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Summary

A Column Exchange Chromatographic procedure using Tri-n-Octyl-
Phosphine-Oxide (TOPO) as stationary phase, is in routine use at
SAL since 1984 on nuclear spent fuel reprocessing and on Pu product
samples, prior to alpha and mass spectrometric analysis. This
standard procedure was further on modified in view of its
automation in a glove box; the resulting new procedure is described
in this paper. Laboratory Robot Compatible (LRC) disposable columns
were selected because their dimensions are particularly favorable
and reproducible. A less corrosive HNO3-HI mixture substituted the
former HCl-HI plutonium eluant. The inorganic support of the
stationary phase used to test the above mentioned changes was
unexpectedly withdrawn from the market so that another support had
to be selected and the procedure reoptimized accordingly.

The resulting procedure was tested with the robot and
validated against the manual procedure taken as reference: the
comparison showed that the modified procedure meets the analytical
requirements and has the same performance than the original
procedure.
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1. INTRODUCTION

The nuclear material balance of a reprocessing plant is verified
for Safeguards purposes by taking independent and representative
samples from the input and output materials of the plants. Due to
shipment constraints, the samples which are taken from the
accountability tanks and are to be analyzed at the inspectorate
laboratory must be previously conditioned at the plant before being
shipped. The task of the inspectorate laboratory is to determine
accurately the elemental concentration and the isotopic composition
of Pu and U present in these samples.
As the conditioned samples contain only microgram amounts of
plutonium, the best candidate technique fulfilling the analytical
requirements is the Isotopic Dilution Mass Spectrometric (IDMS)
analysis.
The standard procedure [1] at the Safeguards Analytical Laboratory
(SAL) of the International Atomic Energy Agency (IAEA) involved a
Fe+2/N02"2 redox cycle [2] to adjust all the plutonium present in
both the spiked and unspiked samples to the valency state IV; then
the plutonium and uranium are extracted from the sample solutions
using a Column Extraction Chromatography technique (CEC) on a
column filled with Tri-n-octylphosphine oxide (TOPO) supported on
an inorganic material; subsequently the plutonium is reduced to
Pu+3 and eluted with a mixture of HC1/HI. Unfortunately the HCl
eluant is too corrosive to be used with a metallic robot system
accommodated in a glove box like the one installed at SAL-IAEA [3].
Therefore a variant of the routine chemical separation procedure
using diluted HNO3 instead of diluted HCl has been tested and
validated with the aim to adopt it for the automatized chemical
processing of inspection samples.
The working procedure for the chemical treatment of inspection
samples in nuclear spent-fuel reprocessing and plutonium fuel
fabrication is then based on a CEC technique in which the TOPO is
coated on a Silicagel support and packed into disposable Laboratory
Robot Compatible (LRC) columns. The pretreated samples are loaded
on the chromatographic columns and the Pu eluted by an HCl-free
reagent. This procedure is described and discussed in this paper.

2. EXPERIMENTAL

2.1 EQUIPMENT

2.1.1 Trovidur stands(PVC) to hold the columns and the glass
tubes in which the purified fractions are collected.

2.1.2 Disposable polypropylene LRC columns (Bond Elut LRC, Cat.
No. A 1211, Analytichem International, 24201 Frampton
Avenue, Harbor City, CA 90710, USA) filled with
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Silicagel-TOPO for CEC and subsequently conditionnée! (see
annex I)

2.1.3 Electronically controlled heating blocks with holes to
accommodate the glass tubes.

2.1.4 Normal laboratory-equipment (pipettes, glassware, etc.)

2.1.5 Laboratory robot and peripherals (when the automated
procedure is used [4])

2.1.6 Alpha and mass spectrometry equipment and techniques are
respectively described in [5] and [6].

2.2 CHEMICALS

The total amount of plutonium or uranium which may be present in
the reagents or which may be leached from the walls of the vessels
used to treat one sample should not exceed 15 pg per fig of the
element in the sample fraction submitted to mass-spectrometry.

