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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

This International Standard specifies an analytical method for determining the neptunium concentration in
nitric acid solutions after the dissolution of nuclear reactor irradiated fuels. The method is devoted to process
controls at the different steps of the process in a nuclear fuel reprocessing plant.
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neptunium in nitric acid solutions by spectrophotometry
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This|International Standard specifies an analytical method for determining the neptunium cong
spectrophotometry, with a standard deviation of about 5 %, in nitric acid solutions.@after the d
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B696, Water for analytical laboratory use — Specification and test methods

Principle

unium is quantitatively transformed to heptunium(V) using a vanadium(V)/vanadium(lV) redo
nium content is determined by spectrophotometry by measuring the height of the absorban
length of 981 nm.

nterferences

Uranium(VI) forms—an intercationic complex with neptunium(V). The complex has
rption at 992 nm\ -Fhe presence of uranium(VI), therefore, reduces the sensitivity of the ds
pver, the formation constant of this complex is low, and up to 1,5 g of uranium can be p
pt, provided that the calibration be carried out with the same quantities of uranium(VI

following referenced documents are indispensable for thecapplication of this document.
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00 mg-I-1.
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ce peak at a

A maximum
btermination.
esent in the
or that the

uranium(VI),

ateions influence the formation of the uranium(VI)/neptunium(V) complex. In the presence of
itrate concentration shall be controlled so that the concentrations in the sample and standard

by more than 0,2 mol-I-! during the analyses.

do not differ

4.2 Acidity contributes to the formation of neptunium(V), and its concentration shall be kept between
2,5 mol-I-1and 4 mol-I-" in a 5 ml volume prior to the addition of the vanadium(V)/vanadium(lV) buffer mixture,
and to (1 +0,2) mol-I-" at the final measurement. The apparent molar extinction coefficient decreases with an
increasing acidity.

4.3

The redox buffer vanadium(V)/vanadium(lV) stabilizes plutonium at valency (IV). It is t

herefore not

necessary to correct for the contribution of plutonium(VI) under the neptunium peak at 981 nm. The mass of
plutonium shall be lower than 30 mg in the aliquot. Usually, most of the plutonium contained in the dissolution
solutions is at valency (IV).
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4.4 Redox species in the sample influence the redox buffer vanadium(V)/vanadium(IV) ratio. The quantity of
redox species, including plutonium(VI), that can be present in the aliquot shall be such that the final
vanadium(V)/vanadium(IV) ratio remains between 0,25 and 1.

4.5 Nitrite ions at a concentration smaller than 0,1 mol-I-1 in the sample have no effect when the initial
vanadium(V)/vanadium(lV) ratio is 0,5.
5 Reagents

Use only reagents of recognized analytical grade and distilled or demineralized water with a resistivity greater
than 10 MQ-cm.

5.1 Nitricjacid solution, ¢(HNO3) = 3 mol-I-1.

5.2 Nitricjacid solution, ¢(HNO3) = 0,5 mol-I-1.

5.3 Nitricjacid solution, ¢(HNO3) ~ 0,1 mol-I-1.

5.4 Vanadium(lV) oxide sulfate solution, ¢(VOSQO,-5H,0) of about 1 mol--1!

This reagenf can be prepared in various ways.

For exampld, for a solution at 0,75 mol-I-1, the procedure can be as follows:

— Weigh 18,98 g of vanadium(IV) oxide sulfate (5.10) and disselve it in 80 ml of the nitric acid solution (5.3).
— Pour intp a 100 ml flask and bring to volume with nitrig acid solution (5.3).

— Homoggnize.

This solution shall not be used more than one manth after the date of preparation.
5.5 Cerium(lV) nitrate solution, c[Ce(NO3;),] of about 0,25 mol-I-1.

This reagenf can be prepared in various ways.

For exampld, for a solution at0;25 mol-I-1, the procedure can be as follows:

— Weigh 13,7 g of amimonium hexanitratocerate (5.11) and dissolve it in 80 ml of the nitric acid solution
(5.3).

— Pour intp a400 ml flask and bring to volume with nitric acid solution (5.3).

— Homogermize:

5.6 Vanadium(V)/vanadium(lV) redox buffer mixture.

The vanadium concentration in the solution is about 0,3 moll-!. The ratio between vanadium(V) and
vanadium(lV) is about 0,5.

This solution can be prepared in various ways.
For example, for a solution at 0,3 mol-I-! of vanadium, the procedure can be as follows:

— Add 40 ml of vanadium(IV) oxide sulfate solution (5.4) and 40 ml of cerium(IV) nitrate solution (5.5) to a
100 ml flask.
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— Shake and bring to 100 ml with distilled water (5.9).

— Homogenize.

This solution shall not be used more than one month after the date of preparation.
5.7 Uranyl nitrate solution.

Prepare a uranyl nitrate solution, with a concentration of uranium and nitrate close to those in the analyzed
sample. For example, for a certain fuel dissolution solution, [U] = 300 g-I-! and [NOs]=3 mol-I-1.

5.8 [ Neptunium calibration standard.

Neptunium reference solution in nitric acid 3 molI-!, with a concentration of about“100 mg--1. This
concentration, as it impacts the precision of the desired method, shall be known with a_specified grecision and
with hegligible bias.

