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Separation of 233U from irradiated thorium and

from 233pa is accomplished by solvent extraction
using tetracycline /TC/ as a complexing agent
and diethylenetriaminepentaacetic acid _as a
masking agent. For the separation of 233pa

from thorium, sodium fluoride is used to mask
the complexation reaction Th-TC. Benzyl al-
cohol is used as an organic solvent.

INTRODUCTTION

Previous papers of this series on radioanalytical
applicétions of tetracycline /TC/ have described separations
of uranium from neptuniuml, thoriumz, scandium and lantha-
nide elements3, and from other elements4.

This systematic study is now extended to the separation
2 ;
of 33Pa formed in B-decay of 233Th after thermal neutron

irradiation of 232Th, and to the separation of R

=
irradiated 23"‘Th and simultaneously from 233Pa.

U from
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EXPERIMENTAL

All reagents used were of analytical grade purity.

TC-benzyl alcohol solutions, at a concentration of
0.01M in TC, were used for the extraction experiments.

A 4.9X10_3M sodium fluoride solution was used as a
masking reagent for the complexation reaction of protacti-
nium with TC to allow the extraction of thorium into the
TC-benzyl alcohol phase. Diethylenetriaminepentaacetic
acid /DTPA/ solution, at a concentration of 2.5x10-3M,
was the masking agent for protactinium and thorium, al-
lowing the extraction of uranium into the organic phase.
Water used to prepare the solution was first deionized
in a mixed bed ion-exchanger and next distilled from a
quartz apparatus. The benzyl alcohol phase was previously
saturated with water and vice versa. Solutions of TC in
benzyl alcohol were prepared by dissolving tetracycline
hydrochloride in the organic reagent. Fresh solutions

were prepared for each experiment.

233

Tracer solution of carrier-free Pa/V/ was prepared

by the irradiation of thorium hydroxide in a thermal

12 2 -1

neutron flux corresponding to 6x10 n.cm “.sec for

about 8 h. The irradiated thorium hydroxide was then dis-
solved with some drops of concentrated hydrochloric acid

and the solution allowed to stand for 20 h. The 233Pa

233

formed by the g-decay of Th was then separated on an

anion exchanger /[Amberlite CG-400, Type II/ according to

Krauss et al.s. 233Pa is retained by the exchanger while

233Pa retained by the e

233

thorium passes through the column.
changer was eluted with 0.2M hydrochloric acid and the
solution was kept in 8M HCl in a polyethylene flask. The
final tracer solution for the extraction experiments was
prepared by evaporating to dryness 250 pl of the 8M HC1

233Pa and dissolving the residue with dilute

solution of
HClO4.
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Check for thorium in the 233Pa carrier-free solutions

234Th tracer solution. Carrier-free

6

was performed by using a

234

solutions of Th were prepared according to Abrao

using uranyl nitrate solutions. The same set of operations

as that used for the preparation of 8

232+234

Pa was applied to
Th solutions: percolation through the anion-ex-
changer resin, elution of the resin with 0.2M hydrochloric

234Th by counting the resin and

acid and a checking for
the percolated solution in a well-type NaI/Tl/ 7.5x7.5 cm
detector coupled to a multichannel y-analyzer. Percolation
of 234Th was practically complete, indicating that no tho-
rium was retained by the anion-exchanger together with
233Pa.

The presence of other radioactive impurities of the
233Pa solution was verified by y-ray spectrometry using a
Ge/Li/ detector coupled to a 4096-channel analyzer.

233

Tracer solution of U /Amersham-Searle Co./ was

diluted to 8.6xlO_5M in uranium, giving 4000 counts per

minute per nug of 233U

, in a proportional gas-flow counter.

Polyethylene ware was used throughout except the ex-
traction funnels, which were of Pyrex glass. Attack of
the extraction glass funnels by the masking reagent NaF,
at a concentration of about 5x10_3M, was practically neg-
ligible during the 30-min shaking time. Adsorption of 233Pa
on the glass walls was also negligible dﬁrinq the extraction
procedure.

The organic phase was 5 ml of 0.01M TC in benzyl alco-
hol; the aqueous phase was a solution of the element in-
vestigated in O0.1lOM NaClO4 /supporting electrolyte/. The
volume of the aqueous phase was also 5 ml. The pH of the
aqueous phase was adjusted by adding known volumes of
diluted HClO4 or NaOH solution.

For extraction both phases were stirred with a mechanical
stirrer for 30 min at 25.0+0.5 °C. After equilibration the
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phases were separated by centrifugation and 1 ml from each

phase was withdrawn for counting 233Pa on a single-channel

gD

analvzer coupled to a 5.0x4.4 cm well-tvpe NaI/Tl/ detect
Thorium concentration in each phase was determined as

described previously7.

The extraction of uranium was studied by using natural
uranium or 233U solutions. The natural uranium concentrati
in each phase, was determined by epithermal neutron acti-
233U the soluti

was transferred onto stainless steel planchets, by means

vation analysiss. For the determination of

of a micropipette, and evaporated to dryness under an in-

frared lamp. 233U was counted in a proportional gas-flow

counter. Each value for 233U in the organic or aqueous
phase was the mean of counting values of triplicate plan-

chets prepared as described.

