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Anion-Exchange Separation of Nd and the
Transplutonium Elements in Spent Nuclear Fuels for
Burn-up Determination

SHIGEKAZU USUDA and NOBUAKI KOHNO

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE
TOKAI-MURA, NAKA-GUN, IBARAKI-KEN 319-11, JAPAN

Abstract

Three methods of anion-exchange separation of Nd, Am, and Cm from spent
nuclear fuel samples for destructive burn-up measurements with nitric acid-
methyl alcohol mixed media have been developed. The first method was
developed for the routine analysis of Nd by isotope dilution mass spectrometry to
separate Nd from Am and Cm as well as from major fission products, U and Pu,
on a conventional anion-exchange resin with 1 M HNO;3;-90% CH;0H and 0.5 M
HNO;-80% CH;OH media at ambient temperature. The second method
quantitatively separates Nd, Am, and Cm using a fine resin and a 0.5 M HNO;-
80% CH3;OH medium at a considerably slower flow rate at ambient temperature.
The third method is a more rapid separation: the preliminary separation of
irradiated U at elevated pressure is followed by the sequential elutions of Nd, Am,
and Cm at elevated temperature and pressure.

INTRODUCTION

A stable isotope, ¥Nd, and the sum of Nd isotopes are excellent fission
monitors of ?*U and ?’Pu. After chemical purification, the Nd isotopes
have been determined by the IDM method (isotope dilution mass
spectrometry) as a standard method of burn-up measurement (/-4). The
sum of Nd isotopes may be determined by an elemental analysis such as
ICP emission spectroanalysis. The radioactive isotope, “'Nd (T,: 10.98
d), could also be used as a fission monitor in test fuels of short irradiation
(5). Quantitative separation of Nd is necessary in such a case.
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Measurements of the main transplutonium nuclides (**"**Am and
#224Cm) in spent fuels are required for evaluation of accurate burn-up
and the amounts of alpha-waste (6), and for studying isotope correlations
among them (7, 8). They have been also determined by alpha-activity
measurements and mass spectrometry.

We have determined such isotopes and some other important ones
radiochemically for burn-up measurements by sequential ion-exchange
separation (9-11). Several ion-exchange steps are required to purify Nd,
and the process takes a few weeks. In the ASTM method (/), U and Pu are
separated from the main fission products, and Nd is finally purified from
Am and Cm by anion exchange with nitric acid-methyl alcohol mixed
media. However, the separated Nd, Am, and Cm could not be obtained
quantitatively.

One of the authors has investigated the anion-exchange behavior of the
transplutonium elements in nitric acid-methyl alcohol mixed media at
elevated temperatures from the point of view of separating the short-lived
nuclides produced by heavy-ion bombardments of U or Pu targets (/2-
14). The anion-exchange system has been applied to rapid mutual-
separation of the light lanthanoids from La to Pm (75). In such a
separation system, elevating the temperature serves to improve the
effectiveness of rapid separation, while separation factors among the rare
earth and transplutonium elements increase with decreasing temperature
(12).

This paper presents three anion-exchange separation procedures that
are effective for the separation of Nd and the transplutonium elements in
spent nuclear fuels with nitric acid-methyl alcohol mixed media. The
first one was developed for IDM determination of Nd (Procedure I), the
second one was for quantitative separation (Procedure II), and the third
one was for a more rapid separation (Procedure IiI).

EXPERIMENTAL

Materials

Table 1 shows the respective anion-exchange resins, columns, and
eluents used for Procedures I, II, and III. For the rapid separation of
Procedure I11, a pressurized ion-exchange apparatus was employed (/6).
The rapid separation of U and Pu was performed by using 0.25 mL MCI
GEL CAOS8B resin (crosslinking, 8%; particle size, 16 + 2 um).
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Preparation of Sample Solution

A mixture of spent fuel specimens (burn-up: 20-30 GWd/t) and the
fission products containing “Nd was used as samples. After reduction-
oxidation treatment to change the oxidation states of Pu to Pu(IV), the
residues were redissolved with small amounts of concentrated HNO,
solution. The solution was mixed with a 10-fold volume of C,H;OH (see
Fig. 1), and an appropriate portion of the solution (which should contain
less than a few milligrams of U) was transferred to a resin column.