All reagents needed for the chemical treatment of the spent fuel
samples are prepared outside the Robot glove box.
Most reagents can be stored for long periods without significant
changes in their chemical properties. Some have to be prepared
freshly for every working session.
A list of all reagents used in the present procedure and their
maximum storage times are presented in Table 1 and correspond to
the reagents described in [7].
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TABLE 1

List of Reagents

Reagent

HNO3

HNO3

HNO3

HNO3

HN03/HI

FeSO4

NaNO,

(NH4J2CO3

HiO dist.

Merck Cat. No.

456

(456)

(456)

(456)

(456/347)

(3965)

(6549)

(1134)

n.a. **

Concentration

Concentrate

6M

3M

1.7M

1.7M/0.1M

O. IM

IM

0.7M

n.a.

Stability

Long *

Long

Long

Long

1 day

1 day

1 day

Long

Long

* Long = up to 4 months
** n.a. = not applicable
( ) Cat.No. in parentheses identify the source material

2.3 PROCEDURE

2.3.1 Chemical treatment prior to separation

2.3.1.1 Begin the chemical treatment with dry samples. Therefore
evaporate aqueous sample aliquots to dryness on the hot
plates at 10O0C, keeping the temperature slightly below
the boiling point to avoid any splashing and bubbling.

2.3.1.2 Remove sample glass tubes from the hot plate and allow
them to cool down. Add 0.5 ml HNO3 6M and evaporate again
slowly at 9O0C on the hot plate until nitrate salts
crystallise.

2.3.1.3 Remove again the glass tubes from the hot plate, and
redissolve the salts by adding 0.5 ml HNO3 3M while still
warm and shake.
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2.3.1.4 Adjust plutonium to the tetravalent state as follows: Add
50 JtI Fe+2 solution, mix and allow to cool down (5 min.);
add 50 /il NaNO2 solution, shake and add 100 /tl HNO3 6M to
reach an overall molarity of 3M and mix again. Wait for
at least 5 minutes.

2.3.2 The Chromatographic Columns

In the new procedure the separation is made on LRC columns instead
of the Muromachi columns. The mechanical dimensions are more
reproducible and the reagent flow rates are higher with the new
columns when compared with the earlier ones. (See Annex I)

2.3.3 Freshly prepared reagents

Two reagents used for the valency adjustment have to be prepared
freshly: the FeSO4 solution and the NaNO2 solution.
The Pu eluting reagent is also prepared daily by adding and mixing
gently 1 ml of concentrated HI into 100 ml HNO3 1.7M. The reagent
colour ranges from yellow to light brown. If the colour is dark
brown due to oxidized iodine, it is advisable to discard the HI
reagent and to start again with a freshly opened Hi-reagent bottle
(Merck N° 347).

2.3.4 "Manual" Separation Procedure

A schematic flow-chart of the separation procedure is shown in
Figure 1.
If an air bubble gets stuck in the column, the regular flow of the
column is disturbed. Exert a slight air pressure on the top of the
column with a rubber bulb until all air bubbles leave the column.

2.3.4.1 Transfer 400 /tl of the pre-treated sample (see chapter
2.3.1) onto the column, wait approximately 1 min., add
the rest of the sample and let it flow through. The brief
pause favors the retention of Pu and U in the very upper
layers of the column.

2.3.4.2 Wash out the fission products, together with americium,
from the column using 3 successive aliquots of 2, 3 and
4 ml of HNO3 3M.

2.3.4.3 Condition the column for the plutonium elution by adding
2 ml HNO3 1.7M. Discard all solutions collected until
now.

2.3.4.4 Elute the plutonium from the column with two successive
aliquots of 2 and 3 ml of HNO3 1.7M/HI O.IM respectively.
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Place the glass tubes with the collected plutonium
fractions on the hot plate for evaporation.

2.3.4.5 Wash out the 'tail1 of the plutonium with one aliquot of
5 ml HNO3 1.7M/HI O.IM and discard the plutonium 'tail'.

2.3.4.6 Condition the column for the elution of the uranium
fraction by adding two aliquots of 1 ml H2O each.
Discard the H2O washings.

2.3.4.7 Elute the uranium with 4 ml (NH4J2CO3 0.7M reagent.
Place the glass tubes with the collected uranium
fractions on the hot plates for evaporation.

