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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may bethe subj¢ct of
patent right. ISO shall not be held responsible for identifying any or all such patent fights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the IS0 list ¢f patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The commiftee responsible for this document is ISO/TC 85, Nuclear energy, nuclear technologie§ and
radiological protection, Subcommittee SC 5, Nuclear fuel cycle.

This first ediition of ISO 21483 cancels and replaces ISO 12184:1994, which has been technically revised.
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INTERNATIONAL STANDARD

ISO 21483:2013(E)

Determination of solubility in nitric acid of plutonium in
unirradiated mixed oxide fuel pellets (U, Pu) 02

1 Scope

This International Standard specifies an analytical method for determining the solubility in nitric

acid
prov
repr
upon
solul
seco]
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an appropriate analytical method. The solubility is expressed by the ratio of the amount ¢

dissd

The
fluon

of prutoriunT i petlets of umirradiated ixed oxide fuet {Hghtwater Teactor fuets):
de information about the expected dissolution behaviour of irradiated pellets undj
pcessing conditions. In this aspect, the specific conditions (e.g. time of the test) mayyar
the need to match to a specific reprocessor’s requirements. The test is aimed at

ility under equilibrium conditions rather than the Kkinetics of dissolution ‘@nd hence
nd dissolution period.

Principle

ecified number of mixed oxide pellets of known plutoniumycontent and mass are di
g nitric acid solution. The initial concentration of the nitric)acid, the final content of
g time are carefully controlled. The undissolved residue'is then dissolved quantitative]
hixture of nitric acid and hydrofluoric acid. The plutonmium content of this residue is de

lved in nitric acid to the amount of plutonium inthe sample.

nterferences

dissolution apparatus (Clause 5) and-the reagents shall not be contaminated with
ide can cause an increase in the solubility of the pellets in nitric acid.

Reagents

nly reagents of analytical grade and distilled or demineralised water or water of equivj
are the reagents inccompliance with the local laboratory safety instructions.

Concentrated nitric acid

40 g/mkop ' more

Nitric acid high

The results
r industrial
y depending
letermining
allows for a

ssolved in a
, Pu and the
ly by boiling
termined by
f plutonium

fluoride, as

alent purity.

Solution [c(HNO3) = 10 mol/]]

4.3

Nitric acid low

Solution [¢(HNO3) = 0,5 mol/1].

4.4
p=1

4.5

Concentrated hydrofluoric acid

,13 g/ml

Mixture of acid

Nitric acid, solution [¢(HNO3) = 14,4 mol/1] and hydrofluoric acid, solution [c¢(HF) = 0,05 mol/1].
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4.6 Sodium hydroxide

Solution [c(NaOH) = 2 mol/l1] (optional).

5 Appar

atus

Usual laboratory apparatus and, in particular, the following.

5.1 Analytical balance

Balance wit

5.2 Dissd

Consisting d
total reflux
selected in (

5.3 Dissd

Consisting d
condenser a
in Clause 6.

o 1
I'd U, 1 IlIg dllUldly O DCLLCI.

lution apparatus with total reflux condenser

f dissolver flask (glass borosilicate or high density polyethylene HDPE aresuitable), h¢
condenser and gas inlet tube. The volume capacity of the flask shall refléct the samplg
lause 6.

lution apparatus without total reflux condenser

f dissolver flask (glass borosilicate or high density polyethylene HDPE are suitable), hg
ind gas washer bottle. The volume capacity of the flask skall'reflect the sample size selg

5.4 Second dissolution apparatus (polytetrafluoroethylene, PTFE, high density polys

ylene, HDP

For the dis
with total rq

E)

olution with nitric acid/hydrofluoric acid~mixture. This second dissolution is carrie
flux condenser (Clause 5).