RESULTS AND DISCUSSION

233Pa and uranium are not extracted into pure benzyl

Fig. 1. Distribut

alcohol, without TC, as shown in Table 1. The same is vali fuflction
for thorium’ . 122 min;
233 II® indic
Fig. 1. shows that the extraction equilibrium for Pa in the agq

is reached very fast as was also observed for thorium usin ly

the same extraction system7.

The experimental points on Fig. 1. correspond to the that separation ¢

same straight line which was checked by statistical "t" sible by multiple

and "F" tests9 at a confidence level of 95%. However, the i

233 can be achieved t}

Separation of Pa from thorium and of 233

U from 233Pa

with NaF, as shoy
and thorium justed before the
ments were carrie

After the additic

Fig. 2. presents the extraction curves of protactinium,

thorium and uranium /uranyl/ as function of pH, showing
librium was attai

64




SENT SAIKI, LIMA: TETRACYCLINE AS A COMPLEXING AGENT

tion and 1 ml from each o 15
3Pa on a single-channel = >
ll1-tvpe NaI/T1l/ detectoz
ase was determined as 10— A
udied by using natural y
ral uranium concentrati oSl °’
ithermal neutron acti-
@iien of 233U the soluti *
1l planchets, by means 0 |
o dryness under an in- L 3
proportional gas-flow PR
organic or aqueous
es of triplicate plan- 03=

-10
'ted into pure benzyl ‘ . ) ) 233

Fig. 1. Distribution ratio /log D/ of Pa vs pH as a

ble 1. The same is valil function of shaking time. I®: /e/ - 10 min; /+/ -

120 min; II®: /o/ - 10 min; /A/ = 120 min. I* and
II® indicate whether 233Pa was initially present
in the aqueous phase or the organic phase, respective-

ly

equilibrium for 233Pa

n
%erved for thorium usin
18

. correspond to the that separation of the three elements would only be pos-

id by statistical "t" sible by multiple extraction.

1 of 95%. ‘However, the separation of protactinium from thorium

can be achieved by masking the Pa-TC complexation reaction
with NaF, as shown in Fig. 3 and Table 2. The pH was ad-

justed before the addition of sodium fluoride. pH measure-

2583 233

h of U from Pa

. ments were carried out i i - .
Eurves B orotact iniull using a Hellige model 7/60 pH-meter

£ s . . -
BN : o, chowing After the addition of sodium fluoride and after the equi

librium was attained, the pH was measured with a Merck pH
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TABLE 1

233Pa and uranium extraction into benzyl alcohol without
tetracycline
Protactinium Uranium
pH | E pH E
0.75 U} 1.9 0.95 1.0
1.06 1.9 i 1.80 0.3
1.67 ; 2.5 3.15 | 0.
2.55 2.5 4.30 i 0.
2.88 1.7 {  5.95 0.1
1 !
3.39 0.8 6.40 0.2
23 Fig. 3. Extrac
[U] = 5.OxlO_5M; 3Pa, carrier-free, [NaClO ] = 0.10M. as a m
a 2.0x10

Shaking time: 30 min; temperature: 25.0+0.5 Oc; E = perce

age of element in the organic phase

Separation of
solutio;

E of T

95.2
96.2
95.9
92.6
94.9

ol | | I |
1 2 3 4

: pH

Fig. 2. Extraction curves for thorium, urani and protac
tinium._[TC] = 0.010M; [Th] = 5.0x10™*M; [Uﬁ =
7.0x107°M; [NaClO,] = 0.10M; shaking time = 30 mi
temperature = 25.0+0.5 ©C

Mean 9°f

Separ
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= 100
benzyl alcohol without w o U
B 80}
ranium
E
118
a3
0.4
OL 1
!
.2
s . . 233 .
Fig. 3. Extraction curves for thorium and Pa using NaF

ee, [Naclo,| = 0.10M.

as a maskin% agent. [NaF] = 4.9x1073M; [Th] =
N
25.0+0.5 OC; E = percen

2.0x1075M; aClo,] = 0.1loM; [Tc] = o0.0loM

e
TABLE 2
U 233
Separation of Pa from thorium by using TC-benzyl alcohol
’*g:' solution and NaF as a masking agent
E of Th | E of %3%pa
95.2 5
96.2 3.9
95.9 ‘ 4.4
92.6 5.3
94.9 ‘ 4.4
Mean 95.0+1.4 ‘ 4.440.6
¢ A
pH

Separation factor = 430

Fﬁum, urani an% rotac—
@il = 5.0x10™ *M; Uﬁ = B _ =3
M; shaking time = 30 min PH = 3.0; [NaF] = 4.9x107°M; [rc] = o.o1om;

[Th] = 2.0x10"°M
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100

Oy
oF U

E,*

60—

4o

20+

4, Extraction curves for uranium, thorium and 23323
using DTPA as_a masking agent. DTP?] = 2.5x10 ~M;

[U] = 7.0x107°M; [Th] = 5.0x107%M; [TC] = 0.0lOM

Fig.

indicator paper in order to avoid the attack of the glass
electrode by fluoride ions.

1f 233pa is allowed to decay to 233y in the chain 9.
232Th/n,y/233Th B 233Pa B i 2330'

uranium can be
easily separated from thorium and protactinium. The '
complexation reactions Pa-TC and Th-TC are masked with
DTPA, e

and the extraction of U into the organic phase

TC-benzyl alcohol can be accomplished. Fig. 4. shows such

a separation.
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