2.3.5 Final treatment and dilution

2.3.5.1 Let the collected plutonium and uranium fractions dry
gently at 9O0C, preferrably on separate hot plates.

2.3.5.2 Take off the fractions from the hot plate, add 250 /tl
HNO3 cone, and evaporate again to dryness. Repeat this
step.

2.3.5.3 Redissolve the plutonium fraction in a suitable volume of
HNO3 3M to obtain a concentration of 50 /*g Pu/ml and stir
the vial when still warm to facilitate dissolution and
homogenize the solution.

2.3.5.4 Redissolve the uranium fraction by adding the volume of
HNO3 1.7M needed to obtain a concentration of 1000 /ig
U/ml and stir the vial when still warm.

2.3.5.5 The glass tubes with plutonium and uranium fractions are
stoppered and are now ready for analysis by Mass
Spectrometry and Alpha Spectrometry.

3. RESULTS AND DISCUSSION

The performance of the present chemical procedure has been compared
to the one developed by Delle Site et al [I].
Brief reports of the validation tests which were performed on
different types of samples are attached to this paper as annexes:
tests with synthetic spent fuel samples are described in Annex II.
Results of tests on feeds and products of plutonium fuel
fabrication samples are given in Annex III. The performances of the
final procedure in which Silicagel inert support substituted the
previously used fractosil support are presented in Annex IV.
The tests described in annexes II to IV were made with a plutonium
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eluant mixed with a few drops of sulphurous acid to slow down the
air-oxidation of the HI. The mass spectrometric measurements were
not affected by the presence of H2SO3. The addition of H2SO3 however,
caused interferences in the alpha spectrometric measurements
because the sulfuric acid resulting from its air oxidation attacks
the glazing of the porcelain dish used as a support for the
preparation of the a-sources; for that reason the routine use of
H2SO3 has since been deleted as prescribed in paragraph 2.3.3.:
keeping the good performances already achieved in the mass spec
measurements and slightly improving the quality of the alpha
sources.

4. CONCLUSIONS

The tests described in annexes II, III and IV led to the following
observations:

1. The solutions flow faster and more reproducibly through the
LRC columns than through the old Muromachi columns.

2. The rate of corrosion of the equipment is expected to be
reduced since HCl is no longer used.

3. The uranium recovery yields are practically the same as the
ones obtained with the HC1/HI procedure.

4. The plutonium recovery yield from mixed oxide samples is
comparable and as reproducible as with the old procedure; the
recovery was however lower but more reproducible in the case
of plutonium oxide samples.

5. The purities of the plutonium and uranium fractions are the
same as those obtained with the HC1/HI procedure, although
there is a higher risk of Pu tailing into the U-fraction for
Pu product samples.

6. The repeatability and accuracy of the isotopic and isotope
dilution analyses of actual input spent fuel and control
samples meet readily the International Target Values proposed
for 1993[8] with the modified procedure.

7. When applied to the treatment of mixed uranium, plutonium
samples with U/Pu ratios between 1 and 20, the new procedure
yields a better decontamination of plutonium from uranium.

8. The results of 239/240 ratio measurements are very similar for
all examined types of samples and for both procedures, whereas
the new procedure yields more scattered results for the
235/238 ratios especially for MOX samples with U/Pu ratios of
20:1.

9. On the whole it may be concluded that the isotopic
compositions of mixed oxide and plutonium oxide samples are
determined just as well with the old and new procedures.

10. Considering the good results obtained on simulated spent fuel
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samples when a Fractosil inert support was substituted with
Silicagel in the new LRC columns and when the same HNO3/HI
plutonium eluant was used (see Annexes II and IV), the same
satisfactory results would be expected for plutonium product
samples.
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Figure 1
Flow-Chart of the CEC Procedure
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ANNEX I

The packing and conditioning of LRC Columns loaded with
an inert silica support coated with
Tri-n-Octyl-Phosphine-oxide (TOPO)

1. INTRODUCTION

Reliable columns must contain an homogeneous packing of a suitable
inert support coated uniformely with the extractant Tri-n-octyl-
phosphine oxide (TOPO). The flow rate of the chemical reagents must
be reproducible during the whole separation process. The disposable
Laboratory Robot compatible (LRC) columns must be prepared in a
clean room where possible contamination with actinides is excluded.
These are 3 main prerequisites in the Column Extraction
Chromatographic (CEC) separation procedure used at SAL.