Recommended Separation Procedures

Procedures I, II, and III are outlined in Figs. 1, 2, and 3, respectively. If
the sequential separation of U and Pu is necessary, preliminary group-

rFueI specimen j

Dissolve with oquo regia, evaporafe up.

t<=— 1ml conc. HNO3 , evoporote up.
Repeat 2 times.
<— 1ml conc. HCL, evaporate up.
[<— 0.5m{ 6M HC!

r—3ml 0.05M NH20H-HCL-0.1M HCL.
— Stand for 20 min., evaporate up.

>OOMmn

re— Redissolve with 0.3m{ of conc. HNO3
le—— Add 3ml of CoHsOH and mix .
~<— Rinse with 2~5ml of M HNO3 -90% CH30H .

———50ml 1M HNO3-90% CH3OH
——ca. 30ml 0.5M HNO3- 80% CHzOH
—— 30ml 0.5M HNO3-80% CHzOH

F—!Oml 0.1M HCL
3 Y 3

Anion exchonge column (#4mm x 8em),
resin : BIORAD AG 1 4X ( -400 mesh ),
at room temperature

{Csi iSr,Y i EuPmi iNdi | Ce

10 | Cm Ami l Pu(W)!
l Mass spectrometry
Q- ray spectrometry

FiG. 1. Procedure I (separation of Nd for IDM determination).
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rSampIe solution ]

r—— Evoporote up.

r— Dissolve with 0.tml conc. HNO3-
«— Add {m{ CzHs50H ond mix.
e—-Rinse with = 5mbL of 1M HNO3-90% CH30H.

4ml 0.5M HNO3-80% CH3OH

——aml 0.5M HNO3-80% CH30
——8ml 0.5M HNO3- o CH30H
——14ml 0.5M HNO3-80% CHsOH

5ml 0.1M HCI
1 3 Y {

Anion exchon$e column (#4mmx dcm),
resin : CAD6 mi),
of room temperoture

CsSr iCmi iAmi INd [ IPr |
, Eui .Sm,:Pm:: PiGe

U(Vl)' N i ‘~-~[—=' Pu (V)
Moss spectrometry or

elemental analysis
»( -ray and mass spectrometries

F1G. 2. Procedure II (quantitative separation).

separation of FP, U, and Pu is performed by anion exchange with HCl
solution (9). The rapid group-separation procedures by anion exchange
with aqueous HNO; solution at elevated pressure are also given in Fig. 3.
In such a case, the FP fraction of the group separation is fed to the Nd
purification process.

Activity Measurement

A drop of effluent was placed at appropriate intervals on a Ta disk (¢24
mm X 0.05 mmt) in order to obtain the elution curves. After evaporating
the solution, the alpha-, beta-, and gamma-activities were measured on
the disks with a Si-surface-barrier and Ge(Li) detectors.

RESULTS AND DISCUSSION

Separation of Nd for IDM Determination

Figure 4 shows the elution curves obtained by using a conventional
anion-exchange resin, BIORAD AG 1X4. After passing the sample
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Fuel specimen

Dissolve with aquo regia.

j=—Redissolve with co.0.2ml of conc. HNO3.

———0.3ml conc. HNO3
——0.7ml Conc. HNO3

4ml O.IM HCL
Y ¥ 3 l

Anion exchange column {1.5mm®x t4em), CAOBB (0.25ml),
af room fempercture. pressure : 10~ 40 MPa

FRN

PU Py
[—-1———->Moss ond Q~roy spectrometries

le—Concentrate fo ca. 0.05ml.
|— Add 0.5ml CoHsOH and mix .