5.9 | Water, complying with grade 3 of ISO 3696.

5.10| Vanadium(IV) oxide sulfate powder, (VOSO,4-5H,0).

5.11( Ammonium hexanitratocerate(lV) powder, [(NH4),Ce(NO3)gl:

6 Apparatus
Usual nuclear laboratory equipment, plus the following:

6.1 | A high-quality, double-beam grating spectrophotometer, or equivalent, designed for mgasurements
on fylly contained high beta-gamma solutionsand having, as far as possible, the following features:

a) fluctuation below 0,001 in absorbance,
b) ptable baseline;

c) bseful spectral range at I€ast'up to 1 100 nm.

7 Measurements

7.1 | Calibration

It is hecessary to calibrate the spectrophotometer. The calibration frequency is determined according to the
desirled accuracy of the results.

7.2 Sample preparation

7.2.1 Neptunium calibration solution
The neptunium calibration solution can be prepared in various ways.
For example, in a 25 ml volumetric flask,

— add one volume of neptunium calibration standard (5.8) corresponding to a neptunium amount slightly
over that in the aliquot of sample to analyze;

© 1SO 2009 — Al rights reserved 3
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aliquot of sample to analyze;

add 5m

adjust the volume to 5 ml with nitric acid solution 3 mol-I-1 (5.1);

| of the vanadium(V)/vanadium(I1V) redox buffer solution (5.6);

adjust to a total volume of 25 ml with nitric acid solution 0,5 mol-I-1 (5.2).

add one volume of the uranyl nitrate solution (5.7), corresponding to a uranium amount close to that in the

The calibration is made within the linear concentration range of the spectrophotometer, which depends on the
spectral bandwidth.

NOTE T

7.2.2 Sam
The sample
For example

add a v
solution

adjust t
add 5 m

adjust t

The volume
neptunium ¢

7.3 Specf

Setup the s
the measure

e narrower the bandwidth, the wider the linear concentration range.
ple solution

solution can be prepared in various ways.

. in a 25 ml volumetric flask,

plume, 7, of the sample, corresponding to a neptunium quantity Close to that of the calibr
prepared in 7.2.1;

a volume of 5 ml with nitric acid solution 3 mol-I=1 (5.1);
| of the vanadium(V)/vanadium(IV) redox buffer solutién (5.6);

a total volume of 25 ml with nitric acid solution-0;56 mol-I-1 (5.2).

bncentration in the final solution is lessi\than that in the standardization solution.

irophotometer setup

bectrophotometer baseline (between 940 nm and 1 020 nm after filling both the reference cel
ment cell with nitric acid 0,5 mol-I-1 (5.2).

The other adljustments of the spectrometer (slit width and height) have already been chosen so as to 0

the neptuniu

7.4 Meas

M line in the best'way. These setups should be kept identical for all measurements.

LiIrements

7.41

ation

V4, shall be less than the volume of the redox buffer solution. V7, is also chosen so that the

and

btain

4.1 Measurement on the calibration solution
Wait at IeaW then

proceed as follows.

Determi

Fill up the measurement cell of the spectrophotometer with the calibration solution.
Fill up the reference cell with nitric acid 0,5 mol-I-1 (5.2).

Record the spectrum between 940 nm and 1 020 nm.

ne the absorbance of the neptunium(V) line at 981 nm.
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The measurement of the absorbance may be made using the trapezoid method at three wavelengths. The
chosen points on the two parts of both sides of the neptunium peak should be representative of the
background.

NOTE The apparent molar extinction coefficient, &, depends on the uranium and nitrate concentrations and on the
spectral bandwidth. As an example, with a 3 cm cell, a uranium concentration of 300 g-I-!, a nitrate concentration of
3 mol-I-! and a bandwidth of 1.5 nm, ¢is of the order of 300.

7.4.2 Measurement on the sample solution

Wait at least 20 minutes after the preparation of the sample solution (prepared according to 7.2.2), then
procgedas fottows:

— Fill up the measurement cell of the spectrophotometer with the sample solution.
— Fill up the reference cell with nitric acid 0,5 mol-I-1 (5.2).

— Record the spectrum between 940 and 1 020 nm.

— Petermine the absorbance of the neptunium(V) line at 981 nm.

The pample spectra shall be evaluated in the same manner as that fatr.the calibration.

8 Expression of the results

8.1 | Calculation of the neptunium concentration'in the sample

The heptunium concentration, [Np],, in the sample\being analyzed is calculated as given in Equation (1):

_ ax Vo V2
[Np]x —[Np]ex 2 X v, X Voo (1)

where
[INp]e is the neptunium gencentration of the calibration standard (5.8);
Mo s the volumée.efthe neptunium calibration standard (5.8);

Iy is the volume of the sample solution;

Moo issthe volume of the flask used to prepare the calibration solution (25 ml in the example quoted in
7.2.1);

V, is the volume of the flask used to prepare the sample solution (25 ml in the example quoted in 7.2.2);

ae is the absorbance of the neptunium line in the calibration solution;
is the absorbance of the neptunium line in the sample solution.

8.2 Reproducibility

The reproducibility of this method depends on the instrument and on the operating conditions of the high
active cell.

It should be especially determined for each particular case.
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