochloric acid systems by the same authors3).

' The data obtained are assembled together in periodic table arrange-
ment (Figs. 1-6). :

2. EXPERIMENTAL

2.1 Radioisotopes Used

The radioactive tracers used are listed in Table 1 together with
target materials and methods of preparationﬂ -8)., Some radicisotopes
were imported from ORNL (USA) and the Radiochemical Centre, Amersham (UK),
and others were prepared by irradiating high purit{ target material in
the Institute's reagtors JRR-1 (neutron flux 10% n/sec/cm?), JRR-2
(neutron flux 10t n/sec/cm?) or linear electron acceralator, followed
by chemical separation or purification where necessary. "

Most of the tracers were used after converting to sulfate, though in
some cases, as indicated in Fig. 1, chloride and chlorocomplex were added
into the sulfuric acid media of the extraction system. For instance,
with iron and calcium, their specific activities were very low, as also
the solubility of their sulfates, and chloride solutions were therefore
used without converting to sulfate. Osmium and iridium tracers supplied
in the form of sodium hexachloroosmate and ammonium hexachloro iridate
respectively, were also used as received.

Usually, the tracers studied were in their most stable states of
oxidation. In some cases, definite oxidation states were attained by the
use of the oxidizing or reducing reagents, as given in Table 2.

2.2 Reagents

The high molecular weight alkylamines used are Primene JM-T of
" primary amine, Amberlite LA~1 of secondary amine and tri-iso-octylamine
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of tertiary amine. The sources of the amines are shown in Table 3 to-
gether with details of the extraction systems studied,
The xylene and sulfuric acid used were of analytical grade.

2.3 Determination of Distribution Ratios

The method of determining the distribution ratio Kd was the same as
that described in previous papers? ,10). The organic and agueous solu-
tions of equal voiume were shaken together for about one minute in con-
tactor. After separation of both phases with centrifuge, an aliquot of
each phase was subjected to measurement of radiocactivity. Beta and alpha
activities were measured with gas-flow counter by mounting the aliquot of
samples on a stainless steel or platinum plate. The plates carrying sul-
fur-35 and technetium-99 were not ignited, since these elements are
volatilized by ignition. The counting rates of tin-113 and lead-212 were
measured after radioactive equilibrium was attained. Gemma assay was
carried out in 1 ml glass bottle with a conventional scintillation coun—
ter equipped with 13"# Nal cristal. '

In determining the acid dependence, the organic phase was pre-
equilibrated with the corresponding aqueous phase of 0.0, 0.02, 0.05,
0.1, 0.2, 0.5, 1.0, 2.0, 5.0 and 10.0N sulfuric acid. The solvent de—
pendence curves were obtained with sulfuric acid, maintained at constant
normality (0.1N), changing the amine concentration in xylene solution in
steps of 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 and 10.0% (v/o),
which was pre-equilibrated with 0.1N sulfuric acid.

3. RESULTS AND DISCUSSION

Results obtained are summarized in Figs. 1-6 as a series of graphs
of log K4 vs. N H2S0, or %(v/o) alkylamine, where Kd is the distribution
ratio determined and N the normality of acid.

3.1 Acid Dependence

Figs. 1-3 show the acid dependence curves of chemical elements in 5%
and 0.1%(v/o) TIOA xylene-sulfuric acid systems, 10% and 0.1%(v/o) Amber-
lite IA-1 ~ sulfuric acid systems, and 10% and 0.1%(v/o) Primene JM-T -
sulfuric acid systems, respectively. The curves drawn in dotted lines
are not very accurate because of insufficient radiocactivity or distribu-
tion ratio obtained. The Kd values determined by using tracers in
chlorocomplex or chloride solution are also indicated in dotted lines.

It is seen from Figs. 1-3 that univalent species of the alkalli
metals and bivalent species of the alkaline earths as well as of copper,
nickel, cobalt and cadmium ions are generally non—-extractable in the
whole range of acidity studied. The Kd values for the tervalent species
of scandium and yttrium (both Group IIIB), aluminum, gallium and indium
(Group IIIA), as well as lanthanum and the lanthanide elements, are
very low in TIOA-sulfuric acid system, but very high in Primene JM-T -
sulfuric acid system, and intermediate in the system of Amberlite LA-1.
Therefore, the extractability for tervalent ions increases in the order
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of tertiary, secondary and primary amine.

Anionic species such as molybdate, technetate, tantalate, and
tungstate are more or less extractable into the organic phase.

The actinide elements show usually high extractability. Americium
and quinquivalent neptunium in TIOA and Amberlite LA-1 systems are not
extractable. On the other hand, uranium and thorium are found to show a
strong affinity to Primene JM-T of the primary amine.

Generally speaking, measured Kd values of an element are independent
of the sulfuric acid concentration except in the case of tervalent ions
and some of the actinide elements. In these cases of varying Kd values,
the distribution ratio usually increases with increasing acidity from
0.01N to 0.1N sulfuric acid, and then decreases rapidly with further in-
crease in acidity from O.1N to 1ON. This situation suggests that extrac-
tion might be carried out at 0.1N and scrubbing performed with sulfuric
acid of higher acidity. From this standpoint, alkylamine is not practical,
since the resulting solution has a fairly high sulfuric acid concentra-
tion.

The extractability of the alkylamines studied increases in the order
primary > secondary > tertiary, as revealed from Figs. 1-6. This general
tendency of extractability is in reverse order to that Sbserved in the
system of the same alkylamines with hydrochloric aciall),

3.2 Solvent Dependence

Figs. 4-b represent the solvent dependence curves of the elements
in the systems of O.1N HpSO.-TIOA xylene, O.1N H2S0)~Amberlite LA-l
xylene and 0.1N HpS0,-Primene JM-T Xylene.