—0.6ml 0.0IM HNO3-90% CH30H
2ml 0.01M HNO3-90% CH3OH

tml 0.1M HCL
y ' {

Anion exchonge column { #1 mm x 5.7cm},
resin : CAOBS (23.6 mg]),
temperature : S0°C, pressure : 10-40MPa

= 1 i_._@_.,i 1T

CsSr cm: | :
i 'Eui iSm: iPm ! i
UV I R e o :

[

Moss spectrometry
-+ @ - ray spectrometry

H1G. 3. Procedure I (rapid separation).
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FiG. 4. Separation of Nd, Am, and Cm on the conventional anion-exchange resin at

ambient temperature and pressure. Resin: BIORAD AG | X 4 (1 mL). Column bed: ¢4

mm X 8 cm. a: Sample solution (0.3 mL concentrated HNO; + 3 mL C,H;OH) and wash

solution (2 mL of 1 M HNO;-90% CH;O0H). b: 50 mL of 1 M HNO;~-%0% CH;O0H. c: 130 mL
of 0.5 M HNO;-80% CH;OH. Flow rate: ~0.4 cm/min.

solution through the column, the inner walls of the column were rinsed
with 2-5 mL of 1 M HNO;-90% CH,OH, and “*"“Cs was passed
immediately through the column. ®Sr-Y and U(VI) were eluted from the
column with 50 mL of 1 M HNO,-90% CH,OH medium. Then Eu,
Cm, Am + “Pm, 'Nd, and '"“Ce were eluted in that order with the
0.5 M HNO,-80% CH,OH medium. The effluent from 5 to 25 mL was
taken as the Am-Cm fraction.

Neodymium was recovered in the next 30 mL of effluent with
considerable yield, being monitored by the gamma-activity of ’Nd. If
“TNd was not present, the elution position of Nd was predicted by
monitoring the alpha-activity of **Am or the beta-activity of “"Pm.
Although the Nd fraction crossed over by 5-10% of Pm + Am and some
other nuclides, such as *Zr and ®*'®Ru, the separation from Ce and Sm,
which disturbed the IDM determination of Nd, was complete. After Nd
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elution, Pr, Ce, and Pu(IV) can be washed out of the column with 0.1 M
HC1 or 0.1 M HNO; solution.

On the basis of the above results, the steps of Procedure I for the IDM
determination of Nd are given in Fig. 1. Neodymium and Am + Cm
samples were prepared by evaporating the fractions for IDM measure-
ment and alpha-ray spectrometry. Since U and Pu are recovered in the Sr
and Ce fractions, respectively, it is possible to take U and Pu for IDM
without further separation of U and Pu. It took about 3 days to do the
Nd separation, but the procedures are simple and several samples
can be treated in parallel, which is very suitable for routine burn-up
measurements.

Quantitative Separation of Nd, Am, and Cm

Figure 5 shows chromatograms of the rare earth and transplutonium
elements obtained by using a fine resin, MCI CAO6Y, at ordinary
temperature and pressure. It is necessary to transport the whole sample
with a minimum amount of 1 M HNGO,;-90% CH,0H to the column for
quantitative separation. The flow rate was so slow (~0.09 cm/min) that
the ion exchanges always attained equilibrium and the relevant elements
could be separated effectively. Caesium, Te, Sr, Y, Np, U(VI), and Eu were
eluted first from the column with 4 mL of 0.5 M HNO,-80% CH,0H; Cm
and Ba were eluted next with 4 mL of the eluent (Cm fraction); and
Am + Pm were eluted with the succeeding 8 mL fraction of the eluent
(Am fraction). After eluting Am + Pm, Nd was eluted with 10 mL of the
same eluent. More than 99.9% of ''Nd activity was recovered in the Nd
fraction. Activities of the neighboring rare earths were not detected in the
Nd fraction when it was slightly contaminated by the activities of *Zr and
10316Ry. By further elution with the same eluent, Pr and Ce were
effectively separated. In addition to “'Nd and "“"*Ce identified by
gamma-ray spectrum analysis, '“Pr was detected by beta-activity mea-
surements. Plutonium(IV) absorbed on the resin column was eluted with
0.1 M HClL

Table 2 summarizes the relative separation factors of Y and light rare
earth elements to Nd compared with those in the literature (17, 18). The
separation factors agreed with the reported data at room temperature.
Separation factors between the two elements at room temperature are
larger than those at elevated temperature (J2, 15).