2. EQUIPMENT S REAGENTS

Figure A-I shows schematically the loaded LRC column.
The following equipment is needed for the column preparation.

2.1 LRC Column and frits: Bond Elut LRC, Cat. No. A 1211,
Analytichem International, 24201 Frampton Avenue, Harbor City,
CA 90710, USA.

2.2 TOPO/Silicagel powder dispensing spoon
2 . 3 Rubber bulb
2.4 Shaker with column holder, IKA-VIBRAX Mod. VXR, Janke &

Kunkel GmbH u. CoKG, IKA-Werke, Staufen FRG
2.5 Sieve, stainless steel, 0.25 mm pores
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The list of reagents needed for the column preparation is given in
Table Al-I:

TABLE Al-I
List of reagents

Reagent

Silicagel 100
63-200 ftm

TOPO

Cyclohexane

HNO3 3M

Merck Cat. No.

10184

8254

9666

456*

* Cat. No. of HNO3 65% p.A.

3. TOPO/SILICAGEL PREPARATION

Silicagel, a silicate based support is coated with TOPO and is
packed into the columns as a loose, dry powder. The preparation is
performed as follows:

Weigh 30 g Silicagel in a 250 ml beaker.

Add swiftly to the powder 45 g of O. IM solution of TOPO in
cyclohexane.

Stir steadily and quickly with a plastic spoon taking care that the
Silicagel is uniformly wetted and coated with the TOPO-solution.

Transfer the mixture to a large watch-glass and spread it evenly
with the spoon to allow the material to dry. The cyclohexane
evaporates rapidly leaving a dry Silicagel coated with TOPO. Leave
at least 24 hrs., better 48 hrs., at room temperature to reach
complete dryness.

Never dry above room temperature.

4. PACKING THE COLUMNS

Before introducing the TOPO/silicagel powder into the LRC column,

mount the bottom frit into the column with a plastic PVC rod as
follows:
Take a 20 micron-frit and place it in the column reservoir. Push
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the frit with the rod through the column until it reaches and rests
on the flat bottom of the column. Do this gently, without damaging
or twisting the frit (Figure A-I).

Then place the column on the shaker and cover it with a
glass-funnel.

Before packing the column with TOPO-Silicagel, sieve the powder
through a stainless steel sieve with 0.25 mm pores to assure that
no bulk TOPO is added to the LRC.

Fill the special dispensing plastic spoon with sieved TOPO/
Silicagel powder up to the rim and pour it through the funnel into
the column. Remove the funnel from the column.

Set the shaker to 1200 rpm and let it shake the column for about 5
seconds. This has the purpose of distributing homogeneously the
TOPO silical beads in the column. Half of the material has now been
packed in the column.

The second half is added in the same way: Place the glass-funnel on
the top of the column again and add a second portion of TOPO/
Silicagel powder with the dispensing plastic spoon. Shake the
column in the same way as the first time. At this stage 0.5 g TOPO/
Silicagel have been added to the column.

Take a 70 micron frit and place it in the column reservoir over the
bed of TOPO/Silicagel. Push the frit carefully with the rod until
it presses gently on the TOPO/Silicagel filling. Take care that the
frit sits horizontally on the TOPO/Silicagel (Figure A-I).

The column is ready and can be conditioned for immediate use or
stored in a sealed plastic bag for later use.

S. CONDITIONING THE COLPMNS

CEC-separations are performed on freshly conditioned columns.

Take the column out of its storage bag and place it on a stand
outside of the Glove Box (GB) and a flat-bottom vial under it. The
conditioning is done outside of the GB with the purpose to avoid
unnecessary production of radioactive waste.

Add 8 ml HNO3 3M to the column and press the solution gently with
a rubber bulb through the TOPO/Silicagel until liquid drops appear
at the column tip. The diluted acid will now flow by gravity
unattended until the reservoir is empty.

