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The processing of neutron irradiated 241Am targets includes
— the removal of the cladding and matrix material,
— the removal of fission products.
— the isolation of the plutonium (238Py, 242Py) fraction and
— the isolation of the transplutonium nuclides.
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The processing of neutron iadiated 241Am targets includes
— the removal of the cladding and matrix material,
— the removal of fission products.
~ the isolation of the plutonium (238Py, 242Py) fraction and
~ the isolation of the transplutonium nuclides.



Plutonium together with some of the fission products \Zr-Nb, Ru-Rh) is isolated
by anion exchange or extraction with substituted ammonium salts from hydrochloric acid
solution. Lanthanides may be removed from the transplutonium elements by anion excl’\ange
or tertiary ammonium salt extraction from concentrated lithium chloride solutions or by
extraction with di-(2 ethyl-hexyl) phosphoric acid (HDEHP) from aqueous phases contain-
ing complexing agents.

he separation of americium and curium from each other is possible by selective
oxidation and precipitation of the americium or by extraction chromatography with quaternary
ammonium salts from lithium nitrate solutions.

Several of these methods have been combined to process two scts of 241 Am targets,
exposed to integrated fluxes of 1021 and 1.7 x 1022 n/cm? respectively. A mixture of
241Am and 242Cm recovered [rom the first set of targets and containing about 450 mg
242Cm was welded into a platinum capsule. This heat source served to power a radionuclide
battery.

Plutonium toget]’ler with some of the fission products (Zr—Nb. Ru-Rh) is isolated
by anion excl’\ange or extraction with substituted ammonium salts from hyclrochloric acid
solution. Lanthanides may be removed from the transplutonium elements by anion exchange
or tertiary ammonium salt extraction from concentrated lithium chloride solutions or by
extraction with di-(2 ethyl-hexyl) phosphoric acid (HDEHP) from aqueous phases contain-
ing complexing agents.

The separation of americium and curium from each other is possible by selective
oxidation and precipitation of the americium or by extraction c]’lromatography with quaternary
ammonium salts from lithium nitrate solutions.

Several of these methods have been combined to process two sels of 241Am targets,
exposed to integrated fluxes of 102! and 1.7 x 1022 n/cm?2 respectively. A mixture of
241Am and 242Cm recovered from the first set of targets and containing about 450 mg
E42Cm was welded into a platinum capsule. This heat source served to power a radionuclide
attery.

Plutonium together with some of the fission products (Zr-Nb. Ru-Rh) is isolated
by anion exchange or extraction with substituted ammonium salts from hydrocllloric acid
solution. Lanthanides may be removed from the transplutonium elements by anion exchange
or tertiary ammonium salt extraction from concentrated lithium chloride solutions or by
extraction with di-(2 ethyl-hexyl) phosphoric acid (HDEHP) from aqueous phases contain-
ing complexing agents.

The separation of americium and curium from each other is posslble by selective
oxidation and precipitation of the americium or Ly extraction c‘hromatography with quaternary
ammonium salts from lithium nitrate solutions.

Several of these methods have been combined to process two sets of 241 Am targets,
exposed to integrated fluxes of 102! and 1.7 x 1022 n/cm?2 respectively. A mixture of
241Am and 242Cm recovered from the first set of targets and containing about 450 mg
E‘QCm was welded into a platinum capsule. This heat source served to power a radionuclide

attery.
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ABSTRACT

The processing of neutron irradiated 241Am targets includes

— the removal of the cladding and matrix material.

— the removal of fission producls,

~— the isolation of the plutonium (238Pu, 242Pu) fraction and
— the isolaticn of the transplutonium nuclides.

Plutonium logelher with some of the fission products (Zr-Nb, Ru»Rh) is isolated
by anfon exchange or extraction with substituted ammonium salts from hydrochloric acid
solution. Lanthanides may be removed from the transplutonium elements by anion exchange
or tertiary ammonium salt extraction from concentrated lithium chloride solutions or by
extraction with di-(2 ethyl-hexyl) phosphoric acid (HDEHP) from aqueous phases contain-
ing complexing agents.

The separation of americium and curium from each other is possible by selective
oxidation and precipitation of the americium or by extraction chroma!ography with quaternary
ammonium salts from lithium nitrate solutions.

Several of these methods have been combined to process two sets of 241Am targets.
exposed to integrated fluxes of 102) and 1.7 x 1022 n/cm?2 respeclively. A mixture of
241Am and 242Cm recovered from the first set of targets and containing about 450 mg
1i‘qu was welded into a platinum capsule. This heat source served to power a radionuclide
attery.
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1.3.

1.4.

Conditions

The first nuclides formed during the irradiation of 241Am are
242Am and 242mAm; both have appreciable fission cross sections
which results in a high release of fission heat at the begin-
ning of the irradiation. Therefore it is common practice to
begin the irradiation at a moderate flux which is increased
corresponding to the decrease of fissile material in the tar-

gets (table 1).

*
Number of cycles') Averaée flux Integrat;d flux
(n/cm” . sec) (n/cm™)
8 1,5 . 10" 1. 107
20 3, 0™ 5.. 102
14 9 . 1o14 11 . 102"

Table 1 : Typical increase of neutron flux during 241Am irra-

diation.

*) 1 cycle : 10 days irradiation, 4 days interruption

Products

It is difficult to calculate precisely the amount of higher

nuclides formed during the irradistion: the real neutron flux,
its distribution, its decrease due to selfabsorption, and the
dependence of the cross sections of the heavy nuclides on the

neutron energy are not known sufficiently.