This procedure, shown in Fig. 2 as Procedure 11, enables one to make
quantitative separation of Nd, Am, and Cm from irradiated U samples.
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F1G. 5. Quantitative separation of Nd, Am, and Cm on the fine resin at ambient temperature

and pressure. Resin: CAOBY (0.5 mL). Column bed: ¢4 mm X 4 cm. a: Sample solution (0.1

mL concentrated HNO; + 0.9 mL C,H;OH). b: 100 mL of 0.5 M HNO;-80% CH3;OH. Flow
rate: ~0.09 cm/min.

Although it takes about 2 days to isolate Nd, it is possible to determine
the sum of Nd isotopes. Alpha-ray spectrometry of the Am and Cm
fractions results in quantitative determinations of the alpha-active
nuclides.

Rapid Separation

The rapid separation of the light lanthanoids, including Nd, Am, and
Cm, has been reported (15). In this paper the sequential rapid separation
by anion exchange is examined. Figure 6 shows an elution for the initial
separation of irradiated U with concentrated HNO; at elevated pressure
and ambient pressure. The volume of effluents and the elapsed time are
indicated as the bottom and top abscissas, respectively. After 0.2 mL of
the sample solution was charged, Nd and other main fission products
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FiG. 6. Elution for rapid initial separation of irradiated U. Resin: CAO8B (0.25 mL).
Column bed: ¢1.5 mm X 14 cm. a: Sample solution (0.2 mL concentrated HNO;). b: 1 mL
concentrated HNOj;. Flow rate: ~4.4 cm/min.
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were passed through the column with 0.3 mL of concentrated HNO, (FP
fraction) and then U was eluted in 0.5 mL of the solution. Plutonium was
recovered with 0.1 M HCI or 0.1 M HNO,.

The FP fraction was concentrated to about 0.05 mL, and 0.5 mL
C,H;OH was added to the solution. The mixture was transfered to a small
column packed with 0.05 mL CAOSS. Figure 7 shows the elution curves
for rapid separation of Nd, Am, and Cm at 90°C. The volume of effluents
and the elapsed time are also indicated. Caesium, Te, Sr, Y, Ba, and Eu
were washed with 0.6 mL of the initial 0.01 M HNO,-90% CH,OH eluent.
Then Cm (+ Sm), Am + Pm, and Nd were developed with 2 mL of the
solution. Cross contaminations in appropriate fractionations were with-
in 1%.

The entire rapid separation procedures are given in Fig. 3 as Procedure
III. The time required to separate Nd was less than 1 h. The procedures
are quite adequate for an automated operation. If the separation of Nd

Time (hr)
0 05 1 2 ;
fol T —T : 10
2{"9Np ,'4dBo BT b0g, %0y
3
Tl :
i
. 10" 1‘-'{ 4T\ q ﬂ‘ i44ce 10 q 4 40% |
E | 1244 P P " Vo E
o |1 i 1 I\ [ 8_
= i} ) pr I o
> 5] a0 by 3
= 10° | [ S I KT
N BT E
S | / T T | =
{ | 1 Q
<|[ Y N ." ‘l " l‘| 2 5
o 10* ] / P Ho
T
/ TV
% VR R N

2 3 5 7 9
Effluent (ml)
F1G. 7. Rapid separation of Nd, Am, and Cm at 90°C. Resin: CAO8S (23.6 mg). Column bed:

1 mm¢ X 5.7 cm. Sample solution: 0.05 mL concentrated HNO;3 + 0.5 mL C,H;OH. Eluent:
9 mL of 0.01 M HNO;-90% CH;0H. Flow rate: ~7 cm/min.
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from a milligram amount of irradiated U is necessary in a one-column
operation, the column volume should be 0.25 mL (I5).
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