5.5 Filter apparatus

Apparatus c
micron (e.g.
6 Sampl

The sample
acceptable fi

nitrocellulose or polycarbonate membrane filter 1 um).

ing

size shall bedarge enough to be representative of the lot, both whole and broken pellet]
br this test{Thie minimum sample size could be chosen as a function of the pellet compog

and the laboratory’s.detection limit. In any way, the minimum size mustbe equal or greater than 1 p

bater,
size

pater,
pcted

th-

1 out

onsisting of a vacuum funneland a nitric-acid-resistant filter of a pore size less or equall to 1

S are
ition
ellet.
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7 Procedure

7.1

Preparation of the sample

Weigh the pellets and transfer quantitatively into the dissolver flask (5.2 and 5.3). In order to reach a
heavy metal concentration of around 1 mol/], the total volume V, in litres, of nitric acid solution (4.2) to
be used is given by

7.2

Intrd
Boil
time

m is the sum of the mass of uranium and plutonium in the sample in grams,

Y[ is the average atomic weights of the metals, in grams per mole;

is the concentration of the uranium and plutonium in the solution, inimoles per litr
(c =1 mol/1). This value corresponds to the practice of the “reprocessing dissolutig
fuel”.

Dissolution procedure

g
n of spent

duce the calculated volume of nitric acid solution (4.2)4into the flask containing the sample pellets.

the contents of the flask under reflux for the speéified period (examples are 10 h an
required for the solubility test is dependent upen the commercial contract and agrg

d 18 h). The
ed with the

comimercial customer. Boiling shall begin within 30*min. Cooling to below around 50 °C should be ended

with
arisi

7.3

Quarf
solut

If the
many

Place
acid

completely dissplved and at least during 2,5 h.

Inge
then

n 30 min. To avoid a delay in cooling, compressed air may be passed through the s
hg nitrous vapour may be trapped in a gaywasher bottle filled with sodium hydroxide s

Treatment of the residue

plution. The
plution (4.6)

titatively transfer the solution and the undissolved residue into the filter apparatus and filter the

ion using the vacuum funrel. Thoroughly rinse the residue on the filter with nitric acid §

filtered residue is se€n to contain fragments of pellets, this may be indicative of a prob
hfacture of MOX material. Repeat the test using a tared filter to weigh the residue (7.5)

thefilterandtheresidueinadissolverflask(5.4) andadd around 25 ml of the nitricacid/|

olution (4.3)

em with the

hydrofluoric

(4.5). Heat.the acid to it’s boiling point and pursue ebullition under reflux until the residue is

heral)after this duration, no residue still remains with HNO3/HF dissolution. Ifresidue

till remains,

it’is possible to add hydrofluoric acid (0,05 mol/1) in order to obtain total dissolution.

7.4

Plutonium determination

Make up the solution resulting from the treatment of the undissolved residue to a known volume or
known mass. Take samples and analyse their plutonium content by a suitable method. The method shall
have an uncertainty of 20 % or lower, even in the presence of higher level impurities contained in the
dissolved material. The spectrophotometry method described in ISO 9463 is adequate. Other methods
like mass spectrometry (TIMS or ICPMS) can also be used.

7.5

Repeat solubility test

If visible pellet fragments are observed in the residue of the first dissolution test (7.2), perform a new test
on a fresh sample. For this test, the test duration (up to 18 h), concentration of nitric acid (up to 10 mol/1)
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and U+Pu concentration (0,9 mol/1) shall be defined before carrying out the test. The conditions of each
test and its results should be reported.

8

Expression of results

8.1 Method of calculation

The plutonium solubility, L, expressed as mass fraction in percent, is calculated according the
following equation:

where

L={1—

my

} x100
miWpy

mq is the mass of the sample, in grams;
my is the mass of plutonium in the residue, in grams;

Whpyis the mass fraction of the plutonium in the sample.

8.2 Totalluncertainty of the Pu measurement

The total ur
method use
fraction gre

9

Test r¢port

The test replort shall include the following information:

a)
b)
c)
d)
)
)
g)
h)
i)

a reference to this International Standard;

date ang place of the test carried put;

identifi¢ation and mass of the-sample;

the refefrence of the analytical method used;

the method of calculation of the results including the boiling time;

the resylts anditheir units;

any unustal features observed during the test;

certainty is dependent upon the mass fraction of the plutonium Wp, and of the analytical
d to determine the plutonium content in the residue. Typically, for a material with a mass
hter than 5 % and a sample size of at least 6 g,;atotal uncertainty of 20 % can be achieyed.

potential increasing of dissolution time;

any operation regarded as optional.
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