After the reagent has stopped to flow, the column can be taken into
the GB and placed on the stand where the CEC separation will be
performed.
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FIG. A-1

The LRC column
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FIG. A-2
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TOPO/Silicagel powder

Powder dispensing spoon
(cut view)

Rubber bulb

Plastic adapter to
column reservoir

Rubber bulb
(cut view)



- 15 -

ANNEX II

Performance of the separation procedure
on 15 synthetic spent fuel samples using a HNO3/HI

mixture for the elution of Pu

1. INTRODUCTION

The aim of the investigation presented in this Annex was not to
measure the absolute yield and the decontamination factors obtained
with the Column Extraction chromatographic (CEC) separation
procedure using an HN03/HI mixture to elute the plutonium, but
rather to compare these parameters with the values of the qualified
(HC1/HI) separation procedure used at SAL in routine analysis since
years [9]. For this purpose all tests were run in parallel applying
the procedure using HC1/HI eluant being taken as reference.
A new column type (LRC) was also tested and compared with the 'old'
Muromachi-column. The LRC-column has a better geometry for auto-
matized chemical separation than the Muromachi-column.

2. THE NEW PU ELUANT

In comparison with the old plutonium eluant (O. IM HI in 2M HCl),
the new eluant is a mixture of O. IM HI in 1.7M HNO3.
When exposed to air, the eluant which is originally colorless,
turns to a yellow-brown colour in a matter of hours. This colour
comes from the production of iodine and is removed by adding a few
drops of H2SO3.
The HNO3 molar ity of 1.7 represents a compromise. A high molarity
is desirable for achieving high Pu recoveries. However above a HNO3
concentration of 2M, HI oxidizes so rapidly, that iodine clogs
rapidly the column.

3 . ABBREVIATIONS

MU = Muromachi columns, 'old1 type
LRC = columns, 'new' type
O = 'old' reagent, O. IM HI in 2M HCl
N = 'new1 reagent, O. IM HI in 1.7M HNO3

!
t
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SS = Synthetic Sample, U235 + Pu239
SFC = Synthetic Fuel Control-Sample
MS = Mass Spectrometry

4. TEST MATERIALS

Two types of test samples were used in the investigation.

4.1 'Synthetic Sampla' (SS);

It is a mixture of 235U (NBS 116) with 239Pu (NBS 949e) in an
elemental ratio of 200:1.
This material was selected because it allows to measure the yield
of the Pu recovery by Gamma-Spectrometry, which gives more accurate
results than alpha-spectrometry.
Also the 235u/239Pu ion ratio from the plutonium fractions can be
readily measured on the MAT-261 Mass Spectrometer and gives an
excellent idea of the amount of 235U remaining in the plutonium
fraction. Similarly the measure of the 239Pu/-35!! ratio from the
uranium fraction gives an indication of the amount of 239Pu still
present in the uranium fraction.

4.2 'Spent Fuel Control' (SFC):

A validated synthetic spent fuel control solution [10] containing
238U and 239Pu in an element ratio of 100:1 is mixed with a kwon
fraction of a ̂  certified four-isotope spike [11] which contains
242Pu, 244Pu and 233U, 236U. The results of the IDMS assay are compared
with the known composition of the control sample.

5. TESTS PERFORMED AHD RESULTS OBTAINED.

5.1 Synthetic Sample (SS)

5.1.1 Series SSl to SS6

These series were run on MU columns.
The plutonium recovery results are given in table A2-1 and show
slightly lower plutonium yield with the new reagent.
The ratios measured by MS are reported in Table A2-2 and the
results indicate a measurable tailing of plutonium in the uranium
fraction whereas the plutonium fraction seems to be equally well
purified from uranium with the old and the new reagent.