3.3 The exact Kd values

Figs. 7-15 show the exact Kd values measured for each element in
nine extraction systems studied. The figures given in this form have the
advantage of indicating directly the difference of Kd values between two
elements.

4. APPLICATION

L.1 Preparation of Carrier-free 113mIn Tracer

Indium-113m, having a half-life of 105 minutes, is produced through
the decay of tin-113.

EC 1T
11 , , 1
sn Tz "M o5 T In (stable)

Therefore, indium separated from its mother nuclide, tin-113, is carrier-
free indium-113m tracer. The results with Primene JM-T-H280), system were
tried on the separation of tin and indium, as presented in Fig. 16. The
indium solution prepared was examined by means of decay measurement

(Fig. 17) and gamme ray spectrometry (Fig. 18).



1.,..2 Pr para.tlon oi‘ Carr:l.er-free 23L'Th Tracer

Thor1um—23h 1s well-—lcnown as: U}E oi‘ the daughter nuc:l:Lde of- uram.um—'

238. .
,  alpha beta ' beta
238 —_— 23 —_— 23/mp;, ————
T l’Th 208 Pf"‘ 1.16n

Thorium-23. solution was prepared usn.ng the trl—lso—octylamne -~ HgSO/_}
system shown in Fig. 19. Radiochemical purity was verified by means of
beta ray absorption with aluminum foil, and decay measurement., The re—
sults are shown in Figs. 20 and 21. : '

4.3 Preparation of Carrier—free,lllol.a Tracer

In the fission products of irradiated uranium, the amount of LiOpg—
la reached a maximum around 20 days after 1rrad1at10n when other figsion
products are 143pp, 1hlge, 133%e, 1311, L47Nd, 95Zr—1\1'b Iy 9Sr 103Ru-~
kh, 99Mo 1327e-1, Using 10% Pr:\_mene JM-T x,ylene solutlon, most. oi‘ these
elements can be extracted from 0.1N sulfuric acid solution together with
uranium and neptunium, leaving barium and strontium in the aqueous phase.
Lanthanum-140 can be separated from the obtained aqueous phase after
barium-140 decays into lanthanum-140. Thus, the separation process was
planned as shown in Fig. 22. The results of decay measurement and gamma,
ray spectrometry of lanthanum—ll..O thus prepared are shown in Figs. 23
and 24.
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Table 1 Radioisotopes used

Nuclide Target irradiated in , Remarks

2ha Na2003 JRR-1(2)

2Thg Mg metal JRR-1

28p1 Al metal JRR-1

32p samz, Rl

35s JAERT, RI

381 NH,C1 JRR-L

L2K KNO3 - JRR-1

L5ca imported; used as chloride
L6sc Se203 gre-2(¢)

52y NH,, VO3 JRR-1

Sler JAERT, RI or imported; NapCrO),
5y, MnO» JRR~L

55559 imported; FeCly soln.

60Go imported

651 Ni sponge JRR-1 separated from Co by amine(h)
bLey Cu metal JRR-1

657n imported

72Ga Gag03 JRR-1

88 As203 JRR-1

"53¢ imported; used as chloride
80,80mpy.  NH),Br JRR-1 |

36pp imported -

85gr imported

88y Y205 LIvac(d)

9Szr imported; used after eliminating 951\Ib
95N . milked from 957092} by anion exchange
99Mo molyodate JRR-1

- 99T¢ imported

106Ru imported

110mpyg  AgNOg JRR-1

(a) neutron flux 1011 n/sec/em?

(b) Interim Facilities_of Radioigotope Production
(¢) neutron flux 10™ n/sec/cm

(4) Linear Electron Accelarator



Table 1 Radioisotopes used

(continued)
Muclide Target  irradiated in Remarks
115mpg | imported
11hmry, imported
113sn _ imported
12L4g imported
1311 JAERI, RI
137¢s imported
1398, Ba hydroxide JRR-L
14015 La03 JRR~L
ke imported
U7pn imported
152,154g : imported
160ty TbLOY JRR-2
17710 LU_203 JRR=1 .
175,181yr imported
1827, imported; potassium tantalate
185y imported; Nagh0,, soln.
186,188pe Re sponge JRR-1
191,1930s . imported; sodium hexachloroosmate soln.
1921y : imported; ammonium hexachloroiridate
193,197pt Pt sponge JRR~1 separated from Au by TBP extn.
19824 Au metal JRR-1 used as chlorocomplex.
203Hg imported
20hry i{mported
212pp radioactive deposit of thorium
210Bi milked from RaDEF by TBP extn.
2B1lth  Thog LINAG  purified by TBP extn.))
233Pa Th(NO3)), JRR~1 separated by TBP extn.®
237y 0o LINAC  purified by TEP extn.”)
23%p U0, (NO3)2 JRR-1 separated by TBP exbn.8)

241 pm {mported
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Table 2 Oxidation states and chemical treatments

clement, oxidation oxidizing and reducing agent;
state chemical treatment

As 3+ ascorbic acid; aqueous phase was
scrubbed twice.

As 5+ K20r207 , organic phase was
scrubbed once.

Sn 2+ ascorbic acid;

Sn L+ KC10,,; warmed; organic phase
was scrubbed three times.

Ce 3+ hydroxylamine hydrochloride.

Ce L+ ceric ammonium nitrai';e.

Hg 2+ warmed with conc. HNO5.

Np I+ ferrous sulfamate; organic
phase was scrubbed /4 times.

Np 5+ warmed in 1N HC10j. Np**and NpO*
were removed by TBP extraction.

Se L+ warmed in 2N HCl.
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Fig. 23 The decay curve of La prepared
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Fig. 24 The gamma ray spectrum of 14014 prepared
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