Targets which had been irradiated under nominsally ecual con-
ditions contained different quantities of products. Table 2
shows the distribution of the thermal power and the BY dose
rate for several targets exposed in the same irradiation
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channel to an integrated flux of 1 x 10 n/cm2 and allowed



to cool for 250 days. The results reflect the flux distribution

FELE A T R
A

-

in the reactor core. = il Uil
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nb. of ?apgule thermal power BY dose rate
according to 3
vosition (w) (10” rem/h)

1 17 2

2 18,4 .

> 18,9 6

4 16,1 SRR

5 - =

6 15,1 -

7 13,2 2

X . . . . 241

Table 2 : Power and dose rate distribution of irradiated An

targets. Integrated flux: 1 x 1021 n/cmz.

Cooling period : 250 d.

The thernal pcwer decayed with a half life of about 160 d,
LD
corresponding to the a-decay of L4LCm. After a cooling vperiod

of 250 days, the dose rate resulted mainly from the fission

137 0e g, 99 106. 1k

products Zr-Nb, Ru~Rh and Ce-Pr.

Processing of irradiated americium targets

Separstion procedures

. . . 1
The recovery of trensplutonium elements from irradiated 2k An

argets in aluminiux ing 1prises i a
t ets in aluminium cladding comprises in general

~ the removal of matrix and clodding aluminium
- the removel of fission products
. . . 258 k2
- the isolation of the plutonium fraction (77 Pu, Pu)
- the isolation of the transplutonium elements and their

sevaration from each other.



Whereas plutonium may easily be isolated as tetravalent ion
from hydrochloric or nitric acid by anion exchange or extraction
methods (TBP.), substituted ammonium salts), it is more diffi=
cult to separate the trivalent transplutonium elements from

lanthanides or from each other.

Actinide - lanthanide separations

Group separations may be performed by anion exchange2) or ex-
traction with organic solutions of tertiary ammonium saltsB),
the agqueous phase being in general slightly acid, highly con-

centrated LiCl solutions.

‘With trileurylammonium chloride in toluence solutions as the

. . . o .
organic phase, extraction coefficients Ea (= ratio of the
element concentrations in organic and agueous phase) for trans-
plutonium elements and europium as a function of extractant

L)

concentration C are represented in fig. 2.
In general, the slope of the curve log Eo" = £ (log Z—Q;7) is
assumed to equal the ratio of extractant to metal in the com-

plex. On the basis of chemicel and spectroscopic evidence the

slope 2 was ascribed to the formation of an ion quadrupoleB)
TLAHY c1”
- +
MClL+ TLAH

Quite recently, the existence of tetrachloro complexes in or-
6

ganic phases has been confirmed by RAMAN spectroscopy ). From

the extraction coefficients, actinide - lanthanide separation

factors of 102 may be calculated.

*
) tributylphosphate
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Problems

During the processing, problems arise which are characteristic

for samples containing nuclides of high specific activity like
242
Cm

- a~radiolysis

o)
Hydrochloric acid solutions containing 2LLCm decompose and
form H2, 012’ 02, H202,_O3 «soe; after decomposition of the
acid, especially in concentrated chloride solutions, the
hydroxides of trivalent actinides or lanthanides precipi-
tate. The products of radiolysis oxidize cerium, in neutral

solution also americium to the tetravalent ion.

- Decay heat

T e 2420m is 120 W. The resin and the

()

The thermal power of
agueous solutions are decomposeéd by radiation and heat in

200

. . =L :

the bands in which “Cm is concentrated on the exchanger
. . . 242

column. Despite external cooling, solid samples of Cm

nay become red hot.

- ¢Sorrosion and erosion

The products of radiolysis and the Cm containing concentrated
zolutions readily attack most metal, rubber and vlastic parts
of the equipment. Under the influence of the recoil of ¢~

decaying atoms, glass particles have been observed to flzke

)\
off the walls of glass vessels 7.
In order to overcome such and other problems, the equipment had

to be carefully studied.

The rezin beds were compressed between porous pclyethylene
dislks in order to prevent the formation of bubbles of radio-
lveis gases plugging the column. The elution speed was in-
crezsed - and thus attack of the resin reduced - by apply-

inz a gas pressure. It is interesting to note that at ORNL





















19

After 2 successive Am-Cm separations by extraction chromatography
27
(Fig. 9, 10), 4)Am with less than 200 ppm Cm was obtained. The

curium fraction had the isotopic composition (measured and con-

verted to the valiues for the end of the irradiation):

nuclide ng/g starting nuclide
2h2 6 6l ,.
2450m 2
2L"L}Cm 62
2450m 1
2460m 5

Table %2 : Isotopic composition of the Curium fraction.

: . - . 233
From part of the 9 capsulez containing several grams of 3
242 241 . ) “ 242 . .

Pu, "'Am and more than 1 g of Cm, the heavy nuclides

were recovered15). It was decided to fuel a radionuclide
o]

battery with the renaining anCm in order to demonstrate the

Pu,

notential use of transplutonium nuclides for power vroduction
16)17)

The seperations on the colunns were controlled by solid state
c and neutron counting. After the removel and desorption of
the plutonium fraction, theion exchange column was dark co-
loured, possibly because of the presence of ruthenium conm-
plexes. The removal of the lanthanides could be followed from
the radiolumineéescence bands of the actinides and lanthanides

on the column (Fig. 11).
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