5.1.2 Series SS7 to SSIl

These series were run on LRC columns.
Test samples SS8 to SSIl were treated with HI/HNO3 eluants of
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different acidities (1.5 & 2.0 M). The results obtained are
compared to the results of the test sample SS7, which was treated
according to the reference procedure.
The plutonium recovery results presented in Table A2-3 show that
the range of acidity studied and the two varieties of plutonium
eluant tested give comparable and high plutonium yields.
The isotopic ratios were measured by MS to detect the contamination
of uranium in the plutonium fraction, and that of plutonium in the
uranium fraction. Table A2-4 show that both fractions are well
purified in all cases.

5.2 Spent Fuel Control (SFC)

The assay of uranium and plutonium in the series SFC using
different columns and eluants of plutonium were performed according
to the following schemes.

5.2.1 Series SFCl & SFC2

The series SFCl was prepared using the new reagent, while series
SFC2 was prepared using the HC1/HI eluant and serves as reference.
Both series were run on Muromachi columns with the aim to compare
the performance of the HCl-free reagent against the earlier
procedure.

5.2.2 Series SFC3 & SFC4

The new reagent was used with the series SFC4 and the reference
eluant (HC1/HI) with the series SFC3.
Both series were run on LRC columns. A comparison of the results of
SFC3 with those of SFC2, both run with the same reagent, tests the
influence of the LRC column in respect to the Muromachi column. The
same consideration is valid for the series SFC4 and SFCl.

5.2.3 Series SFC5 & SFC6

Both series are run on LRC columns with the aim to compare the
performance of the new HI/HNO3 reagent (series SFC6) against the
old reagent (series SFC5).
The results of the experiment are given in table A2-5; the recovery
yields of both actinides are comparable with those found with the
reference column M and reagent O which are taken as equal to 100.
Lower Pu recoveries were found in other LRC-HNO3/HI tests using
lower HNO3 concentrations. This indicates that although the Pu"

1"4,
retained on the TOPO, was reduced to Pu+3, it was not eluted
completely due to the low acidity of the HNO3 reagent.
1.7M HNO3 represents a compromise between the high acidity needed
to elute the Pu+3 and the faster oxidation of I" at high HNO3
concentrations.
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TABLE No A2-1
Relative Pu recovery factors with old & new eluants

measured by Gamna-Spectrometry

Sample
No.

SSl

SS2

SS3

SS4

SS5

SS6

Eluant
type

O

O

O

N

N

N

Pu relative
recovery *

1

0.999

1.018

0.859

0.881

0.906

* Results are related to the yield obtained with SSl as reference
where the recovery arbitrarily fixed to 1 represents in fact a
recovery of -96-97 % of the initial amount of 239Pu in the sample
aliquot of SSl.
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TABLE No A2-2
U, Pu decontamination for Fu and U fractions treated

with Old £ New eluants and measured by MS.

Sample
No.

SSl

SS2

SS3

SS4

SS5

SS6

Eluant
type

O

O

O

N

N

N

235/239 in
Pu fract.

.000004

.000001

.000022

.000000

.000024

.000000

.000012

.000013

.000000

.000011

.000008

.000003

239/235 in
U fract.

.000008

.000001

.000008

.000002

.000005

.000008

.000040

.000064

.000034

.000030

.000017

.000064

TABLE NO A2-3
Relative Pu recovery factor in LRC-eolumns

measured by Gamma-Spectrometry

Sample
No.

SS7

SSS

SS9

SSlO

SSIl

Eluant
type

O

N

N

N

N

Pu relative
recovery *

1.000

0.941

0.935

0.976

0.970

* Results are related to the yield obtained with SS7 as reference
where the recovery arbitrarily fixed to 1 represents in fact a
recovery of -96-97 % of the initial amount of 239Pu in the sample
aliquot of SS7.
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TABLE No A2-4
U, Pu decontamination of D and Pu fractions

from LRC-columns, measured by MS.

Sample
No.

SS7

SSB

SS9

SSlO

SSIl

Eluant
type

O

N

N

N

N

235/239 ratio
in Pu-fraction

0.000000

0.000000

0.000000

0.000022

0.000000

239/235 ratio
in U-fraction

0.000030

0.000032

0.000004

0.000010

0.000003

TABLE NO A2-5
Pu & U assay by Isotope Dilution Mass-Spectrometry

Test with old ft new eluants,
HO t LRC Columns.

Sample
No.

SFC 1

SFC 2

SFC 3

SFC 4

SFC 5

SFC 6

eluant

N

O

O

N

O

N

Column

MU

MU

LRC

LRC

LRC

LRC

Pu
assay (a)

100.01

100.00

99.98

99.94

100.00

99.95

U
assay (a)

99.96

100.00

99.96

99.91

100.00

99.99

(a) Measured Concentration
Reference Concentration*100
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ANNEX III

Performance of the separation procedure
on actual plutonium product samples

using a HNO3/HI mixture for the elution of Plutonium

1. INTRODUCTION

The reagents, equipment and the modified chemical separation
procedure using Fractosil coated with TOPO (see paragraphs 2.1, 2.2
and 2.3 respectively of the main text) which was qualified for
synthetic LWR spent fuel samples (see Annex II) was tested also for
different types of plutonium product inspection samples. The
experiment undertaken and the results obtained are presented in
this Annex.

2. TEST SAMPLES

1 Plutonium oxide (POX), 3 mixed oxide (MOX) samples with an U:Pu
ratio of 20:i, and 6 Uranyl-plutonyl nitrate (MNH) solutions with
an U: Pu ratio of 1:1, previously analyzed by potentiometric
titration [12] have been choosen for testing.
Two subsamples of each sample have been treated in parallel, in
order to compare the new separation technique with the conventional
one [I]. These samples were prepared only for isotopic composition
measurements; no valency adjustment prior to the separations was
carried out.

3. RESULTS

1.) 238Pu/239pu ratios were measured by âlpha- and mass spectrometry
to estimate the effect of residual uranium present in the
plutonium fraction. The results given in table A3-1 show that
less scattered results are obtained with the new procedure for
all type of mixed uranium, plutonium samples.

2.) The total amount of plutonium in the fraction was determined
by alpha spectrometry as a check of the yield of plutonium
recovery. The results obtained presented on table A3-2 show
that the performances of the old and new procedures were quite
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comparable for MOX 20:1 and MNH 1:1 samples, whereas the
Plutonium yield % were lower for the POX samples with the new
procedure.

3.) The 235/238 and 239/240 ratios were measured by mass
spectrometry because those ratios are used for the IDMS
analysis of mixed uranium-plutonium product inspection
samples. The results given in table A3-3 show no significant
difference between the two procedures.

other parameters which are also important for a separation
procedure such as the Am decontamination, the purity of the U
fraction and -he yield of uranium have not been evaluated,
expecting that they could not have been influenced by the
modifications applied.

Table A3-1
Decontamination of the Plutonium fraction from Uranium

sample type

MOX 20:1

MNH 1 : 1

n

6

6

238/239 diff% (*)

old procedure

-0.20 +/- 0.23

0.28 +/- 0.63

new procedure

-0.17 +/- 0.22

-0.17 +/- 0.14

2 3 8 / 2 3 9

A T . R a t i o MS

Table A3-2
Pu recovery measured by Alpha-Spectroraetry

sample type

POX

MOX 20:1

MNH 1:1

n

2

6

6

Pu yield %

old procedure

39.7 +/- 5.1

92.1 +/- 5.1

83.5 +/- 12.2

new procedure

25.3 +/- 0.4

89.2 +/- 12.3

84.4 +/- 11.3
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Table A3-3
Quality of the isotopic ratios measurements used for IDHS

sample type

POX

MOX 20:1

MNH 1:1

239/240 diff%
old-new

-0.06 +/- 0.01

+0.02 +/- 0.02

-0.03 +/- 0.02

235/238 diff%
old-new

n.a.

0.14 +/- 0.33

-0.09 +/- 0.22
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ANNEX IV

Results of 30 actual input spent fuel and 6 control
samples using Silicagel as support of the

Tri-n-octyl-phosphine oxide (TOFO)

1. INTRODUCTION

The validation of the column extraction chromatography (CEC) , using
a mixture of diluted HN03/HI to elute the plutonium as described in
Annex II and Annex III of this paper, was done using TOPO uni-
formely coated on a silicate support commercially called
"Fractosil" (Merck N° 16415) . Since "Fractosil" was withdrawn from
the market, we tested a number of different inert inorganic
supports from which Silicagel 100 (Merck N° 10184) presenting
physical and chemical specifications very similar to "Fractosil".
Due to the fact that our stock of Fractosil dwindled rapidly and
were required in priority for the routine work, very few parallel
tests with Fractosil and Silicagel were made and cannot be
presented here. We report instead results on routine input spent
fuel and on control samples that have been chemically treated by
the Input-lab robot [4] using Silicagel as the inert support for
the extraction chromatography.

2 . CHEMISTRY

The preparation of the extractant and the new support was done in
the same manner as for TOPO/Fractosil and is described in Annex I:
The Column Extraction Chromatographic treatment is described in the
proposed procedure and was applied on columns filled with TOPO/
Silicagel.

3 . SAMPLES

The results of routine analyses of about 30 input spent fuel
inspection samples were choosen for an evaluation of the new
support material and for the testing of the final version of the
modified procedure.
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Four parameters were considered to characterize the quality
of the chemical treatment.

(l) The plutonium concentration in the separated fraction must be
very close to 50 ng//*l as the mass spectrometer is tuned and
calibrated for this concentration. Alpha spectrometry is used to
determine this concentration before the fraction is submitted to
mass spectrometry. The average of 30 separations was 45 ng/jtl with
a standard deviation of 24 ng//tl.

(2) The Pu isotopic abundance measured by mass spectrometry:
higher results compared to those obtained by alpha spectrometry are
indicative of an interference by 238U isotope due to an insufficient
purification of plutonium from uranium. Table A4-1 quantifies the
extent of the 238U isobaric interference.

Table A4-1. 238Fu/239Pu isotope ratios; Difference between
mass- and |lpha-spectrometric measurements

(% Difference* > and relative standard deviatiodeviation).

Average Diff%

Relative Std Dev.%

No. of Input type
samples

1.21

2.58

30

(*) diff* = ( 2 3 8 / 2 3 9 AT-Ratio c , t l o o . 1 0 0> UiLt* "• 2^e/239 AT-Ratio MS

(3) The Repeatability and Accuracy of the isotopic Analyses: The
repeatability of duplicate measurements of actual input spent fuel
samples (Table A4-2) meets readily the International Target Values
proposed for 1993 [8] for all isotope ratios. Similar conclusions
are drawn from the results of isotopic analyses of reference
materials used as quality control samples (isotope ratios in Table
A4-3).
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Table A4-2. Repeatability of Duplicate Analyses
(Relative standard deviation in % = S%)

Measurement

240pu/239pu

241pu/239pu

242pu/239pu

Approx.
Isotope Ratio

0.38

0.12

0.05

Pu concentration

U concentration

No. of separations or samples

Observed
S%

0.044

0.12

0.13

0.11

0.22

34

Goal [8]
S%

0.10

0.30

0.40

0.40

0.30

(4) Repeatability and Accuracy of Isotope Dilution Analyses: The
tracer used for isotope dilution assays of spent fuel samples is
currently a mixture of NBL-126 plutonium, NBL-112a and NBL-116
uranium reference materials[13]. The repeatability of measurements
of the Pu and U concentrations after duplicate treatments of actual
spent fuel samples using Silic.agel and HN03/HI eluant is shown in
Table A4-2. The accuracy of the complete process is monitored with
quality control samples prepared by mixing an NBL-ll2a uranium
reference material with an analyzed plutonium sample with a high
240Pu content (Table A4-3).

Table A4-3. Reproducibility and Accuracy of Analyses of Quality
control Samples (% difference and standard deviation)(1)

Measurement
238pu/239pu

240pu/239pu

241pu/239pu

242pu/239pu

235U/238U

Approx .
Isotope Ratio

0.030

0.430

0.150

0.090

0.007

Pu concentration

U concentration

No. of samples

diff% & S%

0.25±0.51

0.10±0.06

0.21±0.51

-0.53±0.67

-0.02±0.14

0.02+0.40

0.09±0.16

6

(1) % difference = (Meas.
Re f.


